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•
This is a closed book examination. Giving or receiving unauthorized help is a violation of the University’s Rule 33 on academic integrity.

•
You have the full exam period (180 minutes) to complete it. 

•
Answer all the questions on all ten topics. Each topic is worth 20 points. 

•
The point value of each question within a topic is indicated by a boldface number in square brackets, e.g., [3].

•
Write your answers in the spaces provided below each question. Do not submit any additional pages. If you need more room, write on the back of the preceding page.

•
To receive full credit for definitions, give numbers where relevant.
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1. Physics of Nuclear Weapons [20]

a)
Sketch the curve of binding energy per nucleon from A=1 to A=240. [3]
[image: image1.wmf]
 b)
What are the two fundamental forces responsible for the shape of this curve? [2]

c)
Draw a schematic diagram of a modern thermonuclear weapon and label the weapon’s key components by drawing arrows from their names to the components (you may treat the fission trigger as a single component). [10]
d)
Describe in a single short sentence the function of each key component. [5]
2. Effects of Nuclear Explosions [20]

 a)
List the four principal effects that would be experienced by a person located 3 miles from the airburst produced by a 1 Mt thermonuclear weapon, in the order they would be experienced. State the source of each effect and its main consequence. [12]
•


Source

Consequence

•


Source

Consequence

•


Source

Consequence

•


Source

Consequence

b)
What is a “bunker buster”? [3]
c)
What would be the effects of using a “bunker buster” as intended? [3]
d)
The NORAD nuclear command center is located deep inside Cheyenne Mountain. Could it survive a direct nuclear strike? (Yes or no.) [2]

3. Nuclear Weapon Delivery Methods [20]


a)
List the four phases of the flight of a MIRVed ICBM and the approximate duration of each phase in minutes. [8]
Phase
Duration (Minutes)

i)

ii)

iii)

iv)

b)
Can a bomber be recalled after it has been sent toward a target? (Yes or no.) [2]
c)
Can a ballistic missile be recalled after it has been fired toward a target? (Yes or no.) [2]
d) How far can the longest-range nuclear-tipped cruise missiles fly? [2]
Answer the following questions in two or three sentences or phrases, as appropriate:

e)
Why did MIRVing of silo-based ICBMs increases the danger of war in a crisis? [2]
f)
List two nuclear weapon delivery methods that are among the methods most likely to be used to attack the territory of the U.S., according to the U.S. intelligence community. [2]
g)
List two reasons an attacker is likely to prefer one of these methods. [2]
4. Nuclear Arms Control Treaties – 1 [20]

a)
What is the difference between a treaty and an executive agreement? [2]
b)
When does a state that is a party to a treaty become bound by it? As soon as it signs the treaty? Only after it ratifies the treaty? Or only after the treaty enters into force? [2]
c) Why would a sovereign nation agree to a treaty that limits its freedom of action? [2]
d)
What is the definition of a strategic nuclear delivery vehicle (in arms control treaties)? [2]
e) List all the treaties currently in force that specifically address strategic nuclear weapons and name the parties to each treaty. [9]
f)
What category of nuclear weapon systems was banned completely forever by a treaty that came into force in 1987? Which states were parties to this treaty? [3]
5. Nuclear Arms Control Treaties – 2 [20]

Three treaties that limit nuclear testing and proliferation are listed below. For each treaty—


• Give the year the agreement was signed and state whether the treaty is now in force.


• Describe which nations are parties to the agreement.


• Describe the key provisions and the duration of the agreement.


• Describe one way compliance with the agreement can be monitored.

a)
Limited Test Ban Treaty (LTBT) [6]
Year signed? In force?

Parties:

Key provisions:

Name one method of monitoring the LTBT:

b)
Comprehensive Test Ban Treaty (CTBT) [6]
Year signed? In force?

Parties:

Key provisions:

Name one method of monitoring the CTBT:

c)
Nuclear Nonproliferation Treaty (NPT) [8]
Year signed/in force?

The NPT is essentially a grand bargain between two categories of signatories.

What are the two categories of signatories?

What is the bargain between them?

Name one method of monitoring the NPT:

6. Nuclear Arsenals – 1 [20]

a) U.S. and Soviet Union/Russia [10]
•
About how many nuclear weapons (strategic and non-strategic) did the United States have when its arsenal peaked?

•
About how many did the Soviet Union have when its arsenal peaked?

•
About how many does the U.S. have today?

•
About how many does Russia have today?

•
What types of operational strategic nuclear delivery systems do the U.S. and Russia have today? (You don’t need to name them.)


U.S.:


Russia:

 b) China [4]
•
What types of strategic delivery systems does China have today? (You don’t need to name them.)

•
About how many strategic nuclear weapons does China have? 

•
Do any of China’s nuclear-capable ballistic missiles have enough range to reach the 48 contiguous U.S.  states?

c)
What are the estimated total nuclear stockpiles of each of the following countries: [3]

India: 

Pakistan: 

Israel:

d)
Do India and Pakistan normally have nuclear weapons mounted on their ballistic missiles? (Yes or no.) [2]
e)
What type of nuclear material production facility (a plutonium production reactor or a uranium enrichment plant) supplies the nuclear material for Israel’s nuclear weapons? [1]
7.  Nuclear Arsenals – 2 [20]

a) North Korea

•
List the key provisions of the 1994 Agreement between North Korea and the U.S. [4]
•
List two recent developments which indicate that North Korea is pursuing development and possible deployment of nuclear weapons. [2]
•
About  how many nuclear weapons  is North Korea thought to have today? [1]
•
What states are within range of the longest-range missile North Korea has tested? [6]
•
What is the current U.S. approach to North Korea's nuclear weapons programs? [2]
b) Iran

•
List two indications that Iran is pursuing development of nuclear weapons. [2] 

•
About  how many nuclear weapons is Iran thought to have today? [1]
•
What is the range of the longest-range nuclear-capable ballistic missile Iran has tested? [1]
•
Is it capable of reaching Israel? (Yes or no.) [1]
8.  ABM Weapons – 1 [20]

a)
Define “terminal intercept” and list one potentially effective countermeasure to a terminal intercept ABM system. [4]
Definition—

Countermeasure—

b)
The U.S. once had an operational ABM weapon system. How much did it cost (in current U.S. dollars)? What year was it turned on? For how long? Why was it turned off? [4]
c)
Define “boost-phase intercept” and list two of the technical challenges a boost-phase intercept ABM system would have to overcome to be effective against an ICBM. [6]
Definition—

Challenges—

d)
Define “midcourse intercept” and list two potentially effective countermeasure to a midcourse-intercept ABM system. [6]
Definition—

Countermeasures—

9.  ABM Weapons – 2 [20]

a)
About how much money was spent on the SDI (”Star Wars”) missile defense program? [1]

b) Did SDI produce any systems that could be tested or deployed? (Yes or no.) [1]
c) List two lessons learned from the SDI program. [4]
•


•

d)
List two general ways the current missile defense program differs from SDI. [4]
•

•

e)
List two general ways the current missile defense program is similar to SDI. [4]
•

•

f)
It is often claimed that the performance of the Patriot missile defense system in the 1981 Gulf War shows that an effective national missile defense is possible. List two reasons this claim is not valid. [2]
•

•

g)
What is the mechanism the midcourse ABM system now being deployed in Alaska and California is designed to use to disable incoming warheads? [2]
h)
What percentage of intercept attempts by the midcourse ABM system now being deployed has been successful in the last two years of tests? [1]
i)
Has any component of the midcourse ABM system now being deployed in Alaska and California ever been tested under realistic conditions? (Yes or no.) [1]

10. Other Questions {20]

a)
Name two countries that received uranium enrichment technology from Pakistan. [2]
b)
Name two countries that received ballistic-missile technology from North Korea. [2]

c) Does Pakistan have ballistic missiles that can strike India’s major cities? (Yes or no.) [2]
d)
Does Israel have a nuclear-capable ballistic missile? (Yes or no.) [2]
e)
With the range to strike Iran? (Yes or no.) [2]
f)
Besides ballistic missiles, what two other nuclear delivery systems does Israel have? [4]
g)
Name two of the countries that once had nuclear weapons but gave them up. [2]
h)
What is a ‘dual-use’ technology in the context of nuclear weapons? [4]
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