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 PARTICLE PHYSICS  and ASTROPHYSICS/COSMOLOGY NUCLEAR PHYSICS 
  
1 E  Which force is mediated by W and Z bosons?  

a) The weak force 
b) The electromagnetic force 
c)  The gravitational force 
d) The strong force 
e)  The coulomb force 

 
2E  Mesons  consist of     

a) three quarks. 
b) one quark and one antiquark. 
c) three antiquarks. 
d) two antiquarks and one quark. 
e) two quarks and one antiquark. 

 
3E   White dwarf  
 a) is a star that no longer produces  radiation 
 b) is  star that  produces radiation predominantly via  H->He synthesis 
 c) is a star that produces radiation via cooling  
 d) is a type of neutron star 
 e) none of the above  
 
4E The radius of a nucleus of 16567Ho (in fm) is 

a. 15.4  b. 5.5  c. 12.8  d. 6.6  e. none of the above 
      

5E  Heavy nuclei are unstable because 

a. each nucleon is a separate particle that is not acted on by the nuclear force. 
b. there are not enough protons present relative to the number of neutrons for the electrical force to 

be strong enough. 
c. the nuclear force dominates the repulsive force at distances less than 2fm, but falls off rapidly at 

greater distances. 
d. nuclei are stable only when the number of neutrons equals the number of protons. 
e. nuclei are stable only when the number of protons exceeds the number of neutrons. 

6D The isotope, tritium, (3H) has a half-life of 12.3 years. Assume we have 10 kg of the substance. What will 
 be the initial decay rate, at t = 0 (in decays/s)? 

a) 1.09 × 1014  b)1.8 × 10–9  c) 5.6 × 108  d) 3.6 × 1018 
 e) none of the above 
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Elements of Quantum Physics  
   
7E In Compton scattering from stationary electrons the largest change in wavelength occurs when the  
 photon is scattered through: the angle of 
 a) 0deg  b) 45deg c) 90deg d) 180deg e) 270deg 
 
8E Light of wavelength 400nm is incident on a certain metal. The stopping potential for the emitted 
 electrons is measured to be 1.2V. What is the work function of this metal? 
 a) 4.3eV b) 3.1 eV c) 1.9eV d) 1.2eV e) 0.95 eV 
 
9D The X ray intensity distribution function for X ray 
 lamp is given on the figure.  
 It is evident that electrons have been accelerated 
 to maximum velocity of vmax. Their corresponding 
 deBroglie’s wavelength is given by λdB 
 
 a) v= 29.6x103km/s    λdB= 0.049 nm 
 b) v= 14.8x103km/s    λdB= 2.0 nm  
 c) v= 7.4x103km/s    λdB= 2.0 nm  
 d) v= 14.8x103km/s    λdB= 0.049 nm 
 e) there is not enough information to answer 
 question 
 
 
10D The space station orbiting distant star (r star= 1mln km, Rorbit  = 200mln km) uses a hemispherical antenna of  
 40m diameter to power all of its operations. The opto-electrical  module converts ALL of the EM energy 
 received by the antenna  into the electrical power with 20% efficiency.  Find the wavelength for which 
 the unknown star has the maximum in blackbody radiation profile. The station consumes 20kW of power. 

a. 750nm b 890nm c.1060nm d.1330nm e. None of these answers  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
I(λ) 

λ(nm) 1      2    3 
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OSCILLATIONAS AND WAVE MECHANICS 
 
11E Which of the following describes the simple harmonic oscillator (SHO)  motion? 
 

 a) 
d 2x
dt2

= −
L
g
x   b) 

d 2x
dt2

=ω 2 x  c) θ
θ

I
mgd

dt
d

−=2

2

 d) 
d 2x
dt2

=
k
m
x   

 e) none of the above are proper simple harmonic oscillator equations. 
 
12E The equation describing horizontal motion of the mass m attached to a spring is given by: 

 )
2
3cos(2 ππ += tx where x is in meters and t in seconds. Find the magnitude of horizontal  

 acceleration of this body at time π
3
2

1 =t  seconds 

 a) 0 b) -3π m/s2 c) 2π m/s2 d) 3π m/s2 e) none of the above    
 
13M Two speakers (S1 and S2) are separated by 6m and emit sound 
 waves in phase.  Point P is 8m away from the S1. What is the 
 minimum frequency at which the intensity at point P is 
 maximum? (speed of sound = 340m/s) 
  
 a) 340Hz b) 85Hz c) 170Hz d) 255Hz 
 e) none of the above 
 
 
 
14M The explosion of a vertically launched firecracker in the air at a height of 40 m produces a 100-dB sound 
 level at the ground below.  What is the intensity level of the resulting sound heard by a reveler on the 
 ground  50 m   horizontally away from the  point where the fire-cracker was launched. 
 a) 96dB b) 94dB c)0.0039W/m2  d) 0.0025W/m2  e) none of the above 
 
15D The siren of a police car moving at 40m/s has a natural frequency of 600Hz. A truck ahead of the  car is 
 moving at 20m/s in the same direction toward the wall. Trucker hears sound from the police car and sound 
 reflected of the wall. What is the magnitude of the frequency difference  between the sound received 
 directly and the one reflected off the wall, heard by a trucker? ( take Vsound to be 340m/s) 
 
 a) 60Hz b) 20Hz c) 40Hz d) 80Hz e) none of the above  
 
 
 
 
 
 
 
 

P 

S2 

S1 8m 

6m
P 
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OPTICS 
 
16E  Light from the underwater source falls on water-air 
 interface. The critical angle is  
 
 a) 1 b) 2 c) 3 d) 4 e) 5 
 
 
17E  A clown 2 m tall looks at himself in a full-length mirror 
 (floor-to-ceiling). Where in the mirror must he look to 
 see his feet? (For simplicity assume that the eyes of 
 the human are  at the top of the head) 

a) 1 m from the floor   b) 50 cm from the floor 
c) at the bottom of the mirror  d) 1.5 m from the floor 
e) the answer depends on the distance between the clown and the mirror. 

   
 
18E Which of following is not a phenomenon leading to production of polarized light from unpolarized light? 
  
 a) absorption  b) reflection  c) birefringence d) scattering e) interference  
 
19E Point 3 is the centre of curvature of the concave spherical mirror. The 
 parallel rays incident  on the  surface of this mirror will most likely 
 converge to a  point at  
 a) 1 b) 2 c)3 d) 4 e)5 
 
20 M Two converging lenses of focal lengths 20cm and 30 cm are 
 separated by 40cm. An object is located 15  cm in front of the 20cm 
 lens. Where is the final image with respect to the second (30cm) 
 lens?  
 a) at  -12cm  b) at 12cm c)   -43cm d  43cm  
 e) none of these answers is correct 
 
21M  Two parallel glass plates of index of refraction n are separated by air film of thickness d. Light 
 wavelength λ in air, normally incident on the plates intensified on reflection when for some integer m 
 a) 2d=m λ b) 2d=m λ/n  c) 2d=mnλ d) 2d=(m+1/2) λ  e) 2d=m λ/2 
 
22D White light from air is incident normally on a film (n=1.3) of thickness 100nm deposited on glass (n=1.5). 
 What is the phase difference between the rays reflected from the top and the bottom surfaces of the 
 film for the 548 nm  radiation?  
 a) 2.78rad  b.2.98rad c) 3.44rad d) 1.72rad e) none of the above 
 
23D Light of a wavelength 480nm illuminates two slits  separated by 0.12 mm. At what angle would one find  
 the phase difference between the waves from two slits to be 2  radians 
 a) 0.04o  b) 0.04 rad c) 0.02 rad d)0.07o  e) none of these results 
 
 

2 

1 

4 Air 
 

3 
5 Water 

1 
3 

5 

4 
2 
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ELECTRICITY 
 
24E The current through a resistor is equal 1A. The potential drop on this resistor is 10 V. 
 What is the value of the resistance? 
 a) 5Ω  b)10Ω  c)15Ω  d)20Ω  e)none of the above 
 
25E  All resistors in this circuit are 10 ohm. Find the equivalent resistance between a and b  
 
 a) 5  b) 7.33  c)10  d)12.33  e)none of the above 
 

26 E Two charges of 15 pC and –40 pC are inside a cube with sides that are of 0.40-m length. 

Determine the net electric flux (in N ⋅ m2/C ) through the surface of the cube. 

a) +2.8  b) –1.1  c) +1.1   d) –2.8  e) –0.47  
 

27M  At what rate (in W) is thermal energy being generated in the 20 Ω resistor? 
 

a) 6.5 
b) 1.6 
c) 15 
d) 26 
e) 5.7 

 
28M Find the Electric flux through the disk of radius r=10cm, at distance 3m from the point charge Q=+1C 

 a) 89.9x106 N m2/C b) 76.5x106 N m2/C  c) 63x106 N m2/C d) 31.4x106 N m2/C  
 e) none of the above 
 
29M Find the electric Field  E at Point (1,1,1) when the electric potential is given by the function  
 V(x,y,z)  =  xz+xy+yz + x2 +y2  -3z2 

 

 a) E(1,1,1) = (0,0,0) b) E(1,1,1) =(3,7,1) c) E(1,1,1) =(-4,-4,4) d) E(1,1,1) =(4,4,-4)  
 e) None of the above 
 

30D In the circuit below, determine the magnitude of voltage across the 200-Ω resistor. 

 

a. 10 V 
b. 50.0 V 
c. 100 V 
d. 200 V 
e. none of the above      

  

     
  

 

20	
  V

20 Ω

30Ω30Ω 30Ω

40 Ω

a b 



PHY 1322 
Dr. Andrzej Czajkowski  

April 2014   
Final Exam:  3 hrs Page 7 of 13 
 
 
 
31 D As thin spherical metal shell of radius R=1m is charged to density of  +1C /m2 
 A small disk of the radius r=5cm ( and the charge that was on it)  is then removed from the sphere by 
 means of laser ablation. This process leaves the rest of the sphere unperturbed with its charge density 
 intact. What is the magnitude of the electric field  (in N/C)  at the center of the sphere?  
 a) 70.5x106  b) 70.6x106  c) 90.5x106  d) 90.7x106 e)none of the above 
 
Special Topics: 
 
32 Which of the following is true about the NMR (Nuclear Magnetic Resonance) and PET (Positron Electron 
 Tomography)  
 
 a) Both PET and NMR are quite safe as they use small amounts of nuclear radiation for imaging  
 b) NMR is based on detecting absorption of  nuclear radiation resonant with the energy structure of 
 studied sample, while  PET detects  positrons and electrons produced by the radioactive sample 
 c) both methods involve high levels of X ray and γ radiation exposures and thus require expert radiologists  
 to administer them safely 
 d) NMR is based on detecting a small shift in atomic energy caused by the magnetic field, while PET 
 detects counter-propagating X rays originating from matter-antimatter annihilation. 
 e) none of the above statements is true 
 
33 A far-sighted student has a near point of 1.0 m. Calculate the focal length (in cm) of the glasses needed so 

the near point will be normal (25 cm). 

a) 72  b) 25  c) 33  d) 100  e) –33 
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Mechanics 
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OSCILLATIONS  AND WAVE MECHANICS________________________________ 
 
Angular frequencies of various oscillating systems 
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TABLE  ELASTIC MODULI (x109 N/m2) 
 Y S B 
Cast iron 100 40 90 
Steel 200 80 140 
Aluminum 70 25 70 
Concrete 20   
Pine 7.6   
Water   2.1 
Mercury    2.6 
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SUMMARY OF ELECTRICITY  

Coulomb's Law: rr
qqkF e

∧

= 2
21


   rr

dqdqkF e
∧

∫∫= 2
21


 

 

Electric Field rr
qkE e

∧

= 2


   rr

dqkE e
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
  EqF


=   

 
Flux      Gauss Law 
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0ε
qAdEtot =⋅=Φ ∫


 

Electric Potential Energy U 
qVrdEqU −=⋅−= ∫


  

 
Electric Potential V: 
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Capacitance C 

 
V
qC =    ∑= ipar CC    ∑=

iser CC
11  

Various Capacitor's Capacitances 

Spherical: 
ab

abC
−

= 04πε  Cylindrical: 
)/ln(

2 0 ab
lC πε=  Parallel plate: 

d
AC 0ε=   

Isolated sphere: RC 04πε=  Capacitor with dielectric: 
Cdiel=k’ Cair 

Current: 
dt
dQI =  Resistance: 

A
LR ρ=  Ohm's Law: 

RIV =  

∑= iser RR    ∑=
ipar RR
11   

Power dissipated on resistor 
R
VRIVIP
2

2 ===  

RC circuits:  charging the capacitor: )1()( RC
t

eQtQ
−

−=   

RC circuits: discharging the capacitor: RC
t

QetQ
−

=)(  
Kirchhoff's Rules Junction: ΣIin = ΣIout Loop: ΣV + Σε =0 
 
Suggested sign convention for circuit analysis: 
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SUMMARY OF E-FIELD AND V FOR MOST IMPORTANT CHARGE DISTRIBUTIONS  
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Finite continuous charge distributions: 
 

Charge 
Distribution 

Distance  E field V potential 
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OPTICS________________________________________________________________           

General Interference: 
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SIGN CONVENTIONS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
MODERN PHYSICS AND RELATIVISTIC PHYSICS_______________________ 

Blackbody radiation: λ
λπ
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λ

d
e
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Kinetic energy of charge q accelerated in the potential difference V: K=qV 
Kinetic energy of particles moving with speed v < 0.1c: K = ½ mv2 
Kinetic energy of particles moving with speed v > 0.1c: 22 )1( cmcmEK oo −=−= γ  
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Mathematical Constants 
Symbol Value 

  

  

Physical Constants 

 
 

 
 
 


