
Physics 4B Winter 2018 Test 3

Name:

Mar 9, 2018

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

µ0 = 4π × 10−7 Tm/A

e = 1.60 × 10−19 C

me = 9.11 × 10−31 kg

mp = 1.67 × 10−27 kg

c = 1√
ε0µ0

= 3.00 × 108 m/s

B = µ0Ia2

2(a2+x2)3/2

B = µ0I
4πa

(sin θ1 − sin θ2)

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 metal rod of mass m carrying a current I glides on two horizontal rails a distance `
apart. A uniform magnetic field B is directed perpendicular to the rod and the rails in
the −y direction. If the coefficient of kinetic friction between the rod and rails is µk,
and the rod starts from rest at the position shown, what is the speed of the rod as it
leaves the rails after having traveled a distance d? [10 pts]
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ates a magnetic field (Section 30.1). (a) To understand 
how a moving charge can also create a magnetic field, 
consider a particle with charge q moving with velocity 
vS. Define the position vector rS 5 r r̂ leading from the 
particle to some location. Show that the magnetic field 
at that location is
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  (b) Find the magnitude of the magnetic field 1.00 mm  
to the side of a proton moving at 2.00 3 107 m/s.  
(c) Find the magnetic force on a second proton at this 
point, moving with the same speed in the opposite direc-
tion. (d) Find the electric force on the second proton.

 66. Review. Rail guns have been suggested for launch-
ing projectiles into space without chemical rockets. 
A tabletop model rail gun (Fig. P30.66) consists of 
two long, parallel, horizontal rails , 5 3.50 cm apart, 
bridged by a bar of mass m 5 3.00 g that is free to slide 
without friction. The rails and bar have low electric 
resistance, and the current is limited to a constant  
I 5 24.0 A by a power supply that is far to the left of 
the figure, so it has no magnetic effect on the bar. Fig-
ure P30.66 shows the bar at rest at the midpoint of the 
rails at the moment the current is established. We wish 
to find the speed with which the bar leaves the rails 
after being released from the midpoint of the rails.  
(a) Find the magnitude of the magnetic field at a dis-
tance of 1.75 cm from a single long wire carrying a  
current of 2.40 A. (b) For purposes of evaluating the 
magnetic field, model the rails as infinitely long. Using 
the result of part (a), find the magnitude and direc-
tion of the magnetic field at the midpoint of the bar.  
(c) Argue that this value of the field will be the same 
at all positions of the bar to the right of the midpoint 
of the rails. At other points along the bar, the field is 
in the same direction as at the midpoint, but is larger 
in magnitude. Assume the average effective magnetic 
field along the bar is five times larger than the field 
at the midpoint. With this assumption, find (d) the 
magnitude and (e) the direction of the force on the 
bar. (f) Is the bar properly modeled as a particle under 
constant acceleration? (g) Find the velocity of the bar 
after it has traveled a distance d 5 130 cm to the end 
of the rails.
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Figure P30.66

 67. Fifty turns of insulated wire 0.100 cm in diameter are 
tightly wound to form a flat spiral. The spiral fills a 
disk surrounding a circle of radius 5.00 cm and extend-
ing to a radius 10.00 cm at the outer edge. Assume the 
wire carries a current I at the center of its cross section. 
Approximate each turn of wire as a circle. Then a loop 
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How would you argue for or against this idea? (c) The 
upper loop has a mass of 0.021 0 kg. Calculate its accel-
eration, assuming the only forces acting on it are the 
force in part (a) and the gravitational force.
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Figure P30.62

 63. Two long, straight wires cross each other perpendicu-
larly as shown in Figure P30.63. The wires are thin so 
that they are effectively in the same plane but do not 
touch. Find the magnetic field at a point 30.0 cm above 
the point of intersection of the wires along the z axis; 
that is, 30.0 cm out of the page, toward you.
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Figure P30.63

 64. Two coplanar and concentric circular loops of wire 
carry currents of I1 5 5.00 A and I 2 5 3.00 A in oppo-
site directions as in Figure P30.64. If r1 5 12.0 cm and 
r2 5 9.00 cm, what are (a) the magnitude and (b) the 
direction of the net magnetic field at the center of the 
two loops? (c) Let r1 remain fixed at 12.0 cm and let r2 
be a variable. Determine the value of r2 such that the 
net field at the center of the loops is zero.
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Figure P30.64

 65. As seen in previous chapters, any object with electric 
charge, stationary or moving, other than the charged 
object that created the field, experiences a force in 
an electric field. Also, any object with electric charge, 
stationary or moving, can create an electric field 
(Chapter 23). Similarly, an electric current or a mov-
ing electric charge, other than the current or charge 
that created the field, experiences a force in a mag-
netic field (Chapter 29), and an electric current cre-
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2. The figure shows a cross-sectional view of a very long, straight coaxial cable. The
center conductor is surrounded by a rubber layer, an outer conductor, and another
rubber layer. In a particular application, the current in the inner conductor is I1 out
of the page and the current in the outer conductor is I2 = 2I1 into the page.

In terms of I1, d, and fundamental constant(s), determine the magnitude and direction
of the magnetic field at

(a) point a, located at x = d. [6 pts]

(b) point b, located at x = 3d. [4 pts]

(c) at a point x = r inside the inner conductor, where 0 < r < R, and R is the
radius of the inner conductor. (Show your logic, do not simply write down the
answer.) [5 pts]

(d) Plot the y-component of the magnetic field versus positive values of x. You may
assume the outer conductor begins at x = 5d/3 and ends at x = 2d. Label
your axes with values where you can, in particular, label the maximum and min-
imum. [8 pts]
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vidual accomplishments, Weber and Gauss built a tele-
graph in 1833 that consisted of a battery and switch, 
at one end of a transmission line 3 km long, operat-
ing an electromagnet at the other end. Suppose their 
transmission line was as diagrammed in Figure P30.29. 
Two long, parallel wires, each having a mass per unit 
length of 40.0 g/m, are supported in a horizontal plane 
by strings , 5 6.00 cm long. When both wires carry 
the same current I, the wires repel each other so that 
the angle between the supporting strings is u 5 16.08.  
(a) Are the currents in the same direction or in oppo-
site directions? (b) Find the magnitude of the current. 
(c) If this transmission line were taken to Mars, would 
the current required to separate the wires by the same 
angle be larger or smaller than that required on the 
Earth? Why?
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,

Figure P30.29

Section 30.3  Ampère’s Law

 30. Niobium metal becomes a superconductor when 
cooled below 9 K. Its superconductivity is destroyed 
when the surface magnetic field exceeds 0.100 T. In 
the absence of any external magnetic field, determine 
the maximum current a 2.00-mm-diameter niobium 
wire can carry and remain superconducting.

 31. Figure P30.31 is a cross-sectional view of a coaxial 
cable. The center conductor is surrounded by a rubber 
layer, an outer conductor, and another rubber layer.  
In a particular application, the current in the inner 
conductor is I1 5 1.00 A out of the page and the cur-
rent in the outer conductor is I2 5 3.00 A into the 
page. Assuming the distance d 5 1.00 mm, determine 
the magnitude and direction of the magnetic field at 
(a) point a and (b) point b.
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Figure P30.31

 32. The magnetic coils of a tokamak fusion reactor are 
in the shape of a toroid having an inner radius of  
0.700 m and an outer radius of 1.30 m. The toroid has 
900 turns of large-diameter wire, each of which carries 
a current of 14.0 kA. Find the magnitude of the mag-
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direction or in opposite directions? (c) What would 
happen if the direction of one current were reversed 
and doubled?

 23. Two parallel wires are separated by 6.00 cm, each car-
rying 3.00 A of current in the same direction. (a) What 
is the magnitude of the force per unit length between 
the wires? (b) Is the force attractive or repulsive?

 24. Two long wires hang vertically. Wire 1 carries an 
upward current of 1.50 A. Wire 2, 20.0 cm to the right 
of wire 1, carries a downward current of 4.00 A. A third 
wire, wire 3, is to be hung vertically and located such 
that when it carries a certain current, each wire experi-
ences no net force. (a) Is this situation possible? Is it 
possible in more than one way? Describe (b) the posi-
tion of wire 3 and (c) the magnitude and direction of 
the current in wire 3.

 25. In Figure P30.25, the current in the long, straight wire 
is I1 5 5.00 A and the wire lies in the plane of the rect-
angular loop, which carries a current I2 5 10.0 A. The 
dimensions in the figure are c 5 0.100 m, a 5 0.150 m, 
and , 5 0.450 m. Find the magnitude and direction of 
the net force exerted on the loop by the magnetic field 
created by the wire.
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Figure P30.25 Problems 25 and 26.

 26. In Figure P30.25, the current in the long, straight wire 
is I1 and the wire lies in the plane of a rectangular 
loop, which carries a current I2. The loop is of length 
, and width a. Its left end is a distance c from the wire. 
Find the magnitude and direction of the net force 
exerted on the loop by the magnetic field created by 
the wire.

 27. Two long, parallel wires are attracted to each other by 
a force per unit length of 320 mN/m. One wire carries 
a current of 20.0 A to the right and is located along 
the line y 5 0.500 m. The second wire lies along the  
x axis. Determine the value of y for the line in the 
plane of the two wires along which the total magnetic 
field is zero.

 28. Why is the following situation impossible? Two parallel 
copper conductors each have length , 5 0.500 m and 
radius r 5 250 mm. They carry currents I 5 10.0 A in 
opposite directions and repel each other with a mag-
netic force FB 5 1.00 N.

 29. The unit of magnetic flux is named for Wilhelm Weber. 
A practical-size unit of magnetic field is named for 
Johann Karl Friedrich Gauss. Along with their indi-
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3. A loop of wire in the shape of a rectangle of width w and length L and a long, straight
wire carrying a current I lies on a tabletop as shown.

(a) Determine the magnetic flux through the loop due to the current I. [6 pts]

(b) Suppose the loop is moving away from the wire (current I) with constant speed
v, starting a distance from the wire h = h0 at time t = 0. Determine the emf that
is induced in the loop as a function of time. [6 pts]

(c) What is the direction of the induced current in the rectangle? [1 pt]

 Problems 959

the magnitude of the emf induced in the loop during 
this interval.

 7. To monitor the breathing of a hospital patient, a thin 
belt is girded around the patient’s chest. The belt is a 
200-turn coil. When the patient inhales, the area encir-
cled by the coil increases by 39.0 cm2. The magnitude 
of the Earth’s magnetic field is 50.0 mT and makes an 
angle of 28.08 with the plane of the coil. Assuming a 
patient takes 1.80 s to inhale, find the average induced 
emf in the coil during this time interval.

 8. A strong electromagnet produces a uniform magnetic 
field of 1.60 T over a cross-sectional area of 0.200 m2.  
A coil having 200 turns and a total resistance of  
20.0 V is placed around the electromagnet. The cur-
rent in the electromagnet is then smoothly reduced 
until it reaches zero in 20.0  ms. What is the current 
induced in the coil?

 9. A 30-turn circular coil of radius 4.00 cm and resistance 
1.00 V is placed in a magnetic field directed perpen-
dicular to the plane of the coil. The magnitude of the 
magnetic field varies in time according to the expres-
sion B 5 0.010 0t 1 0.040 0t 2, where B is in teslas and  
t is in seconds. Calculate the induced emf in the coil at 
t 5 5.00 s.

 10. Scientific work is currently under way to determine 
whether weak oscillating magnetic fields can affect 
human health. For example, one study found that driv-
ers of trains had a higher incidence of blood cancer 
than other railway workers, possibly due to long expo-
sure to mechanical devices in the train engine cab. 
Consider a magnetic field of magnitude 1.00 3 1023 T,  
oscillating sinusoidally at 60.0 Hz. If the diameter of 
a red blood cell is 8.00 mm, determine the maximum 
emf that can be generated around the perimeter of a 
cell in this field.

 11. An aluminum ring of radius r1 5 5.00 cm and resistance 
3.00 3 1024 V is placed around one end of a long air-
core solenoid with 1 000 turns per meter and radius r2 5  
3.00  cm as shown in Figure P31.11. Assume the axial 
component of the field produced by the solenoid is one-
half as strong over the area of the end of the solenoid 
as at the center of the solenoid. Also assume the sole-
noid produces negligible field outside its cross-sectional 
area. The current in the solenoid is increasing at a rate 
of 270 A/s. (a) What is the induced current in the ring? 
At the center of the ring, what are (b)  the magnitude 
and (c) the direction of the magnetic field produced by 
the induced current in the ring?
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 12. An aluminum ring of radius r1 and resistance R is 
placed around one end of a long air-core solenoid with 
n turns per meter and smaller radius r2 as shown in 
Figure P31.11. Assume the axial component of the field 
produced by the solenoid over the area of the end of 
the solenoid is one-half as strong as at the center of the 
solenoid. Also assume the solenoid produces negligible 
field outside its cross-sectional area. The current in 
the solenoid is increasing at a rate of DI/Dt. (a) What 
is the induced current in the ring? (b) At the center of 
the ring, what is the magnetic field produced by the 
induced current in the ring? (c) What is the direction 
of this field?

 13. A loop of wire in the shape of a rectangle of width w 
and length L and a long, straight wire carrying a cur-
rent I lie on a tabletop as shown in Figure P31.13.  
(a) Determine the magnetic flux through the loop due 
to the current I. (b) Suppose the current is changing 
with time according to I 5 a 1 bt, where a and b are 
constants. Determine the emf that is induced in the 
loop if b 5 10.0 A/s, h 5 1.00 cm, w 5 10.0 cm, and  
L 5 1.00 m. (c) What is the direction of the induced 
current in the rectangle?
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Figure P31.13

 14. A coil of 15 turns and radius 10.0 cm surrounds a long 
solenoid of radius 2.00 cm and 1.00 3 103 turns/meter 
(Fig. P31.14). The current in the solenoid changes as 
I 5 5.00 sin 120t, where I is in amperes and t is in sec-
onds. Find the induced emf in the 15-turn coil as a 
function of time.
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Figure P31.14

 15. A square, single-turn wire loop , 5 1.00 cm on a side 
is placed inside a solenoid that has a circular cross sec-
tion of radius r  5 3.00 cm as shown in the end view 
of Figure P31.15 (page 960). The solenoid is 20.0 cm 
long and wound with 100 turns of wire. (a) If the cur-
rent in the solenoid is 3.00 A, what is the magnetic flux 
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Figure P31.11 Problems 11 and 12.
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