Problem 1 GPN2-L09
A straight conductor carrying current ¢ = 5.0 A4 splits

into 1dentical semicircular arcs as shown 1n the figure. P

: 2 7 -~
What 1s the magnetic field at the center C of the ; ,:/ \

. . LA | —
resulting circular loop? (01/]\E8) = k. —

III:::\\ P /{HIH
N V4
the magnetic field at the center, B= [ ‘“»t—:;::;-ﬁ/
—

01: ANS:=B¢= T
Solution:

The straight segment of the wire produces no magnetic field at C (see the straight sections discussion

in Sample Problem 29-1). Also, the fields from the two semi-circular loops cancel at C (by symmetry).
Therefore, B, = 0.
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Problem 1
In the figure, two circular arcs have radii @ = 13.5e¢cm and b = 10.7em

subtend angle @ = 74.0°, carry current ¢ = 0.411A , and share the same center Sk
of curvature P. What are the (a) magnitude and (b) direction (into or out of the < \a
age) of the net magnetic field at P? (01/)\28 fo—
page) g ( ) \ X / /
(a)the magnitude B= [a,b,mu_0,i,phi] “\1? b
02: ANS:=(mu_0*i*phi)/(4*pi)*(1/b-1/a) P
Problem 1

Following previous problem, if a=13.5 cm, b=10.7 cm, 8 = 74°, i=0.41 A. (OQU\EE)

(b)the magnitude B= i
03: ANS:=1.02E-7

(c) the direction= into the page=1;out of the page=2
04: ANS:=2
Solution:
poi¢ 11
B = o g
(@) 47 (b a) .
a4 X
47 x 107"T - m/A)(0.4114)(—
e 0T m AT L
N A 0.107m  0.135m

= 1024 10777

(b)The direction is out of the page.



Problem 2

In the figure, two semicircular arcs have radii Ry = 7.8em and R; = 3.15¢cm.,

carry current ¢ = 0.281A, and share the same center of curvature C. What are

the (a) magnitude and (b) direction (into or out of the page) of the net magnetic i R,

field at C? (02/)\FB) / / 17

/R,

S
C

(a) the magnitude B= ] :
05: ANS:=1.67E-6

(b) the direction= into the page=1;out of the page=2

06: ANS:=1

Solution:

, - ,u[]?: 1 1
(a)B = X (Rl - R2)
(47 x 107"T - m/A)(0.281A) 1 1

- 4 (9.0315m — 0.0780m
=1.67 x 10751

)

(b)The direction of the field is into the page.



Problem 3

In the figure, a current 2 = 10 A is set up in a long hairpin conductor
formed by bending a wire into a semicircle of radius R = 5.0 mm. / \\;.'{'
Point b is midway between the straight sections and so distant from !/ a
the semicircle that each straight section can be approximated as being " =0
an infinite wire. What are the (a) magnitude and (b) direction (into or _

out of the page) of B at a and the (c) magnitude and (d) direction of Bat b? (04/)\E8)

b

Magnetic field B at a: (@ p S A “,+ T M1 1} - (4107 T-m/A)10 A)/ 1
(a)the magnitude B= i | 5 ‘-![_ A7R J 47R 2R\ 7 EJ 2(0.0050 m) \

E ANS:=1E—3 = RN . 2

. ,
+1 I=1_D><:1[J"J T
2

upon substituting ;= 10 Aand R =0.0050 m
(b)the direction= ; P e g ; B
R e ot ofthe pagec S ©a BAFTLURAIE 2 Fo- iR RE A 0 Bl — 2,

08: ANS:=2 (b) The direction of this field 15 out of the page, as Fig. 29-6(c) makes clear.
Magnetic field B at b: \
(c)the magnitude B= T B :

[

09: ANS:=8E-4

(d)the direction=

11 e mpage_ 5 (c) The last remark in the problem statement implies that treating b as a point midway

between two infinite wires is a good approximation. Thus,
A M) i (Aax10T T -m/AY10 A)

T 2m) AR (0.0050m)

(d) This field, too, points out of the page.

10: ANS:=2
=80x107T.




Problem 4

The figure shows a proton moving at velocity v = —2007 m/s toward a long ¥
straight wire with current 2 = 350 mA . At the instant shown, the proton's
distance from the wire is d = 2.89 cm. In unit-vector notation, what is the

magnetic force on the proton due to the current? (01/)\Z8)

the magnitude of the force= N

11: ANS:=7.75E-23

Holqu ,
F— .

omd =
_ Hotgu

2md
(47 x 107"T - m/A)(0.350A4)(1.6 x 107C)(200m/s)

2(0.0289mn)
— =075 % 10 =Ny

x k)




Problem 4
In the figure, point P, is at distance R = 13.1 cm on the perpendicular bisector

of a straight wire of length L = 18.0 cm carrying current ¢ = 58.2 mA . (Note ik 4
that the wire is not long.) What is the magnitude of the magnetic field at P; due » 5
toi? (01/\EB) i
the magnitude of the magnetic field = T ! §: -
12: ANS:=5.03E-8
1 sinf R dx
Jp .20 O p_ Mo L/2
47 72 4w J-L/2 (2 + R2)3/2
r = vz? + R? _,{LQE:R 1 T |L,’2
o 9 \—L/2
R R I B (@24 R)P L
sinf = — =
- 27R VIZ2 + 4R2
(47 x {1 s o m/A)(0.05682A) 0.180m
2m(0.131m) /(0.180m)2 + 4(0.131m)?

—5.08 x 107°%T



Problem 5
In the figure, point P; 1s at perpendicular distance R = 25.1cm from one end of

straight wire of length L = 13.6 cm carrying current ¢ = 0.693 A. (Note that the ' a2
wire is not long.) What is the magnitude of the magnetic field at P»? (01/)\E8) R R
the magnitude of the magnetic field= T — '
13: ANS:=1.32E-7 | L
_ pot sinb L DER dz
g3 = i o2 dx f L $2_|_R2)3K/2
4w R? (2 4 R2)1/2'L
| R R (2" )
ginll = — = :
r vz2 + R? _ Ho? L
4R A ILQ aa R2
(47 x 107 "T - m/A)(0.693A) 0.136m
47(0.251m) /(0.136m)2 + (0.251m)2

—1.32x 10T



Problem 6

In the figure, two long straight wires (shown in cross section) carry currents ¢; = 30.0 mA and
i = 40.0 mA directly out of the page. They are equal distances from the origin, where they set up a

magnetic field . To what value must current i; be changed in order to rotate 20.0° clockwise? (01 /\EB)

i - 0= tan"'(B,/B;) = tan" (i, /i,) = 53.13°.

14: ANS:

61.3 6’=53.13° —20° = 33.13°.
the current i, must be 7,/tanf” = 61 3 mA_

The figure shows two very long straight wires (in cross section) that each  —
carry a current of 4.00A directly out of the page. Distance d; = 6.00 m
and distance d» = 4.00 m. What is the magnitude of the net magnetic field

at point P, which lies on a perpendicular bisector to the wires? (01/)\E8)

the magnitude of the net magnetic field at point P= i
15: ANS:=2.56E-7

W R L

4 Mot :
B| = Zﬁsmﬂ B| = ﬂgmg
mr
dl -7
r= \/ B+(5 ) =/EmP+BmP =sm _ (4rx 0T -m/A)44) . ..
(5m)
d 4
0=tan!—— —tan1 " — 531" — 256 x 10T

d1/2 3m



Problem 7

The figure shows wire 1 in cross section; the wire is long and straight. y

carries a current of 4.00 mA out of the page, and 1s at distance d; = 2.40

cm from a surface. Wire 2, which is parallel to wire 1 and also long, 1s at T ®1

horizontal distance dy = 5.00 cm from wire 1 and carries a current of 6.80 ‘il -

mA into the page. What is the 2 component of the magnetic force per unit : ®
- flg —

length on wire 2 due to wire 1? (01/)\E8)

the x component of the magnetic force per unit length= N/m

16: ANS:=8.84E-11

do
cosld —
i+ dy
F; Lot1tady

L 2n(d?+d2)

(4r x 107'T-m/A)(4 x 10> A)(6.8 x 107> A)(0.05m)
27[(0.024m)? + (0.050m)?]

—8.84 x 107" N/m




Problem 7

In the figure. four long straight wires are perpendicular to the page, and

their cross sections form a square of edge length a = 13.5 cm. Each wire Y
carries 7.50 A, and the currents are out of the page in wires 1 and 4 and |

into the page in wires 2 and 3. In unit-vector notation, what is the net a
magnetic force per meter of wire length on wire 4? F' = F,1 + Fyﬁ + F.k

. (03/)\EB) a !

_ 4 3
(a)Fe= . J}- a —(L X
17: ANS:=-1.25E-4 - y
(b)Fy= N E1=E4+Fz4+F34'Wlth &= 45°, I ,,,,,,,,,,,,,,,,7‘2

e e /,107'2 K ‘uor'z cos45° _ 3,1,101'2 y ’ i
18: ANS:=4.17E-5  [wTFemFacosO=—0 e e A
(C}Fz=7 N Eh. =F41 —F42 . Ml _zuor sin4s N ﬂof‘- . ///,, i
j 2Ta 2\/53'59' Amta fig P |
19: ANS:=0 Fo | |
- 9 4 3 X
Fp
2 \2 7 \2 i 2 - / 2
Fo=(F2am ) o 3 [ sl _ 104, :\/E(zncxlo "T-m/A)(7.50A)
RS 4ma 41a 4ma 470(0.135m)

=1.32x10"*N/m

~ Hy, - 1
F, makes an angle ¢ with the positive x axis ¢ =tan ' (FLJ = tan"' (_E] =162°.

4x

F, =(1.32x107* N/m)[cos162°F +sin162°]]= (—1.25x10~* N/m)7 +(4.17x10~° N/m);



Problem 8
Each of the eight conductors in the figure carries 2.0 A of current into or

out of the page. Two paths are indicated for the line integral ¢ B-ds. ®@ « ® ®@ ©
What is the value of the integral for (a) path 1 and (b) path 2?2 (02/)\E8) ' ® b ’ - w
(a) the value of the integral for path 1= T -m I 2
20: ANS:=-2.5E-6
(b) the value of the integral for path 2= T-m
21: ANS:=0 . - —»

{El}j;B -dS = pot (b]§E -dS = potenc =0

= — (4w x 10T -m/A)(24) = —2.5 x 107°T-m



Problem 9

The figure shows a cross section across a diameter of a long cylindrical
conductor of radius @ = 2.00 cm carrying uniform current 170 A. What is S—
the magnitude of the current's magnetic field at radial distance (a) 0, (b) / !

1.00 cm, (c¢) 2.00 cm (wire’s surface), and (d) 4.00 cm? (04/)\E8) a

(a) the magnitude of the current’s magnetic field at radial distance 0 L _.
cm= Ji .

22: ANS:=0 \ /
(b) the magnitude of the current’s magnetic field at radial distance 1 e
cm= T

23: ANS:=8.5E-4  p_ i/ 21ra” for the B-field inside the wire (r<a)

(c)at distance 2 B=u,i/2rr for that outside the wire ( > a).

cm, B= T

(a) At r=0, B=0.
24: ANS:=1.7E-3

(datdistance 4 (b) At 7=0.0100m, =t _ (4mxX107T-wAYITOAY0.0100m) _, 5o ;o1
cm. B= T 27a’® 277(0.0200m)’

: :=8.5E- i 107" T-m/! A)(0.02001
25: ANS:=8.5E-4 oy At = =0,0200m, p=to - AEx10" T-WA)I70A)0.0200m) _, -6000-7T,

~

27a 27(0.0200m)’
My (4mx107 T-m/A)(170A)
27r 27(0.0400m)

(d) At »=0.0400m, B= =8.50x107*T.




Problem 10

The current density J inside a long, solid, cylindrical wire of radius @ = 3.1 mum is in the direction of
the central axis, and its magnitude varies linearly with radial distance r from the axis according to

J = Jyr/a, where Jy = 310 A/m?. Find the magnitude of the magnetic field at (a) » = 0, (b) r = a/2,
and (c) r = a. (03/)\E§)

=0, B= T ' , . ] 2
e =025 Forr<a, B(r):‘uormc S J J(r)ZErdr:ﬂJ A []—}23'5;%?7*:—'UOJOF :
26: ANS:=0 2nr  2mr-? 21 70 a 3a
(b) r =a/2, B= I (a) r=0, B=0.

: e 2 =% i 2 -3 2 _
27: ANS:=1E-7 ) =l B(?ﬁ):‘uo.foz _ (4nx10" T 111/A)(310A/1131 )(3.1x107°m/ 2) _1O0XI07 T,
(c) 7 = a, B= T 3a 3(3.1x107m)

= : 2 -3
28: ANS:=4E-7 ©) r=aq, B(r:a):,uo.%](}a: (4rx10~" T 111/A)(320A/m )(3.1x10 m)=4.0><10_7T.
Problem 11

A toroid having a square cross section, 5.00 cm on a side, and an inner radius of 15.0 cm has 500 turns
and carries a current of 0.800 A. (It is made up of a square solenoid - instead of a round one -bent into a
doughnut shape.) What is the magnetic field inside the toroid at (a) the mner radius and (b) the outer

radius? (02/)\8)

(a) the magnetic field inside the toroid at the inner

N (4mx107 T-m/A)(0.800A)(500
=tV _| A (500) _ 2310
29: ANS:=5.33E-4 2nr 2m(0.150 m)

(b) the magnetic field inside the toroid at the outer % U iN (4‘."E>< 107 T-m/ A){O.SOOA)(SOO)

_ =400x107*T.
30: ANS:=4E-4 27ty 27(0.200m)




Problem 11

A long solenoid with 10.0 turns/cm and a radius of 7.00 cm carries a current of 20.0 mA. A current of
6.00 A exists in a straight conductor located along the central axis of the solenoid. (a) At what radial
distance from the axis will the direction of the resulting magnetic field be at 45.0° to the axial direction?

(b) What is the magnitude of the magnetic field there? (02/)\E8)

(a)the radial distance= cm

31: ANS:=4.77

(b)the magnitude of the magneticfield= T
32: ANS:=3.55E-5

B1B B,=B, B =pujn=B, =td»
2nd

g_ L 6.00 A

 2min 3 21(20.0x107° A)(10 turns/cm)

=4 7T Cm .

B=+/2B, =~/2(41x107 T-m/A)(20.0x10 A)(10turns/0.0100m)=3.55x10~°T.



