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hammer also gave a report of the 
commi ttee appointed to amend the 
Chapter Constitution. The amend­
ment was voted on and adopted at 
the next meeting of the chapter, 
Novemer 14th. It provides for the ad­
dition of Historian to the list of chap­
ter officers each year and sets forth 
the duties of this officer. 

Arthur S. Lyness 
Recorder-Treasurer 

KAPPA 
Dear Editor, 

This is the report for the Kappa 
Chapter of Sigma Zeta at the West­
ern Illinois State Teachers College, 
Macomb, Illinois. The officers for this 
year are: 

President. Earlene Kimler 
Vice-President. 

Gaylord Zimmer 
Secretary-Treasurer, 

Virginia Thomas 
Historian, Bill Moulton 
Editor, Martha Becker 

In the October meeting we initiated 
eleven new members, three of them 
being faculty members. This brings 
our membership up to thirty-six. 

We have had two very interesting 
talks, one given by Dr. R. Maurice 
Myers of the Biology Department on 
"The Color of Fall Leaves", and the 
other by Dr. Joseph Kenney of the 
Geography Department on "Torna­
does". The Agriculture Department 
has charge of the Christmas pro­
gram. Since Mr. W. H. Eller is the 
National President we have had the 
privilege of using the national gavel 
at our meetings. 

I hope this will be satisfactory. 
Sincerely, 

Earlene Kimler, President 

Editor's Note:-From the report sent 
in by Virginia Thomas, Chapter Sec­
retary it is interesting to observe the 
spread of the fifteen faculty members 
within the departments of the col­
lege. The following departments are 
represented in Sigma Zeta by one 

----

or more faculty members: Chemistry, 
Biology, Mathematics, Home Econo­
mics, Geography. 

MU 
Dear Editor, 

Since the number of upper-dass 
students in science is small it is not 
anticipated here that we shali have 
any new members to report until 
possibly some time in the spring. 

The members of Sigma Zeta are 
meeting with the Science Club this 
year since we have so few mem­
bers. 

Yours truly, 
Leonard A. Ford, Faculty Sponsor 
State Teachers College 
Mankato, Minnesota 

NU 
November 29, 1945 

Dear Editor: 
I am enclosing the list of our ele­

ven new members for 1945-46 togeth­
er with a check for $13.75 to cover 
their initiation fees. 

This year the Nu chapter of Sigma 
Zeta at the Northern Illinois State 
Teacher's College has a member­
ship of twenty-two members. Of this 
number ten were initiated last spring 
into associate membership, The en­
rollment here at Northern is steadily 
increasing and we are confident 
that this increase will soon be re­
flected in our chapter membership. 

Officers for the Nu chapter who 
were elected at the close of school 
last spring are as follows: 

President, Harvey Schweitzer, 
Malta, Ill. 

Vice-President. Mary Jane Eaton, 
DeKalb, Ill. 

Secretary, Shirley Carlson, 
Rockford, Ill. 

Treasurer, Eugene De Clark, 
Chicago, Ill. 

As vice-president, Mary Jane Ea­
ton is acting as chairman of our pro­
gram committee and she and her 
group have planned some interest­
ing meetings for the year. On Octo-
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ber 3 our chapter held its first regular 
meeting of the school year. Dr. Ho­
ward Gould who is our chapter ad­
viser gave a splendid talk on the 
"Theory of Atomic Energy" which 
answered many of our questions and 
at the same time gave us an insight 
of things yet to come from atomic 
energy. Then on November 20 the 
chapter was privileged to hear from 
Dr. E. W. Telford of DeKalb who had 
just returned to his practice of medi­
cine after having served with the 
Army Medical Corp for many 
months in both the southwest Pacific 
and European areas. He spoke on 
the use of drugs, blood and plasma 
in modern warfare and also gave us 
his own interesting experience as an 
army doctor. 

During December our chapter of 
Sigma Zeta will hold its annual 
Christmas party with the Mathema­
tics Club on the campus, Other 
events scheduled for the year in­
dude a trip to the Chicago Museum 
of Science and Industry and a chap­
ter picnic near the end of the school 
year which we plan to hold at one 
of the nearby state parks. 

Of interest to other chapters of 
Sigma Zeta might be our plans for 
the first Ira Jenks Memorial Science 
Lecture to be held here at the college 
sometime in February. Mr. Ira J, 
Jenks, who for twenty-three years 
was a professor of chemistry at 
Northern and held the dose friend­
ship of every chemistry student here, 
died last February 24 after an illness 
of about a year. Our chapter last 
year voted to institute an annual 
science lecture to be given here on 
the campus in his memory. Mr. Jenks 
was born February 16, 1886, at Fen­
ton, Illinois. He received his A.B. de­
gree from Wheaton College and his 
Masters degree from the University 
of Chicago in 1921. During the last 
war, Mr. Jenks was research chemist 
for the Brunswick-Balke-Collender 
Company at Muskegon, Michi:;ra:1. 
In 1921 he came to DeKalb as pTO­
fessor of chemistry at the college. He 

----------------

was a member and an active sup­
porter of Sigma Zeta. 

We will appreciate r e c e i v i n g 
enough copies of the Sigma Zetan 
for our members when the December 
issue comes out. Those of us who 
have received copies in the past 
have been very well pleased and 
desire to have the publication put 
out as often as possible. 

Sincerely yours, 
Shirley Carlson, 
Secretary, Nu chapter of 

Sigma Zeta 
Northern Illinois State Teachers 

College, DeKalb, Illinois 

XI 
Ball State Teachers College 

M:.mcie, Indiana 
Dear Editor: 

I am pleased to report, on a se­
parate sheet, the election and initia­
tion of three act; ve, nine associate 
members to Xi chapter. The initia­
tion took place last evening in the 
west lounge of our Arts building. 
Following the induction Dr. Floy 
Hurlbut discussed briefly with us 
'What Happened to Science Educa­
tion during the War'. Tentative plans 
for the remainder of the year include 
six meetings of a varied nature - a 
panel discussion on the interrelation 
of the sciences and mathematics, 
two field trips, two meetings with 
student programs and a final social 
event of some kind. 

Student officers for the current 
year are as follows: 

Plesident. Harriett Simmons 
Vice-pres., Donald Alexander 
Secretary, Nera Fuller 
To which I suppose I might add 

that I am the new member on our 
executive council and the Recorder­
Treasurer for the year. 

We are in need of a fresh supply 
of the little booklets giving some his­
tory and other general information 
and entitled 'The Sigma Zeta, Na­
tional Honorary Science Society'. I 
think we could use fifty within the 
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next few years. Also please send us 
a similar quantity of national Con­
stitutions. 

I am enclosing a check in the sum 
of three dollars seventy-five cents to 
pay the percapita for the three new 
active members. I am also enclosing 
a brief item which you may use as a 
news item if you wish. 

Yours truly, 
Robert L. Shelley 
Recorder Treasurer 

P.S.-Xi Chapter recently initiated 
three new active members and nine 
new associate members. The cere­
mony took place in the west lounge 
of our Arts Building. Following the 
induction Dr. Floy Hurlbut discussed 
briefly "What Happened to Science 
Education During the War". Tenta­
tive plans for the remainder of the 
year include six meetings - a panel 

discussion of the interrelation of the 
sciences and mathematics, two stu­
dent programs, two field trips, and a 
social meeting of some kind. You 
may also be interested in the fact 
that Dr. P. D. Edwards, National Pre­
sident of Sigma Zeta in 1939, has 
been teaching in the University of 
the Armed Forces (I'm not sure of 
that name) in London, England since 
it was started. He is having a won­
derful experience. 

PI 
James Millikin University 

DecCltar, Illinois 
November 30, 1945 

Dear Editor: 
Your letter of October 5, 1945 and 

your recent card has been placed 
on my desk for reply. Dr. Galligar 
and I have acted as faculty spon-

Ready to leave for the meeting of Texas Academy of Science Meeting in Waco, 
These five Sigma Zetans of Our Lady of The Lake College pose for their pic­
tures. (Left to right) Nancy Morris, AIda Gianotti, president. Patricia Salzman, 
Onice Feille, and Mary Saratori. Mrs. Feille took the girls in her car. 
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sors during the past two years, thus 
your letter came to us since there is 
no active Sigma Zeta organization 
on this campus at present. Miss Lar­
sen, to whom you addressed your 
letter was married last summer so is 
not in college, and James Fritz grad­
uated in June, thus he is not on the 
campus. 

I think some disposition should be 
made of this chapter by the National 
before long; either put it back into 
active organization or plan to sus­
pend until such time as an active 
chapter can be formed. 

Very truly yours, 
Earl C. Kiefer, 
Prof. of Mathematics. 

RHO 

Indiana Central College 
Indianapolis, Indiana 

Dear Editor: 
The following officers have been 

elected by our chapter: 
Chairman-Mariorie Jo Langford, 

Major in Biological Sciences from 
Metcalf, Illinois 

Vice-Chairman-Mark Bmaford, 
Alumnus, Indianapolis, Indiana 

Recorder-Treasurer, Dr. William P. 
Morgan, Head of Biology Depart­
ment. Indianapolis, Indiana 

I am sorry this report did not get 
in sooner. 

Yours sincerely, 
Marjorie Jo Langford 

SIGMA 

Our Lady of the Lake College 
San Antonio 7, Texas 
November 19, 1945 

Dear Editor: 
Enclosed you will find a copy of 

the cut I am sending under separate 
cover. If you would like to use it, 
you may. If not, just return it. 

Also enclosed is a paper entitled 
"Wood Wastes" by AIda Gianotti 
and presented at the meeting of the 
Texas Academy of Sciences which 
was held in Waco, Texas November 
8, 9, and 10. Those attending were 
Onice Feille, AIda Gianotti, Pat 
Salzman, Mary Sartori, Nancy More 
ris, and Sisters Mary Clarence and 
Mary of Grace. 

Sincerely yours, 
On ice Feille 
Sigma Chapter 

WOOD WASTES UTILIZATION RESEARCH 

"Of course, it is utterly impossible to transform a piece of wood into a 
rubber tire." 

Several years ago, such a statement might have been true, but net to:1ay, 
for in 1942 began the series of events which brought sawdust and other wood 
wastes out of the realm of the valueless and useless into the spotlight as the 
most prized and serviceable raw materials of the future. Now it is possible to 
transform a piece of wood into a synthetic rubber tire and into many other 
things besides, even into rayon for women's stockings. 

The events which brought these startling facts to light started when Erwin 
M. Shaefer, anti-Nazi German industrialist now in the United States, visited the 
Washington office of Dr. J. Alfred Hall, principal bio-chemist of the United 
States Forest Service in November, 1942. He told Dr. Hall that in the 20's a Ger­
man chemist, Heinrich Scholler, had discovered a process for utilizing wood 
waste; a process by which the huge quantities of alcohol needed by the Allies 
for war purposes could be easily and economically obtained. He related, further, 
to Dr. Hall, that a plant had been erected at Tornesch, near Ham'::lUrg, to make 
use of the process. Schaefer had been proprietor of the plant. But Nazi over­
lords also became interested in the process and in the plant, and in 1938 they 
took over. Scholler turned informer against Schaefer, and the latter was placed 
in a concentration camp. On being set free later on he lost no time in leaving 
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Germany. After arriving in America in 1941, he tried vainly to place his know­
ledge of this valuable process at the disposal of the United States. Not until he 
visited Dr. Hall was he listened to, and then action began. Twelve of Scholler's 
patents had been registered in the United States and had been taken over, as 
all German patents were, by the United States Alien Property Custodian. These 
were dug out and worked over by Dr. Hall and Schaefer for many months. 
Finally Hall presented the case to the Chemical Reference Board, the govern­
ment's supreme court in problems of war chemistry. The Board ordered that 
tests be made on the process at a plant at Marquette, Michigan. 

And so it was that on July 13, 1943, some of the foremost chemists of the 
United States were assembled in the pilot plant at Marquette to witness the 
demonstration of the process that Dr. Hall had arranged. The Forest Products 
Laboratory at Madison, Wisconsin, had provided the chemists necessary to 
supervise the operations, which, only eight hours after the observers had as­
sembled, had converted 500 pounds of sawdust into 250 pounds of sugar. The 
routine process of changing sugar into alcohol was not gone through at the 
pilot plant, for all the assembled chemists knew that from the 250 pounds of 
sugar one could get twelve and a half gallons of 190-proof "grain" alcohol in 
24 hours. In terms of tons this means that one ton of sawdust will yield a half­
ton of sugar, from which 50 gallons of ethyl alcohol can be made. 

After this first demonstration, samples of sawdust from all the leading lum­
ber regions of the United States were brought in and tested. These tests show­
ed that the softwoods which comprise 75% of American trees yield 50 to 60 
gallons of alcohol to every ton of waste. Now it was known before this test on 
the Scholler process that sugar could be gotten from wood by treatment with 
sulfuric acid under the right conditions. But Dr. Hall's demonstration proved 
that twice as much sugar can be obtained, and at a less cost with simpler 
equipment by this method than by any American process. American ingenuity 
has now shortened the time for the process to six hours, whereas it took the 
Germans eighteen hours. 

The demands of war turned the ingenuity of scientists toward the possi­
bilit! of new uses for wood. 

In America the abundance of raw materials of all sorts has for a long time 
overshadowed this new development, but in Germany, where the raw ma­
terials have not been so plentiful, German chemists have been at work since 
about 1936 trying to find new uses for wood and its constituent parts. Exhaus­
tive German surveys of the various fields of wood utilization, as a whole, has 
brought the conviction that the world's forests comprise an everrenewable and, 
therefore, inexhaustible mine of the most versatile raw material available to 
modern industry. 

In past years returns from forestry have he en rather low, due chiefly to 
the fact that only a fraction of every forest consists of trees that have sufficient 
qualities to live up to modern technical standards. On the average, only a 
third to a half of each tree cut would wind up as lumber. "Low-grade" wood 
could only be disposed of c:t a loss, because the price for fuel-wood scarcely 
covered the wages involved. The same situation prevailed with sawdust, trim­
mings, and other by-products of manufacturing operations. For West Coast 
operations alone waste parts amount to a woodpile estimated at about 50,000,-
000 tons a year. 

In 1930 a young Idaho engineer, Robert T. Bowling, produced something 
new in fuel-an artificial log compressed from sawdust and shavings; these 
logs are called "Pres-to-Iogs". In one year 30 million logs were sold, which 
means 120,000 tons subtracted from our annual waste. 

Bowling designed a machine that crushes waste into a thin layer, com-

I 
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pletely collapsing the cells of the wood, then forces it into tubular molds under 
terrific pressure, and heats it to 350'--450 Fahr. The logs are then water-cooled, 
solidifying the wood particles, thus imitating nature's own process in making 
coal. 

Pres-to-logs produce neither smoke nor sparks, leave very little ash, are 
clean, splinterless, easy to handle, possess a high heat value, and require no 
kindling -- just a few chips from one end of the log itself. Each log is the equi­
valent of an arm-load of ordinary wood. 

"Rainbo Logs," which burn with a blue, green or violet flame, are also 
used for decorations as far East as New York. 

Another machine developed by Bowling makes several narrow boards into 
one wide one by applying heat and pressure to synthetic resin spread on the 
edges of the board to bond them securely. These built-up boards have been 
soaked 100 hours in water, dried, soaked again, etc., and then put under pres­
sure to test their strength. Each time they split in the grain rather than the seam. 

Dr. Stevan Ruzicka, who came to America from Yugoslavia in 1935, told 
ihe National Farm Chemurgic Conference of a new process of making a satis­
factory blast furnace fuel. The wood wastes are burned into charcoal, and then 
ground into powder. An organic binder is applied to the powder, and with 
heating it is cemented back into lumps. This product has been tested in blast 
furnaces and performs quite satisfactorily. 

In California the previously discarded Redwood bark is now shredded and 
used as a filler for roofing papers and insulation, an outlet which takes 10 to 
20 percent of the total bark available each year. This bark has also been tested 
as floor covering in poultry scratching pens, indoor tennis courts, and polo 
arenas. 

From 30 to 40 thousand tons of wood flour are made annually from saw­
dust and shavings, this being used as a filler for linoleum, explosives, and 
plastics. 

"To my mind, the broad field of synthetic boards holds great 
possibilities," says Dr. E. C. Jahn, professor of wood chemistry 
at the New York College of Forestry. "The idea that wood 
waste can be torn apart and recast into any desired shape 
and serve as a substitute for wood itself is the incentive be­
hind the growing nationwide interest in wood waste utilization 
research.' , 

He has made pieces of lumber by converting wood waste in a putty-like 
paste, molding it and curing the pieces under heat and pressure. These cured 
pieces are twice as strong as the original wood, resist water, can stand much 
banging around, and yet can still be sawed and worked like ordinary wood. 
By adding chemicals to the paste, different color effects can be obtained. 
Various kinds of synthetic boards are produced, depending on different pres­
sures. A high pressure and the hottest temperature give a dark-colored board 
resembling mahogany, while lesser pressure results in a lighter-colored board, 
like oak. To improve the grades of knotty lumber, veneer manufacturers are 
using plugs or wood flour from sawdust to fill the holes after the knots have 
been cut out. 

In making sugar and alcohol from sawdust there is an interesting and im­
portant by-product. The residue from a ton of sawdust, after it is converted into 
sugar, is five hundred pounds of lignin, a substance that acts in the living tree 
as a binder for the cellulose cells. Lignin is rich in natural resins and already 
has been used as a raw material for numerous plastics. Compressed into 
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briquettes, it has the same calorific value as good anthracite coal, and burns 
without ash. Experimentally it has been used as an "extender" in rubber and 
in building material. 

Another use of lignin now being explored is its use as a soil-conditioner. 
One of its outstanding characteristics as a soil conditioner is that it is absor­
bent. Because of this quality and its close relationship to humus, it will absorb 
and hold chemicals which are valuable as plant nutrients, and will release 
them in a form that is readily utilized. Insoluble lignin has been used in most 
of the experiments in this field, but lignin isolated from sulfite liquor wastes 
may also be used after special treatment. 

Its absorbent qualities also suggest its use as a purifier. From the air it 
will take acid, benzine, and other gases; from solution it will absorb metals, 
phenols, and other chemicals often found in water around chemical manufac­
turing plants. The insoluble form of lignin thus may prove of value in the war 
against stream pollution. 

Through the research of Dr. Roebrt A. Hardin of the University of Okla­
homa, one of the outstanding authorities on lignin plastics, a plastic having a 
tensile strength of 9,000 pounds per square inch, highly resistant to the action 
of acids and not inflammable, was prepared. It has one disadvantage in that 
the plastic must be black because in the process the lignin turns black. But be­
cause his process calls for much less resin than do other processes, it can be 
manufactured at a much lower cost than prevailing plastics. 

Lignin may someday be the source of gasoline, dye stuffs and insecticides. 
Metals may be kept from rusting by a coating of lignin, and bridges and build­
ings can be made of odd pieces of wood bonded together by lignin. 

The future of lignin depends on the skill, ingenuity and knowledge of 
chemists. 

The atomic proportions in lignin are, roughly, Carbon 46, Hydrogen 48, 
and Oxygen 15. Just how these are linked together is a question chemists to­
day are trying to solve. After it is separated from wood, lignin is found chiefly 
in the form of dissolved lignin or insoluble lignin. It may be concentrated and 
in this form has been used rather extensively as a road binder to control dust. 

Insoluble lignin is derived chiefly as a residue from the wood sugar pro­
cess. In the saccharification of wood, the cellulose is converted into sugars by 
hydroylsis and these sugars may be fermented to ethyl alcohol or used to pro­
duce feed yeasts and thus make protein feed for livestock. 

Lignin when separated from the other constituents of wood is more plastic, 
although it tends to crack and crumblE! when used alone. Much attention is 
being given to the use of lignin as a plastic when combined with plasticizers 
and fibers. 

Sheets of laminating paper, made by running pulp with a high lignin 
content on a paper machine, can be banded together under heat and pressure. 
A very hard, board-like material results which is quite different from the paper 
itself. This material, which has been named papreg, is being used for electrical 
insulating panels. It can be sawed, turned and drilled just like hard wood. It 
is durable enough to be used for skids for planes which land on ice or snow. 

In 1940 about 40 percent of the nation's production of pulp came from the 
South. Research there is now trying to convert tops and waste from pine log­
ging operations into pulp. At the University of Washington, scientists have de­
veloped a new process by which a strong paper can be made from Douglas 
fir waste, which up to this time has not been considered suitable for the pulp 
industry. 

The process of manufacturing camphor from turpentine obtained from 
pine stumps is another example of our release from dependence upon costly 
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products. The Nazis have discovered methods for deriving lubricants from tree 
stumps. Two years ago Sweden was producing yearly twenty-five thousand 
tons of heavy motor oils from this process. The only obstacle at that time of an 
increase in output was the lack of sufficient labor to dig up the tree stumps. 

The needles of conifers yield some excellent oils which have been used 
for perfume. There are many chemical ingredients in logging slash which may 
prove to be of great value to mankind. Chemicals have been recovered as a by­
product of the wood utilization method employed in the Polytechnic Institute in 
New York. The recovery of the chemicals is done by a special treatment of the 
waste liquors under pressure. This breaks down their molecular structure; 
other chemicals are then added to absorb the valuable constituents, and by a 
special washing process water and impurities are eliminated. 

These are briefly some of the uses, and there will be many more uses for 
wood wastes in the future. Extensive research is being carried on in all parts 
of the United States by the lumber industry in order to wipe out its huge waste 
piles. Industrial chemists will not be happy until all parts of the tree have been 
profitably utilized. 
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THE DEVELOPMENT OF ATOMIC POWER 
by 

Dr. Roland A. Trytten 

Chemistry Department, 
Central State Teachers College, Stevens Point. Wis. 

P talk delivered at the regular meeting of the Zeta Chapter 7:30 P.M. 
Wednesday, October 17, 1945 

'fhose of yo:; who have been reading the newspapers and magazines of 
the past six months will probably be surprised to learn that up until the year 
1900 the atom was mostly a figment of the chemist's imagination. Scientists 
spoke of the "atomic hypothesis"-which, to put it plainly, means that the 
atom was an imaginary particle, invented because it was convenient in solv­
ing certain problems, but never really believed in. Even as late as I 908, Wil­
helm Ostwald, the great German chemist, argued vigorously that atoms could 
not and did not reaily exist. 
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This concept of the atom was completely changed by two discoveries, 
both made in 1898. First of these was the discovery of the electron, by the En­
glishmen. Thomson and Crooks. We will not be able to say much about this 
work; suffice it to remark that it started off a chain of experiments that not only 
proved the existence of atoms but even succeeded in weighing them with the 
instrument known as the mass spectrograph. Thus it is now known to be a 
fact that every material substance is composed of very small particles called 
atoms. Let me emphasize the words "very small". The number of atoms in one 
ounce of common table salt is 6 followed by 23 zeroes, or 600 billion trillion. 

The other important discovery in 1898 was made by the Frenchman Henri 
Becquerel. He found that uranium ore, pitchblende, sp::mtaneously gave off 
rays that blackened a photographic plate, caused zinc sulfide and several 
other substances to glow or fluoresce, made the surrounding air conduct elec­
trcity, and injured or killed any living tissue with which they came in contact. 
He soon found that several other minerals gave off the same kind of rays, and 
these minerals he called radioactive. Following these discoveries, Pierre and 
Marie Curie isolated two of our most important radioactive elements, radium 
and polonium. The long and difficult process by which a fraction of an ounce of 
radium was prepared from several tons of pitchblende is well known to many 
of you from the movie, "Mme. Curie". 

From the Curies in France the spotlight turns to Ernest Rutherford in Eng­
land. Rutherford found that a magnetic field would divide the rays from radium 
into three parts: alpha rays, positively charged, which are stopped by a piece 
of tinfoil like that on a package of prewar cigarettes; beta rays, negatively 
charged, which are stopped by a piece of iron an inch thick; and gamma rays, 
which will pass thru a foot of lead. Investigations into the origin of these rays 
led to the proof that they come from the disintegration of the atoms of the ra­
dioactive substance. from time to time, small particles of matter break loose 
from the atom and are hurled out at terrific speed. The alpha, beta, and gamma 
rays are streams of these particles. The disintegration proceeds at its own 
speed, and, at that time at least, there was no known way of either sl:::i:rting 
or stopping, speeding up or slowing down, the process. The particles breaking 
off are only a small part of the atom. The largest of them, the alpha particles, 
are only about I 60 of the atom from which they come; the beta particles are 
about 1/800 as big as an alpha particle, and the gamma rays are composed of 
particles only a few millionths as big as a beta particle. 

In the course of his experiments, Rutherford found that aluminum, when 
exposed to alpha rays, became radioactive; it gave off rays of its own, even 
after the source of alpha-rays was taken away. Like natural radioactivity, this 
was found to be due to disintegration of the atoms of aluminum. It was the 
first case of atom-smashing in the world's history. 

Some of you have heard of the metal bervllium, a rare metal that has 
some use as a hardening agent for copper and its alloys. When exposed to 
alpha rays, beryllium becomes radioactive in a peculiar way: it gives off 
neutrons. Neutrons are small particles, about one-fourth the weight of an alpha 
particle and carrying no electric charge. This completely new kind of radia­
tion, which does not occur in nature as far as we know, was discovered jointly 
by Chadwick in England and Irene Curie in France. 

Neutrons turned out to be a powerful weapon for atom-smashing. Many 
substances, for instance ord;nary table salt, when exposed to neutrons become 
radioactive and disintegrate. The interesting thing to us, however, is the action 
of neutrons on uranium. There are two forms of uranium in existence: uranium 
238, which forms over 99% of the uranium in the world, and uranium 235, 
which is less than I %. The action of neutrons on uranium 235 was discovered 

)' , .. ,. 
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by the German physical chemists, Hahn and Meitner. Instead of breaking off 
a small part of the atom, as in the usual form of radioactivity, neutrons cause 
the atoms of uranium 235 to split in two, forming two approximately equal 
fragments, releasing enormous amounts of energy and about a dozen neu­
trons for everyone used in starting the reaction. Each of the dozen neutrons re­
leased can theoretically split another uranium atom, releasing another dozen 
neutrons; and so on. The reaction gathers speed until it reaches exlposive vio­
lence. 

As soon as this reaction was discovered, its potential military and en­
gineering uses were realized. The only difficulty with it was that uranium 235 
occurs in nature mixed with 140 times its weight of uranium 238; it must be se­
Darated from uranium 238 in order to make the explosion possible, and that se­
paration is so difficult as to be impractical. It was fortunate, therefore, that an­
other reaction was discovered which was a little more workable. Neutrons re­
act with the ordinary variety of uranium, 238, producing a series of changes 
which finally result in the production of the new element plutonium. Plutonium 
reacts with neutrons in the same way as uranium 235, splitting the atom in 
two with the release of energy and neutrons. The energy released in the dis­
integration of plutonium is fully as great as that obtained from uranium 235. 
Furthermore, plutonium is entirely different chemically from uranium, so that 
separation is possible. 

For military purposes, the plutonium reaction was decided upon. The ex­
perimental difficulties to be overcome were enormous. For one thing, at the 
time the reaction was discovered only a few hundred atoms of uranium had 
been disintegrated and so only a few atoms of plutonium had been produced. 
Research was concentrated on the reaction, and in a little while a microgram 
of plutonium was isolated. A microgram is about half of the weight of the dot 
on the letter i in your name, if written with a fairly soft lead pencil. With this 
small quantity of the element to work with, a thoro study of the chemical and 
physical properties of plutonium was undertaken. Enough was learned about 
it so that laboratory production of plutonium in milligram lots was possible; 
then pilot-plant production of one gram, or 1/28 of an ounce, was accomplish­
ed. On the basis of what was known about the technique of production of that 
one gram, the construction of a plutonium plant for production of large enough 
quantities for military use was undertaken. 

Neutrons are peculiar bullets. They do more damage the slower they go, 
just the opposite of a rifle bullet or a cannon ball. When neutrons are produced 
by the action of alpha particles on beryllium, they are released with about one­
fourth the velocity of light, or 40,000 miles per second. At that high speed, n.eu­
trons do very little atom-smashing. They must be slowed down by passmg 
them thru a material, called a moderator, with which they do not react. Such 
substances are not numerous. The Germans used paraffin and heavy water as 
moderators; the Americans used graphite. furthermore, the conversion of ura­
nium to plutonium is accomplished by means of neutrons, and the explosion 
of plutonium is also done by neutrons. One reaction takes moderately fast neu­
trons, the other very slow ones. In the production of plutonium, the problem is 
to slow down the neutrons just enough to produce plutonium from uranium but 
not enough to explode the plutonium. To do this, a pile of uranium mixed with 
graphite, of exactly the right size, shape, composition, and arrangement, is ex­
posed to neutrons from a radium-beryllium source. It is allowed to react for a 
few days, at the end of which time the uranium contains 1 % or so of plutonium. 
The uranium is then taken out, the plutonium separated from the uranium, and 
the uranium put back into the pile to react further. 
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In the bomb itself, a pile of plutonium mixed with graphite is used, of 
exactly the right size, shape, composition and arrangement so that the neu­
trons are slowed down enough to explode the plutonium. The bomb is deto­
nated by neutrons from a radium-beryllium source. Details of the trigger mech­
anism have not been released. There would have to be some sort of screen to 
protect the plutonium-graphite pile from the neutrons until the time when the 
bomb was supposed to explode. Then some mechanism would remove the 
screen and the detonation would be under way. 

The success of the manufacture of atomic bombs, and the results of their 
use in the war just ended, as well as the implications in connection with the 
next war, are too well known to require comment here. Let me conclude by 
mentioning two peacetime applications of the facts now known about the atom. 
First, the production of steam, for heat or for power, by heating water with 
atomic energy. In order to do this, an atomic reaction must be found that does 
not release all its energy at once, but is slow enough to keep a boilerful of 
water hot over a long period of time. Even then it will not become a commercial 
reality until a pound of steam can be produced more cheaply by atomic energy 
than by burning coal. When that will happen, we can only guess. 

The other peacetime application depends on the ability of neutrons to 
make substances radioactive. Very sensitive instruments, known as geigers, 
are available for detecting radioactive atoms. Suppose, for instance, a sample 
of salt is exposed to neutrons and made radioactive, and then eaten. A geiger 
may be used to trace the course of that salt thru the digestive system, the blood 
stream, and the tissues, until it is finally eliminated from the body. The experi­
ment is not quite as simple as that, and there are many difficulties to iron out, 
but that is the basic principle. One can easily see that such an experiment 
would lead to more accurate knowledge of the exact function of salt in nutri­
tion. A few experiments of that kind have been conducted, and many more 
will be done in the future. In this way, scientists expect to find out much more 
about the human body than they know now. 
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