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Problem Set 4: Mostly Magnetic

Instructions:

1. Answer all questions below. Show your work for full credit.

2. All problems are due Tuesday 24 July 2012 by the end of the day
(11:59pm if electronically submitted, by 5pm as a hard copy)

3. You may collaborate, but everyone must turn in their own work.

1. A uniform magnetic field of magnitude 0.150 T is directed along the positive x axis. A positron
(a positively-charged electron) moving at 5.00 × 106 m/s enters the field along a direction that
makes an angle of 85◦ with the x axis. The motion of the particle is expected to be a helix in this
case. Calculate the pitch p and radius r of the trajectory.
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65. A cyclotron is sometimes used for carbon dating, as
described in Chapter 44. Carbon-14 and carbon-12 ions
are obtained from a sample of the material to be dated,
and accelerated in the cyclotron. If the cyclotron has a
magnetic field of magnitude 2.40 T, what is the difference
in cyclotron frequencies for the two ions?

66. A uniform magnetic field of magnitude 0.150 T is directed
along the positive x axis. A positron moving at 5.00 !
106 m/s enters the field along a direction that makes an
angle of 85.0° with the x axis (Fig. P29.66). The motion of
the particle is expected to be a helix, as described in
Section 29.4. Calculate (a) the pitch p and (b) the radius r
of the trajectory.

70. Table P29.70 shows measurements of a Hall voltage
and corresponding magnetic field for a probe used to
measure magnetic fields. (a) Plot these data, and deduce a
relationship between the two variables. (b) If the measure-
ments were taken with a current of 0.200 A and the sample
is made from a material having a charge-carrier density of
1.00 ! 1026/m3, what is the thickness of the sample?
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Consider an electron orbiting a proton and maintained in
a fixed circular path of radius R " 5.29 ! 10#11 m by the
Coulomb force. Treating the orbiting charge as a current
loop, calculate the resulting torque when the system is in a
magnetic field of 0.400 T directed perpendicular to the
magnetic moment of the electron.

68. A singly charged ion completes five revolutions in a uni-
form magnetic field of magnitude 5.00 ! 10#2 T in
1.50 ms. Calculate the mass of the ion in kilograms.

69. A proton moving in the plane of the page has a kinetic
energy of 6.00 MeV. A magnetic field of magnitude
B " 1.00 T is directed into the page. The proton enters
the magnetic field with its velocity vector at an angle
$ " 45.0° to the linear boundary of the field as shown in
Figure P29.69. (a) Find x, the distance from the
point of entry to where the proton will leave the field.
(b) Determine $%, the angle between the boundary and
the proton’s velocity vector as it leaves the field.

67.

!VH ("V) B (T)

0 0.00
11 0.10
19 0.20
28 0.30
42 0.40
50 0.50
61 0.60
68 0.70
79 0.80
90 0.90

102 1.00

Table P29.70

71. A heart surgeon monitors the flow rate of blood through
an artery using an electromagnetic flowmeter (Fig.
P29.71). Electrodes A and B make contact with the outer
surface of the blood vessel, which has interior diameter
3.00 mm. (a) For a magnetic field magnitude of 0.040 0 T,
an emf of 160 &V appears between the electrodes. Calcu-
late the speed of the blood. (b) Verify that electrode A is
positive, as shown. Does the sign of the emf depend on
whether the mobile ions in the blood are predominantly
positively or negatively charged? Explain.

72. As shown in Figure P29.72, a particle of mass m having
positive charge q is initially traveling with velocity v ĵ. At
the origin of coordinates it enters a region between y " 0
and y " h containing a uniform magnetic field B k̂
directed perpendicularly out of the page. (a) What is the
critical value of v such that the particle just reaches y " h?

2. Find the magnetic field at point P for each of current configurations shown below. Hint for a:
Magnetic due to the straight portions is zero at P. Hint for b: Two half-infinite wires make one
infinite straight wire. Hint c: use superposition and symmetry!
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3. Find the force on a square loop (side a) placed as shown below, near an infinite straight wire.
Both loop and wire carry a steady current I.
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4. What is the induced EMF between the ends of the wingtips of a Boeing 737 when it is flying
over the magnetic north pole? The internet has most of the numbers you require.

5. Show that, if the condition R1R2 =L/C is satisfied by the components of the circuit below, the
difference in voltage between points A and B will be zero at any frequency.
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