
55) The diagram shows the path of a light ray
in three different materials. The index of refraction
for each material is shown in the upper right
portion of the material. What is the correct order
for the magnitudes of the indices?

A) n1 > n2 > n3
B) n1 > n3 > n2
C) n2 > n1 > n3
D) n2 > n3 > n1
E) n3 > n1 > n2 

Solution 
According to Snell's law, the angle that light makes with the normal will be largest 
where light travels the fastest (where the index of refraction is the least), and 
smallest where light travels the slowest (where the index of refraction is the 
greatest). In this case, we see that the angle is smallest in the top material (1), 
second smallest in the bottom material (3), and largest in the middle material (2). 

56) An object placed 4.0 cm to the left of a convex lens of focal length 2.0 cm
produces an image to the right of the lens. A concave lens placed at the right
focal point of the convex lens as shown produces a final image 6.0 cm to the
right of the concave lens. The concave lens has a focal length of

A) – 1.5 cm
B) – 3.0 cm
C) – 6.0 cm
D) −10.0 cm
E) – 2.0 cm 

Solution 
1
s
+ 1
s '
= 1
f

→ f = 1
s
+ 1
s '

⎛
⎝⎜

⎞
⎠⎟
−1

= 1
−2.0 cm( ) +

1
6.0 cm( )

⎛
⎝⎜

⎞
⎠⎟

−1

= −3.0 cm



57) A 200 nm thick film of kerosene with index of refraction  nkerosene = 1.20 is
floating on water (nwater = 1.33). White light is normally incident on the film. What
is the visible wavelength in air with the maximum intensity after the light is
reflected?

A) 380 nm
B) 430 nm
C) 480 nm
D) 530 nm
E) 580 nm 

Solution 
Both reflected rays encounter a phase shift of π. 

2t = λ
n
⇒λ = 2nt = 2(1.20) 200 nm( ) = 480 nm

58) The figure shows a closed container partially
filled with a gas and partially filled with a liquid. Point Y
is at a depth of 1.0 m, and Point Z is at a depth of 3.0 m.
If the absolute pressure at Point Y is 13,000 Pa, and the
absolute pressure at Point Z is 29,000 Pa, what is the
pressure at the surface (Point X)?

A) 3,000 Pa
B) 4,000 Pa
C) 5,000 Pa
D) 7,000 Pa
E) 8,000 Pa 

Solution 
pY = pX + ρgy,   pZ = pX + ρgz

⇒ ρg = pZ − pX
z

= pY − pX
y

⇒ pX =
pY z − pZy
z − y

=
13,000 Pa( ) 3.0m( )− 29,000 Pa( ) 1.0m( )

3.0m( )− 1.0m( ) = 5,000 Pa



59) A beam of light that consists of a mixture of red light (λ = 660 nm in
vacuum) and violet light (λ = 410 nm in vacuum) falls on a diffraction grating that
contains 10,000 lines/cm. Give the angular separation between the first-order
maxima of the two wavelengths if the experiment takes place in vacuum?

A) 11 o

B) 17 o

C) 24 o

D) 41 o

E) 65 o 

Solution 

arcsinθV = arcsin λV
d

⎛
⎝⎜

⎞
⎠⎟ = arcsin 410 ×10−9  m

10−6  m
⎛
⎝⎜

⎞
⎠⎟
= 24.2o

arcsinθR = arcsin λR

d
⎛
⎝⎜

⎞
⎠⎟ = arcsin 660 ×10−9  m

10−6  m
⎛
⎝⎜

⎞
⎠⎟
= 41.3o

⇒ Δθ = θV −θR = 17.1o

60) For a myopic (near-sighted) eye that cannot focus on objects more than
25 cm in front of it, the power in diopters of the lens needed for distinct distant
vision is

A) + 25  diopters
B) + 4.0 diopters
C) – 4.0 diopters
D) – 2.5 diopters
E) None of these is correct. 

Solution 
A concave lens will diverge parallel rays from a distant object as if they were 
coming from its focal point. A myopic eye that can focus on objects 25 cm in front 
of it needs a concave lens with a focal length of 25 cm.   
1
f
= 1

−25.0 cm( ) = − 4.0 diopter



61) A beam of light polarized along the vertical is
incident from the left upon a group of three polarizing
sheets as shown in the figure. The first sheet has its
transmission axis along the vertical and the other sheets
are arranged such that the transmission axis of each
sheet is rotated by an angle θ = 45o with respect to the
preceding sheet. What fraction of the incident intensity
is transmitted?

A) 0.71
B) 0.50
C) 0.05
D) 0.81
E) 0.25 

Solution 
The first polarizer has no effect on the beam because it is already polarized in 
the vertical direction. The second and third polarizer reduce the intensity by 
cos2θ × cos2θ = cos4θ = cos4 45o = 1/ 2( )4 = 1/ 4
62) Electromagnetic waves can be grouped and ranked according to their
wavelength and frequency. The order for different kinds of electromagnetic
waves is indicated in the figure. At which position belong microwaves?

A) 1
B) 2
C) 3
D) 4
E) 5 

Solution 
Visible light has wavelength range from 400 nm to 800 nm.  Microwaves have a 
wavelength range from a few millimeters to a few centimeters. Radio waves have 
a wavelength range from a few centimeters to about one kilometer. 



63) Consider an AC circuit consisting of
a resistor R = 10 Ω, a capacitor C = 30 µF,
an inductor L = 0.04 H, and an AC
generator. The generator operates at a
peak voltage of 15 V and a frequency of
200 Hz. What is the phase angle ϕ
corresponding to this situation?

A) −12o

B) 27o

C) 41o

D) 67o

E) 72o

Solution 
ω = 2π f = 2π (200Hz) = 1257rad/s
XL =ωL = (1257rad/s)(0.04H) = 50.3 Ω

XC = 1
ωC

 = 1
(1257rad/s)(30µF)

= 26.5 Ω

tanφ = XL − XC

R
⇒φ = arctan XL − XC

R
⎛
⎝⎜

⎞
⎠⎟ = arctan 50.3Ω− 26.5Ω

10Ω
⎛
⎝⎜

⎞
⎠⎟ = 67o

64) An RLC circuit consists of a resistor R, an inductor L, a variable capacitor
C, and an AC power source generating a voltage of V (t) =V0 sin(ωt) . The circuit
parameters R, L, and V0 are fixed at R = 50 Ω, L = 4.0 mH, and V0 = 20 V, and 
the generator frequency is set to 5 kHz. If the capacitor is tuned to a capacitance 
C such that the circuit is operated at resonance, what is the average power 
dissipated in the circuit? 

A) 0.50 W
B) 1.0 W
C) 4.0 W
D) 16 W
E) 400 W 

Solution 
At resonance the impedance of the circuit is Z = R. 

P = Irms
2 R = Vrms

2 R
Z 2 = Vrms

2

R
= V

2

2R
=

20V( )2

2 50Ω( ) = 4.0 W



65) Considering the diagram, what kind of lens or mirror if placed inside the
dashed box would produce the image shown at the position labeled P and would
this image be real or virtual? (Note: F1 indicates the focal point to the right of lens
1 and F2 indicates the focal point to the left of lens 2.)

A) concave mirror, virtual image
B) convex lens, real image
C) concave lens, real image
D) convex mirror, virtual image
E) concave lens, virtual image 

Solution 
The image produced by lens 1 is the object for lens two. A convex lens would 
produce an upright, real image on the right side of lens 2. A convex mirror would 
produce an upside-down, virtual image on the side of the center of curvature of 
the mirror. A concave mirror would produce an upright, real image on the side of 
the center of curvature of the mirror. A concave lens produces the shown upside-
down image on the left side of lens 2. The image is virtual. 

66) In two separate double slit experiments, an interference pattern is
observed on a screen that is located 1.25 m behind the slits. In the first
experiment, violet light (λ = 754 nm) is used and a second-order bright fringe
occurs at the same location as a fourth-order dark fringe in the second
experiment. Determine the wavelength of the light used in the second experiment.

A) 1320 nm
B) 862 nm
C) 594 nm
D) 431 nm
E) 388 nm 

Solution 
d sinθ2B = 2 754 nm( ) = d sinθ4D = 3.5λ

⇒ λ =
2 754 nm( )

3.5
= 431 nm



67) A single slit, 2.3 µm wide, forms a diffraction pattern when illuminated by
monochromatic light of 660-nm wavelength. At an angle of 10o from the central
maximum, the ratio of the intensity to that of the central maximum is closest to

A) 0.33
B) 0.25
C) 0.41
D) 0.29
E) 0.37 

Solution 
β = 2πasinθ / λ = 2π 2.3×10−6  m( )sin10o / 660 ×10−9 m( ) = 3.8

I
Imax

=
sin2 β / 2( )
β / 2( )2 = 0.25

68) A charge of 16 nC is distributed uniformly along the x axis from x = 0 m to
x = 4 m. Which of the following integrals is correct for the magnitude of the
electric field at x = 10 m?

A) 36 Nm/C( )
x20  m

4  m

∫ dx

B) 154 Nm/C( )
10m − x( )20  m

4  m

∫ dx

C) 36 Nm/C( )
10 m − x( )20  m

4  m

∫ dx

D) 154 Nm/C( )
x20  m

4  m

∫ dx

E) 154 Nm/C( )
10m − x( )26  m

10 m

∫ dx

Solution 
!
E = ke

Q
r2 r̂→ dE = ke

dQ
10 m − x( )2 ,  dQ = λdx

E = dE = keλdx
10 m − x( )2

0  m

4  m

∫∫ =
9 ×109  Nm2 /C2( ) 4 ×10−9 C/m( )dx

10 m − x( )2
0  m

4  m

∫ =
36 Nm/C( )dx
10 m − x( )2

0  m

4  m

∫



69) Consider a positively charged conductor in electrostatic equilibrium. Which
of the following statements is FALSE?

A) The excess charge resides only on the surface of the conductor.
B) The electric field is zero in the interior of the conductor.
C) The direction of the electric field just outside the conductor is parallel to the 
surface of the conductor.
D) The magnitude of the electric field just outside the conductor is σ / ε0.
E) The electric potential is positive inside the conductor (assuming the potential 
is zero at infinity). 

Solution 
Excess charge only resides on the surface of a conductor and not inside the bulk. 
Following Gauss’ law there’s no electric field in the interior of a conductor. The 
electric field on the surface of the conductor is perpendicular to the surface of the 
conductor and has a magnitude of σ / ε0. The electric potential increases from 
zero towards the conductor and has a positive value on the conductor surface. 
Since there is no electric field inside the conductor, the potential is constant 
throughout the conductor and the same as on the surface. 

70) Two parallel-plate capacitors, C1 and C2,
have been connected to a 10-V battery (as
shown in the figure) for a long time. One
capacitor is filled with air, and the other one is 
filled with a dielectric for which κ = 2.0. Both 
capacitors have a plate area of 2.0 × 10−3 m2 
and a plate separation of 1.0 mm. How much 
total charge is stored on the two capacitors? 

A) 0.53 nC
B) 0.35 nC
C) 1.1 nC
D) 0.53 µC
E) 0.35 µC 

Solution 

Ceq = C1 +C2 =κ1ε0
A
d
+κ 2ε0

A
d
= κ1 +κ 2( )ε0

A
d

= 1+ 2( ) 8.85 ×10−12 C2 / (Nm2 )( ) 0.002 m2( )
0.001 m( ) = 53 pF

Q = CeqV = 53 pF( ) 10 V( ) = 0.53 nC



71) In the figure, a circuit with an ideal battery
with voltage V = 8.0 V, a capacitor with capacitance
C  = 5.0 nF, five resistors and a switch is shown.
The resistors have resistances of R1 = R2 = R3 = R4
= R5 = 1.0 Ω. After the switch has been closed for a
long time, what is the current through resistor R3 ?

A) 0.0 A
B) 32 A
C) 3.0 A
D) 1.6 A
E) 2.0 A 

Solution 
After a long time, the capacitor acts like a cut in the circuit. The current flows 
through resistors R1, R2, R3, and R4, which are all in series. 

I =V / Req =
8.0V( )
4 ×1.0Ω( ) = 2.0A

72) A current I passes through a slab of metal in the presence of an upward-
pointing magnetic field B. Between which two sides of the slab does a Hall
voltage develop? Give the side with the higher potential first. The labels are as
shown in the figure: a (left), b (right), c (front), d (back), e (top) and f (bottom).

A) a and b
B) c and d
C) e and f
D) b and a
E) d and c 

Solution 
Electrons get deflected towards the back by the magnetic force  

!
F = −I

!
L ×
!
B , 

where  
!
L  points in the direction of the current I. Thus, at the back there will be an 

access of negative charge and at the front an access of positive charge, leading 
to a higher potential at the front than in the back.  



73) A bar magnet is dropped through a loop of
copper wire as shown in the figure. The positive
direction of the induced current I in the loop is
indicated by the arrows on the loop. Which of the
following graphs illustrates best the current I as a
function of time? C indicates the time when the
midpoint of the magnet passes through the loop.

A) 1
B) 2
C) 3
D) 4
E) 5 

Solution 
Current is present in the loop only when the magnetic flux through it is changing. 
Therefore, we should observe two peaks, corresponding to the magnet going in 
and out, and zero current in the middle. Option 3 is thus discarded. When the 
magnet is moving toward the loop, north end first, the magnetic field inside the 
loop points down, and its magnitude is increasing. In order to oppose the 
associated change in magnetic flux, the current induced in the loop must be such 
that it creates an induced magnetic field up. Using the right-hand rule, we 
determine that a counterclockwise current is required for that. Therefore, the 
initial peak must correspond to a positive current. Similarly, when the magnet is 
coming out, the magnetic field by the magnet is still pointing down, but 
decreasing in magnitude. Therefore, the induced magnetic field should also point 
down. This corresponds to a clockwise current, thus a negative peak. 



74) The figure shows the electric field lines for two
point charges. What is the ratio of the top charge to the
bottom charge qtop : qbottom and the sign of the top charge?

A) 4:9, positive
B) – 4:9, negative
C) 9:4, positive
D) – 9:4, negative
E) – 9:4, positive 

Solution 
The electric field lines that end in the top charge indicate that it is negative. The 
electric field lines that start at the bottom charge indicate that it is positive. The 
ratio of the numbers of field lines between the top and bottom charge of 18:10 = 
9 /4 gives the ratio of the two charges.  

75) The switch S has been at position a
for a very long time. It is then switched to
position b. Describe what happens to the light
bulb as a function of time when the switch is
flipped from a to b.

A) The light bulb was on, but goes off
immediately.

B) The light bulb was off and stays off.
C) The light bulb was on, but its brightness decreases with time and eventually 

the bulb goes off.
D) The light bulb was on and stays on.
E) The light bulb was off. It then lights up but the brightness decreases with time 

and eventually the bulb goes off. 

Solution 
When the switch was in position a, the bulb was off since the charged  capacitor 
acts like a cut wire. After the switch is moved to position b, the capacitor 
discharges through the bulb and the bulb lights up. When the capacitor 
discharges, the brightness decreases with time and eventually the bulb goes off.  



76) Which of the following statements about inductors is correct?

A) Inductors store energy by building up charge.
B) When it is connected in a circuit, an inductor always resists having current 

flow through it.
C) When an inductor and a resistor are connected in series with an ideal battery, 

the current in the circuit is zero after a very long time.
D) An inductor always resists any change in current through it.
E) When an inductor and a capacitor are connected in series with an ideal 

battery, the current in the circuit reaches its maximum value after a very long 
time. 

Solution 
Inductors store energy by building up a magnetic field and only resist changes in 
current. After a long time an inductor acts like an ideal wire and a capacitor acts 
like a cut wire. 

77) How much energy is stored in a room with dimensions 3.0 m by 4.0 m by
2.4 m due to the earth’s magnetic field? The earth’s magnetic filed has a strength
of 5.0 × 10−5 T.

A) 570 mJ
B) 112 mJ
C) 56 mJ
D) 41 mJ
E) 29 mJ 

Solution 

U = uV = B2

2µ0

V =
5 ×10−5  T( ) 3.0 × 4.0 × 2.4 m3( )

2 × 4π ×10−7 T m /A( ) = 29 mJ



Laboratory final exam questions 

78) In a certain system, the value of some physical quantity y is expected to
depend on another physical quantity x as follows:

−= 	  2
x
by ae ,

where a and b are constants to be determined with an experiment. 

A scientist sets up an experiment to collect data for x and y. If the system 
behaves as predicted, which of the following plots will yield a linear plot? 

( )

2

2

2

A. 	   	  versus	  

B.	  	   versus	  

C.	  	   versus	  

D. 	  versus	  	  
E.

	  

x

x

y x

	  x

y

e

y
ln y 	  versus

x

y

e−



79) In the “RLC Circuits” experiment, an exciter coil connected to a function
generator was placed next to the inductor L of an RLC circuit. An
oscilloscope was used to measure the voltage across this inductor.

If the function generator is set to provide a square function with a low-
enough frequency, the oscilloscope screen shows something like this: 

L
	  

R	  
	  

Probe	  
	  

Oscilloscope	  
	  

Exciter	  coil	  

C	  
	  

Function	  generator	  



Which of the following images will you observe if you increase the capacitance of 
the circuit? 

A. 

B.    

C.    

D.    

E.



80) Which of the following configurations will send a very large current through
the ammeter (and likely destroy it) when the power source is turned on?

DC	  power	  
source	  

Bulb	  2	  

Bulb	  1	  

B	  

DC	  power	  
source	  

Bulb	  2	  

Bulb	  1	  

A	  

A	  

DC	  power	  
source	  

Bulb	  2	  

Bulb	  1	  

E	  

A	  

A	  

DC	  power	  
source	  

Bulb	  2	  

Bulb	  1	  

C	  

A	  

Bulb	  2	  

A	  

DC	  power	  
source	  

Bulb	  1	  

D	  



81) In lab OI – Optical instruments, we used the setup shown below to measure
the focal distance of a converging lens. The light source is fitted with a glass
plate with a figure. When the lens and a screen are placed at appropriate
locations s and s’, a well-focused image appears on the screen.

In the experiment, we collected data for many pairs of (s, s’) that yield a 
well-focused image on the screen. Plotting 1/s versus 1/s’ yields the linear 
graph shown below. 

Give an estimate the focal length of the lens based on the graph. 

A. 1 cm
B. 5 cm
C. 10 cm
D. 15 cm
E. 20 cm 

Screen	  

	  s	  

Lens	  

Glass	  plate	  
with	  d	  Light	  source	  

s	  ‘	  

Optical	  bench	  Figure	  drawn	  
on	  the	  glass	  

plate	  




