The curve of binding energy

In this inverted curve of the negative binding energy, niddte to roll upthe hill. Notice the “bumps”
near magic numbeid [2; 8; 20; 28; 50; 82; 126].
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http://hyperphysics.phy-astr.gsu.edu/hbase/nuclear/nucbin.html

Fission: neutron moderation

-

Cross sections for neutron capturedy U vary by orders of magnitude depending on the neutron

energy.
You're much more likely to capture a neutron and induce sdgfdthe neutron is at low energy!
You can slow neutrons down by inelastic scattering in carbgdrogen or (better yet)

deuterium—also known as heavy water.
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http://www.uic.com.au/uicphys.htm

Nuclear weapons: ssion

=

If we have just puré3® U, the fast neutrons can produce a very fast chain reaction: a

explosion! Concentrations required are perhaps 80% or fooedf cient weapons.

There's a critical mass set by the interaction length of f@sttrons. This was already known
around 1940. Thought to be less than 10 kg!
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It's relatively easy to make a uranium bomb: just slam togetivo uranium lumps like
shooting a uranium bullet into a hollow uranium cylinder.edecond nuclear weapon (the

one dropped on Hiroshima, Japan on August 6, 1945) was ofyiés and was useaahtested

The trick is this: how do you get several kg of nearly ptieU when it's only 0.72% of

natural uranium? Done at Oak Ridge during WWII.

-

—n. 3/



Calutrons for isotope separation

Basically a massive mass spectrometeryinef cient, and requiredots of electrical power to run

magnet coils. Oak Ridge, Tennessee.
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Gaseous diffusion for isotope separation

‘ Slight differential in diffusion rate through a membraneda different masses (l4Fgas). Also very

inef cient!

—n. 5/



The K-25 plant close-up
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Gas centrifuges

. .

Use 10-20 stages to get good enhancemefitdd relative 10238 U. Today: is Iran enriching fuel

he modern approach: put i centrifuges at 50—70 krpm to get gravitational force aatd0°g.

beyond the 2.5-3.5% needed for power reactors?
Ll - E = 1%
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Implosion bombs using plutonium

=

By irradiating?38 U with neutrons (such as in a nuclear reactor), one can tratsgelsome

into 23% Pu which is ssionable!

Because&3? Pu has a different nuclear charge tifdfiU, it is possible to use chemistry to

separate it out. Much easier than isotope separation! Pieddy Glen Seaborg, Berkeley.

A challenge with?3? Pu is that the ssion neutrons are produced more quickly sm*gype
assembly of a critical mass will lead to premature heatirgaasion, and a “ zzle” of an
explosion.

Solution: implosion of a hollow sphere. Very dif cult to aeve, and there was uncertainty

whether it would work so it was tested.
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Trinity test core

From Richard Rhoded,he Making of the Atomic Bomb
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Producing plutonium

A set of nuclear reactors were built in Hanford, eastern \ivagbn, where they could use the

Columbia River for cooling water. This gure from Rhodes:

—n. 10/



From Rhodes:

Plutonium separation
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From Rhodes:

Separation controls
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Trinity test, July 16, 1945

Near Alamogordo, New Mexico. Sand underneath test towerfusesl into glass.
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Use against Japan

The only time nuclear weapons have been used in wartimedal#yi.

Following a series of brutal battles across islands in the €&5aipan, Iwo Jima: :), some
people predicted casualties of 1 million amongst US fortas invasion of Japan were to be
carried out. However, Japan was also in increasingly daspstraits by the end of July 1945.
Some scientists from the Manhattan project urged that a dmexdemonstrated to the

Japanese leadership, but how to arrange? What if it zzled?

President Franklin Delano Roosevelt dies from a stroke inlAR, 1945 and is succeeded by

Vice President Harry Truman.

Hiroshima, August 6, 1945: home base for Japanese forceantMiria. Uranium gun-type
bomb. Nagasaki, August 9, 1945: major war material prodaatenter and sea port.

Plutonium implosion-type bomb.

In both cities, about 100,000 immediate deaths frorth5 kiloton TNT equivalent explosions.

For one account of the events, see the short btickshimaby John Hersey.

Japan surrenders, August 15, 1945. Were they preparingrensier anyway?
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Little Boy and Fat Man



Modern ssion/fusion/ ssion weapons

DSSR carries out its rst successful
test of a nuclear weapon on Aug. 29,
1949. First fusion bomb demon-
strated by US on Nov. 1, 1952, but
not in deliverable form. First deliv-
erable one: USSR, Aug. 12, 1953.
First US deliverable one: Feb. 28,
1954.
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The Cold War

At their peak around 1985, the US and USSR each had about®B0M00 nuclear weapons.
Nuclear testing: about 2000 tests worldwide, includingula®0 above-ground.

Declared nuclear weapons states: USA, USSR/Russia, WKitgdlom, France, People's
Republic of China, India, Pakistan, North Korea. Possilbldaclared states: Israel, South

Africa (since abandoned).

Both the US and the USSR developed a triad of weapons delbystems: bombers,
intercontinental ballistic missiles (30 minutes “door-to-door delivery”), and

missile-launching submarines. Other nations have one @paats of such a triad.

Strategic weapons: destroy big targets in the interior efdjpposing country (missile launch
sites, command and control centers, and cities as a last)eSiost strike; “use them or lose

them.”

Tactical weapons: destroy troop concentrations, commantkcs etc.on the battle eld.
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From Wikipedia:

Nuclear weapons tests
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Davy Crockett

Artillery shell with  2—4 km range. W-54 warhead: 11" diameter, 75 pound weigh§ Kt¥ield.
Tested in 1962.
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The Tsar bomb

The Russian “Tsar” bomb: 50 Mt (dropped from an airplane in 1961). See
http://en.wikipedia.org/wiki/Tsar_Bomba
A 1952 US test at 10 Mt vaporized a coral island in the Paci c.
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UusS W-80

The US W-80 warhead (290 pounds, dial-a-yield from 5-15@Xkt,long, 12” diameter). Internal

radiation pressure reaches10® atmospheres. We have 2000 or so of these.
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MIRV's

fMIRV bus: multiple independent re-entry vehicle (on a negsl T
CEP (circular error probable) is 30 m for Tomahawk (cruise-mi
sile), 80—100 m for LG-118A (land-based missile; 8 warhedds
commissioned 2005!), 90-120 m for Trident Il (submarineduh
missile; up to 8 warheads each; total of 2700 warheads onli4 su

marines).

US W-88 warhead: 470 kT
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The responsibility of physicists

J. Robert Oppenheimer, director of the Manhattan Project:

In some sort of crude sense which no vulgarity, no humor, rvstatement can quite
extinguish, the physicists have known sin; and this is a kedge which they cannot

lose.

Fromhttp://en.wikiquote.org/wiki/Robert  Oppenheimer
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