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PA°l The Magnetic Field

29.1 Magnetism

1. A lightweight glass sphere hangs by a thread. The north pole of a bar magnet
is brought near the sphere.
Glass

a. Suppose the sphere is electrically neutral. How does it respond?
1. Itis strongly attracted to the magnet.
ii. Itis weakly attracted to the magnet.
iii. It does not respond.
iv. It is weakly repelled by the magnet.
v. Itis strongly repelled by the magnet.

Explain your choice.
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b. How does the sphere respond if it is positively charged? Explain.
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2. A metal sphere hangs by a thread. When the north pole of a bar magnet is

brought near, the sphere is strongly attracted to the magnet. Then the magnet
is reversed and its south pole is brought near the sphere. How does the sphere

respond? Explain. [s N] Metal
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3. The compass needle below is free to rotate in the plane of the page. Either a bar magnet or a charged
rod is brought toward the center of the compass. Does the compass rotate? If so, in which direction?

If not, why not?
= b.
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4. You have two electrically neutral metal cylinders that exert strong
attractive forces on each other. You have no other metal objects. D ‘—{D
Can you determine if both of the cylinders are magnets, or if one is

a magnet and the other just a piece of iron? If so, how? If not, why
not?
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5. Can you think of any kind of object that is repelled by both ends of a bar magnet? If so, what? If not,
what prevents this from happening?
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29.2 The Discovery of the Magnetic Field

6. A neutral copper rod, a polarized insulator, and a bar magnet are
arranged around a current-carrying wire as shown. For each, will
it stay where it is? Move toward or away from the wire? Rotate

clockwise or counterclockwise? Explain. Insulator
a. Neutral copper rod ® !
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b. Polarized insulator
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7. For each of the current-carrying wires shown, draw a compass needle in its equilibrium position at the
positions of the dots. Label the poles of the compass needle.
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8. The figure shows a wire directed into the page and wire (+)

a nearby compass needle. Is the wire’s current going
into the page or coming out of the page? Explain.
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9. A compass is placed at 12 different positions and its
orientation is recorded. Use this information to draw the
magnetic field lines in this region of space. Draw the field
lines on the figure.
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29.3 The Source of the Magnetic Field: Moving Charges

[

10. A positively charged particle moves toward the bottom of the page. j 1 .;‘

a. At each of the six number points, show the direction of the magnetic ;
field or, if appropriate, write B = 0. )
b. Rank in order, from strongest to weakest, the magnetic field strengths
B, to By at these points. %

Oder: B3 =By > B, = B, > B, > B,
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11. The negative charge is moving out of the page, coming toward you.

Draw the magnetic field lines in the plane of the page. )
u‘“

12. Two charges are moving as shown. At this instant of time, the net magnetic field at
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point 2 is B, = 0.
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a. Is the unlabeled moving charge positive or negative? Explain.

Nesg&w’e«. The C‘\\&\A at Fe\m&f 2 due 4o Hhae No@«wi
‘Psg\&%v‘a« Ck\m*jg; S oud ,,{. %Q\@ﬂ, ‘ijﬁ, (b\l RH%\ ]

e ‘G\@“ig C(«.‘AQ@ +D +(f\&. ﬁ&(%c\ MQV\A& C\“'Mj% MW&'&"

. -
e Tinto the Peqe. Se B,=0.
b. What is the magnetic field direction at point 1? Explain.

—

B‘ 18 eut DC— Poge- In teo M‘\&ri‘gmx +o ?o\in‘\' 2—) P
Moving B e

@ C\"sm:fe,( 16 HowW weaker
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29.4 The Magnetic Field of a Current
29.5 Magnetic Dipoles

13. Each ﬁgure shows a current-carrying wire. Draw the magnetic field diagram:

.f/ .
’ \ X X X X

X X X X X X X X X
\/ Y

o b-*"/

o

The wire 1sp€rpendlcular The wire is in the plane of the page. Show the magnetic field
to the page. Draw magnetic above and below the wire.

field lines, then show the

magnetic field vectors at a

few points around the wire.

14. This current-carrying wire is in the plane of 15. Use an arrow to show the current direction in
the page. Draw the magnetic field on both this wire.
sides of the wire.

16. Each figure below shows two long straight wires carrying equal currents into or out of the page. At
each of the dots, use a black pen or pencil to show and label the magnetic fields B, and B, due to each

wire. Then use a red pen or pencil to show the net magnetic field. 'é‘
nes
a. = Wire | e b. Wire 1 —
B
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17. A long straight wire, perpendicular to the page, passes through a uniform 2
magnetic field. The net magnetic field at point 3 is zero. gnéz;gm R R —— Baer
a. On the figure, show the direction of the current in the wire. _ a4 Boo+ .
b. Point.s 1 and'2 are the same distance from the wire as point 3, and point 4 2%’
is twice as distant. Construct vector diagrams at points 1, 2, and 4 to ! ® Wire

determine the net magnetic field at each point.

18. A long straight wire passes above one edge of a current loop. & Wire |
Both are perpendicular to the page. 51 —=0at point 1.

a. On the figure, show the direction of the current in the loop.

b. Use a vector diagram to determine the net magnetic field at R«

point 2.
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19. The figure shows the magnetic field seen when facing a current loop in

the plane of the page.

a. On the figure, show the direction of the current in the loop.

b. Is the north pole of this loop at the upper surface of the page or the
lower surface of the page? Explain.
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20. The current loop exerts a repulsive force on the bar magnet. On the figure, @
show the direction of the current in the loop. Explain. P
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29.6 Ampeére's Law and Solenoids

21. What is the total current through the area bounded by

the closed curve?

I A Yare the ?&i{%

. The magnetic field above the dotted line is

22. The total current through the area bounded by the closed

curve is 2 A. What are the size and direction of I;?

P
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B = (2T, right). Below the dotted line the

field is B = (2 T, left). Each closed loop is

I m X 1 m. Let’s evaluate the line integral of B
around each of these closed loops by breaking ~ -----------._. ) I S
the integration into four steps. We’ll go around
the loop in a clockwise direction. Pay careful 3
attention to signs.

Loop 1 Loop 2 Loop 3
fﬁd:v’ along left edge . 0 0 o N Q o
[ B - ds along top 2T wm ot 2Tew T 2T
f B-ds along right edge O S O e Q S
[ B - ds along bottom — 2T o+ ZT'M , ) +2TM

The line integral around the loop is simply the sum of these four separate integrals:

+HT- o

f B - ds around the loop O
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24,

25.

26.

The strength of a circular magnetic field decreases with
increasing radius as shown.

a. Whatis [B-ds? O
Explain or show your work.
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b. What is f;l_-}’ cds? O 3T m Explain or show your work.
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¢. What is f:ﬁ-dz? @ e Explain or show your work.
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d. Combining your answers to parts a to c, what is £4§ -ds? O, f%T %

A solenoid with one layer of turns produces the magnetic field strength you need for an experiment
when the current in the coil is 3 A. Unfortunately, this amount of current overheats the coil. You’ve
determined that a current of 1 A would be more appropriate. How many additional layers of turns must
you add to the solenoid to maintain the magnetic field strength? Explain.
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Rank in order, from largest to smallest, the miagnetic fields B, to B, produced by these three solenoids.
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29.7 The Magnetic Force on a Moving Charge

27. For each of the following, draw the magnetic force vector on the charge or, if appropriate, write “F

28.

29.

30.

into page,” “F out of page,” or “F =0

—_——— — b. l
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¥ out of page

For each of the following, determine the sign of the charge (+ or —).

b.

all l lal l C.xxyxx

| o | ~t© |
. I . ,

The magnetic field has constant magnitude inside the dashed lines and
is zero outside. Sketch and label the trajectory of the charge for

a. A weak field.
b. A strong field.
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A positive jon, initially traveling into the page, is shot through the gap
in a horseshoe magnet. Is the ion deflected up, down, left, or right?
Explain.
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31.

32.

33.

34.

A positive ion is shot between the plates of a parallel-plate
capacitor. .
a. In what direction is the electric force on the ion? O— ® who page e
r T
| Down .

b. Could a magnetic field exert a magnetic force on the ion
that is opposite in direction to the electric force? If so,
show the magnetic field on the figure.

]

| Yec.

In a high-energy physics experiment, a neutral particle enters a bubble -

chamber in which a magnetic field points into the page. The neutral Binto page Particle 2
particle undergoes a collision inside the bubble chamber, creating two Particle | )
charged particles. The subsequent trajectories of the charged particles are
shown.

a. What is the sign (+ or —) of particle 1? +'
What is the sign (+ or —) of particle 2?

-

b. Which charged particle leaves the collision with a larger momentum? T
Explain. (Assume that|g| = e for both particles.) !
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Neutral particle

.
{
i

A hollow solenoid is wound as shown and attached to a battery. Electron 2

Two electrons are fired into the solenoid, one from the end and

one through a very small hole in the side. S

a. In what direction does the magnetic field inside the solenoid O— | |8 : ‘,\/ : z 1 t "
point? Show it on the figure. Electron 1 I I

b. Is electron 1 deflected as it moves through the solenoid? If so, in +1 | |f —

which direction? If not, why not?

oy Py S oo
No. F = ZT? ¥ 12 but 4he awqle ‘;@MQ&A v awd & s (%o
and swalige’) = O

c. Is electron 2 deflected as it moves through the solenoid? If so, in which direction? If not, why not?

\/QS. Our of Hhe Fmﬁe, {E\’ R}(}ER.}.

&

e
[
Two protons are traveling in the directions shown. R ate v E it
a. Draw and label the electric force on each proton due to the _, ~ ©*3% e pest

other proton. e x. = E
b. Draw and label the magnetic force on each proton due to the F‘m Fin
e
\Yi

other proton. Explain how you determined the directions.
o
g Frery fraed the dicection of B “r’;‘ﬂ% cack Whovitng g&q@fg%
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29.8 Magnetic Forces on Current-Carrying Wires AF
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RS

29.9 Forces and Torques on Current Loops

35. Three current-carrying wires are perpendicular to the page.

Construct a force vector diagram on the figure to find the net
force on the upper wire due to the two lower wires.

36. Three current-carrying wires are perpendicular to the page.

a. Construct a force vector diagram on each wire to determine Am
the direction of the net force on each wire. F;c.l» *

b. Can three charges be placed in a triangular pattern so that N
their force diagram looks like this? If so, draw it below. Frer ﬁe k

If not, why not?
i Na. C"\o&rﬁa,& Ms.ke,g be diflerent o aMeack
each olher H’an =2 dﬁ@em&% Q\gm*‘%ez 4
Wwou\d e R%AQA Bu\—- e(\{\* 2 c&?&tﬁ&mi‘

iﬂ»{a&wgm e %“@w%&% fo i A,

37. A current-carrying wire passes in front of a solenoid that is wound as

shown. The wire experiences an upward force. Use arrows to show the F

direction in which the current enters and leaves the solenoid. Explain your
choice. “%‘e

P
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-

some combination of these, or none of these? Explain.

ol
F"
38. A current loop is placed between two bar magnets. Does the loop move .
to the right, move to the left, rotate clockwise, rotate counterclockwise, Ti
o
F

The L:Cf?-‘ rotates couwhesclockuse =,
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39.

40.

A square current loop is placed in a magnetic field as shown. F

a. Does the loop undergo a displacement? If so, is it up, down, left, or right? If not, —=
why not? I

} ha feee will Fodate bur T Wil wet &u»w\%:‘;ﬁ

§ ”)i’r@ﬂg& ck-i”‘”é O Myen ( C; i,cl‘) (Q_LQMM e,ég.wv{“ Sinee %{ e Suw o —

|

@m&g Ci.‘cw{»ix«j own ‘H\e, )ﬁmt’:: s Zero.
b. Does the loop rotate? If so, which edge rotates out of the page and which edge into the page? If not,
why not?
| z
E \7/‘1‘3 N A M s 3&,@“&% - *Q){ cp. Cokicesg ‘*‘H’\e +®€ Q‘A 3(&, ng r’"e%@:&»é& ou\.*r
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| X R N
z \AQA—\»Q am ed ae 4u rodate. Tindp the prac.

The south pole of a bar magnet is brought toward the current loop. Does the bar R
magnet attract the loop, repel the loop, or have no effect on the loop? Explain. p <__ig\
| ®

B A+
E‘N(’ at conter

by RHR

i
H
i
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29.10 Magnetic Properties of Matter

41.

Solenoid
A solenoid, wound as shown, is placed next to an T N O A AV R Iron
unmagnetized piece of iron. Then the switch is closed. NI ‘}(}( y }( 3(: 4 SN
a. Identify on the figure the north and south poles of the L, T /’__]
solenoid. ral l e

b. What is the direction of the solenoid’s magnetic field as it passes through the iron?

The soleancid B~ Geld +Hh ok passes %‘"‘“"ﬁk“ 4he Tiron
'Pe”u\*s +o '%‘e‘\&; \&‘C«&w (+awceg"<i %L\Q_, S ?Q\& aé» dhe 5@\@4\:}”‘;5);

c. What is the direction of the induced magnetic dipole in the iron?

ﬁe, "onAuceA Maﬂw‘%ﬁi‘@ di?o\m "‘;q*‘(kg gy }36“\“;5 A "}ke«\ (QJQ’V
+0 q\‘\ﬁn w}-@(ﬁ '{(&qg e,yw-(he;—ﬁm\ Qse\l ‘Qrom “H«e_ SQQQMAe‘gc\.

d. Identify on the figure the north and south poles of the induced magnetic dipole in the iron.
e. When the switch is closed, does the iron move left or right? Does it rotate? Explain.

H
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