


.. 
r . 

Best l'trgtnia Wntbert)itp 
JJjullttin 

J .. ued Monthly Series No. 27, No. I 

PROCEEDINGS 

of the West Virginia 
Academy of Science 

Vol. 1 
No. 1 

Publiahed by THE UNIVERSITY 
MORGANTOWN. WEST VIRGINIA 

August 
1926 

Entered aa aecond dau matter, May 27, 1909, at the poatotllce at 
Mor.raotowu. W. Vo., under the Act of July 16, 1904 



f 

PROCEEDINGS 

of the West Virginia 
Academy of Science 

Vol. 1 
No. 1 

August 
1926 

First and Second Annual Sessions 
held at 

Morgantown, November 28, 1924 
Huntington, November 6~7, 1925 



- - --- --

WEST VIRGINIA UNIVERSITY 
MORGANTOWN 

Established February 7, 1667 

THE STATE BOARD OF CONTROL 

TERM EXPIRES 

JAMES S. LAKIN, PRESIDENT, Cha1·leston .. ..... .. . . June 30, 1927 

C. A. JACKSON, Cha1·leston .... . ..... .. .. .. .. . . . .. . June 30, 1929 

F. W. McCULLOUGH, TREASURER, Cha1·leston ..... . . . June 30, 1931 

The State Board of Control has the direction of the financial and 
business affairs of the state educational institutions. 

THE STATE BOARD OF EDUCATION 

TERl\1 EXPIRES 

GEORGE M. FORD, STATE SUPERINTENDENT OF SCHOOLS, 
PRESIDENT, Charleston . .. ... .. . . . .... . ... .. . . .. March 4, 1929 

W. G. CONLEY, Chm·leston ... ...... . .. ... .... . .. . . June 30, 1932 

MRS. LENA LOWE YOST, Chm·leston ... . .. . ....... . June 30, 1927 

BERNARD McCLAUGHERTY, Blucfielcl ...... . .. . June 30, 1928 

•EARL W. OGLEBA Y, Wheeling . . .. ..... . .. . . . ... June 30, 1929 
W. C. COOK, W elch . . _ . ... . . .. ... ... .... . . . . . . . . . . . June 30, 1930 

J. B. McLAUGHLIN, Strange Creek . ... .... .. .... .. . June 30, 1931 

The State Board of Education has charge of all matters of a 
purely scholastic nature concerning the state educational institutions. 

NOTICE 

West Virginia University publishes a catalog of over 400 pages 
a s well as smaller bulletins descriptive of each of the various colleges 
and schools. Requests for copies of these publications and inquiries 
for information about the University and its work should be addressed 
to 

•Deceased. 

THE PRESIDENT'S OFFICE, 
West Virginia University, 

Morgantown, W. Va. 



' t 

t CONTENTS 
Proceedings of First Annual Meeting of West Virginia Acade my 

of Science 5 
Program of First Annual Meeting 12 
Program of Second Annual Mee ting 16 
P apers and Abstracts: 

Date Seed G e rmination 
NELLIE P. AMMONS 

T he Plasticity of Species in G e nus F u sorium 
LEON H. LEONIAN 

The Axial Gradie nt Theory of Structural Relations 
B. R. WEIMER 

Chloro Ethers 
FRIEND E. CLARK 

T h e Coagu lation of Cum CoJloids by Electrolytes 
E. C. H. DAVIES 

T he Educational Value of G e n e ral Chemistry 
H. F. ROGERS 

Th e T e rraces Along the Monongahela River 
SAMUEL B. BROWN 

The Principles of Soils Classification 
E. P. DEATRICK 

MininG Machinery 
M. L . O"NEALE 

Cong lome rate Roc ks of W est Virginia 
DAVID B. R EGER 

Some Proble m s of the Oil and Gas Industry 
EARL R. S CHEFFEL 

A Phase of Coal Conservation 
EARL R. SCHEFFEL 

Local Conditions a t n Mississippian Disconformity 
J O H N L. TIL TON 

L o n g itudinal Vibrations of a n Elcstic P endulum 
J O H N A. E IESLAND 

Some New M e thods o f A pproaching the Four Color P roblem 
C. N. REYNOLDS 

Some Problems of the Fundamental Concepts of Science 
H. E. CUNN INGHAM 

Fading Curves and Rad io Reception 
R. C. COL WELL, E . F. GEORGE, and 0. R. FORD 

Operationa l Methods in Mechanics and Electric ity 
R. C. COL WELL 

Some Studies in Absorption of Light by Mixed Solutions 
E. F. GEORGE 

Graphic Methods a nd Lines of Force 
R. C. COL WELL 

A Ne w Method for the D e tect ion and Estima tion of P latinum 
E. C. H. DAVIES 

Pandemic Chemistry 
E. P. PHELPS 

The P ermian of W est V irg inia as a Field for Research 
J. L. T ILTON 

23 

26 

29 

33 

38 

43 

46 

46 

52 

57 

65 

7 I 

74 

81 

9 1 

96 

Ill 

115 

12 1 

124 

125 

126 

126 



OFFICERS OF THE WEST V IRGINIA 

ACADEMY OF SCIENCE 

OFFICERS FOR 1924-1925 

President .............. · · · · · · · · · · · · · · · · · . . . . . Ceo. R. Banc roft 

Vice-Preside n t ....... . .... · · · · · · · · · · · · · · .... ... .. B. R . \Ve imer 

Secretary ..... . ..... · · · · · · · · · · · · · · · · · · · · · ....... John Eiesla nd 

T reasurer ............ · · · · · · · · · · · · · · · · · · · · ...... A. S. \Vhite 

OFFICERS FOR 1925-1926 

Presiden t .. ... · • • · · • · · · · · · · · · · · · · • · · · · · · . . .. ... John E icslnnd 

Vice-P reside n t. .. ..... · · · · · · · · · · · · · · · · · · · ... . .... B. R. \Veimer 

Sec retary .... · · · · · · · · • · · · · · · · · · · · · · • · · · · · · .... John E. \Vintc r 

Treasu re r ..... · · · · · · · · - · · · · · · · · - . . . . Lilia n H a c k ney 

Editorial Committee: Ea r l Davies, John Eieala nd, C. N. Reynolds , j . L. 

Tilton, j . E . W inter. 



PROCEEDINGS OF THE FIRST A NNUAL MEETING OF 

THE \VEST V IRGINIA ACADEMY OF SCIENCE 

Held at Morgantown, November 28, I 924. 

T he meeting was called to order by Dr. Bancroft, Presi· 
dent of th e West Virginia University Scientific Society. Dr. 
Bancroft s ta ted briefly that the purpose of the meeting was 
to bring about closer affiliation among the scientists of the 
sta te a nd to organize as a group to secure national recogni· 
tion. T h is was to be accomplished by organizing a \~est Vir· 
g inia Academ y of Science. 

President F. B. Trotter of West Virginia University wei· 
corned the group a nd called attention to the fact that a larger 
and wider spread interest was being manifested throughout 
t~c sta te in scientific research as the concrete evidence of some 
recen t g ihs seemed to show. He strongly urged the assem· 
b lage to p ass a r esolution to be presented to the coming State 
L egislature call ing a ttention to the need of a Natural Science 
Bui lding for the Department of Botany, Geology, and Zo· 
o logy which, due to their rapid growth, are much hampered 
for lack of room. 

D r. J ohn Eiesland outlined the object of the meeting 
more fully staling that ( I) it was to be a n organization of a ll 
s la te scientis ts and those interested in science; (2) a medium 
for the publ ication of scientific papers which otherwise m ight 
be lost; ( 3 ) such m eetings tended to broaden one' s scientific 
visio n and ( 4 ) by this m eans na tional recognition might be 
obtained for the scientists of W est Virginia. 

f.' a llowing Dr. Eiesland' s address the President appointed 
the fo llowing committees: 

f.' or dra fting Constitution and By.Laws-. -
Dr. R. P. D a via, Wes t Virg inia U niversi ty. 
Dr. R. j . Garber, \Vest Virgin ia University. 
Prof. H. F. Rogers, Fairmont State T eache rs' College. 
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Dean A. C. Workman, Bethany College. 

Prof. A. S. White, Marshall College. 

Nomination committee-

Prof. T. L. H arris, West Virg inia University. 

Prof. E. P . Dietrich, West Virg inia University. 

Prof. A. Leitch, Bethany College. 

A motion was then made by Prof. A. M. R eese and duly 

seconded by D ean C. R. J ones, which amendment was ac

cepted, that a committee on resolutions be appointed by the 

Presiden t to report at the general business meeting in the after

noon. Motion carried and the following were a ppointed : 

Prof. A. M. Reese, West Virginia University . 

Prof. ]. L. Tilton, West Virginia University. 

H on. A . B. Brooks, Buckhannon. 

A motion was made by Prof. Molby and duly seconded 

that a resolution be p assed the sense of which is that this body 

is opposed to the construction of an e ight foot wall on the 

s tadium, the resolution to be later presented to the authorities 

of the University. Motion was lost but o rdered to be referred 

to the Committee on Resolutions. 

Fallowing the very excellent lecture, "Lighting the Lamp 

of Conservation in West Virginia," by Hon. A. B. B rooks, 

the general meeting adjourned to m eet at I :45 p. m. 

The second gen era l meeting of the proposed Wes t Vir~ 

g inia Academy of Science was called to order by Dr. M. ]. 

Dorsey, Vice-President of the West Virginia Scientific Society. 

A very interesting Popular Demonstration Lecture on 

Physics was g iven by Dr. A. C. Colwell and staff following 

which the following business was transacted: 

The report of the Committee on Cons titution a nd By~Laws 

was presente d by Prof. W hite o f Marsh a ll College as follows: 

CONSTITUTION OF THE WEST VIRGINIA 

ACADEMY OF SCIENCE 

ARTICLE 1- Name. This organization shall be known as The 

W est Virg inia Academy of Sc ience. 

AR T ICLE 11.- 0 bject. The object of the A cad emy of Science 
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shall be the e n c ourageme nt of s cientific work in the State of West 
Virginia. 

ARTIC LE IlL-Membership. M e mbership of this A cademy 
ahall cons is t of active membe rs a nd corres ponding memben. Active 
members s hall be residents of the State of W est Virg inia who a re in
terested in scie ntific work. Th e y s hall b e of two classes to-wit: Na
tional m e mb ers, who are m e mbe r s of the American Association for the 
Advance m e nt o f Science a s well as of the W est Virg inia Academy of 
Science , a nd L ocal Membe r s , who a re membe r s of the Wes t Virg inia 
A c ademy of Scie n c e but n o t o f the A ssocia tion . 

Corresponding m e mbe rs s hall be p e r sons '"ho are actively en
ga ged in scie ntific work not r eside nt in the State of \Vest Virg inia. They 
s hall h a v e th e some privileges a nd duties as A c tive M e mbers. 

For ele c t ion to any c lass o f membe rs hip the can didate mus t have 
b e en nomino te d in writing by two members , one o f whom mus t k now 
the applicant p e r sonally; receive a majority of vote of the e x ecutive 
committee o nd a three·fourths vote of the m e mbe rs of the Acade my 
presen t a t o ny session. 

ARTIC LE IV.-Fees. E ach active m e mbe r s hall pay to the Sec
reta ry of the Aca d e my a n initia t ion fee of one dolla r ($ 1.00) a t the 
time of e lectio n. Local membe rs s halJ pay a n a nnua l fee to the S ecre
tary of the Acad e my of one dolla r ( $1.00) due a t e ach annua l m eeting . 
N a tiona l m emb e r s pay five d o lln r s ($.S.OO) a nnua lly to the S ecre ta ry of 
the Ame rica n Association fo r th e Advance ment o f S c ience, one dollar 
of whi c h is r e turne d to the S ta t e Acade my. 

Correspo nding m e mbe r s o r e exempt from dues . 

A RTIC L E V.-Officers. The officers of th e A cademy s hall be e 
pres ident, o vi ce-preside nt, n secre tary , and a t reasure r. These officer• 
s hall b e e lecte d ot the annua l mec tina from th e active m e mbe rs in good 
standin g o n l h e r ecomme nda tio n ot a nomina tin g c ommittee of throe 
appointe d b y t h e Preside nt. 

The E xecutive Committee cons is ting of the four above officers 
and th e P,·esident of the pre vious yea r shall h a v e the authority to 6x 
the time a nd pla ce of m eetings a nd to trons a c t s u c h othe r bus iness a a 
may n eed at t e n tion between th e m eetings of the A cade my. 

T h e Secr e tary and Treasure r only shall be elig ible to re-e lec tion 
for consecut iv e terms . 

ARTIC LE V I.-Standing Committees. The s tanding committees 
shall be a s follows: 

A Committee on Membe rship appointe d annua lly by the Proa ide nt, 
consistin g of thre e membc1·s. 

A Committe e on Publications cons is ting of the Preside nt. Secre
tary, and a third member c hosen annually by the A cade my. 
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ARTICLE Vll.-Meetings. The regular meetings of the Academy 
shall be held at such time and place as the Executive Committee m a y 
select. The Executive Committee may call a sp ecial session, and a 
special session shall b e called at the written request of twe nty per cent 
of members. 

ARTICLE Vlll-Publications. The Acad emy sh a ll publish its 
transactions and papers which the Committee on Publications d eem 
suitable. All pape rs presented to the Ac;~demy for publication shall b e 
of a acientillc nature. A ll members shall receive the publications of the 
Academy g ratis. 

ARTICLE IX.--Sections. Members, not less than te n in number, 
may by special permiosion of the Academy unite to form a section for 
the investigation of any branch of science. Each section shall bear t he 
nnme of the science which it represents, thus: The Section ol Ceology 
of the West Virg inia Acade my of Scien ce. 

Each section is empowered to perfect its own organization as 
limited by the Constitution nnd By-Laws of the Academy: 

ARTICLE X.-Ame ndments. This Constitution m a y be a mended 
at nny r egular annual meeting by a three-fourths vote of all active 
members present, provided a notice of said amendment haF been sent 
to each member thirty days in advan ce of the meeting. 

BY-LAWS 

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

I. Call to o rde r. 
2. Reports of Officers. 
3. Reports of Execut ive Commitee. 
4. Report of S tanding Committees. 
5. Elec:ion of Members. 
6. Report of Special C ommittees. 

7. Appointment of Special Committees. 

8. Unfinished Buniness. 
9. New Business. 

I 0. Election of Officers. 
1 I . Program. 
I 2. Adjournment. 

11.-No meetin g of this Academy sha ll b e h eld without thirty 

days' notice having b een given by the Secretary to all 

m embers . 

Ill.-Twelve members shall constitute a quorum of the Acade my 

for the transaction of business. Three of the Executive 

Committee shall constitute a quorum of the Executive 

Committee. 
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IV.-No bill against the Academy shall be paid without an order 
signed by the President and Secretary. 

V.-Membe rs who shall a llow their dues to be unpaid for two 
years, having been annually notified of their arrearage by 
Treas urer, shall have their names stricken from the roll. 

VI.-The President s hall annually appoint an auditing committee 
of three who shall examine and report in writing upon the 
account of the Treasurer. 

V II.-These by-laws may be amended or suspended by a two
thirds vote of the members present at a ny mee ting. 

Motion was made by Dr. John Eiesland and duly sec
onded that the Constitution be adopted as read. After due 
discussion the motion carried. 

Motion made by Dr. Dodd and duly seconded that the 
By-Laws b e adopted as read was carried. 

The nominating committee made the following nomma-
tions for the coming year: 

President, G. R. Bancroft. 
Vice-Pres ide nt, B. R. Weimer. 
Secretary, John Eiesland. 
Treasurer, A. S. White. 

The report was approved and the officers duly e lected as 
nominated. 

The report of the Committee on Resolutions was made 
by A. M. Reese and was as follows: 

I . R esolution. R esolved that at as the sense of this 
body that the policy of the conservation of the resources of 
the state, to which the organization is unalternbly com
mitte d, s hall include also the conservation of the natural 
scenery of the state. 

2. \Vhereas, the Departments of Geolog y, Botany, 
and Zoology at th e State University and the State Geological 
Survey have b een for years seriously handicapped in con· 
ducting their work by lack of room, so that further expan 
sion of th ese departments is now impossible, 

Be it Resolved, That the West Virginia Academy o f 
Science in session a t Mor gantown urges tha t the Board of 
Control favor the immediate erection of a suitable fireproof 
building to meet the n eeds of these Departments and the 
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Geological Survey, which building shall provide space for 
the display of the wonderful natural resources of the State. 

On motion duly made and seconded the above resolutions 
were adopted. 

It was then duly moved and second ed that the Secretary 
of the Academy of Science be requested to call the attention 
of the West Virginia University Officials to this resolution a nd 
to its application to the pending question concerning the erec
tion of a permanent wall obstructing the v iew from Sunnyside 
bridge. After some discussion, the motion w as carried. 

It was moved by Prof. Hodge a nd duly seconded that 
the tha nks of the Academy be extended to D irector Frame and 
the Extension Division of West Virgi 1ia Un iversity for their 
generous h elp and cooperation in pref aring p rograms, notices 
and advertising. Motion carried unan im ously. 

On motion, the meeting adjourned. 

Charter members enrolled for the 19 _ -neeting: 
Bailey, Sebie D . ...... Bota ny and Biology 
Ba ncroft, G. R . . ..... Chemistry ...... . 
Bayles, C. H. . . . . . . .. Engineering ..... . . 
Bergy, 0. A. . . .. .. .. Pharmacy .... , .. . 
Boomsliter, G. P. . ... Engineering , ... , 
Bourne, W. S . .... . . . loology ... ..... . 
Brooks, A. B . . .. ..... Game and Fish. C o mm. 

irmont, W. Yo . .. 
organtown, W. Ya. 

lo rga ntown, W. Yn. 
' !o rgan town, W. Yn. 
1\lorgantown, W. Yo. 
1\lorgnntown, W. Yo. 
Uuckhnnnon, W. Yn. 

Brown, S. B . ..... . .. Geology . . . . . . . . . Morgantown, \V. Ya. 
Bromley, H. W . .. ... . Minister . . . . . . . . .... Cynthiana, Ky. 

Carpenter, L. Y . ..... . Engineering ........... Morgantown, W. Yo. 
Colwell, R. C . .. ...... Physics .............. . Morgantown, \V. Ya. 
Chidester, F. E ..... . . loology ....... ....... . Morgantown, W. Ya. 
C lark, F . E .. ......... Chemistry . ............ Morgantown, W. Ya. 
Cunningham, H. E . .. .. Philosophy . ........... Morgantown, W. Ya. 

Davis, H . A . . . . ...... Mathematics ........... Morgantown, W. Ya. 
Davies, C. C . ...... .. Chemistry ............. Morgantown, W . Ya. 
Dadisman, J. S ....... Agronomy ......... .... Morgantown, W. Yo. 
Deatrich, E. P . ..... ... Soil Technology ........ Morgantown, W. Yn. 
Dodds, G. S . ......... Embryology ........... Morgantown, W. Yo. 
Dorsey, M. ] . ........ Horticulture ........... Morgantown, \V. Ytl. 

£iesland, john ...... Mathematics ...... . .... Morgantown, \V. Ya. 
Fields, M. j ....... .... Sconomics .. .. . . ....... Morgantown, W. y,., 

Cayley, C. F . ...... .. Metallurgist .. ......... East Pittsburgh, Pa. 
Garber, R. j . ...... ... Agronomy ......... .... Morgantown, W. Ya. 

I 
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G eorge, E. F . . ...... . . Physics . . .. , ...... .. . . Morgantown, W. Va. 
G iddings, N. j. . . .... . . Botany . . ...... . . . . . . . Morgantown, W. Va. 

Hall, A . A . . . .. . . .. . . Eng inee ring .... . . ... . . Morga nto·wn, W . Va. 
H a mmond, E. L. . ... .. Pha rmacy . . ... . ....... Morgantown, W. Va. 
Hill, H a rry . .. . ...... Physics .. . .... . ....... Morgantown, W. Va. 
Hill, Hubert . .. . .. . . .. C h e mistry . .. .. ... .. .. . Morgantown, W. Va. 

jones, C. R. .. ........ E n gineering ... . .. .. . .. Morgantown, W. Va. 

Knowlto n, H. E . .... . . Botany ... . ... . ... .. . . Morgantown, W. Va. 

L a wa ll, C. E . . . . .. . . . \1ining ....... ... . .. .. . Morgantown, W. Va. 
Leitch, Andrew ... .. . P sychology ... .. . . . .... Bethany, W . Va. 
Lyman, C . R. ....... . Agriculture ........ . . . Morgantown, W. V a . 

McDowell, C. W. . .. . Eng ineering . ...... .. .. Morga ntown, W. Va. 
McMille n , H erb e rt . . .. Chemistry .... ..... .. .. Morgantown, W. Va. 
Molby, F. A . . .. . .. . . Physics .... . .. . . ... . .. Morgantown, W . Va. 

P eairs, L. M . . . ...... Entomology . .. .... . . .. Morgantown, W. Va. 
Price, P. H. . ..... . . G eology ........... . .. Morgantown, W. Ya. 

Reger, D. B. . . . .. .. . G eolog y ..... .. ... .. . . Morgantown, W. Va. 
R eese, A . M . ...... .. Z o olog y ..... ..... . .. . Morgantown, W. Va. 
R e ynolds, C. N .. .. . . . M a thematics ......... .. Morgantown, W. Va. 
Rumsey, W. E . .. ... . . En tomology ........ .. .. Morgantown, W. V a . 
Rhine , J. B . .. . . .. .. . Botany ..... . . .. ...... Morgantown, W.Va. 
Rodgers , H. F .. . . . ... Che mis try .... .. ....... Faiimont, W. Va. 

Sche ffe l, E. R. ....... G eology . .. .. . . ... . . .. Morgantown, W. Va. 
S chultz, ) . A . . .. .. .. . 
Simpson, J. D. . .. .... M edicine .... . .... . .. . . Morgantown, W. Va. 
Straus ba u g h, P. D. . .. Bota ny ....... . ... . ... Morgantown, W. Va. 
Spang ler, R. C . ..... . Botany . ... .. .. .. .. Morgantown, W. Va. 
Stark, A. H. . . . . . . . . Charleston, W. Va. 
Swan, W. 0 .... . .. .. Che mistry . . ... . .. .. . . . Morgantown, W. Va. 

Tilton, j. L. .. ... .. . . G eolog y . . ... .. .. ..... Morgantown, W. Va. 
Turner, B. M . . .. ... . . Mathematics , .. . .. ... .. Morgantown, W. Va. 

Upton, A . V a n Cordon . Che mis try . .. .. . ...... . C larksburg, W. Va. 

W a gner, C. E ... .. .. . Physics . .. . ..... . . . . . . Morgantown, W. Va. 
Wade, B. L. . . .. . . .. . A g ronomy ............ Morgantown, W. Va. 
Weimer, B. R. .. ... . . Biology .. ... . .. .... . .. Bethany, W. Va. 
White, A. S . .. .. . . . .. Political Science .... . ... Huntington, W. Va. 
White, B. S. . ....... Engineering .. ........ . Morgantown, W. Va. 
White, A. B. . . . . . . . . Morgantown, W. Va. 
White, I. C . .. ... . . .. G eolog y ...... .. . .... . Morgantown, W. Va. 
Winter, j. E .. . . .. . . . P sychology ... . ... . . . .. Morgantown, W. Va. 
Workman, A. C .. . .. . Chemistry . . . ... .. .... . Bethany, W.Va. 
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PROGRAM OF THE FIRST ANNUAL MEETING OF THE 

WEST VIRGINIA ACADEMY OF SCIENCE 

GENERAL PROGRAM 

Organization Meeting of The West Virginia Academy of Sci
ence, West Virginia University, November 29, 1924. 

9:30 A. M.-Meet in the Physics Lecture Room, 20 Martin 
Hall, Dr. Bancroft, President W. V. U. Scientific Society, 
presiding. 
Words of Welcome, Dr. F. B. Trotter, President, Uni
versity. 
Statement of the Objects of the Meeting, Dr. John Eies
land. 
Appointment of Committees and Announcements. 

1 0: 00-Lecture : Lighting the Lamp of Conservation in 
West Virginia, Hon. A. B. Brooks, Chief Came and fish 
Protector of West Virginia, Buckhannon. 

1 0:4 5-Meeting of Sections for the Discussion of Papers : 
Sectio ns. Roo m. Lead e r. 

Biology, Botany, Zoology . . 46 Woodburn H a ll . . Dr. A. M. Recae. 
Phys iology, Hygie ne, Medic ine Woodburn Hall .. Dr. G. S . Dodds. 
Che mistry , Pharmacy .... I I Scie nce Hall .... Dr. E. C . H. Da vies. 
Eng ineering .. .. ..... . . 221 Mecha nical H a ll . D ean C . R. Jones. 
G eolog y, Mining .. .. . .. I I I Mechanical H a ll . Dr. john L. Tilton. 
Ma thematics, Physics a nd 

Philoso phy ........... IS Martin Hall ..... Dr. John Eiesla nd. 
Soc ia l Scie nce . . . .. . .... I 2 7 Mecha nical H a ll . Dr. j. E. Winte r. 

12:00 M. to I :30 P. M.-Lunch at W. V. U . Cafe teria. 
Tables may be arranged for sections to sit together. It 
is urged that local scientists join with the visitors for 
lunch and dinner. 

1 :45-Meet in the Physics Lecture Room, 20 Martin Hall. 
Dr. M. j. Dorsey, Vice-President, W. V . U. Scientific 
Society, presiding. 
Popular D emonstration Lecture on Physics, Dr. R. C. 
Colwell and staff. 
Business meeting, report of committees, election of of
ficers. 
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3 :00-Sectiona l meetings continued. (Same rooms as in the 
forenoon). 

4 :00-lnspection Trips : 
Visit a Mine in Scott's Run, I l l Mechanical Hall, Prof. 
C. E . L awall. University Building and Equipment, Phy
sics L ecture Room, Dr. G. A. Bergy in charge. 

6 :00-Dinner at W. V. U. Cafeteria. 

8 :00-Lecture: Dr. Francis H. Herrick, Western Reserve 
University. Subject: Bird and A nimal Instinct and In
telligence (illustrated). Physics Lecture Room. 

SECTIONAL PROGRAM 

Biology, Botany, Zoology. 46 Woodburn Hall. (3d. floor). 
Dr. A. M. R eese, leader. 
Microscopic Crustacea Collected in the Canal Zone. Dr. 
G. S. Dodds. 
Breeding of Corn for Resistance to Smut (Ustilage zeac). 
Dr. R. j. Garber. 
Pit of Pit Vipers. Dr. A.. M. Reese. 
H abits of Brook L a mpreys. Mr. W. S. Bourne. 
Som e A sp ects of the A xial Gradient Theory of Structural 
R e la tionship in Org anisms. Prof. B. R. Weimer, Bethany 
College. 
Discha rge and Dissemination of Fungus Spores. 
S ome Aspects of the Role of Temperature in Develop
ment. Dr. L. M. Pea irs. 
Smoke Injury to Vege tation. Prof. J. B. Rhine. 
The Development of the T etral Wall and Coats of the 
Pollen Grain. Dr. P. D. Strausbaugh . 
The West Virginia University Cou~se in Public Health. 
Dr. F. E. Chidester. Migration in Animals, Dr. F. E. 
Chidester. 
Leaf Mold of Tomato. Dr. R. C. Spangler. 
The Female Gametophyte of the Trillium Sessile. Dr. 
R. C. Spangler. 
Fresh Wate r Mussels (Naiad es). Prof. W . L. Utterback, 
Marshall College. 
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Chemistry and Pharmacy. 11 Science H a ll. Dr. E arl C. H . 
Davies, leader. 
Syntheses with Chloro-Ethers. Dr. Friend E. Clark. 
Va ria tion in Minera l Content in Morgantown City W ater . 
Prof. W. W. H odge. 
Subject to be A nnounced . Prof. H . F. Rodgers, Fair
mont State Normal School. 
Molecular Orienta tion on Solids and in G els. Dr. Earl 
C. H . Davies. 

Engineering • . 221 Mechanical H a ll. Dean C. R. Jones, lead er. 
Bridge Building in W est Virginia . Or. R. P. Dav is. 
The Use of the Strain Gage in En ~ineering Investigations. 
Prof. G . P . Boomsliter. 
A fternoon Meeting 3:00 P . M. J oint Meeting with 
Geology and Mining. 
T ests on Suitability of Rocks of W est irginia for Road 
Building Purposes. Mr. R. B. Da> 1, Materials En
gineer, Sta te Road Commission. 

Geology, Mining. 111 Mechanical H a ll. I . john L. Tilton, 
lead er . 
T h e T erraces Along the Mononga lwla . Prof. S. B. 
Brown. 
The Conglomera te R ocks o f W est V irginia . Mr. D. B. 
R eger, Assistant Geologist, S tate Geological Survey. 
The P rinciples of Soil Classification. Dr. E . P. Deatrick. 
Some of the Problems in Oil and Gas G eology. Dr. E. R. 
Scheffel. 
Tests on Suita bility of Rocks of W est Virginia for Road 
Building Purposes. Mr. R. B. Dayton, Meterials Engi
neer, State Road Commission. 
Mining Machinery. Mr. M. L. O 'Neale, Fairmont. 
Excursion to a Mine in Scott's Run. Prof. C . E. Lawall. 

Mathematics, Physics, and Philosophy. Dr. John Eiesland, 
lead er. 
Graphical M ethods and Lines of Force. Dr. R. C. Col
we ll. 
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Some Studies of Absorption of Light by Mixed Solutions. 
Dr. E. F. George. 

The M ap Coloring Problem. Dr. C. N. Reynolds. 
A Configuration of P e nc ils of Cubics. Prof. B. M . Tur
ner. 

On the Class of a Centro-Symmetric Space in Theory of 
R e lativity. Dr. John Eiesland. 
Log ic in Mathem atica l Science. Dr. H. E. Cunningham. 
Some Low Temperature Measurements of R e fractive In
dices. Dr. F. A. Molby. 

Social Sciences. 12 7 Mechanical Hall. Dr. J. E. Winter, 
leader. 

Teaching of His tory and Social Science. Prof. J · F . 
Boug hte r, Salem College. 

A Study of Blondes and Brunettes. Dr. J. E. Winter. 

The West Virginia Academy of Science following the 
completion of the bus iness a nd program as before outlined 
adjourned to meet at the time and place as m ay be selected 
by the Executive Committee. 

B. R. WEIMER, 
Acting Secretary. 
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SECTIONAL PROGRAM FOR THE GEOLOGY AND 
MINING SECTION 

The meeting was called to order by the leader, Dr. John 
L. Tilton, at 10:45 A.M. in room Ill , Mechanical Hall. P. H. 
Price was appointed temporary secretary. Mr. D. B. R eger 
and Mr. S. B. Brown, Jr., were appointed as a committee on 
nomination of officers. 

Those present at the morning session were: 
Dr. John L. Tilton, leader. Prof. C. E. Lawall. 
Prof. S. B. Brown. Mr. D. B. Reger. 
Prof. E. R. Scheffel. Mr. S. B. Brown, Jr. 
Prof. E. P. Deatrick. Mr. P. H. Price. 

The following papers were p resented at the morning ses-
sion: 

1. Terraces Along the Mono tgahela River. Prof. S. B. 
Brown. 
2. The Conglomerates of est Virginia. Mr. D. B. 
Reger. 
3. Principles of Soil Classif11 <tt ion. Dr. E. P. Deatrick. 
Discussion was taken up after each paper was presented. 
The meeting was adj ourned r,t I 2: IS for lunch at the 

W. V. U. Cafeteria where reserva tions had been made for the 
section to eat together. 

The afternoon session was called at 3:30 by the leader, 
Dr. Tilton. A report of committees was called for. The Com
mittee on Nominations recommended for President, Dr. John 
L. Tilton, and Prof. C. E. Lawall for Secretary. The nomina
tions were accepted by the members a nd declared duly elected. 

The following were present at the afternoon session: 

Dr. j . L. Tilton, leader. 
Dr. I. C. White. 
Prof. S. B. Brown. 
Prof. E. R. Scheffel. 
Prof. W. W. Hodge. 
Prof. C. E. Lawall. 
Mr. R. B. Dayton. 

The following papers were 
noon meeting: 

Mr. M. L. O'Neale. 
Mr. P. H. Price. 
Mr. D. B. Reger. 
Prof. G. P. Boomsliter. 
Prof. R. P. Davia. 
Mr. R. C. Tucker. 
Mr. S. B. Brown, Jr. 

presented during the after-
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4. Some of the Problems of Oil and Gas Geology. Prof. 
E. R. Scheffel. 
5. Tests on Suitability of Rocks for Road Building Pur
poses. Mr. R. B. Dayton. 
6. Mining Machinery. M. L. O'Neale. 
A general discussion of a ll papers was held. Dr. I. C. 

White spoke of coal mining in F ranee. 
At 4:00 P. M. Prof. C. E. Lawall conducted an excursion 

to a mine on Scott's Run. 
Meeting Adjourned. 

JOHN L. TIL TON, 
Chairman. 

P. H. PRICE, 
Acting Secretary. 
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PROGRAM OF THE SECOND ANNUAL MEET ING OF 

THE WEST VIRGINIA ACADEMY OF SCIENCE 

Held in Marshall College, Huntington, W. Va., November 6th and 
7th, I 925. 

Friday, 9:00 A. M. 

Registration and Organization. 

9:30 A. M.-Address of Welcome by President M. ]. Shaw
key. 
Address by Superintendent Clarence C. Wright, Chamber 
of Commerce. 
Address by Dr. James R. Bloss, Cabell County Medical 

Society. 
Address by Mr. Howard A. Levering, Huntington Chap
ter A. A. E. 

I 0 :30-Presid ent's Address. Dr. G eorge R. Bancroft. 
Organization of sectional meetings. 

12 :30-Lunch. 

Friday, 2:30 P. M. 

Annual Business Meeting. 
Sectional M eetings continued. 

Biology Section. Chairman, Prof. B. R. Weimer, Department 
of Biology, Bethany College. 
The Temporary Closure of the Oesop hagus in V erte

brates. Professor H. Reese, Ph. D ., Department of Bio
logy, West Virginia University. 
F ungi in the Economic Affairs of Men. Professor N. ] . 
Giddings, Ph. D ., Department of P lant Pathology, West 

V irginia University. 
The Effect of High Pressure in the Germination of Seeds. 
Dr. Henry G. Knight, Director Experiment Station, West 
Virginia University. 
Biology as Related to Altruism. Prof. W. S. Utterback, 
M. A., D epartment of Biology, M arsh a ll College. 
Can the F ats Move From Cell to Cell in the Plants? Dr. 
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]. B. Rhine, Department of Botany, West Virginia Uni
versity. 
Thoughts on Evolution W ith the Bible as a Background. 
Prof. C. A. Jacobson, Ph. D., Department of Chemistry, 
West Virginia University. 

Chemistry Section. Chairman, Dr. E. C. H . Davies, Depart
ment of Chemistry, West Virginia University. 
Pandemic Chemistry. Dr. Edward E. Phelps, D epart
ment of Chemistry, Marshall College. 
The Educational Value of Chemistry. Prof. H. F. 
Rodgers, Fairmont Normal School. 
The Hostile Chlorine Becomes a Friend to Man. Mr. D. 
W. Stubblefield, General Manager, Belle Alkali Co. 
The Strength of Metals as Shown by Their Crystalline 
Structure. Dr. Mudge, International Nickel Plant. 
The Use of Chemistry in Medical Diagnosis. James S. 
Klumpp, M. D., University of Michigan. 
The Preparation of Esters Derived From Substituted 
Propyl Alcohols, and the Effect of Their Constitution 
Upon the Rate of Hydrolysis. Dr. George R. Bancroft, 
Ph. D., Department of Physiological Chemistry, School 
of Medicine, \Vest Virginia University. 
The Coagulation of Gum Colloids by Electrolytes. Dr. 
E . C. H. Davies, D epartment of Chemistry, West Virginia 
University. 
All Chemical Papers to be given on Friday. Saturday to 

be devoted to the visiting of Chemical Plants in Huntington. 
Transportation by courtesy of Huntington Chamber of Com
merce. 

Geology Section. Chairman, Prof. J. L. Tilton, Department 
of Geology, West Virginia University. 
(a) The Evolution Controversy. 
(b) A Phase of Coal Conservation. Prof. E. R. Scheffel, 

Department of Geology, West Virginia University. 
(a) The Permian of West Virginia as a Field of Re

search. 
(b) A Notable Disconformity. Prof. John L. Tilton, 

Department of Geology, West Virginia University. 
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Excursions:-The members of the section will be offered 
the choice of two field excursions (either or both). One 
is along the T eay Valley, conducted by john L. Hussell; 
the other, deta ils to be arranged la ter, will be a more ex
tended trip to a coal area , probably conducted by Mr. 
Ivan Hollandsworth. · 
It is hope d tha t the members may find it convenient to 
lunch together on at least one occasion. 

Mathematics, Philosophy, and Physics Section . Chairman, Dr. 
John A . Eiesla nd, Department of Ma thematics, West 
Virginia University. 
Operational Methods in Mecha nics and Electricity. Prof. 
R. C. Colwell, Ph. 0 . , O epartn ent of Physics, West Vir
ginia University. 
(a) Some Popular Misconceptions o f the Einstein Theory. 
(b) Singularities of the Flat S ph C' ~ Transformation. 

Prof. ]. A Eiesland , Ph. 0 ., D , :u tment of Mathe-
m a tics, W est Virginia U niversa 

Social Science Section. Chairman, Or. \ , 1ter . 
The Psychology of Freshm en Rules. Prof. j. E. Winter, 
Department of Psychology, W est VirFin ia University. 
Eva lua tion in Science and Educatio n. Prof. Watson 
Selvage, Fell ow of Owen College, Manches ter Univer
sity, D ep artment of P sychology a nd Philosophy, Marshall 
College. 
Changes in Curriculum Build ing. E. Turner Stump, Mar
shall College. 
The Basic Assumption in Self-Government a nd the 
Teaching of Citizenship, Dr. Arthur S. White, Marshall 
College. 
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SECTIONAL PROGRAM FOR THE GEOLOGY, MINING, 

AND BIOLOGY SECTIONS 

Minutes of the Meeting of the Section a t Huntington, 1925. 

Geology Mining section met with the Biology and Zo
ology section at 4 P. M., November 6, 1925, in room 211 at 
Marshall College, Huntington, West Virginia. 

The m eeting was called to order by Dr. ] ohn L. Tilton, 
Chairman of the section and the minutes of the last meeting 
were read by Mr. C. E. Lawall, Secretary. 

After the reading of the minutes the Biology and Zoology 
section presented their papers. After this the Geology and 
the Mining section presented their papers. The papers pre
sented were as follows : 

Biology and Zoology: 

Paper No. !-Biology as R elated to Altruism by Prof. 
W. S. Utterback, Marsha ll College. 
P aper No. 2-Ca n the Fats Move From C ell to Cell in 
the Plants. Read by title . j. B. Rhine. 

Geology and Mining: 

Pap er No. 3- A Phase o f C oa l Conservation. Earl R. 
Scheffel. 
P aper No. 4-The Evolution Controversy. Earl R. Schef
fel. 
P aper No. 5-The Permian of W est Virginia as a Field 
for Research. Dr. ] . L. Tilton. 
Paper No. 6-Local Conditions at a Mississippian Dis
conformity. Dr. j. L. Tilton. 

After reading the papers the Chairman requested the 
Committee on Nominations, consisting of Mr. H. F. Becker, 
Marshall College, Mr. Homer M. Derr, of New River State 
School, to bring in nominations for new officers for the follow
ing year. The committee presented the name of Mr. C. E. 
Lawall as Chairman of the section for the following year, but 
failed to bring in nominations for Secretary. It was suggested 
that the Secre ta ry be elected at the next meeting of the section. 
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After the adjournment of the meeting for the day, the 
members went to the Mary E. Ann Tea Room for supper. 

Saturday, November 7, 1925 

The members gathered at room 20 I, Science Hall, Mar
shall College, and went, by automobile, to the plant of the 
International Nickel Company. This trip proved to be a 
most interesting one. Later some of the members went up the 
Teays Valley as far as Barboursville on a very interesting geol
ogical trip. 

JOHN L. TIL TON, 
Chairman. 

CHAS. E. LAW ALL, 
Secretary. 

The following resolution of appreciation offered by Dr. 
John L. Tilton of Morgantown was adopted unanimously: 

Resolved, That we express our appreciation of the cordial recep
tion and hospitality that we have received at our second annual meeting 
held at Marshall College, Huntington, West Virginia, on Friday and 
Saturday, November the sixth and seventh, 1925. The local arrange
ments for the success of the meeting were all that could be desired, as 
they afforded adequate rooms for the meetings at the college, arrange
ments for luncheon together, and arrangements for excursions to the 
nickel plant and to points of geologic interest in the reg ion through the 
cooperation and generosity of the Chamber of Commerce, the memben• 
of which arranged for the autos. 

We appreciate, too, the words of greeting extended to the Academy 
by the President of Marshall College, M. P. Shawkey, by the Superin
tendent of Schools, Clarence L. Wright, representing the Chamber of 
Commerce, by Dr. James B. Bloss, representing the State Medical Asso
ciation, and by Howard A. Levering and H. J. Spellman, representing 
~he Huntington Chapter of the American Association of Engineers. 

Such friendly greetings and cordial treatment speak well for the 
spirit of Huntington. As a n Academy we wish to acknowledge our 
indebtedness to this kindness and to this interest in science and educa

tion. 



WEST VIRGINIA ACADEMY OF SCIENCE 

DATE-SEED GERMINATION 
BY NELLIE P. AMMONS 

23 

The date (Phoenix dactylifcra) belongs to the family Palmaceac, 
one of the monocots. It is a native of tropical countries, but it is now 
being grown successfully in the southwestern part of the United States. 

The seed of monocots usually contains a strongly developed en
dosperm with a comparatively small embryo, and this feature is clearly 
shown in the seed of the date (Fig. I 0). The seed develops from an 
anatropous ovule, and during the process of development a torsion of 
the ovule takes place so that at maturity the embryo is at right angles 
to its original position, now lying embedded transversely in the large 
endosperm (Fig. I 0), on the side of the seed opposite the raphe (Fig. 
2). The endosperm is composed of cells w ith very hard thick walls, the 
constituents of which serve as reserve food material. 

Germination proceeds v ery slowly. Seeds were soaked in water 
from six to eight weeks before there was any outward manifestation of 
germination. The firs t change noted was the lifting of the endosperm 
plug that covers the micropyle (Fig. I), this being followed by the pro
jection of the cylindrical or sheath-like region of the cotyledon (Fig. 3). 
This part of the cotyledon becomes such elongated (Figs. 4, 5) and 
just above the tip it is considerably swollen (Fig. 6) by reason of the 
enlargement of the young embryo which lies within. The lower end 
of the axis of the embryo develops into the primary root (Fig. 7) which 
grows downward, producing secondary roots (Fig. 8) and forming con
tact with the soil. The upper end of the axis develops the plumule 
(Figs. 7. 8) which consists of two leaf-like structures, one giving rise to 
a sheath-like leaf (Figs. 8, 9) and the other to a linear leaf plaited or 
folded together like a fan (Figs. 7, 9). These elongate and escape from 
the cotyledonary sheath (Fig. 8), the former sheathing the folded leaf 
which shoots upward establishing the first photosynthetic machinery of 
the plant (Fig. 9). The first leaves above the cotyledon are small 
simple leaves, blade-like in form (Fig. 9), and less perfectly developed 
than the later ones which are pinnately compouna 1eaves. The axis 
remains very short during germination without forming any visible 
internodes. The upper part or apex of the cotyledon remains embedded 
in the endosperm as an organ of absorption (Fig. I I ) . As the seedling 
enlarges, this part of the cotyledon en croaches upon the endosperm, 
until eventually it is all consumed by the growing seedling (Figs. I I , 
12, 7, 13). By this time the photosynthetic area is great enough that 
further reserve material is not necessary. 

A rather remarkable phenomenon of adaptation is exhibited by 
the action of this cotyledon. The natural habitat of the d a te is in an 
arid region, water being found commonly only at considerable depths. 
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This cotyledon by the elongation of its a xis carries the delicate growing 
points of roots and stem down ward to the r egion of water supply, thus 
protecting them from the hot a nd dry soil n ear the su rface. 

All h abit sketch es a r e n atural size. 

EXPLANATION OF PLATE 
Abbreviations: m, micropyle : hi, hilum: r, raphe: c, chalaza; t, 

testa; cs, cotyledonary sheath: c o, a bsorptive region of cotyledon; p, 
plumule; p ., first leaf succeeding cotyledon; p :, first foli age leaf ; r,, pri
mary root; ra, secondary root: r c , rootcap; e , endospe rm; em, embryo; 
aw, swollen area due to enla rgeme n t of embryo. 

Fig. I .-Dormant seed showing dorsal surface. 
Fig. 2.-Dormant aced showing ventral s urface . 
Fig. 3 .-Seed germin ating afte r soaking for s ix weeks. 
Figs. 4 and 5.-Later st ages of germin ation. 
Fig. 6.-Stage showing swolle n a rea in cotyledon. 
Fig. 7.-A longitudinal sect io n of a seedling slightly olde r than 

that of Fig. 6 (After Sacha). 
Fig. 6 .--Seedling with plum u l emetging through ruptured cotyle

donary sheath. 

Fig. 9.-Young plant with fu t fo liage lea f expanded. About four 
months old. 

Fig. I 0.-Croas section o f ,, lormant seed at a-b, Fig. I . 
F~g. 11.-Croaa section of u :e rmina ting seed as c-d, Fig. 3. 
Ftg ... 12 and 13.-Cro ss secuo ns showing later stag es of d evelop-

ment of the absorptive r egion of th•· cotyledon f d · dl' f . , a s oun tn see 1nga o 
Ftga. 6 and 9, respectively. 



WEST VIRGINIA ACADEMY OF SCIENCE 

cs-

r en' ·t 

e 10 
-em 

c.f.I • .R: 

cs 

p 

sw 

7 

25 

I ; ~ 
1 ~ ' 

' ll I' I I•. 
"' i: 
·I• 
I . 
I\ 
• I 
I 

\': I 
·P, 

-cs 



26 PROCEEDINGS OF THE 

THE PLASTICITY OF SPECIES IN GENUS FUSARIUM 

BY LEON H. LEONIAN 

The species concept has been the source of many controversies 

since the dawn of taxonomic period in biology. Many people h ave gone 

no farther t han mere academic discussions; others have based their 

judgments on field observations and on studies of herbarium or museum 

specimens; only comparatively few have attempted to seek a better a n

swer to the riddle b y means of controlled physiological experiments. 

The species concept seems to offer no difficulty to the old-school 

taxonomist: h e has placed all his o r ganisms in well defined and ~ighly 

rigid pigeon-holes: whenever he encoun ters an organism which fails to 

fit into a ny of the pigeon-holes at his disposal, he immediately constructs 

others; then there is much glee and beating of drums m celebration of 

the birth of another new species. 

The experimenta l physiologist, however, offers no cast-iron cells 

for the housing of his species; in fact he can not regard the species as 

definite and immutable units, each p laced in an isolated sphere. Any 

one species is a highly plastic and overlapping component of a continu

ous stream called life. Mere classification, therefore, can have no great 

biological significance because human conception of species is a highly 

artificial and clumsy attempt to imprison the living protoplasm with its 

infini te potentialities within the bleak walls of a n ame. 

It can not be denied, h owever, that taxonomy is a necessary evil; 

b ut unless it is g reatly liberalized it may prove to be replete with danger . 

When life is expressed in terms of mathematical formulae, it loses much 

of its majesty. To !JUt a rigid fence around o. living organism ntellns to 

r educe it to the level of a dead matter. The successful investigator ap

proaches even the simples t living b eing with awe and reveren ce because 

h e realizes that even a microbe is a very much unknown and mysterious 

en tity. Yet m ost taxonomists speak glibly of thousands of species and 

display them on formal parade, each species waving a Rag, the trade 

mark o f some investigator who perpetuated his name by building a 

prison for some unfortunate protoplasm. 

There .are a great number of cases on record where one can see a 

sort of protoplas mic revolt against the unsympathetic viewpoint of taxo

nomists. Well bred and well b ehaved species have suddenly gone on a 

rampage and have produced unexpected and embarrassing form s which 

skilfully elude a ll attempts of the lariat and the branding iron. Such 

cases a re .known as r eversible mutations: a given species suddenly throws 

off forme which are remarkably different from their maternal strain. 

After breeding true for several generations these filial forms may sud

denly and completely reverse to their maternal type again. It appears 
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that at one time these organisms represent one species and at another 
time a different species; a most batHing situation for the puzzled taxo
nomist. 

The writer has isolated and studies nearly two hundred fixed and 
reversible mutations which occurred in the genus Fusarium. This 
fungus has a world-wide distribution and is causing a larger number of 
destructive plant diseases than any other group of fu ngi. Usually an 
organism produces only one mutation; but three to eight mutations 
from one fun gus culture are not uncommon. One species has thrown 
off n ineteen well defined forms and has not ceased mutating yet. The 
remarkable thing about this organism is the fact that for over one ye~r 
it showed no sign of mutating, and then suddenly it began to split up. 

The taxonomists classify the species of Fusarium on the following 
characteristics: color, aerial hyphae, rate of growth, presence or absence 
of sporodochia and pionnotes (types of t·eproductive bodies), sclerotia, 
type of spores (three kinds of spores are known, microconidia, macro
conidia and chlamydospores), sizes and shapes of these spores, and 
pathogenic relationships. However these characteristics are not only 
too limited in number but they are, in most cases, highly unstable as 
well and the mutations play havoc with them, as can be seen, for ex
ample, by the action of the eight mutations of Fusarium stilboides: four 
of these produce sporodochia, one gives rise to pionnotes, and the 
remaining three have neither sporodochia nor pionnotes. Five of these 
eight forms yield no microconidia or chlamydospores, one produces no 
spores at all, a nd another borders on sterility because of the extreme 
rareness o f its reproductive bodies. Only one of these is colored a 
bright purple, the remaining are colorless, and while one form pro
duces sclerotia, the other seven do not. Six of these mutations can not 
tolerate more than four-tenths of a per cent of tartaric acid, one can not 
grow in presence of more than two-tenths of a per cent of acid, and one 
grows well in as h igh as three per cent of this acid. Seven of these 
o rganisms can form no spores in presence of two-tenths of a per cent' 
of tartaric acid, but one produces a great quantity of spores in the 
presence of one and one half per cent of the acid. Three of these or
ganisms can attack the egg albumin, seven attack and digest milk casein, 
only one does not reduce nitrates to nitrites, only one forms aldehyde 
in culture; seven produce catalase but only two give rise to a very 
limited amount of free oxidase; three can not precipitate colloidial gold, 
two bring about partial precipitation and three precipitate it completely; 
seven a re able to reduce methylene green and one is unable to do so. 
Four of these can not cause a rot of lemon, one causes a local rot and 
three attack the lemon fairly readily. 

The foregoing is just a partial list showing the differences b etween 
the mutations of the same species. The remaining of the two hundred 
mutations show just as striking differences among themselves. It is 
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fairly obvious that the taxonomist is unable to meet the situation because 

the specific steps with which he is trying to approach a satisfactory 
solution are necessarily limited in number and one or two hundred 
closely related organisms can not be separated from each other by ten 
or "twenty more or less dubious and overlapping differences. It is up 
to the experimental physiologist to develop at least one hundred clear-cut 
reactions and to combine these with what stable morphological features 
this genus possesses and thus have a working scheme whereby more 
closely related forms can be recognized with more ease and certainty. 
But it should be realized that no two organisms are absolutely a like and 
that two members of the same species found in different parts of the 
world can not be expected to show similar reactions in 'all cases without 
a number of exceptions. When the worker realizes that a few excep
tions in morphological characteristics and physiological reactions can 
safely be considered as normal even though constant variations of the 
members of the same species rather than cross-roads leading to n ew. 
species, then the chaotic condition prevailing in the taxonomy of many 
groups will be greatly simplified. 
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THE AXIAL GRADIENT THEORY OF STRUCTURAL 
RELATIONS 

BY B. R. \VEIMER 

In the brief span of twenty min utes it is obviously absurd to attempt 
to do more than merely introduce a theory in support of which severa l 
volumes have been written and on which a multitude of research has 
been done. H owever, in view of the fact that two volumes h ave ap
peared recently in which the Axial Gradient T heory is suggested as a 
basis for the study of animal behavior and since two recent textbooks 
on zoology make liberal app lication of the same, it seemed that it migh t 
be worthwhile at least to introduce the subject of Axial Gradients for 
your consideration. The compiler of this shor t outline claims no par
ticular fitness for the presentation of this topic other than a live interest 
in the subject and having h a d nn opportunity to repeat some of the 
experiments under the supervision of the chief exponent of the theory, 
Dr. Child of the University of Chicago. 

According to the Gradien t concept there are in a ll organ isms, both 
plant and animal, quan titative graduations in the intensities of metabol ic 
rate along certain axes. Usually there is present a chief or major axis 
with various subordinate axes. In m ost axiate individua ls th e chief or 
polar axis first appears and differentiation and specialization, both qual
itatively and spatially, occur in reference to this. In each axis or gra
dient there is a region of very high metabolic rate o r dynamic activity. 
This is designated usually ns the a n terior or apical end. T his is the 
head region of most embryos und here is found the first appearance of 
the nervous system. In plants this region is the growing tip of the atem 
or the root. T he region of lowest intensity is the bnsal or posterior end 
where sessile organisms are attached or regions under control of the 
anterior end. Transmissions of excitation travel with diminishing in ':. 
tensity from the anterior or apical end to the posterior or basal, Some
what as waves appear on a pond, th e intensity of the transmission d e
pending upon the intensity of the stimulus and the distance travelled as 
well as the nature of the protoplasm. Repeated transmissions have a 
tenden cy to increase conductivity. By this mean s t h e relation s of dom
inance and subordinance in the various parts of the organism are kept 
relatively constant. 

Gradients may b e measu red and demon strated by diffe re n ces in 
rate of o>.;rgen consumption and carbon dioxide eliminntion. In regions 
of greatest metabol ic activity this exchange will be greatest and will 
decrease toward the b asal end of the g 1a dien t. Various m eans h av e 
been u sed to demonstrate th is differential exchange. Use has been 
made of KCN, KMn O., a lcohol, formaldehyde, chloretone, neutral red, 
sea water, and various other poisons a n d solutions. D irect measure-
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ments of oxygen consumption and carbon dioxide production have been 
made. Several readings have been made of the changes in electrical 

potential. 

Potassium cyanide first attacks regions where the greatest oxida
tion is taking place with the result that the tissue disintegrates. Thus 
regions of high metabolism may be demonstrated. This works out very 
satisfactorily with eggs and embryos and certain animals, particularly 
the Rat worms, Coelenterates, and Protozoa. 

The reduction of potassium permanganate shows the gradient very 
well since the different levals of the gradient reduce the substance in 
varying amounts thus leaving it black or brownish due to the deposition 
of MnO! or other oxides in the protoplasm. The reduction of methylene 
blue after the protoplasm has been stained with it has also been used 
for gradient demonstration in both plants and animals. (See chart). 

The direct measurement of oxygen consumption and carbon dioxide 
elimination has been made by placing equal weights of 'pieces from 
different levels of the organism in small vials and later measuring the 
amount of oxygen consumed and carbon dioxide given off. By these 
and various other methods it has been proven rather conclusively that 
such gradients do exist. 

Various explanations are offered for the ongm of gradients or, 
in other words, the axes of an organism. Are they inherited( Appar
ently not. The position of a gradient and thus the axis of in pro· 
toplasm is determined by the environment of that particular bit of 
protoplasm. In the plant F'ucus, for example , the polarity of the egg 
is determined by light. In other organisms, particularly in the case o£ 
plants, gravity may have some effect. 

Differentia l exposure whereby one part of an egg may have a 
greater oxygen and carbon dioxide exchange than the remaining surface 
may determine what may be the apical or what may be the basal end of 
a gradient and so in this way is determined the polarity of the developing 
organism. Thus the place of attachment in some eggs, as in Chaetop
terus, Phialidium, Sternapsis, being the region of least exchange , be
comes the basal end and the free end becomes the anterior or apical. 
That exposure does have s ome effect on the determination of the 
gradient can be readily demonstrated by the work on Corymorpha where 
the principal gradient has been changed from its former position to one 
at right a n gles to it or even completely reversed. (See chart). 

Thus the conclusion is offered that polarity of an individual is 
determined by environment through the various potentialities are found 
in the chromatin. 

It would appea r from many experiments on various animals and 
plantu that the regions of high metabolic activity exercise a dominance 
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over regions of less activity in the same or in different axes. This being 
true any change in metabolic rate in the dominant region will affect the 
dimensions a nd distance relations of parts along an axis. Changes in 
the nature of the gradient have been made by various means. Immer
sion of aquatic animals in dilute poisons or narcotics have a tendency 
to lower the rate. In plants crushing, compressing, or cutting, changes 
the gradient relations. Sometimes the original gradient is entirely ob
literated and a new one established as in the case of Corymorpha, 
Planaria, Marchantia, etc. (Consult chart). 

Removal of the head region of planaria results in fission and the 
formation of a new animal from posterior zooids. The same result; 
namely, fission, can be brought about by use of an inhibiting agent 
whose tendency is to lower the rate at the apical end of the gradient, 
thus decreasing the dominance of that region which in turn gives a 
greater relative rise to some posterior zooid which pulls off and become• 
an independent living organism. 

In plants removal of the growing point of a stem frees the buds in 
posterior regions from dominance and results in their growth, as may 
be seen in experiments with leguminous seedlings of beans and peas. 
Here removal of the growing tip results in one or more branches arising 
from axils of the leaves. (See chart). Inclosure of the growing tip 
in plaster-paris or an atmosphere of hydrogen brings about the sama 
result without apparent interference with the transportative system of 
the plant. Practically the same results can be accomplished in willow 
and other stems. Plants may be isolated by cutting the fibro-vascular 
bundles leading to the leaves as can be seen in the budding of the leaf 
of Bryophyllum and the leaf formation in Cyclamen. 

A gradient apparently exists in the roots of plants though this ia 
in the opposite direction from that in the stem and in turn seems to 
exert an inhibiting influence on the development of roots in other part• 
of the plant. Remove or incase the root tip thus changing the metabol
ism of that part and adventitious roots appear further up the stem or 
the present lateral roots may change their direction of growth. · (See 
chart) • Child admits that here the inhibiting influence of the root sys
tem on the formation of roots in other parts of the plant may be a 
transportative rather than a transmissive correlation, and that other 
parts give rise to roots when this transportation falls below a cer tain 
minimum or when they are isolated from it in any way. 

Perhaps the most interesting results in animals have been secured 
by w h a t Child calls differential inhabition which means that parts of 
the body which normally have the highest rate of metabolism and are the 
first to d ifferentiate are most readily inhabited by growth-depressing 
agents while parts w ith the lower or lowest metabolic rates are least 
affected. This means that subordinate axes may d evelop at the expense 
of the primary a nd thus the form of an organism may be radically 
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changed. The primary gradient may b e r eestablished but never, so to 
speak, with its old power of dominance. The old part of an organism 
may regenerate but not in quite the same form as may be seen in the 
regeneration of heads and eye formation in planaria. If, however, the 
recovery from the effects of the inhibitin g agent is rapid, the regions 
of highest metabolic rate recover more rapidly a nd may in turn develop 
more rapidly than the more posterior portions. (See chart). 

T he application of the Axial Gradient Theory is applied in an 
interesting way by Newman in his Vertebrate Zoology to explain the 
m any varied and bizarre fo rms of fishes. He says, "In gen eral the eel
like type may be interpreted as a result of a su ppression of the head 
p arts" (by inhibition of a pical end of gradient) "and con sequent relative 
increase in the development of the body and tail." The antithesis of the 
eel-like type is on e with head parts abnormally large and body a nd tail 
suppressed which may b e due to the more rapid recovery in the apical 
end of the axis and a higher rise in metabolic rat e." Short, high, 
laterally compressed types, such as the common sunfish, for example, 
and low laterally expanded types, exemplified by the skates and Round
ere, are due to exaggerations of the dorso-ventral axis or the bilateral 
axis. All of these types as well as more extreme forms have been 
obtained by experimental methods in the laboratory. Newman suggests 
that the slowing down of metabolic rate due to racial senescen ce may 
supply the n ecessary inhibitory inAuence on the gradien t. Whether o r 
not Newman is too premature in the applica tion of the theory will not 
be discussed here but it, at least, offers a n interesting explanation of 
form r egulation and development from a physiological point of view. 
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CHLORO ETHERS 
BY FRIEND E . CLA RK 

Since the report of the work on chloro ethers before the a nnual 
meeting of the West Virginia Academy of Science, in 1924, some re
sults of the investigations have been published. The Editor of the j our
n a l of the American Chemical Society has given his permission to 
reprint the article from Vol. 47,241 9-2423 (1925), as here given. 

[Reprint from the journal of the American Chemical Society, 47, 2419 (1925. ) ) [Cont ribution from the Chemical Laboratory of \Vest Virginia University.) 

CHLORO ETHERS. II . PREPARATION OF SOME NEW CHLORO 
ETHERS AND ALKOXYMETHYL ESTERS 

By J. W. Farren and H. R. Fife,1 with F. E. Clark and C. E. Car land 

Received june 20, I 925. Published Septemb er 5, 1925. 

In a previous article' from this Laboratory Clark, Cox, and Mack 
have described a series of esters prepared by the action of chlorodimethyl 
ether on the salts of formic, acetic, propionic and butyric acids. A con
tinuation of this work has led to a study of other chloro ethers of this 
same series of acids, in addition to the preparation of some new chloro
methyl e thers which include those of secondary as well as primary 
al cohols. Gaspari" studied the action of ehloromethylethyl ether on fused 
sodium acetate and recorded the properties of the compounds formed. 
Wedekind' has also studied the action of chloromethylethyl ether on 
potassium acetate and lead formate but no physical properties of these 
products were reported. T his work was furthered by W. H . Moran in 
this laboratory a n d a study made of the ethe rs from the salts of formic, 
acetic, propionic and butyric acids, but th e incompleteness of data and 
lack of analyses have necessitated its duplication. A search ~f the 
literature indicated that on); one secondary alcohol has been used in 
the preparation of a c hloro ether. Stappers6 prepared ehloromethy l
isopropyl ether and repor ted some of its constants. 

In this investigation a m odification of the m eth ods of W edekind 
a nd Henry was used in p reparing the chloro ethers. In general it con-

'This article is an abstract from theses submitted by j . \V. Farren and H . R. Fife for degrees of Master of Science a t \Vest Virginia University. A preliminary paper was presented before the Organic Oiveion at the 69th Meeting of the Ame~lcan Chemical Society, April 6· 1 O, 1925 (by F. E. Cla rk). 
·Clark, Cox and Mack, This Journal, 30, 712 (19 17). 
:CWnapnrl, Cazz. chlm. ita!., [ Il l 27, 297 (1891). • edekind, Ber., 36, 1383 (I 903). 

( 9 
•S)tappcra, Bull, A cad. Roy. Belgique, 11 61· 70 (I 904); Chern. Centr. , 76, 92 1 I 05 . 
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sists in treating molecular equivalent quantities of an alcohol and 
aldehyde, in the form of trioxymethylene, with dry hydrogen chloride. 
We propose to represent the reaction mechanism as follows: 

H 
HC=O + HCl~ HC=O< HC-OH~HC-0-CH 

( 

Cl ) H -H,O H H 

H ~Cl ~Cl Cl 
+ROHJ.t-H,O 

H 
HC-0-R 

Cl 

It is known that aldehydes tend to add hydrogen chloride, and in 
the case of form aldehyde one of the products is chloromethyl alcohol, 
which may possibly be formed through the intermediate development 
of an oxonium compound. The chloromethyl alcohol unites with the 
alcohol used in the react ion with the elimination of a molecule of water 
to form the mono-chloromethyl-alkyl ether. There is also some of the 
symmetr ical dichlorodimethyl ether, which, since it resembles a-chloro 
ethers tends to r evert to chloromethyl alcohol. This general tendency 
is well known in the case of a-chloro ethers which tend to hydrolyze 
readily with the formation of the corresponding chloro alcohol, thia 
in turn breaking up to give the a ldehyde and h ydrogen chloride. For 
example, a-chlorodiethyl ether yields ethyl a lcohol, acetaldehyde and 
h ydrogen chloride. The ease of hydrolysis of chloromethyl-alkyl ethers 
may, then , be considered as due to the fact that a substitution of chlorine 
for hydrogen renders the methyl radical more n"'eative, thereby allowing 
the bond between it and the ether oxygen to be more readily broken. 

EXPERIMENTAL PART 

Preparation of Chloro Ethers.-In the modification of the methods 
of Wedekind and H enry equivale nt quantities of a lcohol and trioxy
m ethylene were treated with dry hydrogen chloride in a reaction flask 
surrounded with a n ice-bath in order to remove the heat lib erated a nd 
at the same time to increase the solubility of the hydrogen chloride. 
After a state of saturation h ad been reached the product was separated 
from the aqueous hydrochloric layer and dried over fused calcium 
chloride. After the product was thoroughly d ried, a stream of dry 
h ydrogen was passed through it in order to remove any free hydrogen 
chloride and a lso any which m ight be r etained as a n oxonium compound 
of th e ether. The material was then further distilled in a current of 
dry hydrogen which practically eliminated decomposition at this point. 
Previous fractionation without the use of hydrogen always resulted in 
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a large amount of decomposition together with deposition of trioxy
methylenc in the condenser. After being distilled twice in a current of 
h ydrogen the product was fractionated, and a n average yield of 90 o/o 
of constant-boiling ether was obtained. W ith the alcohols used in these 
syntheses, the same amount of care bein g taken to insure against mois
ture, there is no marked tendency toward decomposition of one product 
a s compared w ith a nother. · 

New chloromcthyl e thers have been prepared from the followin g 
alcohols: s ec.-butyl, cyclohexanol, ethylene chlorohydrin and isopropyl 
alcohols. However, the last has previously been prepared by Stappers, 
but some additional data are given on this a nd the ether from ethyl 
alcohol as well. Reactions were carr ied out using ethylene glycol and 
g lycerol respectively, in an attempt to form the corresponding chloro
methyl ethers. In each case the reaction took place very readily, all of 

TABLE I 
CHLORO ETHERS. GENERAL FORMULA: R-0- CH-. - Cl 

B. p. 
Molecular 

d • d "' reJraction 
R ·c I • " Cnlcd. Obs. 

1. c~H.- 81-82 1.0463 1.0263 1.0282 (12") 22.49 22.55 
2. (CH~) ~CH- 97-98 1.0000 0.9790 1.4592 (16") 27.05 26.85 
3. CHn 

>CH- 121-123 0.9947 0.9751 1.4205 (16") 31.62 32.08 
c~H. 

4. (R) CftHu- 183-185 1.0712 1.0432 1.4713 (9. ) 38.56 89.02 
5. Cl-CH,CH-. 145-147 1.3157 1.2817 1.4952 (11 . ) 27.39 27.23 

Mol. wt. Analysis for Cl, % 
Formula Cnlcd. Obs. Cnlcd. Found Yield. % 

1. C,M,OCl 94.5 95.7 37.53 37.42 85 
2. C,HoOCl 108.5 107.8 32.67 82.02 85 
3. CoH uOCl 122.5 122.2 28.90 29.56 70 
4. C,H ,aOCI 148.5 149.2 23.86 23.01 50 
5. C#HoOCI: 128.9 180.1 54.98 54.32 65 

the .solid trioxymethylene disappearing from the mixture, but as yet we 
have been unable to sep arate and purify the products formed. 

ESTE R S BY REACTION OF C HLORO ETHERS WITH SALTS OF 

ALIPHATIC ACIDS 

The reaction of chloro e thers with salts of organic acids has been 
d escribed in a previous article published from this laboratory. In the 
present investigation the technique has been modified so as to warrant 
a detailed description here , c h a nges having been introduced so that 
yields of 80-90% may be obtain ed. A ll sodium salts of the acids were 
carefully fu sed, with the exception of the formate, w h ich was dried in 
a d esiccator over sulfuric acid. The salts were place d in a reaction 
Bask w hich was .fitted with a mercu ry-sealed mechanical stirrer, reflex 
condenser, dropping funnel, inlet a nd exit tubes. The flask was then 
immersed in an ice-bath and the contents were stirred rapidly while the 
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ether was slowly introduced. It was found advantageous to continue 
the stirring to completion of the reaction by reAuxing on a water-bath 
as had previously been done. On completion of the reaction the ester 
was distilled from the reaction Aask in a current of dry hydrogen to a 
second Aask, and redistilled to a third in a stream of hydrogen before 
final fractionation. Before beginning the preparation, the three Aasks 
with condensers in aeries between were carefully dried by passing dry 
heated air for several hours through the entire system. T his was done 
in order to carry out the preparation and purificat ion of the material 
without having it come at any time into contact with the moisture of 
the air. 

The series of esters prepared includes the formates, acetates, pro
pionates and butyrates from the following ethers: chloromethylethyl, 
chloromethylisopropyl, chloromethyl-sec.-butyl. A formic ester, which 
boiled at 184-188 •, was prepared from ,8-chloro-ethyl-chloromethyl 
ether. This wna not purified sufficiently to allow us to report its proper
ties. An analysis of this p roduct shows that only one chloride has re· 

TABLE II 
ESTERS PREPARED FRO:M CRLORO ETHERS. GENERAL FORllULA: RCOOCH,QR• 

·c d ~ B. p. 
R. R' 

" 

Molecular 
refraction 

Calcd. Oba. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

H- ethyl 114-116 1.0537 1.0343 1.3900 (12") 23.77 23.55 
Methyl ethyl 128-129 1.0081 0.9932 1.3908 (12"·) 28.30 27.87 
Ethyl ethyl 145-146 0.9931 .9711 1.4000 (12") 32.91 32.75 
Propyl ethyl 160-162 .9816 .9656 1.4050 (16" ) 37.52 38.33 

10. 
11. 
12. 

H- isopropyl 124-126 1.0270 1.0000 1.3910 (25") 28.30 27.70 
Methyl isopropyl 133-135 0.9761 0.9502 1.8890 (16") 32.91 32.60 
Ethyl isopropyl 147-149 .9626 .9444 1.3980 (18.) 37.52 37.30 
P ropyl isopropyl 164-166 .9617 .94:!2 1.4001 (16"} 42.05 41.92 
H- sec.-butyl 147-148 .9683 .9477 1.4020 (17"} 32.91 33.61 
Methyl sec.-butyl156-158 .9574 .9319 1.4035 (19") 37.52 37.38 
E thyl sec.-butyl164-166 .9519 .9291 1.4075 (18") 42.05 42.38 
P ropyl sec.-butyl177-178 .9492 .9283 1.4085 (20"} 46.62 46.00 

Empirical 
formula 

1. C,H.Oa 

,--Mol. wt.-, 
Cnlcd. Obs. 
104.0 105.2 

Analys es 
,--Carbon, %----., ,-Hydrogen, %"""' Yield 

Calcd. Found Calcd. Found o/o 
46.15 46.25 7.70 7.98 70 

2. C.H,oOa 118.0 117.8 50.80 50.99 8.53 8.27 85 
3. CoHuOa 132.0 133.4 54.54 54.35 9.15 9.32 85 
4. C,H,.Oa 146.1 145.7 57.51 57.30 9.60 9.61 90 
5. C.H,oOa 118.0 120.1 50.80 50.71 8.53 8.56 60 
6. CaHcOo 132.0 133.0 54.54 54.36 9.15 9.05 66 
7. C,H,.O, 146.1 145.2 57.51 57.40 9.60 9.66 75 
8. C.H ,oO• 160.1 158.4 60.00 59.90 10.00 9.78 85 
9. c.H,.o. 132.0 132.4 54.54 54.05 9.15 9.09 65 

10. C,H,.Oa 146.1 146.7 57.51 57.61 9.60 9.54 75 
11. CsH .. o. 160.1 158.0 60.00 59.60 10.00 9.91 80 
12. c.H, .. o, 174.1 173.0 62.05 61.80 10.34 9.96 65 
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acted w ith the sodium salt of the a c id. A further atudy ia being made 
o f t his reaction. 

Carbon a nd hydrogen were d e termined by the usu a l method of 
combus tion, sa mples being sealed in small w e ig he d bulbs a nd the tips 
broke n be fore introduction into the furnace. Chlorine w as d e termined 
by the Parr b o mb metho d. In this case samples were s ea le d in amall 
via ls as in the combustion m e thod. The difficulty of fillin g these via ls 
without c a using tra ces of hydrolysis probably accounts for the fact that 
the chlorine v a lues t end to run consistently low. For mole cular-weight 
dete rmina tions the freezing -point method was e mployed, be nzene being 
used a s a solvent. 

SUMMARY 

I. Some n ew chlorome thyl e the rs have been prepare d from pri
mary a nd seconda ry alcohols a nd the ir physical properties and reactions 
with sodium salts of alipha tic acids s tudied. 

2. Three series of four e sters each, which include the formates, 
ace ta tes, propiona tes and butyrates, h a ve bee n pre pa red from the chloro
methyl e thers o f ethyl, isopropyl and sec.-butyl a lc ohols. 
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THE COAGULATION OF CUM COLLO,'DS BY 
ELECTROLYTES 

BY E . C. H. DAVIES AND P. W. EDEBURN 

According to C . R. Toothaker' "Gums, resins and related sub

stances are so varied in their character and qualities that it requires 

much care to classify, define and describe them accurately. T he word 

gum loosely used and in popular lang uage is applied in a very general 

way to any substance which has certain q ualities which are easier to 

recognize than to describe. In this broad sense the word gum is often 

applied to rubber, resins, camphor and to oils which have become thick 

or sticky. 

"Str ictly speaking, true gum is a vegetable substance which dis

solves in cold water forming a mucilage or else swells up and makes a 

t hick, sticky m ass. 

"Cum copal is not a true gum in this sense but is r eally a resin. 

Cum camphor is chemically a volatile or essential oil and is called a g um 

only because it has a feel and tenacity which are understood when we 

say that it is gummy. Rubber is called g um because it has this same 

peculiar feeling when h andled." 

Accordin g to K . Dieterich' gum benzoes obtained from Siam con

tains 40 o/o benzoic acid (C.H,COOH) ; 55 % siresinotann ol (C,.H 110 3); 

and 5 o/o benzoresorcinol (C,.H,.O o). 

Cum copal obtained from Africa, Ame rica a nd East Indies contains 
80 % trachylolic acid ( C. ,H..,OaOH ( COOH) 2); 10 % e the rial oil. 

Cum dammar obtained from India contains 23 % d ammnrolic acid 

(C .. H 170 a(COOH)o); 40 o/o Alpha-dammar resene (C11H 11Q); 23 o/o 
Beta-dammar resene ( C.,H ""O). 

Cum gamboge obtain ed from Siam and Ceylon contains 70 o/o gam· 
boge acid ( C30H.,O e) ; 17 o/o g um. 

Cum guaiac obtained from tropical America contains gu a iacum 

resin (CroH ooOaO H ); guaiaconic acid (CroH220a (OH)~); guaiac acid 

(C.,H ,.O , (OH).) 

Cum mastic obtained from Chios conta ins Alpha-masticonic acid 

20 o/o ( C30H ,s0 1); Beta·masticonic acid 18 o/o C=l-i.,O,); A lpha-masti

coresen e 30 % (C.,H .. O, ); Beta·masticoresene 20 % (C.,H .. O ,). 

T he literature gives little information con cerning work on the prep· 

aration a nd study of colloida l solutions made from the many types of 

gums and resins. 

Considerable work has heretofore been done on su ch gums as 
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mas tic and gamboge,3 but there seem11 to have been no comparison of 

gum colloids. 

Our problem has been to compare colloids made from gums: 

arabic, benzoe11, camphor, congo, copal, dammar, gamboge, guaiac, 

mastic, ro11in, sandarac and tragacanth. The solvents were methyl, 

ethyl, propyl, butyl a nd amyl alcohols, acetone, ethyl acetate and ethyl 

ether. These permitted a comparison of a series of five aliphatic 

alcohols, a ketone, an ester, and a n ether. These solvents were purified 

by redistillation. One gram of the pulverized gum obtained from the 

centers of large characteristic pieces was shaken in a test tube with 25 

cubic centimeters of the solvent. This mixture was then thoroughly 

shaken at lea11t once each day for two weeks. 

Due to variations in the solubilities of different gums, it was necell· 

sa ry to adopt a standard for comparison and then adjust the colloids to 

the same concentration. Since g um ma11t:ic was almost completely dis

solved in all solvents, it was chosen as a 11tandard. In the dispersion of 

a g um, it11 11olution was allowed to s lowly drip from a burette whose tip 

extended below the surface of redistilled water, mechanically stirred, 
unti l a sample of the filtered colloid had the opacity given by two cubic 

centime ters of the methyl a lcohol solution of gum mastic d ispersed in 

5 00 c ubic centimeters of water. After dispersion the concentration of 

the colloids was further adjusted by a Burker Colorimeter. 

It was found impo11sible, by this method, to disperse any of the 

gums dissolved in butyl alcohol, amyl alcohol, ethyl acetate or ethyl 

ether. This may be related to the foct that these solvents are not very 

miscible with water. Instead of dispersing from these solvents, the 

gums coagu lated. Gums arabic, tragacanth, sandarac and camphor did 
not diapcrac in water. Cum arabic, which is a true gum, is insoluble 

in the above solvents, but soluble in water. Cum tragacanth, also a 
t rue gum. is s imila r to g um arabic in that it does not dissolve in the 

organic s olvents u sed, but on the other hand it does swell in water. 

Cum sandarac, although soluble in the organic solvents, does not dis· 

perse in water. Cum camphor dissolves in the organic solvents but does 

not d isperse in water. Further attempts will be made to modify the 

procedure to make colloids from these gums. 

To obtain results for Table I I , four cubic centimeters, of the 
respective gum dammar colloids, were poured into a teat tube containing 

one cubic centimeter of I N electrolyte such as lithium nitrate. The 

mixture was then poured ten times from one test tube to another and 

allowed to stand. Observations were made at frequent intervals both 

day and night. The time in hours is given for initial and complete 
coogulation. 

SUMMARY 

The m ethod of other observers for obtaining the precipitating 



TABLE 
Observed results obtained by allowing the different gums to stand in contact with the solvent for six months. 

GUMS 
Methyl 
Alcohol 

Elh~l 
Alco ol 

Pro~yl 
Alco ol 

Bu~l 
Aleo ol 

Amyl 
Alcohol Acetone 

Ethyl 
Acetate 

Ethyl 
Ether \Vnter 

ARABIC 

~~~~~t=:::::::::: ::::::::::::: :::::: 
0 0 0 0 0 0 0 0 95% 

2'% 155'6 0 0 0 0 0 0 0 

no no no no no no no no no 

BENZOES 

~~~!~~~;,: = = = :::::: ==:::::::::::::::::: 
65% 65% 65% 65% 6sr. 65% 65% 95% 0 
0 0 0 0 0 0 0 0 0 

yea YCI yea no no yes no no no 

CAMPHOR 

~~~~~t.=::::::::::::::::::::::::::::: 
100% 100% 100% 100% 100% 100% 100% 100% 50% 

0 0 0 0 0 0 0 0 0 
no no no no no no no no no 

CONGO 

solubility --------------------------- --- 25% 0 0 90% 95r.> 0 0 0 0 

di:~~~~~~~-= = =: ::: == ====:::: :::::::::::: 0 25% 500% 0 0 0 JOOr.> 0 0 
yes yea yeo no no yes no no no 

CO PAL 
•~.J iubility ....... ................................................................... 90% 98% 98% 90r.>' 90% 65'l'o 85% 25% 0 

di.~!~fo~ ·: : ::::::::::::::::::::::::::: Y~l 
0 0 0 0 0 0 0 0 
yes yea no no yes no no no 

DAMMAR 
solubility ---------···---------·-··--·-- 0 0 0 0 0 0 ror. 75% 0 

di':~~.~'!fo~ ·:::::::::::_·:::::::::::.·:_·::: y~ 125% 150r.> 225r.> 200% 25% 0 0 0 
yea yea no no ye• DO no no 

.1>. 
0 

"tl 
;;o 
0 
n 
tT1 
tT1 
0 z 
C'l 
Ul 

0 ., 
-l 
:z:: 
[TI 



TABLE I (Continued) 

Methyl Eth~J Propyl Bu~l Am~l Elhyl Elhyl 
~ 
[TI 

GUMS Alcohol Alco ol Alcohol Alco ol Alco ol Acetone Ac.etate Elher Water (Jl 

-l 
GAMBOGE ::; 

solubility ------------------------------ 60% 30% 0 0 0 0 0 0 0 

:G::!~~ro~-== ===~: ::::::::: ::::::::::::: y~ 0 0 0 0 0 0 0 0 ;;o 
ye.s yea no no yea no no yes () 

GUAIAC 
z 

solubility------------------------------ 50% 50% 50% 75% 75% 60% 75% sor. 0 > 
•';"'ellin~ -- ---------------------- ------- 0 0 0 0 0 0 0 0 0 ;l> 
d11peraton ----------------------------- yeo yea yes no no yes no no no () 

MASTIC 
;l> 

oolubility --------------------- --------- 85% 90% 95 %> 95% 90% 90% 80% 90% 0 0 
[TI 

awellinjr ---- --------------- -----· •••••• 0 0 0 0 0 0 0 0 10% s: 
diapereaon ----------------------------- yea yes yea no no yeG no no no -< 

ROSIN 0 
oolubility -- ---------------------------- 95% 100% 100ro 100?0 100% 98r• 99% 100% 0 ..., 
d";"'ellin' ----- ----- ••• ·----------------- 0 0 0 0 0 0 0 0 0 (Jl 

IIPCrllOO ••••••••••••••••••••••••••••• yeo yea yea no no yet no no no () 

SANDARAC 1Ti 

~~~~t=::::::::::::::::::::::::::::: 
5% 90% 98% 989'• 98% 95% 90% 80% 0 z 

() 
0 0 0 0 0 0 0 0 0 [TI 
no no no no no no no no DO 

TRAGACANTH 
solubility----------------------------- 0 0 0 0 0 0 0 0 0 

di.~:.fo~-: :::::::::::::::::::::::::::: n~ 0 0 0 0 0 0 G 8~ 
no no no no no no no 0 

~ 
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T ABLE II 

Electrolyt~ Methyl Alcohol Ethyl Alcohol Propyl Alcohol Acetone 

LiN0 4 
ln; tinl Comflete Initial Complete Initia l Complete Initia l Complete 

2 5 7 2 . 5 6 3 7 
Li,SO, No so + 50 + No SO + T . KCI 40 5 . 5 14 No 9 . 5 
KN03 50 + 50 + 25 25 
K,SO, 12 12 22 12 
NnCI 5 . 25 14 50 + .,.. 50 + 3 "9"" Na,SO, 5 . 5 7 5 . 5 50 + 5 . 5 
CuCI~ 2 . 25 5 2 . 25 s 4 14 2 . 25 s 
AgN 1.5 3 . 5 1 . 25 3 . 5 1.25 3 . 5 1 . 5 3 . 5 
MgCl2 I. 25 4 . 5 1. 25 3 . 5 4 . 6 1 . 75 5 
CaCI 1.5 4 1 4 3 . 5 6 3 . 25 4 
Zn(i-30 0): 2 . 5 4 3 4 2 . 5 6 2 4 
SrCJ. 2 . 5 5 2 5 3 . 75 I . 25 5 
CdCf2 2 . 5 5 1.25 4 2 . 5 5 1 . 5 3 . 5 
BaCI2 1 . 25 3 . 5 1. 25 3 2 4 1 . 25 3 

power of electrolytes is essentially that u sed in the experiment r e corded 
in Table II. Even a ca sual perusal of this table sh ow s many irre g u la ri
ties. We have shown these to be re late d to the r ate o f ..- ttling . It is seen 
the re fore that some modified prec edure is esse ntia l. 

Preljminary expe rimen ts indicat e that we sh a ll pro bably 
introduce some such method. A t present the ex p erim e n t 
r eached such a state of finality as to warrant the tabulat ion • 
of these later d evelopments. 
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According t o the teacher' a views of relative values, or, as too 

often happens, according to his individual interests and special prepara
t ion, intentionally or otherwise, cer tain features of the general chemistry 

course will receive greater emphasis. T he propor tionate amount of 

time which a given teacher will devote say to the stoichiometric p r ob

lems, or to purely descriptive features, or to h istorical chemistry, or to 

physico-ch emical theory, or to spectacula r d emonstra tion s, o r to quan 
t itative exper iments, or to qualitative a nalysis, or to any other aspect 

of chemistry w ill be a factor in determining the value of the course. A 

course that is too scattered with not hing done well enough to make a 

lasting impression is of little value; on the other hand a too intensive 

treatment of a few features may give the pupils a poorly organized view 
of the subject of chemistry aa a whole. 

Far be it f rom the writer to suggest that teach ers should come to 

an agreement about the content of a course in general chemistry o r 

about the manner o r order of presentation, what to emphasize, etc. Such 

standardization is c learly undesirable. The teacher will teach beat those 

features w h ich h e him self knows best, likes best and regards as most 

worth w hile. Our p lea is t h at teachers, regardless o f their persona l p ref

erences, need to try to determin e what items of chemistry are for their 

pup ils most useful and needful in contributing to their in tellectual, 
spiritual and socia l developmen t. Some teachers have no other basis 

for choice of subject matter than t o rigidly follow a text-book. What
ever t he text-book offers must be tau ght regardless of its intereat or 

worth. Such a teacher will make a b ig forward step when h e r ealizes 

that all text-books have to be adapted to t h e p upils ' capacities, interests 
a n d educatio n a l needs. 

There are many aims and values in ch emistr y teaching so obvious 

to almost a n y o n e that I n eed h ardly a llu d e to the m . T he wealth o f 

purely informatio n a l matter in gen eral chem istry a n d t h e abun dan ce 

of collateral reading matter valuable as inform a t ion is well known. No 

men tion n eed b e mad e o f the large n u m ber o f " practical'' 

suggest ions which students in c identa lly pick up in a course in general 
chemistry. Some of these we admit are tricks worth kn owing. I r efer 

to such matters as stain r emoval, e lectrolytic silver cleanin g, u se of 

zin c chloride in soldering or borax in welding, a nd soften ing hard water. 

Of course n o k n owledge is practical in t h e sense that these bits o f 

information are s u pposed to be, unleas such knowled ge is actually put to 

u ae b y the pupils. But I am con vinced that many of these auggeationa 
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are used and so do "carry over into life," while, unfor tunately some of 

the bigger ideas which we try so hard to get students to g rasp, fail to 

make any really useful impr ession. 

The ed ucational value of teaching the technica l language of chem

istry ie a matter of disagreement, but there is no doubt that m a ny terms, 

usually r egarded as too techn ical for common use, deserve to be bette r 

known and would prove to be very useful to non-chemical people if 

more widely known. Juet where to set a limit to the teaching of tech

n ical language is a nice point. Though we cannot teach m uch u seful 

chemistry without a certain minimum of this special chemical language, 

moat teachers use some terms that might very well be left o ut, or s im

plified, as fo r example dibasic acids may with less c o nfusio n be called 

dihydric acids, a n d acid anhydr id es may b e called a cid-fo rm ing oxides. 

Another ob vious aim of chemistry teaching is to g iv e ou r tl tudents a n 

insigh t into the methods of various kinds of chem ical w ork and thus 

have t h em to acquire to aome extent the chemist's vre w p o rnl , for with 

every new point there is added breath, and no tl inker " leade r or 

would-be scholar these days can afford to be w irh o ut the chemist's 

"slant:' Much is already being done through popu la r b o . a, a rticles, 

lecture• and radio talks to set forth what chemist r y h n 'lne a nd is 

doing for civilization . The high school a n d college essa o nteats are 

helping to achieve this aim in chemistry teaching , n am •·l ro lead t h e 

students to a genuine appreciation of scien ce, as to its in •te relation 

"'ith practically every neceuary and useful commo di ty ~ rodern lite. 

Moat chemistry teachers have in mind more or less con tly ;moth e r 

aim: that of correcting a host of popular fallacie s. in e n ct and un

founded impressions that persist a lmost gen erally amon• ·ople unin

fo r med in the latest chemical knowledge. It wou ld b ,. ,, 11 interesting 

pastime to ~elate a n d discuss n lot of these populnr misL o n cep t ions, but 

I sh a ll refram. T eachers need not go out of their wny to try to discover 

and correct these wrong ideas, but should correct them if possible aa 
t hey a rise. 

Among the moat m arvelous intellectual achievemenh of mankind 

are the elaborations o f thought by which thinkers in chemical theory,-

philosopbera, ahall we call them >-have arrived at the d 
. . mo e r n concep -

ttonll of m~lecules and ntom s. T o mduce pupils t o follow the logical 

processes m the developmen t of t he theories a n d law• pe t · · 
• • • • • • Q r atnrng to 

atomtc and molecular wetghts, tOnlzatJon, radioactivity atom· b 
• • • • • JC num era, 

rad1oacbve transformations and atom1c structure will confer h upon t em 
g reat intellectual benefi ts. T o show them how the utilizatt'on f · o expert-
m e ntal find in gs has led the in~est~gatora into what would seem to b e the 

realm o f the unknowab le, w11l, 1f they can grasp and app · t h' r ec1a e t . 1a 
kind of thinkin g, afford great satisfaction to our pupils and pay well 

for t h e efforts expen ded. Moreo ver to be ignoran t of these theories 

and laws of chemistry is to be a back number in. matters of present day 
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thought, for these conceptions are fundamental not only to chemical 
science but to all science. 

General chemis try text-book8 for college 8tudents are sufficiently 
comprehensive in content to serve the purpose of a foundation course 
for the v a rious classes of s tudents whether they are later to take up 
the professions of medicine, dentistry, pharmacy, engin eering, a g ricul
ture, etc., or are to study chemistry merely as a part of a liberal educa
tion . It is not practicable nor necessary to have separate classes in gen• 
era! chemistry differentiated for the several classes of students. All need 
practically the same fundamental introductory matter. The students 
h aving definite professional aims already in mind can and ·will appropri· 
ate out of the large amount of material in the general course much that 
has direct bearing on their chosen professions, but-even with these 
students the general funda mental principles of chemistry will be most 
valuable, since the applic ations of chemist ry r e quired in their profes
sions will be made at the proper time when definite needs for such 
applications arise. The fundam ental principles to which we refer are 
chiefly the working tools of chemistry such as the meaning and u se of 
formulas, equations , chemical c a l culations, chemical nomenclature. 

A course in general chemistry will have other values which are 
inc idental a nd depe nd partly upon the personality of the teacher. lnci
d e ntalJy one may te ach such ideas as n eatness and order in laboratory 
work; or, if you please, la boratory technique; one may teach orderly, 
a c curate a nd sys t ematic n o te-taking , p recision of e xpr ession as in the 
use of sc ie ntific terms with exac tly the r ight shade of meaning. Chem
ietry in its relation to industry may occasion the teaching of ideals of 
bus iness methods, c hemical control of operation" and the economic 
value of r esearch. These educational by-products of general che mistry 
may or may not b e intentional aims of the instruc tor, but it seems to 
the writer that these are important educational aims to strive for even 
thoug h they arc inc idental to the t e aching of the fundamental principles 
of chemis try. Particularly one should aim at imparting a conception 
of the meaning of the scie ntific method of discove ry and the extension 
of k n owledge through unbiased investigation. Brief references to the 
historical d evelopme nt of chemistry will bring out many lessons of value. 
The teacher who realizes most o f the intimate relationship of chemistry 
to life and who vita lizes his subject by making contacts with the pupils' 
own life experiences will best su cceed. O ne should justify himself in 
wha tever he requires his pupils to learn by asking whether or not the 
knowledge to be imparted is directly or indirectly of any u se to the pupil 

· in his own life outside of the chc mietry laboratory and le cture room. 

I 
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THE TERRACES ALONG THE MONONGAHELA RIVER 
BY S . B. BROWN 

(Profeuor of Geology, W est Virg inia University ) 
Whe n the Monongahe la Rive r began to Row it w as o n n p lain tha t 

had a gentle slope northward. The re w e re no hills on e ith e r side. It 
was simply a coas ta l pla in followin g a r e treating sea . As e levation w e nt 
on the sen disappeared a nd the river bega n to trench itself below the 
e ven s urface of the plain . But the elevatio n w as n o t equal e ve rywhe re. 
It wna less in the west, m o re in the valley o f the Monongo h e ln . a nd s till 
more furthe r east. It has gone on unt il now the tops of t h e hi lls a long 
the river are 1400 feet a bove the s ea. T h e Pittsbuq~h coa l a ro und 
Morgantown now lies a t a level of abo ut 1200 feet above sen level. At 
Moundsville it lies a t a le vel o f about 500 feet. Thnt iH, a s eleva tion 
went on the stra ta becam e tilted until n o w the la y e1 ~ hav•· ·• dip of 
about ten feet to the mile toward the Ohio Rive r. A • we p .. , s t o the 
southward the e levat ion has been m u c h g reate r. 

A t the bea d o f the rive r up in R a ndo lp h Cou n t n t 1\lmgo Fla ts 
the rive r now ta kes its rise on the G reen brier Limesto n e a t '" ·levatio n 
of 3000 fee t a b ove sea level. 

The coal m easures above the Greenbrier h a ve been ,., • ·d a w a y 
in the lapse of the a gee. Probably 1500 to 2000 fe e l hn' · e en lost 
f rom the s trata on the upper reaches of the rive r. A s it 1 p resent 
the rive r has a pro file some wha t a s fo llows: 

Beginning a t Mingo Flata a t a bout 3000 fe e t abov•· s•• ev e! the 
rive r Rows northward with a rapid fn ll unti l a t Elkins 40 111 tl away it 
is Rowing at a le ve l of 2000 feet. It has fa lle n 25 fe e t to Jl, , 1ile . 

It m a kes a tra nsverse va lle y th rou c h the m o untain ·• 11 t urns to
ward Beling ton. Fo r it i11 n m a ste r r ive r and cuts thro •q :h I h e mountain 
rathe r than be guide d by it. In its Oow of 60 miles to Gra fton the river 
has fa llen a nothe r I 000 feet, so tha t it has h a d a fa ll o f I 6 feet to the 
m ile . In ita Row towa rd Fairmont it a lso c uts through the southern end 
of Chestnut Ridge and ita labors a t the V a lley F a lls s h o w that it bas 
reach e d the bac kbone of tha t mounta in. In its course of 22 miles to 
Fairmont it has a fa ll of 150 fe e t or 7 Vz feet p e r mile. 

From Fairmont to Morgantown, a dis ta nce of 25 miles, the river 
falls 64 feet or 2 Vz feet per mile. This is only one-tenth of its rate above 
E lkins. 

From Morgantown to Pittsburg h, a dis tance of I 00 mile s, it falls 
86 feet. This makes s o gentle a s lope that it only has n fall of I 0 
inc hes to the mile. It is approaching ita base le ve l. H e re it e nters the 
Ohio Rive r at the lev e l o f 700 fee t. 

Now all the way from h ead to mouth the rive r has b een flowin g 
along the strike of the rocluo while the dip of these roc ks has bee n to 
the westward. This tilt of the rocks to the westward has had a certain 
e ffec t u pon the course of the river. It has ca us ed the c urrent to be 
swifte r and deepe r near the western bank. 
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As land slides have come into the river on the west side the swift 
wate r has g radua lly removed them a nd d eposited them as alluvial mater
ia l in the slower wate r farth e r down along the east side. The effect of 
this w ork has been to s ubtract from the west side and add the m aterial 
to the east sid e. 

So as we follow a long the river we see that the hills a re steeper 
on the west sid e w hile on the east side the hills stand fa r back from the 
river a nd a wide Rood plain or bottom land lies between the river a nd 
the hills. These facts have h a d a great influence upon the development 
of the valley. A s the Rood plain on the west is wanting or very narrow 
most of the good town s ites a r e found on the east s ide. 

When the e ngineers located the locks a long the Monongahela they 
found the c urre nt and deep water on the west sid e. So they located 
m ost of the locks on the west side. When the first railroad was built 
up the rive r the engineers found the wide Rood plain and most of the 
towns on the east side while the expense of building the road was much 
less on that side. So the road was b uilt on the east side firs t. The se
cond railroad that came up the river was obliged to build on the west 
side w here it was necessary to make deeper cuts into the hills, where 
landslides a re more frequ ent and where expense of maintenance was 
greater. 

The e levation that caused the river to trench itself from four to 
six hundre d fee t to its present level has brought about m any halts and 
m eanderin gs in the course of the r iver. T he upper terrace, w hich of 
course is t h e oldest one, now lies at a level of I 020 to I 040 feet above 
sea level. This terrace is not well connected but an old bend may be 
seen on the Flats toward Star City. T h is was a quiet bend in w hich 
n Qront deposit of potters cloy nccumla ted. This wiJI be of economic 

value in the future. Other deposits of s imilar clay are known at this 
level. 

The second terrace is more continuous and the b est farms a lo n g 
the river are situated o n this terrace. This may be called the reside nce 
terrace or the town site terrace. At Morgantown this terrace is divide d 
into two ben ch es. The first bench is that on which the Post Office and 
Court H o use are situated. The second b en ch is tha t on which the 
Unive rsity is situated. 

The first terrace which is the most continu ous, is the one along the 
river a nd of course is the most recent. This may b e called the railroad 
terrace or the factory terrace. It is to be noticed that the laborers 
houses a re also situated largely upon this t e rrace. Thus a certain 
s o cia l stratification may b e seen in following these rive r terraces. 

These observatio ns that have bee n made a long the Monongahela 
are not unique for this river, but they may be seen along any river 
where conditions a re essentia lly similar. I t hink it is worth while to 
inte rpret pure scie nce in terms of its economic uses and to show w hat 
relation our observations may have to human activities. 
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PRINCIPLES OF SOIL CLASSIFICATION 
BY E. P. DEATRICK 

(Department of Soils, West Virg inia Universi ty) 

The definite e ffort to classify soils started with the organization of 
the Bureau of Soils of the United States D epartm ent of A g riculture in 
1895. The work was new, a nd in the words of a Bureau representative 
it "was to proceed in a thorough, systematic way to m ap, name, a nd 
classify the different soils of the country: to show the ir e xtent a nd their 
r elation to one another, to existing agriculture and to the p ossib ilities 
of agricultural changes and exte n sion. It was propo~ed a lso to investi 
gate, in prope rly e quipped laboratories, the physical .md c h e m ical prop· 

erties of soils." 

The soil surveyor n eeds a base map to start wor k . T h e Bur eau of 
Soils was fortunate to be able to rely on older gove r n men t b ureau s such 
a s those of G eological Survey, Coast a nd G eode tic Su r vey " "I the Land 
Grant Office for m a ny of the b ase maps needed. T hus a •· 1t amount 
of duplication o£ labor was save d . T he base mnp. like t h ne I h a ve 
h ere published by the Unite d States G e olog ica l Survey c ove t squa r e of 
30 by 30 minutes of longitude a nd lat itud e. The " q uad ran as tt ts 
t e rme d is in case a topographical m a p showing three g roup~ • f features. 
There is the I, water, including su ch bodies as seas, lakes, p onds, rivers, 
streams, canals, a nd swamps; 2, relief, including mountains. )., ))s, v a lleys, 
and cliffs ; and, 3, culture, including towns, c ities. roads, r a il roa d s, boun
d a ries, coke ovens, oil wells, a nd mines. The s cale is 1 :6 2,5 00 o r very 
n early one inch t o the mile. Smaller scales are u sed for t he less import
ant and less thic kly se ttled arena. 

1 have h e re a number of samples of soil collected from various 
• points throughout our state. The most noticeable characteristic is that 

of color. Had we collected these samples from the field we might have 
noticed another characteristic, especially if the collection h ad been 
made this spring. Were we sufficiently conversant with the tribulations 
of Job, we would no doubt have b een in a position to apprecia te his 
long s uffering when he was "clothed with w o rms and clods of dust." 
H a d the translator been an a gronomist he likely would have written 
"clods of mud or soil." Howeve r that is, certain soils, when w e t, are 
more plastic and cohesive than others. These properties are d ependent 
on the size of the s oil g rains, and a r e more pronoun.ced in soils of the 
fin est texture. D etermination of the s ize of the soil p a rticle ia accom
plis he d by the sep a rating of the oven dry soil into portions the sizes of 
the g rains in each ranging within certain arbitrary limits. The deter
mination is t e rmed the mechanical analysis. The Bureau of Soils re
cognizes seven g roups of separates. 
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Fine g ravel ....... . . . .. . 2 mm. 
Coarse s a nd . . . . . . . . . . . . I 
Me dium sand . . . . . . . . . . . . . . . . 5 

mm. 
mm. 

Fine sand ................. . . 25 mm. 
V e ry fine sand ...... . ...... . I mm. 
S ilt . . . . ........ . ......... . . 05 mm. 
C lay .. . .. . ...... . ........ . Below 

I mm. 
5 mm. 
. 25 mm. 
. I mm . 
. 05 mm. 
. 005 mm. 
. 005 mm. 
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The silt a n d clay a r e separated fro m the sands and from each o the r 

b y a g itation a nd sedimen tatio n in wate r . After being dried , the sands a re 

separate d by s hak ing in a batter y of s ieves. The results of the ana lysis 

are r e p orted as seven numbers, aa fo r example I, 3 , 2. 8, 8, 62, 16. 

For the sakes of clea rness, let u s consider that this analys is is that of 

soils A, B, C, a nd D. Within ce rta in limits of variation tha t are negligi

ble this is a pprox imate ly a ccurate a t a ny rate. Let us tm agme ourselves 

in the Bureau of So ils a t W ash in g to n a nd that the fie ld m en ha ve sent 

these s a mples from vario us sectio ns o f the country. Now while these 
are a ll \Vest Virg inia s oils w e will sim ply let the m repreaent exactly 

ide ntical soils fro m the other States of which I wi sh to speak. 
Soil A , has been sent, we w ill the refor.: assume , fro m the banks of 

the O hio River in L a wre nce County, Ohio. Refer ring to the chart 

a nd key p ublis h e d b y the Bureau• one m ay determine fro m the mec ho ni· 

cal a n a lysis g iven tha t the class is "silt loa m." (Use of the key and 

c hart d emonstrate d . ) Sinc e this is the first of the rive r bottom s oils to 

be sam p le d it is g iven the series n a m e of Hunting ton, a ppropriately, as 

you ace, a fter the n earby W est Virg inia city. The term '"silt loam" is a 

cove r n a m e . Na ture sorts s oil m a te ria ls v e ry efficiently, but seldom do 

we d iscove r tha t the m a te ria l folia e ntire ly within the limits of the g roup 
of o u r classification. 

The cove r n a m e indicates t h a t t his soil , in ita m assed c ha rocte ris tic 
resem b les those o f a s il t. Par tic ularly does the dry soil resemble silt in 
t hat it h as a talc -like feel whe n r u b be d betw een thumb a nd fin gers. In· 

a s muc h aa the s o il contains appreciable quantities of both cla y and sand 

it h as been t e rmed a ''silt mixture " o r " s ilt loam." Combining the class 

and aeries n a m e as Huntin g ton s ilt loam, w e have the complete o r type 
name. 

Now so il B has a simila r ana lysis , and therefore be longs to the class 

of silt loam. Coming from the rive r ba nk in Montgomer y Count y, 

T enncaaee it was firs t n a m e d Clarksville silt loam. This, too, was appro· 
priato fo r C larksville is the county sea t of Mon tgomery County. Soil C 

is a s amp le of a soil n ear H agers town, Maryland. H av ing the same 

analysis a s A and B it b e longs to the sam e class-that of silt loama·and to a 
se ries t e rmed Hagerstown . N o w a s the work prog resaed it was fo und 

n eccua r y to m a k e certa in c h a n ges. In som e ca aea similar soila were 

' Whitney, M. The Uae Solla Eaat or the Croat Plalns Rcslon : U. S. Deport· 
mont or Agriculture Bulletin 78. p. 12 and I 3, 19 11. 

1lbldem. 
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to have been assigned to different series and in othe r dissimilar 
were found classed in the same series. In 191 0, Bulletin 78' was 
lished. It contains a description of all the se ries n amed to date . 
soils A and B a re found to b e more similar tha n at firs t thought. 

ones 
pub· 
N ow 

The soil materia l of both is rive r wash of the Appalachian and 
limestone areas forming first bottom land. The name of the T e nnessee 
soil was therefore changed from ClarksviUe to Huntington s ilt loam and 
"'Clarksville'' was k ept for the name of another soil. Since S oil C is 
the residue from the weathering of pure limestone a n d not a tra nsported 
soil, it is distinctly different from A and B. The name H a gers town silt 
loam, therefore was not changed. 

Further dis tinction in the classification became n ecessary as the 
s tudy advanced. Soil D is similar to the Huntington so ils 1\ a nd B in 
that it is the was h from the Appa lachia n and limes tone ma teri,,J. It was, 
however, sampled from a soil laid down as a second n vn bottom. 
Distinguished thus from the first bottom s oils the Hun t ington ·•c ries-this 
s oil was assigned to the Holston series, inasmuch a s it w a s •mple on 
the second bottom lan d along the Holston River in so u western 
Vir ginia. 

Reference to the key to r iver soils 1 shows that A a nd [l , n d D are 
classified as follo ws: 

Appalachian and Limestone Material 

(A B) D 

D rainage 
Color 

Hun tington 

Poorly establish e d 

Soil Brown 
Subsoil Ye llow 

Material S a ndstone and limestone 

Position First bottom 

Soil E is the res idue from pure 

Soil C as fo llows: 

H o lston 

W e ll est ablish ed 

Lig ht brown 
Ye llow 

Alluvial over shale and sand
stone (pa rtly r esid ual} 

S econd bottom 

limestone and is compared with 

Pure limestone materia l 
Brown Soils 

c 
H agerstown 

Light brown to reddish brown sub· 

soil 
R ock outcro ps common 

E 
Brooke 

Yellow s ubsoil 

Res idual crest of hills and ridges 

lSeaton, Charles H. Uses of the Soil Survey Yearbook of the Dapartmcnt of 
Agriculture, 1920, p 413. 
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These diffe rences arc recognized in classi.fying soil E as belonging 

to the Brooke series instead of the H agerstown to which C has been 

assigned. H a ving a n analysis of 4, I 3, 12, 25, 13, 2 1, 12, it is a Brooke 

sandy loom. Soils are the n, classified acco rdin g to their position, 

material, and the agency of formu lation. A soil map of the United 

States is divided into irregular a reas each colored d ifferently. Instead 

of representing different political units as on our more familiar geo

graphical maps, the colors represent areas within which the soils have 

been formed by the same general agen cies. It is therefore a map 

showing the great geology divisions called provinces. The re are seven 
of these. 

Glacial Lake and River Terraces 

Glacial and Loiasial 
L imestone Valleys and Uplands 
Applachian Mountains and Plateaus 
Piedmont Platea u 
River Flood Ploine 
Atlantic a n d Gulf Coastal Pla ins 

These are a ll in the eastern po rt of t h e country. The a reas in the 

less thickly populated West are termed regions. The regions will be 

divided into provinces as necessity d emands. The regions are: 

Western Mountain Region 
Pacific Coast 
Arid Southwest 
Roc ky Mounta in Volleys and Plains 
Northwestern Intermountain Region 
Great Basin 
R esidual Soils of the \Vestern Prairiea 

From the name of the soil one can therefore learn its geological 

formation, the compos ition of the soil material a nd the maued textural 

characteristica. As these d etermine to a large extent t h e general 

agricultural c h a racter of the soil the aoil name also is an index to the 
productivity. 
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MINING MACHINERY 
BY M. L. O'NEAL£, FAIRMONT, W. VA. 

I have been assigned the subject of Mining Machinery, which is far 
too broad for a brief talk. I am therefore taking the liberty of confining 
my remarks to bituminous coal preparation equipment. I must still 
further limit my remarks to the mechanical preparation of c oa l, for the 
production of coke, gases, coal tars, a nd coal tar productions lead s 
us into the field of chemistry. 

The mechanical preparation of coal has two objects. F irst, the 
separation of coal into various sizes and, secondly, f reeing the coal of 
refuse to lower the ash content of the shipped produ~ t . 

The demand for prepared coal has grown very rapidly w ithin the 
past eight years. Higher coat of mining and of freight h a ve so increased 
the consumer' a coal bill that it is only n atural that h e pay m o1 e heed to 
the qua lity of coal he is being furnished. Over productio n .md keener 
competition among producers makes for the same end b cca u the pro
gressive operator teaches the consumer the value of qualit y c•· I in order 
to profit by broader markets and higher prices. 

The preparation of coal starts at the working fa ce u n derground. 
The use of cutting machines, the selection of the prop e r lci nd o f explo
sive, the correct placing of shot holes, the charging o f the h oles with 
the proper amount of explosive, these, and other preca u t ions in sur e the 
breaking down of the coal with least degradation, and in such manner 
that bands of slate and other impurities that may occu r in the seam or 
be brought down from the roof may be most readily s eparated from the 
coal by the miner a.nd thrown into the waste or "gob" underground. ) 
recall one instance in particular where a seam of coal with several inche:s 
of fire clay parting is so carefully handled underg round that no further 
cleaning of the coal at the tipple is found necessary. However, this ia 
the exception. The increasing percen tage of unskilled a nd careless 
miners and the growing use of coal loading machines underground, com
bined with other developments in the art of mining , a dd to the necessit 
of better preparation at the tipple. y 

L et us consider first the sizing of coal. In the early days gravity 
screens were used for this purpose. These c onsist generally of a numbe 
of narrow strips of iron or steel sbet ed geways in slotted bars or r ests: 
and spread to give clear openings etween bars to make the proper size 
of coal, the large coal passing over and the small sizes dropping throu h 
The whole assembly is called a gravity or bar scree n. By superimpoa~n • 
screens of different mesh or by placing them in tandem more than tw: 
sizes of coal may be made if d esired. The coal passes over the scr een 
by g ravity a nd the inclination is adjusted according to the physical 
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properties o f t h e p a rtic ular coal b eing handled, the usu a l angle being 

between 2 6 a nd 30 d egr ees. This type of s creen answe red the pur• 

pose v e ry well w h en t h e consumer was less pa r ticular tha n h e is today . 

It has th e fo llowing object ions: T he inclination of the screen d epends 

upon the frict ion of coal o n steel. This friction var ies widely. One 

car of coal may consist largely of fine coal or slack a n d it m ay be d amp 

or s ticky. T he coefficien t o f frict ion is high a nd the screen m uat be 

set a t a n angle s u fficient fo r it to go s low without sticking a nd clogging 

the screen . T he n ext car may be la rgely lump and this claaa of coal 

w ill then r uah too r a p idly across the sc reen. Furthermore, the la rger 

aizcs o f coal that pass over the e ntire length of the sc reen atart from a 

alate o f n ear rest a nd accelerate the entire distance leaving the acreen 

a t h igh v e lo city. The velocity is auddenly chec ked in the loa d in g c hute• 

o r ra ilroad cars, a nd the lumps , w hich the equipment wa a d esigned to 

aepa ra te fr o m t h e am a lle r sizes, arc there degra d ed, thereby largely 

defeating t h e purpoae for w hich the scre en was ins ta lled . 

To overco me theac objcction a it was nec essary to m ech a nically 
cont rol the flo w o f c oa l over the screen , givin g it a uniform velocity 

regardleea of ita physical p roper ties a nd th e dista nce tra v eled. T his 

waa accom p lished by the introduction of the sha ker screen. 

The ah a k e r screen, b roadly speak in g, is of two k inds: th e inclin ed 

sh aker a n d the h o r izonta l sh a k e r . 

The inclin e d shake r secures this cont rol, but a t the aam e t ime 
p a rtly utilizes gravity, hereby redu cing t h e power require d to drive it. 

It a lso premita th e use o f a simple drive in bala nce. It consists u sua lly 

of two aect ions ca rry ing t h e screen p lates, the section s bein g eithe r in 

tnndem or superim posed. These sections a re susp ende d lo awing freely , 
Connect in g rods attached to each section a re g iven their fo rward nnd 

bock s t rokes f rom a c ra n ksh a ft o r eccentrics on a countenhaft. O n e 

screen moves forward as the other moves back. The time v elocity 

c u rve fo r each section is o n e of s imple harmonic m otion a nd the two 

bala n ce. T h e stroke o f th e connecting rod is genera lly five o r aix in ch ea 

a n d the complete strokes per min ute 75 to 125 . Horsepower required 

for a 2 50 t o 3 0 0 ton per h o ur screen w ill ordinarily run I 0 or leas. 

Ins tead o f ba r s as a screening m e dium pe rforate d pla te is used. The 

p late may be Rat, t hat is , unc rimped with round, s qua re, ob lo n g o r ta p• 

e red alo t s. Ins tead o f the Ra t p la te, however, it ia m o re usual to uae a 
atepped p late. This is a c r imped plate, forming s teps in the d irect ion 

of coal t ravel. Perforation• a re lo n g slots a lm o st t he lengt h of th e atepa 
and tapered, the greater w idth being a t the loweT end . Standard• vary 

widely, the most uau a l bein g 12" steps w ith a bout a I ~ 11 drop in 

w h ich caae t h e taper may be around !1.4 11 per ft. The atepped o r lip 
acrcen p la te, as it is commonly called, haa the a d vantage o f teeterin g 

the lumps of coal as they pasa a lo n g, t hereby riddin g them o f particles 

o f small c oo l w h ich may be ridin g atop th em a nd wh ic h o therwise m ight 
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carry over into the larger sizes of coal. The tap.ered slots also reduce 
clogging of coal in the screen openings, which clogging of course cuts 
down effective screening surface and causes more degradation on the 

screen from the impact of coal against the blocked pieces. 

The horizontal shaker screen makes no use of gravity but depends 
upon inertia to move the coal forward. The screen plate is given a 
comparatively slow forward motion, carrying the coal along with it. 
The return stroke is very rapidly accelerated, so that in effect the screen 
plate is jerked from beneath the coal upon it. Practically all the move
ment of the coal relative to the screen surface is therefore accomplished 
during the return stroke. Specially designed drive heads are used to 
effect this motion. Generally the screen is in one continous section 
unbalanced so that the driving mechanism must be heavy and well 
anchored to absorb the slack. The screen surface is necessarily flat. 

The relative merits of the flat and inclined shaker screens offer a 
fertile field for argument. It is only fair that I refrain from such a dis
cussion here, as I happen to be identified with a manufacturer of one 

of these types. 

With both types of screen it is a rule, almost without exception, to 
feed the coal at a fairly uniform. rate into the screens. The usual feeder 

is either of the apron conveyor or reciprocating plate type. The 
efficiency of the screens is greatly increased by such uniform delivery of 

the coal upon them. 

Other types of screens have been used but are not sufficiently 
popular to warrant extended discussion. For example there is the revol
ving screen used so much for ores, gravels, stone, anthracite coal, etc., 
but not in favor for bituminous coal because of the increased breakage 
of the product. Also the so-called knocker screen, one end of which is 
given a vertical lift and drop by means of cams such as used in stamp 

mills. 
With the improvement in screening media it was only natural to 

seek better means of handling the prepared sizes of coal from the screen11 

into the railroad car. Lowering the coal by gravity chutes causes 
enough breakage to largely counteract the good of the better screening. 
The use of larger railroad equipment and resultant higher tipple clear
ances made this need even more imperative. H ence the loading boom. 

The loading boom receives the coal from the screens practically 
without drop and lowers it .mechanically into the railroad car. Railroad 
cars vary widely in height from top of rail to top of car. To take care of ' 
this condit ion and a lso to deposit the coal close to the bottom of the 
car that is just started loading, the boom is pivoted and equipped with 
a hoist so that it may readily be raised or lowered as required. The 
hoist may be run in connection with the boom drive, but it is more 
usual to use a small self contained electric hoist, 

1
e lther of the suspen-
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aion or wall type to accomplish this. Generally most of the weight of the 
boom is counterweighted to release the hoist. 

T wo types of booms are in general use. One is the shaking chute 
type simila r in principle to the inclined shaker screen. However, such a 
boom mus t necessarily be very long to reduce the variation in the angle 
of inclination at different loadin g heights. I t is also an unbalanced 
unit and throws cross stresses into the tipple s tructure. Again it does 
not lend itself to u se as a picking table, and for these as well as minor 
r easons, it is not so popular as the conveyor type boom. 

The conveyor boom is an endless conveyor usually of the steel 
apron type, carried in a s teel frame, the upper end being carried on a 
pivot shaft for raising and lowering. It travels at a uniform speed, 
comm only within the limits of 60 to I 00 feet per minute. If the bed of 
coal is thick enou gh upon it, it may b e lowered to an angle as great as 
3 0 degrees without the coa l rolling or sliding, particularly if the apron.s 
are of the reverse beaded type giving a stepped effect. Belt conveyors 
have been used for booms but are not common as they should not be 
lowered to nn angle greater than 18 or 19 degrees, and must therefore 

"be longer and r equire more tipple structure. 

W e will now look brieRy into the cleaning of coal, that is the re· 
moval of the s late and impurities that are loaded with it. Throughout 
most of the bituminous coal fields of this country hand cleaning is the 
chief method u sed a nd machinery is utili:zed only to facilitate this manual 
labor. It is not g enerally considered practicable to hand pick coal 
under I " to I Yz" in size and many mines are fortunate in that the 
impurities occur chieAy in the si:zes above this. Picking may be most 
thoroughly and economically done where th .., c oal is spread out in a thin 
layer on the picking medium and where the coal si:zes do not cover too 
great a range. H ence cleaning equipment goes hand in hand with 
screening equipment. 

\Vhcre hori:zontal screens are used picking is generally done on the 
screen itself, though this is open to the c r iticism that the jerky motion 
of the screen and coal interferes with the efficiency of the pickers. Such 
practice a lso limits the width and capacity of the screen unit as the picker 
should not have to reach more than about 3 0 inches to the center of 
the screen . 

Revolving pic king tables, consis ting of an annular metal table rc· 
volving slowly about a vertical shah are in u sc, but require considerable 
unobstruc ted Aoor space. The most generally used and perhaps the most 
satisfactory picking medium, or picking table, is the horizontal conveyor, 
e ither of t he steel apron or belt type. Where shaker scr eens are in use 
the picking table is commonly a horizontal section of the loading boom, 
the same conveyor thus s erving as a pickin g table and loading boom. 
The apron conveyor is more popular than the belt, partly because of this 
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fact, partly due to its ruggedness which permits the picker to break up 
a lump of coal on the table to remove a stratum of slate, and partly 
due to less obvious advantage. The speed of such conveyors is generally 
60 to 80 feet per minute, though satisfactory picking may be done at a 
speed of I 00 feet per minute. 

The modern tipple may have certain auxiliary equipment such as 
refuse conveyors, house coal conveyors, remixing conveyors, coal stor
age equipment, or perhaps a crusher for adding to the small sizes as the 
market requires. 

The cleaning of the sizes too small for hand picking leads us into 
another field, which I will dwell upon but brieRy. Most of the methods 
depend upon the difference in specific gravity of coal and impurities. 
The most commonly used is the wet cleaning plant or washer. The 
small coal is generally still further s ized and then treated in jigs, or in 
some cases over tables with large amount of water, the underlying prin
ciple being the difference in falling velocities or in buoyancy of materials 
of approximately equal sizes but of different specific gravity in water. 
The wet method has inherent disadvantages such as adequate water 
supply, disposal of sludge without damage to land and streams, removal 
of water from coal before shipment, prevention of freezing in cold 
weather, etc. 

These troubles have led to the development of the dry cleaning 
process, whereby separation is effected on tables using compressed air 
as the buoyant medium instead of water. Although there are now 
several plants in existence using this method in a commercial way. I 
feel that the process is still somewhat experimental, and the large 
investment required for such a plant will doubtless confine its users to 
the very large operators for some time to come. However, it has very 
interesting possibilities. 

It has been rather difficult to cover such a broad field in so brief 
a paper and I have been able to touch the high spots only. T o those 
who are not so familiar with the coal mines I hope this has given some 
slight idea of the problems faced and the methods used. 

) 
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Ass istant Geologist, West Virginia Geological Survey. 
(Prepared for first meeting of West Virginia Academy of Science, 

Morgantown, West Virginia, November 28, 1924.) 

INTRODUCTION 

A conglomerate may be defined as a stratified bed of rock in which 
are included particles of matter distinctly different in s ize and character 
from the constituents of the principal mass, or matrix, of the bed. These 
particles are usually, though not always, water-worn pebbles and in 
some cases are the same kind of material as the finer grains of the matrix 
but in other cases are foreign substances. Quartz pebbles, because of 
their resistance to wear, are the most common and they occur most 
frequently in sandstone. Fragments of limestone, shale, iron ore or 
other substances are sometimes found. 

In \Vest Virginia the outcropping stratified rocks range from 
Cambrian deposita, lying upon the igneous rocks, up to the Permian, 
and include a ll the known intermediate geologic periods, unconformities 
being confined to series, groups or smaller subdivisions. The Cambrian 
rocks outcrop a long the eastern border n ear Harpers Ferry but they 
soon pass under drainage in the general, though intermittent, westward 
dip so that successively youn ger rocks form the surface until a broad 
belt of Permian beds is finally preserved in the Appalachian Ge o
Syncline which extends from the southwestern corner of Pennsylvania 
southward to the Kentucky line at the southen border of Wayne County. 
With the exception of limestones and coals, which are formed in places 
from organic remains, it is generally conceded that most of these clastic 
beds were formed by erosion of high mountain ranges which success
ively occupied the present Atlantic Coastal Plain and Piedmont Prov
inces east of the Appalachian System. It is thus apparent that the more 
abundant conglomerates might be anticipated along the south-eastern 
border of the State and that exceptions to this rule indicate a .. stage of 
excessive erosion or the presence of an ancient drainage channel with 
a strong current. 

TABLE OF CONGLOMERATE STRATA 
Omitting the homogeneous beds for the sake of brevity, the follow

ing table indicates the various conglomeratic horizons of the State as 
take n from reports of the West Virginia Geological Survey, the United 
States Geological Survey, and from private observations of the writer, 
there being reliable data on perhaps four-fifths of the territory: 
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Lower Connellsville Sandstone (15'-30'). Rounded or sl~ghtly 
angular quart2: pebbles in Barbour and Braxton Counties. 

Morgantown Sandstone ( 1 5'-35'). Rounded or slightly angular 
quartz pebbles in Braxton County. 

Grafton Sandstone ( 1 5'-25'). Rounded or slightly angular 
quartz pebbles in Taylor, Preston, Barbour, Braxton and 
Lincoln Counties. 

S a ltsburg Sandstone ( 1 5'-30'). Rounded or slightly angular 
quartz pebbles in Taylor, Preston, Broxton and Kanawha 
Counties. Full of iron ore nuggets (possibly local con
cretions) at Central City, Cabell County. 

Buffalo Sandstone (20' -60'). Rounded or slightly angular 
quartz pebbles in Monongalia, T oylor, Barbou r, Preston, 
Braxton, Ron ne , Kanawha and Wayne Counties. Contains 
iron ore nodules (possibly local concretions) in Lincoln 
County. 

Mohoning Sandstones, Upper and Lower (50'-75'). (not always 
differentiated). Rounded or slightly ongular quartz peb
bles in Taylor, Barbour, Upshur, Braxton, Nicholas, Lin
coln and \Vayne Counties. 

A llegheny Series (I 00'-350') 
Upper Freeport Sandstone (20'-50'). Rounded or slightly 

angular quartz pebbles at scattered points in Marion and 
Upshur Cooties. Much larger and more numerous round
ed quartz pebbles (I "diameter) in Webster, Braxton, C loy 
and Nicholas Counties. 

(referring to ledge 
Rounded or slightly 
Barbour, Randolph. 

Low~r Freeport Sandstone (20'-30') 
JUst over Upper Kittanning Coal). 
angular quartz pebbles in Mineral, 
Nicholas a nd Clay Counties. 

Upp:r East Lynn Sandstone ( 15'-30') (referring to ledge 
JUst over Middle Kittanning Coal). Rounded or slightly 
a n g ular Quartz pebbles generally in Clay County. 

East Lynn Sandstone (25'-50') (referring to ledge just 
over Lower Kittanning (No. 5 Block) Coal). Rounded 
angula r quartz pebbles in Upshur and Webster Counties. 
or partly angular quartz pebbles in Preston, Barbour, 
Upshur, Braxton, Clay and Kanawha Counties. Much 
more abundant pebbles in Logan, Mingo, L incoln and 
\Vnyne Counties 

K ittanning Sandstone ( I 0' -3 0') (referring to ledge just over 
~larion Coal). R o unded or slightly angular quartz pebbles 
10 Barbour, Upshur and Wayne Counties. 

P ottsville Series-Kanawha Croup (200'-21 00' ) 
Homewood Sandstone (50' - I 00'). Angular quartz pebbles 
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only partly rounded in Mineral, G ran t, Tucker, Preston, 

Monongalia, Marion, Barbour, Upshur, R a ndolp h, C lay 
and Wayne Counties. 

Upper Connoq u e n essing (Upper Coalburgn Sandstone (50'-
1 50') • Angular quartz pebbles only partly rou n ded in 

Mineral, Grant, Tucker, Monongalia, M arion, T a ylor, 

Ba rbour, Ups hu r a nd R a ndolph Counties. Most abunda nt 

and largest in valley of Middlefork River, Randolph 
County. 

Lower War Eagle Sands tone (0'-30'). P artly rounded qua rtz 

pebblea in aouthern Webater County. 

Lower Connoq u e n essin g (Lower Gilbert?) Sandstone (5 0 '-
80 ' ) . Partly rounded quartz pebbles in R andolph, Nicho las 

and McDowell Counties. 
Dotaon (Bearwallow) Sandstone (0'- I 25') . Partly round e d 

quartz pebbles in Fayette, Raleigh, Wyoming a nd M c

Dowe ll Counties. 
Lower Dotson Sandstone (0'- 1 00' ). Partly r ounded quar tz 

pebbles in Webster, Fayette, Raleig h, Wyoming and M c

Dowe ll Counties. 

Pottsville Series-New River Croup (50'-1 030') 
Upper Nuttall Sandstone (I 0 ' -I 00' ). Partly rounded quar tz 

pebblea in M cDowell County. 
Lowe r Nuttall Sandstone ( I 0'-1 00' ). P a rtly r o unde d quar tz 

pebbles in Tucker, Webster, Nicholas a nd Fayette Countie s . 

Harvey Sandston e (0'- I 25'). Partly r ounded quartz pebbles 

in Fayette, Raleig h a nd M cDowell Counties. 
Guya ndot Sandstone ( 10'- 75 '). Partly rounde d quartz pebbles 

in Tuc ker, Fayette, Raleigh and M cDowell Countiea. 

Lower Guya ndot Sands to n e (0'-50'). P artly rounded quartz 

pebblca in Tucker and McDowell Count ies. 

Sha r o n (Upper Raleig h ) Sandstone (25'-75'). M ostly r ounded 

but some alightly ovoid q uartz pebblea, with m aximum 

diameter of about 2 inches, in Tucke r, Preston, Barbour, 

Randolph, Webster, Pocnhon taa, Greenbrier, Nic holas, 

Fayette , Raleig h and M cDowell Countiea. Moat presistant 

and abundant pebblca of the entire Pottsville Series. 

MISSISSIPPIAN PERIOD 

Mauch Chuck Series-Bluestone Group (25 '-800' ) 
Glady Fork Sandstone (0'-50'). P ebbles of s hale or breccia 

at base in Summers and Mercer C ount ies. 

M h Ch (20'-50' ) auc unk Series-Princeton Conglomerate 
Princeton Sandstone (20'-50'). Anqular quartz pebbles only 
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partly rounded in Tucker, Randolph, Pocahontas, Webster, 

Greenbrier, Nicholas, Fayette, Summers, Raleigh and Mer

cer Counties. Limestone and shale pebbles in ita base in 

Summers, Raleigh and Mercer Counties. 

Mauch Chunk Series-Hinton Group (I 00' -1350') 

Ston y Gap (Hinton} Sandstone (20'-35'). No pebbles in the 

sandstone proper but just beneath it is a mass of pudding

stone or breccia having siliceous ma trix and great amount 

of d rab shale inclusio ns, principally along New River in 

Summers County. Forms Sandstone Falls. 

Pocono Series (25 '-2000' ) 

Logan (Burgoon, Pinkerton (}) Sandatone: Big Injun Oil Sand) 

Sandr,tone (25'-250'). Ovoid or flattened quart.z pebblea 

in the majority of ita outcrops from Morgan County weal

ward a cross the State and also recorded in numerous well 

records where the ledge is beneath drainage: ma.ximum 
diameter about two inches. 

Purslane Sandstone (I 0'-250'). Ovoid or flattened quartz 

pebbles in Morgan County and probably southwestward 

across State but horizon is not definitely traced. 

Berea (Griswold Gnp lnkles?) Sandstone (10'- 100'). Quar tz 

a nd jasper pebbles, ovoid or flattened, in Morgan County. 

Ovoid or flattened quartz pebblea a t many outcrops south
wes tward across State and also in deep wells. 

DEVONIAN PERIOD 

Chemung Series ( 1500'-3500') 

Hendricks Sandstone ( 5 '-25'). Small flattened and elongated 

quartz pebbles in H ampshire, H a rdy, Grant, Mineral and 

Tucker Counties, often arranged in distinctly straified 
layers. 

Lackawaxen Conglomerate (5'-50'). Flattened and elongated 

quartz pebbles in Morgan, Mineral, Grant, Tucker, Pres

ton, Greenbrier and Monroe Counties, often arranged in 

distinctly stratified layers. Maximum diameter about two 

inches. Formation not yet studied in intermediate counties. 
A llegrippus Conglomerate (5'-25'). Small flattened and elon

g nted quartz pebbles in Mineral, Grant, Tucker and Pres
ton Counties, ofte n a r ranged in dis tinctly stratified layers. 

Formation not yet described in several other countiea. 

Portage Series (500'-2000') 
Pnrkhead Sandstone (0'-350'). Quartz pebbles in Morgan 

County. 
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Oriskany Series (25'-200') 

Ridgeley Sands tone (25'-175'). Small elongate d yellowis h 
quartz pebbles, about the size and shape of a grain of 
wheat, in Morgan, H ampshire, Hardy, Minera l, Grant and 
Pendleton Counties. 

SILURIAN PERIOD 
White M edina Sandstone (50'-300'). A few rounded or slig ht

ly angular q uartz pebbles in Grant, Minera l, Monroe and 
Mer~er Counties. Not y e t described at intermediate ou t 
crops. 

ORDOVICIAN PERIOD 

Beekmantown Limestone ( 1500'-2500') 
Stonehenge Me mber ( 400'600'). Edgewise p e bbles of lime 

atone or s hale arranged in vertical or slanting positions 
in Berkeley County. 

CAMBRIAN PERIOD 
Conococheague Limestone ( 1500'- 1800'). Tabular sands tone 

bloc ks l lh' across in upper portion, a nd lig h t-colored lime
atone pebbles, either rounded, angular, elongate d or pris 
mat ic in ah npe, arranged in edgewise fashion , in jefferson 
and Morgan Counties. 

Weve rton Sandstone (500'-600'). Small quartz pebbles in 
j e fferson County. 

Loudoun F ormntion (I 0'-800' ). D escribed as e ntirely con
ceale d at its only outc rop in Jefferson County, but as con
taining blue and white a ngular qua rtz fragm e nts a nd pieces 
of epidote and jasper in Loudoun County, Virg inia. 

INTERPRETATION OF D A T A 

Starting at the bottom it is apparent that the angular fragments 
of quartz and jasper of Loudoun time were d eposited comparatively n ear 
the original s ource. The varie ty of the materia l is a lso an indication of 
quick erosion and redeposition which did not p e rmit continued sorting. 
In Weverton t ime, on the contrary, the pebbles are small a nd indicate 
a more dista nt origin. The edgewise limes tone conglome rate of Cono
cocheague time indicates an upward warping of slightly older lime 
atones the particles of which were carried a s hort distance out to sea 
and stranded in the calcareous ooze. 

In the Ordovicia n Period, in which the d e pos its were principally 
limestone and shale, cong lomerates a re not found, with the exception 
of the edgewise fra g ments of the Beekmantown, and the seaward cur-
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rents w e r e s luggish or else disentegration at the source was complete. 
In the S ilurian P e riod the earlier beds were principally sandstone 

a nd shale but the m a te rial was w ell sorted, there being only a com
paratively few p e bbles in \Vhite Me dina time. The matrix of this enor
mous ledge, howe ver, is almost a pure quartzite nnd its great thicknesa 
a nd extent reveal a probable s tag e of unusual chemical activity which 
produce d vas t quantities of liquid s ilica. 

In the D e vonia n P e riod the peculiar wheat g rain pebbles in the 
Ridgele y Sa nds tone, with their close resemblanc e to the typical crystal
lization of qua rtz, can scarce ly b e e xplained e xce pt by considering them 
as form e d from liquid s ilica a t no g reat distance from their present posi
tion. In the Portage a nd Chemung the pebbles are invariably oblong 
a nd muc h flattene d, indicating a long stage of sliding backward and 
forward whic h should have occ urred only along the strand of an exten
s ive body of water. The pebbles of the Lackawaxen Conglomerate 
become prog ressive ly la r ger and more numerous toward the southern 
pa rt of the State . 

In the Mississippian P e riod the pebbles of the Pocono Se ries are 
of mixed types, s ome being ovoid or flattened while othe rs retain much 
of their primitive ang ularity. Their great abundance and comparatively 
short passa ge from the source to the present position postulate a time 
of excessive ig n eous a c tivity in the neighboring mountains. It is quite 
probable also, that an e x cessive a m ount of carbonic acid gas was releaaed 
a t the same time, cau sing the rapid developme nt o f the coal flora which 
s udde nly s pra n g into exis t e nce for the first time. In the Mauch Chunk 
Series con g lome ra tes a re almost wholly lac king except in Princeton 
time. H e r e t h e re are limestone p ebbles possibly derived from locnl 
warping of the massive Greenbrie r deposits of the aame Period, although 
no proof has yet b een secure d to substantiate su ch an a ssumption. The 
Princeton also contains a muc h g reater abundance of angular or partly 
rounde d qua rtz pebbles indicating range of anc ient g ranite or quartz at 
a comparatively short dis tanc e southeastward. The pebbles of this 
s andstone a re known to p e rsis t for several hundred miles up and down 
the Appa lachia n foot-hills but their width along the opposite axis ia 
sea rely more than 50 miles so that their accumulation must have been 
caused by a comparatively brie f stage of uniform Aooding along the 
entire mountain front, but this flooding ceased as abruptly as it began. 

In the P e nnsylva nia n P e riod there are vaal amounts of pebblea in 
Pottsville t im e , with a tte nda nt recurrence of abundant coal Aora. The 
two phe n o mena indicate a s udden recurrence of the ign eous activity 
notice d in P ocono time . Of these Pottsville conglomerates by for the 
mos t persiste nt is the Sharon, which is found not only in Pennsylvania 
and Maryla nd but e xte nds e ntirely across W est Virginia and doubtless 
corresponds to one of the g reat p ebbly beds of Virginia and Tennesaee. 
The Uppe r Connoque n es sing , however, which is quite conglomeratic in 
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Pennsylvania and northeastern West Virginia suddenly loses its pebbles 
in southern Upshur County of the latter State and they do not a gain 
appear although the matrix of the rock undoubtedly is persistent south
westward into Kentucky. A peculiarity of this bed is its excessively 
pebbly nature in the valley of Middlefork River, Randolph County, 
recording the presence of a n a ncient swift water course. The Home
Wood Sandstone, a lso, loses most of its pebbles in southern Upshur, 
although they recur intermittently as far south as Kentucky. 

In the Allegheny Series there are sporadic occurre nces of quartz 
pebbles at many points in the State but in portions of Logan, Mingo, 
Lincoln and Wayne Counties the East Lynn Sandstone becomes exces
sively conglomeratic and in Webster, Braxton, Clay and N icholas Coun
ties the same statement is true of the Upper Freeport. These two 
occurrences indicate delta accumulations near the mouths of ancient 
rivers. In the Conemaugh Series there are quartz pebbles in several 
of the sandstones but they are seldom abundant and do not indicate 
pronounced deltas or strong currents. P ehaps they may be almost 
wholly attributed to occasional storms which produced temporary under
tows or currents. In the Monongahe la Series pebbles are scarce with 
the exception of a noticeable delta which must have existed in Sewick
ley time in Lewis, Gilmer, Braxton and Roane Counties. 

In the P ermian P eriod pebbles are seldom found in the Dunkard 
Series except in the Waynesburg Sandstone in which they are fairly 
abundant in several counties. These were probably carried outward 
into the Appalachia~ water s by the impulse which attended the sub
mergence of the Waynesburg Coal swamp and the probable compen
sation e levation of land farther southeast. 
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SOME PROBLEMS OF THE OlL AND GAS INDUSTRY 
BY EARL R . SCHEFFEL 

(Associate P rofessor of Geology, \Ves t Virg inia University) 

The fir st word of the title used is significant. When the fi eld is 
looked over in d e tail one is fo rced to the conclusion that problema exist 
in all phases of the oil a nd gas industry, though this industry is doubt· 
less not except ional in this respect. 

T h e scientific search for oil and gas is of comparatively recent 
orig in. The s truc tura l theory which is the mainstay of present day 
search was proposed, it is true, as early as 1859 by Dr. T . Sterry Hunt, 
a Canadian geologist, and still la te r by othe r men, most of them arriving 
at the sam e conclusion independe ntly. It was not until about 1884, how· 
e ver, that this theory was put to a p ractical test when Dr. I. C. White, 
the present S tate G eologist of West Virginia, encouraged by the augges· 
tion of a n oil operator, Mr. \Villiam A . Faraema n, of A llegheny, Penn· 
sylvania, u sed the principle in locatin g oil pools for a Pittsburgh syndi
cate by whom he was the n e mployed. \Vhile these pools were not 
immediately tested, the drilling results late r gave ample vindication of 
the theory. 

T h e last Great War did much toward focussin g attention on the 
scientific search for oil and gas. Oil was need ed promptly a nd ample 
reserves were desired. Ma n y oil and ga s compo.nies which formerly had 
paid little o.tte ntion to the geologist sou ght him as the one most likely to 
get r esults quickly. The aeologist, by npplico.tion of the structural 
theory, the n mode g ood, so that to day p ractically o.ll companies of stand· 
ing rely upon him for this search. 

What is the structural theory) Brie Ry it may be defined as a 
belief baaed upon experience, that in a region favorable for the burial 
of organic remains a nd their sub seq uent partial conversion into oil and 
gas, that these s ubstances tend to be forced into the more porous strata, 
and in t h e presence of w a ter, move to the higher portions of these 
porous s tra ta: gas, o il and wate r then be ing arranged according to their 
specific g ravities. The boundnrica of su ch higher portions beyond 
whic h th e oil a nd gas cannot pass if accumula tion is to occ ur, may be 
dete rmine d by overlying fine rock char ged w ith wate r, through whi~h 
the oil and gns cannot move, and a c hange in the dip of the stratum 10 

which it is collected which will preven t upwa rd movement in the same 
rock. Other impediments may limit the upward movement, as b reaks 
throu g h the porous rock which have become scaled, a nd sealing within 
the porous roc k. The s tructure most favored by geologists is the anti· 
cline a nd rela ted forms. The anticline may be described as a huge wave 
or upfold in the roc k. 
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T he principal work of the geologist is to map the pos1llon of the 
rock indep endently of the surface topog raphy to find out whether such 
structures exist below the loose surface rock, and to locate upon them 
the most favorable points for dr illing. In a new territory he is very 
apt to fail, b ut is ju stified by the fact that his proportion of failures is 
very m u ch less than when the locations are m ade by a layma n. 

Why does the geologist so often fa il? Favorable reservoirs are 
found in porous or fissured rock. The structure may be fa vorable but 
if a reservoir rock is lacking there can be no accumulation. D e termin
ation before drilling as to the presence or absence of such rock is not 
always a simple matter. While the geolog ist can often make up colum
nar rock sections from rock o utcrops so that he can infe r the sequence 
where these dip into the ground, he cannot always b e sure that the rock 
which appears favorable elsewhere will continue w1th s imilar character " 
at the points where he recommends a well. Usually only the drill can 
tell. 11 be plans to drill o n the top of an a n t icline, la ter results may 
prove that he has drilled o n the fla nk of the favorable sand, as its crest 
may have shifted to one side of the upper crest of rock on which the map 
has been b ased. Again, in the process of foldin g , especially if the fold 
ing has been very sharp, breaks may have been opened in the tighter 
strata through which a U the oil and gas has leaked upward to the sur
face. Another source of error lies in the fact that strata considered 
porous are often only patchily so. The drill unluckily may happen t o 
hit the productive sand at a point where the interstices between the 
rock grains may b e tightly fill ed with some cement. Only a few feet 
away may lie the coveted oil or gas: Torpedoing may prove th is , or the 
effects of the torpedoing may not go far enoug h, and the well is given 
up in disco uragement. 

As before indicated, sharp foldin g tends to so break up strata as 
to perm.it the escape of oil and gas. j ust what degree of foldin g is 
necessary t o bring about this r esult is probably not determinable as for 
many reasons it would vary in different locali t ies as well as with depth. 
A theory proposed in 19 15 by Mr. David White promises to answer 
this quest ion in another way. Mr. White found that when the fixed 
carbon ratio of coal (on the pure fu e l basis) exceede d a certa in percent 
drilling results were n egative. With a lowering of this percent gas was 
often found, and with further lowering the lighter to h eavier oils were 
tapped. This does not seem to be a c hance relationship. A disturbance 
g reat e n oug h to change coal to a high fixed carbon ratio is conceived 
as great enough to change the character of the oil to lighter grades 
or even entirely to gas, with an increasing chance approach ing a cer
tainty of so fracturing the rock that all the oil and gas escapes. The 
data at hand seems to indicate that when the fixed carbon ratio exceed s 
65 percent in West Virginia, the r e is no u se in drilling for oil, and when 
it exceeds 70 percent no hope may be entertaine d for commercial 
quantities of gas. The problema in connection with the use of this prin-
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ciple arc firs t, that the data is not yet sufficient to indicate its absolute 
reliability. S econd, that the pe rce ntages indicating the limits vary in 
differe nt areas, so that they must be determined independently for the 
various areas. Third, som e oil a nd gas fields are found in areas where 
coal is lacking . In s uch a reas bituminous s hales are usually present, 
but s o far as yet known they cannot be u sed in the sam e way as coal in 
conjecturing p roba bilities . A fo urth problem in connection with the use 
of t he princ iple is the fact tha t it can only be practically applied whe re 
drilling is to the usual depths. Whether the 65 p ercent rule for o il 
would h o ld in West Virg inia at depth s say of nine thousand feet is highly 
problematical. N o drill has yet reached s u ch a d ep t h. Folding may 
and probably nearly a lways docs become less inte nse with .depth, while 
the rock is more easily bent and less easily broken at such depths . 
H ence a badly fractured zone m ay e x ist nea r the surface, this g radually 
s h ading into unfractured rock b e low. Dr. I. C. White has expressed 
the belief that g reat thicknesses of sh a le will tend to shingle in s u ch 8 

way as to impe d e or prevent the escape of oil and gas. If conditions 
with depth so change as to favor the retention of oil and gas in high ly 
folded regions, West Virg inia may well develop fields to the east of the 
Chestnut Ridge line in what has been considered hope less territory. 

An experiment along this line is now being undertaken. There 
is at p resent a well drilling near Terra Alta, West Virginia, on which 
n o depth limit has b een placed except as the discovery of comme rcial 
qua ntities of o il or gas m a y stop its prog ress, or drilling troubles with 
the entailed exp e nse makes it unfeasible to g o further. At present this 
well is about 4,500 feet deep. It seems probable tha t drilling troubles 
will prevent any adequate tes ting of g reat d epths. 

L eavin g out of consideration excessive foldin g, it would seem cer· 
tain that possibilities of deep oil and gas exist in ma ny of the areas 
whe r e it is now found at present drilling depths. There is no inherent 
r eason why it should not be present. While it is t r ue that rock tends 
to become more compact with g reater depth, it must be remembered 
tha t many of our oil and gas sands were at one time buried at d epths 
exceedin g our present d r ill ing limits. Nature, by kindly moving thou· 
sands of feet, in some cases, of overlyin g r ock h ns brought these sands 
within r each of the drill. Why may there not be at the present t ime 
favorable but deeply buried sands where nature has not performed this 
fu nction. True it is that s truc tures m ay be Ha tter, a nd hence more 
u n favorable for concentratio n at g reater d epths, but the greater chance 
of r e t e ntion would be a strong offsetting factor. 

The question of whethe r deep o il a n d gas m ay be found can be 
settled only by deeper dr illin g, and deeper drilling brings in problems of 
i ts own. The deeper the well , t h e g reater the cost pe r foot, and for very 
d eep wells t h is cost may become so great a s to be prohibitive. Where 
conditions a re very unfa vorable wells sometimes now cost as high as 
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one hundred and fifty to two hundred thousand dollars and more. Tho 

cost of drilling a well even under exceptionally favorable conditions to 

twice the present maximum depth, would doubtless be a startling figure. 

The chances for a profitable return are so uncertain that no such ven

ture is looked for soon. 

It may be added that the deepes t well in the world is but 7,5 79 

feet. This is a dry hole located about eigrt miles southeast of Fairmont, 

West Virginia, and known as the Lake well. Drilling troubles stopped 

progress before the calculated depth to the oil sand was reached. The 

deepest producing well in the world struck gas on November 28, 1924, 

at a depth of about 7,340 feet. This is located near Ligonier, P e nn

sylvania. 

Structures have been located in the past by the geologist taking 

elevations upon a given rock where exposed, or using well data in a 

similar way. Science Service on page XII of Science, November 28th, 

1924, calls attention to the use of the Eotvos Torsion Balance in locating 

underlying mass and h e nce makes possible the mapping of any continu

ous structure. This balance indicates variation s in specific gravity of the 

underlying rock in its relation to the topographic surface. Many correc
tions must be m ade and other difficulties exist, so that the method can

not be said to have had adequate test. It is apparently, however, being 

given serious consideration and a fair trial by several oil companies at 

the present time. 

Another method used in the hunt for oil and gas has been developed 

within the last few years. One of the difficulties in oil and gas work is 

the certain determination of a stratum wherever it may be found . In 
the past large fossils, when present, have been a most valuable method 

of indentification. More recently it has b een found that some shales 

contain microscopic fossils, which it is believed are localized in their 

occurrence. If this conclusion proves reliable, and it is claimed that 

s ome oil companies in the Gulf states are now successfully using t h e 

principle, the indentification of strata whether exposed at the surface 

or examined in the drill cuttings, will be much more reliable. 

Our present methods of extracting oil from the g round are highly 

inefficient. It is estimated that in many cases fields are abandoned 

before one-fourth of the oil has been obtained. It is not probable that a 

method one hundred percent efficient will ever be discovered. Efforts to 

increase recovery have been made by flooding the snnds with water to 

drive the oil ahead to the wells, and similarly to force it out by com
pressed air or gas. Sometimes a vacuum method of recovery is u sed. 

These methods are applied with varying degrees of s uccess, but when 

weiJs are profitable it is often best to leave well enough alone, and resort 

to special methods only when the othe r alternative is abandonment . 

A unique method of increasing recovery was developed thoug h not 

originated by Germany under stress of war conditions. Her fields were 
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not yielding enough oil, so tunn els were driven into the sand with the expectation of mining and treating the rock. Seepage into the tunnels from the adjacent rock proved so effective that the idea of extraction by special methods was a bandoned, at least for the time being, a n d the n atural seepage was collected. This proved in amount to be almost the total remaining percentage of the oil. As the rock n ear tunnels becomes drained the supply is maintained by advancing the old and construction of cross t unnels. While not unknown in this c ountry, this m ethod has not h ere r each ed an important stage of development and may never do so on account of t he prevailingly great d epths of the sand s. The method will unquestionably bring new problems w ith any further attempt at development in this country. 

With the advent of the internal combustion engine, particularly its application to the automobile, the d emand for gasoline became excessive. At one time gasoline was less desirable than kerosen e, but with the increased demand induced by the new type of engine, its value mounted a nd a shortage was felt. T wo ways existed of supplying this shortage. Finding n ew fields, as well as th e better development and man agement of fi elds both new and old, and by increasing the percent. age of gasoline obtained from p etroleum. Several ways have been found to increase this percentage. One m ethod is by mi.·ting with the gasoline heavier distillates approaching the kerosen e character, a nd counteracting the dea dening e ffect of such a mix by putting in some unusually light gasoline (casing head gasoline) which fo r merly was a llowed to waste or was s old as gas. Thus the amount is increased at both ends of the former distilling limits for gasoline. The second method of increasing the quantity of gasoline is by a process known as crackin g. Several such processes a rc k n own . Their effect is to brea k up som e o f the heavie r constituents of petroleum into the lighter of which gasoline is composed. New o r improved cracking processes that will increase the amount of gasoline at a reasonable cost are desired by the oil companies, and h erein is a problem to tax the ingenuity of the chemist and physicist. 
Ma ny minor problems might be discussed, but time and space necessitate omitting many of these a nd barely touching upon others. A cheaper method of extracting helium (when it is present) from natura l gas is desirable. F or the good of themselves as well as for the good of the community at l arge it is desirable that oil and gas companies operating in adjacent areas should wor k in harmony. Tremendous wastes have occurred in the past a n d some even at the present due to a frantic endeavor of rival companies to get a ll the oil or gas first, b efore a ny adequate facilities for taking care of it after extraction from the ground, were provided. Gas is frequently still allowed to go t o waste, not only r esulting in a ineparable loas of this commodity, but increasing the difficulty of getting the oil from the ground. Some of these problems are such as can be most effectively solved by legislation. 

' 
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The amount of oil and gas in the grou nd is limited. It was esti

m a ted by the United States Geological Survey in collaboration with 

the American Association of P etroleum Geolog ists a few years ago, that 

t_he reserves of petroleum in this country lying within the present drilling 

d epths and obtainable by present methods, would approximate ten bil

lion barrels. At our present rate of use, provided we could continue to 

take the oil from the ground at the same rate, such as a reserve would 

last the country until about 1940. As a matter of fact the oil cannot 

b e obtained from the ground this fast, so petroleum m ay be extracted 

indefinitely from the ground in this country, but at a r apidly lessening 

rate, a lessening rate that will probably start within a few years time, 

and which has already started in some of the older fields, notably the 

Appalachian. What will we do whe~ this decline sets in in earnest? 

There are several ways out. The simplest is the importation from other 

countries where development is on the up-grade. But we :1rc safest in 

not having to depend on other countries, for aside from political reasons, 

these in turn will decline in production in time. The possible mining of 

some of our fields has bee n su ggested, but this cannot be highly effective 

on account of the great depth of moat sands. Another a lternative is the 

utilization of our bituminous shales which are estimated to contain poten· 

lial oils equivalent to p etroleum many, many times in excess of the re

serves of the latter. The destructive distillatio n of coal wastes or in

creased distillation of coal itself many e liminate by substitutions the n eed 

for so much petroleum. 

In this paper there has been h ardly more than an attempt to call 

attention to some of the problems of the oil and gas industry. Its pur

pose is to stimulate thought along these lines and it is hoped it will be 

effective in this. 
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A PHASE OF COAL CONSERVATION 
BY E ARL R. SCHEFFEL, 

Department of Geology, \Vest Virginia University. 

71 

E stimates of coal recovery are usually if not always based upon 
the percentage of coal secured from the bed d esired. The loss is the 
coal left as ceiling or floor or supporting pillara or walls, or losses 
from cave-ins of coal which it is not deemed practical to recover. 

From the standpoint of the coal operator this method of estimating 
is quite proper. It fails to take into consideration, however, coals 
because of high ash, thin character, interbedding with shales or other 
reasons. Such coals by subsequent caving in mined areas may be 
above or below the bed mined which are accounted valueless either 
permanently lost or later recovered at considerably enhanced expense. 

The Pittsburgh coal may be cited as an example of what is meant. 
This coal as measured by the mine operator has a thickness of about 
eight feet with con siderable varation each way according to locality. 
This eight feet or so is comparatively pure coal with little (or no) 
interbedding of bone or s h ale. The operator endeavors to mine as much 
of this thickn ess as he safely can with profitable economy. He ignores 
the fact that usually overlying the coal is a multiple bedding of thin cools 
nnd shales; the aggregate of the coals some times approaching four feet. 
In order to obtain this coal sometimes an equal or greater amount of 
shale would have to be mined. As such mining has generally not been 
considered feasible in the past, very few a n alyses of these thin beds of 
coal have bee n made and little can be said about their composition. 

What has been said with regard to the Pittsburgh coal is also in a 
large measure true of other coals in West Virginia. The Upper Free· 
port particularly may be mentioned. An estimate of the losses in West 
Virginia for these two coals a lone, should present practices continue 
until these b e d s are exhausted, would amount into many billions of tons. 

The phase of conservation considered by this article is th~ possi
bility of recovering such thin or dirty coals and to urge upon mining 
operators the importance of including them in estimates of recovery. 
As long as they are ignored the extent of the wastage is not appreciated. 
Cold fi gures might well be the motive force to compel action. 

It is urged that geologists when making sections, will not only 
include the thin coals us is usually done, but will describe them as accur
ately and completely as possible. The lack of such descriptions and the 
absence of analyses largely destroys the value of such sections for work
ing out future possibilities. Unfortunately analyses and detailed descrip
tions are usually made only on those coals which are looked upon as 
having economic possibilities according to present standards. 

Geolog ists have long recognized the existence of this waste, and 
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have occasionally speculated how it might be avoided. The l iterature 
on the subject is, however, very scattered and gen erally unindexed. 
Practically all the comments concerning this wastage were found by the 
writer in a page to page perusal of books on coal. One of the most 
virile comments is to be found in Volume II ( 1903) "Coal"' of the West 
Virginia Geological Survey, I. C . White, State Geologist. On page I 6 7 
is a discussion of the wastes in thin coals overlying the Pittsburgh, and 
a prediction that these will be later mined. It may be stated that 
mining of similar character has already been successfully undertaken 
following the removal of the main bed and subsequent to caving. Would 
it not be far better to try and work out a method fo r removing all at the 
same time? 

Perhaps the nearest anticipation to this article in any extended 
report is the pamphlet of the Pennsylvan~a Geologic Survey on the "Oil 
Resources in Coal and Carbonaceous Shales of Pennsylvania" ( 1923) 
by Chas. R. F ettke. The emphasis in this pamplet, however, is in a 
somewhat different direction. 

How to remedy the situation is of course a problem. As one prac
tical geologist has stated, the mine operator has trouble now in profit
ably mining the better and thicker coals without attempting conserva
tion of this sort. Nevertheless, if anything is to be done a start has to 
be made sometime, and the sooner such a start is made the smaller the 
loss will be. 

It is suggested that special methods of ut ilization may have to be 
resorted to in most cases. It is hardly to be expected that such coals, 
which can usually be mined and cleaned only at greatly increased cost 
per ton, will compete on the market with coal mined under present 
conditions. 

As the less expensively mined or purer coal may stand more read
ily the cost of transportation, the solution of the problem may be in 
finding a practical method of utilizing the beds now in roof or floor, 
immediately at the mine. A more elaborate paper by the writer dis
cusses such possibilities in some detail. It is sufficient here to merely 
note them. 

The Bureau of Mines has made many experiments converting coal 
into Producer Gas. T he results of these experiments seem to indicate 
t hat more energy may be obtained from a ton of high ash coal utlized 
in this way than from a ton of low ash coal used in the ordinary way. 
As the gas fields of West Virginia will doubtless be on the decline within 
a shorter period of years, it may be found satisfactory after this decline 
starts in or the demand for gas becomes greater, to mingle the nat~ral 
and artificial gas for a time, and ultimately to use the natural gas plpes 
solely for the transportation of producer or other gas derived from the 
coal. 

Reports from Germany indicate that a large percentage of a petro-
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Ieum like product can be secured from coal by the introduction of hydrogen under certain conditions. Coals of the character here con· sid e red may be suitable for this purpose. If the production of a petto· leum substitute in this way is found practical, the solution of another threatened problem, a petroleum shortage, may be found. Much has been written about oil shales in this connection. Yet oil shales are generally much higher in ash, as a whole more inaccessible, and offer smaller potential oil r esources than will the thin and low grade coals, if the G e rman method is practical and has not b een misrepresented. As with gas, pipe lines already laid for p etroleum could be used for trans· porting its su bstitute. These pip e lines a re a lready favorably located for such change o f function. 

Some mines now use low grade coals for their own heating and power. Such uses might profitably be g reatly extended to include adjacent settlem ents o r enterprises . 
Conversion of coal ene rgy into electric power which may be transmitted with reasonable economy at present up to about two hundred and fifty miles, is a use that may be considered, for the low g r a de coals as it h as b een considered especially For the high grade coals in the past. 
By-produc t coking with utilization of the high a sh coke for gas is worthy of conside ration. 

CONCLUSION. 
The proper con servation of o ur coal is of first imp ortance to \Vest Virg inia ns. This state has closely contested for second place with lllinois in coal production for a number of years past. Coal is easily the most importa nt of West Virginia's mineral products, constituting almost seventy percent of the total mineral production For 1923. estimated at $413,075,026 (U. S. G . 5.). Indirectly much of the non-mine • a! in· duatry of the state is dependent o n coal production. A s yet less than 1.2 percent of the estimated coal resources of the state has been mined. but it should be remembered that the estima tes of r eserves include huge tonnag es far less favorably situated for mining than the coals considered in this article . R ecognition of the present wastage and a successful method of preventing it will mean to the state the saving of a gr.eat tonnage that ranks only second in ease of recovery to the coal now m ined. 
Utilizations such as those suggested may seem visionary. The same argument has been advanced against a lmost every suggested radical d eparture from current practice. Sometimes such departures prove failu r es. Ver y often they a r e amply justified by results. It is only by making the venture that we can find out wheth er success or failure a waits, and without such venturing all progreu must cease. It is hoped that coal companies or corporations of farsighted vision will open up this pioneer field of attempting to utilize a class of coals now practically ignored. 
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LOCAL CONDITIONS AT A MISSISSIPPIAN 
DISCONFORMITY 

BY JOHN L. TIL TON 

Professor of Geology, West Virginia University. 

The disconformity referred to lies just above the Pocono as seen near 
Greer about seven miles southeast of Morgantown on the Morgantown 
and Kingwood branch of the Baltimore a nd Ohio railroad. At Greer is 
located a quarry of Greenbrier limestone identified by D. B. Reger as 
Gasper limestone, the upper part of the Union. Standing by the railroad 

at the bend southeast from the quarry one looks across the valley of 
Deckers Creek to the long line of limest one in the quarry face. From 
the floor of the quarry a road winds down the slope passing first the 
Rosiclaire shale a nd then the siliceous and somewhat con cretionary 
Fredonia limestone lying about fifteen feet above the level of the rail
road by the mill: Further on to the west and a little to the left m ay be 
seen a railroad bridge over Deckers Creek the buttresses and pier of 
which rest upon the Pocono sandstone, identified by Reger as the Bur
goon sandstone (Big Injun Oil Sand~ K een er?) . The evident discon
formity lies between these two beds, the Fredonia above and the Bur
goon below. It is noteworthy because of the character of the evidence 
seen in the fi eld in this locality, and because of the absence of extensive 
beds that are present in the southern part of the state and farther west 
in the Mississippi valley. 

Along Deckers Creek west from the railroad bridge the strata 
dip toward the northwest, so that at Sturgisson, a bout a mile and a half 
further down the valley, the Gasper limeston e is at the level o f the track, 
a difference in level of about a hundred feet. In this distance the sur
face of the Burgoon sandstone is first at about a uniform lev el for a 
quarter of a mile along the stream. Then the surface of the sandstone 
gradually rises till in another quarter of a mile it reaches a height of 

twenty feet above the track, or three-times that heig ht above t he creek. 
At this point opposite Sturgisson school a road goes southwest up the 
hillside, crossing fi rst a h eavy bed of the Burgoon sandston e , a nd immed
iately above it a cross-bedded sandstone w ith bedding planes dipping 
toward the west. Above this sandstone lies the Fredonia limestone, 
cross bedded and siliceous, just like that seen at the mill. At the first 
bend in the road the contact of the limestone with the sandstone is vis
ible, and so clear that it can b e d etected within a twentieth of an inch. 
Above is the limestone, as already mentioned, and below for about a n inch 
a yellowish, clayey, fine-grained standstone which even with this prox
imity to the limestone efferv esces but slightly. Beneath this lies a light 
brownish thin bedded, very poorly cemented and a lmost sh aly sandstone, 
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b dd d better which in turn lies upon the above mentioned cross· e e 
cemented sandstone with bedding planes dipping toward the west. 

Looking up a t the bottom of the limestone one discovers lines like 
mud-cracks in outline, but the parts project downward into the underly
ing sandstone. The cracks are irregular though somewhat hexagon~!. 
The interpretation is that on gradual subsidence the last sandy deposits 
before the limestone was laid down, was exposed as a sand Rat between 
tides long enough for the surface to dry somewhat and crack and pos· 
sibly fill with calcareous wind blown material. On return of the water 
there was no further exposure at low tide, but the conditions of depos· 
ition formed an accumulation with more of lime and less of sand. T here 
was, however, current action during the deposition of the limestone, as 
shown by the cross-bedding in the limestone; and somewhat of fine s~nd 
was tran sported into the region and mingled with the deposition calcJur:' 
carbonate, for the limestone is siliceous. A portion of the first of th.ul 
calcareous material laid down on the old Rat sifted into the cracks In 
the partially dried surface and hardened there. Now as we excavate 
beneath the limestone we l ook up at t he former Roor of the bay. 

The position was such that I despaired of getting a photograph of 
the old mud-cracks till on the other side of the creek I came upon a 
large slab of what appeared to be this same Fredonia limestone that had 
bee n excavated in work upon the new Kingwood pike and turned upside 
down by the roadside. Here also the projecting lines are visible where 
the limestone filled down into the cracks in the sandstone. 

These facta r aise a question as to where the plane or planes of the 
disconformity actually lie. Here is clearly a change in a subsidin g area, 
in which the old landscape had at its surface the coarse Burgoon sand
ston e of the Pocono, which on gradual Hooding (subsidence) was later 
covered by limestone (F redonia--Gasper); but where does the cross· 
bedded sandstone belongs~ Is it 8 part of the Burgoon that happened 
to be at the surface at t his point, or is it the first sandy material washed 
into the depressions as subsidence took place, a nd thus really belonging 
with the overlying deposits-the Tennesseian division of the Mississip
pian, and not the Waverlian division} If it is the first sandy material 
washed into the depressions as subsidence took place it would occupy 
the relation of n basal con glomerate, though it is not a conglomerate. · 
Evidently the crucial test is t o be sought in the character of the fossils, 
but as yet the sandstone is not to be found to be fossiliferous. T he 
only evidences at present available are the coarseness of the siliceous 
grains in the strata, a nd in the rela t ion of the beds. The lowest b ed 
(Burgoon) has well rounded quartz grains ranging, among those that 
were examined, from .35 mm. to .9 mm. with an average of .565 mm. 
As a whole the sandstone is a slightly yellowish a lmost white, sandstone 
b e neath the brownish weath ered surface. The erose-bedded sandstone 
above lacks the largest grains and, though the grains average about the 
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same (.50 mm.) the general character of the stone is that of a finer 
grained sandstone than that below it; it contains many nicely rounded 
quartz grains. 

The grains in the sandstone close to the base of the limestone and 
in the limestone itself ncar Sturgisson school are uniformly fine, much 
finer than in either the cross-bedded sandstone or the coarser sandstone 
(Burgoon) below. This sharp contrast allies the topmost portions of 
the sandstone with the limestone (Fredonia). Nor is this contrast 
nullified by the presence of a few quartz grains as large as . 70 mm. near 
the mill, for the average there is .3 2 mm. 

Thus in size of grains the cross-bedded sandstone is as a whole 
more closely related to the underlying Burgoon than it is to the Fredonia. 
It could have been laid down in connection with contemporaneous ero· 
sion when the Burgoon was laid down, or it could have been the first 
somewhat coarse deposit laid down as the subsidence of the region began. 
Fossils only can supply the evidence needed to ascertain whether in time 
of deposition the basal cross-bedded part of the sandstone, and the 
greater part of its mass, was laid down with the Pocono sandstone, or 
as a basal portion of nearly the same age as the Fredonia limestone. 

The topmost portions of the sandstone are distinctly related to the 
conditions of subsidence , and are thus to that extent beds associated 
with the limestone. There is, howe ver, the break marked by the mud
cracks, a break the duration of which we at present have no means of 
ascertaining. Here, too, in the sandstone a foot or so beneath the lime· 
stone, fossils are needed to give the evidence as to whether this sand
stone was laid down before Pocono conditions had passed, or whether 
the break is of short duration, the subsidence following immediately, 
and thus this portion only having the relation of a basal sandstone to 
the Fredonia. The break may be of short duration, or it may be of long 
duration in the region of a )ow-lying sea margin; but its surface was 

soft when it cracked. 

An additional reason why this disconformity is noteworthy is 
because of the absence of extensive beds that are present in the southern 
part of the state and farther west in the Mississippi valley. Mr. R eger 
reports that in the south ern part of the state fifteen hundred feet of 
strata fit into the gap between the Burgoon and the Fredonia, fully half 
of which is Maccrady shale and sandstone, between which and the Fred
onia are numerous and thick beds of limestone. According to the local 
conditions above described the thin beds of sandstone near the base of 
the Fredonia limestone near Sturgisson school, if not the cross-bedded 
portion beneath, may prove to be representative of the M accrady. 
However this may be, the conditions here presented attending this great 
break (or two) above the Pocono, are such as to mark local conditions 
as noteworthy. 
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LONGITUDINAL VIBRATIONS OF AN ELASTIC 
PENDULUM 

BY JOHN EIESLAND 

I. 
Neglecting the weight of the cable we have the following 

general equations for the motion of an elas tic pendulum 
(Fopple, Technische M echanik, Vol. 6, p . 140): 

d l, d cp d ' cp 
- gsin<p = 2 - .· - + 1 - , dt • dt dt• 

( 1) 
d' ls ( d cp )' c gcos<p = - - 1 - + M- I. , dt• dt . 

T 
L et 1 = }, + }. = h + T h , where 

h = length of the natural cable, 
b = length of the stretch, 
T = tension , A = modulus of elasticity. 

F o r longitudinal vibra tions we have <p = 0 , so that ( 1 ) 
becomes, 

g = 
d •l: c + -1· • dt0 M 

(2) 

T 
We put z = 1 = f, + }. == h + ;:-1• , so tha t w e have, 

counting z positive dow nward. 

T 11 ). 

b = ).h , T = (."A = cl: , c= (." , 

MI1 d~T 

>: dt• = M g - T , 

d•z 11 dOT 

dt• = T ~ 

d•z 
M-

dt• 
Mg -T, 

(3) 

(4) 

(5) 

which last equa tion m ay also be obta ine d from elementary 
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considerations, instead of starting with the L agrang ian equa
tions (I) . 

Integrating ( 3) we find 

T = Mg + AcosiXt , (6) 

h • A / -A-
W ere IX = - or IX _ ~ 1 

11M ' - V J;M · 

From ( 4) we get by integrating , 

Mgl1 11A 

z = h + -- + --cosiXt , 
). ). 

Mgl1 11A ;--r-
Z - h = lo = -- + --cos \j- t . ( 7) 

A A Ml, 

A is an arbitrary constant and can differ from zero only if 

system is not in equilibrium at t = 0. Since ~= 0 in (I) , it 

m eans that we must initially stretch the cable in a long itudina l 

direction and then let it go . If th is pull is initially T , , then 

from (6) , T , = A. 

W e also find for the period of vibrations and velocity of 
lower end of cable 

Period= P = 
2:. 

y X 
Ml 1 

;I'JVC" 
= 2'it v -)..-

d z u i1A 0 
v = dt = - ---;:- siniXt = - A "'J A"i1 sin ~t. 

(8) 

(9) 

If A = 0, equation ( 7) tells us that the cable has been le ngth -

d 
Mgl1 

ene by an amount -
). 

Suppose now that the system is carried upward with' an 

acceleration !!_. We may approximate this initial condition by 

supposing th e cable with weight Mg a t lower end to b e wound 
d z 

about a drum at the top in such a way that dt = - at. We 

may neglect the shortening of the p endulum for the first few 
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seconds at least. An other method, more exact, would be to 

imagine the pendulum suspended in an elevator which is as~ 

cending with a velocity = - at. We have then for the 

tension 

T = M (g+a) + Acos ~t. (10) 

tha t is , the effect on the tension is only to add a weight a M to 

M g . Equation ( 5) now becomes , 

dZz rr 
M dtz = Mg - (Mg+Ma) - Acos '\jjJ;i' t 

M( g+n )l1 l1A , -,.- at• 

Z = l1 + --~,- + }. cos '\ l,M t - 2 · (12) 

The effect of pulling the system upward with an accelera* 

tion ~ has therefore no effect on the constant A. If system is 

in equilibrium at t = 0 , A is zero and cable is leng thened b y 
Mal1 

an amount -~.- due to the added tension. 

If we imagine the pend ulum suspended in an elevator 

which starts upward with an acceleration a, that is w ith a 
velocity = - at, no vibrations will occu;: the length will 

M(g + a)l1 

a lter and become equal to 11 + ,. . If, however, the 
elevator stops, or the motion becomes uniform o.t a given 

moment vibrations w ill take p lace. In the same way, friction, 

or a sudden jolt, will s ta rt vibrations in th e system. 

II. 

THE GENERAL PROBLEM 

Suppose we have a string which we sh all to begin with, 
suppose to be inelastic, and let Xmds, Ymds, Zmds be given 
forces actin g on an element. of string ds, whose mass of unit 
length is m. 

Let u, v, w be components of velocity o f elements parallel 
to axes. By D' Alembert' s principle the element ds of the 

string is acted upon by the forces 
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mds ( Z- :~) , mds( Y- ::) , mds( X-::) 

and also by the tensions at both ends. 

dx dy dz 
Let T ds , T ds , T ds be the components of tension T at 

point (x,y,z). The components of the tension at the other 
end of the element are 

dx d 

T da + ds ( T :: ) ' 
dy d 

T ds + ds 

The equations of motions are therefore (Routh's Rigid 
Mechanics, Vol. II, Ch. XIII) : 

ou 0 
( T ~: ) + mX, m -=-

ot os 
ov 0 

(T OY.) + 
m ot= OS mY, ( I ) 

OS 
// ow c:) 

( T ~:) + // m-·=- mZ, 
ot os 

/ 
s and t being independent variables; s is constant for the same 
element of the string and its path is determined by varying t. 
But the curve which the string forms at any time t is obtained 
by varying s, holding t constant. s is measured from a point 
in the curve up to the element under consideration. 

By geometry we have 

( ox ) 2 ( oy ) 2 ( oz ) 2 

OS + OS + OS 
(2) 

and differentiatin g with respect to t, 

ox ou oy ov oz ow 
ds~ + ds"d; + ds ds"= o. (3) 



WEST VIRGINIA ACADEMY OF SCIENCE 85 

The equations ( 1 ) a nd ( 3) are sufficient to determine 

x, y , z a nd T as functions of s a nd t. 

The Elastic String. We shall now suppose that the 

s tring is elastic. Let cr be the un~stretched length of the arc s, 

and mda the mass o f an elem ent da and ds the element of the 

stretch ed a rc. W e have then, 

OS T 
ocr= 1 + i' (4) 

A. b eing the modulus of elasticity, and also 

ox oy oz 

ocr OX oa oy oa oz 
T. -= T T -= T T- = T (5) 

OS OS OS OS OS OS 

oa ocr oa 

(oxy (oyy ( oz) 2 _ (~) 2 c6 _J 

oa ~ ocr + ocr - ocr ' 

a a nd t b e · · d d mg m epe n ent variables The equations ( 1) now 
b ecome 

ov £) 
( T oy) m - =- + mY, 

ot oa OS 
(7) 

ow 0 (T ~) m -· + mZ , 
ot oa OS 

Differentiating ( 6 ) with respect to t we have, 

ox ou oy ov oz ow = as o ( os ) - - + . 
ocr o.r ~ ~ + oa da oa dt "d; 
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which by ( 5) becomes 

ox ou oy ov dz dw 

d; ~ + -;); ~ + 00" d; = 
(8) 

Equations ( 7), ( 4) and ( 8) will determine u, v, w, a and T 

as functions of a a nd t. 

Longitudinal Vibrations. Suppose tha t longitudinal 
ox oy 

vibrations only occur. U and v are zero, d"; , -;); , x and y are 

dz 
zero, d;- = I and we get, 

oz 
But -

ocr 

ow oT 
m dt = da + mZ, 

dz ow 
dcrdir 

oz OS - -
OS ocr 

I 

ds 
da 

+ 

OW 

oa 

(I + :) 

I + T 

T 

I oT 

), ot • 

A. 
and hence (I 0) 

aT 
), dt 

. 

becomes 

Equations ( 4), ( 9) and ( I I ) will determine the motion. 

(9) 

( 1 0) 

(4) 

(II) 

Let a weight Mg be attached to the lower end of a rope. 

(We may conceive of M g as a b asket of coal at the bottom of 

a sha ft suspended by a steel cable. The basket is lifted from 

the bottom. 

We have now, 
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(b) 

( c ) 

.. 
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ow c)T 
m Tt=~+ mg, 

1 oT 

A ot · 
T 

1 + "'):. 

87 

( 12) 

Since conditions for integration must be satisfied, we 
must have 

h ence, 

which partial differential equation must be integrated. 
put 

T = Acosatcos~a + Ba + C 

<)ZT 

-., = - Aa2cosatcos~a, ut-
o2T 

Substituting in ( 1 3) we find 

~a2 = .!_112 or ~ = / ), . 
A m~' ' • ~ . "J m 

( 13) 

We 

( 14) 

ow 
The initial tention T 0 is obtained by putting Tt = 0 

in ( 12) (a) , that is 

oT 
oa + m g 0. 
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Hence, 
To = Mg + mg (l - a) . (15) 

Thus at bottom T o = Mg, and at top T 0 = M g + m gl. 
We have then for T at any time 

T = Acos"tcos~s + mg (l - a) + Mg. ( 16) 

From ( 12) (a) and (b) we get 

ow 

ot 

~A 
- - cosa.tsin~a , 

m 

OW " 
- = - - Asin"tcos~a , oa )... 

Integrating we find, 

oz 

ot 

and from ( 12) (c) 

~A 
- - - sin"tsin~a 
"m 

( 17) 

oz os Acosa tcos6a + Mg + m g(l - a ), 
- - 1 + ----------------------~~ oa = oa = . )... 

which integrated gives, 

6A ga(M + ml) mgla2 
z = - 2- cosa.tsin~a + a + - - 21 , 

a m ), " (18) 

a.2 ~2 
where -) = - . In order to d etermine a. and ~ we observe 

' m 
that when m = 0 and a = I we must have the result obtained 
for an elastic pendulum with mass of rope neglected. But we 
found in this case ( p. 2) 

and from ( 14) , m being zero, we have ~ = 0 . But 
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hence, 

o:2 ). 
- _ - ,..2 _ p"" ll2 _ pm • 
~2 - m , ... - 1\ ' t' - ' 

P = lM. 

We thus obtain the following values of a and ~ : 

Substituting these values in 1 8) we have 

' 

(a) T = Acos~ ~~ t cos~ l~ a + mg (l- a) + Mg, 

oz A rr- /m 
(b) w = ot = - ).Msin~ IM. sin' IM a 

(c) 
IMA m Ill 

z = ~ ):' cos~ IM. tsin ~ lM . a 

(19) 

ga mgla2 

+ a + ):" (M + ml) - ---n- . 
In order to show that this value of z will agree with the 

one obtained in the case when m is negligible and a = l we 
lM T 

proceed to find the limit of ;- sin~ lMa when a 09 1 and 

m = 0. We write this product in the form 

sin~;:, . 
Jm- _¥.! (~)% 

"\J 1M ' l 3 1M JS + ' ' 
m 

The limit of this expression as it approaches zero is 1. 
Hence 
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z 
1 /-A- Mgl 

):" Acos'\j lM . t + 1 + T , 

which agrees w ith (7) p . 82. 

If the system is carried up with acceleratio n a , the ten

sion T will b e 

T = Acos~ l~ t. cos~ 1~a + m g ( 1 -a) + M(g + a) 

oz A /-A /-ro-
w -== ot = - yAm sin'\) lM t . sin'\) lM a - at, (20) 

z = 
/
l.M A /-A I~ 

'\i --;;- i cos~ IM tsin'\j l.M a + a 

ga 
+ i (M + ml) 

at" 
2 . 

The point a = 0 is ca rried upwards with a velocity -at, 

and the point a = 1 with a velocity. 

A 1-A fiDl 
w = - V AM sin'\) l.M t sin'\) M - at. 
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SOME NEW METHODS OF APPROACHING THE FOUR 
COLOR PROBLEM 

BY CLARENCE N. REYNOLDS, JR. 

The problem of proving it possible to color in only four colors the 
map of any set of countries or regions on the surfncc of a sphere or 
other simply connected closed surface was first proposed in 1878. Since 
then many men have worked upon the problem, but no one has at yet 
published a correct solution of it. In 1923 Dr. H. R. Brahana of the 
University of Jllinois published an account of the methods which had 
b een used in studyin g the problem up to that time.' Since then some 
progress has been made. The purpose of this paper is to outline the 
methods of investigation, as distinguished from methods of demonstra
tion, which the author has used in deriving certain theorems concerning 
the four color problem which arc to be published elsewhere;' and to 
supplement Brnhana's paper with an account of the progress which has 
been made by others since I 9 2 3. For definitions of the terms used in 
the course of this paper, a nd for the bibliography of the subject, prior 
to 1923, the a u thor refers to Brnhana's paper. 

If there exists a map of region s on a simply connected closed sur
face which cannot be colored in four colors then it is known that five 
colors are sufficient for that purpo5e. If such maps exist then among 
them there are one or more maps for which the number of regions is 
a minimum. Such maps are known as irreducible maps and concerning 
them n cons iderable number of theorems has been proven. It has been 
proven, for example, that in such maps not more than three regions 
can meet a.t ll point, that no rogion con be bounded by fewer than five 
regions, and that of such "pentagons" there are at least twelve. It haa 
also been proven that no boundnry of either a pentagon or a hexagon 
may be surrounded by that pentagon or hexagon and three other pen· 
tagons. These restraints restrict the possible ways in which the pen· 
tagons of our map may be arranged. On the other hand such restraints 
do not d efine uniquely the arrangement of our p entagons. This su g· 
gests an investigation of the possible connected configurations of pen· 
tagons which may exist in an irreducible map. In such an investigation 
we m ight con sider an isolated pentagon as the first possibility. The 
second possibility might be a pair of pentag ons in contact with one 
another but insolated from all other pentagons. The third possibilty 

1"The Mopcoloring Problem," American Mathemotlcal Monthly, XXX 
(1923) p. 234. 

'"The Problem of Coloring Maps In Four Colors, 1," Annala of Mathematics, 
XXVIII, pp 1·15. Port II of this paper Is to appear In the same journal In Sep· 
tember, 1927. 

"The Problem of Coloring Mops In Four Colors," Comptea Rendua de l'Auo· 
cintion Froncalsc pour l'Anncemcnt des Sciences, 1926, pp 66·9 I. 
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might be a triad of pentagons meeting at a point. Then by repeated 
adjunctions of pentagons we find that our various configurations may 
be classified according to certain numerical topological characteristics: 

(I) Each configuration will contain a certain number, a. , of 
pentagons. 

(2) Each configuration will contain a certain number, t, of points 
at which three pentagons meet. 

(3) Each configuration will be so shaped that there exist a cer
tain number of contacts, y n, between n of its pentagons and 
an adjacent non-pentagon. For each configuration 1:3y11 will 

be a particularly significant numerical characteristic. 

lf1:oYil>O for any configuration then certain reductions due to 
Philip Franklin (cf. Brahana, I. c.) imply that there must be regions of 
our map with at least eight sides. If we restrict ourselves to maps with 
no region of meire than seven sides, and to maps for which 1:\yn~4. we 
lind it possible, a lthough somewhat tedious, to compile a census of those 
connected configurations of pentagons which satisfy our restraints. Of 
such connected configurations there are 194 homeomorphically distinct 
types. These may be classified ~ccording to the values of 1:,,y,, t, and 
a~ which a re associate d with them. Such a classification is given in the 
following table which gives the number of hcmeomorphically distinct 
connected configurations of pentagons in each class. For classes not 
mentioned in the table the number of configurations is zero. 

a o= I 2 3 4 5 6 7 8 9 10 II 12 13 14 
~aYn= O, t = O I I 0 0 0 0 0 0 0 0 0 0 0 0 
I 3yn= 0, t= I 0 0 I 0 0 0 0 0 0 0 0 0 0 0 
1:"Y••= I, t=O 0 0 I I I 0 0 0 0 0 0 0 0 0 
E.y ,.= 2, t = O 0 0 0 I I 2 I I 0 0 0 0 0 0 
1:3Yn= 2, t= I 0 0 0 I I I 0 0 0 0 0 0 0 0 
l:aYn= 2, t=2 0 0 0 0 0 I 0 0 0 0 0 0 0 0 
1:ayn=3, t = O 0 0 0 0 I 2 4 4 4 2 I 0 0 0 
1:ayn= 3, t = I 0 0 0 0 I 4 6 6 3 0 0 0 0 0 
~3Yn= 3, t=2 0 0 0 0 0 0 2 2 2 0 0 0 0 0 
1:ay,, = 4, t =O 0 0 0 0 0 I 2 6 8 II 8 6 2 I 
1:, y.,= 4. t=l 0 0 0 0 0 0 3 10 19 19 12 3 0 0 
1:ayn = 4, t=2 0 0 0 0 0 0 0 3 5 7 4 3 0 0 
IaYt~= 4, t = 3 0 0 0 0 0 0 0 0 0 I 0 0 0 0 

From this census we lind, for example, such an 
2-t-ao + 3 ~•Yn""'=O 

inequality as 

which is true for all of the configurations of our list with the e><:ception 

of the single configuration consisting of three pentagons m eetin g at a 

point. Acting upon this and other suggestions from the same source 
the author has been able to prove rigorously a set of generalizations of 
this and other inequalities which suffice to prove that 
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Any irreducible map con tains at l east t wenty -eigh t region s. 

Since the p u blication of Brahan a's paper the Belgian mathematician 

Alfred Errera has considered0 rings o f polygons of three types: 

(a) Rings formed by an even number of hexagons, arbitra r ily 

arranged in the ring, a nd an even number of pentagons, arran ged in 

consecutive sequences each containing an even number of pentagons. 
Here the number of pentagons or the number of hexagons, but not both 

simulta neously, may be :zero. 

(b) Rings formed by a n even number of consecutive pentagons 

and any other two adjacent polygons. 

(c) Rings formed by a n even number of consecutive pentagons 
and any other polygon. 

Errera has proven rings of these types absent from any irreducible 
map, provided that the erasure of certain boundaries, well defined with 

respect to the rings and the insertion of certain other equally well de

fined boundaries leaves no portion of the total network of boundaries 
attached to the remaining boundaries by a single boundary. Such a 

r estriction as this must unfortunately be verified experimentally with 

each map to which the reduction is applied. 

Errera does show, however, that certain more specifically defined 

rings are in fact reduced by his reduction, vi:z: 

(I) A ring of s ix hexagons surrounding three p entagons which 

meet at a point. This has been proven by P hilip Franklin, using a dif
ferent method. 

(2) A ring of six hexagons s urrounding two adjacent pentagons. 

(3) A ring of eight hexagons s urrounding two h exagons and a 
pentagon which meet at a point. 

( 4) A ring of eight hexagons surrounding the figure formed by a 
hexagon bounaed on opposite sides by pentagons. 

( 5) A pseudo ring of eight hexagons formed from two rings of 

five hexagons each surrounding isolated pentagons, the two rings of five 

hexagons having two hexagons in common, is proven reducible when

ever a map containing su c h a ring has no r egion of more than six sides. 

By means of these reduct ions Errera proves his most important 
theorem: 

No irreducible map may be compo6e d entirely of pentagons a n d 
hexagons. 

Errera publishes a map of fifty-two regions, irreducible under his 
reductions, as an indication of the progress which he has made, without, 
however, making a specific claim that all maps irreducible in his sense 

3""Un c contribution ou probleme des quotre couleurs." Bull. de lo Soc. 
Moth. de France, t. Llll ( 1925) p. 42-55. 
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must have a t least fifty-two regions .. ' ) In this connection we present 

with this paper a map of only thirty-six regions which is ir r educible 

with respect to E rrera's reductions (see figure I). 

In proving the reducibility of a ll maps of fewer than twen ty-eight 

r egions the author has developed two distinct proofs. The earlier p roof 

is based upon t h e reductions of K empe, Birkhoff, and Franklin. With 

this paper we present (figure 2) a m ap of only twenty-eight region s 

which is irreducible with respect to these redu ctions. The refore it is 

impossible t o prove the n umber of regions in such a map greater than 

twenty-eight. The later proof involves, in addition to the earlier reduc

t ion s one o f Errera's reductions, viz. R ings of the type (2) d efin ed 

above. 

The addition of this reduction to the hypothesis of o ur theorem 

enables u s to avoid the extensive case-making which seems to be unnec

essary without it. In fi gur e (3) we have a map of 30 regions which 

is irreducible with respect to this reduction and all earlier reductions. 

Turning n ow to a more d etailed discussion of the accompanying 

maps mentioned above, we note that in fi gures one and t hree the arrow 

heads marked "A" represent one point on our m ap. Similarly, the pairs 

of arrow heads marked "B" and "C" represent single points of our 

maps. With this convention understood we see that these maps remain 

invariant under a cyclic g roup of three rotations about points 0 and 0 ' 

as poles ( cf. Klein's lectures on the Icosahedron, P art I, Chapter I, Sec

tion 4) . In each of these maps we have two groups of three hexagons 

each, one group meeting at 0, the other at 0'. The rema ining regions 

are pentagons (drawn square) and heptagons. We therefore have 

twenty-one pentagons, six hexagons, a nd nine h eptagons in figure one; 

eighteen pentagons, six hexagons, and six heptagons in fi gure three. 

In fi g ure two we have a map which is invariant under the group of 

tetrahedral rotations (Klein, I. c., Part I, Chapter I, Section 6). H ere 

we have twelve pentagons and eighteen h exagons; three hexagons be

ing associated with each vertex of our tetrahedron, a pair of adjacent 

p e ntagon s b eing associated with each ed ge, and a hexagon ly ing in the 

middle of each face of our te t rahedron. 

All three maps may be easily colored in four colors, so that they 

are useful only in so far as they indicate the progress which has been 

m ade on the map coloring problem, a nd suggest configurations the re

duction of which would raise the m inimum number of region s known to 

bo in an irreducible map. 

•"Sur lc problem des quntrc couleurs:· Assoc. Franc. p. nvanc. des Sciences, 

L leege, 1924, p. 96. 
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Figure 2. 
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SOME PROBLEMS ON THE FUNDAMENTAL CONCEPTS 
OF SCIENCE 

BY H. E. CUNNINGHAM 

The devotees of a science, when it has reached a stage in its growth 

at which it is able to be disentangled from the parent which gave it birth, 

seek a set of categories or fundamental concepts in terms of which it is 

possible to interpret the facts, pseudo-facts, and quasi-facts which seem 

to make up the corpus of the science in question. Generally a practical 

scientist, as an inventor, or mechanic, or engineer, or technician, accepts 

without question such categories as in rerum natura, and looks upon 

his more theoretical and critical colleague as some one to be tolerated 

but not to be listened to seriously. It is only when these fundamental 

concepts become shak en by a reinte rpretation of the facts of experience 

in terms of novel sets of categories or in the terms of old ones so rede

fined and reconstructed as to have little in common with the old save the 

name, that the technician and manipulator of things and theories will 

be shaken from his dogmatic slumbers. 

But genuine advance is made in science when facts are encountered 

which fail to yield to the preconceived forms into which they were 

formerly squeezed, and when some one, taking seriously these excep

tions, re-fashions the fundamental categories so that the discordant 

facts find therein a rational place. In other words, it is through a careful 

interpretation of abnormal occurrences that new heavens of science are 

created and new eilrlhs of practice determined. In <Juch a reconstruction 

it is generally the case that as much of the old is salvaged as possible. 

A complete scientific revolution is as unusual as a complete political 

revolution. An example in scientific thought will illustrate this. New

tonian physics centered about the concepts of mass, space, and time, 

giving origin to our C. G. S. system. The C. G. S. system is a system 

built up around a particular set of concepts as to the nature of space, 

time, and mass-all three being assumed to have objective existence, 

and to be the fundamental scaffolding for all n atural events. In con

trast is the atomic hypothesis which assumes the non-indivisibility of 

matter, an hypothesis that reaches back to Leucippus and Democ ritus 

of the Greeks, and later used by the Epicureans ns a metaphysics of 

morality, and more recently by Dalton os the h ead stone of physics 

a nd chemistry. For Newton and the physicists matter, space, and time 

ore continuous. For Dolton matter, at least, is discontinuous. Newton 

developed a technique for dealing with continuous voriables-a technique 

which has been lauded as "the keenest tool the mind of man has ever 

invented." The anomalous situation then in this: that while n a ture's 
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e lements are assumed to be discrete, we yet use a technique devised for 
handling continuous phenomena. A finite calculus in the form of 
numbers has not completely replaced the techinque for continuous 
phenomena through infinitesimals. So a tendency persists, unfortunate 
for theory and symmetry and logic, but adequate enough in practice 
where errors are always gross, of placing the new wine of scientific 
speculation in the old bottles of traditional concepts. 

II 

For the purpose of formulating an interpretation of one of the 
fundamental concepts of science and suggesting interpretations of others, 
it is desirable that the leading details of the fact-material which induce 
those who believe that the fundamental stuff of nature is mathematical, 
be pointed out. There are those from the Pythagoreans and down who 
have believed that God geometrizes eternally. Back of all are form and 
order. Amidst the vicissitudes of change there runs the thread of order 
which molds apparent discrete facts and events into a unity. The 
multiyerse of sense experience is cast into a universe through the instru
mentality of organizing relations which are at h eart mathematical. The 
designs of the Architect of the universe are carved on the trestle board 
of limitless space, a nd a ll events from the sweep of the comets to the 
behavior of the tiniest grain of sand on the shore behave in accordance 
with them. Nature knows the differential calculus. Such as has been 
and IS now the belief of many. 

In our discussion of these questions, time, ability, and the know· 
l edge of the writer, impose limitations. Indeed, in recent times, the 
greatest theoretical problem that has confronted the mathematician is 
to determine precisely what funda mental concepts he is w illing to adopt: 
What is the marrow of mathematics? Is it form, invarience, function
ality? Is it relations or terms or both? Does he deal with quantity or 
quality or modality or relations or with all these? Is all mathematics 
statable in terms of arithmetic, in terms of numbers-rational and irra· 
tiona!, real and imaginary? And are numbers fundamentally cardinal 
or ordinal or is there a "'neutra l stuff" which generates both? Such 
problems engage the mathematical philosopher. • 

At the other extreme (mathematics being the most fundamental of 
the so-called sciences, excepting perhaps logic) are the social sciences 
which are certainly not lacking in fundamental categories, and which 
are indeed in sore need of them, but for which as yet a recognized 
group h as not been formulated. . I doubt if the average historian would 
have an answer ready at hand such as the chemist would have, for 
example, to the question, "What is your science about?"-granted that 
it is a science. The sociologist and the economist would probably be 
in a similar position. Such a state of facts accounts for the cyclonic 
effects of much teaching and much learning in such fields as these. 
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Wind and words constitute the material and rhetoric and technology. 

But it is comforting to note that wind and words and rhetoric have been 

essential means in the development of every science, however firmly 

grounded it may now seem to u s. There was a time when the axioms 

of Euclid were as unformed as the instincts of contemporary psychology 

or as the hoped-for fundamentals in a social philosophy of international

ism upon which and in terms of which an organization may be effected 

for the stabilization and r e-direction of human energies. 

These considerations lead us to select a middle course, chosing 

neither the extr eme of mathematics and logic nor that of the so-called 

social sciences, the former, in the almost classic language, "a ghostly 

ballet of bloodless categories"; and the latter, so dripping with con

creteness as to be weakened for purposes of rigorous thinking. Such a 

middle course would lead us to the foundations or fundamenta l categories 

of the physical sciences. For the development of a science such as 

physics or chemistry or astronomy it is essential that there be first, a set 

of terms which, if not accurately defined, are at least pointed out, i. e., 

d efined concretely ; second. a relation or two-that in the physical 

sciences which has figured most prominently being the relation of 

causation, which is interpreted mathematically in terms of equality, and, 

by one possessed of metaphysical intoxication, as indentity, and third, 

some propositions-the chief of which in the physical sciences would 

embrace the general t hough ambiguous "law of the uniformity of nature" 

and more specifically, of the conservation of mass a nd energy, The 

above are the logical demands of any scientific system, and the best way 

to seek the hear t of any science is to go directly to these three conditions, 

asking this question: What are the fundamental terms, relations, pro· 

positions) 

Let us ask this question of the physical sciences. The answer that 

may be given is that they are matter, space, and time, conceived in clas

sical physics as terms, i. · e . , things. The relation is that of causation, 

visualized not as a force, or urge which produces events, but in terms 

of impact and counter reaction of bodies stripped of all Aristoteliaft 

qualities and possessed only of the mathematical traits of form, position, 

size, motion and rest. That is, "the substance of the physical body is 

exha usted in the totality of properties which arithmetic and geometry 

can d iscover in it, (Cassirer, E ., Substance and Function, p. 156) but 

the atom s or corpuscles are still things, conceived as bodies and not as 

twists or knots of space. The propositions would be those relative to 

conservation, of the universality of the causal r elation, and of gravita· 

tion. Common names bear witness to man's interest in matter. Things 

embody one of the deepseated categories of experience. Adjectives which 

qualify them form another, and relation words represented by verbs, 

conjunctions and prepositions form a third. L a n guage has been built 

up about things and their characteris tics and relations-which is to say 
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that thought is modelled on the p attern of things, a ttribut es and relatione. 
For common sen se a thing is something which has a degree of per· 
manence-some matter back of it and constituting it. It represents the 
fairly st able aspect of experience. A thing is something that must be 
reckoned with, it is something that matters. We cannot avoid things, 
there is a solidness and persistence about them which is compelling. So 
when we say "What is the matter?" we are really asking a question that 
is expressive of the fundamental comm on-sense notion of a thing. 

Speculative philosophy and science arose in the west through a 
d efini te and conscious attempt to find the thing that lay at the bottom 
of a ll things-that is, to find the fu ndamental stuff out of which all 
things a r e made. It is this quest which differ en tiates primitive thought 
fro m philosophy and science; "it is the concept of substance which 
historically marks t he line o f distinction between investigation and 
myth." G reek genius exhausted itself in almost uncontrolled imagin· 
in2'e in its answers t o this problem, and, lacking a technique for its 
solution, bequeathed it to the modern w orld-a symbol of the under· 
lying vitali ty of the problems presented in Greek experience. Earth, ai r, 
fire, water-one, then the other, and finally a ll four became the "ele· 
ments" in terms of which things in their qualitative richness and infinite 
variety could finally be interpr et ed. A long another, and what seems 
now a more fru itful, line the "stuff" of things was conceived as numbers, 
o r as space configurations. T he elem ents, however are not elements 
as the modern c h emist uses the term. For him somethipg is an element 
which resists further chemical a n a lysis. For one wing of Greek thought 
the four element s were expressions of states 0 £ matter, a n alogous to our 
conceptions of solids, liquids, and gases. 

It is a lmost impossible to overestimate the importance of the four 
elements for ancient a nd medieval science. The four hypostatized sen se 
qualities, hot a nd cold, wet and dry, conceived as forces, issu e in various 
combinations in the four elements. The theory of the humors in medi· 
cine, of the temperaments in psychology, and the whole idea of balance, 
measure, nnd harmon y as these wer e expressed in t he physical, ethical, 
a nd political realms of experience are a ll witne!lses of the vitality of the 
a ncient idea of the clements. The elevation of sen se qualities into 
essences which h ave existen ce separate a nd distinct from particular 
things is the procedure which g ives point to the practices of the early 
a lchemists and the later chemists. But the logic implicit in Greek 
metaphysical speculations imposed such limitations on scientific thought 
as to render it sterile. The world aeemed to be made up of things and 
their attributes, and science consisted in the discovery of the attributes 
of things presented in p erception. C lassi fi cation, therefore, became par 
excellence the method of scien ce. This limitation is mode clearer by nn 
example of modern procedure in such a science as biology. For a long 
time-indeed s ince the days of Aristotle-no real advan ce was made 
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in the biological sciences, due t o the perseverance of the Aristotelian 

tra dition that scien ce consists in finding the proximate genus and the 

e ssential d ifference of the species in question. One has but to recall 

the Linnaean sch eme of classification of plants, or the ten den cy in 

zoology up until the advent of the evolutionary hypothesis to refresh 

the memory on the tena city of the ancient tradit ion of the thing

attribute. In other words, science fails to progress through the appli

cation of an adjective to a thing. Bodies may b e heavy or light; liquid, 

solid, or gaseous; they may possess the attributes of t enacity, malleabil

ity, viscocity, impenetrability, and such; but that is not scien ce as we 

now conceive it. Science progresses when we no longer attribute 

adjectives to things but when we state the condition s under which an 

event may be repeated, or the conditions that make for or against the 

appearance of a specified phenomenon. Such a statement is possible 

only w hen even ts are d escribed with refer e nce to each other and not as 

they are classified w ith reference to affectation of men's sense o r gans. 

To state that white light may be broken into the colors of the rainbow 

is to stat e a fa ct, but to state that a certain spectrum is a sign of a 

specific type of atomic structure is t o m a ke u se of sen se preception as a 

sign of something not directly open to sen se p erception. 

But as remarked earlier, matter, since the Creeks, has generally 

b een conceived as the substratum o f a ll solid things of perception. Man, 

it seems, needs t hings in order to give conte nt a nd body to his thought. 

Hence, instead of earlier explaining heat as a mechanical phenomenon, 

the early modern scientist looked for an imponderable s ubstan ce which 

h e called caloric to account for the fact of perception t hat some things 

are h otter than others. Early modern physics a nd c h emistry were bur

d ened with the impedimenta of " imponderables" and "phlogistons"

all of them substan ces, that is matter, to afford the imagination a method 

of visualizing the prenomena of nature. Not long since electricity and 

magnetism were conceived as imponderables-facts reemphasizing the 

almost innate pre jud ice of thinking only in terms of things, that is, of 

substance o r matter; and only recently a "vital force" was essential in 

explaining the phenomena of organic chemistry. 

While this paper is given over mainly to a discussion of the con cept 

of substance as it occu rs in the physical scien ces, it might not be amiss 

to indicate brieRy how the tendency to substa ntialize experience h as 

expressed itself in other region s. Glaring examples are seen in psy

chology where functions are readily r e duced to substances. A fact of 

observation of such a nature as to involve choice is explain ed by pos it

ing a thing called the W ill; one with the c h a racter istics of a r e-direction 

of action a s a result of a present stimulus operating as a control over 

future behavior is explained by the operation of a thing called the 

Reason; an e vent or process which possesses the c haracteristic of the 

past and t h e present a nd the future is expla ine d by p ositin g a substance 
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called the Soul. When such hypostatizations a re made, man is con

fronted with numerous questions such as "the fr eedom of the Will," 

"the limits of Reason," and "the immortality of the Soul." In religious 

exp e rience the same tendency is seen, namely, to substantialize a mode 

of action. 

H e nce a proper interpretation of substance would tend to free 

other disciplines which are struggling to b ecome scientific of their an

cient disabilities. 

JIJ 

The re is an ancient tradition that the fundam ental stuff or sub

stance which e nters into the c onsti tu tion of a ll things, celestial and 

terrestial, is number . Not number in the sense of d efinite integers and 

fraction s a s we unde rstand number, but a s forms or outlines. The re 

are, for example, square n umbers, t r iangular numbers, and the like. 

The business of research, or this assumption, is to discover the number 

of the thing in question, thereby giving a means by which the thing in 

q u estion could be controlled a nd its occurrences predicted. The quite 

common expre ssion today, "I have your number," is a vague reminder 

of a theory once almost dominant and now winning command in certain 

field s of scientific endeavor. The answer which the Pythogore ans gave 

to the question, "What is the fundamental stuff out of which a ll things 

are made? " was a n swered not in terms of water, earth, fire, and aii', but 

rather in terms of certain fundamental number p ntterns. The same atti

tude is r eflected in Plato's Timaeus where he visualizes the elements in 

terms of the regular geometrica l solids-a view that in many respects 

finds a r ecrudescence in s uch theories as those of van't Hoff in the field 

of chemistry in space, or in w hat m ay b e called the geometry of chem

istry. 

Even technical and correspondingly uninteresting as a re the de

tails of the modern development of the relationship between the facts 

of experience and numbe r a fair knowledge of this development is a 

sin e qua non of any adequate appreciation of present day speculation 

in the exact sciences. For thnt reason and for the added one, namely, 

that the relationship between p e rception and number is so often mis

interpreted, resultin g in a false metaphysics through a pr,ocess of 

hypostatiza tion, I wis h to develop this theme. 

IV 

Omitting fur ther r eferen ce to nncient speculation in w hich the 

imagination was not au bmittod co tho rigor of fa cta d e te rmined through 

experimentation, we com e at once to the modern conception as to the 

relation between number a nd substan ce, a nd fi na lly to the idea that 

number is substance. In I 789 Higgins formulated the idea that the 

molecules of a g iven compound contain the same number of atoms, but 
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he made the mistake of assuming that all atoms have the same weight. 

Proust's law of constan t proportions coupled with the law of multiple 

proportions, to-wit: When the same two elements combine together 

to form more than one compound , the different weights of one of the 

elements which united with a constant weight of the other, bear a simple 

ratio to one another, for med the fact material which enabled Dalton 

{ 1808) to formulate the atomic hypothesis. This hypothesis is stated 

in such a way as to render chemistry a depa rtment of arithmetic-the 

idea, first, of indivisible atoms remaining identical during chemical re

one element, but that atoms of different elements differ from each other; 

and third , that chemical compounds are produced by juxtaposition of 

atoms, and t h at they unite in definite numbers in t he constitution o f 

molecules. Such an hypothesis m akes it possible to formulate an ex

haustive deductive ch emistry, in which the only business of experimen

tation would be to find what combinations nf\ture will permit of the 

infinite variety made possible as a result of submitting the ideas of 

ch emistry to the technique of arithmetic. The application of Dalton's 

hypothesis to the problems requires a knowledge of atomic weights. 

He formulated a table of weights (in 1808) taking hydrogen as one 

or the unit. The difficulties of Dalton's m ethod of obtaining atomic 

weights were mitigated by Avogadro by a furthe r arithmetization of 

the facts, through the assumption of molecules each containing a plur

a lity of identical atoms. 

T he fact-mate rial d etermined as a result of experimentation on 

the hypothesis of Dalton, Avogadro, and Proust (among others), the 

hypothesis of the latter , to the effect that atomic weights are integral 

multiples of the weight of hydrogen, was reinterpreted in the periodic 

classification. This classification is based on the observation that there 

is a relation between the properties of s imple bodies and their atomic 

weights; the principle is stated more accurate ly in the proposition that 

the properties of elements V<lry periodically in accordance with varia

tions in atomic weights. This rhythmical variation in cludes such phe

n omena as melting point, electro-chemical character, and atomic volume. 

T he assumption upon which the periodic table is based is that elements 

are made up of a small number of primordial substa nces, and that t heir 

atoms are complex system s between which there are likenesses of com

position a n d structure. The atomic number is obtained by placing the 

elements in a series beginning with hydrogen and ending w ith ura nium 

-making 92 elements counting the four gaps. T he atomic number 

functions more easily in the arithmetization of chemistry than d oes the 

atomic weight, and, in part, for this reason is more important. 

X-ray spectr a a lso shows a regular progression throughout the 

series of elements, showing the correctness o f the order adopted. When 

by the atomic number an e lement would be p laced in a given place, 

which it would not occupy if placed by the atomic weight, as is the 
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case with argon which is placed before potassium, X-ray spectra indicate, 
by their progressive nature, the wisdom of classification by atomic num
bers. 

Both the periodic relations among the elements and properties dis
played progressively by means of X-ray spectra render it probable that 
a common stuff numerically related lies back of all physical things. A 
search for such common stuff has issued in the electronic theory of 
matter. Everyone knows the general outlines of this theory, and it is 
not necessary to state it here. Some details which bear on the theme 
of the arithmetization of physics and ch emistry will be mentioned
details which arc likely to lead one to the view of the Pythagoreans. 

An added remark may make this discussion more significant. 
Physics and che mistry are basic sciences-that is, they are involved in 
a ll the sciences on the hierarchy above them-biochemistry, biology, 
physiology, p sychology. If it is possible to say that such basic sciences 
a r e purely mathematical, what would our inference concerning the 
others naturally be! It might not be too far a flight of the imagination 
to say that in the future of psychology of religion, for example, the 
fact of c onversion can be explained scientifically in terms of the shift 
of rings of electrons, or of a clearin g up of elements in a compound 
nucleus a nalogous to Aston's theory of isotopy. But that is only a pre
diction as Lavosier or Prout or Boyle might h ave made concerning the 
presen t electron theory. 

Our present concern is to state the facts which can best be inter
preted on the hypothesis that physical events are primarily (i. e., scien
tifically) a chapter in the book of numbers. A g reat mass of fact-ma
terial has been displayed by means of the spectroscope, and the material 
has bee n explained by Niels Bohr. The spectroscope, as all know, dis
plays two sorts of light, namely bands a nd lines, the former due to 
molecules, and the latter to atoms. Much of our knowledge of atomic 
structure results from interpretation of line spectra. Why does a given 
element have a spectrum consisting of sharp lines} The hydrogen 
spectrum will serve the purpose of this paper. It and the spectrum of 
positively electrified helium have been studied exhaustively and every
thing explained. 

The problem is to determine the connection between the lines in 
the spectrum of hydrogen. Ritz, in 1908, found that a ll lines were 
conn ected with a certain number of inferred wave numbers (equals the 
number of waves in a centimeter) called terms. So that every li~e h~s 
a wave number which is the difference between 2 terms ; and thts dtf
ference between any 2 terms gives a line. Rydberg"s constant is a ~~
damenta l wave number, being I 09,700 waves per centimeter. Thts ts 
the fundamental term in the hydrogen spectrum. Others (terms) are 
found by dividing it by 4(2x2), 9(3x3), 16(4x4), etc. This gives all 
the terms, and lines are found by subtracting one term from another. 
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Various series of terms a re discovered by use of this rule. One series 

is found by subtracting from Rydberg's constant, first 1-4, 1-9, 1- 16, 

etc., of itself, giving as wave numbers of the lines 3-4, 8 -9, 15-16 of 

Rydberg's constant. These wave numbe rs correspond to lines in the 

ultra -violet and are called the Lyman series. Another series-found by 

subtracting from a quarter of Rydberg's c onstant 1-9, 1-16, 1-2 5, giving 

wave numbers of this series as 5-3 6, 3- 16, 2 1-1 00, called the Ba lmer 

series, was discovered 1885. Various other series can be obta ined, some 

visible, some not, as P aschen's series. All the lines of the hydrogen 

spectrum are obtained from Rydberg's con stant, by dividing it by any 

2 square numbers and subtracting the smaller resultory number from 

the larger. T hus far, Rydberg's work is purely observational or factu a l. 

The fact material of Ritz's "Principle of Composition" and of Rydberg's 

constant and the empirical work done about them found a place in a 

theory of the hydrogen atom vastly different from that to the effect that 

when light is going on a ll the time that what cau ses it is going on all 

the time. Line spectra led Bohr to a more fruitful hypothesis, namely, 

that terms correspond to stable states of the atoms and that light is 

emitted when the atom passes from one stable s tate to another. "Lines 

of the spectrum are due to various possible transitions between stable 

states. When the hydrogen atom gives light, its electron suddenly 

moves from a distant orbit to a near orbit. When the reverse occurs, 

t he atom absorbs light rather than g iving it. 

If in th e hydrogen atom, the sin gle electron moves about the nucleus 

in a circle, on Newton's dynamics the orbit would be determined by the 

velocity and the direction of its motion in a given moment. But on the 

present theory only a few of the possible orbits are possible. ' The only 

possible ones are I , (or 2), 4, 9, I 6, 25 , etc., i. e., the series of square 

numbers, the same as found in the formula for the hydrogen spectrum. 

When the electron jumps from a larger to a smaller orbit it emits light 

which will be one of the lines of the hydrogen spectrum. E. g., if it 

jumps from circle of radius 4 to the smallest, light is emitted with a 

wave number o/s. of Rydberg's con stant. F rom 9 to smallest 8-9 of 

Rydberg's constant. Such a passage involves the not ion of the discon

tinuity of space which is hard to grip by us brought up on continuity 

in various fields especially in biology and in the physics of relativity. 

Ru ssel, p a raphrasing Poincare, says tha t we should give up thinking of 

time as continuous and think of a minute as a finite number of jerks 

with nothing b etween them. There may be no intervening space be

tween 2, 4, 9, 16, 25, etc. 

The same principles that apply to the hydrogen atom apply to all 

othe r elements as far as we know. It is s ure the same conclusions hold 

in the positively electrified helium atom. The difference between the m 

is that the charge on the nucleus is twice as great as that on the electron 

1Russel, B., The A B C of Atoms. 
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and the mass of the nucleus is four times that of the hydrogen nucleus. 
"The changes which this produces in t he spectrum are exactly as theory 
would predict ... 

Bohr's theory is a special case of the theory of quanta. There is 
no time here to g o into the quantum theory of Planck. Very generally, 
as every one knows, the theory, projected primarily to account for heat 
radiation, is that if a body is undergoing periodic motion or vibration of 
any frequency v, there is a constant h such that the energy of the body 
is hv or a multiple thereof. If e n ergy is greater than hv it is twice, or 
three times as great, etc. Originally it was thought that there were 
energy atoms analogous to the atom of a molecule. Such a conception 
while incorrect may help to visualize the constant h. The only point for 
our purpose is that Planck's theory is a further eviden ce of the arith· 
metic nature of the facts of nature; and an invitation to modify our 
technique for dealing with events in microcosmic nature, and an invita· 
tion to develop a theory of space and of time that may make a p lace 
for the conception of matter that is con genial to the quantum idea. 

We must remember that for microcosmic nature, space and time 
are conceived as continuous phonomena and in the nature of classical 
physics, as objective "containers" of natural events. Events are spoken 
of as being in space a nd in time. The theory of relativity has taught 
u s to conceive of space-time as something .. elastic," so to speak, and 
probably as a matrix out of which things develop, following the idea of 
emergent evolution in the recent contribution of C. Lloyd Morgan and 
Alexander :-but space and time arc continuous, like the continuity of 
the germ plasm in Weismann or of the elan v ital in the philosophy of 
Bergson. Of discontinuity in space and time, we have yet to learn. The 
idea of discontinuity is not new in some fields of present science, as in 
biology where the DeVriesian notion of mutation finds a haven, and in 
the physiological psychology of the \Veber-F echner school where the 
relation between a stimulus and the sen sation is expressed in terms of 
discontinuity to-wit: that the stimulus increases arithmetically with a 
corresponding geometric increase in the sensation-ideas which in some 
ways indicate the arithmetization of biology and physiological psy· 
chology. 

It was said above that the electron of the hydrogen atom travels in 
a circle or at least practically so. This is only partially true, but the 
refinements of the hydrogen spectrum are too detailed. It is enough to 
point out that the Zeeman effect, the Stark effect, and the phenomenon 
of the "fine structure" demands other courses. These effects are ex· 
plicable on the assumption of the e lliptic orbit of the hydrogen e~ect.ron. 
But in this case nnd in the case of rings of electrons the same pn.ncl.ples 
seem to hold, so that experimentation need not modify the pnnclpl.e, 
but with the advent of more powerful intellectual tools for analysiS, 
especially in mathematics, may possibly verify it in more complex 
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stru cture as it has in the simpler cases of the hydrogen atom and that 

of the positively electrified atom of helium. 

Quantitative a nd arithmetic relations are found to exist m X-ray 

spectra as in the optical spectrum of hydrogen. The same may be said 

of the behavior of radio-active elements, in both the Alpha particles 

consisting of the nucleus of helium, or in the Beta rays, consisting of 

elect rons. 

To enter the field of the relationship between atomic structure and 

problem of chemistry would take us . too far afield. Of course every

thing here is not explained-for example, the exact relationships b e

tween the peripheral rings of electrons to which chemical phenomena 

a re due and · the problems of valency. But the problem has received a 
new interpretation in the elect ronic theory of matter, to the effect that 

chemical affinity is of an electrical nature, being of negative or positive 

kinds, the former corresponding to electrons which the atom has taken 

on to itself, the latter to electrons which have been taken from the atom. 
"The valence, instead of being denoted by a number, is stated as a 
positive or n egative number.'' (Falk, Enzymes, p. 14). But barely to 

generalize, though in fu ll recognition of the fact that organic chemists 

have failed to welcome wholeheartedly the electronic theory of matter 

rather for technical r easons than for reasons of theory, on the ground 

tha• "abandoning the usual structural formulae and replacing them by 

electronic symbols the subject is being complicated instead of simplified," 

(Stewart, A. W., R ecent Advances in O rganic Chemistry, 1920) , we 
may say that the number theory of matte r finds decisive expression in 

the various forms of chemical experimentation. 

In the chemistry of highly organized material the principles are 

identical, though the problems be more complex. The chemistry of 

the carbon compounds, once appearing recalcitrant and explained on 

the assumption of a vital force by Berzelius and his contemporaries and 

successors, gradually yielded to the same principles as were found 

fundamental in general chemistry. Indeed in the chemistry of the carbon 

compounds we find represented the two g reat a ntagonists, as it were, of 

mathematics, namely arithmetic a nd geometry, the one the very expres

sion of discreteness, the other of continuity-the union of which (or 

rather the lack of union) brought about the first defeat to the Pytha

gorean philosophy. Arithmetic finds expression in atomic str ucture; 

geometry, in the arrangem ent of the other atoms about the carbon 

atom. For example, the "attachment points of the hydrogen atoms of 

methane emerge fro m the central carbon nucleus in the direction of th e 

axes of a regular tet rahedron, the valencies forming angles of I 09 • 28' 

with one another.'' (Armstrong, Chemistry in the Twentieth Century, 

p. 94). 
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v 
What, then, is this thing called matter? Is it, as it might seem 

from the discussion so far, just a nimated numbers playing a game of tag 

in a medium called space and time, according to the simple rules of 

multiples, roots, and powers? Is it ele ctricity, as the electronic hypo· 

thesis might lead one hastily to believe? And if so, what is electricity 

-something behaving in keeping with the multiplication table, or is 

rather a n ame for the way things behave, or more preferable still , just 

the behavior? First, it might be pointed out what matter is not. Cer· 

tainly it is not a substratum underlying and producing or causing events. 

Matter is not the name of anything, like the Chemistry Building of \Vest 

Virginia University. That one can point to, and one cannot point to 

matter. Then is matter not numbers? T he b elief that this is so arises 

from confusing a technique with the content upon which that technique 

is directed. There is no more fertile source of fallacy than in this con· 

nection-that of hypostatizing the instruments by which we perform our 

intellectual operations. This is likewise a pernicious fallacy, leading as 

it does to the erection into the fabric of nature of our implements of 

manipulation, and the conseque nt problems that come, which are indeed 

pseudo-problems. I believe the whole metaphysical structure produced 

by the great geniuses of Greece, notably P lato and Aristotle, results in 

this manner. And anyone who has the least inkling of the perseverance 

of their ideas on down through the middle ages, as these ideas became 

embodied in the institutions of that time, compelling obedience even un· 

der the penalty of death, will realize the supreme importance to present 

thought, especially s ocial and religious, of a r ecognition of the fallacy 

and the obligation imposed upon a ll thoughtful men of building anew 

such foundations as will meet our problems on the level of man's own 
energ ies and resources. 

Matter is not number or numbers. Man's most successful tool for 

dealing with his experien ces is number. He handles nature when he 

can count, tell how much, and how little; he controls events when. he 

visualizes the causal relation as the impact and counter-impact of bodtes, 

a nd establishes quantitative units for the d etermination of such impacts. 

It is little wonder then that the means becomes an end. Successful 

means are transformed into the warp and woof of the universe. How 

often this happens in respect to institutions, always establishe~ for a 

purpose, for the achieving of some desired goal-then, forgetttn g the 

goal, the institution becomes an e nd in itself, often standing as a chief 

barrier to the on-coming of n ew ideas, or the growth of a more adequa~e 
social order I When instruments are erected into ends man falls tn 

palsied obedience to t h e gods of his creation, be they in religious regions 

where c h urch becomes the end, or in politics where the state takes a 

· 'I · · · b · · where money becomes the s1m1 ar posttton, or tn usmess expenence 

end, or in science where matter assumes the role of god. 
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Hence in philosophy, men are called materialists when they have 

erected out of a means of controlling and predicting events a substratum 

in the form of matter which causes events and which gives them body 

and content. A scientist, intoxicated with his own weapons, the weapons, 

namely, of mass, space, time, motion, number, and casuality (to name 

a few), make things of them, and interprets events as details within 

their objective framework. Newton, for example, made things out of 

space and time. It took genius to d efine them, not as things, but as 

relations; and genius again to conceive them not as containers of events, 

but as abstractions from events-to see, that is, that there is a possibility 

that time and space are in nature, instead of nature being in time and 

space. How many have sinned likewise in making a substance out of 

cause, in conceiving cause as something that produces events and forces 

things to occur, rather than in taking it to be the n ame given to the fact 

that the events do happen in a st>ecified and specificable way. Cause 

thus becomes another caloric, or phlogiston, or imponderable. Bare ly 

to mention one of the pseudo-problems that arises from the fallacy of 

substantializing cause, let me point to the old question: \Vhat or who 

caused the world} The cause is here personified and the pseudo-proble m 

of accounting for the cause of the caus.~ ad infinitum, engages man's 

mind. L et us, again, think of cause as a name given to the fact that 

events occur in a specified or specificable way, and the problem of an 

unknown cause or un-moved mover b ecomes meaningless. Here, as 

often, the statement of the wise Bishop Berkeley comes to mind, 

n amely, that men kick up a dust and then complain they cannot see. 

Many of the great problems of scien ce and philosophy have turned out 

to be straw men set up by the imagination-they are found not to be 

pT'oblems. but to be fictions resulting often from the very fallacy that 

gives origin to a thing called substance, t o another called imponderable 

fluids, and to the belief that everything is composed of numbe rs. 

Matter is best conceived as an adjective, that is, it is a character

istic of events. To make my meaning as clear as possible at the sacrifice 

of accuracy of statem~nt, let m e say that the " substance" of n ature 

is events, and matte r is a term used a djectively to d escribe a particular 

kind of event. A gain, matter is an instrument for the interpretation of 

events, and not a substan ce underlying them. 

Space, t ime, and mass, the cons tants of classical physics, are not 

then, things existing in their own name and right, but are means, adjec

tival in n ature, of man's devising for the control of events through p ur

posive observation, fruitful hypothecation, and quantitatively determined 

experimentation. 

Such a conception of the nature of the fundamental concepts of the 

physical sciences will, when tanslated into the social and human sciences, 

clear the ground of the metaphysical lumber of tradition, and make ready 

for the erection of statelier mansions of ethics, politics, and religion. 
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FAD INC CURVES AND RADIO RECEPTION 

R. C . COL WELL, E. F. GEORGE, AND 0. R. FORD 

Ill 

Although radio waves are similar to light waves, they seem to 

travel over the surface of the earth following the curvature rather than 
in straight lines as is required by Maxwell's theory. For this reason it 

was thought that accurate measurements of the intensity of signal 

strength from a definite station (such as KDKA of Pittsbur gh) might 

give some information regarding the propagation of wireless waves. 

The receiving apparatus consisted of a single wire vertical antenna 

about forty feet in len gth which was connected to a vario-coupler made 

especially for these measurements. T he signal was amplified twice at 

radio frequency and then passed into a detector. (Fig. I). The detector 
consisted of a triode used as a diode. A galvanometer in series with 

the diode gave readings proportional to the received energy. 

It is apparent from the curves (Figs. 2 and 3) that the propagation 
by night is radically different from that by day. The typical day curves 

show an extremely small variation from minute to minute--the energy 

remainin g approximately the same during the day-light hours. At night 

the energy received fluctuates violently- the maximum energy is several 

times the daylight average while the minimum at night is far below 

that average. In fact the sign a l by night may fad e out entirely. In the 

case of KDKA which is nbout sixty miles from Morgantown, the sign a l 

never fades out for more than a second or so at a time. The night 

average of signal intensity is about two a nd one-half times the day 
average for this particular ata tion. While the day sia nal changes little 
from day to day, the night signal is extremely variable and there is no 
apparent relation between signals from one night to another. 

These fading curves are best explained by an hypothesis which has 

been developed during the past t wo years. It states that by day the 

radiation along the surface of the earth continues to cling to the surface 

while the radiation into space passes away from the earth altog'<ther. 

At night, a reflecting laye r form s at a height of one hundred miles and 

this reflects the space wave back to the earth. The surface wave and 

h · · ) th ground and this inter-
t e space wave then m terfere a t pomts a ong e 
f R . f . l th On the whole, however, 
erence causes a uctuat1on o s1gna streng · 

more energy is received by night than by day. 
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OPERATIONAL METHODS IN MECHANICS AND 
ELECTRICITY 

BY R. C. COL WELL 

In the solution of many physical problems, differential equa~ 

tions of the form 

(I) 

are developed. The usual method of solving ( I ) is to substi~ 

tute S=e'-t for the natural motion of the system and 5= a cos 

(pt-cc) for the forced oscillation-the two parts thus obtain~ 

ed giving the complete solution. H owever it has been shown 

b y Carson (Physical Review Sept. 191 7 p.217) that in the 

case of norma l vibrations, a general solution of ( I ) may be 

obtained in the form 

X = Et { 
k 

MJI.:Ip) 

--- e 
DCp) 

pt m = n M, K {P111 ) 

-- ~ ~----------- e 
m = I (P-Pm) D(Pm) 

(2) 

in which for a s ingle equation M tk (p) = I and D(p) = 
(p~±Kp±h2) writing :t = p for the operator. 

The process for finding S {or x ) is then s imply an alge~ 

braic one a nd the final result is given in terms of the constants 

of the system. For example, writing ( I ) in operational form 

we get 

(4) 

The operator p for oscillatory motion is such that p = jw then 

S E [cos wt ± j sin wt ] 
= (h•-w•) ± Kjw 

(5) 
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The real part of (5) gives the forced oscillation of the system; 
namely 

E 
S = --:=;;::;;:::=~==;;;;;::::;;:- cos ( wt-o:) 

Y (h•-w•) + ~ 
(6) 

· where 

Kw 
tan o: = h" 2 -w 

(7) 

This part of the process is well known; but the second term of 
equation (2) gives the oscillations which are present before 
the final steady state denoted by ( 6). In this problem the 
second term may be written 

Then 

p mt 

E ~ ---~-----
(P m -jw) (~)m 

(8) 

Z (p) = p 2 + Kp + h• (9) 

- K + vK· w - K- vtz·-w 
p= . P= (10) 

l 2 2 2 

(~) . =- i y4h'-K" 
( 11) 

(dZ) = 2p + K = + j ap . 

(d.Z) and (~) being given the imaginary form for oscillating 
dp 1 ap : 

systems. 

y4h2" K...-tl + (h• + w2 ) sen _.:,.. __ _ 

(12) 
or 
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- 2h4~.~-:: Cos 2 t- ~) (13) 

[ 

( 
y4h'-K

2 
)] 

V y (h'-w")' + K~ 
( 6) and ( I 3) together give the complete solution in the form 

cv4h";K~ _B)} 
( 14) 

If h and w are nearly equal and K small ( I 4) becomes 

S = E {cos (wt-a) - ;{t 
y(h'-w'J~ 

co• e·-~· t ~)} 
(15) 

For electrical problems, the appropriate solution is 

( 16) 

Example: If the systerp consists of an inductance L in 
series with a resistance R, and the driving force is E sin (pt 
+ 0) the differential equation is 

dt 
L di + Ri = E sin (wt+O) (17) 
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the driving force is then-!- times E ~ i(wt+O> 
I 

In operational form 

(Lp + R) i = E ~ Hwt +o> 

The current in the final steady state is therefore 

(18) 

The transient oscillations are given by the second term of ( 16) 

in the form 

P ,t 
~ 

E e iO ~m ------
(p•-P > z· (p· > 

ciZ R 
Z(p) = Lp + R, dp = Z ' (p, ) = L, P , z - L 

These values in ( 2 0) give 

-Rt 
b = - ~ L E [cos 0 + j sin 6] 

R + j (I) 

the real part of which is 

-Rt 
- e L' E [R sin 6 - w L cos 6] 

(20) 

(21) 

(22) 

Equations ( 19) and (22) together g ive the complete current 

I = E f R sen (wt +O) .- (J) L cos (wt + O) 
R'+L'wt L 

+ e 4 ( w L cos 0- R sen 0) - Rt l 
(23) 



I 

WEST VIRGINIA ACADEMY OF SCIENCE I 19 

III. 

For a simple pendulum with forced oscillations 

d 2x 

dt' + n'x = F & iwt (24) 

dZ 
Z(p) = P•+no: dp = 2p p,,, = ± jn (25) 

F & jwt 

, 0 n-w 

the real part of this gives 

F 

Fe jnt 

2n (n-w 

Fe -jnt 

2n (n+w) 

x = - .--. [ cos w t~ cos n t ] 
n--w-

(27) 

(28) 

More generally if the driving is f (t) (which can be expanded 
in a F ouriers Series) equation ( 24) takes the form 

d 0x 
-;w- + n ' .x = f (t) 

and the solution is 

d ft X = dt f ( 'A ) A (t=),) d).. 
0 

where 

I 
A (t) = ==-n• (I -cos n t) 

Therefore 

d t 
x = dt r 

.Jo 
I 

f (),)
0
2 [ 1- cos n (t-A) ] d).. 

(29) 

(30) 

(31) 

(32) 
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( 2) Carson Transient Oscillations AlEE. Feb., 19 2 7. 

I t I 

x = ~ sen n t J cos (nl. ) f ( )..) d ), - ;; cos n t 

0 

s:in (n).. ) f (1.) d l. (33) 
0 

Equation ( I ) may also be put in the more general form 

d 's ds 
dt• +Kdt +h's=f(t) (34) 

A(t) =~. [I- --;::~:;:;-;;::~:::;t ::;_cos ( y
4

h'-K' t-B)] 
y4h'-K" 2 

(35) 

X 

t 

.v = :tfo f (),) 
1 [ e ~(t-A) 2h 
- I - -----
h' v 4fii=K·-

-v 4h'-K" l cos 
2 

(t-),-B) d ), (36) 

[ 

-K(t-),) 
K he 2 y4h'-K~ 
--:::;::;::::;;::::::;:;:--- cos ( t-)..-B) 

y4h'-K• 2 

-~(t-A) 

(t-A-B) l dA (37) 
2 

+ h ~ sen 
v4ll"K: 

2 



WEST V IRGINIA ACADEMY OF SCIENCE 12 1 

SOME STUDIES IN ABSORPTION OF LIGHT BY MIXED 
SOLUTIONS 

BY E. F . GEORGE 

If we could solve completely the problem of the structu r e of the 

atom, we should doubtless come to understand clearly many processes 

which now behold "as through a glass darkly." One of these pro

cesses is the mechanism of the absorption of light by solutions. Many 

theories h ave been advan ced to account for absorption a nd n one have 

proved satisfactory. It is an interesting and puzzling fact that if to a 

colored solution a colorless salt is added, the color of the solution may 

b e decidedly chan ged. The absorption bands may be increased, de

creased, broadened, or shifted. As particular instances the followin g 

m ay be mentioned: a n aqueous solution was prepared containing CuCio 

and NH,Cl, the concentration of the former being .274 and the latter 3. 1 

mols per li ter. The mixture shows very great absorption in the violet, 

although a solution of CuCI: alone of the same concentration is quite 

transparent in that region of the spectrum. Ther e in a decrease in 

absorption in the g reen and yellow and an increase in the red, as com

p ared with that of the CuCl, alone. If the CuCb is mixed with NaCl 

or with KCl there are very g reat changes in absorption. When FeCI, 

is mixed with NH,Cl or with Z n CI, there is a tremendous increase in 

absorption in the violet and a decrease in the green. The absorption 

spectrum of a mixture of NiCio and LiCl shows an enormous increase 

throughout the visible spectrum over that of the NiCio alone. The 

a bsorption of a mixture of CuCb, FeCb. and NaCI, as compared with 

the sum of absorptions of these three salts, shows a n astonishing increase 

at each end of the visible spectrum and none whatever in t he middle 

of tho spectrum at a bout wave-length 5500 A. U. 

These changes in absorption have been explained by jones in terms 

of his "Solvate Theory." According to this t heory th e molecules or 

ions of the salt form loose compoun ds with the molecules of the solve n t. 

The colored molecules or ions are thus weighted d o wn and their natural 

frequency of vibration chan ged. If another salt now goes into sOlution 

it also tends to form combinations with the solvent. The r esult is that 

a part of the molecular aggregates already formed will be broken up. 

The colored ions and molecules w ill thus be relieved of their extra loa d s 

and will vibrate with new frequencies. 

The author wishes to extend and a mplify a somewhat different 

explanation already set forth in two former publications! The absorb

lion of light can probably be explained only in terms of the interorbial 

IE. F. George, Doctor's thesis, Ohio State University, 1920, and Bulletin of 
the Weat Virginia University Scientific Asaociation, Vol. II, No. I, April, 1923. 
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transitions of the valence electrons of the atom. The atom may exist 
in any one of a number of different ''stationary slates" of different en
ergy levels. In any one of these states, characterized by the revolution 
of electrons in d efinite orbits about the nucleus, energy is neither ab
sorbed nor emitted. The change of the atom from one stationary s tate 
to another, which is characterized by the transition of a valence electron 
from one orbit to another, is accompanied by absorbtion or emiss ion 
of energy. If the electron shifts to a virtual orbit further out, the atom 
passes to a state of highe r energy level, and the energy is absorbed. 
Such a process takes place in accordance with the quantum relation 
W-. -W, = hv where W , represents the energy of the atom in the llrst 
state, W2 its energy in the second state, v is the frequency of the excit
ing light, and h is Planck's constant. If this energy is gained a~ the ex
p ense of the radiant energy in the light source in quest~on, then we 
have the absorbtion of light. 

In the case of a neutral atom energy may be absorbed in the fol
lowing way: It takes a certain amount of energy to transfer a valence 
electron from its normal orbit to the first virtual orbit further out. It 
requires a greater amount to move it to the second virtual orbit, and 
so on. If the electron has already been removed to any one of the vir
tual orbits, it may absorb sufficient energy to be lifted to a n other orbit 
still further out. This corresponds to what is known in gas as the par
tial spectrum, except that the crowded condition of the atoms and fre
quency of collision, resulting in forced vibrations, give us broad ab
sorbtion bands rather than sharp linea. 

A positive ion requires more energy for the r emoval of a valence 
electron to an outer orbit because the electron is bound more firmly 
to the atom. The effective positive charge is greater a nd therefore the 
forc e of attraction between the electron and the atom is greater. The 
quantity W-r--W1 is thus seen to be greater, and consequently hv is 
greater. A different part of the spectrum is therefore absorbed. Thus 
we get what approximates in a gas to the partial enhanced or partial 
spark spectrum. 

If the absorbin g atom is a constituent part of a molecule, where 
one or more of its valence electr ons may be shar ed with other atoms, 
the state of affairs is much more complicated. Here the energy relations 
will be different from either of the above cases. Part of the absorbed 
energy may be utilized in the production of ionization. We may expect 
something analyogous to the band spectrum of gaseous molecules. 

It is evident, then, that the dissociated ions in a n electrolytic solu
tion will absorb quite differently from the undissociated molecules. Ab
sorption is thus a function of dissociation, and dissociation is known to 
be a function of the concentration. This makes absorption a function 
of the concentration and affords a simple explanation of the r epeated 



WEST VIRGINIA ACADEMY OF SCIENCE 123 

failure of Beer's law, which states that absorption is proportional to the 
number of absorbing units in the path of the beam of light. 

Suppose we have, then, an aqueous solution of some colored salt, 
such as CuCl:. A certain part of the CuCb molecules will dissociate 
into copper ions and chlorine ions, the extent of dissociation depending 
upon the concentration and the temperature. Let us now add some 
colorless salt, such as NaCI. Even though the density of the copper 
remains unchanged, the density of the chlorine ions is increased. This 
will result in a number of copper ions being driven back into the mole
cular state. That is, the addition of the colorless salt has resulted in a 
decrease in the density of the colored ions and an increase in the colored 
molecules, and therefore a change in the absorption of light. 



/ 
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(ABSTRACTS) 

GRAPHICAL METHODS AND LINES OF FORCE 

BY R. C. COL WELL 

The lines of force of a field due to two electric charges 

may be plotted by joining the opposite angles of the quadre

laterals formed by the separate lines of force of the two 

charges. The field thus plotted may be joined to the field of a 

third charge and so on. In this way it is possible to draw the 

complicated fields due to charged rods. An application is 

made to the fields of force about antenna's of different shapes. 
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A NEW METHOD FOR THE DETECTION AND 
ESTIMATION OF PLA TIUM 

125 

By Earl C. H. Davies (Chairman of Chemistry Section), and Victorian 
Sivertz. 

\Vhen r educed by light in an appropriate si licic acid gel, as little as 
0.0000085 gram of platinum per cubic centimeter may be accurately 
determined by matching the black color of the unknown with gel tubes 
of known platinum content. This type of reduction by light might be 
extended to include a nalysis of gold and p erhaps other substances. 

To try out the delicacy of the test and to provide a set of standard, 
thirteen tubes were made up by adding to 130 cc. of 3 norma l acetic 
acid, 130 cc. of density 1.16 water glass and using 20 cc. of this mi;'tture 
for each tube. \Vhile still liquid there was added to the first tube 0.8 cc. 
0 f I tfo platinic chloride and to each succeeding tube decreasing amounts 
of the same solution. These were allowed to stand over night in the 
dark and on the following day were exposed to the sunlight. R eduction 
to the black occurred in a ll tubes within ten minutes. By comparison 
with a blank, a darkening could be easily d e tected in the lowest con
centration, corresponding to 0.0000085 gram of platinum per cubic 
centim eter. Such as a set of standards permits matching, as in other 
colorimetric methods, with the unknown platinum. This at once tells 
the w eight of platinum in each cubic centimeter of the unknown. \Ve 
have not yet worked out the application of this method to analysis with 
respect to interfering e le m e nts a nd its possibility of extension to include 
other metals, especially gold. 
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PANDEMIC CHEMISTRY 

d 
p Phelps (Associate Professor of Chemistry at Marshall 

r::dwar • BY "" College). 

he fall of 1924 the writer went to Cornell University in order 

I~ t Prof. Wilder D. Bancroft in the preparation of lectures for a 

to assist in chemistry, to be called Pandemic Chemistry. 
cou rse 

neW demic Chemistry, as the name indicates, is a course in chemistry 

Pa~ eople. It is designed p r imarily for college students who are 

for a ll t e. ~I majors. It is particularly adapted to students who have 

non-che~l:n:Y' chemistry, but who d esire a bird·s eye view of the w hole 

never ha h mistry. There is n o reason, however, w hy a student who is 
c. ld of c e k fi · h n e . . 1 major cannot ta e a course with pro t, smce e should 

chemica · f h · b . f h · h" h . a . erspect1ve o t e entire su Ject o c em1stry w JC cannot 
obtaJD ~ pd by any s ingle course now given. 
be obtame 

I . this course in Pandemic Chemistry, we are attempting to present 

n st important features of all branches of chemistry in a popular 

the mo pointing o u t the uses of this science in e veryday life. We are 

ma~ne:~ bring into the course as m a n y strikin g things as possible. Our 

t rY'n.g make the course an interesting one. 
aim Ill to 

The lecures have not been entirely completed. T he first and hard 

t of the course has, however, been fairly satisfactorily worked 

est pa;he writer is now engaged in completing the rest of the course. 
out. 

Marehall College is the first institution to install this course in 

d emic C hemist ry. Eventually, the course will probably be given at 

Pan 11 University. Other colleges and unive rsities will probably in-
Corne . time. 
stall such a course m 

The w r iter will now consider some of the material to be included in 

h
. ou rse. For the first few lectures we s ha ll take up topics such as:-

t 
18 c · I bl d . I k" d . 

h 
world a bout us: mmera , vegeta e, a n a01ma m g oms, composJ· 

t e I d d · · · . of air: ga s aws; common gases an ens1hes ; water-evaporation; 
tJon d f . . I" f . f . . I 
b "ling point; an ree:zmg pomt; geysers; 1que action o gases ; c nhca 

01 
erature a nd pressure: solubility and crystalli:zation: distillation and 

temP 1 · 1· ·d · d · f . I d" "II . f f tiona! distil ahon; 1qu1 a1r an 1ta ractJona ISh ahon; use o 

D
rac llask and thermos bottle. Other topics will follow in about this 
ewar n 

d . properties and uses of metals: properties and uses of a lloys; 
or er.-

erties and uses of non-metals; compounds and elements; atoms 
prop . . 

d molecules; vapor dens1ty, gram-molecula r we1ght and volume ; 

~vogadro's number; acids, bases, a nd salta w ith examples; qualitative 

analysis; organic c h e mistry; spectrurnanalycis, periodic law, radio-ac

tivity, isotopes, atomic structure; chemistry of rocks a nd minerals; 
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electro ... hemistry and electric furnace products; occurrence and ex

traction of the metals; manufacture of heavy chemicals including 

catalytic processes ; coal, coke, gas, oil, tar, asphalt; destructive dis

tillation of wood; oils, fats, and soaps; softening of water; glass, por

celain, cement; cellulose nitrate, collodion, celluloid, firms, artifical 

sil ks ; gelatine and glue; photography ; leather; rubber; textiles, wood, 

and paper; dyes and explosives; war gases ; matches and fireworks; 

paints and varnishes; chemistry and agriculture; foods; chemistry and 

rnedicine. 

Certain of these topics may be omitted if time does not permit 

consideration of them. Certain other topics may be added. The course 

will undoubtedly undergo many changes as time goes on. The wr:ter 

desires to improve the course in Pandemic Chemistry in every possible 

waY· Suggestions, then, will be welcomed. 
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TH E PER MIAN OF WEST VIRGINIA AS A FIELD OF 
RESEARCH 

BY J OHN L. TIL TON 

(Professor of Geology, W est Virg inia Unive rsity) 

The P ennian area of West Virginia str etches along t h e highlands 

east of Ohio River for one hundre d a nd thirty miles, with a maximum 

width of fifty miles a nd a n a rea of two hundred and thirty-four squ are 

miles. Its extent is broken only by Volcano anticline, where ero s io n 

h as cut through t h e Permian and exposed the und erlying Mon ong a h e la 

and much of t h e Conemau g h series of rocks. T he v a riou s outcrops, 

and the d e ep well records obtaine d in the search for oil a nd gas, have 

r evealed t h e general structure throughou t the region , as given in the 

county r e ports of the West Virginia G eological Survey, and as illustrated 

by d iagram s here presented. A study of the area in the s ummer of 

1922 brought to light several horizons at whic h evidences of plants and 

animals have been preserved, togethe r with evidences of the cond ition 

of the region as the strata were laid down, a nd evide n ces of diastems. 

The fossil horizons a re marked on the accompanying charts, a nd the nat

ure of the finds there indicated. Much remains to b e ascertain e d con

cerning the life of the times, and concerning t h e variatio n s and relations 

in sedimentation in this large area of continental deposition, with its 

great beds of limestone formed in freshwater lakes. It is an a rea that 

in some places as indicated yields a n abundance of minute forms of 

life, a nd h e re a nd there o ccasion ally a more rare a n d v a luable type, that 

will help in the correlation of the P erm ia n of W est Virginia with P er

mian e lsewhere, as in T exas. H ere, too, is a structural-dynamic prob

lem, in diffe r e ntiating the two seis of folds in the regioa and in referring 

each to its lime of origin. The relation of o ne t~ ~ t is well known. The 

rela tion of the other has not as yet been worked out. H e re, too, in 

addition to Leverett's work on the Ple istocene silts, is a physiographic 

h istory, well known in a gen e ral way, but not yet worked out i n d etail. 

T hus the region invites s tudy a long several lin es o f research. 
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