Thoughts Inspired by Dr. Atomic

Henry Frisch
‘Enrico Fermi Institute, Univ. of Chicago

OUTLINE:
1. Edward R. Murrow’s See It Now - the re-enactment of the first chain reaction (Dec. 2, 1942)
2. Chicago and the Plutonium bomb; Lawrence and the Hiroshima bomb- some basics of nuclear physics

3. Los Alamos (‘rural Sandoval County’)- How did Sellars and Adams get it so right? (at least consonant with family

stories)
4. The Sense of Urgency- captured so well by Adams’s music.

Urgency building the weapons- urgency afterwards for civilian control and international recognition of the danger.
5. ‘The technical basis of the urgency- U235 (quote Alvarez)

6. The Bulletin of the Chicago (later Atomic) Scientists, 1945-present
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Suggested Reading

Fermi Remembered; James Cronin, ed. (UC Press, 2004)

9. Robert Oppenheimer; 4. Pais (Oxford U. Press, 2007)

Alvarez; Adventures of a Physicist, L. Alvarez (Basic Books, 1987)

Atomic Bombs; John Coster-Mullen (self-pub, 2002- see blackboard that Teller and Oppie stand in front of in Act 1)
The MaKing of the Atomic Bomb; Richard Rhodes (Touchstone, 1986)

Dark Sun The Making of the Hydrogen Bomb; Richard Rhodes (Touchstone, 1995)

The Wizard War; R, V. Jones (Wiley, 1988)

Atomic Energy; Henry DeWolf Smyth, (Princeton U. Press, 1945) (source of the original opening lines of the chorus of Dr.
Atomic)

The Nuclear Chain Reaction, 40 Years Later; R.G. Sachs, ed. (UC Press, 1984)
The Manhattan Project; Cynthia Kelly, ed. (Workman, 2007)

oo (lots more, but these will get you a very good start, and will draw you in..)
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A little tutorial on basics

The nucleus of an atom is the little (one ‘fermi’ =10 m) positively-charged object in the center
of an atom around which the (negative) electrons rush around.

Nuclei are made of protons (+) and neutrons(0); a given element ALWAYS has the same # of
protons, but can have different # of neutrons (e.g. U and U”*; P~°) (explain)

Fission is the process in which a heavy nucleus (e.g. Uranium or Plutonium) splits into 2 lighter
nuclei. The sum of the masses of the 2 ‘daughter’ nuclei is less than the ‘mother’ (why gender-

specific language??), and so energy is released in neutrons, photons, A -particles,... (our old

friend E=mc’)

A ‘chain reaction’ occurs if there are enough neutrons emitted by one fission to make several-
these several each maKe several, and so forth... (exponential growth..-Szilard)

A chain reaction can be designed to level off to be stable- just enough neutrons are made to
replenish those absorbed in fission, or can be designed to run-away (and if fast enough, explode).
(Smyth report is a good place to read..)
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Aside on the Collision of Art and Science
Verbatim from page 1 of the Smythe Report- 1945- (the official history)

THE CONSERVATION OF MASS
AND OF ENERGY”

‘There are two principles that have been cornerstones of the structure of modern
science. The first- that matter can be neither created nor destroyed, but only altered
in form- was enunciated in the eighteenth century and. ..’

Peter Sellars has since changed it in response to a complaint from the APS (a
spectacular case of the Spare Parts Theorem?- tension between then and now)
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The Two Different Paths to Hiroshima and
Nagasaki-

® The Hiroshima bomb was made from a relatively rare (0.7%) isotope of
Uranium- U This had to be separated from the dominant (99.3%)
isotope U, U’ sustains an explosive chain-reaction (U™* doesn't, but
see below)- BUL, the 2 isotopes have the same chemical reactions (U™
is heavier, tho not much (238/235), so acts differently under gravity,
thermal jostling, electric fields. .. Hard to separate!

® The Nagasaki bomb was made from Plutonium (P~°) Plutonium does
not occur naturally, but is made in the chain-reaction in a reactor fueled
with U™ Plutonium can be separated from U™° and fission products
chemically.
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Chicago Cyclotron (later- 47-48)
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The cyclotron, invented by Lawrence, was one of the Keys to separating U235 from U238 for

the Hiroshima Bomb
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The Two Different Paths to Hiroshima and
Nagasaki-

® The Hiroshima bomb (U235) was a simple design- a gun’ bomb that
drove % of the U235 into the other half. So simple it was never tested-
supremely confident it would work first time (Hiroshima).

Most people seem unaware that if separated U-235 is at hand it’s a trivial

job to set off a nuclear explosion, ... Given a supply of U-235, .., even a
high school Kid could make a bomb in short order.’

Luis Alvarez, 'Alvarez’, p. 125
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C ﬁwago the C'P1 Pile

10 Shorig.
Iy A’ooMo/

Stagyg Field- the west side of ‘Ellis opposite the Accelerator Building
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The Two Different Paths to Hiroshima and
Nagasaki-

® ...whereas if only plutonium is available, maKing it explode is the most

difficult technical job I Know.... *
® Luis Alvarez, Alvarez’, p. 125

® The Irinity and Nagasaki bombs were made of Plutonium- easier to
maKe in a pile and chemically extract than to separate U235 from
U238. That's 'the Gadget’ you'll see tonight.

Chicago was in charge of the pile frocqmm to make Plutonium- Arthur
Holly Compton and the Metallurgical Laboratory. (Ellis Ave)

E.0. Lawrence and H. Urey were in charge of isotope separation.
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Little Boy
From John Coster-Mullens (Wikipedia)
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The Hiroshima Bomb- U235, simple gun bomb-

Never tested (problem was the other way- Deke Parsons armed it in mid-air over

concern it would go off too easily if something went wronyg)
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Note the given

dimensions-

Also don'’t need the
Polonium-Be initiator-

over-Kill (sic)

The Hiroshima Bomb-
01/18/08

L ittle Boy How To...
From John Coster-Mullens (Wikipedia)

——.

Cross-section drawing of Y-1852 Little Boy showing major mechanical
component placement. Drawing is shown to scale. Nwmobers in () indicate
quantity of identical components. Not shown are the APS-13 radar units,
clock box with pullout wires, baroe switches and tubing, batteries, and
electrical wiring. (Johm Coster-Mullen)

Z) Armor Plate

Y) Mark XV electric gun primers (3)

X) Gun breech with removable inmer plug
W) Cordite powder bags (4)

V) Gun tube reinforcing sleeve

U) Projectile steel back

T) Projectile Tungsten-Carbide disk

§) U-135 projectile rings (9}

R) Alignonent rod (3)

) Armored tube containing primer wiring (3)
P} Baro ports (5)

O) Electrical plugs (3)

N} 6.5" bore gun tube

M) Safing/mming plugs (3)

L) Lift lng

K) Target case gun tube adapter

J) Yagi antenna assembly (4)

I} Fowm-section 13" diameter Tungsten-Carbide tamper cylinder sleeve

H)y U-235 target rings {(0)

) Polonium-Beryllivm initiators (4)

F) Tungsten-Carbide tamper plug

E) Impact absorbing anvil

D) K-46 steel target liner sleeve

) Target case forging

B) 15" diamneter steel nose plug forging

A) Front nose locknut attached to 1" diamneter main steel rod holding
target components

"Atom Bombs: The Top Secret Inside Story of Little Boy and Fat Man,” 2003, p 112.
Joln Coster-Mullen drawing used with permission
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L ittle Boy
From Wikipedia

The Hiroshima Bomb- 8:15am August 6, 1945
01/18/08 UC Dr. Atomic Symposium
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The Gadget- Irinity and Fat Man

Fast axplosive Slow explosive  TampernPusher

= s
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The Gadget- Trinity

COMNPIDENTIAL

The Trinity Test

The Gadyget on the Tower July 16, 1945 (my dad saw it- went in
afterwards- tell Wilson/Oppie story)
(tell McKibben story?)
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Los Alamos- 2 -Hand

I was delivered by Dr. Jim Nolan (sung by Roger Honeywell- RocKy??). (Nolan
story..)

My dad was a grad student at Wisc., working on a Van der Graf under Ray Herb;
my mom was (is) a biologist- Herb's group went locK-stock-and-barrel to Los
Alamos early 1943 (Hanson story, fly and cauldron, Fermi and balance).

My mom was a ‘computer’ for Feynman and worked in the blood lab. (tell Kitty
badyge story)

‘Most wonderful group of people...’ - eg. Bob Wilson, Pief, Feynman,
Weisskopf, Bethe (tell Bethe/Weisskopf/Pauli story?)

Moral issues complex- Ramsey at Lyric Symposium- Alvarez, my dad,
How did Adams and Sellars get it so right?. ..
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Question (aside- enter paren.)

® ['ve always associated Los Alamos with trains- the Santa Fe
SuperChief

(and story of Von Neuman, I think it was, losing his car in West
Texas?)

Q: is the music at the start of Act-1 inspired by the sounds of
trains?

(exit paren.)
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The Joy of Physics

(tell Eisenhower, Teller, Rabi story?)
UC Dr. Atomic Symposium
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The Sense of Urgency-11

SCIENTISTS AND PUBLIC POLICY

They approved the organizing of the society according to the motion of Joe Keller [a member
of the first stand-by committee from the meeting of March]. They also discussed what form of
statement we should make on the subject to the President and to the government. Several
alternatives were suggested and the meeting approved [one]. . . . There have been meetings of
the organization approximately weekly since then.

Assn of Los Alamos Scientists-

The key paragraphs of the constituent motion by Joe Keller were:

1. We hereby form an organization of scientists, called temporarily, the Association of
Los Alamos Scientists.

2. The chject of this organization is to promote the attainment and use of scientific and NO'Z} 9’ 1945?

technelogical advances in the best interests of humanity. We recognize that scientists, by virtue
of their special knowledee, have, in certain spheres, special political and social responsibilities
beyond their obligations as individual citizens. The organization aims to help carry out these

. ibiliti f ing i i iding a forum through which their
e can e publicy and anthoriately oxpressed. £ (Paul Piccard, FSU)

The first executive committee was composed of David Frisch, William Higin-
hotham (chairman), Joseph Keller, David Lipkin, John Manley, Victor Weisskopf,
Robert Wilson, and William Woodward., During the next few months these men
especially, and their fellow scientists at Los Alamos generally, were faced with the
difficulty of translating their technical knowledge into political terms. Knowing
what the bomb was, they had to advise an ignorant nation on its use. Capable of
manipulating the nucleus of the atom, they now had to deal with the essence of
their country’s politics. They adopted, insofar as they could, the tactics of profes-
sional politicians; yet their first and one of their most effective blows was directed
with great accuracy by their instincts as amateurs. They aimed at the President of
the United States. Later they went to the Congress as a highly effective people’s
lobby utilizing traditional political gambits.?

The specific issues with which the atomic scientists and the nation were con-
fronted were numerous and complex. As the scientists themselves realized after the
Hiroshima and Nagasaki drops, the paramount question was the problem of inter-
national control. The remainder of this consideration of the scientists’ efforts in poli-
tics, therefore, is directed towards the international topic. The events of September,
October, and November, 1945, seem to have been crucial and conclusive. Before
November had ended, attention was concentrated upon the first Atomic Energy Act
of Congress, but that is another story, as is the role of scientists located at other instal-
lations, not to be reported here at this time.
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Chicago Sense of Urgency

Mromic Bomb: Decision -- The Franck Fepon, June 11, 1915 hatpdfwww dannen.com//decizion franck. him]

O UP 1o Atomic Bomb: Decision
O UP to Leo Szilard Online

The Franck Report, June 11, 1945

Report of the Committee on Political and Social Problems
Manhattan Project '"Metallurgical Laboratory"
University of Chicago, June 11, 1945
(The Franck Report)

Members of the Committee:
James Franck (Chairman}
Donald J. Hughes
1. 1. Nickson
Eugene Rabinowitch
Glenn T. Seaborg
J. C. Stearns
Leo Szilard

Source: U.5. National Archives, Washington D.C.: Record Group 77, Manhattan Engineer Diswict Records,
Harrison-Bundy File, folder #76.

Copyright Notice: The original of this document is believed to be in the public domain. Its transcription and
formatting as an e-text, however, is copyright 1995-1998 by Gene Dannen (gene@dannen.com). The URL of
this page is:
hitpedfwww dannen.comdde cision/ franck html
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John Simpson told
the story of Groves
banning meetings of
mor e than 3 scientists
when he got wind of
the concerns.
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atomic energy act 1946

| wf 1D

McMahon Act

National Committee to Reopen the Rosenberg Case
(Atomic Energy Act of 1946)
ABILL
Far the developmeant and contral of atomic anergy
Ba it enacted by tha Senate and House of Reprasaniativas of the United

States of America in congrass assamblad,

DECLARATION OF POLICY

Saction 1. (a) Findings and Dy and experi an in tha field of
nuclaar fission hava altained the stage at which the relaase of alomic energy on a large
seake is practical. The significance of the atomic bomib for miltary pumpeses is evidant. Tha
affactaf he usa af atamic anargy lar civilian purpases upon the sacial, sconamic, and
palitical structures al today cannat now be ined. Itis 1o anficy
however, that tapping this new soures of enangy will cause profound changes in our presant
way of lite. Accardingly, s hereby daclared 1o ba the palicy of the pacpia af ha Unitad
States that the dsvelapment and ulilization of stomic energy shall be directed toward
impraving the public wallarae, incraasing the standard af lving, strangthaning fras

ian amang private =0 far as practh and ward paace.

() Purpasa of Act. It is the pumpasa af this Act 1o eflectuale thasa palicias by providing,
amang athears, far the fallowing major pragrams;
(1) A program of assisting and lestering privats research and devalopmant an a truly

basis ta i sciantific progress;
{2} A program lor the free dissemination of basic scientiic information and for maximum
libarality in dissamination of related technical information;
(3) A program of federally conducled ressarch lo assure the Government of adequate
scientific and technical accomplishments;
(4} A program for Govammant contral of the i i, and usa al fi
matarials fo protect the national security and 1o ingure the broadest possible explotation of
tha fiald;
(5} A program lor simultanaous study of the sosial, paltical, and scanamic aflects of the
utilizatian of atamic anargy: and
{6} A program of administration which will ba consistant with intarnational agreamants
mada by the United States, and which will anable the Cangrass 1o ba cumantly informad sa
as bo lake furthar lagislative action as may heraafier be appropriate.

ATOMIC ENERGY COMMISSION

Sea. 2. (a) There is heraby established an Atamic Enargy Commission (herein called the

G . which shall ba of five mambers. Threa memibars shall constitute a
quarum af the Cammission. Tha Prasidant shall designals ans mambar as a Chairman af
the Commission

L] af the G shall ba by tha Prasident, by and with tha advice
and cansent of the Senale, and shall sarve at the pleasure of the Prasident. In submitting
naminatiors to tha Sanate, the Presidernt shall sat farth the exparianca and qualifications af
aach parsan so nominated. Each mambar, axcapt the Ghairman, shall racaive
com-pansation 2t the rate of $15,000 par anrum; tha Chairman shall recaive compansation
attha rate ot 820,000 par annum. Na mambar of the Cammissian shall argage in any other

UC Dr. Atomic Symposium
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John Simpson- UC

John Simpson 1alks about our nuclear past and fowre hapedfchronic ke ue hicago. eduf9904 | 3/sinmpson. shim]

April 15, 1999
Val 18 Ha. 12

John Simpsan, the Arthur Holly Compion Distnguished Senvice Professor Ementus in
Physics, recenfly received the 1999 Leo Salard Lectureship Award. Simpson worked
as a sciennfic group leader for the Manhartan Project, for which Szilard was a leading
soantist. Always advocatng civilian conrol of nudisar power, Simpson organized and
recaived approval for mestings o take place in Ayerson Physical Labaratory during
the atamic ressarch on the University campus in 1945,

John Simpson talks about our nuclear past
and future

By Steve Koppes
News Office

A noted Chicago space scientist who also worked on the Manhat tan
Project urges further development of safe nuclear resctors that could
both meet a growing energy demand and reduce the tisk of nuclear
fuel proliferation for military applications.

“The waorld is not going o wait around for the United States o phase
out of nuclear energy.” said John Siimpson, 82, the Arthur Holly
Compton Distinguished Service Professor Emeritus in Physics.
Simpson has made many discoveries regarding the solar system and
served as a scien-tific group leader in the Manhattan Project from
1943 10 1946,

“Developing nations represent 90 percent of the world's population
and they are going to go nuclear. We have to face that fact. Either we
get in there and help lead the way, or we are going to be left
hopelessly behind during the next century, unable to influence the rest
of the world,” said the Chicago physicist.

Simpson’s comments came during an interview before he deliverad
the Leo Szilard Lecture Thursday, March 25, at the American Physical
Society's Centennial Meeting in Atlanta. On the previous Wednesday,
the sociery presented the 1999 Leo Szilard Lectureship Award to
Simpson for his leading role in educating scientists, members of
Congress and the public on the importance of civilian control of
nuclear policy. The award also cites his critical efforts as an organizer

1 of 3 L1720 (6:42 PM
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Note Clock has Moved since this
picture! (2 min closer)

Atomic

Scientists

"he Bulletin of Atomic Scientists,

he University of Chicago (1945)
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It hasn't ended yet..’

My reading of the meaning of the Bulletin's Clock_ is that since Trinity we no
longer have lots of time- ]‘5[ -scale on the clocK is just 15 minutes to midnight. We
have yet to solve the danger- we are running out of time..(M. Ayme’)

Dr. Atomic also doesn’t have an ending — they too are waiting as the curtain
comes down. ..

With the resurgence of nuclear power we need a resurgence of the urgency felt by
Oppie, Wilson, Simpson, Levi, Shils, and others. .. U235 is too easy, and it's out
there, and now, others have the technology... once there’s lots of 235 out there,

‘any high school Kid..".

We're at the UC GSB- what'’s it worth to us to remove the risk? (Chicago School
of Economics

Peter Sellar’s definition of tragedy. ...
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The Clock Remains an Internationally Known Symbol

Riéchard Clivg, Untled Stakes

UC Dr. Aty
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THE END
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Continuing
Concern

Mar ch
1950,
Vol 6,
No. 3
(3 mnto
M dni ght)
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WHAT THE SCIENTISTS ARE SAYING

Arms Can Bring No Security

Albert Einstein
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Back to the Laboratories

Edward Telfer

Dobn.:\l.l.r'bl‘ll L;\UIfl-ﬂL-I.\- .Jlblﬂ wo-
P ononeed Ehos we eee wuing Ga
m=aln w hpdragen booah, Me nne
genneztad with werk an ontemale homshs

cup sacate @ foslag of e voaeae

sipUicy. Ma pe wiil be rlad Lo disscveys
mrre fucl with which o coming ems
fapeation gy La fad Eut aeiertists
Tniae find B modert waT %4 louklnc
LRl
ir Mgt respemalble for the lawm {.f
neture. 1t i biz job o And ewl hew
L Laws operate. Ll us Lie sientcly
job =a find tbe waors in which thaas

RUFTE Y

LdWH Ldlk S2Crd I.i'.‘E ;’.IHI'JIIHJ.I IJ\-'J-I]- EL‘W—
cwee, it ia wet the socntist ul e
ratprnina whether a Sydregen binenlr
a'lwulﬂ A eemaficte],  whethor i
hu uvoad ap how dt cheadld ha

=i dois LEZPIOSLIALLEY  TRHW "'\.i.loil.
lbe Amereuc people woil owits  Ler
chnzan reprossmistivns,

]-"'qrsumc"l:,r s.a 7 rl'rlmm I do it

11 B s e Foreai

Tm in
mwan =ncld hore oeked Clo o eeiontist,
I sm trowbled by other qoeations, mors
Tionesd, uk¥e  speclc, aus wolo jess
wrpeot and nat [vss horressing. Ceo

il




1992:Vannevar Bush -
Backs the bom ~.

1996: Tomorrow. r
A Eurobomik

E k-
r 2003: Chinese
- 000: Nuclear Forces
Tha@op I 1992: Pakistan’'s
Bomb: QOut Jilight Zone

oy 99_51 AN of the Closet

£

Japan’s

1992: Cuba’'s riag o [ ranign Bomb? 991: Plutonium
Double Jeopar dy ir 1992: India’s ETENEEINC T

SilengBomBg

.-'

clear Middle Ez t‘
El

o

W

1994: South Africa and
The affordable bomb ¥

01/18/08 Recent BAS Aedicles 30




