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DILLARD UNIVERSITY 

NEW O R LEANS 

I 
- --..i~..L;....f.. 

io 
reet 

/} Mr. Edwin Embree 
4901 Ellis Avenue 
Chic ago, Illinois 

Dear Sir: 

I .! 

1-t-1---1---:--
___ ..,_ - - -·-

I am writing you concerning a fellowshi lan which might 

be of inestimable aid to young men and women holdi ng the Ph . D. 

degree with research proclivities or others of equival ent training 

in the small southern colleg e . It is unnecessary to go into 

the de ~ails of the lack of equipment, library facilities and 

stimula ting in- field companionship that may exist in the small 

school. The instructor often finds it easier to forget his 

field and to start t hinking of a possible aem.inis t r ative 

poeition, or he may beco me a faculty exDert on bridge . Since 

t h ere is little chance of his getting ];eave of absence for 

several years and he may not be able to afford it even then , the 

few competent pa,ers he has produc ed during his graduate study 

may well be his total scholarly output . I beli ev e, however , 

that if there were fellowshipe available for consecutive summer s 

for research, many of these instructors could turn to problems 

in their fiel ds which could be pursued during the school year. 

The stimulation and guidance of the experts during the sumrters 

would be eno11gh t o g et the instructor started on a research path 

· that would effectively combat the 

otherwise may result . 
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Mr. Embree - Continued 

The fellowships mentioned ahead might be for a total of 

t welv e hundred dollars ( $1200) to be used in t hirds fo r any 

three of four consecutive s um.~ers. This arrangement would give the 

holder actually t hree years to study with the most stimulating 

and productive leaders without undue financial strain . 

This plan was discussed with Dean J . Max Bond and President 

William Stuart Nelson of Dillard University who saw gr eat merit 

in such a venture . 

I would appreci ate h av i ng your reaction to the idea here 

presented. If you think the plan feasible, I would like to 

prepare a detailed study of such a plan for presentation to 

the Rosenwald Board . 

Yours very sincerely, 

Herman Branson 
Instructor in Physics and Mathematics 
Dillard University. 
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FELLOWSHIPS 

August 15, 1940 

My dear llr. Branson: Your letter to Mr. Embree has 
been ref erred to me since it 

involves the .fellowshi ;e program. I am very cuch inter­
ested in your proposai: This ~ has been discussed by 
the Commit tee on Fellowships, but so far the Commit tee 
is of the opinion that the progr am should in general be 
confined to a period of at l east six months . Sumcer wo1~k 
can often be financed by a person; the .fell.owships which 
11e offer are for the major sort of effort that would, in 
maey cased, be impossible for him to provide for himsel!'. 

The Co:nmittee he.s Dade an excep­
tion to the above rul.e in one or two cases since the 
fellowship program has been re-established, but in these 
cases special permission was granted because of unusual 

, persons and UllUSUal proposals. If you 11ould like to ap­
ply for . series of periods of study shorter than six 
months at one time , I will be glad to present your ease 
to the Committee along "With a.cy points which you wish to 
make in f avor of such grants. 

Very truly yours, 

G:m:L!LU 
GEORGE M. REY 'OLDS 

Mr. Heroan ijra,n:3o,n 
- !'.t)o$ ... ,ialter-S-£reet 

Cinci nnati, Ohio 

u IV R S I T Y 



DI LLARD UN IV ERSI T Y 

NEW ORLEANS 

Mr. George M. Reynolds 
Director for Scholarships 
Julius Rosenwald Fund 
4901 Ellis Avenue 
Chicago, Illinois 

~ dear Mr . Reynoldsa 

L 0 

November 16, 1940 

Your letter of August 13th in reply to~ r equest for the 
granting of fellowships which would enable the recipients to work for 
three out of four consecutive summers reminds me that the emphasis is 
upon nthe major sort of effort" and 11unusual persons and unusual 
proposals." I cannot say t hat ~ own merits such description, but the 
outlines more fully clothed may assist your appraisal. 

A specific request for ~self would be a grant of $1,200 
to be used as mentioned ahead for work in mathematical biophysics 
beginning with the group under Professor N. Rashevsky at the Univer ­
sity of Chicago. I have done some r esearch and have published five 
papers in r eputable scientific periodicals. The modicum of maturity 
resulting from this work and~ holding the Ph.D. leads me to believe 
that summer work would be fruitful and would also furnish the necessary 
impetus for me to carry on more effectively during the school year. 

, In addition, there is the factor of a possible need of contact 'With 
other groups of workers, say at Columbia or woods Hole, after a line 
of research has been staked out. Were all of a fellowship grant ex­
pended in a single year, I would probably find it impossible to make 
such contact. I believe, too, that the spreading of such research 
work would assist that natural maturing and ripening of one's insight 
which I have experienced in working on some other problems. 

I wrote to Professor Rashevsky last yea:r about ey coming to 
Chicago. He replied that I would be welcome, although I did not give 
him the details of this plan at that time. I shall send it on to him 
shortly. 

As for ury qualifications, my teachers and colleagues here 
at Dillard University, the University of Cincinnati, Virginia state 
Coll ege, and the University of Pittsburgh would be able to give you 
their opinions. I shall send you under separate cover copies of~ 

) 



Page 2 
Mr. Reynolds 

papers. I regret that I do not have reprints of my first note pub­
lished in NATURE, ill, March 26, 1938. rt,- most recent pa.per has just 
been accepted by the editor of SCHOOL, SCIENCE, AND MATHEMATICS and will 
appear soon. 

My undergraduate training was received at the University of 
Pittsburgh and Virginia State College (B.s., 1936). On the recommenda­
tions of my instructors at Pittsburgh and Virginia state, I was given 
the Special Fellowship in Physics (1936-1937) at the University of 
Cincinnati (Ph. n., 1939). From 1937 to 1939 I held the Laws Fellow­
ship in Peysics. During the summer of 1937, I was assistant to Dr. F. F. 
Heyroth in preparing his book on the chemical effects of the ultraviolet. 
The following summer I was assistant to Dr. D. A. Wells in working on his 
book in dynamics. While I was working with Dr. Beyroth, he found it 
necessary to give up his position as abstractor in biophysics for 
BIOLOGICAL ABSTRACTS and recommended me for the position. I have held 
it since 1937 and have contributed some thirty abstracts. Since 1939 
I have been instructor in mathematics and peysics at Dillard University. 
I am a full member of Sigma Xi and was made a Fellow of the American 
Association for the Advancement of Science last summer. 

Incidentally, I have been given the use of the Tulane Univer­
sity Physics Department's library, thanks to the generosity of Dr. 
Elliott, which enables me to carry on some work. At the present time 
I am working on the S~-Liouville problem in mathematical peysics, 
a problem involving difference equations in quantum mechanics, metho­
dology in the sciences, as well as reading and collecting•a microfilm 
library in mathematical biophysics. It seems that the first two of 

, these projects may be drawn upon for results soon. 

I was born August 14, 1914. I am married and have an infant 
daughter. - In spite of this long docum.enta tion of my own case, I still 
believe that such a general plan might be a t.remendous boon to JDBl\Y who 
find the battle against sterility and banality di!'ficult. As I mentioned 
before, my friends in the sciences hare have discussed the idea, and 
both our late President and Dean, Mr. William Stuart Nelson and Dr. J. 
Max Bond, seemed favorable. 

HB:m 

'J'hank:lng you for your kindness in hearing me, I am 

Yours very sincere~, 

Herman Branson 
Instruetor in athe 

vi I 
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Plan of ork 
Herman Branson 
Howard University 
Washington, D. c. 

Inas uc aa t s reque■t f r grant fro.m the sen ald Fund for the con-
tinuati n of work begun l st s er md ext.end.in through t is ac ool yeo.r, review f the 

complis :nent a and adv t ea of the grant f 1 st s er is t he best introduction 
t o the 1 of work for t he summer of 1942. Last a er I 
l . B gan and com leted t his month the research oblem, Diffusion a Funct ion of 
Aggreg tion in Colloidal dia, which will be 11s ed 1n the rch , 1942, i aue 
oft e•Bullet ia of thematical Bio h;ysica,• Univer ity of C_ c go Presa. 
2. Began and have since almost completed a long . aper tre ting t he t em tics 
and by ics of e ation, olymerisation nd diffusion in colloidal dia, hich 
will probably be ublished in t he June, 1942 , i ue of th • ullet in of at he-
matic l i hysica.• • 
J . Read, collected not a, and diecussed researc roblem in thermody ca of 
living systems and t at em tic biophysics f cell injury . 
4. G t hered notea , de tline, end dis ussed. Dr . einberg a p r on 
1 Impllcati ns of em tics 1n egro Education,• w ch I • complet e t a c ol 
Y r . 
5. ttended cl s 1n darn bra. 
6. Attended occasional l ct urea by out t ding sc ol s, for• ple Prof . Tell r. 
7. Di cus ed wit Dr . del lcy and thers the roblem of aurve, course in the 
physical cienc • ose di cussiona Te en of ine·t s.ble aid th1 year 1n 
planning my work 1n the by ic 1 science urve coura,e at non.rd University . 
8. Reviewed er ub11itted for ublicat n int •Bull tin of th tical 
Biophy 1cs. • 
9 . Formed s me v le friends ips among cie ti ta nd r ceived the sti ulWI 
of cont ct wit an excellent r es rch group. 

The work of the summer or 942 will be continuat ion of the re e rch listed 
ahead and on the mat hemat ical biopblsics f earing . Thi■ l st t o ic seem t o be 
full of good proble sand as rdly en t Juched . y 
s sts two additional emph ee1 for t he sumr.ter, ectro c y d the b;y ical 
cience survey course . The first arises fr m my eed for an e er ental r se ch 

program. ve some excellent equipment in ctro c py which is at my di oaal . 
I ve een giving some ttenti n t o it t is ye and I am iving a c ur e now 
coveri ng t he elementary ct. From t he bysical science urvey course I have 
problems of resent at ion, of on t r tion■ , f valuat ion and of aime and objective■ 

ic I wo d like to di cue■ nth the niver ity of Chicago il"Oup. 
Uy est i te, ho ever, 1 that I hall give no ore than 10 or 15 hour• each 

we k t o the secondary to ica 1 ving t le t 45 h ura e c wee f r t e a1n work 
of re e rch 1n mathem tical bio hys1ca . 

I t i y ell that the work of he sumr er f 19.42 should ive more result• 
t han t t f 1941. I kno or about th field nowJ I know th p le t the Uni-
versity of~ icagoJ I h ve the xcell t libr facilities or e ingt n to 
draw on in the c tin t ion of the work . 
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Herman Branson 
Ho~ Univ rBity 
as ingt n, D. c. 
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1941 - -
Name Herman Russell Branson Field: Peysics 

Plan of Work 

Instr uctor in Peysics and Mathematics 
Dillard University , New Orleans 

Research work with the Universi ty of Chicago group of mathemat i cal 
biopcysicists in the application of the methods of theoretic~.J. pcysi cs to 
sociological problems or to peysi oal and mathemati cal probl ems r el evant to biology. 

Seeks no degree . Asks grant f or three mont hs - June to September, 
1941. 

Will return t o present position. 

Personal Data Born Pocahontas , Virginia, August, 1914. 
Married, one chil d . Parents partially dependent. 

Age: 26 

Undergraduate Work Virginia State College, B. s., 1956 . 

Graduate Work Universi ty of Cincinnati , Ph .D., 1959. 

Experience Instructor, Dillard University, 19~9 - , $1800-$2000. 

Accomplishments Member of Sigma Xi . 

Has had articl es in Nature, Radiology, The Peysical Review, 
School, Science and Mathematics, ScienceJ between 20 and 50 

abstracts have appeared in Biolo ical Abstracts since 1957. 

Fellowships : Universi ty of Cincinnati , 1956-57, t uition, fees , $250J 
1957- 58 , tuition, fees , $400J 1958-591 tuition, fees , $450. 

References 

N. Rashevsky, Uni Yersi ty of Chicago 
H. Kersten, Universi ty ot Cincinnat i 
D. A. Wells , Universi ty ot Cincinnati 
J. Max Bond, Tuskegee Institute 
William Stua~t Nelson, Ho .ard Univer si t,w 

Budget Summary 

'l'otal AmoW1t Needed 
From Applicant 

I /J.. 1omFW1d 
l • J, 

['OUNT GRAN:7D 
• r 

I r J 
r , 

) 

$ 8§5 
455 

~ 

/ 

I 
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Statement of project: 

Herman Branson 
Dillard Univ. 
New Orleans, La. 

The three months will be a more intensive period of research and 
study on a group of problems to which I have given attention for some 
time. ~l:I work in the past in biophysics has resulted in two papers , 
one in NATUJE and the other in RADIOLOGY. Since coming to Dillard I 
have contributed only abstract, to BIOLOGICAL ABSTRACTS in this field• 
altho I have continued to study. I feel now that a period with the 
Chicago group will prime my own productivity. My goal is a research 
program that I can carry on from year to year within the small college 
framev ork. I shall v:ork specifically on proble21s such as the !!lathematical 
biophysics f cell injury, of cell aggrega~es and others. Prof. N. 
Rashevsky of the Univ. of ChlCafO agrees that contact is a most important 
factor now and that I should be able to carry this work thru the year. 

I keep a rather detailed time schedule and find that I can giv e 
from 15 to 20 hours to research each ·eek during the school year. The 
t1me this year and last has been given to 

1. Mathematical biophysics - background material and current research, 
includin abstracts. 

2. The Stur -Liouville problem in mathemctical physics - I have 
completed a 30 pa e paper but have not considered it sufficiently 
s1 n1f1cant. 

3. Difference equations in physics - I have a small paper that I 
shall soon send to a ma~hematics journal. 

4. ethodolo yin the sciences - background naterial. 
5. Microfilm and research methods - Three published notes have come 

from this work, one in SCHOOL, SCIEKCE and 11.AT ICS, y, 1940, 
the other two have been accep ed hy the editors of SCHOOL; SCID.CE 
and :.1ATHEMA~ICS and SCIENCE . I have prepared two additional 
papers relating to these 1,opice , one ":Microfilm int.he Negro 
Col ~ege" will soon be submitted, the other "Microfiim and Science 
Teach1n "has just been com leted in a first draft. 

Prof. Daniels. Elliott, head of the Physics Dept. a t Tulane Univ ., 
has ost generously allowed me the us of Lhe Tulane Physics Library. I 
spend each Wednesday afternoon there, g a thering material to be mic~ofilmed, 
r ading current de elopments and srarching out references. 

My plan is to work intensively during ~he period oft e grant with 
the Univ. of Chicago group of biophysicists and to bJ. .1.ng bacK 1.op.LCS !'or 
con~1nued research thru the school year, 1941 -1942. Several research 
papers could - and I hope will - grow out of this work. If the contact 
proves stimulating, I ay find myself carrying on research for the next 
fe years - res a r ch ·hich ill lend zest and tane: to one's teaching. 

Letters included in this application will document the statements 
made ahead. 
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Publications of 
Herman Branson 
Dillard University 
New Orleans, La. 

1. Effects of soft x-rays on chaetopods, NATURE, 141, 554-555, 
March ?6 , 1938. 

2. The differential action of soft x-rays on the anterior and 
posterior regions of Tubifex Tubifex, RADIOLOGY, 34, 200-204, 
Feb. 1940. 

3. On the quantization of mass, THE PHYSICAL REVIEW, 5?, 495 - 500, 
March 15, 1940. 

4. A reader for microfilm, SCHOOL, SCIENCE and MATHEMATICS, .!Q., 411-
412, May, 1940. 

5. icrofilm equip~ent for the individual worker, accepted by the 
editor of SCHOOL, SCIENCE and Mathematics, November 10, 1940. 

6. A microfilm camera, soon to appe~r in SCIEUCE. 

?. Between 20 and 30 abstracts in BIOLOGICAL ABSTRACTS since 193?. 

I 



Virginia State College 
Petersbbr.gp, Va. 

Office of the Registrar 
Offici al transcri pt of the record of Branson, Herman Russell. 
Admitted: Sept. 21, 1934. Graduated: ~une 2, 1936. 
Degree: B.S. {With Distinction). Major: Physics. 

Pall 1uarter 1934: 

Chem. 
~ ath. 
Biol. 
Phys. 

203, 
206, 
203, 
20 "' , 

ual. Anal. 
Calculus 
Comp. Anat. 
Adv. ech. 

Winter uarter 1935: 

Record 

Weeks 

12 
12 
12 
12 

Math. 207, Calculus 12 
Biol. 204, Comp. Anat. 12 
Chem. 204, ~uant. Anal. 12 
Phys. 210, E p. ~of'--J!atter 12 

Spring Quart er 1935: 

Ed. 311, Dir. Obs. in H.S. 12 
Ed. 315, Hi gh Sch. Methods 12 
~ th. 208, Calculus 12 
Chem. 205, uan. Anal. 12 
Phys. 211, od . Phys. 12 
P.E. 203, Fl.Wk.&Calis. 12 

Fall uarter 1935: 

Ed. 212, Phil of Ed. 12 
Ed. '421, Dir. Tchg. 12 
Ger. 206, Sci. Ger. Prose 12 
Eco. 200, Prin. of Eco. 12 

a th. 213, Diff. Equations 1° 
Phys. 407, Elec. & Mag. 12 

Winter uarter 1936 : 

Eco. 201, Prin. of Eco. 12 
Eng. 208A, Shakespeare, 12 
Phys. 207, Elec.& :lag. 12 
Phys. 212, Adv. Phys. Lab. 12 
Hyg. 201, School Hygiene 12 
P.E. 202, Fl.Wk .& Calis. 12 

Spring uarter 1936: 

Ed.3 28, Sci. in Sec. Schs. 
Ed. 331, Dir. Tcbg. 
Eng. 208B, Shakespea re 

12 
12 
12 
12 
12 

Hours 

cf 

2 
5 
2 
5 

5 
2 
2 
3 

1 
5 
3 
2 
3 
3 

5 
6 
5 
3 
3 
3 

3 
3 
3 

3 
3 

3 
5 
3 
3 
3 

8 

6 

6 
6 

4 

8 

6 

Grade 

A 
A 
A 
A 

A 
A 
A 
A 

A 
A 
A 
A 
A 
B 

A 
B 
A 
A 
A 
A 

A 
A 
A 
A 
B 
B 

Credit 
qr.hrs. 

5 
5 
5 
5 

5 
5 
5 
3 

3 
5 
3 
5 
3 
1 -1;-

5 
5 
5 
3 
3 
3 

. 3 
3 
3 
2 
3 
l½ 

3 
3 
3 
1 
3 

P.E. 203, Fl.Wk. &Calis. 
Phys. 20@, Elec. & 1 ag . 
Date: Dec. 19, 1940. 

J. Lo uise Barrett, Registrar. 
J 



UNIVEtSITY OF PITTSBURGH 
OFFICE OF TI:E REGISTRAR 

Scholastic Record of Br inson , Herman Russell ( ~K ) 1,.r . 

Record n, C''"'F~SE 
Courses No . CR . GR . Q. p . COURSES o. CR . GR . Q. P. 

1st . Sem . 1932- 33 1st. Sem. 1933- 34 

Chem . 3 4 A 12 Chem. 31 4 A 12 
Col . Or . 1 1 A 3 Eng . 21 3 B 6 
Eng . 1 4 B 8 Germ. 1 3 A 9 
Math . 9 3 A 9 Psych. 3 3 A 9 
Zool . 1 4 A 12 Physics 1 4 B 8 
Ph. Ed . 1 p 

2nd Sem. 1932-33 2nd Sem. 1933-34 

Chem. 4 4 A 12 Chem. 32 4 A 12 
Col . Or . 2 1 A 3 Eng. 22 3 A 9 
Eng . 2 4 A 12 Germ . 2 3 A 9 
Phil. 9 3 A 9 Psych. 6 1 A 3 
Zool . 2 4 A 12 Psych . 4 3 A 9 
Ph. Ed . 1 p Physics 2 4 A 12 

Totals 34 92 Totals 35 93 
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UNIVERSITY OF CINCINJATI 
THE GRADUATE SCHOOL OF ARTS AD SCIENCES 

Official Transcript of the Record of 

Bae elor's Degree from ... ~:. 9c.,. i 

Herman Russell Branson . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1 

Attendance : Admitted S pt 

and Sciences 

.1 ] ... .Cr du te . School of.Arts 

Graduated 

Course 
t:umber 

Attended September , 1936 from .................. to June , 1939 .................. 
June , 1939 . . . . . . . . . . . . . . . . . . . . . . . . . Doctor of Ph losophr Degree .. .................. . 

One Credit- - one lecture period of 50 minutes , or one 

laboratory period of three hours . 

Descriptive Title of Course 1st Se!Ilester 
Credits 

1936-1937 
2nd Semester 

Credits 

127 
150 
152 
167 
109 
170 

155 
108 

168 
107 
170 
106 
129 
169 

163 
170 
106 
145 
160 

Physics----He~t and Thermodynamics 3 
Physics----Advanced Experimental Physics 4 
Physics----Introduction to Theoretical Physics 3 
Physics - ---X- ray and Crystal Structure 2 
Mathematics-Differential Equations 
Physics---- Res earch 

1937-1938 

Physics----Thermodynamics 
Basic Science-Theo y and Functions of a 
Complex Variable 
Physics -- - -Electrod na~ics 
Basic Science- - --Quantum l.Iechan cs 
Physics - ---Research for the 9octorate 
Basic Science-- --Physical Chemistry 
Ph sics----Physical Optics 
Physics - ---Quantum Electrodynamics 

1938- 1939 
Physics - ---Quant~~ Mechanics 
Physics - ---Research 
Ma heMat cs - Tensor Analysis and Relat vit 
Llathematics - Inte ral Equations 
Physics----The osition 

2 

3 
3 
3 
2 

3 
1 
2 
2 
2 

2 
3 

3 
2 

3 
3 

1 
3 
3 
2 

3 
3 

2 



LETTERS OF REFERENCE 

Herman Br anson 

Kr. I. Rashevsk:y. Department of Physiology, University of Chicago 

Whi.l e I do not know much about Dr . Branson, and have never 

met him personall y , I am very much in favor of his pl an, provided he turns 

out to be a good research worker. The reprints of hie publications, which 

he sent me, do indicate that such is the case. I am making inquiries from 

the different persons which he gave as references concerning his general 

character. I suppose t hat in connection with his appl icat ion, you h!.vo already 

made similar inquiries and have all the data concerning him available i n your 

files. 

I f , as I said above , the result of those inquiries indicate 

that Dr. Branson is t he right kind of person, I would be very much pleased to 

have him come during the next summer, and start on aome research problem i n 

Mathematical Biophysics. It is quite true that gener al ly speaking a longer 

stay would be more desirable. In ao much, however , aa Dr. Branson bas already 

had experience in original r esearch work, even a connect ion for only three months 

wi;th our research group would be beneficial to him, and would help him car ry 

on alone the r esear ch work duri ng the remainder of the year. I have had some 

correspondence with Dr. Br anson during t he past year or two. From this 

correspondence I underste.nd that he has already familiarized himself pretty 

thor oughly with the subject of Mat hematical Biophysic• by studying all avail-

abl e publicati ons. Under those circumstances, even a relat i vely short contact 

with our research group here would be rather useful. Personally, of cour se, 

I am anxious to have as many young research worker s enter t hat field as possibl e. 

Therefore, I am heartily backing Dr. Branson' s propositions subject to the 

provisions ment ioned at the beginning of this ett er d 

u IVERSI y 



(Herman Branson) - 2-

Mr. H. Kersten, As oci te Profess or of Biophysics, Universi t y of Ci ncinnati , o. 

Mr. Branson did part of his doctor's re earch work under my 

direction an w s a tudent in one of my classes. He pr sent a olish d 

appearance and has t he manners of a gentlem • His abilit is above the 

averag d be is ah rd worker. 

My only objection to him is that h s optomia often lead 

him to rate his ability too highly, and his desire to put his •best foot 

forward" lead him to appro ch slightl y the realra of dishonesty. For exampl , 

th list of publications attached leads one to suppose that these are s 

ere tions, exclusively. If you will look t he up you will find t hat he i 

co-author on the three most important public tiona. 

Mr. D. A. Wells, Assoc! te Professor of Physics and Ch irm n of Gradu.at Work 
in P sics , University of Cincinnati, Ohio 

I have known Dr. Branson for over four years and, in all 

sincerity , I cannot speak too highly of hi . 

As student of science and mathematics , he i outstanding 

br any b si of comparison. His graduate work here at t h Universi of 

Cincinnati was excellent in very respect nd he howed far bett er th n average 

creative bility. He is an indefatigable worker . 

As to personality, Dr. Br son is also outstandin. I h v 

never known student, colored or white, with mor~ leasing unaff cted 

manner. Ri a dignity and per onality take him completely above any feeling of 

racial distinction. 

Dr. Bran on is well prepared to carry on research i n 

mathematical biophysics. I believe his 

others would be of ine timable value to future cont~ b 

- - - -

I W 
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(Herman Branson) - 5-

Dr. J. Max Bond, School of Education, Tusk gee Institute , Alabama 

Mr. Branson of Dillard University is, in my opin on, the 

best informed man that I have had the pleasure to know. His scholarly attai n­

ment as a teacher at Dill rd University ade me feel that thi~ was a man who 

was deserving of any opportunity that might be made availabl tor study. 

He is such an exceptional and promising young person tha t 

I fe 1 I cannot adequately describe his many qualifications. 

Mr. William Stuart Nelson, Dean of the School of Religion, Howard University, 
Washington, D. C. 

During the year of my association with Dr. Her an Branson 

at Dillard University, I was most favorably impressed with his teaching 

ability, his research interest, and his personal qualities. I feel at y 

assistance which may be provided to make possible continued research with him 

will be most fruitfully spent. To me, as layman, 

presents to the Rosenwald Fund appear to have merit. 

e plan which Dr. Branson 

s 



Name of Candidate 

Report Requested of 

JULIUS ROSENWALD FUND 

4901 ELLIS AVENUE 

CHICAGO 

Confidential Report on Candidate for Fellowship 

Mr . Herman Branson 

Mr . H. Kersten 

University of Cincinnati, Ohio 

The above-named candidate has applied to this Fund for a fellowship and has given your name as a 
reference. The candidate's plan of work is attached. Please return it with your statement. 

We shall appreciate your frank opinion of this applicant's qualifications, and an appraisal of his 
plan of work and of his ability to make a noteworthy contribution in his field. An early reply will be of 
great assistance in allowing the Fellowship Committee sufficient time for adequate consideration of the 
large number of candidates. 

We request candid and critical comment. Your reply will be held in strict confidence. 
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Is the candidate free from personality handicaps which would make it difficult to obtain and hold 
a position giving him opportunity to utilize his abilities? 

ffe ~ --1,U) ~ ~~ 

L-V ✓-
Signed ~-~ · , 0 ~ 

Position or Title .-,,,~....u 7¥ ~~ 
Address ?~., 

DL 
Please return to the Director for Fellowships, Julius ~osen 1 

4901 Ellis Avenue, Chicago, Illinois. Addressed, sdamped envel 

I 

✓ 
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JULIUS ROSENWALD FUND 
4901 ELLIS AVENUE 

CHICAGO 

G 

Application and accompanying documents should be filed as early as possible for the convenience of the Fellowship 
Committee, preferably during the early autumn. No application can be considered by the Committee unless the 
completely filled-out blank and all of the materials requested reach the Director for Fellowships by January S, 1942. 

Negro g; White Southerner D 

Name in full ... . .. H:er. an . Rus.se.11 .. Br.anson ..... .. . ... . .. . .... . .. .. .. . . . . .. ... . ........... .. . . . 

Present address .. Cn.ern.i.st.ry .B.u i .lding t . Ro.war d. Uni.ver.slty. , . .Washin :ton•,· ·D ,. C·.· . .. . . 
City State 

Permanent address .. ... :e9~ . . 3~., . .. .. ... . . . P.ocahon.ta.a , ... .. . . .. . .. . Virgi.ni.a ......... .... . . .. . 
City State , 

P • • (b "fi ) Assistant n..of f Ph ' d Ch • t resent pos1t1on e spec, c ..... . ... . ....... ~.., ..... .. 0 . . YS.lC.S . .an. . em1.s r.y ........ . .. . . . 

I • • • • Howard University A I I nst1tut1on or orgamzat1on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . nnua sa ary . 2300 .• . . . . . 

Address ....... . ................... . .. Washingt on., .. . D. C • ........ .. ....... . ..... . ......... 
City State 

Specific Field . 

Concise statement of plan of work .... Rese.ar .ch .on .mathem t.i cal .. physic.al .. .. .. . .. . .... . 

. l?r .~ ~-~ ems _a;r_i s_in_g .. il'.l .. d~_ff.u!3.~ 9.1! , . -~~-~ rmo4yp_;:µ:a_i. c~ ~ . . se.n s.ary . ... ... . .. . . . 

. . ..P~-~ 9.E! P.~l P1'., .. ~tc .... . wi.th . the . Uni v.er si ty .of .. Chi cago . gr.oup. of ... . ... . . 

. . . . _ma_th_el1l_a t _i_c~l. _bi .QPA-Y.~iPJ~.t ~ .• . . . . .. . .. .. . . .. . ..... . . . .. .. . .. .. . ........... . .. . ... 

Dates of period for which grant is desired .. . .. _J"u_ne_ 5_ . t_o . _S~p~e.T!Jb.~.r .. !;> ., .. ;l.~4.:? ~ . . .. .. .... .. .... . . . 

What is your estimate of the total duration of the proposed project? ... Cont i.nuou.e ..... . .............. .. . 

Will you return to your present position? . Y.e s ... . If not, for what position do you seek further training? ...... . . . 

If yo1t contemplate graduate study, please fill in tke following: 

What institution do you wish to attend? ... . . . .. Un! Y.ersi.ty . o 

Have you been admitted? ... Y.ea . ..... . . For what degree will you 

Under whose supervision? . . . Pro.f • . . N ... . Ra.shevsk y .. .... De 

I I 



Personal History 

Place of birth ... "f.q ~-c!-~Q~-~~-~ ,. -~~_:r;-g_~~-~~- ... ............ .... .. Date of birth . A,1,1g1,1_~t .. :\.4.1 .. l 9.l4 

Single, married, widowed, divorced . ... . . -~~r.t: :!..~Q. ......................... .. .......... .. ........ . .. . . . . 

Name and address of wife or husband . .... 9.0 !.~J:)~~~- _q~~Y. -~-~~p.;s_qt_l_,_ .. _f;i;2_ .. . $._qt_._, .. '"!$ ,.Wu .. Y(~sh . , l) . C 

Occupation and salary of wife or husband ........ ~9~~-e':'i.:f~ .... ....... ...... ... .......... ............. . 

Number and ages of children ...... 91:1~-~. -~~g~:t.~-~l'.l .. 'Jl.P.l'.lt.."t;t~-~ ..... . .. . .... . .. . ........ . ....... . .... . 

Dependents .... ~- . ........... To what extent? ... $)0 .. P.~r . . 1110.ntll Relationship . .. P.ar.ents .. and .. Grandp . 

Have you any constitutional disorder or physical disability? ... .. ... )l_Qt:i.~ • . .. . .......... . .. . ........... . . . 

(The Committee on Fellowships reserves the right to require a full physical examination.) 

Education 

One official transcript of your college and university records together with five copies must be submitted with your 
application. (Copies may be typed by the applicant.) 

College , 

University 

Profession al 
or technical 

Special study 

' 

Name of Institution Period of Study 
(Give dates) 

Degrees, Diplomas, 
Certificates 

(Give dates) 

. Yi~-~~-??~.a: . ?~~~~-. 9.0 iJ~g~_ ..... . ;15!~4. -~ .. l~.3Q .... .. -~-tls .•.. .(.l.~_39.} _. 

y~;-~ ~ .. ?~ . ~-~~-~~-nt:.cl: ~~- ... ..... ... ~-~ ;5-~ ~- ).~~~- .. .. .. . -~~ '! P'! .. ( ;i._~;3-~ )_ 

. .............. . ...... . . ..... ' ... . ... ' .. ..... . . ...... . ...... .................... . 

Univ . of Cincinnati Summer, 1940 ..... '.' .... .......... .............. . ' . . . .. .. .. ...... . ....... . ..... ... . . . . . ..... . 

Significant extra-curricular activities ... . ...... ~?.:'!;I P.~P~ .I'. , . , l;I ~- !;! ~n ~l. X 

. . . . . . . 

I I 



Experience 

Give record chronologically. 

Institution or Organization Address Position 

Dr . F . F. Heyroth Researcbh 

Inclusive Dates Annual 
~alary 

Basic Sci. Research Univ . of Cincinna t: Assistant Summer,'37 . 50 hour 
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · Prcir~- ·n·.- ·:A~ · we·11·a · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

Physics Dept . Univ . of Cincinnat: " Surruner, '38 . 50 hour 

Dillard Univ. 

Dillard Univ . 

Howard Univers·ty 

Accomplishments 

~ ew Orleans, La . 

New Orleans , La, 

Washingto n, D. C. 

Instructo~ 1939-1940 

II 1940-1941 

Asst . Pror . 1941 -

. . .. . ..... 
$1800 

. . .. . . . . . 
2 00 . . . . . .. 

2300 
. . . . . . . . 

2. What research or creative work have you done? (If in business or a profession, give evidence of standing and 
achievements.) 

3. Publications (Books and articles. Give title, date, and publisher.) .......... . ..... . . . ................... . 

. . . . . . . . . . . . . . . . . . . . . . . . . S.ee .. append.ed .. list .. car.rying. ·nin:e . . articles .. ................ . 

' ... . ..... . ......... . . . ........... . .. . . .. ......... .. .......... ... ...... . ...................... . ...... . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

' . . .......... . ... . ... . ... ... . ................ . ......... .. .... ... ............... . . ..... . ... .. . .. .. . .. . . 

4. List scholarships or fellowships you have previously held or now hold, stating in each case t~e places and periods 
of tenure, the studies pursued during your incumbency, an~ the ;imo"n~s of the stip~11ds . 

. _$p~c,i..c!-l .. F.~l.l.ow. i.n .. Physic.a , . .U ... . 5f .. Ci.no: -nn 3. 7 ., . 

. . Lc;1."!l.1?..... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 8 .,. . . ~•- . 

. Laws. .. ... .. .. . ...... . . . ..... . ........................... 9.,. . .. 
~,,h~ pl,.; Alp&."- f"r,,44tn~,-..1 fell• .... •~• 't3 =--...t_~ ....=. ~ 

Ko~e~"'-'"'"'& Fc\\c. .... .11..,p, 5 ... -.. ...... ,_ t'I , $,4o. 
I 

• 

• 

• 



Budget Estimate 

Room and board ......................... $ . ~.C?9.•. 9.Q .. 
Clothing . _.......... .. ................. )_q9_._99 ... 
Insurance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ~9 .•. <?9. ·1 
Tuition i.11-G.l 1,1,cUne .. wi.fe.'.s......... .2.0 0 .• 00 . c 
Transportation ............. ..... .': . . . . . . .100 .•. 00. 
Miscellaneous . b9_9~-~ ., .. P.41>.l i P. ~t J o.n s i 100 .•. 00 ... 
. ~-~i rt~.Q!:t.Qe.e .. o f .. ho . . e . in ....... $. 100 .• 00 .. 
Washington, car e of baby etc 

Total amount needed ' $ .! 0. ~O. • 0 .0 . 
Amount applicant can provide $ . . 4.20 .• 0.0 . 

Amount requested from Fund $ . . 6.00 .• 00 . 

Clip ( do not paste) 
photograph here 

If you have applied or exp~ct to apply elsewhere for any fellowship for the same period ( which is, of course, per­
missable) state the facts regarding such application . 

References 

List references from whom confidential information may be obtained concerning your professional qualifications and 
from whom expert opinion may be obtained as ·to the. value and practicability of your proposed plan of work. 

ame of Reference • 

Dr .• Rashevsky 

Dr . D. A. Well s 

Dr . · H. Kersten 

Dr . J. Max Bond 

Dr . Charles H. Thompson 

Statement of Plan of Work 

Posit ion 

Assoc . Prof . of 
. . Ma th • . .Bi.ophysics . .. 

Assoc . Prof. of 
Physics 

Assoc . Prof. of 
Biophysi cs 

Prof. of Education 

Address 

Univ . of Chicago , 
. . . Chicag.o , .. I-11.i.n oi & .... 

Univ ~ of Cincinnati, 
Cincinnati, Ohio 

Univ . of Cincinnati, 
Cincinnati, Bhio 

Tuskegee Institute, 
Tuskegee, Alabama 

Dean of the Colleg ie Ho1& ard University, 
of Liberal Arts Washington, D.C. 

Submit a statement giving detailed plans for your work during th tenure of your fellowship. This statement should 
include: (I) a full description of the project, including its character, scope, and significance; (2) the pre;:sent state 
of the project (time of commencement, progress to date, etc.) and ,expectation as to completion; (3) the proposed 
university, institution of similar grade, or other place wh ere work would be carried on, and the authorities with 
whom it would be done; (4) your expectation as to publication or use of the results of your study; (5) subsequent 
plans for your career. 

Your plan· of work should be carefull y pr pared. Submit seven co ies typlili on ( ! "xll" paper. 
should be on each sheet. t. 
SIG ATURE ... . ... _ l,I~ ...... ~ -.. ................... tl .. 

I 

-.-.. ... __ 
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Name of Candidate 

Report Requested of 

JULIUS ROSENWALD FUND 

4901 ELLIS AVENUE 

CHICAGO 

Confidential Report on Candidate for Fellowship 

Mr . Herman Branson 

Mr . D. A. Wel l s 

University of Cincinnati , Ohio 

The above-named candidate has applied to this Fund for a fellowship and has given your name as a 
reference. The candidate's plan of work is attached. Please return it with your statement. 

We shall appreciate your frank opinion of this applicant's qualilications, and an appraisal of his 
plan of work and of his ability to make a noteworthy contribution in his field. An early reply will be of 
great assistance in aUowing the Fellowship Committee sufficient time for adequate consideration of the 
large number of candidates. 

We request candid and critical comment. Your reply will be held in strict confidence. 

REPORT 

~ 

/v.J o-&--. 

~ ~ \1 • 
Ct.4.o ~ ~ • ~ ....._____. 

Direc or for Fellowsliips -"1 

I I 



• 

Is the candidate free from personality handicaps which would make it difficult to obtain and hold 
a position giving him opportunity to utilize his abilities? ( ~ - A..c..L ~ ~ ) 

Signed _ __ __,L.,L_~•-'-A----=-. -+------==-------'~=-----------------_..; 

Position or Title _ _,..~=:..K:..l~-,,,.,:==-CL=:t,_-=---\1MF---=-t'"'-'"---=-fo-r,.-- -t-- -1--- --o-Jl._---=,,,.,_----

4901 Ellis Avenue, Chicago, Illinois. Addressed, s 

I I 



Name of Candidate 

Report Requested of 

JULIUS ROSENWALD FUND 

4901 ELLIS AVENUE 

CHICAGO 

Confidential Report on Candidate for Fellowship 

Mr. Herman Branson 

Dr. J. Ma Bond 

Tuskegee Institute, Alabama 

A 

The above-named candidate has applied to this Fund for a fellowship and has given your name as a 
reference. The candidate's plan of work is attached. Please return it with your statement. 

We shall appreciate your frank opinion of this applicant's qualifications, and an appraisal of his 
plan of work and of his ability to make a noteworthy contribution in his field. An early reply will be of 
great assistance in allowing the Feliowship Committee sufficient time for adequate consideration of the 
large number of candidates. 

·We request candid and critical comment. Your reply will be held in strict confidence. 

REPORT 
' 

tfrec r for Fellowships 1 

. Hennan Branson of Dillard University is , in my opinion, 
the best informed man that I have had the pleasure t o know. His 
scholarly attainment as a teacher at Dillard University made me feel 
that this was a man who was deserving of any opportunity that might 
be made available for study. 

He is such an exceptional and promising young person that I 
feel I cannot adequately describe his many qualifications . 

~ --, 
J . fax Bond, Director 
School of Education -
Tu ege~ nst·t e, 

I 



Is the candidate free from per-sonality handicaps which would make it difficult to obtain and hold 
a position giving him opportunity to utilize his abilities? 

Signed ------------------------------------

Position or Title ________________________________ _ 

------R 
Please return to the Director for Fellowships, os 

4901 Ellis A venue, Chicago, Illinois. Addressed, s n 

I I 



JULIUS ROSENWALD FUND 

4901 ELLIS AVENUE 

CHICAGO 

Confidential Report on Candidate for Fellowship 

,A 

Name of Candidate 

Report Requested of 

Mr . Herman Br anson 

Mr . Will iam Stuart Nelson 

Howard University , Washington, D. C. 

The above-named candidate has applied to this Fund for a fellowship and has given your name as a 
reference. The candidate's plan of work is attached. Please return it with your statement. 

We shall appreciate your frank opinion of this applicant's qualifications, and an appraisal of his 
plan of work and of his ability to make a noteworthy contribution in his field. An early reply will be of 
great assistance in allowing the Fellowship Committee sufficient time for adequate consideration of the 
large number of candidates. 

We request candid and critical comment. Your reply will be held in strict confidence. 

REPORT 

/ ,,,,,,, 

Direc~ for ellowsliips 

During the yea:r of my association with Dr . Herman Branson 

at Dillard University, I was most favorably impressed with his teaching 

ability, his r esearch interest, and his personal qualities . I feel that 

any assistance which may be provided to make possible continued research 

with him will be most fruitfully spent . To me , as a layman, the plan 

which Dr . Branson presents to the Rosenwald Fund a pears to ave merit . 

I I 



( 

Is the candidate free from personality handicaps which would make it difficult to obtain and hold 
a position giving him opportunity to utilize his abilities? 

Signed _ \ __ Q_....,.....r_ ·_js~~----=--=---±- D .... -+-~•1.._...--o---c~h ~-----

Position or Title ______ D_e_an __ o_f_t_h_e_S_c_h_o_ol_o_f_R""""e_l~ig..._i'-'-· o'""'n"---------------

Address _________ Ho_,_var_ d_ U_n_i _v _er_s_i_t____,,y __ -----,--------::-----.--------,----

Washington, D. C. • ~uar~ J41. 

Please return to the Director for Fellowships, Jluhus ose J Fun 
4901 Ellis Avenue, Chicago, Illinois. Addressed, stamped env is enclosed. 

,,.-✓ • 1 

u I \/ SI 



Ube lllnt\?ersttr of (tbicag LLo· SH' 
M.-.TH EMATICAL BIOPHYS ICS 

IUt.2.2 DREXEL AVENU !! 

•· George . Reynolds 
Virector for Scholarships 
Julius Rosenwal d Fund 
4901 Elli s venue 
Chicago , Illinois 

Dear Mr . ReJnolds : 

lDe:pattme:nt or -PbRS(0I0!n? 

January 2, 1941 

3 

r . Herman Dillard Universit ha itten to me r ecently 
c to join t he thematical lo h ·sics r esearch 
group here during the coming summer . He also writes me that he is 

3 

a 1 ing to the Rosenwald und for a grant whi ch would enable him t o 
r alize his lan, and he asks me to write t o ou, giving my point of 
view of the whole que stion . 

While I do not now much a out r . ranson, and have never met him 
personally, I am ver r much in favor of his plan, provided he turns 
out to be a good research worker . The reprints of his publications , 
hich he sent me , do indicate that such is t he case . I am king 

inquiries f rom the ifferent persons which he gave as refer ences 
concerning hi s general character . I suppo e th t in connection ;o1ith 
his ap lication, you have already made si milar inquiries , and have 
all t he data concerning him available 1n your files . 

If, as I said above, the res lt of those in uiries indi cate that r. 
Branson i s the right ind of person, I would be ver much l ea ed 

, to have him come during the next summer, and start on some research 
problem in thematical Bioph sics . I t is quite true that general l 
speaking a longer s ta would be more desirabl e . In as much , however , 
as Dr. Branson has alread had experience in original research iork, 
even a connection for only three mont hs with o r r ese re group would 
be beneficial to i , and would help him carr~ on alone the research 
work during t he remainder of the year . I have ha some correspondence 
with Dr . Branson durin the past year or t wo . rom t his corres ondence 
I unders t and that he has alrea familiarized himself retty thoroughl 
with the subject of athematical iop ysics b studying 11 availabl e 
publications . Under those circumstances, even a relatively short 
contact with our research gro here would, I believe, be rather useful . 

Personally, of cour e , I am anxious to hav as m~ youn r esearch work­
ers enter that field as possible . Therefore, I am heartily backing 
Dr. Br anson's propositions subject to the provisions mentioned at the 
beginning of t his letter. 

:Hdy 

I 



g 
OU 

Mr . Br nso: I 

p.ril 12, 1941 

nclosing an announce­
ur rd of 00 

t.y o ic go dur­
ant i ei m de 
nee our usual min-
is nths. 

0 d ·s grant 
to ·ewillbe 

port o gress t.er 
~ here .. 

Very truly yours, 

IV 

--

R S I 



Mr. George • Reynolds 
The Julius Rosenwald Fund 
4901 Ellis Avenue 
Chicago, Illinoie 

My dear r. Reynolds : 

LO 

Dillard University 
ew Orleans, La. 

April 16, 1941 

17 

HJ 

Please accept rriy thanks for the Scholarship Co'tl.'lll.ttee for 

granting me a fellowshi p of $400 to be used in research in 

mathematical bio )hysics this summer. I am more than eager 

to accept . In the ~eantime, I shall go ahead with y plan 

of work with the biophysics group under Professor Rashevsky. 

I, too, hope that this deviation fro~ your usual program will 

be happy. 

Yours very sincerely, 

,l/4rn-1t:tvr /8;-~~ 
Herrri.an Branson. 

E 



• r . -
ACCOU T eBro Fellowshi;es APPROPRIATION o. 40-11 

AME OF STUDE T Herman Russell Branson 
- ~ 

ADDRESS 

Institution A~tendiitR - Oniversitv of Chicago 

1 STITUTIONe.1 Position - Instructor i~ fhzsics and Mathematics 1 Dillard 
~i ic 'ield - Ph;y:sics ' !MM51imn:a' 

STATEMENT OF OFFER 
GMR to Mr. Branson - 4L11L41 
11 I t is ..,, .:,le~sure to infon:1 xou that :YQU havo been selected b~l the Committee 
on J?ello~shi2s o..: the Jiuius Rosenwald tund to receive a frant of four 
hu.'1.dred dollar:J (~400} to assist ;'iOU in carrp.n-" forward Your studies in 
mathe:;Ju.ticcl bio2h;ysics at the Universi ti of Chit::e.go for a three- month 
period beginning June 1 1 1941." 

AMOUNT OF OFFER vm PAYME T DATE" 

CHECKS PAY ABLE TO 

TIME PERIOD OF OFFER Three montha 

APPROVED BY AUTHORIZED BY . 
PAYMENTS 

DATE EXPLANATION AMOUNT DATE E_XPLANATION AMOUNT 

I 
I 

! 

- . - -- -
' - ~1 ~,i,(' (( ,I ""i I-' ' V 
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/ /, 1\ \.. ~~~ ~ 

- I 
J lrJ~~1 ~, ,...., r 
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FE L 

April 11, 1941 

dear r. Branson& It i p sure to infonn 
y u th t. :rou have b en se-

lected e Co ttea on Fellowships ot t 
Julius en ald Fund to receive a grant o four 
h ndre doll s ( ) to ssist you in carrying 
fo rd your studies in athenatical b ph sics 
at the Univers·t o ·cago for a three- on 
period b g1nni ~ June l, 194 • 

11 you please le us 
kno at once ' ther or not you c ace pt thi 
grant? An official announce ent of the • ttee• s 
selec ons 1 d it n inclu 
o~ those fro have been recei 

ery truly our , 

EY OLD 

r. B 
Dillard University 
lie Orl ans, Louisiana 

U N I 

s 

I -



FELLO\f✓Srh?: 

April 22, 1941 

Dear Mr. Br anson: I hb.ve seen your r ecent 

letter to Mr. Reynolds 

&cceptlng the f el l owship of $400 $• arded to yo~ 

for study at the University of Chicago thia summer. 

When you are ready to begin work under this grant , 

please let me know whether you would prefer to 

receive i t in monthly installments or to receive 

the full amount at the beginning of the summer 

quarter. 

DA.E: AJI 

Jfr . Her ~Oll 
fuiiai:d University 
Ne• Orleans, Louisiana 

Very truly yours , 

IV R S I T 



FELLOVvSH PS 

ay G, 41 

Dear !r. Branson: I returning to you under 

separate covor the publica­

tioD.13 hich u submit ted th your application 

for a fello ship .. ith this I enclosi 

some ext a copies of your tr nscr pts nd a 

a up of letters ddressed to you regnr ~ng 

your publlca tions. 

Veey truly yours, 

.Acti -Dir ct.or 
£or Felio ships 

U N I I - y 



L 0 
~ Z--7 
ew Orleans , La . 

Dillard Univ ersity 
June 1 , 1941 

Miss Dorothy A. Elvidge, Comptroller 
Julius Rosenwald Fund 
4901 Ellis Av enue 
Chicago , Illinois 

My dear Miss Elvidge : 

I shall arrive .in Chicago June 7th and shall begin work 

immedi a tely . L Inasmuch as I shall not have to pay 

any fees until •the Qeginnlng of the Summer ~uarter I shall 

no t need rny Ro~enwald grant before the 15th of June . 

I prefer that you make payment in a s'ngle awn. 

My address in Chicago is not certain . I hope to stay at 

Internat ional House until the quarter closes at which time 

a University apartment may be available . 

Yours very sincerely, 

//.P/???#.,. /6rM-' <r­

Herman Branson . 



Der r. B son: 

•'-"' • ....... 

F 

June 5, 1941 

l ... t 'J 

I R I 



Mr . George M. Reynolds 
Director for ~cholarships 
Julius Rosenwald Fund 
4901 Ellis Avenue 
Chica.e;o, Illinois 

J,:y dear ~b' . Reynolds : 

- /, __ cf../_8_j/J)l'A _JQ __ 11 

__ -~/ __ / h'-(0 o 
I 1~-1---

·--~--: ~---1-/~1 
-- r. ---' 

June 11 , 1941 
5822 Drexel Avenue 
Chicago, Illinois 

I have been working vtith the Univ . of Chicago group of 

Mathematical Biophysicists since June 6th . The work is 

SHI 

interesting and I believe that the results will be satisfactory 

to the Fund . I have been given office s pace, the necessary 

keys to the building and the other it em too trivial for mention . 

_he ork so far is a over -view of certain problems . One of 

which I have sinrled out for thoro gh investigat·on . 

Some time back I asked that my fellowship check be Mailed to me 

about the 15th of June . I would appreciate your directing the 

comptroller to mail it tone at the lathe~atical Biophysics 

buildi ng, 5822 Drexel. 

OAKland 6?63 . 

e are living at 4627 Champlain , 

Yours very sincerely, 

fftt"~n /ff,n#n/(7>-'7 

Herfrlan 

I 



FELLOWSHID"' 
I 0 

June 13, 1941 

DeGr Idr. Branson: 14r. Reynolds has resigned his 
position with. the Julius Rosen­

wald Fund to accept a post in Washington, and your 
letter of June 11 has come to me for answer. 

I at1 indeed glad to hear t..l:iat 
you are comfortably settled in Chicago and that you 
have begun your work. If you are over in this nelgh­
borhood I hope you ~ill drop ln for a talk. 

J.liss Elvidge will mail your 
check to you in accordance with your lruitructions. 

WCilr:dLU 

Mr. Herman Branson 
" sa2~ bfexel ffeffl:3 
Chicago, Illinois 

;nw 

Sincerely yours, 

Director £or Fellowships 

u 
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UNIVERSITY OF PENNSYLVANIA PHILADELPHIA, PENNSYLVANIA 

PUBLISHE0 UN0ER THE AUSPICES OF THE 

UNION OF 
ISSUE0, BEGINNING WITH TME LITERATURE 

OF 1921>, WITH THE COOPERATION OF 

BIOLOGISTS GENERALLY September 23, 1941 AMERICAN BIOLOGICAL SOCIETIES 

Dr. Herman Branson 
Department of Physics 
Dillard University 
New Orleans . Louisiana 

Dear Doctor Branson: 

Wes 11 greatly appreciate it you will 

let us have some bstr cts for the JOURNAL OF PHYSICAL 

CHEMISTRY .within the next two weeks. We are assembling 

an issue for the press and we are very anxious to in­

clude your abstracts . 

Sincere ly, 

HRR :ca H. R. Rehill 

I E 



How ARD UNIVERSITY 

ELLO WA :HINGTON, D . C . 

October 28, 1941 
Dl!lPART:MlllN'I' OF CB.l!IMI TRY 

Dr. William Haygood 
The J1tlius Rosem•ald Fund 
4901 Ellis Avenue 
Chicago , Illinois 

Dear Dr . Ha•good: 

1-•1-'---==- ~....,....,_., _ _/4 I 

1-~--c-=1..,.,..,..,,.., ,- . l 

Soon after I was in to see you t _is summer, 
I received an offer to come to Hoard Univer&ity as 
Assistant Pro essor of Physics a.~d Chemistry. The 

roble~s o moving, planning ryro ams and getting 
adjusted have kept me fro sending you report of 
t.e su:nmer until no . 

I think the two lette s from Professor 
Rashevsky are robably more adequate SUJIL~ ries of the 
work than anytn ng I ':Tia:' say . I am sending you the 
original letters and copies for your files, for I would 
like the_.,,.i,,lj_,._~._the o iginals . In addition to the 
·ork in hiophysics, t .'e e o • ip enabled e to discuss with 

Drs . ,'" einberg and ... -edels.ey the physical science survey 
co se. These a~ have ~ad wide experience in such courses 
and their conversat~ons have been of great assistance to e 
this year at Hoard here I have such a course . 

I shQuld like to continue with my original plan of 
applying for a grant for work next suruner, 1942. I onder 
if it ill be necessary to su mit all the records that I h ve 
in the past or • 11 t!'lese letters of Professor Rashevs!cy and 
his reco:n'lendations mailed directly to you be sufficient . 

The work et Hovard is opening up several interest­
ing research venues ,Yhere assistance from the Rosem,-ald Fund 
could e of inesti•n le orth and the returns in the form of 
ublicat~ons, outfitting resea ch un ts, ~nd training of 

gradU3.te students very satisfactorJ . I should like to discuss 
this • t '-i you if you re n I a inetan this year . 

HB :J 
Enclosures 

Yours ve y sincerely, 

I 



Editor: 

THE BULLETIN OF 
MATHR\.iATICAL BIOPHYSICS 

Editorial Office: 5822 Drexel Avenue, Chicago, Ill . 
Business Office, 5750 Ellis, University of ChicR.go Press 

N. RASHEVSKY 
The University of Chicago 

Dr . Herman Branson 
Chemistry Building 
Howard University 
Washington, D. c. 

Dear Dr. Branson: 

September 29, 1941 

I have your letter of September 25 , and accordingly, I am substituting 
another paper into the space that was reserved for yours in the next 
December issue . I hope, however, to get your paper very soon, so as 
to make sure t? get it into the March issue. In your previous letter, 
you said you intended to send us two papers, one for the December, and 
one for the tv1arch issue. I wonder t0 what extent your original 
schedule has been chrngai in that respect . Of course, I cannot promise 
a..~yt~ing definite about the March issue at present, but in principle 
I am not opposed to having two papers by one aut~or in the same issue . 
I n any case, I hope that we'll have one paper in the March, and one 
paper in the June issue from you. 

I am very glad to learn of your opportunities at Howard. What I think 
you should do, amongst other thines, is to organize a s~~inar in 
Mathematical Biophysics . ~uch tnings are being done already in one or 
two universities in this country , and even in a couple of places 
abroad. Of all the persons outside Chicago, you are at present, 
µnquestionably the best qualified to run such a seminar, and I think 
it would be very desirable for you to do that . You would, of course, 
have to confine yourself, for the first year at least, to mere reviews 
of the subject. But if you will continue your own research work in 
this field, you will unquestlonably have, before very long, some stu­
dents helping you along in your work. 

Dr. Householder and Dr . Weinberg are still on their vacation. Mr . 
Landahl joins me in sending you our best regards, 

Yours very cordially, 

( signed) N. Rashevsky 
dy . 

N. Rashevslcy 
NR:Hdy 

~~ '( h~~ 
Ufilf 

u I V E IR s y 
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Editor: 
N. RASHEVSKY 

+HE BULLEI'IN OF 
MATHEMATICAL BIOPHYSICS 

Editorial Office: 5822 Drexel Avenue, Chicago, Ill. 
Business Office, 5750 1llis, lJniversity of Chica.go Press 

'l'he University of Chicago 

Dr. Herman Branson 
Department of Physics 
Howard University 
Washington, D. C. 

Denr Dr. Branson: 

September 4, 1941 

I was very sor ry not t0 have seen you before you left Chic~go . 
I was happy, however, to learn from Dr. Householder that on one 
hand, you had a very ,roductive su.'!lmer, and on t~e other hand, 
which is still better, you landed a job at Howard University . 
This s~ould give you now plenty of opportunity for a very 
successful scientific career. 

I understand from Dr . House,older thnt you·have a short note 
practically rea.<lJ, And a lareer paner, which you plAn to submit 
l ater on. I wonder whether you would like to have t~at short 
note published in the next DeceM~er issue of the Bulletin? 
This could be done, provided the size of that note does not 
exceed ten typewritten pages, and provided I have the complete 
manuscri~t ready for publication not later t~an the 5th of 
Oct::>ber . 

As you know, there will , of c ,urse, be a charge for publication, 
which will amount to apnroxi~ately $20 for a paper of this 
size. The exact amount will be given to you a few days after 
receint of the ~anuscriut . 

Since~ must olan the Dece~ber issue right now, I would aonre­
ciate your letting me know i"lmediately whether you plan to send 
in that uaryer before October 5 or not , so that I can nake my 
arrangements accordingly . I would like to have your renly within 
a. week. 

Hoping to see you sometime in the future, I reMein, with best 
regards t~ Mrs . Branson end yourself, 

NR:Hdy 

Yours very cordially, 

(signed) N. Rashevsky 

'1J >"'( 

ul 
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Name of Candidate 

Report Requested of 

JULIUS ROSENWALD FUND 

4901 ELLIS AVENUE 

CHICAGO 

Confidential Report on Candidate for Fellowship 

Mr . Herman Branson 

Mr . N. Rashevsky 

University of Chicago 

The above-named candidate has applied to this Fund for a fellowship and has given your name as a 
reference. The candidate's plan of work is attached. Please return it with your statement. 

We shall appreciate your frank opinion of this applicant's qualifications, and an appraisal of his 
plan of work and of his ability to make a noteworthy contribution in his field. An early reply will be of 
great assistance in allowing the Fellowship Committee sufficient time for adequate consideration of the 
large number of candidates. 

We request candid and critical comment. Your reply will be held in strict confidence. 

-w~@-~~ 

REPO~T 

Lr . Herman ranson has spent 
matical Biophysic~ rou of 
man of outstar1aing abi i ties . 
eet" entirel:, with II\>' a proval. 

Director for Fellowships 

the summer quarter of 4 ·ith the the-
i ~rsity of ~hicago, no has ~rovea to be a 
# lan 01 wor.- ~~a-!"'8Q.-&-H11!"". 

Dr . .:Sranson working here rot on~ for tJie .... hort .t'eriod of a s lfili er , but for a 
consicerao onger time, n I hope that ometime in the futur£;; it v·il be 
os ible to m ,ce some arr n0 e. ente for a Fellowship of a longer ctur"'tion . I 

quite agree with Dr . Hranso~ that h's work in the summ~r of 1 4 shou a give 
more results th~n that ·n 1941, because he is no rather thorough acqu intea 
with the fie d, and will not have to spend u ti.1e ·n .!-'re.ParatorJ wor.c . 

I strongly recommend that the R.osenwala }und u'lke 
Dr . Jranso 1 s a.t'plication. 

favor·ble dec:s·on on 

I R T 



Is the candidate free from personality handicaps which would make it difficult to obtain and hold 
a position giving him opportunity to utilize his abilities? res 

Signed ----t~::::::._,~+----1:~~::::.....:::::::::.::::,_~'.'.::=:::~~:==+----------- ---

Position or Title _ __::A=s=s=o--=c==-----=---=e...:.:::...=.e==-="'--====4~=--=4-><.J~__._,.....,.,_,.'----________ _ 

Address Universi t ,'> of Chi ca 0 0 

Please return to the Director for Fellowships, Julius Rose 
4901 Ellis Avenue, Chicago, Illinois. Addressed, stampetl env 

I 

I 
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Name of Candidate 

Report Requested of 

JULIUS ROSENWALD FUND 

4901 ELLIS AVENUE 

CHICAGO 

Confidential Report on Candidate for Fellowship 

Mr . Herman Branson 

r . J . i'lax Bond 

Tuskegee I nstitute , Alabama 

<,...,, . 

The above-named candidate has applied to this Fund for a fellowship and has given your name as a 
reference. The candidate's plan of work is attached. Please return it with your statement. 

We shall appreciate your frank opinion of this applicant's qualifications, and an appraisal of his 
plan of work and of his ability to make a noteworthy contribution in his field. An early reply will be of 
great assistance in allowing the Fellowship Committee sufficient time for adequate consideration of the 
large number of candidates. 

We request candid and critical comment. Your reply will be held in strict confidence. 

--c,t)~ifl,.~ 

REPORT 
' 

Director for Fellowships 

January 14, 1942 

La.st year I reported to the Fund that I thought 
• Herman Branson was about the best person that I 

had met . I still hold to that view. He is a man of 
good intellect , high scholarship, good insight , and 
training. He is worthy for consideration for a 
Fellowship and will make ood use of his time in the 
event that a scholarship award is made available to 
him. Again may I say that Mr. Branson is an outstand­
ing candidate for any scholarship award . 

I T 



Is the candidate free from personality handicaps which would make it difficult to obtain and hold 
a position giving him opportunity to utilize his abilities? 

Signed ----------------------------------­

Posit ion or Title--------------------------------

Please return to the Director for Fellowships, J~ Rose 
4901 Ellis Avenue, Chicago, Illinois. Addressed, stamped env 
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Name of Candidate 

Report Requested of 

JULIUS ROSENWALD FUND 

4901 ELLIS AVENUE 

CHICAGO 

Confidential Report on Candidate for Fellowship 

f r . Herman Branson 

Mr . Charl e H. Thompson 

Howard University, ashi ngton, D. C. 

The above-named candidate has applied to this Fund for a fellowship and has given your name as a 
reference. The candidate's plan of work is attached. Please return it with your statement. 

We shall appreciate your frank opinion of this applicant's qualifications, and an appraisal of his 
plan of work and of his ability to make a noteworthy contribution in his field. An early reply will be of 
great assistance in allowing the Fellowship Committee sufficient time for adequate consideration of the 
large number of candidates. 

We request candid and critical comment. Your reply will be held in strict confidence. 

W~@.~~ 
Director for Fellowships 

REPOJ;{.T January 21, 1942 

I am very happy to be a ble to give the following reaction concernin t he plan of 
wor k of Dr . Herman Branson . In the first place may I state that I consi der him 
one of the most promising of the younger Negro scientists . He i s highly i nt elligent 
and has already demons t rated his "flair" for research . He happens to be in the field 
of Physics and PhY"i·i cal Science where equipment is very costly and necessary in­
telligent contact is scarce in such a situation as we have at Howard University . 
I am hoping that it will be possi ble to renew his grant for the summer so as to en­
able him to carry on his research while his enthusiasm is at its peak . 

Vihile I am not an expert in t he field of Physics, nevertheless , I have been able 
to keep up with Dr . Branson ' s career for the past two years ; particularly with 
reference to his research publi cations . The papers which have been accepted to 
date seem to me to i ndicate t hat t ere i s no question about hi s ability nor about 
the importance of t he work which he wishes to continue . I think the Fund could 
not i nvest its f i nances in a more profitable venture than in Dr . Branson , 

I T 



Is the candidate free from personality handicaps which would. make it difficult to. obtain and hold 
a position giving him opportunity to utilize his abilities? 

He has no such handicaps that I know of 

Signed _L-==---..:::~'---~ - .'V..:..+-~ _____;_\ _ -1.L--,/ ___ _ ____ _ 
. 

Position or Title Edi tor , Journal of Ileero Education , 

Address .Howard University, 1i1ashington, D. C. 

Please return to the Director for Fellowships us Rose 
4901 Ellis Avenue, Chicago, Illinois. Addressed, peel env llS en 

,...,, 
l 

~ IVERSITY 



Name of Candidate 

Report Requested of 

JULIUS ROSENWALD FUND 

4901 ELLIS AVENUE 

CHICAGO 

Confidential Report on Candidate for Fellowship 

Mr . Herman Branson 

Mr . D. A. Wells 

University of Cincinnati , Ohio 

The above-named candidate has applied to this Fund for a fellowship and has given your name as a 
reference. The candidate's plan of work is attached. Please return it with your statement. 

We shall appreciate your frank opinion of this applicant's qualifications, and an appraisal of his 
plan of work and of his ability to make a noteworthy contribution in his field. An early reply will be of 
great assistance in allowing the Fellowship Committee sufficient time for adequate consideration of the 
large number of candidates. 

We request candid and critical comment. Your reply will be held in strict confidence. 

'u)~G-~r 
Director for Fellowships 

REPO~T 

I T 



Is the candidate free from personality handicaps which would make it difficult to obtain and hold 
a position giving him opportunity to utilize his abilities? 

Signed ------------------- ---------------­

Position or Title- -------------------------------

Please return to the Director for Fellowships, lius 
4901 Ellis Avenue, Chicago, Illinois. Addressed, st:ampe 

I IT 



Name of Candidate 

Report Requested of 

JULIUS ROSENWALD FUND 

4901 ELLIS AVENUE 

CHICAGO 

Confidential Report on Candidate for Fellowship 

Mr . Herman Branson 

1'r . H. Kersten 

University of Cincinnati , Ohio 

The above-named candidate has applied to this Fund for a fellowship and has given your name as a 
reference. The candidate's plan of work is attached. Please return it with your statement. 

We shall appreciate your frank opinion of this applicant's qualifications, and an appraisal of his 
plan of work and of his ability to make a noteworthy contribution in his field. An early reply will be of 
great assistance in allowing the Fellowship Committee sufficient time for adequate consideration of the 
large number of candidates. • 

We request candid and critical comment. Your reply will be held in strict confidence. 

'{J)~Q,-~ 
Director for Fellowships 

REPO~T 
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Is the candidate free from personality handicaps which would make it difficult to obtain and hold 
a position giving him opportunity to utilize his abilities? 

Signed ------------------------------- - ---

Position or Title------------------- --------- ---

Please return to the Director for Fellowships, Julius :Rose 
4901 Ellis .Avenue, Chicago, Illinois . .Addressed, stiampe env 
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OWARD UNIVERSITY 
W A SHINGTON, D, C. 

DEPAR=.IENT OF CH EMISTRY 

.,r. 1 illiam tlaygood 
Director for Fello •s,1ios 
Julius Rosemald Fund 
4901 ~llis Avenue 
Cnic&go, Illinois 

My dear r . Haygood: 

December 15, 1941 

I am submitting nerewith my application for a grant of 600 for the 
SUI:lmer of 1942. Because you already have copies o ":IY cadem c record 
and since my references have examined y record, I have not included 
official transcrints and five copies o each . If you req ire them, 
ho?1ever, I would be very pleased either to CO'JY the official transcri'Jts 
you hold or g t!1er transcri ts from y scli.ools if your copies are not 
available . 

There are to other points which should be mentioned . As last summe~ 
my wife olans to attend the E?;r~duate school at the University of 
Chicago . (Her field is botany . ) I have included her tuition in my 
budget estimate . The second point ism request for ~60J . The 
increased cost of living nd the gre ter exnense of maintaining our 
apart~ent over the sum.mer in ,ashington are to blame . 

In looking over the wor of the oast nine months , 1 am convinced of the 
validity of my original contention that a grant such as the one I held 
gives one problems which can be co~ leted during the school ye even 
with a fairly heavy schedule of classes. 

This request was formulated before the declaration of ar . Just what 
effect that will have uoon our scholastic rogram is not certain. I 
suppose the best procedure is to continue as though next summer can be 
given to the quiet pursuit of 1 ork and permit the emergency to en ct 
any changes . 

Yours very sincerel , 

Herman Branson 



I 
How ARD u IVERSITY 

3CJ WASHINGTON, D. C. 

DEPARTMENT 0 1l' Cll:EM.1:S'l'RY 

,. • "Tri 1 i n H go d 
The Julius ose va ld _und 
4901 Ellis venue 
Chicaeo , Illinois 

Ey dear Hr . Haygood : 

Decenber 2° , 1.41 

out t -;-., o ,,,eeks a 0 0 , I 1ailed th ou gh our depe rt en t 

seC'retqry , , ~ _licat ion for a ocen.,,,. ld gr nt for 

xt u er . I have receiven no e ckno·7ledgme t • of 

rour rPceivinc he ,a rket . I f you have not received it, 

l eace send n e an ot~er ~pJ l i c~tion l a nk a soon as 

p oss ible in or ~er t ha t I ~~Y meet the Ja nuITry 5th 

schedule . 

Yours very sincere ly , 

Herrna n 3rans on . 



Dace 30, 1941 

ran o : You:~ letter o ce ber 15 
your a for another 

au.i, ... u .. ,ffle oonor otdng to · 
Ch wee 

incer 1 your~, 

UAM 

try 
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0 
How ARD UNIVERSITY 

WA RINGTON, D. C . 

l>EP.ARTMENT OF OB"EMl '.I'RY 

, ~r . i 1 i,., Tl" C. • o o 
Julius osen,·:al d ?und 
4001 Ellis Avenue 
Cn ic ~go , Illinois 

;,":y d ear :r . Hay c o od : 

ELL 

J a nua ry 2 , 1942 

Pny thanKs for your letter of December 30t acxno7•ledcing 

~y request for a notn ~ [.r ~n t . I did not ""~ish •;_rs . rqnson ' s 

tu· tion o oe ro r:s i de e gs prir of t e gr -:;,n t . . ut ·.·ishi ng 

to be a. s a ccurA.te as J? OSsible , I i nrlurled it in my budget . 

If t~re are no objec tions , you c~n cons i der it in the 

expenses under II cunt ppl icant can provide ." 

•: i th 'est ·dshes for the ew eq,r , I 2. 

Yours very s inre~ely , 

He r ma n 7 r anson . 

I 



_ FELLO 
How ARD u IVERSITY 

,v.Aslil GTON, D. . 

DEPART:>:rENT Oli' CHHMlS'l.'R 

.r . il~i w.1 C . .rl, good 
~irector for Fello·s~i~s 
Julius Hosen ·:ald und 
49Jl bll i s , venue 
~ d c1~J , Illi nJi s 

r y dear f! r . Hayg od: 

-1 \--1 

I ruu enclosing with this letter the manuscri t of a pa er just r 
completed and the proofs of an earlier one which is to ap ear 

in the arch issue of the BULLET N OF THEMATICAL BIOPHYSICS . 

The ot er w-111 probably be in the Se tember issue . It was my 

wish to have reprints of the arch paper for you by no, but 

they have not come off yet . You will ob serve that both papers 

have statements of thanks to the Fund for its assistance . 

Under se arate cover, I am sending three copies of the January, 

1942 issue of the JOURNAL OF EGRO EDUCATIJr whic has an article 

of mine on microfilm . I hope tat these will not be too late for 

the consideration of the fellowship committee . 

I have other work in progress which m y be submitted before 

June , but it will be better to tell you of that when it is 

completed. 

Yours very sincerely , 

I 
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BULLETIN OF 
Jl1ATH£MATICAL BIOPHYSICS 

VOLUME, 4, 1942 

DIFFUSION AS A FUNCTION OF AGGREGATION IN 
COLLOIDAL MEDIA 

HERMAN BRANSON 

HOWARD UNIVERSITY, WASHINGTON, D. C. 

With the assumption that adsorption is .a simple function of surface 
area, an analytical treatment is given for the dependence of the diffusion 
coefficient of an adsorbable solute upon the degree of aggregation of the 
adsorbing colloid. A simple relation is deduced after introducing some 
approximations. Some implications of the final diffusion equation are 
given. 

The effects which colloids may have upon diffusion have been 
discussed qualitatively by N. Rashevsky (1938) and the specific prob­
lem of the adsorption-of a diffusing solute by a single type of colloid 
has been-treated by J. 1\1. Reiner (1939). This note reports an investi­
gation of a -general phenomenon in a colloidal medium: with the 
assumption that adsorption is a simple function of surface area what 
could we expect to be the effect upon the diffusion coefficient of an 
adsorbable solute of the continued aggregation of the adsorbing 
colloid. This discussion proceeds under some plausible assumptions 
which simplify the analysis. The results are finally related to certain 
membrane phenomena of the cell. 

The system we consider has initially simple, colloid particles and 
solute particles. The primordial colloid particles coalesce giving larger 
particles of uniform surface, uniformly distributed. If the initial 
number of simple colloid particles is designated by Ne and the initial 
number of neutral solute by N, , the relationships which must always 
be met are 

r " 
N . = n , + .L .L ln (l, ci, k) 

I - l k: 1 

r tr f (l 
N c = .L ~ k [ n ( c, k) + n (l, a, k) J , ,: 

I I k: 1 I ,6 ~ 
where n(l, a, k) des.ignates the number of le-th-aggregated colloi i1,1-
ticl~ with ~ adsorbe? solute particles, n (c, k) is ~he k-th-aggr~l.'fl'1. 
col101d particles havmg no adsorbed solute p~ , and n, _If eJ 
number of solute particles not adsorbed. The types of possible re-

1 j ] J R s T y 



2 HERMAN BRANSON 

actions taking place in the system may be w~r~i~tte~· :!!n:.----------­

________ ;_ ( c_,~)+- n,F n( l , a, I ) 

n (l,a, 1) + n(c, 1) ➔ n(l,a, 2) 

(2) 

n (c, i ) + n (c, j) ➔ n(c, i + j) 

n (i, a,r) +n, ➔ n(i+ l,a, r) 

provided i + 1 ~ r213• This condition is explained below. The first 
three reactions express the general assumption that a solute particle 
may be adsorbed by a single colloid particle but that the aggregate 
cannot adsorb another solute particle until the surface is at least 
twice the surface of the single colloid particle. Any other reaction of 
agglomeration is possible in the system so long as it does not violate 
this principle. • 

Nevertheless two particles having such a number of adsorbed 
particles that the complex formed by their agglomeration would have 
more than the a llowed number of adsorbed solute particles were they 
all retained, can still agglomerate with the release of solute particles.. 
This is expressed by adding to (2) 

n(l, a, 1) + n( l , a, 1) ➔ n (l,a, 2 ) + n , 

n(k, a., m ) + n (j, a, 1·) ➔ n (q, a, n:i, + r) + ln, 

where (m + r)''J- l < q ~ (m + r ) 213, k + i=q+l 

(3) 

For simplicity -the reactions a1·e assumed to be irreversible. With 
these assumptions t he maximum number of adsorbed particles is 
easily deduced. If we let Vi , r1 , ands, represent the volume, radius 
and surface of a single colloid particle and vk, rk, and S1c the same for 
an aggregate of k particles, we have 

vk= k:v, I 
since the k aggregate to form a spherical cluster, Jcr1

3 = rk3 ther, ~~n 
s k = 4,nk218r/ = k 218

S1 . The maximum number of adsorbed solu~ _, r__ilr -
ticles on a.n aggregate of k colloid particles is 4,~~/ 

,if k is an integer, 
1 

k213 - 1 < L <k:21' if k is not an integer, 
which we have already used in (2) and (3) .• J 

1Uilllf1 
C I~::J 

E s TV 
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Some hint as to possible numerical values for the maximum num­
ber of colloidal particles which may aggregate before flocculation can 
be taken from the specification of the range of colloidal particle size, 
the diameters ranging from 10-1 to 10-0 cm. Assuming that our prim­
oridal colloid particle has the smaller diameter and the largest the 
larger, we have the maximum for m N 106 and the maximum for 
T N 104

• 

The solute particles are taken as uncharged so Fick's law for the 
transport of solute is 

r fl 

J = J,+ "'i_ "'2,J(l ,a,k), (4) 
l =I k "'J 

in which J is the number of solute particles passing through unit sur­
face in unit time whether as simple solute or in aggTegate. The l , k , 
r, and mare the same as in ( 1). The J (l, a, k) may be written 

J ( l , a , k) = - D ( l , a , k) grad n ( l , a , k) . (5 ) 

Introducing (5) into (4) with the corresponding forms for J, and 
J (l , a , k) and with the dependence of n8 and n ( l , a , k) on the posi­
tional coordinates expressed through N 8 , we have 

r ,,. 

- D grad N, = - D, grad n, - :"'i. :"'i. D(l, a , k) grad n(l, a, le) 
l = I k=l 

or 
on. 'm o n(l,a ; k) 

D = D ,-+ 2. :"'i.D(l ,ci,k)----. 
aN, 1-, ,.__, a N , 

(6) 

D is the effective diffusion coefficient of the solute. Using (1) this be­
comes 

D = D , 1 - "'i_ "'i_l ' ' + :"'i. :"'i.D(l,a,k) ' ' . [ 
' m a n(l a k)] • '" il n(l a k) 

'=' ,.,,, a N. l = I k"" a N, 
(7) 

Inasmuch as the adsorbed solute particles do not ap-pl'ecia ly ..aff~t 
' the bulk of the colloid aggregates we may take D ( l , a, k) = D ( c ,' ~1 

for all values of k . Furthermore on the basis of Einstein's law of A1rt
1 

fusion the diffusion coefficient of an aggregate of h colloid particict iJ J 
related to that of an aggregate of one solute particle and one s1. ,\ 
particle by _, ~L' .......J 

D ( c , 1) 
D ( C , h) = h •/3 u ERS~TY 
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The e substitution simplify (6). There remains, however, the rather 
complex double summations. We can approximate them through 

' "' 
~ }: l n ( l, a, k) /J(p)n (r, a, p) (9) 
I I kr l 

r m 

LI }: n(l, a, k) a(p)n(r,a,p). (10) 
I I k:, 1 

Without reference to the coefficients or to the first and last symbols 
in the parentheses we see that the n(l, a, k) are merely the number 
of particles of ea.ch size group in the system. The mechanism here 
described places al] the particles initially in n ( 1 , a, 1), thus initially 
( 10) could be replaced by n (l , a, 1). As time goes on, other 
n(l , a, k)' will arise but the mo t unlikely distribution, one per­
fectly flat, would lead to a multiplicative factor equal to the number 
of particle sizes. For any other distribution the factor for any p would 
be in general a function of p but less than p . The factor /J (p) would 
behave in the same manner, although the numerical value would be 
different from that of a (p). We can relieve ourselves from too much 
specificity l:>y putting 

a(p) = P", a< l; /J(p) =pb, b ~ 1. 

On clo er jnspection ( 10) is seen to be equivalent to replacing the 
ize-distribution curve by a rectangle of height n(r, a , p) and width 

a (p). In (9) we r place th three dimensional distribution by a solid 
of cross-sectional area /3 (p) and height n ( 1·, a , p). It is of interest 
to observe that p will be a function of time, for the clistribution curve 
of particle size 'i ill mo e towards the maximum size with increasing 
time. Instead of the variation of n ( r, a, p) ,vith time we think it 
best to keep p , which we shall call the degree of aggregation, as the 
independent variable. 

If , > N r then practically all the N c will be used as n ( 1 , a , 1) 
b ore the formation of any highe • associated particles. This permits 
the division of the pTOblem into two sections, ihe .Fitia aggreg ti n 
to form n ( 1 , a, 1) and the subsequent reactions ~o for high p.g­
gregates. This first is essentially J. M. Reiner's l?robl . Bo ~i re 
contained in our analysis as we see upon introducing---ihe app '·w ~ 
tions and the relation f ~ 

n (l , a, 1) N e • 
n(l, a,p) N ---- = -and N c=E N ,, 

p p 
whence 

e < 1; v. s I 
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_ [ 0on(l,a,p)] D(l , a , l) o n ( l,a, p) 
D - D. l - p o N, + p (2/3 - b) oN, 

• [ e ] e D(l ,a, l) 
= D, 1 - - --- + -----. 

p(l - a) p (5/ 3 - b) 

(11) 

n terms of time, (11) holds from t, to t,.. where (t, - to) would he 
the time required for all N c to become n ( 1 , a , 1) and t ,,, - t 1 would 
be the time for the formation of maximum size. For to ~ t ~ t,. Rein­
er's ( <>) holds 

_ [ o n(l , a , 1)] on (l,a , l) 
D - D, 1 - - --- + D(l ,a ,1) ~ , 

0 • 1 • 

FIG RE 1 

which is observed to be the same as our ( 1) with p = 1 . Repre­
ented graphically these equations join exactly at p = 1 as is shown 

in Figure l. 
The removal of the assumption that N , > N e and the precise se­

quential reactions do not influence the shape of the curve. This would 
not cont radict (3) so long as the binding energy of colloid for colloid 
is not considerably greater than that of colloid for solute. It may 
cause a smoother transition at the minimum and a raising of the mini­
mum so that D do snot reach D (1 , a, 1) . Furthermore we need not 
limit the number of adsorbed particles t one r th surf ce area of 
a sim ple colloid par ticle. If, e would con~ictci the nu ber dsorb a 
particle per cm 2 , then the result ing curve or the v r iatio the dif-
fusion coefficient would probably have the saF~h pe. 1' - ay as 
weaken the requi ement that the agglomera ion -· Te sri_ cal par-
ticles by introducing a shape factor 1, so tha ff [ 

✓ 

k = r k 213 ' ' k •IS > I ~ 1 . 

The shape factor will be a function of k he D of r ticl - ' in 
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the complex. Wi h ur assumptions the inclusion of this factor would 
rai c the ma imum for 1 , •i h a given k to k213 - 1 < l ~ i' k 213 but 
would cause no ch:m.,,e in the othe1· equations . 

. L. acBain's data on the diffusion coefficient of long chain 
sulfonic acids, C,., to C, • . exhibit minimum at dilute solution fol­
lowed by a rise at higher concentrations. The cur e is ~imilar to 
Figure but the data do not s em suscept.ble to interpretation by our 
mechanism These e.·perime s are instructive, however, in calling 
our a.tention to the fact that the D-p cur e in Figure 1 could be trans­
ferred into a D-concentr tion curve. Since the aggregation is directly 
proportional to the concentrations by measuring the diffusion coeffici­
ent of arious concentrations of N. and N e a test of the mechanism 
outlined here could be canied through so long as the degree of ag­
gregation does not vary appreciably during an e ·perimental deter­
mination. 

If the reaction takes place within a cell we may take • = q,t and 
N e = Qct where the q's re the a erage rates of production of the so­
lute and the ad orbing particle within the cell. In (11) e would be 
q1c/q1, . or sufficiently rap.id aggregation the action of this mechan­
i m within a cell may give a purely physical interpretation of certain 
trigger mechani ms a d other aspects of cellular behavior. 

The ratl er simple extension that the presence of n. primes the 
release of n,. in spurts gives a sinusoidal curve for the variation of 
the diff u ion coeffici nt. 

Finally the viev. that the diffusion solu lowers the permeability 
of the cell membrane to anot e • diffusing substance admits a varia­
tion of the membrnne permeability, h inverse to that of D in Fig­
ure 1. 

The author wishes to express hi thanks to the Julius Rosenwald 
Fund for a grant which supported this investigation. He wishes also 
to acknowledge the helpful su gestions of Prof. . Rashevsky out of 
which came this problem and the discussions with the niversity of 
Chicago group of mathematical biophysicists. The author is especial­
ly indebt d to Dr. lvin Weinberg who read the paper and made some 
valuable sugg st.ion . 
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Delqed Adsorptioa and Diffusion in Colloidal Media 

HermaA Bransoa 
Howard Univeraity, Washington, .c. 

The bebaTior of the diffusioa coefficient of a solute 

which can. be adsorbed by a colloid only after the colloid 

ha■ agire&ated to a certain size io dod ced oa the basis ot 

a few a1sumptioas. Some relations of such a mechanism to 

cell reacti011s are indicated. 

~~k~~ 

Fe~ - ~6, 19~~ 



A type of reactio plausible in cell behaTior is one 1a which two or more 

substances may be released under a stimulus. Thi■ paper considers such a re­

lease with two substancea one of which can ag re~ate into larger m1scellea and 

upon reaching an optimum size adsorbs the second substance, which we call the 

solute. After this initial adsorption we may consider either no further •iire­

iatioa and adaorptioa or further &t:il'egat ion with adsorption as beilag the possi­

b111t1ea of Jreat est interest. For our purr, sea the significant point is what ,, 
effect these alternat1Te ossib111tiea have upoa the diffusioa coefficient of the 

solute. Ia additioa, we indicate how this mech ism may be UBed to interpret, 

certaia reactions 1a a cell, e.1. reactions which begin at a certain rate, proceed 

at that rate for some time, d then tall to a minimum. 

The ag regation of the colloid particlea is asswned to take place 1a the 

r ollowiag chaia1 

n,+ n, 

{l) 

where f\.,,, is the size at which adsorption of the solute occurs. This chain ex­

presses the assumption that a higher aggregate is formed from the next lower b7 

the adjoining of a simple micelle, in short there is no aggregation of higher 

aggreeates with each other. We shall consider first the mechanism hich allow■ 

no ag regatioa after adsorption. The di ferential equation for this chain are 
\ 

c/n,.. -: 

I< n "2 - K, 17, n ~ -
I I 

I< n -z. - /t' .. n' n ~ 
_.!- I 

2 
(2) 

s 



-2-

uk1 ng the subati tutioa n, cl t = d x these equation• are transformed in~ 

the linear forms 

(3) 

d-4,., _ /C_, _1 n,.,, _, 
-;r;--

Th aracter1st1c equation r this set ia 

- IC. , -
'1. 

- 0 
(4) 

0 

A simple relationship is found between the d terminanta of each order. Conaider 

for m-=-3, we have 
).. t- I C I 

ob serve that 

+-

and in g9neral 

2. 
( 5) 

The neees ary and sufficient conditions that. t he roota ot (5) have n91ative , 

real part• haa been given by A. Hurwitz (1895). The c011ditions are awkward to 

apply to the mth order equation. Inasmuch as we shall not treat the general 

case, except to obse"• that the ph;ysical c011clusions will robably not be muoa 

different for large values of m, we can state t hat in order t o be ph;ysioall.J 

meaningful the A.~ should have necatiTe real parts and the solution• ot (J) 

~ c. . e )..jx 
h~ = L- l<--J 

j::. I 

satist, the boundary conditions at all values of time 

(6) 



-3-

All the lnfor tlon eoded for ur urp se can be h from det iled tr t­

morit . t he set f orm: 3. That is there will be an aggregate f three colloid 

particles built up before adsorption of the solute coura. The pro lem im ed1 tei, 

suggested i s the rel tive behaTior of n, and n~. Thia behavior can he obtal Gd 

from th~ inte ral curves. sin· the notatiOA of L. R. Ford (1933), 

Since 

l"or 

where 

1<.. 1 + ,,:. ~ t- 0 , the integral cur e re not co l ea. 

the integral curves are shown in fig. 1. 

These solutions are physically well-behaved in that all show that either 

( 7) 

(8) 

n1 diaa pears before n2 or they disappear toge~her. But t he pr sence ot ~2 after 

the diaa pearance or n1, makes it impossible for D.11 or n2 t o be transformed into 

n.3. Thus for the simple caae of n1, ~, n.3, we can ex;>oct as a resultant tate 

only n.3 or a mixture of n2 and n3• The f.lrst wi ll result if ic"l.nc, ,a-,,o and n1. = o • 

The k1s will be determined ~y the reaction, he ce in a specific experiment we 

can examine the products pre3ent after sufficient time 11hich will decide whet:er 

n2 and n .3 or only n.3 remains . 

and 

The solutions of the set satisfying t he boundary conditions 

/7, -r :2nz. -r 3r73 = no 

colloid particle■, are 

n -= 1... 



where "- 1 2 -= , 2 
i ...., -'_J.. :: dx The relation between x and t ii ,,, a~ 

- l lC , + \C.._ ") -t-

r = r'1f,..,.x 
.).; n, 

where x • 0 when t. o. Before the integration can be performed the upper limit muat 

be fix&d. Calling thia upper limit x and recalling that we are concerned about the 

value of the time fraa the beg1ru:1ng of the reaction until the a pearance of the 

first particle capable of adsorbing a solute particle, we have on introduoinl 

o<.. and (3 respectivel.J (9) e.nd calling the coefficients ot exponentials 
.3 A,X A~X 

- = /~ o<e - Ae .l?o I .J (l) 
Thi equation cannot be solved explicit tor~. Making the substitutiou 

we can s l ve &raphical:J.¥ if we have numerical values for o<. , f-> , and 110 • TakiaC 

Substituting these values we h11ve x == d • 4-F ,/4< 
l o, 9F/;, 

-?- = 2 x 10- 3 __ e __ --:::-:-_ dx 
o .s- 3 e -1.ic:,,C 

where -r- 1s the time required for the first n3 t o pp 

gratin& numerically by using Simpson's rule., whence 

?- = ..;tE, Ir X /0 - 3 .sec-.r. 
,K 

in the ystem. Inte-

(11) 

Our analysis culminating in (12) can be summarizeda hen the a gregation 

takes place according to (3) with m = 3, at t he end or 60C8 • 

the particles capable of adsorbing solute part_cles appear in the system. Before 

their a peerenoe, the other colloid . article, would h ve negligi le effect upoa the 

diffusion coefficient or the solute. After their appearance, however, they would 

act to reduce t :1e value or D accordin~ to J. Reiner' e curve (1939). The effect 

is shown 111 fig. 2. If the aggregation continues wit the number of adsorbed 

solute particles a !'unction of the surface area as i 11 

(B. Branson, 1942), we would ha'Ye the T riation r pr ~sent in 3 

In order f or them chan1wn to be a plica le to ~r r o 

' 



to be 1n gene al smell, except for some reactions where it may be of the order ot 

a second. rom ~hy ical oo~s·derations we see that K is a function of the diffuaioa 

coefficient and the radius of the gregating pe.rticlelJ M. V. Smoluoho aki (1918} 

found fo a colloid solution 

r 1 dy' /< c;,-:, ;o - ' 2 and paper ro11 Zs pon a experi.!llents we have ?- O'"> I o "a .reu. 

Thus tmless the diffusion coefficient within the cell is considerably larger 

than 1n solution, this reaction gives an inordinately long time for the beginninc 

of ·the decrease in the diffusion coefficient. More plausible values ot -r can 

be obtained by considering n0 t o be much larger in (11). Raioin n0 to 107 cauae1 

practically no change 1n x, and taking Y C/'l 10-\ then for D of the order ot 1oJ, 

r will be of the order of a hundreth of a second. This is not an unreasonable 

value of D for a gregations where the binding energy is large. 

The utbor wishee to express his thanks to t he Julius Ro enwald Fund for a 

grant which supported the initial steps in t his probl•• His thanks are again 

extended to Prof. N. Rashevsk;y end t he University of Chicago group of mathematical 

biop}vsioist1, especiall7 Dr. Alston s. Hoaseholder, for di cus1ion1 and S\lii&ltiona. 
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r . William Haygood 
4901 Ellis Avenue 
Chica o, Illinoi 

de r .r . Ha good, 

' WA Hl GTON, . 0. tJ_ J.(. )._, - -,----
October 31, 19 2 

I am sending with this letter five reprints of the p per 
hich represents ork be un at the Univer ity of Chicago last 

surmner and complet d at Howard during the lat school year . 
I believe that this ork bears out m contention that such 

UIIl!l.er projects carried throu h the rear are excellent oppor­
tunities for in- service growth . 

I would like to apply for a grant from the Foundation for 
next year and I as our advice as to what t;pe of request I 
should make . 

Since coming to Howard lnive~ ity I find that the oppor• 
tunities for wor are much 6reater than they have been before . 
I thin that in the next f ~ears we shall h ve ood research 
laboratories in various ph ses of hysics . I oul~ lik , there­
fore , to begin ~orking on those laboratories with reat inten­
sity next summer . Specifically , I ould like to spend three 
months at the assachusetts Institute of Technology and retur n 
to Ho~ard where I ould continue the ork begun there . I am 
no certain whether I should make a re uest for a grant in aid 
or appl for one of our yearly rants . I c~nnot giv up next 
years teaching since ph siciets are in such demand in the war 
effort ana we elieve that we are doing a good ·ob in trainin 
oung people at this time . I thin , ho ever , the fact that dur­

ing the 1st year I published six papers shows that it is pos-
si le to do work hile carrying on a regular pro ram. I onder , 
therefore , if I y not ask a grant say for six months or long­
er , with the under tanding that cne- thirct of ~he grant ill be 
spent for maintenance for three month 1,d the :ass chusetts In­
stitute of Technology ~nd the other ill be spent at Howard 
Universit for the purchase of acme rnateri ls for research . I 
believe that some sor t of ar rangement like this is common fo r 
workers in social studies . I ould appreciate having our r -
action to such a proposal . I do not intend to ma.ke an applica• 

I 



tion if ou think the board would re-ct unfavo ably . Nevertheless , 
I hope th tit is possible for us to work out some sort of pro ram 
for I believe t h&t research in our schools needs additional encourage­
$ent other than that given for work specificall relating to the 

egro and his problems . 

HB:B 

Enclosure 

uop a #27 

ve r y sincerely ours , 

~/r"JM1 $"""-",#4 

Herman ranson , 
Assistant Professor of Physics 
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DELAYED ADSORPTION AND DIFFUSION IN 
COLLOIDAL MEDIA 
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The behavior of the diffusion coefficient of a solute which can be ad­
sorbed by a colloid only after the colloid has aggregated to a certain size 
is deduced on the basis of a few assumptions. Some relations of such a 
mechanism to cell reactions are indicated. 

A type of reaction plausible in cell behavior is one in which two 
or more substances may be released under a stimulus. This paper 
considers such a release with two slllbstances one of which can aggre­
gate into larger micelles and upon reaching an optimum size adsorbs 
the second substance, which we call the solute. After this initial ad­
sorption we may consider either no further aggregation and adsorp­
tion or further aggregation with adsorption as being the possibilities 
of greatest interest. For our purposes the significant point is what 
effect these alternative possibilities have upon the diffusion coefficient 
of the solute. In addition, we indicate how this mechanism may be 
used to interpret certain r eactions in a cell, e.g. reactions which begin 
at a certain rate, proceed at that rate for some time, and then fall to 
a minimum. 

The aggregation of the colloid particles is assumed to take place 
in the following chain: 

(1) 

nm- I + n, ➔ n ,11 1 

whel'e n,,. is the size at which adsorption of the solute occurs. This 
chain expresses the assumption that a higher aggregate is formed 
from the next lower by the adjoining of a simple micelle, in short 
there is no aggregation of higher aggregates with each other. We 
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132 DIFFUSION IN COLLOIDAL MEDIA 

shall consider first the mechanism which allows no aggregation after 
adsorption. The differential equations for this chain are 

(2) 

On making the substitution n 1 d t = d x these equations are trans­
formed into the linear forms 

(3) 

The characteristic equation of this set is 

4 + k1 l'2 k s k m-, 0 

k1 
4 + k 2 0 0 

2 = 0. (4) 

0 - k2 4 + ka 

. . . . . .... . . - k ,,._, 4 

A simple relationship is found between the determinants of each or-

IVERSITY 
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der. Consider for m = 3 we have 

,1. + k1 lei 

k, 
2 

observe that 

and in general 
k 1 lei··· ke 

D . (A) = U + k. )De-10) + 2 . (5) 

Inasmuch as we shall not treat the general case, except to observe 
that the physical conclusions will probably not be much different for 
large values of m , we can state that in order to be physically mean­
ingful the solutions of equation (3) 

,n 

n,. = ~ C1tJ e>- tz 
J= l 

satisfy the boundary conditions at all values of time 

(6) 

Since x and not time occurs in equation (6), we see that it is not nec­
essary that the real part of the ,l be negative. From the defining equa­
tion for x, we have x ➔ x() , x() finite, n1 ➔ 0, then t (x) ➔ co; thus 
an infinite time is required for all the n,_ to disappear even though the 
Xo is finite. 

All the information needed for our purpose can be had from a 
detailed treatment of the set for m = 3 . That is there will be an 
agg:i;egate of three colloid particles built up before adsorption of the 
solute occurs. The problem immediately suggested is the relative be­
havior of n,_ and ?½ . This behavior can be obtained from the :integral 
curves. Using the notation of L. R. Ford (1933), 

(7) 

Since k, + ~ =I= 0 , the integral curves are not conics. 

u IV R S I T Y 



134 DIFFUSION IN COLLOIDAL MEDIA 

For 
M2: 1½ =µ'in, 

where 

µ1.2 = (8) 

the integral curves are shown in Figure 1. 

6<0 

FIGURE 1 

, ,­
I , 

I , ,-
f I,' 

These solutions are physically well-behaved in that all show that 
either n 1 disappears before ~ or they disappear together. But the 
presence of ~ after the disappearance of n1 , makes it impossible for 
all of ?½ to be transformed into na . Thus for the simple case of n, , 
n2 , n 3 , we can expect as a resultant state only ns or a mixture of ?½ 
and n3 • The first will result if k., > k.1 and LI i:;; 0 . The k's will be de­
termined by the reaction, hence in a specific experiment we can ex­
amine the products present after sufficient time which will decide 
whether ?½ and n s or only ns remains. 

An alternative treatment of the integral curves which is imme­
diately applicable to the general case has been suggested in a letter 
by Dr. A. S. Householder. From the conditions, the integral curves 
in the ~ , n1 plane are confined to the region bounded by the coordi­
nate axes and the line n, + 2~ = n 0 • Since dn1/ dx < 0 for any n, 
and ~ not both zero, the integral curve can cross the n..i axis ( n1 = 0) . 
While for n..i = 0 , unless n , = 0 simultaneously, the integral curve is 
directed into the region. The scalar product of the vector with the 
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normal is -3~?½ which is always negative for ~ > ·0. Initially 
n:i = 0 and ni. = no, thus the curve begins at the intersection of the 
line ni. + 2n:i = no and the n 1 axis; the integral curve is tangent to the 
line and directed upward from the n, axis. As ?½ builds up the inte­
gral curve turns inward away from the line ni. + 211.-i = no . 

The general set is treated in the same manner. Here the integral 
curves are confined to the region bounded by the m-1 coordinate 

tJl-1 

hyper-planes and the hyper-plane~ k nk = no. The integral curve can 
1 

cross the hyper-plane n, = 0 for always dn1 / dx < 0. But when nk 
= 0, k =I= l , d~/dx = kk-1 nk-1 > 0 unless ~ - 1 is also O; but if n k-1 is 
0, dnk-1/dx, > 0, etc., until we meet an n, =I= 0. Hence if any nk, 
k * 1, approaches zero the integral curve turns toward a region where 
the'nk is increasing. Finally the scalar product of the tangent and the 
outward normal is - ( m-1) km-1 n,,,_1 which completes the proof that 
for a finite x , but an infinite t, ni. vanishes in the general case; and 
although some of the other n's may vanish simultaneously with n1 , 
they cannot vanish ahead of n1 • 

The solutions of the set satisfying the boundary conditions 

and at x = 0 , ni. = n 0 where n 0 is the initial number of simple colloid 
particles, are 

where 
- (k1 + "2) ± y'Li 

11,2 = 2 

The relation between x and t is n, d t = d x 

t= f % dx 
o n, 

(9) 
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where x = 0 when t = 0 . Before the integration can be performed 
the upper limit must be fixed. Calling this upper limit x and recalling 
that we are concerned about the value of the time from the beginning 
of the reaction until the appearance of the first particle capable of 
adsorbing a solute particle, we have on introducing n 3 = 1 into (9) 
and calling the coefficients of exponentials a and /3 respectively 

(10) 

This equation cannot be solved explicitly for x . Making the substi­
tutions 

Y, = a e>-,x + 1 - 3/ 1'1.o, 

Y 2 = /3 e>->% , 

we can solve graphically if we have numerical values for a , {3, and 
no. Taking n0 = 1000, lc.1 = 4 k,_ = 4 k then = k2, .l1 = - 4 k, 
22 = - 6 k and we find a = - 5.55, /3 = 3.75. Substituting these 
values we have x = 0.48/ k 

2 Jx e•""' 
T = 1000 5 - 3 e-2h d X, 

0 t 

where T is the time required for the first n 3 to appear in he system. 
Integrating numerically by using Simpson's rule, we find 

T = 48.18/ 1000 k secs. (11) 

Our analysis culminating in (11) can be summarized : when the 
aggregation takes place according to (3) with m = 3, at the end of 
48.18/ 1000 le secs.' the particles capable of adsorbing solute particles 
appear in the system. Before their appearance, the other colloid par­
t icles would have negligible effect upon the diffusion coefficient of the 
solute. After their appearance, however, they would act to reduce 
the value of D according to J. Reiner's curve ( 1939). The effect is 
shown in Figure 2a. If the aggregation continues with the number 
of adsorbed solute particles a function of the surface area as in an 
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earlier paper (H. Branson, 1942), we would have the variation rep­
resented in Figure 2b. 

In order for the mechanism to be applicable to cellular reactions, 
T has to be in general small, except for some reactions where it may 
be of the order of a second. From physical considerations we see that 
k is a function of the diffusion coefficient and the radius of the aggre­
gating particles; M. V. Smoluchowski (1918) found for a colloid so­
lution le = 4 :n T D. Introducing values given in that paper from 
Zsigmondy's experiments we have k N 10-12 and T N 1010 secs. Thus 
unless the diffusion coefficient within the cell is considerably larger 
than in solution, this reaction gives an inordinately long time for the 
beginning of the decrease in the diffusion coefficient. More plausible 
values of T can be obtained by considering no to be much larger in 
(10). Raising n0 to 10' causes practically no change in x, and taking 
r N 10-e cm then for D of the order of 103, Twill be of the order of a 
hundredth of a second. This is not an unreasonable value of D for 
aggregations where the binding energy is large. 

The author wishes to express his thanks to the J ulius Rosenwald 
Fund for a grant which supported the initial steps in this problem. 
His thanks are again extended to Prof. N. Rashevsky and the Uni­
versity of Chicago group of mathematical biophysicists, especially Dr. 
A. S. Householder, for discussions and suggestions. 
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Dr. E:d win R. Embree , f resio ant\ I___ ~ _11l1Jcit I 3/ i ~ I\ 
Julius Rosenwald Fund , ~ 

4901 Ellis venue, _\). t, 
Chicago 15, llinois . 

I 
dear Dr . Embree : \ ____ \ ___ I 

In November of 1 st ear) Pro,-i-:-.:.=i:"!T"'"~ rttniversity 

... 

of Chicago approached me concerning m to accept a research 
associateship with the understanding that I would remain permanentl at 
the university if conditions were favorable . (See letters exhibits 1 & 2} 
I replied thdt I was not desirous of leaving Ho ~rd universit . I would 
prefer a research program herej and inasmuch as I have received excellent 
support form work , I believe that the future is quite promising. e 
agreed , however , that a ear ~t Chica o now would be desirable , for it 

culd give me an opportunity to ascertain whether I would like to remain 
there and it would nurture m talent for research which has suffered dur­
ing the war period . Professor Rashevsk and I agreed that it would be 
more appropriate , since I do not now intend to remain permanentl at 
Chica o , for me to come on a felloiship . (See exhibit 3) . Professor 
Rashevsk has written the Rockefeller Foundation . • e had not worked out 
a procedure until the final date for receipt of applications for your reg­
ular fellowships h~d passed . It ism hope that this case merits consid­
eration outside of your re ular fellowship program . 

estimate is that for the 12 month period be inning uctober , 
1946, I shall need at le~st ~3500. famil plans to remain in ashington. 

'Our oudget appropriates 2000 . for the expenses of our home (which we are 
purchasing) and of m wife and two children . expenses in Chicago are 
set at 1500. rhe $3500 is well belo m1 present salar as Professor of 
Ph sics hich without Summer School is over 4500 . and ith Summer School 
is over $5500 . 

There are in your files some data concerning m training and ex­
perience . I am seading with this letter a revised list of m public~tions 
~s of eptember , 1945 and a few reprints you may not have . I would appre­
ciate knowing our reaction to the proposal that ou grant the $3500 to 
fin(;l.nce tne ear of research at the Universit c,f Chicago . 'le have not yet 
received a reply from the Rockefeller Foundation because of the illness of 

\ 
Dr . ,arren eaver. I shall , of course , keep ou informed of their reaction . 
I ould appreciate our returnin the letters . The other enclosures ma be 
pl ced in our files . 
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BOOK REVIEW 

ALSTON s. HOUSEHOLDER AND HERBERT D. LANDAHL. Mathematical Biophysics of 
the Central Nervous System (Mathematical Biophysics Monograph Series, 
No. 1). 1945. ix + 124 pp. Bloomington, Indiana: The Principia Press. 
$2.00. ' 

The readers of this journal will welcome this monograph which systematizes 
and elaborates most of the work done since 1938 by A. S. Householder, H. D. 
Landahl, N. Rashevsky, W. Pjt_ts, and others on the mathematical biophysics of 
psychological processes. The authors have undertaken the difficult task of writ­
ing about a rapidly growing research field. They realize their position but con­
clude that the value of a comprehensive treatment at this time to theorists and 
experimenters interested in contributing to the development of this subject far 
outweighs ,the risk of their treatment becoming rapidly dated. 

Following a brief preface, the authors in the introduction set forth the three­
fold development of the work: first, an idealized neural model; second, an in­
vestigation of the properties of certain neural complexes; third, comparison of 
predictions with experiment: 

In Part I, p. 1 to p. 36, with Chapters 

I. Trans-synaptic Dynamics 
II. Chains of Neurons in Steady-State Activity 
III. Parallel, Interconnected Neurons 
IV. The Dynamics of Simple Circuits 
V. The General Neural Net 

the theoretical structure is elaborated from the two-factor dynamical model of 
Rashevsky. From plausible assumpticms, they deduce testable conclusions which 
check the appositeness of the simple model as an approximation to certain actual 
neural mechanisms. 

In Part II, p. 37 to p . 102, wjth Chapters 

VI. 
VII. 
vni. 
IX. 
X. 
XI. 
XII. 
XIII. 

Single Synapse: Two Neurons 
Single Synapse: Several Neurons 
Fluctuations of the Threshold 
Psychological Discrimination 
Multidimensional Psychophysical Analysis 
Conditioning 
A Theory of Color-Vision 
Some Aspects of Stereopsis 

the authors follow two paths in testing their conclusions: they examine specific 
neural structures seeking to de.termine for each the response as a function of 
the stimulus, wh.ile in the final chapters they start with a function and construct 
a mechanism. The comparisons with experiment are uniformly good. Although 
this section is primarily concerned with applications, a great deal of the material 
of Chapter XI and most of Chapters X, XII, and XIII is theoretical. 
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The reviewer believes that a careful reading of this part especially would 
go far in convincing the most skeptical psychologist of the efficacy of this tech­
nique in his field. And from that viewpoint, the monograph as a whole is more 
impressive evidence "that mathematics, even in a relati1•ely fundamental sense, 
will from time to time be of use to biology" (Harris, Reginald G. 1935. "Mathe­
matics in Biology." The Scientific Monthly, 40, 504-510) . (Italics mine.) 

In Part III, p. 103 to p. 113, with Chapters 

XIV. The Boolean Algebra of Neural Nets 
XV. A Statistical Interpretation 

the authors shift from a macroscopic time scale to the microscopic in the use of 
a time unit of the order of a millisecond. The treatment follows the work of 
W. S. McCulloch and W. Pitts who employed some of the concepts of Boolean 
Algebra to give a formalized picture of neural activity. Their technique is used 
to construct a net capable of giving the sensation of heat produced by transient 
cooling. In Chapter XIV, they present the work of H. D. Landahl, W. S. Mc­
Culloch, and W. Pitts which enables one to translate from the microscopic theor y 
to the macroscopic. 

The concluding chapter has one of the clearest ;.tatements of a basic tenet of 
such theoretical developments that this reviewer has seen : 

"The advantage of having a theory lies not only in the fact that the 
theory, if it should prove accurate in its predictions, provides just that 
much of an increase to our fund of knowledge, or inc1·eases by just that 
much our command over nature. A well-formulated theory, in a ddition, 
gives direction and meaning to experimental work even when the exper i­
ments fail to confirm the theory, since the failure must occur in a cer­
tain direction, by a certain amount, and must therefore provide the nec­
essary, hitherto lacking, background for the construction of a better 
theory." 

The monograph requires little mathematical knowledge beyond the elements 
of differential equations, and, for Part III, some knowledge of symbolic logic. 
The reviewer believes that a short appendix on Boolean Algebra would have been 
of value to psychologists and othei-s who know the calculus but who may be re­
pelled by this strange sounding mathematics! The reviewer observed only one 
unimportant typogi-aphical error. There is a bibliography and an excellent index. 
The format and typography are excellent even when judged by pre-war standards. 

This monograph is a worthy and important addition to the growing litera­
ture of mathematical biophysics. It should be of inestimable aid to psychologjsts 
and neurologists seeking a fresh, stimulating vantage point from which to view 
their subjects. The reviewer believes that a more auspicious inauguration of a 
research series would be difficult to find. 

HERMAN BRANSON 
Department of Physics 
Howard University 
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THE FLOW OF A VISCOUS FLUID IN AN ELASTIC TUBE: 
A MODEL OF THE FEMORAL ARTERY 

HERMAN BRANSON 
HOWARD UNIVERSITY 

The solut ions of the classical differential equations for flow Qf a vis­
cous fluid in an elastic tube are shown to yield a description of some 
aspect s of the flow of blood in the femoral .artery. The ,parameters in­
fluencing t he speed of the pulse wave, the pressure, and the velocity for 
non-pulsating and pulsating flow are exhibited. The relation between 
pressure and velocity are considered in some detail. It is shown that for 
pulsating flow the slope of the pressure ver sus fluid velocity curve is 
equal to the pulse wave speed multiplied by t he density of the blood. 

The mathematical treatment of blood circulation has the usual 
intractable features of general hydrodynamics as mentioned by N. 
Rashevsky ( 1945a, b) further complicated by such factors as the 
variation of the viscosity and of the compressibility of the blood main­
ly due to the corpuscular structure, as well as by the nervous and 
the chemical control of the size of the blood vessels. In spite of the 
present impossibility of even a good approximate general treatment, 
the classical equations do yield results which have significance for the 
physiologist and biophysicist. 

This paper discusses the equation of flow of a viscous fluid in an 
tllastic tube and uses data on flow in the femoral artery to test the 
solutions. 

The Differential Equations of Flow: 
, The equations for this problem may be derived by the usual meth­

ods as exemplified by 0. Fr ank (1926) or A. Foch (1932). The equa­
tions are 

where 

ou op 
P - + - = µ 'i72 u 

ot ox ' 

ou 1 op 
p- + --=0, 

OX V 2 o f 

ii= velocity along the axis of the tube 
(In x-direction) 
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182 FLOW OF VISCOUS FLUID IN ELASTIC TUBE 

p = pressure 
p = density of fluid 
µ = viscosity of fluid 
E = the modulus of elasticity of the tube wall 

'v2 u = the Laplacian of u 
K = the compressibility of the blood 
e = thickness of the tube wall 

r 0 = radius of the u1'stretched tube. 

In our treatment, p is constant and, therefore, K = 0 . 
Differentiating equation (1) with respect to t and equation (2) with 
respect to x , and eliminating the p-term, we find 

cF u a2 u a 
p-= p 'V2 - + it- ( 'v 2 U). a t2 a x2 

' a t 

On expressing the Laplacian in cylindrical coordinates and substitut­
ing u = C exp (--at - fJ x) R('t), we are led to Bessel's equat ion for 
R(r ) (Von Karman and Biot , 1940), 

where 

d2 R l dR 
- + --+ 22 R=O 
d r 2 r d r ' 

µ a 22 = p a 2 + (µ a - p v2
) {J2• 

The final solution is then 

(3) 

u = exp(- at - {Jx)[C1 J 0 (2r) + C2 Y 0 (2 r )J. (4) 

Inasmuch as u must be finite at the axis and since 
Y0(2r) ➔ -oo as r ➔ O, C2= 0. 

the co:(nplete solution is therefore 
co 

U = ~ Cn J o().,. r ) exp (- CXn t - p,. X) • (5 ) 

, In our fl.ow problem, we are primarily interested in the pulse 
wave speed, the pressure, and the fluid velocity. 

The speed of the pulse wave: 
If we are treating flow of a non-viscous fluid, the µ-term on the 

right of equation (1) would be absent. Eliminat ion of the u-term be­
t,,..-een equations (1) and (2) would lead to the wave equation for p 
where the speed of propagation of the pressure wave, v , would be 
given by 

(6) 
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This is the well-known Moens' equation (Moens, 1878). Although de­
r ived for a non-viscous liquid, it has been found to apply quite satis­
factorily to viscous flow. 

In the v-equation we seem to have a valuable equation for finding 
a relation among some physically significant parameters ( e , E , p , 1·0) . 

These parameters are, however, most difficult to measure and even to 
define satisfactorily. J. C. Bramwell and A. V. Hill (1922) found that 
Moen's equation held for flow in an artery but they transformed .it by 
replacing the original parameters by the compressibility of the artery 
which is more easily measured: 

V =0.357 
dp v­
dV' 

where p is measured in mm of mercury (Hg), V is the volume per 
unit length of the artery, and v is in meters/sec. 

Non-pulsating flow: 
The elastic tube is connected to a reservoir where the pressure 

may be maintained constant for any desired length of time (i.e., at 
x = 0, p = 'fr1 , for all t's). The tube will stretch to some maximum 
radius, b . At the tube wall ( r = b) we assume the usual Poiseuille 
condition, u = 0 , hence 

Jo(). b) =O. 

sing equation (3) and equations (2), we get for the pressure 

v2 P /J 
p = f(x) ---u. 

Cl 

At the wall r = b, u = 0 and 

f (x) =Pb. 

(7) 

(8) 

But also at wall, the pressure is distributed in overcoming the ten­
sion of the walls and the outside pressure, so 

Pb = Po + e E ( _!_ - !__ ) , 
r o b 

(9) 

where Po is the pressure in the medium surrounding the tube. If b 
varies along the tube, as it probably will, Pb is not constant. For vari­
able b there would hav€ to be a different value of 1 for each point. 
A more tractable procedure would be to treat the tube as composed 
of sections of constant radii, but the radii decreasing as we go from 
section to section. For each section then there would be a series of 
solutions corresponding to equation (7) for the radius of th.at sec-
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184 FLOW OF VISCOUS FLUID IN ELASTIC TUBE 

tion. There is, however, no need for our doing that for this discussion. 
The data of S. R. F. Whittaker and F. R. Winton (1933) may be 

used to test equations ( 3) and ( 8). Whittaker and Winton (1933) 
pPrfused the hind leg of a dog with whole blood through the femoral 
artery and recorded the relation between pressure and velocity of 
flow. The flow took place through the entire complex of artery, con­
necting arterioles, capillaries, and finally into the veins which were 
cut to allow the liquid to run into a collector. The equations used in 
our derivation are for a single vessel; hence, in all correctness, we 
may consider our theory as yielding the single vessel equivalent of 
their complex system. 

Their data may be expressed approximately as 

11 =20 +tu, 
where p , the average pressure in the cross-section of the artery, is. 
in mm of H9 and u is in cc/ sec while our p is in dynes/ cm2 and u is. 
in cm/ se<'. Using equation ( 4), we have for th~ flow in cc/ sec, 

u = 2n .[ b rudr = :.i; 2 :n C II exp ( - a,, t - fin X) J b r J O ( An r ) dr' 
0 1'='l 0 

since 

We have corresponding to equation (5) 

00 

u=2nb~CnAn-1 J1Unb) exp (- ant- {3n X), (11)' 
n=l 

where the J,n (x) is the Bessel function of the first kind of order m­
(Von Karman and Biot, 1940). 
Equation (11) should be able to satisfy the conditions here imposed' 
and the pressure equation derived from jt should satisfy at least ap­
proximately the condition p = Pi at x = 0 for all t . 

The relation between p and u is of the same type as that between 
p and u, that is, equation (8). We see then that a and {3 may both 
be real, that {3 is negative and that 

v2 
p ft _ 1 ( 1333 ) 

--o- - 2 nb2 • 

The preceding equation relates a and (:J . From the roots of equation 
(7): ,l.1 = 2.40/ b; ,l.2 = 5.52/ b. • • • . • • • we have the various l's to be 
substituted into equation (3) so that we may determine both a and 
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/J in terms of p , v , µ , and b . The algebraic expressions are easily ob­
tained and show that there is a choice of sign so that a > 0 and that 
-a varies inversely ,1-s µ . 

Although the preceding analysis seems quite adequate for a de­
scription of the flow in the hind leg of a dog, so far as the relation be­
tween pressure and velocity for non-pulsating flow, the data of T. E. 
Machella (1933) reveal that p and ii are also linearly related for the 
femoral artery proper. His data were for pulsating flow, which we 
.shall consider in the next section. 

Pulsating Flow: 

In pulsating flow, the pressure and velocity are some periodic 
functions of time and possibly also of position. We assume that ve­
locity, u, and pressure, p , may be represented as a Fourier series of 
time. In order that our solution may be amenable to such exp~ession, 
we may take 

a = a + i w and f3 = l + i m . 

Equation (3) becomes on equating real and imaginary parts 

µ,Pa=p(a-2 - w2 ) + (µa -p v 2 )(l2 -m2 )-2 µlmk, 

µ . .P w = 2 paw + 2 l m (µ a - .o v 2 ) + µ w (l2 
- m 2

) . 

( 12) 

'The velocity must be zero at the wall as before; thus l will again satis­
fy equation (7). We still have four parameters (a, w, l, m) and 
two equations (12) besides the boundary conditions. 

T. E. Machella (1936) gave curves showing the relation between 
the velocity and pressure curves at the same point in the femoral 
artery (see h.is Figure 7). The curves have the same shape, but the 
numerical values of maxima and minima differ. We shall show that 
solution for u fits his data. We may wi·ite 

00 

u= ~ F(Xi r) exp (-an t) [Cn cos w,. t + C,.' sin Wn t]. 

Since x is fixed and r may be considered as constant, we must ascer­
tain whether a u of the form 

co 

u = ~ exp (- a,. t) [ C,. cos w,. t + C,.' sin w,. t] 

,can fit Machella's results for both u and p. We have a choice. Either 
we may fit our u for a single cycle of systole and diastole or fit a 
complete curve of many similar cycles. If we choose to find u for the 
general curve with many cycles, a,. = 0 , and our problem becomes one 
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186 FLOW OF VISCOUS FLUID IN ELASTIC TUBE 

of finding the Cn and C,.' to fit the experimental data by harmonk 
analysis. The author reproduced .Machella's curve for u and p found 
the coefficients by a numerical method (Von Kiirn1ln and Biot, 1940). 
By taking a sufficiently large number of terms the series may be made, 
io fit as closely as desired. 

The expression for p is from equation (8) 

v2 mp 
p = --u+ pb. 

w 
(13) 

Thus if the velocity, u , can be expressed as a Fourier series with real 
coefficients, the pressure, p , must be expressed by the same series 
with each coefficient multiplied by a constant factor. Machella's p, 
ranges from 88 to 156 mm of Hg and his u from 5 to 93 cm/ sec. These 
two points are sufficient, of course, to determine the slope and inter­
cept in equation (13). However, equations (1) and (2) are not ap­
plicable for the assumption that a,. = 0 involves a non-viscous fluidr 
for in order to satisfy equation (3) and the experimental conditions, 
it is necessary that µ = l = 0 which is the non-viscous flow problem. 
The relation between p and t1 is still given by equation (13). But the­
differential equation now r equires that 

w=vm, 

so that equation (10) becomes 

p = ( V p) U + P b • 

Machella's (1936) curve 7 gives 

p = 0.773 u + 84.13, 

(14} 

where p is in mm of Hg. In order to compare with equation (14) we 
must multiply by (1,013,000/ 760) to convert p to dynes/cm2

• We 
have then 

p = l 020u + _110,000. 

Therefore, the Fourier Series calculated for u gives p through this 
linear equation. Probably the most interesting aspect is that the slope 
of the p-u curve gives the speed of the pulse wave, for since p N 1 , 
the slope is very nearly v . In Machella's (1936) experiment we have 
that v = 10 meters/sec which is a reasonable value. Alternately know­
ing v , we can calculate the compressibility or the other parameters 
from Moens' equation. 

The preceding analysis is not quite as attractive as it seems, for 
the pulse velocity has been found to vary with the pressure. J. C. 
Bramwell and A. V. Hill's (1922) values for pulse velocity as a func-

~ 
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tion of effective pressure, (p - Po), of an excised section of artery 
reveals that as (p - Po) varies from O to 70 mm of Hg, the pulse 
velocity goes from 1.5 to 4.9 meters/ sec. This experiment was for 
non-pulsating fl.ow and is relevant to our equation (9). We cannot 
explain the variation, however, by a mere increase in radius, since 
the velocity fof the unstretched tube, is too small ( v0 = 1.5 meters/ 
sec). The logical explanation is that the elasticity, .E, varies with 
pressure. Equation (9) is still valid physically; and it can be used 
to determine the variation of E with effective pressure by measuring 
the radius. Equation ( 14) is still valuable in that it yields an ap­
proximate value of the pulse velocity. 

If we are interested in finding u for one cycle only, we may take 
a,. =I= 0 , and we have a slightly more difficult problem in harmonic 
.analysis. From Machella's (1936) data, we may determine the co­
•efficients of u . In place of equation (13) we have 

v2p (al +mw) 
p=------u+pb. 

a2 + w2 

In order that p may be real the imaginary part of p must vanish: 

lw=am. • (15) 

The coefficient of u here must equal 1020 gm/ sec cm2 as before. The 
equation resulting from equating the coefficient to 1020 gm/ sec cm2 

with the equations (5), (7) and (15) determine the relations among 
the parameters, a, l, m, l (since w is determined by the period of the 
cycle) , and p , v , and µ . 

Although the solution for a single cycle may initially seem rather 
artificial, the fact that it involves the complete equation recommends 
it to the author. We look upon the fl.ow as being initiated at each 
systole, continuing the diastole and the values of u and p being altered 
by the characteristics of the elastic tube (the femoral artery). 

•It is interesting to note that Machella's pressure-velocity curves 
for the carotid artery do not show similarity of shape. This lack of 
similarity may be explained by the nearness of the carotid to the 
heart, thus the surge is so great that the approximations inherent in 
our differential equations are much too crude. 

The author wishes to thank Profossor N. Rashevsky for the op­
portunity of examining his rec,ent papers on flow (1945a, b) in manu­
script. He is indebted to certain members of the Howard University 
Medical School for data. 

The publication of this paper was assisted bv the public'lt ion fund 
,of the Natural Sciences in the Graduate School of Howard University. 
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T WO general developments of the kinetics of 
polymerization r actions have been re­

cently giv n. One1 involves the as umption of a 
steady tate in regard to the concentration of 
active nucl i; the other2 is more general. 

Copolymerization reactions have b en treat d 
in a f w instanc s3 by intro I uction of certain 
ad hoc assumptions. In view of pre nt intere ts 
it seems d irable to undertak a more complete 
analysis of these reactions. Because of th dif­
ficulty of a general d v lopment, the anal y is 
rest on the steady state method which is valid 
as long as the rat of initiation is negligibly small 
in comparison with that of growth an that of 
ermination. ainly termination involving a 

radical chain and a table monomer is considered 
at pre ent. A few of th r suits are ou lined in th 
following. 

1 E. F. G. Herrington and Alan Robert on, Trans. 
Faraday Soc. 38, 490 (1942). 

1 R. Ginell and R. imha, J. Am. Chem. Soc. 65, 706, 
715 ( 1943). 

3 R. G. W. orri h and E. F. Brookman, Proc. Roy. Soc. 
Al71 , 147 (1939); F. T. Wall, J. 111. Chem. oc. 63 , 1846 
(1941 ). 

W postulate the mechanism: 

Initiation: 

k21 (r, •l k22(r, s) 
Propagation: n,.---+n,+1,; nr1- --+n,.+1, (1) 

. • . k31(r,s) k32(r, s ) 
Termmat1on: n,.---tN,+1a; nr1- --+Nrr+i-

N1 and N2 are mole fractions of monomer 1 and 
2, respectively; n,, ar mo! fractions of polymer 
rad ical of specified composition. N., are stable 
polymers. ince 

dn,./dt= 0, 

we have from (1) 

a,.n r, = /3 r-h1lr-l 1 + 'Y r,- J1lr, - l r, S ;:';;; 1, 
a.1on1o=kuN1, (la) 
ao1no1 = k12N2 1 

with th d finitions 

a,.= [k21(r, s) +k31 (r, s) ]N1 

+[k22(r1 s)+ka2(r, s)]N2 , 

'Yra = k22(r, s)N2. 

The i-on , f 
ct! 
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two probabili ties for growth of nuclei: 

This solu tion expresses the total number of ways 
a chain of composition (r, s) can be built. The 
probabilities may be expected to be functions of 
the composition of the unstable polymer. In 
view of the scarcity of experimental data, it 
seems hardly warranted to carry through an 
exact treat·ment. As a first approximation we 
may, therefore, replace the probabilities by 
average values obtained on substi tut ing a mean 
composition for the individual chain composition. 
The error will be greatest in respect to the pure 
polymers, n ,.0 and n 0, . However, since their 
number is small, the error will not be la rge. With 
these assumptions the solution of (la) reduces to 

n,. =w'(w')•[ku(r+s-1) + k12( r+s- l) ] , (2) 
k21 s k22 r 

where k21 and k22 a re the average rates of propa -
gation: 

(3) 
i, k i, k 

with a similar definition for k22. In this equation 
k21 and k 22 are independent of the composition 
of monomer in accordance with our assumption. 
The first term in (2) enumerates all ways of ob­
taining the polymer n,. from a nucleus n10; the 
second term, from a nucleus no1-

Going to the kinetics, we have 

dN1 
- = -k11N1-N1 l: [k21(i, k)+k31(i, k) ]n,k 
dt ' i , k • 

and a simila r equa tion for N2. Introducing aver­
age rates of termination k at and ka2 defined 111 
a nalogy to (3), we find from (l a): 

kuN1+k12N2 
l: n il.-=-----. 
i, k k31N1 + k32N2 

Substituting into the rate equations for N1 and 
N 2 we obtain for the over-all rate 

where z=Ni/N2 and all rates of propagation are 
much larger than the rates of termination. T his 
equation or its integral allows a determination of 
certain combinations of rate constants. I t may 
be noted t hat t he over-all course of the reaction 

does not follow a simple first-order la w as is 
found in simple polymerization.1• 2 If the second 
species is used up more rapidly than t he first, 
z--+ oo for t-'> oo ; otherwise, z--+O. I f z--+ oo , the 
limiting rate is 

---=--- , 
N2 dt k31 

which is a first-order law; similarly a limiting 
second-order over-all rate results for a second­
order initiation. For the final number average 
molecular weight, we find with the above ap­
proximations simply 

- M1N1(0)+M2N2(0) 
Nln=------------. 

(ka1/ k21)N,(0) + (k32/ k22)N2(O) 

1VI1 and JV[2 a re the respective molecular weights 
of monomer; N1(0) and N2(O) represent ini tial 
mole fractions. 

In the case of radical-radical termination with 
a rate k 3, the over-all rate can be shown to be: 

dz =z[ (k12 - ku)+ (k22-k21) N24(kuz+k12)1] . 
dt (ka) t 

For the change of size distribution with com­
position we find w ith (1), (2), and (4): 

dN,, 

dz 

N2(0) ( ~ ) (k22/ (l"tt-l"t1) J+I 

Zo(k22-k21) z 

in which 

ka1z+ka2 
x ---f(r, s)w'(w')•- 1, 

k11z+k12 

+ ( k12k31 + kuka2) ( r+s - 2) ] · 
k21 k21 s- 1 

From the definit ion of the w's we see that they . 
can be written as functions of z. The equation 
may then be integrated to give the final size dis­
tribution. Formulae for the weight average 
molecular weight may also be derived in t his 
manner. 

T hese preliminary results are presented as a 
contribution to a treatment of copolymerization 
which will allow a quantitative evaluation of 
kinetic data and of the structure of copolymers. 
A det~ilp.ap1r de~lin/ with Jlis problem a nr 1 

extens10 SIS bemg J),r wared . -

)JF" 
11,~1 
lW 
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The kinetics of chain copolymerizations is developed for 
reactions consisting of three steps: first , an activation of 
stable monomer; second, a growth of activated polymer 
radical by means of monomer addition; third, a stabiliza­
tion of the growing chains by (a) monomer addi ion, (b) 
by means of growing polymer [Eq. (!)]. The existence of 
a steady state in respect to the concentration of growing 
chains beyond the induction period is assumed. The rate 
con tan ts of growth and termination will in general depend 
upon the individual composition and upon the nature of 
the activated chain end. Equations for the rate of change 
of mole ratio z of the two monomer species are developed 
in terms of mean rates of growth and termination obtained 
by averaging the actual rates over the distribution of 
growing polymer [(4), (4a), (4')]. The equilibrium condi­
tions lead to a set of difference equations for this distribu­
tion [(S), (S')]. I t i investigated whether the solution 
and results derived therefrom are of a form which permits 
a determination of the dependence of the rate constants 
for growth and termination upon the composition of the 
polymer molecule (6). In addition, the influence of the 

T HE kinetics of chain polymerization reac­
tions has been extensively treated. 1 Start­

ing with the main elementary processes of chain 
initiation, propagation, and termination, it is 
possible to derive expressions for the over-all 
consumption of monomer, for the average chain 
length of the polymer formed during the various 
stages of the process and for the distribution of 
molecular weights . This in turn permits an 
analysis of the elementary rate constants, and 
herefore of energies of activation and frequency 

factors . 
If two monomer pecies copolymerize, addi­

tional questions arise, .g., the composition dis­
tribution of polymer, the molecular arrangement 
of the two types within a chain, particularly if 
one Qf the two species acts as cross-linking agent, 
as in the vinyl-divinyl copolymerization. 

The kinetics of copolymer formation has re-

* Publication assisted by The Graduate School of 
Howard University. 

1 Compare the symposium on "High Polymers" held by 
the ew York Academy of Sciences, Ann. . Y. Acad. 
Sci. 44 , 263 (1943). 

type of active chain end involved on over-all rate and 
size distribution is considered by introducing four constan ts 
for propagation and termination, respectively, according 
to the fbur possibilities A-A, A -B, B-A, B-B [(6a), 
(7), (4b), (4b') ], but independent of chain composition. 
Various special case according to the relative magnitude of 
the rates for the two reactants are presented. Experimen­
tally it is difficult to distinguish on the basis of kinetic data 
between the foregoing mechanism and one in which the 
ra es of growth (and termination) for each of th two kind 
of monomer depend solely upon the nature of the monomer 
molecule added and are independent of the natur~ of he 
active chain end [(4c), (4c') , (4c")]. Relations are derived 
for the molecular size di tribution, the inhomogeneity of 
he copolymer mixture in regard to composition, the aver­

age molecular weight, and the average composition of 
copolymer a function of the composition of the monomer 
residue [(Sa), (Sa') , (9a), (10)]. The importance of hese 
re ults for oluble and in oluble copolymer and for the 
theory of gel formation in vinyl-divinyl type polymers is 
pointed out. 

ceived much less attention than that of one-com­
ponent systems. orrish and Brookman2 have 
considered the over-all rate of the chain process. 
Jencke13 was the first to specify the special types 
of copolymers obtainable, depending upon the 
relative values of the rate constants for the two 
species. However, since he did not introduce the 
initiation and termination, as point d out by 
himself, his method is limited and the results 
obtained represent rather special cases, as will 
become evident in the following. Wall 4 has con­
sidered this qu stion, however, without treat­
ing the process as a chain reaction governed 
by the above lementary processes. Instead, 
h starts with the assumption of a first-ord r 
over-all rate of disappearance for each of th 
two kinds of monomer. His equations, therefor , 
also refer to special cases and are in part identical 
with those of Jenckel. Recently the present 
authors approached this problem from the point 

i R. G. W. • nd E. F. Brookman, Proc. R y. Soc. 
Al 71 , 147 1 • 

• E. Je f. hemi 24 (1941) . 
'F. T. C 
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posi tion and chain end determines the radical 
·distribution a nd thereforf the variation of the 
averag rates wi th z. 

II. DETERMINATION OF RADICAL 
DISTRIBUTION 

Because of the existence of a steady state 

dnr,(A) dn,.(B) 
0. 

dt. dt 

cheme (1) then leads to the following set of 
difference equations for the concentration of 
growing polymer of indicated type: 

a,.(A )n,.(A) = 13,- 1,(A )n,_i,(A) 

+ f3,- i.(B ) n,- 1,(B ), 

a,,(B)n,,(B ) = -y,._ 1 (A )n,._ 1 (A) 

+'Yra-1(B)n,._,(B), 

a1o(A )n10= I1N1; a o1(B)no1 = I 2N2. 

For monomer termination : 

a,.(L ) = [k21(r, s, L ) +k3,(r, s, L )]N, 

(5) 

+[k22(r, s, L )+kd r, s, L)]N2, 

(3,.(L) =k21(r, s, L )N1 ; -y,.(L) =k22(r, s, L)N2, 

with L=A or B. For radical termination: 

a,.(L ) = k2,(r, s, L )N1 +k22(r , s, L)N2 

+ L [k3(r, s, i, j, L , A)n i;(A ) 
; , j 

+kh, s, i, j, L, B )n ;;(B)] 

=k21(r, s, L)N1+kd r, s, L)N2 

+ka(r, s, L, A) I: n .-;(A) 
;, i 

+lch, s, L, B) L n.-/ B). (5') 
i, j 

lc3(r, s, L, A ) and k3(r, s, L, B) wi th f 3(A, B ) 
=k3(B, A) are suitably defined average rates. 

The general solution of system (5) leads to 
complex expressions, depending upon the specific 
nature of the rates as function of the individual 
chain composition r, s. H rington and Robertson 7 

have developed quations for simpl polymeriza­
tion processes permitting in principle to deduce 
the dependence of the growth to termination 
ratio upon individual molecular size from de-

7 E. F. G. H rington and A. Robertson, Trans. Faraday 
Soc. 38, 490 (1942). 

terminations of the instantaneous distribution 
curv . On may think of a simi lar procedure 
here. To inve tigate this, the complexity of (5) 
is reduced first by disregard ing the dependence 
of growth and cessation upon the type of active 
end involved. This_ will be nearly correct, if no 
further steric conditions remain to be satisfied 
once an active end has been formed. The only 
important contribu tion of the growing chain to 
the rate constant then depends upon its size and 
composition only. [n this case one has: 

n,.(A)+n,.(B ) = 2n,.(A) =n,. 

and (5) reduces to: 

This s t may be solved by induction, as shown 
in Appendix I. The solution is: • 

ao, ' ( {31, ) ' 'Yi•-1 ' {31, 
n,,= - II - no,+ L n ;,- 1-- II - . 

{3,. 1- 0 a,, ; - 1 f3ra 1- i a1, 

For the pure polymers, n,o and no,, we have : 

Therefore: 
, a 10 

I1N1 =f3,on,o II - ; 
1- 1 f3io 

Whereupon: 

Defining: 

' a o1 
I 2N2= -Y o,no, II - . 

1- 1 'YOI 

(3 i i 
-= w-i; 
a;; 

and 'Y ;; ' 
-=w ;j , 
a ,; 

the probabili ies for growth by means of monom r 
1 and 2, respectivel y, n,. becomes finally: 

The term on the right multiplied by I1N1 gives 
the -n,. in-i-ti-a te b- omer pee-ies 1. q:' 

first p iv s t ability that t 
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so initiated adds (j, -1) monomers of species 1 
before a species 2 is added, as represented by the 

facto r w:,0. The s cond product describes the fur­
ther growth of the polymer by addition of mor 
1 's until· there are (j,-1- 1) of the first specie . 

t this stage a monomer of the econd type i 
added. Th remaining factors expres th furth -r 
growth. Finally, the summation over the j' ive 
the total number of possible intramolecular 
arrangements con istent with the composition r, s 
and initiated by the first specie . The second term 
is interpreted similarly. 

In the case of radical termination, the same 
olution is obtained with the a's defined as in (S') 

after suitable specialization. 
We may investigate the specific effect of 

different growing ends upon the reaction by 
n gl cting the d pendence upon chain composi­
t ion. Equation (5) becomes upon divi ion by 
a(A) and a(B), respectively: 

n,.(A) = w(A)n,_i,(A) +w(B)n,_1,(B), 

where the w's are defined as: 

w(A) = ,B(A) · 
a(A)' 

w' (A) = -y(A); w' (B) = -y (B)_ 
a(B) a(B) 

(Sb) 

They represent probabilities for -A - A , - B - A, 
-A-B, -B-B addition, respectively. Thesolu-

tions of (Sb) are, as shown in ppendix 11: 

n,.(A) = [w(A) J -1[w' (B) ]• 

{
J1N1 

X a(AlF(l-r, -s, 1, x) 

- F (1-r, 1-s, 1, x)J 

12 2 w(A) } 
+ - --- F( l -r, 1- s, 1, x) ; 

a(B) w' (A) 

n,.(B) = [w(A)J[w'(B)Jo-1 

{
I1N1 w'(A) 

X - - --F(l-r 1-s 1 x) 
a(A) w(A) ' ' ' 

I2N2 
+ --['.F(-r, 1- s, 1, x) 

a(B) 

-F(l-r, 1-s, 1, x)]},' 

(6a) 

where th F's are hyp rgeometric functions with 

w' (A )w(B) -y(A) ,B(B) 

x w(A)w'(B) ,B(A) -y (B) 1 

- A - B - B - A 
corresponding to ------ addition. 

-A-A -B-B 

The interpretation of (6a) is analogous to that of 
(6). The first term always gives the total number 
of active chains of stated composition initiat d 
by the first species. In the case of radical termi­
nation (6a) remains valid with the a's defined as 
in (S ') , but independent of r and s. For h 
developments in the next section we n d the 
total number of rad icals of pecifi d nds (see 
Appendix II): 

w(A)w(B)x I1N1 I2N2 ] L n,.(A) =------------1 -----+--- , 
,.,.:1 [(1-w(A))(l-w(B))-xw(A)w'(B)] a(A)(l-w(A)) a(B)w'(A) 

• I1N1 1 
~ n,o(A)= a(A) 1-w(A)' 

w(A)w'(B)x I1N1 I2N2 ] L n,.(B) =-----------1---+---- , 
,., ii:: 1 [(1-w(A))(l-w'(B))-xw(A)w'(B)] a(A)w(B) a(B)(l-w'(B)) 

(7) 

I2N2 1 
~ no,(B) = a(B) 1-w'(B) 

Jil. SPECIAL RATE EQUATIO NS 

From the results obtained for the radical distribution, ft i e to d ine t rate 
fc21, k22, ka1, k~2 and intr duce them into the g n rat quatio (4'). taine 
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by averaging over lhe rates for A and Bends, respectively, according to the general equation previ­
ously given, are: 

k L [n,.(A) +n,.(B)] = L [k(A)n;.(A) +k(B)n,.(B) ] , 
r, • r, • 

where, as before, the k's are independent 0£ r, s. Substituting for the sums, one has; 

k(A)[l1N1(a(B) - -y(B)) +I2NiS(B)]+k(B)[I1N1-y(A) +I2N2(a(A) - {3(A)] 
k=----------------------------. 

I1N1[a(B) +-y(A)- -y(B)]+I2N2[a(A) +.B(B) -,B(A)] 
Therefrom: 

with l=l, 2. Equation (4a) then yields: 

where 

d . c1z2+c2z+cs 
• - In z= (I1z+I2)------, 

dt C4z3+csz2+c&z+c1 

c1 = I1[k22(A) - k21(A) ][k21(B) +ka1(B)] == I1k21(B)[k22(A) -k21(A) ], 

c2= I2k21(B)[k22(A) - k21(A) ]+ I1k22(A)[k22(B)-k21(B) ], 

ca== l2k22(A) [k22(B) -k21(B) ], 

C4 == l 1kdB)k31 (A), 

cs= l2k21(B)ka1(A) +l1[k22(A)ka1(B)+k21(B)ka2(A) ] , 

C& = I2[k22(A )k31(B) +k2,(B)k32(A) ]+ l ,k22(A)ka2(B), 

c1 = l2k22(A)ks2(B), 

(4b) 

in which we neglected ka's with respect to k2's. It should be noted that for a first-order initiation 
process 11 and 12 are independent 0£ N 1 and N 2 , the e's are constants, and the right-hand side 0£ (4b) 
depends solely upon z. For higher order initiation, d In z/ dt depends explicitly upon z, the mole ratio, 
and upon N2, the number 0£ moles 0£ the second species present. 

uring he last stages 0£ the reaction, z - Ho, the slope 0£ the In z curve becomes Ii/k31(A)[k22(A) 
-k21(A)] which is constant for first-order initiation. The rate of monomer consumption is then 
iven by 

. 1 dNt k21(A)l1 
Jim--=----, l=l, 2. 
t➔oo Ni dt k31(A) 

The limiting over-all rate follows the same order as the rate of initiation of the slower species. This 
result is exactly analogous to the one obtained in simple polymerization reactions where it holds 
throughout the reaction. 6• 7 The rate factor depends only upon the constants characteristic for active 
ends formed by the slower reacting species. This is not unexpected since this type end is the only one 
formed during the final stages. Equation (4b) can now be specialized to give copolymer systems 
equivalent to those defined by J enckel. 3 Case 1 : Each species polymerizes independently; expressed by 
k22(A) = k21(B) = 0, ka2(A) =ka1(B) =0. The over-all rate is: 

d In z IzkdB) I,k21(A) 

dt ka2(B) k31 (A) 

This shows, a one expected, that the result of the copolymerization is the same as that obtained by 
separate polymerization and subsequent mixing. The first term on the right eqpals - 1 N2)(dN2 dt) 
and the second (1 / N1)(dNi/dt). The same type of result was obtainecl by I OI.' Ca e 2: Int e other 
extreme, each species adds on to active ends formed by th other; typea 1(A) =k22(B) =0, ks1(A) 

1r~d 
[( 
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=k32(B)=0. The result is a checker board polymer. One obtains: 

dlnz (I1z+I2) (z-l) 1 
--=---------------

dt k32(A)[k22(A)J- 1+k31(B)[k21(B)J-1 Z 
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Case 3: -A-A, -B-B, -B-A, and -A-B additions occur with equal probability; k21=k22, 
k31 =k32 for A and B. Equation (4) with constant values for the R; yields: 

This is a result of the same type as that holding for case 1; furthermore, if the velocities of initiation 
are also equal, no change of monomer composition results during the whole process and it remains 
equal to the composition of polymer formed. 

Equation (6a) holds also for radical termination. However, the solution (6a) contains the quantities 
Ln,.(A) and Ln .. (B) explicitly, as can be seen from the definition (5) of the a's. In order to determine 
the sums, we revert to (7), which represents in this case implicit equations for the desired quantities 
in terms of rate constants and monomer concentrations. On substituting for the w's in (7) a set of 
simultaneous cubic equations for Ln,.(A) and Lnra(B) results. The linear term is negligible i'n com­
parison with the constant and quadratic terms because of the magnitudes of the different rates. The 
cubic term is also negligible until N 1 becomes vanishingly small. The solution obtained with t hese 
approximations is: 

L n,.(A) =/3(B)h(A) L n,.(B) 

{ 
I,N1+I2N2 }t 

=f3(B) {3(B)[k3(A, A)8(B)+k3(A, B)-y(A)]+-y(A)[k3(A, B)f3(B)+k3(B, B)-y(A)] • 
(7') 

This expression may be used to determine the average values of the rates. Introduction of the values 
into (4') and use of the definitions of the f3's and -y's yields for the over-all rate for radical termination: 

If the initiation is first order, (4b') and (4b) show that the distinction between radical and monomer 
termination lies in the explicit dependence of the over-all rate upon the concentration N 2 in the 
former case. 

lf the kinetic d istinction between the two types of growing ends is dropped as was clone in the 
derivation of (6) for the distribution of active radical, (4b) and (4b') become 

(4c) 

and 

where all the k's represent true rates, not average rates as in (4a) and (4') which have the same form. 
Unless experimental data are very accurate, it will be difficult to d istinguish between the type of 

behavior described by (4b) and that of (4c); for the ratio of a quadratic to a cubic function of z in 
(4b) is replaced by the ratio of a constant to a linear term in (4c). Analogous reasoning applies to a 
comparison of {4b') and (4c'). As far as the dependence _of g~wth amd te7nination upon individual L 
chain composition is concerned, the form of (6) seems to p(clude our 9,er_v ing iriformation from 

4~t1 
~ 
/"'/ 
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measur m nts of over-all rate and from size distribution data. We shall, therefore, mak (4c) and (4c') 
the ba is for our fur ther considerations. 

Eq uation (4c) or the full equation (4) with constant coefficients R; can immed iate ly be integrated . 
quation (4c) and the fir t equation in (4) yield for a first-order initiation process (Ii, I2 constant): 

(4d) 

where N 2(0) and Zo are the init ial mole fraction for the second species and mole ratio, respectively. 
The approximate equation is valid since rates of growth are large with respect to rates of initiation and 
termination, and since k22/k21 is of the same order of magnitude as k32/ka1, This procedure is not 
ace ptable if t he rates are very nearly equal, but this has already been considered as case 3 in this 
section . 

The rat constants are best determined from the graph of d In z/ dt versus z . T hat is, one would find 
experimentally the ln z-t curve, calculat th slop and plot it versus the corresponding values of z. 
Figur l8 is such a curve for selected values of the rate constants and for different ratios of the two 
termination rates. Equal velocities of in_it iation are assumed . Inequality of initiations would not 
change the general shap of the curves, except for a possible change of sign of t he slope. Differences in 
the rowth rates merely sh ift th curv s vertically. Jenckel's3 and Wall's4 equations yield the hori­
zontal line. 

The xp rimental data of 1[arvel and co-work rs9 s em to deviate from the horizon tal tin . It is 
difficult to judge from th s data whether the deviations follow this theory. For very large values of z 
the slope is zero since both species are reacting independ ntly. The ratio of the two growth rates can 
easily be found from (4d). 

"quations (2') for radical termination yield as intermediate integral a relation b twe n N1, N2, 
and t, wh ich can be written as follows, if the initiations ar first ord r: 

(4d') 

~quation (4c') then giv for the over-all rate: 

( 4c" ) 

Unless the two rates of propagation a re very nearly equal, the coeffici nt oft in (4d') and (4c") will be 
sufficiently small to make the t factor negligible over a wide interval of the reaction. nder these con­
ditions, (4d') becomes identical with the approximate form of (4d). The slope of t he In z-t curve 
dep nds also upon the initial monomer concentrations, while monomer termination gives a depend­
ence upon the instantaneous ratio z only (4c) . Extrapolation of the slope of the In z-t curve to zero 
tim yields a straigh t line according to (4c"), if plotted versus the square root of the ini tial mol 
fraction N2(0). Its in tercept equals 12-fi. 

•Weare indeb ed to Mr. Charles P. Powell for his aid in carrying ou the n 
• C. S. Marvel, G. D. Jones, T . W. Mastin, and G. L. Schertz, J. A . Chem. 
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IV. COPOLYMER COMPOSITIO N AND 
SIZE DISTRIBUTION 

The mol fraction of stable polymer Nr, i 
giv n by the followin g quations according to 
scheme (1), for the stable copolymer formed in a 
time element dt (hereaft r called instantaneous 
copolymer distribution): 

dNr, 
--=ka1N1n,- 1a+k32N2nr1- 1; 

dt 
1lonomer termination . (8) 

dNr, k3 r, • dN,. 
- - =- L n,-i,- flt ;;; --=ksnr• L n ;; ; 

dt 2 ;, ;- o dt ;, ; 

Radical termination. (8' ) 

n,. is derived from (6) for rates indep nd nt of r 
and s: 

nri~w'(w'){ I1/ k21 c +:- l) 

+.:: ( r+s-1)]. (6a) 
k22 T 

L n ;;= (l1 1+I2N2)(a - f3 - -y)- 1, 

where -

w =w;; a nd 
, 

w' =w;; are independent of i, j. 

Equation (6a) is valid for radical termination if 
_the a's in w a nd w' are defined: 

( I1z+ I 2) + 
a=k21N1+k22N,+ks. 2+ k

3 
• 

Elimination oft in (8) leads by means of relations 
(4c), (4d), and (6a) to the following expressions 
valid for first-ord r ini t iation and monom r 
termination: 

+ I 2k32 ( r+s- 2) 
k22 s-2 

+ ( I 2ks1+ I1k 32) ( r+s-2) . (8a) 
k21 k21 s-1 

nfortunately it is no t pos ible to in tegrate this 
expres ion in closed form and find in this mann r 
the distribution of stable polymer correspond ing 
to a monomer compos1t1on z. umerical inte­
gration is required after t h rate constants have 
been d termined from kin t ic data. The distri­
bution of stable polym r first form d may b 
obtain d as: 

[dN,.] r1 (z--+zo) = -- (z-zo). 
dz • =•o 

1f the monomer ratio z0 is maintained, this gives 
the distribution at any instant. The total numb r 
of molecule of a certain total chain length p can 
be determin cl b means of the equation d riv cl 
from (8): 

d dt [ k22k31 w2 

- L N ,. =N2- (w+w')P- 2 11---
dz r+• =P . dz k 2 w' 21 

(I2k31+l1k32) I 2k32 ] 
+-----,w+--w' . 

k21 k22 

For th total number of polymer molecule we 
obtain · 

d 00 dt 
- L N,.=N2(I1z+ I 2)- , 
dz r+.- 2 dz 

a result which can be written down directly in 
view of the steady state condition. Integration of 
the last expression using (4c) and (4d) give 

00 k31 [ (zo ) k 21/k 22-k21] L N r1 = - N1(0) 1 - -
, , - 2 k21 z 

k32 [ ( Zo ) *21 / k2.-k21 ] 
+ - N2(0) 1- - . 

k22 z 

8• 10· 7 l-- --......!:Ks>a.::.' .!:>.Ka..1•---------
1« ·• 

~ 
II 

z 
Fie. I. I z as a fu cti n o z, (~) 

for vari<?us kuVk = 10- 9 sec.- •;~• =2. I0-
moJe- • It ter kt~= l o-6 mole- • ht r sec. - 1 
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The number av rage molecular weight of the polymerized material is given by 

M1[N1(0)-N1(z)-n1o]+M2[N2(0)-N2(z) - no1] 
(9) 

00 

M1 and M2 denote the molecular weights of the 
two monomer species. All mole fractions can be 
expressed as functions of z by means of relations 
(3), (4d), and (6a). For the final number average 
molecular weight we find in this manner, if the 
small amount of monomer radical is neglect d: 

M1zo+M2 
(9a) 

For a one-component polymerization one has in 
place of (9a) the familiar result: 

Mn( oo) = M1k2i/k31. 

As is to be expected, the result (9a) depends upon 
the initial monomer composition which appears 
here as a weight factor in the average formed over 
the contribution of the two species to the total. 
One may guess that the weight average molecular 
weights of copolymer and pure polymer will be 
similarly related. The quotient of the two terms 
in (9) equals the weight ratio w of the two species 
in the polymerized material: 

,.e 

Mi 1- (zo/ z)k21/(k22- k21l 
w(z)= - zo,------. (10) 

Jtf2 1- (zo/ z)k22/k22-k21 

50 150 250 

~••)-

350 

For z--+ oo, the polymer compos1t10n naturally 
becomes equal to the initial monomer composi­
tion (Mil M2)zo. The result (10) can b valid only 
beyond the induction period, when the concen. 
tration of activated chains n ,. is stationary and 
when n10 and n 01, whose initial values cannot be 
determined by the method used here, are negli­
gible in comparison with the terms retained in the 
numerator and denominator of (10). On ex­
trapolating, however, the co"mposition curve to 
zero tim , z=zo, (10) reduces to: 

M1 k21 
w(zo) = - zo- . 

Mz k22 

Hence the intercept of the polymer composition 
curve gives the ratio of the rates of growth for the 
two components. Equation (10) may easily be 
expressed in terms of weight percentage composi­
tion of monomer which gives a more accurate 
graph for large values of z. Because of the identity 
of (4d') and (4d) previously discussed, (10) holds 
approximately also in the case of radical termina­
tion .' The instantaneous distribution by weight, 
(d/dz)[(M1r+M2s)N,.J according to (8a), is 
plotted in Figs. 2 and 3 versus the total chain 
length for constant chain composition o = s/ r and 

I 

F1G. 2. In tantaneous weight 
di tribution (9) at con tantchain 
composition o= s/ r =4 as a func­
tion of chain length r+s, at 
various stages of the reaction. 
Rates identical with those in Fig. 
1 with kn= 2k31 , zo = 0.4. Vertical 
. cale hould be divid d by t n 
for z= 2. 

IT 
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F1G. 3. In. lantaneous weighl distribution 
(9) at con tant chain length r+s = 200 as a 
function of chain composition r/r+s at var­
ious stages of the reaction. umerical values 
of constants identical with those in Fig. 2. 
Ordinate cale for curve z= 0.51 should be 
multiplied by two. 

.., 
0 

' ...-:-
z 
~ .. 
• ~ 

2 
'-=-' -~ 
-~ 

o.o 

6.0 

J,O 

versus the composition r/ r+s for constant chain 
length, respectively, at various stages z of the 
reaction. Some of the values chosen were sug­
gested by Reinhardi:'slO data on the vinyl chloride 
(species 1) vinylidene chloride (species 2) system. 
Stirling's formula can be used to replace the 
factorials for most of the values of r and s shown 
in the graphs. In the plots at constant o, (8a) 
leads to: 

dN,. { (0+1)H1 
(1\ll1r+M2s)- =A(z)rt 

dz o& 

& 
k22k21Z }r 

x -------- . 
[(k21 +k31)z+ (k22+ka 2) JH 1 

(9) 

The maxjmum of the distribution is at 

1 t may be seen that both for very large and very 
small values of z, the maximum shifts to very 
small values of r. If the composition of the 
monomer residue is such that (depending essen~ 
tially upon the growth rates) the mean composi-

10 R. C. Reinhardl, Ind. Eng. Chem. 35, 422 (1943). 

,,0.51 

20 30 m IN PERCENT 

40 

tion of polymer just formed deviates pro­
nouncedly from the desired one (o), then the 
lat er will, because of statistical reasons, occur 
only in very small chain . ccordingly one may 
expect the maximum in Fig. 2 to be farthest to 
the right, when the monomer composition z(max) 
obeys the relation 

k22+ka2 1 
o=---- (1~ 

k21+ka1 z (max) 

e ting d(r+s)max/ dz equal to zero actually leac\s 
to this result. The corresponding value of the 
molecular weight is found from the above equa-

o.zo 

0.10 

10 30 40 so 60 

_z_ 
Zo 

FIG. 4 io eactal ts in cop lymer 
a functi at onomer (10). umeri 

e as lhose in Fi . 2. 

fr 'f 
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tion for (r+s)max after insertion of th valu for 
z(ma,'<). Expansion of the iogarithm giv s the 
following equation for the largest obtainable 
molecular weight corresponding to a maximum 
in the composition distribution curve: 

2 ka1 1 ka2 
- - +-
k21 o k22 

(11) 

omparison of this equation with relation (9a) 
shows that this maximum molecular weight is 
exactly one-half the fina l number average molecu­
lar weight obtained if the initial monomer ratio 
zo equals the desired ratio 1/o in the chains . Jf 
one wish s to maintain throughout the polymeri­
zation a given ratio o in long chains, the initial 
composition z0 must be chosen equal to z(max) 
and z maintain d at this valu by suitabl 
monomer addition. 1n Fig. 3 the maximum shifts 
to larger contents of type one monomer with 
progressing copolymerization, as is to be expected. 
The instantan ous distributions of polymer 
form d by he interaction of two activated chains 
are given by the following equations, derived 
from (8') and (6a) in the ppendix I II : 

dN,. ka { ( I 1 ) 2 ( r+s-1 ) - = - w'(w')• - (s - 1) 
dt 2 k21 s+l 

( r+s-1 ) ] + . r (r-1) 

+ ( I 2 )
2 ( r+s-l ) (r-l)}; 

k22 r+ 1 

r, s > 0, om bi nation; (Sa') 

I2 ( r+s-l ) ] +- . Dispropor ionation. 
k22 r 

By means of (4c"), (Sa') may again be formu­
lated in terms of z through elimination of the 
time variable. It may. be noted from (Sa) and 
(Sa') that the distribution by number, N • ., will 
exhibit a maximum in the case of combination, 
while curves for polymer terminated by means 
of monom r or by a disproportionation mecha­
nism shows a maximum only if plotted as w ight 
distribution, similarly as in the case of one-com­
ponent systems.7 Equation (8a1) gives at once 
the distribution Jim N,. of stable polymer formed 

z--+zo 

initially, if t is eliminated by means of z in 
analogy to he case previously discussed. Plots 
at constant composition and chain length, re­
spectively, lead to th same conclusions as before. 

o analytical expression for the ma,ximum chain 
length obtainable with a d sired composition o 
can be found b cause of the complications arising 
from th d fin ition of w and w' in this case. 
If the factor containing k3 in w and w' can b 
n glect d, Eq. (10) with omission of ka1 and ka2 

is again obtained. 
Relations for the size and composition d istri­

bution developed here or found by similar 
methods for other polymerization mechanisms 
should permit a least an estimation of the 
homogeneity of a copolymer with respect to size 
and composition at various stages of the reaction, 
once the kinetics of the process is established and 
the velocity con tants for the elementary s eps 
are known. In the case of insoluble or nearly 
insoluble cross-linked polymers of th vinyl­
divinyl type the only thermodynamic method 
available at present for an analysis of the product 
form d is a study of the swelling isotherms.11 

This allows a determination of th av rage chain 
length b tween two cross links. Kinetic investi­
gations enable one to supplement this informa­
tion with distribution data. Jencke13 has carried 
out fractionations on four soluble copolymer 
systems, namely, tyrene and methacrylic acid 
ester, methyl methacrylate and vinyl acetate, 
respectively, and vinyl pyrrolidine-vinyl car­
bazole. He furthermore attempted to draw con­
clusions as to the kinetics of the process on this 
basis. However, in his analysis the inhomogeneity 
in respect to size wa neglected. In general, chain 

IIP.J.FI ryandl).Reh # ' Jr.,J. 
(1943). 1/Y 
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compo ition as well as chain ngth 12 det rmine 
lhe thermodynamic equilibrium at a given tcm­
perature. 13 1 t is evident for instance, that the 
shorter chains precipitated from a solution con­
tain more of that component which, as a pure 
polymer, is I ss soluble in the same solvent. 

Finall y, considerations of this type will play a 
role in th application of Flory's14 and tock­
mayer's15 theory of gel formation to cross-l inked 
polymers, by determining the relative proba­
bilities with which mono- and divinyl enter the 
chains, and therefore the average number of 
cross bonds per chain. The intramolecu lar distri­
bution of cross bonds can then be calculated in 
t rms of the extent of r action. The number P; of 
groups of monovinyl units containing i members 
in N,. cross-l inked chains of Ieng h (r+s) wh ich 
have been formed in an interval dz, is given by :16 

P ,= N,,(r+s) (1-w) 2w• ; 

for i«r+s, with 

w= . 
k21z+k22 

k22 designat s the rate of cross-bond formation, 

"See, for instance, H. taudinger and J. Schneiders, 
Ann. 541, 1S1 (1939). , 

13 This can be expre ed roughly by an xten ion of the 
theory of P. J. Flory, J. Chem. Phys. 10, SI (1942) a nd 
M. L. Huggins, Ann. . Y. Acad. Sci. 43, 1 (1942). Let the 
heat of mixing depend olely upon the polym r compo ition 
and be independent of the intramolecular arrangement, 
which is reasonable. Applying G. Scatchard's [Chem. Rev. 
8, 321 ( 1931) J expression for the heat of mixing to the 
ternary y tern, the parameter K (in Flory' notation), a 
ratio between cohesional and therma l energy, assumes the 
following form: 

K = 2v1/ RT[A 12•+A 11(1 - •)-A u•(l- •)]. 

• is the chain composition r/r+s in the notation adopted, 
v1 the molar volume of the solvent. The indices 2 and 3 
refer to the two monomer species. The A coefficients 
depend upon the nature of the respective components only 
and monomers 2 and 3 are a urned to be approximat ly 
equal in size. The relations for the partial molal entropie 
will in general depend upon the intramolecular arrangement 
of the two specie which determines the internal flexibility of 
the polymer molecule, unless they are chemically imilar 
enough. Di regarding this factor, the above authors' 
results ~ive at once a relation betw n chain length and 

, composition at the critical point of formation of a two­
phase system at a given temperature. Furthermore, th 
slope of the plot of reduced osmotic pressure versus con­
centration (in weight per volume) for small concentra tions 
is proportional to (1-K) and is therefore a function of 
the chain composition. 0 motic data on copolymer are 
very desirable in this connection. 

1' P. J . .Flory, J. m. Chem. Soc. 63, 3096 '(1941). 
1• W. H. Stockmayer, J. Chem. Phys. 11, 4S (1943); 

W. H. Stockmayer and H. Jacobson, ibid. 11 ,393 (1943). 
16 F. T. Wall , J. Am. Chem. Soc. 62,803 (1940); 63 ,821 

(1941). R. Simha, ibid. 63 , 1479 (1941). 

k21 that of add ition of monovinyl units. If the 
chain I ngth is not suffici ntly larg , the ff ct 
of th · two ends and th ir mode of formation 
must b taken into account by the introduction 
of parameters for initiation and termination and 
modification of the above formula. 16 

We should like to acknowledge our ind bted­
ness to Dr. R. F. Boyer and Dr. R. . Reinhard 
of Th Dow hemical ompany for many h lp­
f ul discussions. 

APPENDIX 

I. Solution of the Difference Equations (Sa) 
The result for n,0 and no, is easi ly found . Direct sub­

stitution in (5a) for low values of r and s leads lo the fol­
lowing typi al equation : 

a1211 12 =Po21102+-r11?111; 

or 

The first term on the right xpre es that an 11,2 may be 
built from an no, by adding on r units of the first kind: 
he second term that 11,2 may be built from 1111, n21 • • • n,, 

by joining a unit of the second kind and then completing 
the struc ure by adding a sufficient numb r of the first 
species. This may b generalized to 

which can be explained as before. It i equivalent o the 
interm diate result present d in the text. On substituting 
no , and w's from the text thi becomes: 

r - 1 l , r r - t 

a ,.11,.=l2N2ITw1, ITwo1+ 2: -Yj1 , - 111;, , - I IT w1,. 
1-o 1-1 Ji=L I-;, 

This expression can be utilized to e tablish a recurrence 
formula between n;,. _ 1 and 11;,. -2 with l~ __ j.~ j,. 

11;,. - 2 may be expr ssed in term of n;,, - 1 with I ~.~ j 2. 

Continued substitution and r arrangement leads to (6). 

II. Solution of Dif!erence Equations (Sb) 
Equation (Sb) gives for the pure radical species: 

_J,N,[ ( )]'· _I2N2[ '(B)]• 
11,0- P(A) w A , 110, - -r(B) w • 

Examining a 11 ,.(A ) for low va lues of r, s, for example, 
1122(A) : 

11 22(A ) = :;1;w'(A )w'(B)w(B) 

+ :•:)[w(B)w'( 

11 case 

~ ' i 
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corresponding to initiation by the first species, the other by 
the second. The terms in thew's again express the manner 
of growth of t he active nuclei. From the meaning of thew's 
we can interpret for this example the first product in the/ t 
term as growth in the following order : B-A - B-A - , 
and the second : B - B - A - A. The I, term represents : 
A -B-B-A. The total number of terms in the expression 
for 11.,(A) will evidently be equal to the number of ways 
of a rranging the structural units within the chain with 
specified ends: 

(r+s - 2)!+ (r+s - 2)! ( r+ss- 1) 
(r-2) !s! (r- l)(s-1) 
'--v---' 

Initiated by A Initiated by B. 

Likewise for 11,.(B) : 

Let us now characterize a possible intramolecular con­
figuration by i, the number of A - A, j, the number of 
B-A, k, the number of A-B, and by l, the number of 
B-B linkages. Each configuration gives rise to a term 
w(A)iw(B)iw'(A )kw'(B) 1 multiplied by a statistical weight 
factor. To determine this factor we consider first the 
11.,(A) initiated by B. The condi t ions to be fulfilled by 
i, j, k, and l are: i+j=r, since an A must follow an A or 
a B; j = k+i, since all the groups formed by B except the 
first are preceded by an A (A - B linkage) and a ll are 
succeeded by an A including the first (B-A bond); 
j+l=s, since a B must be followed by an A or by a B. 
Let m, be the number of groups formed by t structural 
units of type A, whence !;m,=j, !;tm, =r. Let m1' have 
the same meaning for type Band !;m,' = j, 'Z;tm1' = s. The 
weight factor for the specified configuration i, j, k, l is 

( "' ')I (°" ) 1 'I 'I "1; ~ r; ~= ~ _J_._ "Z _J_. - (A- I) 
.,.1, II (m,') ! ,., II (m,) ! m/ II (m,') ! m, II (m,) ! ' 

to be summed over all values of m, and m,' compatible 
• with the auxiliary conditions. The sum over m,' gives the 
independent configurations resulting from a permutation 
of t he B groups, that over m, of the A groups. The product 
therefote gives the total number of independent configura­
tions. Using the multinomial theorem to evaluate one of 
these sums we find: 

whence : 

'I 
Z ...1.:.._ = lim lcoefl. of z• in ("'i:,, x, 1z1)i I 
"'' IT111,! Zt-+l 

=coeff. of z' in ( I ~z)i = c= !)· 
Replacing r bys gives the sum over m,'. The final weight 
factor is : 

For m.,(A) ini tiated by A, the conditions for i, j, k, and 
I are !;m, = j+ I, "Zm,' = j, i+ j+ 1 =r, j=k, j+l =s. Sub­
stituting these values for the sums into (A - 1) a nd using 

the multinomial theorem, we obtain for the weight factor 

For 11.,(B) initiated by A, the a nalysis is the same as for 
11.,(A) initiated by B with !;m,' ="Zm, = k, i+k=r, 
j=k-1, k +l=s, hence the weight factor: 

(
r- l)(s-1) · 
k-1 k-1 

11.,(B) ini tiated by B carries the conditions "Zm,' = k+ I, 
"'i:.m,=k=j, i+k= r, k +l+ I =s. The weight factor is: 

Introducing the weight factors as coefficients of the w's 
a n_d substituting the values of the exponents in terms of 
r and s, we find: 

11,.(A) = :;:;;!, ('j l)C= D 
X [w'(A) ]i[w' (B) ]i-i[w(B) ]i[w(A) J•-i- 1 

+ I,N,-i; c--1)/~-1) 
a(B);-1 -1 \j-1 

X [w'(A)]i- 1[w'(B)J•-i[w(B)]i[w(A)]'- i; 

n.,(B) = :;:;i,G= DG= D 
X [w'(A ) Jk[w'(B) J.-k[w(B)Jk-t[w(A) J•-k 

+ I,N, j; (r- l)(s- I) 
a(B)k_, k-1 k 

X [w'(A)]k[w'(B)J•- k-l[w(B)Jk[w(A) J•-1 . 

The first expression on the right for 11.,(A) may be written 
as: 

ow 

~, ( r - l)fs) i=( - I) +<r- l)(r-2)s(s- -1)·•+ ... 
;:, j \j x r sx 1 . 2 1 . 2 x 

= F(l-r, -s, l ,x)- 1, 

where F(a, b, c, x) is the hypergeometric function" 

F( b ) = I +ab +a(a+ 1) b(b+ I) •+ ... 
a, , c, x ~ I. 2 c(c+ l)x • 

Likewise: 

and 

f (r-l)(s-l) i--F(I - 1- I )+ . .:J • • X - r, S , , X 1 
,_, J J 

I= ;;:;[w(A)]'- •[w'(B) ]• 

X[F(l-r, -s, 1, x)-F(l-r, 1-s, 1,x)]. 

"E·. T. ihittaker ancl d. i';r.\. __ · \ ratso,rt. Modern A11atysis L 
(The Caml ridge Universit,-y ~i ress, 19-10) . 

J ~~Jr 
~ 
/'"'/ 
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Application of this procedure to the other summations 
give (6a) . 

, In computing the um ov r 11,.(A) and n,.(8), th ums 
over the pure polymer spe ies are easily evaluated. In 
the copolymer 11,.(A) we have for the first term, sub­
stituting i=j - J. 

X ~ [w(A)J'( ' ·+- ti ) 
r-1.+2 1, 

I, , "" . [ w'(B) Ji+' [ w(A) ] '+2 
=x a(A)w(A) ,~0 x• 1-w'(B) 1-w(A) 

I,N, w(A)w'(B)x 
a(A)[l-w(A)] [ l-w(A)][1-w'(B)]-xw(A)w'(B) 

The second term gives 

l ~N,x • ( '- l)(s-1) 
a(B)w'(A) f x' •-~~ ,[w(A)J•[w'(B)]• i i 

I ,N, xw(A)w'(B) 
a(B)w' (A) [ 1-w(A) ][ I -w' (A) ]-xw(A )w' ( 8) 

ombination of these terms gives the ums in (7). r-11,.(B) 
is determined in the same manner. 

III. Derivation of (Sa') 
Introducing the values for 11,; and 11,_, •-if rom (6a) into 

(8') one is led to four sums. The fir t is: 

where 

Now 

Consequently; 

_ • ➔,;;-•(x-1) · 
A-2 S 

The fir ·t ·ummation on the right give with o=X-2: 

•+if'(r+s-3- o) = 'f(r+s-3- o) = (r+s-2) , 
&- o S ~-o S S + I 

since the binomial coefficien t is zero when the bottom term 
exceeds the top. The second summation in S 1 may be 
written with o=r+s-2-X: 

•+±-' ( >--:-1 ) = 'f/(r+s-:-3- o) =( ' ~s-2) . 
X- •+• s &- o s s+ I 

Finally: 

S, =( r+s-2) (,+s- l )-2(r+s-2) =('+s-1) (s- I) . 
s s+I s+ J 

The econd sum is 

Since 

( r+s- ·~- j-1) =( r+s-~- i \ _ ( r+s-i-: j- I) . 
s-1 -t s-1 J s-1 

Su=r- ( i+j_-l)("+s-i_-j\ _ , . 
i,j J s- J J 

The fir t term above on the right may be obtained from 
S, by replacing r by r+ 1: 

S11=(s-l)( '+:- 1)-

The third and fourth term are 

and 

( !~ \' ~w'(w') • r, ( i+j- l)(r+s-i-: j-1) · 
k,J 2 ;,; i r- i 

The sums become identical with the second and first 
upon interchange of rand s, i and j. ub titution of the 
value fou nd in thi manner gives (8a'). 

I 



February 20~ 1946 

Dear r. Branson: Mr. Embree is in C lifornia and 
will not return until the f irst 

of next month, and your letter of 18 February has been 
routed to me. 

Aa you yourself .re aware, it is 
impossible for your request t o be consider ed in this 
year 1 s fellowship competition owing to the l teness of 
the da te; and, as you oint out, it probably sho d be 
considered outside our regul fellowship progr an since 
it has somewhat different implic~tions. I am, therefore, 
going to hold your letter nd the enclosures until 
Hr. Elllbree returns, a t which time they will be shown to 
him. 

WCH:RFL 

r. Herman ranson 
Depa,rtmen: ys cs 
Howar d University 
Washington l, D. C. 

Sincerely yours , 

I I 



March 5, 1946 

Dear Mr. Brunson: Mr. Haygood has passed on to me 
your letter of r'ebru&.ry 18 on 

my return from a brief ab~ence from the office. I am 
afraid tbere is no vmy by which V"e can help i n your case. 
As you know, our fellowships are int ended to develo, two 
types of per~ons: (a) Negroes and (b) ~hite Sout herners who 
are working on some problem of s_peclal concern to the 
southern r egion. We huve not ~ttempted to develop professors 
for general work either et l1egro universities or elsewhere 
and are not willing to enter this very large gr oup. 

I am very sor ry th~· t we cannot be of 
assistance to you, but I am sn·e you will understand and 
appreci ate our position. 

ERE:SO 
iY\c.i . 

Mr-. herman Br anson . . 
Departmen"f. ot ?fiysiCe '"' ,_r, 

Howard University 
Washington 1 , D. C. 

Very truly yours , 

EDWIN R. EMBREE 

ff 3 gf b rADq.,-

P.S. In ~ine wi th your request, enclosed herewith are t he 
three letters . 

u R S I T 



How ARD UNIVERSITY 
WA S HINGTON 1, D. C. 

D E-P.A J.l: '1"'1\1: :E:i ~""T OF PIIY I O 

. Edwin R. Embree, resident, 
Julius Rosenwald Fund , 
4901 Ellis venue , 
Chicago lo , Illinois . 

Dear Embree : 

II' --" . 
8 ~ rch 19 

(}» 

I have our letter of 5 March 1946 , which i mplies that 

m request was denied because I am neither a Negro nor a white 

Southener interested in some problem incident to the southern 

re ion . I am a Negro . I did not sa an thing about i t in m 

letter since ou have data on me in our files . You ranted me 

a fellowship when I was at Dill rd University for working with 

Professor N. Rashevsky at the University of Chicago in 1940 . 

If this disclosure makes an di fference in your hand­

ling of m request , I would be ple~sed to return the letters 

from Professor Rashevsky and any other inforlfilj.t i on you may ish . 

Sincerely ours , 

Herman Branson , rofessor 



\ 

)larch 12, 1946 

Der Dr. Breoson : No , I was ot estiooing your 
t nding as a c dida e for a 

fellowsbi . I was ttempting t ~tre tuct e ve o 
chin"'ry for aidit indi ,.... • .-Ls outside of our r gu-
r ellow hip program. Over ain, w.e are 

sked tom e exception or 6ive s eci considerdtion 
to i dividu 1 cases. I t as eemed to us th&t we can 
acco plisb ~os t by adheri g strictly to t 1e pro ram 
of fellowships th t e have worked out wi h great c re . 

I sorry not to of help in 
tbi special interesting ca e, and I hope that by 
so em.ans it will be possible or you to continue to 
do your profitable work at t e ni orsity of Chic go. 

Very truly yours , 

IN R. EMBREE 
Dr 
De ica 
Ho University 
W shington , D. C. 

I 



HOWARD UNIVERSITY 
W A.SIDNGTON 1, D. C. 

D l!lPART:\[ E N ' r O F PIIYR I CS 

Miss Hilde Reitzes, 
Julius Rosenwald Fund 
4901 Ellis Avenue, 
Chicago, Ill. 

Dear Miss Reitzes: 

April 14, 1948. 

f .( 

I have been informed that the Natiobal 
Research Council will grant me a fellowship for stud1 
next year on rrry sabbatical leave. I would like, there­
fore to withdraw.,- name from your list. 

Please accept 1II3' sincere thanks for your 
courteous assistance. 

HB/cab 

Sincerely yours, 

fl~ ~~ 
Herman Braneon, _trofessor 

epartment of ~ysics 



Apr il 15, 1948 

Dear Mr . Branson: Many thanks f or your letter of 
April 14 informing us of your 

National Research Council f ellowship. Aa you requested, 
I have withdrawn your applicat i on from this yenr•s 
fellowship ooapetition. 

Congr at ulations and ver y beet 
wishes for your impor tant wor kl 

Ir. 1ler11Sn anson 
Depak-tment of Physi cs 
lloward University 
Washington l, D. C. 

Sincerely yours , 

r'or the ComJai ttea 
on Fell owships 

U !VERS 



FELLOWSHIPS 

Microfilm in the Negro College 
HERMAN BRA SON 

A perennial topic in conversations 
of teachers in small egro colleges is 
the lament for the lack of re earch fa ­
cilitie . In a large measure the diffi­
culties are real : there i little material 
for laboratory work; there is no well 
equipped library with many original 
documents; often there is a too full 
teaching schedule with committee 
work. The present financial condition 
of om· schools gives no hope that there 
will be any sudden influx of large 
donations which will enable the e 
problems to be written off. The in­
dividual teacher may find himself with 
a genuine desire for research and a 
willingne to give the extra energy 
demanded. There still faces him, how­
ever, the lack of original sources and 
of files of re earch periodicals. If he 
is in one of the sciences, he may find 
refuge in the realization that research 
is most expensive: the electric power 
for a cyclotron easily costs more than 
the combined budgets in all the phy i­
cal ciences in his school. Yet his most 
promising approach is to delve into 
hi ingenuity for some mitigating 
technique. 
. There is of course no logical formula 
or magical instrument which will 
remedy our deficiencies overnight, but 
an emphasis on microfilm and micro­
film technique may be a partial solu­
tion for our research problems.1 One 

'Robert C. Binkley, Manual on Methods 
of Reproducing Research Materials, Edward 
Brothers, Ann Arbor, Mich., 1936; J. Perian 
Danto, "Microphotography in a University 
Library," Journal of Documentary Repro­
duction, 14:297-315, Fall, 1938; Herman H. 
Fussier, "Microphotography and the Future 
of Interlibrary Loans," Journal of Docu-

14 

recommendation for the use of micro­
film in the small school is that it can 
be u ed by mo t schools even with 
extremely modest budgets. Even the 
individual worker can organize equip­
ment for the making and reading of 
microfilm at mall cost. 

Microfilm technique is a method of 
reproducing copy exactly and inex­
pen ively on photographic film. Since 
it is fundamentally the same as mak­
ing the ordinary snapshot, the essen­
tial equipment is camera, film, and 
final reproduction- in this technique, 
this last is a reader for magnifying the 
reduced image. The cameras which 
have been devi ed for microfilm work 
range from the simplest machines hav­
ing practically no adjustments to the 
most complicated multitasked ~ssem­
blies. A typical gamut would be 
headed by a $10 "candid" camera with 
a homemade mount and would end 
with the $5,750 Eastman Recordak. 
Within the gamut are excellent little 
machines which can be built by the 
individual for 30 or others which can 
fill the needs of the small school for 
about 150.2 Such inexpensive installa­
tions would load with 35 mm perfor­
ated film and would give pictures 
mea uring either ¾ inch by 1 inch or 

mentary Reproduction, 2:3-10, Mr 1939; 
M. Llewellyn Raney, "Microphotography­
A Lay Appraisal," Journal of Documentary 
Reproduction, 1 :20-32, Spring 1938; Ather­
ton Seidell, "Reforms in Chemical Publica­
tion," Science, 80 :70-72, JI 20, 1934; Eugene 
Adhemar Tilleux, "Microphotography in 
1940," Journal of Documentary Reproduc­
tion, 4:25-41, Mr 1941. 

'H. L. Fleming, "The New S.R.S. 
Camera," Journal of Documentary Repro­
duction, 2:225-227, S 1939. 
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1 inch by 1 ½ inches. Other sizes of 
film are obtainable. Some work with 
new papers is done on 35 mm unper­
forated film (i.e., film about 1½ 
inches wide without holes along the 
edges) and on 16 mm film (¾ inch 
wide). There ha been ome investiga­
tion of the possibility of using sheet 
film. A ugge ted ize in thi format 
would give 100 ordinary book page 
on a single 3 x 5 card. In spite of cer­
tain advantage of heets, the 35 mm 
roll film camera seems too well en­
trenched for removal.3 Practically all 
of the microfilm services upply copy 
on this form. 

More important than the ize of film 
is the type of film available for micro­
filming. Recent re earch ha produced 
inexpen ive film more durable than 
100 per cent rag paper. Moreover, 
work i in progress to adapt thin 
metallic strips for this use. In addition 
to the film ba e, the emulsion, in which 
the image is laid in silver grains, has 
undergone va t improvement in con­
trast, color rendering and re olution 
(the ability of the film to eperate fine 
line ) ; and the silver is even being 
ou ted by a lefs expen ive agent.' It 
is po ible now to copy seemingly 
bopele ly faded documents to give 
cri p contra ty microfilm. 

The intere ted worker may well re­
nounce all attempt at making his own 

• R. D. Bennett, "Sheet Microfilm," Jour­
nal of Documentary Reproduction, 3:39-41, 
Mr 1940; R. D. Bennett, "Lilliputian Li­
brari ," The T echnology R eview, 42 :114, 
1940. 

• Robert W. Carter, "Metal Film for Per­
manent Records," Journal of Documetary 
Reproduction, 1 :354-361. Fall 1938; W. 
Rath , "Recent Photo-Material for Docu­
mentation," Journal of Documentary Repro­
duction, 3 :216-219, S 1940; Pierre Weis , 
"Ozapbane," Journal of Documentary Re­
production, 1 :362-365, Fall 1938. 

microfilm and still find the technique 
extremely valuable, for there are many 
laboratories and agencies supplying 
microfilm/ some in general, others in 
pecific fields; but he will still need a 

reader. Until quite recently there was 
no good microfilm reader selling for 
le s than $50. Many workers have de­
vi ed magnifiers and projectors for 
their own u e. ome of the~e were 
made for as little as 1.6 

The reading machine ubvened by 
the Committee on cientific Aid to 
Learning released by the pencer Len 
Company in 1941 ha been de igned 
e pecially for the individual cholar . . 
Selling for 32, it lacks many de irable 
mechanical feature but hould meet 
the needs of the individual and the 
small chool. The Argu reader, selling 

• "Guide to the Material in the ational 
Archives," uperintendent of Documents, 
Government Printing Office, Washington, 
D.C.; "Microfilm Abstracts," University 
Microfi lms, Ann Arbor, Michigan; Medi­
cofilm ervice, Army Medical Library, 7th 
and Independence Ave., Washington, D .C. ; 
"Sources of Microfilm for Use with the 
Argu Microfilm Reader," International Re­
search Corporation, Ann Arbor, Michigan; 
"Microfilm ervice in the Geological ur­
vey ," Science, 88 :517-518, D 2, 1938; Harold 
P. Brown, "A urvey of Microfilm Sources," 
Journal of Documentary R eproduction, 2: 
118-124, J e 1939; E. B. Powers, "Univer ity 
Microfilms," Journal of Documentary R e­
production, 2 :21-28, Mr 1939. 

• Herman Branson, "A Reader for Micro­
film" School Science and Mathematics, 40: 
411-412, My 1940; see also the Federal Film 
Viewer ( 6.50), Federal Stamping and En­
gineering Corporation, 15 Lafayette t reet, 
Brooklyn, J .Y. Note: Fatigue is a factor 
in u ing the vi ual magnifier . The author 
ha used one co ting about 80¢ in some work 
where he reads only a few Jin s and then 
turns to a pad for working out tep . This 
can be carried on all evening without undue 
fatigue. ee Walter R. Miles, " ubj ctive 
Impre ions of Efficiency in Reading Micro­
film," Journal of Documentary R eproduc­
tion, 3 :61-65, Mr 1940; Irvin tewart, "Re­
ports on the Reading of Microfilm ." Journal 
of Documentary Reproduction, 1 :145-150, 
Spring 1938. 
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for $87.50, has been mentioned as a 
good machine. 7 

The small college might find the 
purchase of a reader not beyond its re­
sources. If no money remains for the 
purchase of microfilm, the teacher 
wishing to use the machine might find 
it possible to supply his own micro­
film. Many agencies are now supply­
ing microfilm of a large range of schol­
arly material which would not be 
available in the original. It does not 
seem unreasonable to believe that a 
scholar would hesitate to purchase a 
valuable manuscript at 1¢ or 2¢ a 
page. evertheless, there will be cir­
cumstances when the individual can­
not purchase such microfilm. Some 
disposition of a departmental budget 
might be made so that a few dollars 
can be used by the instructor for this 
u e. There always remains the pos­
sibility of interesting a philanthropic 
foundation in such work. With an ini­
tial outlay of less than $100 a library 
could contribute greatly to the re­
search facilities of its faculty. 

It is by no means difficult to en­
vision specific problems in which 
microfilm could be used.8 It is equally 
possible to build up a cogent argument 
for our posse ing our own microfilm­
ing equipment. A camera, lights and 
stand which will give microfilm in no 
way inferior to that issued by some 
agencies,9 can be got together for ap-

'"The Argus Reading Machine," Journal 
of Documentary Reproduction, 1 :79-80, 
Winter 1938. 

' See references under 5 and 10. 
• This equipment may be built around 

an inexpensive second-hand 6 x 9 cm camera 
with a 35 mm adapter back. A stand can be 
made for a few dollars. See also F. L. Eng­
lish, American Photography, 32:825-828, N 
1938; Harris F. Fletcher, "Textual Micro­
photography for the Individual Scholar," 
Journal of Documentary Reproduction, 1: 

proximately $40. A student could use 
an assembly of this type for a few 
weeks during his vacation to micro­
film enough material for analysis all 
winter. Such a student might be 
trained in linguistics, or music or 
drama or history or science.10 He 
might spend his vacation in Mexico 
examining old Spanish papers, at a 
conservatory in Boston collating old 
music texts, or collecting notes on the 
Negro in the settlement of ew Or­
leans. Any of the material which would 
have to be expensively and tediously 
hand-copied would be microfilmed for 
more leisurely and prolonged study. 
Although other students have reported 
little difficulty in getting permission 
to copy such materials, we might en-

316-319, Fall 1938; Frank R. Fraprie and 
Robert H. Morris, Copying Technique, 
American Photographic Publishing Co., Bos­
ton, 1940; D. H. Cook and J. H. Axtmayer, 
"A Projection Reader for Filmstats," 
Science, 87:331-332, Ap 8, 1938; James A. 
Austin and Harold P. Brown, "Projection 
and Filing of Microphotographfo Reproduc­
tions," Journal of Chemical Education, 15: 
24, Ja 1938; Lee R. Dice, "Simple Method of 
Filing Miniature Negatives and Microfilm 
Records in Strips," Science, 89 :39-40, Ja 13, 
1939. 

' 0 J. H. Chase, Jr. "Latin-American Micro­
filming Project at Brown University," Jour­
nal of Documentary Reproduction, 3:200-
203, S 1940; Grace G. Griffin, "Foreign 
American History Manuscript Copies in Li­
brary of Congress,'' Journal of Documentary 
Reproductwn, 3:3-9, Mr 1940; Sarah Jones, 
"Documenting Studies in Anthropology,'' 
Journal of Documentary Reproducti.on, 2: 
239-248, D 1939; Barnes F. Lathrop, "Micro­
filming Materials ior Southern History," 
Journal of Documentary Reproduction, 2: 
91-108, Je 1939; Eugene B. Power, "Sources 
of Materials for the Study of American 
Culture," Journal of Documentary R epro­
duction, 3:192-197, S 1940; Eugene B. Power, 
"Report of Progress of Filming English 
Books before 1550," Journal of Documentary 
Reproduction, 1 :45-49, Winter 1938; C. S. 
Smith, "Music on Microfilm," Journal of 
Documentary R eproduction, 2:249-253, D 
1939; George A. Scbwegmann, Jr., "Prelim­
inary Checklist of Newspapers in Micro­
film," Journal of Documentary Reproduc­
tion, 4 :122-134, Je 1941. 
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counter a little reluctance in getting 
permission to copy some materials per­
taining to the egro. on-controver­
sial material might be as accessible to 
us as to others. 

An ideal situation for the Negro 
schools might be the establishment of 
good microfilm laboratories at the 
larger schools.n A good laboratory can 
be equipped with essentials for less 
than 1,000, roughly half a fellowship 
grant from one of the foundations. A 
center might sponsor a project to 
microfilm the records of the egro in 
all the county offices of a Southern 
state or group of states. Such a proj­
ect would cost several thousands of 
dollars; it is not unreasonable to think 
that one of the foundations could be 
induced to support it. The resulting 
film could be deposited at one of the 
key universities and po itive copies 
sent to any other school which might 
have use for them. eedless to say this 
would give a welter of material for 
historical research. Even though under 
present conditions such an undertaking 

u "The Gentlemen's Agreement and the 
Problem of Copyright," Journal of Docu­
mentary R eproduction, 2 :29-36, Mr 1939, 
(Agreement of the ational Association of 
Book Publishers permitting microfilming of 
copyrighted publications with extremely 
mild restrictions) ; Irvin tewart, "Micro­
photography for Scholarly Purposes," Jour­
nal of• Documentary R eproduction, 4 :44-52, 
Mr 1941; J. Perian Danton and Charles 
Elfont, "Microphotography at Work," Jour­
nal of Documentary R eproduction, 4:97-108, 
Je 1941. (This is an excellently suggestive 
discussion of the work of the microfilm 
laboratory at Temple University, Philadel­
phia: the service to the faculty and students, 
the operating difficulties and the limitations 
in type of work of the small laboratory.) 

might have to have white personnel, 
the important consideration is the re­
leasing of invaluable material to Ne­
gro scholars. 

We shall not consider here other 
technical and commendatory aspects 
of the use of microfilm as space saving 
in libraries, preserving peri hable rec­
ords and in visual education; however, 
some of the author's use of microfilm 
may be of interest. Recently a problem 
had to be traced through Zeitschrift 
fur Physik, Jo-urnal of Applied Phys­
ics, Science, and Philosophy of Science. 
In all some 15 papers had to be con-
ulted . Of these about 10 were of suffi­

cient importance to demand either 
extensive notetaking or copying. 
Either method of copying would have 
been laborious and liable to error. The 
problem was easily solved by micro­
filming the lot. The development of 
the problem has thus been able to 
proceed with the paper on hand for 
consultation whenever necessary. Re­
cently a colleague a ked that micro­
film be made of approximately 80 
pages from an early i sue of a journal 
which probably never could have been 
successfully copied by any other 
method because of the large number 
of detailed plates. These experiences 
have convinced the author that this 
technique can make available other­
wise inaccessible material and may en­
courage research among workers in 
small egro schools.12 

" Prices given in this article were taken 
from catalogs current in January, 1941. 
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The behavior of the diffusion coefficient of a solute which can be ad­
sorbed by a colloid only after the colloid has aggregated to a certain size 
is deduced on the basis of a few assumptions. Some relations of such a 
mechanism to cell reactions are indicated. 

A type of reaction plausible in cell behavior is one in which two 
or more substances may be released under a stimulus. This paper 
considers such a release with two substances one of which can aggre­
gate into larger micelles and upon reaching an optimum size adsorbs 
the second substance, which we call the solute. After this initial ad­
sorption we may consider either no further aggregation and adsorp­
tion or further aggregation with adsorption as being the possibilities 
of greatest interest. For our purposes the significant point is what 
effect these alternative possibilities have upon the diffusion coefficient 
of the solute. In addition, we indicate how this mechanism may be 
used to interpret certain reactions in a cell, e.g. reactions which begin 
at a certain rate, proceed at that rate for some time, and then fall to 
a minimum. 

The aggregation of the colloid particles is assumed to take place 
in the following chain: 

n1+n1 ➔ 1½, 

1½ + n, ➔ n 3 , 

(1) 

where n.n is the size at which adsorption of the solute occurs. This 
chain expresses the assumption that a higher aggregate is formed 
from the next lower by the adjoining of a simple micelle, in short 
there is no aggregation of higher aggregates with each other . We 
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132 DIFFUSION I COLLOIDAL MEDIA 

shall consider first the mechanism which allows no aggregation after 
adsorption. The differential equations for this chain are 

(2) 

dn,,. <ti= k,,.-1 n1 n m-1 • 

On making the substitution n1 d t .= d x these equations are trans­
formed into the linear forms 

(3) 

The characteristic equation of this set is 

1 + k1 k-i k 3 km- , 0 

k1 
.l. + k 2 0 0 

2 =0 . (4) 

0 - k 2 .l. + k3 

...... . - k .,,_, A. 

A simple relationship is found between the determinants of each or-
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der. Consider form = 3 we have 

l + lei 
D 2(J.) = ki 

2 

observe that 

and in general 
lei~ .. • k e 

D eU) = (l +k.)De-1 (J.) + 2 . 
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(5) 

Inasmuch as we shall not treat the general case, except to observe 
that the physical conclusions will probably not be much different for 
large values of m , we can state that in order to be physically mean­
ingful the solutions of equation (3) 

m 
nk = ~ Ck; e~i~ 

i= l 

sat isfy the boundary conditions at all values of time 

(6) 

Since x and not time occurs in equation (6), we see that it is not nec­
essary that the real part of the ). be negative. From the defining equa­
tion for x, we have x ➔ x<1 , Xo finite, ni ➔ 0, then t (x) ➔ oo ; thus 
an infinite time is required for all the n 1 to disappear even though the 
x0 is finite. 

All the information needed for our purpose can be had from a 
detailed treatment of the set fo r m = 3 . That is there will be an 
agg:i;:egate of three colloid particles built up before adsorption of the 
solute occurs. The problem immediately suggested is the relative be­
havior of ni and ~ . This behavior can be obtained from the integral 
curves. Using the notation of L. R. Ford (1933), 

k, k 
d~ - - 2 n, + 2 ~ 

dni- k 1 n 1 + ~~' 
(7) 

Since lei + ~ =/= 0, the integral curves are not conics. 
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134 DIFFUSION IN COLLOIDAL MEDIA 

For 

where 

(8) 

the integral curves are shown in Figure 1. 

, ~-, , , ,,. , -

' I/ 

FIGURE 1 

These solutions are physically well-behaved in that all show that 
either n1 disappears before 7½ or they disappear together. But the 
presence of 14 after the disappearance of n 1 , makes it impossible for 
all of nii to be transformed into n a. Thus for the simple case of n.i, 
n2 , n8 , we can expect as a resultant state only n8 or a mixture of 7½ 
and n 8 • The first will result if k.i > k1 and .1 ~ 0 . The k's will be de­
hlrmined by the reaction, hence in a specific experiment we can ex­
amine the products present after sufficient time which will decide 
whether nii and n3 or only n a remains. 

An alternative treatment of the integral curves which is imme­
diately applicable to the general case has been suggested in a letter 
by Dr. A. S. Householder. From the conditions, the integral curves 
in the nii , n1 plane are confined to the region bounded by the coordi­
nate axes and the line n1 + 27½ = no . Since dn1/ dx < 0 for any n. 
and 7½ not both zero, the integral curve can cross the nii axis ( n 1 = 0) . 
While for 14 = 0, unless n 1 = 0 simultaneously, the integral curve is 
directed into the· region. The· scalar product of the vector with the 
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normal is -3"2~ which is always negative for ~ > 0. Initially 
?"'2 = 0 and ni. =no, thus the curve begins at the intersection of the 
line n, + 2~ = no and the ni. axis; the integral curve is tangent to the 
line and directed upward from the ni axis. As ~ builds up the inte­
gral curve turns inward away from the line n1 + 21"'2 = no . 

The general set is treated in the same manner. Here the integral 
curves are confined to the region bounded by the m-1 coordinate 

t)!,-J 

hyper-planes and the hyper-plane~ k nk = n o, The integi·al curve can 
l 

cross the hyper-plane ni. = 0 for always dn1 / dx < 0. But when nk 
= 0, k =I= l, d't1k/ dx = kk-1 nk-1 > 0 unless 'nk-1 is also O; but if nk-1 is 
0, dnk-1/dx, > 0, etc., until we meet an n , =I= 0. Hence if any nk, 
k =I= l, approaches zero the integral curve turns toward a region where 
the nk is increasing. Finally the scalar product of the tangent and the 
outward normal is -(m-l)k .. _1 nm-1 which completes the proof that 
for a finite x , but an infinite t, n1 vanishes in the general case; and 
although some of the other n's may vanish simultaneously with n1 , 
they cannot vanish ahead of ni. . 

The solutions of the set satisfying the boundary conditions 

n1 + 2n:i + 3ns = no , 
and at x = 0, ni = n0 where n0 is the initial number of simple colloid 
particles, are 

where 
- (ki + "2) ± y L1 

A.1,2 = ____ 2 ___ _ 

The relation between x and t is ni d t = d x 

t= f" dx 
o n1 

(9) 

fl 
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136 DIFFUSION IN COLLOIDAL MEDIA 

where x = 0 when t = 0 . Before the integration can be performed 
the upper limit must be fixed. Calling this upper limit x and recalling 
that we are concerned about the value of the time from the beginning 
of the reaction until the appearance of the first particle capable of 
adsorbing a solute particle, we have on introducing n3 = 1 into (9) 
and calling the coefficients of exponentials a and /J respectively 

(10) 

This equation cannot be solved explicitly for x . Making the substi­
tutions • 

Yi = a eA,x + 1 - 3/ no, 

Y2 = fJ e>--=", 

we can sohe graphically if we have numerical values for a, /J, and · 
no. Taking n0 = 1000, ~ = 4 k1 = 4 k then LI = k2, J. 1 = - 4 k, 
).2 = - 6 k and we find a = - 5.55, /J = 3.75 . Substituting these 
values we have x = 0.4 / k 

2 f .. e41<.z - ----d x 
T - 1000 5 - 3 e-2kx ' 

0 ' 

where ,, is the time required for the first n3 to appear in the system. 
Integrating numerically by using Simpson's rule, we find 

,, = 4 .18/ 1000 k secs. (11) 

Our analysis culminating in (11) can be summarized: when the 
aggregation takes place according to (3) with m = 3, at the end of 
48.18/ 1000 le secs. the particles capable of adsorbing solute particles 
appear in the system. Before their appearance, the other colloid par­
ticles would have negligible effect upon the diffusion coefficient of the 
solute. After their appearance, however, they would act to reduce 
the value of D according to J. Reiner's curve (1939). The effect is 
shown in Figure 2a. If the aggregation continues with the number 
of adsorbed solute particles a function of the surface area as in an 

s 
0 
;;: .. 
"' Os 3 Os 
z 
0 
.; 
:, 

Oa ::: °" 0 
T T 

TIME TIMI!: 

a b 

FIGURE 2 

u IV R S I y 



HERMAN BRANSON 137 

earlier paper (H. Branson, 1942), we would have the variation rep­
resented in Figure 2b. 

In order for the mechanism to be applicable to cellular reactions, 
-r has to be in general small, except for some reactions where it may 
be of the order of a second. From physical considerations we see that 
k is a function of the diffusion coefficient and the radius of the aggre­
gating particles ; M. V. Smoluchowski (1918) found for a colloid so­
lution k = 4 :n T D . Introducing values given in that paper from 
Zsigmondy's experiments we have k N 10-12 and T ro 1010 secs. Thus 
unless the diffusion coefficient within the cell is considerably larger 
than in solution, this reaction gives an inordinately long time for the 
beginning of the decrease in the diffusion coefficient. More plausible 
values of -r can be obtained by considering no to be much larger in 
(10) . Raising n0 to 10' causes practically no change in x, and taking 
r ro 10-6 cm then for D of the order of 103, -r will be of the order of a 
hundredth of a second. This is not an unreasonable value of D for 
aggregations where the binding energy is large. 

The author wishes to express his thanks to the J ulius Rosenwald 
Fund for a grant which supported the initial steps in this problem. 
His thanks are again extended to Prof. N. Rashevsky and the Uni­
versity of Chicago group of mathematical biophysicists, especially Dr. 
A. S. Householder , for discussions and suggestions. 
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