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1. Physics and the Bomb

Physics and the Bomb

* Chronology - 1898 - 1945
« to fission bomb or A-bomb

* Nuclear Energy

* Discovery of Fission

* Chain Reaction

* Manhattan Project

+ Little Boy and Fat Man

« Effects of Nuclear Bombs

* Bigger bombs - 1945 to present
+ to fusion bomb or H-bomb
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2. Timeline

Timeline
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1912 . Aston Muclear Masses & lsotopes
Mass Defact

1920°s Muclear Research & Quantum Mechamcs

1944 . Szilard Chain Reaction

1938 ., Bathe Fusion — Sun's Energy

1933 ... Meitner, Hahn, Fission
Strassmann, Frisch
Eirstain's Lattar

1940 ... Frisch & Peierls 2353

{memaj
1841 Manhattan Froject Fermi's Fik
28| | andior =P
Tnoganng
10,2006 Dhypsica 6 - G.E Goldstomn - Spr. 03T hysica £ THa 2
- Spring 06 - G Geldstemn (c) 2008, Gary B. Goldstein, Ph.D.

OCW: Physics for Humanists (G. Goldstein) Page - 1



Tufts OpenCourseWare

Lecture 19: A-bombs and Frisch-Peierls

Lecture 19: A-bombs and Frisch-Peierls: Slide 3

electrons
Atons £ |
i

Huc lei :ﬂ,'g:L_—mtrm

-ij‘leﬂ‘
Mess nevtrons + protons
> Mass, of nucleus
Meags Defect
Fusiow
: s % +Erengy !
Y o+ W — e ?'ih
r—hn diffeuft ¥
l-n-ﬂ
s
Huwl‘.ﬂ'r'
31072006 Dhypsica 6 - (3. Goldstein - Spr 03Physica § 3
- Spring 06 - GF. Goldstemn () 2008, Gary R. Goldstein, Ph.D.
4, Lecture 19: A-bombs and Frisch-Peierls: Slide 4
o -
- & BT S
- b ~3,3 ny
. \ g2
Fission ’
o
ey
- ¥
P 1/:-‘ Chain
¢ el Froc Lier,
] 'u.'-;:*”
N g e, Gegtl
e L
o LA ..":'
Ak e, *
5 L ".I J
Y
143 2=y atzg s almih = 00 Rﬂxﬂq
Hew manw n's g3ca DT:JJM “Ee
) P“ iy, P"‘“!"H
hl!\lrﬂ M ne
Crtical Mass
SF02006

Plyrsics 6 - 3.5 Goldstein - Spr 03Physics 6 4
- Spring 06 - 3R Goldstemn

(c) 2006, Gary R. Goldstein, Ph.D.

OCW: Physics for Humanists (G. Goldstein)

© 2007 Tufts University

Page - 2



Tufts OpenCourseWare
Lecture 19: A-bombs and Frisch-Peierls

© 2007 Tufts University

5. Lecture 19: A-bombs and Frisch-Peierls: Slide 5

_ Fission and Binding Energy
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28T has BE/A ~ 7.7 MeV

It is energetically favorable to split into
2 with each fragment at 8 SMeV
Releases (8.5-7.7 MeV x240:200MeV
MNeed a trigger - neutron

n+# ] -= X+ Y + Energy of other
forms ~200 MeV

heitner, Hahn, Strassmann (Berln *38)
Muclear cham reaction - ~2 n's output
{(Szilard, Fermi)

A-bombs 15 to 20 kalotons {Manhattan
Project, Los Alamos)

The Nuclear Age!
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6. Possible energy release in fission

Possible energy release in fission

« 200 MeV is only 200x10%eV=2.0x10%V
=2.0x10%V x 1610 JeV =32x10°11]

(1 g of dust gets raised ~3x1 01 +(10%%10)=3x10*m=3mm)
 But for 6.0x10% nuclei in 1 mole (235 gram) get
6.0x10%2 x 3.2x10-11J=19x1013]
» Equivalent explosive energy
1.9x1013 J +4.2x102 kT/J (kT=kiloton of TNT)

=45kT

Gruesome reality ~ 15 kT — ~100,000 people killed instantly
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7. Fission bomb

Fission bomb

* Need a trigger (fission not spontaneous) -
neutron

* n+23U-> X +Y + Energy of other forms
» Nuclear chain reaction if ~2 n’s output

* Sum up 10 27 -> Ny engro= 6x10%

* A-bombs 15 to 20 kilotons

» Size required & limited by critical mass

* 5, 2?Pu also works, more delicate
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8. |mp0rtant Concepts

Important concepts

WORDS and PHRASES in Frisch & Peierls:
»  fission
neutrons

isotopes - 235 and 238 Uranium - separation - thermal
separation

» chain reaction - neutrons per fission ~= 2.3
scattering - elastic, inelastic

» capture

*  cross section

« energy - 200 MeV per breakup of U

» critical radius (or mass) and mean free path
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