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INTRODUCTORY LECTURE

PART |I: FUNDAMENTAL PRINCIPLES
fission / fusion / binding energy / critical mass
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PART II: BASIC CONCEPTS OF WEAPON DESIGN

PART IlIl: ENERGY RELEASE & EFFECTS
Initial nuclear radiations
blast and shock
thermal radiation
residual nuclear radiation (fallout)

PART IV: WHO HAS NUCLEAR WEAPONS ?
SUMMARY / COMMENTS / QUESTIONS






SOME FUNDAMENTALS
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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

64 h

STABLE

FISSION
FRAGMENTS
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DISTRIBUTION OF FISSION ENERGY
MeV
Kinetic energy of fission fragments 165 = 5
Instantaneous gamma-ray energy 71
Kinetic energy of fission neutrons 505
Beta particles from fission products 7x1
Gamma rays from fission products 61
Neutrinos from fission products 10
Total energy per fission 200 + 6



CHAIN REACTION

| GENERATION
1
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dN/dt = Nx/g :
N = N_ext/9 ~ N_10"/23
(U-235)
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To generate ~0.1 kT of energy requires about 51 generations. . .
Time per generation ~ 10-8s = one “shake”
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 ps



FUSION
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FIGURE 21-1

D D 3He . . .
i@ ; i ‘; n Reaction cross sections for selected fusion reactions.
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Figure 1. Fusion reactions with deuterium (D) and tritium (T) nuclei.
The numbers indicate how the fusion energy is divided between the
products in each case. The neutrons (n) are not electrically charged, but
the other products carry electrical charges.



Critical Mass
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DO
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Figure 1.52.

(IMMEDIATELY AFTER FIRING)
THEN EXPLODES

Principle of a gun-assembly nuclear device.

explosive

gun barrel
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FiG.26.1 Uranium fission nuclear weapon, gun type Little Boy.

TABLE 26.1
Critical Masses of U-235 and U vs. Enrichmen
% U-235 U-235 (kg) U (kg)
100 15 15
50 25 50
20 50 250
10 130 1300
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CRITICAL MASS

A
SUBA:::S”SWC L COMPRESSED

SUPERCRITICAL
MASS

CHEMICAL
EXPLOSIVE

( IMMEDIATELY AFTER FIRING)
( BEFORE FIRING) THEN EXPLODES

Figure 1.53. Principle of an implosion-type nuclear device.



SUITCASE BOMB ?
Testifying before US Congress 1999

Sunday Times, London

Bomb core. Shown heve is a model of what

are alleged to be components of an Isvael
nuclear weapon, including a shiny hollow
beryllinm spheve with 1ts cap vemoved. It is
meant to encase the small, davk plutonium
cove. The lavger, half-spheve at vight
apparvently vepresents explostve matevial that
when detonated would trigger a nuclear
explosion. The photograph is one of a sevies
taken by a former techmician, Movdechai
Vanunu, at the Dimona undevground
nuclear facility in Isvael. Science, March 1987



Geometry and Critical Mass
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‘Instant of Detonation’

NUCLEAR FIREBALL
(10 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

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)



ATMOSPHERIC BURST

Typical energy distribution

THERMAL
RADIATION :
35%

7
BLAST
AND

HOCK

/ 50%

 _

INITIAL RESIDUAL
NUCLEAR RADIATION NUCLEAR RADIATION
10%

5%




Interactions of Gamma and X-rays

 Low Energy:
Photoelectric Effect dominates

Q@ M Shell
« Mid-Energy: .
Scattering dominates i ]
Many types of scattering: I it W
Compton scattering : é"\‘\fﬁ\\w\ —
(with free, unbound e-) M
Incoherent scattering ) ‘°2§'—I—:fee_:'__~;1r~ oo
(considers e- binding energy) ;_Snccait:fr;g \‘\\ N
Rayleigh scattering PN e
(considers nucleus recoil) i R ——— pr P
Energy (MeV)
* High Energy: B Gbrmpesiaom b ssbtaciug liohilocsisdiaty it Pt S WA 0

photon interactions in lead. From Shultis and Faw [1996].

Pair Production dominates

“all interaction mechanisms result in electrons in motion”



INITIAL NUCLEAR RADIATIONS

Prompt gammas interacting with air to produce a current of electrons

ELECTROMAGNETIC PULSE (EMP)

A. HIGH ALTITUDE BURST

12 (h ~ 200 km)
10
8
B. AIR BURST C. SURFACE BURST
(h ~ radius of fireball)
[3

AR

"
N\ ol W

R ///‘
2 \

CURRENT ( kiloamperes)

P COMPTON EFFECT
[ —— BURST
GAMMA RAY ELECTROMAGNETIC PULSE (EMP) GENERATION
AIR MOLECULE occurs when gamma rays interact with air molecules.
compron T (J\’w’ Since air density is a function of altitude, the
ELECTRON characteristics and effects of EMP dcpcm'i upon the
4/ height of the burst above the earth. For a high altitude
SCATTERED burst (A), electrons released due to the Compton process
0 4 5 [:3 GAMMA RAY (insert) gyrate about geomagnetic field lines and create a
0 I 2 3 strong radiated field over a wide area of the earth’s sur-
face. In the denser air at lower altitudes (B), attenuation
LEGEND — —-——  DEPOSITION REGION of the Compton electrons occurs over a distance that is
. BOUNDARY small compared to the electron’s gyration radius about
TIME {microseconds) NET DIPOLE the geomagnetic field line. In this instance, the decreas-
CE’RRENT ing air density with increasing altitude results in asmall
net vcr:iicfal "‘jdipolc” and cc})}nscqm;emlvca rc;‘atively weak
—_— GAMMA RAY radiated field. At or near the sur ace (C), there is a very
5 : a high-altitude X large vertical dipole current caused by air-earth inter-
Figure 11.50. Typical form of the current pulse induced by ghe EMP from : g o ® CEOMAGNETIC faceasymmetry. Another effectof the groand jevel boers
clear explosion in a long overhead power line. (The actual curre isa strong azimuxhalmaﬁnetic field at the surface due to
au pl s will depend to some extent on the conditions.) electronreturn-current ow inthe earth through the air-
ime:

to-ground circuit path.



More EMP

E
w
LIGHTNING
é e COMMUNICATIONS/RADAR
:
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w
FREQUENCY ———»
A. SPECTRUM COMPARISON
EMP

LIGHTNING

MAGNITUDE

TIME —p

B. TIME COMPARISON

h= 62 mi.

h= 330 mi.

~
il

C. EMP GROUND COVERAGE FROM
HIGH ALTITUDE BURSTS

FIGURE 5

ENERGY DELIVERED BY ELECTROMAGNETIC
PULSE (EMP) due to a nuclear burst occurs across a
broad :lpectrum of frequencies (A), including those used
for radio communications. Lightning energy is dis-
tributed across a somewhat narrower spectrum.
Although the total energy delivered by a lightning dis-
charge may be greater than in an EMP, the latter is
delivered faster (B), usually too fast for conventional
lightningarresters tobe effective. The effective radius of
EMP increases with altitude of the burst (C), and high
altitude detonations blanket large regions of the earth
with EMP energy. Peak intensity of the electromagnetic
field due to this phenomenon may be as great as 50,000
volts per meter.



INITIAL NUCLEAR RADIATIONS

A major concern if the fireball touches ground

Contributes to later fallout
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BLAST DAMAGE

PANELING

STRUCTURE FAILURE PSI
GLASS WINDCGWS SHATTERING 0.5-1.0
PARKED AIRCRAFT FIELD MAINTENANCE REQUIRED
TRANSPORT TO RESTORE AIRCRAFT TO 2
LIGHT LIAISON OPERATIONAL STATUS 1
HELICOPTER 1.5
WOOD SIDING PANELS, PANEL BLOWN IN 1-2
STANDARD HOUSING CONSTRUCTION
CORRUGATED STEEL OR ALUMINUM CONNECTION FAILURE FOLLOWED 1-2
BY BUCKLING
CONCRETE OR CINDER-BLOCK WALL SHATTERING OF THE WALL 2-3
(8 — 12 IN THICK) NOT REINFORCED
BRICK WALL PANEL (8 — 12 IN.THICK) SHEARING OR FLEXURE FAILURES 7—8
NOT REINFORCED
PERSONNEL
1% PROBABILITY OF FATALITY 35 - 45
50% PROBABILITY OF FATALITY 45 — 55
99% PROBABILITY OF FATALITY 85 — 65







SHOCK & CRATERS PROJECT PLOWSHARE

“Swords to Plowshares”
1960-1965

AEC Mission....To develop, within years,

a technology for using nuclear explosives

eSea-level Panama Canal
*Mining
¢Qil Production
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60 Ft

A sea-level canal, dug by nuclear explosives, as shown in this

cross-section dvawing, would be 1000 feet wide and at least 60 feet

deep.

for peaceful purposes...

ATLANTIC
OCEAN

town-
S I nos Bay
Nicaragua-
Coste Rica

The 5voutes shown on this map have been studied as possible sites
Jor the construction, with nuclear explosives, of a sea-level canal
acvoss the Centval American isthmus.



The 100-kiloton SEDAN event formed the lavgest excavation ever
produced by a single man-made explosion. Note lhe size of auto-
mobiles and stvuctures near the cvatev vim.



Nuclear

Mining

Approximate AT ‘q‘au{-u,

chimney AN .
boundary ——s=| !@;»{[{h A !“7!

Rubble

1>
V% -
Different @‘ W ?‘1&‘;}’?'4&
rock strata AN X/ I
PN
ini ,”i!»"é;?'f%l/ R
Mining UEL R
experiment N e
drift L]

Detonation Y 2K
point : YA

Puddle of
rzdioactive
Zass

A hemisphervical cavity about 75 feet highand 1
vemained from the GNOME explosion. Note mai
ble, right center.

Ore may be vecoveved using
Standavd mining lechniques
after the ove body has been
brvoken by a nucleay explosion.

to 196 feet acvoss
standing on vub-

MAN



If the chimney fovmed by an undevgvound nuclear explosion veaches
the survface, a depression vesulls. Aevial view shows such a de-
pression wilh equipment in the bottom.
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PHOTON ENERGY
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Figure 7.45b. Paint on gas holder scorched by the thermal radiation, except where
protected by the valve (1.33 miles from ground zero at Hiroshima).



i t 25
Figure 5.55.  Wood-frame house before a nuclear explosion, Nevada Test Site. Figure 7.28a. Thermal effects on wood-frame 2:]1;2; 1) second after explosion (abou

Figure 5.57.  Wood-frame house after a nuclear explosion (5 psi peak overpressure).
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Range of Effects (100 kT)

EFFECT ~ RANGE
lonizing 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
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Residual Radiation / Fallout

fission products + neutron activation

AIR BURST
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FALLOUT PARTICLES

RADIOACTIVE CONTAMINATION FROM NUCLEAR EXPLOSION 411

1/2mm

Figure 9.50a. A typical fallout particle from a tower shot in Nevada. The particle has a dull,
metallic luster and shows numerous adhering small particles.

1/72 mm

Figure 9.50b. A fallout particle from a tower shot in Nevada. The particle is spherical with
a brilliant, glossy surface.

412 RESIDUAL NUCLEAR RADIATION AND FALLOUT

1/2mm 1/2mm

Figure 9.50c. Photograph (left) and autoradiograph (right) of a thin section of a spherical
particle from a ground-surface shot at Eniwetok. The radioactivity is un-
iformly distributed throughout the particle.

Tmm

Figure 9.50d. Photograph (left) and autoradiograph (right) of a thin section of an irregular
particle from a ground-surface shot at Bikini. The radioactivity is concen-
trated on the surface of the particle.



Figure 12.158a. Beta burn on neck | month after exposure.



Fallout Protection

‘the entire periodic table of elements’
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Following Radioactive Fallout:
Which Foods are Safe to Eat?

A A




FALLOUT PATTERN (15 MT ground burst BRAVO 1954 SP)

TOTALACCUMULATED DOSE (rads) att =96 hrs
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Figure 9.105. Estir A

~ 200 miles

Rongelap Atoll inhabited Evacuated after 44 hours,

max dose ~ 175 rads Lethal Dose — 450 rads ~ LD 50/30



Dose-Rate Contours
(ideal fallout patterns)

15 mph wind
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Figurc 1.64. Rate of Decay of fission products after a nuclear explosion (activity is taken as
100 at 1 hour after the detonation).

Activity decreases by 10 for each 7 units of time
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EXAMPLE: Low Megaton Yield Ground burst  Wind: 15 mph N
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WEAPONS
Who has nuclear weapons ? ~10.000
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@ Known countries with nuclear weapons

1
O Other known nuclear powers
O Suspected of having or developing weapons 15-95 7
@ Countries that have had nuclear weapons research

@) Capable of developing weapons within years



One in every ten U.S. light bulbs....

IS powered by uranium from a former Soviet warhead
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SUMMARY

UNDAMENTAL 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 “*”f‘m

residual nuclear radiation (fallout - long range

WHO HAS NUCLEAR WEAPONS ?
BT

ance / China/ Israel / Britain / India / / Others?
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