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The Magnetic Field

33.1 Magnetism

1. Alightweight glass sphere hangs by a thread. The north pole of a bar magnet

is brought near the sphere T
a. Suppose the sphere is electrically neutral. How does it respond? Glass
i. Itis strongly attracted to the magnet. [N
ii. It is weakly attracted to the magnet.
iii. It does not respon@

iv. Itis weakly repelled by the magnet.
v. Itis strongly repelled by the magnet.

Explain your ch01ce

@loss eXPemevxc,e.S no
Socce Stomon W\O«%V\Q:\' .

b. How does the sphere respond if it is positively charged? Explain.

T+ is Weokly acttvocted +othe magnet
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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
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33-2 cHAPTER 33 - The Magnetic Field

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?

Iy w"a\.\ ﬁ%

(otode CCW.

Pivot

“| Bar magnet

Q,‘(\O\f'\-\/\
oanet wy

pole of

ﬁeed

4. You have two electrically neutral metal cylinders that exert strong
attractive forces on each other. You have no other metal objects.
Can you determine if both of the cylinders are magnets, or if one is

E)ole of +\/\e oo
\ oot the
ofthe COMPASS

b.

Pivot

Netod ol The c,\nw%e; exxts
weok polowrizadion mes on
bo\*«\em\s o?+\f\e,

needle Tinth r« \QV\

Thefovces \N\\ \codcm

NoNe (e rrect.

a magnet and the other just a piece of iron? If so, how? If not, why

not?
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TS both e Moanets dhen one end of e Hrst Q\oged'
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oﬁ\d e\n\ Fendhe m
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ends

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?

(e e\\i

No. Mo cg\e*s will be oddvocted Yo oneend ond
oy Hhe othey: Mo
w\\\ e od-\-mdec\ to lostin ev%\s of o\mo%wefr

Non- moanetic Moteriols experience vo force.

netic Materials
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The Magnetic Field - cHAPTER 33 33-3

33.2 The Discovery of the Magnetic Field

6. A neutral copper rod, a polarized insulator, and a bar magnet are Q

arranged around a current-carrying wire as shown. For each, will .

a . . . .

it stay where it is? Move toward or away from the wire? Rotate %
clockwise or counterclockwise? Explain. Copper ™

a. Neutral copper rod

THwill Stoy Whevre i 1S, The B
oa%vgt\'\c- ield will et exext
e.ontne coppey rod.

b. Polarlzed insulator

T wWill stoy wWinere, ikis. The
Q:\'\Q.E\ e\d \N\\\ not exe -t
o%ccu‘f\ e d

c. Bar magnet

This will m‘\-od-& C,O\An-\-e:(‘c.\ockw\s{h oy OL\cm
oraneent o acirele \winoese Cenex (s Mw \(’e.
NorPA ponts m ?_ dicechion 0(-\-\%\‘*0%\\ ehefeld vedtar,

7. For each of the current-carrying wires shown, draw a compass needI¥ in its equilibrium position at the
positions of the dots. Label the poles of the compass needle.

a. 7y b. D

8. The figure shows a wire directed into the page and wire O
a nearby compass needle. Is the wire’s current going
into the page or coming out of the page? Explain.

Out Q‘H-he e By e, O <
nowrd Yule %e. vxd-\ e (-%,
Vectorstonaent 48 aciccle
cenreved W\%w R pond cew-

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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33.3 The Source of the Magnetic Field: Moving Charges

Y
10. A positively charged particle moves toward the bottom of the page. Bl- 0 ~
a. At each of the six number points, show the direction of the magnetic j \U
field o‘r, if appropriate, write B = 0. . 3 QQ+ I N
b. Rank in order, from strongest to weakest, the magnetic field strengths B, NN
to Bg at these points. 6
7\
(Y

Order:‘B - BQ )B;:: B" >BS_ >B'

Explanatlon

Pz\l_?_%\_‘ FOT'BUe:O‘SOB:O

By ovel By oethe shovtest d\s-\'och away Os(\cl 6:90"sothe \/
V\o\\:e\-\n?.\aqe%\-\l&l nes. At points dond 6 i \oxgew
A is smalleyond of peint 5 1S @uen \o\\rﬁw

11. The negative charge is moving out of the page, coming toward you.
Draw the magnetic field lines in the plane of the page.

12. Two charges are moving as shown. At this instant of time, the net magnetic field at

point 2 is B, = 0. E ®
a. Is the unlabeled moving charge positive or negative? Explain.
% odive ‘l‘he,-F\e.\c\ ok point 2dulte e

Me'positive Chowge \so\x&- ofthe .
Eoge_ sb'\—\r\e Cield ue ot Seeand

Inaro wust be inds e page
b. What is the magnetic field direction at point 1?7 Explain.
The net Feld isou 6f4he coqe -
ThefField d\xe:\—o*P(\ H-i@jgna
lovroex-ond-the Field due fative

eissmallectanhose ot o \a,e

¢. What is the magnetic field direction at point 3?

Thenet§ield 19 ints the pose

is
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3.4 The Magnetic Field of a Current
3.5 Magnetic Dipoles

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

a. b.
‘F \ (7.\‘\
4—%} 4 r ] )
The wire is per ndicular 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 the ~ 15. Use an arrow to show the current direction in

page. Draw the magnetic field on both sides of this wire.
the wire.

16. Each figure below shows two long straight wires carrying equal currents into and out of the page. At

each of the dots, use a black pen or pencil to show and label the magnetic fields Bl and 32 of each
wire. Then use a red pen or pencil to show the net magnetic field.

Bres

Wire 1 b. Wire 1

by R
- = = S ==
net Bm-\- (—% -Ba @B 1 B & B '
B ®

Wire 2 % Wire 2
net
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17. Along straight wire, perpendicular to the page, passes through a uniform

magnetic field. The ner magnetic field at point 3 is zero. Uniform 1 .
X .. ) ) B-field —I—> :
a. On the figure, show the direction of the current in the wire. —p EDV\Q{,
b. Points 1 and 2 are the same distance from the wire as point 3, and point 4 K Bt
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. ® Wwire 1 o1
Both are perpendicular to the page. B; = 0 at point 1.

a. On the figure, show the direction of the current in the loop. s L
b. Use a vector diagram to determine the net magnetic field at 'Ig
point 2. ney 5

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.

The loweyr surfoce. of the poe-
Thenorin pole 1S the end
Svorn Which ¥ne W\O%‘(\ edic
STield mex%es.

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.

i)
B

|
By
'

With Hais curcenst divection e culvrent s iN
\oop Creodes qummaanetic $ield 30%\!\3“\’“\(‘0«.%\/\ 5.
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33.6 Ampeére’s Law and Solenoids

The Magnetic Field

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

the closed curve?

1'3& nto ‘\“\I\Q PCLSQ_

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

2 A. What are the size and direction of /3?

135 A nto the P&ae_.

23. The magnetic field above the dotted line is
B = (2T, right). Below the dotted line the
field is B = (2 T, left). Each closed loop is
1 m X 1 m. Let’s evaluate the line integral of B
around each of these closed loops by breaking
the integration into four steps. We’ll go around
the loop in a clockwise direction. Pay careful
attention to signs.

CHAPTER 33 33-7

Loop 2

O

AT -m

O

Loop 3

O

T
®)

+3T-m

toT - m

Loop 1
J B - d5 along left edge O
JE ds along top +'9-T' w\
Jl_i' ds along right edge O
JE - d’s along bottom .—éT‘ wA

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

@)

+4T.

wm

O

jgl._?' ds around the loop
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24. The strength of a circular magnetic field decreases with
increasing radius as shown.

a. What is JZE g O

Explain olr show your work.
B isperperdicmlar-totheline
e\{eww\v—('e:?mm Pint (1o

H

3
b. What is J' B-ds? OO\QUTW\ Explain or show your work.
2

Bispovallel ot line everywheve From paintd Yo psiM— 3.

Bl BOR) =(ATYMODI) (L= civeunmberence )

4
c. What is J B-ds? .. Q Explain or show your work.
3

Bis pecrpendicunlar tothe line
e\ Q\(‘P\{Q\N\/{i:,\m $romn point 3 to
é}:0‘\«\5\' .

4
d. Combining your answers to parts a to ¢, what is J' B - ds? 0"3“\-0—‘. wm
1

25. 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.

BSo\ZmaA Mo nL

6 T isdecyeased byafockor of 3,
hewn ‘V\%\'\O\J\\d e 'm\‘cxu&ed oy o Factor of 3.

26. Rank in order, from largest to smallest, the magnetic fields B, to B; produced by these three solenoids.

N turns

@

N turns
N turns

/
I

v
7
L ——————
L

]E Order: B‘; BA:BB

. Explanation:

BeMoNL NzNa=Ns

| L I):I3'$IS
L.zba= Ls

B is Wndeperdent of R,
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33.7 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 into

13

page, “Foutofpage »or“F = 0.

a. —_— — — b. c. / f’m)cs(.

S i i T i?:o /o Pegs
N\‘\QP e / v /

— == O

-~
d e & o = e. XX XX f Fe o .
F>< X
L ] * L ) .) X X [ ] [ ] L *
® ¥=0
L ® [ ] [ ] x « _}X « [ ] * [
v v

v out of page

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

a.lll.lqllc.:xxxd.....

| =t© | | ~to | ) A
l ﬁinul)ael j Umiael x 9 o e je e

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

a. A weak field.
b. A strong field.

30. A positive ion, initially traveling into the page, is shot through the gap
in a horseshoe magnet. Is the ion deflected up, down, left, or right?

15 |
Explain. | /
'DO\NT\ —W\Q netic Sield o peee

is VeSSt o vt vowm Hne nevda
;po\e. {0 "\‘\t\tcéow\'\'\ pole.
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31.

32.

33.

34.

A positive ion is shot between the plates of a parallel-plate
capacitor.
+

T . o =, L
a. In what direction is the electric force on the ion? >— ® B wothe —

Down: “‘—":r""‘:‘ pogc
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.

Yes.

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

chamber in which a magnetic field points into the page. The neutral B mto page

Particle 2

particle undergoes a collision inside the bubble chamber, creating two particle 1
charged particles. The subsequent trajectories of the charged particles are

shown.

a. What is the sign (+ or —) of particle 1?7 ... +

What is the sign (+ or —) of particle 27 i
b. Which charged particle leaves the collision with a larger momentum?

-

Explain. (Assume that |g| = e for both particles.) Neutral particle
Pockicle &.
=YV ays (‘cLB Hhe lovaex vodius PU\‘('\"Q
Y hodwe Cromertnim:

A solenoid is wound as shown and attached to a battery. Two Electron 2 (f

electrons are fired into the solenoid, one from the end and one
through a very small hole in the side.

a. In what direction does the magnetic field inside the solenoid O—> = ‘: j : “ "r
point? Show it on the figure. Electron 1 »lv < I
b. Is electron 1 deflected as it moves through the solenoid? If so, in Tl l |5 -

which direction? If not, why not?
No. F=q 7B There | 310 Force on ocChowae
poving owtiparallel 4o o Fleld kecomse VB =0.

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

\(Q,S DU»\‘ Q;‘HI\Q. PO%Q_

a. Draw and label the electric force on each proton due to the

Two protons are traveling in the directions shown. £
other proton. =

B
v
3
3
o

b. Draw and label the magnetic force on each proton due to the
other proton. Explain how you determined the directions.

TheMmoving Cnowar o Hhe le§t creates
e Sield nn‘\"f\e. Cexion bhetwean
Mf\f\’& estnot sinto e pos PoRR.- This
;;\e.\d eNX ‘““(‘S 0\‘(\} Y\‘LJﬂQ S-Ds(*@g QV\*PV\Q
ChowaR. oN e tiart Yol i fotive n%\(\
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33.8 Magnetic Forces on Current-Carrying Wires

The Magnetic Field - cuapTER 33 33-11

-

F et

33.9 Forces and Torques on Current Loops

3s.

36.

37.

38.

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.

Three current-carrying wires are perpendicular to the page.

a. Construct a force vector diagram on each wire to determine \A
the direction of the net force on each wire. Poet

b. Can three charges be placed in a triangular pattern so that - >
their force diagram looks like this? If so, draw it below. Faet F:;%E

If not, why not?

Na. Clhoxaes Must loe bnlike. to

exevy o\‘;&m\"\\;& ?ovc,ts an edc\n

others Thece 0 ot 3differew
wnlike Onoca’s oot clo\e to ocniele Hhis.

A current-carrying wire passes in front of a solenoid that is wound as v—é P
shown. The wire experiences an upward force. Use arrows to show the T T
direction in which the current enters and leaves the solenoid. Explain your & | ;.( ;( :('; %TT‘
choice. ‘
A~
To expecience, &N L»Pwmrcz\ I \LT

$ e wife, MUt oe 1
O\Q—g‘\cﬁd Prok Poivys +o the ekt

@,
A current loop is placed between two bar magnets. Does the loop move “®

to the right, move to the left, rotate clockwise, rotate counterclockwise,
some combination of these, or none of these? Explain.

T+ rotodes countevclockwise. The
Monee field creoded by the Maaness

Dot +otne \eft. Eorces onthe Ioop, -
OS SNOWN, Fend 1o Yotode Mhe loop cg_w.

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

Sy

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

Tt will Fotode joud it Will pot |1

vnderoo Hownslatioral dispacement ke
be.cci&%e Y m"r-\r\/xe forcesequals 2evn.

b. Does the loop rotate? If so, which edge rotates out of the page and which edge into the page? If not,
why not?

Yes. The Yo ed%e Cotodes oud o fhe 4&0\
Lo

O\‘(\d-\‘ﬂe\oc\'% e_d%Q. rolode s into

40. The south pole of a bar magnet is brought toward the current loop. Does the bar @
magnet attract the loop, repel the loop, or have no effect on the loop? Explain. N __T_} S N

Reoe) . The soutin le ofthe @
c,\if%evx‘c \eoP Soces W\w”}(\e 33%2\%/\ e

oSihe W\O%v\e:\~

33.10 Magnetic Properties of Matter Solenoid _ Tron
41. A solenoid, wound as shown, is placed next to an unmagne—N ( ( :( :(U}_(;: (} v: | ‘S N [ JS
tized piece of iron. Then the switch is closed. | | -

a. Identify on the figure the north and south poles of the
solenoid.

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

Ri o&f\fr Ioleft.

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

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.

™he adbvoctive Forer leetween

‘he oppos \-‘re, Pa\es pulls Hhe
Won +o-the le
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