
Physics 212 Final Review Prac3ce Exam 
(PGK, 12/7/2023) 
[some graphics borrowed from openlearninglibrary.mit.edu/courses/course-v1:MITx+8.02.3x] 
 
This and the next two ques3ons are about the following situa3on: 
Consider an infinite line with charge density l0 = +3 µC/m, shown in the center of the figure 
below.  Concentric with the line is a hollow thick-walled cylinder (shaded), made of conduc3ng 
material.  The hollow cylinder carries a charge per unit length of density l = -3 µC/m.  Finally, a 
thin nonconduc3ng cylindrical shell is concentric with the other two objects, and carries a 
charge per unit length lc = +6 µC/m.  The dimensions of the objects are shown in the figure; all 
three have (effec3vely) infinite length.  

 
1. What is the surface charge density sb on the outer surface of the thick conduc3ng shell? 

a. sb > 0 
b. sb = 0 
c. sb < 0 

 
2.  What is the magnitude of the electric field at a radius r = 20 cm? 

a. 0.54 x 106 N/C 
b. 1.35 x 106 N/C 
c. 0.34 x 106 N/C 

 
 
3. Which of the following graphs best represents the radial dependence of the electric field? 
 

 
 
 



4. What is the poten3al at a distance 2 cm from the axis, rela3ve to the poten3al at r = c a,      
which poten3al we define to be 0?

a. -37,400 V
b. 37,400 V
c. 675,000 V

5. If the conductor were transformed into an insulator with a uniform charge density r (but s3ll
the same line-charge density), how would the answer to the previous problem change?

a. V(2 cm) would increase
b. V(2 cm) would decrease
c. V(2 cm) would stay the same

5. A 12-volt badery is connected to a copper wire of length L and diameter d. If we stretch the
wire to double its length, but keep the volume constant, what will happen to the power
dissipated in the wire?

a. Power dissipated will quadruple
b. Power dissipated will double
c. Power dissipated will stay the same
d. Power dissipated will halve (go down by 2)
e. Power dissipated will quarter (go down by 4)
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Consider the LRC circuit shown, where L = 20 mH, C=10 pF, 
and R = 10 kW. The AC voltage generator is supplying a 
maximum voltage of 100 V at a frequency of 1 MHz. 
 
 
6. Assuming the generator voltage is 0 at t = 0, when will 
the voltage across the capacitor be maximum? 

a. 1 µs 
b. 2.8 µs 
c. 0.74 µs 

 
 
 
7. What will be the maximum energy stored in the capacitor, if we suitably adjust the generator 
frequency? 

a. 1 µJ 
b. 0.65 µJ 
c. 0.21 µJ 

 
 
8. We run a current through a metal spring (but electrically insulated so that the turns do not 
touch each other). What will happen to the spring: 
 

a. The coils will be repelled from each other, and the spring will expand/lengthen. 
b. The coils will be adracted to each other, and the spring will shorten/contract. 
c. Nothing 

 
 
 
9. Consider a physical capacitor, hooked up to a 9-volt 
badery. There is a dielectric slab half-way inserted 
between the plates of the capacitor, as shown.  
 
 
Which of the following statements is false? 
 

a. The capacitor will store more energy than if the slab were not present 
b. The charge densi3es on the lej and right halves of the capacitor will be different. 
c. The slab will experience a force trying to pull it all the way into the capacitor 
d. The slab will experience a force trying to push it all the way out of the capacitor 
e. The value of the capacitance will increase by approximately (1 + k)/2, where k is the 

dielec3c constant of the slab. 
 



Consider a region of space with a sta3c magne3c field (poin3ng into the page).  

 
10. If we pull a conduc3ve loop to the right as shown, what force will we need to apply, 
assuming the loop has area A? 
 

a. F = v0 A B 
b. No force, unless we use a badery to drive a current I clockwise in the loop. 
c. No force 

 
 
 
 
 
 
 
 
Consider a region of space in which a magne3c field (poin3ng into the page) is increasing. 

 
 
11. Compare the emf around the loop shown, when the region is in vacuum (lej), or when 
there is a physical conductor along the loop. 

a. emfvacuum = emfconductor 
b. emfvacuum < emfconductor 
c. emfvacuum > emfconductor 

 
 



 
12. Which of the above represent a possible correct physical rela3onship between 𝐸 and 𝐵 
fields? 

a. Top two. 
b. Bodom two 
c. Top lej, bodom right 
d. Top right, bodom lej 
e. Top right, and neither of the lej are correct. 

 
  



Consider a capacitor and an inductor in a circuit: 

                    
 
Here is a detailed look at the capacitor at some instant of 3me t, with charge 𝑄 and electric and 
magne3c fields 𝐸	 and 𝐵  as shown. Right is a top-down view of the capacitor. 
 
13. At this 3me the energy stored in the electric field is: 

a. Increasing in 3me 
b. Constant in 3me 
c. Decreasing in 3me 

 
14. At this 3me, what is the direc3on of the Poyn3ng vector (in the right diagram, i.e., top 
view)? 

a. Out of the screen 
b. Radially inward 
c. Radially outward 

 
15. When the capacitor is fully charged, what is the direc3on of the Poyn3ng vector (in the right 
diagram, i.e., top view)? 

a. The magnitude of the Poyn3ng vector is zero, so it has no direc3on 
b. Radially inward 
c. Radially outward 

 
 
 
 
 
 
 
 
 



  
 
16. Assuming the capacitor is fully charged (with charge +Q on the bodom plate) at 3me t = 0, 
when is the next 3me that the energy of the system will be evenly divided between the 
capacitor and the inductor, and the configura3on of fields inside the capacitor will be as shown 
in the top view above? Assume C =2 mF and L =2 nH. 

a. 12.6 µs 
b. 11.0 µs 
c. 9.42 µs 
d. 6.28 µs 
e. 3.14 µs 

 
 
17. Assuming that the maximum voltage on the capacitor is Vmax, what is the magnitude of the 
magne3c field inside the inductor at the 3me of the previous ques3on? 
 

a. |B| = Vmax/(sqrt2 d c), where d is the separa3on of the capacitor plates, and c is the 
speed of light. 

b. |B| = sqrt(C) Vmax/2, where C is the capacitor value 
c. Cannot be determined from the informa3on given. 

 
 
 
  



18. Consider an electromagne3c plane wave whose electric field is given by  
E = x cos(kz + wt) + y sin(kz + wt) 
 
What is the correct descrip3on of the magne3c field in this case? 

a. B = x cos(kz + wt) + y sin(kz + wt) 
b. B = x sin(kz + wt) - y cos(kz + wt) 
c. B = x sin(kz + wt) + y sin(kz + wt) 
d. B = x sin(kz - wt) - y cos(kz - wt) 
e. B = x sin(kz - wt) + y sin(kz - wt) 

 
19. Linear polarized light has nulls, i.e., for a (plane) wave polarized along x and propaga3ng 
along z, at one instant of 3me there are loca3ons along z where |E| = 0.  
What can we say about the magnitude of the electric field for circularly polarized light of the 
same total intensity, also propaga3ng along z? 

a. |E| > 0 everywhere 
b. |E| = 0 occurs with the same spacing (along z) as it does for linearly polarized light, and 

|Emax,circular| = |Emax,linear|, assuming the light has the same intensity, Icircular = Ilinear. 
c. |E| = 0 occurs with the same spacing (along z) as it does for linearly polarized light, and 

|Emax,circular| < |Emax,linear|, assuming the light has the same intensity, Icircular = Ilinear. 
 



Consider the following op3cal setup, with light of intensity I0 incident on a horizonal polarizer, 
then a quarter wave plate (with fast axis at +45deg) and a final polarizer with transmission axis 
also at 45 deg. 
 

 
 
 
20. Which of the following will have the largest intensity at the end? 

a. Circular polarized light  
b. Unpolarized light 
c. Diagonally polarized light 
d. Unpolarized and diagonal will both have same final intensity, greater than with circular 

input. 
e. All these inputs will produce the same final intensity. 

 
21. Assuming now that the input light is unpolarized. One of the three elements will now be 
rotated by 45 deg. Which one should be rotated to increase the transmided intensity? 

a. The first polarizer should be rotated to +45deg. 
b. The quarter waveplate fast axis should be rotated to 0 (horizontally) 
c. The second polarizer should be rotated to +45 deg. 

 
 
  



Consider the following op3cal setup.  

 
 
22. Which of the following properly describes where the image will be? 
a. 

 
 
 
b.  

 
 
c. 

 
 
 
 
 
 



Consider the following op3cal setup. Light of wavelength 600 nm is incident on a plano-convex 
lens, made of material whose index of refrac3on at 600 nm is 1.52.  This light is observed to 
come to a focus 230 cm from the lens (assume thin lens approxima3on). We now shine in light 
of wavelength 450 nm, and observe the focus has moved close to the lens by 5 cm.  
 

 
 
 
23. What is the index of refrac3on of the lens material at 450 nm? 

a. 1.532 
b. 1.525 
c. 1.515 
d. 1.508 
e. Cannot be determined from the informa3on given. 

 
 
  



Consider the following simple op3cal system, used to change the diameter of a laser beam. 
Here f2, the focal length of the second lens is three 3mes as big as the focal length f1 of the first 
lens (f2 = 3 f1), and the two lenses are separated by a distance d = f1 + f2. 

 
 
24. Assuming the incident laser has a diameter W1 = 4 mm, and an intensity 10 mW/cm^2, what 
is the maximum value of the magne3c field to the right of the second lens? 
 

a. 823.8 T 
b. 2.75 µT 
c. 1.58 µT 

 
 
 
25. If we now change the wavelength of the laser from 600 nm to 450 nm, how will the intensity 
of the beam just ajer the second lens change? 
 

a. Intensity will increase 
b. Intensity will decrease 
c. Intensity will not change. 

 
 
 
 


