
Physics 4B Winter 2018 Test 2

Name:

Feb 15, 2018

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

When asked for an expression, give your answer only in terms of the variables given in
the question and fundamental constants such as g, k, e, and so on.
DO NOT OPEN TEST BOOKLET UNTIL TOLD TO DO SO.

g = 9.8 ms−2

k = 8.99× 109 Nm2C−2 = 1
4πε0

ε0 = 8.85× 10−12 C2N−1m−2

e = 1.60× 10−19 C

me = 9.11× 10−31 kg

mp = 1.67× 10−27 kg

C = 2πε0
L

ln(b/a)

C = 4πε0
ab
b−a

ρ− ρ0 = αρ0(T − T0)

Trigonometric Identities

sin2 θ + cos2 θ = 1

sin(2θ) = 2 sin(θ) cos(θ)

cos(2θ) = cos2 θ − sin2 θ

sin(α± β) = sinα cos β ± cosα sin β

cos(α± β) = cosα cos β ∓ sinα sin β

cosα cos β = 1
2
[cos(α− β) + cos(α + β)]

sinα sin β = 1
2
[cos(α− β)− cos(α + β)]

sinα cos β = 1
2
[sin(α + β) + sin(α− β)]

sin
(
θ + π

2

)
= cos θ

cos
(
θ + π

2

)
= − sin θ

sec θ := 1
cos θ

csc θ := 1
sin θ

cot θ := 1
tan θ
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1. A certain copper wire has a resistance of 6.00 Ω at 20.0◦C.

(a) What resistance will it have at 35.0◦C? [4 pts]

(b) Suppose the wire connects the terminals of an ideal emf source, and as current
passes through it, it heats from 20.0◦C to 35.0◦C. What is the ratio of the power
dissipated as heat in the wire at 35.0◦C to the power dissipated at 20.0◦C? [3 pts]

(At 20.0◦C, copper has a resistivity of 1.70 × 10−8 Ω m and a temperature coefficient
of resistivity of 3.90× 10−3 (◦C)−1.)
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2. A parallel-plate capacitor consists of square plates of edge length `, that are separated
by a distance d, where d � `. A potential difference ∆V is maintained between the
plates. A material of dielectric constant κ fills half the space between the plates. The
dielectric slab is withdrawn from the capacitor as shown.

(a) What is the charge on the capacitor after the dielectric is completely with-
drawn? [2 pts]

(b) What is the charge on the capacitor initially, when the dielectric fills half the
space between the plates? [4 pts]

(c) Find the capacitance when the left edge of the dielectric is at a distance x from
the center of the capacitor. [3 pts]

(d) If the dielectric is removed at a constant speed v, what is the current in the circuit
as the dielectric is being withdrawn? Which way is the current flowing? [4 pts]

 Problems 831

the left edge of the dielectric is at a distance x from the 
center of the capacitor. (b) If the dielectric is removed 
at a constant speed v, what is the current in the circuit 
as the dielectric is being withdrawn?

 78. The dielectric material between the plates of a parallel- 
plate capacitor always has some nonzero conductiv-
ity s. Let A represent the area of each plate and d the 
distance between them. Let k represent the dielectric 
constant of the material. (a) Show that the resistance 
R and the capacitance C of the capacitor are related by

RC 5
kP0

s

  (b) Find the resistance between the plates of a 14.0-nF 
capacitor with a fused quartz dielectric.

 79. Gold is the most ductile of all metals. For example, one 
gram of gold can be drawn into a wire 2.40 km long. 
The density of gold is 19.3 3 103 kg/m3, and its resistiv-
ity is 2.44 3 1028 V ? m. What is the resistance of such a 
wire at 20.0°C?

 80. The current–voltage characteristic curve for a semicon-
ductor diode as a function of temperature T is given by

I 5 I0(e e DV/kBT 2 1)

  Here the first symbol e represents Euler’s number, 
the base of natural logarithms. The second e is the 
magnitude of the electron charge, the kB stands for 
Boltzmann’s constant, and T is the absolute tempera-
ture. (a) Set up a spreadsheet to calculate I and R 5 
DV/I for DV 5 0.400 V to 0.600 V in increments of  
0.005 V. Assume I0 5 1.00 nA. (b) Plot R versus DV for  
T 5 280 K, 300 K, and 320 K.

 81. The potential difference across the filament of a light-
bulb is maintained at a constant value while equilib-
rium temperature is being reached. The steady-state 
current in the bulb is only one-tenth of the current 
drawn by the bulb when it is first turned on. If the tem-
perature coefficient of resistivity for the bulb at 20.0°C 
is 0.004 50 (°C)21 and the resistance increases linearly 
with increasing temperature, what is the final operat-
ing temperature of the filament?

Challenge Problems
 82. A more general definition of the temperature coeffi-

cient of resistivity is

a 5
1
r

 
dr

dT

  where r is the resistivity at temperature T. (a) Assum-
ing a is constant, show that

r 5 r0e a(T 2 T0)

  where r0 is the resistivity at temperature T0. (b) Using 
the series expansion e x < 1 1 x for x ,, 1, show that 
the resistivity is given approximately by the expression

r 5 r0[1 1 a(T 2 T0)] for a(T 2 T0) ,, 1

 83. A spherical shell with inner radius ra and outer radius 
rb is formed from a material of resistivity r. It carries 

S

S

potential difference. In a metal, energy dQ and electri-
cal charge dq are both transported by free electrons. 
Consequently, a good electrical conductor is usually a 
good thermal conductor as well. Consider a thin con-
ducting slab of thickness dx, area A, and electrical 
conductivity s, with a potential difference dV between 
opposite faces. (a) Show that the current I 5 dq/dt is 
given by the equation on the left:

 Charge conduction Thermal conduction

 
dq
dt

5 sA `dV
dx

`  dQ
dt

5 kA `dT
dx

`
  In the analogous thermal conduction equation on the 

right (Eq. 20.15), the rate dQ /dt of energy flow by heat 
(in SI units of joules per second) is due to a tempera-
ture gradient dT/dx in a material of thermal conductiv-
ity k. (b) State analogous rules relating the direction 
of the electric current to the change in potential and 
relating the direction of energy flow to the change in 
temperature.

 75. Review. When a straight wire is warmed, its resistance is 
given by R 5 R0[1 1 a(T 2 T0)] according to Equation 
27.20, where a is the temperature coefficient of resistiv-
ity. This expression needs to be modified if we include 
the change in dimensions of the wire due to thermal 
expansion. For a copper wire of radius 0.100 0 mm and 
length 2.000 m, find its resistance at 100.0°C, includ-
ing the effects of both thermal expansion and tempera-
ture variation of resistivity. Assume the coefficients are 
known to four significant figures.

 76. Review. When a straight wire is warmed, its resistance 
is given by R 5 R 0[1 1 a(T 2 T0)] according to Equa-
tion 27.20, where a is the temperature coefficient of 
resistivity. This expression needs to be modified if we 
include the change in dimensions of the wire due to 
thermal expansion. Find a more precise expression for 
the resistance, one that includes the effects of changes 
in the dimensions of the wire when it is warmed. Your 
final expression should be in terms of R 0, T, T0, the 
temperature coefficient of resistivity a, and the coef-
ficient of linear expansion a9.

 77. Review. A parallel-plate capacitor consists of square 
plates of edge length , that are separated by a dis-
tance d, where d ,, ,. A potential difference DV is 
maintained between the plates. A material of dielec-
tric constant k fills half the space between the plates. 
The dielectric slab is withdrawn from the capacitor as 
shown in Figure P27.77. (a) Find the capacitance when 

S

S

!

!

x

d

V!
"

#

vS

Figure P27.77
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3. In the circuit shown, the reading on the ideal voltmeter is 6.00 V, with point a being
the high potential side and point b being the low potential side.

860 Chapter 28 Direct-Current Circuits

 26. The following equations describe an electric circuit:

2I1 (220 V) 1 5.80 V 2 I2 (370 V) 5 0
1I2 (370 V) 1 I3 (150 V) 2 3.10 V 5 0

I1 1 I3 2 I2 5 0

  (a) Draw a diagram of the circuit. (b) Calculate the 
unknowns and identify the physical meaning of each 
unknown.

 27. Taking R 5 1.00 kV and e 5 250 V in Figure P28.27, 
determine the direction and magnitude of the current 
in the horizontal wire between a and e.

R

a

b
2R

3R4R

c d

e

2e e
!

"

!

"

Figure P28.27
 28. Jumper cables are connected from a fresh battery in 

one car to charge a dead battery in another car. Fig-
ure P28.28 shows the circuit diagram for this situation. 
While the cables are connected, the ignition switch of 
the car with the dead battery is closed and the starter is 
activated to start the engine. Determine the current in 
(a) the starter and (b) the dead battery. (c) Is the dead 
battery being charged while the starter is operating?

12 V 

Live
battery

Dead
battery

Ignition
switch

0.06 #
Starter

0.01 # 1.00 #

!

"
12 V 

!

"

Figure P28.28
 29. The ammeter shown in Figure P28.29 reads 2.00 A. 

Find (a) I1, (b) I2, and (c) e.

15.0 V 7.00 #

2.00 #

5.00 #
I1

I2

e
" !

" !

A

Figure P28.29
 30. In the circuit of Figure P28.30, determine (a) the cur-

rent in each resistor and (b) the potential difference 
across the 200-V resistor.

Q/C

W

W

Section 28.3  Kirchhoff’s Rules

 22. In Figure P28.22, show how to add just enough amme-
ters to measure every different current. Show how 
to add just enough voltmeters to measure the poten-
tial difference across each resistor and across each 
battery.

3.00 #
1.00 #

5.00 #

1.00 #

4.00 V

8.00 #
12.0 V

!

"

!

"

Figure P28.22 Problems 22 and 23.

 23. The circuit shown in Figure P28.22 is connected for  
2.00 min. (a) Determine the current in each branch of 
the circuit. (b) Find the energy delivered by each bat-
tery. (c) Find the energy delivered to each resistor.  
(d) Identify the type of energy storage transformation 
that occurs in the operation of the circuit. (e) Find the 
total amount of energy transformed into internal 
energy in the resistors.

 24. For the circuit shown in Fig-
ure P28.24, calculate (a) the  
current in the 2.00-V resistor 
and (b) the potential differ-
ence between points a and b.

 25. What are the expected read-
ings of (a) the ideal ammeter 
and (b) the ideal voltmeter 
in Figure P28.25?

M
Q/C

4.00 #

b

a

2.00 #

6.00 #8.00 V

12.0 V

! "

" !

Figure P28.24

M

2.00 #

3.00 #

5.00 #

10.0 #

4.00 #

8.00 V

" !

Figure P28.21

6.00 # 6.00 V 

4.50 V 
5.00 #

10.0 #

6.00 #

" !

" !

A

V

Figure P28.25

2.003.00

3.00
E

10.0
a

b

(a) Find E , the value of the ideal emf source. [3 pts]

(b) What is the expected reading on the ideal ammeter? [7 pts]
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4. Consider the resistance-capacitance circuit shown. It includes an ideal 10 V battery.
Initially the switch is open and the capacitor is uncharged.

(a) What is the effective resistance of this arrangement just at the moment the switch
is closed? [5 pts]

(b) What is the effective resistance of this arrangement after the switch has been
closed for a long time? [4 pts]

(c) What is the potential difference across the capacitor when the switch has been
closed for a long time? [5 pts]

(d) After the switch has been closed a long time, it is opened again. Sketch a graph
of the potential difference across the capacitor against time after the switch is
opened, labelling the axes with the appropriate initial value. [3 pts]

862 Chapter 28 Direct-Current Circuits

 44. Show that the integral e`

0  e22t/RC dt in Example 28.11 
has the value 1

2 RC.

 45. A charged capacitor is connected to a resistor and switch 
as in Figure P28.45. The circuit has a time constant of 
1.50 s. Soon after the switch is closed, the charge on the 
capacitor is 75.0% of its initial charge. (a) Find the time 
interval required for the capacitor to reach this charge. 
(b) If R 5 250 kV, what is the value of C?

C R

S
Q+

–Q

Figure P28.45

Section 28.5 Household Wiring and Electrical Safety

 46. An electric heater is rated at 1.50 3 103 W, a toaster 
at 750 W, and an electric grill at 1.00 3 103 W. The 
three appliances are connected to a common 120-V 
household circuit. (a) How much current does each 
draw? (b) If the circuit is protected with a 25.0-A cir-
cuit breaker, will the circuit breaker be tripped in this 
situation? Explain your answer.

 47. A heating element in a stove is designed to receive  
3 000 W when connected to 240 V. (a) Assuming the 
resistance is constant, calculate the current in the heat-
ing element if it is connected to 120 V. (b) Calculate 
the power it receives at that voltage.

 48. Turn on your desk lamp. Pick up the cord, with your 
thumb and index finger spanning the width of the 
cord. (a) Compute an order-of-magnitude estimate 
for the current in your hand. Assume the conductor 
inside the lamp cord next to your thumb is at poten-
tial , 102 V at a typical instant and the conductor 
next to your index finger is at ground potential (0 V). 
The resistance of your hand depends strongly on the 
thickness and the moisture content of the outer lay-
ers of your skin. Assume the resistance of your hand 
between fingertip and thumb tip is , 104 V. You may 
model the cord as having rubber insulation. State the 
other quantities you measure or estimate and their val-
ues. Explain your reasoning. (b) Suppose your body is 
isolated from any other charges or currents. In order-
of-magnitude terms, estimate the potential difference 
between your thumb where it contacts the cord and 
your finger where it touches the cord.

S

M
Q/C

M

 38. Consider a series RC circuit as in Figure P28.38 for 
which R  5 1.00 MV, C 5 5.00 mF, and e 5 30.0 V. 
Find (a) the time constant of the circuit and (b) the 
maximum charge on the capacitor after the switch is 
thrown closed. (c) Find the current in the resistor 10.0 s  
after the switch is closed.

C R

S

! "
e

Figure P28.38  
Problems 38, 67, and 68.

 39. A 2.00-nF capacitor with an initial charge of 5.10 mC 
is discharged through a 1.30-kV resistor. (a) Calcu-
late the current in the resistor 9.00 ms after the resis-
tor is connected across the terminals of the capacitor.  
(b) What charge remains on the capacitor after 8.00 ms?  
(c) What is the maximum current in the resistor?

 40. A 10.0-mF capacitor is charged by a 10.0-V battery 
through a resistance R. The capacitor reaches a poten-
tial difference of 4.00 V in a time interval of 3.00 s after 
charging begins. Find R.

 41. In the circuit of Figure P28.41, the switch S has been 
open for a long time. It is then suddenly closed. Take  
e 5 10.0 V, R1 5 50.0 kV, R2 5 100 kV, and C 5 10.0 mF.  
Determine the time constant (a) before the switch is 
closed and (b)  after the switch is closed. (c) Let the 
switch be closed at t 5 0. Determine the current in the 
switch as a function of time.

R1

R2

C
S!

"
e

Figure P28.41 Problems 41 and 42.

 42. In the circuit of Figure P28.41, the switch S has been 
open for a long time. It is then suddenly closed. Deter-
mine the time constant (a) before the switch is closed 
and (b) after the switch is closed. (c) Let the switch be 
closed at t 5 0. Determine the current in the switch as 
a function of time.

 43. The circuit in Figure P28.43 has been connected for a 
long time. (a) What is the potential difference across 
the capacitor? (b) If the battery is disconnected from 
the circuit, over what time interval does the capacitor 
discharge to one-tenth its initial voltage?

W

W

W

S

M

m

10.0 V

1.00 # 8.00 #

2.00 #4.00 #

1.00 F

!

"

Figure P28.43
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–Extra Workspace–
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