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How does an idea
transform into reality?

How does an idea grow in
secrecy? These are two of the

central questions of World Set Free.
The story examines some of the

complexities of the chain reaction, how
the experiments were conducted in secret,
and how that secrecy effected the people
involved. It tells how the first sustained

nuclear reaction at the University of
Chicago was the irreversible first step

toward the creation of the atomic bomb.
World Set Free follows Leo Szilard,
Enrico Fermi, Laura Fermi and some

neighborhood teenagers as they
struggle across the threshold

of the nuclear age. 
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AA Sculptural ConflagrationSculptural Conflagration

At 3:36 p.m.
on December
2, 1967, exact-
ly 25 years to
the minute
after the first
self-sustaining
nuclear chain
reaction, Laura

Fermi unveiled Henry Moore’s statue “Nuclear Energy.”  The
piece, standing on the very spot of the Stagg Field Squash Court,
was commissioned by the University of Chicago to commemo-
rate the event.  
Moore also tried to incorporate what this new energy had come
to represent in the intervening years, both in the title and in what
the sculpture represented.  
The original title of the work, “Atom Piece,” was changed to
“Nuclear Energy” because “piece” and “peace” are homonyms.
To some, it suggests the shape of the human skull or the atomic
mushroom cloud. Moore told a friend, however, that he hoped
those viewing it would “go around it, looking out through the
open spaces, and that they may have a feeling of being in a
cathedral.”

2



About the Play About the Play WWorld Set Freeorld Set Free

a.a. Summary of the Play

b. b. Character Breakdown

c.c. The Nucleus of an Idea

d.d. Interview With the Playwright

e.e. The Science of Playwriting

Section 11 

3

5

6

7

8

10



“You think of H. G. Wells. H. G. Wells
with the atomic imagination. H. G. Wells
is the future. You think of atoms... The
past and the future, the past and the
future, and where are you? Then lighten-
ing strikes and you imagine how to make
atoms split and split and keep splitting
in a chain reaction.”

Leo Szilard
World Set Free
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In an effort to harness a new kind of power before the Nazis, the U.S. government
gathers the world’s most brilliant scientists in Chicago to work on developing
atomic energy in a project called Met Lab.  Included in the group are European
physicists Enrico Fermi and Leo Szilard. 

Szilard, deeply imaginative and thrilled by the invention is excited by the poten-
tial atomic energy.  Fermi the more pragmatic of the two undertakes the project
especially aware of its secrecy implications. The secret nature of the project is
especially concerning to Fermi’s wife Laura who has misgivings about living in
America and about her husbands involvement with the project. Fermi has no such
reservations and is drawn enthusiastically to American life.  Fermi encounters a
group of teenagers who all live in the neighborhood called the Back-of-the-Yards,
around the University of Chicago, Eventually Fermi hires two of the boys Vito
and Janos to work in the lab. Their girlfriends – like most of the people of the
1940s busy themselves with civil defense.

Frustrated by her husbands paranoia about security, and her own fear of what this
energy will mean to the war, Laura confronts her husbands colleague Szilard
about the work going on at the university. Szilard is struggling with his own con-
science and realizes that by discussing it with Laura he may have breached securi-
ty.  He goes to his boss at Met Lab Dr. Arthur Compton to discuss the security of
the project.  Astonished to learn that he maybe suspect due to his immigration sta-
tus he walks away from their meeting confounded by the secrecy and suspicion
the project has engendered.  Szilard meets young Janos while out walking.
Together they realize that bombs and governments and secrets are not the answer;
the world will be set free through ideas.

The scientists (along with Vito and Janos) gather at Met Lab as the project reaches
fruition.  After sneaking into the laboratory, Laura confronts Fermi.  He opens up
and explains the meaning and purpose of his work just as the experiment achieves
a sustained nuclear reaction.

At the celebration party, Szilard and Janos meet again and discuss what they
achieved and what the future holds.  The play ends on the dawn of the atomic age.

Summary of the PlaySummary of the Play
What balances humanity against the atomic bomb? 
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LeoSzilard: 
the thinker

With an inventive mind and a

short temper, Dr. Szilard is ini-

tially excited about the project and

enthused by the secrecy involved.

But as it nears completion, he

begins to question releasing

this new energy into the
world.

Laura
Fermi:

Despite being an invalu-

able part of Fermi’s previous

scientific discoveries, Laura is

shut out of his work in Chicago.

As her husband becomes con-

sumed by his research she strug-

gles with her own conscience

about what it means to

win the war.

Vito

and Janos:

Two firs
t generation

teenage boys fu
ll of youthful

energy and ste
eped in

American culture. They have the

self-c
onfidence to enlist 

in the

army, but they stil
l have some

lingering fears a
bout what

the future will

bring.

ArthurCompton:A brilliant and cautious
man, Dr. Compton believes

in the abilities of the scientists

he assembles in Chicago, and

their commitment to the proj-

ect.  But he also realizes that

there are some forces not
even physicists cancontrol.

Enrico
Fermi: the doerNicknamed “The ItalianNavigator,” Dr. Fermi is putin charge of the research divi-sion on the project. His fascina-tion with American culture anddevotion to privacy alienatehim from his co-workersand family mem-

bers.  

Violetta

and Dominique:

Teenage girls 
with a

stro
ng sense of patrio

tism
,

and a background sim
ilar to

Janos and Vito. Through civil

defense programs and conser-

vation efforts, 
they sta

y com-

mitted to fig
hting the war

at home.

Character Breakdown

The Opposing Forces of World Set Fre

e
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It involves intellect and intuition: sometimes both and
sometimes one to the exclusion of the other.  There are
those who are influenced by the work of their predecessors,
and those who proceed with a rebellious edge. The leaders
are often driven by a desire to explore new territory.  The
work itself can create extreme controversy.  What is this
discipline from which memorable figures and prize-worthy
products and concepts emerge?  It is Science.  It is Art. 

Bryn Magnus has chosen to examine a scientific event
through a theatrical lens.  Like his main characters, Bryn
began with an idea: the initial conceptualization of the
atomic bomb.  His idea for this play compelled him to find
documentation on this subject, which lead to the characters
involved, and ultimately the complex dramatic layers.  A
factual description of the science alone would have covered
the timeline of events, but the theatrical aspect captures the
humanity. Art, or more specifically theatre, can be an excel-
lent tool with which to examine science.  The reverse is
also true: complete with discovery, error, and urgency, sci-
ence can be inherently dramatic.  The sheer number of
plays with scientific content is of little surprise.  In the past decade such praiseworthy works have emerged as
Tom Stoppard’s Arcadia, Michael Frayn’s Copenhagen, and David Auburn’s Proof. 

The stereotypes of artists and scientists depict both categories of people as polar opposites.  As children we often
learn through these categorizations and associations.  The “scientist,” for example, is depicted as a male figure in
a white lab coat.  He stands behind a counter and pours brightly colored liquid from one beaker into another.  The
“artist” is frequently represented by a visual artist at his easel.  With his weight on his back leg, he searches his
blank canvas for inspiration while balancing his five-color palette.  We grow older and learn that the former is a
chemist and the latter a painter, but the initial images and corresponding labels have long-since been engrained.
To consider the two disciplines related or useful to one another is suddenly counterintuitive.  Therefore, to
acknowledge the complex association between these two fields requires a concerted effort to refocus the lens
under which these labels are examined.  

The simplified comparison states that the scientist analyzes facts and figures, while the artist creates using
impulse and imagination.  Objectivity and subjectivity however, are necessary in both pursuits to varying degrees.
The scientist, at times, must rely on intuition and imagination to stimulate progress towards an idea.  An artist
must be capable of objectivity to provide a baseline against which his or her subjective vision may be measured.  

Throughout history the relationship between art and science has been one of influence, reaction, commentary, and
indifference.  The categories themselves are terribly dense, and for every similarity a difference is also present.
But the essence of both disciplines is the idea – the need to discover and the desire to explore:

You’re just walking and thinking about war and the architecture of 
snowflakes, and suddenly a bolt of lightening shoots through you—
energy…An idea so bright and so primal that it stands alone.                

-Leo Szilard
World Set Free

The Nucleus of an IdeaThe Nucleus of an Idea
An essay by the Dramaturg of An essay by the Dramaturg of World Set FreeWorld Set Free , Rosie Forrest, Rosie Forrest
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Rosie Forrest: How did you get start-
ed as a writer?

Bryn Magnus: I think I always was
interested in the idea of writing,
although I never really did it, and then
I saw a play when I was I think twenty
or twenty-two.  It was an adaptation of
Victor Hugo’s novel “The Man Who
Laughs” and it was set in Wisconsin.  It
was really fun, and funny, total garage
aesthetic, and I thought “Y’know, I
think I could probably do that, I could
probably write something like that.”

So I got really interested and started
writing.  The first play I wrote was
called Might, and it was a play about a
narcissistic movie producer who has
enough power and money to buy a
nuclear weapon.  His plan was to blow
up France because he couldn’t stand
French movies – he couldn’t keep up
with the subtitles.

RF:  Now that you’ve been writing
for quite some time, do you feel like
you have a defined process as a play-
wright?  Once you’ve made that
decision that you’re going to write a
play, what happens from there?

BM: Well, usually I’m a very organic
playwright.  I’ll have an image and I’ll
just kick it around in my imagination
until some things start to cling to it and
go from there. World Set Free was a
real departure for me to take all of this
information and process it and be able
to digest it and then focus it through
the lens of my imagination. 

RF: Considering that World Set Free
deals with an atomic bomb (as does
your first play, Might), what is it
about the atomic age that you find
compelling?

BM:  I’ve always really enjoyed read-
ing about science.  It interests me the

way scientists think compared to the
way creative people or artists think.  I
knew the story of Los Alamos, and
Oppenheimer – the facts connected to
the Bomb, but I didn’t know what real-
ly came before it.  Where did this idea
come from?

RF:  You mentioned a comparison
between the minds of scientists and
artists.  What, in your mind, would
you say is the difference between
how scientists and artists think or
process?  

BM:  Well I think that there’s a level of
artistry with thinking that certain scien-
tists and artists share, and it’s the abili-
ty to not get trapped in expectation and
facts.  For a scientist it might be num-
bers, and for an artist or a writer, it
might be grammar, syntax, or narrative.
I was really taken with the idea of how
you could be working really diligently
on something that you have a lot of
knowledge about, but it doesn’t crystal-
lize because you’re pushing on it so
hard.  And I think that’s where science
and artistry come together.  In physics
there is also Heisenberg’s uncertainty
principle, which is the idea that you
cannot observe something without
impacting it.  This, to me, is where sci-
ence met art.  Physicists took this idea
and applied it to their study of sub-

Finding a scientific muse 

Art and physics: Playwright Bryn Magnus (insert) among the U of C scientists who inspired him to write World Set Free.

To further explore the creation of
World Set Free and the play-
wright’s process, dramaturg
Rosie Forrest had a conversation
with Bryn Magnus regarding his
historically based new play.  The
following interview was sched-
uled amidst an intense six-day
workshop of World Set Free.
Despite a hectic day of script
changes and discussions, Bryn
settled into his chair with his
trademarked grin and introspec-
tive calm.  As his baritone voice
resonated, the always-humble
Bryn delved into his history as a
writer, the inspiration for his
play, and the power of today’s
youth. 
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atomic particles.  They had to be artful
about the impact they were having. 

RF: You address these issues in
World Set Free.  What drew you to
this particular story – the story of
these scientists and kids?

BM:  I was copywriting for an ad
agency and I was working on a
brochure about Chicago.  It was sort of
a “Pat Chicago on the Back” brochure
that included information like the num-
ber of Nobel Prize winners at the
University of Chicago.  I started look-
ing at what was going on at the
University of Chicago and discovered
that the first sustained nuclear chain
reaction took place there.  I had known
that, I must have known that, but it had
never really struck me in the same way.
This time, when I found this out, I
started to be really interested in it as an
idea for a play.  

RF: With a topic such as this one, it
seems documentation might be
scarce.  As you began to research this
idea, did you come up against any
roadblocks? 

BM: Well, it’s complicated because a
lot of the scientific research had
become public at one time.  But then,

after September 11th, and after individ-
uals and scientists who worked on
these projects began dying of cancer,
the information was again made secret.
The lack of information, though, made
every little bit of information that I did
get count.  I did have letters written
between Szilard and Fermi, books
about the subject, like, The Making of
the Atomic Bomb, by Richard Rhodes,
and Laura Fermi’s book, Atoms in the
Family.  
At the University of Chicago, I found a
lot of documentation from before 1938
and after 1945, but the rest of it, in
between, is not there.

RF:  So, this is a story that is
grounded in fact, or what you could
piece together as fact. Was there a
struggle for you between represent-
ing dramatic fact and creating the-
atrical fiction?

BM:  The main struggle began after I
actually talked with Albert Wattenberg,
a scientist who worked with Szilard
and Fermi on the nuclear chain reac-
tion.  He shared his personal experi-
ence.  I was so grateful for his words
that I felt I had to honor them.  So a
big struggle for me was...how do you
honor the scientists who were endeav-
oring...sincerely endeavoring to win
this war against the Fascists.  They
were just afraid of what might happen

if Hitler got the bomb first.  How do
you honor these people who were real-
ly fighting hard to save our country or
the world, and also include the deeper
questions of conscience that bringing a
nuclear bomb into this world raises?

RF:  How do you then take these
questions and pieces of information
and begin creating a piece of the-
atre?

BM:  For me, movement is essential to
theatre, and I had clear images in my
mind about atomic movement – the
way particles spin like planets.  During
this era, Swing was really happening.
It was a short leap from this atomic
imagery to the dance moves of Swing.
I knew I wanted there to be this con-
trast between youths dancing and the
science.  Then, through my research, I
found out that there were actually high
school kids that had been hired to work
in the lab with the scientists.  And that
really amazed me, considering how
secret the scientists were trying to keep
their work.  

RF:  There are four teenagers in
World Set Free, and many teenagers
coming to watch the show.  Why do
you feel this play is important for an
audience composed of students?

BM: I think this play is right for these
students because so many of the ideas
about conscience and responsibility, the

world on the brink of something poten-
tially horrible are all present in culture
right now.  The time of this play is also
the beginning of youth culture driving
the market, as it continues to do today.
Before the 1940s it used to be church
and politics that were the shared expe-
rience, but during WWII popular cul-
ture became the shared experience that
really allowed people to see humanity
in everybody else.   

RF: And so, what comparisons can
you make between yourself as a
teenager and teenagers today?

BM: I was very closed down as a
teenager...I was very...internal.  Like an
observer and that’s not to say that I
wasn’t out in the world, because I was
very rarely at home.  I was totally
peripheral to everything all the time
and just watching it. I think unlike my
era, teenagers today are more empow-
ered than ever to really imagine.  And I
do think that imagination is the key.  I
do think that there’s a disconnection
that’s happening with youth today,
where they feel powerful, but they
don’t understand the true nature of
what that is.  Like how do you invent
the future if you’re so used to being fed
the next thing, like seeing it on tv.
From working with teenagers, I can say
that I’m constantly knocked out by
their willingness and ability to truly
express their imagination.  I’m amazed
by the possibilities for this generation
coming up.  

RF:  If a teenager were to come to
you and say, “I’m really interested in
writing a play, but I’ve never done it
before.” What advice would you give
him or her?

BM:  I would say that you’re a genius,
and all you have to do is trust that.
Don’t worry about anything else, if you
have the thought, you should express it.  

“This was a real departure for me
to take all of this information
and process it and be able to
digest it and focus it through the
lens of my imagination.”
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The Science of PlaywritingThe Science of Playwriting

What is ‘Creative Non-fiction’?
Perhaps you’ve heard the expression ‘creative non-fiction’? It’s a polite way of saying that the writer mixed fact and fiction
so that you can’t tell the difference. World Set Free is a work of creative non-fiction with the emphasis on the creative. After
careful study of the first sustained nuclear chain reaction my mind just took off. But I wanted to keep some of the facts—
after talking to the extremely generous and nice Dr. Albert Wattenberg (he worked on the chain reaction as a young scien-
tist), it felt important to honor him and his colleagues and the rare moment in history in which they worked.

As I researched the play I found as well that everyone had their own point of view about this rare moment in history. One
book would absolutely defend Leo Szilard as the mastermind of the work, another would uphold Enrico Fermi as the brave
and hardworking leader. Still another touted physicist Eugene Wigner as the man behind the scenes. I tried to read as much
as I could so that I could construct a balanced sense of the chain reaction and the scientists involved. 

Fact
The science itself does not have a point of view and is very factual, so I tried to maintain
as much of that as possible without being boring. I know not everyone shares my
enthusiasm for the obsessive and sometimes dull language of science. For instance,
Enrico’s speech near the end of the play is an abbreviated but accurate descrip-
tion of the actual chain reaction—I’m sure he never spoke those words to
Laura. 

The Story
My main objective was to tell an interesting story. In real life,
Enrico named the machines after characters in Winnie-the-
Pooh as a way to learn English, but in World Set Free, the
Pooh language becomes code to help keep the work secret
from the high schoolers. Believe it or not, there were high
schoolers working in the lab, and they actually hauled the
graphite blocks, but I couldn’t find any information about them—
other than what Dr. Wattenberg told me. He told me they were rough
kids who didn’t understand the work that was being done, and didn’t
care. They sabotaged the machines so they wouldn’t have to work so hard.

The Drama of Fiction and Fact Together
The biggest stretch I think is placing Laura Fermi in the lab. She never ever would
breech security like that. She was totally committed to Enrico and trusted him despite
not being able to talk to him about his work, or transcribe his notes—which had been a
real part of their relationship. The device of Leo’s phone calls is also based in truth. Leo was a gifted networker who spent
many hours on the phone gathering quality materials for the experiment. He also did imagine the chain reaction and then the
bomb as he took a step off a curb on a rainy day in England. He realized very quickly what the atomic bomb would mean
and so he had a crisis of conscience, which unfolds in World Set Free.

And believe it or not, Leo and Albert Einstein did patent a refrigerator pump. It may or may not have been Einstein’s way of
helping Leo make a little money so that he could continue soaking in the bathtub and thinking. 

The Truth
World Set Free is based on historical events, and actual people, but you’re seeing these people and events warped and teased
through the thick lens of imagination. 

An Essay by Bryn MagnusAn Essay by Bryn Magnus
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“Yes, but if the German people were
truly educated. Energetically educated.
If the entire world was energetically
educated. If people pursued knowledge of
all human culture with the same passion
that Hitler is pursuing conquest of it,
then he would never have come to power.”

Leo Szilard
World Set Free
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Paul Boyer, author of By the Bomb’s Early Light: American
Thought and Culture at the Dawn of the Atomic Age men-
tioned some thoughts on The World Set Free:

“Despite the unique features of the immediate post-
Hiroshima cultural moment, there were deep cultural roots to
the conviction that if only the full horror of atomic war were made
vivid enough mankind would surely take radical steps to avoid it.  Time and
again throughout history, the advent of new and more terrible weapons—the crossbow,
the submarine, TNT, aerial bombing—had stirred similar hopes.  Indeed, even with reference
to the atomic bomb, this theme far antedated 1945.  It is the message of H. G. Wells’s The
World Set Free, a 1914 story that understandably became famous after August 1945 for its
explicit prediction of the atomic bomb.  According to Wells’s scenario, a European war set in
the 1950s is about to end in German victory when a young aviator attached to the French
army’s ‘special scientific corps’ seeks out his nation’s secret stockpile of atomic bombs, loads
three of them in his airplane, and sets out for Berlin filled with ‘the happiness of an idiot child
that had at last got hold of the matches.’ Not only is Berlin wiped off the map, but the area
where the city once stood is made permanently radioactive.  Terrified, the nations of the world
outlaw war and set up an international organization to enforce peace.  Warfare had already
become anachronistic as a means of settling international disputes, Wells says, but people ‘did
not see it until the atomic bombs burst in their fumbling hands.’ The similarity between this
passage and countless pronouncements of 1945-1946 is striking.  Not only in his prediction of
the atomic bomb, but also in his anticipation of the uses to which its horror would be put by
advocates of peace and international cooperation, Wells in 1914 proved himself an uncanny
prophet.  Only in his conclusion—that all the talk of peace, disarmament, and world harmony
through atomic fear would actually produce that result—did Wells miss the mark.”

H.H. G. WG. Wells’ells’s s The World Set FreeThe World Set Free

Challenge Question
H. G. Wells made predictions for the future. So did George Orwell in 1984. Make your own
predictions for the year 2050 based on the way we live now. What will the world be like
socially? Politically? Economically? Culturally? What inventions will change the way we live
and think?

The Book The Book That Predicted the FutureThat Predicted the Future

The novel The World Set Free explores the extremes of atomic energy’s
potential, imagining both the beneficial and the destructive power of the
atom. Wells prefaces his story with a history of the human impulse for
discovery, a background for his fictional account of the post-atomic
world. In this world, mankind nearly destroys itself with its newfound
power, the initial knowledge of atomic power having led to the
inevitable atomic bomb.
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The European War
During the 1930’s three totalitarian, militaristic powers had arisen in the world—Germany, Italy, and
Japan. Germany, under Adolph Hitler and the National Socialist (Nazi) Party, invaded Poland on
September 1, 1939, and Britain and France declared war upon Germany and its allies two days later. By
the summer of 1940, the Nazi Blitzkrieg, or lightening war, had rolled over Denmark, Norway, the
Netherlands, Belgium, and France, giving Germany control of most of Western Europe. Italy declared
war in June 1940, and invaded British and French Somaliland, Egypt, and Greece later that summer.
Germany, Italy, and Japan signed the Tripartite Pact, making them allies, in September 1940. In the Far
East, Japan had marched through China, reaching French Indochina (now Vietnam) by July 1941. 

Japan
While most Americans anxiously watched the course of the European war, tension mounted in Asia.
Taking advantage of an opportunity to improve its strategic position, Japan boldly announced a “new
order” in which it would exercise hegemony over all of the Pacific. Battling for its survival against Nazi
Germany, Britain was unable to resist, withdrawing from Shanghai and temporarily closing the Burma
Road.  In the summer of 1940, Japan won permission from the weak Vichy government in France to use
airfields in Indochina. By September the Japanese had joined the Rome-Berlin Axis.  As a countermove,
the United States imposed an embargo on export of scrap iron to Japan.

It seemed that the Japanese might turn southward toward the oil, tin and rubber of British Malaysia and
the Dutch East Indies. In July 1941 the Japanese occupied the remainder of Indochina; the United
States, in response, froze Japanese assets.

Pearl Harbor
In November of 1941 Japan demanded the U.S. release Japanese assets and stop U.S. naval expansion
in the Pacific. Secretary of State Cordell Hull countered with a proposal for Japanese withdrawal from
China and Indochina in exchange for the freeing of frozen assets.  On December 1, the Japanese reject-
ed this proposal.  On December 6 Franklin Roosevelt appealed directly to the Japanese emperor,
Hirohito.  On the morning of December 7, however, Japanese carrier-based planes attacked the U.S.
Pacific fleet at Pearl Harbor, Hawaii, in a devastating surprise attack.  Nineteen ships, including five
battleships, and about 150 U.S. planes were destroyed; more than 2,300 soldiers, sailors and civilians
were killed.  The United States was thrown into a state of war.

FACTS about the war

* Unemployment almost disappeared, as most men were drafted and sent off to war.  The govern-
ment reclassified 55% of their jobs, allowing women and blacks to fill them. 

* There were scrap drives for steel, tin, paper and rubber.  These were source of supplies and gave
people a means of supporting the war effort.  Automobile production ceased in 1942, and rationing of
food supplies began in 1943.  

* In April, 1945 Franklin Roosevelt died, and President Harry Truman celebrated V-E (Victory in
Europe) Day on May 8th, 1945.  Japan surrendered after atomic bombs were dropped on Hiroshima
and Nagasaki.

America Enters WAmerica Enters World World War IIar II

14



August 2nd, 1939       
F.D. Roosevelt,
President of the United States,
White House
Washington D.C.

Sir:

Some recent work by E. Fermi and L. Szilard, which has been com-

municated to me in manuscript, leads me to expect that the element uran-

ium may be turned into a new and important source of energy in the im-

mediate future.  Certain aspects of the situation which has arisen seem

to call for watchfulness and, if necessary, quick action on the part

of the Administration.  I believe therefore that it is my duty to bring

to your attention the following facts and recommendations:

In the course of the last four months it has been made probable -

through the work of Joliet in France as well as Fermi and Szilard in

America - that it may become possible to set up a nuclear chain reaction

in a large mass of uranium, by which vast amounts of power and large quant-

ities of new radium-like elements would be generated. Now it appears

almost certain that this could be achieved in the immediate future.

This new phenomenon would also lead to the construction of bombs,

and it is conceivable - though much less certain - that extremely power-

ful bombs of a new type may thus be constructed. A single bomb of this

type, carried by boat and exploded in a port, might very well destroy

the whole port together with some of the surrounding territory. However,

such bombs might very well prove to be too heavy for transportation by

air.

-2-

The United States has only very poor ores of uranium in moderate

quantities. These is some good ore in Canada and the former Czechoslovakia,

while the most important source of uranium is Belgian Congo.

In view of this situation you may think it desirable to have some

permanent contact maintained between the Administration and the group

of physicists working on chain reaction in America.  One possible way

of achieving this might be for you to entrust with this task a person

who has your confidence and who could perhaps serve in an unofficial

capacity.  His task might comprise the following:

a) to approach Government Departments, keep them informed of the

further development, and put forward recommendations for Government action,

giving particular attention to the problem of securing a supply of uran-

ium ore for the United States.

b) to speed up the experimental work,which is at present being car-

ried on within the limits of the budgets of University laboratories, by

providing funds, if such funds be required, through his contacts with

private persona who are willing to make contributions for this cause,

and perhaps also by obtaining the co-operation of industrial laboratories

which have the necessary equipment.

I understand that Germany has actually stopped the sale of uranium

from the Czechoslovakian mines which she has taken over.  That she should

have taken such early action might perhaps be understood on the ground

that the son of the German Under-Secretary of State, von Weizslicker, is

attached to the Kaiser-Wilhelm-Institut in Berlin where some of the

American work on uranium is now being repeated.

Yours very truly,

(Albert Einstein)   

The pen is mightier: Einstein and Szilard
posed for this photograph, which shows
them writing their letter to the president.

Science Enters the WScience Enters the War: ar: The Letter The Letter That Started It That Started It AllAll

Disturbed by the lack of readi-
ness or even acknowledgement
by the U.S. government to the
possibilities of atomic energy,
Leo Szilard approached his
friend and colleague Albert
Einstein about drafting a letter
directly to the president alerting
him of their findings and fears.
Presented here is a reproduction
of the letter they sent to
Roosevelt.
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The extreme privacy of the Manhattan Project reflected the general
feelings about secrecy in the country as a whole. Nazi spies, known
as “Fifth Columnists,” were feared to have infiltrated all levels of soci-
ety.  To combat this, the government started a propaganda program
to limit the flow of information. These posters are some examples of
their efforts. 

The Manhattan Project and theThe Manhattan Project and the
Race for the BombRace for the Bomb

On August 2nd, 1939, three Jewish scientists who had fled to the United States from
Europe, Albert Einstein, Leo Szilard and Eugene Wigner, wrote a joint letter to President Franklin D. Roosevelt,
about the developments that had been taking place in nuclear physics. They warned Roosevelt that scientists in
Nazi Germany were working on the possibility of using uranium to produce nuclear weapons. Roosevelt respond-
ed by setting up a scientific advisory committee to investigate the matter. He also had talks with the British gov-
ernment about ways of sabotaging the German efforts to produce nuclear weapons. 

In May, 1940, the German Army invaded Denmark, the home of Niels Bohr, the
world's leading expert on atomic research. It was feared that he would be forced to
work for Nazi Germany. With the help of the British Secret Service he escaped to
Sweden before moving to the United States.

In 1942 the Manhattan Engineer Project was set up in the United States under the
command of Brigadier General Leslie Groves. Scientists recruited to produce an
atom bomb included Robert Oppenheimer (USA), David Bohm (USA), Arthur
Compton (USA), Leo Szilard (Hungary), Eugene Wigner (Hungary), Rudolf
Peierls (Germany), Otto Frisch (Germany), Niels Bohr (Denmark), Felix Bloch
(Switzerland), James Franck (Germany), James Chadwick (Britain), Enrico Fermi
(Italy), Klaus Fuchs (Germany) and Edward Teller (Hungary). 

Winston Churchill and Franklin D. Roosevelt were deeply concerned about the
possibility that Germany would produce the atom bomb before the allies. At a
conference held in Quebec in August, 1943, it was decided to try and disrupt
the German nuclear program. 

In February 1943, saboteurs successfully planted a bomb in the Rjukan nitrates
factory in Norway. As soon as it was rebuilt it was destroyed by 150 US
bombers in November, 1943. Two months later the Norwegian resistance man-
aged to sink a German boat carrying vital supplies for its nuclear program.

Meanwhile the scientists working on the Manhattan Project were developing atom
bombs using uranium and plutonium. The first three completed bombs were success-
fully tested at Alamogordo, New Mexico on July 16th, 1945. 

By the time the atom bomb was ready to be used Germany had surrendered. Leo Szilard and James Franck draft-
ed a petition signed by just under 70 scientists opposed to the use of the bomb on moral grounds. However, the
advice was ignored by President Truman and he decided to use the bomb on Japan.

On August 6th, 1945, a B29 bomber dropped an atom bomb on Hiroshima. It has been estimated that over the
years around 200,000 people have died as a result of this bomb being dropped. Japan did not surrender immedi-
ately and a second bomb was dropped on Nagasaki three days later. On August 10th the Japanese surrendered.
The Second World War was over.

Character Breakdow
n

ArthurCompton:A brilliant and cautious
man, Dr. Compton believes

in the abilities of the scientists

he assembles in Chicago, and

their commitment to the proj-

ect.  But he also realizes that

there are some forces not
even physicists cancontrol.
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WWartime Manpower: Wartime Manpower: Women in the Women in the Workforceorkforce

When the United States entered the Second World War, "Rosie the Riveter"
became the symbol for women workers in the American defense industries. The
diversion of men from the labor pool into the military, as well as the increased
production needed to support the war effort, prompted the federal War Manpower
Commission and the Office of War Information to undertake a nationwide cam-
paign to recruit women into the labor force. 

Rosie the Riveter 

From 1940 to 1945, the number of female workers rose by 50
percent, from 12 million to 18 million. In 1940, women consti-
tuted 8 percent of total workers employed in the production of
durable goods. By 1945, this number increased to 25 percent.

Women Workers at Boeing

During the war years, women became streetcar conductors, taxicab
drivers, business managers, commercial airline checkers, aerody-
namic engineers, and railroad workers. Women operated machin-
ery, streetcars, buses, cranes, and tractors. They unloaded freight,
built dirigibles and gliders, worked in lumber mills and steel mills,
and made munitions. In essence, women occupied almost every
aspect of industry. 

Women Shipyard Workers

FACTS about this decade

* Population 132,122,000 
* Unemployed in 1940 - 8,120,000 
* National Debt $43 Billion 
* Average Salary $1,299. Teacher's salary $1,441 
* Minimum Wage $.43 per hour 
* 55% of U.S. homes have indoor plumbing 
* Antarctica is discovered to be a continent 
* Life expectancy 68.2 female, 60.8 male 
* Auto deaths 34,500 
* Supreme Court decides blacks do have a right to vote 
* World War II changed the order of world power, the
United States and the USSR became super powers 
* Cold War begins

Violetta

and Dominique:

Teenage girls 
with a

stro
ng patrio

tism
, and a back-

ground sim
ilar to

 Janos and

Vito. Through civil defense pro-

grams and conservation efforts,

they sta
y committed to fig

ht-

ing the war at home.

C

haracter Breakdow
n

Women Learning Welding
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Pearl Harbor is
attacked, sending The
United States into
World War II.

The Nazis invade the
Soviet Union.

Orson Wells’ Citizen
Kane is released in
theatres.

Glenn Seaborg
discovers a new
element (atomic
number 94) which they
call plutonium.

The United States sends
100,000 Japanese-
Americans to
internment camps.

Bambi debuts in
theatres.

Brigadier General
Leslie Groves is put in
charge of the
Manhattan Project,
which was formed to
secretly build the
atomic bomb before the
Germans. Robert
Oppenheimer is named
director

Fermi demonstrates the
first self-sustaing
nuclear chain reaction.

Germans occupying
Stalingrad surrender to
Russian forces.

Race riots break out in
the streets of Detroit.

The Andrews Sisters
entertain GIs with hit
songs such as “Pistol-
Packing Mama” and
“Shoo Shoo Baby.”

Oppenheimer moves
the bomb development
program to a secret
laboratory in Los
Alamos, New Mexico.

1940’s T1940’s T imelineimeline
1941 1942 1943
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U.S. Marines land on
the island of Iwo Jima.

President Roosevelt,
Hitler and Mussolini all
die in the month of
April: Roosevelt dies of
natural causes, Hitler
commits suicide and
Mussolini is executed.

George Orwell
publishes Animal Farm.

Little Boy, a uranium
bomb, is dropped on
Hiroshima, Japan and
Fat Man, a plutonium
bomb, is dropped on
Nagasaki, Japan,
effectively ending the
war.

The Allied Forces land
at the beaches of
Normandy.

A report states that 42%
of West Coast aircraft
workers are women.

Tennessee Williams’
The Glass Menagerie
debuts.

Neil Bohr presents his
memorandum on
international control of
nuclear weapons to
President Roosevelt.

The United Nations
opens.

New Yorkers, it is
revealed, had been fed
horse flesh during the
war due to rationing.

Dr. Spocks’ Baby and
Child Care is
published, and goes on
to become the biggest-
selling book after The
Bible.

President Truman signs
the Atomic Energy Act,
to control the
development of nuclear
weapons and nuclear
energy.

1940’s T1940’s T imelineimeline
1944 1945 1946
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The Taft-Hartley act
requires union leaders
to take anti-communist
oaths.

Chuck Yeager breaks
the sound barrier.

Jackie Robinson breaks
the color barrier in
professional baseball.

The Bulliten of Atomic
Scientists unveils The
Doomsday Clock.

Ghandi is assassinated
in India.

U.S. Congress passes
the Marshall Plan.

Orchard Place Airport
is renamed O'Hare
Field in honor of
Lieutenant Commander
Edward H. O'Hare, a
Medal of Honor
recipient killed in
World War II.

The U.S conducts open
air atomic tests on the
Pacific island of
Eniwetok Atoll.

The North Atlantic
Treaty Organization is
formed.

U.S. missiles reach the
altitude of 250 miles.

Gwendolyn Brooks
wins the Pulitzer Prize
for “Annie Allen.”

The Soviet Union
detonates its first
atomic bomb, Joe 1, in
Kazakhstan.

1940’s T1940’s T imelineimeline
1947 1948 1949
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Challenge Question

Both Farrell’s and Sinclair’s passages serve as
“time capsules” preserving the memory of a
neighborhood. Write a “time capsule” describing
your neighborhood taking care to note the details
which make your neighborhood unique.

The Back-of-the-Yards neighborhood began in 1865
around the Union Stockyards. Immortalized in Upton
Sinclair’s The Jungle, the neighborhood became
known as one of the world’s most inhumane indus-
trial areas. However, soon after the publishing of the
book, progressive reformers targeted the area for
change. They created the South Park Commission,
which oversaw the development of parks and recre-
ational facilities. The Union Stock Yards closed in
1971, but the Back-of-the-Yards neighborhood con-
tinues to thrive with a mix of residents and busi-
nesses.
In these book excerpts, some Chicago novelists
weigh in on how the Back-of-the-Yards neighbor-
hood used to be.

From The Jungle by Upton Sinclair:
“Yet, when they saw the home of the
Widow Jukniene they could not but
recoil, even so. In all their journey
they had seen nothing so bad as this.
Poni Aniele had a four-room flat in
one of that wilderness of two-story
frame tenements that lie ‘back of the
yards.’ There were four such flats in
each building, and each of the four
was a ‘boardinghouse’ for the occupan-
cy of foreigners--Lithuanians, Poles,
Slovaks, or Bohemians. Some of these
places were kept by private persons,
some were cooperative. There would be
an average of half a dozen boarders to
each room--sometimes there were thir-
teen or fourteen to one room, fifty or
sixty to a flat. Each one of the occu-
pants furnished his own accommoda-
tions--that is, a mattress and some
bedding. The mattresses would be
spread upon the floor in rows--and
there would be nothing else in the
place except a stove. It was by no
means unusual for two men to own the
same mattress in common, one working
by day and using it by night, and the
other working at night and using it in
the daytime. Very frequently a lodging
house keeper would rent the same beds
to double shifts of men.”

From Young Lonigan by James T.
Farrell:
“The July night leaked heat all over
Fifty-eighth Street, and the fitful
death of the sun shed softening colors
that spread gauze-like and glamorous
over the street, stilling those harsh-
nesses and commercial uglinesses that
were emphasized by the brighter reve-
lations of day. About the street there
seemed to be a supervening beauty of
reflected life. The dust, the scraps
of paper, the piled-up store windows,
the first electric lights sizzling
into brightness.  Sammie Schmaltz, the
paper man, yelling his final box-score
editions, a boy’s broken hoop left
forgotten against the elevated girder,
the people hurrying out of the elevat-
ed station and others walking lazily
about, all bespoke the like of a com-
munity, the tang and sorrow and joy of
a people that lived, worked, suffered,
procreated, aspired, filled out their
little days, and died.” 

Back-of-the-YBack-of-the-Yards:ards:
History of a communityHistory of a community

No Vacancy: Immigrants from Europe flocked to “The Yards”

Fenced In: An image of the holding pens used for the livestock
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YYouth Culture During the 1940south Culture During the 1940s
America during the 1940s was an exciting time for teenagers; an era of Jitterbug dances and swing
music.  But underneath the energetic veneer was a serious sense of purpose in the war effort and
anxiety for what the future had in store.

By the end of the Great
Depression in the late 1930s it was obvi-
ous that the country was ready for some-
thing new, to bring an end to the hard
times.  People were tired of the dreary,
self-pity music of the era, but with the
help of Franklin D. Roosevelt's inspiring
campaigns for hope, joy, and excitement,
swing was ready to make its way into the
hearts of the American people.

What made swing music new, interest-
ing, exciting, and fun? The music was
danceable, upbeat and played off of the
enthusiasm of the audience.  Instead of
being restricted the rigid movements of
ballroom dancing, dancers could let loose
and get down with their bad selves. (Old
people called it "devil dancin’.")

SWING DANCING
SWING DANCING

What allows us to dance? Energy which allows you to move your arms and legs.  The two kinds of ener-
gy that pertain to swing dancing are potential  and kinetic energy.  A dancer has kinetic energy when she
is moving, like if she is flung into the air by her partner and then descends. A dancer has potential energy,
however, when she is at rest, yet in the position to gain "potential" energy, like when she is lifted into the
air and held there.

The Jitterbug made its appear-
ance at the beginning of the
decade.  It was the first dance
in two centuries that allowed
individual expression.  GI's
took the dance overseas when
they went to war, dancing with
local girls, barmaids, or even
each other if necessary.  The
pin-up girl became another
symbol of the times.  Pictures
were mounted on
lockers and in
helmets to
remind the
men what
they were
fighting for.

FFADSADS

What allows us to hear what we hear? Sound--longitudinal pressure waves in any material.  Instruments
such as the trumpet, trombone, saxophone, and percussion use vibrations that travel through the air in lon-
gitudinal sound waves that reach our ears. What we perceive as higher and lower tones is the property of
sound called pitch.  Changes in pitch are caused by changing the frequency, the number of cycles a sound
wave completes in a given time. The amplitude, or volume, is dependent on the degree of motion in the
molecules.

Physics in Swing Dance 
Physics in Swing Dance 

Physics in Swing Music
Physics in Swing Music

Vito

and Janos:

Two firs
t generation

teenage boys fu
ll of youthful

energy and ste
eped in

American culture. They have the

self-c
onfidence to enlist 

in the

army, but they stil
l have some

lingering fears a
bout what

the future will

bring.

Character Breakdow
n
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The decade opened with the appearance of the first inexpensive paperback.
Book sales went from one million to over twelve million volumes a year.  Many impor-

tant literary works were conceived during, or based on, this time period, but published later.  Shirley
Jackson wrote The Lottery to demonstrate how perfectly normal, otherwise nice people, could allow some-
thing like the Holocaust. The Human Comedy, William Saroyan tackles questions of prejudice against the
setting of World War II.  Richard Wright completed Native Son in 1940 and Black Boy in 1945.

Thornton Wilder's The Skin of Our Teeth (1942) won the Pulitzer Prize.
Tennessee Williams wrote of self-disillusionment and futility in The Glass Menagerie (1945) and A
Streetcar Named Desire (1947). Musical theatre was reborn with Oklahoma! (1943) Carousel (1945) and
Annie Get Your Gun (1946).

The 1940s were the heyday for movies. The Office of War declared movies an essential industry for
morale and propaganda. Such films as Casablanca, Lifeboat, Notorious, Best Years of Our Lives, Citizen
Kane, Fantasia and Bambi just to name a few. Leading actors were Humphrey Bogart, Katharine Hepburn,
Cary Grant, Judy Garland, Jimmy Stewart Marlon Barndo, Marilyn Monroe and the list goes on.

Challenge Question

What are the trends and fads shaping youth culture today? In what ways
are they a reaction or further expression of events shaping out world?

Like art, music reflected American enthu-
siasm tempered with European disillusion-
ment.  At the beginning of the decade, Big
Bands dominated popular music.  Glenn Miller, Tommy Dorsey,
Duke Ellington and Benny Goodman led some of the more
famous bands.

Radio was the lifeline for Americans in the 1940s, providing
news, music and entertainment, much like television today.

MUSIC & RADIO
MUSIC & RADIO

THEATHEATRETRE && FILMFILM

BOOKS & LITERA

BOOKS & LITERATURETURE

Benny Goodman jamming on the clarinet
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Adolf Hitler systematically eliminated artists whose
ideals didn't agree with his own, and in fear many others emi-

grated to the United States. They had a profound effect on
American artists.  Art became more abstract, to show raw emo-
tions. Abstract Expressionism was chaotic and shocking in an
attempt to maintain humanity in the face of insanity.  Jackson
Pollock was leading the force along with Franz Kline, Ad
Reinhardt, Andrew Wyeth, Willem de Kooning and others.

ARARTT

Franz Kline’s Painting No. 7



Teen Slang
Alligator : Jitterbug 
Barbecue: The girl friend, a
beauty 
Barber: To gossip
Bible: The gospel truth
Example: “It’s the bible!” 
Brown Cow: Chocolate milk
Cut a Rug: Dance
Dig:
~ Meet. Example: “I’ll plant
you now and dig you later.”; 
~ Look, see. Example:  “Dig
the chick on your left duke.”;  
~ Comprehend, understand.
Example: “Do you dig this
jive?”
Drugstore Cowboy: A teenager
who spends hours at a drugstore
soda fountain.
Duck Soup: Any task that is
easy to do
GI: A soldier, short for gov-
ernment issue
Goobledygook: Nonsense
Gravy: Profits
Hep Cat: A guy who knows all
the answers, understands jive.
Hoof: Dance
“I got the shorts.”: “I’m short
on cash.”
Jeet: “Did you eat?”
Jeff: A pest, a bore, an icky
Jill: A girlfriend
Joe: A term for an average guy;
also Joe College for a college
student
“Mash me a fiver.”: “Give me
five dollars.”
Mothball: A serious student
Nervous Pudding: Jell-O
Orchard: A baseball park
Pancake Turner: A disk jockey
Put On the Dog: To dress in
fancy clothes
Red Lead: Ketchup
Reet: Excellent or perfect
“Sam got you.”: “You’ve been
drafted into the army.”
Snow White: 7-Up
Trickeration: Struttin’ your
stuff
Wreck a Pair: Scrambled eggs
Zoot Suit: Exaggerated clothes

From Red Lead to Fat ManFrom Red Lead to Fat Man

Challenge
Question

Create a glossary of
slang terms used today,
noting their origins
(music, movies, etc.)

Idiomatic expressions bind people
together through a common lan-
guage. They can also be used to
hide secrets, from parents or foreign
governments. Here are some exam-
ples of 1940s jargon and lingo, from
both teens and scientists.

Science Jargon

A-Bomb:An abbreviation for
the atomic bomb
Calutron: Ernest O. Lawrence
built a 184-inch cyclotron to
separate Uranium 235 named
Calutron after the University of
California.
Fat Man: The implosion bomb
dropped on Nagasaki, Japan on
August 9, 1945.
The Gadget: It was built to test
the nuclear implosion design. It
was placed atop a 100 foot
tower and detonated at 5:29 am
on July 15, 1945, under the
command of Leslie Groves and
J. Robert Oppenheimer.

Italian Navigator: The nick-
name given to Enrico Fermi

while he was working on
the Manhattan Project.

Little Boy: A 12.5 kilo-
ton fission bomb
dropped on Hiroshima,

Japan on August 6, 1945. 
Manhattan Project: The code
name for the U.S. effort during
World War II to produce the
atomic bomb. The project was
named after the Manhattan
District of the US Army Corps
of Engineers, which did the
preliminary work on it.
Met Lab (Metallurgical
Laboratory): Located at the
University of Chicago and led
by Enrico Fermi, who began
work towards a controlled chain
reaction.
The Pile: The name given to
the large stack of uranium
bricks constructed under Stagg
Field at the University of
Chicago.  The Pile was used in
the experiment to create the
first sustainable chain reaction.
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The Drama of Science The Drama of Science 

a.a. Inventions and Inventors

b.b. Nobel Prize: 
History and Significant Winners

c.c. The Real Players: The Scientists’ Bios

d.d. The Pile

e. e. Pop Culture After the Explosion

Section 33

Insufficient Memory.
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“You never know what someone else might
invent. Someone invented the electric
guitar, someone else invented aspirin.
Completely different people invented the
movies and nylon stockings and fountain
pens and baby food and Caesar Salad and
Coca-Cola and eyeglasses and glass eyes.
You wonder how it is possible to invent
paper or the telephone. And someone
invented walking. And now you’re just
out walking. Walking and thinking.
Thinking about atoms or chocolate or two
dinners instead of one or the horror of
exposed gristle in the devastated arm of
a screaming soldier. You’re just walking
and thinking about war and the architec-
ture of snowflakes, and suddenly a bolt
of lightening shoots through you--ener-
gy--energy like a diamond leaping apart
into a blinding, twinkling dust of light
that rips your body, splits your blood
in two burning waves that part leaving
an idea like Moses standing in an empty
sea.”

Leo Szilard
World Set Free
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Aspirin
In 1829, scientists discovered that it
was the compound called salicin in wil-
low plants, which is responsible for
pain relief. In 1915, the first Aspirin
tablets were made.

Baby Food
The Gerber company developed canned
baby food in the 1920s. By late 1928,
strained peas, prunes, carrots and
spinach, not to mention beef vegetable
soup, were sold to a national market.

Caesar Salad
First made in 1924, the Caesar Salad
appeared in its classic version (romaine
lettuce, croutons, Parmesan cheese, and
anchovies), and with grilled or black-
ened chicken strips. 

Coca-Cola
Coca-Cola was invented by Dr. John
Pemberton in 1886.  Until 1905, the
soft drink was marketed as a tonic and
contained extracts of cocaine as well as
the caffeine-rich kola nut.

Electric Guitar
Around 1931 George Beauchamp,
working with Adolph Rickenbacker,
produced an electromagnetic pickup
known as the Frying Pan for the first
commercially viable electric guitar.

Eye Glasses
Glasses were invented in Italy around
1284 by the inventor Salvino
D’Armate.

Fountain Pen
Lewis Edson Waterman patented the
first practical fountain pen in 1884.
Waterman, an insurance salesmen, was
inspired to improve the early fountain
pen designs after destroying a valuable
sales contract with leaky pen ink. 

Glass Eyes
Ambrose Paré, a famous French sur-
geon, was the first to describe the use
of artificial eyes to fit an eye socket in
the sixteenth century. These pieces
were made of gold and silver.

Inventions and InventorsInventions and Inventors

Szilard’s collaboration with Einstein
began in the winter of 1925-1926 with
a newspaper article. One day Einstein
read about the death of an entire fami-
ly who had been killed in their beds
by the poisonous gasses leaking from
the pump of their refrigerator.
Szilard and Einstein viewed absorp-
tion designs as safest, ones that had no
moving parts whatsoever.
Einstein and Szilard sold their first
pump design to Electrolux. A heat
source drove a combination
of gases and liquids through
three interconnected circuits,
in a sophisticated application
of thermodynamics.
Einstein and Szilard did not
stop there, however. They
produced many ideas. 
On December 2, 1927,
Szilard and Einstein sold a
patent application on an
absorption refrigerator to
Electrolux for $750. 

Another design was Einstein’s
response to the complexity of absorp-
tion refrigeration. The invention was
“a small immersion cooler which
could be dipped for instance in a cup
of some beverage to be cooled.” The
clever device operated solely off the
pressure of a water tap.
The cooler required reliable tap-water
pressure, and the German water sys-
tem turned out to be highly unreliable.
In the end, the variations proved sim-
ply too great, and the invention was
not marketed.
The most important, and most suc-
cessful, invention of the collaboration
would become known as the Einstein-
Szilard electromagnetic pump. It was
a fully functional pump without
mechanical moving parts of any kind.
Instead, a travelling electromagnetic
field was used to move a liquid metal.
This, in turn, could be used as a piston
to compress a refrigerant.
The main distinction of the Einstein-
Szilard pump prototype was its noise.

Though expected to be
silent, the pump suffered
from cavitation — the
expansion and collapse of
tiny cavities — as the liquid
metal was forced through the
pump. An engineer once said
that it “howled like a jack-
al.”
This product, also, was
never marketed to the public,
but was used in the construc-
tion of nuclear power plants.

The Einstein-Szilard Pump

Nylon
Wallace Hume Carothers can be con-
sidered responsible for the invention of
nylon. Nylon was introduced to the
world in 1938. In 1942, Nylon stock-
ings were the favorite gift of American
soldiers to impress British women. 

Paper
A courtier named Ts’ai-Lun, from Lei-
yang in China, was the inventor of
paper circa 105 AD, made of cellulose
fibers like wood, cotton or flax.

A sketch of the pump

A sketch of Leo Szilard and his work

LeoSzilard: 
the thinker

With an inventive mind and a

short temper, Dr. Szilard is ini-

tially excited about the project and

enthused by the secrecy involved.

But as it nears completion, he

begins to question releasing

this new energy into the
world.

Character Breakdow

n
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Known as the offspring of necessity,
invention can also be called the
bastard child of accident. Many of
the products mentioned in Szilard’s
speech on page 26 of this study
guide came into being through a
combination of design and coinci-
dence. Like the inventions he lists,
many of Szilard’s patented
machines and ideas were a
response to what he observed in
the world around him.



Alfred Bernhard Nobel: 1833–96, Swedish chemist and inven-
tor. Educated in St. Petersburg, Russia, he traveled as a youth
and returned to St. Petersburg in 1852 to assist his father in the
development of torpedoes and mines. Manufacture of a mixture of
nitroglycerine and gunpowder, developed cooperatively by the fam-
ily, was begun in the small Nobel works in Heleneborg, near
Stockholm, in 1863. After a number of serious explosions, which killed
several people, Nobel continued experimentation with nitroglycerine in
order to find a safer explosive. In 1866 he perfected a combination of nitro-
glycerine and kieselguhr, a diatomaceous earth, to which he gave the name dynamite.
His other inventions include an explosive gelatin more powerful than dynamite and the smokeless pow-

der Ballistite. Nobel, who inclined toward pacifism, had long had reservations about his family’s industry, and he developed
strong misgivings about the potential uses of his own invention. On his death in San Remo, Italy, he left a fund from the
interest of which annual awards were to be given for work in physics, chemistry, physiology or medicine, and literature, and
toward the promotion of international peace.

History of a PrizeHistory of a Prize

Alfred Nobel

Glenn Seaborg won the Nobel Prize in Physics in 1951 for his work on transuranium
elements. He was a Nuclear Chemistry Researcher on the Manhattan Project.

Harold Urey won the Nobel Prize in Chemistry in 1934 for the discovery of heavy
hydrogen. In the early 1940s,  he was Director of War Research at Columbia
University.

James Franck won the Nobel Prize in Physics in 1925 for his work on the impact of
the electron on the atom.  During World War II, he was the Director of the Chemistry
Division at the University of Chicago.

Maurice Wilkins won the Nobel Prize in Physiology or Medicine in 1962 for his
work on the structure of nucleic acids. He worked on mass spectrograph separation
on the Manhattan Project.

FACTS about the Nobel Prize

Joseph Rotblat won the Nobel Peace Prize in 1995 for his efforts to diminish the part
played by nuclear arms in international politics. He won the prize in part because he
excused himself from the Manhattan Project after only eleven months when he realized the
destructive power of nuclear energy.

Richard Feynman won the Nobel Prize in Physics 1965 for his work on quantum
electrodynamics.  He was part of the Los Alamos team during the war. 

Winning a Nobel Prize is different than a Pulitzer or an Academy Award: the recipients are recognized for a
lifetime of work, instead of a specific event. Over twenty scientists involved on the Manhattan Project either
had won or went on to win a Nobel Prize.  Although their work on the project may have not been cited by the
Royal Academy, it certainly was a factor in their decision. Many of the awards were in physics but some were
in other areas of science. Here is a partial list of the scientists, along with their reasons for being granted one
of the highest distinctions in the world.

Owen Chamberlain won the Nobel Prize in Physics in 1959 for the discovery of the
anti-proton. As part of the Manhattan Project, he investigated the spontaneous fission
of heavy elements.
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Leo Szilard
Born on February 11, 1898 in
Budapest, Austro-Hungary. In
1922, he received a doctorate in
physics from University of
Berlin. While studying at the
University of Berlin he made
important contacts with Albert
Einstein that would last
throughout his life.  In 1933,
Szilard fled to London to

escape Nazi persecution.  In 1938 he moved to New
York, after learning about fission in 1939, he conclud-
ed that uranium would be the element capable of the
chain reaction. In a letter prepared for Albert Einstein,

Szilard wrote to President Roosevelt warning about the
possibility of creating an atomic weapon and urged the
US government to develop this weapon before
Germany. This led to the Manhattan Project. 
On December 2, 1942, Szilard and Enrico Fermi were
successful in creating the first controlled nuclear chain
reaction.  In 1944 Szilard adamantly advocated against
using the atomic bomb on moral grounds. In 1946
Szilard co-founded the Emergency Committee of
Atomic Scientists with Einstein. In 1960 Szilard pro-
posed methods to reduce US-USSR tensions and in
1962, he founded the Council for Abolishing War.
Szilard died of a heart attack in his sleep on May 30,
1964 in La Jolla, California.

The People Who Set the WThe People Who Set the World Freeorld Free

Laura Fermi
Enrico Fermi married Laura Capon,
the daughter of an Italian Admiral,
on July 19, 1928; they had two chil-
dren.  After leaving Italy in 1938,
the year Fermi won the Nobel Prize,
the physicist and his family traveled
to the U.S., where they lived in
Chicago and Los Alamos during the
critical development of the atomic
bomb. In 1946, the family settled in

Chicago. In
1954, shortly
after her hus-
band’s death,
Laura pub-
lished an
account of
their life
together, enti-
tled Atoms in the Family: My Life
with Enrico Fermi.

Enrico Fermi
Fermi was born in Rome in 1901 and
received his doctorate from the university
of Pisa in 1922. In 1938, Fermi traveled
to Stockholm to receive the Nobel Prize
in Physics "for his identification of new
radioactive elements produced by neutron
bombardment and his discovery, made in
connection with this work, of nuclear
reactions effected by slow neutrons."
(Fermi's wife Laura, quoted from her
book Atoms in the Family)  By 1938, Fascist Italy had
become intolerable to Fermi.  He and his family sailed
directly to the United States where he got a professor-
ship in Physics at Columbia University.  There, in
1939, he confirmed the discovery of the fission process

and began striving to attain a nuclear chain
reaction.  From 1942 to 1944, Fermi worked at
the Metallurgical Laboratory of the University
of Chicago in a makeshift laboratory under
Stagg Field Stadium, he designed and built the
first nuclear reactor and led the epochal exper-
iment that demonstrated the first self-sustained
chain reaction. 
Beginning in 1950, he served as one of the

first members of the General Advisory
Committee of the Atomic Energy

Commission. In 1954 President Eisenhower and the
Atomic Energy Commission gave Fermi a special
award for his lifetime of accomplishments in physics
and, in particular, for the development of atomic ener-
gy.  Fermi died of cancer on November 28, 1954.

One of the many amazing things about the Manhattan Project is the number of distinct personalities it bound
together in pursuit of a common goal. Here are the biographies of the people on or associated with the proj-
ect who show up in World Set Free.

Laura
Fermi:

Despite being an invalu-

able part of Fermi’s previous

scientific discoveries, Laura is

shut out of his work in Chicago.

As her husband becomes con-

sumed by his research she strug-

gles with her own conscience

about what it means to

win the war.

Character Breakdow

n
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Albert Einstein
At the start of his scientific work,
Einstein realized the inadequacies
of Newtonian mechanics and his
special theory of relativity stemmed
from an attempt to reconcile the
laws of mechanics with the laws of
the electromagnetic field. In his
early days in Berlin, Einstein postu-
lated that the correct interpretation
of the special theory of relativity
must also furnish a theory of gravi-
tation and in 1916 he published his
paper on the general theory of rela-

tivity.
Einstein received hon-
orary doctorate degrees
in science, medicine
and philosophy from
many European and
American universities.
He gained numerous
awards in recognition
of his work, including
the Nobel Prize in
Physics 1921.
Einsteins's researches are, of
course, well chronicled and his

more important works
include Special Theory
of Relativity (1905),
Relativity 1920-1950,
General Theory of
Relativity (1916),
Investigations on
Theory of Brownian
Movement (1926) The
Evolution of Physics
(1938), Why War?
(1933), just some

among many of his important work.

Arthur Compton
After receiving his Ph.D. in 1916
from Princeton University Compton
went on to study at Cambridge
University as a National Research
Council Fellow. In 1920, he was
appointed Wayman Crow Professor
of Physics, and Head of the
Department of Physics at the
Washington University, St. Louis;
and in 1923 he moved to the
University of Chicago as Professor
of Physics. Compton was awarded

numerous honorary degrees and
other awards including the Nobel
Prize in Physics for 1927.
In 1941 Compton was appointed
Chairman of the National Academy
of Sciences Committee to Evaluate
Use of Atomic Energy in War.  His
investigations, carried out in coop-
eration with Fermi, Szilard and oth-
ers, led to the establishment of the
first controlled uranium fission
reactors, and, ultimately, to the
large plutonium-producing reactors,

which pro-
duced the
plutonium
for the
Nagasaki
bomb, in
August
1945. He
also
played a
role in the
Government's decision to use the
bomb.

J. Edgar Hoover
In 1913 John Edgar Hoover began
working in U.S. government serv-

ice.  During World War I Hoover
worked for the Bureau of
Investigation, keeping statistical
records of immigrants for the Alien
Enemy Bureau.  A vigorous anti-
communist, Hoover quickly moved
up the ranks in the postwar period,
and by 1924 was appointed
Director of the Bureau of
Investigation, later called the
Federal Bureau of Investigation.
He held the post for nearly fifty
years. Hoover had a reputation for

hypervigilance in the face of crime
and political subversion, and the
F.B.I. grew to become known as
incorruptible law officers who kept
files on just about everybody.
Hoover has been a controversial
figure since his death, and there has
been much speculation about his
personal life, family background
and dictatorial rule over the Bureau;
given his political power over five
decades, he is a central figure in the
history of scandal and U.S. politics.

Leslie Groves
Born on August 17,
1896.  He attended the
University of
Washington and the
Massachusetts Institute
of Technology before
graduating from West

Point Military Academy
in 1918. In 1942 he was
promoted to brigadier
general and placed in
charge of the Manhattan
Project.  
Groves arranged the
purchase of uranium and

selected the Los Alamos site. He
also recruited J. Robert
Oppenheimer, Leo Szilard, Enrico
Fermi and others. He opposed the
view that the bomb should not be
used on moral grounds and advised
Harry S. Truman to use the bomb
on Japan.
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Fermi’s Own Story
by Enrico Fermi

The history of the first self-sustaining nuclear chain reaction,
like that of all scientific achievements, begins with man’s
first philosophical speculations about the nature of the uni-
verse. Its ultimate consequences are still unpredictable. 
The sequence of discoveries leading to the atomic chain
reaction was part of the search of science for a fuller expla-
nation of nature and the world around us. No one had any
idea or intent in the beginning of contributing to a major
industrial or military development....

The Gathering on the Balcony

Finally, the day came when we were ready to run the experi-
ment. We gathered on a balcony about 10 feet above the
floor of the large room in which the structure had been erect-
ed. 
Beneath us was a young scientist, George Weil, whose duty
it was to handle the last control rod that was holding the
reaction in check. 
Every precaution had been taken against an accident. There
were three sets of control rods in the pile. One set was auto-
matic. Another consisted of a heavily weighted emergency
safety held by a rope. Walter Zinn was holding the rope
ready to release it at the least sign of trouble. 
The last rod left in the pile, which acted as starter, accelera-
tor and brake for the reaction, was the one handled by Weil. 
Since the experiment had never been tried before, a “liquid
control squad” stood ready to flood the pile with cadmium
salt solution in case the control rods failed. Before we began,
we rehearsed the safety precautions carefully. 
Finally, it was time to remove the control rods. Slowly, Weil

started to withdraw the main control rod. On the balcony, we
watched the indicators which measured the neutron count
and told us how rapidly the disintegration of the uranium
atoms under their neutron bombardment was proceeding. 
At 11:35 a.m., the counters were clicking rapidly. Then, with
a loud clap, the automatic control rods slammed home. The
safety point had been set too low. 
It seemed a good time to eat lunch. 
During lunch everyone was thinking about the experiment
but nobody talked much about it. 
At 2:30, Weil pulled out the control rod in a series of meas-
ured adjustments. 
Shortly after, the intensity shown by the indicators began to
rise at a slow but ever-increasing rate. At this moment we
knew that the self-sustaining reaction was under way. 
The event was not spectacular, no fuses burned, no lights
flashed. But to us it meant that release of atomic energy on a
large scale would be only a matter of time. 
The further development of atomic energy during the next
three years of the war was, of course, focused on the main
objective of producing an effective weapon. 
At the same time we all hoped that with the end of the war
emphasis would be shifted decidedly from the weapon to the
peaceful aspects of atomic energy. 
We hoped that perhaps the building of power plants, produc-
tion of radioactive elements for science and medicine would
become the paramount objectives. 
Unfortunately, the end of the war did not bring brotherly
love among nations. 
Secrecy that we thought was an unwelcome necessity of the
war still appears to be an unwelcome necessity. The peaceful
objectives must come second, although very considerable
progress has been made also along those lines. 
The problems posed by this world situation are not for the
scientist alone but for all people to resolve. Perhaps a time
will come when all scientific and technical progress will be
hailed for the advantages that it may bring to man, and never
feared on account of its destructive possibilities.

ThePile

The Pile: Secrecy forbade cameras during the experiment, so an artist recreated the event.

On December 2, 1942,
man first initiated a self-
sustaining nuclear chain
reaction, using a stack of
uranium bricks nick-
named “The Pile.” Years
later, Enrico Fermi, the
lead scientist on the proj-
ect, wrote down his recol-
lections of that day. His
simple yet powerful prose
shows a calculating mind
still grappling with the
event. A excerpt is pre-
sented here.

Enrico
Fermi: the doer

Nicknamed “The Italian

Navigator,” Dr. Fermi is put

in charge of the research divi-

sion on the project. His fascina-

tion with American culture and

devotion to privacy alienate

him from his co-workers

and family mem-bers.  

Character Breakdo
w

n
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The extreme secrecy of the Manhattan
Project worked; the world was caught
unaware of the destructive power of an atom-
ic bomb. In addition to the military and polit-
ical consequences, the bomb had an immedi-
ate effect upon American culture. 
It is not an exaggerated hyperbole to state
that the bomb exploded on the American
consciousness. The reverberations felt by
American artists, authors and film-
makers became apparent in the
1950s. But the bomb had an imme-
diate effect on popular culture: from
pulp novels and folk songs to comic
books and kids toys.
There was a search for meaning
underlying many of these cultural
expressions. Sometimes it was an
attempt to learn more about atomic
science. Others tried to put the
atomic bomb in a context that could
be understood. The apocalyptic
destruction at Hiroshima and
Nagasaki drew many biblical paral-
lels. The country-western tune
“When the Atomic Bomb Fell” was
recorded in December, 1945,
just a few months after the
bombings. Its jingoistic theme
and religious tone reflected
one man’s gut reaction to the
bomb.  But it also resonated
with consumers, and the song
became a hit.  Describing the
explosion, the song states:

Smoke and fire it did flow,
Through the land of Tokyo.
There was brimstone and dust
everywhere.
When it all cleared away,
There the cruel Jap did lay, 
The answer to our fighting
boy’s prayer.

After the dust had settled and
the war had ended, Americans
began adjusting to life in the
newly minted “atomic age.”
Popular culture continued to
address nuclear energy and

nuclear weaponry, but emphasis shifted to
the implications of this new power. The
comic “Splitting the Atom-Starring Blondie
and Dagwood” was distributed by the U.S.
government to help the public grasp the
complexities of nuclear fission in an uncriti-
cal way.   
The plan to harmlessly introduce nuclear
energy backfired, because after shock and

understanding came fear. The mon-
ster movies and science fiction sto-
ries of the late 1940s and early 50s
transformed the atomic anxieties of
America into giant spiders and
omniscient aliens. Intangible
nuclear energy was transformed into
a physical presence, something that
could be fought and conquered.
Fifty years after the explosion, the
ways people attempted to capitalize
on the post-war bomb culture may
seem naive or simplistic. But the
atomic bomb was not something
exclusively for governments or
politicians or even military person-
nel. It was a world-wide phenome-

non that everyone had to
confront as individuals and
incorporate into their daily
lives.

Living in the shadow of a second sunLiving in the shadow of a second sun

Challenge
Question

How is the
political climate
in America today
reflected in
popular culture?
In movies and
TV? How about
our breakfast
cereals?

Pop Culture Pop Culture After the ExplosionAfter the Explosion

Duck!: Cartoon animals helped
explain survival scenarios

Yipe!: Dagwood and his dogs were enlisted to
help clear up confusion about nuclear energy 

Flash!: As early as 1946, the atomic age was being packaged
for kids.  The Kix tag line is “It’s an atom-cracking beauty!”
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“All you have to do is have the idea.
That’s the way the universe works. Put
the idea into your imagination and let
it go forward. We’re inventing the
future right now. That’s the true time
machine. We say right now that there is
something out there opposite the atomic
bomb, that balances the atomic bomb. We
say that and it’s going to happen. We
each tell our friends, and they tell
their friends, and they tell their
friends and somebody has an idea, and
another person adds to that idea and
this is how the Universe works, the idea
comes to be. The two of us are inventing
the future right now.”

Leo Szilard
World Set Free 
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Grade Level: 5-12

Concept:
Increase understanding and appreciation of Bryn Magnus’ World Set Free through classroom discussion and activity centered
on immigration.

Primary Subject:
History

Connection to other Subjects: 
English, Drama

General Goals:
Encourage students to identify with the feelings of many first generation immigrants to America and, by extension, help
them to identify with many of the characters in the play.

Specific Objectives:
Students will free write to explore a time they felt “foreign” in a situation; discuss immigration; with a partner student shares
traditions of their families; students play a game of charades to communicate in a common language.

Materials: 
Students will need a piece of paper and a pen.

Anticipatory Set:

Students free write for 5 minutes from the prompt “Describe a time you felt foreign in an environment.  It could be the first
day at a new school, traveling in another country, or even about a time when your friends all went to the same party.”
Students should write without lifting their pen off the paper.  They should not worry about grammar or spelling and should
write as honestly as possible and without censoring themselves.

Step by Step Procedures: 

1. Teacher solicits from students some sharing of their free writes.  Students don’t have to read directly from their
papers but can just briefly describe the scenario.

2. Teacher connects for the students their feelings to possibly the way an immigrant would feel when they first came
to the United States.  Elicit discussion about immigration including why people immigrate and citing historical examples of
immigration (Ellis Island, Angel Island, etc.)

3. In a group, discuss family origins.  Do the students know where their ancestors came from and when they came
to the United States?  What are some things that immigrants may find strange?  (Way of life, gender differences, religions,
food, etc.)

4. In partners, students interview each other about their family traditions.  Encourage students to identify things that
may be foreign about their own families- a type of food they eat, a way of thinking that is different between generations, lan-
guage.

5. Teacher explains that often immigrants come to the United States and don’t speak English.  Discuss how that
would feel.  Using things cited in the interviews, students pantomime in an attempt to explain their food or tradition.

Closure:

Discuss the difficulties immigrants encounter.  Inform students that in the play they are going to see at Steppenwolf
there are examples of first generation and second generation immigrants.  Assign them to look for these characters and to iden-
tify their challenges in the United States and how it affects their way of life.

History Lesson PlanHistory Lesson Planby Kimberly Senior
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“Now more than ever, imagination is the true work of our lives.”

-from World Set Free by Bryn Magnus

Concept:

H. G. Wells “imagined” the atomic bomb. He wrote a book (The World Set Free), the book was published, and people read
it. Soon many people were thinking about the atomic bomb… and talking about it. Some years later, another man, Enrico
Fermi, joined other men and made it real.

Now most would argue that a bomb is a bad thing. It’s only purpose, after all, is to destroy. But consider for a moment that
the process used to create the bomb could, in fact, have other – positive – uses. This would mean that the idea of the bomb
was actually good - not the destructive application but the creative force of the idea itself. 

Creative WCreative Writing Lesson Planriting Lesson Plan
by Robin Chaplik

“You never know what someone else might invent. Someone invented the elec-
tric guitar, someone else invented aspirin. Completely different people
invented the movies and nylon stockings and fountain pens and baby food
and Caesar salad and coca cola and eyeglasses and glass eyes. You wonder
how it is possible to invent paper or the telephone.
And someone invented walking. And now you’re just out walking. Walking and
thinking. Thinking about atoms or chocolate or two dinners instead of one
or the horror of exposed gristle in the devastated arm of a screaming sol-
dier. You’re just walking and thinking about war and the architecture of
snowflakes, and suddenly a bolt of lightening shoots through you—energy—
energy like a diamond leaping apart into a blinding, twinkling dust of
light that rips your body, splits your blood in two burning waves that
part leaving an idea like Moses standing in an empty sea.”

-from World Set Free by Bryn Magnus

“All you have to do is have an idea. That’s the way the Universe works.
Put the idea into your imagination and let it go forward. We’re inventing
the future right now. That’s the true time machine. We say right now that
there is something out there opposite of the atomic bomb, that balances
the atomic bomb. We say that and it’s going to happen. We each tell our
friends, and they tell their friends and somebody has an idea, and another
person adds to that idea and this is how the Universe works, the idea
comes to be.”

-from World Set Free by Bryn Magnus
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Setting It Up:

Brainstorm with your class for a few minutes on the subject of INVENTIONS. Name some: motor engines, peanut butter,
chemotherapy, palm pilots, wine. What do we use these things for? How many inventions do we use in a day?

Exercise: “More Heads Are Better Than One”

Imagine something that you would be interested in seeing exist in our world today – some sort of invention. Write an essay
describing this thing. Give it a name. Explain why you wish it existed and how it would change the world. 

For instance – you might imagine there was a machine that allowed you to make your bed in the morning by simply pressing
a button. You desire this machine because you hate making your bed. This machine would change the world by giving every-
one on earth an extra five minutes in the morning to do something truly important to them. 

Or – you might imagine some kind of transporter existed in your room – a door, say. By opening this door and crossing its
threshold you could immediately be anywhere you liked. You desire this invention because it would allow you to get to
school without walking through the snow. It would change the world by allowing people to travel wherever and whenever
they pleased. It would also, however, put everyone in the auto and travel industry out of business causing unemployment.

Exercise: “Plant a Seed and Let It Grow”

Allow each student a moment to share her/his idea with the class. Each student then chooses one of the ideas presented and
imagines a new use for it and how that new use would change the world. For instance: the bed maker could become a cloth
folder revolutionizing the laundry/dry cleaning industry.
Then, more presentations.

Exercise: “What Goes Up Could Also Come Down”

“Imagine the opposite of your invention and the effect this new thing would have
on the world. 

-What would the opposite of an atomic bomb be?

-I don’t know. Maybe something that instead of blowing things apart and burning
forever, pulls things together.

-An attractive force.

-Yeah, like a gigantic magnet.”

-from World Set Free by Bryn Magnus

Exercise: “Take the World and Twist It”

Imagine another use for something that does exist today. For instance: is the internet being used to it’s fullest potential? What
else could we do with it? What are some new uses for bicycle wheels or theatre? 

Imagine the opposite of these things.

Exercise: “Create the Creator”

Pick one of the inventions you explored in class and imagine the character who thought it up. Detail this character. Why did
she/he think up the invention? Was it just a random thought or did it come from some circumstance or need? 

Write a scene wherein this character has to convince someone with the power to make the invention that it should be made.
Note: the other character must have some profound reason for not wanting the invention to exist – this will create conflict. 
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the NUCLEAR CHAIN REACTION from the inside out

1.  Preparation:

a. Read the following scientific explanations of nuclear fission.  

Splitting the Uranium Atom: 

Uranium is the principle element used in nuclear reactors and in certain types of atomic bombs. The specific isotope used is
235U. When a stray neutron (the “nuclear bullet”) strikes a 235U nucleus, it is at first absorbed into it. This creates 236U.
236U is unstable and this causes the atom to fission. The fissioning of 236U can produce over twenty different products.
However, the products’ masses always add up to 236. The following two equations are examples of the different products
that can be produced when 235U fissions: 

235U + 1 neutron          2 neutrons + 92Kr + 142Ba + ENERGY
235U + 1 neutron          2 neutrons + 92Sr + 140Xe + ENERGY

Let’s discuss those reactions. In each of the above reactions, 1 neutron splits the atom. When the atom is split, 1 additional
neutron is released. This is how a chain reaction works. If more 235U is present, those 2 neutrons can cause 2 more atoms to
split. Each of those atoms releases 1 more neutron bringing the total neutrons to 4. Those 4 neutrons can strike 4 more 235U
atoms, releasing even more neutrons. The chain reaction will continue until all the 235U fuel is spent. This is roughly what
happens in an atomic bomb. It is called a runaway nuclear reaction. 

Where Does the Energy Come From?: 

In the section above we described what happens when a 235U atom fissions.   We gave the following equation as an exam-
ple:     

235U + 1 neutron          2 neutrons + 92Kr + 142Ba + ENERGY

You might have been wondering, “Where does the energy come from?”. The mass seems to be the same on both sides of the
reaction: 

235 + 1 = 2 + 92 + 142 = 236 

Thus, it seems that no mass is converted into energy. However, this is not entirely correct. The mass of an atom is more than
the sum of the individual masses of its protons and neutrons, which is what those numbers represent. Extra mass is a result
of the binding energy that holds the protons and neutrons of the nucleus together. Thus, when the uranium atom is split,
some of the energy that held it together is released as radiation in the form of heat. Because energy and mass are one and the
same, the energy released is also mass released. Therefore, the total mass does decrease a tiny bit during the reaction. 

b. The character of Enrico Fermi explains this process to his wife at the end of the play as follows:

“...Laura, to get a chain reaction requires the almost miraculous exact alignment of man different factors.  First, you must
have enough Uranium because it’s the most naturally fissionable element.  Neutrons just fly off Uranium...The next step is to
slow the neutrons down so they can be absorbed - if the neutrons are traveling too fast, they’ll bounce right off the atoms 
and cannot be absorbed.  But if they’re moving through graphite, they’re slowed down enough to be absorbed.  So you have
your critical mass of Uranium and you have your moderator slowing the neutrons down, and now you need to arrange the
Uranium and the graphite in an exact way so that when s neutron is absorbed into n atom and splits it - two neutrons are

Science Lesson PlanScience Lesson Plan

by Ann Boyd
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emitted, those two neutrons can easily reach two more atoms.  And those can reach 4 and those 8 and 16 and 32 and 64 and
soon billions and billions of atoms are splitting and releasing energy.” (from World Set Free by Bryn Magnus)

At the center of the script World Set Free is the fragility of bonds, what holds people and things together and what happens
when these bonds are broken.  Their exists great tension on many levels and therefore a great degree of potential energy.
Their is the tension between winning a war by being the first nation to produce a “super bomb”, the first atomic bomb, and 
being destroyed by the enemy, in this case Hitler.  Internal tension created by the moral struggle of creating such a massively
powerful weapon.  Tension between a husband and his wife who questions the morality of “winning” a war through weapon-
ry.  Tension between teens who just want to dance but also must contemplate their impending war duty.  And at the core their
is the tension that holds an atom together that when broken releases energy.

One student ( the “nuclear bullet”) shares an action or a sound (ie: jumping up and down, telling a secret or a cluck) with
two students who each share the action or sound with two more students etc.  Until the entire classroom is moving or knows
the secret, or is vocalizing.  See how quickly the class can go from still to fully energized.  Discuss any observations as a
class.

a. Freewrite:
Each student brainstorms for one minute on paper on the subject of “things that are held together” - write freely, don’t worry
about spelling, logic, etc...write without removing your pen from the page.  The thoughts can just be a list, you can repeat
yourself.  The following is my one minute brainstorm...there is no right or wrong...

My family, our nation, a teacup, the earth, the universe, my mind is sometimes held together, my thoughts, a marriage, this
computer is held together with what?  Wires, glue, super special computer glue, what holds glue together?  Surface tension,
an idea holds things together, God...is God the idea that holds everything together?  Even the dirt held on to the earth, gravi-
ty holds us together, two hands held tight, two hearts, morals, beliefs, a common heritage...etc., etc.

b. Now brainstorm a second minute on things that can break those bonds.

c. Each student underlines their favorite sentence from each freewrite and shares them with the class.  

d. As a class brainstorm situations in our present day that are filled with tension.  Choose one example as a class
and discuss what are the bonds that currently hold the situation together?  What are the potential “nuclear bullets” that could
break these bonds?  What kind of energy would be released if these bonds were broken?   

e. Energy in general is necessary to our survival and inevitable to any kind of change...Working as a class or in
small groups choose one of the situations already discussed, or an idea from someone’s freewrite, and imagine a “chain reac-
tion” that generates a negative energy, energy that is harmful/destructive/life threatening.

f. Now imagine the opposite, a chain reaction that generates positive energy, energy that is useful/productive/life
supporting. 

Choose three representatives from your team.  The first person presents the situation.  The second person argues for the
“negative” chain reaction they envision.  The third person argues for the “positive” chain reaction they envision, each tries to
convince the class that their vision will be most productive/beneficial.

As a class discuss the decision to develop the atom bomb.  Was this a good decision?  What could have been some possible
outcomes?  What are the responsibilities to scientists?  Should they continually push the boundaries of what is possible or
should they consider the potential effects of their research?  Who should develop the ethical guidelines for the use of scien-
tific discoveries?  How can citizens play an informed role when science is becoming so complex and is often secretive?
Discuss these questions in terms of nuclear power today and other  scientific research like cloning, genetic engineering, agri-
cultural advancements, etc.
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2. Physicalizing the Concept of a Chain Reaction:

3. Using the idea of a nuclear chain reaction as a metaphor for social/emotional situations: 

4. Act it out:

5. Wrappping it up:
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C l o c k C l o c k 

The Bulletin of the Atomic Scientists,
founded by a group of World War II-era

Manhattan Project scientists [including
Leo Szilard], has warned the world of

nuclear dangers since 1945. 

On February 27, 2002, the Board of Directors of
the Bulletin of the Atomic Scientists moved the minute

hand of the “Doomsday Clock,” the symbol of nuclear dan-
ger, from nine to seven minutes to midnight, the same set-
ting at which the clock debuted 55 years ago. Since the
end of the Cold War in 1991, this is the third time the
hand has been moved forward.

The hands are moved taking into account both negative and
positive developments. The negative developments include
too little progress on global nuclear disarmament; growing
concerns about the security of nuclear weapons materials
worldwide; U.S. abandonment of the Anti-Ballistic Missile
(ABM) Treaty; the crisis between India and Pakistan; ter-
rorist efforts to acquire and use nuclear and biological
weapons; and the growing inequality between rich and poor
around the world that increases the potential for violence
and war.

Moving the clock’s hands at this time reflects our growing
concern that the international community has hit the
“snooze” button rather than respond to the global wake-up
call.

-The Bulletin of the Atomic Scientists
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