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ARTICLE I.- Name. Th is organization sh a ll b e know as the \Vest 

Vi rginia Academy of Science . 

ART ICLE (I.- Object. T he object of the Aca demy of Scien ce shall 
be th e encouragement of scientific work in the State of \Vest Vir g inia . 

ARTICLE IlL-Me mbership. Membership of this Academy sh all con 
s ist of nct ive members a nd corresponding members. Active member~ 

shall be residen ts of the State of \Vest Virginia who arc interested in 
scientific wo rk. They shall be of two classes. to wit: Nation a l Members. 

who arc members of the America n Associa ti on for the Adva n cem ent of 
Science as well as of th e \Vest Virginia Aca d e my of Scie n ce. a nd L oca l 
Members. who are members of the \Vest Virg inia Academy of Science 

but not of the Association. 
Corresponding member s shall be persons who are actively engaged 

in scientific work n o t resident in the State of West Virg inia . They s h a ll 

h ave the same p r ivileges and duties as a ctive memb ers. 

For e lection to any class of member ship the candidate must have 

been n ominated in writing by two member s, o n e of w hom must know the 

applicant persona lly; receive a majority vole of the executive com
mittee and a three-fourths vote of the members of the Acndemy present 
at any session. 

ARTICLE IV.- Fee s. Each active m ember sh a ll pay in a d van ce a n 
a nnual fee o f one dollar ($1.00) t o the Treasurer of the Academ y , due 
at each annua l meeting ; a nd in addi tion, each n ew m ember s hall pay 
a n initiation fee of o n e dollar ($1 .00) due at the time of his e lection 
to membe rship. 

Correspo nd ing m embers are exempt from dues. (As e n acted by th e 
Academy at the Elkins meetin g , May 19 , 1928). 

ARTIC LE V.- Officers. The officers of the Acad e my s hall be :-. 
preside nt, a vice-president, a secretary a nd a treasurer. These officers 
shall be elected at th e annu a l meeti ng from the active m embers in g ood 

standing on the recommendation of a nominating comm ittee of three 
appointed by the president. 

The e x ecutive comm ittee cons isting of the fo ur above office rs l'\nd 
t he preside nt of th e previous ycnr sh a ll h ave the authority to fix th e 
time a n d p lace of m celmgs and to transact such o ther business as m ay 

n eed atte ntion b e tween the m eetings of the Academy. 
1 h e secr e tary and t reasurer on ly sha ll b e e lig ible to r e-e lection for 

consecu tive t e rms. T h e te r m of the secretary shall b e th ree year5. 
(Provided for in amendment to constitution a uthorized by the Academy 
at \Ves t Virg inia Unive rsity m eeting November 26. 1927). 
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ARTICLE VI.- Standing Committees. The standing committees shall 
be as follows: 

A Committee on Membership consisting of three members appointed 
annually by the President. 

A Committee on Publications consisting of the President, Secretary, 
and a third member choosen annually by t he Academy. 

ARTICLE VII.- Meetings. The regular meetings of the Academy 
shall be h eld at such time and place as the executive committee may 
£elect. The executive committee may ca ll a special session, and a special 
session shall be called at the written request of twenty members. 

ARTICLE VIII.-Pub lications. The Academy shall pubiish its trans
actions and papers which the Committee on Publications deems suitable. 
All papers presented to the Academy for publication shall be of a 
scientific nature. All members shall receive the pub lications of the 

Acad emy gratis. 

ARTICLE IX.-Sections. Membe rs, no! less tha n ten in numbe r m a y 

by specia l permission of the Academy uni te to form a section for the 

investigation of a ny branch of science. Each section shall bear the name 

of the scie nce which it represents, thus: the Section of Geology of the 

\Vest Virginia Academy of Science. 
Each section is empowered to perfect its own organization as limited 

by the Constitution and By-Laws of the Academy. 

ARTICLE X.-Amendments. This Constitution may be amende d at 
any regular meeting by a three-fourths vote of all active members 
present, provided a notice of said amendment has been sent to each 
member ten days in advance of the meeting. 

BY-LAWS 
I.- The following shall be the order of business : 

I. Call to Order. 
2 . Reports of Officers. 

3. Report of Execut1ve Committee. 
4 . R eports of Standing Committees. 

5. Election of M embers. 

6. Reports of Special Committees. 

7. Appointment of Special Committees. 
8. Unfinished Business. 

9 . New Business. 

I 0 . Election of Officers. 

I I . Prog ram. 

12. Adjournment. 

II.-No mee ting of this Academy s hall be held without thirty days ' 

notice having b een given by the Secretary to all members. 
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111.- Twe lve m e mbers s ha ll cons titu te a q u o rum of th e Academ y 
for th e transaction of business. Three o f the Execu t ive C om

mittee sh a ll constitute u q uorum for the Executive Committee. 

1~.-No bill against the A cad emy shall be pa id without a n order 
sig ne d by the Preside nt a nd the S ecre tary . 

V.-Me mbers who s ha ll a llow the ir dues t o be unpaid fo r t w o yea r s. 
having been anually n o ti fie d o f the ir a rrenrage by the Trea sure r. 

sha ll ha ve their n a m es s tric ke n from t h e ro ll. 

VI.-The Preside nt shall a nnually appoint a n auditing committee 
of three who shall e xa mine and r eport in writing u pon the 

acc ount of the Treasure r . 

The fin a n c ia l y ear shall e nd at 9 o'clock in the morning o f the fir s t 
day of the a nnua l meeting a fte r w hich time th e books s ha ll be avai la ble 
to the Auditing C ommittee . (Enncted by the A cad e m y at the Charleston 
m eeting, April 2 7, 1929). 

In case a section adjourns without cle.c tin g n chairma n fo r the 
nucceeding m eeting, or in cu1e the chairm a n shi p of a sectio n become:; 

vacant be tween meetings throu g h ;·emova l o f the c h a irma n from the 

&ta te or o t he rwise, the President o f th .:: A ca demy sh a ll a ppoint the c ha ir

man for the n ext meeting of the section, a nd d o so a t a s early a da te a s 

p ossible. (By actio n of the A cad e my at West Virg inia Unive rs ity m eeting 
November 26, 1927). 

V II. - These By-Laws m a y be nrne nded o r su spended by a two-thirds 
vote of t he m e mbe rs presen t a t any m eeting . 

ARRANGEMENT BY SECTIONS 

Biology. Bota ny, Zoology, Physiology, M edic ine, Agric ulture. 

Chemistry. Chemistry, Che mical Eng inee ring , Pharmacy. 

Geology and Mining. G eology, C oal and Eng ineering , R oad C om
mission, Building M a te rial. 

Mathematic s and Physics. M nthc matics, Astro nomy, Physics. M ech 

a nical Eng inee ring , Electrical Eng ineering . 

Social Sciences. Philoso p hy. Psychology. Ec onomics. Soc io logy, 

His tory. 



14 PROCEEDINGS OF THE 

M INUTES OF THE EIGHTH ANNUAL MEETING 

The Ei ghth Annual M eeting of t he W est Virgin ia Acad emy 
of Science was held at West Virginia Wes leyan College, Buck
hannon, April 24-25, 1931. 

The Academy convened for the first session of the meetin g 
at one o ' clock, April 24 , in the Atkinson C hap el of West Vir
g inia Wesleyan Coll ege, with President A. B. B rooks presiding. 
P residen t Homer E. Ward of \Vest Virginia Wesleyan C ollege 
was introduced and exte nded a cordial w elcome to th e mem

beti d the Academy. 
The minutes of the 19 3 0 meeting were read a nd approv ed . 
The T reasurer, Professor Carl G . Campbe ll, was call ed 

upon, a nd gave the fo llo wing report: 

Cash Received from H. T. McKinney, r e tiring , 

Receipts for C urre nt Yea r : From Dues a nd Ini tiations 

Disbursements: 
T o red eem c h eck of R. B. Purdum . . . . . . . . . ... . . 
P. D. Stra usbau g h, Postage . . . . . . . . . . 

H. A. D avis, Postage . . . . . . . . . . . . ... . . 
M organtown P rinting and Binding Co., 

3 00 0 le tterheads . . . . . . . . . . . . . . . .. .. ... . , .. . 

2000 e nvelopes .. . . . .. .. ... .. .. . .... . . 
I 00 0 state m en t c ards. . ... ... .. . 

Ba lance m ba nk n ow .. . . . ... . , .. . . . 

Respectfully submitte d, 

$408.40 
19 1.50 -$599.90 

$ 2.00 
3.18 

I 0.00 

18.50 
13.00 
7. 7 5 

---
$ 54.43 
$545.47 -$599.90 

CARL C. CAMPBELL, Treasu rer. 

The S ecretary th e n read the following report o f the Execu
tive Commi ttee : 

Y our committee recommends; 

I . That a Comm itt ee be appointed by the President to invest iga t e 

the possibi lities of sccu rin g appropriations from the State L eg islature 
f or publishin g the Proceed ing$ of the A cademy. 

2 . T ha t inasmuch as the Stale University no longe r furn ishes f ree 

r e prin ts of articl~:s in the Proceedings, tha t the Acad emy pay o n e half 
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the cost of the first fifty reprints for authors who desire them, and that 
the authors assume the remaining cost. 

3. That the following persons be elected to membership in the 
Academy: 

John Palmer, Rock Ledge, Wheeling. 
Dr. Charles Wingerter, Birch Lynn, Whe eling. 
Fredrick G. W e imer, Assistant in Mathematics, W . V. U. , Morgan· 

town . 
C. H . Vehse, Prof. of Mathe matics, W. V. U., Morgantown. 
S. 0. Carder, Grad. Student, W. V . U., Morgantown. 
W. A. Hallam, Prof . . of Mathematics, W. Va. \Vesleyan College, 

Buckhannon. 
R. Ray Scott, Prof. of Education, \V. Va. \Vesleyan College, Buck· 

han non. 
H. A. Bauer, Prof. of Geography, New River State Colleg e, Mont· 

gomery. 
Wallace Smith, Prof. of Mathematics, New River State College, 

Montgome ry. 
G. H. Bretnall, Prof. of Biology, Shepherd State College, Shepherds· 

town. 
H . A . Shutts, Dept. of Mathematics, F a irmont State College, Fair· 

mont. 
Dr. T . E. Terril, Bethany Colle ge, B e thany. 
Prof. Dawson, Bethany College, Be thany. 
James F. Ferry, Grad. Student, W. V. U ., Morgantown. 
A. E. McGuire, Prof. of Education, Concord State College, Athens. 
S G. Williamson, Prof. of Phys ics, C oncord State College. Athens. 
C. H. Archer, Registrar, Concord S tate College, Athens. 
Miss Lida L. Davis, Prof. of Geography, Concord State C ollege, 

Athe ns. 
Joe Vachon, Teache r of Che mistry, Hig h School, Athens. 
R. E. Klingensmith, Principal, Hig h School, Athe ns. 
M. C. Holmes, Prof. of Physics, W. V. U., Morgantown. 
4. T hat we accept th e invitation of Concord State College to m eet 

at Athens in 1932, such m eeting to be held on the last Friday and 
Saturday of April. 

5. That Maurice Brooks, with B. R. W eimer a s a lte rnate, be e lected 
to r e present the Academy at th<! American Association for the Advance 
m e nt of Scie nce meeting at New Orleans, La. , in Decembe r, 193 I. 

Signed: 
A. B. BROOKS 
P. D. STRAUSBAUGH 
H. A. DAVIS 
CARL C . CAMPBELL 
H. F. ROGERS 
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The Report was adopted as a whole. 
The Secretary then read the following: 

ACADEMY CONFERENCE REPORT 
of the 

CLEVELAND MEETING 
of the 

AMERICAN ASSOCIATIO FOR THE ADVANCEMENT 
OF SCIENCE 

The Academy Conference of ~he American Association for the 
Advancement of Science met in the M ain Building of Adellert College 
Cleve land, Ohio, December 29. 1930, tot 3 :55 P. M. Dr. D. W. Moore
house, chairman of the conference called the m eetin g to order, and Dr. 
Chancey Juday called the names of the m e mbe r s and these responded 
by rising. A 5 the minutes of las t yea r had already b een printed and 
distributed. these we re n o t rend. 

Th e n followe d th e e lection of a new Secretary. Nominations were 
made from the Aoor. Mr. Georg e E. Johnson of K nn11ns and Dr. S. \V. 
Bilsin g of Texas w e r e nominated. A Count of the ballots showed the 
election of Dr. Bils ing who immediat e ly took Dr. Juday's place as 
S ecr e tary and the la tter, automatically becoming the n e w preside nt of 
the confe rence, assumed c harge of the m eeting. 

Th en followed the r eading of the papers on th e program as pre
viously a nnounced. The firs t of these was n paper by Dr. E. C. L. Mille r 
of Virg inia on the 11ubjcct, "State Acade my Libraries and the interchange 
of Academy Publication 11". In this paper Dr. Miller prcHcnted the fart o 
g lea ne d from a q estiono ire which he aubmitted to the ~ec rt:taries of the 
various state aca d e mics. His first suqgesion is that th e library of each 
academy shou ld contoin copies of the Proceedin gs of the other state 
academies. The second s ug-gestion is that each academy should h ave 
copies of the books writt e n by its members and a lso reprints of thei r 
a rticles. Third. if a n ncademy has fund s by whic h it s~tbsidizes inves ti 
gat ions. a c opy o f a n y p ublication whic h result from such r esea rc h 
s hould be d epos ited with the academy. If a n academy offers a prize fo r 
g ood work, a copy o f the prize pape r ~> hould b e deposited with the 
academy. Fourth, on academy can establish exchnn~o:e r e lations with 
various scientific bodies both h e r e and a broad nnd thus increase its 
library. Fifth. books mny be bequea thed to the A cod e my library nnd 
these s hould be accepted. Sixth. books may b e purc hased, alth ough 
there arc probably more u seful ways to t>pend our money. The re •A a lso 
a brie f discussion of some methods of ca rin g for the 1\cader.,y library. 

Dr. Miller makes one excellent su g~.:estion viz. that some membe r be 
desig nat ed as a more or less permane nt librarian with whom e xchan ges 
are made . Our secretary who usually receives all e x c hnnges holds offi ce 
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for only 3 y ear s , and at the expiration of each 3 y e ars the a ddress 

c hanges and this g ives rise to some difficulties. The furth e r s u ggestio n 
is made tha t each a cade my librarian be provide d with the offi c ia l lis t 
of p e rsons to whom publications are to be se nt. The c omple te t ext o f 

Dr. Mille r' s p a p e r is a ppe nded. 

The n ext p a p e r was read by Dr. john F. McGill of the T e nnessee 
A cad e my. The s ub ject of Dr. M cGill's pape r was ''How ca n the w o rk o f 

the va rio u s scie n ce clubs in Tennessee be corre la t ed with tha • of the 

Sta te A cademy"? In r eplies to a letter sent to some 2 5 or 3 0 mem bers 

o f th e T ennessee Aca d emy, Dr. McGill found a n e nd o rsem e nt o f the 
p r oposa l tha t as a beginning the A cade my have a s tandin g committee to 
ina u g ura te the organization of scie nce clubs a t such points . a nd o f s u ch 

kinds as seem a u spic ious to facilitate coope ration with the Ac.-J t:ny a nd 
w ith o n e a n o the r. Dr. M cGill t h en rend excep ts from the r eplies obtain ed 
f, om va rio u s clubs expressing views concerning the a ffili a tion of su c h 

clubs \vith the State Aca d emy. T he full t ext of Dr. M cGill's pap e r is 
a ppen ded. 

The fin a l p a p e r on the pro g ram, "The lllinois junior Acad e my-Its 

A c hieve m e nts a nd Prosp ec ts", w a s r ead by Miss S . Ale ta McEvoy of the 

Roc kford Hi gh School Faculty, Rockford, lll inois. Miss MvEvoy presen 

t ed in a most e nthusia s tic manner the story of the 11 /in..:liJ Junior 

A cad emy and expressed h e r u nqualified endorsement of, 11nd confide nce 
in this move m e nt, as an asset to the general prog ram of l-!lg h S c h oo l 
work. An a b strac t of Miss McEvoy's paper is appended. 

Tho d ecide d e mphasis in tho Confe r e nce prog ram o n the d e velo p · 

m c nt of junior A cade m ies and the affi lia tion of other science clubs with 
the s tate A cnd c mies, is a bit of finger -pointing in the direction tha t is 
b e ing t a k e n by the c urre nt prog ress in some of th e olde r, more v igo ro u s 
s ta te acad e mics. Your confe r e nce de le gate r e p ea ts his assertion m a de a 

y ear a go, tha t it would seem the part of wisdom for us to take co g ni

zan ce o f this movem e nt, a nd to provide the machine ry fo r a n investi 
gation of the possibilities of organizing s uch clubs within o ur s ta te , a n d 

if it is deemed a dvisable to unde rta ke the tas k of a ffecting s u ch 

o r ganiza tio n s. 
A n e xa mple of the cooper a tion of the offi ce of th e P erman e nt 

Secre ta ry of th e Ame rican A ssociation for the Adva n cem e nt of S c ie n ce 
with the vario u s Sta te A cade mies m a y b e seen in the fact tha t mimeo

g ra phed copies of the pape rs r ead at the confere nce w e re prep ared by 

the o ffice fo r ce fo r each delegate in order tha t the c onte n ts o f these 
p a p e r s mig ht b e r e ported to the A cad emies without the loss o f a s ing le 

word. 
At the close of the discussion follow in g Miss M cEvoy's p a p e r th., 

C onfe r e n ce a djourne d. An hour later the members of the C onfere n ce 

reassembled in one o f the din in g rooms of t he Statler Hotel to e njoy a 
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socia l hour and the Complimenta ry Dinne r g iven by the Perma n e nt 
Secre tary of the America n Association for the Advanceme nt of Science, 
Dr. Burton E. Livingston. At the close of th e Dinner a vote of tha nks 
w as e xtended to Dr. Livingston and with tha t act the A cade my Confe r 
ence of 1930 passed into his tory. 

Signed: 
P. D. STRAUSBAUGH 
D elega te for the West Virg inia 
A cnd emy of Sc ience . 

President Brooks next appointed the following Com

mittees: 

M e mbe rship Committee R. E. Sa leski, Cha irma n 

E . M. McNe il 
Frank S. White 

R esolutio ns Committee . . . . . . . H. T. M cKinney, Cha irman 
C. E. L a ute rbach 

F. E. Clark 

Nominating Comm ittee . . . . . . . Fred E . Brooks, Chairman 
Frank Cutright 
R. P. Hron 

Auditing Committee . . . . . . . . . . D ean C. E. Albert, Chairman 
E. C. H. D a vies 

L egis lative Committee 

j. E. Judson 
C la ude M a xwell, Chairman 
John Palm e r 
Phil Conley 

Vice President P. D . Strausbaugh took the chair while Pres
ident Brooks gave his address, "Science Reserves ". It dealt 
with the proposed o rganization by the Academy of Junior 
Academies of Science in the various high schools of the state. 
Following the President's Address Miss Lucille Stalnaker, a 
student in Upshur Co. High School, read a brief paper encour
aging the organization of Junior Academies. 

The mee tin g adjourned and the members rea ssembled at 
th e v a rious sectional m eetings in Science H a ll. 

The Acade my convened for a second genera l session at 
8:30A.M., Saturday, April 25, in Atkinson Chapel. 

The following persons w ere e lected to membe rship in the 
A cademy: 

P. J. Z u cche ro, Wes ton. 
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Carl L. Hornor, Mining Eng. and Coal Operator, Clarksburg. 
Thomas Connell, Jr., Fairmont Aluminum Co., Fairmont. 

19 

E. P. D eatrick, Prof. of Agronomy, W. V. U., Morgantown. 
Charles E. \Veakley, Jr., Chemist, Agr. Exp. Sta., W. V. U., Morgan· 

town. 
Carmen E. Levine, Grad. Student, Elkins. 
A. Coleman Brown, Director Religious Education, M. E. Church, 

Huntington. 
Newton Anderson, Social Science Teacher, Upshur Co. High School, 

Buckhannon. 
Miss Rosavelta Karickhoff, T eacher of Che mistry, Upshur Co. High 

School, Buckhannon. 
B. A. Hall, Principal Upshur Co. High School, Buckhannon. 

A motion was made and passed that the Academy support 
the Washington Bi-Centennial Movement to plant trees, and 
that a printed statement be made to that effect. 

The Auditing Committee reported as follows: 

We the Auditing Committee hereby certify that we have audited 
the accounts of the Treasurer up to and including April 24, 1931 and 

have found them correct. 

This report was approved. 

Signed: 
CHAS. E. ALBERT 
). EDWARD JUDSON 
EARL C. H. DAVIES 

The following report was given by the Committee on 
Resolutions: 

Believing that this has been one of the most successful meetings 
that the \Vest Virg inia Academy of Scie nce has held, it is fitting that 
some recognition should be shown all who have contributed to this end. 
Therefore, Be it resolved; 

1. that w e extend our tha nks to PreGident A. B. Brooks and to other 
officers and to chairmen of sections for the excellent program; 

2. that we express to Dr. Wark, Preside nt of West Virg inia Wes
leyan College, and to his facu lty our sincer e appreciation of the detailed 
way in which w e were received, entertained, and given eve ry utmost 

courtesy; 
3. that we mention in a special way our appreciation to the 

Chamber of Commerce, the Rotary and the Lions Club, of the pleasur· 
able en tertainment they afforded us; 

4. that we express to the many homes and rooming houses our 

recognition of their consideration of our comforts; 
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5. that we e xpress our apprecia tion of the pa rt played by the 
local press and to the m embers of the Ben zine Ring who contributed to 
m ake o ur m eeting a success ; 

6 . a nd that we express our hearty approval of the learned address 
of Dr. Roy Dorcus, the speaker of the e vening session. 

7. Be it fu rther resolved, that our Academy feels a heavy loss in 
the death of Dr. john L. Tilton who was for two years P reside nt of the 
Academy. It was largely h is unti ring efforts tha t lifted our organizat;on 

tc> its presen t high plane a nd his presen ce shall continue to be mi:l.•ed 
by u s a ll. 

Signed: 
H . T. McKINNEY 
F. E. C LA RK 
C. E. L AUT ERBACH 

This report was accepted. It was voted that a c opy of t h e 

reso lutions be sent to Mrs. Tilton. 
The Committee o n Nominations re ported: 

For Presiden t. .... . . P. D. Strausbaugh. 

For Vice-President . . . ... . . . Carl G. Ca mpbell. 

For Treasurer . . . C. E . Albert. 
S ig ned: 

FRED E. BROOKS 
FRA NK CUTRIGHT 
R. P . HRON 

T his r eport was accep ted and the Secretary was instructed 
to cast the b a llot of the Acad emy for the names proposed. 

President e lect Strausbaugh took th e c hair for a short t a lk. 

The sectio n chairmen re ported as follows: 

Maurice Brooks, C ha irman of the Biology section, repo r ted 
an attendance of seven ty-five, a nd ]. E. Judson was e lected 

cha irman. 
W. W. H odge, Chairman of the Chemistry Sec ti o n , repo r

ted a n attendance of seventy, a nd Samuel Morris was elected 
ch airman. 

D. B. R eger, C h a irma n of th e G eology a nd Minin g Section 

re ported an atte ndance of twenty, a nd D. B. R eger was e lecte d 
chairman. 

W. A. H a llam, Chairman o f th e Mathe matics and Physics 

S ection, reported a n atte ndance of twenty-four, a nd Wallace 
Smith was e lecte d chairman. 
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C. E. L auterbach, Chairman of the Social Science Section, 

reported a n atte ndance of forty, and H. T . McKinney was 
elected chairman. 

It was suggested that the best routes to Athens from the 
various parts of the State be distributed to members with the 

prog rams of the next meeting. Professor F rank Cutrig ht volun
teered to supply such informatio n to the Secretary. 

Maurice Brooks made some announcements concerning the 
proposd trip to th e State Game Farm and through the Brooks' 
Nature Trai ls at French Creek. D. B. Reger announced that 
t h ose interested in Geology would leave the main party at the 
State Game Farm and visit the near-by gas fields. 

The meeting adjourned. 
H. A. DAVIS, Secretary 

PROGRAM FOR THE BUCKHANNON MEE TI NG 

Friday, Apri l 24, 1931. 

I :00 P. M.-Greeting, President Homer E. Wark, West Vir
g inia Wesleyan College. 

R eply, A . B. Brooks, President of the West Virg inia Aca
demy of Science. 

Business of the Academy, Open Session. 
R eports of Officers. 

Report of Executive Committee. 
Reports of Standing Committees. 
E lection of Members. 

Appoin tment of Special Committees. 
Other Bus iness. 

I :30 P. M.-President's Address: Science Reserves. 

PAPERS 

M eetings by Sections: 

Biology 

(Botany, Zoology, Phys iology, Med ic ine, A griculture) 

MAURICE BROOKS, Chairman. 

W. J. Sumpstine: Notes on the Origin of Tissues in the Rhizome of 
Onoclea Sensibilis. I 0 min. 
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W . I. Utterback: Sex Beha,·ior Among Naiades. I 0 mm. 
). E. Judson and L. B. Hart: Studies on the Decomposition Bacteria of 

the Human Body. 
D. A. Shaw: Catalase in Relation to Percentage of Growth in the Tomato 

Fruit. 
Paul R. Cutright : Mammalian Chromosomes. 15 min. 
Paul R. Cutright: Reading with a Zoological Purpose. I 0 min. 

Robert T. Hance: Certain X-Ray Effects upon Paromoecium. I 0 min. 
Robert T. Hance: Cooperation between University and College. 
G. H. Bretnall: The Irritating Factors in So-Called Bad Air. 
Earl L. Core: Herbarium Organization at West Virginia University. 
A. M. R eese: Potassium Permanganate and Snake-Bite. 
B. R. Weimer: Note on Termite Destructiveness in Northern \Vest Vir· 

ginia. 

A. ]. Dadisman: Forest or Farm Lands. 
R. C. Spang ler. Th e Sequoias. 20 min. 
Maurice Brooks: A Glimpse of the Gaspe Peninsula. 15 min. 
Frank A. Gilbert: The Cu ltivation of Slime Moulds for Laboratory Use. 

Chemistry 

(Chemistry, Chemical Engieering, Pharmacy) 

W. W. I-lODGE, Chairman. 

Friend E . Clark: History ~f the Manufacture of Gunpowder. 15 m in. 
E. S. Tisdale: The Effect Upon Public Water Supplies, Public Health, 

and Industry of the Great Drought of 1930. 20 min. 

S. P. Burke: Some Aspects of the Combustion of Natural Gas for Indus· 
trial Purposes. 20 min. 

M. G. Geiger: Development 
Southern West Virginia. 

of Chlorine and Chlorine Products in 

30 mm. 

Randolph C. Specht: Barium, Barium Minerals, and Barium Chemicals. 
2 5 min. 

Samuel Morris and A lva He adle e: L ectu r e Experiments in Gene ral 
Che mistry. 30 min. 

Lorenz Hanse n: Some Reaction Tests on Aldehyde and K etones with a 
Series of Compounds Containin g the Methyle n e Group. 20 min. 

Clyde C. Porter: Advancement of Scie nce Applied to Well Shooting . 
15 min. 

W a lte r A. De w: H igh Pressure Sy nthesis in \Vest V irg inia. 25 min. 
L. K. Herndon: A Study of the Se wage Pollution of the West Fork Rive r 

a t Weston, W est Virginia. 20 min. 
C. A. Jacobson: An Improveme nt on the Be ri-Ranis Me thod for D ete r

mining the Compone nts of th e T e rnary Mixture Ethyl Alcohol Me thyl 
Al cohol and Wate r. 
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Geology and Minin g 

(Geology, Archeology, Coal and O il Eng ineering , Road Commission, 
Building Material). 

DAVID B. REGER. Chairman. 

Cha rles E. Krebs: Coa l R esources of Upshur County. 
C la ude W. Ma xwell: The S ewe ll Coal Field o f Randolph a nd W ebs te r 

Counties. 
P a ul H . Price : Erra tic Boulders in Sewell Coa l of W est Virg inia . 
S . L. G a lp in: Probable Volca nic Ash Depo sits in the Pennsylvania n of 

No rthe rn W est Virg inia . 
J a m es D. Sisle r a nd john W. Ga lpin : Mecha nics of Oil a nd G a s San rl 

C orrela tion . 
W a lte r L. Sm ith: Pulpstone Industry in West Virg inia . 
B. F. K in g : The Min e ra l Compos ition of Sands from the Mon o n ga h e la , 

A lleg h eny and Ohio Rive r s. 
john P. No lting: Drainag e Cha n ges in the H eadwa te r R egio n of D eck ers 

C reek . 
Carl Cuthe: Na tiona l R esearch Council and Anthrop olog ical Muse um, 

Ann Arbor, Michigan: General Archeolog y. 

Mathematics and Physics 

(Ma them a tics, Astronomy, Physics, Mecha nical Eng inee ring, Electrica l 
Eng ineering). 

W. A . H ALLAM, Chai rman. 

C . R. j o n es : T h e Rela tion of Science and Invention. 
H. A . Ba u e r: Tide s. 
M. j . K elly: D e te rmining the A stronomical Unit. 
R. P. !-Iro n: The The o ry . Production a nd Uses of Ultra -Viole t Rays. 
C. H. V e hse : D e flections of a Sq u a re Plate Loaded o n the Circum· 

fe r e nc e of a C ircle. 
W a llace Smit h : T h e S olut ion of 2x' + 2x + I = y=. 
j. A . Eiesla nd : T he V,' in S, A ssocia ted w ith a Schlafli H ex a d. 
H. A . Davis : A Proble m in Cremona Space T rans fo r ma tion s. 

Social Sciences 

(Ph ilosop h y. Psychology , Ed u ca tion, E conomics, Sociolo g y , History) . 

C. E . LA UTERBAC H, Cha irman . 

W. E. Fa ir m a n : The Left-ha nd vs. t h e C han ged -h a n d W rite r. I 5 II"' in . 
T. L. H a rr is : The New P r ofession of Social Work. 2 0 min. 
Aug us tus \ 'i/. H uyes : Socia l Conflic ts o f the Ado lesce nt. 20 m in. 
R obe rt ]. La r ge n t: T h e Background of Civil Se rvice Re form. 15 m io. 
Rex C rouser ( Spo nso red by C . E. La u terbach) : T empe ra tu re a s a S .. n-

sa tion C lu e in the P e rception of Mois ture. IS m in. 
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H . T. McKinney: What Constitutes Mode rn Pract ice tn Education. 20 
mm. 

R. E. Saleski: The Principle of Form in Historical n nd Psycholog ical 
Linguistics. 25 min. 

R. Ray Scott: Gestalt Explanation of Stimulus Response. 20 min. 
J. B. Shouse: Simplified Treatments for Two Common Sta tis tica l D e vices 

20 min. 
T. Edwa rd T errill: Is Mete r Neccssnry to a True Definition of P oetry? 

20 min. 
J ohn E . Winter: An Experimental Study of the Effect o n Learning of 

Supervised and Unsupervised Study Among College F rcsmen. 20 
m1n. 

FrankS. White: How Should a Composite Score be Made from a Battery 
of Tests? 15 min. 

Roy C. Woods: A Study of the Effects of Sampling Fisca l Data Education. 
15 min. 

Evening Program 

6:00 P . M. Dinner, Rota ry C lub rooms, $1.00. Tickets must 
be purchased at the time of registration to msure reser
vation. 

8:00 P. M. Address, Dr. Roy Dorcus, John Hopkins Univer
sity. Experimental Evidence Which Shows Thinking a nd 
Id eation as Forms of Muscular Activity. 

Saturday, A pril 25. 
7:30 A. M. Business Meeting . 

Unfinished Business. 
New Business. 
Reports of Committees. 

A uditing Committee. 
Committee on R esolutions. 
Committee on Nominations. 

E lection of Officers . 
R emaining Papers. 

') :00 A. M . Excu rsions, unde r th e Ma nagement of a loca l com
mittee. A trip to a near-by oi l field, a nd a nother of 
especial inte rest to b iologists a re b eing arran ged. 

--- - --- --
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SCIENCE RESERVES"' 
By 

A. B. BROOKS, 

Park Naturalist, Oglebay Park, Wheeling . 

25 

The West Virginia Acad.:my of Science, since its organization, has 
been actively interested in the present generation of young scientists. 
This inte rest, m 1929 and 1930, took the form of an essay contest 

sponsored by the Academy and offered to hi g h school pupils. Twenty
five dollars w as given for the best essay written on the subject, "The 

Out-of-Doors Whe re I Live", the winning essay to be read a t a gen e ral 
sc:ssion of the annual meeting a nd printe d in the organizat ion' s pro
c eedings. Some encouraging results were achieved throug h this effort 
a nd considerable stimulus was g iven to careful observation and record
keeping by students of the hig h schools throughout the State. 

The number of persons partic ipating in th e essay contest, howeve r, 
"vas not satisfactory. It was fe lt that something with a more compre

h e nsive r each must b e substituted. Therefore at the annual meeting of 
the Academy, h e ld in K eyser, April 25 and 26, 1930, the for (,wing 

r e commendation was adopted : "Your Committee r ecomme nds that the 

policy of providing for a high school essay contest be discontinued and 
that the executive committee for the coming year be authorized to pro
ceed with the organization and deve lopment of a junior academy of 
science. 

Wha t is a junior academy of science? I b e lieve that question has 
bee n practically answered by the Illinois Acade my of Science, althoug h 
the full sig nificance of it is doubtless not yet apparent. The Illinois 
State Academy is sponsor for th e Junior Acade my of Science organize d 
two y ea rs ago. The steps which le d to this include d the organization o r 

a high school science section of the senior academy, mainly for high 
school science teachers. The res ults of work through this section are 

reporte d as not having been satisfactory. The teachers would not attend. 
Encouragement was also g iven to the organization of high s c hool 

scie nce clubs with the hope that the interest created would lead to an 
increase in the m embership of the state academy. But no marked 

increase in the numbe r of m e mbers from this source was note d. An 
opportunity for club affi liation with the state academy was given but 

only a few took advantage of it. 
An a ppeal was finally made to the student body throug h t·h e formu 

lation of a plan for the organiza tion of the junior academy, which is 
made up of the affiliated hi g h school and junior hig h school science 

clubs. S u ch a club may be a biology c lub, geology club, radio club, 

• Prcsidcnt"s Address. 
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aviation club, astronomy club, chemistry club, etc., or it may be a 

combination of any of these. The club is under the s upervision of one or 
more faculty sponsors. 

In order to become a member of the junior academy any c lub has 

only to pay the treasurer of the state academy one dollar initiation fee 

and annual dues of one dollar, and adopt and live up to its constitution 
a nd by-laws . The officers are usually chosen from the upper classmen. 

Most clubs require each member to p ay small wee kly or monthly dues 

which may be used t o pay t h e affiliation fee. All members are entitled 

to purchase and wear a pin bearing the state insignia a nd a guard bearing 
the lette rs of the school or club. 

The club programs are in the hands of a committee of students who 
arrange for each meetin g and secure the approva l of the club sponsors. 
Some of the programs cons ist of lecture~ by well-known scientists, short 
talks by students, educational movies , trips to indus trial plants, field 
hips for na ture study, a nd demons tration of equ ipment or display of 
natural history collections by the students. 

A nnual meetings of the junior academy are held in conjunction with 

the state academy meetings, the delegates being thus privile ged to hear 

scientists of note , to compete for s tate awards in exhibits, posters and 

project work. "In giving the students s tate-wide contacts with scie ntists 
n nd scientific work", say the sponsors of this movement, "we a re doing 

for a curricu lar subject what the var ious extra-curricular activities have 
b een doin g for a considera ble length of time." 

A magazine entitled " Illinois Junior Science", is issued monthly, the 

first numbe r bein g dated D ec'.!mbe r, 1930 . 
A neig hboring s tate . th e refore, has pioneere d and expe rime nted in 

thi~ scientific youth movement and has made plain the way for others 
to follow. A number of states are just now entering upon thi" work. 

The executive committee of the W est Virginia Academy of Scie nce, 

whi le it h as attempted no actual orga niza tion work. has taken s toc k of 
our situation, has collected data, has secured expressio ns of interest and 

c ooperation. and be lieves the time is opportune for setting up a d e finite 
p 1·og ram of procedure for the organization of a W est Virg inia Junior 

Academy of S c ie nce. It will be our privi lege a nd responsibility in this 

connection to prepare a modei constitution and program outlin e whicl. 
will s tate specifically the conditions of o rga nization and affi liation. The 
a im in this set-up should b e toward s implic ity so as not to involve scie nce 

clubs in s u c h detail as to discoura ge organization a nd work. The re 
should be provision for the working togeth er of the senior and junior 

<tcademies in s uc h rela tionship as will encoura ge junior members a fter 

leaving school to become m e mbers of the State academy. 
Our day is one in which not on ly the scientific habit is taking a 

dee pening hold, but one in which : h e more important scie ntific spi rit 
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is becoming fully awake. The possessors of this spirit them.~elves have 

r e lease from the handicaps of narrowness, a nd become also the agents 

for severing the remaining bonds of such human slavery of body and 
mind as results from a wrong or excessive use of the equipment thrust 
by a mechanical age into our hands. Thomas Edison, with nearly I ,5 00 
patents in his own name, and still working, is q uoted as saying that in 

the next forty years there will be more inventions and discoveries than 
in the past four hundred years. Many of these discoveries, he says, will 

tend toward lengthening of the span of human life and the increasing of 

happiness. The young men and women now in high schools will be the 
experimenters and discoverers in the forty-year period referred to. The 

responsibilities of high school teachers and all adult scientists of the 
present time, therefore, have a weight never before paralleled. 

The enrollment in the senior hig h schools of West Virginia IS now 
59,380 and in the junior high schools, 18,7 56, making a total of 78,130. 
These constitute our science reserves. T here are many young scientists 
in this large g roup of students and we can safely predict that in such a 
state as our own, with its wealth of natural resources, developing 

industries, and changing social conditions, many will find an opportunity 

here to place their names deservedly high in helpful scientific achieve

ment. The leaders among this g roup will help a gener ation which has 
temporarily lost its way, its possession of self, and its knowledge of the 
usc of spare time, to find and follow the normal road. 

The West Virginia Academy of Science may well work through this 
project for a junior branch in every high school of the state, and for a 
mutually helpful correlation of senior and junior activities. 
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SOME EXPERIMENTAL EV ID ENCE W H ICH SHOWS 
T H INKING AND IMAGINA TION A RE FOR MS OF' 

MUSCUL A R ACTIV ITY'•' 

By 

ROY M . DORCUS. 

Psychological Laboratory 

The Johns Hopkins Unive rs ity. 

The problem of how w e think a nd what an ide a r ea lly is . h as b een 
a bas is of sp ecula tion for seve ra l thousa nd y ears . The Gree k p hilosoph e r ll 
follow ed la t e r by those in Fra nce, Germany and En g la n d . h a ve a tte mpt e d 

to p r ovide ade qua te explanations. The r a n ge of these e x p la n n tio n s h as 
\ 'ilrie d all the w ny from the a ssumption that sp ea kin g or thin k in g occurs 
in o n e ' s s tomach to that of a p sychic e ntity, inde p e nd e nt o f a phys io

logica l organis m, a nd capable of cnrryi n g on these processes without 

inte rfe r e n ce from t he organis m . A rela t ive ly recent e xpla n a tion tha t 

h as r eceive d serious consideration is t h at advance d in I 88 7 by F. M a x 

Mulle r ( 12) in a treat ise entitled " The Science of Thou g ht, " in whic h 

h e s tate d " Even those who use sober and subdued lan g uage o bout e very
thin g e lse , brea k out into raptou:< strain s wh e n they s p c nk a bout the 

inte lle ct and a ll that has been ach ieved by that o ld wiza rd. Our divine 
a·cos on is nothing more than human languag e ... 

") hold thinking is nothing b u t speaking min ta s (aa·ti c ulatc) words . " 
Julle r furth e r states that " thoug ht is identical with la n g uage :" "The 
word is not the dress of thought, but its very incarnation ... 

Mulle r has stated the case rather succinctly and is so fa r ns h e w e nt 

h e h a s anticipa t ed what seems to me, at least, the mos t t e n a ble theory 
of thoug ht. 

Befor e e labora ting further the theory which I a m g oing to espouse 

<1 1low m e to present ano ther hist orical sta te m e nt whic h b ea rs a little 
more directly upon the r e lation between muscula r activity a nd thinking 
a nd imagina tion. In 1900 Munste rberg ( 13. 14) set forth his action 

theory for e xplaining cor.sciousness and thoug ht. In his theo ry. h e 
mainta ins tha t a passa ge from s timulation to discharge mus t take place 
in the cortex of the brain. He denies that ideas e xis t in u s . in u m n nne r 
e ntire ly inde p e ndent of our actions. His point of vie w seem s to h a ve 

furni sh ed the b asis for the reaction hypothesis as set forth by Dunlap 
(3, 4, 5,) and is essentially the foundation on whic h this discussion will 
b e e la borated. 

Dunla p maintains the perceptual conscious n ess or awa r e n ess in
volves or is accompanied, neurologically, by these ph e nome n a : 

•The o d d rcss of the vi s iting speaker. 

J 
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1. Stimula tion of a r eceptor organ, suc h as the e y e , ear, or warm 

~pot. 

2. Arousal of <:1ffe r c nt curre nt, which p asses throu g h the p e rip heral 

n e rvous sys te m toward the bra in. 
3. Activa tion of the ce ntral ne rvous s ystem, cons is ting of th e bra in 

and spinal cord which ope rates in s omewha t the same nwnner as iln 

nuto m a tic t e le phon e s w itch board. 
4. Arousal of effe r e nt c urre nt leading th e ne ural imp ulse towa rd the 

muscular or g la ndula r s ys te m w hich is to p roduce the •-;:rm;na l e ffect. 

5. The action of the specifi c n e ural or g la ndular s ys te m. 

In othe r words, the perceptional process does not ta ke place until 

a r eaction of the muscula r o r g la ndula r sys te m o c curs . 

If I take a s pecific illus tratio n, it will h e lp to clarify the s itua tion. 
Suppose that some one a pproaches the tip of your linger with a lig hted 

m u lc h and your hand i11 withdr<:lwn. How does this fit into the va rious 
aspects of the reactio n hypothesis? The lig hte d matc h moving to w a rd 
th e fin g er a ffo rds the p hysical s ti m uli in e ither e the r w a ve s or mola r 
h c ilt vibration w hich imping e on th e nerve e ndings for warmth in . the 

skin or on the rod and c one cells in th e r e tina. These s e n se orga ns 

aro u se n e rvo u s impulses whic h tra ve l towa rd the cer eb ra l co r :ex in 

" hic h they a r c in turn switc hed onto th <: prope r e ffe r e nt p a thway IP.ading 

to the muscles wh ich c ontra ct, so tha t the a rm is withdra wn. 
The exilmple which I have jus t g iven is a s imple type of reaction. 

U sually the s timuli whic h are presente d to a n individua l arc m a nifold 
nnd h e nce if a rea c t ion was made t o each p a rtic ula r stimulus the r eaction 
would be quite confused o r would involve a seque nce of m a ny r eactions. 
\1il hot actua lly occurs is tha t tht: s timuli ar t: r eceived a s o patte rn a nd a 
s ing le reac tio n or a s im p lifie d r eactio n is m a d e . This is accomplis h e d in 
t he co rte x by having the a ppropria te inc oming n e ural im pulses shunted 

o u t on the sil m e motor r>a thwa y. I ha ve said tha t the o r ganis rn is sub
jected to manifold r>hys ical stimuli such a s h eat, cold, c olor, smell a nd 

sn on and in a ddition it is subject to phys io logica l stimuli a ris ing from 
with in th e o r ga nis m such as pain, fulln ess, m u scula r m ovem e nt and c irc u 

la t ion cha nges. These a lso a dd t o the s timulus p a tt e rn and p la y a 

d ecide d role in the r ea c tio n of th e indiv idual. 
Dunlap (6) h as m o difie d his point of v ie w rece ntly to p r ovide a 

s h o rt c ircuitin g mecha nis m for con scio us r esp o nses. In his prese nt p o int 

of vie v/ , h e assumes t ha t the com p le t e r espon se, including mu scular 
activity, is b as ic in thinkin g ; that it occurs in a lmost all adults ; a nd tha t, 
p e rh a ps, in infan c y and cnrly childh ood it is witho ut e x ception. A lso, in 

(ea rning new w a y s of thinking or n ew thoug ht seq u e n ces, it is of g r eat 

im po rta n c e. 
With d e ve lo pment of the invidua l, the thinking response more a nd 

more s ubstitutes the cere bellum for the muscular r e s ponse, altho u g h 
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never completely. In this paper, however, we a re concerned only with 

the orig ina l statement of the theory and proof of the fun ct ion of the cere

bellum ca nnot be es tablished until t h e first a ssumptions are prove n. 

So far only the reactions have bee n cons idered whe n perception is 
in volved; that is when either a physiolog ical or physico! stimulu:~ initia

tes a r eac tion. You may conten d that in thinking or irnag ini n~ no 
physical or physiological s timuli initiates a response a nd furth e r that 

no response occurs under the se conditio ns. Exactly wha t is the difference 

b e tween perceiving a n apple, ima g inin g an app le and h a ving an idea of 

an apple? If these diffe r ences are primarily a matter of t e rminolog y th"n 

we m ay proceed to show tha t imagina tion, ideation, and per ceptio n take 

p lace in a lmost the same m a nne r. 

I p la ce the apple on the table b e fore m e and I s e c the apple . The 
p rocess involved in seein g the apple is simila r to the example of the 
l ighted match which was used and is usually r e ferred to as p e r ceiving. 
If I close my eyes and still get a picture of the apple the process that 

o ccurs is u sually r e ferred to a s imag ining. If I think of the apple (with 

rr.y eyes s ti ll closed) as having a fra g rant odor, as being o n the table, as 

being good to eat, a nd as h a ving th e possibility o f g ivin g m e indig estion, 

then I h ave th e idea of th e apple. Dunlap c haracterizes the difference 

be tween imag ination and ideation by the diffe r e n ce b e twee n the t wo 
terms .. think of .. and .. thin k about. .. In ideatio n there e nte rs the matter 

of r e lationsh ip with the obj ect imag ined and the rest of its environment. 

The image and idea diffe r from the percept in tha t the phys ica l or 
r- hysiolo~ica l stimulus is no longer p r esent. It c a n b e s hown. h o w e ve r . 
that the a rousa l of th e ima g e and idea follow d e fini te lines of a s!<ociation, 

which have a phys iolog ica l bas is in contr<tst with th e point of view some
times h e ld that images and idea s are .. m e nta l mecha nisms .. a ri s in g in 

the brain a nd corte x a nd te r minating their a c tivity th e re. If w e a ssume 

that the arousal of the ide n o r image can b e satisfactor ily e xplain ed, 

how does the total process compare with the total p e r ceptiona l process ? 
In the following discussion. I shall e ndeavor t o s how that muscula r a c ti · 

vity of one kind or a noth e r is a d e finite part of the to·al proc ess of 
imag ination and id eation . 

The e xpe rimenta l e vide n c-:: which s upport s th e th esis tha t imagination 
a nd ideation are form s of mu~cular activity fo llows se ve ra l difinit e lines. 
We ha ve first what m ight be terme d pse u do scientifi c e vidence. If you 
wi ll t r y to imag ine that you a re h olding your breath o r that y o ur eyes 
a re clos ing , you will find tha t the r e is n t e nde nc y for th ese r eactions to 

o c cur. Or if you ca rry the proce ss a s tep further and ima g ine tha t you 

<I re smelling a fra g rant rose you will find it quite difficult to g et a n 
o lfactory image a s long a s you hold you r brea th and th;, t the image w ill 

be obtaine d a s soon a s inha la tion or a s lig ht s nuffing ta kes place. You 
might a lso try to secure an imag e of the word Marg are t a nd ana lyze wh',lt 
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·~ happening. In a ll probabili ty you will find that your eyes are making 

slight move ments such as would o ccur wh o1' n seeing the word or you 
will vocalize the word, although it is inaudible. Hellen Keller and Laura 
Bridge man arc reputed to have no visual Image ry. IF imagery w e re 
purely a phenome non of the ''brain" we mig ht expect, in s pite of the ir 

loss of vis ion and th e experiences that go a long with it, that visu a l 

imagery wou ld be possible. 
Jastrow (9) in trying to find an explanation for muscle reading , 

ouija board, and table tippin g phenomena, has shown by means of the 

automatograph tha t the hands tend to follow the movements of the eyes 

ir. exploring rows of object or colo rs , and further that the h a nds tend to 
move toward a numbe r or le tte r about whic h the individua l is thinking . 

For some of Olive r Lodge's e xperiments o n thought tra n sference, if 
w e accept them as legitimate experiments, the explanntion is to b e 
found in muscular nctivity accompa nying thinking. In having a subject 
guess a number or card that a n oth e r individual is thinking a bout, he 

obtained more correct responses tha n could be e xpected if chance alone 
w e re responsible. This statement holds only when the receiver and the 

agent have their hands in contact. Tucker corroborated the findings of 

jastrow; he conclude d thnt there is a tendency for the body and arms 

to fo llow a g iven direction whe n a n individua l thinks of p e rforming a 
certain act. 

Curtis (2), R eed (16), and C la rk (I) have attempted to mean-•e 
implicit muscular movements of the tongue a nd la rnyx when an indivi. 
dual is thinking. By applying capsules to the larnyx or to tip of the 
tongue theae investigators hove s h o ... vn that involuntary n1ovcn-.cnl a o f 

these organs do occur during thinking although there is considerable 
variabi lity from individual to individual. 

M o r e recently w o rk dealing with the topic has bee n followed in the 
psycholog ical laboratory of the Johns Hopkins University. One investi· 

gation carried out by Totten { 17) has successfully demonstrated tha t 
eye move ments do occur during visual ima gery. In this work Totten 

employed certain r eactors that did not know what th e nature of her 
.-xperiments were. She gave them instructions to imagine various objects 

s uch as a cross, a r a ilroa d train a nd a tall monument. During the time 
the subjects w e re imagining these objec ts . photog raphs were obtained 
of the movements of a n illuminated spot attac h ed to the cornea of the 

eye. The followin g fi g ures will g ive you an adequate idea of the resu lts 

obtained. 
Figure I. 

Shows picture of eye movements obtained while the subject ima· 
g ined tha t he saw a long train. 

Fi gure 2. 
Shows picture of e ye move m ents obtained while the s ubject ima· 

gined he saw a cross. 
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Fig . l Fig.2 Fig.3 

Fig .4 !?ig.5 

Fig .6 

Fi g .? 

Fig ure 3. 
Shows picture of e ye movements obtained while the subject actually 

ex amin ed a cross after the other experiments were ended. 

Figure 4. 
Shows picture of eye movements obtained while the subject imap:ined 
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the Washington monument in a horizontal plane. 

Figure 5. 

33 

Shows picture of eye movements obtained while the subjects actu ally 
examined a ve rtical line after the other experiments were ended. 

These fi g ures arc sam pies taken from Totten's original material and 
as yet unpublished but it is rather obvious that during visual imagery 

eye movements do occur. It is a lso obvious that the direction of the 
movements correspond to the general outline of the objects i~t.dgincd. 

Other inves tigators including Perky ( 15) and judd (I 0) antedated 

the work of Totten. Since their results were not as clear cut and since 
the ir work was n ot as adequately controlled, I need only m e ntion them 
as workers in the field. 

A dis tinc tly different kind of investigation has been pursued by Max 
(I I) of Hopkins and j acobson ( 7. 8) of Chicag o, in their efforts to 
d e monstrate that thinking a nd imaginin g r esult in muscular activity. 
Phys iolog is ts have shown that whenever a muscle contracts in making a 
movement, a slight amount of electrical energy is discharged. With the 
a id of a s tring galvanometer this energy can be measured. We may argue 

that if every time a muscle contracts electrical ener gy can be d e tected, 

then every time e lectrical e nergy arising from the muscle can b e 

measured a contraction of the muscle must have occurred. 

Max and J acobson have shown that the hypothesis just stated was 

correct although their results can not be said to be more than indicative. 
They may have shown that while thinking of c ertain things or of per· 
forming certain acts, discharges do occur in certain muscles even thoug h 
they arc unable to detect the movement in a ny other way. To s tate it 
in another w a y, it has bee n shown that implicit muscular activity occurs 
during thinking although there is visible or overt muscular activity. 

The electro myog rams in the following figures show the e lectricnl 
chan ges which occur during overt muscular activity as well as imp lic it 

muscular act ivity. Fig ure 6 shows (left c urve) a picture of the s trin g 

at rest and the Auctuation of the s tring when a dynamome te r was g rip · 
ped. The rig ht c urve shows the disturbance when the followin g sugges· 

tion was g iven by Max. Imagine yourself holding a powerful s n ake by 

th e n eck just behind the head, your g rip must be firm enough to keep 
th e s nake from biting and thus poisoning you. In this case the d e Aection 
of the string occurs althoug h it is not as marked as in the gripping of 
the dynamometer. 

Figure 7 show s the electro myog ram when the followin g ins tructions 
were given to the subject. You are t o think about each fin ger of your 
hand in turn as thou gh you were tracing a pattern about the hand. This 

r ecord also shows string deAection unde r these circumstances. 

Fig ure 8 shows the tracings made under th e followin g conditions: 

Upper curve. Electrodes were appiied to the right arm of subject 
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Fig . 8 Fig. 9 

(A) and he was required to lift a 20 pound weight with the right arm. 

Middle curve. Electrodes were 3 pplied to the left arm of the so m e 

subject and the weig ht was lifted with the le ft arm. 

Lowe r curve. Electrodes were applied to the rig ht arm and the 

subject was to imag ine that he was lifting th e 20 pou nd weight with 

that arm. 

Fig ure 9 shows the trP,cings mad.: under s lig htly differ'!nt conditions 

by the same subject. 
Uppe r curve. Uppe r curve s hows deflec tion wh e n a dynamomet e r 

was sqeezed with th e ri ~; ht hund; the e lectrodes we re uppl ied to the 

rig ht arm. 

Middle curve. Conditions were the same ns for the upper except 

that the dynamome ter was squeezed with the le ft hand. 

Lowe r curve on left. Dynamomet e rs w e re sq u eezed with both h a nds. 

Note the wide d e fl ection of the str inc firs t to the right and the n t<> 

the left. 

Lower c urve o n ri ~;h t. Subject imag ined he was sq ueezing dynamo· 

meter with right hnnd. 
FiHlii' O 10 olwwn true iu~-: s made by s ubj ect (0) undt•r lh " Sl'l mc ; :Jndi· 

lions nR thoao for fi iJ III!: U. 
Fig ure II. This fi g ure was ta ken from n n n rt ic l<• •·ntill('d "Eiectricnl 

meotturt:-·rnf' nt «~ o f rtrun"' •uuac:ula r s tdlC1 dunnt,; nl cnlol activities. '' by 

Edmund jacobson of t he Universi ty o f Ch icago. The original of this 

fi g ure app ea r s in tlw /\me rico n j o urnal of Phys iolog y, 1930, 9 I, 

566-607. 
T h e toppf'r curvr o lww~ t h~ atr inlj dcllectton for s uhj cct I. G. du oon K 

imagination. In thie Cfll" the s ubject was to imag ine that he was bendinu 

his arm. 
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The middle curve shows the string d eflection for subject D. M . durin g 

imag ination. 
The lowe r curve shows the string deflection unde r control conditions 

for s ubject D. M. In this case the subject was to dis regard the s ignal 
to imag ine that he was bending his arm. 

From the evidence presented there are definite indicat ions tha t n e uro
muscular activity does accompany imagina tion. A lthou gh the activity 
is u nobserva ble and undetectable except with a very sp ecialize d a nd 
refined technique. just how far the analysis of this activity can be made, 
r emains to be discovered. It is one of the lines of work tha t has been 
initiated at Hopkins and further research whic h is b e ing condu c t ed 
should offer a dditional information which will jus tify the hypothesis 
s tated at the beg inning of the paper. 
I. C la rk, R. S.: A n experimental study of s ile nt thin king. Arch. of 

P sycho!., 1922, 48. 
2. Curtis, H . j.: Automatic moveme nt of the larynx. Am. ) . P sych o l., 

1899, II , 237-420. 
3. Dunlap, K.: Images a nd idea s. Johns Hopkins C ircu la r, M a rch, 19 14, 

25-41. 

4. Dunlap, K.: The biological basis of the associa tion of ideas a nd the 
d evelopme nt of perception. Psychobiol., 1920, 2, 19-5 3 . 

5. Dunlap, K.: Thought content and feeling. P sycho!. R ev., 19 I 6 , 
23, 6 I. 

6. Dunla p, K.: The short circuiting of conscious r esponses. ). of Philos. , 
1927, 24, 263-267. 

7 · J acobson, Edmund : Electric n"lca :sure m e nt .s of n c uro muaeular s t o l es 

during m e nta l act ivities. Am. Jour. Physiol., I 9 30 , 9 1, 5 66-60 7. 
8. J acobson, Edmund: Part II. Imagination and recollection of various 

muscular acts. Am. J our. Physiol., 1930, 94, 22-34. 
9 . j a strow, j .: A study of involuntary movements . Am. j. P sycho!., 

1892, 4, 398. 

I 0. Judd, M cAllister and Steele: Studies of eye move m e nts. Psycho!. 
R ev., Mono. Supp. , Vol. 7. 

I I. Max, L. W.: An exper imental approach to th e motor theory of 
thoug ht. (Unpublished). Dissertation on fil e a t j ohns Hopkins 
Unive rs ity Library. 

12. Mulle r, F. Max: The science of thou ght. 1887. 
I 3. Miinsterber g, H .: Grund ziige der P sy c holog ic . 
14. Miinsterber g, H.: P sychology, G e n e ra l and Applied. 
15. P erky, C .: An expe rime ntal study of imagination. A mer. ). P sy cho!., 

19 10, 2 1, 4 22 -452. 
16. Reed, H. B.: The exis te nce and function of inne r speech in thought 

processes.). Exp. Psychol., 1916, 1, 365-392. 
1 7. T o tten, Edith I.: Eye movements during vis ual imagery. (Unpub

lishe d). Will probably appear in Comp. Psychol. Monog. 
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ORIGIN AND DEVELOPMENT OF THE TISSUES IN THE 
RHIZOME OF ONOCLEA SENSIBILIS 

By 

WILBUR JOHN SUMPSTINE. 
Professor of Biology, Betha ny C ollege. 

Int.roduction 

The purpose of this particular investigation was to d e te rmine a• 

accurately as possible t he orig in of some of the outstanding tissu es in 
the rhizome of this interesting fe rn. No a tte mpt was made to tr a ce the 

o rigin of all o f the s tructures a rising in the s t em, this work b e ing pla nned 
for s ome time in the future w h e n it is hope d a more comple t e s tudy of 
the plant m ay b e pursued. 

The mate ria l used in this investigation w a s collected during the 
months of june a nd July, at which time the plant appears in vigorou' 
g rowth, and was t a ken from the e d ges of the marshes and lagoons in 
the semi-dune r egion, seve r a l miles south-east o f Hammond, Indiana. 

H ere the pla nt g rows in r e la tive a bunda n ce, a nd a cons ta nt supply of 

m a t erial was a va ila ble at all times. Both y o ung a nd o ld ste m s w e r e col

lected for s tudy. Identification was made by Dr. W. J. C. La nd of the 
University of C hicago, under whose competent g uidance this investigation 

was conduct ed . 

Althou gh much has b een written a bout the closely re la ted 0. 
Struthioptcria , n search o f the literature r e v eal s tha t little work other 

than gene ral h a bit descriptions h a ve eve r been m a de on 0. scn s ib ilis , 
so that the n eed for critical studies is appa re nt. Little can b e a dded to 
the general o b se rva tions of others except tha t the re seems to b e some 

doubt as to the origin of the generic name of this form. C lute (2) 
discusses this problem and quotes the G e rma n botanist Spre n gel as 

having proved tha t this fern will wilt whe n brought in contact with 

human bodies, thus d e riving th e n a me sensibilia. C lute also quo tes from 
Britten"s European F e rns ; ·· .... That the ba rre n fronds are so thin and 

d elicate in texture that they will wither, eve n when growing , if drawn 
once or twice through the hand." Many tria ls of stroking and drawing 
of fronds throu gh the hands of the writer has prove d that this fe rn has 

no more predisposition to wilt than many of our other commo n forms 
when touched or handled. 

An expected correlation was observed betwe en the w a t e r content 
of the soil in which the pla nt was g rowing, a nd the d e pth of the rhizome. 

Where the soil w a s merely da mp a nd the water content rathe r low, the 
ste ms fr e que ntly g rew two or three inc he s under the soil surfac e, but 

a long the edges of pools, or in swamps whe re the soils w e re practically 
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.satura ted, the rhizomes grew on top w ith a covering of a fe w decayed 

leaves or rotting twigs. 

G r oss Ana tomy of the Rhizo me 

Th e rhizome branches freely. appnrently dichotomously. a nd g ives 

rise to many roots a nd a limited nume r of leaves and sterile spikes. The 
roots branch freely a nd no root hairs were observed on a ny o f the mater· 

ial examined. 

The s te m s arc u sually found with the concave surface located dor· 

s<o lly to the m a in axis , althou gh some mnte rial was collected in w hic h 

this d epression was la teral. This feature was utilized in a Genera l way 
for orientation of the s te m s for microtome sectioning . 

Some difficulty was at first experience d in sectionin g due to the pre· 
s c: n cc of soil particles held in the numerous scales. mucib s e h a irs a nd 
mucilage of the s tem tip . Every stem was carefully washed w ith a camel 

h a ir b rus h to r e move this material before it was fixed a nd imbedd ed. 

Apical Cell and Derivatives 

All of the tissu es a rise from segments cut from the three inne r fa ces 

of a rather large pyramidal apical cell, being cut off a p pa r ently in serial 

order. This apical cell in 0 . sensibil is takes the form of a trin n g ula r 

pyramid, with its longest nxis a lmost exactly in line with the main axis 
of the stem. After careful measurem ents it was found tha t the average 

d epth of this cell along the stem axis was sevent y mic rons. Diffic u lty 
was experienced in securin g good transverse sections of the s t e m tip 
s h owing a n a nte rior view of this cell , but one good section d e monstrated 
lhat in front vie w its appearance was a lmost the sam e as in long itudina l 
section, practically making the cell an isodiametric tria n g ular pyra mid. 
This diffi cu lty was due to the fact that these rapidly div iding meristcmatic 
cells a r e very thin walled and are quite watery in cell content. 

The outer or a nte r ior face cuts of no segments and is prot ect ed in 

a pit form ed by the onpushing new leaves, ster ile spikes and the presen ce 
of many scales a nd mucilage hairs. 

A lthoug h this cell is enclosed in a pit , due to segmentation with the 
forma tion of unde rly ing and lateral tissue, it is pushed somewhat above 

its n e ighboring cells , so that transve r se sections reveal it s urrounde d by 
o nly fiv e or s ix cell generations. 

Both anticlina l a nd periclinal divis ions occu r in the second cell gen e 
r a tio n of th is apical cell. One case was noted whe re periclina l divis io n 
took p lace in the firs t segm e nt, although this o ccura n ce was n ot common, 

a nd fr eque ntly two or three anticlina l planes inte rvened b e fore p e ri 
clinal segm e nta tio n took place. 

The cells r esulting from the oute r half of the firs t p ericlina l divis ion 
a lways r emain parec hymatous, forming the cortex and a n e pidermis 
whic h arises r a ther la te . 
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The inner h a lf o f this periclinal division gives rise to the desmogen 

strand with its s ubsequent tissu es a nd the central parenc hyma or pith. 

The desmogen strand could b e traced to within five or s ix cells of the 
apica l cell, its e longate cells with their large nuclei and fin e granula r 
structure s tanding out from the surrounding tissues. Lichtg riin a nd 

safranin gave good differentiation in this r egion, the desmogen strand 
taking the g reen a nd the r ed pred ominating in the other tissues. 

A little lower down, the strand is joined by other s tra nds from the 

root·s a nd leaves. 

Endodermis and Pericycle 

A definite cndodermis is present in the bundle, the Casparian thick
enings appearing rather late. Ide ntification of this endodermis by m ean s 
of the s trips or thickenings was only possible at dis tances of s ix to eight 

mm. from the stem a pex, a lthough at this distance they appeare d in 
both transverse and long itudina l sections. Due to the la r ge s ize of this 
p a rtic ular rhizome, with its m a ny inte rve ning cell gen e rat ions b e tween 
the apica l cell and cells which might desig na ted as a d e finit e e ndode rmis, 

it w as impossible to trace its orig in with a n y d egree of certainty. From 
gen eral r eactions, the elongate shape of the cells, and the juncture o f 

the young e ndodermal cells with the outermost layer of the desmogen 

strand, w e might presuppose that the e ndodermis is stelar in origin. This 
however, is not suffi c ient evidence ns to its origin and leaves the question 
open to further s tudy. 

A pericycle two or three cells in thickness is present in th e mature 

bundle. No attempt was m ade to trace its origin but its developmen t 
seems to follow closely tha t of the e ndode rmis and may have some 
significnn ce as t o its orig in. Chang ( 3) in his exce lle nt work on Pteris 
aquilina , su gg ests the probability that both cndod erm is and pericycle 
arc d escendents of a common mothe r cell, a lthough h e was not able to 

d e finit e ly prove the s ta te m ent. 

Phloem 

The phloem is the first tissu e to a rise in the young bundle a nd is 
r ecognized by its position and its dark staining qua lities. It s tands out 

in both tra n sverse and longitudinal sections. At .5 of a mm. from the 
s t e m apex it can be differentiated from its n e ig hboring cells , a nd at . 7 

of a mm . lateral seive plates could be discern ed in th e young bundle . 

Th ese p la tes, charact e ri s tic of the phloe m e lements of the ferns are very 
conspic uous in the o lder bundles. The walls o f the seive tubes of these 
elder b undles also show this deep staining r e<lction and we therefore 

b e lieve that the d evelopment o f the phloe m s lig htly precedes tha t of the 

protoxyle m. 
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Xylem 

The young bundles show two protoxylcm points, one s trand at each 
l·nd of the ovate bundle. Cases were observe d in which three protoxylcm 

strands were present, but this condition was not common. Th ese proto

xylem strands arise shortly after the firs t indica tion of th e seivc tubes 

and the first indica tion of spiral deposition occurs about 1.1 mm. from 

the apex. This is shortly after the rise of the phloem clement as pointed 

out in the fore goin g paragraph. 

Traced a nteriorly into the younger tissues of the desmogen s tra nd, 

w e find t hat the cells giving rise to the protoxylem <>re mor<: e longa te 

tand of less diameter than the surrounding cells. 
The metaxylem arises much later than th e protoxylem, the cells 

being of g r eat caliber and showing the characteristic scalariform pitting. 

Chang finds in the bundle of Pteris aquilina, that the mctaxylcm arc th e 
earliest to differentiate and the last to mature. In 0. sen sibilis th ese 
cells a lso arc the last to mature. In transverse sections, .6 of a mm. 

from the s t em apex, the protoxylem cells can be seen s urrounded by thin 

walled cells with rarified contents. These are th e undiffe r e nti Ci te d meta

xylem elements which take on the scalariform s tructure after m;:~tura· 
tion of all the other tissues in the bundle has occurcd. The m a ture 

m e taxylem cells are very elongate and this condition has b een broug ht 
about by their relative few periclinal divisions, and their attempt to k eep 
pace with the elongation and division of the other cells on the ir 
periphery. 

Roots 

Th e root a rises from the segmen ts c ut from the four faces of a 
large triang ular apical cell which resembles closely that of the stem. 

The three inner faces of the cell give rise to th e tissues of th e proper 

while the products from the anterior face form the root cap. 

This cell arises very early and apparently is a product of the d csmo
gcn s tra nd. The large pyramidal cell , a lready b eginning to c ut off seg

ments is r ecognizable about the same time that diffe re n tiation of the 
plerome occurs. The disinterg ration of the pare n c hyma cells of the 

cortex before the advancing apical cell of this young root seems to 
indica te that it may be liberated by some type of digestive e nzym e, 
accompa nied by the natural pressure of the g rowing tissues. 

As mentioned before, no root hairs were observed on o ny of the 
material studied. 

No attempt was made to trace the subsequent deve lopment of the 

tissu es of th e root, but it is evident that they arise as the products of 
this large pyramidal cell previously mentioned. A transve rse section 

revea led one bundle in each root. This bundle was composed of two 

large metaxylem cells and three or four protoxylem cells at e;:~ch e nd of 
the bundle adjacent to the metaxylem. Surrounding the xyle m is a layer 

-
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of phloe m two or three c e lls in thickn ess , bounded on its periphery by 
a one cell layer of p e ricycle , with a n endodermis-like la y e r surrounding 

it. C nsparia n thicke nings w e re n o t observed . 

Discussion 

In 0. sens ibilis w e h a ve a fe rn whic h ts dominated throug hout its 
life by a terminal apical cell of the pyramidal type. C ross ( 5) in his 

work on O s munda cinnamome a, concludes tha t the chang ing from a 
s ingle apical c ell to a m e ris te m a tic g roup, composed of two or three 

cells r e presents a step forward in phyloge netic d evelopment. If such is 

true , the n 0 . sensib ilis. based on the apical cell a lone is s till ra ther low 

phylog enetically and is still on a level with the bryophyt es. if '"e c ons ide r 
only apical ce lls. If such is a n indication of low phylogenetic develop 

ment then it mig ht be w e ll to lo ok for o ther s ig nifica nt ch aracteristics 
of th e same order. Dorsive ntral s tructures a re supposed to b e s ig nifican t 
when exhibite d by hig her types. C h a n g point s out that P. a qui lina shows 

d e finit e dors ive ntra l s tru cture of rhi :z:ome with a type of apical cell 
us ually assoc iated wi th su ch m e thod s of g rowth, name ly a modified form 
c:-f the dolabrate type found in the a n <> cro gynous jungcrma nniucea e . 

0. s ens ibilis seem s to ha ve gone one s te p forwa rd, for if a ny rema ins 

of dorsiven tral structur e be prese nt, it is d enoted by the concave 

depression on the d o rsal s ide of th e rhi:z:o m e and is not e xhibite d by the 

a pical ce ll itself. A s pointed out before, this d e pression has a te nde n cy 

to wander laterally, or eve n be missing a ltog ether. If we th e n have a 
fe rn with an apical cell not c haracteristic o f dors ive ntra l s truc tures, with 
a holdover of a problema tical dorsal d e pression on th e rhi :z:ome whic h 
in some cases is missing entirely, then w e might conclude that we arc a 

s te p in a dva n ce of the Pte ris type. but s till lowe r than the O s mundacene. 

Insufficie nt evide nc e was collected r e lative to the orig in of the endo· 
dermis and pericyclc , and their rise re mains an open question. The work 
done seems to indicate that the c ndodc rmis is s te lar in orig in and the 

pericycle is closely related to its development. C hang suggests that both 

a r ose from a common mother cell, but a bsolute proof could not be 
obtaine d until mitotic fi gures w e r e stud ied. C ross concludes that the 

endodermis und pericycle of 0. cinnamomea have independent orig ins, 
althoug h dec is ive evidence was lackin g. The \Vrite r does not feel incline d 

to a ssign the endocle rmis of 0. se ns ibilis to any one layer in its orig in, 
since it ar ises very late, and is far removed from the early segments of 
the a pical ce ll of th e rhi:z:ome. 

From evidence c ollected, it appears that the adventitious roots arise 
in close rela tionship to the des mogen Rtrand. Bowe r ( I) makes the 

state m e nt tha t the attachm ent of the r oot s in most fe rns is commonly 

~1pon the ste le or m e risteles of the axis; but it may also be upon the 

basal part of the leaf supply, especially where the leaves are c rowded. 
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He states tha t th ese characters give little help in comporative s tudy. In 
0 . sensibilis the smooth outline of the desmogen stra nd is destroyed 

a nd the root tissu es seem to be an integral pa rt of the d esmogen whic h 

leads u s to conclude that it a rises in the outer p a rt of the s trand a nd not 

in the cortex. 

Summary 

I. All the tissu e s of the rhizom e have their ong m in a rathe r large 

pyramidal apical ce ll which pe rsis ts throug hout the liFe of the fern. 

2. The p lant is no more sen sitive :o toug h than m a ny of our other 

c ommon forms. 

3. The desmogen s trand which g ives rise to t he bundle , ha~ its origin 
in the inne r half of the firs t pericl in a l divis ion of the segm e nts of the 

a pical c e ll. The products of the oute r half r e ma in p a r e n c hymat o u s and 
g ive rise to the scales, mu cila ge ho irs , cortex , and o late a ppe aring 

epidermis . 

4. The deve lopment of the phloem slig htly pre c ed es th a t of the 

xyle m. 

5. R oots anse very early as products of the outer p art of the 

dcsmogen s trand. 

6. The tissues of the des mogen strand differe ntiates ve ry late, makin g 
the tracin g of cell lineage a d ifficult problem. 
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\Vhile doing g r adua te work in the University of Missouri on the prob

lem of preparing a d escriptive a nd illustrated cata log ue on the Naia des• 
and also w hile collecting data as a Scien tific Investigator for the benefit 

o f the P ear l Button Industry unde r th e d irection of the U. S. Bu reau of 

Fish c ries1' the write r had occasion to make some u n usual observations 
of sex b eh a vior among Na iades, commonly known as F r eshw<l te r Mussels . 

Mos t of the observations m e ntioned in this paper are those made in 

the laborator y and in nature for Lampsilis cardium ( Rafi n esque), 
o fte n known as La m psilis ventricosa ( Ba rnes), or in the tra d e as " P ocket 
Book" . This species of Freshwa t e r Mussel is the hig hest type of the n ext 

highest gene ric group of Nai a des, the L a mpsilis . This genus of Rafin
e~qu e is especially c ha racter ized in t he female by profuse te ntacles a nd 
papillae arranged a round b o th the branchia l a nd anal open ings on the 

marg in of the mantle which is doubled poste riorly a n d is extended down 
to the lowest post-ve ntral point on th e mantle ed ges of both s ides antero

vcntra d lo the incurre nt opening as two lo n g ribboned Aaps. 

T his special char act e r of frin ged m a ntle Aaps b earing eye-spots, 

togethc1· with unusua lly large m a rs upia with some t hirty large bulg in g 

ovi-sacs, g ives this type of mussel hig h r a uk in taxonomy b ecause of 
its survival a nd minimum mort a lity due to th e b est advantage for the 
aeration of the embryos up to th., glochidial stage. This adaptabi lity 
r esulting in the b es t a dvantage for the e mbryos is :;een in a ll form s of 

l ife. 
Because of this te ntacular s truc ture of both th e inc urrc nt and ex· 

curre nt s iphons and a lso becau se of the undula ting ribbo n-like Aaps on 
the m a ntle m a r gins be low th e branchial openin g, tog e the r with the 

imme nse marsupia a t the posterior e nds o f the outer g ills . the shells of 

the fe m a le are g reatly inAute d and decidedly b lunted at the poste rior e nd. 
A lso through the act ion of these mantle Anps wate r c ul'rc n ts urc so 

created as as t o draw the sperm o f the male into the bra n chia l chamber 
cS well as to direct n n excess su pply of oxygen throu gh the th in ovi-sacs 
to the ea rly embryos contained 1n m e mbra n ous m asses t e rmed con· 

glutina t es. 
These conglutina ted masses in our type for s tudy, L amp sils card iu m, 

are in th t! s hape o f in-soles and arc actu a lly discharged from the swollen 

•TilE NA IADES OF i\I ISSOUR I. American i\lldlund N"turnlls l, Vol. 4. No' s. 
1.1 0. \vi th P la tes I· XXIX. (19 15· 1916). 

t MUSSEL RESOURCES O F MISSOL;RI. U . S. 13urea u of Fis her ies . Economic 
Ci rculnr. No. I 0 . 
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beaded margins of the mars upium by processes of rupture through the 

thin pos te ro-ventral walls. The write r h::~s observed this discharge of 
late embryos both in the acquarium a nd in nature und thus has b een 

able to ve rify th e observations of other worke r s. 

Th e w rite r, howeve r, has observed the disch a r ge of the spe rm of the 
male and the intake by the fe male,-an observation not r ecorded before 

as far as he has b een able to ascertain through a co mple te bibliography 

on the Naiades secured afte r four y ears of study of this ve ry interes ting 

g roup of Mollusks. 
Besides m aking observations of this sex behav ior in the laboratory 

a nd in nature for Lamps ilis cardium, the writer h as a lso b ee n able to 
record three othe r instances o f the m a le dischar~ing sperm .- one for 
Lasmigona complana ta and one for Utte rbackia ohienl'i!> ' .-all 1n t he 

labora t ory acquarium. Howe vu, in the case of L ampsilis cardium this 
beh avior for both sexes wos observed in both the acqu arium a nd the 
clea r s ho llow water of the rive r. 

The sperm discha r ge was obse rved as a tiny st r ea m of milky white 

cysts from the anal, or excur re nt siphon. Upon e xamination with a le n s 

mag nifyin g 385 diameters these cysts were seen to be hollow globu lnr 
masses of sperm revolvin g clock-wise in the water by m eans of Aa g ella 

thrust through a m a trix from hundreds of individua l sperm-cells, much 
in the same manne r as in th e Colonial Protozoon, Volvox g lobator. 

This rotary motion of the sperm m asses, to ge th e r with that of the 
late embryos of the Naiades, may not be th e ecce ntricity as cla imed by 
some workers in this g roup of Mollus ks s ince this physiolo~ i ca l charac
t er may be expected in all mu sseb,-in f uc.:l thi s ing rained t e nde n cy to 

move in c ircles is c haracteris tic of all forms of life, especia lly in the 

gametes a nd in a ll s tages of the e mbryonic deve lopment. 

One of the most importan t revelations made in th e fi e ld o f Zoology 

at the las t M eetin g of the American Associa tion for the Advancement 
of S c ie n ce was the relation of this c ircling tende n c y to tha t of sex as 

a pplied alike to plnnts and anima ls.·! After twe lve years of r esearc h 
work Dr. Schaeffe r, !lOW of the D e partme nt of Zoolog y in th e Univers ity 

of K a nsas, has m aJe thousn nds of tests for various a nima l a nd plant 

types,-especially for the ame ba ,-to find that the rig ht and le ft spiraling 
propensities arc involved in th e determina tion of He x in that the positive , 
or clock-wise r.pira ling accompa nie s form s r e p roduc ing sexunlly and the 

negative , or anti-cloc k-wise spiralin g a s charact e ris tic of forms repro
ducing asexu ally as seen among the lowe r form s of life. 

Am o n g the hi gh er sexual forms , as see n among the Naiades, what

ever causes the diffe re nces in this rota ry motion in the ge rm c ells, as 

well as in the pre- and pos t -embryos, we w ould ascribe to indentical 

differences in sex. Be that ca u se what it may w e know from observin g 

•Proceed ings of the \Ve st Virg ini<> Acade my of S c ie n ce. Vol. IV. 
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re sults as seen in the g lobular sp e rm masses o f mussels tha t the etiology 

for th e male game te would indicate that its sex is dete rmined in a mole

cula r w a y by the le ft - to-right stereoisomer , as we may te rm this hypo
the tical causation. 

The presence of these right a nd le ft s tercoisome rs, as cau sal facto rs 

for m a le a nd femal e, would only be accompa nying factors in the chro

mosom e the ory of sex d e te rmina tio n in that the presence of the idiosome 
dete rmines the m a le offs pring a nd the abse n ce of such odd c hromosome 

pred estines the fe m a le. 
The write r h as a lso obse r ved the rota ry motion in la te e mbryos o f 

that peculia r species of mussel, Utterbackia ohicnsis ( Raf.) T hese w ere 

observed to be r c volving,-so m e right and som e lcft,-ar ound one axis 
a t the r a te of fifty times a minute . This p he nome non is seldom seen 

b ecau se o f its s h o r t dura tion a nd seems to b e a n ecessary m oveme nt in 
the fina l develo p men t into the g loch idial ( larva l) s tage. 

The inter esting beha vior of the fe m a le Lampsilis cardium w as n oted 
by th e write r on m a ny ins ta n ces t o be buried in the g ra ve lly bottom of 
clear s ha llow w a te r with only the s iphons, m a nt le Raps a nd two black 

ovi-sacs exposed. The r ibbon-li ke Raps waved to a nd fro in a n undul

~t i ng ma n ner a nd occasiona lly n white leaf- like con g lu tin ate would be 

d isch arged. Not fa r a w a y was a n o ther fe m a le with o pen s ip hons a nd 

w a ving Haps sucking in s p e rm from a m a le o f the same species which 
was disch a r g ing milt from the a n a l ope ning in a tiny white s tream making 

the w a te r milky white for some dis ta nce a r o und. M ost o f the o th e r 
fe m a les located a t this s tatio n were foun d a t tha t time to ha ve emp ty 
m a rs u p ia and r eceptive for the sperm of the ac t ive male cardium. 

t F r om n pa per. ' 'MO LECULAR ORGANIZATION OF PROTOPLASM I N 
AME I3AE ... l3 y D r. A A. SchuefTc r . De p•ll'lm c n t o f ZooloJ<y. Unive rs it y of K a nsns. 
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CATALASE IN RELATION TO PERCENTA GE OF 
GROWTH IN THE TOMATO FRUIT"· 

By 

D. A. SHAW. 
P rincipa l Hig h S c hool. Gilbe rt. 

The investig ations dea lin g with Ca ta lase have in the past b een con
cerne d with the cha n ges in the m e ta bo lic processes a nd the fac to rs 
inAue n c ing its activity. From what has been done, o n e would n a tura lly 
suppose tha t the C a t.a lsc activity would inc rea se a s the g r ow t h increased. 
This invest igation wa:~ p la nne d with this ide;;: in v iew. 

Review of Lite rat ure 

The o pinion of the na ture of Cata la~e a nd its re la tto n to oxidatio n 
processes h a v e b een r eviewed in a numbe r of papers . Rhin e, ( 192 4) 
stated tha t the mos t p la usible the ory of Catalase fo rmation in pla nts 
s eem to b e that it is fo rmed as a n e n zyme-according to the the ory 

of n e ed . 
H e incke ( 192 3 ) , working on the fac tors inRue n c ing Cata lase , a n d 

its activity in the apple-leaf tissue s h owed that th e term ina l leaves we re 

more active than the b asal lea ves. In I 9 2 4, his data o n Catala~e Activity 
in Dorma nt Apple Twi gs, seem to affo rd a basis for the su ggestion tha t 

the prese n ce of g rowth producin g subs ta nc es favor Ca talase activity, 
while subs tances tendin g to inhibit vega tative activity h a ve a retarding 
influe n ce o n the:: C a ta ly :s i:s by H yd rog e n P e roxide. 

With r egard to th e effect of te mpe ra ture and 

of Spirogyra porticalis , (Burge and Burge ) in 

Catalase a c tivity was hig h e r in light tha n in dark, 

ture. The y quote Bonnie r and Manquin ( 1884) 

inde p ende nt of heat e ffect produces a n inc re ase in 

bolism o f the plant. 

light o n the Cata lase 

1924 e xplained tha t 

at the same tempe ra 

as stating that lig ht 

the r espiratory m e ta-

Wilmer E. Davis ( 19 2 6 ) d e termined th e viability o f seed s by m e a sur
ing the Cat a lase A c tivity. 

In re la tion to g r o wth Ezell and C ris t ( 192 7) found tha t C a talase 

activity inc r e ased with g rowth of spinach and lettuce plnnts but did 
not pa ra lle l with g rowth in size. 

Kno t ( 1923 ) sh owed tha t Cata lase a c tiv it y of a pic ia l s ix ty millig ra m s 

f r om whic h a ll b u t the !lma lles t leaves h a d been r em oved, d e creases as 

th~· p la nt c h a n ges fr o m a vegetat ive to a rep roduc tive type o f g rowth , 

s u ggesting a ve ry loca lized r e~ponse to th e lower d a ylig ht p e riod. Th e 

a m o unt o f this d ec re l'l se is closely correla t ed with the inc rense in the 

),eig ht o f th e seed s ta lk. Th e d a ta also showe d tha t th e y ounge r a n d 

•Complet e data are be inll publis hed in nno thcr paper. 
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elder leaves of spinach and celery a r e usually low in Catalase activity, 

while those inte rmediate in age have a higher and approximately the 

equal activity. 

Est imation of Catalase Activity 

Th e method u sed with this was similar to that of Appleman, ( 191 0). 

The tomatoes were s liced and dipped in ca lcium carbonate. The slices 
were then run through a m eat g rinder. The g round tomatoes were 

11 wa:te..- 13o.th 
8 Rc.a.c:.tiO.... 13ottle 
c Sepcv.-o..t(n'f fv>~nel 
0 C1-cJ..jvJta.hle t-ube 
E Burette 
F £t<n. ex It ··F 

E- - . 

- B 

- - R 

F•g·' O.ppO/ro.t'v s VseJ F'or Deterrnin <ns 
c ... -t-o..l<>.s e. 0-c;l;iv ;t 'j• 

--0 

~trained by mean~ of g lass woo l. After s trn mmg three ( 3) cc. of 

juice the y were withdra w n immediately and p laced in the bottle used 

for the determinations, a nd three cc. of c old water added. The appa
ratus w a s then placed in a bath a t 20 • C. After the apparatus attained 

the te mpe•·ature of the bath, 15 cc. of Hydrog en Peroxide was added 

throu gh a separati n g funr.c l. The s l op-co ::k was op ~ned fift een second~ 
b efor e the minute. On the m inu te , sh a k:ne be g un a nd con t inued un til 

the e xpe rimen t e nded. On :h e quarte r of the minu :e, the s top-coc k 

leadin g to the bure t te was ope n ed. Readin gs w e re m a d e eve ry minuto 

for fi ve minutes. 
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M easure m e nt of Fruit 

The tomato bloom s wer e pollinated and d a ta taken so the age of the 
f =:.>: t cou ld b e procu r e d. A~ soon as tht: tomatoes w e r e one centime ter 
in d:amc~e= . the mea~urcmcnts b ega n. T wo diameters w e r e taken for 
-: a<.!1 f ruit and :he average calculated. The mensuremen ~s were take n at 
regular interva ls a nd t he pcrcen :ag e of g rowth calculated when a fruit 
w as selected for a tes t. 

S e lection of Fruit 

c~een tomn toes w ere selected for the various per cent aae] of g rowth. 
Th is was don e so th a t the nct ivity for the various p e rcentnt;;:3 of growt h 
ra:1g ing from ze ro to the hig hest r ate th at could b e p r o c u red. Fru it wa s 

a lso selected for the d!ffer.-nt d e3rees of ripe n ess. 

Discu ssion 

T h ere w as no correla tio n between the s ize of the tomato fr ui : and 
C atalase a ctivi ty. The gro wth practica lly s toppe d whe n the fruit began 
to turn, resultin g in the lowe r catala se activi ty. The Cntolase ac tivity 
was hig hest in the youn ger a nd inte rmediate growth. A ge did not seem 

to effect the ca ta lase activity as som e of the o ld e r fruits were as act ive 

as th e y o unge r. In a ll the f ru its that had hig h per cen tages of g rowth, the 

Catalase activity was hi g h. T his show e d tha t as the percentages of 

g rowth in c r eased, th e Catabse activity increased. \Vhe n the data were 

p lotte d a curve was secured that steadily incrensed from 0 percen tage 
of g rowth to the h ig h est p e rcentage obta inable. In some cases, how e ver, 
the Catalase activi ty did not para lle l the p e r cen tage o f growth. But 

the usua l thing is that there is an accompanied inc r ease in Cata lnse 
a c tivity w ith increilse in percentage o f g rowth. 
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C hromosomes are only fifty-s ix years old. Although they appeared 
an the figures of Schneide r ( 18 73) they were first adequately described 

by the botanist, Strnsburger, in 18 7 5. It is interesting to note that 

Charles Darwin knew nothing of chromosomes, a nd in spite of the prodi

g ious amoun t of writing done b yhim, there is no reference to them and, 

in only a place or two, do we find statements relative to the cel l. 

Since the time o~ Strasburger the chromosome literature produced 

has been s ufficie nt to warm the heart of the most ardent of bibliophiles, 
if it were convertible into biography, his tory, and fiction. In 1884 and 
1885 Hertwig , \Veis mann, and Strasburger concluded independently 
and a lmost simultaneously that the nucleus was the vehicle of heredity 
and fr o m then on cytologis ts from every part of the world turned their 

microscopes on th e deeply staining interior portions of the cells and 

assiduous ly maintained the focu s for year after year. It is only recently 

that the cytoplasm came into exis te nce. The idea that the nucleus 

played a part in heredity acted as a thigmotropic irritant that touched 

every cytological investigator and the irritaton is still much in evide n ce 
to-day. A s a m a tter of fact, it is this study, more than any other, which 

can b e said to char acterize the work of our modern period. 
After on era of more or IP.M int,n•iv" st urly cov.,ring ""m" fifty orlrl 

years what can we say definitely about chromosomes~ P ractica lly all of 
our knowledge is morphological and all e lse is a matter of d eduction. 
The c hromosome number has been reported for a large num b er of 
animals which runs a ll the way from two, in one of the round worms, 

up to two hundred and e ig ht, a questionable count whic h h as bee n 

given for a certain species of crayfish. In the house Ay the number ts 
twelve , in the rat it is 42, a nd in man 48. The number for a ll forms, 

within limits , is cons tant. We know that the indivdual ch romosomes 
have a more or less d efinite size a nd shape in each species. We know the 

exactness of divis ion in mitosos a nd the presence in diploid g roups of 
paternal and m a ternal h omologues in synapsis and we know of th eir 

disjunction in re duction division. \Ve are r e latively certain that identical 

lwins. whi c h arc practically mirror images of each othe r, owe their 
g reat s imila rities to ide ntica l sets of chromosomes. Literally millions of 
c hromosomes have bee n counted . m easured, and drawn. We know the 
morphology of the c hromosomes and from this knowled ge we d edu ce, 

ns did H crtwig , Weismann, and Strasburger in 1885, that they are the 
vehicles of hered ity; a t leas t we know of no other satisfactory vehicle. 

It is unfortunate tha t a g reat many p eople h a ve gone to extremes as 



50 PROCEEDINGS OF THE 

a result of our discoveries and insist upon a sort of omnipotence for the 
chromosomes. They declare that they are responsible for everything 
from strabismus to house-maid' s knee. On the other ha nd there is 
another group that is equally rabid in favor of the environme nt as a 
molder of physical and mental characteristics. The consensus of opinion 
among those mos t qualified to judge is that both are powerful agents 
but that heredity is probably the more so. 

Althoug h our knowledge of chromosomes is not mea g re, the re is 
much that we do not know; many questions rema in to be nnswered. In 
closely related forms may the chromosomes be considered as having 

the same genetic make-up~ Why arc the chromosomes of different sizes 
in different cells? Is there any easily recogniznble type number, in 
mammals, for example and, if so, can deviation from this be explained 
on the basis of an end-to-end fus ion or to a breaking up {transverse 
fra g mentation) of one or more of the chromosome pairs? Do related 
species h ave simila r chrom o some complexes because they a re inherited 
from a common ancestor ? Do the chromosomes re present directly or 

indirectly the physical nature of the genes~ Is there a shifting of c hro
matin within the ch romosomes, or between non-homologous chromo

comes, which would greatly affect the a rra n gement of genes without 

altering the m in a quantitative way, an dwould this be sufficient to 

account for new species and the evolution of n ew forms? 

About a year ago I b egan a study of the chromosomes of the mouse 
with the idea in mind of throwing some lig ht on one or more of the 
qu estions just propounded or of attempting to answe r othe r s which would 
arise as the work proceeded. 

Quite a few investigators have a lready worke d on the mouse but 

the ir efforts have been confine d a lmost e ntire ly to s p e rmatogen esis, 
a lthoug h a fe w h ave studie d oogen esis. The haploid chromosome number 

r eported h as varied all the way from twe lve to twenty a nd no diploid 
count was made until 1926 when Cox reporte d the numbe r as forty. 

During the p as t fe w months I have s tudied spermatogenesis rat her 

thoroughly a nd have made considerable progress with a s tudy of the 

s omatic chromosomes as fou nd in th e mouse embryos. A s soon as this 

is c omplete d I hope to inc lude oogenesis a nd the n make compariso ns 
bet ween the three tissues. 

I have b een able to count forty chromosomes in seve ral spermata

g onial cells a nd this numbe r coinc ides with that reported by Cox a nd 
Painter. These a r e r a the r short, hea vy rods a nd in o nly the longer ones 

is the re any bending or hooking and even in these it is no t pronounced. 

\Vhen an a lineme nt was made twe nty pairs were dis ting uishable: in 

nineteen of these the cle m e nts of e ach w e re practically ident ical, but 

the twentie th cons is ted of a long rod and a very short one. The lo n g 

one is evide ntly th e X -chromosome a nd the s hort one the Y -c hromosome . 



WEST VIRGINIA ACADEMY OF SCIENCE 51 

The for ty chromosomes then consist of nineteen plus an X. which came 

from the female p a rent, and nineteen plus a Y which came from the male 
parent. The X-Y combination, in mammals, results in a male. Later on 
from a study of the ovary we expect to demonstrate the presence of the 

2X combination, with the absence of theY, resulting in a female. We be

lieve that the X and Y-chromosomes are the main agents in sex determi· 
nation, although the work of other investigators, particularly R iddle, 

have thrown some physiological monkey wrenches into the machinations 

of the theory. 

In the primary spcrmatocytes twenty elements have been counted 

in cell after cell; these elements are seen to be double and resemble some· 
what an enlarged diplococcis bacterium. One of these diplococci is made 

up of a large half and a small one, and here again is undoubtedly the X-Y 
combination. 

If we arc correct in our assumption we should expect to find, in the 
division of the first spermatocyte, the large element, or X-chromosome, 
going into one of the secondary spermatocytes, and the smaller one, the 
Y, going into the other; and this is exactly what we do find. In other 

words in half of the sperms ultimately to be form e d there will be an X 
and in the other half there will be a Y. The morphology and behavior 

of the sex chromosomes of the mouse, then, is similar to that described 

by Painter for other mammals, including man. 

Previous investigators have been unable to locate many secondary 
spermatocytes. Only two counts were made by Cox. I have found 
several that could be drawn without difficulty and all of them contained 
twenty chromosomes. In two of these there w as an odd-shaped, elongated 
chromosome. With only this amount of material I hesitate to conclude 
that this is the X-chromosome. 

In the embryos figures occur abundantly everywhere. They are most 

numerous in the nervous tissues where an unusual amount of activity 
is taking place in those cells lining the ventricles of the brain and the 

spinal canal. However a surpri$ing numer of metaphase plates m a y be 

found in the connec tive tissues and the blood cells. As a matter of fact 

the most remarkable fea ture noted up to the present is the extremely 
large number of cells undergoing division in every part of the embryo. 

The possibility of making diploid counts h ere as compared with the 

spermatagonia is muc h g reate r . T here is a great variation in the size 
of the chromosomes in the diffe rent tissues. Blood cells are the largest 

and they contain the largest chromosomes; the cells of the connective 
tissues are smaller and the chromosomes are correspondingly smaller; 

and n erve cells are smaller lj till with a resultant diminution in size of the 

chromosomes. There has been no satisfactory explanation for this. 

Enough work has been done to convince me that the reduction or in

crease in size occurs equally in a ll the chromosomes. 
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READING WITH A ZOOLOGICAL PURPOSE 
By 

PAUL R. CUTRIGHT, 

Department of Zoology, University of Pittsburgh. 

It is common knowledge to a zoologist that the lobster has an exo

skeleton of chitin and five pairs of walking legs and that the sartorius 

muscle in the leg of the frog is next door to the triceps extensor femoris. 
We, of course, regularly present these facts to the students and, just as 

regularly, raise a pedagogical eyebrow if the information has not been 
incorporated. It seems to me, however, that this type of knowledge is 
not the ultimate goal of a general course in zoology and efforts should 
be made at all times to introduce new features that will alleviate in the 
present stock of students some of the ills that were steadfastly and 
courageously borne by former aspirants of zoolog ical knowledge. 

One way in which I believe we have achieved some measure of 

success at the University of Pittsburgh is in the operation of a definite 
reading program. 

At the time when I was taking my first course in zoology I was 
fortunate in having as an instructor a man who had a remarkable 

acquaintance with books and, what is more, an eagerness to impart his 
knowledge of them on the slightest indication of interest. One day quite 
aprapos of nothing I found myself carrying home a copy of Darwin' s 

Voyage of the Beagle which he had lent me. I found it fascinating and 
epent the better part of two nig hts reading it. The experiences and obser
vations as related in this, the classic of all books of scientific travel and 

exploration, are fairly clear in my mind to this day. With a book of this 

type in ones hands the map of the world ceases to be a blank; it becomes 

a picture full of the most varied and animated figures. I recall with 

delight the discovery of fossilized bones on the pampas of Argentina; the 
contact with the primitive inhabitants of Tierra del Fuego; the behavior 

of the giant tortoises on the Galapagos; and the description of coral reefs. 

When I returned this volume he introduced me to Vallery-Radot' s Life 
of Pasteur, the most inspirational biography I have ever read and. fol

lowing this, to Alfred Russell Wallace's Malay Archipelago, and Horna
day's Two Years in the Jungle. These were followed by many others 

and I became acquainted with Bates, Fabre, Hudson, Huxley, Lankester, 
Gilbert White, and Roosevelt. What could possibly be more delightful 

and more stimulating to a beginning zoologist than to while away the 

days on the Amazon with Bates observing the myriad forms of animal 

and plant life, or to be with Wallace and the Birds of Paradise in New 
Guinea, or with Hornaday in Borneo paddling along a narrow river 

between two dark walls of forest in search of the orang utan. 

This introduction served as a stepping stone to an acquaintanceship 
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with many othe~ author~ and their works. As the . yea is have passed I 

have h ad much enjoyment and profit from jungle P eace and Galapagos 
by Beebe, On The Trail of A ncient M~m by Roy Chapman Andrews, 

Microbe Hunters by D eKruif, Possible Worlds by Haldane• A Naturalist 
on Lake Victoria by Carpenter, Why We Behave Like Human Beings by 

Dorsey, and The Mind in the Making by Robinson. 

Zoology was a fascinating subject but with the collateral reading it 
became doubly so. Where at first there was only width and breadth 

there was now depth; the subject became tangible, became alive. I 

could not possibly have the love I possess for Zoology as a scienc e if I 

had not traveled to Africa in imagination with Cu~ming and seen the 
hordes of wildebeeste, T ommies, a nd eland as they existed in 1840: if I 

had not been with Belt in the jungles of Nicaragua as h e unraveled the 
mysteries of the parasol ants : if I had not been with Andrews in the 
heart of Mongolia when he discovered Dinosaur eggs and the shovel
tusked Mastodon. 

After a year or two of teaching, I was not satisfied with the z~ology 
course which seemed to be too ster eotyped. It was then the idea of a 
reading program came into my mind. Why not benefit by my under

graduate experience and make the reading of s uch books a definite part 

of the course? 

The making of a reading list is not easy. There is such a vast fi e ld 
of highly inte r esting, as well as important biological literature, that the 

preparation is attended with about the same amount of difficulty as the 
formation of the annual All-American football team and, needless to 
say, received in about the same manner. Furthermore, I have had to 
d epend on my own readings and observations, and the similar experiences 
of a few others, just as the football moguls have done. Naturally there 
are shortcomings in both cases and, just as many football heroes have 
their praises unsung, so do many books pass into oblivion without 

receiving their just desserts. Books do live longer than people and some 

of them a re rediscovered as were the works of M end e l and Herman 

Melville. 
To be as brief as possible we have included books from all the 

zoological fields, namely, genetics, physiology, evolution, ecology, and 

entomology. Th ere are only a few in these fields that would be r ead 
easily by a freshman and to offset this, books on scientific travel, bio log i

cal essays, semipopu lar treatises of scientific interests along many lines, 
and even one book of fiction, have been added. There is so much to 

choose f rom that we saw no reason for including any book that might 
be termed dull or difficult. To make our point clear, if a student should 

wish to read about h eredity why subject him to Babcock and Clausen's 

Genetics in R elation to Ag riculture which is a highly valuable text-book, 

but extremely laborious, when he can read and absorb with little difficulty 
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such works as Altenburg' s How We Inherit a nd J e nning's The Biolog ical 
Bas is of Huma n Nature. 

The reading lists are issued at the beginnin g of the year and each 

student is required to read one book sometime during the semester. 
The reports are oral a n d are given at various times in one o f the labora
tory sessions. In this way some twenty reports are give n by as many 

students in each laboratory by mid-year and as a resul t each becomes 
more o r less familar with t he contents of approximate ly the same number 

o f books. An attempt is made to have the students report on diffe r ent 

w orks so there will be no duplica tion. In the second semest e r the plan 
is r epeated and by the end of the yea r each student shou ld h a v e a gen eral 
knowledge of a majority of the books on the list. 

The s u cceess thus fa r has been sufficient to make us hig hly optimistic. 

The students arc encouraged to read more than one volume a nd many of 
them read two and three a n d some even four and five. A g reat many 
a r e e n thusiastic. We are confident the horizons h ave been broadened 
for a ll a nd for a certa in fe w illimitably. Th e u ltimate success, so far as 

the individual is concerned, will never be known. In my own personal 

experie n ce, a portion of which I h ave already r ecou nte d, the value of 

the early guidance a long these lines has been invalu able. 

Should we b e sa tis fi ed as teachers in drilling into formative minds 
classification, gen e r al characteristics. fundame n tals of m e tabolism a nd 
irritability? Is that sufficient? Is the knowledge of th e sartorius lyin g 
beside the triceps extensor femoris illustrative of what zoology s hou ld 
b e ? A s a conclusion to this paper I think it fittin g to as k the question 
that G eorge K. Cherric, a veter an explorer of South America a nd a n 
accomp a nis t of Rooseve lt down t he Rive r of Doubt, raises in his r ecent 

book, Dark Trails, "Shouldn' t we be interested in more than the s ize, 

color, and habits of the a nimals which surround u s? Shouldn't we, 

rather, think of them in terms of th e universe a n d wonder wha t part 
each a nd e very creature p lays in the g reat schem e of things" ? 

Akeley 

Altenburg 

Andrews 

Baker 
Bates 

Bee be 

Belt 

Brownell 

THE READING LIST 

In Brig htest Africa 

How We Inherit 

O n The T n1 il of Ancien t M an; E nds of the 
Ea rth 

Wild Beas ts a nd Their Ways 

A Natura lis t on the Riv e r Amazon 

jungle P eace ; Galapagos; and others 

The Natur<tlis t tn Nicaarag ua 
The New Universe 

Carpenter A Natu ra lis t on Lake Victoria 

Chem is try m M edicine C he mica l F ou ndation 
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Clendenning 
Cumming 
Cushing 
Darwin 
DeKruif 
Dorsey 
Fabre 
Haldane 
Herrick 
Hingston 
Holmes 
Hornaday 

Hudson 
Huxley, ). 
Huxley, T. 
Jennings 

Johnson 
Jordan and Kellogg 
Keith 
Lankester 
Lumholz 
Lull 
Melville 
Miller 
Pike 
N ewman et al 
Robinson 
Roosevelt 

Scott 

Thomson, ]. A. 
Vallery-Radot 
Whitehead 
Wallace 
Ward 
White 
Yerkes 

The Human Body 
A Hunter's Life in Africa 
Life of Osler 
Origin of Species; Voyage of the Beagle 
Microbe Hunters 
\Vhy We Behave Like Human Beings 
The Life of the Bee 
Daedalus; Possible Worlds 
Brains of Rats and Men 
A Naturalist in the Himalayas 
The Trend of the Race 
Two Years in the jungle; Campfires in the 

Canadian Rockies 
A Naturalist in La Plata 
Eesays in Popular Science 
Man's Place in Nature 
Prometheus; The Biological Basis of Human 

Nature 
Safari 
Evolution and Animal Life 
Conce rning Man's Origin 
Kingdom of Man 
Among Cannibals 
Ancient Man 
Moby Dick 
In the Wilds of South America 
The Barren Grounds of Northern Canada 
The Nature of the World and of Man 
The Mind in the Making 
African Game Trails; Through the Brazilian 

Wilderness 
The Theory of Evolution; Land Mammals of 

the Western Hemisphere 
Selected Volumes 
Life of Pasteur 
Scie nce and the Modern World 
The Malay Archipelago; lsl~nd Life 
Life of Darwin 
Natural History of Selborne 
Almost Human; The Great Apes 
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CERTAIN X-RAY EFFECTS UPON PARAMOECIUM 
By 

ROBERT T. HANCE, 

Zoological Laboratory-University of Pittsburgh. 

Some years a g o in an attempt to find out some of th e biological 

e ffects of x-ray paramoecium was selected for expe rimentation. This 

was done b ecause it w as thought th n t any possible inRuence tha t this 
physical force might have would not be complicat ed by a multicellular 

organization. This turned out to be so seem ingly true that it was problem
atica l for quite awhile whe ther the r e was any effect produced. A s mall 

but doubtful incre ase in the division rate seemed t o occasiona lly resu l t 
in radiate d specimens but was by no means constan t. 

Attention was turned to possible cha n ges of permeability tha t x-rays 
mig ht h a v e induced. This was tested by a method tha t has b c.:en con 
s iderably u sed by Harvey a nd Packard. It consists of s taining the para

rnoecium in a dilute solution of n e utra l red for a g iven p e riod. The 

a nimals take up the s ta in a nd it is con centrated in the food vacuoles. 

They are n ext placed in a ve ry dilut e ammonium solution and watched 

under a binoc ular. The time ta ken for the ammonium to p enetrate and 

to decolorize the neutra l red s taine d food vacuoles is the index for the 
permeabili ty of the paramoecium to a mmonium. 

At firs t very real c h a n ges between the p e rmea bility of th e control 
and of the x-rayed paramoecium w ere noted. D oub t. however, was soon 
cast on these observations because no cons is te n cy o f response cou ld b e 
obtained. L a t e r work showed that anima ls take n from old cu ltures were 
very much more apt to g ive s imilar r esults through out th e day than 

were the animals in fr esh a nd active ly dividing cultures. Inasmuch as 

the new cultures were like ly to show difference of permeability between 

morning and afternoon tests while the old cultures were more reg ular in 

the ir reactions s u ggested that the age of the c e ll mi ght b e a factor in its 
response to x - rays. 

Consequently animals were isola te d and were o bserved until they 

divided. The ir age was d a te d from this tim e. The expectation o f a n age 
permeability r e lation prove d to b e correct and the r eason for th e con
trariness of m aterial ta k e n from stock c ultu r es became appare nt. When 

it was d efini te ly determined that age was a factor in permeability c hanges 
in r esponse to x-rays on ly a nimals of known a ges w e r e u sed. 

The princ iple expe rime nt here reported is one on the similarity of 

permeability c h a nges produ ced by x -rays of diffe re nt voltages but of com

parable ionizin g powe r. H a rd and soft rays were u sed but the time of 

e xposure and the distan ce of the materia l fr om the targe t w ere so 

a djusted as to have simila r ionizing e ffects. Whe n p aramocci um 
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were x-rayed under these conditions their permeability was uniformly 

increased over that of the controls and increased to very closely the same 
degree. \Vhen the ionizing power of the x·rays was increased six times 
the permeability of the rayed cells decreased by 20 o/o over that of 

the controls. 
The observations indicate the correctness for biological material 

of the claim of the physicists that the essential difference between hard 
and soft rays was their relative power to ionize. 
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COOPERATION BETWEEN UNIVERSITY AND COLLEGE 
By 

ROBERT T. HANCE. 

Zoological Laboratory-University of Pittsbu rg h. 

There is a deal of pother these days a bout the something that is 
wrong with our institutions of highe r education. This plan or that plan 

or the other plan is fin anced and makes its modest bow as the ultimate 

panacea that will turn the heretofore rocky trail into a royal highwa y 

to learning that amounts to something. Admittedly a ll these plans have 
their m e rits-in the h a nds of those who origina ted them a nd in all 

likelihood w ill not outlive their sponsors if indeed they e ndure that long . 
Equally admittedly the re has been no educational c ure-all devised yet 
that a ny college or unive rs ity, not completely hide bound by tradition, 

cannot put into operation a long side of its usual curriculum. Indeed in 
most ins titutions all the administrative machinery for su c h practic<!s is 

a vailable. A system of teaching based on th e per sona l abi lities of one or 
even of several men is not likely to be able to endure v e ry lon g. The 

weak and stron g links a like in the educational chain will always be in 

the future, as in the past, the individual teacher and it is not at a ll like ly 
that comin g generations will have any more s uccessful methods for the 

creation of silk purses from sow's ears than we have a t present. 
If the above has e ve n a g rain of truth in it anythin g tha t we can do 

to foster the d evelopment of the individua l teacher is a step in advance. 
Agassiz is said to have taught by s lapping a dead fi s h in fron t of a 
graduate student and te llin g him to find out a ll he cou ld. That method 
worked for an A gassiz but I doubt whether e ither you or I could b e 

.:uccessful in inspiring biological e nthusias m with a sim ilar technique. 

Since those of us here represent the laborato ry method of acquir ing in· 

formation it goes without saying that we a lso believe tha t the way to learn 
to teach is by practice. How ca n we contribute to this end a nd perhaps 

at the same time kill more than one bird with the same missile? 
Most unive rs ities n ow e mploy g raduate students ns labo ratory assis· 

tants. The future college instructor serves a n a pprenticeship of several 

years in this way and if w e ll g uid :;,d, lays a sound foundation for his 
teaching ca ree r at this time. In additio n to these opportunities on the 

Campus of the Univer3ity of Pittsburgh, the establishment of three 
junior College Bra n ches d uring the last four years a t cent e rs ran g in:;: 
(rom fifty to one hundred a nd fifty miles from Pittsburg h have made more 

positions of th is sort avai lable . In eac h Center th ere is one mature 

assi~tant professor or instructor in c harge of the s ub ject. When the 
number of s tudents justify it a g raduate assista n t is sen t from the main 

Campus. This would work a hardship on the grndua!e w e re he e xpected 

to stay at the Branch the entire y ea r. The Campus assistant works half 



WEST VIRGINIA ACADEMY OF SCIENCE 59 

time for the entire year but the assistant at the Branch works full time 
for one semes~er and then returns to the Campus where he has the next 
semester free for study. Another a ssistant takes his place at the Center. 

In this way these men keep their contact with their professors and their 
enthusiasm is not dampened by isolation. Since our assistants are paid 
$800.00 and tuition it can be seen that two assistants will cost almost 

as much as a n average instructor but because these men stay at the 
Center but four months at a time, we feel that the Center gets a much 

fresher and more enthusiastic teacher. 

So successful has been this plan that it has accurred to me as equally 
a pplicable to the colleges that usually surround a university. It further 

offers the Colleges a real chance to contribu te to the training of academic 
teachers and at t he same tim~ shou ld reduce their cost of instruction. 

Each College as a ru le has a well-trained and able man at the head of 
each department. When, however, others are needed to assist in the 
departmental teaching it is not a lways easy to secur e the type of men 
desired for the money available. It is to fi ll these instructor ial positions 
that the cooperative plan of securing graduate assistants on a part- time 

basis from the neighboring university is proposed. BrieRy this plan and 
i ts advan tages m ay be outlined as follows: 

I. To fill the secondary positions in its various departments the 

College will secure two half-time graduate assistants from the Unive rsity. 
One will teach full time one semester and th<:n return to his studies. The 
second man will replace him having had the first semester free for 

study. 
2 . The cost will be approximately $1600.00 for both men. T he 

Univer sity should be willing to provide graduate scholarships for these 
men as its contribution to the plan. 

3. The University will send out only assistants who have been under 

its wing for at least a year and in this way will be reasonably certain of 

their abilities. Should one or both prove misfits for the College involved 

they wi ll only remain with the College for one semester or indeed may 
be withdrawn at once. In any case this is a very short time to keep an 
inadequate teacher compared with the tenure of an instructor without 

other connections. Institutions are usually soft-hearted about releasing 
incompetants and the graduate assistant plan would take this responsi

bility from them. 
4. Inasmuch as the character of the teaching at the College in many 

cases would be more important than is usually possible to assign the 
assistant in the University, the College would be making a very real 
contribution to teacher training . 

5. The Univ<"rsi ty would profit through the additions to its ranks of 
graduate studentg whose work would thus be subsidized by the College. 

6. The cooperation bet ween the two institutions should make avail-
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able to the college the occasional use of equipment possessed by the 

University and the permanent acquisition of which is usually not 

justified by the nature of the work of the College. 

7. S u c h cooperation should also bring the two faculties into much 

more helpful association. 
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HERBARIUM ORGANIZATION AT WEST V IRGINIA 
UNIVERSITY 

By 
EARL L. CORE, 

Ins tru ctor m Botan y, West Virg inia University. 

In trodu ction 

Some sort of a n herbarium is admittedly a valuable, e ve n essential 

feature of every botanical d epartment. There a re m any ways of h a nd
ling preserved specimens of plants so tha t they m a y be availa ble for 

s tudy and comparison. And naturally, t h ere a r e certain m ethods t hat 
are more advan tageous tha n othe rs. In the s hort history of th e H e r

barium a t W est Virg inia Unive r si ty, our technique has b een and s till is 
in a developme nta l s tage. The herbarium wa:< organized in 1924 a nd a t 

t h a t time n o m e mber of the s ta ff was specia lly trained in herbarium 
management. It was but n a tura l, then, that certa in methods would be 
adopted, g iven a trial and then rejected in fa vor of othe r m ea ns of 

procedure, while others would prove a success a nd b e maintained. In 

presenting this paper to the public the a uthor has no idea tha t the 

practices discussed arc the b est possible ones. The obje ct is ra th e r to 

assemble m e thods that h ave b een fou n d mo re s uccessful h e re a nd put 

the m in a form that will b e a va ila ble to othe rs, who, like u s , may be 
attempting to get together a u sable plant collection. 

With the growth in size there has come a corresponding increase in 
the breadth of the a ims of the he rbarium. At firs t it was th e desire 
mere ly to file for rea dy r eference a specimen of each species known to 
occur in the state. Later it was decided that the h e rbarium should 
r epresent the total known dis tribution by counties of all species growin g 

without cultivation. To that e nd at least one s pecimen of each species 

should be collected from each county where it is found. Next, West 
Vir g inia's location n ear the middle of the Appa lc hian mounta in region, 

making it a m eetin g place for northern and southern species, s u gge sted 

the idea of building up at this central point a general collection of 
Appalachian plants which m ay or may not be found within the bounds 

of our state. The term Appa lachian as used in this connection, is in t er
preted as including in a gene ral way the eastern portion of the North 

Ame rican contine nt, from the Arct ic ocean to the Gulf of M exico. Finally 

it is believed that certain spec ies typica l of important famili es not 
r e presented in this flora should b e included. 

Sou rces of M atera) 

A cons ide rable n u mber of specimens in the h e rbarium ha ve been 

collec ted by m embers of the s ta ff o f the bota ny department during t h e 

las t seven y ears. A few hundred sheets stored in attics or other out-of-
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the-way places in the past half-century have been brought to light and 
many historically valuable specimens have in this manner been salvaged. 

Among these may be mentioned a priceless remnant of the famous 
collection of Dr. Charles F. Millspaugh, every specimen of which is 

cited in the state checklist published in 1913; several hundred numbers 
of lichens, mosses and liverworts collected by Dr. John L. Sheldon; and 

a collection of 150 sheets brought together by Dr. Lee C. Corbett from 

New York, West Virg inia and South Dakota. 
S everal hundred specimens have come to the herbarium as the result 

of the work of students work ing on special groups or special a r eas. In 
this manner the collections of Bryophytes, Pteridophytes, grasses, sedges, 

and composites have become mu ch more complete than the collections of 
most other groups. More or less complete collections of the plants of 

Monongalia, Ri tchie, a nd certain other counties have come as aresult of 
such student undertakings. 

A number of interesting collections have been secured through 

exchanges with other institutions or individuals. 

But no herbarium depends for its growth solely upon the efforts of 

its own staff. Its greatest source of material must ever be the incorpora

tion of herbaria of individual collectors, secured either by g ift or pur

chase. The most important contribution yet made to the Herbarium of 
West Virginia University was the gift of Mr. L. W. Nuttall ,' formerly a 

prominent coal operator of fayette county, now residing in San Diego, 
California. This donation, received in 192 7, consisted of about I 000 
numbers of vascular plants, together with about 3000 or 4000 packets 
of fungi . The vascular plants were mostly collected by Mr. Nuttall in 
Fayette county between 1890 and 1898. The fungi, turned over to the 
Department of Plant Pathology, formed the basis of a herbarium which 

has been "i:)'.?velbped by that department into one of the more valuable 

collections of its kind in the country. 
Another very important donation to the herbarium was the gift of 

the Rev. Dr. Fred W. Gray, a minister of Marlinton, Pocahontas county. 

This herbarium was composed of several hundred species of lichens, 
liverworts , and mosses, collected by Dr. Gray in the Appalachian region 
or secured by him from his exchanges which have become inte~national 
in their scope. 

M e thod of Handling Specimens Received 

Accession 

When a specimen or group of specimens is rece ived at the herbarium 

it is first entered on an accession ca rd, such as is shown in Fig. I . If the 

collection is not to be filed immediate ly, it is stored away with the acce~
sion card, so that there can be no danger of it becoming mixe d with an

other collec~ion, or of losi.ng the information relating to its acquisition. 
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Labels 

Some plants reach the herbarium with a carefully written label ready 
to be attached to the mounted sheet. Others, however, are accompanied 

Collector 

WEST VIRGINIA UNIVERSITY 
HERBARIUM 

ACCESSION CARD 

Locality of collection 
Date of collection .. 
Date of Accession 
How secured 
Number of specimens 
Date filed . 

Fig. I. Type of Accession Card used by the H e rbarium of \Vest V i rginia 

University. 

merely by field notes or by numbers which refer to a notebook and in 
this case it is necessary to prepare a label to be filed with the plant. 

Two forms of labels are in use here. The first, a card 4 Y4 x2 inches, 
r eads at the top "Flora of West Virg inia" and sufficient space is provi
ded to give the necessary collecting data (Fig. 2). This label is pre
pa r~rl on e un1mecl p:11per. whir:h reC")tt i re~ only mol~~ening whP.n it i s ready 

to be attached to the sheet of mounting paper. For plants collected 

FLORA OF WEST VIRGINIA 

Fig. 2. Type of label cnrd used for Spe cime n Sheets. 

outside the state a card of the same size is u sed reading "Herbarium of 
W est Virginia University". \Vhen the specimen is to b e sent to another 
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insti tu t ion, gummed la be ls are not u sed. s ince it is found tha t they are 
apt to s tick to th e specimens or to th :: popers in which the specime ns 
are shipped . The label shou ld s how a t least the following information : 
the scientific nnme o f the plant, the p lace of its collection , the date of its 
collectio n, and th e nome of the collector. It is nlso quite conve nie nt 
to give the name of the fami ly t o whic h the p lant belon gs, or a t least 
an abbreviation of it, since t his serves as a g uide in filin g. 

P oison ing 
Usually it is n ecess:Hy to treat the plants in s ome man n e r to prevent 

a ttacks by insect pests. The three methods more commonly employed 
are: I. dipping the spec imens before mountin g in an alcoholic solution 
of corrosive sublimo te ; 2. sprinkling napthalcnc powder on th e specimens 
after mounting or keeping sticks or balls o f n apthale n e in th e cases: 
3. fumigatin g the sp ocim en s in a n a ir-t ight box with carb o n bisu lp hidc 
or paradichlorbe nzenc. 

Moun ting 

\Vhen a plant is to be fi led, it is firs t moun ted on heavy white p aper. 
the usual size of the sh eets being I I !/zx 16 Yz inches. This paper is 
available in va r ious ;,• odes but th:.t o 0 .,pted h<'• c IS • :.c type k nown as 
National H e rbarium Mounting Paper, wcit;hins 30 lbs. p-::r ~cam. It is 
supp!.eci by th e Cambridge Bo:anica l Supply Company. 

The !)lants arc a ttached to the s heets by o n e of two method3 or the 
lwo m e thods may be u sed in combina tio n. By th e firs t method o sh ct:t 
of plate g lass, about 2 2 by 14 inches, is provided and covered by a 
mixture of elu ,. nnd w a te r. Dennison'e No. 2 4 C lu e h oo boon founrl 
satisfactory by this H e rba rium but there arc many others thot muy be 
used. Every he rbarium h as adopted its own preparation, some prefer· 
ring a home-made pD3te. The glue. mixe d with on equal amount o f 
water, is applied to the g lass with a n a rrow p a int brush. It is desirable 
t<- keep a tumbler of water at hand so that the bru sh, when not in use. 
may be kept in wotcr . It has likewise been found advantageous t o place 
under the g lass a sheet of mountin g paper of t h e size in u se, so that one 
can always see thn t n sufficient area of glass is ke pt covered with glu e 
a nd yet no g r eat excess be applied. Whe n o il materials are in readiness 
the technician tnkes her place at the table with the g lass directly in 
front of her. On th e right is the stack of specimens to b e mount ed: on 
the left the pape r to wh ic h they arc lo be o lt nched. The specimen is 
ra ised gently and dropped upon the g lue-cove r ed g lass. It is the n ma ni· 
pulated in such a monne r as to insu re the under surface bein g w e ll 
coated with g lu e. The ne xt step consis ts of raising it ca refully with 
tweezers or teasing needles a nd dropping it in the proper place on the 
mounting pape r . O rdinarily, the specimen is 60 placed that it will occupy 
as n early as possible t he central part of th e sh eet, with the roots down· 
\\ il rd. Dr. E . D. M errill, however, h::u called a tte ntion to the fac t that, 
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s m ce t h e bulkiest p o rtion of the plant is usually at the b ase, mounting 
in t his fashion builds up s tacks o f sheets which soon s lo p e so s teeply 

toward the u pper e nd tha t furth er sta cking is prohibited. To c orrect 
this d efect, D r. M e rrill a dvises mount ing some of the sp e cime n s with the 
b ulky portio n at the u pper e nd of the sh e et, so that th e s t ack of m o unte d 

specim e ns is a lwa ys k ept le ve l on top. 
\Vhe n the p la nt pa rts are s o narrow a s to present but a small a r ea 

to the g lue , as in the case of a ma jority of the g rasses, sed ges, e tc ., n o 

a tte m p t is m a d e to g lue the m to the sheets, but the y a re fas te n ed o n by 

m ean s o f narr o w s trips o f tape. W e have found D e nnison's M e n d ing T a p e 
No. 3 to b e ou ite sa tis factory for the purpose, althoug h it is n ecessary 

to t r im i t in to na rrower s trips, since it is se cure d in ~-inch w id ths. h 
is o ft e n a dvisable to go ove r the s pecimen s which h ave b ee n g lued o n the 
s h eets a nd t ic d o wn with ta p e a ny parts tha t w e r e not h eld by the g lue 

A fter the s p ecimen h a s bee n fas te ned to the s h eet, the la b e l s h ou ld 
be attached, p r e fe ra bly to the lower rig ht hand corne r, s o tha t it ca n be 
easily seen. The o ffi c ia l s ta mp of the h e rba rium is the n a ffi xed . This 
c la mp is qui te n ecessary, as it d esignates the owners hip of the s h ee t. The 

la b e ls h a v e n o va lu e in this direction, s ince she ets bearing the la b e l of 
this h e rba rium, throug h exchange have become scatte r ed throug h o ut 

dozen s o f the world's h e rbaria in both hemispheres. Th e d esig n of thi• 

ota mp is sh o wn in Fig . 3. 

WEST VIRGINIA 

HERBAR I UM 
UNIVERSITY 

fig. J. S t omp uso'cl fo r des ig n a ting o wne r s hip of h e r ba ri u m s h ee t s . 

Filing 
A ft e r the g lue is dry the s h eets are ready for fil in g. Ordina rily they 

are h e ld until a few hundred accumulate and a r e the n p laced in fo u r 

11t ac ks accor d ing to the a lphabetical arrangement o f the fa milies. W e 

h a ve fo und th e stacks a re n ea rly e qual if they arc limited as fo llows : 

No . I, A-C: No. 2, D-K: No. 3, L-Q: No. 4 , R -Z . Stack No I is the n 
tAk e n a n d the fa milies s orte d into those under A , those under 8, a nd 
those unde r C . The s tack o f A ' s is the n sorte d into th e various fam ilies 

a nd t h e s h eets a re ready fo r dis tribution in the h e rbar ium. 
In some institutions. each s p ecime n r eaching the h e rba riu m is g iven 

a numbe r . T o m y mind the r e is no particular a dva nta ge in this , as ide 
fr o m th e fac t tha t the number o f shee ts in th e h erba rium is a lway s 

kno wn. In the H e rba rium of \Ve st Virginia University each s p ec ies is 

numbe r ed a nd the na m e e ntered in a record book ke pt for tha t p urpose. 

By this m e thod it is a lwa ys possible to tell the exact numbe r of species 
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m the h e rba rium, which is, to u s , of g r cnt e r inte r es t than the tota l 

numbe r o f sh eets . 
There n r c va rio u s methods of filin g pressed a nd mounted specime n s 

of pla nts so tho r th ey m a y be available fo r ready reFere nce. The s implest 

m ethod is the a lp h abetic arrangem ent th roughout. Many bota n is ts , 

howeve r, bel ieve tha t r e lated famili es, s uch as t he Salicacea e, Betulaceac, 

etc., s ho uld be fil ed in the herbarium nea r each o t her. In some her baria 

the phylogen e tic a r ran gement is m ain tained thro u gh out, e ven to gen era 

and species. This , h o w e ver, entails several difficult ies. In t h e firs t p lace, 

filin g has to b e don e by experts, in o rder tha t th <, sp ecimens m ay be 

place d in the ir p ro p e r r e lative positio ns within the la rger g roups. With 

the a ppear a nce o f n ew monog raphs it is n lwoys n ecessa ry to revise the 

old arra n ge m e nt. Filing always requi res a muc h longer time nnd it 

naturally follows tha t it takes longer for the s tudent to find the sheet h e 

is huntin g. Whe n s heets get out of place t hey ca n o nly b e replaced by 

a specia lis t n nd n o t by the regular h e rbarium technic ia n. 

In order to avoid the va rious diffi cu lties ment ioned above, this H e r · 

barium hns adopted a k in d of a compromise meth od, w h e r eby the fa m ilies 

are fil ed in a phylogen e tic ar:-angem e nt b u t gen e ra a nd species in a n 

alpha be tic a rrangem e nt. 

The a r ra n gem e nt of fa milies is essent ia lly that o f Eng ler-Prantl, with 

a few va ria tio n s to conform with the o rde r fo llo w ed by Gray's Manua l. 

The followin g is a complete lis t of the famili es of Spermatophyte&, 

showin g the ir arra n gem ent in this Herbnrium: 

I. C ycnd nccac 2 I. Arac eno 
2. Ginkgouccac 2 2. Lemnnccae 

3 . T a xaceac 2 3. Flagcllariaceae 

4. P inaceae 24. R eationace ae 

5. Gne tnceac 25 . Centrolepidaceae 

6. T y phaceae 26. E rio co ulaceae 

7. Pa n do naceoe 2 7. X y ridace ae 

8. Spa r gan iacea e 28. M nyacaceae 

9. P o tnmogeto n a ceae 29. Ropo teaceae 

I 0 . No jo dnceac 30. Comme linaceae 

I I. Apo nogctonaceae 

I 2. J uncnginnceac 
I 3. A lis m nccuc 
14. Bu to m nccne 
I 5 . T r iurid.:>ceoe 
16. Hydrochn ritaceae 
17. 
18. 
19. 
20. 

G ramincne 

Cypcrnccac 
P n lmac 
Cycla n thaceac 

3 1. 
32 . 

33 . 
34. 
35. 
36. 

13romcliaceac 

P o ntcdc riaceae 
Philydraccoe 
juncnccao 
S t emonnceae 

Liliaccac 
3 7. H ncmodoraceae 

38. 
39. 

D ioscorcaceae 
Velloziaceae 

4 0. T accnccoe 

J 
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4 1. Amaryllidaceae 85. Nymphaeaceae 

42. lridaceae 86. L actoridaceae 

43. Musa ceae 87 . Trochodcndraceae 
44. Zing iberaceae 88. Ranunculaceae 
45 . Cannaceac 89. Lardizaba laceae 
46. Marantaceae 90. Mag noliaceae 
47. Burmannia ceae 9 I . C a lycanthaceae 
48. Orchidaceae 92. Anonaceae 
49. Saururacea e 93 . Menisperm aceae 
50 . P ipcraceae 94. Berberidace a e 
51. Chlora nthaceae 95 . Myris ticaceae 
52. Lacistemacea e 96. Gomortegaceae 
53 . C asuarinaceae 9 7. Monimiaceae 
54. Salicaceae 98. Lauraceae 
55. Myricaceae 99. H e rnandiaceae 
56. L e itne riaceae 100. P a paveraceae 
57. juglandaceae I 0 I. Fumariaceae 
58. B e tulaceae I 02. Crucife rae 
59. Fagaceae 103. Tovaria ccac 
60. Urticaceae 104. Capparidaceae 
61. Proteaceae I 05. R esed aceae 
62. Santalaceae I 06. Moringaceae 
63. rviyzod end r acea c I 07. S a rracen iaceae 
64. Opiliaceae 108. Nepenthaceae 
65. Loranthaceae I 09. Droseraceac 
66. G rubbiaceae 110. Porlostemac e a e 

67. Olacace<:~e 1 11. Hydrostachyaceae 
68. Balanophoraceae 112. Crassu laceae 
69. Aristoloc hiaceae I 13. Cepha lotaceae 
70. R affiesiaceae 114. Saxifragaceae 
71. Hydnoraceae I I 5. Pittoopo:·aceae 
72 . Polyg ona ceae I 16. Brunelliaceae 

73. Chenopodiaceae I I 7. Cunoniaceae 
74. Amara nthaceac 11 8. Myro: hamnaceae 

75 . Batidaceae 1 19 . Bruniaceae 

76. Cynoc rambaceae 120. Hamamelidaceae 
7 7. Base llaceae 12 1. P latanaceac 

78. Phytolaccaceae I 22. C rossosomataceae 
79. Nyctag inaceae 12 3. Rosaceae 

80. lllecebraceae 124. Connaraceae 
81. A izoaceae 125. L eguminoaae 

82. Caryophyllaceae 126 . Linaceae 

83. Portulacaceae 12 7. Oxalidaccae 

84. Ceratophyllaccac 128. Geraniaceae 
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129. T ropaeola c eae I 73. T riplochi t;;, n~ccac 
130. Humiriaceae I 7·1 . Bombacaccac ' 

13 I. E ry th ro xyla c cac 75. S te r cu liaceac 
132. Zygophy llaceae 76. Scytopetalaccac 
133. C neor accac 77. Dille niaceae 
134. R utaceae 78 . E ucryph iaceac 
13 5. Simaru buccae 79. Ochnaccae 
136. Burseraccae 80. Ca ryo ca raceac 
13 7. Mdiaccae 8 1. Ma r cg raviaceac 
138. Malp ig hiaceae 82. Qu iinaceae 
139. T rigoniaceae 83. T heaceac 
140. Vochysiaceae 84. 1-lypericaccae 

141. T rc m a ndracea e 8 5. O ipter oca r paceac 
142. Polygalaccae 186. Ela t inaceac 
143. D ic hapcta la ce ae 18 7. F ra n keniaceae 
14 4. Eupho r b iaceae 188. T a m u ricaceae 
145. Call it ri c haceae 189. F ou q uie riaceae 
146. Buxaceae 190. C is taceac 

147. Coria raceae 19 1. Bixuceae 
148. Empe tra ceae 192. Cochlorsper maceac 
149. Limna nthacca e 193 . Koeb e rliniaccae 

I SO . Anacardiaceac 194. Cun e llaceae 
I 5 I. C yrillaceae 195. Vio laceac 

I 52. P c nta phyla caceae 196. Fla cou rtiucea c 
153. Corynoca rpa ccae 19 7. Stac hy ura ceac 
154. Aq uifo liaccae 198. T u rne raccac 

155. Celas traccae 199. M a lesh e rbiaceae 
156 . H ippo c ra:eaceae 200. Passiflo r aceae 

I 5 7. Stackhousiaceae 20 I. A c h a riaceae 

158. S taph y leacea e 202. Caricaceae 
159 . lcacinaceae 203. L oasaceae 

160. Aceraceae 204. D a tiscaceae 
16 1. ( P ar t o f Sapindacea e ) 20 5. Begoniaceae 

162. Sapindaceae 206. A n cis t rocladaceae 

163 . Sabiaceae 20 7. Cactaceae 
164. Melianthaceae 208. G e issoloma taceae 
I 65 . Ba lsaminaceae 209. P e nacaccae 

166. R hamn aceac 21 0. O liniaceae 
167. Vitaceae 211. Thymc laeaccae 
168. E laeoca rpaceae 21 2. E laeagn aceae 

169. Ch laen aceae 2 13. L y thraceac 

170. Gon ys ty laceae 214 . S o nnc r a tiaccac 
I 7 I. Tiliaccae 215. C rypte ro niaceac 
I 72. M a lvaceae 21 6. Puni ca ceac 
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217. Lecythidaceac 250. Polemoniaceac 

218. Rhizophoraceae 25 I. Hydrophyllaceae 

219. Combretaceae 252. Boraginaceae 
220. Myr taceae 253. Verbenaceae 

221. Melastomaceae 254. Labiatae 
222. Onagraceae 255. Nolanaceae 
2 23 . Hydrocaryaceac 256. Solanaceae 
224. H a loragidaceac 25 7. Scrophulariaccac 
225 . Cynomoriaccac 2 58. Lentibulariaceae 

226. Araliaceac 259. Orobanchaceae 
227. Umbc llifcrac 260. Bign oniaccac 

228. Co rnaceac 261. P edaliaceae 
229. {part of Ericaccac) 262. Martyniaccac 
230. (part of Ericaceac) 263. Gesneraceae 
23 I. Le nnoaceae 264. Columelliaceae 
232. Ericaceac 265. G lobulariace01e 
233. Epacridaceae 266. Acanthaceae 
234 . Diapensiaceae 267. Myoporaccae 
235 . Theophrastaccac 268. P hrymaceac 

236. Myrsinaceae 269. Plant<lginaceae 

23 7. Plumbaginaceae 270. Rubiaceac 

238. Primulaccae 2 71. Caprifoliaccac 

239. Sa potaceac 272. Adoxaceae 

240. Ebe naceac 273 . Vale ria naceae 

241. Styracaceac 2 74. Oipsacaccac 

242. Symplocaceae 275. Cucurbitaccae 

243. Oleaceae 2 7 6. Campanu laceae 

2 44 . Salvadoraceac 277. Lobeliaccac 

245. Loga nincene 278. Goodcniaccae 

2 4 6 . Gentia naceae 279. Stylidiaccae 

247. Apocynaccae 280. Calyceraccae 

248. Asclepiadaceac 281. Compositae 

249. Convolvulaccae 

Two lists of th e fam ilies, on e tn a lphabetic arrangement, the other 

in nume rical sequence, arc posted in a conspicuous p l01ce tn the h e r -

barium. 
Some a ttempt is made in this Herbarium to separate p lants belon ging 

to different geographical regions. Three groups a rc recogn ized : I . 
(and this group includes abou t 9 0 '!r of the p la nts in t he herbarium) 
p lants of the Appalachian reg ion. These nrc filed in ordina ry manila 
genus covers. Plants of western North America, of South America, and 
of the West Indies, etc., in effect, all of the western hemisphere not in
cluded under Group I. These are filed in r ed genus covers. 3. Plants 
of the Old World, fi led in canary yellow covers. This arrangemen t 
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requires but a very small amount of extra supplies and it h as the dis

tinct advantage of segregating plants of forei gn countries, so that it is 
not n ecessary to handle them when the student is concerned only with 
the local flora. 

The specimen sheets are filed in the herbarium in genus covers 
made of a tough stock 16%x24 inches, folded 16 Ys x 12 inches. The 
folde r used for Appalachian plants is that known as the Gray H e rbar

ium G enus Cover, with a r eam weight of 80 lbs. It is obtained from the 

Cambridge Botanica l Supply Company. It is not furni sh e d in colors, 
however, so the red and canary folders arc made from a stock known as 
3-ply Duro Folding Bristol, secured from the Central Ohio Paper Com 

pany. For case of reference, the name of the genus is s:ampcd at the 
lowe r lef t hand corner of the cover by means of a s m a ll labelling 
m achine which is a part of t he herbarium equipment (Fig. 4). Besides 
the name of the genus, there appears in this space the number a nd 

18 CYP 
CAREX 

Fig. 4. Information printed on outside of genus covers . 

abbrevia tion of the family to which the genus be longs. This is of advan
ta ge in replacing a genus cover in the exact p lace from which it w as 
take n. In case all the sp ecimens cannot be contained in a single genus 
cover, addit ional covers are used and on each is marked the alphabetic 
limits , aa A to C, D to H, etc. T hese letters arc written in pencil as 

they must b e chan ged f r om time to time with the arrival of addi tio n a l 
8pecimcns. For some large genera as many as I 0 genus covers are 
required to h a ndle our specimen s. 

Within the genus covers, the various sp ecies are separated from each 

other by bein g c nclol!cd in species covers, made of Fa lco n M a nila 23x 
16 Y4 in., folded I 6 Y4 x I I Yz in. These covers are cut from sh eets 2 4x 
3 6 inches, with a weight of 80 lb$. per thousand sh eets. T hey are 
s upp lied by the C r escent Printing House, Morgantown, W. Va. This u se 
of sp ecies covers permits the r e mova l o fall the specimen s (of one 

cpecies) wi thout disturbing the othe rs. The initia l le tte r o f the genus a nd 
the full name of the species is written. in pencil, at th e lower le ft h a nd 
corn er of the cover. 

After the sp ecies in each genus cover th ere are fil ed in a n ex tra 
cove r the specimen s on hand belonging to that genus but whose s pecific 

ide ntity is unknown. This cove r is mar ked s imp ly with the initia l le tt e r 
of the genus. 
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Summary 
To summarize, then, the families are arra nged in phylogenetic order, 

<•ccording to the Eng ler-Pra ntl sequence, No. I appea ring first, followed 
',y No. 2 and so on to No. 281. \Vithin each family the g enera are 
arranged in alphabetic orde r, a s are also the s p ecies within each g e nus . 

To Find A Specimen in the Herbarium 
I shall now outline the ve ry brief process r equired to locate a 

specime n in the herbarium. Suppose a studen t d esi res to see our s hee!s 

of T rillum J>randiRorum. In case he knows this pla nt belongs to the 
Lilia ceae i.e notes in the a lphabe tic list of the fa milies the number of the 
Liliaceae and then ope ns the h e rbarium case containing thn t family. 

H a vin g found the family he runs down throug h the genera, alphabe ti
cally a rranged, until he comes to Trillium. H e the n pulls out that genus 
cover, be ing careful to leave a noticeable offset to indicate the place 
from whic h it was removed. Opening the folde r the s tudent sorts throu g h 
the spec ies covers, alphabe tica lly arranged, until he com es to T. 
g ra ndillorum. If the name of the family to whic h the genus belon gs is 
unkno wn to the stude nt, h e quickly determines it by re fe r e n ce to \Villis ' 
Dic tiona ry of Flowe ring Pla nts and Ferns , a copy o f which is kept in 

the H erba rium library. 

Cryptogamic Herbarium 

Emphasis has largely b een placed on the vascula r plants but a c ol
!ection of non-vascular pla nts form s an important p a r t of the h e rba rium. 

In the colle ct ion there are a bout 200 species of mosses, 125 spe cies of 
live rwo rt s, a nd 500 spec ies of lic he ns. The collect io n s of fun g i, number
in g seve ro! thousand s h eets . is in the p ossession o f the P lant P a tho log y 
D epa rtmen t. No sy s te m a tic collection of a lgae is at p r esent m ain taine d 
a t the Unive r s ity. 

It is na turally imp ractical to a tt e m p t m o un ting l ic he n s , m osses. 
e tc .. o n a shee t as is d o ne in case of the vascu!ar p la n ts . It has been 
found m o re satisfac tory in this C<>se to s imply c nclo 3 e the m in pack ets 

of heavy pape r, with the la bel p as te d on the face. These packe ts arc 
m a d e by foldin g sheets of brown paper in t o pac ke ts 3 x5 inches. Th e y 
a r c the n fil e d in boxes o f th e prop e r ::ize , w it h inde x info r mat ion o n th e 
outs ide of the box. 
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NOT £ ON TERMITE DESTRUCTIVENESS IN NORTH ERN 
WEST VIRGINIA 

By 
B. R. WEIMER. 

Professor of Biology, Bethany College. 

Most termites or so-ca lled 'white ants' are tropical but some few 

epecies are found in the temperate zone. These insects a r c social and in 

each colony there are found a number of dis tict castes-more than in 
the social bees, social wasps and a nts . 

Owing to the delicacy of their cuticula and the dange r of it drying 

up if exposed to the air, termites build covered passage ways from their 
colony a nd nests to whatever places they wish to go. T e rmites in the 
tempera te zones do not build exposed nests. The genus Ret iculitermes 
found in this region burrows in the ground a nd extends its passage ways 
into the region to be mfccted. These termites are found often in th e 
woodwork of b uildings a nd will feed on any organic matter, eating out 
the inte rior, usually followin g the grain of the wood leaving a th in shell 

on the outside. It is the worker caste wh ich causes the d a mage. Their 

presence is made known by the sudden collapse of the outer shell of 
wood remaining in the structur e. 

In December 1929 the maple Hoorins in the gymnasium at Bethany 
College began to show ' rotten p laces'. On investigation is was found 

t hat the destruction was due to termites. The places increased in 
number and the damage became so extensive that it was necessary to 
remove and replace some of the floorin g as well as a fli g ht of steps. 
The steps led down to a lower floor where the swimming pool is located 
and thus plenty of mois ture was present at all times. 

This December ( 1930) repairs and replacemen ts had to be made to 

the building at a cost of a pproximately $150. T h e m aple wood u sed in 

replaceme nt was treated with commercia l Aoor oil. Other areas of the 

floor were tested for termites by driving na ils here and there but th e 

above seemed to be the extent of the damage. 

The apparent means of access of the term ites to the upper floor of 

the building was throug h a series of covered passage ways up the con

crete wal l back of the steps mentioned above. These tubes we r e des· 

troyed and the place of entrance to the building b locked. 
Insta nces of termite d estruction a r e fairly common in the tropics of 

the world a nd in the southe rn and P acific coast region of the United 
States but seem to be of such rarity in the east and particula rly \Vest 
Virginia that this brief note is warranted. 

Literature 
roms toc k, j. H., 1925. An Introduction to Entomology, Ithaca, N.Y. 

Light, S. F., 1929. Termites and Termite Damage. Univ. of Cal. 

Agr. Exp. Station Circular No. 3 14. 
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FOREST OR FARM LA ND 
By 

A. ]. DADISMAN. 
Professor of F a rm Econom ics, \Vest Virginia University. 
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There is a large area in t he Appalachian States whe r e the most 
economica l utiliza tion of land resource;; is a puzzling problem. It is 

assumed that the land will be used for produc ing agricultural or forest 
products. During the last ha lf century agriculture and forestry have 

been closely linked together in this region-forest activities ha ve fur · 
nished both work for farm la bore rs and a ma rket for s urplus farm 

products. With the d ecline in for es t areas the burden of ca rrying cu t· 
over la nd a nd s u pportin g socia l institutic:ms is pressing h eavily upon 
the owners. 

Much of this area was settled more than a hundred years ago, and 
since that t ime the populat ion has been s lowly inc reasin g . F a rmers in 
the r egion have s u pple mented the ir incomes from lumbe ring activities, 

but n ow tha t the timbe r has mostly been c ut a nd little work off the 
farms is a fford ed, fa rm incomes are low. With declining property 

values deficits in general county a nd schoo l r evenues a r e becoming 

common. These sections are no lo nger self -supporting . The ques tion 
naturally arises as to whether the la nd should longer remain in farm s 

or b e r estored to forests. 
Webster and Nicholas counties are ty pical of a large area in W est 

Virginia a nd the Appalachian States that may be classed as border land. 
In W est Vi r g inia a n e t income of $ 1200 has been set up as the minimum 
require m e nt for the support of a n a verage fa mily. If the fa rme r' s net 
income can be expecte d to ave ra ge more than $ 1200 the land may b e 
called agr icultura l, if n o t it is submarginal for agricultural p urposes. In 
\Vebster and Nic h olas counties recen tly a detai le d business a n a lysis was 

made o f I 74 farm s to determine the net income as a n indication at least 
of agric ultural possibilities. The economic a nd physical factors mus t 
be a na lyzed to d e term ine possible utiliza tion of the land. 

A m arked tendency exis ts on the part of the young people to leave 
these forms so tha t they are occupied largely by o lder persons. So long 
as the exist ing houses a nd outbuildings remain it is like ly that some 
persons wi ll continue to make their homes in these non-agricultura l 
a r eas and that some form ing will be carried on. 

In \Vest Virg inia in 1900, the land in fa rms comprise d I 0.600,000 
acres : in 1930 i t tota led 8,840,444 acres ; tha t is , the farm land decreased 
1,760,000 acres or nearly 18 percent in thirty years. This indicates 

that more land has bee n clear ed and used for agr ic u ltura l purposes than 
is n ecessary under present conditions. 

Our la nd utiliza tion p roblem is one o f finding how t o derive the 
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g reatest net m come fro m the land, or how to utilize any g ive n area so 
that it will return the g reatest continuous net income. It is certa in that 
a great deal of la nd h as been farme d that should have remained in 
forests. Large areas have been farmed in such a way that the soil 
ferti lity has been consumed by farming or e rosion and the land has been 

turned back to forests. 

In the mountainous districts some years ago lumbering operations 

offered a good opportunity for many m e n, interested in that type of 

work, to earn a good livin g. T hese m e n g radually acquired s mall tracts 
of land, planted gardens and t ruck patches, bought a few cows, and with 
the a dditional income from labor in the woods, were able to r ea r their 
families and maintain a fairly good standard of living. Gradually the 

timber was harvested, the saw-mills moved on, but the men felL tha t 
they had too much at stake to leave, consequently they stayed where 

they were and tried to eke out a living from their little farm s. Some of 
the farmers later would have moved on but they found the ex pen se 
prohibit ive and so they remained. Now, as a r esult, one find s in our 

mountainous sections a large number of small farm s, well isola t ed, with 
incomes insuffi cient to support the familie s properly. Farming no longer 

pays on much of the land, a nd many fie lds are being abandoned. 

There is a cons ide rable area over which farming and forestry will 
c ontend for another gen e ra tion. The usc to which such la nd will be 

p ut will depend upon the future trends in profit s d e rived from g r owin g 
farm and fore st products. 

If the farm income is n o t suffici e n t to support a satisfactory s ta ndard 
o f living the la nd is sub-marginal fo r fa rming a nd will e ve ntua lly be 
devoted to some non-ag ricultural use . If th e ne t income now obta ine d 
by fn rme r s in this r eg ion is more tha n a d eq ua te to support t he standa rd 
of living which p eople o f s imilar abi lity ca n secure in agricultura l reg io n s 

c lea rly super-marg inal or in industrial e mployment, the land is s u per

m a r g inal for farmin g a nd m ay be expected to re main in a g ricul: urt> l u se 
so long as there arc no substantial d epartures fr om the economic s it ua

tion which now seem s most like ly to prevail in the r egion. 
A d etailed farm income a n a lysis was made of each of I 74 fa rms 

amon g the various soi l types a nd topographic conformations in Webster 

a nd N icholas counties. Four soil types comprisi ng 95 p e r cent of th e 
area of the two counties wer e corre lated with farm income a nd the 
factors which affec t economy. These soil types were the Dekalb a nd 
Atkins s ilt loa m s in co mbination, D e ka lb s ilt loa m a lone. D e ka lb loa m, 

a nd D e kalb stony s ilt loam. 
Th e la r gest farm incomes were m ost fr equ ently found on the co m

bi nation of Atkins a nd D e ka lb s il t loams. The next largest in com es were 
fou nd on the D e ka lb loam, followed in order by the D eka lb si lt loam a nd 

th e D e kalb stony silt loam. The r elationship between soil type and 
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income cannot, however, be attributed to the inAuence of soil type alone. 
On the Dckalb and Atkins silt loams 22 out of a total of 24 farms 

yielded a return in excess of $1200. The D ekalb and Atkins silt loam 
combination, on the basis of its present performance and in view of its 
economic productivity, is included within the zone of agricultural use. 
Of the Dekalb silt loam farms only one out of 69 containing fewer than 
I 00 acres returned an income of $1200. On the other hand, 18 of the 
19 farms containing more than I 00 acres yielded incomes in excess of 
$ 1200. It seems safe to say, therefore, tha t where the topography is 

such that tracts of Dckalb silt loam in excess of I 00 acres can be brought 

under a single management, farm ing can be depended upon to continue 
indefinitely provided, however, that the ' land is sufficiently level to 
permit the use of farm machinery and tha t the land lies in contiguous 
areas large enough to support the necessary community institutions. 
Not one of the 2 5 Dekalb stony silt loam farms, regardless of size, 
r eturned $1200 net income. 

In the rougher areas the cost of schools and roads per farm was 
considered excessive. These areas wer e not able to support schools and 
roads, except through state aid and h eavy taxes on land. 

In certain areas soil type and topography are favorable for agricul

ture but there is not enough good farm land to support communities of 

normal size. The cost of the roads and ~chools is so high per occupied 

farm that it would be cheaper for the county and state to buy the farms 
and eliminate the needs for schools and roads. 

About 3 5 percent of all farms in the area were found on soils 
designated as non-agricultural. These soils occupy about 73 percent of 
the a rea. In contrast, 65 percent of the farms were found on soils 
designated as agricultural. 

But l itt le income may be expected by the farmers living on non
agricultural soils from the declining lumber and allied industries and 
the coal mines within the next few decades. 

As an economic problem, regional planning in mountainous areas 

concerns itself with promoting that relationship between population and 
land resources which will a llow a standard of living comparable with 
that enjoyed by people in the better farmin g regions. Mature timber, 

the resource at present giving the g reatest employment to labor, seems 
certain to be practically exhausted within a relatively short time. Where 
the timber has been cut, large areas are a lready in economic decay. 
There are abandoned mill towns and a serious lack of local markets for 
farm products and a dearth of employment for surplus farm labor with 
which to supplement the small incomes of the farms. 

To raise the standard of economic well-being there must b e a move

ment of population from the area. Already the young people are 

leaving the two counties because of a lack of economic opportunity. The 
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decline an lumbering will compel the migration of some of the laborers 
and their families. Most of the farmers on non-agricultural soi ls are 
makin g incomes inadequate to support their famili c3 even with consider
able earnings from employmen t off the farm. 

Increased production during the \Vorld War indicates that the 
present farms w ithin the United States could increase their production 
50 percent w ithin a period of three years if the price of farm products 
warranted such an increase. Approximately 75,000.000 acres have 
been added to the area for food production since the Wnr. With present 
trends of increased population, what is now sub-marginal land for crop 
and )jvestock production in the Appalachian reg ion will not be needed 
for agr icultural purposes during the present century. Such lands pro· 
ba: ly should be turned to the production of forest products. 
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THE CULTIVATION OF SLIME MOULDS FOR 
LABORATORY USE"' 

By 

FRANK A. GILBERT, 

Professor of Botany, Marshall College. 
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The majority of instructors of Botany not having time to collect 

every type of organism used in class, are dependent on purchased pre

served material which is only occasionally supplemented by fresh speci

mens broug ht in or grown in the laboratory. Some of the better known 

biological supply companies give excellent service a nd have a very 

complete stock, but in a good many cases, material for a ll stages in a 

life history is not available for laboratory s tudy. This is especially true 

with regard to th e Slime Moulds, in the life history of which there are 

four important stage;; or d evelopments to be observed; the germination 
of the spor es ; the d e velopment of the swarm cells; the movements a n d 

feed ing habits of the plasmodium and, the mature fructification. Of 

these, it is only the last stage that is ordinarily seen by the student, 

while the interes ting and important feedin g or a nimal phases a re g iven 

minor conside ration. A lthough spores capable of germination, and plas

modium, are no t to be obtained by purchase, so far as can be ascertained, 

r ecent developments in the technique of growing Slime Moulds have 

made it possible fo r the instructor to d emonstrate to his classes all of 

the abov e mentioned stages in the life history. 

For spore germination, nearly any species of the Physaraceae a nd 

Didymiaceue is sa tisfactory but the best r esults have been obtained with 
Reticu!aria Iycoperdon, a species found to be common on decayed trees 

and stumps in the spring, in eastern United States, and widely distributed 

throug hout the temperate r egions ( 4). The spores of th is species give 

r ise to swarm cells in from te n to fift een minutes and a fructification i!l 

of sufficient size to provide mate ria l for germination a n umber of years 

for hundreds of studen ts . Fuligo, Leocarpus, and Didymium are of equal 

value except that germination does not occur so soon after wetting the 

spores. Germination will take place in dist illed, spring, or tap water, 

providing tha t the specim e ns have been a llowed to ripen n aturally ( 2) 
and are not too old. A recent worker ( 6) has found Slime Mould spores 

germinating after th ir ty years in the herbarium but this apparently is 

unusual and the majonty of spores do not g ive satisfactory results 

after the y have been k e pt for more than four or five years. Syracuse 
g lasses a r c most convenient receptacles for the study of spore germi

nation since they may be plact!d directly on the stage of the micro-

• Contribution No. 2 from the Botnny Depnrtment of M<>rsholl Co llege. 
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scope, a few dozen spores placed in the bottom of the dish, a little water 

added, and the culture is ready for observa tion. 

T he behavior of the swarm cells is observed m the same dishes and 
their feeding habits may be watched by pipetting bacteria or small fun 
gous spores (I) into the culture. Sma ll p lasmodia may develop after 

a fusion of the swarm cells a nd occasionally the process of fusion may 
b e observed, but usually, due to some unfavorable condition, the swarm 

cells form cysts before this stage is reached in the dishes. 

In studying the plasmodium stage, best r esults h ave bee n obtained 
by collecting well developed plasmodia in the field. They may be found 
a t nearly a ny season of the y ear when the te mperature is above fr eezin g 
and ar~ most common in damp places as under the loose bark of 
decaying logs. If the weather is too cold and the plasmodia have formed 
sclerotia, these with part of the substratum may be brou ght in to the 
laboratory where the active stage will be resumed if the ma t e rial is left 
m a damp chamber away from the sunlig ht. 

The write r, by adding fr esh bits of s ubs tratum as th e o ld became 

covered by waste materia l of the plasmodium, has kept the latter al ive 

for as long as eight months while others report even better results ( 5). 
It is possible to transfer parts of plasmodia to agar plates where they may 

be kept alive for a sufficient length of time for convenient s tudy. 

Slig h tly acidified corn meal agar is good for the purpose, oatmea l 
agar and mushroom decoction a gar have a lso g ive n excelle nt r esu lts 
( 3), while others have u sed carrot gelatin, Knop' s agar, bean aga r and 
a host of other media , with varying degrees of success. In preparing 
corn m eal agar, an infus ion is made by adding a iite r of boilin g water to 
fifty grams of cornmeal and filtering a fter it cools. In this is dissolved 

one and one half per cent of agar and the mixture is a utoclaved a t 
fifteen pounds pressure for fiftee n minutes. A few spores o f Didymium 

nigripes sown on this a ga r will form plasmodia a nd fruit in about three 
weeks unless the culture is badly contaminated with bacteria. Spo ran g ia 

of Arcyria d e nudata and Physarella oblonga also have bee n ob:a in ed in 
this m a nne r in a few cases and t h~: sown spores of F u lieo septica have 
developed plasmodia, but Didymium nigripes gives by fa r the bes t 

results . 

It may be exp ected with further invest igation that the cultura l 
requirements of many more species of Slime Moulds wi ll be found and 
it will be a comparatively t< imple matte r to follow the entire develop
ment from spore to spor<on g ium, but s ince the e nvironme ntal r equire

m ents differ lo some extent for each species, probably n o one method oF 
p rocedure will s uffice. Sufficient is known at present h owever, so that 

a n y instruc tor with a litt le time and effort ca n demon stra te to his classes 

all or the stages in a life his to ry. 



WEST VIRGINIA ACADEMY OF SCIENCE 79 

I. Gilbert, F. A . Observations on the feeding habits of the swarm cells 
oi myxomycetes. A mer. ]our. Bot. 15: 4 73 -484. I 928. 

2. Factors influencing the germination of myxomy-
cetous spores. Amer. ]our. Bot. 16: 280-286. I 929. 

3. Howard, Frank L. The L ife History of Physarum Polycephalum. 
Amer. Jour. Bot. 18: I 16- I 32. I 93 I. 

4. Lister, G. Mycetozoa. London. I 925 . 
.S. Skupienski, F. X . Contribution a !'etude des Myxomycetes e n Pologne. 

Bull. de Ia Soc. Mycol. de France. XLII: I fasc. Paris 1926. 
6. Smith, E. C. The longevity of myxomycete spores. Mycologia. 21: 

32 I -323. I 929. 



80 PROCEEDINGS OF THE 

THE UNUSUAL 19 30 DROUGHT WITH THE ACCOM
PANYING STREAM POLLUTION PROBLEMS 

By 
E. S. TISDALE, 

Director, Division of Sanitary Engineering, 
State Health Department. 

T he 1930 drought, the effects of which we are s till feelin g , serves 

to bring into dis tinct focus m a ny of the public water supply d e ficie ncies 

in our s late. Pollution matters hitherto hardly noticeable were raised to 
the n'th power and the effect upon public health and indust ry of the 
water in the st reams which became h eavily polluted with domestic 

sewage a nd indus trial wastes, was dramatically set forth i:\ nd became 
front page news for many days and months. 

The phenome na l rainfall deficiency for the State of W est Virg inia
only 59 percent of the norma l-made la y people e ve rywhere rec o g nize 
that th e public health was about to be effected and the y could ,ee clea rly 

that the pollution of the s treams in many instilnces h a d pro g ressed too 

far and remedial action must be taken. 

The 1925 drou ght was r e~ponsible for a m arked typh oid fever in 

crease in the death rate from this disease in \Vest Virg inia . rais ing to 
20.2 per I 00,000 persons. By 1929 this had been brought back to I I .4 
per I 00,000. With the onset of the drought it was anticipated th at 
another big jump in the death rate would take p lace. However, thanks 
to the g reat care wh ich wate r purification plant operators exe rcit~ed 

and to the chlorine disinfection plants operating regu la rly to protect t h e 
~maller water supplies throughout the s tate, the typhoid d ea th ra~e 

increased only to 12. I p e r I 00 ,000; that is , less tha n I p e r cent, d espite 

the use of m a ny emer gency wa ter s upp lies. 

Since the public water supplies in a ll parts of the s~ate w e r e pro
foundly e ffected, brief m e ntion will be made of ce rta in typi ca l defect~ . 

Fairmont: Fairmont, which has a mode rn w a t e r purifi cation plant, 
r;xpe rien ced water s upply troubles not of a bac t e ria l nature bu t rathe r 

from the very hig h concentration of minerals and mineral ocids in the 
water. It was e s tima ted by one large powe r plant using the river wate r 

that their loss would total nearly $50,000 due to their ina bility to 
prepare the water properly fo r u se in the boile rs . The M ono n ga h e la 
Rive r w e nt from a h a rdness of a bout 4 0 P. P. M. to ne arly 60 0 P. P . M. 
The appea rance o f th e rive r wa te r was thic k, g r eenish and oi ly-loo k ing . 
On some occasions is was n ecessary to a dd as hi gh as t wo tons of lime 

a day to two million gallons at the wate r purification p lant to ne utra lize 

t he mine ral a c idity. So heavy did the Roc become in the sedimentation 

basin s tha t the precipitated mineral matte rs had to be clean ed out wee k ly 

toward the end of the drou g ht. 
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Moundsville: Moundsville is an Ohio River city deriving its water 
from wells in the sand bars in the river. No taste had ever before been 

noted in the water. However, so inte nse became the concentration of 
chemicals in the Ohio River pools back of the locks and dams that this 
wate r impregnated the sands coming throug h into the ground water to 
the city system causing nauseating flavors to appear which caused a 
loud popular outcry. It took emergency action by the State Health 
Department to promptly provide an ammonia apparatus which, when 

placed in operation overcame the taste troubles immediately. Ohio 
River cities in both West Virg inia and Ohio were detrimentally affected 

whe n the river water, which had lain in these quiet pools for nine months, 
finally began to move down stream in December. Cincinnati, Ohio; 

Louisville, Ky.; Huntington, \V. Va., and Ashland, Ky., all using the 
Ohio River a~ a source of water supply, bore testimony as to the inten· 

sity of the taste troubles and also to a mysterious intestinal disorder 
which made its appearance in January. 

Charleston: The capital city of West Virginia was perhaps more 
seriously affected than any other for the pollution of the Elk Riv~r pool 

at the water works intake was so gross that all methods of wat er P"' i· 
fications failed to produce a palatable drcinking water. Nauseating odors 

and tastes prevailed for sl!veral months resulting in a popular outcry 

against the water supply. However, when the source of the city water 

supply- Elk Rive r-dried up the sewage and g rossly polluted Kanawha 
River backed up stream, bringing the worst conditi-ons ever known in 
West Virginia water supply history. Nevertheless, aeration put back 
some of the necessary oxygen, prechlorination killed the disease-pro · 
ducing bacteria and activated carbon treatment absorbed some of the 
objectionable flavo rs. No serious illness developed in Charleston. Reme· 
dial measures are now under wny to provide n permanent n ew water 
intake away from the polluted zone in the Elk River pool. 

Some of the Signs of A New Day: I would call to your attention 

some of the developme nts in our largest cities and in our neighboring 

states to show the trend of the times with respect to stream pollution 

control. 

I will then speak briefly of the work and progress of the State \Vater 

Commission in \Vest Virginia. \Vhether this is a reasonable and prac· 
tical way to deal with stream pollution matters will be defintely proven 
during the next few years. 

Let us look first at our two large cities-New York and Chicago. 

Abel Wolman comments editorially in th e M arch, 193 1, issue of Muni· 
cipal Sanitation on .. A Milestone in Sewage Disposal". He brin gs out 

that after seventeen long years of study New York City, under its newly 
created Department of S;mitation, opened bids about two weeks a go 

on the first project costing approximate ly seven million dollars, of the 
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ultimately thirty million dolla r sewage disposal deve lopment on .W a rd ' s 
Is la nd. The Depa rtmen t of S a nitation's comprehensive p lan for dis posa l 

of New Y ork City' s sewage calls fo r 33 p la nts a t on estimated cost of 
$377,000,000, Not a s m a ll i tem to improve the sani ta ry conditions of 
Ne w Yor k harbor which has b ecome a lmost intoler a b le. 

Our second city in the country- Chicago-whic h for many years 
withdrew in c r easing amounts of water from Lake Mic higan in orde r to 

di lute th e sewage below the nuisance poin t befo re s h e pum p e d it in t o 
the C hicag o drainoge canal, is now under orders of the U. S. \Vn r 

D e partment to complete h er sewage disposa l prog ra m w ithin certa in 
definite time limits , thus reducing the amoun t of dilution water n ecessa ry 
to be w ithdrawn from L ake Michigan. Both the North Side sewage dis 
posal plnnt and the new \Va rd's Is land plant w ill ope r ate on t h e nctiva ted 

s ludge process princ iple whic h has been d e ve loped in t he las t d ecad e . 
This North Side sewerage plant t r eats u p w a rds of a h undred millions 
of gallons of sewage daily but it will take second place in m agnitude 
when the W a rd ' s Is land pln n t. designed to purify 180.000,000 g u ll o ns 
of sewage d a ily, is completed. 

I t is be ing fra nkly rc cos nized by all of ou r la r ge c ities tha t sewage 
disposal is necessary in our modern urban life wit h a concent ration of 

la r g e population in the citie3. Our neighboring state of Ohio has in 

the last fev' years co:nplc:ed mode rn sewage t reatmen: pbnts in C leve
land, Dayton a nd Can ton a nd is now about to s p end s ix m ill ion doliars 
for a mode rn sewage disposa l ? !ant at Columbus. In \Ves t Virg in ia 
there are but fe w sewage disposal pla n ts at the presen. time b u t 'he3e 
fe w , some of the m loca:ed at Martinsburg . White Sulphur Sp"ings, \Vc5-
ton State Hospital a nd Jackson's Mill , arc being pro perly oper ated . The 
cities in the future mus t mahe d efini te provi•ion fo r d isposal of the ir 
sewage and i t is b e t te r to undertake these· im provemcn ta g r adually tha n 
t o wait until an emerge ncy comes and th" n thrust a 14r:;p :aK suddenly 
upon the communi ty. 

Phenol Waste C ont:-o l On the O hio Rivell' Water~hc-.1 : I! may be of 
interes t to point out brieAy a re cent pro:~ r essive s:o.:p in s: r .;o::. m pollu 
tion con trol ove r a n entire ri•te r sys :em . This is probably ~ he o:-~ly in 
sta nce of t he sort in this country <:.:>d it ind tcatcs the w~.>y in whic h a 

cooperative projcct has been \<o rked out to m eet a co:nmon trade was.e 
proble m whe n the n eces, ity arose of ~c t·vin g the public wa: ;, ~ s upplies 
loca ted in severa l state• in the Ohio Rive r Bas in . In I 024 the S :at e 
H ealth D epartmen ts of Ohio . Penmylvania ::. nd W est Virg inia se n t : h ei r 
re p resen tative, to Pittsburg h and there formulated a n d adopted a c om
pa c t looking toward s trea m co nservation s ince t he p ublic water s upplies 

were about to be irreparably damaged. For instan ce, in W est Virg inia 

ta rry wast es conta mmg phe nol a t Fairmont w e r e be ing discha r ged into 

the Mon ongahe la River and a t Follansbee and W e irton w e re b e ing dis-
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c h a r ged in to the Ohio River. Likewise in P ennsylvania and Ohio p lants 
w e re disch a r g ing s imilar wastes to tributaries of the Ohio a nd the tota l 
a ffe c t w as tha t the public water supplies in Whee ling a nd othe r la r ge 
Ohio River c ities s u c h as C incinnati and Louisville were be ing d etrime n · 
ta lly affec te d and fe d e ra l legis lation was being proposed in Cong ress The 

three s ta te s-Pe nnsylva nia, Ohio and West Virg inia in 1924, m e t with 
t he representa tives of the s teel indust ry and se t forth the n e w d octrine 
-:hat this indus try mus t satisfactorily dispose of its tas te-produ c ing 
w astes fr o m by-product coke p lants a n d that the s ta t es w o uld agree t o 

a unifo rm polic y to b e a p p lie d equa lly and in the same manne r in each 
s ta le . T he inte r s ta te s tream conservation a g r eem e nt whic h w as s ig n ed in 
192 4 was fi n a lly accepted by ele ve n State H ealth Depa rtm e n ts of as 
m a n y states in the O h io Rive r Basin. T his plan has b een respon s ib le fo r 
I 0 0 p e r cent of the p la nts ca ring for the ir phe nol was!cs. During t h e 
fa ll of 1930 the W e irton Stee l C ompany and the Wheeling Steel Corpo r · 
a tio n com p le te d the ir phe nol r ecove ry plants a nd the y have been in 
satis fac to ry o p e ra tion e ve r since . Another forward s tep h as been ta k e n 
in tha t a prompt noti fi cation system to cove r a ccide nta l spills o f these 
was tes has been a dopted a nd is now in operation up and d o wn the rive r. 

The Sta t e Wate r Commission, through an a c t of the W es t Virg inia 

L egi!!lature two y ears ago, was created. It n o w se rves as a clearing 
house to which organizations inter est ed in conservation of wild life , 

ind ividuals , c itie s a nd corporations may bring their complaints with .r e fe r 

ence to st re a m pollu t ion matte r s a nd have them impartia lly investigated. 
Three State Commiss ions having to do wi th this control of wate r,- thc 
heads of the Hea lth. Fish and G ame, and Public S e rvice Departments 
of W est Virg inia ,- have been consolidated to h ear complaints , r e nde r 
d ecisions and issue corrective orders. A g radua te c he mica l e n g inee r 
ie in c ha rge o f fi e ld work. With his training he is able to vis ua lize the 
public h ealth a nd sanitation features a nd to get the indus tria l viewpoint 
and is in a bette r position to make the necessary adjus tments in the 

fi e ld a nd recomme nd re medial measures to ·l he Commission. 
,. 

Different Types of Work Before Water Commission 

S ewage Disposal: During the last two ye<t rs many ques tions of fa ulty 

sew a g e disposa l ha ve come to the atte ntion of the \Vate r C ommission 
The pollutio n o f the W est Fork Rive r at \Veston a nd C larksburg is 
perhaps the mos t g la ring e xa mple of misuse of a s tream a nd sew a g e 

d isposa l p la nts a re n ecessary a t both these c i t ies. The C ommissio n 
s h o uld r equire the g ra dua l build ing of these disposal pla n ts, as w e ll a s 
a t severa l o the r places in W est Virg inia whe r e d e trime n ta l p o llutio n b y 
sewa g e was tes has gon e on to o long. 

T a nnery W a s tes D isp osal : In th e short tim e the W a t er C ommissio n 
h as b een a t w a rk, major improve m ents in tanne ry w ast es dis p osal h a ve 

r esu lt·ed. The Wild Life L ea g u e in K a na wha County w e re r espo n s ible 
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for starting bette r ta nnery was tes disposal at Richwood s everal y ears 
ago, but a t Parsons, Elkins, a nd Durbin new ta nnery treatment pla nts 
were comp le ted las t y ear, through Chemical Eng ineer H e rndon's work 

with the Sta te Water Commission. 

Wastes from Coni Mining: One of W est Virg inia's biggest problems 

is disposal of acid coal mine drainage a nd the bla ck wast es from c oal 
la undries. The Wate r Commission was a ble to serve as the clearing hous e 

for working out troubles on Coal Rive r in Boone County where a new 
coa l laundry was placed in operation in 1929 by a la r ge indu strial 

company. 

The Cheat Rive r and La ke Lynn in 1929 was the subject of s tudy by 
both the State Wate r Commission and the Engineering S chool at West 
Virginia Univers ity. Only a pr. rt of the re comme ndations of this s urvey 
h ave b een carrie d out but some c onnective measures should be applied 
during 19 3 1 and 193 2. 

The W est Fork Rive r, a badly polluted stream in c e ntra l W est Vir
g inia not only from sewage but a lso w ith a cid mine dra inage, h as b een 
s tudied by the W ater Commission, and s ome r em edial m easures s hould 

b e s tarted. The City of W eston, the Sta te Hospita l and the wate r c om

pa ny are now pla nning to w ork jointly to re lieve the pollution o n the 

r iver pool f rom wh ich city a nd state ta kes water for th e public w a ter 
supply. 

West Virginia is in many respects a n indus tria l s tate. It is g ro wing 
more so. Is it not time ly to set up machine ry to ch eck u p o n the inc r eas
i n g pollutio n of the s tre tlma b e for e it is too late} Wi:~con&in, Virr;initl, 

New York, Pennsylva nia, Illinois, Ohio, Michigan, Ma ryland, Iowa, 
California , Indiana , C onnecticut arc d oing it and W est Virg inia s ho uld 
n o t lag b ehind. In m a ny s tates it is done by the Sta te H ealth Departm e n t 

a lone, in o the rs a joint progra m like the Connecticut, Wisconsin and 
W est Virginia plan is going forward . Whereve r it is the State Health 

organization is the predomina ting fo rce, it b e ing recognized by the 
courts tha t public h ealth must be g ive n firs t conside ratio n . Our s treams 

must be kept fit for use for public w a t e r supplies. Industry should r ecog
nize the economic importance of clea n s treams a nd coope rate so that 
sh e can get a n ample amount of reason ably clean wate r o f prope r t e m
perature for industria l purposes. 

Then finally and of grea t importance the s trea ms arc a major a sset 
t o a ttrac t tourists to the b eautiful mountain scen ery. E conomically 
speaking , this mea n s money a nd it will pay the s ta te to con serve b eauty. 
This s tream might be in W est Virginia. 
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"A Stream" 

A singer of a stream I'd be 
AtJ Kilmer sang about a tree, 
A s tream that ha~ it~ source on high 
Mid snow capped peaks that reach the sky, 

That dasheo down its rocky way, 
And fills the earth and air wi:h spray. 
Or comes from a secluded g le n 
And Rows throu gh forest, field and fen 

And in whose waters fish can hide, 
That mirrors back the morning sun 
And cools the air when day is done. 
How sad it is that-so it seems. 
We must pollute our glorious streams. 

J oseph S. Goodma n. 

85 
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DEVELOPMENT OF CHLORINE AND CHLORINE PRO
DUCTS IN SOUTHERN WEST VIRGINIA 

By 
M. C. GEIGER, 

Resident Mana ger, \Ves tvaco Chlorine Products. Inc. Cha rleston. 

Let u s brieRy trace the development of the raw m ateria ls u s ed m 

the manufacture of c hlorine a nd caustic s oda e le ctrica lly, in S o uthern 
\Vest Virginia. It is necessary of course, that cheap sources of fuel a nd 

in large quantities be ready a t hand a s well as a plentious supply of salt 
in some form , preferably as a nomial weak solution of salt wa:er or b rine. 
All of th ese materials a re close at hand. In fact with the present e q l:ip 

ment of a modern p ia nt practically no raw materials but fuel are 
r eq uired wh ich is in abundance. Thus, we will endeavor to describe ver y 
rapidly the development over a period of a century and a quarter o f t h e 
rav: mate r ia ls. 

In the year of I 808 a forward step was taken in the produ ction of 
salt in the Kanawha V a lley. A kettle furnace was put in:o operation and 

the price of salt wns r educed to t he unheard of price of $80 .00 per ton. 
Many rapidly began to dig wells and probably 30 wells were dug varying 

fr om 5 0 to I 00 feet. 

Later in t his year, perhaps, one o f the g r eatest development for 
this va lley was to take place. Until n ow the fu e l used for the evaporation 
consisted enti rely o f wood. All the la nds were stripped of timber to 
g ive the n ecessary fu e l supply. One D a vid Ruffne r found coal. A fuel 
that was to make W est Virginia an impo rtant industr ial s tate n early I 00 
y ears late r. While it is very s imple today to burn this fuel many fai lures 
were the results of these early pioneers. It was, howeve r, firmly estab

lished as the economical fuel and rema ined so until the discove ry of oil 
a nd ga s. 

U n til this period the tubing in the wells con s isted of hollow lo gs. A 
local tinncr conceived the idea of makin g tin pipe a nd solderng the joints 
as screw fittings were a s yet not used. This soon gave way to copper 

and finally iron and screwed fittin gs. Another inte r es ting feature e m 
ployed at this period a nd whic h the writer has seen u sed in the las t few 
y ears in cas ing off fr esh water an salt wells was the usc of flax seed bags. 
Bagn of the same diameter of the tubing were made of calf skin a n d fill ed 
with flax se ed whic h were pla ced in the wells at the p roper p la c es to 
shut off the fresh w a te r when they swelled. 

The brin e was s im ply lifte d fr om the w ells by u se of a bu cket, a 
~; wape, and a m a n unt il a m echanical pump of a fashion was deve loped 

However, the steam e ng ine displaced a ll of these very q uickly. In 1 83 I 

W ill iam Morris invented a tool which gave a n ew impetus to this indus-
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try. His invention is s till used toda y and is known as the slips or pins 
in drilling. This was never palcn~cd. It was the beg inning of deep well 
borinij a nd well& 500, 1 000, 1500 and 2000 feet were drilled. Up until 
tho present day it wan considered fu tile to d rill furth e r than this ns brines 
were not found at these depth s. Recently wells have been drilled to 
5500 feet and one is in p rogress for a dep:h of 8500 feet. Brine of an 
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unus ua l quality is expecte d by the geologis ts . \Ve il drille rs for a ll types 
of drilling were trained here for work in later years . 

From the time of Washington"s surveys a famous spot called Burning 
Springs was k n own. Here if a m a tch were struc k the gas off the springs 
wate r would burn. Other tha n this little atte ntion was placed on the 
fact until in 1841 in drilling na tura l gas w as s truck. G as a nd salt wate r 
spoute d forth . It w as collected a nd g a s became a n importa nt fuel along 
with coal. Many nmusing stories a re told in connection w ith th is. In 
fact for many years its value was not k n own a nd in the east it was only 

a curios ity. Of course, today its value is known to all. 

Thus , we have three of W est Virg inia"s n a tura l resources found ve ry 

close ly together. The variou s phases of d e ve lopment one is d e pende nt 
on the other. Aside from its usc in Southern \Ves t V ir g inia os Comme r 
cial sa lt no stress was laid to the commerc ia l va lue of its compone nt 

pa r ts . 

Ear ly in the nineteen hundreds two eastern manufact ure rs w e re in 
need o f c hlorine and caus tic soda . By spec ia l arra ngeme nt a fter an in
tens ive survey of the United Sta tes, it was d t:c ide d to locat e near Chflr
leston \Vest Virginia . The brines in this te rritory were w e ll suited for 

the m a nufa cture of c h lorine a nd ca ustic soda by the e lectrochemica l 

process. 
It is probably in order to g ive at this point a discuss ion o f t he early 

attempts to mnnufncture profitn bly chlorine by e lectrolytic m :;: thods . 
Until 1895 no mate rial was ava ila ble to u se as a n a node . C arbon could 
be used but its life was too short. Gra phite w as no\v b e in g produced 
with the r esult tha t Alle n, Moor e a nd ..:eve r a l o!h e r s a bout whom w e 
hear of In te r were all attempting t o produce a n e lectrolytic cau s:ic a nd 
chlorine cell at Rumford Falls , Mllinc. 

Four distinct lines of deve lo pment w e r e pursued in <•!tempting t o 
find the proper m e thod to sepa ra te the produc ts of d ecomposition. 

I. By the insertion of a pe r meable dia phragm between the ano d e 

and cathode . 
2 . By employing a mercury cathode. 

3. By placing cathode unde r a node and d e p e nding on s tratification 

of the e lectrolyte whic h occurs due to diffe re nt densities o f the brine 
solutio n, a nd caus tic solution surro unding the imme rse d cathode . 

4. By the use o f t1 fu sed sa lt e lectrolyte a nd a molten lead cathode . 
Of a ll the se types only the m e rcury cathode a nd the dia phrag m types 

h ave survived and only the diaphragm t ype wi ll b e conside r e d here be
ca u se o f the fact tha t no m e r cury ins ta lla t io ns a r e made in this country 
at th is ti me due t o the hig h p rice o f m e rc ury. 

Diaphrag m ce lls mus t b e classed in to two g r o ups . First. the sub

merged diaphrag m 11 nd cathode a nd secondly the unsubme r ged or whe re 

the electrolyte comes in contact with only the fa ce of the cat hod e. Unde r 
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the unsubmerged type belong two classes, the permeable diaphragm 
a nd the unpermeable. The Vorce cell is of the permeable class and the 

Hargreaves-Bird of the unpermeable. W e will only consider the per
meable type as in the unpermeable only sodium ca rbona te is produced. 

All permeable diaphragms for both the submerged and unsubmerged 
group of cells use asbestos paper which is so u sed in them so as to make 

two separate and distinct compartments, the anode and the cathode. 
Several difficulties present themselves in the subme r ged type such as a n 

inte rmingling of the electrolyte a nd the caustic produced. This is e limi

nated in the partially unsubmerged method. Migration of the caustic 
ions is g rea tly r educed, thu s cutting down the act io n on the g r aphite 

and prolonging its life. The cathode liquor is withdrawn as form ed so 
there is no building up in the cathode. T he diaphrag m is kept mois t by 
the evaporation of water from the electrolyte. This keeps the dia
phragm in very good condition. 

By the use of some slides , we will now show y ou the largest develop
ment of this type of cell in Southern West Virginia. In fact this is t he 
largest o perating chlorine pla nt in the world. 

You are perhaps now inte res ted wherein all of the chlorine produced 

is u sed as it is well known where the major lot of the caustic is consumed. 

When liquefied chlorine is shipped and u sed in the purification o f 

wate r and the trea tment of sewage. Ma ny chlorides of the m e t als are 
made a nd one in particular iron chloride is u sed in the treatme nt of 
sewage wastes by large cities. Ma ny others such as antimony tric hloride 
are used as catalyzera. It is used in making sulphur mono-chloride for 
rubber cu ring or vulcanizat ion. The sulphur dichloride is used in one 
step of the artific ial silk process as w ell as a step in the m a king of 
a spirin. It finds its u se a s aluminum chloride in practically all Fried el
C raft reactions. 

As the main component of carbon tet rachlo ride, i t is findin g a large 
u se as an oil solvent, dry cleaning fluid and fire extinguish e r. With 

certa in other chemicals this field is expanding with tremedo us impetus. 

As the compone nt parts of n atura l gas a r e b eing separated and 
chlorinated a new fie ld has opened u p and we get p roduc ts for paint 
and furniture, a utomobile and aeroplane a ntifreeze, n ew solvents, thin
n e r s and ne w substitutes for g lass and china tha t will not break when 
dropped on the floor. 

New chlorination methods for the separ a tion of m e tals in the mining 
industry are being developed. Now the best anti-knock gasol ine depends 
on bromine for its properties which is obta ined by the use of chlorine 
in this country. 

T hus, we have only scratch ed the surfa ce and undoubtedly our r e
sear ch units wil l bring forth many n ew developments in the future. 
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BA R IUM, BARIUM MI NERA LS AND BA RIUM 
CHEMICALS 

By 
RANDOLPH C . SPEC H T. 

Chie f Chemist, Barium R eduction Corpora tion, C hnrles ton. 

Barium A t. Wt. 137.37, A t. N o. 56, M. P. sso • C, B. P . 114 0 • c, 
Sp. Gr. 3.5 a t 20 • C. 

9 1 

The e le ment barium gets its n ame from the Greek word, Barote , 

meaning h eavy. It is a meta llic clement, soft and s ilvery white l ike lead ; 
it be longs to the a lka line earth g roup resembling calcium che mically 
a nd is found only in combination with othe r elements, c h ie fly in hea vy 

s par o r barytes (sulfate) and witherite ( carbonate) . The m e ta l is pre
pared from the molten c h loride by e lectrolys is and was d iscovered by Sir 
Humphrey Davy in 1808. 

The commercinl use o f Barium as a metal has been l imite d u ntil 
recent y ea rs bu t it has now found u sc in the mnnufacture of specia l 

types of sound tra nsmission tubes whe re it is used a s a deoxidize r afte r 

e vacuatio n. 
The mos t important compounds of barium a re the s u lfat e , carbonate , 

p e roxide, ch loride , nit rate and chlo ra te. 

Ba r ytes, Sp. Gr. 4.5, H a rdness 3 

T he mine r a l bnryles, ca lle d ba rite , heavy spar, c a wk or ti ff, is the 
c hief source of ba riu m in the United States. It con ta ins, w h e n pure . 
65.7 percent BaO and 24. 3 per cen t S O.,. Muc h of th e c rud:: bar y tcs ore 
m ine d c onta ins impurities, no tably sulpha~e o r carbon:lte of li me. s ilica , 
a luminn , calc ium , flu oride . s trontium s ulfate a nd iron oxide . It m ay 
conta in sulfide ores s uc h ns ga le n a , c ha lcopyr ite , sphale rite a nd pyrite. 

Ba rytes is a heavy, white , opaque or t rans lucen t mine ral with a 
s pecific g ravity o f nbout 4. 5. It varieJ in ha rdness, the ave rage bein g 

about 3. It is fr equen tly fou nd in w e ll deve loped crys ta ls , which \'ary 
cons id c.: rably in the ir a ppea rance <: n d habi!. Th ey pos~ess a p e rfe ct 
cleavngc parnl!el to the base. a nd p e rpendic ular to t he base arc two 
prismatic clevages p awlle l t o the face3 of t he primitive rhomb ic p r isrn. 

In t he trade two lypes of c rude bary:es a r e recog n ized, the "hard 
c rystnlline" vnriety a nd the " soft" varie:y. The hard var ie :y ha s a 
g lossy appea rance. whe reas the soft has a milky o ne . The soft variety 

ca n be c rum b led in th e ha nd but the hard variety cannot. The soft type 
is prefe rre d by g rinders beca use. on nccount of i ts text ure it produces 
the hig hest g rade of g round bnrytcs a ;1d becau:1e the impurities can 
u s ually be r emoved by a n acid wash. Th i5 grade causes less w ear o n the 

gears a nd it roas ts bette r tha n t he hard varie ty. The hard var ie ty ca n b e 
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u sed to a be tter advanta g e in the barium c h e mica l and litho po ne indus 

tries than in the m a r.ufac:ure o f g ro·.::-:d b~ ry t es. 

Mode of Occu::-c n ;:e 

Ba ry tes most commo nly io found in ore ve m s form e d a t sha llow 

depths, asso c iate d with w eathe r e d limestone a nd dolomite . In the e as t e rn 
and ce ntra l pa rts o f the Uni ted S tates it is found n ea r th e s urface in 

comparative ly s m a ll lumps but in th e w este rn d e pos its it is found in 

ve ans . 

Geo graphic Distribution 

Until 19 14 about 6 5 r;, of the domest ic o utp ut of the ore w as mine d 
in Missou r i b ut a fter tha t t ime, du e to th e cessatinn of imports of 
chem icals from G e rmany the output shifted to G e o r g ia. Now the majority 
o f o re is mine d in the s ta t es o f G eorg ia , T e nnessee and Virg inia due to 
the fa ct tha t it can be rem o ve d from the deposit by means of stea m 
t:ho ve le, a nd tha t the r e a re lo w e r fre ight rates to the p r esent marke ts. 

U ses Baryt es 

Barytes as mined in the southe rn fields is wash e d a nd jigged to 

r emove earthly mate ria ls a n d sold as s uc h. It may b e g round a nd 

w ashed further with sulphuric acid for bleachin g for specia l trade re
qui r ing a white p roduc t, s uc h as for filler!' in h eavy p a p e r and in white 
paints . Othe rwise it is g round a nd sold as ""off co lor" o r "unbleac h e d" 
for certa in varities of p a int, heavy pap e r, linoleum, rubber g o ods a nd 
artific ial ivo ry o r fo r othe r purposes whe r e a heav y white filler is n eed ed. 
It i:s also u sed in artifi c ia l marble~ . usbcstoa produc t~ c vlvns (lake s) , 

explosives , fireworks, insulating (x- rny) mate ria ls , ph o n o g r aph r eco rds . 
printe r' s ink , seal in g wax, cloth textiles, so a p, tiles and ceramic s and in 
tita nium pig m ents . The prec ipitate d barium sulfa te o r bla n c fix e is 

rapidly r e p lacing t he g round ba rytce in m o s t of the products m e ntio n e d. 

H istory 

In I 779 Guyton d e Morvea u gave the na m e o f baro te to t he mine r a l 

known ae h eavy s pa r. It wa & la ter c h a n g e d by Lavoisie r to Ba ryta. Be
ca use of its inertness i t w as fir s t u se d a s a n a dulte rant a nd as a r e s ult, 
in sever a l co unt r ie s it is for b idde n to b e u sed in food pro ducts a nd so m e 

laws yet prohibit its use in other produc ts . But s uch la w s tha t arc not 
a pplica ble to present use arc a nd ha ve b ee n m ore or le s s r epea led. 
mod ifie d o r disrega rded. Late r the produc t w as use d in the indu s try, 
m ost notilbly in the m a nufacture o f lithopo n e and now h as com e to b e 
u sed in the man u facture o f ba rium c he micals . 

The m ost im p ortant produ cers of barite toda y arc Unite d Sta tes, 
G erman y a nd Eng la nd . Becaus e of the na ture of d e p osits G e rma n y was 

at firs t the source o f world s u p ply, h o weve r s ince 19 14 ther e h as b een a 

ra pid increase in the d o m estic p r oduc tion. 
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Mining 

The ore as mined in California from the veins requires no washing 
but that from the southern fields mu st be wnshed fr ee of clay and treated 
more or less according to the requirement of the consumer. 

World's Production 

The United States started production of barytcs in 1882. The output 
increased very little until 1915 when the industry throughout the worlrl 
began to increase. The followin g table shows the production in the 
United States from 1882 to 1928 and the world 's production since 1908. 

PRODUCTION BARYTES"' 
IN 

SHORT TONS 

YEAR DOMESTIC WORLD PRODUCTION 

1882 22.400 
1883 30,240 
1884 28.000 
1885 16.800 
1886 11.200 

1887 16,800 

1888 22.300 
1889 21.4 70 
1890 21 ,9 II 
189 1 31.069 
1892 32.106 
1893 28,970 
1894 23.335 
1895 21,529 

1896 17, 068 

1897 26.042 

1898 3 1,306 

1899 41. 894 
1900 67.680 

190 I 49,070 

1902 6 1.668 

1903 50.397 

1904 65.727 

1905 48.235 

1906 50.231 

1907 89,62 I 

1908 38.527 I 78, 129 

1909 61,945 2 13,928 

•x . t n o t e. 
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YEAR DOMESTIC WORLD PRODUCT ION 

1910 42,97 5 170,1 3 I 
1911 38,445 187,960 
1912 37,478 202,969 
1913 45,298 233, 383 
1914 52,747 145,862 
1915 I 08,54 7 2 I 1.683 
1916 221,952 359,058 
1917 206,888 328,579 
1918 255,368 262,805 
1919 209,3 30 399,86 1 
1920 228,11 3 499,048 
1921 66,369 267,120 
1922 155,040 456,229 
1923 214,183 487,880 
1924 196,3 32 536, 9 77 
1925 228,0 63 591.000 
1926 237,875 580,7 18 
1927 254,265 559,940 
1928 269,544 272,406 

From a s tudy of produc tion of various countries it will be seen that 

the United Sta tes is now the leading source of the supply of b a rytes. 
Since the world war the domestic production has bee n 40 '7o of the total, 
with Germany next with 32 lft . Great Britian and Italy are the only other 
large producers of barium minerals wi~h I 0 o/o and 6 o/o of th e total 
production r espective ly. 

Industry Uses 

The crude barytes is used b y : three principal industries,' n~'mely; 
I • 

lithopone, g round barytes and ba}iu-m chemicals. The follo,.;i~g I table 

shows the p e rcentage used by eacJ\ ?"f th.e three groups. · 

PER CENT BARYTES USED IN INDUSTRY c ' • 

IN THE UNJ.rTED STATES..,.. I ,! 

' • .. •BARIUM 
YEAR GROUND BARYTES LITHOPONE CH EMICALS 

1915 50 % 41 o/o 9 % 
1916 41 39 20 
1917 3 1 44 25 
1918 34 46 20 
191 9 32 52 16 
1920 35 49 16 
192 1 28 61 11 

--- -
• x .I n ote . 
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BARIUM 
YEAR GROUND BARYTES LITHOPONE CHEMICALS 
1922 2 9 56 15 
1923 23 61 16 
1924 20 64 16 
1925 24 63 13 
1926 24 64 12 
1927 22 68 10 
1928 22 63 15 

Grou nd Ba rytcs 

In the ground barytes industry it has been estimated that from 50 

to 70 percent of the production is consumed by the paper and rubber 
industries. The principal use is as a fill er a nd b ecau se it is chemically 
inert, white and heavy it is admirably fitted for this purpose. 

As a rubber fi ller it is only used in soft rubber where strength and 
resistnnce to abrasion is NOT required. In paper it is used whe re a high 
fini sh heavy paper is needed, such as Bristol Board, playing cards and 
pla te paper. It is a lso used in certain grades of cheap paints a nd as a 
loader a nd base for lake colors . Other minor u ses are in X-ray insu l

ation, seals for oi l a nd gas w e ll drilling a nd in the manufacture of arti

ficia l ivory. 

Lithopone 

In the li thopone industry the barytes is reduced with coal to the 
~ ulfide and is then purified and trea ted with zinc s ulfate by a patented 
process to fo r m the lithoponc . Recent developments h ove made a so
called Super-lithopone which is superior to the former product. 

Manufacture Lithopone 

The raw materials U$ed in the manufacture of lithopo ne arc g round 

barytes , carbon in the form of coal or coke or pe troleum breeze, zinc, 
sulfu ric a c id and minor quantities of ferri c oxide, alumina, lime and 
mang nesia. As in the barium c hemica l industry a la rge amount of clean 

soft water is used in washing the product. 
The manufacture requires the pre liminary produ c!ion of solutions 

of barium s ulfide and zinc sulfa!e. 
For the production of barium sullide the c rude barytes is crushed and 

ground and mixed with crushed coal or coke. The different manufac
turers u se various proportions but usua lly it is four parts of the ore and 
one part of coal. The mixture is then dumped into a r evolvin g furn ace 
und roasted for approximately four hours. The resulta nt ash contains 
fro m 65 '/t to 80 ~'< · barium sulfide. 

The as h is then dumped from the fumace a nd transferred to a 
lixivia tion tank w he re i t is "lixed" with hot water. The s upernated liquor 
is the n drawn off a nd a llowed to set tl e before it is u sed. 



96 PROCEEDINGS OF THE 

The zinc solution is prepared by treating the zinc m a ter ia l in the 
fo·rm of ash, scrap, skimm:ng3 or zinc slab, with sulfu ric acid in special 
so lution tanks. The resultant zinc sulfate l iquor is then treated in puri· 
fication tanks to r emove e ,·en trace., of cobalt, copper, manganese, iron 

a nd cadium, which would form colored products on treatment with 
barium sulfide. Some of t he compo unds thus r emoved a r c recovere d 
and placed on the market. The purification o f the sulfate liquor is one 
of the most closely g uarded a nd careful steps in the manufacture. 

Afte r the purification the sulfate is filte red a nd the filtrate is then 
ready for reaction wi t h the barium sulfide liquor. 

Definite quantities of the sulfate and sulfide liquors a re the n run 
into a precipitation or reaction tank. F' rom there the p r ecipitated mate r · 
ial is taken to filters and is then dried. After the crude lithopone is 
d ried it is calcined at a bout 5 00 degrees Centigrade a nd th e n que nched 
in wate r. Afte r the quenching the material is ground into a pu lp and 
washed with a very good w a ter, filt ered, dried and then disinterg r a ted. 

Composition Lithopono 

Until recently the composition of lithopone was a pprox imate ly 1-3 'i( 
zinc oxide; 26-28 1/r zinc s ulfa te and 70 '/r barium sulfate . With rece nt 

developments the zinc s ulfide conte n t has been raised to 50 '/r or better, 
so some of th e manufacture rs claim. This produces a so-called supe r 
lithopone which g ives a muc h hig h er cove ring power than th e lower 

con tent zinc su lfide. 

Lithopone is u sed w h e re the tra d e r equires a pigment that is bril
lian t white , with an extremely fin e texture a nd one that at the same time 
must have strength a nd hiding power. It cannot be e x celle d for body, 

duribility, hardness, fine n ess a nd case of a pplica tion. It is u sed m ost 

extens ive ly as a white pigment in Ant a nd e na mel wall p a ints fo r interior 

u se. It is also used in a large quantity as a fille r in rubber g oods . paper. 
lineo le um, oilcloth a nd in window shade cloth. Lithopone is n o t u sed 

exte n sively as a n outside pnint b ecau se of the fact tha t it d a rke n s on 
exposure to sunlight o r excessive moisture. It u sually becom es white 

again, however upon dryin g o u t a nd several companies in recent y ear s 
have p laced a lithopo ne on the m arket th at is said to withs tand exposure 

to sunlight and moisture. 

The following table s h ows the a mount of li tho pone , in short tons , 

used in the United States from 19 13 to 1928. 



YEAR 

19 13 
19 14 
19 15 
1916 
1917 
19 18 
19 19 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 

WEST VIRGINIA ACADEMY OF SCIENCE 

LITHOPONE USED IN THE U NITED STATES"' 

DOMESTIC 

29.685 
32,819 
46,4 94 
51,291 
63 ,71 3 
62, 403 
78.365 
89,373 
55,016 
83 .3 60 
98.19 9 

I 09,469 
145,01 9 
159,931 
176,994 
200,468 

Barium C h e micals 

I MPORTED 

2.363 
3,990 
2,044 
2.341 

224 

739 
1,714 
5, 247 

I 0,763 
I 0,440 
6,830 
6.33 0 
8, 686 
7, 9 79 
9,885 

The m ost important of the barium c hemicals tha t have important 

industrial u ses in the United States arc as follows: Blanc fix e, o r preci
pitated barium s ulfate, barium cnrbo na te , chloride , nitrate , hydroxide 
a nd dioxide . 

Both ba,·ytes a nd witherite are used as a raw material for ba rium 
c hemicals. The amount o f wi therite used in the U nited States is very 
sm a ll and is largely imported from Eng land. The manufacturers of 
barium c h em ica ls prcfc1· to u sc th e w ushed, hig h grade o f soft baryles, 
but they can a nd do use barytcs which could n ot be used in the prepara
tion of th e hig h est g rade o f ground barytes. 

Bat·. Sulfide B~:~S 

Ba r ium su lfide is used as the s tarting point for bariu m chem icals . It 
IC prepared by r oast ing a mix tu re of crude barytes and some form of 
carbo n according to the sam e procecdurc ns described under lithoponc. 

Ba r . Carbonate Ba C O, 

Bariu m ca rbo na te is precipita ted from a solution of barium s u lfide 
with s odium car bon a te {soda ash) solution, obtaining as a by-product 
the sodium sulfide. It can also be prepared by passin g carbon dioxide 
gas through the sulf,de solutio n but this requires definite co n trol to 
obtain a good p roduct. The carbonate produced by this meth od h as cer
tain physical c haracte ris tics which arc somewhat diffe r e nt from tha t 
produced by precipita tion with soda ash solutions. After the p recipi-

•x. r note. 
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tation th e carbonate is wash ed and filtered, then dried and d isintcrgra tcd 
and packed in suitable packages for shipment. 

Blanc F ixe Ba SO, 

The method of producing blan c fixe depends upon the physical 
properties which may be de!ired fo r the finished product. It was form e rly 
made only by treating a solution of barium chloride with sodium sulfa te 

or sulphuric acid but now it is usually made by precipitation from a 

solution of barium sulfide by means of salt cake solution (sodium su l
fa t e) . This method produces a denser product than that produced from 
the chloride a nd in addition produces a valuable by-product of sodium 

su lfide. It is also made as a by-product of the hydrogen peroxide industry 
when barium peroxide is treated with sulfuric acid. For certain trade 
the sulfate is precipitated from hot concentrated solutions to form a 
c rysta lline product which i~ a valuable base for the manufacture of very 
brilliant colors. Other methods produce a so-called amorphous product 
which is va luable for the rubber and ink trades. 

After the bla nc fixe has been precipitated it is washed with w a t e r 
to remove t h e sulfid es or chlorides, as the case may b e. It is the n filtered, 

dried , disintergrated and packed in suitable packages for th e various 
customers. 

Bar. Chlo r ide BaCb 

Ba rium chlor ide may be p roduced by treating witherite (na t ural 
barium carbonate ) with hydrochloride acid. It is u sua lly produced in 
this country direc tly from c r ude barytes by roasting with coni and ca l
cium ch loride. It may also b e prepa r ed by trea ting a solution of barium 
eulfide with calcium chloride or hydrochloric acid. After the c h loride 
is obtained it is p urified by crystallization a nd may or m ay not be dried. 

By usin g calc ium chloride , as one of the raw materials , a by-;:>roduct 

of calcium sulfide is obtained whereas with hydrochloric acid the hydro
gen su lfide is a by-product. 

Ba r . Ni trate Ba(NO , ): 

Barium nitrate is produced by dissolving witherite in ni tric acid. 
The u s ual method is by addding a soluton of sodium nitrate (Chili Salt 

peter) to a solution of barium chloride o r barium s ulfide. The solution 
is concentrated by evaporation and then purified by crystallization . The 
nitrate can be converted to the oxide, dioxide or hydroxide. 

Ba r . H ydrox ide Ba ( OH ) : 

Barium hydr oxide is prepa re d by h eatin g b a rium s u lfide in ea rthe n
ware r e torts into which a current of moist carbonic acid is passed, after 

which superheated steam is passed over t he r esultant ca rbona te. It m ay 
also be made by dissolving the oxide in wate r . It is concentrated by 

evaporation and crystall iza tion. 
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Bar. Oxide BaO 

Barium monoxide is made by roasting the carbonate with carbon or 
by heating the nitrate. The material thus produ ced may or may not 

be pulverized for the trade. 

Bar. Peroxide BaO, 

Barium peroxide or dioxide, is prepared from the oxide by heating 
at about 700 d egrees Centigrade in a curr ent of air or oxygen free from 
carbon dioxide and moisture. The material is pulverized and packed in 

suitable metal containers . 

BARIUM CHEMICALS 

Blanc Fixe BaSO, 

Blanc Fixe , the precipitated barium sulfate, is the b est grade of 
barium sulfate for pigment purposes, both as to whiteness and fineness 
of product. It is largely use d where a pure w hi te pigment or filler is 
desired, as in paints, rubber goods, linoleum, oil cloth and glazed paper. 
It is also u sed in lithographic ink a nd as a base for lake colors. The 
battleship gray used by the United States Navy contains about 4 5 '/o of 

blanc fixe. As chemically pure barium sulfate it is used as an indicator 
in X-ray photography. In the manufacture of rubber inner-tubes for 

automobile tires it is used extensively as a resistor to wear, giving the 

tube more resiliency and strength. 
Blanc fixe is placed o n the market in pulp form and as a dry powder. 

The pulp contains approximately 30 <;~ of water and is used chiefly by 
the paper manufacturers. The dry powder is used for the other purposes. 

BaCO. 

Barium carbonate is coming into use more and more. Its largest 
usc is in the ceramic industry where it is used to prevent scum and 
efflorescence in brick, tile and heavy clay wares. The ca rbonate unites 
with soluble sulfates in the clay forming the insoluble barium sulfate 

and in .the case of calcium, which is the chief scum forming ingredient, 
the insoluble calcium carbonate. A recent patent using the Barium Bi· 

carbonate, which is made from the barium carbonate, has proven a 
great success for scum treatment. The carbonate is a lso used extensively 
in the manufacl!Jre of sanitary ware. It forms a valuable flux and ena· 
mels are said to . be much harder and more brilliant when the carbonate 

is used. Recent developments in steel treating demand a good grade of 
the carbonate. 

In flat wall paints 

45 ',~ 
sa m e 

it is use d to give a velvety finish. It is used up to 
It also finds use in' enamel ware, acting in the 

manufacture of sanitary ware. 

in these paints. 
manner as in the 

Barium carbonate 

chemicals, notf\bly the 
is used in the manufacture of other barium 

oxide and peroxide, in rat poisons, optical glass, 
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foundry core compounds, marble subs titutes, dyes, rubber, chemical 
reagents, beet sugar and water punfication. In water purification it is 
rapidly becoming a favorite for treatment of acid waters. In beet sugar 
it is used most extensively m Italy, the price prohibiting its use in 
America or on the Continent. Barium carbonate is far superior to the 
calcium used and there remains to be found a cheap method of producing 
the carbonate before it Cl'ln be used in this country. 

BaCt 

Barium chloride is a white b;uium salt fairly soluble in water. It is 

usually sold in the crystalline or powder form. It is used in the manu
facture of blanc fixe, color lakes, leather tanning a n d finishing, rat 
poison, pigments, in drugs for treatment of fever, textiles such as mor
dant, weighing and calico printing , water softeners, boiler compounds, 
chemical reagents and in the manufacture of certain pho tographic 

chemicals. 

Ba(NO~,) z 

Barium nitrate is a lso a soluble salt and it 1s used principally for 

the manufacture of barium oxide. It is also used in pyrotechnics, certain 

explo;;ives and in medicine. 

Ba(OH)2 

Barium hydroxide has little usc commercially 1n the United States. 
I• !.as been used as a substitute for caustic potash during periods of high 
;>rice of that commodity. It is used to some extent in the refining of 
beet sugar but due to its high cost it is replaced by lime. 

BaO 

Ba~ium oxide is used in the manufacture of barium peroxide and 

m Europe in the manufacture of beet sugar. It is used in certain grades 

of optical glass. 
Ba02 

Barium peroxide 1s used m the manufacture of hydrogen peroxide. 

BaS 

Barium sulfide is the intermediate compound from which the majority 
of other barium chemicals are made, and is one of the necessary materials 

m the manufacture of lithopone. It is also used with lime as a depilatory. 

BaCrO. 
Barium chromate, lc:mon yellow or ultramarine yellow, is use d as a 

yellow pigment. 
Ba(CIO, )e 2H"O 

Barium chlorate ts used in pyrotechnics and m dyeing. 

Ba Mn 0 ,, 

Barium manganate has been used to some extent as a green pigment. 
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BLANC FIXE SOLD IN THE UNITED STATES~ 
(IN SHORT TONS) 

Y EAR DOMESTIC IMPORTED 

1913 2441 
1914 1424 
1915 722 
19 16 3337 338 
1917 63 14 114 
19 18 9522 
1919 5227 V2 
1920 8046 165 
1921 2471 769 
1922 73 49 2 187 
1'923 6791 58 7 
19'2'4 7796 104 7 
1925 11748 1996 
1926 2973 
192 7 13395 2400 
1928 3680 
1929 350 1 

•Mincrn l Resources of the Uni ted States 192 1 Port II. 
*Minernl R~.:sources of the United States 1929 Part II. 

BARIUM CARBONATE SOLD IN THE UNITED STATES"' 
(SHORT T ONS) 

YEAR DOMESTIC IMPORTED 

19 13 2043 
19 14 1532 
1915 247& 143 
1916 684 4 
19 17 8238 53 
1918 7661 
19 19 7135 4 
192 0 7484 476 
192 1 1956 2237 
1922 228 1 5212 
1923 6362 190 1 
1924 60 58 3752 
1925 4962 7188 
1926 5394 9224 
192 7 5060 49 18 
1928 7626 5222 
1929 7902 3206 

•From : Mineral Resources of the United States 192 1- 1929. P a r t II. 
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BARIUM CHLORIDE SOLD IN THE UNITED ST A TES• 
(SHORT TONS) 

YEAR 
1913 
1914 
1915 
19 16 
19 17 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 

DOMESTIC 

20 16 
3643 
4870 
4530 
4509 
3084 

} 

2022 
3301 
3859 

4592 
3708 
5224 
6545 

IMPORTED 
1863 
2960 
1280 

3 

550 
1595 
2186 
1962 
1278 
2330 
2167 
1773 
1577 
1172 

78 
• From: Mineral Resources of the United Stales 1921 · 1929. P<Hl II. 
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COLOR REACTIONS TESTS OF SOME ALDEHYDES A ND 
KETONES WITH A SERIES OF COMPOUNDS WHICH 

CONTAIN THE METHYLENE GROUP 

By 
LORENZ HANSEN. 

Chemist, A g ricultural Experiment Station, West V irginia Universi ty. 

(Abstract) 

Series of aromatic a nd aliphatic aldehydes, of aromatic, aliphatic 
and mixed ketones were tested for color reactions with a series of 
compounds which contain a methylene g roup. The tests were carried 
out in solutions of absolute alcohol in contact with con centrated sulfuric 
acid. The sensitivity of the various compounds tested was d e termin e d 
by the maximum dilution in which tes ts were positive, that is, in which 
a distinctive color reaction was produced. 

The following is a list of the compounds which were tested: 

(a) Aldehydes. F urfuraldehyde, benzaldehyde, sal icylalde hyde (a

hydroxy benzald ehyde), p-hydroxy benzaldehyde, anisald e hyde, vanillin, 

ve ratraldehyde , p iperonal, B· reso rylalde hyde dimethylether, p-dimethy
lamino benzaldehyde. o-chlorobenzaldehyde, p-chlorobenzald e hyde, o
tolualdehyde, p-tolualdehyde , cinnamic aldehyde, hydrocinnamic ald e 
hyde, paraldehyde, propionaldehyde, n -butyraldehyde , n -valeraldehyde , 
isovaleraldehyde, n -heptaldehyde, crotonaldehyde . 

(b) Ketones. Benzophenone, methyl p-tolylke tonc, acetophenone, 
propiophenone, phenyl p-tolylketon e, benzil (dibe nzoyl) cyclohexano n e , 
dibenzyl ketone, methyl n·butyl ketone, m e thyl n -hexyl ketone, m ethyl 

undecyl ketone . 

(c) Methylene compou:.ds. Acetone, acetyl acetone, ethyl ace t o 

acetate , cyclohexdnone, ploroglucinol, diethylmalonate, thiobarbituric 

acid, acetophenone, fluorene, accnaphthcne. 
The object of the investigation was to secure data (I) on the relntive 

sen sitivi ty of various aldehydes and ketones and (2) on the rclativ<~ 

~ensitiv i ty of the compounds containing the more or less active m e thy
lene groups. Data seem to show that aldehydes ilre considerably more 
eensitive than ketones, aromatic aldehydes are on the whole more sensi

tive than alphatic alde hydes, butyraldehydc and probably to a lesser 
deg ree propionaldehyde excepted. The difference in se nsitivity bet ween 
c-. roma tic and alphatic ketones are no t very greutly pronounced. In 

the series of compounds with the methylene g roup, acetone and com 
pounds closely related were leas t se nsitive. The le ast sensitive of all 

were ethyl aceta acetate and acenaphthene. The most sensitive w e r e 

phlorog lucinol and thiobarbituric acid with Huore n e and cyclohexanone 

lagging somewhat behind. 
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ADVANCEMENT OF SCIENCE APPLIED TO WELL 
SHOOTING 

By 
CLYDE C. PORTER. 

President and Treasure r, Huntington, \V. V a. 

The Sureshot Torpedo Company. 

Well shooting, throu gh its use of explosives, entails some c h emistry, 

but it is far from a purely chemica l e ndeavor. 
Ever s ince the first w e ll w as s ho t with black powder, by lowering a 

bottle full o n the e nd of some s mall pipe , and dropping a r e d hot iron 

throug h the pipe to d e tonate it. Torpedo Companies have met the 
demands placed upon them for more advanced methods, until things in 
usc today would have startled and seemed foolish to our fathers . while 
the things I m e ntion for tomorrow will startle a nd seem fooli s h to most 

of us today. 
In case some o f you arc not familar w ith t h e term " well s h oot in g " 

and "torpedo companies": the fo rm e r is the act of placing a c ha r ge of 
high explosives a t the exa c t spot down in an o il or gas w e ll! where the 

oi l or gas is encou ntered in drilling the well, and detonat ing this charge 
to increase the flow of oi l or gas : while the latte r are the legit imate 

agen cies employed to carry out the form er. These "spots" ,vhcrc the 
oi l or gas is e n countered, arc rock formation s o f the earth's c rust a nd 
the theory is thnt the s hooting of these for mat ions cracks a nd s hutte rs 
the m, c reat ing fi ssures back for some distan ce, a nd g r eatly inc r easing 
the scpage area. bringing about the desi r ed result-"thc maximum pro
duc tion possible from the forma tion". 

Considering the subject under the two main headi ngs of: Firs t, the 
present advancemen ts in usc todoy: a nd Seco nd. the possible advan ce
men!$ for tom orr ow; w ith sub- headings under the first of (a) Ethylene 
Glycol. (b) rubber boots, ( c ) time bombs, (d) pat ent bridges. ( c ) rein

forced shells . (f) copper cans. ( g ) neutralizin g solution. (h) coloring 
agent to t e ll when shot detonated, (i) washing free of acid. (j) other 
explosives; a nd sub-headings under the second of (a) r ee l, (b) line , 

(c) shells, (d) ca ns. (e) transport in g by a ir , (f ) r eproducing shot 
e xperim e nta lly a bove g round, ( g ) photographic d a ta of s hot-hole, (h) 
n e w explosives, (i) points of detona tion, (j) explosive accompaniment, 
(k) shooting unde r pressure or vacuum ; we will proceed. 

You are all fami la r w it h Ethylene Glycol or Prestone, and we feel 
safe in saying that its usc in the manu fac tu ring of nitro-glycerin for 
well s hootin g . is . for us . the g reatest advancement of a ll time. O rdin
ari ly NG freeze~ at 46 d egrees F , but the a ddition of Ethyle ne Glycol 

to the nitra ting mixture lowe rs the freezing point to a ny desire d fi g ure. 
This sample of the first we made about four y ear s ago, b egan to crysta-
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lize at 13 degrees below zero F . Formerly, in the winter time , it was 
n ecessary to thaw the NG in the transporting container or can, so it 
could be poured into the round tin shell to be lowered into the wel l. 
This being done at the well, the method was necessarily very c rude, 
making use of what ever they had a t the well, which was us ually a 
wooden barrel! and hot water. The c~ns of NG were s us p e nde d in this 
by strings tied to nails driven in the top rim of the barre l. The adve nt 

of the steel drum increased the hazard, because of not having any plac e 
to drive nails, and necessiating the placing of s ticks across the top of the 
drum to ti c the can to. Hot water came from the boile r u sed in drillin g 
the w e ll, a nd there have been cases of s team being turne d into the b a rrel 

conta ining th e cans of NG. When you conside r the fa c t tha t h eat, fri c 
tion, or the least jar will d e tonate the extremely sen s itive a nd uns ta ble 
NG, it is easy to see why there was considerable loss of life a nd d estruc
tion of property under this method. A pre limina ry s te p t o e limina te 
this hazard was the use of the hot magazine where NG w as s t o r e d. but 
mos t of the tim e it would freeze on the way to the w e ll from the m aga 

z ine . The n, many hot magazines became too hot, and ble w up. W e w e r e 
jus t be g inning to usc a portable canvass bag for thawing a t th e w e ll, 

whe n Ethylene Glycol came into use. Howeve r, our g r eat est worry a nd 

hazard is at an end, now that Ethylene Glycol is with us. It a lso m a k e s 
the NG slig htly less sensitive and harder to put off. 

What is called a "rubber boot" is another g reat safe ty factor in u sc. 
As you see, it is merely a thick rubber case for the cnn of NG to b e 
placed in for transporting. No friction can be imparte d to the can in 
this a nd if n can leaks, the boot will hold the NG, keeping it from running 
out b e tween springs, on exhaust pipes, etc., r esulting in loss of life n nd 
prope rty. The less 3ens itive NG made with Ethyle ne Glycol, a nd th e 

rubbe r boot, account for the miraculous ta le s you h ear of a tru c k loa d 
of NG be ing wrecked without going off. 

The Time Bomb, especially the Zero Hour Bomb I h a ve h e re . h as 
he lped u s solve some ve ry difficult shooting problems. Wh e r e the casing 

is se t c lose to the producing formation, necessitating its b e ing pulle d o ut 
a ft e r the shot is placed, and caus ing the shot to be cov e r ed u p with 
cavings , the old e lectric wire m e thod was uncertain. \Vh e r e the r e is a 

la rge q u a ntity of Auid in the hole, n ecess ita ting the u sc of the firin g -h ead 
to de tona te the shot, it was very uncertain and the r e w as da n g e r of 
t he fi ring-head going off any time . since the least littl e ta p o n the p lung e r 
w o uld put it off. Whe r e it was d esire d to tamp th e shot w ith sa nd o r 

g ra ve l a nd s till p e rmit it blowing out the top of the hole , it w ns im possible . 

The Z e ro Hour Bomb, the most certain and scie ntifi c in u se, h as e limi
na te d these and m a ny more hazards, unce rta inties, and impossibilities. 

This pate nt bridg e has been of mate rial aid to u s in m a ny cases. It 
is espec ia lly u sefu l in bridg ing the hole whe n it is d esire d to s hoot a fo r -
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m a tion a bove ano ther ga s producing formation. The old fashioned 
forked s tic k and s tone bridge will usually shut the gas o ff, causing it to 
e ventually rock up to the p oint whe re. it m a y blow both bridge a nd shot 

out of the hole a head of time. Eve n if it does n o t do this , when it is 
knocked out with the drilling t ools to clean the hole, the re is d a n ger 
of loosin g the tools. This bridge will hold up a strin g of tools ( 330 0 lbs.) 
but a quic k blow breaks it, so tha t when the shot go es off, it is blown 
up and out of the way. W e h a ve successfully u sed this bridge, inte r
spaced in a large shot t o ta ke up the weight, p revent settling , a nd the 

r esultant pre mature explosion. H ow e ve r, fo r the la tte r, re inforced sh e lls 
are in gen e ral use. 

This section o f a r e info rced shell I have he re will h o ld up three 
ton or m o r e. Where the p roducin g fo rma tio n is seve ra l hundred feet i:1 
thic kness a nd large quantities of NC are u sed in sh ooting, a ny settling of 
the s hot fr o m the g r eat weig h t , would ca use en o u gh fri c tio n to put th ~ 

sh o t off p remature ly with resulta nt loss of life and property . 
A D pre vious ly m entioned, the dange r of a lea ky can while tra n'l

porting NC i!: n o t so great now, st ill, the use of a co pper can furt her 
d ecr eases the d a n ger, because i t w ill not sta rt leaking as q uickly as th e 

tin can u su a lly used. Howeve r, it is difficult to k eep coppe r can s b ecause 

o f boot-leggers b rea king in a nd taking the em p ty one. 
Once in a great while , NC is spi lled, a nd gets wher e i t sh o uld n ot be. 

A s a matte r of precaution, we a lwa ys wash the sh e ll afte r fillin g it at 
the well, h a vin g a bucke t of a specially p r ep a r ed solution to p ut the 
co rk in while p o uring from the ca n into the sh e ll, a nd wash ing the floo r 
with thio :solution upon leaving . T h i s s olutio n d ccomp o:.e• N G and el imi

na tes the d a n g er of a n escaped drop cau sing da m age. 

It is sometim es diffic ul t to te ll w he n a s ho t has exploded. T ake for 
ins ta nce, a small sh o t in a deep ho le, unde r severa l hundred feet of fluid. 
No perce pta ble s ig n of an explo s io n takes p la ce a t the top of the h o le . 

W e h a ve a bottled colorin g agent w hich we p lace in the ex p losive , w hic h, 
whe n fr eed by the explos ion, c olors th e flui d a nd indicates t he shot has 

gon e off. The ba ile r is run to extrac t a sa mple o f the fluid for : h e test. 

M a n y explos io ns occured in t he past w ithout a ny appa re nt cau se, 
s u c has m agazines b[o,ving u p w ith no o ne a round , etc. T his was un

doubtedly d u e to th e fact that the NC was not wash ed free from acid. 
A n y acid le ft w ould set u p spontaneous combus tio n. The r e have been 
cases o f a can burst ing in to fl a m e w hen t he c ork was p ulled, and t hen 
blowing up. No m a tter h ow long it takes, a ll traces of ac id should b e 
wash ed out. The use of soda ash as a n e ut ra lizing ngent is e ffective for 
this. 

Hope was a t firs t aroused whe n the less sens itive explosives, su c h as 
dyna mite , blas tin g gelatin, a nd solid ified NC were b r ought o ut. But too 
m a ny conditio ns in c onnection w ith the ir u se in shooting wells , s oon 
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proved them u nsuccessful for s u c h use. Only in rare cases is anything 
but liquid NG used, over 90 'to of all welb shot, using it. It is true that 
b lasting gelatin has come into extens ive u~c in s hooting the s hale gas 
formation, but cost of shooting has been the predominating fa c tor in 
its favor. 

Now, we have become s l ightly acquainte d with some of the Presen t 
Advancements of Science Applied to W e ll Shooting a nd a re ready t o 

delve into the great beyond-the P ossible Advancements. and as we 
firmly believe ··a nything is possible"", we are r eady to accept the most 

ridiculous statement or thou ght as the one holding the grc:>test oppor· 
tunities for us. If I were to reveal my inner-most thoughts you would 
probably consider m e unsafe to be running loose, I will attempt to 
confine- myself to suggestione th.:.t have some reasoning to them , and of 
necessity, will have to keep quiet about some things we are now work
ing on. 

In connection with my previous statement that b lasting gela tin h ad 
come into use in shooting the shale formatio n , our equipm e nt for its usc 

is not a• a dequate as it should be. To lowe r explosive in a w e ll, a reel, 

l ine and hook are used. The hoo k detach es itself from th e bai l of thc 
shell of explos ive when p laced o n bottom a n d is pulled out by the l ine 

being wound up on t he ree l by th e e ng in e used in dri ll ing the w e ll. Th e 
less se nsitive b las tin g gelatin can be placed in the w e ll by the u sc of 
the bra ke on the reel, and s uch braking system could be better. Along 
with the braking system, a better lubricat ing arrangement is n eeded. A 
great disadvantage is that th e. meta l r eel used becomes hot and burns 
the manila line used, rendering it u nsafe. We arc at present co nsid e ring 
means of e l iminating this , desi r ing <1 m eta l of extremenly low the rma l 
co nduc tvi ty for makin g the r eel. R amet is one metal, but the manner in 
whic h it is made, makes it unprocticoble for our usc. 

If a heat resisting manit.:; line were ovoiloblc, part of our worries, 

would be at an end. Twisted wire line has not proven satisfacto ry. The 

ideal line would a lso have to resist certain chemicals which a rc f rcquently 
e n countered in d r illng wells, which cat up both wire a nd manila lines. 
Such a line would also be without stretch. or at least have a stretch that 

cou ld be calc ulated, so one could meter the line as it went into th e hole, 
thus obtaining a correct measurement of the point the explosive reached. 

It is often the case that the well owner desires to shoot a well in 

th e same place in which it has previously been s hot. or course, tho; 
origina l shot c rea ted a cov1ty, or shot hole , and any shells of explosives 

placed there will fall ovtr into it. A specially constructed shell to 
e limina te this is one of the problems we are working on. Th e sample 

s h e ll sect ion you see here is quite heavy and contains a considerable 
quantity of material. One to serve the some purpose, but li ght , and con 

taining less materia l is yet to be found. 
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Glass cans for tra n sporting NG would have the ir adva ntages. A g lass 

whic h would brea k from a blow just below tha t re quired to d e tonate the 
NG would be the kind to make the m from. The n, if a care less man hap
pene d t o s trike a can against something while carrying it, h e would n o t 
kill himself and e ve ry one a round, but m e rely loose his NG. These can s 
could a ls o b e k ept cleaner a nd t he cust ome r could sec w hat h e w as 

getting . They would undoubtedly b e require d for air tra nsporta tion, 
since a forced landing resulting in their being broken would not cause 

an e xplos ion. 

S o m e day, y o u m a y gaze s k y-w a rd and recognize the hig h explos ive 

plane a nd s tart running for shelte r. The n it will b e a g r eat day for u s 
shoote rs , for we will have no .:n e mies. It will be too easy for us to fl y 
ove r and drop a can. I have pe rsonally been e ntertaining this air iden 
for ove r seven y ea rs , a nd still c h e ri s h the e n couragement g iven my idea 
b y t he the n Chie f o f Army A ir Service, Mason M. P a t rick upon inter
viewing him at the close of a ta lk he gave a t M. I. T. w h ile I was the re. 
A p la n e would com e in handy in carry out a nother tho u g ht, tha t of 
r eproduc ing above ~ round, the s hot tha t takes pla ce in the \veil. 

Some tim e ago , th e Bureau of Mines a t Ba r t lesville , Okla . met with 
disaste r in atte mpting to r eproduce unde r g round condit ions for a r e pro

duc tio n ex perime nt, a nd they w cr<! not u s ing h igh explos ives. S o mixing 

the two , would c r eate a double haza rd. Howe ve r, subjec ting the samples 
of the formation to b e shot to experimental ohots b e for e ha nd, would be 
of m a te rial ass is ta n ce in determining th e pro p e r proce dure in the a c tua l 

s h ooting of the w e ll. 

If o n e ha d a pictu re o f th" form atio n a f t<:r it is shot. m uc h inter
es ting d ;:1 ta would be u va ilable . \Ve t hought w e ha d a camera for this 
purpose a t one tim e , but it did no t prove feasible for use in dee p w e lls . 

The ba sic princ iple o~ e x p losives is tha t o f g iving o ff h eat upon 

b e ing de to na te d . It is tlus very h eat tha t is of som e d isadva n tage in 
w e ll shooting , s ince i t fuses the for mation, sea lin g up t h e! pores. H ow

ev~e r, this part u s ua lly brea ks o ff as cavings to c lea n out a ft e r the s h o t. 
A cheap explosive , not g iving off heat would h a ve its a dva ntages. \Ve 
investign te d nit•·o-gunna dine , but the cont w as p•·ohibitive. The idea l 
explos ive would b e o n e that cou ld be mixed a t the bottom of the w e ll, 
thus e l iminat ing a ll hazard. P a rt o f it could be placed in the well, a nd 
the n the r est adde d to vitalize it. or make th e explos ive , a ft e r whic h, it 
could b e d e tonated. 

The re is a questio n whe the r or not settin g up the d.!tonOlting force 

a t di ffere nt places in th e c haq;c of e x p losive , would c ha n ge results . 
However. it could easily b e d o ne with the ti me bomb. 

A n other thoug ht is tha t o f p l<lc ing ~omething with the c h a r ge o f 

e x p losive which the e xplosion would e ffect in s u c h a manne r as to be of 
adva ntage in increasing produ c tion. Something shot bac k into the form a-
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tion might do the trick. This is getting us into the s tudy of hig h tem

p eraturev and pressures. 
Shooting unde r pressure or vacuum is still conjecture, but with the 

proper control features at the top of the well, s uch practice would be 

c a rried out. A control head of tested breaking stren g th could be installed 

the shot placed a nd a time bomb with it, the proper pressure o r vacuum 

applied, and whe n the shot w e nt off the differe nce in pressure crea te d 

would break the control head, p ermitting the shot to come o ut as is 

d esired. 
So e nd the ramifications of a dreamy s hoote r. 
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A STUDY OF THE SE.W AGE POLLUTION OF THE WEST 
FORK RIVER AT WESTON. W . VA. 

By 

L. KERMIT HERNDON. 
C h emical Eng ineer, S tate Wate r Commission. 

The investigation carried on by t he S:a te \Vater Commission during 

t he su mmer of 1930 in the \ Vest Fork River Basin r evea led that g ross 
sewage pollutio n o f tha t st ream exists at W eston. For the dry po rtio n 

of the year nuisance conditions ob:ain at this point. 

In addit ion the two c r eeks. Polk and S tone Coal, a r e bu t little better 

tha n ope n sewers. Intolerable condi:ione exist in these creeks within the 

ci ty limits throu ghout the g reater par t of the year. 
The re is a serious s ituation crea:ed by the disc harge of raw sewage 

from a part or the c it y'~ populo.~tion in to the river a s hort d :sta nce above 
th e intake of their water supply. It is clea rly evide nt that a direct menace 
to public h ea lt h is p resent yet the State H ea lth D epa rtme nt and th e 
W esto n Wat t! r Compn n y carefully watched a nd maintained a bacte rio· 
lo g ica lly sa fe wate r s upply t here. The drought se rious ly c urta iled th e 

water s upply a nd the taste a nd odor w e r e impa ired but it was fel t 
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a dvisable to continue the use of this supply until other s ources could be 

tes ted and proven safe. 
The writer in his report to the State \Va ter Commission r ecomme nde d 

tha t the City of Weston should proceed with p la n s to cons truc t and oper
a te inte r cepting sewers a nd a sewage disposal works that would be ade

quate a nd sati sfactory. It was also recommended that the W eston \Va t e r 
Company a nd the State Hospital should plan for a more a d equ a te s upply 
of water a nd a lso a less contaminated source of raw water supply. 

Weston 

W eston, the c ounty seat of Lewis County, is located o ,-, the h ead
w a ters of the West Fork River at the point where Stone Coal a nd Polk 

C reeks e nter the river. It is located in a rich a gricultural area a nd h as 
several g lass a nd lumber industries as well a s the shops of the B. & 0. 
R ailroad. The State H ospital for the Insane is also located h e r e. Th e r e 

are several small coal mines operatin g in this a rea a nd th e r e 1s a n 
extensive natural gas developm ent. 

The popula tion of the city has increa sed as shown by th e U. S. 
Census R e ports : 

T ABLE I 
PERCENT 

YEAR POPULATION I NCREASE 

1860 820 
1870 Ill 0 36.0 
1880 1516 36.4 
1890 2 143 41.4 
1900 2560 19.4 
19 10 2213 13.5 
1920 S701 I 57.5 
1930 8646 5 1.6 

The inc r ease n o ted in the last two fig ures are due to annexation of 
the surrounding territory but nevertheless are a good indicat ion of the 
g rowth of t he city. 

Water Supply: T he water supply for the city a nd for the Sta te Hos
pita l is drawn from the West Fork River. Two dams have b een loca ted 
in the river, one within the city limits and the other a bout 2.5 miles 

above . The s torage afforded here is u sually sufficient to carry ove r th e 
ordinary p eriod of dry weather. 

The Weston Wate r Company has about 1500 conn ections with an 
average cons umption of 330,000 gallons per day, or about 45 ga llon" 
per capita per day. Provision is made in these fi gures for o nly the 

popu la tion o f Weston and is not inclusive of the State H ospital inma tes 
and attenda nts. 

Attention s hould be called here to the fact t hat a portio n of the 

sewage from th e city is discharged into th eir own w a ter supply a b o ve 
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the d am a nd only about I 50 fee t from the intake of the hospita l. It is 
a matter of vita l importance that th is sewage b e diverted through a n 

interce pting sewer down s tream. The stor m drainuge from the s treets 
should be carried b e low the dam. I t is a r ecognized fact that the firs t 

drainag e from str eets after a s hower is usually as dangerous to public 
h ealth as dom estic sewage. 

A partial a na lysis o f the water in the W est F ork River a t the W eston 
intake wus conducted by Mr. \Vm. A. Thornhill und e r the writer's 

directio n in September, I 9 3 0. This analysis indicated the following : 

T o ta l sol ids upon evaporation 
R esidue o n ig ni tion 

Vola tile m a teria l on ig nition 
Silica Si02 

Iron a nd a lumina Fe 20 J A I.O , 
Calc ium CaO 

M a g nesium-MgO 
Sulfa te SO, 

Dissolved oxygen '7c sat. 
pH 

I 39 p . p. m. 
81 
58 

8.0 
4. 2 

24 .4 
3.47 
8.1 

80.0 
7.5 

An analysis of the city ta p water of W eston was m ade by L ewis V . 

Carpenter.-. f rom a sample ta ke n july 28, I 930. His r esults were: 

Free Ammonia 

Albuminoid a mmonia 
Nitrates 
Nitrites 
C hlorides 
H ardness 
Tota l Solids 
Silica-SiO, 

Iron a n d Alumina F e,O .A l,O , 

Calcium CaO 
Ma gn esium M gO 
Sodium Na:O 
Sulfates SO, 

Orga nic & Vola tile material 
Dissolved Oxygen 
pH Value 

T as te and odor 
Turbidity 
Color 
A lkalini ty 

Pheno lp hthalein 
Methyl O range 

2.3 p. p. m. 

0.8 
0.6 
0.0 

26.0 
60.0 

I 3 1.0 
1.6 

66.0 
33. 1 

3.8 
8.9 

26.4 
6.2 
3.9 
7.6 

Orgunic 

0 
0 

0 
60 

Repo rt to the City of \Veston o n S ewage Dis posa l. L . V. Carpenter. 1930. 
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These samples were taken at a time during the drought when there 
w as no wate r Rowing over the dam. T he e ffect of th e sewage is r eadi ly 
noted in the very high ammonia conte nt . Examination of the records 
of the Weston \Vater Company and of the State H ealth D epart m e nt 
indicates that the water supply at \V'es ton has he ld a consistently safe 
r ecord from a bacteriological s tandpoint. H ence, the e r ection of ··safe 
Water" signs a t the edge of the city was undoubtedly jus tified. During 

the extreme drought when the conditions that were intolerable e ven in 
norma l season s within the c ity limits became so much "orse, a more ca re
ful supervis ion of the quali ty was maintained. Undoubtedly the pollution 

load was n ea ring the capacity of the pla nt to h andle it a nd yet produce 
a safe w ater. It was only by vig ilance upo n the part o f those mentioned 
that disaste r was a verted. The responsibility of using a heavily polluted 
raw water is ve ry g reat and is in fact great e r than a plant s hould assu me. 
Further information r egarding these conditions will be g iven below. 

S e wage Conditions 

The conditions tha t result from the discharge of Weston"s sewage 

into the West Fork River are intolerable during the h o t, dry months. The 

river prac tically ceases Aowing part of the yea r a nd in fact did s o during 
th e drou ght of 1930. Gross pollution e xis ts to such a n extent that large 

s ta nding pools of sewage remain within the city. There is a dis tinct 
menace to public health that should b e corrected. Polk Creek, Stone
coal Creek and T own Run a r e open sewers of the worst sort. 

For the purpose of m a king tests a t Weston, th e fo llowing sampling 
s tations were selected: 

I . W est Fork River-Br idge at Cox Addition. 

2. W est Fork Rive r-At Weston Hospital inta k e. 

3. Town Run at mouth. 

4. W est Fork Rive r-under bridge a t lower end of hospital. 

5. Polk Creek-concret e brid ge be low Stasel"s Store. 

6. Polk C r eek-Foot bridge just above Dodge Garage. 

7. Polk Creek- mouth. 

8. W est Fork River-at s treet bridge above mouth of Stone Coal. 

9. Stone Coal Creek-at Hope Lumber Compa ny bridge. 

1 0. Stone C oal Creek a t Court Street bridge. 

I I. Stone Coal Creek a t mouth. 

12. W est Fork Rive r-at B. & 0. Bridge b elow W eston. 

. ~ 

' • '' 
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pH 
Au c. 

12 

TABLE II- WESTON S U RVEY 

Jul y 

29 

Bac terin per c. 
A u g. 

; 

c. 
Aug. 

12 

B. Coli 
Ju ly Aug. 

29 5 

in 
Aug. 

12 

I I 7 

Sttl· J uly 

tion 29 
I. 7.2 
2. 7.3 

7.8 7. 1 
7.9 7. 1 

650 
2. 700 

130.000 
70.000 

1.1 so 
1.000 

200 
1.000 

1.2 60.000 
2 70,000 

1,000 

1.0 cc 0.0 I cc 
.0 I .0 I 

.0 I cc 

.0 I 
3. 7.3 7.3 6 .9 400,000 

500,000 
.0 I .0 1 .0 I 

4 . 
5. 
6. 
7. 
6. 
9. 

10. 
II . 
12. 

7.9 

7. 1 
8.3 
7.3 
7.7 
7.0 
7.4 
7.5 

7 ,') 7.2 
6. 7 

7. I 
7.9 7.3 
7. I 7. 5 
7.9 7.5 
7.5 7.0 
7.4 7.0 
7.9 7.2 

600 
I 40.000 
190.0ll0 

70,000 
4 I 0,000 
I 20.000 
5 50.000 

675.000 
200.000 
950.000 

10.000 
1.200.000 
1,000,000 
2. 700.000 

50.000 
500.000 

30.000 
700.000 
250.000 

I. 750.000 

.0 I .0 I .0 I 

1.0 
.0 I 
. I 
.0 I 
.0 I 
.0 I 
.0 I 

.01 

.0 I 

.0 I 

. I 

.0 I 

. I 

.0 I 

.0 I 
.0 I .0 I 
.01 .OJ 
.0 1 .0 I 

Sta tion 5 was dry on the first two occasions a nd Stat ion 
coating of sewage scum on Aug us t I 2. 

6 had a th ic k 

Three sets of samples were taken as indicated in Table II by Mr. 
Wm. A. Tho rnhill under the write r's supe rvis ion. All of these analyses 
indica te g ross pollution. The B. Coli determinations were: p ractically u ll 
positive in 0.0 I c . c ., indicating a la rge numbe r of these organisms. 

During the summer of 1930 Prof. L. V. Carpent er of W est Virginia 

Unive rsity r a n some a na lyses of sewage at \Veston."' These a nalyses indi

cate a strong fresh sewage and, as he s tates, o ne that would not be hard 
to treat in a sewage disposal pla nt. His analyses are g ive n h ere: 

TABLE Ill 

Analysis of Sewage, Weston, W. Va. L. V. Ca rpe nter. 
Sample was obtained by collecting hourly samples over a period of 

I 6 hou rs from a sewer e m ptyin g into Stonecoal C r eek be tween Lynn 
nnd Court Streets, Augu st 4th, 1930. Anothe r sample: was collected 
August I I th, 1930. 

Constituent Aug, 4, 1930 A u g . II , 1930 

Nitrogen as Organic Nitrogen 22.8 p. p . m . 20.0 p. p. m . 
Free Ammonia 2 8.4 2 1. 7 
Nitrites 0.1 0.1 
Nitrates 0. 0 0.0 
Oxy gen consumed 110 100 
Biochem ical Oxygen Demand 2 86 3 12 
C hlorides 96 84 
Solids-Total 2480 2 100 
Solids-Suspended 1 131 1 I 00 
Solids-Volatile 1622 1520 
Solids-Set! leable (2 Ius. 

Imhoff cone) 964 820 

•Repor t t o the Ci t y o£ \Ves ton on Sewage Disposul. L. V. Ct~ rpcnter. 1930. 
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Constituent Aug. 4, 1930 Aug. II, 1930 

Alka linity 186 172 
Fats 27 22 
pH 7.8 7.6 
Dissolved Oxygen 3.0 2.2 
T emperature 25 ° c 24.5 ° c 

TABLE IV 

Amount of settling solids as m easured by Imhoff con e readings during 
various time intervals. 

No. Monday, August 4, 1930 
No. 2 Monday, August 4, 1930 
No. 3 Monday, A ug ust 4, 1930 

9:30 A. M. 
I :00 P.M. 
3:00 P. M. 

Source-same as othe r samples-Table Ill. L. V. Carpenter f< eport. 

Elapsed time Settling Solids in Purts per Million 
in Minutes No.I No. 2 No. 3 

5 80 90 60 
10 170 350 180 
15 500 500 400 
20 650 630 400 
25 900 750 580 
30 1000 750 920 
35 1050 780 980 
40 1100 800 985 
45 1 110 810 1000 
50 1130 810 1000 
55 1130 850 1000 
60 1130 850 1000 

120 1130 865 1000 
180 11 30 865 1000 
240 1 130 865 1000 

State Hosp ita l Sewage Plant 

The State Hospital for the Insan e has a sewage disposal system con· 
sisting of sumps, pumping equipment, screens, Imhoff t a nk, sprin kling 
lilte ra, s ludge disposal bed s, secondary sedimentation and chlorination. 
This plant was built to elimina te part of the pollution load upon the 
West Fork River. This system is an excellent example to th e citizens of 
Weston of a sewage disposal system. Chemical and bac te riological tests 
indicate that the treated effluent from the p lant is safe, n o n · putrescible 
and harmless. 

Professor Carpente r' s a nalysis o f the e ffluent is g ive n in Table V. 
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TABLE V 

Analysis of the effluent from the sewage disposal plant of the State 
Hospita l at W eston, W. Va., Aug ust 4, 1930-L. V. Carpenter. 

R elative Stability Numbe r 98 
Dissolved Oxygen 6.0 p. p. m. 
Temperature 26 ° C 
Residual chlorine 0.4 p. p. m. 

Total Solids 406 
Organic Matter I 82 
Biochemical Oxygen Demand 2 

Nitrate3 
Nitrite~ 

Suspended Solids 
pH Value 

Stream Survey:: 

0.3 
0 

21.2 
6.6 

The writer conducted a series of river surveys starting at the 
£3endale Dam above Weston and continuing down the river to Fa irmont. 
For the consideration of the s itua tion a t \Veston only those samples near 

Weston will be tabulated. 

I. 
2. 
3. 
4. 
5. 

I. 
2. 
3. 
4. 
5. 

I. 
2. 
3. 
4. 
5. 

TABLE VI 
Bacteria per c. c. 

j uly I 6 july 22 Aug. 21 
Be nda le Dam 300 1000 300 
Cox Addition Bridge 1800 I I 00 3700 
Hospital Intake 600 750 3100 
B. & 0. Bridge 130000 19500 1000000 
Swingin g Bridge 1.5 

miles below 1000 33000 9000 

TABLE VII 
B. Coli prc s~n l in c. c. 

Station 
July 16 July 22 Aug. 2 I 

Ben dale Dam 1.0 c. c. I.G c. c. I 0.0 c. c . 
Cox Addition Bridge 0. I c. c. 0.1 c. c. 0.0 I 
Hospita l Intake 0.1 10. 0.0 I 
B. & 0. Bridge 0.0 I 0.0 I 0.0 I 
Swinging 13ridge I 0.0 10.0 I 0.0 

TABLE VIII 

Sept. I 

1200 
4000 
2500 

1050000 

20000 

S ept. I 

1.0 c . c. 

0.0 I 
0.0 I 
0.0 I 
0.1 

Dissolved Oxygen r; saturation 
july 25 July 16 july 22 Au~;. 2 1 

Bendale Dam 75.5 74.5 48.4 57.3 
Cox Addition Bridge 80.1 68.5 48.4 48.9 
Hospital In toke 92.6 90.0 80.0 42.9 
B. & 0. Bridge 0.0 9.0 31.3 0.0 
Swinging Bridge 27.9 53.9 44.2 54. 9 
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I. 
2. 

3 . 
4. 
5. 
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T ABLE IX 
pH Rcadint:s 

Station jun .. 25 july 16 july 22 Aug. 
Bendale Dam 6.9 7.5 7.2 7.5 

Cox Addition Bridge 6.7 7.5 7.3 7.7 

Hospital Int ake 6.9 7.5 7.4 7. 5 

B. & 0. Bridge 6.8 7.3 7. 3 7. I 

Swing ing Bridge 6 .8 7.3 7.5 7.2 

2 I Sept I 

7.1 
7. 2 
7.3 
7.2 
7.4 

A ll of the samples for dissolved oxygen w ere taken a t 3 foot d e pths 
with a displacement sumple r. A field kit used in ma kin g the c h emical 

d eterminations a nd t he laboratory of the Clarksburg Water Bourd was 
u sed for the bacteriolog ical work. 

The analyses a t the sampling s tations show the effect of the increas· 
ing pollution load u pon th e stream a nd a lso the e ffect of the drou g ht in 
r etainin g the g rea ter portion of t he pollution within the c ity limits. The 
effect of the d am at the h ospita l inta ke is noted in that in the quiet 
pool som e sedimen tation tukcs p lace lowerin g the bacterial counts some

what at this point. With a little more fl ow in the river the sewage from 

above wou ld be ca rr ied more direc tly to the intake. Some dilution would 

of cours~ take p lace. 

The a ppeara n ce of the s tream shows some of the effects of th e sewage 
pollution. Du ring th e droug ht the wate r at th e Be ndale Dam was brown 
with a musty odor. At the Cox Additio n Brid ge the odor of so m e sewage 
could be detected. The appea rance and odor of the water o f the intake 
of the State Hospita l was much worse. Below the dam a nd a long th e 
e trcam bed in the cen te r of W eston were la r ge septic pools of sewage. 
Ncar the sewer ou tl ets could be noted th e g rayish white color of the fre s h 
sewage that changed to black farth e r o u t in the pool. Con s ide r a ble 

g rowth was present o n the s urface of the wate r a nd some solid materia l 
was Aoatin g. During the hot weat h er the odor was noticeable throug h o ut 

the c i ty. The c r eeks were open sewe rs wi th poo ls of septic sewage a nd 
resu lta nt nuisan ce conditionM. Below the mou th o f Stonecoa l C r ee k the 

conditions were intolerable. There was n oth ing in the stream bed but 
sewage wastes. The mosqu ito nuisance became a lmost intole r able a t 
t im es, breeding bei ng inte ns ified by th e sewage conditions. 

Stream Flow by the U. S. Geolog ical Survey 

The records of Aow in th e West Fork River are obtained by th e U. S. 

G eolog ical S urvey from n sta tion at Butcherville about n m ile below 
W eston. These r eco rds of course in clude the Row d u e to sew age w as tes. 

While 1930 was a n exceptiona l yea r y e t the r ecord s indica te that th e r e 

is a dry period with a very low Aow each year. The r ive r is quite Aashy 

in characte r, rising rapidly a fte r a rain and fa llin g with a lmost cq uai 
t·apidity. F r om 60 to 90 days every y ea r the Aow is less tha n I 0 second 
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feet. On a basis of a dilution of 6 cu. ft. of flow per I 000 second feet. 

On a basis of a ·dilution of 6 cu. ft. of flow per I 000 contributing popu
lation, about 1 2 0 d ays o f the year have less than the flow required. A 

flow of about one-half this is needed to prevent nuisance conditions. The 
normal year has about 90 days that have a flow less than this. Thus it 
is readily seen that even in the normal year critical conditions requiring 
proper sewage disposal persist. 

The City of Weston was cited by the State Water Commission to 

appear before it. and ordered to have the necessary engineering studies 
made to determine the general plan of intercepting sewers and treatment 
works with the costs. This work has been completed. It is now up to 
the city of Weston to realize its civic duty and proceed with the instal

lation of su itable interceptors and disposal works to alleviate this menace 
to public health and intolerable nuisance on a stream which, a short 
distance below Weston, passes the S tate 4 -H Recreational Camp. 

In Con clusion: The conditions arising in the vicinity of Weston 
by reason of the disch arge of untreated sewage into the West Fork River 
and its tributaries, have been d iscussed in some detail from observations 
and studies made during the summer of 1930. Not only is a situation 

created that has intolerable nuisance condition present but there is a 
direct menace to the health of the city and constructive steps should be 

taken to correct the evil. It has been shown that this can be done at a 

reasonable cost to the community. 



122 P ROCEEDINGS OF THE 

AN IMPROVEMENT ON THE BERL-RANIS METHOD FOR 
DETERMINING TH E COMPONENTS OF THE TER

NARY MIXTURE ET HYL A LCOHOL METHYL 
A LCOHOL AND WATER 

By 

C. A. JACOBSON, 
Professor of Chemistry, Wes t Virg inia Unive r s ity. 

Since the vapor pressures of ethyl alcohol a nd m e thyl alc ohol a re 
ve ry n early the same, it is practically impossible to separa t e th ese 
two a lcohols from one another by distillation. If it b ecomes n ecessa ry 
to d e te rmine the amount of the two, when present in a mixture togeth e r 
with wat e r, one must resort to other means. Half a hundre d or more 
m e thods have been proposed to accomplish this e nd, but none of the n 
entirely practical , so that reliable results can b e obta ine d ea s ily a nd 

quickly. 

In the a uthor's opinion t he two best methods re corde d a r c the fo l
lowing : Cha pin's improvement(). Ind. & Eng. Che rn. Vol. 13, p. 543) 

on D e niges method (Compt. r e nd . Vol. 150, p. 832); a nd Bcrl & Ranis 
improveme nt (Bcr. Vol. 60, p. 2225) on Lange & Reif's m e thod (Zeit. 
Unte rs. N a hr. u. Genussmittel Vol. 4 1, p. 2 16). 

C hapin prepares color standards in Nessle r tubes with s mall but 
d e finite a mounts of methyl alcohol, in which the co lor is produced by 
adding fiv e diffe re nt rea gents. T he unknown sample is the n dilute d to 
approximately the same concentration as the s tanda rds , and the p e r cen
tage of a lcohol obtained by a comparison of colors . 

Be rl and Ranis ' m e thod is based upon the fa ct tha t the inde x of r e 

fraction of mixtures of e thyl alcohol and w a ter is very diffe r e nt from 
the inde x of r e fraction of the eame conce ntrations of m e thyl a lc ohol 

a nd w a te r. The s p ecific gravities of like mixtures of e thy l a lc ohol a nd 
wate r, a nd m e thyl alcohol a nd water do not vary muc h. e specia lly a t 
con centra tions of fifty percent of each component. 

On the basis tha t the three components , e thyl alcohol, m e th y l a lcoh o l, 

a nd w a ter by weig ht s hall add up to I 00, recourse w as m a d e t o Willa rd 
G ibbs ' tria n g le in r ecording the p e r centage of o ne com pon e nt o n each 
sid e o f t he tria n g le , which is divided into equal s paces fr o m 0 to 1 00. 

T he tria ng le is also ru led wit h three sets of parallel lines, one set p a ral
le l to each s ide , as shown in the accompa nyin g cut. 

The c ons truction of two sets of curves on th e abo ve m e ntio n e d 

r ule d tria n g le was accomplished by pre p a ring a ve ry la r g e se ri es of 

te rna ry mixtures conta ining the components in qu<:s tio n in va rying 
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proportions. A point is located on the triangular coordinate chart in 
such a way that its composition is read on the three s ides. 

The specific grav1t1es a nd the indices of refraction at I 7.5 ° Centi
grade, are obtained for a ll the mixtures. Then a set of lines connecting 
all points having the same g ravity are constructed, a nd another set 
connecting all points having the same index of refraction, until the entire 
triangle is covered with the two sets of lines at small but definite dis
t ances apar t. The specific gravity curves so con structed are nea rly 
s traight lines, parallel to the base of the triangle. The curves repre
senting indices of refraction are segments of hyperbo las, having greater 
and greater curvatures from right to left over the triangle. 

Consequently, in order t o determine the composition of any mixture 
of e thyl alcohol, methyl alcohol and water the process only involves 
three simple operations, numcly: To bring the solution to a t em
perature of I 7.5 degrees Centigrade, and to determine its specific 
gravity with an accurately calibrated pycnometer, and its index of 
refraction with the dipping r efractometer. The point on the chart re
presenting the intersection of the respective gravity and index curves 
gives on the sides of the triangle, the composition of the ternary 
mixture. 
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The orig inal equilateral triangle used by Berl and Ranis is only 
eight inches on the side, so that cons iderable e rror arises in locating a 
given point on it, which r esults in too g reat discrepanc ies in the final 

readings. 

At the suggestion of the author, Professor George Grow of our 
own Eng ineering School constructed a n enlarged drawin g of the same 

tria ngle, making the new one more than two feet on the side. Blue 

prints of the drawing were a lso m a d e so that lines and dots can be 
m ade on them for the readings, without spoiling the original dra wing. 

To inc rease st ill more the accuracy of r eading off the com position 
from the c hart we employed proportiona l divide rs whic h e nabled us to 
locate the exact distance from the known gravity lines as well as from 
the index lines. This was impossible without the use of the proportional 
dividers. 

There are othe r methods that g ive the compos ition of a lcohol mix
tures more accurately, but th ey are long and tedious to ca rry out. The 
present m e thod seem s to b e by far the s implest and easiest one to use 

in a rriving at the composition of a t e rnary mixture of et hyl a lc ohol 

m e thyl a lcohol and water with a fair d eg ree of accuracy. 

Our students in adva n ced qua nta tive a nalys is ca rry out this 

determination as one of their exercises. The following t a ble has been 
constructed from values obta ined by two s tude nts , a nd shows the d egr ee 
of accuracy that m a y be obtained by experime nte rs who have h u d little 
or no experie nce with this type of work. 

With this method any chemist with a litt le experie n ce would be a ble 
to analyze a ternary a lcohol mixture in one h a lf to one third th e time 
that is ordinari ly spent on s u ch d e terminations, and with cons ide rable 
accuracy. 

S o lution 
Tes ted 

Gates 
Pre pared 

Mixture 

Gates 
Prepar ed 
Mixtu r e 

Gates 

Prepared 

Mixture 

Calculated 

EtOH 74.59 % 
M eOH 20.55 % 

H ,O 5.08 % 

EtOH 74.25 % 
MeOH 15.03 '/o 

H:O I 0.70'/o 

EtOl-1 74. 9% 

Me OH 9.86 'lo 
1-1:0 15.2 4 'lo 

TABLE 

Found 

74.2 '/o 
2 1.2 '/" 

4 .6'/o 

74.1 '/o 

15.7 '/o 
10.2'/o 

75.2 '/r, 

9.8 '/.: 
I 5.0 '/r 

Solution 
T es ted Calculat<>d 

Gates EtOH I 0.00 ',r 
Prepared Me OH 7 5.02 '.i 
Mixture 1-1~0 14.98' ( 

Wot rings EtOH 95.89 ' ,( 
Prepar ed M e O I-l 1. 60 ( ;. 

Mixtute H :O 2 . 5 2 ', ( 

Wotrings EtOH 80.16 % 
P r-::pa re d M e OI-l 9.85 'lc 
Mix ture 1-bO 9. 99 ';o 

Found 

9. 7 ', (, 
74.8' j 

I 5. 5 '< 

95.8< ( 

2.0 '/ r 
3.2 ' ,( 

79.2 '/o 
I 0. 3 ';~ 

I 0.7 % 
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Gates EtOH 73 .6 % 74.2 % Wotrings EtOH 46.77 % 46.4 o/o 
Prepared MeOH 3.2 % 3.08 % Prepared MeOH 47.26 % 47.2 % 
Mixture 1-1,0 23.2 % 22.75 % Mixture H:O 5.97 % 6.4 o/o 

Gates EtOH 75.0 % 7 4.5 <fo Wotrings EtOH 52.26% 53.3 o/o 
Prepared MeOH 2.03 % 2.0 % Prepared MeOH 4 1.3 3 o/o 41.0 % 
Mixtu re H,O 22.8 % 22.5 o/o Mixture H :O 6.4 1% 5.9 % 

Gates EtOH 20.05 % 20.0 % Wotrings EtOH 35.99% 35.4 % 
Prepared MeOH 74.90 % 75 .0 % Prepared MeOH 3 1.88 o/o 32.6 % 
Mixture H"O 5.01 % 5.0 % Mixture H:O 32. 13 % 33.6 o/o 

Gates EtOH 16.0 % 15.55 % Wotrings EtOH 0.0% 0.0 % 
Prepared MeOH 74.51 o/o 74.2 % Prepared MeOH 90.06 % 90.0 % 
Mixture H:O 9.93 % 9.8 % Mixture H"O 9.94 % I 0.0 o/o 

Crnvity New 
Method Method 

Sheriff EtOH 30.55 % EtOH 30.2 '7o 
johnsons MeOH 0. (/r MeOH 0. % 
Moonshine H"O 69.45 % H:O 69.8 % 

Sheriff EtOH 3 5.44 % EtOH 35.56 '/o 
j ohnsons MeOH 0.0 '/o MeOH 0.0 % 
Moonshine HoO 64.56 % H"O 64.44 % 

Sheriff F.tOH 3f..7.9 % EtOH 36.60 % 
Johnsons MeOH 0.0 % MeOH 0.0 '/o 
Moonshine H:O 63.71 % H"O 63. 40 % 

City EtOH 32.76 7o EtOH 32 . 17 % 
Police MeOH 0.0 % MeOH 0.0 % 
Moonshine 1-LO 67 .2 4 % H"O 67.83 % 

City EtOH 33.29 % EtOH 32.65 % 
Police McOH O.O <fr MeOH 0.0 % 
Moonshine H:O 66. 71 % 1-LO 67.3 4 % 
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COAL RESOURCES OF UPSHUR COUNTY, WEST 
VIRGINIA 

By 
C. E. KREBS, 

Mining Engineer and Geologist, Charleston. 

Upshur County, West Virginia, lies northeast of the center of the 

state and contains 350.83 square miles. Its surface varies from I 038 

feet above sea level at its lowest elevation on the Little Kanawha River 
on the Lewis-Upshur Cour.ty line at lngo and rises to its highest eleva
tion of 3050 feet at its southeast corner making a total difference of 
e levation of 2012 fe et. Geologically the surface on the northwestern 

edge is in the Monongahela Series. The strata rise faster than the sur
face. to the sou.theast so that at its southeast corner the Pottsville Seri es 
comes to the surface. Thus the surface varies from the Monongahe Ia 

down through the Conemaugh, Allegheny and into the Pottsville Series, 

the upper series having been eroded away to t he south. The g reater 

portion of the surface of the county is agricultural and grazing land. 

Coal Resources 

The coal resources are those found in the Pennsylvanian Group. 
The coals range from a splint coal on the northwestern part of the county 
to a gas, by-product and smokeless coal in the sou theastern part of the 
county. The fixed carbon varies from 49 '/c in the Monongahela Series 
to 65 '1o in the Lower Pottsville Measures. Its ash varies from 4 ', ~ to 
13'/o in the northe rn part and from 3Yzr;; to 10 '/o in the southern pa rt 
of the county, while the sulphur runs anywhere from 1 ~;.. to 4 '/r in the 

county. The low sulphu r coal occurs near the bottom of the Ponsvillc 

where the sulphu r runs from I '/c to I Yz '/o while the hig h su lphur coals 
occur in the northern part of the county. 

Coal Seams 

According to the West Virginia Geological Survey in the detailed 
r eport of Upshur County there a re fifteen seams of merchantable coal 

in th~ county. Beginning with the topm ost seams and in descending 
order, they are as follows: 

R edstone 
Pittsburgh 
Elk Lick 

Upper Freeport 

Upper Kittanning 

Middle a nd Lower Kittanning (No. 5 Block) 

Clarion 

Upper Mercer 
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Lower M e rce r (Stockt on-Lewi_s,toJ;>) 

Quakertown 
Camp bells Creek (No. 2 ~as) 
E agle 
Gilbert 
H ughes Fe rry 
Ca·s tle 
Sewe ll r. ' 

I , · 

127 

' ' 

The estimate i ,to ;.;n ages of these coals m the county w'il!' be g iven 

la te r on su cceeding_ rag~s o f this paper. 

A daptability of Coals 

The coals a r e well ada pted fo r steam a n d locomotive fu e l ; a lso for 
domestic fuel. S~'me o f th e lower m easures which have low su lp hu r units 
c a n be used fo r by-produc t purposes. But owing to the h igh s ulphur 
th e coals a re not a ll a dapted for by-product purposes th~u gh they m a y 
h a ve the othe r const itue nts. 

In the future, if mech a nical means c an b e found by which the 
Sulphur can be sepa rated from the coals at a low cost, q uite a n area 
o f the coal in the c entra l a nd southe rn part of the County ca n be pre
pared for by-product uses a nd fo r coking purposes. 

The R edstone and Pittsbu gh coals in \Va rren Dis tric t m th e n orthern 
part of the cou nty a nd in n p ortion of Buckhannon Dis t ric t mak;e excel
le nt domest ic fuel, breaking into large b lack g lossy lumps. T h e R edsto n e 
Coal makes an exce llent fu e l for locomotives. It hns h igh· Volat ile con
tent a nd bu r ns with a lo n g fla me w hich ca'n b e u ti lized with o ut much 
was tage. 

T h e Freeport a nd Kittnnning Coals in t he centrn l nnd south e rn 
pa rt of the County conta in conside rable s late and a re t o some extent 
irregula r varying ve ry much in the thickness of their bed and a re not 
of uniform deposit . These coals will b e valuable in th e future whe n the 
thic ke r a nd purer coa ls h a ve been exhausted, bu t at the p r esent time 
the hig h cost of mining a nd cleaning makes i t impossib le to produ ce 
these coals in norma l times a t a cost low e n ough to com pet e in the 
marke t wit h the t hicke r a nd pure r coals. 

Es t ima te Coal T o nnage 

T h e coa l tonnage has b een estima ted by the West V irg inia G eo logica l 
Survey in its Detailed R eport of Upshu r C oun ty. M aking th is est imat e, 
the minimum thickness of the coal used is 2 4 ". At 24" thic kness of clean 
coal. which is assu m e d to b e m e r chan table and ca lc ula t ed o n tha t ba sis, 
the a mount of mercha nta ble coal a s g iven by the said Survey, is as 
fo llows: 
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Coal 
Seams 

Redstone 
Pittsburgh 
Elk Lick 
Bakerstown 
Upper Freeport 
Upper Kittanning 
Middle and Lower 

Kitanning 
Clarion 
Upper Mercer 
Lower Mercer 

(Stock ton ) 
Quakertown 
Campbell Creek 

(No. 2 Cas) 
Eagle 
Gilbert 
Hughes Ferry 
Castle 
Sewell (Sharon) 

Totals ... . . . . 

PROCEEDINGS OF T HE 

Mines 
and Prospects 

Listed On 
Maps II or IV 
and Described 
in Chapter IX 

2- 75 
76- 179 

206- 250 
2 75- 325 
347- 454 
474- 549 

Barbour 
County 

Net Ton 
(2000 lbs.) 

I 0 1 ,603,3?7 
297,236,016 

35,907,379 
130,247,665 
417,729,945 
597,712,696 

Upshur 
County 

Net Ton 
(2000 lbs.) 

164,092,262 
63,339,725 

124,449,177 

22 5,759,263 
42 1.296,360 

550- 616 1,069,153,330 1,091,996,926 
616-A 636 336,380,774 131,474,534 

839- 868 568,384,820 630,609,408 

869- 887A 
688- 905 

913- 976 
987- 1002 

1003- 1016 
1017-1027A 
1028-10356 
1038-1087 11,262,874 

95,009,587 
59,771 ,290 

135,042,969 
123,780,096 

114,524.467 
78.059,520 
95,344,128 

Western Por
tion of Ran· 
dolph County 

Net Ton 
(2000 lbs. ) 

26,595,994 

193,197,3 12 
83,63 5,200 

165,597,696 

129.46 7.289 
35.5 72,838 

294,646,810 
283 ,4 31,34 7 
2 76,888.269 
436,352,717 
386.61 7,65 I 
810,825,840 

3,585,619,298 3,554,551,754 3, 11 2,828,963 

Total for Area . . . . . . . . . . . .. . I 0.253,000,015 

If we assume that a coal that is merchantable at this time should be 

3 6" in th ickness having a clean section with good roof conditions, the 

total amount of recoverable coa l would be about 40 7o of this amount or 

approximately 1,500,000,000 tons of coal. 

Quality of the Coals 

The average analyses of these coals as given by the West Virginia 

Geological Survey are as follows: 

Vol. Fixed 
Moisture Mat. Carbon Phos. Ash Sulp. 

Redstone 1.02 38.27 53.38 0.032 7.23 2.47 
P ittsburgh 1.1 6 3 7.31 55 .23 0 .007 6.30 2.58 
Elk Lick 1.08 37.94 50.60 0.012 I 0.38 1.69 
Bakerstown 0.75 33.26 58.45 0.009 7. 54 2.42 
Upper F r ecport 0.95 35.84 53.75 0.0 I I 9.46 2.97 
Upper Kitanning 1.2 7 32 .23 55.34 0.0 17 11.16 3 .08 
Middle and Lower 

Kitanning 0.9 1 3 1.43 5 7.8 7 0.025 9.79 1.62 
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Clarion 0.84 31.84 57.86 0.01 4 9.46 2.41 
Upper Mercer 0.54 34.40 5 7.45 0.005 7.6 1 1.61 
Lower Mercer 

(Stockt on) 1.25 35.29 53 . I 7 0.004 I 0.29 0.69 
Campbell Creek 

(No. 2 Gas) 0.96 32.89 59.58 0.005 6.57 0.93 
Eagle 1.46 30. 92 62.00 0.002 5.62 1.1 8 
Hughes Ferry o. 77 31.28 62.29 0.005 5.66 1.1 9 
Sewell 0.94 30.35 61.80 0.015 6.9 1 0.85 

Coal Pro duction 
According to the statistics from the office of t he Chief of the D epart

m ent of Mines of \Vest Virginia, Upshur County began s hipping coal 
in a commercial wny in 1906 and making coke in 1907. The following 
are the coo l tonnages for the fiscal years of 1906 to 1924 , incl., a n d the 
calendar years from 1924 to 1929 : The coal and coke is in n et tons. 

Coal 

1906 6,50 7 Tons 
1907 44.242 Tons 
1908 85,985 Tons 
1909 67.860 Tons 
1910 78.844 Tons 
191 1 62,932 Tons 
1912 41.542 Tons 
1913 66,166 Tons 
19 14 I 09,170 Tons 
1915 It 0.324 Tons 
1916 156,815 Tons 
1917 164.3 73 Tons 
19 18 317,45 1 Tons 
1919 474.670 Tons 
1920 590.2 19 Tons 
1921 671.255 Tons 
1922 588.62 1 Tons 
1923 890. 428 T ons 
1924 758.862 Tons 

"'1925 1.066,442 T ons 
1926 851.729 Tons 
1927 877,442 Tons 
1928 620.246 Tons 
1929 365,853 Tons 

Totals 9,067.978 Tons 

"Includes lost holf of 1924 nnd all or 1925. 

Coke 

2,100 Tons 
4,0 I 0 T ons 

10,626 Tons 
I 0,560 Tons 
2.27 4 Tons 

18.629 Tons 
9, 193 T ons 

15.272 Tons 
8. 103 T ons 
6,58 1 T ons 
4.502 T ons 

7,403 Tons 

99,253 T ons 
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It will be noted tha t in the year 1923 the county reached its peak 

production of coal a nd in the yea r 1926 its p eak production of coke. 

Since 1923 no coke has been produced in the county. 

The amount of coni m ined 1s less tha n on e- te nth of I '/r of the 
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amount of coal estimated by the \Ves t Virginia G eolog ical Survey in 
the differen t seams in the County so that the coa l in Upshur County has 

scarcely b een touched in a comm ercial way. 

The rai lroad facilities of this county are on par with any of the 
adjacent counties and whim the thicker and purer seams of coal have 

b een mined out in the othe r portions of the State, there is no r eason 
why this coal wi ll not become merchantable and tha t large mines w ith 
the la test improved machiner y will be installed. Thus it is seen tha t 
the coal of Upshur County w ill become a valuable future asset to the 
r esources of the county. 

Maps 

A map of Upshur County showing the dis tricts is herewith attached. 

This map is made up of the topogr aph ic sheets published by the U. S. 
G eolog ica l Survey. 

Also a sectio n showing the occurrence of the m e rchantable coal and 
the intervals between is h e r ewith a ttached. 
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THE SEWELL COAL OF RANDOLPH AND WEBSTER 
COUNTIES 

By 
CLAUDE W. MAXWELL, 

Attorney, Elkins, \Vest Virg inia. 

The g reates t treasure house in nature is not oil wells, or precious 
metal m ines, but the Pottsville coal m easures of W est Virg inia. A ll 

o the r d eposits s ink into insignifiance when compa r ed w ith this vas t 

s torehouse of wealth. 
This tremedous ly va luable deposit of low sulphur, hig h Fus in g point 

coal, lies on the extreme eastern part of the coal b earin g area of the 
state a nd largely on the w est s ide of the hig h est mounta in sectio n . It 
is hard to mine and hard to reach with transportation, and , like m ost 
of the much wanted things in the world, is expensive. 

This coal d epo s it be comes valuable ne ar Elkins a nd extends south
ward across the s tate and there is a large per cent of it in R a ndo lph a nd 
Webster Counties. 

The bes t of these coals is the Sewell and lies immed iately o n t op of 
the Pottsville sandstone , a very thick and con g lome r ate sandston e , so 

h a fd t hat a d :amond drill contractor will dodge a contra c t to c u t thro u g h 

it, if he can. 

The Sewell coal, when first deposited was of very extensive a r ea. 
In R andolph County it extended from the top of Rich Mountain cast
w a rd to J ob, a dis ta nce of about twe nty-fiv e miles. This has a ll b een 
e roded but a fe w hig h hill tops, and a few thousand acr es in th e G eor ges 
Creek Syncline on Shavers Fork. Probably three-fourths of this very 
fine coal h as bee n e roded, and carried away by the w a te r s and wi nds. 

However, much is left and it has been a long hard s truggle to get 
acquainte d with this coal, and to get it m in ed, a nd to get people to know 
tha t there is a coal in this state that is a p leasu re to burn. 

Muc h of the coal that has been left, owes its present ex iste nce to 
the hard p e bbly sand stone that is its base. This rock h as resis te d the 

winds a nd fros ts, and has kept the mountains from was ting away. Nearly 
a ll th e tops of the mountains in these two cou n ties arc capped with 

Pottsville Conglomerate. It has been 3aid tha t no boy e ve r g rad ua t ed 
From the State Unive rsity who was reared on a farm where this ston e 
was the only s ource of soi l. This is true becuuse the r e is no poorer 

land o n ea r th outs ide of a deser t, but while it is a poor p lace to g row 
boys , this sam e roc k h as bee n the sustaining Force tha t has k ept the 
mou ntains in this section a nd has saved the purest and best coa l of a ll. 
for the present gene ra tion. 

The study and discovery of the S ewell c o a l has been a lo n g and 
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slow process. I had the pleasure of being the first person to begin the 
exploration of this coal, as it w as about all we had in our county, and as 
I had learned at the Univers ity a few elementary princ iples of rock 

formation, I spent my spare time investigatin g these coals. 
About this time one of the larg e steel compa nies that specialize in fine 

quality products employed a man to make a complete examination of all 
the coals in the entire Appalachian coal area that would make coke . 
Sulphur has always been a big problem in steel making and a coal that 
was low in sulphur was much needed. This man spent six years, with 

a chemist and a laboratory on a wagon that was hauled from northern 
Pennsylvania to Alabama. After this work had bee n done the a nalyses 
of the coal from Randolph and Webster Counties were found to be the 
b es t that was found for coke. This company sent this man back to this 

section a nd he spent two years making tests a nd examinations and the 
work was never completed on account of the \Vorld \Va r. I got all this 

information and was thoroughly convinced that the coals in this country 
were needed for furn ace coke; and that coal less than one per cent in 
sulphur was scarce a nd that th e largest area of very low sulphur coals 
be ing from one-half to three-fourths of one per cent, were in these two 
counties; and that this coal w as needed in modern steel manufacturing 
and the time would come when this same coal would be u sed as a sub· 
stitute for hard coal. 

About 191 6 this coal had bee n sufficiently s tudied to convince th e 
State Geological Survey that it was an important asset and the reports 

of w es tern Randolph a nd W ebster Counties were made a nd published. 
This work was largely done by Mr. David R eger and for the first time 
the facts about this wonderful area of pure coal were made public. 

About 1926 some prospecting was done on Shavers Fork n ea r 
Bemis a nd from this work I w as satisfied tha t there was merchantable 
S e w e ll coal. I inte rested the G eological Survey and they sent Mr. R eger 
to make a n examination and after a time, owing to the importance of 
the coa l, a map and bulletin were issued, the only special one ever 
issued by the Survey, and mining operations were soon s tarted. 

This survey and the new explorat ion in the co unty caused the Geo

log ica l Survey to make additional investigations and as a result a second 

report was made on Randolph County, the only county in the state to 
have two reports and one extra. The g r eat value of the Sewell coal 
was the cause of t his extra work. 

The demand for the low sulphur, hig h fusing point coals caused the 
W estern Maryland to buy the logging railroad of the \Vest Virg inia 
Pulp and Pape r Company and this road has b een put in operation and 

n ow they a r e haulin g , at times, as much as 3 500 tons a day from 

Uppe r E lk. 
The first development of this coal was made by Moore , Keppel a nd 

Company, at Cassity, in 191 7. As is usual ne w coal fi e ld9 are deve lope d 
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by amateurn and while they made many mistakes and were often dis· 
couragcd, they kept on plodding and now have a fine mine and a v ery 

profitable operation. 
The next operation w as the Walkers New River Mining Company 

at Flint, on the \Vestern Maryland. This mine is still in opera tion and 

they find a ready market in the New Eng land States for their product. 
This coa l is from 22 to 24 volatile a nd 72 to 74 carbon. Many of the 

other mines are getting coal around 30 volatile and 6 4 to 68 carbon. 
However the sulphur remains from . 5 to . 7 and the fusin g point around 

2soo • F. 
The coal operation in \Ve bster County arc large and expa nding and 

under normal conditions will r each 5000 tons a day by fall. These 
mines arc well managed and well financed and have adde d a very large 

sum to the income of this section. The total tonnage durin g the winter 

from this field is now nbout 4000 tons a d a y. By fall it will be 6000 
tons a day or more. There wi ll be added to the wages a nd community 
income, where there was nothing prior to 1927, over $10,000.00 a day. 
This will increase many times and while the effort to find out the coal 
form a tion h as been expensive, ;:~nd has taken years, a nd operato r s and 
railroad executives have been fearful of a ny kind of coal, the present 

d evelopment has been rapid and profitable to the r a ilroads and to the 
community. 

There is an o ld saying that it takes le n years to deve lop a coal field. 
This may be true but this one has been developed in three years and long 

before the ten years have passed this will be a great coal producing area. 
This coal has a ready market as it is a special as well as a general 

utility coal. The present market is for copper smelting , by-product coke 
and burning in powdered form. 

The rapid use of powdered coal has caused a demand for the Sewell 
as it appears to give better results than any other coal. This will b e 
one o f the g reat markets o f the future. From p r esent indication and plans 
t here is no doubt but that in a very few years this matchless coal will 

be mined at the rate of five million tons a year and these two counties 
will have a new income of five million dollars in wag e s n nd an equal 

amount spent by the rnilroad companies in moving the coal from the 
mine to the main lines. 

You often hear persons who are thinking of pennies and not of 
dollars, who object to the expense of the State Geological Survey. If it 

had not been for the Survey and the extraordinary work of Mr. Reger 
this coal field would have been largely unknown and the $3,000,000.00 
a year tha t will be paid out here, would be spent some place else. This 
coal discove ry and development hao paid back in one year to this 
section mony times th e entire cost of the Survey from the beginning to 

this date , a nd the finan cial return t o these two counties has just started. 
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PROBABLE VOLCANIC ASH DEPOSITS IN THE PENN
SYLVAN IAN OF NORTHERN WEST VIRGINIA 

By 
S. L. GALPIN, 

Professor of Geology, West Virginia University. 

(Abstract) 

The Conemaugh rocks of northern West Virginia contain several 
layers, unique in appearance and physical properties, which show many 
of the features ascribed t o volcanic ash. 

The layers individually vary in thickness from a few inches to as 
much as six fee t, and in puri ty. O n e bed found near the base of the 
Pittsburgh R ed Sha les, seems cleaner than others. 

With the aid of Mr. j. P . No lting , this bed has been traced from the 
Pennsylvania line south and southeast at least forty m iles. The greatest 
thic kness ( 6 feet) was found near Morgantown. 

T he crops are characterized by a peculiar, yellow color, and a 
finely, irregularly cracked surface. There is little tendency toward 
lamination , and the fracture is distinctly conchoidal. Slaking, as exhi
bited by most clays and shales is wanting, although water is rapidly 
absorbed. 

Fresh specimens of the rock show a n apparently homogenous, por
celain-textured material of the color a nd lustre of beeswax. The ap
parent specific gravity is s lightly under 2.6. The hardness, except for 
impurities, is about that of the fin ger na il. 

Through the kindness of M r. Homer Hoskins, the c he mical com
position was determined. It was like that of a fairly pure c lay. 

Microscopically, the rock is composed almost wholly of crystalline 
material, but of pronounced textural ir regularity. Oval and elongate 
curved patches arc quite numerous, a nd splinter-and-shred-like pieces 
occasional. 

Microscopic examination shows the presence of two minerals in 
abundance. One is quartz in grains up to the size of fin e sand, the other, 
a mineral of m icaceous habit which seems to be kaolinite. Zircon, 
limonite, pyrite, siderite (?), a nd mica are present, but not abundant. 

The belief that this material is made up largely of volcanic ash is 
based mainly upon the he te rogenous mic ro-texture, and the p r esence 
of w h at seem to be altered pumiciform fragments. 
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THE MECHANICS OF OIL AND GAS SAND 
CORRELATION 

By 

JAMES D. SISLER, 
State Geologist of \Vest Virg inia. 

Introduction 

One need not be a geologist to see the changes in strata in every 
locality. Railroad cuts, road excavations, and exposures along deeply 

entrenched streams give ample evidence even to the untrained eye of the 

variation in rock deposition. Sandstones change to shale, shales become 
sandstones, both thicken and thin. Limestones appear in the section, 

only to lens out in a short distance; coal beds here are thick, and of 
good quality; there thin and impure. These variations are prevalent in 
each and every area of sedimentary rocks. It is the problem of the 
geologist, who is working in areal geology, to correlate the various rock 
strata by every possible means. It is the geologist's problem, when he 
is working in oil and gas geology, to correlate in a similar manner the 
strata which do not outcrop. To accurately map surface geology, one 

must have a high degree of training in the proper methods and familiar
ity with the region. 

Surface correlation of rocks is established through the identifica

tion of mutual relationships among the rocks. These correlations are 
principally paleontolog ic and stratigraphic. The petroleum geologist in 
the Appalachian field can depend only upon stratigraphic relationships 
to identify oil and gas sands which arc sandstones that have been more 
or less definitely named on their outcrop. Paleontolog ic evidence is 
meager if not entirely absent. He mus t depend upon the color of the 
rocks, the ir position in the geologic column and their r elative position 
to one another; their thickness, their hardness as determined by the 

action of the drill bit, and finally, and most important, their relative 

position above and below a definite key horizon which can be more or 
less readily identified throughout a large area. A key horizon must be 

persistent, fairly r eadily recognizable and preferably one which outcrops 
at n ear-by points. In the Appalachian region the principal key rocks are, 
in descending geologic order: Pittsburgh coal, Upper Freeport coal, Van

port limestone, Big Injun sand, the base of the Catskill "red b eds", and 
the top of the Chemung Group or "pink rock". To say that these key 

rocks are readily ide ntified is not to te ll the entire story. They, like 
the various strata above, b elow and between them, also vary in th ei r 
o ccurrence. The Pittsburgh coal is not present north of Indiana County, 

P ennsylvania, nor west of the Belmont field of Ohio, nor south of Ka

nawha County, West Virg inia; it thins and becomes so sporadic in its 
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occurrence that it is often mistaken in a well log for the Redstone or the 

Sewickley coal. 

The Upper Freeport coal is a key rock only in local areas: the Van

port limestone is readily recognizable in well logs only in western 
Pennsylvania and eastern Ohio. The Big Injun sand, or the Burgoon 
sandstone of the Pocono group, is the most persistent of all key horizons. 

It is found in thousands of well logs, but even this sandstone is variable 
in its occurrence. North of Allegheny County, Pennsylvania, an uncon
formity has removed several hundred feet of rocks and at places it has 
removed part of the Burgoon sandstone itself, so that the Little Lime, 
P encil Cave, and Big Lime, are entirely absent and the true top of the 

Big Injun is no longer persistent in this region; sandstones which com

prise the group of Gas and Salt sands Tie in immediate contact with the 
top of the Big Injun sand with the result that 600 to 700 feet of sand
stone is often present in the section a nd the top of the Big Injun can 
not be definit.,!y identified. This sand is remarkably regular in its 
thickness and occurrence in Washington and Greene Counties Pennsyl
vania, and Wetzel and Monongalia Counties, West Virginia. Fortunately 

it is so, because many oil and gas sands have t heir type locality in these 
four Counties and can be traced readily from there to distant points 
through their stratigraphic relationship to the Big Injun sand. However, 

at the southern Wetzel County line the Big Injun thins, becomes divided 
into two or more members and its top loses its value as a base line of 

correlation. The lop of the Catskill Group is an important line of cor

relation in southwestern Pennsylvania, (but in all other parts of the 
Eastern Fields it is less valuable.) 

Likewise, the same fact is true of the base of the Chemung Group; 
in northern and northeastern Pennsylvania it is an infallible key horizon; 
in other localities it can be used only with much care. 

All of these facts would make it appear that subsurface correlation 
of oil and gas sands is imposs ible, and if such corr elation is m a d e , th e 

results have little value; but this is not the case. It is quite possible lO 

correlate oil and gas sands accurately. The method which was used by 

the writer in Pennsylvania is the result of many years of experience 

and study, and it appears to be the only satisfactory method of corre
lating oil and gas sands with the meager data and unsatisfactory well 

logs which are characteristic of the eastern oil and gas fields . This 
method is now being used with excellent results by the \Vest Virg inia 

Geological Survey. The first county to be correlated in this manne r is 
Wetzel. It was chosen because of its proximity to Greene Count y, 

Pennsylvania, and so that the correlation of sands could be continued 
southward in an unbroken succession from Pennsylvania where the 

identity of the oi l and gas sands has been very accurately established. 
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Preliminary Studies 

Before a geolog is t begins his corre lation he should study a nd r e vie w 

all previous lite rature concerning the area. If possible the same geol

o gis t w ho is correlating the sands should collect all t h e well r e cords. 
The familiarity with the

1 
subject which the geolog is t will gain from 

field work is indispe n sable in visuali:l!ing the correlatio n s which are to b e 
made later. He should familiari;e himself with the s tratig r a phy, s truc
tu r e , and the physical and chemical c h arac teristic s of all the roc ks . 

Afte r he has comp le te d a review of the lite rature he should care fully 
seg r egate the salie nt and indisputable facts , a nd approach his work with 
an open and unprejudice d mind. H e should not allow himself to be nwcd 

by the names of g eolog ists who h a ve preceded him. He mus t kee p in 

mind that s ince form e r work was done m o re subsurface e vidence is 

ava ilable through more drilling; more s urface observations can be made 
b ecause n e w hig hwa ys and possibly railroa d s h ave been construc te d 

throug h th e te rritory whic h ha ve uncove red more rocks. 

Well R ecords 

The firs t diffi cult task is that of collecting nume rous accurate a nd 
complete w e ll logs. It has only b een in the last few y ea rs that c ompanies 
have been kee ping well lo gs which can be used with success in corre

latio n. In fo rme r y ears at least 7 5 per ce nt of the w e ll logs conta ine d 

only a nota tion of t h e produc ing sands. No e levations were run to the 

top of th e w e ll, and no observations were made of the colo r of the 

stra ta between the producing sands . In former yea rs compa nies w e re 
s ecre tive and did not care to give informa tion concer ning the wells . 

Fortunately this attitude has cha nged a nd it is now possibl e to colle c t 
any informa tion whic h is d esired. 

To a ccura te ly corre late o il and gas sands , for ins tance in W e tze l 
County, W est Virg inia , it is necessary to collect several thousand records . 
in fac t three or four times the numbe r whic h is to be e ve ntua lly used in 
the actua l co r rela tio n of sands . A g r eater number of these r ecords will 

prove to be of no value; othe r s will contain one or more salie n t features 

whic h may be good in th e correlation. b u t arc not good enoug h to tak<: 
t h e ir place in the correlating g raph which is to be cons tructed. Afte r a 

suffic ie nt numbe r of well records are collecte d they should be minute ly 
scrutinized and arranged in prop er order, e ither by pools or in a ce r

tain directio n across the country. which dire ction is d e te rmined by 
struc ture of the rocks and thickening a nd thinning of the strata. 

Mechanics of Correlation 

The firs t s tep in corre la tion is to plot a ll w e ll r ecords on a w e ll 
reco rd strip which contains a ll pert inent information at the top and a 
ske le ton sec tion on a scale of I inch e quals I 00 feet at the bottom. The 

sands should be plo tte d in a dis ti nc tive color, fo r insta nce oro n ge. Sha le 
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should be given another color, lim estone another, and coal s till another. 

The same system of color should be carrie d throug hout all w e ll r ecords . 

T h e n ext step is to eliminate at least 50 p("r cent of the well records. 
Infe rior ones are discarded with a proper notation on each record of a ny 

good or salient point which might be contained in it. The y are filed 
for future reference. The remaining records are then clossified into 
townships, districts o r pools , according to the discretion of the geolog ist, 

in a manne r whic h he d eems the prope r one for correlation in that 
particular area. U s u a lly the township or dis t rict boundary is selected 
as a unit of correlation. Althou g h it is an unnatural boundary it is the 

b es t unit for disc ussion of corre lation in the text which is writte n to 

accompany the graphs. Pool outlines are con stantly chang ing , no t only 

in outline but in n ame. 

Assume then, that the rematntng re cords which a re good, and whic h 

are probably half of the original number which has been plotted, have 
been g roupe d into townships or dis tricts. The next operation is to a r· 
range the m into a sa tisfactory manner ; east to wes t, north to south, or 
in a n oblique direction as long as the direction is constant. The dircc· 
tion of the sequence is governed by the thic kening and thinning of the 
s tra ta or by s tructure of the rocks. The records are then laid out s ide 

by s ide on a long drawing table . They are car efully s tudied, and s in ce 

the re are s till too many records to work with it is necessary to discard 

more of the m. A careful study reveals , for ins tance , that severa l records 
on a certain lease a re prac tically ident ical. One record out of four or 

fiv e w hich appears to be re presentative of n small local area is chosen 
to represent that area. The re maining records are withdrawn, in order, 
and laid aside for future refe rence. If there is any particular varia tion 
at a ny point in these records a n ote i11 made of it. Through this opera tion 
of selective segrega tion the number o f oris ina l r ecords has b een reduced 
to a pproxima te ly 25 per cent of the orisinal numbe r, a nd now the geol· 
ogist has enough re presen ta tive records to properly correlntc the sands 

in a small space whic h is usua lly avai lable for the purpose of correlation. 
The records, which may number seve ral hundred, a r e then laid side by 

side on a long table . They a r c studie d carefully and a base line is chosen. 

This base line is the most readi ly reco g nizable a nd most pcrsis te n s tratum 
which occurs in the g reatest numbe r of w e ll logs; for instance in \Ve tzel 
County, \Vest Virs inia, that stratum is the Pittsburg h coal. A thin stout 

string is th e n stretched tig htly across the table and represents the base 
line of correlation. All w e ll records are the n pushe d up or down until 
the base oF the Pitts burg h coal l ies beneath this s tring. If certain well 
r ecords d o not contain the Pittsburg h coal, they are placed in a re la tive 
position to other we ll logs which have a defi nite ly establis h e d base line 
a nd they r emain in that position unti l all of the sands in the logs which 
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have a definite base have been correlated. They then cn n be placed in 

an accur ate position. 
There may be several hori:tons common to a g reat number of records, 

for instance, some records mny contain the Pittsburgh coa l, the top of 
the Big Injun sand, or the top of another p e rs istent snnd, possibly the 
Thirty Foot, and between these sands a "red bed" may appear. All of 
these minor effects hove their bearing upon proper correlation of the 
sands. The trial and error method must be u sed in properly placing the 
records in reference to the major base line; they must be shifted up a n d 
down, until the majority of the sands appear to correlate. Aher the 
geologist is satisfied with this preliminary correlation a notation should 
be made on the record after every sand as to its probable identity. This 
identity should be compared with the correlation g iven by the company 
on the original record and a n ote made of any variat ions which appear. 

After a ll of the well logs seem t o be in proper position, more s trings 
are stretched across t he board. Each string represents the average posi
tion of the top of a sand in reference to the base lin e, for ins tance, a 
line is stretched across the table at a point which seems to represent the 
top of the Big Injun sand in the majority of records in relation to the 
position of the Pittsburgh coni bed; another s tring represents the posi
tion of the average top of the Cordon sand. Several st rings arc stretched 
across the table until the approximate position of the major sands is 
fairly well established. A blank well record shee t is the n s lipped under 
the cords at the end of the table; the average top and bottom of each 
sand in refe rence to the Pittsburgh coal is projected upon this blank 
r ecord from the posi tion of the sands. The space b e tween the lines 
which r epresents the avcrogo top and bottom is then colored. This 
space does not represent the average thickness of the sand but it does 
represent the stratigraphic space in which the sand occurs or the strati 
graphic vnriation which is c haracteristic of each sand. The w riter calls 
t he resulting section a "preliminary composite section". It shows 
g raphically the position of the average top and bottom of each sand. 
whether it be productive or non-productive, in reference t o one or more 
key hori:tons. 

In order to make a very definite check upon the preliminary corre· 
lotion another and final procedure is necessary. The records are p lotted 
on 1 I 10 inch cross section pnper in the orde r in which th ey arc laid on 
the table. The scale on the cross section paper is 1 inch e quals I 00 feet 
which is the same scale that was used in p lotting the orig inal well logs. 
T he well logs are plotted in order from left to rig ht by placing dots on the 
graph which r epresents the top and bottom of cuch sa nd. The base line 
which has been chosen is a level line and various sands above and below 
it change in their vertical position as the strata t hicken and thin. The 
dots are joined by n vertical pencil line which represents th e thickness 
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of the sand, whic h can be r ead directly fr o m the cross section g rap h. 

The d o ts which r epresent the top are joine d by a penc il line a nd the n 
the dots which r e present the bottom are joined in a similar manner. 

This procedure r esults in a mechanical fi gure which shows the relative 

pos itions of the top a nd bottom of the sands and the thickening a nd 
thinning of each sand. Each w e ll r eco:d is numbered a t the top and a 

corresponding numbe r is placed on a topog ra phic map, so tha t not only 
the va r iations is pos it ion and in thickness of the sands can be quickly 
d ete rmine d at various points on the map, but the chan ge s which ta ke 

place in these characte ristics can b e trace d from locality to loca lity, a nd 
from w e ll to w e ll. Afte r a d e finit e fi gure has b een es tablis he d fo r each 

sand a nother composite section should b e dra wn a longside the fig ures 
in the followin g m a nne r; the m e an position of the a ve rage t op a nd 

ave rage bottom of ea c h sand is determin e d by p lacing a draftma n ' s 
tra n s p a r e nt triang le in a pos itio n so that e q ua l pa rts of th e a r ea be twee:l 
the hig hest top a nd lowes t top lie respective ly a bove a nd belo w the lin e 

of the e d ge of the tria n g le. This point is pro jected to the right a nd 
plotted. I t represents the position of the a ve rage top of the sand. T h e 
same procedure is followed in establishing the average b o ttom of the 
sa nd. A fte r the a ve rage top a nd the ave rage bo ttom of the sand ha ve 
bee n es ta blis h e d a nd projected t o the rig ht in a ve rtical column, the 
s pace be tween th e dots is colore d in, and repr esen ts the a ve rage stra t i

graphic occu rrence of the top a nd bottom of the sand above a nd be low 

an esta b lished ba se line . T h is composite section is compa r e d with the 
origina l a nd if adjus tments a r e n ecessary the y are made a t this point 

in the procedure. The sands in the compos ite section a re the n name d 
acco rding to the ir s tra tig raphic p osition and g ive n the na m es which the y 
have a t the type locality. For ins ta nce, the Gordo n Sand was na med from 
the Gordon farm nca r Washing ton, Pennsylva nia. It is possible by the 
procedure which has b een outline d to trace this sand throug h W ashing to n 
and Gre e ne C o unties, P e nnsylva nia , to \Ve tzel C ounty , \Ves t Virg inia. 

A ft e r corre la tio n is c omple te in ea ch township or dis trict o f a county , 
a numbe r of composite sections n rc the result. E a c h township or distric t 

has its own composite section. In order t o obtain a composite sec tio n 
of the e ntire county, it is necessa ry to plot each composite section a nd 

d e termin e b y the sa m e procedure as w as used in individ ua l w e ll r ecords 
the average top a nd bottom of each sand fo r the e ntire c ounty. The 
compos it e county se c tion whic h re s ults, h us va lue only in g iving to the 

cas ua l reader a broa d e r idea o f the stratig r a phic r e lationship of th~. 
va rio us sa nds. This section will be a t varia n ce a t certain points with each 
and e ve • y composite t o wnship section, but it should be c ons tructe d b e
cause o f its gene ral m e rits. 
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Conclus io ns 

A geologist can ra r e ly look at a well log a nd say, "this part icular 

sand is the same sand that occurs I 00 mi les north of this point". This 

stat ement is not possible because very few sands are continuous for that 
distance, but he can say this; ''here is a sand that is in the approximate 
geologic position of such a nd s u ch a sand I 00 miles north of this point. 

Its deposition was probably con temporaneous with tha t sand''. 
Oil and gas is produced from 50 or 60 horizons in 6000 feet of 

strata in the Appalachian district. Sands of approximate geologic age 

are producing in New York State a nd in \Vest Virginia; in P e nnsylvania 

and Ohio. If it were not possible to ide ntify these sands operators would 

have no means of telling when th ey had passed through horizons they 
expect to be productive. Some of the mos t important operations in oi l 

a nd gas production depend upon the correla tion of oil and gas sands. 
The point of search, the d epth of drilling , the position of casing a nd the 
d epth of plugging depend upon intimate knowledge of underground 
ctratigraphy. The closer the correlat ions are made , the more accurate 

are these operations . T ime and money are saved by the opera tor who 
know~ about the correlation of the sands in his property. Money a n d 
e nerg y i& u selessly expended by operatora who drill For oil a nd gas in 

regions where they could not possibly b e Found. Many miles of hole 

have been drilled in search for sands which do not exis t and many more 

miles have been drilled by operators who wish to b e sure that they have 

passed through the sand for which they are searchin g. 
The only way in which the correlation of oil and gas sands ca n be 

made more accurate is by core drilling a t various strategic points. The 
cores can the n be examined for paleonto log ic evidence; the composition 
of the various oi l and gas sands can be examined and compared both 
chem ically and physically. The limitation s of geolog ic science are well 
recognized and a geolog ist must call upon mechanical devices to aid 
him in his search for definite conclusions. 
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THE PULPSTONE INDUSTRY OF WEST VIRGINIA 
By 

WALTER L. SMITH, 
Assistant Geologist, West Virginia G eological Survey. 

Introduction 

The greatly increased production of pulp in North America in the 
past 25 years has created a new industry for \Vest Virginia which equals, 
or possibly exceeds, in quantity and value, the same industry in all 

other states. 
The production of pulp has more than doubled since 1905. The 

tremendous increase in production of pulp has a lso increased the demand 
for pulpstones. West Virg inia is now supplying over 1500 pulpstones 
a year and could supply many times that number of stones each year 

for an almost unlimited time. 
The quarrying of pulpstones is at the present time centralized along 

the Monongahela River between Morgantown a nd Fairmont. The strata 
from which they are quarried are the Buffaio and Connellsville sand 
stones of the Conemaugh series of P ennsylvanian Age. A quarry was 
formerly operated at Uffington in the Mahoning sandstone at the base 
of the Conemaugh series. 

Source of Pulpstones 

The Buffalo sandstone. The Buffalo sandstone is massive, grayish 
and locally pebbly and contains occasional traces of organic material. 

It is hard and quite resistant to weathering. Occasionally c ross-bedding 
and very thin layers of mica are found in it which makes i t difficult to 
obtain a good pulpstone. This sandstone ranges from I 0 to I 00 feet in 
thickness and averages about 45 fee t. It lies about 500 feet below the 
Pittsburg h coal. The sand grains are fairly a n gula r and usually grade 
from the finest grains at the top to the coarser ones at the bottom. The 
Buffa lo sandstone has been used with success as a building stone in 
Monongalia County. The quarries opposite Uffington and at Tice operate 
m this sandstone. 

The Connellsville sandstone. The Connell5ville sandstone lies 7 5 
to 140 feet below the Pittsburg h coal. It is massive, blue g ray, anci i:; 
locally pebbly. Ordinarily it weathers to a brown color. The lower por· 

tion of the sandstone is usually darker than the lop portion and contains 
'.1 larger quantity of iron compounds. 

Plant r e mains and small pieces of grahamite or solidified oil are 

found in it. Two quarries at Opekiska work in this stratum. 

Size and Specification of a Pulpstone 

The increase in pulp manufacturing and the change from water 
power to electrically equipped plants has changed the r e quirements for 
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pulp g rinders. Formerly the stones were small, sof t, poorly cemente d, 

and the sand grains w e re fairly large. The change has made such stones 

obsolete. 

Diameter 
Inches 

67 
54 

54 
35 
27 

Standard Size of Stones 

Cutting (ac<: 

Inches 
54 

66 
62 
54 

60 

Weig ht 
Tons 

7-Yz 

2-!/z 
The sta:1dard s ize of stones has changed from a s tone 48 to 50 inches 

in dia m e te r with a n I 8 to 20 inch cutting face t o a stone 54 inches in 
diameter with a 5 4 inch c ulling face. A magazin e $lone 6 7 inches in 
diameter with a cutting face of 54 inches is commonly u sed. The s ize 
of the ston e d etermines the thickness which can be worn a way be fore 

the stone is discarded. This thickness ran ges from 6 to I 4 inches. Dif
fer ent si?es of s tone are used for different g rades of pape r. The la r ge 
magazine grinde r is u sed for the coarse grained pulp and the small 
stones are used for the fin e g rained pulp, however, the qua lity of the 
pulp does not depend upon the si:ze of the stone. The size of stone has 

direct inAuence upon the amount o f water used in cutting the pulp. A 
stream of water 8 inches in diameter is played upon the s urface of the 

larger stone whe n it is cutting at hig h speed, while the amount of wate r 
u sed on the smaller stone is in proportion to its size. 

Specification. The sand g rains should not be too angular, otherwise 
they will pull out of the stone. They should not be so rounded that 
they will not c ut fast and cause the surface of the s tone to become g um
med or g lazed. The cementing mnte ria l which holds the g rn ins together 
should b e strong a nd evenly dis tribute d a nd of the same chem ical compo
sition throug h o ut th e stone. It must w ea r away from the g ruins of sand 

in s u c h a manne r as to g ive the g rains a fresh cutting face. If the ceme nt
ing matl'rial wears too rapidly the sand g rain will be carried away in 

th e pulp and the life of the stone le•sened. The cementing mate ria l 

mus t be of uniform che mical composition since it is essentia l that the 
stone h ave the sa m e hardness a nd st re ng th throughout. If the stone 
is not of the sa m e hardness a nd s tre ng th throughout it will wear too 
rapidly on one s ide or p e rhaps break. The cementing material whic h 

h as pro,·ed the best conta ins a large pe r cent of iron compounds and it 
appea rs to conform to the qualities demanded of it. 

The stones must be able to withs ta nd nea rly twice the pressure 
applied to the s tones which were formerly used. They mus t operate 
a gainst a pressure o f 800 to I 200 pounds per square inc h a nd as hig h 

as 250 revolutions a minute. The pressure against the stone is not con 
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stant. It may be g rinding o n one s ide a nd not upon the other. This 
dema nds a well cemented s tone because unequa l pressure applied to 

the s tone m a y cause the stone to break and cause great damage in the 

mill; in this e vent the mill mus t shut down the broke n g rinder to replace 
it with a new one. Time is thus los t and th e damage is sometimes g reat. 

V cry often the stone breaks along c ross-bedding planes or along thin 
laye rs of mica. Pla nt remains are often the cause of brea kage. 

Cost of Production 

The ave rage cost of p roducing a stone is approxima tely $200.00. 
The cost varies with the a mount of overburden, the number of fissures 

and c ross-bedding, the ease with which the stone is finished, and the 
amou n t of mica, organic and clayey material present. If too much of 

such m a terial is present the s tone must be discarded for it will be weak
ened by the ir presence. Mica, organic and clayey mate rial are easily 
dislodged and carried away in the p ulp and thus causing the p aper t o 
be g ritty whe n finished. Another article of expe nse occurs eac h spring 
if the quarry is subjected to freezin g. The face of the ledge mus t be cut 
back to fre sh rock that has not b een froze n during the winter months. 
The cost of curing a stone or storing it d e p e nds upon the stone. It 
seems that some stones mus t be cured or subjecte d to h eat in order to 
complete the cementa tion of the material a nd to drive off the " sap 

water". Othe r stones appear to be cure d or cemented to the proper 

degree for immediate use. The degree of cementation is indeed a 

h a rd problem to be confronted with. At the present time there is prac 
tically no way of dete rmining whethe r or not the s tone is of the desired 

hardness other tha n by actua lly inserting the grinder in the mill and 
us ing it. This process ofte n costs the quar ry a good custom er for the 
ston e may not perform as it should nnd the pulp mill may not wish to 
buy of that quarry e ve n tho u g h t he quarry may be able to remedy the 
propert ies which are not desirable. When a ll the factors in producing a 
stone ure consider e d it is easi ly understood why th e cost o f producing u 
stone is som etimes enormous. A s m a ll chip knocked from the edge of 
the stone ofte n causes it to be discarded. The s to n e may be cut down 

to a smaller s ize but $200 to $400 is lost in doing so. 

S ome stones have been used 24 hours a d a y for 400 days and have 
cut b e tween 3 ,000 to 7,000 tons o f pulp. This r ecord is unusual for 
s~ones a re seldo m so durable. A few stones have mode a better r ecord 

which was m ost like ly due to the pulp wood whic h was used instead o f 
the durability of the s tone. 

Th e qua lity of the paper depends upon the s to ne, the q uality o f the 

pulp wood, a nd upon the process whic h is used in fini shing the paper. 
C oarse g rained stones are generally used in cutting coarse paper such 
as newspap er and box p aper. Finer o r smaller gra ine d s to n es a rc u sed 
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in g rinding fine or smooth pa per. Coarse grained stones are usually 

larger than the fine g rained stones. 

Manufacture of Pulpsto:. es 

After the overburden is c leared off a solid ledge of sandstone a 

channeling m a chine cuts a cha nnel on the uppe r surface 10 to I Z feet 
deep. Cross channels arc then cut on three sides of a solid block of 

stone about I 5 to 20 feet squa re. It is then ja rred loose by the explo· 
sion of dynamite or black powder in horizontal holes. This operation 
is followed by the splitting of the la r ge block into pattern ~ by wedges 

and explosives. The pattern is roughly squar e a nd is o nl y L. or 3 inchf:s 

larger tha n the finished s tone. The p a ttern i! i1o i ~ t ~d to the .. sca bblin g'' 
yard whe re the stone is chipped dow;, t o a tough cylindrical shape 
slig htly la r ger than the finish ed p uduc ~ The .. scabbling .. is done by 

means of a compressed air trip < t·ns\'1 o ;; .: ra ted by one m a n. 

The s tone 1s next pia<"~ -: on a !athe and cut to the desired shape a nd 

size . This operation 1S u .•':P.Ily don e by ha nd, because the operator can 
ordinarily tell t he GU<> Ii: y of the s tont: by the manne r in which it cuts. 
The operflllon,; "re truly marvelous because oi the skill ::.nd ease in 
whic h the r,1e r ;na k e t!~e finished produc t. 

\'Ves t ,,.1rg inia pulpstones find n ready market in most a ny p ulp 

producin g area on the North Ame rica n Contine nt, and whe reve r the 

W est Virg inia product is mentioned it is with high r esp ect. Ma ny s to n e 3 

a rc shipped to Oregon a nd compet e with th e Wa~hing:on sto ne. Th e 
r os t popular marke ts for the \'Vest Virg inia product are M a ine , Qu::b ec, 
New York. V e rmont, New 1-fnmpshire, Wisconsin, Mic higan. Or.:gon, 
\'Vashing ton, and several other portions of Cana da b esides Que bec. 

The c ompa nies ope ra tin g a long Mononga h ela River in Monon galia 
County a re th e Uffing ton Pulp Stone Company, the W est Virg inia P ulp 
Stone Corpora tion of C levela nd. Ohio, operating a t Tice. The G e ne ra l 
Sto ne C ompa ny a nd the Sma llwood Sto ne C ompa ny o f S teub::nville , 
Ohio, ope rating at Ope kiska . The firs t two compnnies are using the 
Buffa lo sands to ne and th e la5t two a r e u s ing the Connellsville sa ndstone . 

The Am e rica n Stone C ompa ny of Wheeling , W. Va., wa s one of the 
largest producerD in \ 'Ves t Virg inia during the World W ar, but the 
qu a rry is now closed. The qua rry was located a t Lillle t o n, \'Vet;;.,.) 

County. 
The Inte rnational Pulp Stone C ompa ny h a d its quarries a t J e ffr eys, 

Boo ne C ounty. It pla ced quite a lot of fine g ra de s tones on th e m a rket. 

Pulpstone c o mpanies IH•ve hnd c onside rable competition from Ohio, 

and W ashing ton. A s tone pro duce d in Eng land and th e Norton Artificia l 
Stone ha ve also been popular. W est Virg inio proba bly p roduces more 

p ulp stones tha n th e res t of its compet itors. The industry is crowded 

and som e of the smaller compa nies have be en forced to c ease operating . 
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The Norton A1 ,ifical Stone is the only stone which gives the natural 

pulpstone quarrier any concern. It will be a stron g competitor if the 

grinder can be made to withstand the heat as successfully as the natural 

pulpstone docs. The English stone is thoug ht to be better than those 
produced in America but the records of the stone do not show it to be 

b etter than those produced in the United States. The tariff on mineral 
products imported into the United States will keep the Eng lish stone from 

being a strong competitor. The fact that some companies have made 
maximum profits of $350,000 a year led to large investments in the 

industry which resulted in over-production and losses. The recent 

business d epr ession has caused some of the companies to cease oper

ating a nd the remainder are not working a t capacity. During the \Vorld 

\Var la rge stones sold for as much as $2 000 while the average price 
obtained for the ston e at the present time is $1000. 

The pulpstone industry will probably improve with business and 
bec ome an important industry in West Virginia. 
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THE MINERAL COMPOSITION OF SANDS FROM THE 
MONONGAHELA, ALLEGHENY, AND OHIO 

RIVERS 
By 

BYRON F. KING, 

Graduate Assistant in Geolog y, West Virginia University. 

(Abstract) 

This paper gives the results of the study of sands deposited in these 

rivers and concerns the mineral composition and the source of the 

sand g rains. 
For this examination sand samples were taken from the Allegheny, 

Monongahela, Ohio Rive rs and their tributaries. These rivers drain an 

area which consists of sandstone, shale, and limestone of the Paleozoic 
Age. Many different minerals are found by these analyses but it is known 
that q uartz forms the greatest amount of these sediments. It is supposed 

that all these sands are derived from sedimentary deposits but the min
erals found in the samples taken from the Allegheny and Ohio Rivers 

show a more nearly direct derivation from igneous and metamorphic 

rock for the mineral content includes epidote, cyanite , hornblende, gar

net, sillimanite, titanite, and larger amounts of tourmaline, muscovite, 

ilmenite and feldspar than samples from the Monongahela and Cheat 
Rivers. L eucoxene , both pure and impure varities, it is found most exten 
s iv.,Jy in the Monongahela and Ch,"t RivP.r ""nels. 

This abundance of leucoxene is a noticeable factor to be considered 
in the comparison of these stream deposits since this alteration m ineral 
is not due to any action of the stream water for it is found quite plen ti
fully in the rocks of this reg ion.'<· 

Morainal deposits in the northe rn part of Pennsylvania and of Ohio 

supply the abundance of heavy mine rals in the Allegheny and Ohio 

Rivers while the sulphuric acid which contam inates the waters of the 
Monongahela River probably accounts for the lack of carbonate minera ls 
in its deposits. 

The more weathe re d condition of the rocks in the Monong ahela and 
Cheat Rivers may also account for a great loss of minerals in these sands 

A greater part of th e sediments of these rive rs is from the r esidual soi ls 
caused by this increased w eathering of the country rock. 

*Dr. James H. C. Mnrtens-Pcrsonal communicat ion ilnd c on1parison of our 
s tudies. 
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DRAINAGE CHANGES IN THE HEADWATER REGION 
OF DECKERS CREEK:" 

By 
JOHN P . NOLTING. JR. 
W est Virginia University. 

Introduction and Acknowledgments 

The purpose of this paper is to determine the orig in of D eck ers 

Creek in its p resent form. It has long been considered an antecedent 

~>tream, but I shall attempt to show that it is a relatively young stream 
which owes its present size and impo r tanc e to the fac t that it robbed 

the Tygart River of p art of the latter's headwat ers. 
I w ish to acknowledge the advice a nd h e lp of Dr. S. L. G alpin, h ead 

of the D e partment of G eology at \ Ves t Virginia University, w ho brought 
the subject to my attenticn; and Dr. H . M . Fridley, Assistant Professor 

of Geology at West Virginia Unive r sity, under whose direction the 

work was carrie d on. 

Stream Gradient 

The profile of a n atur a lly d e ve loped stream should show a s teep 

d escent a long its upper course, with a gradually decreasin g fall toward 

its lower course. 

This however is not the case with r espect to D eckers C reek. as 

m a y readily be seen in the accompanying diagram. An ideal curve h as 
b een dotted in for the sake of comparison. 

Deckers Creek h as two sections of steep g radient, a normal one 
whe r e its headwaters descend from the hills o nto a plain with an eleva
tion of about 1750 feet above sea level; and a second just west of Cas
cade where the " plain"' portion of Deckers Creek drops down into the 

older portion which Rows norma lly into the Monongah ela River. 

The followin g figures, which show this change in gradie nt, were 
t a ke n from the W. Va. G eolo g ica l Survey R e port on Monongalia C ounty, 

page 43: 

Total Total R ate of Fall 

Extent Fall Dist per Mile 

Mouth to D ellslow . . 19 1 5.9 32.4 
Dellslow to Falls R un 65 0 5.6 11 6.1 

Falls Run to Reedsville .. 45 5.0 9.0 

Tt·ibutaries 

D ecke rs Creek tributaries are d ivis ible into two r ough classes. Those 

to the w est of the Chestnut Ridge uplift and those to the east of it . 

•Published with t he permission of the State Geologist. 
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The former all seem to enter the creek in a normal manner, that 

is, pointing downstream at the junction or else entering at right angles 

to the main stream. 

The second class of tributaries is however more abnormal. Most of 
them, except the smaller more recent ones, are either "'barbed" or show 
evidence of having been barbed. That is they enter the main stream in 
an "'upstream" direction. 

A few good examples of ''barbed"' tributaries to Deckers Creek 
follow: 

Falls Run 
Glady Run 

Slabcamp Run 

Laurel Run 
Swamp Run 

In connection with the tributaries it might be well to mention the 
fact that the main valley of Deckers Creek widens generally from about 
Cascade southeast towards Brown's Mills in Preston County. 

Alluvium 

North of Brown's Mills, between the headwaters of Deckers Creek 
and the east fork of Stony Run, occurs an area of alluvial material 

resembling a former Rood plain of a meandering stream. This alluvial 

material must have been deposited by the action of water. 

"Reconstruction'' 

It is impossible to determine the course and extent of Deckers 
Creek before the uplift of Chestnut Ridge. However, shortly ,.fter the 

uplift Deckers Creek probably had its source on the Ranks of the ridg e. 
For a distance of about a half mile below Sturgisson, Deckers Creek 

flows along the strike of the rocks throug h the Mauch Chunk shales 
and the Greenbrier lime.stone. These non-resistant rocks enable d it to 
cut down rapidly, makin g the g rade from Sturgission to the top of Chest
nut Ridge very steep. This ridge, capped by the relatively r esistant, but 

rather loosely cemented Pottsville sandstones, is composed largely of 

Mauch Chunk and Greenbrier shales and limestones, easily attacked by 
both corrosion and corrasion. 

This rapid headwater erosion quickly enabled Deckers Creek to work 
back through the ridge and tap the headwaters of Stony Run, a tribu
tary of Threefork Creek and part of the Tygart River system, which 
meandered over a plain in the vicinity of Reedsville and Mason Town. 

This plain had an elevation of from I 700 to 2000 fe e t above sea level. 
T h e run followed a meandering course very close to I 750 feet in eleva 
tion for many miles. The widened valley of this stream is still in evidence. 

A slight ridg e has been left between Reedsville and Brown's Mills as 

a divide, but this is covered with alluvium, showing the previous ex is
ten ce of a stream. 
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Conclusions 

The "pira t e" ongm of Deckers Creek is shown by its peculiar 
gradient, its barbed tributaries east of Chestnut R id ge, the widene d 

valley and the presence of alluvium between it a nd Stony Run. 

D eckers C r eek stream piracy did not take place by the mig ration 
o f the d ivide, as is so often the case, but rather due to the fact that the 
Chestnut Ridge anticline so w eakened the rocks and increased the 
g radie nt that the old Deckers Creek headwaters were ena b led to cut 
back into a nd throug h the mountain formed by the uplift. 
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ARCHAEOLOGY 
By 

CARL E. GUTHE 
Na tional Research Council a nd Anthropolog ical Museum, 

Ann Arbor, Michigan. 

153 

Archaeology is one of seve ral methods u sed by students of Anthrop

ology in the ir a ttempt to clarify the problems associa te d with the develop
m e nt and variation of the human animal and his cultures. The data of 
archaeology are those phys ical records which h ave been uninte ntiona lly 

pre/Serve d by natura l a genc ies. Its purpose is to rec onstruct the story 
of extinct human cultures by means of an inte rpre ta tion of these record s . 

Althoug h a great deal has b een accomplished in the pas t century, much 

still r emains to be done. 

In addressing a group s u c h as this , composed of individuals inte r es te d 
in geolog y . it may be assume d that a knowle d ge of the past is admittedly 
one o f the general aims o f scie n ce. Paleontology, a division of geology. 
seeb . o arr ive at the s tory of life throug h time by a n interpretation of 
the records found within the various depos its la id down by the forces of 
n a ture , a nd sometimes disa rranged a nd altered a t a late r period. These 

r ecords consist almost entirely of the comple te a nd fra gmentary imprints 
or fo ssilized bodies of anirnnls a nd plants. By a s tudy of the associa tion 

of records within the s tra ta , a nd of the rela tions of the various strata to 

each other, it has b een possible to construc t a chronolo g ical outline of 
the development of life whic h is accepted by p a leotologists, in spite of 
th e fa ct that the time p eriods involved are a lmos t incomprehe nsible to 
the layma n. Moreover, because of ·the technical field processes d e ve
loped in order to secure a nd preserve sati s factory data. and beca use o f 
the d e ta ile d knowledge of biolo g ical variations r equired, a long p c rio d 
of tra inin g and study is d c m a nded of a ll paleonto lo g is ts. 

Archaeology may be described in a lmost ide ntical terms. It d eals 

with the temporal a spects of Anthropology. It seeks to a rrive at the 
s tory of the life of a s ing le genua of a nimal, throu g h time, by a n inte r 

pre ta tion of t he reco rds la id down in various depo s its by the forces of 
n a ture. T hese reco rds consist not only of the re mains of the animal it 
self. but o lso of those objects which tha t animal fashione d from the 

e nviro nment a bout him. By a comparative study of the association o f 
r ecords, a nd of the re la tio ns of the s trata in whic h the y occur, archae
olog is ts IH,ve come to a g r ee upon a n outline of huma n history, whic h is 

not w e ll known to the Iaymo n. The d e ve lopme nt of a technique of 
excavatio n a nd preservation, a nd th e n ecessary compara tive knowle dge 
of the c ultural objec ts e n count e r ed, make it essentio l that an archae
ologis t spend several year" in tra ining a nd s tudy. 
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In spite of this close similarity in the aims and methods of paleon

tology and archaeology, there are a few noteworthy differences in the 

dat a used. Because of the t remendous time element involved and the 

diversity of life, the paleontologist uses records of great variety found 

in rocks as well as soils. The archaeologist deals only with a single genus 

of animal which appeared upon the earth in geologically recent times. 

All of the stratigraphic record of man's story is, therefore, confined to 

the Quarternary period, and, as in paleontology, the record becomes 

more complex as time passes. The major part of it is found in the 

Recent epoch. The archaeologist therefo re confines his studies to the 

st rata m the surface soi l, and is not concerned with those in the rocks 

below it. 

The other point of difference is in the kind of records found. The 

paleontolo g ist is concerned only with the biolog ical changes which have 

occured in the forms of animals and plants . W e re the archaeologist in

tere~£ed in only the morphological changes in man, the story would be 

simple and very vag u e. However, man is the only animal that has 

lear ned to alter the objects in his environme nt to suit his purposes, and 

to transmit t hese inventions to othe rs, thereby creating a progre ss ive 

and continuous d e v e lopme nt in this trait. The chan ges which occur in 

$uch man-made objects take place at frequent inte rva ls, so that it is 

possible to trace through them the force s which have affe cted huma n 

d e v e lopment. Since archaeolog y has the same methods as paleon~ology, 

but is concerned only with a single genus of animal and with much 
shorte r time periods, it mig h t b e considered, from this viewpoint, a s a 

s p e cialized form of paleontolog y. 

Yet history is anothe r fi e ld of re search which als o seek s to interpre: 

the story of m a n throug h time . Throug h force of circumstance and 

mutual agreem e nt, the bulk of the data use d by historians is of docume n

tary nature. But the inve ntion of writing is a comparatively rece nt 

achic:ement of mankind, and therefore docume nta ry history cannot g o 

"ack to the beginnings of culture. Those historians who conce rn them

~clves with the pre-writing stages of the cultures which late r become 

historic, must usc the arc hae olo g ical method in securing data. It can be 

a nd is used to verify documentary evidence, through the excavation of 

historic sites. Archaeology the refore stands in much the same relation

ship to his tory as paleontology docs to archaeolog y. It is the connecting 

link between the two disciplines . Neither can entirely ig nore it, nor 

d esire to do so. Paleontolog y p lays an important part, and is vitally 

concerne d in the interpr e tation of the earlier data of archaeology. Simi

larly, history is just as intimz.te ly inte rest ed in the later phases of such 

data. However, since the principal subject matter of each is not of an 

archaeological nature, and since archa eology in its turn deals with data 
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included in nei~her paleonto log y nor history, there mus t b e a definite 
field for this branch of the science of Anthropology. 

It is almost an axiom that where man has lived, there will be found 
arch aeological data. The discove ries of Pithecanthropus erectus in Java, 
of the Mauer Jaw in G e rmany, a nd of the Piltdown skull in England, 
when studied in the light of associated known paleontolog ical evidence, 
p r ove that man existed during the early part of the Pleis toce n e as a 
t:epurate genus of a nimal. The many discoveries during the latte r part 
of the 19th century in Europe demonstrated that this animal had already 
begun to make use o f his envir o n ment before the close of the Pleisto
cen e, a conclusion which is being supported by current finds in Europe. 
Similar a r c haeolog ical explora tions in the river gravels, on the hill tops, 
a nd in the lake bottoms, have made possible a synoptic s tory of the 
prog ress of culture in Europe from the close of the Pleis tocene, through 
the Neolithic, Bronze and Iron Ages in Central Europe to the dawn of 
recorded history in that a r ea some twenty centuries a go. 

Further south, in the Mediterranean basin, archaeolog is ts have been 
able to fill some of the gaps in recorded history. \Vitness the Cretan 
chronology based on the cernmic s tudies of Sir Arthur E van s . Mr. 
Wooley, working at Ur, Flinders P e t r ie and Breasted in Egypt, a nd many 
others have each added their share to the verification of r ecorded and 
semi-my thological his tory throug h the discove ry and interpretation by 
archaeological methods, of unintentional records. 

A sim ilar story can be told of the gradual unrave lling of the pageant 
of New World history prior to the sixteenth century. It la<>S b een found 
that the spectacular c ivilization encountered by the ftrst Spa~iards o n 
the west coast of South Ame rica was but the last of a series of cultures, 
each of which contributed its s h a re to the developme nt which has since 
b ecom e famous for its w enving a nd pottery. 

We now know that in Mexico and Central America agriculture was 
invented approximately s ix thousand y ea rs ago, and that the a n cestor of 
the fam ous M aya c ivilization became the fountain h ead of A:nerican 
ag ricultural civilizations . H ere in Guatemala is the only New World 
g roup which invented hie rog lyphic writing. It has the Furthe r distinction 
of being the first group in the world to invent a symbol for zero or com
pletion, and a positional nota tion of numbers. 

As one moves northward from this center, the cultures become less 
comple x and therefore less spectacular. In our own southwestern states, 
the Peublo Indians develope d a sufficiently interesting cu lture to be 
dubbed the ··cliff·dwellers", about which queer Fables have been invented. 
Archaeologists have outlined the history of these people over a period 
of about thirty centuries, a nd recent studies of tree rings have led to the 
definite knowledge that the fa mous cliff villages of the M esa Verde 
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N a tional Park a nd surrounding regions w e re inhabite d betwee n the tenth 

and thirteenth centuries of our era. 

Similar prog ress h as been made in the eastern part of our country. 
The old term "Mound Builde rs", while it still has a popular m ea ning , no 
long e r refe r s to a wonde rful, mysterious race of huma n be ings, but to a 
number of Indian g roups living m a variety of cultures throug hout the 
le n gth and breadth of the Mississippi V o lley. Arc h aeolog ica l w o rk in 

Arkansas, Ala bama, and Georg ia in the south; in Wisconsin, lllin ois and 
Io wa, in the north, has done much to bring out the inte r esting d e ta ils of 
the pre-Colu mbian history of these r egions. In N e w York s tate, t h e 

d e voted labors of a rchaeolo g ists have g iven us an outline of the ea rly 
his tory of the Algonkian and lroquoian peoples. 

The Mississippi Valley n eighbors of West Virg inia have d o n e much 
in a rchaeolog y. For over forty y ears . systematic research h as been 
carried for ward in Ohio. This state h ead s the list of a rchaeolog ically
m inded states of the Valle y. It was the firs t to publis h an archaeolo g ical 
a tlas, the firs t to define India n cultures within its borde rs, th e most 
fa mous of whic h is the H opewell culture , and the firs t to take advantage 
of its archaeolog ical s ites by c r eating parks to be used for adu lt educa
tion and r ecreation. 

K e ntucky, throug h the efforts of university offic ials , is making good 

p rog ress in d e t e rmining the archaeolog ica l assets o f its hills and va lle ys, 
a nd in characterizing its Indian cultures. 

Last year in Pennsylva nia, a Society for P e nns y lva nia Arc h aeolog y 
was form e d as the r e sult o f several years' effo rt by local e nthusiasts. 
Field parties were sent out to supple men t the information secure d 
throug h a state-wide surve y by mai l , and this s tate now h as the dis t ic tion 
of being the locality in w hich the mos t valuable scie ntific field work in 
the n o r th east e rn s ta tes w as done last yea r. I r efe r to the discove ries 
made nea r Safe H arbor on the Susquehanna R iver. 

A nd, finally, after this hasty g la nce a t archaeolog y in Europe a nd 

the N e w \Vorld, let m e bring the record to your ve ry doorstep by re mind
ing you of the excavation of a mound las t summe r by the Muse um of the 

University of P ennsylva nia nt Beech Bottom, n ear Wheeling, made pos
s ible throug h the interest of business m e n of tha t c ity. 

It is clear, the n, that whe rever ma n has lived, th e re h e has le ft 

records, u s ua lly quite unintentiona lly. In North Ame r ica alon e , during 
the calendar y ea r 1930, fifty - three r ecognize d ins titutions sent seve nty
fiv e a rchaeolo g ical expeditions into variou s parts o f th e contin e nt. The 

interest of th e scientis t a nd of the public in t he pre-Columbia n develop
ment of huma n life in North America is inc reasing every y ear. Y e t the 
p u b lic interest is not as g rea t as mig ht be expec-ted. There are a t le as t 
two factors in the possible cause for this conditio n. 

Be cause of the spectacular archaeological find s m a de in M esopotamia, 
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E g ypt, and Central America, and the attendant publicity, many indivi
duals associate romance with archaeology, and this romance is confused 
with the desire to trave l llnd see new regions. Therefore, many associate 
archaeology with distant places and fail to realize that the s tory of man's 
past is at thei r very door as well as o n the other side of the world. The 
romance l ies only in the mind of the modern interpreter of the evidence 

found in the ground. 

The other factor is the activity of curio collectors who s tyle them
selves archaeologists. An interest in collecting records of the past is a 
natural and laudable one. It may lead either to a comme r cialization of 
these objects or to an intelligent interest in their stor y. Unfortunately 
there has developed in North America a commerce in "Indian curios", 
which has led to vandalism and the placing of fictitious mone tary values 
upon objects which once had historic value, but which, when solei and 
traded, soon become worthless. The hobby of collecting "Indian relics'' 
is actually of less value than collecting postage stamps or ciga r bands, 
for the latter at least have marks of indentification upon them, while 
the "relics" do not. This hobby is not only valueless, but also vicious, 
for it leads to the wanton destruction and consequent irreparable loss of 
historical records. Trained archaeologists cannot deal with this class 
of amateur. 

There is, however, the other type of amateur with whom all natural 
scientists are acquainted-that is, the person who makes a science an 
avocation by means of which, through cooperation with proper authori
ties, h e renders a unique service. An intimate knowledge of a restricted 
collecting area, combined with a n appreciation of the scientific problems 
involved, equips such an amateur w ith a means of supplying data w hic h 
otherwise might never be found. It is o n e of the duties of the scientist 
to e n courage such ama teur interest. 

The popular conception of archaeology as a roma ntic scientific 
occupation in distant lands , a nd the activities of uninformed and often 
vicious amateurs, has belittled the importance of local archaeology in 
public opinion, without, however, in any way affecting the value of the 
proper study of the unintentional records of that group of mankind which 
occupied our country before the arrival of the Europeans. 

Local archaeology shou ld have the support of the geolog ists because 
it completes the record of life in the reg ion and supplies pertinent data 
for the Ple is tocene specia list and the physiographer working in Rece nt 
deposits. The methods and t·echniques of the archaeolog is t, because of 
their similarity to those of the paleontologist, create an added bond 
b e twee n these two disciplines. 

The historian should a lso b e interested in local archaeology. By 
means of research in this fle ld, a knowledge may be secured of the civili
zations preceding our own in the region. The Indians who were in the 
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New World before us gave us not only the land which w e call home, but 

also the major routes of travel throug h the reg ion, the sites for most 
of our towns and cities, and such farm products as corn, potatoes , cotton. 

beans, squashes and tobacco. which w e have come to take so for g r a nted 

that we overlook their orig in. just as a history of Europe b e gins with 
those cultures whic h con tributed t o the creation of 16th century Europe. 
so the his tory of the Unite d States must begin with the story of the 

Indian civilizations which have left the ir imprint upon 20th century North 
America. The human history of a community is the story of man in th at 

r egion, not the s tory of only one of his civi liza tions. 
Archaeology should also interes t those bus iness m e n who a r c con 

cerned with th e d evelopment of the ir community. It is a part of the his
toric r ecord, whic h becomes the community's memory if adequately 

preserve d in parks a nd museums. A knowle d ge of former conditions 
a nd proble ms lends to create wise lead e rship by those in power, intelli
g ent pride in the community o n the pa rt of the resident s , loyalty to the 
g roup among the g rowing c hildren, a nd an interest in the reg ion by 
visitors. A community that knows not its pas t cannot judg e its present 
problems wisely. 

If I h a ve succeeded in what I undertook to present, it is safe to 

a ssert tha t an inte r es t in the a rchaeolog y of a community, whethe r it 

be a ri ve r valley or a s tate, 1s a log ical part of the scie ntific life of that 
commu nity. 

In fos te ring such an interes t, it is first necessary to make a survey of 
the assets of the community for arc h aeolog ical researc h. These are of 
two kinds . namely. the data a nd the inte rested p e rsonne l. The d a t a con
s ists of documenta ry e vidence of Ind ian life in journa ls , histories, su r
veyors' a nd milita ry records ; of loca litie s which sti ll possess Indian re
m a ins, s u c h as village s ites, burial g round$, and mounds : a nd of e xis ting 
collections of Indian materia ls which m a y prove to have his torica l value. 

l n making s u ch a surve y. a knowledge of the interested personnel 
will ine vita bly be obtain ed. A preliminary survey of the materia ls can 

best be made by m eans of a circula r le tter or questionnaire addressed 
lo officia ls who mig ht be inte rested, s uch as County School s u perint en

dents, County surveyors, Hig h School p rincipa ls, newspaper editors, etc. 
Throug h these cha nnels the names of the local ama teurs would be 
secured, who could then be visited, and by personal observation sorted 

into groups on the basis o f u~cfu lness . When the preliminary surve y ot 
the reg ion is comple ted. the n those in char ge will be able to judg e of 
th e b est pla ces to ca rry on intens ive archae olog ical resea rch- that IS , 

e x cavations . 

Such is the log ical method of inaug uratin g an archaeological study 
of a sta te . Unfortunately, in some ins tances , public opinion d e ma nds 

e x c iting returns from such researc h . It may b e necessary, therefore, to 
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do some excavating each year, even if the preliminary survey does 

occupy eight years, as it did in Iowa. Excavations should be carried out 

by trained archaeologists. 

Such a progra.m cannot be consummated by a private citizen, no 

matter how enthusiastic or wealthy he may be, or how strong amateur 

interest may seem. A public service, even in science, must have the 

endorsement of some recognize d organization to win public support. Yet 

no matter what agency supports the work, its guidin g fo r ce mus t be one 

or more enthusiastic scientists. No research work can function without 

a leader. 
It is, of course. preferable to have an archac!ological s-urvey sponsor::d 

hy some existing state or local organization, such as a State Museum, 

a State Department of History, or of Conservation, a State Institution 

of higher learning, or a research department. If all of these prove unin

terested, then it may be advisable to creatt! a private, or semi-public 
organization. 

Let us ~ee what some of the other st<ttes have done. In Ohio and 

New Jersey, the archaeological work is carried forward by State Mus

eums, which in the former state is under the direction of the State His

torical Society. In Indiana, Wisconsin, and Iowa, the State Historical 
divisions conduct the work. In Mich igan, Kentucky, a nd lllinois, the 

State Universities carry on this r esearch. In New York, there is a State 

Archaeolog ical Society, and in Pennsylvania, a Society for Pennsylvania 

Archaeology. In lllinois, the University of Chicago, an endowed insti

tution, does archaeological field work. In New York and \Visconsin, 

Municipal Museums ut Rochester and Milwaukee are a lso doing archae

ological research. I have mentioned the organ ization of the work in 
those states containing approximately the same archaeolog ical assets 

us West Virginia. Research in this s ubject was done last yea r in twenty
five states und Alaska and Canada. 

It i ~ clear then, that thr.rc is a field for archaeologicul resea,·~h in 

your state, and that most of the s urrou.1ding states arc a lready carrying 

forward such researches. I hope th;;.t the Acade my, and especia liy this 

Section of it, will become interestt!d in furthering this branch of science 
wi<hin the borders of \Vest Virgina. 
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THE RELATION OF SCIENCE AND INVENTION 
By 

C. R. JONES, 

Dean, College of Engineering, West Virginia Univers i ty. 

Modern civilization is the product of many fa ctors. Capital and 

labor, administrative genius and salesmanship; educational, govern

mental, social welfare and religious a gencies; law, journalism, art a nd 

literature have all made essential contributions. It is my privilege to-day 

to speak of two basic factors without which civilization could not h nve 

advan ced beyond its primitive stage-science a nd invent ion. Without 

invention mankind could not have survived the ravages of th e beasts of 
the jungle a nd the rigors of the seasons. Without science, civilization 

would have remained in a primitive state. They are th e tools with which 
mankind has wrought in a ll his forward movements. or these inve n
tions came firs t and still r emains the essential link which conn ects scie n
tifi c diacoveries with their practical application . 

It seems to be the popular impression tha t a ll the scientist h as to do 

is to sh ut himself up in a musty laboratory with his mic roscop es and 

Lest tubes and presto he mnkes a discovery which creates a new industry 

or transforms an o ld industry a lmost over night. Many of our industr ies 
are base d on the sporadic discoveries of the lone scientist working 

aimlessly in his attempt to discover some new law or new compound, 
but in most instances such discoveries have lnin dormant for d ecades 
before a useful application h as been found and then by so me inventor 
othe r than the scientist himself. This wns the old m e thod when the 
scientit~t was disassociated from industry nnd still had its place in the 
exploration of unknown fields not covered by industry. 

Howe ve r, the discover ies which excite the imng ination and whic h 

immediately r evolutionize previous indus trial practices arc those that 

h ave been undertaken as definite projects to supply a definite human 

n eed. 
Re,tating these two methods of scientific procedure, they nrc: 

I . Independent pure scientific research intended to enlarge the 
scope of human knowledge without r eferen ce to the applica

tion of the results. 

2. Cooperative and individual research on well defined projects 
with a definite end in view. 

The results of r escn rch that has been undertaken without a definite 
purpose in mind cannot be made useful until after invention and long 

a nd tedious investigations of a semi-commercial character. Let me gi ve 

you two examples. The fundamental principles underlying the gen e ration 
of e lectric c urrent w e re discovered by Michael Farrada y a little over a 
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hundred years ago, but the dy1~amo as a useful factor in industry is a 

product of the last fifty years. The wave theory and the theories under

lying the transmission of sound had been known for many years by the 

physicist, but it was not until Marconi invented wireless t e legraphy that 

these principles were harnessed for the benefit of society. In the main, 

the entire e lectrical industry is based upon and g rew out of the funda

mental scientific discoveries of Farraday and others, but without inven

tion our knowledge of e lectricity would be confined to a few fundamental 

principles, interesting but useless. 

The second class of scientific investigation is that which comes as 

the result of invention or previous discovery. In contrast with th e elec

trical industries the mechanical industries are mainly based on invention. 

The electrical discoveries called forth the best inventive genius of a ll 

times, to harness them for man"s use, the mechanical inventions called 

for army after army of e ngineers and scientists for their development 

and adaptation to the ever growing needs of the industries. Without in

vention the scie ntist would probably have still r emained a magician or 

an alchemist. Without subsequent scie ntific research and development 

the inventor would not have advanced much beyond the stage of the 

toymaker. In the main, the inventor has opened the way for the scientist 
and has provided him with the problems to be solved, the materials and 
instrume nts for his research. 

Again a few examples will serve to illustrate the points involved. 

Unless fire should be considered the two epoch making inventions that I 

believe have meant more to humanity than any o ther are the printing 
press and the steam engine. Ne ither could have attained their present 

development without the other and, without subsequent scientific develop

ment, engineering design and the other force;;, which go to make up our 

industrial progress, they would have remained in a c rude state. Both 

were invented by mechanics, and were the outgrowth of a human need 
rather than n by-product of scientific research. The mere mention of the 

printing p r ess carries with it its claim for importnnce but few realize 

the importnnce of the steam engine. James \Vatt in inventing the steam 

engine wrote the emancipation proclamation for the serf and the slave. 

Industrial revolution brings in its wake social revolution, lagging behind, 

it is true, but none the less sure to follow. For thousands o f years the 

productive work of the world has been done by slaves and serfs, but with 

the most primitive equipment and faciiities. The s team engine in less 

than fifty years after its development had found such a wide application 
in shop and factory, in navigation, transportation and mining that it had 

largely taken the plnce of the slave and the serf. \Vherever the steam 

engine has penetrated, slavery nnd serfdom have vanished. Its ultimate 
mission is to abolish poverty and want. 

The good old days, except for the few, were days of privation and of 
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unremitting toil for the bare necessities of life-days of abject slavery 
for the needs of the body. The stca:n cn3ine inaugurated the ' ' age of 
power". It has given to each man, woman a nd child in this country 

the equivalent of perhaps a hundred slaves. It made possible the auto· 
matic machine, mass production, e lect rical service, hig her wages and 
leisure hours for the workman. Today the re are few families which do 
not have an automobile and a radio and who do not have leisure hours 
for recreation. Secretary of Labor James J. Davis says : ''1 hail the 
present day, w ith its labor saving machinery and mass production as 
the greatest that has downed in the a nna ls of man. To dc•crmine that 
a ll men shall have enoug h to eat and w ear and a comfortable house in 
which to live may not be the highest ideal of which humanity is capable. 
but I b e lieve that this idea l may be realized before any other ideal can 
be." ' Secretary Davis believed that this ideal for the United States was 
n car at hand, but this w as written before the present depression. 

In tracing t he re lation sh ip between invention and science, i t should 
be noted that most of the g reat epoch making inventions, especia lly 
those of a hundred or more years a go. w e re the creations of men who 
"ve re n either scientists nor engineers. 

Watt. the inventor of the steam engine. w as an instrume nt maker. Of 
those who followed \Vatt in extending the use of the stea m e n gine, 
Stephe nson, who developed the locomotive , was a fireman; Awkright, 
the inventor of the spinning frame, a barber; Cartwright, who invented 
the power loom, waR a clergyman; Robert Fulton, who built the firs t 
commercially successful steam boat. was a portrait painter; Bessemer, 
who inve nter! th<' Be~•P.mer procf!~~ for mnking steel. a type founder: 

a nd coming down to modern times, Wilbur and Orville \Vright, who 
built the first successful aeroplane, w e re mechanics. It shou ld be admit· 
t ed, however, that all these pioneer inve ntors, so far as I have b een 
able to learn, in developing their respective discoveries, became throug h 
wide reading, study a nd research the foremost eng ineers of their tim es 
in their respective lines and knew all there was to know about the 
sciences underlying their inventions. If the older inventors had not 
b een able to put their inventions into practical use a nd to attract capi· 
tal, their discoveries would have lain dormant l ike many others b ecause 
there were no trained body of scientis ts a nd e n gineers to do the work 
for them. 

The case of t he development of the aeroplane is somewhat different. 
It may be fairly said that the invention of the aeroplane grew out of 
scientific investigation thoug h the first successful plane was built by 
mechanics. Langley, the real pioneer in the development of ai r craft. 
deserved to succeed, but inve ntion and design had not progr essed far 

enough at the time of h is investigations to e nable him to design and 
install su itable motive power for a heavier than a ir flying machine. 

The development of the automobile motor paved the way for the aero· 
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plane a nd when the Wrig hts began the ir w o rk m a ny o f the p roble m s 

whic h confronted L a n g le y had a lready bee n p a rtially solved-motors 

had been develope d tha t could b e adapted to flying mac hines, better 

materia ls a nd e nla r ged a n d improve d m a nufacturing facilities w e re 

availa ble , more wns known about the relate d scie nces and the re was a 

muc h la r ger body of t rained scie ntis ts and e n g ineers ready to ca rry th e 

work forwa rd. The military nee d s of the times c reat e d the d e m a n d . 

The Bessemer process is ofte n spoken of as a triumph of chemistry, 

as a m a tte r of fact the inve nto r w a s not a c hemist, but his process 

create d o r rec reate d the metallurg ical science a nd a s in the case of the 

steam e n g ine whic h calle d forth thousands upo n thousands o f scie ntis ts 

and e n g ineers, capita li sts and m ech a nics for its further d ev e lopment 

and for its applic a tion. The Bessemer proce ss created n ri c h field for 

the c h e mist and the metnllurg ist in the furth e r develo p m e nt of steel 

making. 

The coming of the s team e n g ine a nd its s ubseque nt d e v e lo pme n ts 

does n o t mark the beginning of scie nce o r e n g ine ering , but it robbed 

science o f its mystic is m and transformed it into n humanitaria n a g e n cy. 

At the sam e time it trn n s form e d e n g ine ering from a sort of secr e t g u i ld 

to an exact scientific profession. The d e v e lopments follo wing t h e intro
duc tio n o f the s team e n g ine , ra pid as they actua lly w e r e , seem s low to 

us to-da y when capita l nnd manufacturing fac ilitie s are a t hand a nd 

r eady to uti lize a discovery. The process of d e ve loping a n e w industry 

eve n with e xistin g fac i lities is not, h o w e ver, av s imple as it sounds. 

The a uto mobile was late in coming. All of the materia ls . mechanica l 
movements , motive power, equipmen t, fu e ls . lubricants a nd p rocess 

necessar y for its d e v e lopment w e r e a ppare ntly a t hand. Only the idea 
and a harmonious combination of the mater inls a nd parts w e re la cking . 

W e kno w b e tte r n o w. We arc surprised tha t w e kne w so little thirty 

yea rs a g o. S p rings s napped, axles be n t o r b roke, tires b le w u p, ig nitio n 
was uncertain a nd e veryth in g about the n e w cars was imperfect. Those 

who o p e ra ted a u to m obiles in the ea rly days spent mos t o f the ir time 

cranking , pumping up ti re s, c a rrying wate r o r in walking for a t eam 

to pull the m out of a mud hole . 

In passing from th e s tage o f inven t ion to tha t of d esig n a nd utili

zation the n ew indus try d e m a nde d com p lete chan ges in d esign, n e w a nd 

specin lly a d a pte d m n te ria ls , n e w accessories, a nd calle d into b e ing a n 

othe r n e w army of e n g ineers , m e ta llurgists n nd scientis ts to solve its 

proble ms. The result as you know wa s anothe r r e volution in the s teel, 

rubbe r. p e troleum, a nd p a inting indus tries. n e w fabrics, n e w electrical 

ind ustries, n e w m e thods of m ass p rodu c tion, n e w a nti -freeze compounds , 

n e w n o n-sh ntte ring p ln te g lass a n d s o on, cov e re d by th o usands of 

pate nts , to say nothing o f n e w m echnnisms, c h a n ges in d esig n, the subse 

que nt r e building o f hig hways a nd the vast investme nt in ga rages and 
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other facilities necessary to produce and make use of the automobile 
in its various forms. The full s ignificance of the automombile has not 

yet been realized. If you want to know more about this development 
read the new book, .. Men, Money and Motors... A review of this book 
in the Sunday papers gave a most interesting account of the tragic 
romance of the self-starter which affords a typical example of how the 
r esearch engineer builds up an invention from untried scientific data 

to me::: t an urgent need . 

.. Publication of the book, .. Men, Money and Motors .. , reveals for 

the first time the story behind the development of the self-starter. The 

a u thors, Theodore F. MacManus, Detroit a d vertising man indentified 
with the automobile industry for 25 years, and Norman Beasley, say 
this invention, more than any other single development in the industry 
has been the motivating force behind the vast popularity the motor car 

has achieved . 

.. It is a morning early in 1910. The scene is in the office of H enry 
M. L e land, then president of the Cadillac Motor Car Co. Charles F. 
Ketterin g an electrical engineer, and even then a man who h ad assumed 
a dominant role in the inventive phase of the automobile business, was 

telling Leland of his idea for a self-starter . Leland after listening, began 

discussing the death of a dear friend. 

•· 'He was driving across the Belle Isle Bridge, here in Detroit,' 
L eland was saying, ·and h e saw a woman trying to crank a s talled car. 

Stopping his own machine he got out, went over and asked if he could 
help ... 

.. 'The woman thanked him and e xplained she did not h ave sufficient 
s trength to spin the motor. He g rasped the c rank handle. Tried to 
spin it. The engine kicked back and the handle stru ck him in the jaw. 
Unthinkingly, the strange woman had not retarded the spark. My friend 

died- from the injuries.' 

.. Leland got up from his chair, walked over, and stood looking out 

of a window. His lips were trembling. His eyes were moist. Kettering, 
staring at the Roor, wall silent. Finally the manufacturer turned back . 

.. ·You know, I loved that man. I am g lad you are going to work on 
something that will do away with hand cranking . 

.. Kettering returned to Dayton and through the hours on the train 
he thought of little else. All through the next day it was in his mind. 

and the next day-and the next- until days crept into months. A y ear 
later he brought what he had built to Detroit and demonstrated it to 
Cadillac engineers. They were skeptical. 

.. ·How does this device work?' 

·· ·It operates off the storage bat tery.' 

.. This must have sounded ridiculous to them, for they laughed. 
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'Don't you know that no s mall storage battery can furnis h enough power 
to c rank an automobile?' 

"Ke ttering was unimpressed. 'How do you know this starter won't 
work until you try it?' he asked. 

"That sounded reasona ble a s a s u ggestion so the y made the tes t. 
The self-s tarte r worke d . 

"The reason it worked w as because Kettering had spent months 
and months expe rimenting a nd perfecting its details. H e kne w his device 
w o uld respond to all necessary demands placed upon it. A year before, 
electrical e ng ineers had told him tha t a small storage battery could not 
furnish enoug h powe r to c ra nk an automobile, so the a r g uments the 
automobile engineers advanced were theories he had already eliminated. 

"Once his experimental car s lid into a ditch, breaking his leg. That 
sam e nig ht the ga rage which contained the Cadillac test car on which 
hnd been installed the only other self-starter in existence. was destroyed 
by lire. 

"If all the progress that had been made toward getting the self-s tarte r 
on an a uto mobile w e r e not to be lost then som e one h a d to put it in 
working order, so pe rformance tests at the Cadillac company could be 
continued. No other person was familar enoug h with the mechanism. 
so K e tte ring , two days after his accident, with his broke n leg in a heavy 
cnst, trtwele d 200 miles on a train, from Dayton to D e troit, and the n 
worke d on his back, underneath a car, until he had his s tarte r again in 
operation. 

"Several months later, in June , 191 I, Cadillac a nnounced e lectrica l 
stnrtin g , lig hting and ig nition as s tandard equipment for its cars. Ket· 
te ring . inventor of them, is now president of the Genera l Motors R c
sco rc h Laboratories and a vi ce president of Gene ral Motor a. " 

The telephone, te legraph a nd the radio. a nd the aeropla n e , thoug h 
g rowing o ut of scie ntific resea r c h, have been passing throug h the same 
s tages of research a nd invention and the n further resea r c h leading to s till 
n e w inventions as defects nnd n ew objectives appear. 

A ll of the grea t companies of to-day recog nize tha t furth e r ndvance 
must come from directed organized scie ntific r esearch and not only m a in
win adequate s taffs of d esig ning e ng ineers, but have well orga nized 
researc h departments m a nne d by the hig hest type of resear ch engineers 
ond scientis ts. 

Ma n whe n thro wn upon his own resources and told t o go forth and 
conquer the world began by us ing the materials and forces n enr at ha nd 
- wood, s to ne . copper, gold n nd si lve r, then brass, iro n a nd cement re· 
q ui rinH more complex treatme nts. In a crude way he made usc o f a nima l 
power, the wind a nd th e waterfall a nd finally s team. In the rea lm of 
m<·cho nica l move m e nts and t ools, he discovered the usc of t he club, 
the ox. the lever, the inclined p lane, the wheel and axle , the pulley, etc. 
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These simple c leme nts, except for new combinations , have long smce 

been exploited and the more recent advan ces have come from the appli
cation and use of new hidden forces and elements which have bee n 
wrestled from nature after long and patient research. Further advance 
m eans that we must g o still deeper in to the hidden recesses of nature. 
For centuries the inventor blazed the path of progress; in the future the 

research engineer and the scientist must take the lead. Now and then 
we may expect sporadic inve ntions and sporadic scientific discoveries 
of g reat importance , but there will be fewer discoveries like that of 

Goodyear when he accide ntally discovered how to vulcanize rubber. The 
grea t advances of the future will not be the product of one man, but 

will come rather throug h organized and directed team work com
bining inventive genius, pure scientific a nd engin eering research and 

eng ineering design of the hig h est orde r, backed by capital a nd manufnc
turing facilities. 
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DETERMINING THE ASTRONOMICAL UNIT 

By 

M.). KELLY, 

Elkins. 
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The astronomical unit is tho mean dista nce from the earth to the 
su n . The present adopted distance is 92,89 7,4 16 miles. The problem 
of findin g this dis tance is one of the most important a nd difficult pre
sented by astronomy. Important because this dis tance is the unit to 
which a ll m easure ments of the solar system are referred. Difficult be

cause m easu r ements which dete rmine it are so delicate that a n y slight 

error of observa tion is e normous ly magnified in the result. There are 
several ways of determining the sun ' s distance and the values arrived a t 
differ from the mean by n ot more than I in I 5 00. The mos t a ccurate 
method known at presen t is the measurement of th e paralla x of Eros. 
Eros is an as teroid or minor planet discove red in Aug ust 1898, photo
g raphically, by \Vitt of Berlin. From the nume rous observations which 
have s ince been made its e lements arc now known wi th very g r eat prc
c ts ton. Its s idereal pe riod is 6 4 3. 23 days, a nd its synodic period 845 
days, the longes t known. Its mea n dista nce from the sun is 1.4 58 times 

the ea rth' s o r 135,430,000 miles. The a ccentric ity of its orbit is so 
g reat that a t aphelion it is 165,63 0,000 miles from the sun, while at 

perihe lio n its distanc e is I 05,230,000 m iles. The least poss ible distance 
b e tween the earth and Eros is 13.840.000. This distan ce is reach ed when 

Eros c ome to opposition a nd p e rihelio n a t the same time , making it 
the closest plan e t to the earth, h e nce the one that can be m easured mos t 
accura tely. Eros was in perihelion Ja n. I 7 - 1931 but the ea rth did n ot 
overtake it ti ll 13 days la te r whe r e the two pla nets were 16, 200.000 
miles apart. The word parallax means the opparent displacem e n t of a 
h eave nly body de pending upon a ch ange in the position of the observe r. 
In (Fig . I ) a nd observer at A would see a body a t E in the direction AE 
while if h e shifted his position to B he wou ld see the body in the direc

tion o f BE. The difference in direction o f AE and BE is measured by the 
a n g le E. The a ngle E would b e the pa rallax of a body a t the point E. 

To be of va lue the len gth of the line AB must be known. For bodys 
n ear the earth the equatorial ra dius of th e earth is used. Knowing the 

value of the line AB in miles and the angle E in seconds of arc to find 
the dis tance to E-using the radia n as the unit o f m easure-multiply 

the dis ta n ce ABby 206.265 {the number of seconds in o n e radia n) and 
divide by the n umber of seconds in the ang le E. In as tronomical ca lc u

la tions this m ethod is p e rmissable for the a n g le of paralla x is a lways 
small. Eve n for a n angle of five degrees the diffe rence between the sine 
a nd the arc is only one unit in the fourth decimal place. Knowing the 
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sidereal period of a p lanet it is possible to make a series of observation s 
and determine its distnnce from the sun in terms of the earth' s distance. 
For example the distance of Mars may be found as follows. Let S (Fig. 

-------£-E--:=:: -------------- --- ----- -- -
B 
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.... ..-A, 
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3) be th e sun, A the position of the ea rth at any d a te 01nd M the pos1t1on 
of Mars. By m ean s of a meridian circle m easure the angle SAM, at the 

end of 687 d ays (the s idereal p e riod of Mars) Mars will again be at M 

but the earth will be at B. the angle SMB will the n b e m easured. In the 
qua drilatera l we have measured the angles at A a nd B, the angle ASB 
will be the ansle the earth p asses over in 43 days , (the diffe r e nce be
tween 730 days or two revolutions of the earth a nd 687 d ays the sidereal 

p e riod of Mars) a nd SA and SB the radius of the earth' s orbit. We can 
now solve the quadrila t e ra l a nd determine the dis ta n ce SM in terms of 
SA. By such methods it is possible to find with g r eat accuracy the mean 

distance of a planet from the sun, at any time , in te rms of the earths 

distance, and a map of the solar system form ed, but without a scale of 
miles. The m easure m e nt of any one planeta ry dis ta n ce will then be 

s ufficient to express them all in miles, hence the r eason for d etermining 
the distance from the ea rth t o Eros. The princ iple of finding the para
llax of Eros is as fo llows. In Fig . I let the c ircle represent the earth 
whose cente r is a t C. A and B two observers on the earths surface a nd 
E the asteroid Eros . From the e lements of the orbit of Eros. its position 
in the sky as seen from C can be computed with g reat accuracy. L et this 
position be 0 Figs. 2A & 2B which represents the pla tes t a ken by the 

two observe rs, and let S be a star photograph ed on the plates with Eros. 

The exact position of the star S being known. The observer at A will 

photograph Eros at A I , be low 0, while B will photog raph it at B I, above 

0, photographs to b e tn k e n s imultaneously. By measurin g on the photo
g raphic plates the a n g ula r distances SA I and SB I the value of A I B I 

and hence the a n g le AEB is obta ined. This is the a mount Eros is dis
placed in the s ky as seen by the two observers A & B. Knowing the 
dimensions of the earth, the le ng th of AB can be determined, the trians le 
EAB solved a nd the distance EC d e termined. The la te s t information 
avai la ble states Ero s is e longated in shape, about 20 to 25 miles long 
and 8 to I 0 miles in diameter. The a~tronomers h a ve n rrivcd at the ir 
conclusions about the size a nd shape throug h observations of the period 

of variation in the range of intens ity of lisht that comes from that planet. 

It revolves once o n its axis in 5 hours 16 minutes 12.94 seconds and 
has four variations in this p e riod. It is explaine d tha t as one side is 

turned toward th e ea rth the inte nsity increases, the n fn lls as one end 
turns toward the earth, n c r eases as the other s ide comes into vie w and 
fa lls as the othe r e nd appea rs . 
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THE THEORY, PRODUCTION AND USES OF ULTRA
VIOLET RAYS 

By 
R. P . HRON, 

Professor of Physics, Marshall College. 

Ultraviolet radiations consist of but a very small p a rt of the ~olar 

electromag netic wave band, the wnve le ng ths of which va ry from 5300 
millimicrons to less than 292 m illimicrons. Ultraviolet lig ht is made up 

of waves whose lengths vary from 400 millimicrons to about 13.6 mill i
microns. However, the limit of the sob r spectrum in the ultrnviolet is 

about 292 millimicrons and is due to a bsorbtion by ozone in the uppe r 
layers of the atmosphere , but by artific ia l means shorte r wave leng ths 
may be produced. 

Ultra violet light may b e divided into three groups of wave leng ths , 
the first extending from the visible spectrum to about 3 00 millimicrons 
or 3000 A. These w a ve le n g ths arc emitte d by the sun in large quanti
tics, are but slig htly a b sorbed by the ntm osphere, and th e photoche mical 

reac tions th e y produ ce are almost a lw a y s exotheomic . Their physio

log ical and biologica l pro perties are s imila r to those o f the adja c e nt 

violet and blue light, but more in t e nse ; a lso, they ha ve practically no 

destructive action on low forms of life s u c h as bac teria . The se cond 
group of w a ves extend from about 300 millimicron s to a bout 200 milli
microns . Only the lon ge r of these w n v es are found in s ola r radia tion. 
They a r e g r eatly absorbe d by many s ubs ta n ces and, th e r e fo r e . produce 
inte n se c h e mical effec ts . They m a y b e produce d by th e spark ga p, 
mercury vapor lamp, or by other m ea n s , a nd are ve ry e ffe ctive for 
s terilizing purposes-the shorte r the wnvc le n g th the g r cutcr the b acte ri 
cidal action. The third g roup, the extre m e ultraviolet, c ons ists of wave 

lengths shorte r than about 200 millimic rons or 2000 A - wave len g ths 
that are a bsorbed by a fe w centime t e r s of air and, th e r e for e . ca n 

scarce ly b e technically cons ide red. 
The the ories of ultra viole t rays are n ecessa rily the the orie s of lig ht 

and, by assuming the latte r to be a transverse wave motion s p r eading 

out from it:f source, various phenomena such as inte rfe r e n c e are easily 
explaine d. However, m a ny effects of lig ht are explaine d b e tte r by the 

quantum theory, according to which q u a nta or "bundles of e n e r g y" a r c 

emitte d from the source a t intervals . The quantum theo ry adequa te ly 
explains m a ny e ffe c ts , s u c h as photoe lectric phenome na . Bohr's the ory 
of the n tom, and the r e la tionship b e tween th e wave le n g th s of lines in 

emission s p ectra. The g ulf betwee n these two the ories is wide. a nd 

neither a ppe ars to b e able to explain a ll of the phe nom e na of lig ht in 
various esp ects. This unsatisfactory c ondition 1s r ece iving e xte n s ive 

investiga tio n, and w e h ope that a the ory of li ght of m o r e fittin g c h a ·oc-
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te r will result . Previous to about 1800, the old co rpuscular the ory that 
was supported by Newton was gen e rally accepted, according to whic h 

lig ht consists of minute particles of matte r shot off by a ll bodies tha t 

radiate lig ht or heat , a nd which produce the ir e ffects upon impact. Th is 
theory w as unable to expla in inte rference of light sa tis factorily and w as 
discarded in favor of the w a ve theory which w as first sugg ested by 
Huygen s and later contributed to by Young, Fresnel a nd Maxwe ll. Since 
w a ves must h a ve a m edium, it became necessary to postulate the exis

te nce of a n ""ether"' having n o m ass but perva ding a ll space. For about 
a cen tury the ether theory was satisfactory in expla ining all the pheno

mena of light the n known. 

The discovery that the vis ible pa rt of the solar spectrum comprises 
only a small portion of the tota l radiant energ y led to investigations of 

the invis ible radiation s-infra-red, ultraviole t a nd X-rays particularly, 
whic h produced results of muc h importance in regard to the theories of 
lig ht. About the beg inning of the 20th century it was observe d that 

X -rays have the power to detach e lectrons from the molecule" of gases 
through whic h they p ass. As but a very s m a ll portion of the molecules 
which the r ays pass are affected, it is difficult t o explain this phenome non 
on the basis of a wave front of uniform e n e r g y. A lso, when ult raviole t 

light fa lls on metals , electr o n 3 are e j ected produ c ing the photoe lectric 

effect. H o weve r, the energy of ejection does not d epend upon the inte n 

sity of the incident light, whic h is difficult to expla in on the basis of the 

wave theo ry, but can be expla ine d satisfactorily in t e rms of the corpus
cular th eory. However, the old o bjections to a corpuscular theory r e
main, and in order to e liminate the m as far as possible a nd at the sa m e 
time explai n the loca lized ac tio n of lig ht, Thompson e volve d a modifica
tion of the wave theory, sometimes calle d th e "'Ether-string"" theory. 
accordin g to which the ether was supposed to h ave a fibrous structure. 
N e ve rtheless, th e facts of intereference could not be explained by this 
theory, a nd numerous other objections to it w ere •·a ised fr om time to 
time unti l it was practically abandoned. 

Aft er consid e ring Pla n ck' s work on black body r a diation, Einste in 

a ssumed tha t a source of radiations c ould e mit or abso rb energy in units 

or qua nta. The magnitude of the quantum is directly proportional to t he 
frequen cy o f the source, a nd is equa l to the product of the frequ e n cy 
into Pla n c k' s cons tant. Th e ener g y with whic h a n e lectron escapes in 

photoelectric phenomena is a lways eq ual to this product, and is not 
varie d by the inte nsity of the inc ide n t light or by the nature of the 
emitting m a te rial. Compton confirmed the qua ntum theory furth e r, 

and r eason e d that light of a g ive n frequency shou ld be transformed to 
a lowe r f requ e nc y on impact with a n e lectron. The li ght quantum, on 
s triking a free or valence e lectron, m)Jst g ive up a part of its e nergy a nd 

r ecoil with a smaller a mount. As the m ass of a lig ht quantum of the 
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hardest X-ray is perhaps about 1 I 10 of that of an electron, it is impos

sible for the light quantum to give up all of its energy. However, if the 

light quantum collides with a bound electron nearly a ll of its energy is 

transferred due to the comparatively great mass of the atomic nucleus. 

This has been proved exper imentally using X-rays from a molybdenum 

target, and t he free electrons of graphite as the scattering substance. 

T he o: line of molybdenum shifted in approximate correct amount t o

ward the longer wave lengths. Compton used the ion ization chamber 

method, and Ross conftrmed his work using the more accurate photo

graphic plate method. Compton's work has a lso been confirmed by 

Becker, Watson, and Smythe. 

Although different observers have different opinions regarding the 

source of the energy with which electrons are emitted, Einstein's equa

tion has been favo rably received. According to this theory the amount 

of radiant energy required to cause the decomposition of a gram-mole 

of a substance by a photochemical process is equal to the product of 

the number of molecules per gram-mole into Planck's constant into the 

frequency of the radiation used. This is known as the photochemical 

frequency law. 

Bohr's conception of atomic structu re is closely connected with 

the quantum t heory as he assumed that the electrons revolve about a 

posi t ive nucleus in orbits of different radii , and that the emission and 

absorption of energy quanta take place when electrons jump from one 

orbit to another. 

Whether ultraviolet l isht i s emi tted as a trn.n3vcrsc wave motion 1n 

the imponderable ether, or as quanta of energy is still a moot question. 

Regardless o f the theory of li g ht one supports, it is of considerable 

significance that the mass of a body is diminished by thermal radiat ion 
b.y an amount equal to the energy emitted divided by the square of the 

velocity of light. This is the law of the inertia of energy, and was worked 

out by Einstein. 

Apart from the variable quantity of ultraviolet radiation received 

from the sun, the chief sources of this light are: 

1. Lamps burning certain fluids, such as carbon disulfide, in oxyge n. 

These are called chemical lamps, and are of very limited application. 
Wulf's carbon disulfide burner is typical. 

2. High pressure disrupt ive e lectric spark discharges between metal 

electrodes such as iron, n ickel, cobalt, copper, tu gsten, zinc, magnesium, 

cadmium and a luminum. These form the bas is of apparatus used to 

produce fluor escent effects. Howeve r, when observa"tions are t o be 

conducted ove r a considerable period during which the int'ensity of 

radiation must not change, the hig h tension disruptive spark be~ween 
m e tallic terminals cannot be used to advantage. T he "Iron Spark" appa-
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ra tus developed by Andrews, and the aluminum electrode apparatus 

developed by Ross are typical. 

3. Electric arcs between solid metal electrodes such as iron, or iron 

and carbon, usually without exhaustion of the air. The intensity of 

ultraviolet radiation available through the use of arcs is greater than 

that from spark discharges. An arc that will emit ultraviolet radiation 

strongly may be constructed by employing an iron and a carbon rod, 

or two iron rods, for the poles. These poles are cooled by heavy brass 

or copper sleeves which can be moved along the rods as the latter are 

consumed. The upper pole which is the negative one may be an iron 

rod about \l.i inch in diameter. The lower pole may be an iron rod about 

!/z inch diamete r with hollowed end. One of the poles should be adjusted 

vertically. In preparing the arc, a bead of molten metal is deve loped 

in the dished end of the lower electrode. The upper electrode is well 

cooled, and the arc is maintained very steadily between the bead of 

molten iron and the upper solid electrode. Such an arc may operate for 

as long as 30 minutes without any adjustment. 

4. Mercury vapor arcs, especially those produced in vacuo. Many 

types of mercury arc lamps for producing ultraviolet rays have been 

made, the first to attract public attention being the one invented by 

Coope r-Hewitt. This lamp was produced in I 90 I and was made with 

glass, but with the introduction of clear fused quartz into commerce, 

lamps of transparent quartz were made. For a number of years the 

expense attached to the production of transpar ent fused quartz made 

the cost of the lamps high. However, in I 92 S Berry and others of the 
Gene ral Electric Co. discovered a method of producing fused quartz in 

larger quantities in a special electric furnace of vacuum type which en· 

abies clear quartz articles of large dimens1ons to b e made comparatively 

cheap. Quartz does not transmit ultraviole t lig ht of wave length shorter 
than about 1850 A, and in the fi eld of short wave lengths, othe r sub

s tances, such as calcite and fluorite which are transparent to the short 

waves, must be u sed. Much could be accomplished in the chemical 

field by appartus that would produce these potent short ultraviolet rays. 

Minerals that a r e transparent to these waves have been well canvassed, 

but it might be possible to produce g lass-like synthetic solids such, for 

example, as those obtained by the action of formalde hyde on urea. There 

is a field for research in this direction. Glass is impervious to ultraviolet 

radiations except for the long est ones adjacent to the violet e nd of the 

spectrum of visible light; also ultra violet light does not travel far in 

most materials commonly called transparent or translucent. On the 

other hand X-rays, which are short compared to u l traviolet rays, have 

euch penetrating power that substances, ordinarily called opaque, are 

transparent to them, which fact m akes the m of great value in medicin e 
and in chemical research. 
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It is popularly supposed that the sun provides us with beneficent 

u l traviolet rays, and it does emit this radiation in abundance, but when 

the rays enter the outer layers of the atmosphere, absorption is so great 

that only a very small part of the radiation penetrates to sea leve l. This 

accounts for the greater tanning of the skin at high altitudes e ven in 

winter and, also, the greater tanning in summer at low altitudes on 

account of the sun being more directly overhead and the rays penetra

ting a lesser thickness of atmosphere. Sunbaths and baths in artifically 

produced ultraviolet light are beneficial chiefly because the rays form 

vitamin 0 in the skin- the same vitamin that is found in cod liver oil, 

and the one that is especially potent in preventing r ickets and te tany in 

children. The two most used types of lamp for the art ificial production 

of ultraviolet light are the carbon arc lamp a nd the quartz mercury arc 

lamp. These are made in various forms for special purposes. The latest 

efforts have been toward producing lamps that e mit lig ht s imilar to sun

l ig ht. Lamps of this kind are on the marke t and, while th e y are being 

sold chiefly for home treatment, they are beginning to be considered as 

lOOurces of general illumination. In the nea r future , the illuminating e n 

g ineer will, no doubt, design l ighting that will not only e nable us to sec 

better, but also keep us healthy. Such a rtifi c ial sunlight b enefits a per

son as much as midsummer sunlight in a clean atmosphere , a nd more 

than summer l ig ht in a smoky atmosphere, or winte r s unlig ht every

where in medium and high a ltitudes. In industries whe re workers spend 

most of the daylight hours indoors or in offices where the b eneficial 

effects of natural lig ht are mostly lost, artificial sunlight is of great 

benefit. The quartz mercury nrc lamps fall into two classes; those oper

uted on a lternating current, a nd those taking direct current. The former 

require a transformer, and the latter a control rheostat; and if the lamp 
is to be used in the living room fo r general lighting purposes as well as 

for its beneficial effects, the transformer is placed in the base of the 

pedestal that supports t h e lamp proper, making a n attractive unit. Pro

minent among the d e v e lopers and manufacture rs of quartz mercury arc 

lamps are the Gene ral Electric Vapor Lamp Co. of Hoboken, N. J. 
(formerly the Cooper-Hewitt Electric Co.) and the Hanovia C h emical 

and Mrg . Co. of Newark, N. j. The Gordon U ltraviolet M eter, which 

blocks out visible lig ht, measures ul tnwiolet light quantitatively in h ght 

from any source, and is a depe ndable instrument for the control of 

dosage in the hospital, clinic, or p hysician's office, and r eplaces the crude 

c h emical methods and the involved physical la boratory procedure that 

were formerly in use. T h e meter can be purc h ased from the Hanovia 
Chemical and Mfg. Co. 

Glass is impervious to ultraviolet waves s hort er than 302 milli

microns or 3020 A and, the r efore, the rays that arc ge n era.lly conceded 

to b e extr emely harmful are cut out by this substance, which should be 
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worn over the eyes in the form of goggles when exposing these organs to 

rays of the intensities e mitted from the ordinary quartz mercury lamp. 

The goggles should be made of glass containing titanium oxide as an 

essential constitue nt, according to the Corning Class Works, a nd should 

absorb waves as long as 3650 A almost completely. G ood goggles can be 

purchased from the Hanovia Chemical and Mfg. Co. Class mercury lamps 

are impervious to ultraviolet light, a nd can be viewed with the eyes un

protected. The radiation from th is lamp is made up a lmost entirely of 

green, blue and yellow l ight, w hich brings out detail, and makes it very 

good for illuminating drafting rooms. 

Substances that exclude the v isible rays but transmit ultraviolet 

light are called filters or screen, and among them may be mentioned 

quartz coated with si lver. Many striking physical chan ges may be 

obtained with an ultraviolet lamp that is well screened to prevent the 

passage of visible light. A great variety of fluorescent effects are easily 

obtained. In a darkened room irradiated only by ultraviolet lig ht, the 

teeth, eyes and fingernails glow wi th a weird yellowish fluorescence; an 

effect that is very a musing to the observer who witnesses it for the 

first time. Artificial teeth do not Auoresce, but appear black, causin g 

the mouth to present a very queer appearance. 

At the present time ultraviolet light is being used exte nsively in 

photo-chemistry, spectrometry, polarimetry, interferometry, photomicro

scopy, and in photoelectric and absorption studies. The rays are being 

use d in the testing of paints, varnishes, lacquers, rubber, paper, textiles, 

dyes, inks, artificial leather, etc. They are also used for irradiating foods, 

and in the examination of drugs, oils, minerals, precious ston es, rare 

paintings, manuscripts, stamps, and in crime d etection. 
The action of ultraviolet lig ht in photo-c h emistry seems to be that of 

a cata lysyt. Some of the reactions thus caused to occur, may a lso be 

effected with ordinary catalysts, w hile in othe r cases it has not bee n found 

possible to carry on the reactions without the rays. Photochemical effects 

are now usually regarded as photoelectric effects, at lea'!t as far as the 

initial stages are concerned. The action of ultraviolet lig ht on organic 

compounds depends larg ely on the wave length. Generally speaking, 

th e s horter wave le n g ths split up the more complex molecules forming 

compounds of simpler structure, the fina l stage b e ing reached with the 

production of carbon dioxide, methane, hydrogen and water, while the 

longer wave le n gth s fre q e ntly produce polymeriza tion or rearrangement. 

Ultraviolet light is b e ing used extensively in man's attempt to dupli

cate photosynthesis or the plant' s work of manufacturing starch, sugars, 

celluluse, etc., by combining carbon dioxide, absorbed f rom the air by 

the leave s and g re,en twigs, w ith wate r taken up by the roots, and some 

progress has been made. 

R egarding sterilization by ultraviolet rays, we m ay state tha t ; 
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I. The bactericida l action is practically confined to the wave lengths 

between 29 7 millimicrons and 21 0 millimicrons i. e., to the middle ultra

violet light. 

2. The action is a direct one upon the bodies of b acteria, and is not 
due to the formation of germicidal substances such as hydrogen peroxide. 

3. The action is chieRy on the protein constitu ents of the organis ms. 

4. The penetration of the rays into organic matte r is very feeble. 
They arc arrested by the thinnest layer of skin. Turbidity of a liquid 
greatly hinders the sterilizing action, but color is of little importan ce. 

S. Free oxygen is not n ecessary for the sterilization. 

6. The act ive rays arc those abso rbed by the body acted upon, the 

effect being a function of the intens ity of the radiation a n d of t he time 

during which it acts. 
Among the prac tical a pplications of the sterilizin g action of ultra

viole t lig ht we may mention itg u se in the purihca tion of water, th e ren
d e ring of medicinal preparations aseptic, particularly those u sed for in
jection s ubcutaneous ly or otherwise, a nd the sterilizing of barrels, bac

teria l vaccines, milk, e tc. 
Eig ht or ten years ago treatment with ultraviole t ii ght seemed to be 

the method of choice for the sterilization of water on a la r ge sca le, a nd 

several medium and large size plants were installed which have worked 

with e ntire satisfaction. Those at H e nde rson, Ky., and Oi l Hill, K s. , 
are typica l. The advantages of the m e thod are ve ry evident. The 

water unde rgoes no c h a n ge, the minera l matter and a ir in solution, both 
of which give water its p leasing qualities, are retained, a n ove rdose is 
impossible, the cos t is n ot prohibitive, :1nd the sterlization can be made 
as complete as desired. However, durin g the past few years, the method 
has declined in favor, not on account of a ny disappointment in its per
form a n ce, but because of th e competition of cheaper and, in some re
spects, s impler chemical p rocesses, such as the chlorination of potable 

wate r, and the coppe r s u lpha te treatment for swimming pools. It is 

impossible to .say whether or not the large sca le s teri lization of water 
by ultraviolet rays will r ega in its pos itio n. However, there are severa l 
fields of usefulness for the method in smaller scale operations where the 

chemica l methods arc objectionable, a nd especially where an overdose 
would be Injurious. Among these , we m a y mention the preparation of 

water for surgical purposes, ita sterilization for bottling or for the supply 
of small consumers such as reside n ces. hote ls, hospita ls , s hips, office 

buildings. public buildings, for washing butter, for th e oleomarg arine 
industry. and that to be incorporated in food. 

R egardin g the diffi culties e n countered in the s t erilization of water 

by this method, w e may mention the core that mus t b e used to secure 
filtration complete enough to reduce the degree of turbidity to a very 

low va lue as particles of sediment arc opaque to ultra violet l ight and 
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act as shields that protect the bacteria from its action. Proper clarifi

cat ion of the raw water, which is accomplished by a combination of 

flocking with lime and alum or lime and ferrous sulphate, sedimentation, 

and filtration, is sometimes a troublesome and difficult process, espe

cially when the raw water is of high turbidity or the filtration plant is 

not working efficiently. Another difficulty sometimes encountered is 

the foulin g of the lamps or the ir quartz casings by deposits of mineral 

material. Still another difficulty is the deterioration of the lamps due to 

long use . This is apparently due to a clouding of the quartz caused by 

decomposition products from the electrodes and by changes in the nature 

of the quat·tz, and produces a very noticeable loss of effectiveness after 

I 000 to 1500 hours of service. 

In r egard to the biologic effects of ultraviolet rays on living things 

we may say that there are two kinds of action, the first stimulative and 

produced by wave le n g ths from the l imit of the visible spectrum to about 

2900 A, and corresponding closely to the ultraviolet component of solar 

radiation at the earth"s surface; and the second effect lethal, being 

produce d by wave lengths shorter than 2900 A. As an example of the 

stimulative effect of the rays we may mention the increase in the g rowth 

of yeasts when exposed to them. A list of the conditions for the treat

ment of which the application of ultraviolet rays has b een recommended 

ranges from acne to zona throu gh tube rculosis and the major psychoses. 

P erhaps some of the present enthusiasm r egarding the therapeutic appli

cation of ultraviolet lig ht will b e dampened by further experience, but we 

can be reasonably sure that some of it will be strengthened and augmen
ted. Two types of quartz lamps are used in the treatment of diseases, 

the air-coole d ' "sun-lamp"" for general application or for the treatment of 

large areas, and t~e water-cooled lamp for local applications. The form e r 

yields a relatively larger p r oportion of ultraviolet rays of wave le ngths 
exceeding 300 millimicrons which are stimulative in their action. The 

latte r g ives out an intense radiation, rich in w a ve le n gths less than 3 00 

m illimicrons which is lethal in its action. The .. sum-lamp .. yields a 

radia tion that is thought, by some, to be superior to alpine sunlight in 

curative effect. In the treatment of skin diseases ultraviolet rays have 

proved to be a veritable godsend, a nd this field of use is expanding daily. 

One of the most r e mat·kable developments of the applications of 

ultraviole t lig ht is the irradiation of a foodstuff, which will sometimes 

~~~eke up for a deficiency in it of vitamin A that is very necessary for the 
normal development of animals. 

Many of the applications of ultraviolet light are of special or occa

sional interest only, such as the d e ciphering of damaged documents, or 

the detection of frauds in paintings, while othe r applications are for such 

constantly important work as the testing of dyes for fastness, and the 

artiGcial weathet·ing of paints and varnishes. 
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A new ultraviolet microscope that mag nifies up to 7000 diameters 

has recently been perfected by Lucas. Short waves produced by a 
cadmium spark are u sed, and the mag nifications a nd clearness of the 

views are much greater than have ever bee n obtain ed before . 
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THE SOLUTION IN POSITIVE INTEGERS OF 
2x2 +2x+ I =y~ 

179 

{Proposed by ]. Rosenbaum, in the Mathematical Monthly, 1930. page 552 ). 

By 
WALLACE SMITH. 

Professor of Mathematics, New River State College. 

Solve in positive intergers 2x" + 2x + I = y0• 

Proposed by ). Rosenbaum, Melford, Conn., m the Mathematical 
Monthly, 1930, page 552. 

Solu tion: by W a llace Smith, New River Stale College, Montgomery, 
West Virginia. 

It is seen at once that 

2x"+ 2x+ I = y' ( I ) 

may be written m the form 

z0- 8y'=-4, (2) 

where z = 4x + 2. By the method in Chrysta l's Algebra, VoL ll., 482. 

Art. 18, the solution of (2) may be made to d e pend on the solution of 

(3) 

It follows at once that z1 = 3, y , = I is a primitive solution of (3); there
fore, the general solution of (3) is g iven by 

z, = ( Yz ) [ { 3 + V 8) "+ { 3- V 8) 0 
], 

y, = (Yz VB) [( 3+ V8) "- (3 - V8 ) " ]. 

(See C hrystal's Algebra, Vol., II., pa ge 480, Art. 17). 

Now, it follows a t once tha t the gen e ral solution of {2) is : 

z = [ (3 + V 8) "+ (3 - V 8) n l + ( V 8 / 2) [ (3 + V 8)"- ( 3 - V 8) " ], 

y = ( I I V 8) [ (3 + V 8) "- (3 - V 8) " ) + ( Yz ) [ ( 3 + V 8) " + (3 
- V 8) " ). 

But s ince z = 4x + 2, it remains to be shown tha t 

z := 2(mod. 4). (4) 

If we expand the t e rms in the value fo r z by the Binomial T heore m 
and collect terms w e will have : 

n(n- 1) 
z =2 [ 3"+ 3 11 ' .8 ++--J +V 8[n. 3" ' · 

21 

.3" ". ( v 8) "+ +--]. 

n(n- l )(n- 2) 
V B+------

3 ! 
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or, 
n(n- 1) n(n - 1) (n- 2) 

:z = 2 (3"+ 3" -~- 8+ + - -] + [n. 3 11
- ' . 8 + 3n-• 

2 ! 3 ! 
.8z+---]. 
Each te rm, exceptin g the firs t, in this value for z is a mu ltiple of 8 a nrl 
divisible by 4; therefore , if it can be s hown tha t 2.3 " = 2 ( mod. 4), th e n 
( 4) holds true. Sinc e 2.3 ° fo r n = 0, 1. 2.----is of the fo rm 2 (2 m + 1), 
and s ince 2(2m+ 1) :=2(mod. 4), w e :.ec tha t 2.3 " := 2(mod. 4) h o lds. 
Therefore , x = (z-2)/4 is a n integer. H e nce, the pos itive integ ral solu
tion of ( I ) is: 

x = (!;4)~-2+ [(3 + V 8) 0 + (3 - 1/ 8)"] + ( V 8/2) [ (3 + V 8)" 
- (3- '1/ 8)"] ~ . 

y = (I /V 8)[(3 + V8) "-(3-V8" ] + ( Yz )[(3 + '1/ 8) "+ (3 
- '1/ 8) " ] . 
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. THE DEFLECTIONS OF A THIN PLATE LOADED ON 
THE CIRCUMFERENCE OF A CIRCLE 

By 
CHARLES H. VEHSE, 

Assistant Professor of Mathematics, West Virg inia Univers ity. 

The method of finite differences has been used quite effectively by 
Marcus·~' in findin g the deflections of thin plates. His m ethods arc 

applied here to find the deflections of a square plate loaded on the cir
cumference of a c ircle which is con centric with the plate and whose 

diame te r equals half the le n g th of a s ide of the plate. The deflections 

are computed wh en the p la te is freely suppo rted on the ed ges, clamped 
on the edge, and freely supported on the corners. 

Th e plate is assumed to be homogenous and to have a thickn ess that 
is sma ll compared to the othe r dime nsions. The d eflections arc a ssumed 

to be sm a ll relative to the thickness. 
The plate is refe rred to a set of axes as in the accompanyin g dia

gram, where x, y a nd z are the co-ordinates of a point in the plate in a n 
unstrained position and r (x, y) is the deflection of the n eutral s urface. 

The deflection r mus t then satisfy the equation 

o•r o'r o'r P (x. Y) 
(I) -+2 +-= - - -

ox' ox=oy• oy' N 

where p ( x, y) = the load per unit a r ca, 

E h 
N 

12 ( 1- o') 

E = Young's modulus 
o = Poisson's ratio 
h = thickness of the plate 
Introducing a n ew variable w , defin ed by the re ln tion 

o'r a·~ 
(2) - · +-· = - w 

ox' oy' 
•Die Thcoric clus tischcr Ccwcbe und ihrc Anwcndunnen nuf die Bcrechnung 

b iegsamer Platten; by H. Morcus. 
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we replace (I) by the pair of equations 

o·~ o'!: 
(3a) -+-=·-w 

ox' oy' 
o'w o'w p 

(3b) - +-=- -
ox' oy' N 

Assume the side of the plate to have a length 2a and that the circle 

of loading has a diameter a. The total load on the circle is P . Divide 

p 
the circle into I 6 equal arcs and suppose a load of - to be concentrated 

16 

at the centroid of each arc. Divide the plate into squares of side a/8 by 
means of a square lattice as shown. The concentrated loads are now 

apportioned to the vertices of the squares in which they lie by the 

formula 

/., ).3 

p rn= 
(;>., + 1 .• ) (/.3+ /., ) 

A B 
I 2 , T 

" ' 

" '' . 9J 

1/ I J J \ 

1\ I 

F1gure 2 . 
The values of p,, were determined as follows: 

P21= .0ZI88 P 
P••= .020 12 P 
p,.,= .06090 p 
p::-;= .04104 p 
p"'= .02029 p 
P"• = .00982 P 
P"-•= .0016.0 P 
P3t= .00225 P 
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We now form the differences 

( ll.r ... ) .=r.- r, 

(Arm) r= $"h- rft 
(ll.'r ... )' = r.-2ron + 1 

(ll.:r ... ) ,. =r .. --2_~; ... + r., 

' I 

p 

b 

h ~ 

It) ,., 

9 ,. 
s 

~="' i qure 4 

0 

183 

o'r ( ll.:r ... ) . 
The derivative -- is approximately equal to ---- at the point 

ox: ( : ) : 

m, and the other derivatives can be replaced by the corresponding 

differences. Equations ( 3) then become 

(4a) (Nr ... ) .+ (ll.'r ... ) ,-=- ( : ) ' w,, 

( 4 b) 
Pm 

( ll.2w,,) . + (C.' w, ,) ,.=--
N 

If the p late is free ly supported on the edges, (u'r ... ) .• = ( ll.'r ... ),. = O 
on AB. The n the e quations ( 4) ha ve the boundary conditions r= w = 0. 
F rom equation (4b) we have 

(5) 4w,-2w, 

-'\Vt + 4W iol- '\VI ·~-\Vt-.'i 

- 2 w; + 4w,-w,~ 

-2w~ + 4 w,.-2 w10 

- \v, - w, . . ,+ 4,v, .;- \V I,,-w ,.,:.l 

-w,-2w,.+ 4wo;,-w01 

- 2w,.+ 4w,o-2wn 
- w ,-'\V a.:.+ 4w ... a-w .,; - W t.u 

-w,~-2w:.-,:•+ 4w~l-W::.->l 

- 2w,;+ 4w,.,- 2w"" 

= 0 
= 0 
= 0 
= 0 
= 0 
= 0 
= 0 
= 0 
= 0 
= 0 

i = I. 2. 3, 4, 5, 6. 

i = 3. 4, s. 6. 7. 

i = II. 12. 13, 14. 
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- w ,o- W:::I+ 4w2,-\"'l~-W:!S 

-'ltV~v,-\V:!-1 + 4wz:;-W~J-W!!:) 

- we,-2wo:; + 4wc'<l- W::o 
-2w"" + 4wr.- 2w,., 
- w",- w,, + 4w"'-wz<>-W31 
-W:;o-W;:s + 4w03-W::<>-W 30 

- wc.,-2w::o + 4w3o-W33 
- 2wo, + 4w:u- 2wao 
- W :..1J- W :st + 4YV:t!-W a,.1-W::u 

- w3,,-2w:)O + 4w33-Wz:; 
- 2w.,+ 4wot- 2W::o 
-w;·o-2w,. + 4w, - w'"' 
- 4w20 +4w,.., 

= .02188 P/N 
= .020 12 P / N 
=.06 090 P/N 
= .04104 P / N 
= .02029 P / N 
= .00982 P / N 
= .00 160 P/N 
= .00225 P/N 
= 0 
= 0 
= 0 
= 0 
=0 

These equations can b e solved by a m e thod of successive approxi

mations. Solv ing the first equ ation for w , the secon d for "'"· e tc., and 
assumint; any set of values as a first approximat ion for the w' s , w e fi n d 

a secon d approximation by di r ect substitution into the eq u ations. The 

r.olu tion of thes e equations is as follows : 

(6) w, ~ .00426 P/ N wou= .0 7474 P / N 
w"=.00852 P /N W;,o= .08J44 P/N 
w,= .O 12 75 P/N W"t = -08529 P/N 
w. = .01682 P / N W:!.; = .0 70 34 P/N 
wo=.02051 P/N W!!'J = .08884 P/N 
w,= .02352 P /N W"• = · I OS I 8 P /N 
w,= .0255 I P/N wx= -1 1349 P /N 
w,= .02626 P/ N w~.,. = · I 242 4 P /N 
W:o= .O 1709 P/ N w"=.ll556 P /N 
w,, = .02565 P/N wo, = . l 21 75 P / N 
w,. = .0340 1 P/N w,=.l2299 P /N 
Woo= .04172 P;N W31J= . I 2378 P / N 
w,.= .04806 PjN Woo= . l 2300 P /N 
w .. = .05226 P / N W:r- = .12311 -P /N 
w,~= .0540 I P/N W:o.1 = .1 2330 P / N 
w,,, = .03875 P/N w,,. = .l23 16 P/N 
w.,= .05185 P/ N W:1S = . I 232 1 P /N 
w,, = .06429 P/N "'3·•= -12321 P /N 

The equations obtained from ( 4a) are ide ntical with ( 5) in the left 

h a nd m embe rs when ? is subs tituted for w. The values of w in ( 6) are 

substitu te d into the rig ht hand members. T h e solution of this set of 
equation s is: 

( 7) K•= -001085 Pa'/N 
r" = .002138 Pa' /N 

~~~ · = .015215 Pa,/N 
se.,= .016197 Pa,/N 
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K•= .003 122 Pa'/N t "·= -016540 Pa'/N 

K· = -0040 00 Pa~/N ~"'= .0 14756 Pa"/ N 
Kr. = -004735 Pa'/N r::-1=-0 17449 Pa' / N 
\n = .005290 Pa"/ N r,. = .OI9443 Pa"/ N 
K•= -005636 Pa'/N \z:.= .0 2066 1 Pa'/N 
\-= .005755 Pa"/N K'"= -021096 Pa' / N 
\:•= .004212 Pa"/N (";= .0205 78 Pa:/N 

\ ao= .00 6 149 Pa'/N \"-= .022805 Pa'/N 
ru= .007881 Pa' / N ~-". = .024133 Pa ' / N 

{•"= .0 09329 Pa'/N .\" ·= .024 5 81 Pa'/ N 
\ a:a= -0 10422 Pa"/ N ra• = . 0 2 5 I 6 5 Pa';'N 
(".,=.0 11102 Pa'/N \a"= .026563 Pa: / N 

\ ac.= .O JJ 336 Pa'/N r:.:= .02 702 9 Pa"/N 

\ •·•= -008983 Pa'/ N \aa = .028003 Pa' / N 
\ .. =.0 11 515 Pa'/N \:c-. = .02848 0 Pa: / N 

\ •·= -013628 Pa~/N (,.,= .028962 Pa"/ N 

In the case of a plate clamped on the edges the plate is assumed to be 
enla rged by adding a nother row of la ttice points to the side of the plate . 
The boundary conditions a re the n expre,sed by saying that 

\"•= \::-= . . . . =r .. = o 
and that ~· = ~ ··· r" = r.~ . ... .. \· = ( ." 

s 3 T 1' > s- ->[6 

"I y S' Y• 'I 7 '!'It 

A 
J7 .38 3 !) '/0 

I ~ ;J 'f 

8 I 0 I 

Fiqure 5. 
Equation (I) is re placed by the d iffe rence eq uation 

whe re (n'\ .. . ) , = [n"( n ' \ ... ),J, 

= [n '((,- 2_\ ... + \ n) ] , 
= \•- 4\a + 6 (" ... - 4). + ro 

(n ' ( ,., ) ,.= K,,--4\ ,. + 6r ... - 4t,1 + \ s 
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r 6"(6'.tm ) X h= [6' ( !J-2fm + (n ) 1 )' 
=.tr-2!1+ ~p-2_t~t+ 4 ~~~~-2.t" + _t,-2 ~ .. + _t,. 

Substituting m = I, 2, ..... . , 3 6 we obtain the 3 6 e qua tions in s 
22 ,1,- 16.1"+ 2so+ 2(o = 0 

- 8r. + 23 .1"--8sa+ r.·-8{·,+ 3.1•·•= o 
r.-8r,+ 21 r.-8j'. + r-+ 2{n-8.\oo+ 2r .. + ,~,,,= 0 

.1"'·+ 6r:t!-8.1:n- 16s•·+ 2s r .. - 8r,..= o 

4ta:o+ s.r .. - 32<':-.. + 20.1"'' = o 

The solution of these equations by s uccessive approximations g ives 

.1· = .00002 Pa/ N {u.= .00396 Pa / N 

.1" = .000 10 Pa/N .\c-.=.00438 Pa/ N 

.1•= .00023 Pa/N .1"· = .00454 Pa/N 

.1· = .00038 Pa /N .1::::= .003 78 Pa/ N 

.~,. = .00052 Pa/N .1"'= .00498 Pa/N 
,~. , = .00064 Pa/N r". = .oos91 Pa / N 
r.= .00072 Pa/ N .l"o = .00649 Pa/ N 
r.= .000 74 Pa/ N (c>J = .006 71 Pa/N 
r,.= .ooo39 Pa/ N .1": = .00647 Po / N 
,~, .. = .00081 Pa/ N ,~,,= .0075 5 Po / N 
.~ .. = .00128 Pa/ N .(\,. = .008 19 Pa/N 
.1'" = .00 17 2 Pa/ N .1'••= .008 4 I Pa/ N 
,~,.= .00209 Pa/ N .l,u= .00870 Pa/ N 
r .. = .00232 Pa/ N .\:1!! = .00938 Po/ N 
.loo= .002 41 Pa/ N .\:n= .00960 Pa/ N 
.~,.,= .00 1 6 1 Pa/ N t:n= .0 I 008 Pa/N 
.1•:= .002 48 Pa/ N .la.•= .O I 031 Pa/ N 
.~,.=.00330 Pa/N (,.,= .0 I 05 4 Pa/N 

\Vhen t he plate is supported on the corners, the bending moment 

a long th <': edge of the plate in a direction normal t o the edge vanishes. 

The vertical shear a lso vanishes a long the edge. The-se cond itions are 
expressed by 

eft o'r 
( II) - +a-=0 oy, ox, 

( 12) 
o•.r o'( 
-+ (2-a)-- = 0 
oy" ayox: 

a long AB. 
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Replacin~ these equations by their corresponding difference equations 
and assu ming a va lu e of .3 for fT we have 

(l l a ) (N(,,)r+.3 (N~ ... ) , = O 
12a) [(L\( t.n ... ) , J,.+ 1.7[£\(Ni:,, )<] ,.= O 

where [ L\(N~ ... ) ,. J, = [L\UJo-2(, +<-1) ] , 

= .t1,-2~"+ zr.,- r, 
nnd [L\(L\'.t ... ) .), = [L\U,·-Zt,, + (,)], 

= tr-Z t~o+ t;-~,.+ 2~.,-~,· 

The use of equation ( 12a) necessitates the addi tion of two rows of 

lattice points beyond the edge of the plate. From (I I a) we have 
.\o•=-r,,. Substituting m = I, 2, . , 44 in (8) and m = 37, 38, 
..... , 44 in ( I I a) and ( I Za ) we have the 60 equations necessary for 

the determination of the 60 variables. 

The solution of this syRtcm of equa tions is 

(o = .03040 Pa/ N 
~"= . 04409 Pa/ N 
( ,= .05674 Pa / N 
(, = .06786 Pa / N 
(:.= .0770 I Pa/ N 
~.= .08383 Paj N 
~,= . 08803 Pa/ N 
r- = .08945 Pn / N 
.t •. = .05621 Pa/ N 
.\•· = .06759 Pa / N 
~ ~~ = .07769 Pa / N 
~·" = .08606 Pa/ N 
(~: : = .09 236 Pa/N 
(oo = .09622 Pa / N 
.(.:.= .09754 Pa / N 
(, .. = .0 7789 Pa/ N 
( ,= .08715 Pa / N 
.\ •• = .09488 Pa/ N 
,~;,.,=. 1 0070 Pa/N 
(, ... = .10431 Pa / N 
.1:"•= .10555 Pa / N 
,~;"', = .095 73 Pa / N 
~"::= . 10294 Pa/ N 
.r"o= .l0838 Pa/ N 
~e:.= . l ll74 Pa / N 
,~;,,= . I 1290 Pa / N 
5"= . 10973 Pa / N 
.~:,~= .1147 6 Pa / N 
(_·. = .11785 Pa/ N 
~"'·= .11 889 Pa / N 

sa• = . I 19 46 Pa/ N 
{•"=. 1223 4 Pa / N 
( :·:: = .12 332 Pa/ N 
(: .. = .1 25 10 Pa / N 
(·:.= . 12603 Pa/ ' 
r.,= . 12694 Pa/ N 
.\"' =.0 1628 Pa/ N 
~-::. = . 03 1 77 Pa/ N 
.1:• ·= .0 4 590 Pa/ N 
( , .. = .05820 Pa/ N 
.\oo = .06825 Pa / N 
.(," = .07569 Pa / N 
.('o:: = . 0802 7 Pa / N 
.\ .. = .08 182 Pa/ N 
( o:.= .00239 Pa / N 
.1:•·•= .01986 Pa/ N 
_\, = .03562 Pa/ N 
.1:•·= .04922 Pa/ N 
1···= .06027 Pa/ N 
l':, = .06842 Pa/ N 
(: .• = .07343 Pa/ N 
.\:." = .07 5 11 Pa/ N 
r .. =-.0 1067 Pa/ N 
l':.o = .00892 Pa/N 
~-:.:. = .02639 Pa/ N 
~·, .. = .04 139 Pa / N 
~,,- .05352 Pa / N 
~-.. c-- .062 4 5 Pa/ N 
(: .. = .06792 Pa/ N 
~-.... - .06976 Pa/ N 
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THE V.14 IN Sr. ASSOCIATED WITH A SCHLAFFLI 
HEXAD 

By 
JOHN A. EIESLAND. 

Professor of Mathematics, W est Virg inia Unive r s ity. 

(Abstract) 

The paper d eals with the singular lines of a V,' in S-space whose S 
fund amental Rats belong to a Sc hlaRi H ex a d. Th e s pread has 2 7 double 
lines of which 12 a re tact-loci. 
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AN ANALYT IC DISCUSSION OF THE GENERAL CRE~ 
MONA TRA NSFORMA TION BELONGING T O A 

SPECIAL LINEAR COMPLEX 

By 
H . . A.. DAVIS. 

Assis ta nt Pro fessor o f M a the m a tics . \Ve .;t Virg inia U n ive rs ity. 

Intr oductio n . The gen era l n o n-involutorial c r e m o n a s p ace tra n sfor

mat io n helo n gin {: to a sp ecia l lin ea r lir.e complex h as been s tudied 

synt h e tically by M. P ie ri.' H e explic itly excludes cases in whic h c on

tac ts occu r in the d e fini n g surfaces, h e nce in the homa lo ida l we b s. The 

a utho r' h as g ive n a n a nalytic discu ssion of the c ase in whic h : h e d irec

trix o f the c omple x is a tac t l ocu~ for a ll o:' s urfa ces associa t ed with the 

linear con g rue n ces of t h e complex. In t h e p r e sent p a pe r th e Pie r i 

t ra n sformatio n is dis cu ssed a n a ly tically . 

I . Tho Equations of the Transfo rmation. Let I' b e the s p ecia l linear 

complex to whic h th e t rnn s fo rma tion T belongs. The base o f a p e n cil 

jQ , of linear !'-con g r u e n ces is a 1'-regulu s R on a qua dric H. The 

directrices of th e co n g rue n ces IQ .j form the reg ulus R' assoc ia t ed with 
Linu Complex. American J ourna l of M athematics, Vo l. SJ ( I ? 3 I ) . pp. 72-80. 

R o n H. The direc trix d o f I' belo n g s to R '. A sso c ia t ed with Q , 1 a re 

th e p en c ils jF .. I and lf"',.'l'· 
De n ote by x a= x:= O, xa x .• x: x 1= 0, x 1/ x" = x 1/ x :a = a , o n d x 1/x1 = 

x,/ x.a= Q. the d irec t r ix d , th e q uadric H, the r egulus R. o nd t h e re g u lus 

R ' r ctJ p cctivc l y . Th e n the 11'\0s l gc u c aa l Fu :gdn -~, '\.v'h c t·e 

s=x~-vx~ = O. x "-ox ~,.-- 0 . is 
F .. j:: U(xa (.IX1) + V(x:-tlx l) + W l-1 = 0, or 

(I) IF .. I:: x ~M-x,N-vL= 0, whe r e 

n II It 

U " u , X111 1 x } ' , V=~ v 1 x 111 I x } ' , \V= ~ w 1 x 1
11 1 x: 1 • , 

I " I t=• 
I I 

U t ~ iltL XL , V a = ~ biL X t. , \ Y1 - ~ Cu. X J.. , 
J,;. I 1. I a., I 

L X1 U+ x V, M = x• W + U. N = x 1 \V - V. 
It fo llows tha t X1 M x.1 N - L. 

The con csponding p e n c il is 

(2) ,F'n' J=: x a M ' x, N ' 1.' L' = O, where 

" I 

U' ~ u' a X111
' I x.' ' , u' a 

I ' 

~ a · ,. x •. L' =x~ U' + x, V ' . e tc. 
I. I 

•Suitt• tra:.formaz.ion i hirnzionali dcllo spazio ineren ti a un co1uplesso linenr e 

s pcc l.ole, Circ olo M a t cmntico di P a lenno, Vol. 6 (18?2). pp. 234 -244. 
~"on - I nvolutorial 13irntionnl Trun::.forn1at ions Beloncini; to a Spl·ciu l Linea r 
loc. cit. 
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Through a generic point P(y) of space passes a single s urface F,. 

of IF,. j, for which 
(3) o= (y, M(y) - y o N(y) I / L(y). 

The unique transversal t throug h P(y) to d and g cuts these lines 
respectively in D :: (0, 0, M, N,) and 

G =: (y, (y, M--y , N), Yo(y, M--y! N), y " L. Y• L ] . 
This line t cuts the surface 
(2') F','::L[x, M' (x) - x. N' (x) 1- L' (x) [y, M - y" Nl = 0 

in G, o•v-•, and in one residual point P' (x), image in T of P(y). 

Any point of t has coordinates 

(4) 0 Xt = Y• j , 
0 xo= y o ], 
o x"=Ya J ,+ MK, 
cr x,=y, j , + NK. 

\Vhen these coordinotes are substitute d in (2'), and the factors 
J , K "' 0 (J , H + K (y, M - y 0 N) I remove d, the resulting equat ion, linear 
m J , and K, gives 

J, = M(MV;+NV.') +N(MUo' +NU,') - L(MWa'+NW,'), 
K :.: MN'- M'N, 

where the subscripts indicate partial differentiation. With these values 
of J, and K, ( 4) are the eq uations of T -'. 

The eq uations of T are 

(5) <1 y,=x, J,', 
a Yo= x: J,', 
o Yo= x, J,' - M'K, 
o Y•=x, j,'- N'K, 

J 't = M'(M'Va+N'V,,) +N'(M'U"+ N'U.) - L'(M'Wa+ N'W,). 

2. Some Associated Surfaces. It is evident that J' =: p," = 0, and the 
PlUcke r line coordinates of any !'-line PP' arc 
p,= O. p ,.= y , M, PII = Y• N. P::> =Y• M. P•"=-y" N, p ;, = - L. 

The ex: ' jQ,I of l' are t he intersections of p .,= 0 with 

f.L••P•: + (l••P•• + U11 p11 + Uz:JP::3 + (l,op .o + (L,.p:u = 0. 
H ence the associated surfaces a re 

( 6) ex: 'JF•J = (f.LtaY• + a ,.,y"-ua,y.,) M + (cL"y,- a,"y" + a,,y,.) N = 0, 
( 6') ex: ' jF'.' I = (a,,y, + a ""y"- a,,y,) M' + (a .. y,-u,.y"+ aaoyo) N' = 0. 
The line g is 

a ,.y , + a .,y, + a..y. = 0, u .. y, - a,,y , + Ua•Y• = 0. 

If g belongs to r, U.o = 0, and 

(Ct•aY• + rL'"Y:) (u:aM - u,"'N) = 0 . 
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Each surface of the pencil 

(7) IFn-d :=u,,M-u.,"N = O. 

is associated with the I'-bundle on G ( 0. 0, u '"• u ,,). 

The e quations ( 4) are readily obtained by m ea ns of this If .. . , l and 

the associated JF'n' -d · 

3. The T. in a Plane Through d. A plane -y:=x,= <Jxo cuts I Fn-• ~ 
and the associated JF',,' -d in pencils of conics, 

(8) JC~J=uc'!lm-(!,"n = O, 

(9) [C', j:= (!""m' - u,on' = 0 , where 

m = x:1(cx) + x"(ax), m' = x::(c'x) + x"(a'x), 

n = x , ( ex) - xo(bx), n' = X• ( c 'x) -- x"(b'x), 

l = x,(ax) + xa(bx), l' = x,(a'x) + x:: (b' x). 

The point G is now G(O, m(y), n(y) ] . 

Through a generic point P(y) of 'Y passes one come Co o f jC"I• for 
which u,":u:.-•= m (y) :n (y). This C" a nd the associated 

C'o:=nm'(x) - mn'(x) =0 

pass throu gh G. The line PG c uts C'~ in a residual point P' ( x ), ima g e in 
T of P (y). The equations of this plane T · ' in 'Y a rc readily obtained, 
bein g, e xcept for a n extra neous factor y", 

(I 0) ax~= y,.j,, 

a xa= y,.j , + mk, 
O"x, = y, j , + nk, 

j , = n (a'3m + a ' ,n) + m (b' ::m + b' ,n) - I ( c':~m + c'·'n ), 
k=-( a'y) n - (b'y)m + (c'y) I ~' (ay)n' + ( by)m' - (cy) I' , 
y"k = mn'- nm'. 

It is a lso possible to write ( I 0) 

(I 0') O"x ~= n (a', m + a'.,n) + m (b' :om + b',n) - I (c':~m + c',n), 

(!xa=-n (a'"m + a', I ) - m(b'"m+ b ' , I) + I (c'"m - c', I). 

ax , =-n( a'"n-a'~ I) - m (b'"n - b'al) + I ( c'"n- c',,)) . 

The base of the pe ncil of conics ( 8) is the four points P , P" Pa 0, , 
the latter being (0, c, - c,,). The three points P, Po P a are common to 
I = 0, m = O, and n = O, h e nce are doubly fundament a l forT,· ' . 

(j ,, k) = (P,P"P,) "P ,P ,.P,O,O tO ::. 

The points P.,P.-.P., are simply fund a m e nta l fo r T ,· •. but 0 ,0 "0 ". which 
lie on d, a re not fundamental. In fact, no point of d is fundamenta l for 
e ithe r T o r T · '. 

The homaloidal nets o f T , a nd T , 1 arc respectively 

ex: , ; 1 :.: 3 ., :. •J an "l f' l (P 'P'P' ) ' P'P ' P' d 
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Under T ,-• , 

(P,'Po'Po' ) w. j. :(P,P"Pa)" (P,P.Po) ' (P,'P/P, ') , and 

(P,'Po'Po') cr. j, :(P:P"Pa)'. 
The j" is composed of three conics, each throug h P,PzP3 , and passins 

by pairs throu gh P ,P~P •. Each passes throush the point P' 1 of which it 
' ' the imase. 

The j, is composed of three straight lines joinins P ,P,P. by pairs. 

A s the plane "/ generates the pencil on d, the T , generat es the 
space T •. ,; -•· , .•. ,,' • discussed by Pieri. The equations of the latter maY 
r eadily be obtained from (10) by replacing I . m, n, 1', m'. n' and ff uy 
U, V, \V, U', V', \V' and X, / x-: respectively. 
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THE PROBLEM OF LEFT-HANDEDNESS AND WHAT TO 
DO ABOUT IT 

By 

WALTER E. FAIRMA N. 

D e p a rtme nt of Busine s s , Blue fi e ld College. 

C e rta in Psyc holog is ts, Scie ntis ts and E du •:ntors have sta ted, and c on

tinue to state, that to c h a n g e a left-hande d person to a right-hand writer 

c a u ses spee c h d e fect s s u c h as stamme rin~ a nd s tuttet" ing . Some make 

l h <.! asse r t in n in suc h a m a nne r a s to conve y the ide a tha t d e fe ctive 

spe e cl1 is a lwn y s the r esu l t. Othe r s leave the im pres!' ion tha~ s uch 

e ffects m a y r esult. HowP.v c r, I h a v e bee n una ble to find a ny trea tise on 
c h a n g ing h a nds th a t makes a distinc tion b e twee n the normal and the 

m e n ta lly or p h ys ically ill child a<~ r ega rds resulting speP-ch d e fe cts. 

In "'Th<'" Educationa l Sig nifica nce of the L e ft -H a nde d'" Dr. R a l p h 
H<:~efner m ake$ this s t a t e m e n t : 

""T h e d;~ ta '"hich h a ve b een pre s e nte d do not warra nt t h e c onclus ion 

th<1t c h a n ge of the w riting hand is th e commonest ca use of spee ch dis 

orde rs. The y d o ~cem to justify the hypothesis that whe n othe r pre dis 

p os ing c a u ses a r e presen t- s u c h a s e xhaus tion from illness, or a nxie tie s 

- th e chang e of h a nd may provide just the additional burde n to the 

child's unsta ble n e rvous sy stem which will bring on some form of 
f unc tiona l speech d e fe ct." 

\Vith this c onclusio n, I sec no r eason to ta k e exce ption, for, a s I 
inte rpre t i t, th e c hild who h as h a d his vitality lowe r e d by a long or 

sev e r e illness or by some a nxie ties is n o t a normal c hild until full h ealth 
a nd m en ta l r e pose h a v e b een res t o r e d. Is th is not ""a n exception whic h 
proves the rule? " It is, in my opinion, the duty of th e school authorities 

(includ ing the p e nmanship s u pervisor) to know of such c a s es and to 
act inte lligently. 

\Vhy change to rig ht- hand writin g ? Why not allow the l e ft-h a nde r 

t o con t inue, t eaching him the s ta ndard le ft -hand position and m o v e m e nt? 

L e t m e answ e r these que s t ions by al'king oth e rs. Whe r e are the 

school r ooms that are lig hte d for the h ealth of the left-hande r? \Vhe re 

a r e the mode rn offi ces a nd desk arra n gem e nts to a c c omodate the lef t 
hande r? \Vho builds le ft- h a nd labor-sa ving mac hine ry, le ft -h a nd office 

a pplia n ces, and le ft -arm c h a irs for the college classrooms? 

M a y I s ta te h e r e t hat Mr. ). 0. Cook, Supe rinte ndent of the Amhe rst 
S c hools , told m e only r e c e ntly of a case whe r e le ft-hand e dne>;s k e pt a 

person fro m a ppointm ent to a r e munera tive position. T h e educ ational 

qua lification s, the chara cte r, a nd the p e rsonal appearance · w e r e sa tis

factory but the m achine ry to b e manipulated was not adapte d to the 

left-hand ed per son--.onc job los t as a result of this ' person not being 
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able to use the rig ht hand effectively. Doubtless, s ince the positio n in 

quest ion was r at h er d esirable, there may a lways be the r q;ret of not 

being ''changed" in school. There may be jus t a thoug ht that the parents 

did not perform their full duty. 
During my experience of t e n years as director of commerc ia l educa

tion in various Pen n sylvania high schools and in my ten years of super

vision of penmanship in Amherst I have had occasion to see the practical 
results of left-handedness. changed-hande dness. and rig ht-hn ndedness. 

It has always been my belie f. and still is . tha t it does no h a rm and a 

tre mendous amount of good to the normal le ft-hand person to lea r n to 

write {and to do other things ) with the rig ht hand. P lease n ote that I 

do not include the physically a nd m e n tally d e ficie n t, yet I fully believe 

that many of those who are unfortunately men tally and phys ica lly ill 
can be ch anged with good results if the c h a n ge is brou g ht about by the 

right method. 
No scientific tes ts for speech defects h ave been m ade in Amherst 

but in so far as ca n b e d e t e rmined from lis te ning to childre n ta l k amon g 

themselves. and to the ir r ecitation in classes, there have b ee n a b solutely 

no harmful results from the changes made , e ither in speech defects or 

in nervousness. Many of our high school t each e r s, who have no oppor

tunity of knowing the children in the g rades , h a ve expressed mu c h sur

prise when I have told th em that various persons were born left-ha nde d 

a nd learne d to write w ith their right h ands in the grades. 

Perhaps I should h e re s tate the policy of the school s y s te m. A ll 
pupils in the first g rade are taught to write with their ri g ht h n nd:< un
less there is a specific request from the parent that the child b e a llowed 
to conti nue the u se of the le ft hand. In th e upper g r a d es th e same 
policy is followed with c hi ldren who com e to us from othe r systems 

except that the olde r boy or girl is "coaxed" ( s hall I say) into willi ng

ness throu gh explanations of the numerous benefits to b e d e rived with 

nothing to be lost. The child is tau ght from the positive rather than 
from the n egat ive point of view. "Use the rig ht hand, Mary docs." or 

" Can you d o it with this hand {referring to the r ight) just as M a ry is 

doing ~-taking particula r care to know that "Mc.ry" is an intimate 
friend or playmate of the pupil in question. "Don't use your le ft hand" 
is ne ver uttered. 

The following t able shows the number of pupils in each g rade, in

cluding the high school, who have c h a n ged hands for writing . and the 
number who have continued to use their left hand. 

Grade I 2 3 4 5 6 7 8 l-IS Totals 
No. students chan ged , 4 5 12 4 7 8 I I 8 2 I 80 

No.usin g lefthand .. 3 4 55 3 3 3 12 39 

The followin g table shows the marks r eceived, at th e O c tober, 1929, 
marking period by hig h school s tudents who were le ft -handed and by 
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those who c ha n ged hands for writing. T his includes every student 

whethe r c lass ica l or commercial as well as every mark g iven. 

Gra de A B c F 

Changed Group 

No. of Grades 16 37 53 19 

P erce ntages 12 .8 29.6 42.4 15.2 
Left H a nd Group 

No. of Grades 2 21 39 13 
P erce nta ges 2.7 28. 52. I 7.3 

(Grades A. B. c. Passing; F. Failure) 

The c ha n ged group r eceived the larger perce ntage of A's a nd B's 

while th e left-h a nd grou p ha d the larger percentage of C ' s a nd F's. The 

percentage of A's of the changed g roup was 2.2 % hig h er than that of 
th e whole sc hoo l; the percentage of A's of th e le ft-hand group was far 

below tha t of th e e ntire school ; the p ercentage of F's in both cases 

was higher th a n tha t of the school, being 7.3 '/~ h ig her in the le ft-h a nd 
g roup. 

At the close of the marking period, D e cember, 1929, the gr<~des of 

the le ft -ha nd a nd the changed-hand student s were again tabu la te d a nd 
found to be as follows : 

Grade A 
C h a n ged Group 
No. of Grades . 23 
P e rcent ages .... . 18.53 
Le ft H and Group 

B 

37 

29.84 

c 

55 
44.35 

F 

9 
7.28 

No. of Grades . .. . . .. . 3 20 39 10 
P e r centages 4.17 27.77 54.17 13.89 

A gain, it will be noticed tha t the c ha n ged group r eceive d the hig h er 
p ercenta ge of the desirable grades (A's and B's) and the lowe r p e r cen· 

t age of the more undesirable g rades (C's and F's) while the left-hand 

g roup obtained the higher percentage of the more undesirable grades 

(C's a nd F's ) a nd the lower perce ntage of the better g rades ( A ' s and 
B's). Note particularly the A's: 18.53 % to 4.17 % . 

" A " m ay b e defined as: "The g rade of work that is unusu a l. Can be 

attained only by a s tudent of high m e ntal ability who works faithfully. 

Writte n work is done nea tly, promptly, and seldom needs correction. 

Origina l : not d ependent on help from teacher, but able to u se s u gges
tions effectively. Alwa ys rea dy in recitations, thoroug h in mastery of 

fa c ts a nd thou ghtful and accurate in t he application of principles. Nea r 
head of class o n examina tions and tests. Work of this g r ade warra nts 

~he belief that the s tude nt would pass a Colleg e Board examination with 

a good grade a nd that he or she would do good work in college in 
t hat subj ect." 
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My inRucnce from the fore g oing figures is tha t the c h a n ged -hand 

s tudent, as a g roup, arc doing th e bette r work in hig h school; ce rta inly, 

th ey have not been h andicapped in a ny way fo r hig h sch oo l work by 
the c h a n ge from le ft-hand to rig ht-h a nd writing . Since th ese fi g ures 

cover two consecu t ive m a rking p eriods it ca nnot b e sa id th a t it just 

happe n ed that way.· · 

The followin g table indicat es the quality of wnt1n g clone by hi g h 

school s tude nts who have cha n ged to rig ht- hand writi n g a n d by those 

who ha\'e continu ed to use t h e ir le ft h a nd. Th e G e tty sbur g Scale by 

Ayers wDs u sed and the scaling was d o n e by four p e rsons , inde penden tly 

of each other, and hence does not r epr ese nt my perso n a l opinion a lo n e . 

Quality Number 

Changed Group 

No. of Pape rs 
P ercentages 
M edian 

L eft H a n d Grou p 

No. of Pa pers 

Percenta ges 

M edian 

20 30 

0 2 
0 9.52 

4 2 
33.33 16.67 

40 50 

3 2 
14.28 9. 52 

7 I 

2 
16 .67 

40 

I 
8 . 33 

60 70 80 90 

3 5 s 
14 .28 23.8 23.8 

I 
8.33 

0 
0 

2 
16. 6 7 

I 
4.8 

0 
0 

It wi ll b e observe d tha t the chun ged gro u p as a whole a rc the b e t te r 
w rite r s . Is thi~ because they are n a:ur.d ly b t ttc r w,· it c r s or b ecnu sc the 
rig ht h and is b<!ttc r adapted to writin g ? 

Thirty-e ig ht a nd on e - t e nth perce nt ( 38. 1 ' ; ) o f th e cnti •·c c h unged 
g roup, n ow in hi g h school, have been awarded Pu l m c •· M e th o J S t ude n t ' s 

Final C e rtifi cates. If five s tudents who e n tered /\mh e r s t Hi g h S c hool 

from a n oth e r sch ool sy s t em a nd conseq u e n t ly n e v e •· s tudied musc ula r 

move ment writing a re not counte d. fifty percent ( SO '' ) of th e c h a n ged 
group have b een a w a rde d th e P a lm e r M c thod Stud e nt ' s F innl Ce rtificate. 

Of the e ntire leh-hand g r oup. now in h igh schoo l. only on " person, 

(8Y:J'/r ), has won th e Certificate. El e v e n o f th e twt· lv · h ig h school 

lc ft -handers received the ir prep a r atio n in the Amhers t sc h ools .:>nd h a d 
the adva ntage of penma n s hip 5upc r v is ion . 

Fo llowing is a table s howing the qu<l l ity of w n t 1ng by the c h anged 
and non-cha n ged g roups in Gra d es S . 6 . 7, a nd 8 . b ased o n th e G e ttys 

bu r g Scale by Ayers. 

Note· tha t 38.23',~ of th e c han ged g roup fall in t h e three hig hes t 

qualit ies of the scale , while o nl y I 0 '' of th e unc h a n gt·d ~ roup fa ll in 
the third hig h est qu,. )ity with non e in th e two hi g h est. In qu a li ty " 40" 
a nd bdow will b e found 80 ', ~ of the left - h a nd (:(rOll p as a g a in ,. t 23. 5 4 '~· 
of the c ha n g ed g roup. 
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Qual ity Number 20 40 50 60 70 80 90 

Changed G1·oup 
No. papers, Gr. 8 . 0 2 0 2 4 0 0 

No. pape rs, Gr. 7 . 0 4 3 I I 
No. papers, Gr. 6 . 2 3 0 0 

No. pape r s , Gr. 5 . 2 0 4 I 0 0 0 

T otals 4 4 6 4 II I 
P e rcentages I 1.77 I I. 7 7 I 7.65 20.58 32.35 2.94 2.94 
Median 64 .28 
Left Hand Group 

No. pape rs, Gr. 8 0 2 0 0 I 0 0 
No. pape rs, Gr. 7 0 0 0 0 0 0 
No . papers, Gr. 6 0 2 0 I 0 0 0 
No. pape r s , Gr. 5 . I 2 0 0 0 0 0 
To ta ls 2 6 0 0 0 
Media n 45 

In the followin g table will be found th e average wntmg speed of 
the changed a nd non-changed g roups in Gra d es 5, 6, 7, 8, and the hig h 

school. in terms of "le tte rs per minute." 

Grade 5 6 7 8 HS 
Changed Group 71.3 76 .5 92 .8 81.8 95 .3 
Le ft H and Group . 63.2 62.3 58. 75.8 85.7 

In a ll g ra d e s including the hi g h school the pupils who changed f rom 
left-h ;> nd to rig ht-hand writing are the fa ster writers. 

In t his s urvey fifty-five cases in which a change of hand for writing 
ha~ b ee n made a nd twe nty-two cases in whi c h the le ft h a n d is used 

e xclu s ive ly for w r itin g h a v e b ee n s tudie d. T h ese nre not " selecte d" 
s tude nts bu t e very stude nt in th e sy s tem. 

The r e a r e no cases of stammering or stuttering in either group. The 

writing of the c han ged g roup pupils i:J the b e tte r acc ording to Aye r's 

Scale. The w riting speed o f the c h a n ged g roup p \1pils is the fas ter. The 
g rades made by the changed grou p pupils (who a r e now in hig h school) 

a r e the b e tte r at two consecutive m arking p e riods. These facts, to my 

mind, a r e sufficie n t proof that it h as b een wise, with the se pupils, at least, 

to cha n ge h a nds for writing purposes. What is true of one representa

tive g roup of norma l chi ldre n is true of another. 
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THE NEW PROFESSION OF SOCIAL WORK 
By 

T. L. HARRIS, 
Profe ssor of Soc iolog y, Wes t Virginia Unive rsity. 

fhe New C e ntury Dictionary d evot'!s h a lf a column to a definition 
of the word "'profession". As a starting point for our discussion, we 

quote a p a rt of that d efinition (the part which i1us reference to the 

term in the sense of which it is used in this pape r): '"A professed occu· 

partion or calling; a vocation; especially one of the three vocations of 

th eology. law, and medicine (forme rly known specifically as "the pro
fessions" )-some o t h e r vocation r equiring knowledge of some d epa rt · 

mont of learning or science, or in which k nowledge is use d in the prac· 
lice of an art." 

If we may supplement this necessa rily brie f and technical dictionary 
d e finition of the word '"profession"", we perhaps should add the following 

d escriptive statements based upon a n analysis of a well -d eveloped, 

recog nize d profession, like t hat of m edicine. It is the writer's judgment 

(for r ea sons which we need not enter into in this p a per) that , at the 

;:lresent time, the p racti-:.e <>f m e rlicine a nd surgery mobt n ea rly fulfills 

<\11 th t:' requi r e m ents for a profession, of any of our vocations , callings, 

or oc.:-upations . The following n r e d escriptive statements or ~:>tandards 

w hic h m ay help us to g t!t our p e rspective and that may therefore h e lp 
115 to rliscuss our subject intelligently. 

I . A n occupa tion which m a y prope rly be c a lled a profession is 
based very largely u pon some part icular body of scie ntific knowledge. 

The proression itse lf is, in most cases, mor e o f an art than a science ; 
but, u n d e r modern conditions, a profession has a scientific basis. For 

e x a mple, the medical profession is based u p on the sciences of chemistry, 

biology, anatomy, and physiology, wi t h much depe nde nce , also, upon 

phys ics, psychology and othe r sciences. Soc ial work, in so far as it is 

a profe.~ sion, is based upon the bodies of kno wledge contained in 

sociology, economics , political science, history and p sychology, with 
much d ependence , also, upon biology, socia l geography, and othe r bodies 
of scientific knowledge. 

2. Another mark o f a profession is that the general public, usua lly 
by !'omc kir.d of legal regubt1on, attempts to prote-:t it~clf from tho:;c 

who por.e as membe rs o f a certain profession but who do not h <& v c the 
r<>q uis ite ability, t ra ining a nd expe rie nce to make them rt:!asonably com

pete nt. Be cause o f the highly technical nature of the appropriate train

ing for professions, the gen e ral public can be much impose d upon and 

exp loited if there are not some general safeguards in entrance to a 

professio n and a lso in continuin g to be a member of that profession. 
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Those who seek to become doctors, lawyers, architects, university pro

fessors, eng ineers, etc. must pass certain tests and examinations, or ha\'e 

certain specified kinds of t raining before they can legally engage in those 

professions. 
Some occupations are on the borderline or the y are partly both a 

profession and a business. journalism i:s a notable example. 
It is much easier for the g ~neral public to protec~ itself a gair.st the 

cro0kt>d business man than against the crooked profess,onal man, for any 

ordinarily intdligent person can judge fairly well for himself whether 

h e ge:s th e worth of his money when he bt,ys potatoes, furniture or a 

:;uit of clothes. N :> t so whc.n he buy~ the services of a doctor, a iclwye r. 

au a rchit <:ct, a •tnivcrsity J.Jrofessor, or "' socic~l worker. The o ld saying 
th<tt ''2 d~ctvr bu ries his mistak'!z" i~ " lso largely app.iicable, in different 

senseo. to ull proiessional work. ThE" lay pul:>lic is , in the nature of th~ 
..;a.,c, lar:;e ly help less in these mattet·s; hence the ne cessity for some k ind 

of guarantee, by the state, or by the profession itself, that the services 
rendt>re d arc reasonably up to standn'l'd, taking into account the st3ge 

of proftciency the n attained by the majority of the members of chat 
prote~sion . 

An interesting example of the growing comple xity of leg<.>! regula

tions of profes~ions is the law now in force in many stat es concerning 

the architect's profession. One phase of this body of laws provides that, 

for instance, if a registered architect designed a theater whose roof fell 

in, kil.ling and injuring many people, that architect (not the owner of 

t!l e building or the contractor) is criminally liable. On the other hand, 
if the owner em ployed a man not regularly registered as an architect, 
to de.1ig n the building, then the owner is criminally liable in the case 

mentioned. Lows can not protect totally ignorant people. It can, how
ever, say to the public, "If you desire certain services performed ade
quately, go to the man we have allowed to perform that service; if you 
do not, the risk is your own." 

In spite of t he growing tendency to legally standardize professions, 

the whole problem is far from being solved. One of our best Morgan 

town doctors said to me recently: "No intelligct\t young man will study 

medicine these days; the state is getting so liberal in allowing o steopaths, 
chiropractors, Christian Scientists, and other quacks and near-quacks 

to practice the healing art, that there is no longer a fair chance for the 

thoroughly and expensively trained M . D . " Perhap~ this man got up with 
a headache that morning, and would not stand by such a sweeping state

ment a fter his mind cleared up out on the golf links; but the statement 
wal' made in all seriousness. 

3. In all well developed organize d professions there is a high degree 
of mutual aid a nd cooperative effort, both in t heir daily practice and 

(especially) in their relations with the r est of the community. \Ve all 
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know that it is exceedingly rare to hear a doctor cnttctze , tn any d es
t r u ctive way , a fe llow-p ractitioner. W h at the doctors say about each other 
t o each other," the Lord only k n ows, and he won' t tell" . On t h e whole , 
this inter-professional loyalty is desirable, a l thou g h it may, at t imP.s be 

carried too far. 

4 . All profes~ions have what is u!'u,, lly spoken of as an ethical code. 
The older professions have worked their cod~s out in g r eat detail, muc..l. 
has been written about them, they are always me>re or less in process of 
revision, but at any particular time are well unders tood a nd reasonably 
well lived up to. by the Active members of these older professions. Any 
very seriou3 violation:< of these codes lead to expulsion from l he g roup, 
·tlthough this do.,:< not a lways mean actual legal expul~ion fro ." the 
right to practice. The effot·ts ( n ot very successful) thill have been made 
in recent years by th•., P•:dcral Trade Commis~ion to g<H leading b u siness 
men in the different industries to work out a !!elf produced and self 
;mposed ethical code of business pract ices shows that the desirabi l ity 
and t: ffectiv eness of such codes arc gen e r a lly recognized. The more 
hi~hly professional a g roup of workt:r~ becomes, the more completely 
they c o ntrol their own professional daily activities and the less they ;ne 
subject to governmental or other external control. The profession of 
college and univers ity teaching is a case in point. Barring a few 
exceptional situations such as the unfortuna t e developments in the las t 
year or two at the University of Mississippi, college and universi~y 

teacher s arc almost e ntirely upon their own honor And r esponsibility 
'"'M Lv what and l aow tla e y teach. To be :sure, the iulcJc::.l:J uf lht: gt:: u L:Jd l 

public welfare determine and lay down broad p o lic ies and condi t ions of 
operation for all profession s. But aside from these broad a nd genera l 
limitations, the doc tor and the university teacher, as well as other pro· 
feo;sional m e n and women, are controlled by the codes and standards 
which have been created and are maintained by the ir own g roup. 

5. Closely connected wi th the code of ethics of a profession ts the 
?.ttitude of the m e mbers of professions to the general public, and the 
attitude of the public to the professions. Possibly becau se n early all 
types of professional wor k have more to do with huma n b ei n gs and the ir 
relations to one another tha n is the case with the work of those engaged 
in business and industry, till! profession al m a n, in most cases, develops 
a sense of socia l oblig Ation and responsibility not so often formed in the 
men in business and industry. The farmer deals largely w ith physical 
nature, the m<Jnubc turc r and trader deals in iron, steel. clot h ond 
sugar. The general public senses the situa tion rig htly when it e xpects 
the profession al man (doctor, lawyer, preacher, teacher, editor). to take 
more than o r din ary interest in community affairs and problems. On the 
whole, these expectations nrc realized, thou g h the re arc many case:; of 
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business men whose attitudes are well socialized, and there arc some 

professional men who are selfish and mercenary. 
6. All professions have their own organizations and authorized pub

lications. for the maintenance and promotion of professional standards, 

for the give and take of professional and social intercourse and for 
mutual improvement. Closely related to these professional organizations 

which (in the larger professions) are local, state, regional, national and 
international in scope, we have journals, news letters, and other forms 

of published material for the information and stimulus of the members 

and for the use of such portions of :he general public as are capable 

of undetstanding and enjoying them. A few groups, especially the 

medical profession, publish considerable material not designed for and 

not accessible to the lay public. The relative amount of this restricted 
information, however, is probably not very g rea t. 

7. Another characteristic of all of the larger and older professions 

is the rather high degree of specialization or subdivision within the par· 
ticular profession. (This s ituation is also found in the business world, 
but not in so definite and marked a degree.) This fact is well recognized 

in the tr aining schools for the various professions-thus a student in a 

college of law may look forward to specialization in corporation law, in 

criminal law, in public law, etc. A prospective M. D. may plan to 

specialize in surgery, in eye, ear. nose and throat, in women's or child· 

r en's diseases, etc. If so, his academic course, as well as his internship 

or other apprenticeship is pointed in this direction, granting that he 
must have a good general foundation in the principles and technique of 

his profession. As the body of scientific knowledge upon which our 
professions are based is enlarging rather rapidly in most cases, this 

specialization within professions is increasingly desirable and necessary. 
W e do not mean to imply, however, that there will not continue to exist 

a large place for the general practitioner, in law, in medicine, and 
perhaps in nearly all professions. 

8. If a group of workers, or an established vocation, is to be correctly 

spoken of as a profession, a distinct majority (perhaps 75 'Yo as a mini· 

mum) of all the full-time, paid workers in that group must measure 

up to the minimum standards for that occupation as set by the most 
intelligent members of the group and by the government and by the 

general public opinion in so far as public opinion is vocal and effective 
in th.- particular case. These standards include (I) technical profes· 

sional training of specified nature a nd extent, (2) the academic and 
technical professional training proper, ( 3) a successful apprenticeship 

in one form or a nother, and ( 4) enough of g ood moral character and 

personality to win and hold public confidence in a reasonable degree. 

Just one brief illustration may be of value, in suggesting that failure 

to measure up to any one of the~e four minimum standards disqualifies 
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a g roup to ' be spoken o .f correctly as professional. The Presbyte rian 

cle rgy (if I understand correctly the requirements for entra nce into 

that honorable body) may be s poken of correctly as a professional g roup. 
The Methodist clergy can probably not he spoken of as professional, 

inasmuch as about half of them, in some states, do not have even a com

p lete high school education. Do not misundentand me. I am not saying 
that the M ethodist clergy arc not good and u seful men, possibly fully as 

much so as their Presbyterian brethren; but I a m simply sayin g that w e 

can not think of them, they can not think of themselves as a professional 

g roup, with the recognition a nd authority in leadership not only in their 

own church, but in the general community life , that n a turally inheres 

,in a more definitely trained a nd standardized group of workers. 

We s hall now proceed to a nalyze the status of the social workers in 

the United Stales a nd asce rtain how n ea rly. if at all, the y m easure up 
to the slnndaTds of a profession. \Y/e shall also attempt to analyze pre
sent trends and make a few modest predictions as to whethe r or not 
social work is becoming more of a profession as time goes on. 

I. In regard to the first propos ition, a s to the body of scien tific 

knowledge underlying a profession, s ocial work is h andicapped by the 

fact that the four most closely related fields of sc ientific subject matter 

(sociology, economics, political science, and psychology ) are th e mselves 

in a rela tive ly youthful stage. The o ldest of these, economi cs, may b e 
said to have been born about 1776, with the publication of Adam Sm ith's 
"Wealth of Nations". For at least two gene rat io ns , howev e r. economics 

was much more de ductive than inductive. Ada m Smith, David Ricardo , 
John Stewa rt Mill in Eng land, the Physiocrals in France, Walker and 
his conte mporaries in Ame ric a, shou ld perhnps be spoke n of as kee n, 
b roadmindcd socia l philosophers, rath e r than as scientists. T heir obse r 

vations .a n.d analyses are hig hly interesting and had mnny diffe r e nt kinds 

of values, especially as a powerful m eans of justifying a nd keeping alive 

(beyond their proper time of death) many erroneou s notions of busin ess 

and government. E specially was this true in the ove r -emphasis on the 
la issez-fa ire doctrine who11e friends are even now, in I 9 3 I, struggling 

hard to keep alive. John Stuart Mill, to be sure, pointe d the w ay towa rd 

a more objective and rationa l s tudy of humanity's social and economic 
problems, but he had few, almost no, scientific t ools with which to work. 

It was only in the late nineteenth cent ury, under the influence of the 

more scienti fically minded Germans a nd with the aid of the new sc ience of 
s tatistics , that the social sciences bega n to take on vita lity and depend
ability and to lay a solid foundation for the inductive, objective s tudy of 

the phe n oma of human relat ions. Whe n Ric hord T. E ly, fresh from his 

s tudies in Germany. came to Johns Hopkins University a bout I 890 (and 

a number of othe r young Am e rican economists came ba c k from Germany 

about the same time), economics may be said to have e ntered its first 
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:; tttges as a social science. Alfred Marshall and his contemporaries in 

Eng la nd came on the scen e of action at this period also. It is a remark

able fact that jus t when economics took on a scientific aspect, the social 

or huma nita ria n approach was beginning to be emphasized. Ely in 

America a nd Ma rshall in En::;land were only among the leaders who pub
licly <:~ nnounced, in the ir books and in their university lectures, that the ir 

main objective was to he lp work out a better knowledge of economic 
a nd socia l forces so that poverty and other social evi ls whic h they b e

lieved preventable mig ht be done away with. It is a ra th e r curious fac t 

that Pro fessor E ly, now, in 193 I thou ght of as a v e ry con servative 

econ o mis t, was con s ide re d by many a dangerous young radical when h e 

came back fr om G e rmany, and at one time he almost los t his univers ity 

position on this account. 

It is only na tura l that socia l work, o r w e lfa r e work, as it was 
gen e ra lly calle d a t that time , has advanced rapidly from this sam e p e riod 

( about 198 0). Ja ne Addams founded Hull House, in Chicago, in the 
la t e e ig hties. This social settlem ent has now become probably the leading 
one in this country a nd in the world. Miss Addams, after h e r college life , 

travele d exte nsively in Europe, especially in England, a nd came into 

close c ontact with the n e w scientific, humanitarian moveme nt. While 

in college sh e had a lso been much influenced by her s tudy of the n ew 
social economics. 

Organized cha rity work h ad begun in England about 18 70, but was 
at firs t la r gely on a sentimental, patronizing basis. About 1900, under 

the influence of a more objective, scientific, democratic social outlook, 
organized ch a rity activities assumed, quite rapidly in the large cities, 
the a spects of a real profession. 

The refore , while we must admit that accurate, class ified knowledge 
of huma n inte r - re la tions is still r e latively meager (tha t is tru e, to som e 

exte nt. e ven of the knowledge which furni shed the scientific bases of th e 

older professions). w e can say with approximate accuracy tha t th ere 

is enough of a bas is of scientifically obtained knowle d ge for u se in the 
occupation of social worke rs to entitle men and women in that voca tion 

t o be cu lled professiona l. The accumulation of furth er knowledge in 

these fi e lds is g oing on rapidly. This nccumulation is the r esult n ot only 
of the activities of r esea rch workers and statistician s , but a lso of the 

daily work a nd reAec tio n of many of the more inte llige nt nnd scie ntifi 

cally minded socia l worke r s the mselves. The a n a lyses of the d a ta of 
crime, d e linquency, poverty, divorce, immig ration, race r elations, social 
ins titutions and activi tes, analyses made by careful obse rvers a nd system· 

atically recorded, a r e furni shing more and more adequa te material for 

the u n derstandin g of these complicated phenomena. The so c ial case 
histories from pena l a nd correctional institutions and from crimina l 

courts ; the data of s tate a nd city health departments, the inc reasingly 
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accurate and compre h e n s ive cen su s and other governmental r eports, 

furnish a surpris ingly la r ge body of s ubjec t matte r fo r u se in the s ocial 

scie nces. 

2. On the second point, of legal r egula tion or r ecognition. ce rtain 

phases of so c ia l work hove reached a rather definite s tage of indirect 

regulation a nd r ecognition. This is especially true in seve ral types of 

c hild welfare work a nd in the adminiatration of poor relief. Counties, 

cit ies , states and the federa l government have established and are main

taining burea u s or departments in which the essentia l a nd vital w o rk is a 

particular form of socia l service, and the entran ce to such types of work 

is by civil ser vice examinntion or by appointm ent on the basis of speci

fi ed standards and r egula tions. Notable exa mples are the Ch ildre n's 

Bureau the \Vomcn's Burea u, and the Immig r a tio n Bureau. at \Vashing 

ton; cer tain classes of workers in county a nd c ity w e lfa re d epa rtme n ts , 

juve nile courts and poor r e lief activities , a nd stat e child welfare a ge ncies, 

such as our W est Virg inia State Board o f Child ren' s Guardia n s and the 

C rippled Children' s Coun ci l. Not a ll these socia l worker3 for govern

mental a gen cies arc hi ghly or thoro u g hly t rained; some of them a r c. 

T he important point is thlll our governmental un its arc recog nizing and 

payin g for the services of men a nd wome n doing various forms of socia l 

service work. The h ospital or medical worke~s shou ld also be mentioned 

in this connection, for most of these workers se rve the brge gen e r a l 

hospitals which a r e for the mos t part m a intni n ed by the f.::d c r a l 

gove rnme nt or by c ity or e tnte governments. The C incinnoti and M assa

chusetts C cn ornl Ho3pituls hove m ointnincd etarr& o f &ocial worke r s fo~ 

many y ea rs. 

It is interesting to n ote, in this connectio n, tha t the County \Ve lfarc 

Board of M o n ongal ia Couuty has, for several months, been uttemp:ing 

to secure a trained social worker to have gcncrnl cha r ge of poor r e lief 

a nd child weiCare activities in t h is coun ty. The difficulty e n countered 

in attem p ting to secure such o worker ~oeems to ~>uggest that the demand 

for qualifi ed worke rs of this ty p e is g reater than the s upply. 

The extent and diversity o f socia l work maintaine d by the public , 

lhtll is , by the taxpayers, is con s tantly on the incr<·nse. Our Morgan

town Independent School Dis trict has employed o professionally t rain ed 

recreation director fo r the las: four yenrs. In addi tion, fifteen to twe nty 

ha lf tim e p loyg round superviso rs h ave been e m p loyed durin g the s um

mer sea son, and eve n these summer p layg ro und supervisors (with two 

or three except ions) have been required to have 5ome professiona l 
t ra i ning. 

In view o f the fact that some of our private ly supported social welfare 

agencies a rc not yet adequately organized and bUpported, t h ey are not 

in a position to be quite ~o definite in requiring certain sta ndards of train

ing a nd experie n ce for t heir workers. A ll the better ogencics of this 
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type, however, are advancing definitely toward these standards. 
On the whole, we may say from the viewpoint of standards. re

quired for e ntra nce, :he occupation of social work only partially qualifies 

as a profession. 

3. A~ to mutual aid and cooperative effort among social workers, 

a rather hig h standard is reached. P a rtly due to the relat ively small 

number of social workers and partly due to the human or social n a ture 

of the work itself, the men and women engaged in these act ivities have 

a well d e ve loped g r oup consciousness and give each other much h e lpful 

mutual understanding and s upport. This is especially true of the socia l 

settlement workers, who usually live in groups of ten to thirty, who 

see each o ther eve ry day, have at least the ir evening m eals together, and 

practically a ll of whom are college g r aduates. There a re probably 2000 
professionally t rained settlement workers in the U ni ted States. T he 

esprit de corps and morale of social w ork e rs probably ranks well up 
towurd the top among all the vocations or professio n s . 

4. The e thical or prof<~ssiona l code for ~ocia l worke(S is now m 
pruct:~S of being worked o ut. T he American Asso c ia tion of So•ial 

Workers, with headquarters in N ew York City, h as tak e n the lead in 

this process. For the past seven o r eight years, an act ive discussion of 

teutative professional standards has been kep t up among the c h apters 

o f this organizat ion, as well as among the leading r epresentatives of all 

organized g roups or subdivision s of social workers. The p rincipal t rain
ing schools a r c also taking a significant pa r t in this difficult n nd n ever 
~nrtin~ J"')rnhl en1. of wo rkin g out and 1ntlintaining o profes:.: i o n a l code. 

The tentative stan dnrds that have n lready been accepted by social 
workecs have cons iderable influence, especially m reference to the 
appropr iate inte r-re la tionsh ips ot the various br<>nche:> of social work. 
Much progress h as a lso been made in establishing minimum standards 

fo r e ntrc-.ncc into profess ional socia l wo rk: there has been li t tle at:emp t 

made, yet, to necure legal or eompulsol'y regulation s in this regard. A ll 

the older and most thoroughly established social work agencies, howeve r, 

of the ir o wn acco rd, are enforcing with a fair degree of uniformity , 

entrance standa rd-; and probationary apprent iceship r egulations. 
There fore, we may say that the socia l workers have not y et reache d 

a point of sufficient definiteness and ex:en t of accep~ance of codes and 
standards, to jus tify speaking o f t h e occt:pation as a pro fession; but 

constant progress is bein g mad e in this d irection . 

5. As regards the ir att itude of social responsibility to the general 
public, it is perhaps fair to state tha t social workers are now m easuring 

up to a really professional standa rd. T h eir daily work necessarily brings 

so many contacts with the public, that a man or woman who does n ot 

qualify c.s to inte lligent interest in public affairs. and re3ponsiven ess to 

public opinion, does not long remain a socia l worker. The regular 
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activities which make up the occuFation of social work involve contact 

wi t h the mass, with business and indus:ry, and with governmental 

bureaus a nd officials. This is true even of the social worke rs employed 
by priv;.te ~ocia l w e lfare agencies, and na:urally it is s till more tru e 

in the case of men and women employed in social w elfare activities 

mainta ined by city, county, s tate and federal g overnments. 
In the Ohio State University Tra ining Courses for prospective 

social workers, an importa nt subdivision is made up of lect ure and 

laboratory work in the gen e ral field of pub licity as rela ted to oq;anization 

and promotion of all kinds of commun ity welfare work. I am personally 

acquainted with Mr. C. C. Stillman who heads up this phase of the work 

and b e lieve that he is competent to g ive a well balanced a nd thoroug h 
training a long these lines. Forme rly a ~uceessful social worker in 

K a n sas C ity, where h e specialized in the publicity aspects of the job. 
he is famil ar with both the theory and practice of journa lism as related 

to community welfare. In some quarters journalism is now bein g 
spoken of as a social science, and every prospective professional socia l 
worke r should have a t least s ix hours of work in college or unive rsity 

journa lism courses. The proper use of publicity is a large factor in 

a ll kinds of social or community work. The wrong u se of publicity will, 

if very long continued, practically destroy a social work agen cy and make 

the w ell - inte ntioned but unski llful social worker ridiculous in the eyes 
of the public. 

An inte resting local e xa mple of the r e lai ion between journalism and 
promotion of welfare activitie3 has been g ive n u s in Morga ntown during 
the past several months. The collection a nd distribution of the rathe r 
large amounts of money, food and clothing by the Council of Social 
A gen c iec a nd the special appeals for pa rticu la rly needy cases, would 
h ave been practically impossible without the generous and intelligent 

policy of both newspape rs in g iving front page public ity, as well as 

editoria l support, to these activities. In addition, both p a pers have 

recently shown a d e finit e interest in the idea of a Community Chest for 

Morgant own, which is the modern way of rais ing and dis tributing money 
for ch a ritable purposes. 

A s t o the connec tion between politics (or government) and social 
work, w e quote from a s tatement made by Edward D. Lynde, genera l 
secreta ry of the Cleve la nd Associated C ha rities, writing in the April, 

I 93 I issue of The F amily, which is the official organ of the family socia l 
case workers. Mr. Lynde says : 

"Po litical science makes us aware of the necessa ry limitat ions in 
public service, so that w e do not expect too much, and, perhaps more 

important, it teaches us in what ways w e can bring the most gratifying 

r ewards to those offi c ials who are helpful to the cause of social work. 

T he Clevela nd Health Council recently put on a housing campaig n 
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whic h was infinite ly m ore su ccessful tha n mos t effor ts of private socia l 

agen c ies becau se th ey knew e very ward lead e r and k ey m an and j u st 

h ow to enl ist his inte r est; a nd they u t ilized nearly every public official 
in e xactly t h e way in which h e w ish ed to b e utilized and m whic h h e 

could be mos t h elpful, a nd secured for him va rious kinds of favora ble 

public ity . 
Eve n to do our eve ryday task prope rly w e n eed to have a n unde r 

s ta nding of the content o f so c ia l legislation a nd o f the function o f the 

variou s p olitical units t hat t o uch our work. Not a d a y go es by but the 

case worker n eeds to m a ke con tact wi th some agen cy of the s tate-to 

consult a bi r th r ecord, m a k e a r eport to the h ealth dep a rtme n t, util ize 

t h e serv ice of a city phys ic ia n o r school nurse. o r t a ke adva ntage of 
some bit of so cial leg is la tio n. The socia l settlement w o rke r is s imila rly 

in~eres ted in th e street depa rtme nt, the c i tizens hip bureau, the police 
d e pa rtme nt, a nd the p a rk d e p a rtme nt- and the ir functionin g in his 

n c ighbo1 hood. These c ontacts a nd responsib ili t ies. if they are to be 
s uccessfu l, n ecessita te w ork able kno\vledge o f the th eor y a nd p ractice 
of gove rnm ent." 

"Th r o ughout Cla rk County , \V iscons in, there was not one p u b lic 

h ealth nurse. A county conferen ce of soc ial w or k, a tte nded by seve r a l 

hundred people, s tarted a petition which la te r r eceived more th a n a 

thousa nd s ig natures, and a public health nurse was en gaged by the 

county within three months . • Ne w London. Connecticut. had been ge ttmg 
n owhe re with a campa ig n fo r b e tte r hous ing. Throug h a carefully pla n 
n ed series of a pproach es, socia l worke rs e nlis te d the inte r es t of a ke y 

po litic ia n a nd he put t h ro u gh nea rly e very im p ro ve m e nt s u ggested. 

" But is is not e nou g h t o get t he state to pass legislation. Socia l 
workers ha ve a respons ibili ty to see tha t th e la w is wisely w r it te n, so 

tha t it is practical and can b e e nforced. Othe rwise, it will b ecome a d ead 

le tte r. It is not enoug h to secure the esta blishme nt o f a n e w bure au. \X/e 

must s tudy where it can b e placed under exactly the prope r auspices. 
or it will be handicapped . A nd h e r e again. politica l scie nce he lps with 

its com par a tive studies of the p ra ctir.al workings of different adminis

tra tive units; a nd its reve la tio ns as to t h e practicability of diffe r e nt types 
of legis la tio n. 

" But whe n we have secure d p rovision for a n ew b u rea u unde r exactly 

the rig ht a uspices, w e n eed s till t o see that the b est tra ined p e ople a r c 
appointed or e lected to g uide its a dministra tion. E v e n a good syste m fa lls 
down with untrained p e r sonne l. The successful a dministration of a 

juve nile court, for instance, re quires a knowled ge o f soc ial work as w e ll 
as of la w . It r e prese nts a m o ve towa rd socializa tio n a nd individualiza tio n 

and a w a y fro m the old rule of thumb m e thod. The solution m ay lie , 

not in m e r c urial changes from one type of c ourt to anothe r but in 

e ffectua l e ffort s to elec t capable and socia lized judges. The professio n 
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of social work should be recognized as on a par with law and m edicine 

in all those positio n s which call for social trainin g. " 

Therefore, we can see that both because of the essential nature of 

his daily work, and because of the practical n ecessi ties for securing 

results, t h e social worker must be in close touch with all vital community 

interests. It is perhaps not going too far to say that a well trained social 

worker who has lived and worked in a particular neighborhood or com

munity for a considerable per iod, actually knows the p eop le, their indivi

dual and group characteristics and problems better t han any other one 

person. The local politician and the skilled newspaper r eporter who 

have given special attention to the neighborhood, are about the only 

other persons whose knowledge of the vital social situations would be 

eq ual to that of the trained social worker. We may say then that the 

occupation of socia l work ronks r e la tively hig h in the s tanda rd of social 

awareness and spiri t of social responsibility expected of all professiona l 

groups. 

6. In the development and maintcnonce of professional o r ganizations 

and publications, social workers have reached the stage of quantit y 

production. As to quality of production, naturally, there is, as in all 

groups which are approachin g a professional basis, much room for im

provement. Because of the wide human interest appeal of social work, 

it does attract a consider able number of men and women whose inten

tions are admirable, but whose methods ond emotion al base-work are 

more sentimental than inte lligent. Sometimes, but with less increasing 

frequency as time goes on, it is a bit difficult to prevent this more senti

mental g roup fro m running away with the prog ram a t a conference of 

social workers. In my ten year s of rather close contact with W est Vir

g inia social worke r s, it h as been an en couraging experience to n ote the 

decided trend toward more rational, intelligent and self-critical attitudes 

amon g those who make up our state and regional conferences. I hope I 

am n ot misunde rstood in this brief analysis, for it is by no means true 

t hat we wan t emotion and sentiment ruled out of social work. It is 

indispensable as a vita lizing foeto r and a lways wi ll be; we only mean 

to say that whe n it predominates over the ospect of intelligen ce i t is a 

case of the toil wagging the dog. One of the constant objectives of a ll 

social work training ond practical experience after training , is to main

tain a suitable balance b e tween judgment a nd emotion. 

The National Confe rence of Soc ia l Work is made u p of all classes 

and types of socia l workers, lay a n d professio n a l, and meets once each 

year in c ities in different geographical sections of the United States. It s 

session s last about one week and cover p ractically every phase of social 

work. Subdivisions and sections have become necessary in order to 

provide for rapidly increasing specialization. Some sections have become 

so large that they are again subdivided. Attendance at the Nationa l 
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Confe re n ce is open to a ll who a re willing t o pay the r egis trat ion fees 

and n ecessary trave l e xpe n ses : but the a ctual control of the prog ra m s 

has n ow for seve ra l years b ee n a lmost en tirely in the hnnds of t h e dis 

tinc tly p r ofessiona l clement. 

S e ve ral groups. esp ecia lly the so cial settle m e nt work e rs. t h e juvenile 

court probation offi cer s , the fa mily case w o rke rs , a nd the r ecreation 

g roup, ha ve become so nume rous tha t they hn ve n at ion.a l nsso ciations and 

journals of their own, but the y a ll r e :ain a n active int e rest in ~he a ll 

inclusive national conferen ce. The <~ nnual p ro ceedings of the natio:ta l 

confe re n ce arc c a r e full y edited a nd pub lishe d in a c o mpr e he n s ive volume, 

a b out thirty of whic h a rc n o w in th e \Ves t Virg inia Unive r si ty library. 

or the many offic ial journals p ublished by a nd for so cial worke rs . 

I mention only th re e, a s samples . The Survey , p ublis hed twice a month 

in New York, is d evoted to a broad. but critica l. r esu m e of vi ta l and 

typical happenings in the so cial work field. including a lso . a n a lyses of 

c urre nt proble m s, su c h as une m p loym e nt, immig ration, rucc problem• . 

housing re form, r ecent juve nile court d e ve lopme nts. po litics. ~nd so cial 

legis lation. It a lso h e lps keep the social worke r up to dote by the pre

cen ta tio n of discriminating boo k review s and c omme nt!. o n so c iolog ica lly 

s ig nifica nt periodica l lite ra tu re. 

Th e Fa mily is th e officia l o r Hnn of the Fam ily \Velfa re A ssociat ion 

of A merica. As its nn m e indicn t•·s . it d eals ch ieRy with t he b roade r pro

fessiona l ns pects of d e p ende nt nnd deliq u ent fil mily proble m s. It is w e ll 

edited and is distic tly outhorito tive in its partic ular fi e ld. 

Th e Soc ial Service R e view is u "Quar!erly O e vo!ed t o th e Scie n tific 

a nd Professional Inte res t• of S ocia l \Vork". Edited b y th e faculty of the 

Unive rs ity of C hica !!O Gra dunt •· School of Sociol S e rvice 1\dministrntion. 

it naturally is inte nded for th t• re lntive ly limite d g roup of ~ocio l workers 

who d esire to spe nd part of the ir time in more fundn m e nta l scie ntific 

s tudy o f thei r proble m s a n d con d itio ns. Sta ti s tical and o the r sc ientific 

m e thods of approach a re laq;ely used in the presen ta tion of the s ub

ject m a tte r. 

Besides these three rathe r t ypicnl journa ls . practically e ve ry impo r

ta nt subdivision of so c ia l w o rke rs h as i ~s o wn tech nicn l journnls : t h is 

is especia lly t rue of th e settlem<• n t ~roup. th e r ec reatio n a nd p la y g rou nd 

g ro up, th o,: juvenile court probation offi cers , and the p sy c hiatric so c ial 
workers. 

On the whole , the occupntion o l soc ia l work is npprooc h ing very 

nearly u profess iona l nt undard in the matter of profc3sionnl ort;anizalions 
a nd publications. 

7. From t he p e riod o f ea ,ly b eginnings. socia l a nd welfare worke rs 

r ecogn i.:ed, in c ommon wi th ot h e r technica l o ccupatio n s. the need for 

spec in l i.~:a tion and subdivis io n . /\ssoc i ~ tcd c ha ri t ies and so c ia l settlem e n :s 

g r e w up almos( contt•n,pora n e ous ly. This t r e nd toward s p ec ia lizat ion has, 
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in r ecent years, developed rapidly. It will be treated more fully in a 

later section of this paper under the h ead "Forms of Social Work". 

W e may fairly say that social work is quite fully meeting this test of a 

well organized profession. 
8. When we apply the eighth (and last) test to social work activi

ties and those who carry them on, we must admit that the professional 
standard is far from being reached. Probably twe nty-five per cent of 

the approximately 25,000 social workere in the United States measure 

up to the technical standards of professional training and experience 

which have been fairly definite ly laid down by the more s killed and 
intelligent workers in this occupation. By the term "soc ial worker" we 

mean those men and women, at least 25.000 of the m, who are now 

making their living by doing som e form of full time, definitely paid for, 
type of social welfare work. We do not include the many thousa nds of 
volunteer, part time workers in this fie ld. The very nature of social 

work makes it desirable and inevitable that th e r e shou ld be a large 
g roup of men and women who arc go-betweens, so to speak, between 
the general public on the one hand, and the technically trained social 

worker on the other hand. The time will probably n e ver come when 
these "volunteer" workers, so-called, will not be needed. We have a 

concrete example in Morgantown, West Virginia. During the past 

winter season, the Monongalia Council of Social Agencies has dist1·ibuted 
most of its food, clothing, and personal service, through the medium of 

its case committee, made up of about a dozen loyal, inte lligent, social
minded, hard working women. These women have r e- made thousands 
of garments for needy families . They have g one directly into the homes 

of families who have applied for or needed r elief; their investigation of 
the facts in the particular cases have been the solid basis for the large 

amount of constructive relie f work which has been don e since last 

November. The members of this case committee have made the neces

sary daily and weekly personal contacts, not only with needy famili es, 

but also with county and city officials, with business men and others 

who donated money or goods; also with the other agencies and persons 
concerned in the administration of probably the largest and most com

p licated relief program Morgantown has ever been called upon to handle. 

The community should have a thoroughly trained social worker to h ead 

up this work and organize its various phases on a more permanent basis. 
The chief point I am making here, however, is that even if the community 
had secured such a trained worker. she would, by all m eans, have 

needed the case committee to assist her in a job e ntirely too large and 
complicated for any one person to handle successfully. 

In all probability, the proportion ( not the total number) of profes

sionally trained social workers has diminished rather than increased in 

the last year and a half. Since December, 1929, the whole country has 
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been faced with p e rhaps the most serious and wide-spread visitation of 

business d e pression, unemployment, and conseq uent poverty and depe n 
dency, whic h it h as ever had to meet. Under these conditions both th e 

public and private charitable a g encies have had to h a ndle a n unprece
d e nte d numbe r of problems, including investigations of applica tion for 

relief and the sec urin g and distribution of money, food a nd clothing . 

R e lief budgets inc r eosed e normously, and with relatively g r eat s udde n 
n ess. A few week s a g o the Chicago United Charities w e re dis p e n sing 

r e lief a t the ra t e o f $1 00.000 a day. All the reputable c h a ritable agencies 

(public and private) have e ndeavored to continu e to c a rry out, as fa r as 

possible , the ir s t a ndard s of investigation and other cons tructive measures, 
to avoid pauperization of the recipients of rel ief. This objective h as been 

only part ially a tta ined. for all relief-giving agencies admit tha t the 
urgent firs t aid, for n e&r starvat io n case s. have bee n so nume rou s that 

investiga tion n nd keeping of re cords have suffered. The agencies h a v e , 
hovte ver, m ade a n honest effort along this line , and h a ve during the 

lus t eig ht een months t a ke n on hundreds of full time worke r s a nd 
t housan ds of volunt.-er workers, to h e lp in the great task of investiga

tion a nd cons tructive family case work. Many of these n ew w orkers 

h ave had little or no professional training, but their common sense and 

humanitarian inclinations have made it possible for most of the re lief 

o r ganizations lo tide themselves over a critical period. The C levela nd 

A ssociate d C harit ies has recently officially announced that their treasury 
will b e c omplete ly bankrupt on May I ; and they may h a ve to tempora r 
ily lay off even som e of their trained workers, until additional fund s arc 
availa ble. 

Basin g our conclusions the n. upon the above fact s (and other 
s imila r facts whic h could b e a ssemble d), w e may s ta te that, h o w eve r 

UEeful a n o ccupa tion social work may be, only a dec ided minority of th e 

workers ca n properly b e ca lled p r ofessional. Barrin g s u c h unusu a l c ondi

tions as h a v e exis te d r ecently, howeYer, the p r o p ortion of the profesional 

element in the occu pa tio n is steadily increasin g . 

\Ve s h a ll now take up a brief analysis of some of the more importa nt 
forms (or subdivisions ) of s ocial work as we have them in the United 
Statet to day. 

I . Fa mily soc ial case work. The g erm or foundation of this basic 

type of social work is found in the organization of the London C ha rity 
Orga niza tion society in the early 1870' s. A group of educa te d and 
socia lly-minded m e n a nd wome n came to the conclus ion that th e age 
o ld practice of indiscriminate d lmsgiving was too demoralizing for the 

r eceive rs a nd too expe ns ive for the givers. Mos t of the lead e r s in the 

n e w move m e nt w e r e e ither public officials or clerg y of the c hurc h o f 

Eng land. The non-conformist clergy a lso played a u sefu l part, conside r 

ing the ir relatively small number. 
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The organization which g rc\v out of this agitation and discu ssion 

foreshadowed, in a n e le m entary way , :he thousa nds of o ssoc i01ted chori· 

tics in the world t oday. The sou nd principles of invcsti !H> t io n, k eep in g of 

reco rds. fri e ndly vis iting 0,\mong the poor. sy s te matic rais ing a nd dis tri · 

bution of r elief fund s. were all recog nized as essen tial t o a humane "' nd 

effective poor relief pla n. The old idea of ~,;iv in r: to the poor for the 

primary reason o f securing God' s favor for the ;; ivc r rathe r tha n 

of servin g the need s of t he beggar or the pauper, be ~-;an to d ::cline in 

the minds of the more intelligent people . P erh aps it would be too much 

to say, however. tha t this d e moralizing conccp: of churi::,· has even now 

entirely died out. Cer tai n o ld tradit ions <·ncoura~;ed a nd handed down 

larr:e!y by the church lead e rs . bo~h Catholic a nd Prote&to nt. had b ee n 

chieAy r espo nsible for the unfortun2:e motivation of muc h c harity work 

of m edieval and ea rly modern times. 

Probably the c lergy did not mean to teach that a lmsg ivin.,: was m eri

torious in the • ight of God. without rega rd to wh£! thcr the a lms t'cceivc r 

WO,\S b e ing he lped or harmed; but there is little doubt that mos t of t h e 

l11ity so inte rpreted the te11chir.gs of the c hurc h con cer nin g acts of 

chnrity . 

The Orga nization in the 1870's a nd 80's in the iaq:;e ci ties of 

Eng land and America of C. 0. S.'s as the y w e re firs t ca lled (Charity 

O q:;anizotion Societies), later , known as A ssocia t ed C harities and n ow 

a s Fa mily Welfnn: Socie ties, gnve a tre m c ndoull impet u s towa rd pt·ofell· 

s io nal s ta ndards in social work. Indee d, for many years. the a nnual 

conve ntion of e ocia l workere wa" calle d "Th,. N n t inn Hl Co nfcn: n co of 

C harities a nd Corrections". O nly within th e l n~ t fu w yc:ars h as it come 

to be known by th e more appropria te and inclu ~ ive title of the Na tiona l 

Confe re nce of So-.: ial \Vork. 

2. Socia l ~<ettlements ha d their orig in with Toynbee H a ll in the 

E ast E nd of London , Hull House in the \Vest Side Fore ig n S ec t ion of 

Chicago. a nd th e University S e ttlement in th e Lower E ast Side of New 

York. The movement h as g rown rapidly; there a r e now about 650 

organized s oc ia l scttl <: m e nts in the United Stat es. The work e rs a r c both 

men a nd women, n ea rly a ll college g raduat es o r s tudents: a nd the ir 

e::tivities are vital a nd varied, rang ing from boys ' n nd g irls ' c lubs. 

throu g h dramatics , mus ic and neig hborhood play to men's a nd w omen' s 

g roups for political a nd n e ig hborhood improveme nt. F or many years 

the m e n's club, fostered by Grahilm Taylor of Ch icago Commons . wns n 

lending facto r in the m a inte nance of an hones t and u seful r e prese ntation 

of the fourteenth ward, in the city council. \Vhe n w e take into account 

that the n, as now, Chicago politics had world wide n o toriet y for g raft a nd 

c rookedness, this achievem e nt of the m e n's C lub (mostly Ita lia n s ) a t 

the Commons Soc ial S e ttle ment, was distinc tly worthwhile. 

The Ire n e Kau fma n Settlement on Cen te r Ave nue , in the heart of 
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the J ew ish district of Pittsburg, is perhaps the leading socia l set tleme nt 

in the Pennsylvania- \Vest Virginia region. 

3. Juvenile court a nd probation \Vorker s , with their own nat ional 

organiza tion, make up a s ig nificant division in the whole Cleld of soci~l 
work. They a r e n e arly all full time, paid office rs of courts of Domesttc 
R e lations , or Juvenile Courts or Circuit Cour~s . having juve nile juris

diction. This phase of social work has a lso g rown v e ry rapidly since it 
was started in Chic<1go, about 1900 . largely as a result of the inte lligen t 

and p e rsistent pressure brought to b ear on t h e county commissione rs 

by t he Chicago F e d e r ation of \XIomen's Clubs. Probation office r s , unde r 

the gen eral direction of the courts which they serve , have r espons ib le 

duties in connection with the inteTcs ts of b o th d epend e nt a nd delinquen t 

chi ldren. The juve nile cour t had i ts orig in a nd e arly d evelopment in the 
U nited States. Its fundamental principles h ave now b een adopted by 

a ll civilize d count ries. 

4 . Medical or hospital social work was d e ve loped about fift een yea r s 

ago to ca re for th e special n eeds of patients that could not b e completely 
cared for by doctors, surgeon s a nd nurses. Experie nce h a d t a u ght the 

administrators of la r g e charity hos?itals or w a rds t h at the b e n e ficial 

e ffec ts of m e dical, surg ical and nursing work w e r e ofte n n eutralized by 

the acts of t h e patie nt and m e mbers of his fami ly during the period of 

conva lescence . This proble m and o the r r e la ted ones have b een take n 

up by medica l social wo rkers , r esulting in a substantia l increase in the 

value of hospital services to the poorer elem e nts of our population. 
Johns Hopkins University was amon g the fi rst to organize training 
courses for m edica l a n d public hea l t h social workers. 

5 . Du ring the las t thirty years the ft e ld of p lay a nd recreation h as 
been o rga nized on a p t·ofessio n a l bas is . Those who oppose this move 
m ent on the ground t hat bot h c h ildre n and adults will play anyway 

a nd play is or should b e sponta n eous a nd not a rtifi c ia lly s timulated, for· 

get that we a r e rapidly becoming a nation of towns a nd c it ie s. In our 

g ·r a ndfat h e r "s d ays three-fourths of our A m erican people lived on farm s ; 

n ow the s ituation is reve rsed. Three-fourths of o u r population live in 
c i t ies and t owns , one -half of the m in ?arg o-:- towns a nd c ities. The 

c rowde d housing conditions, the poverty o~ I 0' , o f our popula :ton, 
t he lack of w ork fo r boys a nd g irls und<~ r s ixteen, a ll h a v e co m bine d t o 

m ake a real prob lem in the secu r in g o~ adequate play a nd recre ::~tion 

faci lities. The war per iod gave a g r eat impet us to this move m e nt; for 
it was w e ll demonstt·ate d then that a well orga nized prog ram of ath
le ti c ga m e:;, music , s tunts , etc. were imme nsely va lu able for the soldie r 
in ca mp, in maint aining his mora le a nd filling his otherwise idle mome nts 

whe n not drlling , eating or sleeping . 

At the present time more tha n I 000 ci ties, towns and school dis

tricts have play and r ec r ea tion programs orga nize d a nd maintaine d on 
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a tax supported basis, administered by professionally trained directors. 

Wheeling, Clarksburg, and Morgantown are West Virginia cities having 
such programs. 

6. Psychiatric social work is perhaps the n ewest subdivision of the 
field to be organized on a professional basi~:;. The world war, with its 
relatively new problems of shell-shocked soldiers, was probably the 

greatest single cause leading to the deveiopment of this, one of the 
most complicated and highly specialized of all the fields of social work. 

Sociological, psychological and medical training are indispensable for 

work in this field. The number of wo:ll trained psychiatric socia l workers 

is now not large; but i t is growing stead ily. The two chief fields of 

operation arc in the United States veterans' hospitals, and in child wel
fare clinics. According to the statisticians of the United States Veterans' 

Bureau, the minimum number of nervous and mental cases from the 
World War, in hospitals, will not be reached until about 1940. There 
is a lso a growing tendency among all large welfare organizations to 

have at least one psychiatrist on their staff, to h e lp in the treotment of 
the mental aspect.~ of their coses. 

The above six subdivisions of social work do not make a complete 

list, by a ny means; but they are among the best developed at the pre

sent time, and may serve as samples of all, so far as the manner of 

gradual development in response to recognized needs is concerned. They 

may also serve as samples in the gradual and experimental way in which 

technique and administrative methods have been worked out. 
There are now a goodly number of recognized training schools for 

prospective social workers. Perhaps the leading ones are the fo1lowing: 

I. T h e New York School of Social Work, operatin g in close affiliation 

with Columbia University. 
2. The University of Chicago Graduate S chool of Social Service 

Administration. 
3. The Western Reserve University School of Applied Social Science, 

at Cleveland. 

4. Johns Hopkins University Training School for Medical Social 

Workers Public Health Officials. 
5. National Recreation Tra ining School in New York. 

The above five training schools are almost entirely on a graduate 
basis. 

Universities which provide excellent training in social work on a 
combined undergraduate and graduate basis are: 

1. Ohio State University. 
2. University of North Carolina. 

3. Carnegie Institute of Technology. 

4. University of Pittsburgh. 
5. University of Minnesota. 
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6. Smith College Training School for Psychiatric Social Workers. 

All of these r ecognized training schools have their work organized 

on the principle of a combination of academic courses and field work 
or practical experience, following the same general principles that have 

secured satisfactory results in training for the medical profession. 
The federal census of 1930 was the first to recognize social work as 

a definite occupation. 
West Virginia University provides preprofessional training for pros

pective social workers through a curriculum emphasizing the social 

sciences, and through opportunity for training in practical social work 

at a Cleveland Social S e ttlement dur ing the summer, between the junior 

and senior years. 
In addition to the annual National Conference of Social work and the 

conventions of the particular g roups like settlement workers, probation 

officers, etc., the social workers in nearly eve ry state have, once a year, 
a state conference. In West Virginia our 193 I Conference will meet 
May 7, 8, 9, at Parkersburg. T he first one of the three days is g ive n 

over to an institute for the especial be nefit of social workers already on 

the job. The other two days' program includes round table sessions, 

addresses, and discussions on particular aspects of the general theme of 

"The Child As the Center of Modern Social Work". 
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SOCIAL CONFLICTS 0~ T H E ADOLESCENT 

By 
AUGUSTUS W . HAYES. 

Professor of Sociology, M arsha ll C ollc j:;c. 

In view of the c hang ing s tatus of fa mily life today. the growing 

sophistication of youth, the decline towa rd the 'tee n oges of the pcnk 

years in crime records, and a g reat many other evid:!n c es of disturbing 

factors in home and community, our topic b ecom es most timely a nd 

appr opriate. If w e could, in some w a y. s mooth out the s o ::: ial conflic ts 

of the adolescent years w e would there by solve many. if not mos t, of th e 

proble m s of adult socia l mis fits and mala dju<jtmc nts , for, in a large way, 

the root-springs of adult disturbances la y buried in th e: youthful y ea rs 

of from te n to eighteen . The challen ge for such a condition is directed 

at us as parents, gunrdinns, teachers, and leaders of the young folks. W e 

have the m in our care und under our g uidance during the major p a rt 

of the ir time, and, if w e fail in understnnding the m, nnd in performing 

our tasks in directing , molding and shapin g the ir careers, we arc, to 

just tha t extent, fa iling in showing a fitness for our most useful and 

important place in society. 

You will perce ive nt o n ce, no doubt, tha t I am not planning to pass 

the burden of ndolscen t conflicts upon the adolescent. No doubt some 

of it b e lo n gs h ere, but, to my m ind, a far la r ge r s hare belo n gs with the 

hom e , the school, the c hurch, and the community. In(,,,. t oo mnny cn5c8 

all of these ins titutions have failed to g rnsp th e full s ig nificance of the 

adolescent years, and in keeping up with youths in the new demands of 

the timee. The home, the school, and the c hurch have b een our mos t 

conservative institutions, and, in a large way, w e s hould be thankful 

for this , but, when a policy of exclusiveness, s mug complacency, if not 

provincia lis m is added, it is hig h time w e were looking into the situatio n 

with a view of e liminating the retarding factors. 

Le t u s a sk who is to blame when one discove r s that a large percen 

tage of youths must or do get their firs t sex knowledge from associa tes 

ins tead of from parents or other qualified individua ls. When many of 

them admit of breaking the laws of the co untry withou t any thou g ht of 

r e morse . or of havin g committed a wrong . When unhappiness. pare nta l 

misunde rs ta ndin g, a nd fe elings of inferiority arc more or less common t o 

the pubertal p e riod of life. And when you n g people d esire to run awoy 

from home because of denia ls, quarrels , punis hment s , a nd the lac k of 

affection. \Vhen som e times radical and disturbing reve r sa ls in relig ious 

concepts are made os the boy or g irl adva n ce toward adulthood. Anri 

when school or t each e r fa il to hold the ottentio n a nd to draw out t h~ 
b est in the individual. 
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In an endeavor to reach more deeply into my subject, although in 

a very limited way, to be s ure, I prepared and circulated a questionaire 
among upperclassmen in some of our courses in Sociolog y at Mars h a ll 

College. The following e leven questions were asked so as to get a fa ir 

spread of problems touching the home a nd the outside interests and 
contacts of the boy and the g irl. 

Question one: At wha t age and over what difficulty did you have your 
first serious disag reement with your parents or with other members of 

your family? 

Question two: Have you ever contemplated running away from home; 
if so, what were the circ umstances leading to such con siderations? 

Qu estion three: Have you ever been ''picked on" or distressingly 

t eased by othe r s , and if so what have b een your feelings and reactions? 
Question four: At what age, under what c ircumstances, and by whom 

did you receive you r firs t knowledge of sex? 

Question fiv e : What conflicts a nd disturbances of social adjustment 
in the h ome, school, or e lsewhere did you experience during your puber
tal period? 

Question six: Have a ny of your brothers or s is te rs b een especially 

favored, at your neg lect, by your parents? If so what have been your 
r eactio n s to such treatme nt? 

Question seven: Have you ever broke n any of the laws of your 
country, und if so, what h a ve b een your firs t reactions? 

Qu estion eight: Have the early teachings you rece ived as to r e ligion. 
Heave n a nd h e ll been held to, cha nged or discounted as you h ave 
g rown older? 

Qu estio n nine: \Vhat have b een the chief objec ts a nd des ires of your 
daydreams? 

Question te n : What do you consider to be the mos t important social 

problems of b oth the boy and the g irl durin g the adolescent years? 

Qu estion e le ve n: Wha t would you su ggest doing for a homesick 

college fr eshman ? 

I shall have to admit a t the outset tha t the samplings for r e plies to 
these quest ions have b ee n a ltogether too few, and that the g roup 

sampled, namely college s tudents . and therefore a selected g roup, limits 
con siderably th e possibility of fin a l a nd conclusive evidence. I am of 

the firm conviction, however, that som e im po rtant tre nds may be obser

ved, and tha t many of the disturbing soc ia l and p e r sonal factors which 
youths expe rience in the s h apin g of the ir career s h ave b een deve loped 
by the answe rs . Comple te r ep lies to all ques tions were obtain ed from 

twenty-five gir ls n nd fifteen boys. 

Unde r quest io n one, rela ting to the first serious disagreement with 

parents or other members of the family, practically a ll replies of both 

the boys a nd the g irls d efi nite ly stated one or more disagree ments. The 
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range in years at the time of the disagreement" in the case of the boys 

was seven to twenty-two years of age, and for the girls it was seven 

to seventeen years of age. Most of the instances for the boys occured 

at thirteen to fourteen years of age, and for the girls at fourteen to 

fifteen years of age. The disagreements in each case were chiefly with 

parents and were over similar matters, with one exception. namely, the 

girls in many instances experienced difficulties with their parents over 

the question of keeping company with boys. Some of the disagreements 

for the boys run as follows: staying out nights; smoking; going to dances; 

using money; running away from home; over a parent showing favortism 

to a sister, and objections to goin g to school. The difficulties of the 

girls related to : boy friends; clothing; going to dances; not attending to 

studies, and petty arguments. 

For question two concernin g plans for running away from home , 

we find that fully two-thirds of both the boys and the g irls have con

templated such an act. Some of the circumstances cited by the boys 

relate to being punish e d too severely; partiality being shown to others; 

unfair teachers at school, and wanderlust. The g irls stated that punish

ments, balking of interests, unsympathetic parents , and quarrelsome 

parents induced them to contemplate plans for leaving home. 

Under question three, which relates to being picked on and distress

ingly teased, we find a similar distribution of cases as given in question 

two, namely, about two-thirds of both the boys and the girls have had 

euch experiences. Anger, retaliation, dis like , withdrawal from the group, 

a nrl "ometimes the assumption of a feelin g: of inferiority are r<>-.c tiona 

g iven by both sexes. 

Answers to question four s how that the majority of both the boys 

and the girls obtained their first instructions in sex matters from compan

ions of the same sex. Only a small scattering of answers show that the 

father or the mother were the first to instruct them. The chief ages of 

the youths at the time of receiving such instructions were ten to twelve. 

In a few instances most unwholesome and harmful circumstances ~ere 

related to have surrounded the individual at the time of being told of sex 

life. Perverted ideas and unsettled states of mind have very frequently 

followed the revelations under such circumstances. 

In r elation to the puberta l period more gir ls thnn boys stated that 

they experienced nervous instability, much sensitiveness, self-conscious

ness, a feeling of inferiority, of loneliness, and of being misunder stood in 

passing through the years covered by this chan ge in life. In some in

stances the maladjustments formed during this period were influencing 

the present life of the individual. Difficulties in school and at home were 

named by numbers of the replies. 

About one-half of the girls and one-third of the boys stated tha t 

favortism had been shown in their families. Their reactions were fe<-1 
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ings of unhappiness, or distrust, and sometimes of inferiority. It is almost 

needlesc to s:a:e here that young lives are sometimes badly warped and 

biased by the partiality of parents, or of others, either for or against 

an individual. 
Practically all of the boys and about seventy-five per cent of the 

girls have been guilty of law breaking. Most of the boys did not take 
the matter seriously, whereas fully one-half of the g irls did. Breaking 

the traffic laws were the most numerous of the offenses given by both 

of the sexes. 

Most of the individuals of both sexes have experienced a considerable 

change of views as to religious outlook as they have g rown older. Dis

satisfaction with dogmatism, and decided changes in view as to Heaven 

and hell were frequ e ntly mentioned in the replies. A good wholesome 
conception of God was given in practically all cases. 

The daydreams of adolescent youths tell us of many hopes and 
desires. In almost all cases involved in this study the dreams were ot 

a noble and lofty character. The desire for a happy home with love in 
it was mentioned a number of times. Becoming a leader in business or 

a profession, or a great at·tist. or possessing much wealth were the 

r eplies of many. Daydreams, when properly directed, may lead to much 

constructive effort. On the other hand, they may fix upon the individual 

an unreal or dwadling habit of mind and lead him to seek in them a 
shield or cover from the stern realities of life . They need to be under

stood and directed that a proper course may be chosen and that the 
most productive results may be secured. 

The best treatment for a homesicK college freshman in almost all of 
the replies is that of providing ways and mean"J through associates and 
th r ough recreation and work of keeping his mind diverted and busy. 

One of the most interesting parts of the study related to the sug

gestions of the young people as to the social problems of the modern 

boy and girl. Many of both sexes emphasized as first, a better know

ledge of sex life and better opportunities for wholesome adjustments be
tween the sexes. Other suggestions related to better recreational facili

ties, modern religious instruction, vocational guidance, and codes of 
conduct in which "Do's" and "Don'ts" are emphasized. 

In this brief and partial survey of some of the common problems of 

the adolescent years we find many suggestion s for direction and aid 
which all of us may well heed. Adolescent is a period of finding oneself 

in an increasingly complex social world. We need to marshall all of our 
knowledge and effort for the services of those passing through this 

basic period of life. All normal boys and girls of the adolescent years 
seek earnestly after the great truths of life; these should be given them 

in proper season and by properly qualified persons. Their play and re

creation needs to be kept wholesome, and provided in useful abundance. 
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G ood , sens ible r e lig ious ins truction is also necessary to g ive them the 

security and peace of mind needed to h e lp meet the stresses a n d s trains 

of their rapidly changing conditions of g rowth a nd developme nt. I 
prefer not to speak further con cerning suggestions and possible remedies 
for conditions d e v e loped above but ins tead to leave what time I have 

remaining on this prog ram open for your discussion and criticism. 
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BACKGROUND OF CIVIL SERV ICE REFORM IN THE 
UNITED STATES. 1789- 1865 

By 

ROBERT J. LARGENT. 

M ursh a ll College. 

In t he fir11 t Con g ress, whe n the subjec t of r e moval and te nure of 

infe rior o ffice rs was being discu t sed, Mad idon d e cla red that the powe r 

nnd duty of making remova ls w e r e e qua lly vc&ted in the Preside nt n lone . 

with a n a uth o r ity on the p ar t o f the House oi R epreser.ta tives to impeach 

h im if h e sh o uld e ither a llow a n unworthy ollicer to continue in his 

place. or wa nto nly re move a mer ito rious one-an .lCt of m a l-adminis tra 

tion. Fide lit y a nd e fficienc y were to cons titute the m ea sure o f te nure, 

ch a racte r a nd capacity thc te s t for appointm e nts. No fixed te rm was 

sp ecified, a nd appa re n tly none w us needed.' 

Under o ur fi rs t six preside nts only 73 s ubordinate offi cers w e r e 

r e moved, a nd these , for the most part, fo r renso n s touc hing the ir e ffi 

cien cy sole ly and n o t because o f the ir political convic tions.= \Vashing to n 

m a d e only n in e removal~- a ll fo r cause ; J o hn A d a m s only nine , and 

none, it wou ld seem, for p o litica l r easons ; J effer son only thirty-nine , a nd 

none of th e m, us h e afterwa rds d e cla red, on a<:(:ount of politica l opinions. 

About three w e eks after h e h a d been ina u g urated Preside nt of the 

United States, the Sage of M o nticello wrote (Mu rc h 24, I SO I) to Dr. 

Rush: "Of the tho u sands of o ffi cer s """'"'" "' in the Unite d States, a ve r y 

fe w individua l1 o nly , probably not twe nty, w ill be r e move d, and those 

o nly fo r d o in g wha t they oug h t n o t to have d o n e. I know tha t in s topping 

thus short in the career of r e m o va ls I s hall g ive g r eat offense to m a ny of 

rny fri e nds. T ho t torrent h as b een pressing m e h ea vily and will r e quire 

o il m y for ce to bear u p a gninst; but my maxim is " fia t justit ia, runt 

coelum"." 

Madison removed only five ; M o nroe nine ; John Quincy Adams only 

two, and fo t· ca u se. In no country in the wo rld, in those y ears , w e r e 

public ser vants s o r espec table or adminis trat ive s o untainte d. No o ther 

gove rnme nt h od the n r each e d so hig h a pla n e of disinteres t edness. or 

e xhibited so muc h regard fo r c h a rnc ter and ju s tice in dealing with those 

who s e rved it . It was left for th e politicians of late r days t·o discove r 

a ncl to teac h tha t it was d ecidedly "un-Ame ric an" to select public 

servant s for th e ir m e rits a n d to re ta in the m b eca use the y r e mained 

meritorio u s. 4 

0:1e s te p token during th is p e riod, however, was d estined e ve ntun llv 

'Eaton . Term n nd T e nure of Office. 22·23. 
, ivkAne n y , Refo rm o f the C iv il Serv ice , 3 . 
"S c h urz. C ivil S e rv ice Reform n n d Democracy. I 7. 
'Eaton. T e r m nn d T e nu r e o f O ffi ce. 23 . 
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to exert far-reaching influence of a b aneful, unfor t unate character. On 

May 15, 1820, a measure that had passed both houses of Congress wit h 

scarcely a protest on the part of a single Congressman b ecame a law of 
the land. It p r ovided fixed terms of four years for a large number of 
Federal Executive officers. It also provided that they should be ' ' remov

able from office at pleasure" .0 According to the poli tical foes o f William 

H . Crawford, the S ecr e tary of the Treasury, the purpose of the measure 
was to enable the said secretary to fill the offices of his department with 

influential party workers who would constitute invaluable cogs in a 

personal party m achine which would place Mr . Crawford in the White 

House in the presidential e lection of 1824. On the other hand the loyal 

friends of the Georgia politicia n asserted with vim and vigor that the 
T r easury D e partmen t seriously needed a scraping off of the barnacles 

left by previous administrations in order that a more e ffici ent clencal 
organization might be e ffect ed. Whate ver the true explanation of the 
genesis of this bill, the fact remains that this piece of legislation empha

sized the theory of rotation in office and placed the four -year tenure on 
a statutory basis a whole decade be fore Preside nt Jackson adopted and 
applied the principle on such a treme ndous scale. The new syste m mig ht 

well be summarized thus: No longer tenure than four y ears; removals at 

pleasure; rotation in order to supply offices to the greatest possible num

ber of servile partisans; office and salaries the natural spoils of party 

welfare; all appointments and removals on purely political grounds; and 
the primary duty of the official to be an indefatigable worke r for the 

interests of his party and a willing tool of its mana gers.'; 

This condition of affairs did not come about immediately and 
abruptly but evolved gradually and steadily, r eceiving its g reatest impe tus 

unde r the Jacksonian regime. Within the first y ear of J ackson's Admi
nistration 2,000 officers in the F e d e ra l Executive service walke d the 
political gang-plank. As Mr. Van Buren was the dominat in g personality 

in Jackson's Cabinet, there is some reason for the oft-repea ted assert:on 

that the New York politician was largely r esponsible for this wholesale 
guillotining! The Albany Regency, which had been under the leadership 

of Van Buren for many y ea rs , h ad, for a long time, been in the h abit of 

s e lecting candidates for elective offices, either by the people as a whole 
or by the legislature, in a caucus, and then bound every membe r of the 
party to support the nominees.• 

But this was not the first party machine in America. Aaron Burr 

had constructed one that ran with remarkable smoothness, precision, 
and effectiveness, almost a generation ea rlier. It had b een introduce d 

"Annals of the Sixteenth Congress, First Session, 25 9 7 .s. 
''Eaton, Term and Tenure of Office, 27. 
' McAnf'ny, Reform of the Civil Service, 4 . 
SEaton. The Spoils System,S -9. 
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into the rc;:~lm of New York politics at the dawn of the Nineteenth 

Cen tury. Out of the policies <:~ nd practices of this political rin g developed 

what has often been called the ''Burrian Code", some of whose funda

mental maxims on which r es t ed political action, arc, according to Parton, 

one of Jackson's earlies and most sympathetic biog raphers. as follows : 

First. Politics is a game, the prize of which are offices and contracts. 

Second. Fidelity t o party is the sole virtue of the politician. H e 

alone is a politician who would vote unhesitatingly for the Devil-if the 

Devil had been regularly nominated. There is only one unpardonable 

political sin-bolting."'"'"'"'"'"' 

Third. o man must be allowed to suffer on account of fidelity to 

his party-no matter how odious to the people he may make himself. 

Fourth. \Vhen there is a conflict between the party in the whole 

Union and the party in the S tate, or between the party in the State and 

the party in the co untry, n man mu st adhere to the majority group of 

his own local organization. That is to say, a private must obey the 

orders of his own immediate captain, though the capta in may be in 

mutiny against his colonel. "'"'.Y.¥.Y..Y. 

Fifth. Editors a r c to be u sed unscrupulously, but never implicitly 

trusted. 

Sixth. The end and aim of the professional politician is to keep great 

men down and put little men up. Little men owing all to the wire puller 

will be controlled by him. Great men having ideas nnd convictions of 

th eir own a re peri lous even as tools. '' 

There was considerable more than a modic u m of truth in this satirica l 

c harac ter ization o f the ethical basis of New York politics, but it seems a 

trifle unfair to ascribe the perfection of this system to Burr a lo n e. The 

remark of President j ackson to the effect that he was not a politician 

but if he were to become one he wanted to b ecome a New York politi

cinn, coupled with the high regard in which he was known to h o ld Van 

Buren, lent color to the charge that his Administration had taken over 

bodily in toto the infamous patronage policy of the Empire State. Beside3 

these general allegations there were specific examples. For ins!ance, 

two New Yorkers, Samuel Swartwout and J esse Hoyt, were active 

aspirants for political plums-preferably the Collectorship of Customs 

at New York City. Swartwout went to Washington to press his claims 

while Hoyt manipula ted such wires as he could advantageously pull 

from New York. Nor did they permit rival political ambitions to seriously 

interfere with their fri endly relations. Shortly a ft er Jackson's innugura

tion Swartwout wrote from \Vashington to his fellow party worker as 

follows: "\Vhether or n ot I shall get anything in the gen era l scramble 

for plunder remains to b eprovcd. I think I shall, if it be only the Bergen 

lighthouse. I would recommend you to push like a devil if you expect 

•Caton. The Spoils System. 5. 
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anything". Swartwout proved a good prophe t for his p a rty r ecord and 

his persis t en ce won him the coveted prize-the New Y ork Collectorship. 

And he was r e-appointed a second time but a C ongressional investiga
tion revealed a shortage in his accounts to the am ount of $ 1,2 25, 705. 69 
-a disclosu re tha t s o s hoc ked Mr. Swartwo ut's ne rves thot he fe lt 

impelled to travel extensive ly in Europe "for his health". '" 

j esse Hoyt was very appropriately n a m ed as Swartwout' s successor. 

Anoth er Con gressional investigation disclosed defa lcations on his part 
to the extent of $300,000. in less tha n t hree years. H ere were two N e w 

York spoilsmen of the s imon pure t ype that b e lie ved imp licitly in the o ld 

maxim, "Ma ke h ay while the sun shines 1" S ome of the conclusion s and 
findings of the Cong ressiona l committee m aking the investigations w e r e 

summed u p thus : "The inspectors when absent from duty w ere gen e r 

a lly enga ged in e lectioneering a nd in procuring the n atura lizatio n of 
foreigners. ¥'f. 'f.'+ A c u s tom-Ho use t a x was r egula rly levied and paid in 

advance of e lections',. "'"'"'''·and a r e fu sal to p ay was invoriably fo llowed 
by removal from office.'i-'~- ·'1">'¥'f.A syMtem of favo rit ism was uniformly 
extended to the most viole nt polit ical partisans'i-¥ <' '+"''~-and fin a lly there 

w e re evidences of official delinque n cy, if n o t of downri g ht corruption, 

which have seldom if e ve r occurred in a ny c ivilize d cou n t ry o n the fo ce 

of the earth." " 

Still a nother v1ew of the influe n ce of New Yo rk 10 t he J ackson 

Adminis tra tion from a different ang le may be secured from a peruso l 

of the spirited d iscussion in the United State!l Senate o ver th e co nfirma · 
tion of· Mr. Van Buren as our Ministe r to E n g la nd. A portion of Mr. 
C lay' g speech ran thus: "I h ave anothe r objection to this nom ina tion. 

I believe, upon c ircu mstan ces which sa tisfy my mind, thot t o this gentle
man is prin cipally to be ascribed the introductio n of the odious system 
of proscription for the exer c ise of th e e lective fronchise in th e Gove rn

ment of th e U nited States. I unde r sta nd that it is the system on which the 
party in his own Sta te, o f wh ich he is the r eputed h ead . con stan tly act s . 

H e was amo n g the first of the Secretaries to apply that system to the 
dismission of cle rks in his d ep a r tment, known to me to be h ighly 
meritorious. 'f..Y.'f. ' l· .y .. y. l t is o detestable system , drawn from 1 h e wors t 

periods of the Roman republi c; a nd if it w ere to b e perpetuated ; if the 
officers, honors, a nd dignities of the pP.ople were to be put up for a 

scramble, to b e d ecided by the r e .su lt of e ve ry Preside nta l e lect io n, our 

Governme nt and institu tions, b ecoming into le rable , would fin a ll y, e nd 
in a despotism as inexorable as that of Co ns ta ntinople. " " 

R e plying to this add rel!s of Mr. C lay, Mr. Marcy of Ne " ' · York 
d eclared th a t " m e n of en1c rpr ise a nd tale nt" in his hom e Sta te ."b oldl y 

1"Ento n. The Spoils System, 12 . 14. 
" Ibid .. 15- 16. 
11Congrcss ionnl Deba tes , V III , Part I, 1324 . 



WEST VIRGINIA ACADEMY OF SCIENCE 225 

preach wha t they practice. When they are contending for victory, they 

a vow the ir inte ntion of enjoying the fruits of it. If the y are d e feat ed, 

they expect to r e tire from office. If they are s uccessful they cla im, as 

a m a tte r o f right, the a dvantage s of success. They s ec nothing wrong in 

the rule , tha t to the vic tor belong the spoils of the e nemy"."' This 
catc h y p hrase, "To the vic tor b elong the spoils", speedily b ecam e the 

s loga n a nd th e a d opted policy of our party lea d e rs , a nd eve n a t the 

p resent t im e is q uit e gen e r a lly employed to s timulate the zeal of partisan 
w orke rs d u ring impo rta nt political crises. 

Wh e n the o p p onents of the jacksonian regime organized unde r the 

n a m e o f the Whig pa rty in 1834, they put fo rward the cla im tha t they 

w e r e bon a fide representatives of the old R e pubiican p ar ty of 180 I, 
and took a bold sta nd agains t patronage, spoils and corrupt io n, a nd e xe
cutive mis rule . " A n a tte mpt was m a de in 183 5 to r e p eal the bill of 1820 . 
During the course of the d e bate, Calhoun asse rted tha t offic e r s a nd 
p eo p le w e re b e ing taug ht "that the mos t c e rtain roa d to honor a nd fo r 

tunc is servility a nd Hattery. '10 '-''-''~''-''-'1 have marked its prog r ess in a 
tho u sa nd ins ta n ces within the last few years.'-''-' '-' '-' '-' '-'Wha t a few year s 

s ince w o uld ha v e s hocked and aroused the whole community, is now 
&car cely p e r ceive d or fe lt.·Y.'-''-'"''-'and"''~''-''~''-'when it is ope nly avowe d tha t 

the public offi cers a re the spoils of the victors, it scarcely produc es a 
sensation".'G 

The partisan powe r which the four years' term sys te m had thus 

sudde nly and vastly increa sed, aided by the prestige of J a ckson's Admini
s tratio n a nd the for ces marshalled for Van Buren's electio n to the Presi
d en cy the n ext y ear, sufficed to pre vent the repealing ac t from p assing 

th e H o use. The narrow partisans in the Senate m a naged to ca rry the 
d a y a~;a in s t its g reat est statesmen. This victory of the spoilsm e n inc r ea sed 
the p ressu re a nd s tre n g th in favor of extending s h o rt te rms, whic h the 
party lead e r s w e r e not s low in demanding. •• The particula r s t ep ta ke n t o 

e xte nd the a pplication of the principle of rotation in offi ce w as m a de in 

1836 wh en a bill was passed "requir ing that all postmast e rs whose com

p e n sa tio n was one thousand dollars a ye ar or upwards sh o uld be appo int

ed by th e Preside n t a nd confirmed by the Senate. and tha t th eir t e rm o f 

offi ce sh o uld b e but four years". They were m a d e r e movable " a t th e 
p leasu re o f the Preside nt". Postmasters with inc ome less tha n on e 

th o usa nd dolla r s w e r e to be appointed and removed by the Pos tmaste r 

G e neral. Thus was a g reat numbe r of pure ly business o ffi ces d e libera t e ly 
bro ug ht within the ra n ge of political forces, subjected to S e n a t o ria l 

Confirma tion, g iven a te rm which both sug ges ted a nd facilita ted the ir 

' ·' Ib id .. J 325. 
"Tyler. Pnrlies u nd Pat ro nage. 60. 
' '·C'onr: r cssionn l Dcbnles. 23 rd . Sess ion, 55 7. 
'''Eu ton. T e rm nnd Tenure o f Office, 30. 
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being made incentives and rewards of selfish activity, and a part of the 

spoils of partisan victory in every Presidental election." 

"The new theory of short terms for the inferior executive officers 
had come by many to be regarded as an essential part of our original 

institutions."'"''""'" .. Y·The evils they had caused or greatly exaggerated were 
generally regarded as the inevitable drawbacks against the blessings of 

our liberal institutions. "'"'"'"'"'"These short terms rest on the false and 

pernicious theory that the most salutary admonition for good officia l 

conduct in an executive subordinate is not a sense of direct responsibility 

to his superior, and a right and duty on the part of that superior to 
remove for good cause, but the certainty of going out at once when his 

political opponents succeed, and of going out very soon, however faith 

fully he may serve the people, in order to mnke a place for the next 
rotationist in the order of political favor. Every time an efficient and 

faithful officer left his place at the end of his term, or was sent away 
for political reasons, a sort of proclamation was made to the people that 
the well-doing of the public work was not what the Government most 

sought, but effective party workers and compliant tools of party 
.. 18 

managers . 

Though President William Henry H arr ison condemned the practice 

of patronage and placed the blame for so many removals at the door of 

the Federal Whigs, "who were bent on seizing the reins of government", 

wholesale proscription of Federal officeholders went merrily on during 
his brief tenure under the direction of the heads of departments who 
seemed determined to ~atisfy the office-hunger of t heir Whig followers.'" 

When Tyler acceded to the Presidency he faced a difficult and 
complicated situation. He was a conservative Whig, while practically 
all the appointments and promises of appointment under Harrison hnd 

gone to the extreme Whigs. Tyler appointed some of those who had, 

apparently, been definitely promised places but refused point-blank to 

carry out the original Whig program in spite of earnest insistence and 

even open threats on the part of the most radical Whig leaders."'' When 

a group of Maryland Whigs waited upon him and urged him to make 
certain appointments, "Mr. Tyler shook his head, spoke of his conscience, 

and determined that no more removals should be made''. He issued 

instructions to the Postmaster-General that no editor should hold office, 

a nd during his entire incumbency r efrained from appointing to office 
any man who was actively conn ected with a newspaper."' 

In the period from 1830 to 1860, the rapt attention to, and the 

';Eaton. Term ond Tenure of Office. 3 I. 
" Eaton, Term and Tenure of Off1ce, 32 . 3. 
19Tyler, Parties ond Patronage, 64·5. 
'"'Niles Register. LXI II , 79. 
"'TyleL Parties and Patronage, 6e·9. 
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complete absorption in, the parmount question of s la ve ry undoubtedly 

obscured the vision of many leaders to the growin g danger lurking in 

the expandin g ''Spoils System". And yet there w e re indications from time 

to time that some of th e n a tion's clearest-sig hted statesmen keenly 

realized the evils of the patronage system and fully recognized the 
imperative n ecessity of employing organized resistance to its enroach

ments. Proof of this awareness on the part of a t least a few of the 

m e mbe rs of Co n gress is furnished by the report of n special Congressional 

Committee, July 2 7, 1842, from which report the followin g excerpts 
are taken. "The practice of treating all the offices of this g reat 

Government as ' the spoils of victory', and with the rise and fall of 

contending parties the ejection of a large multitude of experienced 

honest, capable incumbente to make room for needy mercenaries who 

have e ntered the political conflict without any principle or love of 
country, but impelled wholly by a hope of p lunder, is the greatest and 

most threatening abuse thilt has ever invaded our system. 

"It is the degenerate a nd d emoralizing ' spoils principle' which has 
contributed more than any other cause to defile our whole system, and 
is prec ipitating us rapidly upon premature decily and ruin; and we must 

expel it if we would save our free and glorious inst itutions"."' 

Under Polk's Administra tion the spoils system of the old Funding 

times, whe n two Speakers of the House were acknowledged speculators 

in their own influence and votes, was completely re-established as an 

essential part of our gove rnmental organiziltion. \'\!hat change for the 

bett er co uld be expected of Millard Fillmore, Fra nklin Pierce, or J ames 
Buchanan? True, they were personally pure, able, accomplished men 
of incorruptible integrity, leaders of whom the nation might well be 
proud, but Fillmore was a fini shed product of the Ne w York Anti-Masonic 
school. which had devised the national poli tical convention, while Pierce 
and Buchana n, as original J ack son men, had e ndorsed the principle of 

rotation in office and were, the refore, b ound by the ir own acknowledg

m e nts, a nd at the mercy of the spoilers who held them to thei1· 
admissions. '"' 

The practical application of the patronage system can best be 

illus tra t ed, perhaps by an examination of the managemen t of the New 
York Custom House. In the brief space of three years, 1858 to 1861, a 

Democ ratic Collector removed 389 out of 690 subordinates; and a 

Republican Collector, possibly to show that h e was just as expert as 
his predecesso r as a political executioner, durin g the next three years. 

remove d 525 out of 702 subordinates. In a later period, Collector 
Smythe improved the reco rd by getting rid of 83 0 out of 903; while 

Collector Grinnell, in sixteen months, discharged 5 I 0 out of 892-an 

'"'Annual R epo rt U. 5. Civ il Se rvice Commission. XIV, J 7. 
" Tyler , Parties and Patronage. I 0 I. 
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official execution for every day of his term, with thirty extras left over 

for Sundays. In the fifteen hundred and sixty-five days preceding the 

appointment of Mr. Arthur as a Collector in 1871, there were s ixteen 

hundred and seventy-eight removals in the New York Custom House, 
an average of more than one a day over a period of five years. To what 

extent such uncertainty and instability of tenure among employees 

would t e nd to demoralize business efficien cy one can easily and readily 

estimate. •• 
Not e ven the crisis precipitated by the secession of th e Southern 

St;1tes servt!d to quench the thirst for public office among the chronic 

job-hunte rs. So much of President Lincoln ' s precious time was con

sumed in interviewing prospective Federal officeholders that he was led, 

on one occasion, to complain rather bitterly, ' "I wish I could g-et time 
to att'.!nd to the Southern question. I think I know what is wanted, a nd 
I believe I could do something toward quieting the ri s ing discontent, 

but the office seekers demand all my time. I am like a man so busy 

letting rooms on one end of his house that h e cannot stop to put out 
the fire that is burning at the other''. •" 

Nor did four dreary years of national bloodshed and sacrifice work 

any reformat ion in the point of vie w of the spoilsmen. Their appetites 

were still seeming ly insatiable. They continued to Aock to Washing ton 

and to harass the care-worn President. It is said on g ood authority that 

a fe w days b efore the fall of Richmond, Lincoln one day called the atten

tion of a friend to the surging throng of political pie-hunte rs b esieging 
his door, and somewllat sadly exclaimed: "Look at this. Now we have 
conquered the r ebellion; but here you see som e thing that may b e come 

more dangerous to the Republic than the re b e llion itself" ."'' Lincoln 
!:poke with prophetic vision. The years that followed <! x c rnplifie d in 
manifold w a y s the insidious and malig nant characte r of the consta ntly 
spreading d isease. L eaving out of consideration the question of 

responsibility, it is sufficient to say that the Vt!ry same princ iple s that 

called into being the patronage system a generation ea rlie r were destined 
to continue to exist and to hold hig h carnival during the hectic days of 
Southe rn Reconstruction.~' 

" Eaton. T e rm and T enure of Office. 36. 
""McAncny. R eform of the Civil S er vice. 4. 
"''Schurz, Civil S ervice Reform and Democracy. 29. 
"'Tyler Parties and Patronage, I 05. 
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One of the characteristic fea tures of modern education is the empha

sis thc: t is placed on teacher train ing. Durin g the las t decade the practice 

of ever} s tate in the Union has been cha n ged to r~quire professional 

trainin g for teachers of the hig h school quite as uniformly as was 

require d of teachers of primnry g rades prior to and during this period. 
The t <' nd., t.cy is not to stop w;th the hiJ h school but to extend the 

prac tice of professiona l traini:'lg to tho3c who teach ;n institut ions o f 
hir;h<'=r lcar:1in e . The dtscus!.icr. lJttd the reports of the present poper 

;,rr. confined to rlatn bearin ~ on the public ~chools for whic h the Norma l 
Schvc. ls , Departme nts nf Education, a nd Collq;es of Education mus t 
trair. tcl"c hers. 

In tra inin~ t eacher s , these institutions must keep in minci severa l 

things : Are we tra inin!! or.ly :.uitnble young people ? Arc w e preparing 

them in the fidd o f thei r g reates t pos;ibilitics ? Ate they a ble to rr.ee t 

reasonable cxpectnti<ms of their e mploye rs? Is the t rninin1~ s ufficie ntly 

detai l .:d. p r operly inc lusive an d adequately adap ted? To ans wet suc h 
quc:.tion w e mus!. h Ave data o n which to make gen e ra lizations as to 
\VHAT conhti<utes mode rn practice. \Vithout thi:. we arc reach in g into 
the dark period. For e xample , what it the prac tice in rega rd to promisin ~; 
d epnrturcs from traditional procedure like the Dalton Plan? The teaching 
done by the D a lton Plan is s uffi c iently diffe re nt to r equire s p ecial tech 
niques. But must w e assume that a ll teach ers should know the D a lton 

without first kr.owin g to what extent the schools of this a r ea have some 

semblance of that pla n. I say semblance b ecause I know how nearly im

possib le it is to find a school that teaches precisely after the plan of Dal

ton, Massach u setts b e fore that place discontine d the procedure known as 

the D a lt o n Plan. More over. what is the exte nt of prac tice tha t requires 

experie n ced teacher~~ In a s tate that requires trainin g a nd tcachmg 
to be limited to the fidd name d in the type of certifica te issu ed, whe 1·e 

wou ld teache rs trained specially for high school get their two years 

experie n ce if this add itional requirement w e re to become !Ien e ral pra c
tice? \XI h a t would a c ross-sec tion of pra c tice show in r egard to ite ms 

such as these in the tri -s tate area. \Vest Virg inia, Ohio and P e nnsy_lvania . 

The writer in this short paper has unde rtaken to answer th is la9t 

questio n by gath ering data by means of a qu<:stionnaire whic h was sent 

recently to sixty s uperin t e nde nts of schools located at random in the 
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three s tates mentioned. At the time that this report was assembled, 

twenty-nine ( 48 % ) of these super in te ndents had reported the practice 

in the ir systems of school. The distribution of these r eports may he 

seen by reference to Table I. 

The Questionnaire 

(Sec next p age) 

To the p erson addressed: Please ass ist us 1n d eterm ining common 

practice in schools of our section by ch ecking the following as you r ead 

it. R e turn to me. Indicate if you w a nt copy of combined r eplies. 

Cordially yours, 

H. T. McK INNEY. 

Professor of Educa tio n, 

Beth a ny College. 

QUESTIONNA IRE 

From the literature including texts , bulle tins a nd mag azines, the 

followin g outline of subjects indicate roughly the range of items tha t 
must b e included in the consideration of proper tra ining of teachers for 
elementary or secondary teaching. Ind icate by check if true . 

ADMINISTRATION: 

I. Duties of the Principal: Partic ipa tes in selecting t eache rs .... 

janitors ... . .. , textbooks .. . , courses of s tudy , . , a pparatus 

. .. .. . , discipline . meets with the board of educa tion . 

has a uthority in matters of athletics . . . .. , expuls ions . . . , a nd 
classifications . . . . . . 

2 . C lassification of T each e rs : Only degree teach e r s ore assign ed 
to senior high school . . . . . , only t eachers with two or more years of 
expe rie n ce m ay teach in senior high echool . . . . , these rules apply 
to junior high . . . . . , these rules of ads ignment do not a pply to junior 

hig h . . . . . .' D egr ee is r equired but experience is not an a bsolute r e
quirement for junior high . . . . . , or for senior high . . The 

minimum schooling r equired for teach ers of the grades below hig h school 

is . . . . . . . . . T cachers are classified 
on th e basis of their prefe re n ce of g r a de or subject . . . . , on the bas is 

of the subjects n a m ed in the ir certificate . . . T eachers arc promoted 

with p upils to the n ext high e r grade . . . .. , they teach the same work 
year a ft e r year , . . , there is no reg ula tion on this matter . 

3 . Classifica tion of pupils : Yearly p romotions . . , semiannua l 

.. , , , quarterly , . . . . Based on class-grade combined with results 

of a fina l examination ... . . .. . , bused on ability to do the next grade 
above ( trial) ...... , hosed on placement t es ts ... , based on teach-

e r s best judgment as to where in the g r a des the school can do the b est 
for the pupil . . . . . . . Extremely dull pupils arc left in class to repea t 

.... , passed on with their class . . , placed in special rooms 
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g iven uniform course the same as normal pupils . . . • or 

g iven a modified program having much handwork .. .. . . . 
4. Supervised study : Home rooms .. .... , a ll pupils not m classes 

are gathered in the assembly room .... .. . , the same teacher for every 

hour of directed study . .. . , a diffe rent teac her for each hour .. .. · · · 
The teache r merely oversees th e room . . . , the teacher aids the 
pupils with subject matter difficulties . . . . , the teacher notes the 

diffi cu lty and reports the same to the pupil's teacher in the particular 

loubject . . . , or the pupil is directed to mark his point and take it up 

with his teacher . . . . . Pupils are taught how to study as a part of the 

class-recitation . . . . . , he is tau ght by teaching him a book similar to 

Whipple's "Effec tive Study" . . . . . , h e is left to find his own best way 
to study . .. 

5. Organization of the School: The 8-4 plan .... , the 6-3-3 ... . 
the 6-6 .. , some other . . . . . The single period ( 4 5 min.) . ... . · • 

the double period (60 min.) , (90 min.) .. . . Half of period 

is given to study . . . . . , less than half is for directed study . 
Classe3 meet daily . . . , classes meet wee kly with other ca ll sessions 

, classes mee t irregularly at direction of teacher .. \Vork 

done by pupils on contract plan 

6. Course of study: We have group singing regularly . , Bible 

reading is practiced . The work is a ll r equired m first s ix 

grades . first seven . , first e ig ht . . . . . , first n inc ... . 

all twe lve . . We have a place in the program for ex tra-curricula r 
activitivs . . Thi~ t.:u111e:s daily , weekly .. 

7. Pupil-promotions : Entire school organized on departme ntal pla n 
. . , the lowest g rade in which subject-promotions are planned for 

is . Pupils are promoted by class ..... , pupils are promoted 
individua lly at irreg ular intervals Promotions a re based on 

subject matter t ests , on basis of intelligence tests . . , on a 

combination of these . . . . . . , by some other plan .. 

8. Pupil adjustment a nd guidance : Thhe principal or other persons 
g ive information on guidance through lectures to the s tudent body 

, the school has a guidance departme nt ...... , the school does 

not have a dequate provisions for guidance . . . , the school merely 

takes Cb re of this matter by coun seling individual students tha t arc 
apparently Aoundering . the school teacher voca tions. 

g uidance is made n conscious part of school-work for all the grades 
, for only the senior hig h school We b elie ve guidance 

should be emphasized more . It is well car ed for . . 

METHODS OF TEACHING: 

I. Assignments: Consecutive pages from the text . . . . . . Units or 

extended ass ig nments . Projects . . Contract plan . 

Some combination of these . . . . . Some othe r special plan .. . . . . 
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2. Recitation: Largely question a nd a n swer . .. .. , topical discu s

sion of question s r aised by the teacher .... . , of ques tions that orig inate 

with some pupil .. ... , , of written thoug ht questions g ive n by the teach-

er in the assignment . . . . . . . T h e Dalton p lan . ... . . , the modifie d 
Da lton .. . ... . This method is u sed in g rades I, 2, 3, 4, 5, 6, 7, 8. 9, 
I 0, I I, I 2. T he lecture method is u sed not at a ll . . . . , occasiona lly 

. . . . , reg ularly . The demonstration-le cture method is u sed 

. .... , is not u sed muc h .. . . .. . The Winetka plan is u sed . . .... , is 

n ot u sed . . . . . The socialized r ecita tion is used s paringly . 

r egularly . . . not at a ll . ... . . . Workbooks arc used in all g rades 

. . . . . in grades above primary . , in high school . . , in 

certain subjects of hig h school . . . . , in no g rades . 

M ETHODS OF MEASURING RESULTS: 

W e u se s tandardized tests regularly . . . occasionally . . . . , a l-
most n e ve r . . . . . . W e usc as a rule th e r egular essay type . . . . . , th e 

improved essay type . . ... , the objective type . , . . . of examinations . 
We r e port grades to pa r e nts every month , . . .. . , ev e ry s ix weeks . . 
at mid-semester .... .. , a t end of semester . ... . , not at all . . . . . . 

We test pupils for a n advanced g rade on wha t he h as done in the present 
g r ade . ..... , on the work of the advance g rade .... .. . 

Table I, Distribution o f Twenty-nine Systems Included in the Data 
192 7) Population 

15,061 

I 3,1 71 
401,274 

2 7.869 
796,84 1 

.y. 

8,5 I 7 
4,439 

67,32 7 
9.484 
9.849 
2,998 

27.891 
12,12 i 
11 ,634 

588.343 

Locatio n 

Bella ire 
Betha ny 

Cadiz 
Came ron 
Chambe rsburg 
Cincinnati 

Clarion 

Clarksburg 

Cleve la nd 

C laysvi lle 

Grafton 

G e ttysburg 
johnstown 

Latrobe 
L ewistown 

Loga n 

Marion 
Morga ntown 

Martin's Ferry 

Ne w Ma rtinsville 

Pitt sburg h 

Stntc 

Ohio 
W.Va. 

Ohio 
W.Va. 
Pa. 

Ohio 

Pa. 

W.Va. 

Ohio 
P a . 

W.Va. 

Pa. 
Pa. 

P a . 

Pn. 

W.Va. 
Oh io 

W.Va. 

Ohio 

W.Va. 
P a. 
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6,95 7 Rochester Pa. 

5,587 Shelby Ohio 

60,840 Springfield Ohio 

15 .692 Uniontown Pa. 

21,480 W ashin g ton Pa. 

9.720 Waynesburg Pa. 

56.208 Wheeling W . Va. 

29,569 Zanesville Ohio 

' (he d ata in fable I show that the three states ;;>re r<'presented by 

systems typic•, ) of the larges t to th<' smallest th :~ t e mploy a superinten· 

d e nt. Thouc h the numbe r of r e p lies r eceived at the time we h a d to 

a&semble o ur d a ta is more limite d than was anticipated, it is probable 

t hat the particular systems included here represent the ce ntral te nde ncy 

of pract ice in these s tates. These r epresent a t o ta l urban population of 
a bout 2,500,000 people. The census report of towns of fewer than 

2,500 people ar e not g iven. The ten items which were arbitm ,.ily 
chosen z,s a basi'! of inquiry arc reported in terms o f p e rcen t of the 
g r o up r epo rting . These d a ta follow. 

Wha t the D a ta Disclose 

1.- The Hig h School Principal is a n Importa n t Administrative 

Offi c ial. 

He participat es m th e e mployin g of teachers ( 83), the selection of 
t exts (9 6) , the m a king of courses of s tudy (96) , the control of a th le tics 

(9 6 ), the selection of appa ratus (90 ) , th e classifica tion of pupils (96) . 
and occasio n a lly in the expulsion of pupils (62) a nd the employment 
of janitors (34). 

The una nimity expre~sed in nea rly all of these repl ies s u ggest that 
the work of t he hig h school princ ipal is fns t b ecoming s ta ndardized in 
this section. 

II.-The re is Decidedly Mixed Practice •n the R eq uirements of 

T eachers. 

As a ru le , all tea chers in the senior hig h school hold at least t h e 
bachelor deg ree (96) but the expecta tions for the junior h igh school 

teache r s is lowe r (45). Slig htly more tha n a third (37) of the r e ports 

indicated tha t senior h ig h teach e rs are expected to have two or more 
y ears of teachin g expe ric nc..: wh!'n employed a nd the same expectation s 

were expre1sed ( 3 7) for junio r hig h teache rs . A d egree but no e x peri· 

e n ce is tlw practi ce in more senior hig h (50) than in junior h igh (36). 
T wo thi rds (68) of a ll hig h school t eachers are expecte d to con fi n e their 

work to the subjects name d in the certificate. A11 a rule , there is no 

r eg ulation as to whether or not teach e rs are employed for s p ecific 
grades. 



23 4 PROCEEDII\:GS OF THE 

111.-Thc matter of Pupil-Promotion is in a State of Transition. 

In severa l sy~tcms, especial!:;; larg~ :owns , two or m ore plans >.J re 

practiced in the same system. F o r example, yearly promotions ( 7 3 ) 

so.!mi-annual promotions (34) ar!d quarterly promotions (4) migh t b e 

interprc:~d ns nn incorrect report becauec it 1 o ta ls more than I 0 0 'A 
but diffe rent syst ems reported tha : they nrc trying two p lans. The centra l 

tendency (65) is to base promotion on some combination of c lass grade 

<> nd final examination. Placement tests (3 I) arc finding a place and 

a lso trial promotions (38). About half the .&chools (52) have no pro

visions for failing pupils but to repeat grades. In a few schools ( I 3) the 

duli and the bright have to take :he same work and promo!ion is on the 

same baeis m each type o f pupil. In a large number ( 45) of cases, how

ever, the cu rric ula arc modified to favor dull pupils. Th ese arc u sually 

in spcciol room s o nd cmphilsis is on handwork. 

IV.-The Pla n o f Orgilnization o f School Systems is a n ite m of 

Experime ntation. 

The types repor ted include almost every conceivable combi n ation 

o f g rades. The number of schools stiil holding to the 8-4 p lan shows tha t 

we are inAucnced by tradition but the r emarks that sometimes attended 

the reports indicate that some other combination is anticipat ed by the 

s u perintende nt con cerned. 

8-4 combination ( 4 8) . 

6 -3 combination ( 48). 

6-6 combin a tion ( 20). 

Some other ( 8). 

H e r e too the r e is e vidence that in the s ta t e o f trans ition 

systems h a ve more tha n one type of organization. 
so m e 

The recitation period is e ither 4; minutes (45) or 60 minut es (55). 

C lasses usually meet da ily {9 2) and in several system the contrac t plan 

{27) is used. 

(Note: T he Bureau of Education Bulletin ( 1927)26, gives the number 

of segr egat ed 4 -ycar high schools in this area as fo llows: W. Va. n o n e; 

O hio. 8: a nd P a. 13.) 

V.-Directed Study is Common Practice in the High Schools of this 

Area. 

Home R ooms unde r s upervis ion ( 64) a nd Assembly R oom under 

gen e ra l s u pervision (32) are supplemented by 60-minu tc r ec it a tions, 

part o f which time is devoted to study in class (92). 

In case of assembly study the teacher may merely p r eside (32 ) a nd 

sometimes s he helps pupils with diffic ulties in lesson s ( 6 4) . In the 

majority o f schools (72) there is a different teach e r over the study 

roo~ every hour, few pupils have a ha ndbook on h ow to s tudy ( 3 2), 

and 1n o n e ca~:e out of ever y live there a r e no provisions for directed 
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study (20). R arely do we find (6) one teache r remaining m char ge of 

a study room e very hour of the school day. 

VI.-Extra·curric ulilr activities a re found Ill n early all schools . 
In milny systems ( 7 I) group s ing ing is programme d as a r egular 

activi t y a nd Bible r eading (6 I) is part of the re quired work. As a 

ru le a ll the work of the day is r equired of the first seven g ra des ( 6 1) 
o r of the first e ig ht g rades ( 3 5) . The extr a-curricular where found 

(90) a rc sometimes daily (56) b ut a re often weekly (44). 

VII.-Pupil Promotions. Practice m this matter shows g reat Vilna· 

bility . 

In some schoo ls essay e xaminations (52) a re the main b ases of 

judg ing fitness for p romotion; in others some c ombinat io n ( 44) of 
inte llig e n ce tests a nd other tes ts is the crite rion. In ve ry fe w systems 

(8) doe& the fina l examination a lo ne d e termine the standin!! of the 
pupil. Th e n ew-type essay examinations 26) a nd the objective tests 

( 68) s u pplement the o lde r types o f tests in som e insta n ces. 

R eports are sent to parents e very s ix w eeks (72) or a t m id sem ester 

( 26) . Tests for a d vn n ccm e n t thro u g h the g rades arc: usua lly bilsed on 

the work just covered (60 ) in class a nd rarely (I 6) is the pupil tes ted 

on the work of the g rade that prcsumc:.bly he is being tesl<!d for abi lity 

to do 

V II I-Ad j ustme nt a nd Guida n ce are findin g p laces in the hig h 

school prog ram. 

In s ome schools ( 44) gen e r a l lectures nrc giv e n the 3chool on 

g uidance; in othe r systems (26) there is a department of g uidance ; a n d 
a th ird p la n (36) is to g ive individual cousel ns it se~ms to b e needed. 

There is e vide nt convic tion ( 52 ) tha t provis ions for g uida nce in the 
h igh sch ools a r e in adequate. The schools often teach vocations ( 64). 

But the s u perinte nde nts (60) r epo rt that this work should receive more 
attention. 

IX.-Th e M e thods of Teaching Show a Tende ncy away f r om Ques· 

t ion and Answer R ecita tions . 

While so m t: t each ers ( 16) sti ll adhere to the ques tion a nd answe r 
meth od of c onduc ting a recita tio n a nd some schools continue to m ake 

assig nme nts as a g ive n number of consecutive pages (28), the te nde n cy 

is topi cal d iscu ssion ( 6 4) bast:d o n extended ass ig nments ( 7 0 ) or units . 

The pupils a re e n couraged to do the quest io ning (48 ) a t the time of 
assignm e n ts. 

The D a lton Plan as such was n ot reported in a sing le case but the 

modifie d D.-olton (24) or the contract p lan o f ass ig nme nt (26) which 

a re p.-ort of the Dalton, was r e p orted in a bout one out of e very four 

schools . The projec t method (5 6 ) w as r eported in still a la r ge r numbe r 
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o f systems, and the demonstration -lecture ( 24) is e qually popula r with 

the modifie d Dalton. The \Vinetka Pla n was not r e ported in a ny school. 

The socialized r ecitation was said to be followe d s paring ly in a consi

derable n'umbe r ( 44) of schools. 

X.-The Workbook as a Teaching D evice is in G e n era l Usc an High 

Schools. 

In about o n e fourth ( 28) of the syste ms r eporting , the workbook is 

more or less used in a ll the grades in some one or more s ubjects. It 

is more freq u ently u sed (76) in high school tha n in the lowe r g r a d es. 

Conclusions 

As w as su ggest ed in this repor t, the r e is n eed o f objective data that 

sets forth present practice in regard t o certain it e ms that require train

ing of teache rs so as to anticipate the techniques implied in the proper 
control of these matte r s. 

The t en ite m s about wh ich inquiry was m ade were selected rather 

arbitrarily and should h a ve b een extended to inc lude suc h ite m s as 
rules against employme nt of married Indy teachers a nd th e like . The 

quest ionna ire was made easy by requiring no writin g but the Fact of so 

many items may explain why only 48 pe r cent of the schools replied 
within the la p se of two w eeks. 

Conside ring the size a nd dis trib uting syste m s, the conclus ions set 

forth in the h eadings of the items a bove would b e c hang ed but little, 
probably, if the numbe r of replies were twice wha t w e have. 

On the basis of these data, w e are justified in saying t hat th e t eacher
tra ining ins titu tions are decidedly h a ndicapped by mixed practice in the 
pub.lic sch ools for which we prepare teachers. This s ituation is so much 

a part of so cial e volution that little can be done to rush standard iza tion. 
Studies su c h as this are benefi c ial only in the d egree that the y portray 

point s of emphasis s u ch as one may sec expressed in t erms of perce nt 

in parenthesis fo llowin g the various items asked a bout in th e question· 
n a ire. 
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T HE PRINCIPLE OF FORM IN H ISTORICAL AND 
PSYCHOLOGICAL LINGUISTICS 

By 
R . E. SALESKI. 

Professor of German, Be thany College. 

In the followin g pages I shall t ry t o show the re lation b e tween 

historical ling uis tics a nd other kinds of la ngu a g e s tudy w hich are now 
striv ing for recog nition. I am conce rned pa r t ic ula rly wit h p sychological 

linguistics a nd linguistic so ciology. The conside ra tion o f these subjects 

is not ne w: it is older tha n the stud y of historical ling uis tics, which has 

jus t completed its first c entury; but th ese stu dies have not been fr u itful. 

b eca use th e mate ria l for the ir o bjectivity was not available and has o nly 
b ecome a ccessible thro ug h the pat ie n t and en e rge tic labors of h ist o rical 

ling uis tics itse lf. 

In o rder to establish a n objectiv<! be.sis fo r thei r s tudies, the h is tor ica l 
linguis t s so o n discove red the princ iple o f p sycho-p h ysical-p a r a lle lism as 

a wo rkin g hypothe~is . L a n g uage is a phe n om e non t ha t combines both 

fi e lds , th e p hysica l and the psychical. On th e one hand a r e t h e sou nds 

w ith a ll t heir va rying qua lities of pitch, time, timbe r, in ten s ity , c ··c.; on 

the othe r a r e t h e con cepts , ideas, a n::! em otions. A ll t h <t t lies m the 

realm of the physica l I sha ll call for m; wh <> t lies in the realm of the 

p sychic consciousn ess'. F orm, t o b e sure is ordin a rily u sed in cont ras t to 
substance; b ut th e subs ta n ce in la n guage, the a ir a nd anatomica l mach

ine r y by wh ich the so u n ds a re produced , h a ve o f t h e m selves no s ign ifi 
cv.n ce: th ey gain a sig nifica n ce o nly through th0 q ual ities o f the sounds 
produced a nd arc the p h ys ical consta nts , w hich t ouc h the s:udy of 
la n g uage n o n ear e r tha n in the study of accoustics a nd v ocal physio

logy. More ove r , form is the w o rd tha t h istorica l l ig uist ics most c om

m only u sed to ind ica te th e diffe re n ces of language on the physical side . 

Me aning is the symb olic r e lation between such fo rms a nd the concomi

ta n t consciousn e ss. Language includes a ll th r ee : the p sych ic s ta t e , the 

physical fo rm, a nd t he combin in g sym bo lism of m eanin g . The p r oblem 

IJ ;.un no t nttc tnptin g to discu~s psycho log ica l ligu is tic ~ accord ing to a n y 
par t ic u la r school. T herefore I h ave n o t e mployed t he part icula r terminology o f 
s uc h a school bu t tr ied to u~e con1n1on En g lish. wo rds onlr. I hope n1y frie nds, the 
behaviori~ t s. "vill take no oiTcnce at my retain ing t he word .. consciou s nt"ss .. and n 
few oth e rs. I ca nno t qui te reconc il e rn yscH to th e aggresive e lin1inatio n of words 
t hnt d o not exactly express o u r t hought- ! fear we s h o uld h uve none left. If t h e 
bchaviorh;t prefers s thnulus , cng •·an1, ·c c phory ( iVIarkcy p. 122), 1·esponse, he w ill 
indeed sorncwhat c h a nge the Jnea ning (i. e. th e ecphory) o f short passages. but 
th e s ubstu nc'! of the w hole a rticle w ill r en1nin the san1e. 

A n d . the n . I w o nder t oo, if psych o logy cnn u ltima t el y dis r ega r d t h e firs t 
t eaching o f m odern p hilosophy. ' 'Cogit o . e r go sum". with the sam e im p uni ty t h a t 
is pen nitted the in1pcrsona l sc ie nces. 
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of this symbolism is the problem of the philosophy of language. History, 

however, is an objective discipline. l:-1 order to gather the objective 

material that was to show the course of language through time, the 

his tory of language found i tself constrained to fix its attention upon the 

physical forms and disregard, as far as it was able, their psychic con
comitants. Thus historical linguistics has developed on an obj ective 

basis with g r eat success and has ga thered and arranged a g reat quantity 

of material, and is still gathering and arranging, on the basis of which 

not only its own histories could be writte n, but the fur t her disciplines of 
psychological linguistics and linguis:ic sociology can be built. 

Here, however, our historians of lan g uage were particularly unfor· 

tunate, because they were nursed in the schools of Sinai and Olympus. 

No one doubted that these sacred peoples must have had the best 

lan guages ; and the all-con quering Roman, who devoured both, must have 

had a language as well as an army even b e tter than theirs. About a 
century ago it was still seriously argued by reputable scholars that Latin 

was not only the best, but even the standard of languages; and still more 
recently, in our own vicini ty , that God, coming down through these holy 

channels, learned finally to speak the language of Ohio. Now the mis· 

fortune of ling uistic historians is that they began their studies with the 

dead languages and are still, for the most part, devoted to them. There 

is no objectio n, of course, to b eing dead, only in this case the student 

had to suffer, because there was no one a live to te ll him what he wanted 

to know. All he could find out was what he could glean from documents. 
What a document can t ell you about the form of language, however, is 
really only a part of it. The written language, a t least in the case of the 

a lphabetic lan g uages, is only the symbol of the spoken language, which 
is i tself only the symbol of the psychic state. Thus documents are one 
stage further removed from the meaning than the spoken language. 

The written language is at best only an approximation to the spoken 

language. It can only roug hly indicate the separate sounds and their 

sequence, the ir grouping into words and their seque nce of these. And 

even here the system of graphic representation may be more or less 

deficient. We know that today it is difficult, if no t impossible, to find 

a language in which the written sign always represents the same sound 

and every sound has its own differentiated written sign. English is 
particularly rich in examples to the contrary: bark and barque, sent and 

cent, get and gent, lawn and gone. Now while the historic linguist him

self will not insist that he knows just which sound each graphic s ign was 

meant to stand for every time it occured, it is nevertheless remarkable 
how convincing an argument for his doctrines of pronunciation he has 

been able to give us, and what a beautiful system of gradually chang ing 

pronunciations he has worked out for a period of over two thousand 

years through more than a score of languages. Starting thus always 
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with the written p age, he has become loath to assume items or differences 
for which the re was no graphic evidence, and thus he has discovered 

many marvelous things which would otherwise have remained hidden 

from us under the dust of forgotte n time. Safer than the contempor
a n eous historian, because he was not biased by the opinions of the time, 
he has thrown light on many of the transitions in the history of civili

zation and opened up a whole epoch of European history of which no 
documents remain to tell us. All in all, he has been more historian than 
linguist. 

Beginnin g, as he did, with the has-beens of language, this was 

inevitable. All the skillful care that he lavished upon the printed or 

wri tten page could not inspire it again with life: the letters gave forth 
their secrets to his patience, but many secrets had never been entrusted 

to them. The written words are but the symbol of the spoken. Therefore 
the writer needs to put into them only the minimum that h e thinks will 
be necessary to make his symbols intelligible to his reader. Much, how

ever, his contemporaneous readers knew, that is not known to us, much 
that they even were not particularly aware of. It is impossible to speak 

without pitch, modulation, speed, rhythm, emphasis, resonance without 

making our speech sig nificant by the very absence of one of them or 

more. Seldom, however, is any one of them indicated in the texts. And 

these are not insignificant physiological details: often the import of a n 

expression is more readily gathered from the combined effect of such 

elements than from the particular sounds, which the written language 

symbolizes. Quite true, they are more often indications of feelings than 
of concepts. Still. Hubert Grimme has recently shown in the Germanisch
Romanisches Monatsheft 1 3 ( 192 5), 2 7 4 & 3 28 f. that ther e may be as 

many as e ight syntactic modulations for nouns in the same grammatical 
case in a North-German dialect; and we know that differences in inton

ation alone mark out the different significance of some words in the 

Scand inavia n lang uages, e . g .. tn Swedish anden 

1s wild duck, 

(_,;=::; ) 
I 

( I ) ~---.-
1 

but anden -i- =1-. I ) 
( 

___ .. _ the 
spirit; brunnen 

----··=-'"'--1===" 

1s well, but brunnen (_j-~-) burn; 
- ---= t== 

is the sea, but hafvcn (~~-~~-=~~-~~ ~~~~~) you 

hafvcn 

have. 

(Poestion, Lehrbuch der Schwedischen Sprache, 2nd ed., p. 27.) 
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Chinese makes similar but more complicated dis tinc tions through

out its vocabulary. In Eng lish we distinguish parts of speech by a change 

of accent: concrete as ve rb a nd concre te as adjective, survey and survey, 

as w e ll as by changed sound without change of spelling : a house a nd to 

house. To be sure, many of these things the historical linguists have dis· 
covered for the pas t or at least suspected, s till not throug hout the whole 

extt!nt of a language but only in certain places where no other expla

nation seemed available. How do we know but that in the forgotten Ian · 
g uages more such dis tinctions existed to clarify or empjhasize or shade 

the m eaning? And how do we know how influential these unwritten 

qualities of speech m a y have been upon the changes in speech, how 
influe ntia l possibly u pon these elements of speech that were indicated in 

the documents? W e have, for instance , Verner's law a lready, according 

to which a change of accent was accompanied in certain places by a 
change of sound. And if a ll these things are not y et known, w ill it not 

be of some use to th e historical linguist of departed languages to know 
how these qualities affect our speech today, that h e may, as he so often 
has h ad to, assume thn t, no evidence to the contrary. the speech of 

earlier times was govern ed by the same principles as today? 

The historians of more modern languages have, in fact, begun to 

examine these matters-matters of the form of speech still, but not of 

its graphic form. The question may be asked : what will it be worth to 

know these things? On the principle that we can n ever t e ll when a bit 

of knowledg e might b ecome valuable. it will be worth as much as any 
knowledge. But there is a practical va lue a lready at hand. We have 
noticed that these qua lities of speech represent both intelle ctual and 
emotional consciousness. If now the two are confused by the hearer, he 

will misinterpret the speaker and thus defeat to some degree the inte nt 
of the speech. How gen eral such misinterpretations may be and how 
serious their effect can only be imag ined when we r emember that a lmost 

everything that is done by man is done to some extent through lang uage 

and that objective fact and personal emotion probably both have a part 

in a ll. This is a practical, not a historic-or, as some mig ht choose to 
say, a ""scientific"-va lue ; but in th e consideration of values, histo ry 

must first prove its precedence. 

Th ese qualities of speech, howeve r, s till are qualities of form, acces· 
sible to the senses, amenable to phys ical measureme nt in one way or 

anothe r. The y are a ll qualities of the spoken word, of the phys ical 

symbol of thought; they are not st ric tly qua lities of lang uage at all: they 
a r e qualities only of tha t o ne part, sou nd, which, when coup led with th e 

other p<Jrt, consciou sness, becomes in conjunction with the second a 

const itue nt part of la n guage. Lang uage is the interaction of th ese two: 

the tra nsfer of the conscious state to the physical symbo l and the r e· 

transfe r of the phys ical symbol to the c onscious s ta te. Sound without 
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conscious symbolization cannot be language. And, therefore, the 

study of sounds of language alone is no study of language at all, and a 

study of the forms of sound cannot be a study of language e ither. It 

may indeed be a necessary study before the study of language itself can 
be undertaken; it may be the longest, the most difficult, the most im

portant part of the final total; n evertheless, in so far as its function as 

a symbol, its r elation to the conscious state is neglected, the study of 
form is only a study in sound, not in language. 

The tota l aridity of such a position has not escaped even the most 

m etaphysica l materialists. Reducing the conscious state to a physiologi

cal quive-r-which for a u ght I know may be all that it is-they still have 
shrunk from including in their catalogues of lan guage the bark of a 

dog or the moan of a tree. And so, while denying everything that is 

not physically measurable, that is not accessible to consciousness through 
the senses, they still a llow meaning (thought and feeling) as a consti
tuent part of language. 

A s the historical linguists have studied form, drawing only at times 
upon a kind of desultory psychology when other explanations seemed 
to fail; so psychology might study language making the form secondary 

to the state of consciousness. The objection is raised that conscious

ness is accesible only in its expressions, on the theory of psychophysical

paralle lism' This may b e true, yet we allow certain inductions and deduc

tions in addition to the theory itself. The theory implies above all that 

there are certain psychic states and implies further that these psychic 

states va ry with the variance of the forms. If w e had all the physiological 
details, internal as well as external, accessible to our observation, it 
maybe that we could describe fully any psychic state by its physiologic 

parallel. But physiology has not ye t been developed to this stage. \Ve 
still in o ur daily life draw innumerable conclusions for which we have 

not a v ai lable physiological observations. Probably most of our inter
pre tation of the speech of others is of this kind. The spea ker objectifies 

only what he considers necessary and allows his hea rers to fill in the 

rest from thei r previous knowledge and understanding of the ways of 

men, i. e . introspectively. Grammarians tell us of many uses for which 
genitives, datives, and ablatives are used respective ly, thoug h without 

differe ntiation of form. And how shall we know in a testimony like: I 

saw John, old Peter jones' son, and Frank running away with the booty, 

whether John is old Peter Jones ' son or some one else? By the contex 
only or by what we already know of their family relationship. And then 

the g rammarian says in the one case, "Peter Jones' son" is object of 
"saw", nnd in the other, it is in apposition with "john"; but there is no 

;On :t b choviorstic basis the question is: cnn the o rig inal st in1ulntion for 
which the w o rds are a substitu te be r c ·discovercd eithe r through the similarity 
of consequent responses to it or in some o ther way~ If not. this whole theory of 
substi tu t io n may h:1vc to rcn~nin o pious belief. 
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differentiation of form between the two. Thus f r equ e ntly the g ram

marian must draw upon other information besides his form s and apply 

this to make dis tinc tions-psychic di$tinctions of meaning-which his 

forms do not indicate. Why not, then, use oil the information he can 

get for his studie~ in linguistic history? In so far as the forms furnish 

him with the desired information, of cou rse, he should not disregard 

them: he is fortunate: they arc the simplest method of detecting differ

ences of consciousn ess. But w h ere he fi n ds no differentiation of form, 

he cannot, ip so facto, deny a differentiation of consciou3ness. Since n:.w, 

consc:ious stat P.s arc the other element in language, a systematic study 

of these as they are connected with linguis tic form, may be expected to 

help the historic linguis t where the form s fail him, as well as r eveal 

some thing~ which ha ve not been su ccessfully described as form thus far. 

Such a s tudy, I ~:hall call psychclogical. I sh a ll n ot a ttempt to des

cribe the methods of :;;en e ral p sychology h ere, but only to point out tha t 

it is part of the bus iness of p~ychology to determine on w h at occasions 

all men act alike, on what occasions groups of men act alike, a nd on 

what occasions c&ch individual ~oes his own p eculiar wc'ys. For instance: 

must all human thought be conceived as a balance of two counter-parts: 

subject- predicate? Must a distinction be made in con sciousness be

t ween <lbstract qualities and ~elf-sufficient entities, as we are suppos..:d 

to make it between adjectt ,·es and nouns. Must an action be thought of 

as differing from a concrete object? Can ideas be grouped togeth e r into 

a conscious whole without consciousness of the r e la tions of the parts to 

each other? There arc innume rable exam p les w h ere the form s do not 

indicate conscious ness of these nnd m a ny more differences, yet gram

marians h ave assumed a p r iori that they must be the r e. A nd m ay there 

not be other differe nces in consciousness accompanying linguistic expres

sion s which grammarians have not assumed? I t is manifestly impossible 

to get at such thin:;s by confining ourselves to the forms. 

Language is the symbolization of con sciou sness in physical form, 

generally accoustic. Without either consciousness o r form, it is not 

language. Symbolization, however, does not imply a fixed co rrespon

dence of detail. T he sa m e s ound has different meoning in different lan

g u ages: German Kann' docs not m ean English can; b ark in Engl ish may 

b e a noise. a part of a tree, or a vessel. N or docs the same g roup of 

words mean the same thing in different context: "For Brutus is a n 

honourable man". A symbol is only a r eminde r of something alrea dy 

known; i t is an incitation to recall to conscious n ess past s ituations or the 

abstract idea of these. It may attach itself a nywhere, to any item, any 

relat ionship, any implication of t he total concept, and include the rest 

only by implication. A hull may mean a sh ip; an a unt, a woman; dark

ness, g h osts and h obgoblins. If we will al low the symbol to include only 

the p a rt icular point of attachment and not the entire situation demanded 
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by the context. we shall have to exclude from lang uage a ll words ex c ept 

the most d dini:ely d e fin ed scie ntific terms; a nd eve n e xclude the d e fini

tion of these, because it presents the single concept in its relations to the 

va rious t e rms of the d e finition. The symbol, then, tha t is , the form. need 
correspond with the concept, at but one point; and this one point, as 

fa r as w e know, may be anywhe r e within the limits of the concept, a 
sai l may mea n a ship a s well as a hull; che dative func tion is expre ssed 

in the Latin a dj ective , but not in the Englis h. A form a tta che d to a con

c ept a ! one or more po ints may b e buttressed by o t h e r forms a tta ching 

a t othe r points to give precision o r compre hension; but the possibilities 

can never be exhausted, because every form a dds new possibi lities of 

a ttachment, possibilities of inclus ion and exclus ion of meanin gs which 
w e r e no• int e nded. 

This is the inherent danger o f all lang uage, the inevitable b asis of 
misunde rstanding . The r e is a lways more implied in a form tha n ex

pressed; m o re ta ken for g ranted tha n is presented. Therefore, as long 
a s w e confine ourselves to the s tudy of the form s, w e c onfine ourselves 

to the smalle r part of la n g uage ; w e dodge the real diffi c ulties , w e avoid 
the questions that should make our inves tigations fruitful to the other 

disciplines a nd instru c tive to the c onduct of human life . I have already 

sa id that it was necessa ry to b e g in with t he form s a nd tha t it continues 

t o be ne c essary to regard them, a nd I add that \Ve a r e thankful, very 

thankful, to those who have esta blis hed their rela t ions hip to eac h other 

a nd are continuin g to establ ish the m out of a maze o f intrica te m ulti
plic ity th rou g h d e t a ile d investigatio n; but w e must n o t s top h e r e , lest 
a ll th is bas ic work b ecome fruitl ess a nd abo rtive by the isolation of its 
self-imposed limitation. While some of us will continue to m n rk out 
e ve r more clea rly the his tory and inte rrela tio n ship of fo rms, others must 
b eg in to widen the fi e ld o f study till it m ay indeed include all the prob
le m s that a rise from lang uag e and reach the borders of s urrounding dis

ciplines, and may unite with the m to cultiva te the common ground. 

Among the first thing s, p erhaps, that we should do, is to es ta b lish 

the disciplines of psyc holog ical linguist ics a nd ling uis tic sociology. The 

form e r would in vestigate all those problems of the individual sp eaker 
and hearer, which his toric liguis tics has p e rforce neglecte d. The latter 

would concern itself with g roup a ct ivity, d ealing with all the influences 

tha t language exe rts upon socie ty in its va rious divis io ns. Unde rlying 

both disciplines, as I sec it, is a compar ative s tudy of e xis ting lang u ages, 
not on the b asis of his toric r e la tionship, but of psychic simila rity. A 

classification o f existing vocabularies, somewhat on the basis of Roget's 
Thesauru s or th e classification g iven by Ba lly a t the e nd of the second 

volume of the Traite; and comparative tables of forma l diffe rentiations 

of syntactic concepts: diffe rent ia tion by sound, pitch, accent, m odu la
tion, etc., g raphic signs, must provide the hand-book for further 
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investigation. C ompa rison of the classified vocabularies will yield a ll 
those differentiation s of thoug ht which men are traditionally m a kin g ; 

a study of the syntac tic tables will g ive u s the tradition a l ways in which 

men arc combining their concepts into n ew wholes. Fro m thc$e results 

a genera l cata log of the categories of thoug ht in as far as they have b e 
come explicit in the la n g ua ges cons idered, can be deduced. With this 

a nd the preceding results the available mate rial of forme r langu ages m ay 
be compared. Thus we shall get an objec tive account of t he tra ditiona l 

working of the human mind. This is but a n exten s ion o f the prese nt 

methods of philology a nd his torica l l in guis tics. 

It will n ot be n ecessar y for psyc holog ica l ling uist ics a n d l in g uis tic 

sociolog y to a wait the comple tion of so g reat a work, but it will be 

necessary to r e main cogniza nt o f its prog ress. The way forms a nd for

mulae orig inate in the individual and the way social groups r eact and 
a re inAuenced by traditiona l bng uagc a nd nove lties wi ll not be d eter
mined by it. The disciplines o f p sycholog ical lin g uis tics a nd ling uis tic 

sociology will r emain. A few words as to how these might g o to work. 
The psy chologica l linguis t examines the p sychic con comi ta nts o f 

form, which with it make up language. As his toric lin g uis tics s tudies 

the forms as inde pende ntly of the p sychic stat es as it can, s o p sycholog i

cal ling uist ics s tudies the conscious s t a t es accompanyin g th ese form s . 

Each tries to build up a system as fa r as it can without inj ecting in:o 

it c leme nts of the other system. Tru th is a c onn ected wh o le , but scie n ce 
is s pli t up into many d epartments and divis ions separat ed from e<~ch oth e r 
not by the n ature of the mate r ial but by ar tificial lines of d cmn r cat io n 
marked o ut for the sake of convenience of ~; tudy, made n cccs5ary by th e 

limitations of the human inte llect, which prevent the compr ehen sion o f 
a ll truth w ithin a s ing le sy s te m or eve n the understa ndin g of n n npprc
c ia ble part of it in unsystematic arra n gement. Thu s p sy c holog ica l and 

formal lingu is tics a re two sides of the same problem, which ca n b e 

united o nly unde r a hig h e r s ubordination, the p hilosoph y of IHn g ua ge. 

\Vhile form a l lin guist ics can a ccomplish its task pre tty s u ccessfully 
without psychology; psychological ling uistics cannot st ir w ithout th.c 

fo rmer. T his is because the objectivution of con scio u s n ess mu st appea r 

in som e form to be accessible to the studen t, wh il e s u c h objcc tivat ion . 

i. c. the forms , is a lready by its na ture accessib le . A nd this is th e 

r eason why a psychology o f la n g u age w as imposs ible b e fore h is torica I 
lingu istics gath e red a nd class ified the form a l m a ter ia l. Th e n orma tive 

systems o f gro mmatical m a te ria l avai la ble before the rise of historic 
ling uis ti cs presented o nly disco nnecte d sets of arbitrarily c h ose n mat er

ia ls , arran ged accordin g to l!emi-lo g ica l principles. Eac h g ramma r indi 

ca ted only wha t th e partic ula r a uthor d ee med " c orrec t", t o be s ure , 

often includin g what others , especia lly m e n o f le tte r s con s id e r e d " cor

r ect"; but at a ny ra te without a ny informa tion how su c h form s 
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came to be or to disappear. In other words, these g rammars n eglect ed 

a nd even tried to eliminate jus t those form s which m a rked out the 

individual a nd r ecorded a n abb c rration !rom the te mporarily s tatic tradi

tio n of the time. They were less descriptive of what hod r eally been 

thnn ins tructions of what should be. The information which they fur

n ished was a lways d e termined by the stylis tic prejudices of the au thor. 

T he rise of his t o rical linguistics brought fa cts uncontrolled by s tylis t ic 

evaluations and has furnished us with a succession of form s acceptable 

to a pa r ticular linguis tic group-guide-posts a lo n g the course o f lingui

stic change. Such form ' arc the objcctivations fo r psycholog ical lingui

s •.ics: with these it must begin. The fact that such forms a r c more fully 

accessible to our ob3ervation when ta ken from our present la n g uages, 

m nkes the s tudy of these languages the more valuable. 

The con scious con comitants of ling uistic. form has two s ides. the 

fnctunl and the affective, or, the intellectua l a nd the emotio na l.' T o 

e xnmine th ese and t he rela tion between them a3 they appear in ling uis

tic phenomena is the task o f psychological lin g uis tics. This furnishes 

th ree dis t inct studies: in vocabulary, m g r ammatica l forms, and in 

syntactic formula e. 

In t he matter of vocabulary the task of psycholog ical linguistics will 

be to classify the word;,~ accordin g to the factual a nd affective conten t 

which they conta in for any pa rticular language group. E. g. in English: 

n ation and country, h ouse a nd home, descendants a nd c hildren. Possibly 

n o thing more can be done tha n place the words with the least affective 

conte nt opposite those with mos t affect ive conte nt, as I h a ve jus t done 

in th ese three ins t a n ces: poss ibly, however, more divisions will have to 

be mnde. if the compara tive a mount of affective cont e nt can be more 

accura te ly d e termine d. Certainly , also, the kind of emotion implied 

cnn be take n into con sideratio n ' , such as affection, a n ger, desire. It will 

n ot be n ecessary, of course, to include the whole vocabulary of a lan

gua ge in the first study. Individual studies can be made in t he different 

field s of human interest: nature, politics, e tiquette, scien ce, philosophy, 

'\Vordb C<>nsider•,d ns substitute t-timuli still ore not quite t h e equivalent of 

the stlrnuli fur which they nrc • ub~titutes. \Ve recor;niZ<' them ns "words" Instead 

o( the r ea l thing. a n d this net of substitutio n w e cn ll the oct of "meaning". 

Ucoldcs this ndd itionol substitut ive stimulation. words must cor ry fu rther stlmuln· 

tlons whic h nrc not contained in the things for whic h they n rc substitutes. for 

tho rcapO n St·.• contain the cxprcs~ions of doub t, joy. displcnsurc often nccordinc 

to lh" pnrticul.1r verbal s ubs titute c hosen. So " behaviorist micht ~mnck his lips 

hnd hl·l.:in to run ov,•r ut the mouth '\'\·hen he hears the word ··science". but sthnu

latcd by the word "metnphysics", he might run over nt the stomach. £xprcs· 

Jllf"d in thet~c..· 1 crnl~ the l ask of psychological linguistics is to dch~rn1ine \Vhnt more 

or ll'Sh or modifi<'d $llmulntlons .He born" by the verbal stimulus thon nrc con· 

t.dm•d in the stimulus for which it is n substitute. 

li.1vo:rs. Die Untcrschcidllnij von Bcdingungen u. Triebkriiftcn " " "'· G-R-1\1 
16.11 -30. 



246 PROCEEDINGS OF THE 

etc., or in special fields of activity: s ights, sounds, desires, obedience, 

etc. Interesting comparisons can be made with such lists between the 

vocabularies of different languages, different dialects, social classes, 
groups under diffe rent geographic, economic, political, or cultural con

ditions. Possibly one group will look with purely inte llectual eye upon 
certain matters which another g roup regards primarily emotionally, to 

give an extreme example, the way the historian of religion r egards the 

names of the gods in contrast to the way of the worshipper. The affec
tive content of words will vary with the same; individual at different times 

of his life. A~ we become more skilled in comparing and thus e valuat ing 

the affective content, we will learn to evaluate the words of the earlier 

times, and then we may find that whole g roups of words go the same way 

in their e motional implications; ~o the words for unpleasant things tend 
l o become stronger in their connotation of unpleasan tness and may be

come completely taboo; so some words for women have fa lle n in the 
esteem of the ling uistic group : lady, Frau enzimmer, fi lle; woman itse lf 

has gone down and come up again. Thus we may find that all words have 
their emoti'onal history, and we may find tha t they have a parallel history 

m some languages and a contrary h istory in others. 

Grammatical forms, too, may not be so purely inte llectual as we a r e 

at first disposed to assume. We have in German a dative w ith and with

out fin a l -e; we have three imperatives: gehe, geh en, and gegangen. In 

all languages probably there is an affective differe nce between obsoles
cent and modern form s, between "correct"' and '"incorrect'' speech: 

contractions. Probably a systematic study will reveal much more, pos
sibly something on the distinctions of gender. 

Syntactically the re will apparently b e more. The German fairytale 
begins: Es war e inmal e in Mann, der hatte .... Why not th e relative? 

In many languages we have a familiar and polite second person form. 

There are also the polite and majestic first person plura l and the 
"editorial we." Is the development of the prepositional phrase in place 

of the case construction due only to the mechanical loss of case-endings 
or an "analytic" desire for clari ty? We can st i ll say, I ga ve you the 
book, and, I gave the book to you. 

Linguistic sociology studies the relation of la n g ua ge a nd social 

groups. By social grou p I mean any group of people that is recognized 

as distinct from others by the people c omposin g it, which continues for 
a con scious length of time. Language is everywhere the bond that holds 

together social groups; it often marks the line of div ision between one 
group and a nother. What is the value of language to man as a social 

being? It is not only the medium of communication, but it is one of the 

importa nt means of memory. It c r eates new unities and combination in 

the minds of men and by its exercise stimulates them to further thoug ht. 

It is all but indispensable in every kind of cooperation. One of the 
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firs t qces:ions is: whic h are the social g roups to be considered fr om 

the point of view of lang uage a nd what is the social na ture of their 

lingui~ tic differences? Some group s will b e distinguished only by lan

guage; others, perhaps, will have no linguis tic differences and will not 

n eed to be conside red separate ly. The importa n ce of ling uistic con · 

formity in th e va rio u s g roups, the relations of one g roup to another due 

to minor diffe r e nces (dialects) and to grea te r diffe re nces (diffe rent 

languages) , arc the prime problems of linguistic socio logy. 

The thorou gh s tudy of the s ubje ct is possible only on the bas is of 

psychological linguis tics , on th e basis of the affective values in the 

lang u age g ro u ps considered. Some e xpressions will have the same fa ctua l 

significance to two neighboring g roups. yet thei r affective value may 

differ. How g reat is the mis unde rstanding that m a y arise from this ~ 

Lin guis tic sociology includes the educationa l problems of native and 

for e ig n la n g uage study. It includes the proble ms of political or socia l 

supprcscio n of dialec ts or lang u ages; the problem of world la n g uages. 

All these questions ca n only be finally answered after we h a ve c omple ted 

the study of psychological lin guis tics, in the concluding chapters o f 

ling uis tic sociology; yet we arc d a ily driven to make a practical a n swer 

to mo:s t of the m . 

A ll s u c h s tudies will teac h u s, if they do nothin g more , to respect the 

g r eat powe r that lies in la n guage. It is not s im ply a tool of communica

tion, an idle c oin of barter to ta ke the p lace of more cumber some means 

of e xcha n ge, which have n o value but tha t whic h they can buy. It 

~oulds our thou g ht, it s tim ulates our feelin gs. it holds u s to the trad i

lJons of our fathers , it inc ites us to r e-cr eation a nd inno va tion, it accen · 

tu.at es our differences and for ces our misunders tandings, and it punis hes 

With cruel isolation the heart nnd mind that dare to sec k far beyond the 
precinc ts of its es tablis he d domains. 
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AN IDEA OF STIMULUS-RESPONSE SUGGESTED BY 
GESTALT PSYCHOLOGY 

By 
R. RAY SCOTT, 

Professor of Education, \V. Va. \Vcsleyan College. 

The Gestalt psychologist sees stimulus-response not as two distinct 

processes separated in time and having only a causal relation, but 

rather as two phases of a unified process. Says Ogden, ·· . . .. the common 
d enominator of an object and its apprehension, or of a situation and 

the responses thereto, is the common form of both. Furthermore, since 

form is defined by context, what the m ind brings to apprehension, and 

what the organism brings to its response by way of dispositional readi
ness, have their respective counterparts in the background of the object 

apprehended, and in the total situation to which the response is made"! 

In support of this theory Ogden appeal:~ to the principle of genetic 

identity which asserts that all of the diversified manifestations to which 
we apply the words 'mind', 'body', and 'environment' arc but the pro

ducts of evolution. Underlying their diversity is an identity of form. 

Therefore words like 'physiological', 'psychological', and 'physical' do 

not refer to discrete phenomena which are capable of entering into some 

1:ort of logical relation with each other, but rather to different modes 

of action having a common origin. The common form underlying a ll 
reality rnny be described as a pultern or articulativu. not of substancet 

but of function. 

If stimul us-response is a unified process then the usual sharp dis
tinction between organism and environment is e rroneous. Coming at the 

matter of their relation from the angle of genetic identity one is obliged 

to see that they are members of a unity which is larger than both. The 

behavior of the organism is the functional counterpart of the pattern of 

stimulating situation, and yet the s timulatin g situation i,; what it is be

cause of factor s contributed by the organism, as suggested by the 
quotation from Ogden. 

The notion of the oneness of organism and environm ent m behavior 

has received almost unexpected corroboration from some recent dis

coveries in biology. It has been found that in the case of simple organ
isms which are masses of protoplasm with differentiated outer layc;s 

an incision which exposes the inner mass will result in the exposed 
protoplasm taking o n the characteristics of the external membrane. 

Conversely, under certa in conditions, in which a part of the membrane 

passes into the internal mass of protoplasm, it is assimilated to that 

'Psychology a nd Education, p. 134. 



WEST V IRGINIA ACADEMY OF SCIENCE 25 1 

ma~s. ·Y· These fact s indicate that heredity in this case provides only a 

certain potentiality of becoming external or internal protoplasm, while 

what role a g ive n portion of living matter will play is determined by 

the exigencies of e nvironment. 

If we think of a developing embryo as a group of cell$ s triving to 

a tta in a certa in s tructural and functional pattern each individual cell 

has a re lation to the other cells as well as to conditions outside the 
organism. These relations m ay be spoken of as an 'internal" and a n 

' external" environment. Expe rimentation has r evealed that whi le each 

cell is d estined to play a c e rtain part in the production of the mature 

organism its destiny is not a fixed one by any means. It can be altered 

by transplanting the cell a nd thus bring ing it into a diffe r ent relation 
with the surrounding cells. Says jennings . "What t he cells become 

depend on th ei r surroundings ; on what the cells about them are b ecom· 
ing . Their development takes su ch a course as to fit into the gen eral 
p a ttern" ' . This ad justment to internal conditions is complica ted by a 
s imulta n eou s a dju s tme nt to external conditions represented by su c h 
fac t ors as a lime nta tion. temperature, pressure. humidity, a nd illumi
na tion. C ha r acteris tics which are laid down in the h e r edity of the 
individua l m a y suffer alteration under the influ e nce of these factors . 
Quoting aga in from j e nnings, "\Vith the same set of genes·" diffe re nt 

e nvi ronmenta l conditions may induce the production of diverse c h a rac· 

t e ri s tics. And with the same environmental conditions diffe r e nt gen es 
may induce the production of diverse characte ristics. The sa m e differ· 
e n ce in c haracterist ics that may be produced in some cases by diversity 
of gen es is in the othe r cases produced by diversity of e n vironment"" 
With s uc h facts as these before us it is not hard to see that u very large 
part of th e controv ersia l discussion of h eredity and environment is 
utterly b esid e the mark. 

As m a y b e r eadily infe rred from the fore g oing discuss ion the gesta lis t 
find s the m echanis tic formula of S-R inadequate to indicate wha t actua lly 

takes place in behavior. It is olates the ext ernal world from the organ· 

ism, a nd provides the latte r with meaning less local stimuli to which it 

must make som e sort of response. Thus it denies to the n e rvous syst e m 

a ny charact e ri s tic process of its own. Professor Kohle r s upplies u s 
with the formula whic h he says fits the facts infinitely better: Const e lla

tion of stimuli- Organ izatio n-Reaction to the results of organization . 

The ce ntral fea ture of a behavior cycle is the organization because 

the overt r eactions whic h complete the adjustment are more closely 

•cr. Ch ild. C. M .. "The Individual and Environment from a P hys iolog lcnl 
Viewpoint", in s ymposium The Ch ild. the Clinic. and the Court ; The New Repub
lic: Compony, 1925. 

' The Biological Basis of Human Nature. p . 9 4. 
' Ibid .. p. I 34. 
•The scpnrnblc pnrts of chromosomes which a r e the cnrriers of h cridi ty . 
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related to i t than to the external stimulation. T he gestalt ist offers us 

the theory of dynamical self distribution to accoun t for the r eorganiza

tion of sensations and perceptions. 

It is a commonplace in physics that many processes go forward with

ou t b e ing guided or constrained by any mechanical arrangements. Ex
amples are: attraction and r epulsion between mag netic fi elds, the inter

action of chemicals, the drawing apart of liquids having different surface 

tensions, the movements of a molecule of liquid or gas, and the balance 
of astronomical forces. In a ll such cases the disting uishin g fea ture is 

interaction of stresses which, if undisturbed, will eventua lly move in the 

direction of r est, stability, or equi librium. Applying this principle of 
action to the n e rvous system we get a n ew lead in psychology and 

suggestions for the s olution of many of our proble ms. A g ood e xample 

is found in gestalqualitaten which can be explain e d only by the theory 
of dynamical distribution. 

We look at a mural ensemble and perceive a symmetrical arrange

ment o f items. The actual sen sory data presente d consists of millions of 
indiffe rent l ig ht s timuli. !t is a part o f our ~heory tha t :hesc s t imu!i 
must be organized before the individua l p e r ceives the decorative it e ms 

as separ ate forms, but for the moment w e arc in t e reste d in a quality 

which p e rtains to the sensory field as a whole , a large r ges talt in which 

these individualized fo rms are sub-wholes. The problem is: How does 

t h e perception of symme try a rise when obviously it has no actua l physi

cal counterpart among the sing le stimuli ? Our assumption is that the 
dynamica l processes set up in the area striata by transm ission of r etina l 

stimulation are dist ribute d throughout the network of ne urons until a 
balance d system is e ffe c te d . The p e rception of symmetry is a prope rty 
of this physiolog ical dis t ribution as a w hole . Of course dist ribution i ~ 
affecte d by more than the retinal stimulation . Th e Physiolog ica l condi 
tions of the organism and the attitude of the individual would be co ntri 
bu ting factors . These latter, howe ver, arc like ly to account for the 

nuance s of the expe rie n ce, while a particula r re la t ion b e tween the r etina l 

stimuli account for its ch ief property to which we g ive the word "sym

m e try·. There m a y be occasions whe n the s ubs idia ry factors, cause suffi 
cient stress to actually impair the perception, but such conditions will 

t end to cure th emselves by int r oducing a discorda nt note in the r e la tions 

of individual and environment, t hus ups ,-, tting the te m p orary e quilibrium 

attained. The hypothesis of dynamical dis tribution promises to provid~ 
us a truer picture of the physiological aspects of i)ehavior tha n any mach

ine theory provides. Considerable weight h as b een given to this asse r
tion by som e recent investigations by Mr. K . S. Lashle y.'" 

L ashle y tells u s tha t he e ntere d upon his invest igation of the clfer.ts 

•Cf. Brain Mechanisms a nd ln telligenc.,. a Quantitat ive tudy of Injuries t o 
the Br a in. Univ. of Chicago P r ess, 1929. 
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of cerebral lesions in r ats with ce rtain prepossessions favorable to the 

rcHex arc theory of neural act ion. He expected to be able to trace r eAex 

arc paths throu gh the cerebum just as they have presumably been traced 

through the spinal cord. And why not? If t he cerebral cortex is prima r 
ily an elaborate arrangement for routing nerve impulses, analogous to a 

telephone switch board o r a railway switch tower, then is it not theore

tically possible to follow a natomica lly a given impulse in its course 
through ? Would it not then be possible, pursue ing our arnalog ies to cut 

a wi re or tear up a section of track and thus preve nt th e impulse from 

reaching its destination? This Mr. Las hley proposed to do by surgica l 

operation upon the cerebral cortex. His approach to the probb m was 

to teach his a nimals certain maze-runnin g habits, ope rate on their brains 

and then test their efficiency. He used some of the animals for control 

purposes. The r esult of the work forced him to abandon the reAex arc 

hypothes is w ith its r<!Stricted conduction p aths. Some of the findin gs tha~ 
seeme d to nece ssitat e this conclusion are pre sente d below. 

I t appeared that la r g e masses of nerve tissue participated in some 
acts, suggesting some in t egratin g process at work ... It is certain that the 

maze habit whe n formed is not localized in any single a r ea of the CC! re
brum, and that its performance is somehow conditioned by the quality 

of the tissue which is intact. It is less c e rtain, though probable, that all 

parts of the cor tex participate equally in t he p e rformance of the habit 

and that le sions of e qual size produc e equal loss of the habit irrespective 
of the locus'''. 

Th e dete rioration of habit in an operated animal could not be attri
buted mere ly to impai r ment of the s<:nsory apparatus, for animals which 

were blind during learning suffered loss of habit afte r d estruction of the 
visual cortex. ''A habit involving a !>pecific r e ceptor is formed at normal 
r ate after destruction <)f the cortica l field for that receptor ... '. 

The m e re fact that a habit on~e learne d was not c omple t e ly lost by 
r <!ason of ce1·ebra l insult has high sig n ificanc e for n e urolog ical theory. 

L a shle y's s tatement tha t .. the retardation of learning and the loss of the 

h abit ca nnot be a scribed to defects in the motor m echanism as such , 

b ut involve disintegration a t a h ig her leve l of integ ration .. '' is revolu
tionary. 

\XIe have seen that in Gestal t psychology st imulus- re sponse is a total 

process, denyin g th e discre teness of or;!anism a nd environme nt; that the 
c e ntral feature of the process is the or~anization of the various cle ments 

involve d by t he dynamical distribution of n erve impulses, w hich is an 
integratin g action. 

Now w e are r eady to face the ques tion, \Vhat 1s a s timulus to the 

'Las hle y. L. K .. Brain Mechanisms a nd In t e ll igence. p. 107. 
'·Ibid .. p. I 15 . 
''Brain Mechanisms and Jnte ll igenc.;. p . I 16. 
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gestalist? We wish to recall attention to Kohler' s phrase " constellation 

of stimuli" and to the phrase which the writer has used in the p r evious 

discussion, 'the stimulating situation'. From t h ese two phrases we take 

our point of departure. It seems legitimate to press into use the word 
"config uration' as a synonym for them. Physica lly a configuration is an 

object or group of objects which can be p erceived as a whole as possess

ing a 'belon g ing together' character. Ne urolog ically a config ura tion is 

a pattern of excitation in the n e rve tissue, a pattern w hich bears some 

relation to the external gzstalt. Perceptually a configuration is a psycho
logical unit of recognition of z n external gestalt which includes not only 

the 'belonging togth e r' aspect but also the setting off from the ground 

upon which the structure is delineated. 

These definitions are not only different angles for viewing the same 

phenomenon. Behavior is on-going, so we h a ve to think of configura· 
tions as constantly changing. W e go from s ituation to situation and there 

is no inte rval between them, though it is possible to m a rk off b ehavior 
patterns for practical purposes. However, as psychologists we need to 

be on our g uard against the implied inference of gaps which h as become 
fix ed in the inelegant popular e xpression, "Life is jus t one darn thing 

after another". If w e can find the direction of change in a given configu

r ation we h a ve found the thing which a bove all others may be regarded 

as the stimulus. Organisms do not respond to sta tic conditions: they re

spond to a g radient. For confirmation of this idea we again turn to 
biology. 

In simple for ms of life we find different rates of living within a 

single individual represented by polarity and symmetry. T h ese two 
factors seem to d etermine in a gen eral way the pattern of stru cture of the 

individual. At first glance it would seem that they a r e h eredita ry, but, 
r ecalling the facts brought out ea rlier relative to the responsiveness of 
embryos to changes in the physical e nvironment, we do well to g o a 

li ttle s low. Mr. M. C. Child assures u s that the recent investiga tions point 

to the conclusion that such physiological gradients can be modified 

expe rimentally thus modifying the structural plan of the organism. 

For example, "It is possible by means of different agents which 

inhibit physiological activity to decrease the rate of living of the more 

active relatively to the less active regions and so to produce individuals 

with small and imperfectly developed h eads and brains : one eye in the 

median line instead of one on each side; or, with more extreme action, 
forms without any eyes, and even without heads .. .. On the other hand 

we can increase the relative rate of living of the more active regions and 
so produce individuals with large heads and brains and, in some cases, 

with extra eyes a nd with changes in position and proportion of other 

organs opposite in direction to those which result from inhibition. We can 

make bilateral animals radial and vice ver3a, and we can even obliterate 
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p ola rity and symmetry comp le te ly, so t ha t ins tead of deve loping into a 

c omplex individua l the organism remains spherical and the only differ

e nces are those between surface and interior".' 

These facts a rc c ited here because of the ir bearing on our problem. 
If s imple organism s respond to g ra dients of s timulation by g radients of 

living and g rowth with such r a dical results w e mig ht invoke our prin

c ip le of gen e tic identity to s u gges t a physiological continuity r eaching 
u p to man himself. T h e n e rvous system doub tless had its orig in in the 

irrita b ility of protoplasm. It somehow became the instrument a nd token 

of this divine a ttribute. It would not be surprising, then, if it prese rved 

its g radients, and is n't this jus t e xactly what w e find? P syc holog ically 

man lives fa s tes t in his cere bra l cortex. H e is m ost aware of the direc

tion of cha n ge whic h he e xperie nces in his enviro nment. These e xcite 
m him neurolog ica l a ctions whic h a re their c ounte rparts. 

I look at the fir e crackling merrily on the hea rth. It loo k s brig ht 
to me, which m ea n s equally tha t its su rroundin gs look less bright. The 

diffe rence of bri ghtness is a g radie nt. It is this which constitutes the 
s timulus. T his fact once clea rly g rasped will se t at res t fore ve r the 
a rg ument that th e s timulus is a n extern al thing as it will the c onte ntion 

tha t it is a n inte rnal thing. If w e c ould examine the physiolog ical a spect 

of the expe rie n ce w e would doubtless find tha t the intenser brig htness of 

the fire is matc h ed by a n e ura l pot e ntial, a ratio of excitation betwe en 

two bra in areas. While g lancing at the fir e I a m suddenly moved to go 

a ft e r fuel to r e n e w it. The diminution of th e g ra dient of brightness 

co rrespondin g t o the physical fac t of the dying d o wn of the fire is th e 
s timulus whic h sets me into action. S t oking is n o t the only thing one 

d oes to a fire , ho w ever. H e m ay w a nt it to die d own so tha t h e can g o 
a w a y and leave it w ithout da n ger. In su c h a case the direction of 
c h a n ge in the brig htness config ura tion, while itself r e maining unc hanged, 

produces a diffe re nt result. Thus it would seem that the same s timulus 
can e licit difT e re nt responses. 

Howeve r, this inAuence h as n o b earing o n the prese nt illus tra tion, 

for w e don"t h a ve the same s timulus in the two case s m e ntioned. \Vhe the r 

the dying down of the fire leads m e to s~ek fu e l or to make my d e pa rture 

will depe nd upon my purpose. This purpose, whic h has its neura l a s pect 
a s certainly as h a s the discrimination of brig htne ss, is n o t some thing 

broug ht into the config uration from nowhe r e ; but it is an integ ra l part 

of the confi g u rat ion. The direction of change in the s ituation, the n, is 

not m e r e ly a diminution of bri ghtness ; but it is a diminution of brightness 
p lus a tende n cy to do a certa in kind of thin g a bout it. \Ve m a y genera

lize this as follows: A purpose always g ives n di rect ion to any situation 
of which it is a n integrated part. 

' ""The Individua l a nd Evironmenl fro m a Phys iologica l Viewpoint."" in s ym· 
posium The Chi ld, the Clinic, and t h e Court; The New Republic Compun>'· 192 5. 
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W e would a ppear to have indentified purpose with s timulus. This 
would have the a dva ntage of conform in g with the popular common se n se 
view that our actions, at least some of them, arc the result o f ou r inte n · 
tions. It would conform eq ually well with th e psychology of Gestalt 
provided only that purpose be interpreted as a tendency t oward closure 
in o configu ration . The question of how the righ t response gets con· 
nected with the s timulus pattern loses some of its difficulty when we sec 
t ha t the motor responses are part of the psychological pattern. They 
don't get connected; they a re a part of the t otal situation, g row inc o ut 
of the same matrix out of which it g rows. Being o part of t he psychologi· 
cal pattern makes them part and parcel of the neurolog ica l s ystem in· 
volved. The r eal mystery in psychology is n o t how a g ive n motor 
r esponse gets connected w ith a s timulus. but how a give n physiolog icn l 
process ca n bear a n appropriateness to a g ive n psych o logical pa ttern . 

If purpose ca n be used to s ta nd for the s t imulating g radient in pur· 
posive behavior, what can we say of the s timulus in behavior which is 
n ot purposive, at least on an ideationa l p lane} Such b e havior has its 
g radients,but it has them on a more strictly sensory basis. We tu rn t o 
some experiments by Koh le r for our illustration." 

P rofessor Kohler," working first with hens, then with apes, a nd 
finally with a three-year-old child, train ed his s ubjects t o respond posi· 
tively to one of two " s timuli"t of a certain class. The n he introduced 
anothe r pair of s timuli of the same class. H e found that the s ubjects 
would now react toward the stimulus which performed for tho n ow 
situation the so m e function as was p e rformed for thre lea rnin g s ituation 
by a given specific s timulus. With he n s the stimu li u sed w ere sq uares 
of gray paper of diffe r e nt degrees of brig htn ess. Positive rea c t ion was 
secured by placing food upon the brighter of the two squa r es, and 
fri ghtening the fo wl away from the darker square. Between four and s ix 
hundred r epetions were necessary to make the right selection r eason ably 
cer tain. Changing the relative position s of the squares obviat ed any posi· 
tiona! factor becomin g determinant in the reac tion. Presumably the 
fowl's response was made to the perception o f a ce rtain value of gray. 
However, th is presumption was proved fal se when the darker squa r e was 
r eplaced by one brighte r than its partner. Th e hen r ejected t he p <l per 
to which it had learned to react positively in favor of th e n ew member 
of the pai r. Similarly a different subject sh ifted its response to th e 
previously una ccepta ble sq uare when this wns made the brig hter o f t h e 
two by r epla cin g its mate with a darker shade. 

•cr. "Nochwels einfacher Strukturfunktionern beim Schirnponscn und belm 
lloushuhn", Abhnndlunc der K. Preus. Akod. d. Wiss .. Johrp.a nc 19 18, No. 2 
(sepnrte edit io n ), pp. 12 f. 

• Loshley seems to have preceded Kohler in this t y pe of experlmcntntio n , but 
the latte r did no t know o f his work until Inte r. 

tThc word Is used here in its popular u6nnc. 
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\Vc arc compelled to conclude that the fowls in these experiments 

p e rce ived each s ituation in its tota lity as two shades of gray, or brig ht

ness. in juxtapos ition, each b e ing a member of the pattern; and that 

their responses were made to the central feature of the configuration, 

which wns common to all, n amely, their g radient or direction of change. 

Further experiments by Kohler with apes in which size a nd color hue 

disc rimination were concerned lead to th" same conclusion. 

\Ve leave the matter of the s timulus aspect of behavior to examine 

brie fly the idea of res pons e which we find in gestalt psychology. In 

genera l the writers with this orientation concur in the idea s u ggested by 

Professor Kohler' s phrase "reaction to the results of organization". The 

phrnse reminds liS of Mr. \Va t so n's "anything th e animal does", and it 

a lso accords v e ry well with th e popular use of the word 'respo n se'. We 

find no difficulty in bringing th e gestaltist and behaviorist into practical 

agreement h ere. for th e matter which irrevocably sets off th e ir res pec

tive positions in unrelenting hostility is the explanation of the relation 

ex is tin g betwe en on individuar s actions and the s timuli whic h nctivate 

him. Sufficient hus been sa id in the preceding p ages to indicate th e 

noturc of the ir diffe rences. 
R esponses to "the results of o rganization'' a t least have th e merit 

of b e ing inte llig ible if the observe r enjoys the advantage of knowing the 

res ults of organization, either through communication or by appeal to 

his own experience. Deprived of the scientific rig ht to take psychologi

ca l organization into our reckoning we would b e in a sorry plig ht whe n 

we trie d to unders tand a n individua l's actions merely by observing the 

actio n s of his mus cles. It is th e adaptive character of an act which 

makes it worth interpretin g p sychologically: and the adaptive charac te r 

of an act depends upon the faithfulness with which it r eflects the per

ception of the s ituation. \Ve have found perceptions to b e patterned, so 

would expect overt responses t o e xhibit the so me characteristics. Thus 

we arc enabled to understand how familar musc ular res pons es cu n b e 

oq~a nizcd into n ew total reactions without practice. \Vc can a lso unde r

stand how errors of respon se arc committed. 
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SIMPLIFIED TREATMENTS FOR TWO COMMON 
STATISTICAL DEVICES 

By 

]. B. SHOUSE. 
D ean of Teachers Colle g e , M a r s h a ll C ollege. 

I. Complex vs. Decimal Form of Stating M e dia n s . 

The followin g notes a re the r esult of att e mpts to m a k e c lea r the 

na ture of the m edia n t o colleg e students wh o a r c p r ospect ive t each e rs 

but who h a ve had no course in s ta ti s tica l m e thods. These s t udents a rc 

expecte d to r ead curre nt educational litera ture ; th ey mus t fin d o rdina ry 

s ta ti s tical t e rms, su c h as the median, perfe ctly c lea r in conn o t a tio n. T o 
su c h s tudents one mus t g ive a working unde r s ta nding o f the m e dia n in 

the clea rest p ossible terms a s to meaning and mode of d e t ermina tio n. The 
o rdina ry m e thod of computin g m e dians, and of expla ining tha t computa

tion, r a ises too m a ny quest ions, elicits too m a ny compla ints o f inco n
s is te nt a nd qu estiona ble a ssumptions . Th ese diffi c ulties ca n easily b e 

o b via ted by a ve ry s light change in the form of the s ta te m e nt of th e 

m edia n. Tha t point can be made clear by a brie f revie w of the mos t 

e le m entary fa cts about the median and the function it se rves. 

Any educational situation can be d e scribe d fully in ve rba l form, but 

in the interest of economy a nd brevity verbal d esc ripti o n s m a y b e 

a voide d whenever statis tica l descriptions arc fe a s ible . The purpose of 
statis tical d escriptions is not the attainment of tremendou s accura c y, but 

to facilita t e brief. concise conden sation of description. Whe n on e d esires 
t o g ive a s ta tis tical description o f an educationa l s itua tion in t e rms of 
m easures of the excellence of p e rforma n ce, h e m a y lis t his comple t e 

d a ta if h e c a r es to do so. A frequen cy table may b e e mployed t o e xpress 

the sam e fa cts somewhat removed from refere nce to p a rtic ula r in s ta n 

ces. But when one wishes to g ive the briefe s t possible s tatis tical d escrip

tio n of su c h a s ituation he is likely to state a n a ve rage o f th e series of 
measures. 

One docs not atte mpt to d escribe the s ituation in brie f co mpass by 

c itin g e ithe r the g reatest or the le ast m easure in the se ries fo r the 
r ea son tha t n e ithe r one of these measures is felt to b e s uffi c ie ntly and 

ch a ract e ri s tically r epresentative of the series a s a who le . L a r gely becau se 

o f the g r eat e r fr e qu ency of measures n ear the middl e o f the se ries one 

feels tha t the most satisfactory sing le m easure is on e at o r n ca r the midd le 
of the se ries. Accordingly he selects s ome o n e of the sev e ra l types of 

a ve rage. Whe n h e wishes to describe the situa tion in brie fer t e rms 

tha n by presenting a fr equency table, and yet wish es t o g ive full e r in· 

forma tion tha n is contained in an avera ge of th e se ries a ll by itself. h e 

may a nnounce, along with the averag e, some s uch s upple m e ntary item 
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as the average deviation, the standard deviation, or the semi-interquartile 

range. But even when such a measure of variability is given, the key 

to the description is the average, that single m easure or point on the 
scoring scale which is deemed most typical of the entire series. 

By very virtue of its definition, the median may be regarded as a 

more satisfactory s ing le representative of a series of measures than is 

even the arithmetic mean. just because it!> definition says that the median 

is the middle one of a series of measures, or that it is that point on the 
scoring scale above which lie half, and below which lie the other half of 

the measures, it seems the most eminently suitable of the several aver

age measures to be employed as the typical representative of the series. 

Because of this satisfactoriness, the median h as attained, in statistical 

descriptions of educational situations, a place which should be thoroughly 

protected. No ambiguities should be allowed to result from any parti

cular form of notation, employed for the sake of putative precision. 

So long as the measures are not of great number no one quarrels 

with the first form of definition of the median, n amely, that it is the 
middle one of a series of measures. But when the series of measures 

lengthens out and t he frequency of appearance of particular measures 

becomes noticeable, then this simple definition of the median is aban

doned in favor of t h e second form, namely , that the median is that point 

on the scoring scale above which lie h alf, and below which lie the other 

half of t he series. And at this point the met hod of determination of the 

median changes from a counting m ethod to a computational method. 

The purpose of this change in method is clear: when measures near 
the middle of the series appear rather frequently so that the counting 
method of determining the median would merely point to one of a 
group of equal measures, one desires to locate the median more definitely 
than the countin g method permits and, for the sake of this greater 

definiteness, one abandons the concept of a particular measure as the 

median, in favor of the concept of a point on the scoring scale as median. 

Now the desire to take advantage of the known frequency of the measure 

at which the median falls, and to let this advantage be expressed in the 

form of an exact numerical quantity, is praiseworthy in itself. The 

trouble is that the methods of calculation and final expression of the 

median involve certain assumptions that approach the absurd. 

L et us assume a simple illustration. Suppose that, to a c lass of 38 

members, there has been given a test on which any integral score from 

0 to 20 may be obtained. Suppose that the frequency of score 14 is 
nine; suppose that IS members of the class have scored below 14 . Then 
four of the nine who obtained score 14 must be counted among the lower 

half of the class. The m edian is therefore 14 4/9 or 14.44. Th is median 

is interpreted as follows : the middle measure of the series was called I 4, 

it is true, as were several other measures (number not known when deci-
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mal form is given); these sever al measures did not fal l exactly at 14 , 

however, a lthough for scoring purpoees we assumed tha t 14 m eant all 

values from I 4 up to but not including 15; the b est gu ess was that the 

several measures falling between 14 and 15 really occurred at regular 

intervals; that is, the space between 14 and I 5 had to b e thought of as 
divided int o as many parts as there were measures falling betwee n 14 

and 15; of these pa rts as many h ad to be counted off above I 4 a s was 

necessary to include all of those measure s which fell into the lower half 

of the class when properly placed on the scoring scale; t he point on the 

scoring scale thus determined was accepted as the m e dian. 

(I) To the casual observer it seems peculiar that each of the nine 

members of the class was firs t declared to have earned a score of 14, 

and yet later the nine were div ided into two groups, those four who stood 

below 14.44 and those five who stood above 14.44. (2) Although it was 
the original understanding that no score between I 4 and I 5 cou ld be 

allowed ( even if it were g ranted that the1·e mig ht be intermediate per

formances meriting such interme diate scores), it now appears that these 
nine, who were said to have scored 14, did not really score I 4 exactly, 

but scored between 14 a nd I 5. ( 3) Further, it is now assumed that 

these nine who scored 14 actually shou ld have been given scores dis

tributed at regular intervals b etween I 4 and I 5 so that if a line were 

drawn across the scoring scale above 14, at a point 4 /9 of the distance 

from 14 to 15 , that line would leave b elow it four of the nine, and would 

itself be below the other fiv e scores of the nine originally supposed to 

have been placed at I 4. These contradictions and assumptions made in 
the interest of definiteness of location of the median seem unnecessary 
and ill-advised. The median would have been adva n tageously left in the 
form 14 4/9. 

Let u s assume another case. Suppose a spelling test of 2 5 words is 

given to a class with the under standing that a value of four is to be 

assigned to each word, so that the maximum possible score on the t es t 

is I 00. Each pupirs score is determined on the basis of this under

standing. Suppose that 30 pupils take the test; suppose that the fr~
quency of score 7 6 is seven, while thirteen pupils have scores of 7 2 or 

below. Then the median by the method of computation is 7 6 + (2 / 7 X 

4) • or 7 7 ·I 4. In this case the same objections hold to the form of the 
statement of the median that were offer ed in the previous illustration. 

In t he present illustration it is rathe r difficult to imagine seven pupils 

as achieving p erformances that sh ould be scored at regular intervals 

from 76 to 80, for the spelling of a word is tra ditionally assert ed to be 
e ith e r wholly right or wholly wrong. 

These two illus trations will suffice . Not the d esire to take advantage 
of known fr equency to g ive greater definiteness of value to the median, 

but the decimal form of the statement, is at fault. In the first illustration 
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the m edian should simply be left in the form 14 4 /9 ; the 4 /9 should not 

be thought of at a ll as a fraction of the dis tance betwee n 14 and I S on 

the scoring scale. but as a s tatistical d evice for describing more ade

quately t he media n situa tion; 14 4 / 9 is a bit of symbolism which says 

tha t, of the possible meas ures on the scorins scale (integers from 0 to 20) , 

the middle one of the ~cries actua lly occurrins was 14, but that more 
than one s uch m easure was found: in fact, nine such m easures were 

found and four of these have to b e counted arbitrarily with the lower 
half. the other five bein g counted, again arbitrarily, amon g th e upper 

half of the measures. This description of the middle performance of the 

class is fully as d e finite a s the decimal form, I 4.44. The suggested pro

cedure provides d e finit eness without contradictions a nd gratu itous as

:::umptions. The explanation of the method of arriving a t the median is 

s imp le : students .-.~adily compreh e nd. and a ll codusion is e liminate d. If 

the decimal form s h ould be retained is should not be interpreted as it 
<>rd i n;.~rily is but should be r e::~d <.s follows: of the possible m easures on 

t h e:: sco rin g ~ca lc , 14 or less was the sco re obtained by half of the mem 
b.::rs of I he class, and 14 or more was obtained by the other half: of 
Lhu~c w!.o scored 14, 44' { wer e co unted arbitrari ly among the !o,ver 

half of the cl;,se while the other 56 1 
( were counted arbitrarily with the 

upper h<~if of the class. T he larger the percentage of those scoring 14 
who have to be counted arbitrari ly as b e longin g to the lowe r half of 

the class, the b e tte r the showing of the class, for if none of these were 

to be included in the lowe r ha lf of the c la,s the median would be barely 

14. a nd if a ll of these were to be included in the lower half of the class 
the median would become I 5. In this explan ation there is no pretense 

tha t the median is placed at a point on the scoring scale whose value 
is 14.44. The median is 14, b ut the g roup of those receiving this score 

h::~ s to bt.: ~ plit nccording to the decimal part of the m e dian when stated 
Ill decima l form. 

In the second il lu s truiion the median in form 76 + ( 21 i '>( 4) is 

p erfect!\ cle<tr and definite; it ,,ays thut half of the clas:> scored 76 or l ,~ss , 
-.,•loi l,, th e other ha lf of the cbss scored 76 or m ore; th .. t seven m embers 

ol the ciao~ scored 7 6, a nd th at two of th<·se $CVen had to be arbttrari ly 

c::.un:..:d "mon t: the lowe r half of the cbss. the other five bcing counted 

with ; h <: uppt: r half of the claEs: tha t :he step on the scorin ~; sca le was 

not one but rour. Th e r e is here ( I ) no theoretica l assumption that 

sco res bt!lwc-cn 76 and 80 could be earned in a spelling test of 25 word<.~ 
I o •:ach o f whic h a value of four was assig n ed (in o ther words that 
intermedic~te performances were possible) or ( 2) that. granting such 

interm ed ia te pcrforrr.ances, we could dra w the dividing line between 

the m. with ~uch accuracy as is su ggested by th e median expressed as 

77.14, or (3) that these intermediate performances te nd to array them 

selves at uniform interva ls bet ween 76 and 80. In this second illustra tion 
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it is clear that the abandonment of the complex notation of the median, 

76 +(2/ 7 X 4), in favor of the d ecimal form, 77.14, leads away from, 

ins t ead of toward, simplicity of inte rpretation. Even if we try to read 

7 7. 14 after the manner previously s u ggested we are sti ll at fa ult. Such 
r eading would be : half of the class scored 7 7 or less a nd half sco r e d 7 7 
or more; of those who scored 77, 14 '1 ( a re to be cou nted with the lower 

half of the class and 86 '/c with the upper half of the c lass. The objection 

to this reading i:; that it still involves the assumption of a poss ible score 
of 77, whic h is against ordinary common sense in such cases as th e 
assumed illus tration . 

In vie w of these con siderations it would appear tha t, in the inte r est, 

n o t m e r e ly of p recis ion. but of d efinit e n ess along with clarity, simplicity, 

and common understanding, it would be w e ll to express media n s in com 

plex numbers as illustra ted, rather tha n in decima l form. The whole pur
pose of th e median is to provide in briefest possible form the clearest 

possible idea of the cen tra! tendency of the me;:~sures. Th e custo mary 

decimal form of expression of the m edia n is not conducive to th e c lear
est possible unde rstanding , and should therefore be avoided. It g ives rise 

to confusion jus t at the poi r1t where it introduces the hypoth es is of inter

mediate scores after individu a l scores have b een determined a nd tabu

la t ed As falling at certain set places on the sco ring scale. For the sake 

of nice ty of calculation or p lacement of median certain procedu r es are 

introduced, which, to say the least, seem rather g rotesque to the average 

teacher or student. To leave the m edia n in the Form of a complex num

ber as here s u ggested s till leaves us with the median in a form which 
has the potentiality of reduction to a form which permits exact place

ment of the median as a point on the scoring scale. It the r efore com
mends itself as a minor departure from common practice which serves 
the purpose of considerably s implifyin g a troublesome situation. 

II. Ratio vs. Product Moment Procedure m Obtaining Coefficient 

of Corre lat ion. 

The writer has never found it possible to make a n intellig ible expla

n ation of the derivation of the P ea rson produ ct-momen t formula to 

undergraduate students who have not a considerable background in 

mathematics. He has found it n ecessary to reduce work with thi:; formula 

to two essentia l steps: (I) development of the gen eral idea of what we 
mean by correlation, p e rfect corre la tion, negative correlation, e t c .; (2) 

preser.•at ion o f L!:e Pe~ rson formul a a nd the routin'! of usin ~ it, with 

d emonstrat ion of its validity only to the ext e nt of showing tha t it actua lly 

docs produce results of + 1.0, -1.0, 0.0 in situatio n s where our genera l 

understandin g of correlation lead us to anticipate such outcomes. Be

tween these two steps the re is an undesirable gap, which may b e c losed 

by developme n t of a simple kind of formula , which formula is waived in 
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actual practice in favor of the co mmonly employe d Pea rson product

moment technique. 

By a ll considerations d erive d from th e connota tion of the t e rm, we 

s h o uld expect a coefficient of correlation to be d e ve lope d as a ratio. 

Some quantity s h o uld b e divide d by some other quantity, whereas in the 
commonly u sed P ea rson formula a p roduct is ta ke n. Such s ta temen t does 

n ot presage an a tta c k upon the validity of the P earson formula . It is 

s imp ly one phase of the assertion that to conce ive of the coefficie nt of 

corre lation as a r a tio seems logical a nd s imple , a nd therefore the type 

of introduction t o the s ig nifican ce of the coefficient of corre lation that 

should be employed in dealing with teachers wh o have had no tra ining 

In advance d math ema tics or s ta ti s tical methods. 

Poss ibly e v e n the word "ra tio " 1s sufficiently vague m the minds of 

many p e ople to make it objectionab le . \Ve mig ht improve t e rminolog y 
by t a lking about p e rcents. 

L e t us t ake a n illustration from the s imple e ve ry-day situation of the 
r e la tion b e twee n g rades earne d by a g roup of pupils in each of two sub
jects . W e want to k n ow whe th er a pupil's departure from the average 

g rade in o n e sub ject is accompa nied by depa rture of like degree from 

the average in the other s ubjec t. It is not just one partic ula r pupil 

about whom w e wis h to k n ow s u c h fact, but pupil x, any pupil. W e w a nt 

a gen eralization a bout the tende n c y of d eviations from the cent ra l meas

ure in one series to b e accompa nie d by devia tio n o f li ke degrees from the 

central m easure o f a n oth e r series. \Vhat cou ld b e more s imp le or more 

illuminating tha n to ask what percent the average deviation of o n e series 
from the avera ge of that ser ies is of th e a verage deviation of the other 

series from th e a v e r age o f that series ? The deviation t e n dency in one 
se ries is of s u c h a mag nitude ; the deviation te nde n c y of th e o the r serie s 
is of such an oth er magnitude . Establish a compariso n by m ea ns of ra tio 
o r percent. 

The situation may not b e quite so simple as that sounds, but the 

essen ce of correla tion measurement is expressed. We might have to ta k e 

into a ccount the different sca les o f measure m e n t u sed in th e two series, 

Or the different type s of dis tribu tion, but the corr e la tion idea would not 

c h a nge. The logical comparison of two deviat ion tendencies is by m eans 
of a ratio and not by means of a produ ct. 

The most obvious obj ection to expr essing corr e lat ions by m ea n s of 
rntios is the fac t t ha t correlation of A w ith B will be of a certain magni

tud e , whereas corr e lation of B with A will be the reciprocal o f that 
mag nitude. It would seem absurd that co r rela tion expressed in one 

order s h ould n o t be equal to correlat ion expressed in the r everse order. 

Th a t is, mathe m a tically conside red, it seems absurd. In r e la tio ns ge ner

a lly we are n ot con scious of a ny inco n g ruity in chang ing the d esc rip
tio n when spea king of a situation from oppos ite s tandpoin t. My n ephew 
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does not think it peculiar that he has been taught to think of me as his 

uncle rathe r than, in turn, as his n ephew. If this is greater than that, 

then that is less than this. In other words. we are entirely accustomed 
to thinking of relationships as of reciprocal character when considered 

in r everse order. 

Between any number (except unity) and the reciprocal of that num

ber it is clear that there must be inequality, either the number or its 
reciprocal being less than unity. If our mathematical conce ption of 

correlation makes it impossible to admit a m easure of relntionship g r eater 

than unity (in other words, if perfect correlation is exp resse d by 1.0), 

then we may take the reciprocal of any computation result greater t han 

I .0, thus obtaining an expression of correlation less than 1.0 . Or we may 

adhere to the conception that 1.0 expresses perfect correlation and recog
nize the r ecip rocal character of the two possible outcomes by declaring 

that, as any ratio less than 1.0 shows impe rfect correlation, so also does 
any r atio g reater than 1.0. In this second case, as in the first, the 

greater the departure from unity, the smaller the degree of correlation. 
T here is therefo re no inherent difficulty in the fact that an expla nation 

o f correlation in terms of ratios leads to eith er one of two reciprocal 
results. 

Suppose that, using rectangular axes originating a t a point which 

r epresents the zero of each of two measurement scales, we plot points 

to represent individuals on each of whom two measu res have b een made. 

This gives us a scatter diagram. Then let us sh ift the axes to that point 
as origin which r epresents the mean of all measures of each series, in

stead of the zero point of each series. We now have our scatter diagram 
distributed over the four quadrants of the plane . If we use x , x", x 3 

- ----x ,. as the horizontal distances of the several points from the 

new origin, these distances r epresent the deviations of the seve ral meas

ures of one series from the mean of that series. In like manner, y., y", Y:o 

---- -y,. represent the deviation of the several measur es of the other 

series from the m ean of that series. The coodinates of a ny point, repre

senting the pair of measures for one individual, may then show any one 

of the four possible sig n combinations: x positive, y positive; x nega tive, 

Y positive; x positive, y negative; x negative, y negative. Since these 

two series of measures may have been on quite different scales, it will 
be better to r educe the coordinates to comparable units by dividing each 
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devia tion by a dispersion measure for its series-the mean deviation, or 

the standard devia tion."" 

Xt Yt 
L e t u s go on, unde rstanding that ---. are the coordin~tes f!lr 

MDx MD,. 

a certain point, r epr esenting the performances of one person on two 

MDx 
types of tests. The n or 

MD,. 

MDx 
ts the ratio of the d e viation-of-

Yt y, 

MDr 

one- individua l-from-the-av e rage-in-one -trait to his deviation-from-the· 
average- in-the-other of the two traits that have been meas ured. In othe r 
words , it is the fraction, (reduced to a decimal) the perce nt, that one 
deviation is o f th e other. But w e are not interested in this partic ula r 
individua l a lo n e . W e wish an expression for the deviation ratio of any 
individua l. We m ay take the average of the series of such ratios to 
represent the tendency of deviations from the average in one trait in 

relation to d e viations from the average m another tra it. This g ives u s 

Y• 

MD,. X·• 

--+-. 
MD,. Y2 

MD,. X:; 

--+-. 
MD, y., 

MD,. Xn MD,. 
the followin g : 

XI 

---, or 
MD. Yx MD. 

n 
X MD,. 

}:-.--
y MD. X MD,. X MD,. 

(2) or (3) L-. ---. or simply (4) L-. 
n y nMDx y }:D. 

If it seem s prefe rable to use standard deviations instead of mea n 

x, ay x, MD,. 
d evia tion s, the n our fir s t ratio becomes-.- instead of-.---. And 

Y• ax y, MD. 
x, ay 

our form ula assum es any one of the followin g shapes: (5) 
Y• OX 

•t om perfectly uwure thut in this paragraph a nd some others I have employed 
some technica l terms. even while talking about an expla n a tion whic h wi ll be 
inte lligib le to s tudents without background of t echnica l and m ath e matical c harnc
ter. Thot n\oy seem incons is tent, b u t it is not so in reality. The tern1inology 
h ere employed is elementary for the g roup n o w attending t o this discussion. and 
there is no e xpression introduced which cannot b e reduced to e ntire ly non· 
t ech nical la n g uogc whe n o n e is ta lking to stude nts who do not unde r stand the 
technical terms. No m ath e m at ica l concept has been introduced wh ich is not 
cnpoblc of comprehe nsion by studen ts who have h a d e le m entary math e matics. 
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x. ay 

-.-+. ~· 
Y.o ax 

x V Lx' 

y n V Lx' 

X n 

Yn 

. ) 
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· x oy 
L-

ay y ox 
- . or (6) or (7) 
ox · n 

y ay 
L- -- or (8)-

y nax 

The formula in form (8) will yield a res ult of 1.0 (as wil l a lso the 

P ear son fo rmula) if applied to the two s imple se ries 2, 3 , 4, 5, a nd 6, 

8, I 0, I 2. as the sco res of four individuals in two tests. If we r e verse the 

second series, making 12, I 0. 8, 6 the scores on the second tes t. while 

u sin g 2, 3 , 4, 5, for the first series, both formula ·(8) and the P earson 

formula w ill yield a result of - 1.0 as the measure of correlation. No claim 

is made t hat formula (8) will always yield the sam e r esult as the fam ila r 
P ea rs on fo rmula , however. 

The formula here r eported is d e rived by a simple process of r eason 

ing , no s t e p of which is obscur~ . R egardless of whe th e r it is a s sa ti s fac
tory for professional u sc as is the P earson product-mome n t formul a , 

i t is more satisfactory for explanatory purposes than is tha t formula in 

t h e respect that is d~pends on a ratio as the expr ession of relation, rathe r 
tha n on a producL · 

'· · 
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IS METER NECESSARY TO A TRUE DEFINIT ION 
OF POETRY 

By 

T . E. TERRILL, 
Professor of Eng lish . Betha ny College. 
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A ristotle said not, but w e no longer feel bound to agree with Aristo
tle , or anybody, docilely and without ques tion. \Ve must admit, inde ed, 

that a poe tic idea is the firs t prerequisite; perhaps there a re othe rs . I 

wish to go back a nd examine the growth of poetry a mong early civili

zations less a dvanced than the Gree k in orde r to see if I ca n dedu ce the 
n ature , kin ships, and function s of it. 

Poe try is as old a s the human ra ce, far o lder tha n written language. 

Thoug h time and p la ce create diffe r e nces of opinion as to what cons ti
tu tes poetic excellence and embell ishment, yet it is a s universal as reli

gion. With the invention of writing poe tic utterance would see m to 
h a ve lost s ome of t h e inh e r e nt and all-pe rva ding preemin ence which it 
easily holds in spoke lang u age, for until the a dve nt of wri ting eve n the 

history and a ll facts con side r ed va lua b le to be remembered were chanted 

or s ung in rhythmic al. m e trical lang uage . Our Ame rican India n s had 

impassioned c hants and r ecitatives with da nce rhythms, which w e re 

a ccompanit•d by the beating of the tom -tom a nd the playing of other 

musica l instruments. "Neophytes of t he Druids, whose period of ins t r uc

tion and novitiate of te n last ed twenty years , were made to learn g reat 
quantities of verse by heart. T o the present day in Arabia and 
Hindustan a large pa r t of the n a tive lite rntu r e is tran smitted ornlly, 
compos itions being thrown into m etrical form to fa cilitate r epetition".' 

Yet the she ik will not hitc h his beloved horse to a dray · in spite of 
making so uti litarian a use of meter. The ancient Jews, the H omeric 
Gre e k s , the Teutons during the migrations a nd othe r barbaric races of 

whic h a n y r eco rd has been preserved since the dawn of history, lead us 

to see tha t poetry is a vita l, a fundamental expression, a human n e ed, 
a universal g rowth. 

But now comes a modern question as a result of ou r selfstyled highly 
c ivilized state a nd consequent feelin g of superiori ty and of the suspected 

probability of our outg rowing all our past d e lig hts and preoccupa tions : 

"Is the art of v erse one that can n ever be s upersed ed- or was poe try 
merely the extremely beautiful infancy of a type now adu lt" ' This is 
gettin g back to A r is totle's idea that a poe tic idea may perhaps be as 

well e xpressed in prose. L et us see. Here are the arts, according t o my 

1Sir Jas. H. R amsay-Founda t ions of England, p . 23. 
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notion, with poetry a t the heart of all and akin to all as no other art is, 

it seems to me: 

Drawing, Architec
ture, P ainting 

Space 

Form 

Color 

Arrangement 

Music: 

Time 

Sound 
Rhythm 

Harmony 

POETRY 

Sculpture and 
Modeling: 

Space 
Form 
Posture 

Sin g ing and 

Da n c in g: 

Time 

Sou n d 
Rhythm 

Pos tur e 

That poe try partakes of the nature of a re prcst:nto tive a rt hos bee n 

often noted; Spe nser s p e aks of "poet's wit tha t passe th painte r fa rre in 

picturing".~ It employs rhythm and harmony a s do t e mporal and s ona nt 

arts , music, and sing ing nnd dancing. 

Historic views conce rning the function and place of m e ter nrc 

d ese rving of n brief summnry here. The Gree k s ins i .. t e d on rhythmicnl 

prose and even developed a metrical prose ca lle d th e paean, whic h wa8 

an a lternating iamb and anapest. Cicero s tudied, practic ed, and advo

c ated rhythmical prose. In the Latin and Gree k poe try th e feet were 

b aaed on quantity, wh e rens ou r poetry is scanne d accordin g to s tress or 

accent. T he poe try of th e Bible is unders tood t o hnve b een in met e r in 

the Hebre w orig inal, thou g h the principle of m e t e r r e quires a new d e fi 

nition in each lang uage. ' Coming to our own lit e r at u re w e find Sidne y 

d e nying the n ecessity of r hyme , as Milton a nd oth e r " w e r e a t g r ea t p a ins 

la te r to do, but not of mete r. F ranee h as h a d vc r s libre a t least s ince 

La Fontaine. In Eng lish Ma c pherson's "Ossia n" a nd Whitm a n' s "Leav es 

o f Grass" have le d to a ll sorts of pros e poe m s , poly p h o nic prose n nd 

wha t-not. \Vordsworth, Cole ridg e . Shelley, and L e ig h Hunt have t r e ated 

t h e q'ues tion of m e te r in d e tail. 

By wha t rig ht docs Macphe rson e ntitle the O ssinni c matt e r "a 

poe m"} It is ima g ina tive , in how far it is m e tric al} It e mploys poe tic 

e mbellis hme nts ; it e mploys repetition and r e fra in : any pa r agr a ph will 

serve to illus trate this . It has alliteration, asson a n ce, rhythm. th e s hort 

•For Ge r man opinio n s see Tieck. Coeth's le tte r o f 1\ lny S. I 798 t o S hille r , 

J e nna ed .. 1905, n n d llcucl 's Intro duction t o the Acsthe tik. 
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phrasin g whic h is one of the most important dis tinctions between poetry 

and prose, and does noe even avoid the u se of verse for producing its 

effects a s will appear on the next p age. Whitman m akes no attempt 

e ithe r to avoid or re tain any reg ular verse-form in the "Leaves of Crass" 

nnd i t is a d m ittedly best in the m e trical passag es. In each of these writers 
we find wavering between poe t r y and prose, a nd often the reg ular 

rhythm of ia mb. 

From Fingal, p. 93, 1 s t column, 2nd pa.ragrapb , line 30, e t seq. 

The soii'nds I o f cra'sh ling a r'ms I ascen'd. ( snd, snd, as, as, as) 
The gr'ay I dogs ho'wll b e twe'en. (ow and ou in I ) 
Unequal burs ts the song of ba ttle. ( b, b) 
R o c k ing Cromla echoes round. (3 hard c's , nd) 
On Lena's dusky heath the y ll ta nd (nd, h) 

( Woods- Poetry & prose of Rom. Movement) 
Like mist tha t shades th e hills o f autumn (h) 
\Vhcn broke n a n d dark it settles high, (h) 
A nd lifts its h ead to hea ve n. (h, h) 
Or the beg inning o f Oina-Morul: 

Or 

This is Mac ph's Commonest Jing le 

As Ri'es the unco'nsta nt 'sun, 
Ove r La' rmon's g ra 'ssy hi ' ll, 
So p'ass the ta'les of o'ld 
Alon'g my sou') by ni'g htl 
like Eva n ge line d actyls: 

F r om Fingal, p. 95, line 46, 2nd column 
the I de'se rt, II by the I han'ds of the The y I fell like t wo I hind's of 

I mi'ghty I Swa ran; 
H e s its I dim on the I clo'uds of the I North, II a nd en jjo'ys the I deiith of 

the mii'rine r . 

Eve n the punc tuation coinc ides with end-stoppe d v erse. T h e meta
phor and other poetic e mbellishme nts a r c present, excepting only 
rhyme. This is underhanded v e r se. It is an inte r estin g experim ent but 
I cannot approve of it. Mac ph e rs on was too t r ic ky to write verse out
rig ht, as \Vhitma n was t oo in dole nt: Does th e n eglect of symme trical 
p la n a nd arc hitectural beau ty m a rk the great builder ? Docs a master 
a bjure marble in the construc tion o f his soul's dwe lling-place and prefer 
a sprawling hut, tha tched with "Leaves of Crass"? Or as Ba yard Taylor 
!'aid. "The diffe r e nce between a p rose poe m a nd a real poe m is the 
a i(fcre n ce between a marble statue and a ton of marble dust". 
' '' "Why have I wri tten in v e r se ?" queries Wordsworth in the pre face 

t o LYr-ical Ballads. The reason is that he wish ed to be reme mbe r ed and 

a wo rthy thou g ht r equires b eautiful expression to g ain and 'hold atten 
t ion. And thus W o rdswot h say s, [May] "thy m e mory be 'a s a dwe lling 

p lace for a ll sw eet sounds a nd h a rmonies". It may as w e ll be aske d, 
whe n "sensati o ns s weet (are ] felt in the blood a nd felt a long the h e art": 

\Y,hY , no~., write in v e rse? Curn~y s~ys, "Prose langu a ge is a , g lass 
thm»ah dY~ich the l ig ht passes, 'POetry a ' lens, whe re the thou g ht ta kes 

fi re as it p asses" . Hazlitt, account ing for -ve r se, sa ys , ·:A s the son g and 



270 PROCEEDINGS OF THE 

dance go together, so the re is no doubt that certain thoughts lead to 

certain tones of vo1ce , or modulations of sound, a nd change the words 

of M e rcury into the son g of Apollo". T his is Wordsworth's ''ine vitable 
poetry''. M eter t o Wordsworth is always des irable as superind u cin g 

pleasurable emotio n, and for some kinds of poetic expression is a 
n ecessity.• 

Cole ridge ~ays poetry arises out of ''a more than u sual state of 

emot ion, with more th a n usual order''. Shelley de fine s m eter as ' 'an 

observation of th e regular mode of the r ecurrence of harmony in the 

la n g uage of poetica l minds" and r ecommends it, b ut in emphasizing the 

s uperiority of poetic content over form, he declares that the "dis tinc tion 
between poets a n d prose writer s (is) a vulgar e rror". Leigh Hunt says, 

"I d o not mean to say that a poet can n eve r show himself a poet in 

prose; but that b eing o ne, his desire a nd n ecessity will b e to write in 

ve rse ; a nd that if h e were unable to do so, h e would not and cou ld not 
d eserve his title ". 

I feel that my own opinion on this subject deserves attention t oo, for I 

have p r acticed writing what I called poetry s ince the a ge of e leven a nd 

la t e ly sin ce the charge of distortion of thou ght has been lodged against 

meter, I have practiced writing out my thought in full b efore putti ng it 

into m eter. In n o case has the recasting been laborious; the rig ht meter 

has usually g rown into the first draft; as the thought varies, the meter 

may and should vary a lso ; and in no case has the r e bee n a ny thing b ut 

improvement and greate r satisfaction to me. 
The r e is not a worthy thought tha t could not be p ut into some of 

the varying a n d ever -developin g metrical forms. If the author is un
willing to take the trouble, if poetry hinders su ch a one's expression, " o 

much the bette r: we sha n't have to r ead him. A s Joubert says. our great 
au thors have b een " spirits , lovers of light, who when they have a n idea 
t o put fo rth, brood ove r it first and w a it patie ntly until it s hines, as 

Buffon e njoined, when he de fined genius to be the aptitude for patien ce". 

P oetic form requires exactly the r evis ion, focus, and self-critic ism we 

should desire for a ll hig h lite rary effort. I speak not of the rhymer a nd 

jing le r, I speak of him who aspires to the task and work of a true poet, 

and is willing t o r evise, focus, and mold, to chisel and ca rve, until the 

b eauty a nd truth s ta nd unencumbe r ed a nd clear. It is only s u ch who 

w ill be rem embered or deserve to be r emembered. Press-agenting may 

get a thing r ead o nce but n othing except intrins ic worth will preserve 
it from ultimate oblivio n . Barrett W endell had a theory of natural 

lite rary aristrocracy. He said that the very thin gs we remember a rc the 
best- a nd do w e n o t remember t e n times as much poetry as prose? 

•Goethe's v e r sifying ol prose passages which had seemed too painful (sec 
le tters to Schiller mentioned above) should be compared with Shakespenrr's 
p rac t ice of dropping into prose to aggravate pain and pathos. 
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It mm•a te rs to our plea sure , waiting upon our moods, and lulling to 
s weet d ream s wi th h a ppy ha rmonies. 

End-rhyme h as been a much disputed metrical question. It h as b een 
d e n ounced as a n a ffecta tion and a hindra nce to expression a nd la uded 

as a mus ical a nd m e trical device par excellence. Suppo r t ing the la tte r 
view, H azlitt even asks, "Since rime assists the m e mory. m a y it not a lso 

quicken the fa n cy?" I pre fe r not to enter into the d ispu te h e r e e x cept 
to n o tice the va rious the ories of the orig in of e nd-rh y m e. Some, a nd I 
think t hey are r ig ht, conside r it largely a sponta neou s g r owth within a 

la n gu age. Courthr ope traces it intrica tely from A rabia ; Guest ( I think 

h e did t oo ) says i t originated with the Goths, was tra n spla nted into the 

La tin-descen ded Roma nce la n g uages through the Gothic inc urs ion s , tha t 

it the n raged fo r n time as a n e pidemic among th e C hrist ia n Celtic W e lsh. 
a n d Eng lish t ook it b ecause it was ve ry contig uous ( I ) . 

Bu t definin g m e t e r as broadly as Shelley does (cf. p a ragraph begin
ning midd le of p 5), a re there not a nalogies in n a ture for it ? True , "muc h 

prose is o nly c rippled poetry", as Tieck says, but it is not p ermitted by 
d e finiti o n ever to b e more tha n broken music, for a t th e point of p assing 

into son g it ceases t o be prose. The bird d a nc ing on the spray pours 

out his a rde nt soul in a s imple but oft repeate d pr-r-r-it-e-e bir-r-d. for 

his m a te seem s to m e rit the utmost melody a nd embe llishme nt of utte r

a n ce within the compass of his small throa t. (The man who h as n eve r 

felt so hns n eve r b een in love.) The delight that not only savage men 

but n nima ls ta ke in rhythm is well known and is sig nificant in this 
connectio n. A military band sets any cavalry horse and some othe r s (I 
h a ve seen horses that I knew from colthood and tha t had n e ve r b een 
a rmy h o r ses so r espond) to danc ing in perfe ct time to the mus ic. A ll 
must h a ve n o ted rhythmic r esponses of elepha nts. She phe rds play e d wind 
ins trume nts to keep the ir Roc ks near a nd to lead to n ew p astures. I 
have h eard of cows that produced more milk to mus ic . High ly inte lli

gen t d ogs a re sometimes sensitive to music and various mood s ca n b e 
noted in the ir r esp o nses. 

I think w it h O mond' tha t "did verse answer t o no ins tinc t in our 

na tures, it mig ht w e ll b e a b a ndone d as a thing outworn", but I feel tha t 

the r e is som ethin g indisp en sable in this inte rweav in g of la n g u age, 

image ry, a n d mus ic , the "fa irest frie nd of yout h throu g h so m a ny gen e

r a tio ns". Of course to one who e n ters an imposing porta l s upported b y 
Corinth ian colum n s, only to find himself in a poo r. low, filthy hut whe r e 

the lig ht h a rdly shines a t a ll, the relization of the incon g ruity will bring 

with it impatie nt d isgust; it is for a like r ea son tha t flimsy ve r s ifie r s are 
h e ld in g r ea te r conte mpt than almost any othe r ama te ur practition e rs 

in writte n expression. If we discove r some one a ping poetic form wh en 

•Om:>nd·Englis h Metrist s . p. 169 . 
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he has not a single poe tic thought to store in it, we look upon him with 

a peculiar disdain and a n especial pity. But as the mouth is d epende nt 

on the eyes above it and the ea rs on either s ide of it for the orig ina l data 
for its utterances, so should expression, in a spirit of gratitude, e ndeavor 

to p lease the ear with harmonious sounds a nd cadences, a nd th e e ye 
with fair images for the inward eye: thu s wi ll observing be repa id, and 

listenin g be more and more worth while. 
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AN EXPERIMENT A L STUDY OF THE EFFECTS OF 
SUPERV ISED STUDY A MONG COLLEGE 

FRESHMEN 
By 

JOHN E. W INTER. 
Professor of Psychology, W est Virginia Univers ity. 

The problem in this study is two-fold: To ascertain (I) to .what ex
tent the h eavy m ortality among freshmen can be avoided; (2) to what 

extent high school grades combined with a freshmen intelligence test are 

a true index of the student's capacity. 

An experimenta l g roup of about sixty freshme n taken fro m t h e two 

lowest deci les w e re g iven a course in methods of study, and were put 
th rou g h the actual paces o f study. The semester grades of this group 

were compared with the grades of three control groups from the 1928. 
1929 and 1930 freshmen classes, a ll of whom were also within the two 

lowest deciles of their respective classes. 
The conclusions reached were as follows : 

I . The cour se in s upe rvised study was most effective amon g t h e students 
in the lowest decile or decile a nd a half. 

2. Contrary to Pressey and others it appears from our results that the 

traine d g roup on the whole showed decided superiority over the 

untra ined group in g r ades. W c conclude, therefore tha t it is emine ntly 

worthwh ile to train ev en the lowest d ecile. 

3. Neither intelli gence tes ts nor high school g rades a r e a reliable criter
ion of a student's scholastic capacity, at least so far as the two lowes t 
deciles a r e concerned. 
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HOW SHOULD A COMPOSITE SCORE BE MADE FROM 
A BATTERY OF TESTS? 

By 

FRANK S. WHiTE. 

Professor of Education, Fairmont State T eachers College. 

In recent years many teachers have been using batte ries of t ests to 

measure the progress a nd achievement of students. This is tru e beca use 

the teachers are coming to recognize the fact that various types of abili
ties can be better measured by a battery of tests than by any one type 

of test. Many different procedures are followed m combining the 

scores of t he various tests, for the purpose of making a composite sco re 
on which final marks a r e based. Among the methods practiced by 
teachers are: ( 1) The transmuting of the scores made by the pupi ls o n 

each test into marks and attempting to average the marks: (2) T akin g 
either the £urn or the average of the raw scores of each pupil as the 
basis for determining his mark; (3) Taking th e product of the raw 

scores made by the s tudent on each test in the batte ry; ' ( 4 ) Conver ting 

the raw scor es of each t est into M-Scale scores. 2 

The use of the first of these m ethods is evident ly absurd in a school 

cystem or institution that makes u se of letters to indicate th e m a rks of 

the stude n ts. For example, let us take a school system tha t a tte mpts to 
make the class achievement the basis for d e t erminin g the fina l marks, 
a nd that a lso e ndeavors to make the d is tribution foll ow an approx ima

tion of the norma l fr eq uency cu rve. Let us s uppose le tters, A. B . C. D. 
and E are used with percentile values as follow s : A, 9 5- 1 00: B. 90-9 4: 
C. 80-90; D. 70- 79: E be low 70 or failure. A certain stude nt makes o n 

a battery of tests composed of three differen t types of tests marks A, B. 

C. we cannot say that he averages a B. because th e raw scor es from 

which his A was determined may have been in the extreme lowe r limits 

of the scores which were assig n ed A valu es. The same mig ht h a v e b een 

true of the scores that were given the B and C valu es. On the other 
hand the scores on which all three of the letter v alues were based may 

have been at the upper limits of the values. Or one of the le tters may 

have been d etermined from scores that represented the lowest va lu e of 

that letter, the other two scores that represen ted th e hig h est va lue. Take 
the definite example of a college senio r who made an A on a certain t est 

in a battery, a B on another, a nd a C on a nother. A ' s were g ive n on 
raw scores of 71 to 84. His A was given on a score of 7 1. B"s were 

rated on raw score of 56 to 69. The B was g ive n o n the score nf <; 7 

1T hi s method has been suggested and prncticed to •orne ex t e nt by the write r . 
2For details of this p rocess see Cha rles Russell. Classroom T es t s , Chnno ... "'" 

Boston: Ginn and Company, 1926. pp. V-346. 
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The , C 's w e re ass ig ne d from raw score of 40-5 0. The C was obtained 

from a r a w score of 40. Now those teachers who atte mpt to m a k e a 

compos ite score from the le tte rs would likely say this student's a verage 
is a B. Suc h is n o t the ca se. When his point scores from the three 
diffe re nt t es ts a r c added and put in a distribution with the sum of the 

p o int sco res for a ll m embe r s of the class, his composite p o int score ve ry 
clea rly cam e in th e C divis ion. Also when the scores w e r e M -S caled a nd 
a com posite scor e m a d e from the m his composite score f.;ll v e ry d e fi 

nite ly in the C group. Ano t her s t udent in this sam e g roup r eceived 

marks o f A , B, a n d C on the r esp e ctive t ests of the b a tte ry. His sco res 

w e r e a ll a t the u pper limits of the letter values. \V h e n a composite w as 

m a d e by e ithe r ta kin g the s um of the raw scores fo r th e thr e e tes ts or b y 
M -Scaling the m, his c o m p osite score w as in the A g roup. 

A liule o bservatio n will c onvince even the non-s keptical t each e r 
tha t this m e thod of c o mbinin g the results of t es ts is extre m e ly inaccura t e. 
For the p u r p o se of h e lping to d etermine whic h of the o the r . three 

m e thods is the best, th e write r s tudied the r esults obta ined from g iving 
m a n y b a tte ri es o f t es ts . T h e s tudy of the r esults from two of the b a tte ries 
will b e r e p o rted in full. 

The First Battery 

Th e fir s t ba lle ry w as g ive n r e ce ntly to a class in s chool m a n agem e nt, 

t a u g ht by th e w r ite r in Fa irmont State Tea chers College . The r e w e r e 

forty- three m e mbers of the class. They were with one or two e x ceptions 

second y ea r s tude nts pursuing the Two-Year Norma l Curric ula . Two 
t es t s , true-fa lse a nd c ompletion, constituted the batte ry. The r e w e r e o n e 

hundred questions in ea c h one . Exactly twenty mi'riutes w e r e allo w ed 
fo r eac h t es t. Bo th w e r e g iven at the same class p e riod b y the mim eo
g ra ph m e th od. Th ~ r a w scores from each t es t a s w e ll as the com posite 
scor es by three m e tho d s a r e g ive n in Table II. 

Table I. Raw scores for the True-False and Completion Tes t s and 

the compos ite by each of the three procedures. 

Average of 

Student's T rue-False Comple tion Average of P roduct M-Scalc 

!'umbers Test Scores Test Scores Raw Scores of Scores Scores 

I. 5 0 14 32 7 0 0 4 6 

2. 4 5 20 32.5 9 00 47 

3 . 4 3 0 I 7 12 0 4 2 

4. 3 6 7 21.5 252 34.5 

5. 4 9 13 31 637 48.5 

6. 39 27 33 10 5 3 47. 5 

7. 39 I 7 28 663 44.5 

8. 70 50 60 3500 66 

9. 45 28 36.5 1260 49.5 
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Average of 

Student's T rue-False Completion A ver age of Product M-Ssole 

Numb er s Test Scores Test Scores R ow Scores of Scores S cores 

10. 26 8 I 7 208 36 

I I. 62 4 1 51.5 2542 60.5 

12. 53 17 35 901 48.5 

13. 49 37 43 1813 54.5 

14. 69 36 52.5 2484 61.5 

15. 62 30 46 1860 56.0 

16. 57 I 7 37 969 50.0 

17. 72 16 44 1152 56. 5 

18. 62 37 49.5 2294 59 
19. 62 18 40 13 64 52. 5 
20. 69 8 38.5 552 50 
2 1. 76 54 65 4004 64.5 
22. 59 16 3 7.5 944 49.5 
23. 38 8 23 304 38. 5 
24. 55 24 38.5 1320 51.5 
25. 65 24 44.5 1560 56 
26. 40 22 3 I 880 46.5 
27. 46 14 30 736 44 
28. 58 14 41 812 44 
29. 64 16 40 1024 5 I 
30. 65 35 47.5 2275 58 
31. 88 30 59 26 40 65 
32. 68 19 43.5 1292 55.5 
33. 22 6 14 132 37 
34. 59 14 36.5 826 48.5 
35. 49 10 29.5 490 43.5 
36. 54 14 34 756 46.5 
37. 12 8 10 96 35 
38. 58 33 41. 5 22 44 59.5 
39. 57 7 32 399 42 
40. 42 20 3 1 840 46.5 
41. 57 32 44 .5 1814 55 
42. 49 23 36 I 129 5 I 
43. 66 16 41 1056 52 

Tabl e II. Letter marks tha t would be assigne d on the basis of e ach 

of t h e three methods of makin g composite scores. 

Pupi l' s Average of Product s o f 
number raw scores ro w scores M -Sca lc scores 

I D D c 
2 c c c 

. 3' E E D 
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Pupils Average of Products of 

number raw scores ra\'1/ scor es 1\·1-Scnle scores 

4 D D E 

5 D D c 
6 c c D 

7 D D D 

8 A A A 

9 c c c 
10 D D D 

II B B B 

12 c c c 
13 B B B 
14 B B B 

15 B B B 

16 c c c 
I 7 B c B 

18 B B B 

19 c c c 
20 c D c 
21 A A A 

22 c c c 
23 D D D 

24 c c c 
25 c c B 

26 c c c 
27 D D D 

28 c c c 
29 c c c 
30 B B B 

31 A B A 

32 B c B 

33 E E D 

34 c c c 
35 D D D 

36 c D c 
37 E E E 

38 B B B 

39 D D D 

40 D c c 
41 B B B 

42 c c c 
43 c c c 
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The letter ass ig nme nts were mad e as follows: 

From m ea n raw s cores. 

A's 59-65 ; B's 41.5 -52 .5; C's 32.5-41; 

D's 17-32; E's 10-17. 

From produc ts of true-false and completion scores: 

A' s 3400-4299; B' s 1814-2640; C's 812-1560; 

D's 208-756; E's 96-132. 

From the mean of the M-Scale scores. 

A ' s 64.5-66 ; B's 54.5-61.5; C's 45-52.5; 

D' s 36-44.5 ; E's 34.5-35 . 

With the exception of numbers 3, 4 , 5 , 20, 31, 32 , and 33 , each 

s tudent would receive the same mark by each of three processes o f com

bining the scores. Student three receives a n E by the usc of e ither com
posite score obtained from taking the mean of the raw scores, or the 

composite scor e obtained by taking the products o f t he r aw scores, but 
h e r e ceives a D, which is a passing mark, from the composite score 

obtain ed by ta king the mean of the M-Scalc scores. Stude nt four 

r eceives a D from both the mean and the product of the raw sco r es, but 

h e r eceives an E from the mean of the M-Scale scor es. Students 5 a nd 6 

make the same kind of a shift with the le tte r s C a nd D as is made with 

the letters D a nd E by 3 and 4. Studen t 20 obtains a D from the product 

of the r aw scor es, but a C from e ither of the other two m e thods . Stu
d e nts 3 1 and 32 both draw lower marks by the produc t method than by 
e ither of the others. 33 gets D, a passin g mark, by the u se of the M

Sca le scores, but E, a failin g mark by each of the othe r methods. 

It will be observed that in each of the cases where there h as been a 

change of mark from D to E. E t o D or a ny other c ha n ge by the u sc of 

the different composite scores, that the point scores fr om which th e mark 

h as been assigned are very close to the division line b e tween the two 

letter s involved in the cha n ge. Thus s tudent 3 1 r eceives his A fr om the 

m ean composite score of 59 which is the lowest point score receiving 

A by this process, and the B assigne d fr om the product composit e is 

obta ined from the hig h est poin t scor e rated as B. 

T he results of the second battery which a r e g iven here were obta ine d 

b y g iving six diAerent test s to the m embers of a class of 2 I stude nts in 
e du cational m easurements fo r high school teachers t aught by the writer. 

The t ests were : true-false. incorrect s tatement, traditional, completion, 

multiple-choice and matching test. T he fir st three tests were g ive n dur

ing a class period one day, the other three during the class period the 

following d ay. The time given to each t est was fift een minutes. A 

summary of the results of this battery is g iven in Table Ill. 
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Table III. Composite Scores by each of the Three Methods? Marks 
Actually A ssig ned from the Averages of the Raw Scores and the Assum
m e d Marks for the Products of the Raw Scores and the Sum of the 
M-Scale Scores. 

Avera ge 
Student's Rn w Mark 
Numbe r S t:o res r\s-iJ? ncd 

I. 27.7 B 
2. 20 c 
3. 22 c 
4. 19.2 c 
5. 39 A 
6. 18.2 D 
7. 15.7 D 
8. 33.2 B 
9. 32.7 B 

10. 16.8 D 
1 1. 12.5 E 
11. 22 c 
13. 27.5 B 
14. 13.77 D 
15. 17 D 
16 . 27.7 B 
17 . 21 c 
18. 18 D 
19. 24.2 c 
20. 22.7 c 
21. 33 B 

Product 
Raw 

S cores• 

46 
7.4 
9.5 
8.2 

574 
0 
3.9 

112.9 
172 

0 
.2 

15.48 
87.6 

7.24 
4 

9 1.87 
0 
0 

I 7.63 
8.73 

24.48 

Mn rk 

c 
c 
c 
c 
A 
E 
D 
B 
B 
E 
D 
c 
B 
c 
D 
B 
E 
E 
c 
c 
c 

The lette rs in Table IIi are obtained as follows: 

Average 
M· Scale 
S cores 

54 
47 
48 
48 
66 
47 
46 
56 
60 
44 
38 
52 
5-1 
44 
45 
56 
45 
44 
50 
52 
59 

Mark 

B 
c 
c 
c 
A 
c 
c 
B 
B 
D 
E 
c 
B 
D 
D 
B 
D 
D 
c 
c 
B 

For the composite score made by taking the average of the raw 
scores, A is assig ned for the score of 3 9; B' s for scores of 2 7. 5 to 3 3. 2; 
C's, 19.7·24.2; E. for the score of 12.5. 

From the product of the ra w scores. 
A, from th e score of 574; B's , 87.6. 172; C's, 7.24- 17.63; D's, .2·4. 
From averag e of M·Scale scores. 
A. from the score o f 66; B' s, 54-60; C's, 46-52; D's, 44·45; E is 

g iven for th e score of 38. 
An exa mination of T able Ill reveals t he fact that twelve of the 

twenty-one students wou ld receive the same marks, by the use of the 
products of the raw scores, or by the use of the mean of the M-Scale 
scores to form the composite scores, as they did receive by taking the 

• E a ch ra w scor e was divided b y I 00 before mul t iplying . a nd the products 
taken to the ncnres l hundredth. 
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mean of the raw scores for this purpose. Of the remaining nme students, 

si:x:, numbe r s I, I 0. I I, 14, I 8 and 21, would have each r eceived the same 

letter from the composite made from M -Scale score that h e did receive 

from the average of the raw scores. Numbers 6 and 7 would have 
received C's by the latte r method instead of D's, while number I 7 would 

have r eceived a D instead of a C. 
The large number of E"s indicated by the u se of the product of the 

raw scores for the composite is the result of zero scores on certain t ests. 

This is the outstanding disadvantage of the use of the products of raw 

scores to dete rmine marks. No difFerence how high a students score may 

be in some of the tests, a zero score on any one test will give a zero 

composite score. Perhaps, the fairest practice in such cases would b e to 
ig nore the zero score and take the product of the scores of the remaining 

tests as the composite. It is readily noticeable from both Tables I and 
II that the making of composite scores by the product m ethod magnifies 

individua l differences in achievement. This makes the assignment of 
marks from the distribution of the composite scores a little easie r than 

by either of the other methods. 

In general, T able Ill indicates that the final marks will be about the 

same with a ny one of the methods represented in the table as with either 

of the others. The s tudent who would receive different letters on 

different t ests are students whose letters were assigned on point scores 

that represented values close to the border line between the letters. 

The R e liability of the Composite Score 

While the main problem that we are concerned with in this study 
centers around the marks that the students receive From their scores on 
a battery of t ests, some light will be thrown on our problem by observing 

the reliability of our data. The standard deviation from the mean of the 

various composite scores, its reliabi lity a nd coefficient of variability were 

calculated for both batte r es of tests with the results indicated in Table IV . 
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T able IV. Mean, Standard Deviation, Reliability of the Mean m 
Terms of Standard Deviation, and Coefficient of Variability. 

Mean 
Standard 
Deviation 
Reliability 
of the mean 
Coefficient 
of Variability 

FIRST BATTERY 

38. I 

I 1.8 I 

1.8 

30.97 

" " ... "' 0 ~ 
u u 

Ul " "0 

B 2 
·;; 0.. 

0 "' 

"' E " E o ~ 
8..:~ 

II I 2.26 

8.94 

1.36 

72. I 

"' ~ 
0 
u 

Ul 

" -,; 
u 

Ul 

::E 
2 
·;;; 
0 p, 

E 
8 

42 .72 

8.30 

1.26 

19.43 

SECOND BATTERY 

"0 ?: 

E " ... a:: 
0~ 

l.:.. 0 

23.04 I 
7.5 7 1 

1.65 

32.86 

"0 ?: E e ... a:: 
0 
l.:..~ 

"' " 
0 

... " 0 ~ 
u u 

Ul " "0 

~ 2 
·u; 0.. 

0 "' 0. ~ E E 0 0 0 u 
U.!:U) 

54.9 

I I 9.95 

26. I 7 

21.85 1 

" ~ 
0 
u 

Ul 

" c;; 
u 

Ul 

::E 
!i .. 
0 p, 

E 
0 
u 

50.29 

6.46 

I. I 9 

12.82 

Table IV portrays a great difference between both the means and 
the deviations of the composite scores obtained by the various proce
dures. This difference is due in part to the difference in the size of the 
composite scores, r esulting from the different treatment, but it is also 
due to a difference in reliability between the different processes of 
computing the composite scores. Principally because of the first of the 
preceding reasons, a direct comparison of the means or deviations for 
the different methods is impossible. Therefore, whatever evidence that 
we a r e able to obtain from these data in r egard to the reliability and 
consistency of the d ifferent methods will have to come from an inter
pretation of the reliabi lity of the means in terms of standard deviation, 
and of the coeffic ie nt of the reliability of the means. 

The reliability of the mean of the composite scores obtained from the 
average of the raw scores of the first battery is 1.8. This is the standard 
deviation by which we calculate areas under the normal probability 
curve. Therefore, the chances are 68 in I 00 that the true mean lies 
between (38.1-1.8 and 38.-+1.8) 36.3 and 39.9. Likewise the chance~ 
are 68 in I 00 that the true mean of the composite scores for each of the 
other two methods (in the order appearing in the table) lies between I I 

and 13 .22 , and 41.46 and 43.98. 

For the second battery the chances are 68 in I 00 that the true mean 

lies between (23.04-1.65 and 23.04 + 1.65 ) 2.1.39 and 24.69. Also, for 
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each of the other methods {taken in the order of thei_r appearance m the 

table) there are 68 chances in I 00 that the true mean lies between 2 7 . 7 3 

and 81.7 and 49.1 and 5 1.48. 

Considerable consistency is shown by the small difference ( I. 8-

1.65 =. I 5) between the reliability of the means in terms of standard 

deviation in the two batteries by taking the mean of the raw scores for 

the composite score, and sti ll more consistency is shown for the method 
of making the composite scores from the M-Scale scores. 

As we examine the various coefficients of variability, g ive n in the 

table, we observe a r easonable similarity between the coefficients of 

variability obtained for the two batte ries by the use of the mean of the 

raw scores to form the composite. The respective coefficients being 

30.97 and 32.86. There is less difference between the coefficie nts of 

variability of the two batteries by this method than by the usc of the 
M-Scale scores. However it should be noted that the coefficients of 

variability, 19.43 for the first test and 12.82 for the second is lower for 
the M-Scalc scores than for either of the other methods . It is very large 

for the composite scores formed by taking the products of the raw 
scores of the first battery, but about mid-way betwee n the c oefficients 

for the other methods of the second battery. 

Since the reliability of the scores is in mverse proportion to the 

coefficient of variability, the composites obtained by the u sc of the M

Scalc scores are more reliable than those obtained by eithe r of the other 
methods. On the other hand, the data of Table IV implies, at least a 

slight superiority in consistency for the composite scores resulting from 
the u3c of the mean of the raw scores over either of the other methods. 

All in all the data cont a ined in Table IV indicates that for statistical 
purposes composite scores made from M -Scale scores arc more reliable 
than composite scores obtained by either of the othe r two methods, but 

its superiority as a practical means of assigning marks over the usc of 

the sum of the raw scores is hardly sufficient to justify t h e expenditure of 

the extra amount of time it requires. 

S u mmary 

This study has in the main centered on the results of two batte ries 
of tests g iven to two groups of students in Fairmont State Teachers 

College. The fi rst b attery consisted of two tests g iven to a group of 

seniors in the two-year normal course . The second battery consisted of 

six t ests g iven to college juniors and seniors. Four different methods of 
constructing composite scores have been considered. These methods 

arc: (I) Assigning letter marks for the scores on each test and making 

composite scores by attempting to average the letters; ( 2) T aking the 

arithmetic mean of the raw scores; ( 3) Taking the product of the raw 

scores; ( 4) T aking the mean of t he M -Scalc scores. 
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The first m ethod has been given but little consideration here, because 
the writer believes that its defects are so obvious that further study of 

it is useless. The data obtained from the two b atteries of tests included 
in this study indicate that the majority of students will r eceive that same 
mark from one as from another of procedures two, three, and four. 

The students that would receive different marks by the d efferent 

methods are students whose scores are ncar the boundary line between 
two divisions in the marking system and the re is no way of knowing 
for sure what is the mark deserved by the ' students in such cases. There 

is much to commend the plan of making composite scores from the 

product of the r aw scores. It definitely discrimiates between the achieve
ment of different individuals. On the other hand it is long and some

what cumbersome. Furthermore, we have not yet determined the types 
of abilities that should be measured, and what type of test best measures 
a certain type of abi l ity. \Vhen we do determine these with a reasonable 

degree of certainty, in all probablity the best means of making composite 

scores, will be the product method. 
The average of the M-Scale scores is the most reliable method, but 

it is rather long and complicated, although with a little practice the 

making of M-Scale scores becomes an interesting process. 

The process of taking the average of the raw scores (the same 

marks will be assigned by taking the sum of the raw scores of each 

pupil) is a simple one that can be done quickly by any teacher, and will 

give comparatively reliable results if the tests are well constructed and 

carefully scored. 

Recommendations 

1. For the present, the practice of making composite scores from 

the sum of the r aw scores or from the average of the raw scores is 

recommended to the classroom teacher. 
2. In case it is difficult to decide which of two marks a student should 

have, give him the benefit of the doubt and give him the higher of the 

two marks. 
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A STUDY OF THE EFFECTS OF SAMPLING FISCAL 
DATA JN EDUCATION 

By 

ROY C. WOODS. 
Professor of Education, Marshall College. 

or recent years there has been an increasing interest, among both 

laymen and educators, in the fiscal aspects of education. Typical among 

the numerous studies in the field are the invest iga tions of the '"Educa

tional Finance Inquiry"' and the numerous School Building Surveys. The 

close relationship between the ability to pay and the educational oppor· 

tunities in a given dis trict warrants this increased interest. Among the 

various ""techniques" for investigation of fiscal problems may be found 

the ··sales technique" for computing an approximate true value for th e 

wealth of the community. It consists in findin g the ratio between the 

real value as shown by actual property tra n sfers and the value as placed 

upon it by the tax assessor. That there are wide variations among asses

sors in the evaluation policy has been long known. Even in s tates that 

require by law that "property shall be assessed at its true value, having 

regards to its quality, location, and n atural advantages, the general 

improvements of the vicinity and all other element s of its actua l value 

.... " wide divergence exists between assessed values of properties and 

the sale values. The writer of this article claims no credit for the " sales 

technique". It has been in usc for years. The purpose of this article is 

to s tudy the advisability of attempting to correct data showin g such 

fictitious con siderat ions as "for love", or for '"$1.00 a nd oth er valuable 

~onsiderations"; and to s tudy the effect of sampling the data in com

pu~ing the assessment ratio. Both of them have been used by school sur

veys .with little or no attempt to defend the action. A third question that 

will be s tudied deals with the best method of computing the assessment 

ratio i. e. should all transfers be summed and the ratio found f rom the 

total of the assessed values and the total of the trans fer values o r s hould 

an assessment ratio be computed for each property transfer a nd a median 

for a ll be computed} 

BrieRy stated the "sales technique" is a device designed to show a 

correction for the error of evaluating the property. In the formula it is 

shown as follows ;-

Assessed value 

Transfer value 

Assessed value 

Assessment rutio 

equals assessment ratio. or, 

equals the approximate or estimated true 
value. 
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The data may be found on the tax records. In some instances an old 

established firm of abstractors will have the data in a form more easily 

obtained in t heir office. T h e collection of the data can be done by a 

competent clerk. 

For the y ears 1900, 1915, 1920, 1925 used in this study the Federal 

R evenue Act provided that for each $500 .00 there must be a $.50 
revenue stamp p laced upon the deed. Is it advisable to translate the 
apparent fictitous consideration into some value as indicated by the 

stamp or ti discard all such data? Again, if such a correction is 

attempted should all data be so translated to insure comparability {>r 

o n ly those which look suspicious? It seems that both offer advantages 

and disadvantages. Recently, under the direction of Professor E . T. 
Peterson of the College of Education at the University of Iowa, the 

writer had occasion to study a problem that involved a use of the assess

ment ratio. From these data has been computed the following table 
intended to answer the question just raised. It should be read as follows;

In the year 1915 there were 13 I transfers of urba n property. The assess
ment ratio of the transfers that appeared to have true conside rations 
was 50.5 . If all were ··corrected·' to the midpoint of the value of the 

stamp the ratio was 48.7. Of the total number of transfers there were 

3 1 tha t appeared to have fictitious con sideration g iven. Correcting 

these 3 I cases to the midpoint as shown by stamp value and using the 
other valid cases the ratio was 43.2 

T a ble I 

Correcting the consideration given to a probable true figure as shown 

by the stamp value. 

Correct· 
A5S ' t ru tio Correcting: N un1ber in g these 
us in g only all cases cnses cases only 
cases with tn idpoint showing but using 

Number apparent of stamp fictitious others 
Year Group cnscs real consid. value consid. as given 

1915 Urban 131 50.5 48.7 31 43.2 

1915 Rural 197 47.8 69.8 49 5 I. 7 

1920 Urban 81 38.4 38.3 91 36.9 

1920 Rural 206 3 7.8 48.8 354 44.9 

1925 Urban 34 48.5 52.2 106 59.0 

1925 Rural 79 60.3 63 . 2 76 5 1.3 

Sampling probably always inj ects some error in to a study. Yet, the 

limitation of both money and time makes sampling a common practice 
in educational s tudies. How few cases can be used and still be within the 

reasonable limit of err or in computing an assessment ratio for a g iven 

district? Again, after the cases are sampled and transcribed from the 

tax records should one usc each case separately or by totals as suggested 
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above in this a rticle? Table II attempts to answe r these questions with 
re lation to these data. The table should be read as follow s;- ln th e year 
1875 among the urban areas within the county s tudied there were 135 
prope rty tra nsfe rs. When the assessed values and the trans fers va lues 
were tota led and a n assessment ratio computed it was found to be 2 4. 3. 
Whe n each property transfer was treated individually and a m edia n o f 
a ll ra t ios found the assessment rat io was found to be 26.4. The average 
of the two methods was 25.3 5. This table shows e ig ht diffe re nt m e thods 
of sampling for comparative purposes. 

Table II 

Effect of sampling and a s tudy of the two methods of computin g th e 
acsessment ra tio. (Urban transfe rs in Cou n ty) 

Snmpllng 
group 

A ll cases 
Odd cases 
Eve n cases 
Eve ry 5 th 
Every 1Oth 
First 1 5-middle 20 

Number 
Cases 

135 
68 
67 
27 
13 

a nd last I 5 cases 50 
First 50 50 
First 100 I 00 

A ll cases 
Odd cases 
Even cases 
Every 5th 
Eve ry 1Oth 
First I S- middle 

20 las t 15 
Firs t 50 
First 100 

44 1 
22 1 
220 

88 
44 

50 
50 

100 

Ass· t r a tio 
using totals 

24 .3 
26.0 
22.5 
24.5 
19.9 

23.8 
24.4 
28.6 

Ass·t rat io 
medittn 

26.4 
32 .5 
30.8 
26.2 
20.5 

28 .8 
25.8 
22.8 

Averal{c of 
two me thods 

2 5. 3 5 
29.25 
26.65 
25.35 
20.20 

26.30 
25 .1 0 
25. 7 0 

(Rural transfe rs in County) 
40.9 44. 9 4 2.90 
4 I . 7 

40.0 
36 .2 
36.9 

40.1 
40 .0 
45.7 

41. 8 
46.9 
44 . I 
4 5.6 

41.2 
42.5 
4 2.9 

4 I. 7 S 
4 3 .45 
4 0. I 5 
4 1. 25 

40.65 
41.25 
44.30 

Similar results were obtaine d for the years 1880, 1900, 1920 a nd 
1925. The data are on file in the writers study, Space, howe ve r, does 
not warrant publishing more than one more year. T able 3 s hows sa me 
as ta ble 2 but for the year I 925. It should be read li ke table 2. 
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T able Ill 

Same as table II except using data for 1925. (Urban) 

Snmpling Number Asst ratio Asb·t ratio Average of 
group Coscs u s ing totals nwdiun two 1ncthods 

All cases 140 5 1.3 4 3.0 4 7. 15 
Odd cases 70 48.0 43.9 45.95 
Even cases 70 55.8 42 .9 49.35 
Ever y 5th 28 4 4 .0 34.9 39.45 
Every lOth 14 5 1.2 34.9 43.15 
First I 5-middle 

20 last 15 cases 50 60.4 3 4.9 4 7.65 
First 50 50 47.6 44. 9 46.25 
First 100 100 46.7 42.9 45.55 

( Rura l) 

A ll cases I SS 59.0 58.6 58.80 
Odd cases 78 59.5 56.7 58.10 
Eve n cases 77 59 .7 61.3 60.50 
Every 5th 31 58.2 56.4 5 7. 20 

Ever y I Oth 15 5 7 .I 60.5 58.80 
First IS -middle 

20 last I 5 cases 50 64.3 60.9 62.60 

First 50 50 60.0 58.9 59.45 

First I 00 tOO 59.8 5 7.7 58.75 

The only wide varia tion fo und in the other years from the tre nds 
s hown above were in c~>scs whe re e badly :skewed distribution wos found. 
Thot is when a Iorge number of cases sampled hod an assessment ratio 
in excess of I 00. Where the ~am pled distribution ran within what even 

0 
casua l inspection showed to be average the results were similar to 

these shown. An exception like the one to follow would cause the 
nssessment ration to vary. In 1880 in sampling the first I 5, middle 20, 
and last I 5 cases. the first I 5 cases contained 6 of the I 0 cases an which 
the assessment ratio ran over I 00 and three were 5 50. 

Again in 1900 in samplin(l the first 50 cases I 2 cases ran over I 00 
ond two as high ns I I 00 ;~nd one 260 0. Such cnscs are obviously out of 
harmony with genera l assessment policy or indica te errors in recording 
wh ic h cannot be expla ined or co rrected. 

In view of the above dnto it seems d oubtful if correcting the .. con
sideration .. to some point indicnted by the stomp odds o ny noticeable 
accuracy. The difference is so small that were added accuracy known to 
exist the added labor would render it of doubtful value. The error 
introduced by discarding such transfers is probably less than is inherently 
to be found in the technique itself. 

F urther the tables show that sampling can safely be followed thus 
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reducing the time, energy and money involved materially. It would 

appear from the above data, that if these data are at all in line with 

trends elsewhere tho t one would be safe in sampling fifty cases from 

which to compute the assessment ratio. In years in which trends are 

known to have been skewed towards one end of the calendar it probably 

would be better to use the first I 5 middle 20 and last I 5 cases. At other 

times there is probably no material advantage to be had. 

No noticeable variation was to be found b etween the two methods 

of computation. Time, energy and money involved would call for the 

computation from the total assessed valuation and total sales valuation 

of the first fifty cases. In the absence of any data to prove which method 

is most accurate, and with a known error in recording such data on the 

R ecords, the closeness of results indicate one is safe in taking the easier 

of the two methods. 

A final suggestion to one making usc of the technique would be thnt 

a good, careful clerk can secure this data and do most of the com· 

putations. 

The writer fee ls that with the knowledge that a ratio can be com· 

puted at greater ease more of this work will be done in states not having 

a tax commission which furnish es such information. 




