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Lecture 21: A-bombs and Effects

1. Notices
Notices
+ M. Sherwin & K. Bird American Prometheus (bio of
I.R.Oppenheimer) Pulitzer!
+  Thursday 4:30

Tufts is having a panel on the Iran situation.

"Target: Iran? Teach-In""

apongared by TCOOWI

What 15 the r:ali'lg,r and what are the :n','ths behind Iran's meclear progra e
What are the real otiver of the Bush adranistrationT

What would a U3 attack mean for Iranians?

Gary Goldstewn will be speaking abot the mueclear issue. Modhumita Eoy will tall about noclear weapons
Fouth Asia, Twe or thres grad stedents Fom the biddis Ease will be connecting te pelitical izsues, Given the
heating up of the rhetoric and the Seymour Hersh asticle in the MewYorker about the build-up to war, this 15 an
urgent weue for all of us

*  What are the big ideas of the course?
*  Meodem physics has effected how our contemgorany wocld worles
+  Modemn physics gives an vnderstanding of how nature works (at many lewsls)
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2. More details

More details

= 10 nsec for 1 generation (1 nsec = 1 nanosec =10%sec)
» With neutron speed 10”m/s that is over
d=10"m/s x10%sec = 10'm = 10 cm or 4 inches
« ~1 microsec for 80 gens
or ~10 kT bomb
with critical mass ~10Kg
« See copy of part of chapter on assembling the bomb

Models of U235 -= Hiroshima

“little boy™

and Pu239 bombs->Nagasaki

“fat man™
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“Little boy”

“Lattle boy”

« Little boy 5
» Critical mass must be assembled in less time than
spontaneous fission & minimize n loss
« Sphere to minimize critical mass
« Gun type trigger
+ Sure thing - no test

i “Target” Urainiuirm “hudlet”

bty biguidi 1 T
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Fat man

Fat man

« Fatman 2*Pu from reactors (Hanford)
N+ 352 F U 579U - ,79Np + ety
g NP =3 o PU + ety
* #*Pu much faster spontaneous fission than ***U
» Needs faster assembly to avoid fizzle
« |mplosion of sphere - subcritical with components

« Compress to criticality, initiator, until intemal P exceeds
compression (80th gen) then disassembles

= Very delicate technology needed testing

Fastexplosive  Slow explosive  Tamper/Pusher
S

. !
Newtron inftlator  Plutonium core  Sphetical shockwave

3 T el 7 COMPIesEes Cong
i
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5. Lecture 21: A-bombs and Effects: Slide 5

Fission Material
LU win s U wasg, =
ﬂhn :ﬂd {Fn: —fu
Enrichment o >0 25U
: mp'ﬁ“;"ﬁ (Ml?l‘:e} —¥ Towrers using gravity to separate minute amounts
I5%: Mining :‘;:é;"; s Gusifying Recent switch 13 centrifuges (Tndia, Pakistan, .. 7
2, P, futer Fasion
190: NReactor with T0R75Y = Pu Gunford _y 0 o ction Gesborg meigard)

Remewl , Chamica| Separation
Thggering .;R:.a gﬁ% of Critical Mass
i e {Ji Little By easy ﬁ%ﬁan = ~14 kilotons (=14,000 tons TNT)

Gun Wirsslifa, vs. ~ 20 Kg Uranium
¢ 5T e m‘rg‘laﬁd;e
} slruction ;
o (Alamagordo = 21 kilotons
L =Trini 'mtJ ~ 100,000 - 200,000 deaths
“Fat Man"
F a'.__.,._: -,L;
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6. Radiation and other effects

Radiation and other effects

+ Blast - pressure & shock waves
« Structures collapse & overpressure compresses objects
+ Debris propelled
+ Fatalities - crushes, collapses, collides - in seconds
* Bum - temperature of sun expanding outward
+ Expandimng fireball
« Buming structures & firestorms - fatalities over hours
+ Radiation
+ alpha beta. gamma & neutrons
+ Each has its own characteristics

* Immediate: y ~ seconds —» radiation sickness
* Intermediate: radionuclides ~ days

+ Fallout: radionuclides ~ weeks

All yield long term genetic damage, birth defects
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7. Nuclear decays

Nuclear decays

L]

a: (Z,A)—>(Z-2.A-4)+,"He
+ Strong or nuclear glue and quantum tunneling
B: (Z.A)—>(Z+1 , Are also have (Z-1 A)te!
= Weak and based on n —pt+e +v (anti-neitring)
v (ZA)*— (Z,A)Y+y
* EM quantuim transition
N: (Z.A) = (Z.A-1 Hn
Each with characteristic decay time and energy release (Q

value)
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8. Radioactivity

Radioactivity
All decays occur randomly - probability distribution
characteristic of nuclide and decay products
Activity=rate of decrease in time = A(t)

A in units of Curies
1 Curie =3.7 101 disintegrations/sec

or Becquerels (Bq) SI units

A o N(t) (each decay 1s independent of others)

L

How does N(t) change in time?
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9. Exponential decay

Exponential decay
* ;5 1s the half-life
*IfNyattime 0, Ny2atis,
Ny4at2t, Ny8at3t, Nyl6atdt,
or Ny2" at time nf,
* Exponential decay law for many phenomena,
especially QM decays (and heat transfer)

t 0.69 t]

N(t) = an-[a} = Nuﬂ-[ ha

Activity (Bq) = Otlﬁ N(t) with tin sec

i2
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10. Decay examples
Decay examples
« NUCLEUS ATOMIC HALF LIFE DECATY
. WEIGHT PRODUCTS
s ‘Ra 226 1602 years alpha,gamma (4%)
= C 14 5730 years beta
= 5r S0 28 years beta
-« g e 12.3 vy beta
. I 131 8 days beta,gamma
=+ (3 137 30 ¥ beta, gamma
+ En 222 3.8 days
alpha, gamma(0.1%)
= U 238 4.50 = 10% yr
alpha,gamma(23%)

= U 235 7.0 % 10% yr alpha, gamma
= Pu 239 24,400 yr alpha
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