
Physics 4C Spring 2018 Final Exam

Name:

June 26, 2018

Please show your work! Answers are not complete without clear reasoning. When asked
for an expression, you must give your answer in terms of the variables given in the question
and/or fundamental constants.

Answer as many questions as you can, in any order. Calculators are allowed. Books,
notes, and internet connectable devices are not allowed. Use any blank space to answer
questions, but please make sure it is clear which question your answer refers to.

g = 9.8 ms−2

c = 3.00× 108 m/s

atmospheric pressure P0 = 1.013× 105 Pa

density of water ρw = 1000 kg/m3

ρair = 1.20 kg m−3 (sea level, 20◦C)

Fahrenheit to Celsius:

([◦F] − 32) ÷ 1.8 =[◦C]

Celsius to Fahrenheit:

([◦C] × 1.8) + 32 =[◦F]

kB = 1.38× 10−23 J/K

NA = 6.022× 1023

R = 8.314 J mol−1 K−1

mp = 1.67× 10−27 kg

σ = 5.6696× 10−8 W m−2 K−4

1 cal = 4.186 J

I0 = 1.00× 10−12 W m−2

Trigonometric Identities

sin2 θ + cos2 θ = 1

sin(α± β) = sinα cos β ± cosα sin β

cos(α± β) = cosα cos β ∓ sinα sin β

sinα + sin β = 2 cos
(
α−β

2

)
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)
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= − sin θ
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1. A piston cylinder of maximum volume V0 is completely filled with air at atmospheric
pressure, P0, as shown. The total mass of the piston cylinder and air inside is m. The
cylinder is lowered into a tank of water, and the piston is free to move without friction.
Assume that both the temperature, and density of the water, ρ, do not change with
depth. At what depth, h, is the cylinder neutrally buoyant? (That is, if it is released,
it will be in equilibrium.) [7 pts]
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Latent heat of fusion Latent heat of vaporization
water 80 cal/g 540 cal/g

2. A mass of ice mi = 20.0 g at Tc = −10.0◦C is in a perfectly thermally insulating
container. When water with a mass mw = 35.0 g at temperature Th = 80.0◦C is
poured into the container and the system reaches a final equilibrium temperature
TE = 20.0◦C. Find the specific heat capacity of ice in calories per gram per degree
Celsius as determined in this experiment. (You may need some of the information in
the table above.) [8 pts]
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3. [18pts total] An ideal diatomic gas initially at pressure Pi, and volume Vi is taken
through a cycle as shown.

(a) What is the change in the internal energy of the gas over the cycle A→ A? [1 pt]

(b) Find the net work done on the gas per cycle. If the process is used as an engine,
what is the work done by the engine per cycle? [5 pts]

(c) In which steps is heat transferred to the gas? [2 pts]

(d) What is the total heat transferred to the gas in one cycle, Qh? [7 pts]

(e) If the process is used as an engine, what is its efficiency? [3 pts]

620 Chapter 20 The First Law of Thermodynamics

 40. In Figure P20.40, the change in 
internal energy of a gas that is taken 
from A to C along the blue path is 
1800 J. The work done on the gas 
along the red path ABC is 2500 J. 
(a)  How much energy must be 
added to the system by heat as it 
goes from A through B to C ? (b) If 
the pressure at point A is five times 
that of point C, what is the work 
done on the system in going from C to D? (c) What is 
the energy exchanged with the surroundings by heat  
as the gas goes from C to A along the green path? (d) If 
the change in internal energy in going from point D to 
point A is 1500 J, how much energy must be added to 
the system by heat as it goes from point C to point D?

 41. An ideal gas initially at Pi , 
Vi , and Ti is taken through 
a cycle as shown in Figure 
P20.41. (a) Find the net work 
done on the gas per cycle 
for 1.00 mol of gas initially 
at 0°C. (b)  What is the net 
energy added by heat to the 
gas per cycle?

 42. An ideal gas initially at Pi , 
Vi , and Ti is taken through 
a cycle as shown in Figure 
P20.41. (a) Find the net work done on the gas per cycle. 
(b) What is the net energy added by heat to the system 
per cycle?

Section 20.7  Energy Transfer Mechanisms  
in Thermal Processes
 43. A glass windowpane in a home is 0.620 cm thick and 

has dimensions of 1.00 m 3 2.00 m. On a certain day, 
the temperature of the interior surface of the glass is 
25.0°C and the exterior surface temperature is 0°C.  
(a) What is the rate at which energy is transferred by 
heat through the glass? (b) How much energy is trans-
ferred through the window in one day, assuming the 
temperatures on the surfaces remain constant?

 44. A concrete slab is 12.0 cm thick and has an area of 
5.00 m2. Electric heating coils are installed under the 
slab to melt the ice on the surface in the winter months. 
What minimum power must be supplied to the coils to 
maintain a temperature difference of 20.0°C between 
the bottom of the slab and its surface? Assume all the 
energy transferred is through the slab.

 45. A student is trying to decide what to wear. His bed-
room is at 20.0°C. His skin temperature is 35.0°C. The 
area of his exposed skin is 1.50 m2. People all over the 
world have skin that is dark in the infrared, with emis-
sivity about 0.900. Find the net energy transfer from 
his body by radiation in 10.0 min.

 46. The surface of the Sun has a temperature of about  
5 800 K. The radius of the Sun is 6.96 3 108 m. Calcu-
late the total energy radiated by the Sun each second. 
Assume the emissivity of the Sun is 0.986.
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 31. Consider the cyclic process depicted in Figure P20.30. 
If Q is negative for the process BC and DE int is nega-
tive for the process CA, what are the signs of Q , W, 
and DE int that are associated with each of the three 
processes?

 32. Why is the following situation impossible? An ideal gas 
undergoes a process with the following parameters: Q 5  
10.0 J, W 5 12.0 J, and DT 5 22.00°C.

 33. A thermodynamic system undergoes a process in which 
its internal energy decreases by 500 J. Over the same 
time interval, 220 J of work is done on the system. Find 
the energy transferred from it by heat.

 34. A sample of an ideal gas goes through the process 
shown in Figure P20.34. From A to B, the process 
is adiabatic; from B to C, it is isobaric with 345 kJ of 
energy entering the system by heat; from C to D, the 
process is isothermal; and from D to A, it is isobaric 
with 371 kJ of energy leaving the system by heat. Deter-
mine the difference in internal energy E int ,B 2 E int ,A.

1

3

P (atm)

0.09 0.2 0.4 1.2

A

CB

D

V (m3)

Figure P20.34

Section 20.6  Some Applications of the First Law  
of Thermodynamics
 35. A 2.00-mol sample of helium gas initially at 300 K, and 

0.400 atm is compressed isothermally to 1.20 atm. Not-
ing that the helium behaves as an ideal gas, find (a) the 
final volume of the gas, (b) the work done on the gas, 
and (c) the energy transferred by heat.

 36. (a) How much work is done on the steam when 1.00 mol  
of water at 100°C boils and becomes 1.00 mol of steam 
at 100°C at 1.00 atm pressure? Assume the steam to 
behave as an ideal gas. (b) Determine the change in 
internal energy of the system of the water and steam as 
the water vaporizes.

 37. An ideal gas initially at 300 K undergoes an isobaric 
expansion at 2.50 kPa. If the volume increases from 
1.00 m3 to 3.00 m3 and 12.5 kJ is transferred to the gas 
by heat, what are (a) the change in its internal energy 
and (b) its final temperature?

 38. One mole of an ideal gas does 3 000 J of work on its 
surroundings as it expands isothermally to a final 
pressure of 1.00 atm and volume of 25.0 L. Determine 
(a) the initial volume and (b) the temperature of the 
gas.

 39. A 1.00-kg block of aluminum is warmed at atmospheric 
pressure so that its temperature increases from 22.0°C 
to 40.0°C. Find (a) the work done on the aluminum, 
(b) the energy added to it by heat, and (c) the change 
in its internal energy.
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4. Show that the wave function y = Ae−(kx−ωt)2 specifically is a solution of the linear
wave equation, where A is a constant, k is a wavenumber, and ω is an angular fre-
quency. [10 pts]
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5. A wire made of a metal with coefficient of thermal expansion α is held between two
clamps under zero tension. Reducing the ambient temperature by a temperature
change of magnitude ∆T , results in a decrease in the wire’s equilibrium length, and
increases the tension in the wire. Taking the density (mass per unit volume) of the
wire to be ρ, and its Young’s modulus to be Y , find an expression for the wave speed
of transverse waves on this wire. [8 pts]
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6. An object is placed a distance p to the left of a diverging lens of focal length f1. A
converging lens of focal length f2 is placed a distance d to the right of the diverging lens.
Find the distance d so that the final image is infinitely far away to the right. [7 pts]
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7. [11pts total] In the double-slit arrangement shown, a pair of very narrow slits have
a separation d = 0.250 mm, and are illuminated with light at two wavelengths λ1 =
400.0 nm and λ2 = 600.0 nm.

(a) If the distance to the screen is L = 1.00 m, find the shortest distance away from the
center of the screen to the point P (P 6= O) where the two wavelengths both have
a bright peak. What is the order number of this fringe for λ1 = 400.0 nm? [7 pts]

(b) If the entire apparatus were submerged in water, how would the pattern change?
Assuming that nwater = 4/3, what would be the answer to part (a) in this
case? [4 pts]

1154 Chapter 37 Wave Optics

The red lines in Figure 
P37.22 represent paths 
along which maxima in 
the interference pattern 
of the radio waves exist. 
(a) Find the wavelength 
of the waves. The pilot 
“locks onto” the strong 
signal radiated along an 
interference maximum 
and steers the plane to 
keep the received signal 
strong. If she has found 
the central maximum, 
the plane will have precisely the correct heading to land 
when it reaches the runway as exhibited by plane A.  
(b) What If? Suppose the plane is flying along the first 
side maximum instead as is the case for plane B. How 
far to the side of the runway centerline will the plane be 
when it is 2.00 km from the antennas, measured along 
its direction of travel? (c) It is possible to tell the pilot 
that she is on the wrong maximum by sending out two 
signals from each antenna and equipping the aircraft 
with a two-channel receiver. The ratio of the two fre-
quencies must not be the ratio of small integers (such as 
3
4). Explain how this two-frequency system would work 
and why it would not necessarily work if the frequencies 
were related by an integer ratio.

Section 37.3  Intensity Distribution of the Double-Slit 
Interference Pattern
 23. Two slits are separated by 0.180 mm. An interference 

pattern is formed on a screen 80.0 cm away by 656.3-nm  
light. Calculate the fraction of the maximum intensity a 
distance y 5 0.600 cm away from the central maximum.

 24. Show that the two waves with wave functions given by 
E 1 5 6.00 sin (100pt) and E 2 5 8.00 sin (100pt 1 p/2)  
add to give a wave with the wave function  
ER sin (100pt 1 f). Find the required values for ER and f.

 25. In Figure P37.18, let L 5 120 cm and d 5 0.250 cm. 
The slits are illuminated with coherent 600-nm light. 
Calculate the distance y from the central maximum for 
which the average intensity on the screen is 75.0% of 
the maximum.

 26. Monochromatic coherent light of amplitude E 0 and 
angular frequency v passes through three parallel 
slits, each separated by a distance d from its neighbor.  
(a) Show that the time-averaged intensity as a function 
of the angle u is

I 1u 2 5 Imax c1 1 2 cos a2pd sin u
l

b d 2

  (b) Explain how this expression describes both the pri-
mary and the secondary maxima. (c) Determine the 
ratio of the intensities of the primary and secondary 
maxima.

 27. The intensity on the screen at a certain point in a double- 
slit interference pattern is 64.0% of the maximum 
value. (a) What minimum phase difference (in radi-
ans) between sources produces this result? (b) Express 

M

Q/C

angle u2 with respect to the normal, and an interfer-
ence maximum is formed by those rays on a screen 
that is a great distance from the slits. Show that the 
angle u2 is given by

u2 5 sin21 asin u1 2
ml

d
b

  where m is an integer.

 20. Monochromatic light of wavelength l is incident on a 
pair of slits separated by 2.40 3 1024 m and forms an 
interference pattern on a screen placed 1.80 m from 
the slits. The first-order bright fringe is at a position 
ybright 5 4.52  mm measured from the center of the 
central maximum. From this information, we wish to 
predict where the fringe for n 5 50 would be located.  
(a) Assuming the fringes are laid out linearly along 
the screen, find the position of the n 5 50 fringe by 
multiplying the position of the n 5 1 fringe by 50.0. 
(b) Find the tangent of the angle the first-order bright 
fringe makes with respect to the line extending from 
the point midway between the slits to the center of the 
central maximum. (c) Using the result of part (b) and 
Equation 37.2, calculate the wavelength of the light. 
(d) Compute the angle for the 50th-order bright fringe 
from Equation 37.2. (e) Find the position of the 50th-
order bright fringe on the screen from Equation 37.5. 
(f) Comment on the agreement between the answers 
to parts (a) and (e).

 21. In the double-slit arrangement of Figure P37.21, d  5 
0.150 mm, L 5 140 cm, l 5 643 nm, and y 5 1.80 cm. 
(a) What is the path difference d for the rays from the 
two slits arriving at P ? (b) Express this path difference 
in terms of l. (c) Does P correspond to a maximum, 
a minimum, or an intermediate condition? Give evi-
dence for your answer.
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Figure P37.21

 22. Young’s double-slit experiment underlies the instrument 
landing system used to guide aircraft to safe landings at 
some airports when the visibility is poor. Although real 
systems are more complicated than the example 
described here, they operate on the same principles. A 
pilot is trying to align her plane with a runway as sug-
gested in Figure P37.22. Two radio antennas (the black 
dots in the figure) are positioned adjacent to the run-
way, separated by d 5 40.0 m. The antennas broadcast 
unmodulated coherent radio waves at 30.0 MHz.  
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8. [9pts total] Polarizing angle.

(a) Explain in a sentence or two what the polarizing angle (Brewster’s angle) is and
what happens at this angle. Also, derive an expression for it, in terms of refractive
indices at a boundary between materials. [5 pts]

(b) For a particular transparent medium surrounded by air, find the polarizing an-
gle θp for light incident on the medium in terms of the critical angle for total
internal reflection θcrit in that medium. [4 pts]
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–Extra Workspace–
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Y = F/A
∆L/Li

S = F/A
∆x/h

B = − ∆P
∆V/Vi

P = F
A

P = P0 + ρgh

B = ρgV

A1v1 = A2v2

P + 1
2
ρv2 + ρgy =const.

∆L = αLi ∆T

∆V = βVi ∆T

PV = nRT

PV = NkBT (nR = NkB)

n = m
M

Q = C ∆T

Q = cm∆T

Q = mL

∆Eint = W +Q

Won gas = −
∫ Vf
Vi
P dV

W = nRT ln
(
Vi
Vf

)
P = kA

∣∣dT
dx

∣∣
P = kA

(
Th−Tc
L

)
P = σAeT 4

P = 2
3
N
V
K̄

K̄ = 1
2
m0v2 = 3

2
kBT

Ktot,trans = 3
2
NkBT = 3

2
nRT

e = 1− 1
(V1/V2)(γ−1)

Q = nCV ∆T

Q = nCP ∆T

∆Eint = nCV ∆T

γ = CP

CV

PV γ = const.

TV γ−1 = const.

nV (E) ∝ e−E/kBT

Nv ∝ v2e−m0v2/2kBT

vrms =
√

3kBT
m0

∆S =
∫ f
i

dQr

T

∆S = nCv ln
(
Tf
Ti

)
+ nR ln

(
Vf
Vi

)
S = kB lnW

e = Weng

|Qh|
= |Qh|−|Qc|

|Qh|
= 1− |Qc|

|Qh|

COP (cooling) = |Qc|
W

COP (heating) = |Qh|
W

e = Th−Tc
Th

= 1− Tc
Th

∫ v+dv

v
Nv dv =

∫ v+dv

v
4πN

(
m0

2πkBT

)3/2

v2e−m0v2/2kBT dv
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f = 1
T

k = 2π
λ

ω = 2πf

T = 2π
√

m
k

T = 2π
√

L
g

∂2y
∂x2

= 1
v2
∂2y
∂t2

y(x, t) = f(x∓ vt)

v = fλ = ω
k

v =
√

T
µ

y(x, t) = A sin (kx− ωt+ φ)

vy = ∂y
∂t

ay = ∂2y
∂t2

P = 1
2
µω2A2v

y(x, t) = [2A sin(kx)] cos(ωt)

v = (331 m/s)
√

1 + TCel

273

B = − ∆P
∆V/Vi

y(t) =
∑∞

n=1

(
An sin(2πnft) +Bn cos(2πnft)

)

v =
√

B
ρ

s(x, t) = smax cos(kx− ωt)

∆P (x, t) = (∆Pmax) sin(kx− ωt)

∆Pmax = B smaxk = ρvωsmax

I = Pavg

A

Pavg = 1
2
ρvω2As2

max

λn = 2L
n

fn = nv
2L

λ2n+1 = 4L
(2n+1)

f2n+1 = (2n+1)v
4L

|L2 − L1| = nλ

|L2 − L1| = (2n+1)λ
2

fbeat = |f1 − f2|

β = 10 log10

(
I
I0

)
f ′ =

(
v±v0
v∓vs

)
f

sin θ = v
vs

Mach number = vs
v

E = hf

n = c
v

n1 sin θ1 = n2 sin θ2

sin θc = n2

n1

M = h′

h

f = R
2

1
p

+ 1
q

= 1
f

n1

p
+ n2

q
= n2−n1

R

1
f

= (n− 1)
(

1
R1
− 1

R2

)
I ∝ E2

d sin θ = mλ

d sin θ = (m+ 1
2
)λ

I = Imax cos2
(
πd sin θ
λ

)
2nt = (m+ 1

2
)λ

2nt = mλ

r ≈
√

mλR
n

sin θ = mλ
a

I = Imax

(
sin(πa sin θ/λ)
πa sin θ/λ

)2

θmin = 1.22 λ
D

I = Imax cos2 θ

tan θp = n2

n1
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