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1. Physics of Nuclear Weapons [30]
(a)

In the panel below, sketch the curve of binding energy per nucleon from A=1 to A=240.  [4]
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(b)

What are the two fundamental forces responsible for the shape of this curve?  [2]
(c)

Is there any fundamental limit to the yield of a fusion weapon?  [3]
(d) What is the definition of a fissile nuclide? [3]
(e) What is the definition of a fissionable but not fissile nuclide? [3]
(f)

What is the definition of reactor-grade plutonium?  [3]
(g)

What is the definition of weapon-grade plutonium?  [3]
(h)

What is the definition of highly enriched uranium?  [3]
(i)

List two properties of reactor-grade plutonium that would interfere with its use as a nuclear explosive.  [4]

i.


ii.

(j)

Is it possible to make a functioning a nuclear weapon using reactor-grade plutonium?  [2]
2. Definitions [30]

Define the following terms in one or two sentences:

(a) Special nuclear material  [2]
(b) Minimal deterrence  [2]

(c) Mutual assured destruction  [2]
(d) First strike  [2]
(e) Second strike  [2]
(f) Preventive war  [2]
(g) Preemptive war  [2]
Answer the following questions in one or two sentences:
(h)
What is the standard definition of “war”?  [2]
(i)
Why is the term “war on terror” illogical?  [2]
(j) 
Why is the term “war on terrorism” illogical?  [2]
(k)
Why is calling nuclear, chemical, and biological weapons all “weapons of mass destruction” inaccurate and misleading?  [4]
(l)
Which if any of these weapons could actually cause mass destruction?  [2]
(m)
How was the terminology “weapons of mass destruction” used in the run-up to the invasion of Iraq to mislead the public and Congress?  [4]

3. North Korea’s Nuclear Program [30]

(a) Did North Korea sign the Nuclear Nonproliferation Treaty (NPT)?  [2]
(b) Did North Korea ever comply fully with the conditions of the NPT?  [2]
(c) At the beginning of 2002, the plutonium North Korea had extracted from its nuclear reactor at Yongbyon was secured by IAEA safeguards. It was thought to be enough to make about how many nuclear weapons? [2]
(d) In what year did President George Bush label North Korea a member of an “axis of evil” and cancel planned nuclear negotiations with it?  [2]
(e) In what year did North Korea break the IAEA seals on its nuclear reactor at Yongbyon, start moving fresh fuel rods into the reactor, and order IAEA inspectors out of the country?  [2]
(f) What year did North Korea announce its withdrawal from the NPT? [2]
(g) Pakistan is believed to have given North Korea what advanced technology useful for producing special nuclear material?  [2]
(h) What kind of special nuclear material can be produced using this technology? [2]
(i) What weapon did Pakistan receive in return?  [2]
(j) What special nuclear material is North Korea thought to have used in the device it tested in 2006?  [2]
(k) What is believed to have been the source of this special nuclear material?  [2]
(l) Does the new agreement with North Korea reached following the recent “Six Party Talks” differ in any fundamental way from the “Agreed Framework” negotiated in 1994?  [2]
(m) Has North Korea agreed to give up its nuclear weapon program and its nuclear weapons?  [2]
(n) Has North Korea given up their nuclear weapon program and their nuclear weapons?  [2] 

(o) State one U.S. obligation under the new agreement.  [2]
4. Iran’s Nuclear and Missile Programs  [30]

(a) Did Iran sign the Nuclear Nonproliferation Treaty (NPT)?  [2]
(b) Is Iran currently a party to the NPT?  [2]
(c) Is Iran allowed to pursue civilian nuclear technology under the NPT?  [2]

(d) Is Iran known to be in violation of the NPT?  [2]
(e) What technology is Iran currently using to make special nuclear material?  [2]
(f) From what source did Iran obtain this technology?  [2]
(g) What type of special nuclear material is Iran currently producing using this technology?  [2]
(h) Is Iran allowed to produce this special nuclear material under the NPT?

(i) Does Iran currently have an operating nuclear reactor?  [2]

(j) Are all of Iran’s nuclear facilities currently under full IAEA Safeguards?  [2]
(k) About how many nuclear weapons is Iran thought to have today?  [2]
(l) Why does a civilian nuclear program complicate the detection of a military program?  [2]
(m) What is the range of the longest-range nuclear-capable ballistic missile Iran has tested?  [2]
(n) Is it capable of reaching Israel?  [2]
(o) Is it capable of reaching Europe?  [2]
5. The Nuclear Nonproliferation Regime [30]

(a) The NPT is essentially a grand bargain between the nuclear weapon states and the non-nuclear weapon states.  Give two provisions the nuclear weapon states agree to.  [4]
i. 

ii.

(b) Give two provisions the non-nuclear weapon states agree to.  [4]
i.

ii.

(c) Which of the following countries are currently parties to the NPT? [circle their names] [4]


Brazil       China        Pakistan        India        Iran        Israel       North Korea      South Korea

(d) According to Panofsky in the article “Nuclear Proliferation: Capability versus Intent”, the processes through which states acquire nuclear weapons fall into three categories: breakup, breakdown, and breakout. Briefly define each of the following processes.

Breakup:  [3]
Breakdown:  [3]
Breakout:  [3]
(e) Give an example of a “breakup” process that has occurred in the past twenty years.  [2]
(f) The Nunn-Lugar act (the Cooperative Threat Reduction Act) was passed in response to what problem?  [3]
(g) The Nunn-Lugar act has four main components. Name two of them.  [4]
i.

ii.
6. Nuclear Proliferation [30]

(a) Which country detonated a nuclear device for the first time in the past year?  [2]

(b) What was the estimated yield of the device?  [2]
(c) What scientific instrument was used to estimate the yield?  [2]
(d) In principle, can the information gathered using this type of instrument allow one to distinguish an earthquake from a large explosion?  [2]
(e) Distinguish a nuclear explosion from a conventional explosion?  [2]
(f) Was there evidence of a radioactive plume after the explosion?  [2]
(g) How can one detect such a radioactive plume?  [2]
(h) Does this form of evidence allow one to distinguish between a nuclear explosion and a conventional weapons explosion?  [2]
(i) Which country or countries were informed of the test in advance by the testing nation?  [2]
(j) The yield the informed country or countries was told to expect turned out to be [circle the correct answer] [2]
much less than the measured yield
about the same as the measured yield
much greater than the measured yield

(k) What special nuclear material is the testing country thought to have used in its device?  [2]
(l) What is thought to be the reason for the discrepancy between the predicted and measured yields?  [4]
(m) Approximately how many total nuclear weapons is this country thought to posses?  [2]
(n) How many tons of conventional explosives (e.g., ammonium nitrate and fuel oil) would be needed to create an explosion with the same yield as the nuclear device tested last year?  [2]
7. Nuclear Delivery Methods and Likely Consequences of Nuclear Events [30]

(a)  Decode the following acronyms for delivery systems and state their ranges.  [8]
•
ICBM

•
SRBM

•
IRBM

•
MRBM

(b)
Which of the following objects are closest to the approximate length and diameter of a modern long-range cruise missile? Circle one.  [3]


Grain silo

Tanker truck

Home water heater
(c)
About how far can a modern, nuclear-tipped long-range cruise missile fly?  [3]
(d)
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.  [4]
i.

ii.
(e)
List two reasons an attacker is likely to prefer one of these methods.  [4]


i.

ii.
(f) List two likely consequences of exploding a 10 kiloton nuclear bomb in Manhattan. [4]

i.

ii.
 (g) List two likely consequences of exploding a radiological truck bomb in Manhattan. [4]

i.

ii.
8. Attempts to Defend Against Ballistic Missiles [30]

(a) What year did the United States first begin work on a defense against ballistic missiles?  [2]

(b) In what year did the United States first declare a missile defense system “operational”?  [2]
(c) About how much did that missile defense system cost, in current U.S. dollars?  [2]
(d) How long was that missile defense system operational?  [2]
(e) What report provided the justification to restart the national missile defense program?  [2]
(f) How did the evaluative criteria used in that report differ from those that preceded it?  [2]
(g) What is the goal of the ground-based missile defense system being built today?  [2]

(h) What year did this ground-based missile defense system become operational?  [2]
(i) How many successful tests of the ground based midcourse intercept missile defense system have been completed?  [2]
(j) How many successful intercepts has the Airborne Laser achieved in the past two years?  [2]
(k) What is the current annual cost of the U.S. program to defend against ballistic missiles?  [2]

(l) What are two of the supposed advantages of a boost-phase-intercept missile defense?  [4]


i.

ii.
(m) What are two major disadvantages of a boost-phase-intercept missile defense?  [4]

i.

ii.
9. Preventing Nuclear Terrorism and Intelligence [30]

In his book Nuclear Terrorism, Graham Allison lists three “No’s” that he argues must be accomplished to prevent nuclear terrorism. (i) List his two “No’s” and (ii) explain briefly what each means.
(a)  [4]

i.

ii.
(b)  [4]

i.

ii.
In Nuclear Terrorism, Allison lists seven “Yes’s” that he argues must be accomplished to achieve his three “No’s”. (i) List two of his “Yes’s” and (ii) explain briefly what each means.

(d)  [4]

i.


ii.
(e)  [4]

i.

ii.

(f) What was the evidence that the Bush administration used in order to tie Saddam Hussein’s government to the 9/11 attacks?  [2]
(g) Was there a compelling case that Saddam Hussein’s government was involved in or encouraged the 9/11 attacks?  [2]
(h) Why is it important that the analysis of intelligence be insulated from political decision making?  [4]
(i) According to a recent article in The New York Times, intelligence analysts are adhering to a method governed by the “Powell Rule” in analyzing intelligence pertaining to North Korea and Iran. Briefly, what is the “Powell Rule”?  [4]
(j) When reading a National Intelligence Estimate, how should one interpret the phrase “moderate confidence”? Circle One. [2]
The available information can
Information is high-quality, 
Information is fragmented,

be interpreted in various ways
a solid judgment was made
significant concerns exist.
10. Arms Control Agreements and Verification Technologies [30]


Consider the two photographs displayed above.

(a)
These photographs are of a particular location. Where is this location? [4]
(b)
Which photograph (the one on the left or the one on the right) was taken first? [2]

(c)
What do the photographs show? [2]

(d)
Why are they important?  [4]
Answer the following questions about arms control treaties.
(e)
According to the Law of Treaties, a state that has signed a treaty is not required to comply with it until it has gone into force. (Yes or no.) [2]
(f)
What is the difference between an Executive Agreement and a Treaty? [4]

(g)
What year was the Strategic Offensive Reductions Treaty (SORT) signed?  [2]
(h)
Which states are parties to SORT? [2]
(i)
What year does SORT enter into force? [2]

(j)
What year does SORT expire? [2]

(k)
Which of the following types of weapons are banned by the Outer Space Treaty? [4]

•
Anti-satellite weapons

•
Intercontinental-range ballistic missiles

•
Orbiting nuclear weapons

•
Space weapons designed to attack targets on the ground
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