Chapter 29



Q22
For what value of the radius R of the loop shown in [ igure @ 15 the magnitude of the
net magnetic field at the center of the loop equals 5.00 = 107 T. The loop carries a

current
A) 2.02 x10% m Figure9
5 I 1.22 A
B) 1.10 =10~ m . — s
C) 1.30 <107 m R
D) 1.50 107 m
E) 290 «107 m
An
M [
B‘w:’r‘e 2 ﬂR Eh:u:lp 2‘;?
gl 1
B':r:err = Bw:':r'a' + E‘i!ar.:-p = ﬁ(l +E)
Mgl 1
R = Eﬂm(l +H)
_ A XA X122 L 0318) = 2.02 x 10-
7% 5 % 10-5 = - 182, Final, Q22
Q23
The two 10 cm long parallel wires, shown in Figure 10 are separated by 5.0 mm.
Figure 1s drawn not fo the scale. For what value of the resistor /7 will the force
between the two wires be 5.4 = 10~ N? .
Figure 10
A)300 Parallel Wires
21} '
B) 120 &
C) 100 +J_ W‘l’ W J_+
Dy210 2V — 10 cm — A
E) 300 =
An 5.0 mm
 Molizip  AmX 1077 X IX iy X ig
© 2md 2md
. ‘5‘ 1
9 1
R=2x10"" K!KIE}{? E
R—zxm—?x(ﬂnx(g) L 500
B ' 2] 5.4 x 1ﬂ = sx102 182, Final, Q23
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Q24.

The value of the line integral qE-E.u - of B around the closed pathin Figure 1115
7.54x107 T.m. What are the direction (info or out of the page) and magnitude of |37

A) 4.69 A into the page
B) 4.69 A out of the page
C) 3.53 A info the page
D) 222 A into the page
E) 1.19 A out of the page

Figure 11

®

I,=5.31 A

Ans: Ol
ij:’ds = Uplenc
754 %1077 = py(1.22 =531+ 1)
754 x 1077 = 4w x 1077(—4.09 + [})
7.54
I; =409+ —=4694
4m 182, Final, Q24
Q25
Figura 12 shows a cross section of a long cylindrical conducting wire of radius - =
2.00 cm carrying a uniform current I If the magnitude of the magnetic field due to
current in the wire at radial distance - = 1.00 cm from the wire center is 9.00 =10 T,
find the magnitude of the total current I in the wire.
5 Fi 12
A) 180 x 10°A Eure
B) 1.55 % 10°A
C) 1.00= 10°A
D) 2.32x 10°A
E) 1.11 = 10°A
Aons

I
B(r) = Ho5—53 T

_ B(r)x2mR*  B(r) x 2mR?
T HeXT  4mx 10T xr

_ B(r)xR* _9x107* x (0.02)?

= rx 102~ 2x(00D) x 102 _ 1804

182, Final, Q25
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A long solenoid has 150 tums/cm and carnes a current I=0.150 A. An electron moves
at a constant speed within the solenoid in a circle of radius 2. 70 cm perpendicular to
the solenoid axis. Calculate the speed of the electron.

A) 1.34% 107 m's
B) 1.00 = 10" m/'s
C) 211 = 10" m/s
D) 2.55= 10" m's
E) 3.12x 10" m/s

Ans
B = pyni
5 mv* B qRH _qR _
WE= == oy B = pkont
gR o 1lex1071% x 0.027 _
= — = ¥ (4 x 1077 % 1.5 % 10* x 0.15
vE T giix10m 7 )
v=134x10" m/s 182, Final, Q26
Q22.
A long wire of radius =45 cm carries a uniform current throughout its cross-
section. If the magnetic field mside the wire at 3.0 cm from the center 1s equal fo three
times the magnetic field at a distance r from the center, where r = R calculate the
distance r.
A) 20 cm
B) 35cm
C) 13cm
D) 46 cm ber
E) 54 cm
Ans:
ﬂﬂi:'n _ EFDi
2nR;,  2WTgy:
Jix3 3ix3 ixmx45°
— — — — 2 _
N e in = 457 =20.25cm 181, Final, Q22
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Q23.

Two long vertical wires pierce (penetrate) the horizontal plane of the paper at the
vertices of an equilateral triangle, each carrying 2.0 A current, one out of the paper
and the other into the paper. as shown in Figure 9. The magnetic field at point P has a
magnitude of:

A) 1.0x10°T Figure 9

B) 82x107°T

S LI T

B) 585X 16T

E) 20x107°T
Ans:

2.!1.01

SRV o ]
|B| 7R sin30

2x4mrx1077x2 1

S O Xnx4x102 2
=1x10"°T

181, Final, Q23

Q24.

Two long parallel wires X and Y are separated by 4.0 cm and carry currents 20 A and
30 A, respectively. along the same direction. Determine the magnitude of the
magnetic force on a 2.0 m length of wire Y.

A) 6.0x107°N
B) 4.0 x 107N
C) 20x 103N
D) 3.0 x10°N
E) 7.0 x 103N
Ans:
Hoi,
Y 2nR

F=i,lL

4mr x 1077 x 30 x 20 X 2 -
=TT on x4 x 10-2 =6X10""N 181, Final, Q24
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Q25.
In Figure 10. part of a long insulated wire carrying current 7= 5.0 A is bent into a
circular section of radius R = 0.1 m. What is the magnetic field at the center C of the

circular section?

A) 4.1<107 T out of the page

B) 4.1%107 T into the

page
C) 5.5%107 T into the
page
D) 5.5%107 T out of the

page
E) 3.7%107 T out of the

page

Ans:

.L‘..ni -~ Ha 12 ~
k + k

2mR 4nR

ﬁui(l 1),.
—|=—+=)k
R \2mr 2

4?{)(1(}_?><5(1 +1)IT:
N 0.1 2 2

= 4.1 X 107>T out of the Page

()
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181, Final, Q25




Q26.
Figure 11 shows the cross-sectional view of three wires carrying identical currents i
and four Amperian loops (a through d) encircling them. Rank the loops according to

the magnitude of ff?.d(é along each. greatest first.

) Figure 11
A) d,(aandc) tie, then b _
B) a.b.candd .--""_‘b'-"“'-....
. - meE . =~
C) d. (a and b) tie, then ¢ i ',.--"" ] N
D) c.(aandb) tie, d ,’ _,-" . & s, Ce ., :-.‘ >
E) b.a.d.c Sy s H
| s x,. _:'Q"Ef.. cio
Ans: 5, i LR J';
A Tea T -li". "o I.'.
S -, LT T L '
%ﬁ-d5=2i—i=i “eo _-7
4 i -
% B-ds=i—i=
b
% B-ds=i
[+
f B-ds=2i :
o 181, Final, Q26
Ci2g.
FIGURE 10 shows three circuits consisting of concentric circular arcs (either half or
quarter circles of radii , 2, and 3,) and radial lengths. The circuits carry the same
current. Rank them according to the magnitudes of the magnetic fields they produce at
C, GREATEST first.
F igure 1 O
A)1,2,3
By 3.2:1
e1.3.2
Dy 2.3./1
By2 1,3
AFIS

A

1: B in same direction (Greatest)

2: B 1s lower (Opposite Direction) .
3: B is lowest (Opposite Direction) 173, Final, Q23
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Q25.

A long solenoid has 100 turns/cm and carries current .. An electron moves within the
solenoid 1n a circle of radius 2.50 cm perpendicular to the solenoid axis. If the speed
of the electron is 7.50%10° m/s, then Find the current ; in the solenoid.

Ans
B [ [ my, 1 0.0136 A =13.6mA i
= e == = — = ==
Uonl — i - o an bm 173, Final, Q25
Q26.
FIGURE 12 shows a cross sectional view of two long parallel wires that are separated
by distance « = 18.6 cm. Each wire carries 4.23 A, out of the page in wire 1 and into
the page in wire 2. In vector notation, find the net magnetic tield at point Pat distance
K= 34.2 cm, due to the two currents.
. . - F igure 1 2
A) B=+125x10°; T T
B) B=+1.25x10"°; T L v
C) B=+1.25x10°, T ) l T p
D) B=-125x10°] T T P T
E) B=-125x10°) T L e
9 T
Ans Al ’C_;/
d 2
-Jre
T + >
5 - (1) (42) - o7y |
B=@(5e) (%) = 125 x 10770 173, Final, Q26
Q27.
A long cylindrical conductor of radius of 3.0 cm carrying a uniform current of
1.0x10* A. Find the magnitude of the magnetic field inside the conductor at a radial
distance of 2.0 cm from the wire center.
A ns

fﬁ “dS = folop,

Holr

:B:ZnRzz

444 x 1074 T

173, Final, Q27
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Q23.

Two wires of infinite length are placed parallel to each other in the plane of the paper.
One wire carries a current of 4.0 A and other carries a current of 5.0 A as shown in
FIGURE 10. Four points are marked on the figure. At which of the point(s) the
direction of resultant magnetic field iS out Of the page‘? (b iS mldp()lnt bem’een the

wires)
Figure 10
A) a,b,and ¢ 1
B) aand ¢ 404
C) aonly a b ¢ d
D) aandd * ; ¢ ¢
E) band ¢ / 135-0A
Ane Mid point
A 172, Final, Q23
Q24.
In the FIGURE 11,if 5 =2.0cm, » =4.0 cm, and /= 2.0 A, what is the magnitude of
the magnetic field at point P? F, 1
igure
A) 39uT
B) 49 uT
C) 55T
D) 69 uT
E) 13uT
Ans

ol T ppl 3w

Ama 2 4nb 2

UolTT (1 3)
= e
8Tt \a b

_,uoi.( 1 + 3 )
— 8 \0.02  0.04

_4rr><10'7(2)( 1 . 3 )
- 8 0.02 ' 0.04

=392x105T=392x107°T

172, Final, Q24
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Q25.

Anﬁ:

FIGURE 12 shows a cross section of three long parallel wires each carrying a current
of 24 A. The currents in wires B and C are out of the paper. while that in wire A is into
the paper. If the distance A= 5.0 mm., what 1s the magnitude of the magnetic force on
a 4.0 m length of wire A? .
{' igure -l 2

A) 77 mN

B) 15 mN ® 2R " ®

C) 59 mN ey

D) 12 mN A B
E) 32mN

F
F Holalp Holgle
1 2n(2R) 2n(3R)
_ Pu(24)2[1 N 1]
~ 2 2R 3R
_ 4mx 1077(24)° [ 5 ]
B 2m 6R

F = [4H x 1077(24)? ( )] X4=0.0768N = 77mN

6x5x10-3

172, Final, Q25

Q26.

Ans:

The value of the line integral around the closed path shown in FIGURE 1315 1.4 x
107> T.m. What are the magnitude and direction of the current Is?

Flgure 13

A) 7.1 A out of the page
B) 5.1 A out of the page
C) 4.0 A into the page
D) 7.1 A mto the page
E) 5.1 A into the page

J- B-dl— Mo {ienc}

1.4 % 1075 = po(8 + I; — 4)

14x 1073

I3 = W —4=714A4 172, Flnal, Q26
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Q23.

Wire 1 and wire 2 placed parallel to y axis at x = 0 and x = 10 cm, respectively, and
carries currents 5 =4.0 Aand 1, = 8.0 Am opposite directions as shown in FIGURE
12. A third wire carries current in positive y direction 1s to be placed parallel to wire 1
and wire 2 such that net force per unit length on wire 3 due to wire 1 and wire 2 is
zero. Find the position x of wire 3.

Figure 12
A) —10 cm Y
B) +20 cm
C) +15cm 1
D) —5.0 cm =40 A |i,-8.0A
E) —15cm Y 1
Ans: o X
|F31| = |F32|
Hol1l3 _ Hol2l3 iV
21X 2m(x +0.1) Wire 3 wirel  wire2
Ih b
x x+0.1

4(x+01)=8xr=204=4x=x=01m=10cm 171, Final, Q23

Q24.
In FIGURE 13 wire | consist of a circular arc of radius R with central angle of 6 =
120° and two radial lengths and carries current 7, =2.00 A 1n the direction mdicated.
Wire 2 1s long and straight and 1t carries a current z, and placed at a distance of R/2
from the center of circular arc. If the net magnetic field at the center of the arc O 1s
zero find the current 7, .
Figure 13
A)105A Wire 1 Wire 2
B) 275 A
C) 0.84 A
D) 134 A
E) 205 A
Ans:
|Bwire| = |Bm'c| ly

Holz  Holy 2
o (ﬁ) “anr 3"

2

. ym

i =5 L
2XT

i, = ——=104719 ~ 1.05 4 171, Final, Q24
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Q25.
FIGURE 14 shows a cross section across the diameter of two long cylindrical
conducting wires | and 2 of same radius R carrying same uniform current but in
opposite directions. Four square paths (of side length R) of same dimensions are

indicated for the line integral j; Edg) . Rank the paths according to the magnitude of

j‘)gd’g taken in the directions shown, GREATESR FIRST.

. Figure 14
A) 4, then 1 and 3 tie, 2
B) land 3 te, 2. 4 Wy \L
C) 4. then 1,2, and 3 tie 1 F\Z/ J, 3 \
D) 4.3.2.1
E) 3.4.1,2
. s
A
Wire 1 Wire 2
. (Current into (Current out
171, Final, Q25 the page) of the page

Q27.
A solenoid has a length L. = 1.55 m and an inner diameter d = 4.15 cm, and carries a
current 1 = 4.80 A. The solenoid consists of six close-packed layers, each with 750
turns along length L. What is the magnitude of magnetic field at its center?

Ans:
— — N y
B = Honi = po 1 171, Final, Q27
750 X 6
B = 4m X 10‘7T(4.8) = 0.01751T =17.5mT
WD
Q23.

FIGURE 12 shows three circuits consisting of straight radial lengths and concentric
circular arcs (either half or quarter circles of radius r, 2r, and 3r). The circuits carry
the same current. Rank them according to the magnitude of the magnetic field
produced at the center of arcs (the dot), GREATEST FIRST.

A § Figure 12 ;

B) c,ab : 3

C) aandb tie, ¢ 3 = %
D) c,aandb tie Y i > r
E) ¢,b,a ! (

(a) (b) (0)
163, Final, Q23
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Q24.

In FIGURE 13 wire 1 consists of a circular arc of radius R=4.00 cm and two radial
lengths and carries a current 1 = 5.00 A in the direction indicated. Wire 2 is a long.
straight and perpendicular to the plane of the figure and carries a current 2 =2.00 A
mto the page. Find the magnitude of the resultant magnetic field at the center of the
arc P.

A) 4.69 % 10° T Wire | Figure 13
B) 2.04 x 10°T

C) 417> 107T
D) 3.42 % 10°T
E) 3.15 107 T

Ans: ) )
6 =210% . -
180° —
by 2107
180" 6"
_ oy
1= ¢ out of the page
_ iz |
B, = - ¢ downward
B _Amx 107 x5 7 = 45815x 1075 T
L= " 4nx004 6"
4nx 1077 x 2 :
= = -5 163, Final, Q24
B, > % 0.03 1x1075T
Bnet = [Bf + BZ = V12 + (4.5815)2 x 105 = 4,689 x 10~° T
Q25.

Five long, parallel straight wires are placed perpendicular to the plane of the paper at
the same separation of 6.00 cm and carry currents in different directions. as shown in
FIGURE 14. The current through each of the wires a. b and e is 15.0 A. The Current
through each of the wires ¢ and d is 10.0 A. Find the magnitude of the net force per
unit length on the wire ¢

Figure 14
A) 8.33 % 104 N/m
B) 4.17 x 10* N/m . -
C) 15.7 * 10*N/m S

D) 2.17 x 10* N/m
E) 9.43 x 10° N/m

Prepared by Dr M.A. Gondal/Abul Lais



Ans:
Force on ¢ due to a and e are equal in magnitude but opposite in direction

“ Fpet = Fp + Fg

_ Molplc | Holdlc _ Holc

= . + 1
2nr 2nr  2mr (i +1a)
A x 107X 10 1L 10) = 833 x 104 N
= = 8. b4 H
21 % 0.06 163, Final, Q25
Q26.
FIGURE 15 shows a cross section across a diameter of a long cylindrical conductor
of radius of 3.0 cm carrying a uniform current 1.5%10% A. What is the magnitude of
the magnetic field at point P, at a radial distance of 2.0 cm from the center?
A) 6.7 x10°%T Fieure 15
B) 1.5x10%T &v
C) 32x10*T
D) 9.5x10°T
E) 45%10°T
Ans:
fﬁ "H = Holenc
B2 (o/ré) = (0.0 150
" ~ Ho%(0.03)2
41t x 1077 x (0.02) s
B = 21(0.03)? %X 150 = 6.666 x 107* T 163, Final, Q26
Q27.
A long solenoid has 120 turns/cm and carries current 7. An electron moves within the
solenoid 1n a circle of radius 2.50 cm perpendicular to the solenoid axis. The speed of
the electron is 7.50x10° m/s. Find the current 71n the solenoid.
Ans:
mv? Bopo Y _ 9.11x 10731 x 7.5 X 10° 708125 x 10=* T
r T 16x109x25x 102
B = pgni
» 120
1708125 X 107" =4t X 107" X —— i
10
. 1708125x 107 0011327 A :
T Amx 1077 x 120 x 102 163, Final, Q27
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Q24.
Two semicircular arcs, in the plane of paper, carry a current I = 8.00 A, shown in
FIGURE 18. The radius of outer arc is 0.600 m and that of the inner arc is 0.400 m.

Find the magnetic field at point P.
Figure 18

A) 6.98 x 107 T into the page
B) 6.98 x 107 T out of the page
C) 4.32 x 107 T into the page
D) 3.49 x 105 T out of the page X y,
E) 0 \ /
Ans: \ g0 /
Bper = B, — By

Mol T poi ™

" 4nR,3 4mR,3

R, 12

_,uoi-fr[l 1_4n><10‘7x8[1 1]
" 3x4nlR, 0.4 06

=83776 x 1077 [%] =698x1077T 162, Final, Q24

Q2s.

Three long parallel wires 1, 2, and 3 carrying currents of 20 A, 10 A, and 5.0 A,
respectively, are placed in the plane of the page, shown in FIGURE 19. Parts of wire
2 and wire 3 are fixed on a hard insulating rectangular frame of dimensions 10 cm ~
5.0 cm. Find the net force on the rectangular loop.

Figure 19
Wire 1 204,

i
10A 3.0cm
Wire 2 4

Rectangular frame

Wire 3 25
—— 10em ——

A) 1.1 x10* N toward wire 1
Ans:
Molyly X Ly _ Kolyis X Ly
2md, 2md;

Free = Fip — Fi3 =

L,=L;=10cm

162, Final, Q25

_MolLai; i3

2mr ld, ds

_4x107x20%x01[10 5

- = % =7 ) _ ) -1 -4
2m 0.03 0.08 4x1077[333.33 —62.5] = 1.1 x 107*N

Prepared by Dr M.A. Gondal/Abul Lais



Q26.

The value of the line integral of B around the closed loop in FIGURE 20 is 1.38 x
10~ T.m. What 1s the direction and magnitude of current I3?

Figure 20 X mto the page

A) 2.98 A out of the page

B) 19.0 A out of the page

C) 2.98 A into the page [=60A® ®[=204
D) 4.20 A into the page

E) 5.65 A out of the page

Ans:

fB dl = polene

1.38 X 107° = p,[8 + 5]

Loig e 138x107° 138x107° _ 10,98

3TET Lo T 4w x 1077 T

= I3 = 2.98 A = Positve means out of the page 162, Final, Q26
Q27.

A solenoid that is 85.0 cm long has a radius of 2.50 cm and a winding of 1.5%10°

turns. If the solenoid carries a current of 4.20 A, calculate the magnitude of magnetic

field inside the solenoid.
Ans:

B = pgni

— -7 1500 _ -3 .

B=4r X 107" X W X42=931x10"°"T 162’ Flnal, Q27

Q28.

FIGURE 21 Shows two circular loops of same radius, centered on vertical axes
(perpendicular to the loops) and carrying same current but in opposite directions
indicated. Assume the separation between the coils 1s much greater than their radii and
point C is the midpoint between the coils. If the separation between all successive points
A, B, C, D is same, rank the points A, B, C. and D. on the vertical axis according to the
magnitude of the net magnetic field, GREATEST FIRST.

Prepared by Dr M.A. Gondal/Abul Lais



Figure 21
A) Band D tie, A, C &

B) C.B and D tie, A 74
C) Band Atie,C,D d
D) A,Band D tie, C p
E) A.B.C.D

Ans: G

>
=

oD

162, Final, Q28

Q22.
Two long straight wires are parallel to each other and carry currents of different
magnitudes. If the amount of current flowing through each wire 1s doubled, the
magnitude of the force between the wires will be:
A) Four times the magnitude of the original force 161, Final, Q22
Q23.

The current-carrying wire loop in FIGURE 11 lies in the xy and xz planes and carries
current i = 1.43 A. The loop consists of a semicircle of radius Ra= 10.0 cm in the xy
plane and another smaller semicircle of radius Ry = 2.30 cm in the xz plane. Find the
magnitude of the net magnetic field at the common center P of the two semicircles.

) Figure 11

A) 20.0 uT
B) 150 uT
C) 10.0 uT
D) 25.0 uT
E) 35.0 uT

z

_ Mpip  Amx 1077 x 143 x 7
" 4mR, 41 x 0.1

|B,| = 4.49uT

4r X 1077 x 143 X7
41 %X 0.023

|Bret| = [BZ + BZ = \/(4.49)% + (19.53)2uT = 20.0uT
b

|Bb| =

= 19.53uT

161, Final, Q23

Prepared by Dr M.A. Gondal/Abul Lais



Q24.
Two long straight wires carry currents perpendicular to the Xy plane, as shown

i FIGURE 12. What 1s the magnitude of y the
net magnetic field at the origin?
Figure 12
A) 447 uT
B) 155uT I3=80.0 A
C) 622 uT
D) 778 uT 4.00cm
E) 251 uT ,h [;=50.04
0.0) 5.00 cm—)@—;- X
Ans:
I 41 x 1077 x 50
|Byy| = 22 _ = = 2% 10747
2 x 0.05 41 % 0.05
I 4 x 1077 x 80 161, Final, Q24
Byl = 222 — = =4x107*T 61, Final, Q
2m x 0.04 4 x 0.04
|Bpet| = J(BZX)Z +(Byy)® =V@Z+ 22X 1074 T = 4.47 x 107 T = 447uT
Q25.
FIGURE 13 shows the cross sectional view of three conductors that carry currents
perpendicular to the plane of the figure. The currents have magnitudes i=4 A, L=6
A and =2 A in the directions shown. Four closed paths, labeled a through d, are
shown. Rank the values of the line integrals §Bd s for the four paths, minimum to
maximum. Figure 13
A)ba.c.d
B) a. b. c.d
C) b, ¢, thend, a tie
D) a.c.b. d
E) e.d a. b
Ans:

éB ~ds = #Oiend

¢ B-ds=0
$, Bds = po(=1) = —4u,

$.B-ds = po (I, — 1) = pto(6 —4) = +2,

$ B-ds=py (I, + 13— 1) =+4p, 161, Final, Q25
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Q26.
A long solenoid has 100 turns/cm and carries current 7. An electron moves within the
solenoid 1n a circle of radius 2.15 cm perpendicular to the solenoid axis. The speed of
the electron is 1.25%107 m/s. Find the current 7 in the solenoid.

Ans:
) B
B= um; =>i=—;n=100/cm = 10*/m
Honl
muv? mv 9 x 10731 x 1.25 x 107
But evB = =>B=—= =331x1073T
R eR 1.6 X 10712 x 0.0215
) B 3.31x1073 26.3 x 10-244
= = = o X .
T n anx10-7 x 104 161, Final, Q26
Q22.
A long, hollow, cylindrical wire with an inner radius R and outer radius 2R carries a
uniform current density. Which of the following graphs (FIGURE 9) best represents
the magnitude of the magnetic field as a function of the distance from the center of the
wire? .
Figure 9
B B B B B
0R2R 0 R 2R 0 R 2R 0 R2R 0 R 2R
(a) (b) (c) (d) (e)
A) e
B) a
C) b
D) ¢
E) d
Ans:
A

153, Final, Q22
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Q23.

An infinitely long, straight wire is bent, as shown in FIGURE 10. The circular portion
has a radius of 10.0 cm and its center is a distance r from the straight part. Find the
value of r such that the magnetic field at the center of the circular portion is zero.

Figure 10

A) 3.18 cm
B) 522 cm
C) 1.25cm
D) 243 cm
E) 7.08 cm
Ans:
|Bwr‘.r-g| = |Bm‘c| _.; v
Kol _ ol
2nr 2R
1 0.1
T = T% 01 =>r= —= 0.0318 cm = 3.18 cm 153, Final, Q23
Q24.
Three long wires 1, 2 and 3, are parallel to z-axis and carry currents of equal magnitudes
but in different directions, as shown in FIGURE 11.The wires form an equilateral
triangle. Wire 1 has a linear mass density 0.150 pg/m. For what value of current is the
net magnetic force on wire 1 balanced by its weight.
. F13
A) 146 A Figure 11 Fip y
B) 0.11 A o 60° |_-
C) 2.89 A - e o
D) 3.43 A o\
E) 047 A \
Ans:

(Fiz)y + (F2)y =F,=uXlxXg

g \
R A
Fisl, = |Fygl, = Pl X X Sm60 O MR P
13ly = 1z2ly = 2rd 50 cm
4t X 1077 X i? X | X 0.866 R
|(p13)y| = =[x1732x107" xi*xl

2m X 0.5

=2xX1732X1077 Xi*x1=3464xX 1077 xi* X1

2|Fisl =uxlxg
2X3464X 1077 xIxi?=0.150X10"°x1x9.8

(2 =2122=i=+v2122=14564

153, Final, Q24
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Q2s.
The magnetic dipole moment of the Earth is 8.0 x10** A.m*. The source of the earth
magnetic dipole moment is due to the circulation of ions in the earth interior region.
Assume that the ions move in a circular loop of radius 2500 km, what ‘current” should
the ions produce to obtain the earth magnetic dipole moment?

Ans:
u=iA = inr?
o b _80x10% =4.07 x 10°4 i
1= e (2500 X 103)2 - 153, Flnal, Q25
Q26.
A 1.00 m long solenoid has a diameter of 10.0 cm and carries a current of 35.0 A. If
the magnetic field inside the solenoid is 100x10° T, what is the total length of wire of
the solenoid?
Ans:
Total lenght L. = 2nr X N (r is solenoid radius, N is number of turns)
B N N Bl 100 x 1072 x 1.0 29736
= —_— = = — = = .
o7t Hol  4mx 10~7 X 35
L = N X 2fr = 2273.6 X 2 X 0.05 = 7143 m 153, Final, Q26
Q27.
Inside an 1deal solenoid carrying current, the magnetic field
A) 1s uniform.
B) 1s zero.
C) decreases with distance from the axis of the solenoid.
D) increases with distance from the axis of the solenoid.
E) 1s perpendicular to the axis of the solenoid.
Ans:

152, Final, Q27
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Q23.

Two long straight wires cross each other perpendicularly without touching, as shown
in FIGURE 11. Find the net magnetic field due to the two wires at pomt P, which 1s
along the positive zaxis.

A) +0.151-025] (uT) Figure 11
B) +0.151+0.25]  (uT)

C) —0.15i-025] (uT) )
D) —0.15i40.25]  (uT) « L
E) +0.29k (uT) el X
&l S0A
W
Ans: *
P
= Mot g
2nr
Ar x 1077 x 5
B, = A X A =025 uT (—y)
At x 1077 x 3 .
B; = = 0.15 puT (+x
2 m XA uT (+x)
152, Final, Q23
Q24.
Two concentric circular loops are placed with their planes perpendicular to each other,
as shown mm FIGURE 12. Loop 1 (in the xz plane) has radius 2.0 cm and carries a
current of 4.0 A. Loop 2 (in the xyplane) has radius 3.0 cm and carries a current of 5.0
A. What 1s the magnitude of the magnetic field at the center of the loops?
¥ Figure 12
A) 0.16 mT ’ &t
B) 025 mT
C) 051 mT
D) 046 mT
E) 033 mT
Ans:
Llni-:b_ uni%/?rr_u.;,i
~ 4mR AmR 2R
4t x 1077 x 4
B, = = 0.125 mT
2x 002
4mx 1077 x 5
B, = = 0.104 mT
2x0.03

Bpe: = |IB%+E% = 0.16 mT 152, Final, Q24
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Q25.

Three parallel infinitely-long current-carrying wires are placed as shown, in cross
section, in FIGURE 13. If net magnetic force on 1> zero, what should be the current I3?

. Fi 13
A) I; = I;/2, into the page :gure ~
B) I = I1/2, out of the page I s Fjs I T21, 1,
C) I; = 2I; . out of the page —@ 2 < o> O

D) Iz = 211 . into the page
E) No current can cancel the magnetic force on L.

Ans:
I3 must be into the page for the two forces to canel.

Fz; = Faa:

P/o"lié _ fofels
21 x2d "~ 2md

='"'13=I]j2

152, Final, Q25

Q26.

FIGURE 14 shows, in cross section. three long wires that carry currents perpendicular
to the page. The currents have magnitudes I;=4.0 A, =6.0 A, and I;=3.0 A. Three
paths (X, Y, Z) are drawn. Rank these paths according to the value of the line integral

f B.ds . greatest first.

Figure 14

A)Y. X Z
B) Z.X.Y
C) Z.Y. X
D)Y,.Z X
E) X.Z Y
Ans:

X: — 4y,

Y: + 6Py — 4y = +219

Z: + 4pp — 64 — 3pp = —SHp

Y, X Z

152, Final, Q26
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Q23.

Four very long. current-carrying wires in the same plane intersect to form a square 40 cm
on each side. as shown in Figure 9. Find the magnitude and direction of the current 7so
that the magnetic field at the center of the square is zero. The wires are insulated from

each other.

A) 2.0 A, downward
B) 2.0 A, upward
C) 4.0 A, downward
D) 4.0 A, upward
E) 6.0 A, downward

Ans:

1

Bc = % ]net

let =0for B, =0
Let=L -1, —-13+1=0

=I=lh+l-L = 8+10-20= —24

downward

100 ﬁT

Figure 9

.

I

8.0 A
10
200 A

143, Final, Q23

Q24.

Three parallel long wires are placed as shown in Figure 10. The top and bottom wires
carry the same current (2.0 A) in the same direction. What should be the direction and
magnitude of the current in the middle wire so that the net magnetic force per unit length

on the top wire is zero?

A) 1.0 A, to the left

Figure 10

)

B) 1.0 A, to the right —
C) 4.0 A, to the left

D) 4.0 A, to the right

E) 0.50 A. to the lefi C

Ans:
The current must be to the left I

D S

_ MolLigiy
~ 2nd

awa
W

=10A

= I, =

| —

143, Final, Q24
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Q25.

In Figure 11. current 7= 1.5 A is set up in a loop having four radial lengths and four
quarter circles. with r= 5.0 cm and R= 2r. What is the magnitude of the magnetic field at
the comumon center point P?

A) 14T Figure 11
B) 43 uT
C) 11 uT
D) 45 uT
E) 91 uT
Ans:
The radial lengths will not contribute.
The quarter circles all contribute magnetic fields in the same direction.
Hol®  pgld®  pgl® ppld
B, = + + +
P 4nr  4mr 4nR  4nR
1 1D D 1P
_ o " o _ Ho " Lo
2mr 2mR 2nr  4mr
) T
3pold (.3uu1.l(§) 3l
 4mr 4w 8r
IX4mx 1077 x 1.5 14 4T
8x0.05 143, Final, Q25
Q26.
A solenoid. of length 0.25 m and diameter 15 cm. has 650 turns and carries a current of
0.85 A. What 1s the magnitude of the magnetic field at the center of the solenoid?
A) 2.8 mT
B) 6.9mT
C)y 43mT
D) 98 mT
E) 6.4 mT
Ans:
- —ﬂ 2600 m™*
n=71=353c" m
B=poni=4nx10"" x 2600 x 0.85 = 2.8 mT 143, Final, Q26

Prepared by Dr M.A. Gondal/Abul Lais



Q27.
A solid conductor of radius a is surrounded by a conducting tube of inner radius b and
outer radius ¢, as shown in cross section in Figure 12. The conductor and the tube carry
equal but opposite currents, and the region between them is filled with an insulator. Let r
be the distance from the center of the solid conductor. At what value of r will the
magnetic field have its maximum value? .

© Figure 12

A)r=a

B) r<a

C)a<r<b 143, Final, Q27

D)r=>o
E) r=c ‘
Ans:

The maximum value of B occurs at the surface of the inner
conductor

Q22.
Two concentric circular loops of wire of radii a = 2.0 cm and b = 4.0 cm each carries
a current I = 5.00 A in the directions indicated in Figure 12. What is the magnetic
field at center P? Figure 12

A) 78.5 uT into the page

B) 78.5 uT out of the page

C) 29.3 uT into the page

D) 29.3 uT out of the page !

E) 0.60 uT into the page

Ans:
g ML :ﬂ[l_l)gp:‘”m xS( .1 1 ](er)
47R° 4z \a b 47 2/100  4/100
—4n10~a = ——h=——; [, = 5
Ho =220 =4 =T00"” “T00 " 1
Hor; (1 1
L _Tlap)em :
= 106 =78.5 142, Final, Q22
Q23.

Solenoid 2 has four times the radius and twice the number of turns per unit length as
solenoid 1. Find the ratio of the magnitude of the magnetic field in the interior of
solenoid 2 to that in the interior of solenoid 1, if the two solenoids carry the same

current.
Ans:
N, Ny Ny N,
T =27 0 Bi= polp i Ba= ol
.N
B, Mot N,
By W;% 1 142, Final, Q23

Prepared by Dr M.A. Gondal/Abul Lais



Q24.

Two long straight wires penetrate. normally. the plane of the paper at two vertices of
an equilateral triangle as shown in Figure 13. They each carry 3.0 A, out of the page.
The magnetic field at the third vertex (P) has magnitude (in T):

Figure 13
A) 3.5 107 /
B) 2.0 = 107
C) O iem jem
D) 3.5 < 1077
E) 8.7 +10°¢ . .
Ans: .

_ 2ugXiXcos(30) 2X1.26x107°x 3 X 0.866
N 21 X R - 21 X 0.03

B

_ -5
B = 34710°5T 142, Final, Q24

Q25.
A long wire has a radius R > 4.0 mm and carries a current that is uniformly distributed
over its cross section. The magnitude of the magnetic field due to this current is 0.28
mT at a point 4.0 mm from the axis of the wire, and 0.20 mT at a point outside the
wire and at 10 mm from the axis of the wire. What is the radius R of the wire?
Ans:
I /s B
Bm.:—"f . B, = Heh L = R= |n5—=*
2rr 2TR " B,
B, =028x107% B,,,=02%1073%; r,=4x10"% r, =10 x 1073
B
T,
. in _ .
R="—5= = 534522 142, Final, Q25
Q22.

Figure 10 shows three arrangements in which long parallel wires carry equal currents
directly into or out of the page at the corners of identical squares. Rank the
arrangements according to the magnitude of the net magnetic field at the center of the
square, greatest first,

Figure 10

A) 2,31 i : H ! | !
B) 1,3,2 : ! : ! ! !
C) 3.then 1 and 2 tie ! | I | I 1
D) 1 and 2 tie. 3 &———- ® &---——- SR “S— é
E) 3,2,1 1 . ,
Ans:
_ Mol
" 2nr 141, Final, Q22

The direction of B is given by right hand rule.
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Q23.

In Figure 11. a closed loop carries a current 7 = 0.40 A. The loop consists of two
straight wires and two concentric circular arcs of radii R; = 4.0 m and R>= 8.0 m.
What is the magnetic field at the center P?

=
A) 1610 T.

into the page

Figure 11

-8
B) 1.6<10 T. out of the page
-8
C) 4.8%10 T, into the page
-8
D) 4.8<10 T. out of the page R,
-8
E) 3.2x10 T, into the page
Ans:
Kol ( 1 1 )
P~ 47 \R, R,
¢ =mrad = Bp=1.6X 1078 T 141, Final, Q23
Q24.
Two long parallel wires, separated by a distance of 5.0 cm, carry currents in the same
direction. If 7; = 5.0 A and I,= 8.0 A, the magnitude of the force per unit length
exerted on each wire by the other is:
Ans:
Lol LI F
F='{°2—dlz=>z=l.6x10'4N/m :
n 141, Final, Q24
Q25.
A solenoid is 95 cm long and has a diameter of 4.0 cm and 1200 turns. It carries a
current of 3.6 A. The magnitude of the magnetic field inside the solenoid at a distance
1.5 cm from its center is:
Ans:
- N 3 '-
B = pgni = g T i =57mT 141, Final, Q25
Q26.
A long wire carrying 50 A is perpendicular to the magnetic field lines of a uniform
magnetic field of magnitude 2.5 mT. The net magnetic field at a point is zero. Find
the distance of the point from the wire.
Ans:
Hol Hol
B=— =2d= =4.0x10°m -
ord 2B 141, Final, Q26
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Q23.

The loop shown in FIGURE 11 consists of two semicircles 1 and 2 (with the same
center) and two radial lengths. The semicircle 1 lies in the xy plane and has a radius of
10.0 em. and the semicircle 2 lies in the xz plane and has a radius of 4.00 ecm. If the
current 7 in the loop is 0.500 A, what is magnitude of the magnetic field at point P,

located at the center of the loops? Figure 11
.T
A) 4.23 uT P =g P!
B) 3.71 uT '
C) 1.37 uT | g7
D) 2.92 uT ST S —— X
E) 6.45 uT lz”'
Ans: 2
Bnet = sz'l' Blk
toi Amx 1077 x 0.5
By =27= =1571x107T
' TR, 7% 0.1 7
p, = o X107 XO0S_ g0 10mr
27 4R, Ax004 7
|Buecl = |BZ + B2 = J(I5.7D)7 + (39.27)% x 10T = 4.23uT 133, Final, Q23
Q24.
FIGURE 12 shows three long, parallel, current-carrying wires carrying equal magnitude
of current. The directions of currents I} and I3 are out of page. The arrow labeled F
represents the magnetic force per unit length acting on current I3 due to the other two
wires and is given by F = (= 0.220 i—0.220 j’) (N/m) . What are the magnitude and
direction of the current I, if the distance d = 1.00 mm?
Figure 12
A) 33.2 A, into the page
B) 33.2 A, out of the page fa !
C) 22.1 A, into the page E
D) 22.1A, out of the page 1
E) 11.4 A, out of the page \, 4 , hi
Ans: - /
F=—-0227—0.22] = Fy31 — Fps] g
2 2 . e >
i? x 1077 i? d
|Fys| = 0.22 = 22 _¥ X —

2nd 2 d

. 0.22xd 0.22 x 103
i = = = 33.2 A into the page

2x10-7 | 2x10-7 133, Final, Q24
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Q25.

Two imfinitely long current-carrying wires are parallel to each other, as shown in
FIGURE 13. The magnetic field at point P, which is midway between them, is 0.12 mT
out of the page. If the current /; = 12 A. what is magnitude and direction of /5?

A) 21 A, to the right Flg'}je 13
B) 21 A. to the left
C) 3.0 A. to the right T —>
D) 3.0 A, to the left
E) 15 A. to the left 30cm Pe
Ans 1
B,.. = —0.12x1073T = B, + B,

B,=-0.12x10"%-B,

5
 Holy z}(x 1077 x 12
© 2md }ﬁx 0.015

B, =0.12x10"%+0.16 x 107> =0.28 x 1073

B ‘Uofz i 217(!32 %de
= — e -
127 J7ad "2 Ho }:f x 1077
2

B, =16%x1075T

_ dB,  0.015x0.28x107°
T 2x1077 2% 1077

=21A

iz

133, Final, Q25

Q26.

Which of the solenoids described below has the greatest magnetic field along its axis?

A) asolenoid of length 2L, with 2N turns and a current 21
B) a solenoid of length L, with N turns and a current I
C) a solenoid of length L, with N/2 turns and a current I

D) a solenoid of length /2, with N/2 turns and a current I
E) a solenoid of length 2L, with N turns and a current I/2

133, Final, Q26

Q27.
A cylindrical conductor of radius R = 2.50 cm carries a 2.50 A current along its length.
This current is uniformly distributed throughout the cross sectional area of the conductor.
Find the distances from the center of the wire (inside and outside the wire) at which the
value of magnitude of magnetic field equals half of its maximum value.

Ans:

B Wi —1(M)—18 1 1

out :\XHRCO?H 75 &R - T 2R

o 2 max Rcom ZR
R,,+=2R=2x250=50cm

_ lluzD/! _ Bma.\' _ 1 .\u(ﬁ’ r _ _ R _ 2.50 _
B;, = (Z?rRQR)r_ 3 EX—ZB,ﬂE——Ztv r=Ss=—5-= 1.25 em
Bipatr=125cm, B,,; atr=5.00 cm 133, Final, Q27
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Ql1.

Figure 7 shows cross-sectional view of three long parallel straight wires held along a
circumference of a circle of radius R =20.0 cm, located in the plane of the page. All wires are
perpendicular to the plane of the page and each wire carries 60.0 mA current out of the page.
Determine the magnitude and direction of net magnetic field at point P at the center of the
circle.

Fig#

Cirele

Wire 1

A} 6.00 x 10°T along direction of e
B) 4.23 x 10°T along direction of e
C) 6.11 x 10°T along direction of e
D) 1.23 x 107 T along direction of ¢
E) 2.00 x 10°T along direction of a

132, Final, Q11

Ql2.

A single piece of wire carrying current 7 =3.2 A is bent so it to form a circular loop of radius
a, as shown in Figure 8. If magnitude of the net magnetic field at the loop center is
5.0 x 10” T, determine the radius a of the circular loop.

Figh

132, Final, Q12
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Q13.
Three long wires 1.2 and 3 are parallel to a z axus, and each cames a current of 2.0 A m the

posttive z direction (out of page). Therr point of intersection with the xy plane form an
equilateral tnangle with sides of 50 cm, as shown m Figure 9. A fourth wire (wire 4) passes
through the nudpont of the base of the tnangle and 1s parallel to the other three wires. If the
net magnetic force on wire 1 1s zero, what 1s the magmitude and direction of the current 1n
wire 4?7

Fig#

A) 3.0 A mto the page
B) 3.0 A out of the page
C) 6.0 A, mto the page
D) 6.0 A, out of the page
E) 43 A mto the page

132, Final, Q13

Ql4.
Figure 10 shows cross sectional areas of three conductors that carry current through the plane

of the Figure. The currents have the magmitude I,=6.0 A and I;=2 0 A and directions as
shown. If the value of the line integral [ B.ds is +3.8 x10°° T.m_ what is magnitude and
direction of current I. The integral involves going around the path in the counterclockwise
direction, as shown 1n the figure.

Fig#

A) 7.0 A out of the page
B) 6.0 A mto the page
C) 5.0 A out of the page
D) 8.0 A mto the page

E) 9.0 A out of the page 132, Final, Q14

Prepared by Dr VI.LA. Gondal/Abul Lais



QI5.

A 1.0 m long solenoid 1s 10.0 cm in diameter and carries 51.9 A current to produce
0.15 Tesla magnetic field inside the solenoid (Assume solenoid to be ideal). Determine the
number of turns in the solenoid.

A) 2.30 x 10°
B) 3.73 x 10°
C) 1.81 x 107
D) 5.33 x 10°
E) 1.01 x 10?

132, Final, Q11

Q23.

Two long wires are oriented so that they are perpendicular to each other, as shown in
FIGURE 5. What is the magnitude of the magnetic field at a point midway between them if
the top one carries a current of 20.0 A, and the bottom one carries a current of 5.00 A?

Figh

A) 412x10°T
B) 522x10°T
C) 3.02x10°T
D) 7.47x 10> T
E) 6.25%10°T

@ F=200A

Q ——> =500A

Bottom wire

131, Final, Q23
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Q24.
FIGURE 6 shows four different sets of wires that cross each other without touching. The

magnitude of the current is the same in all four cases, and the directions of current flow are as
indicated. For which configuration will the magnetic field at the center of the square formed
by the wires be equal to zero?

Fig#

Y Ry -
;1:1:]‘;::‘[ 2|
e
| B | AR | s
L, T
A) 3

B) 1

C) 2

D) 4

E) The filed is equal to zero in all four cases

131, Final, Q24

Q25.

A wire with a weight per unit length of 0.080 N/m is suspended directly above a second
parallel wire. The top wire carries a current of 30 A, and the bottom wire carries a current of
60 A. Find the separation between the wires so that the top wire will be held in place by
magnetic repulsion.

A) 4.5 mm
B) 2.1 mm
C) 5.3 mm
D) 7.5 mm
E) 1.7 mm

131, Final, Q25
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Q6.
The value of the line integral § B.d& around the closed path in FIGURE 8 is 1.4 x 10° T.m.

What are the direction and magnitude of [3?

Fig#

|1=G.[|ﬁ.® @ O ®|4=2.0A

L=8.0A Is

A) 19 A, into the page
B) 19 A, out of the page
C) 3.1 A, out of the page
D) 3.1 A, mnto the page
E) 8.0 A, into the page

131, Final, Q26

Q27.

Two coplanar and concentric circular loops of wire carry currents of /;=6.0 A and /= 3.0 A,
as shown in FIGURE 7. If ry= 12 em. What are the value of rz and the direction of [zsuch
that the net magnetic field at the center of the two loops is zero?

Fig#

A) rz=6.0 cm, Counterclockwise
B) r;=6.0 cm, Clockwise
C) rz=3.0 em, Counterclockwise

D) rz=3.0 em, Clockwise
E) rz=4.0 em, Counterclockwise 131, Final, Q27

Prepared by Dr M.A. Gondal/Abul Lais



Q23.

Figure 11 shows three circuits consisting of straight radial lengths and
concentric circular arcs (either half- or quarter-circles of radii r or Zr). The
circuits carry the same current in the indicated direction. Rank the circuits
according to the magnitude of the magnetic field produced at the center of
curvature (the dot). greatest first.

Figure 11
1 i 1
A) B2.B1.B3 — — —
B) B1.B2.B3
C) B3.B2. Bl
D) B2. B3. Bl .
E) B1.B3.B2
1 2 3
Ans:
1: Contribution from the big circle only
2: Contribution from both circles
3. Inner circle cancels some of the outer 123, Final, Q23
’ ’

Q24.

A wire is bent as shown in FIGURE 12. and carries a current /= 15 mA along the
indicated directions. What is the magnitude of the magnetic field at the center of the

. o g N
loop. C. if the radius of the loop 1s #=15.0 cm? Figure 12

A)13x107T
B) 3.3x10°T
C) 1.1x107°T
D) 3.1%107T
E) 53x107°T : _
Ans: . .
: 2
| i 4f x 1077 x 15 x 1073
Straight: B, = = 41— —— =6.0x1078T
2nR 2yt x 5.0 X 1072
Out of page
Circler g _ Mo 4K 1077 x 15 x 107 x 2m 168 x 10-8 T
cle: B, — _ AT, _188x
TR T R 4k 5.0 X 1072
L» Into page

B. =B, —B; = 128 X 1073 T — into the page

123, Final, Q24
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Q25.

Three long wires have currents flowing perpendicular to the page with directions as
indicated in FIGURE 13. Wire 1 is at y=2.0 m on the y-axis, wire 2 is located at the
origin, and wire 3 is at x= 2.0 m on the x-axis. If /; =1.0A, [» =2.0A, and /3 =3.0
A, what 1s the magnitude of the net force per unit length on wire 2 due to the other
two wires?

Figure 13

A) 6.3 x 107" N/m
B) 5.3 x 10 N/m
C) 5.3 % 10°N/m
D) 3.6 x 107" N/m fo3
E) 1.3 x 107" N/m

X
Ans:
f = force per unit lenght
1ol 4t x 1077 x 1.0 X 2.0 N
[, = 012 _ =20x 1077 —
2mnd 2m % 2.0 m
olpls 4w x 1077 x 2.0 x 3.0 N
f, = 023 _ = 6.0x1077 —
2nd 2m % 2.0 m
N
fynet = V40 +36 x 1077 =63 x 1077 —
123, Final, Q25
Q26.
Each of the four wires in Figure 14 carries a 2.0 A current into or out of the page.
What 1s the value of the line integral §]§d’s for the indicated path of integration?
® Figure 14
A) -25x10 °T.m ¢
B) +2.5x10° T.m ® ®
C) -1.5% 107 T.m ' A
D) +1.5 x 107 T.m [ _
E) +5.5%10° T.m ®
,f
Ans:
igne = +2.0-2.0—-2.0=-2.0A
% B.ds = . lgpc = —2.5% 1076 (T.m) 123, Final, Q26

Prepared by Dr M.A. Gondal/Abul Lais



Q27.

A solenoid with N turns carries a current of 12 A and has a length of 43 cm. If the
magnitude of the magnetic field generated at the center of the solenoid 1s 90 mT,
what 1s the value of A?

Ans:
. Ho Ni
B = poni = —
Ho L
N BL 90x 1073 x 43 x 1072 26 % 103
= = — = = 2.6 X .
Hoi 4 x 1077 x 12 123, Final, Q27
Q24.
A long, straight, cylindrical conductor of radius R = 12.0 mm carries a current |
uniformly distributed over 1its cross section. If the magnitude of the magnetic field
produced at a distance r = 24.0 mm is 0.100 mT, then what is the magnitude of the
magnetic field at a distance r = 6.00 mm?
Ans:
Wi 41t x 1077 .
Bp=-—,atr=24mm; B=01x10"7°= ——— =i=12A
2mr 2 24
™(1500)
Hol 4mx 1077 x 12 6 s 10-% — 01 mT
.= r = X = =uU.lm
' 2mR? 12 \? (1000) .
21 (1555) 122, Final, Q24
Q25.
Figure 5 shows three parallel wires separated by a distance d = 0.44 m. The currents
are I;= 8.54 A and I;= 6.51 A. Calculate the magnitude and the direction of the
current I such that the net force per unit length exerted by wire 1 and wire 2 on wire
3 1s zero?
joure = 5
A) 427 A downward T RIS
B) 3.26 A downward | |
C) 2.81 A upward M ‘
D) 5.81 A downward
E) 7.54 A upward
Ans: < d-p<-d B
Fiz Fa3
s W S
l l
Holils + Holzls . J ]
2m(2d)  2nd =
L y I Iz Is
= 5 = -1, = I, =427 A downward

122, Final, Q25
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Q26.

Two long ideal solenoids with radii 20 mm and 30 mm have the same number of tums
per uwmt length. The smaller solenoid 15 mounted mside the larger one. along a
common axis. The net magnetic field within the mnner solenoid 1s zero. The current in
the mner solenoid must be:

A) the same as the current in the outer solenoid
B) one-third the current 1 the outer solenoid
C) twice the current mn the outer solenod

D) half the current in the outer solenoid

E) two-thirds the current i the outer solenoid 122, Final, Q26

Q27.

Four long, parallel wires carry equal currents I = 5.0 A as shown in Figure 6. Currents
in wire A and wire B are directed into the page while currents in wire C and wire D
are out of the page. Calculate the magnitude and direction of the net magnetic ficld at
point P, located at the center of the square with edge of length 0.20 m.

0.20 m

:b:
d

A) 20 uT toward the bottom of the page
B) 10 uT toward the left of the page

C) 30 uT toward the right of the page
D) 40 uT toward the top of the page

E) 0

Ans:
The horizontal components of the net magnetic field will cancel out the vertical
components (downward) will add up.
Kol

B =4 (—) C0s45°
2nr

(4n X107 x5
4

cos45’ =2 % 1075 T = 20uT )
2mx V2 (0.1)) 2 122, Final, Q27
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Q28.

The wire shown in Figure 7 carries a cuwrrent of 40 A. Find both the magnitude and the
direction of the magnetic field at point P,

Figure #7

2.0 cm

122, Final, Q28

Ans:

loi 4 x 1077)(40) 3n
= ;ER Q= ( 4—1{[[}.0:2); ) - = 9.4 x 10™* = 0.94 mT out of the page

Q24.

Figure 10 shows two wires each carrying a current in the direction indicated 1n the
figure. Wire 1, which consists of a circular arc of radius R and two radial lengths,
carries a current I;= 1.5 A. Wire 2 1s long and straight; carries a current I;= 0.4 A and
1s at a distance R/2 from the center of the arc. For what value of arc angle ¢ the net
magnetic field B at pomt P due to the two currents 1s zero?

Figure 10

A) 61°

B) 55° N
C) 75°
D) 70°

E) 51° . Q

Ans:
ﬁl is out of the page

s

-
vy
¥

e ———————

ﬁz isinto the page
Bpee =0 = B, = B,
i _ e

R 2x(3)

t
|
[

41, .
¢ = - = 1067 rad = 61.1 121, Final, Q24

Prepared by Dr M.A. Gondal/Abul Lais



Q25.

Three long straight wires are perpendicular to the page. Each wire carries a current of
15 A and are arranged at the three corners of a square of edge length 2= 1.0 cm. as
shown in Figure 11. Find the magnitude of net magnetic force per unit length (in
N/m) on wire 2 due to wires 1 and 3.

Figure 11
A) 6.4 x10~ : y
B) 4.6 x10°
C) 3.4 x107 , x
D) 4.3 x10” - a = =
E) 5.1x107 1®-———— F21

Ans: | ? f |
| | a ~
I I l Fzz 5

B bl_In R

|  2ma

B jﬁf x 1077 % (15)? B .
= Z#(0.01) =45x10

F F
’;“ = % 2 =6.4%10"%N/m

121, Final, Q25

Q26.

A long, straight wire carries a 3.0 A current. This current creates a magnetic field of
strength 1.0 T at the surface of the wire. If the wire has a radius R. where within the
wire is the magnetic field strength 0.36 T? (Assume the current density is uniform
throughout the wire)

A) 036 R

B) 0.18R

C) 0.64R

D) 0.72R

E) 0.26 R
Ans:

el Mgl
Bsurfar.e = m Blnslde = W r= Bsurface X (E)

r r
Binside = Bsurface X E =036=1 x E

=r=036R 121, Final, Q26
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Q27.

Two long. straight wires, separated by 0.10 m, carry currents I; and I, as shown in
Figure 12. If current I,=18 A and the resultant magnetic field due to these two
current carrying wires at point P is zero, then the magnitude and direction of I is:

A) 6.0 A,
B) 6.0 A,
C) 54 A,
D) 54 A,
E) 9.0 A,

along the negative y-axis
along the positive y-axis
along the negative y-axis
along the positive y-axis
along the positive y-axis

Ans:

B, is inside, B, should be outside

Figure 12

-t . 10 m — —

= i, should be along the negative y — axis

BP=0=BZ_B].
:)Bzz Bl

Wol; _ Woly
J2itr, 21ty
r, 0.05

L=1, 2=18 x —=6A
27 0.15

121, Final, Q27

Q23.

Ans:

In FIGURE 9. two infinitely long wires carry currents i. Each follows a 90° arc on the
circumference of the same circle of radius R What is the magnitude of the net
magnetic field at the center of the circle (point C)?

A) I"loj
2nR

B) M
R

4nR
D) Mol | Mo
27k 16R

E) Yol ol
Rk 16K

%ER

1
¢
_______ Il
' [
1
1
1
1

C

* The magnetic fields due to the circular sections cancel.
* The straight lower current does not produce any magnetic field

* We are left with the top straight wire:

B. = 2 X semi — infinite wires
Hol Mol

=2 X =
4R 2mR

113, Final, Q23
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Q24.
FIGURE 10 shows two long, thin wires, parallel to the 7z axis, carrying currents in the
positive z direction. The 50-A wire 1s in the x-7 plane and 15 5 m from the zaxis. The
40-A wire 1s in the y-z plane and 1s 4 m from the 7 axis. What 1s the net magnetic field
at the origin O due to the two wires?

© Fig# 10

2)
A) (2i-2j)uT
B) (2i+2))uT
C) (2i+3))uT
D) (2i-3j)uT
E) 3i+2))uT

40 A

Ans: , X
.- 2 )
4t x 1077 x50 , -
== 2m x5 (_J)

_ 4t x 1077 x 40 (;): N

2i (uT
2m X 4 1 (uT)

5 Bpet = (2 ; - 2;) uT
113, Final, Q24

Q25.
FIGURE 11 shows a cross section of three parallel wires each carrying a current of
5.0 A out of the paper. If the distance d = 6.0 mm, what 1s the magmtude of the net
magnetic force on a 2.0-m length of wire 1?
Fig# 11
A)29mN Ll S —
B) 33 mN F E
C) 2.1 mN SN
D) 39mN d/ N
E) 1.7mN AN
Ans: ;r‘
F_u,,LiZ_ 4 x 1077 x 2% 25 E Y0 N 2
“2nd 2nx6x10° d
= 1.67x 107N
Fpee = 2.F.5in60 = 2.9 x 1073 N 113, Final, Q25
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Q26.

A long. solid. cylindrical wire carries a uniformly distributed current. If the radius of
the wire 1s 3.5 mm, and the magnitude of the current density i1s 1.5 A/cm”, what 1s the
magnitude of the magnetic field at a distance of 2.5 mm from the axis of the wire?

Ans:
%ﬁ.c@ == olenc = B(21T) = po. T.A = 1o J. 1r? 113, Final, Q26
HoJr 4mx 1077 x 1.5x 10* x 2.5 x 1073 s
B = = =24 x107°T
2 2
Q27.
A solenoid with N turns carries a current of 2.000 A, and has a length of 34.00 cm. If
the magnitude of the magnetic field generated at the center of the solenoid is 9.000
mT, what is the value of N?
Ans:

HoN;

B = pon; =

N = B.L_ 9% 1073 x0.34
=N= Ho.i umx 1077 x 2

=1218 113, Final, Q27

Q23. FIGURE 8 shows cross sections of two long straight wires. The left hand wire
carries current 7y = 5.0 A, directed out of the page. In order to produce a zero net
magnetic field at point P, what should be the current 7?

B, Fig# 8
A) 10 A, into the page
B) 10 A, out of the page
C) 2.5 A, nto the page 1.5m ® 15m
D) 2.5 A, out of the page . -
E) 5.0 A, into the page 4 %
Ans: B,
§1 isdown . B, mustbe up
= i, must be into the page

For cancellation: B; = B,

Holq Holz ) .

2nd . (2m)(2d) l2 by 112, Final, Q23

Q24. Three long parallel wires are arranged as shown in FIGURE 9, where d = 50 cm. The
current into the page 1s #; = 3.0 A. The currents out of the page are b =0.25 A and 5
=4.0 A. What is the magnitude of the net force per unit length acting on the wire
carrying current # due to the currents in the other wires?

Fig# 9

A) 7.0 x 107 N/m
B) 1.0 x 107 N/m d d

C) 1.8 x 107 N/m ®r (O ()
-6 , 7 Fl F3
D) 1.0 x 10° N/m I L I;

E) 24 x 107 N/m

Prepared by Dr M.A. Gondal/Abul Lais



Ans:

The two forces are 1n the same direction.

_ HolyipL + Holzi3L

“ Foe= F +F; =
net 1+ s 2md 2md

. leneht : Wolz i+ i) 4nx]0_7x025(3+49

< rorce per unitlieng 1= ord Ly l3) = T X 05

= 7.0x 1077 n/m 112, Final, Q24

Q25. A long straight wire carrying a 3.0-A current enters a room through a window that 1s
2.0 m high and 1.5 m wide. The absolute value of the path integral ¢ B . ds around the
window frame 1s

Ans:

= = _ -7 _ —6
3§B.ds = Ho-Zene = 4T X 1077 X 3.0 =38Xx107"T.m | 195 Final Q25

Q26. A current 1s set up in a wire loop that 1s formed as shown in FIGURE 10, where R; =
2.0 cm and R>=4.0 cm. The loop carries a current of 5.0 A, as shown in the figure.
What 1s the magnetic field at the center of the loop (C)?

Fig# 10
A) 3.9 x 107 T out of the page .
B) 3.9 x 107 T into the page !
C) 1.2 x10™ T out of the page

D) 1.2 x 10™ T into the page

E) 7.9 x 107 T into of the page v
R,

Ans: c
_ Holgp
1= IR, — out of the page
i
5 = :2;’2 — into the page

B; > B, because R, > R,

,uDL¢, 1 1
& Bo= By — B, = —(—__)
¢ 4 \R; R,

4 x 1077 x5xm/1 1 .
— (———) X 102 = 3.9 x 105 T — out of the page
am 2%

112, Final, Q26
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Q27. Two long wires are placed in the xy plane, as shown in FIGURE 11. Each wire
carries a current of 1.5 A, directed out of the page. If the distance d= 3.0 m, what 1s

the net magnetic field due to these wires at the origin?

y Fig# 11

A) (+0.10i-0.10j) (uT)
B) (+0.10i+0.10) (uT)

C) (~0.10i-0.10j) (uT) ©®

D) (0.10i+0.10) (uT)
E) zero
Ans:

d

O

VY,

The direction of §1 and §2 are shown §2 \

= §net has (+) x — component and (- ) y — component
(Both components are equal in value)

Hoi 4w x 1077 x 1.5

B, =
' 2md 27T X 3

=1.0x107T=0.1uT

By

Prepared by Dr M.A. Gondal/Abul Lais

112, Final, Q27




