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(I} A galvanometer needle deflects full scale for a 33.0-uA
current. What current will give full-scale deflection if the
magnetic field weakens to 0.860 of its original value?

(I) If the restoring spring of a galvanometer weakens by
25% over the years, what current will give full-scale
deflection if it originally required 36 pA?

(I) If the current to a motor drops by 12%, by what factor
does the output torque change?

(IT) Show that the magnetic dipole moment M of an electron
orbiting the proton nucleus of a hydrogen atom is related to
the orbital angular momentum L of the electron by

e
M=—1L.
2m

(I1) A circular coil 16.0 em in diameter and containing nine
loops lies flat on the ground. The Earth’s magnetic field at
this location has magnitude 5.50 % 107" T and points into
the Earth at an angle of 56.0° below a line pointing due
north. If a 7.20-A clockwise current passes through the coil,
(a) determine the torque on the coil, and (h) which edge of
the coil rises up: north. east. south. or west?

11 Mass Spectrometer

(1) Protons move in a circle of radius 5.10¢m in a 0.566-T
magnetic field. What value of electric field could make
their paths straight? In what direction must it point?

(I) In a mass spectrometer, germanium atoms have radii
of curvature equal to 21.0, 21.6, 21.9, 22.2, and 22.8cm.
The largest radius corresponds to an atomic mass of 76 u.
What are the atomic masses of the other isotopes?

. General Problems

67.

68.

69.

#62. (1) Suppose the electric field between the electric plates in

the mass spectrometer of Fig. 20-39 is 2.48 > 10" V/m and
the magnetic fields B = B" = 0.68 T. The source contains
carbon isotopes of mass numbers 12, 13, and 14 from a
long-dead piece of a tree. (To estimate atomic masses,
multiply by 1.67 % 107" kg.) How far apart are the lines
formed by the singly charged ions of each tvpe on the
photographic film? What if the ions were doubly charged?

#63. (I1) A mass spectrometer is being used to monitor air

pollutants, Tt is difficult, however, to separate molecules
with nearly equal mass such as CO (28.0106u) and
N, (28.0134u). How large a radius of curvature must a
spectrometer have if these two molecules are to be
separated on the film by 0.50 mm?

*64. (IT) One form of mass spectrometer accelerates ions by

a voltage V before they enter a magnetic field B. The
ions are assumed to start from rest. Show that the mass
of an ion is m = gB°R’/2V. where R is the radius of
the ions” path in the magnetic field and g is their charge.

20-12 Ferromagnetism, Hysteresis
#65. (1) A long thin solenoid has 430 loops of wire per meler,

and a 25-A current flows through the wire. If the perme-
ability of the iron is 3000y, what is the total field B inside
the solenoid?

*66. (I1) An iron-core solenoid is 38¢m long and 1.8cm in

diameter, and has 640 turns of wire. The magnetic field
inside the solenoid is 22T when 48 A flows in the wire.
What is the permeability p at this high field strength?

Protons with momentum 4.8 > 107" kg-m/s are magnet-
ically steered clockwise in a circular path 2.0km in
diameter at Fermi National Accelerator Laboratory in
Mlinois. Determine the magnitude and direction of the
field in the magnets surrounding the beam pipe.

A proton and an electron have the same kinetic energy
upon entering a region of constant magnetic field. What is
the ratio of the radii of their circular paths?

The power cable for an electric trolley (Fig. 20-64) carries a
horizontal current of 330 A toward the east. The Earth’s
magnetic field has a strength 5.0 % 1077 T and makes an
angle of dip of 22° at this location. Calculate the magnitude and
direction of the magnetic force on a 15-m length of this cable.

/=330 A
—-

70.
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Problem 69.

Calculate the force on an airplane which has acquired a net
charge of 1550 uC and moves with a speed of 120m/s
perpendicular to the Earth’s magnetic field of 5.0 % 1077 T,

FIGURE 20-64

71. Near the equator, the Earth’s magnetic field points

almost horizontally to the north and has magnitude
B = 0.50 % 10°*T. What should be the magnitude and
direction for the velocity of an electron if its weight is
to be exactly balanced by the magnetic force?

72. A doubly charged helium atom, whose mass is

6.6 % 107" kg, is accelerated by a voltage of 2400 V.
(@) What will be its radius of curvature in a uniform
(.240-T field? (b) What is its period of revolution?

73. A sort of “projectile launcher™ is shown in Fig. 20-65.

A large current moves in a closed loop composed of fixed
rails, a power supply, and a very light, almost frictionless
bar touching the rails. A magnetic field is perpendicular to
the plane of the circuit. If the bar has a length L = 22cm,
amass of 1.5 g, and is placed in a field of 1.7 T, what constant
current flow is needed to accelerate the bar from rest to
28m/s in a distance of 1.0m? In what direction must the
magnetic field point?

FIGURE 20-65 Problem 73,

74. In Fig. 20-60 the top wire is 1.00-mm-diameter copper

wire and is suspended in air due to the two magnetic
forces Irom the bottom two wires. The current flow
through the two bottom wires is 95 A in each. Calculate
the required current flow in the suspended wire.
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