SECTION B – Nuclear Physics
1.  An atomic mass unit is approximately equal to the mass of a(n)

A) alpha particle      B) electron      C) photon      D) positron      E) proton  
2.  A radioactive oxygen 15O8 nucleus emits a positron and becomes

A) 14N7        B) 15N7        C) 15O8        D) 14F9        E) 15F9
3.  A radon 220Rn86 nucleus emits an alpha particle becomes a 

A) 216Po84        B) 220At85        C) 220Rn86        D) 220Fr87        E) 224Ra88

4.  A potassium 40K19 nucleus emits a B- and becomes:

A) 36Cl17        B) 44Sc21        C) 40Ar18        D) 40K19        E) 40Ca20

5.  A photon with frequency f behaves as if it had a mass equal to

A) hfc2        B) hf / c2        C) c2 / hf     D) fc2 / h      E) h / fc2
6.  What does the ? represent in the nuclear reaction
2H1 + 2H1 ( 3He2 + ?

A) an alpha      B) a beta      C) a gamma      D) a neutron      E) a proton

7.  What does the ? represent in the nuclear reaction
6Li3 + ? ( 7Li3 

A) an alpha particle      B) a deuteron      C) an electron      D) a neutron      E) a proton

8.  An alpha particle is the same as

A) a helium nucleus      B) a positron      C) an electron      D) a high energy photon      E) a deuteron

9.  The following equation is an example of what kind of nuclear reaction

235U92 + 1n0 ( 133Sb51 + 99Nb41 + 4 (1n0)


A) fission      B) fusion      C) alpha decay      D) beta decay      E) positron decay

10.  The following equation is an example of what kind of nuclear reaction

12C6 + 4He2 ( 16O8 + energy
A) fission      B) fusion      C) alpha decay      D) beta decay      E) positron decay

11.  During a particular kind of radioactive decay, a particle is emitted from the nucleus of an atom and the atom’s atomic number increases by one.  This decay necessarily involves the emission of _________ from the nucleus

A) an alpha particle      B) a beta particle      C) a gamma ray      D) a proton      E) a neutron

12.  A nucleus of 235U92 disintegrates to 207Pb82 in about a billion years by emitting 7 alpha particles and x beta particles, where x is

A) 3      B) 4      C) 5      D) 6      E) 7

13. The following nuclear reaction occurs: 

[image: image1.emf]
 
(A) a proton       (B) an electron       (C) a positron       (D) an alpha particle       (E) a neutron

14.  A scientist claims to have perfected a technique in which he can spontaneously convert an electron completely into energy in the laboratory without any other material required.  What is the conclusion about this claim from our current understanding of physics? 

(a) This is possible because Einstein’s equation says that mass and energy are equivalent… it is just very 
difficult to achieve with electrons  

(b) This is possible and it is done all the time in the high-energy physics labs. 

(c) The scientist is almost correct… except that in converting the electron to energy, an electron’s anti-particle 
is produced in the process as well. 

(d) The scientist is almost correct… except that in converting the electron to energy, a proton is produced in the 
process as well. 

(e) This is not possible because charge conservation would be violated. 

15.  A new element, named Physonium (symbol Phys) is discovered to undergo double alpha decay and beta decay simultaneously.  Amazingly, this causes the material to decay into an element called Awsomeonium (symbol Oo).  What is the correct representation of the (Oo)? 
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16.  The most common isotope of Uranium, 238U92, radioactively decays into lead, 206Pb82, by a means of a series of alpha and beta particle emissions.  How many of each particle must be emitted.


A) 32 alphas, 10 betas        B) 16 alphas, 16 betas        C) 16 alphas, 8 betas    
D) 8 alphas, 6 betas            E) 4 alphas, 18 betas

17.  Rutherford was the first person to artificially transmute one element into another (nitrogen to oxygen).  A nuclear equation for his reaction could be written as follows:
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The unknown particle in the above equation is 
A) a proton    B) a neutron    C) an electron    D) a gamma ray    E) an alpha particle

18.  When a radioactive nucleus emits a gamma ray the number of
A) protons increases by one while the number of neutrons decreases by one.
B) protons decrease by one while the number of neutrons increases by one.

C) protons and neutrons each decrease by two

D) protons and neutrons each increase by two

E) protons and neutrons remain unchanged

19.  A nucleus of polonium–218 (
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[image: image7.wmf]-

-

B

1

0

).  What would be the resulting nucleus after these three decays have occurred?
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20.
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EMBED Equation.3[image: image14.wmf]

The additional product of the nuclear fission reaction shown above is


(A) 
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21.  The nuclide 214 Pb 82 emits an electron and becomes nuclide X. Which of the following gives the mass number and atomic number of nuclide X?



Mass Number

Atomic Number
(A)
210


80

(B)
210


81

(C)
213


83

(D)
214


81

(E)
214


83

22.  The nuclear reaction X ( Y + Z occurs sponta​neously.   If Mx, MY, and MZ are the masses of the three particles. which of the following relation​ships is true'?
(A) Mx < My – Mz      (B) Mx < My + Mz      (C) Mx > My + Mz      (D) Mx – My < Mz      (E) Mx – Mz < My
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23.  The equation above is an illustration of
(A) artificially produced radioactive decay 
(B) naturally occurring radioactive decay 
(C) nuclear disintegration 


(D) nuclear fission 
(E) nuclear fusion

24.  A proton collides with a nucleus of 
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 and one other particle, that particle is     (A) a proton      (B) a neutron      (C) a deuteron     (D) an α particle      (E) a ( particle

25.  A nucleus of tritium contains 2 neutrons and 1 proton. If the nucleus undergoes beta decay, emitting an electron, the nucleus is transmuted into
(A) the nucleus of an isotope of helium      (B) the nucleus of an isotope of lithium      (C) an alpha particle 
(D) a triton      (E) a deuteron

26.  Which of the following statements is true of a beta Particle?
(A) Its speed in a vacuum is 3 x 108 m/s.    
(B) It has a charge equal and opposite to that of an alpha particle.
(C) It is more penetrating than a gamma ray of the same energy.
(D) It has a mass of about 1,840 times that of a proton.
(E) It can exhibit wave properties.

Questions 27‑28
An electron and a positron, each of mass 9.1 x 10–31 kilogram, are in the same general vicinity and have very small initial speeds. They then annihilate each other, producing two photons.

27. What is the approximate energy of each emerging photon?
(A) 0.51 MeV           (B) 2.0 MeV           (C) 4.0 MeV           (D) 6.6 MeV 
(E) It cannot be determined unless the frequency of the photon is known.

28. What is the angle between the paths of the emerging photons?
(A) 0°        (B) 30º            (C) 45°           (D) 90°           (E) 180°

Questions 29‑30 deal with nuclear fission for which the following reaction is a good example.
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29.  The total number of free neutrons in the products of this reaction is
(A) 2      (B) 3      (C) 4      (D) 5      (E) 6

30. Which of the following statements is always true for neutron‑induced fission reactions involving 
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I. The end products always include Ba and Kr.
II. The rest mass of the end products is less than that of 
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III. The total number of nucleons (protons plus neutrons) in the end products is less than that in 
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(A) II only     (B) III only      (C) I and II only      (D) I and III only      (E) I, II, and III

31. Forces between two objects which are inversely proportional to the square of the distance between the objects include which of the following?

I. Gravitational force between two celestial bodies 

II. Electrostatic force between two electrons 

III. Nuclear force between two neutrons
(A) I only        (B) III only        (C) I and II only        (D) II and III only        (E) I, II, and III

32. Atoms of isotopes of the same element contain the same number of
(A) protons but a different number of neutrons 
(B) electrons but a different number of protons 
(C) neutrons but a different number of protons 
(D) neutrons as electrons
 (E) protons as neutrons

33. Quantities that are conserved in all nuclear reactions include which of the following?

I. Electric charge 

II. Number of nuclei 

III. Number of protons

(A)  I only           (B) II only           (C) I and III only           (D) II and III only           (E) I, II, and III

34. A negative beta particle and a gamma ray are emitted during the radioactive decay of a nucleus of
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. Which of the following is the resulting nucleus?

(A)  
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35. 
Which of the following statements about the number of protons Z and the number of neutrons


N in stable nuclei is true?


(A) All stable nuclei have Z = N.

(B) Only heavy stable nuclei have Z = N.


(C) Heavy stable nuclei tend to have Z < N.


(D) All light stable nuclei have Z< N.


(E) All light stable nuclei have Z > N.

36. 
When 10B is bombarded by neutrons, a neutron can be absorbed and an alpha particle (4He) emitted. If the 10B target is stationary, the kinetic energy of the reaction products is equal to the. 


(A) kinetic energy of the incident neutron 


(B) total energy of the incident neutron 


(C) energy equivalent of the mass decrease in the reaction 


(D) energy equivalent of the mass decrease in the reaction, minus the kinetic energy of the incident neutron 


(E) energy equivalent of the mass decrease in the reaction, plus the kinetic energy of the incident neutron

37. 

 [image: image33.emf]decays into [image: image34.emf]plus

(A) a proton



(B) a neutron


(C) an electron

(D) a helium nucleus [image: image35.emf]

(E) a deuteron [image: image36.emf]
38. Correct statements about the binding energy of a nucleus include which of the following? 

I. It is the energy needed to separate the nucleus into its individual protons and neutrons.
II. It is the energy liberated when the nucleus is formed from the original nucleons.
III. It is the energy equivalent of the apparent loss of mass of its nucleon constituents.

(A) I only

(B) III only

(C) I and II only

(D) II and III only

(E) I, II, and III

energy
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