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29.1 ~ THE MAGNETIC FIELD
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Figure 29.4 The right-hand rule
for determining the direction of the
magnetic force Fgz = ¢gv X B acting
on a particle with charge ¢ moving
with a velocity v in a magnetic field B.
The direction of v X B is the direc-
tion in which the thumb points. (a) If
qis positive, Fgis upwzu'(l. (b) If qis
negative, Fg is downward, antiparallel
to the direction in which the thumb
points.
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Figure 29.6 (a) Magnetic field
lines coming out of the paper are
indicated by dots, representing the
tips of arrows coming outward.

(b) Magnetic field lines going into
the paper are indicated by crosses,
representing the feathers of arrows
going inward.

Fig 29-6, p.901



Example 3: An electron moving along the positive x axis
perpendicular to a magnetic field experiences a magnetic
deflection in the negative y direction. What is the direction ofthe

magnetic field?
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Example 4: A proton moves in a direction perpendicular to a
uniform magnetic field B at 1.0 x10’ m/s and experiences an
acceleration of 2.0x10'2 m/s? in the + x direction when its velocity

Is in the -z direction. Determine the magnitude and direction of

the field.
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F=ma= (167 x 10727 kg)(2.00 x 10" m/s?) =3.34 x 100" N = qvB sin 90°

F 334 x 10014 N

B3 - (1.60 x 109 C)(1.00 x 107 m/s)

= (200%x 10T

The right-hand rule shows that B must be in the —y direction to yield a
force in the +x direction when v is in the z direction.
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29.2 _~ MAGNETIC FORCE ACTING ON A
CURRENT-CARRYING CONDUCTOR
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Figure 29.7 Asegment of a cur-
rent-carrying wire located in a mag-
netic hield B. The magnetic torce
exerted on each charge making up
the current is gv; X B, and the net

torce on the segment of length I 1s
IL x B.
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Example ¢: A wire having a mass per unit length of 0.500 g/cm
carries a 2A current horizontally to the south. What are the

direction and magnitude of the minimum magnetic field needed to

lift this wire vertically upward?

4 31 0.5 g/cm 4da J)ghY) aa g AL e Al 1o Jha
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Example 6: A conductor suspended by two flexible wires as
shown in Figure P29.16 has a mass per unit length of 0.04kg/m.

What current must exist in the conductor for the tension in the

supporting wires to be zero when the

Magnetic field is 3.6T into the page ? what is

The requid direction for the current? x | x  x  x
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Mubué004kg/m S cpa JighaY) Baa g AN cuils
L’SSMM‘MUJSAUAAMU Lo aBd Ll sladi) g

3.6T (uhlizall Jlaall dad S Ladie jda G gbad (Baladll
Aaduall PRIENEY
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The Hall Effect Jea Ll
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Figure 20.29 (a) When the charge carriers in a Halleffect apparatus are negative, the
upper edge of the conductor becomes negatively charged, and ¢is ata lower electric
potential than a. (b) When the charge carriers are positive, the upper edge becomes
positively charged, and ¢is at a higher potential than a. In either case, the charge carri-
ers are no longer deflected when the edges become sutficiently charged that there is a
balance on the charge carriers between the electrostatic force gEy and the magnetic

deflection force gub.
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29.4 -~ MOTION OF A CHARGED PARTICLE IN A
UNIFORM MAGNETIC FIELD
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Active Figure 29.18 When the
velocity of a charged particle is
perpendicular to a uniform
magnetic field, the particle moves
in a circular path in a plane
perpendicular to B. The magnetic
force Fpacting on the charge is
always directed toward the center
of the circle.
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EXAMPLE 29.6 A Proton Moving Perpendicular to a Uniform Magnetic Field

A proton is moving in a circular orbit of radius 14 cm in a uniform 0.35-T

magnetic field perpendicular to the velocity of the proton. Find the linear
speed of the proton.

Liagas 4alad) Slud + Vo ddad aliiis uwdalite Jlaa B a) € o kb Chial (g yila e A (g9 0 & ady

G99l badl) s juad) aag) L Ggi gl A8 e o

_ gBr  (1.60 X 1071 C)(0.35 T )(14 X 1072 m)
my, 1.67 X 102 kg

= 47 % 10°m/s

Exercise If an electron moves in a direction perpendicular

to the same magnetic field with this same linear speed, what
1s the radius of its circular orbit?

Answer 7.6 X 107" m.
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29.5 _~ APPLICATIONS INVOLVING CHARGED PARTICLES
MOVING IN A MAGNETIC FIELD

The total force (called the Lorentz force) acting on the charge is

F=gE+gvXB
2F=qE+q

1- Velocity Selector:

Bin
X X X X X X X
Source + + + + + + +| A gvxB

/ X I XXX x| x| X
X IXIXIXIX|IXIXIE
IXIMIX] XX

—_—————— A —— - — - — 1 ) ] — — — — — — .+([ E
X I XX x| X [VXx | X U= —
X I X I XX ]| X B

Slit % XYXYXYXYXYXY
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~—"

(b)
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29.5 _~ APPLICATIONS INVOLVING CHARGED PARTICLES
MOVING IN A MAGNETIC FIELD
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()

W qB
V= 2T 2mm
(1.6 x 107°)(3)

V= ~27
(2 x3.14)(1.67 X 10 “")

YV = 458 x 10’ Hz
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q? B%y2
2m
(1.6 x 1079)*(3)%(2)*
T 2(1.67 x 10°7)

K =

K

-2.76 x 10710

_ 276 x10710
© 16x1071°

= 1.73 x 10 °%v

=1.73 x 103 Mev
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The Velocity Selector
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The Mass Spectrometer — Aisl Gilaa -¥

Detector
array -—___
\
Bin \
\
|
1
/
C o/
SR - e e————
) q =
y
| ]
Velocity selector
B

0,in

Active Figure 29.24 A mass spectrometer. Positively charged particles are sent first
through a velocity selector and then into a region where the magnetic field By causes
the particles to move in a semicircular path and strike a detector array at P.
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F = qvB
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41, Singly charged uranium:-238 1ons are accelerated through
a potental diference of 200KV and enter a umform

magnetic field of 1.20T directed perpendicular to therr
velocites. (2) Determne the radius of ther circular path,

Al saa) 238 sl sl Ol & 1Y le
Jase Adhia J23 45200 V 08 3¢ (Aol 5
ac pull oladl xa 2laia 3 1.2 T uw@&.\_\u
OsY) Jse Hlal (ol aa o) o sllaall
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K=—mv* =g(AV 50 U=
) q( ) \

2 12 (AV)/m 1 Zm(ﬂ.V)
mo mo m (2q(AV)/ |
‘FB‘ |qv X B‘ F=— _\f S \l {F

I
12(238x 166107 2000 (|
| 1n-2
a = =8.286x107 m=| 8.28 cm
U R TN [1.20] |
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