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 3 Numbers 3 Letters 



 

Question 1.  [For a) and b)]  A ball is attached to a wire 
that goes over a pulley as shown.  The mass/unit length of  
the wire is 5.05 grams/m, and the length of the wire from wall 
to pulley is 1.47 m.  Assume the pulley is frictionless.  The  
equation of a transverse wave traveling on this wire is given by  
y = (2 * 10-9m)sin[(20rad/m)x – (600rad/s)t]. 
 
 
a)  Find the frequency, wavelength, and velocity of this wave. 
 
 
 
 
 
 
 
 
b)  What is the mass of the ball? 
 
 
 
 
 
 
 
 
c)  X rays diffract from a crystal in which  the spacing between atomic planes is 0.135 nm.  The 

second-order diffraction occurs at 35.7°.  What is the angle of first-order diffraction? 
 
 
 
 
 
 
 
 
d)  A cylindrical water tank is 2.6 m in diameter.  A student notices that when the sun is 10.0° 

above the horizontal outside the tank, the sunlight just barely fails to reach any part of the 
bottom of the tank.  What is the height of the tank?  (Assume that the index of refraction for 
air and water are 1.00 and 1.33 respectively.) 
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• 
 

pulley 



 

Question 2.  A large (5.0m × 5.0m) metal sheet contains an excess negative charge.  In a test 
region (4.5mm × 4.5mm) it is found that there are 448 electrons beyond neutral. 
 
a)  Calculate the surface charge density. 
 
 
 
 
 
 
 
b)  Find the magnitude and direction of the E field at a distance of 3.0 cm from the sheet. 
 
 
 
 
 
 
 
c)  Find the magnitude and direction of the E field at a distance of 45 cm from the sheet. 
 
 
 
 
d)  At the 45 cm mark, we place a loop with a diameter of 27 cm.  The plane of the loop is 

oriented parallel to the sheet.  Find the electric flux through the loop. 
 
 
 
 
e)  If the loop is made of cooper and moved to the 3.0 cm mark without rotation, what will be the 

displacement current? 
 
 
 
 
f)  If a proton were placed at the 45 cm mark instead of the loop, how fast will it be traveling 

immediately before hitting the sheet? 
 
 
 
 
 
 
 
 
 
 Kinematic Equations:  

!  

vfx = vox + ax t  

!  

x f = x o + voxt +1/2ax t 2  

!  ! 

vfx
2 = vox

2 + 2ax (x f " x o) 



 

Question 3.  A 20 turn (loops) copper wire coil lies in the x-y plane.  The radius of the coil is 
15.6 cm.  A uniform magnetic field of 0.376T is tilted at 25 degrees from the z axis. 
 
a)  Calculate the magnetic flux through the coil.  (Sketch the geometry with an x, y, z coordinate 

system.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Now the magnetic fields magnitude begins to increase as B(t) = 0.376 + 0.056t Tesla. 
 
b)  Using Faradays Law calculate the induced e.m.f. in the coil. 
 
 
 
 
 
 
 
 
 
c)  The coil has a resistance of 0.076 ohms in each loop; using Ohms Law determine the current 

flowing in the coil. 
 
 
 
 
 
d)  How much electrical power is dissipated in the coil? 
 
 
 
 
 
e)  Using Lenzs Law determine the direction of the induced current flow in the coil, mark this on 

the diagram in part (a). 
 
 
 



 

Question 4.  The electron in the hydrogen atom is excited to the n = 4 shell. 
 
a)  What is the energy of this excited state?  (Answer in eV and in Joules.) 
 
 
 
 
 
 
 
 
b)  The electron de-excites from the n = 4 to the n = 2 shell.  Calculate (1) the energy of the new 

shell and (2) the wavelength of the light emitted in the transition. 
 
 
 
 
 
 
 
 
c)  When the electron was in the n = 4 excited state, list all the possible quantum number 

combination [n,   

! 

l , m, ms] for this excited state. 
 
 
 
 
 
 
 
 
d)  If the n = 4 excited state electron has an   

!  

l  = 2, calculate the orbital angular momentum, L, 
and all the possible values for Lz. 

 
 
 
 
 
 
 
e)  Calculate the possible orientation angles for the angular momentum vector, 

!  

L , relative to the 
z axis. 

 
 
 
 



 

Question 5.  Sulphur isotope, 35S16, has an atomic mass unit value of 34.969u.  The hydrogen 
atom (proton plus electron) has a mass of 1.0078u and the neutron, a mass of 1.0087u. 
 
a)  Calculate the Binding Energy of the Sulphur isotope in units of MeV. 
 
 
 
 
 
 
 
 
 
If initially you have 8.734 × 106 atoms of the sulphur isotope and it has a half-life of 87.4 days; 
where   

!  

T1/2 = "l n2. 
 
b)  Calculate the time constant and the decay rate. 
 
 
 
 
 
 
 
 
 
c)  Calculate how many atoms will decay in 371.6 days. 
 
 
 
 
 
 
 
d)  If the isotope undergoes an alpha decay, what is the new element and its mass number? 
 
 
 
 
 
 
e)  If the isotope undergoes a beta negative (beta minus) decay, what is the new element and its 

mass number? 
 
 
 
 

Aluminum Al13,  Silicon Si14, Phosphorous P15, Sulphur S16, Chlorine Cl17, Argon Ar18, Potassium K19 



 

BONUS QUESTION FOR 4 POINTS 
Question 6.  Join up with lines and circles the corresponding scientist's name with a modern 
physics concept and its "equation". 
 
 
 
 
 
Heisenberg Energy mass equivalence 

!  

" = h
p 

 
 
Einstein Matter waves 

!  

E = hf  
 
 
Maxwell Hydrogen energy levels   

!  

[ n, l , m, ms]  
 
 
Bohr E and M quantization 

! 

" x "p# h
2

 
 
 
Einstein Exclusion principle 

! 

"f = c 
 
 
deBroglie E and M waves 

! 

E
n

=E1
n
2

 

 
 
Pauli Uncertainty principle 

!  

E =mc2  
 
 
 


