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

•
You have the full exam period (90 minutes) to complete it. 

•
Answer all the questions on all 7 topics. The point value of each topic is indicated by a boldface number in square brackets, e.g., [30]. 

•
The point value of each question within a topic is indicated by a boldface number in square brackets, e.g., [2].

•
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. History of Nuclear Weapons [30]

(a)
What country dropped the first nuclear weapon used in World War II?  [2]
(b)
What city was destroyed by the first nuclear weapon used in World War II? [2]
(c)
What special nuclear material (isotope) was used in this weapon? [2]
(d)
What technology was used to obtain this nuclear material? [2]
(e)
What was the initial geometry of this nuclear material? [2]
(f)
How was it assembled quickly to produce a nuclear explosion? [2]
(g)
Was this design tested before being used? [2]
(h)
What country dropped the second nuclear weapon used in World War II?  [2]

(i)
What city was destroyed by the second nuclear weapon used in World War II?  [2]
(j)
What special nuclear material (isotope) was used in this weapon? [2]
(k)
What technology was used to obtain this nuclear material? [2]
(l)
What was the initial geometry of this nuclear material? [2]
(m)
How was it assembled quickly to produce a nuclear explosion? [2]
(n)
Was this design tested before being used? [2]
(o)
Were any other nuclear weapons used in combat in World War II?  [2]

2. Physics of Nuclear Weapons [30]

(a)
In the panel below, sketch the curve of binding energy per nucleon from A=1 to A=240.  [6]
[image: image5.bmp]
 (b)
What are the two fundamental forces responsible for the shape of this curve?   [4]

(c)
What is the definition of reactor-grade plutonium?  [8]
(d)
List two properties of reactor-grade plutonium that would interfere with its use as a nuclear explosive.  [8]
i. 

ii. 

(e)
Is it possible to make a functioning a nuclear weapon using reactor-grade plutonium?  [4]
3.  Modern Nuclear Weapons  [30]
Shown below is a schematic diagram of a modern nuclear weapon.

[image: image1.wmf]
(a)
Number the arrows in the diagram above from 1 to 6 to indicate the locations of the following major components: (1) the pit, (2) the tamper/reflector, (3) the boost gas (at the time the weapon is detonated), (4) the high-explosive lens assembly, (5) the neutron emitting trigger,  (6) the secondary.  [6]
(b)
Draw three additional arrows on the diagram above and label them A, B, and C to indicate the locations where (A) fissile material must be used, (B) 6Li-D is always used, and (C)  either U-238 or depleted Uranium (DU) may be used to increase the total energy yield.  [6]
(c)
Describe in one or two sentences one function of the tamper/reflector.  [6]
(d)
Describe in one or two sentences how boosting increases the yield of the primary.  [6]
 (e)
Describe in one or two sentences the roles of the 6Li and the D in the part of the device that contains 6Li-D.  [6]

4. Nuclear Proliferation [30]

(a)
What year was the Nuclear Nonproliferation Treaty (NPT) opened for signature and signed by more than 60 states?  [2]
(b)
The NPT is essentially a grand bargain between two categories of states. What are these two categories?  [4]
i. 

ii.

(c)
What is the bargain between these two categories of states?  [4]
 (d)
Which of the following countries are currently parties to the NPT? [circle their names]  [8]


Brazil       China        France         India         Iran        Israel       North Korea        South Korea

(e)
President Bush has recently signed a pact with India.  [4]
i. What is one thing India gains from this pact?

ii. What is one thing the United States gains from this pact?

(f)
List two reasons this pact is controversial.  [4]

•


•

(g)
What type of nuclear material is Iran currently producing? [2]

(h)
Why is Iran’s production of this material controversial? [2]

5. Effects of Nuclear Explosions [30]

(a)
What is the definition of an air burst?  [2]

(b)
What is the definition of a surface burst?  [2]
(c)
Which produces more radioactive fallout?  Why?  [4]
(d)
Explain briefly how a mushroom cloud forms.  [4]

(e)
Which could destroy a larger city area, one 8-megaton bomb or eight 1-megaton bombs?  [2]

(f)
What is the purpose of having an earth-penetrating warhead penetrate into the ground?  [2]

(g)
What is the maximum distance an earth-penetrating warhead can go into the ground?  [2]

(h)
Would a significant quantity of radioactivity escape if an earth-penetrating nuclear warhead were exploded at the maximum depth it could reach?  [2]
(i)
What is the sequence of events that produces the characteristic “double flash” of a nuclear explosion in the atmosphere?  [6]
(j)
How has the double flash been used to monitor nuclear weapon development programs?  [4]
6. Nuclear Radiation and Its Effects [60]

(a) Place an “X” in the appropriate boxes in the table below.  [28]

	Type of radiation
	alpha
	beta
	gamma
	neutron

	Helium nuclei
	
	 
	 
	 

	Electromagnetic radiation
	 
	
	 
	 

	Electrons
	 
	 
	 
	

	Can be stopped by a piece of paper or skin
	 
	
	 
	 

	Can be stopped by a piece of wood
	
	 
	 
	 

	Can be stopped by a concrete wall
	 
	 
	 
	

	Can be stopped by a few feet of water
	
	 
	
	 


(b)
Describe the difference between ionizing radiation and non-ionizing radiation. [4]
(c)
Which is more relevant to this course? [2]
(d)
List two examples of ionizing radiation and two examples of non-ionizing radiation  [8]
i.  Ionizing radiation

•



•

ii. Non-ionizing radiation
•



•

(e)
Give short definitions for the following terms:  [4]
· Acute exposure

· Chronic exposure

(f)
What effect is measured in “rad”?  [4]
(g)  What effect is measured in “rem”?  [4]

(h)  What is the radiation dose received as a result of the following events? [6]
· Modern chest X-ray

· CAT scan

· Lethal dose from a nuclear explosion

7. Nuclear Weapon Delivery Methods [30]

(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)
Can a cruise missile be recalled after it has been sent toward a target? (Yes or no.)  [2]
(e)
Which has a longer range: a cruise missile fitted with a nuclear warhead or a similar cruise missile fitted with a conventional warhead? Why?  [6]
(f) About how far can the longest-range nuclear-tipped cruise missiles fly?  [2]
Answer the following two questions in two or three sentences or phrases each, as appropriate:

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