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INTRODUCTORY LECTURE

PART I:  FUNDAMENTAL PRINCIPLES

fission / fusion / binding energy / critical mass

PART II:  BASIC CONCEPTS OF WEAPON DESIGN

PART III:  ENERGY RELEASE & EFFECTS

initial nuclear radiations

blast and shock

thermal radiation

residual nuclear radiation (fallout)

PART IV:  WHO HAS NUCLEAR WEAPONS ?

SUMMARY / COMMENTS / QUESTIONS



PART I

FUNDAMENTAL PRINCIPLES



∆E = ∆mc2 = BINDING ENERGY

~0

∆m = Z(mp) + N(mn) – (Mx – Zme)

SOME FUNDAMENTALS

FISSION FUSION BINDING ENERGY

NUCLEUS



FISSION

Fuels… highly enriched (>90%)

U-235

Pu-239

ENERGY EQUILIVALENTS 

1 kiloton of TNT = 
1.16E06 kilowatt-hours
1.16E03 MW-hour
1,160 MW-hour
2.60E25 MeV

~ fission of 1.45(10)23 nuclei
~ 57 gm fissile material
~ one lifetime of energy
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RATE OF NEUTRON INCREASE

dN/dt = Nx/g
N = Noe

xt/g ~ No10n/2.3

(U-235)

Time per generation ~ 10-8 s = one “shake”

CHAIN REACTION

To generate ~0.1 kT of energy requires about 51 generations.

To generate ~100 kT of energy requires about 58 generations.

99.9% of the 100 kT energy is generated in the last 7 generations.

Thus to get a „good yield‟ from a weapon requires that the critical mass be held together 

~60 shakes ~60(10)-8 seconds ~ 0.6 μs



FUSION

E = (3/2)kT

10 keV ~ 77,000,000 K



Critical Mass

keff = 1 (critical)

keff > 1 (super-critical)



PART II

BASIC CONCEPTS OF WEAPON DESIGN



CRITICAL MASS



Science, March 1987

SUITCASE BOMB ?

Testifying before US Congress 1999

NUCLEAR PROLIFERATION?



Geometry and Critical Mass

Fission – Fission – Fusion bomb





PART III

ENERGY RELEASE & EFFECTS



ENERGY RELEASE

• Initial nuclear radiations

prompt gammas and neutrons

• Thermal radiation

• Blast and Shock

• Residual nuclear radiations

The percentage of each depends on the 

type of blast, for example:

Subsurface

Surface

Atmospheric

Exo-Atmosphere (space)

“we knew the world would not be the same”

J. Robert Oppenheimer

July 16, 1945

„Instant of Detonation‟

NUCLEAR FIREBALL
(10-4 seconds after detonation)

PHOTO: US Army 1950 by Doc Edgerton et al., EG&G

“shutter speed: a hundred-millionth of a second” 

From Nat‟l Geo Oct 1987

Fireball Diameter: ~33 ft @ 1E-06 sec

~300 ft @ 1 ms (10-3 s)

~800 ft @  80 ms = 0.08 sec



ATMOSPHERIC BURST
Typical energy distribution



• Low Energy: 

Photoelectric Effect dominates

• Mid-Energy:

Scattering dominates

Many types of scattering:

Compton scattering

(with free, unbound e-)

Incoherent scattering

(considers e- binding energy)

Rayleigh scattering

(considers nucleus recoil)

• High Energy:

Pair Production dominates

“all interaction mechanisms result in electrons in motion”

Interactions of Gamma and X-rays



INITIAL NUCLEAR RADIATIONS

Prompt gammas interacting with air to produce a current of electrons

ELECTROMAGNETIC PULSE (EMP)



More EMP



INITIAL NUCLEAR RADIATIONS

Neutron activation

A major concern if the fireball touches ground

Contributes to later fallout



BLAST & 

SHOCK

OVER- WIND

PRESSURE       SPEED 

(psi) (mph)

100 ~1,000

10                       ~550

1 ~200







PROJECT PLOWSHARE 

“Swords to Plowshares”
1960-1965

AEC Mission….to develop, within years, 
a technology for using nuclear explosives 

for peaceful purposes…

Sea-level Panama Canal

Mining

Oil Production

SHOCK & CRATERS



W= weapon yield, kT

Crater depth proportional to W-0.3

Crater diameter proportional to W-0.25

RULE OF THUMB:  “to double crater dimensions, 

it is necessary to use a charge with a yield 10 times as large”



Nuclear 

Mining

MAN





THERMAL RADIATION



THERMAL 

RADIATIONX-RAYS

GAMMA

RAYS

EM & THERMAL RADIATIONS



HIROSHIMA







1

2

3

4

5 6



FLASH BLINDNESS &

RETINAL BURNS



Range of Effects (100 kT)

EFFECT ~ RANGE

Ionizing Radiation (LD 50/30) 1600 m

Blast (50% causalities) 860 m

Thermal Radiation (50% causalities) 3200 m

“relatively short range” effects when compared with EMP and fallout



Relative 

Timing of 

Events



Residual Radiation / Fallout

fission products + neutron activation



FALLOUT PARTICLES





Fallout Protection
„the entire periodic table of elements‟





FALLOUT PATTERN (15 MT ground burst  BRAVO 1954 SP)

TOTAL ACCUMULATED DOSE (rads) at t = 96 hrs

Δ

~ 200 miles

Lethal Dose ~ 450 rads ~ LD 50/30
Rongelap Atoll inhabited Evacuated after 44 hours, 

max dose ~ 175 rads



Dose-Rate Contours          

(ideal fallout patterns)

15 mph wind

“7-10 RULE” 

Activity decreases by 10 for each 7 units of time



EXAMPLE: Low Megaton Yield     Ground burst      Wind: 15 mph N

Crater: Diameter ~ 1000 ft  Depth ~ 100 ft

Fireball D ~ 1.4 mi

Winds @ 150 mpg  @ 5 psi  R ~ 5 mi severe blast damage

Fires from thermal radiation R ~ 10 mi cloth, newspaper, etc. ignite



Fires from 

thermal radiation 

~ 10 mi

Windows broken ~ 20 mi

FALLOUT

3 R/hr @ t = 18 hr ~ 160 mi

FALLOUT

1 R/hr @ t = 18 hr ~ 270 mi



PART IV

WHO HAS NUCLEAR WEAPONS ?

SUMMARY / COMMENTS / QUESTIONS



Who has nuclear weapons ?

Known countries with nuclear weapons

Other known nuclear powers

Suspected of having or developing weapons

Countries that have had nuclear weapons research

Capable of developing weapons within years

WEAPONS

~10,000

~10,000

450

~400

~200

~185

~60 ?

~15-25 ?



One in every ten U.S. light bulbs….

is powered by uranium from a former Soviet warhead

ANS 2005



SUMMARY

FUNDAMENTAL PRINCIPLES
fission / fusion / binding energy / critical mass

BASIC CONCEPTS OF WEAPON DESIGN
geometry / ‟60 Shakes‟ / environment

ENERGY RELEASE & EFFECTS

initial nuclear radiations

blast and shock

thermal radiation

residual nuclear radiation (fallout - long range)

WHO HAS NUCLEAR WEAPONS ?

USA / Russia / France / China / Israel / Britain / India / Pakistan / Others?



1951
NGS 1987

QUESTIONS?


