Phy 213: General Physics III 6/14/2007
Chapter 28 Worksheet 1

Magnetic Fields & Force
1. A point charge, g= 5x10°® C and m=1x107kg, travels with a velocity of: V = 30™ | then

enters a magnetic field: B = 1x10°T j.
a. What is the kinetic energy of the point charge?
Ans. K= imv? = 0.45]

b. What is the magnitude of the magnetic force that acts on the charge once it has entered
the field?

Ans. [Fy| = qvB = 1.5x10™ N
c. What is the magnetic force vector exerted on the charge just as it enters the field?

Ans. F, = qVxB = 1.5x107°N k

d. Why does the magnetic force exerted on the point charge not change its kinetic energy?

Ans. The magnetic force is always to the direction of travel.

2. Initially at rest, a charged particle, qg=+1.6x107'° C and m=1.67x10"%" kg, is accelerated
through a region of constant electric field (E = Eyﬁ), across a potential difference of V =
100V. The charged particle then enters a magnetic field: B=103Ti.

a. What is the kinetic energy of the particle just as it enters the magnetic field? Apply the
Conservation of Energy to the particle.

Ans. K = AK = AU = gAV = 1.6x10"" ]

b. Determine the magnetic force vector exerted on the charge, in component form, as it
enters the field?

Ans. V = an = 1.38x10°™ = F, = qVxB = -2.21x10""N k

c. In which direction is the particle deflected once it enters the field? Calculate the radius of
the particles path.

Ans. Clockwise
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3. A point charge, g=1x10"° C and m=, travels with a velocity of:
V=302 i+50" ]+ 402 k , inamagnetic field: B = 0.01T j - 0.05T k.

a. Determine the magnetic force vector exerted on the charge, in component form, as it
enters the field?

Ans. F,=qVxB =(v,B,-B,v,)i+(V,B,-B,v,)j+(v,B,-B,v,)k=(2.9N)i+(1.5N)j+(0.3N)k
b. What is the magnitude of the magnetic force vector?

Ans. ‘IEB‘=\/(2.9N)2+(1.5N)2+(0.3N)2 = 3.28N

4. A current carrying copper wire, i=2A and length L=1.5 m, oriented along the y direction
is positioned in a constant magnetic field, as shown below:
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x a. Determine the magnetic force vector exerted on the wire.
Ans. F,=iLxB =-0.3N k
b. Verify that the relation F,=iLxB is equivalent to F,=NqVxB, where N is the number
of charge carriers in the wire affected by the magnetic field, i.e. iL = Nqv.

L dr ai ) -
Ans. F,=iLxB =E[NeLxB]= Ne[dthJ = quxB
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Mass Spectrometer

5. A mass spectrometer is used to measure the mass of charged particles. Initially at rest,
a beam of charged particles, each with g=+1.6x10"*° C and m= 1.67x107?’kg, is
accelerated through a small aperture across a charged capacitor (V = 1000V), following
which the particle then enters a magnetic field.

a. Determine the magnetic force

vector exerted on the charge, in +
component form, as it enters the - z
field?
Ans. o
v= 298V _ 4 38x10° a
m
F,=quxB=-7.00x10""°N k ~V=1000V S
e X (out of page)

b. The particle completes a
semicircular path within the B field
and its displacement is measured
with a sensor. How far from the
entry point does the particle reach
the sensor?

Sensor

Ans.

mv?

-

_2mv* _4K
Fe| el

d=0.0914 m

c. A second particle, same charge, is then measured with the device. In order for this
particle to reach the sensor (same position as above), the B field is increased to 0.62T.
What is the mass of the particle?

Fy|=""-=7.00x10"*N k

d=2r

m, B? B2 ]
Ans. —t=-L1 — m,=m, -2=6.42x10%kg
1
d. An important experiment in development of electromagnetism was the measurement of
the mass to charge ratio for an electron, m/e. Derive an equation for the ratio of
electron mass to charge in terms of r, B, V using this mass spectrometer.

Ans.

2
mv m_Br . 2eV
=evB = —=— since eV = imv?’= v = |—2
r e v m

m m m B2r?
— =Bry|m— > — =
e 2eV e 2V

e. What magnetic field strength would be needed to direct the electron’s path to the sensor?
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m, B3 m

Ans. e=—§ = B,=B, € =0.0023T
m, Bj o

f. What is the electric field vector, in component form, that must be applied to the particle
beam, while in the magnetic field, that keep it from deflecting so that it travels directly to
the opposite side?

6. A circular loop of wire of radius 0.5 m, area vector A = Ayﬁ + AZIZ , and current i=3A

(counterclockwise as viewed from the right), is positioned within a constant magnetic
field, as shown in the figure below. The angle between the area vector and the field is
30° in the y-z plane.

a. What is the magnetic moment for the
current loop?

e A= NiA(cos30°j + sin30°%k)
ns. ~ ~
i = (2.04 A-m*)j +(1.18 A-m* )k

b. Determine the torque vector exerted on
the current loop.

B =0.1x10°T ]

Ans.
i j k
7 = fixB=|0 2.04 A-m* 1.18 A-m’
0 0.1x10°T 0

7 =-1.18x10'N-m i

c. What is the magnitude and direction of the torque vector?

Ans. |7| = 1.18x107N-m in the -x direction, this will produce clockwise rotation

d. For a net torque vector of magnitude 5.0 N'm, determine the radius of the loop.

. T

|ﬁ| = N|(7z-r2) :#
B|sin30°

Ans.

S N — 3.26x10°N-m
Ni7r|B|sin30°
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7. In the Bohr Model of the hydrogen atom, the electron moves around the proton at a

speed of 2.2 x 10° m/s in a circle of radius 5.3 x 10* m.

a. Treat the orbiting electron as a small current loop. Determine v
the magnetic moment associated with this motion. {Hint: The
electron travels around the circle in a time equal to the period

. proton
of motion. } : o |
o o’ electron
Ans. |,Z1| =iA= —A= —— =9.33x10*A-m? . \ :
T 2xr
&3 Y
b. Determine the magnitude of the magnetic field at the center
of the electron’s orbit.
Ans. using equation 29.9 from Ch29: ‘é‘ = M HE ,uoe\Z/ = 1.26x10°T
2Tr Z(Zﬂ'l’jr 4rr
\%

c. This atom is placed in a constant magnetic field directed initially 30° with respect to the
area vector of the circular orbit of the electron. What is the magnitude and direction of
the momentary torque vector exerted on the electron by this magnetic field? Assume the
area vector is in the y-z plane.

7 = ixB = -u-B-sin30° i
=-1.17x1023N-m i

Ans.

=\
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DC Motor

8. A 2.5A current flows through the
rotating wire loop, called an armature,
of a DC motor, as shown in the figure.
The dimensions of the armature are
0.2m by 0.2 m. The constant magnetic
field between the magnets is has a
magnitude of 1.0x10™ T.

a. Determine the magnetic force on either
of the armature segments that is
parallel to the magnetic field.

Ans. [Fy| = i[[xB| = iLB = 5.0x10°N

b. At what rotational position of the
armature is the force exerted on the
wire maximum? What about the
torque?

Ans. Torque is maximum when Ais L toB

C. Calculate the torque exerted on the armature for the figure shown.
Ans.
7| = |Fl ><E| + |F2><?2| = 2‘;xﬁ8 = 2(c"22"”}(5.0x10'5N) = 1.0x10°N-m
d. Derive the general equation for the torque exerted on the armature. Assume that

when the armature rotates 180°, the direction of the electric current instantaneously
reverses direction to that it never resists the direction of the rotation.

Ans. |Z(t) = iL’B[sin(wt+g)|= iL’B|sing|

e. Estimate the average torque generated by the DC motor when it is in operation.

Ans.

iL’B[sing do
0

i 2
=-IL BCOSl9

Tde &
0

= 2i’B
0_ T

T = 6.37x10°N-m

avg

f. When the number of loops is 100, what is the average torque generated by the DC
motor while it is in operation?
Ans.
=N

Z-avg

g, |= 100(6.37x10°°N-m)=6.37x10*N-m

Tavgy-



