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An infinitely long straight current of magnitude I = 6A is directed into the plane (®) and located a
distance d = 0.4m from the coordinate origin (somewhere on the dashed circle). The magnetic

field B generated by this current is in the negative y-direction as shown.

(a) Find the magnitude B of the magnetic field.
(b) Mark the location of the position of the current ® on the dashed circle.
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An infinitely long straight current of magnitude I = 6A is directed into the plane (®) and located a
distance d = 0.4m from the coordinate origin (somewhere on the dashed circle). The magnetic

field B generated by this current is in the negative y-direction as shown.

(a) Find the magnitude B of the magnetic field.
(b) Mark the location of the position of the current ® on the dashed circle.

Solution: \
ll 0.4m i
po 1 ‘ ' A
(@) B= —- =3uT. \ :
27 d N B )/
(b) Position of current @ isaty = 0, x = —0.4m. N !




In the circuit shown we close the switch S at time ¢ = 0. Find the current I through the battery and

the voltage V;, across the inductor W
(a) immediately after the switch has been closed, 5H
(b) a very long time later.

- WW—
4Q

2Q 2Q

12V
oo
S o T
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In the circuit shown we close the switch S at time ¢ = 0. Find the current I through the battery and
the voltage V;, across the inductor W

(a) immediately after the switch has been closed, 5H

(b) a very long time later.

- WW—
4Q

2Q 2Q
12V
. e i
Sol :
olution S H T
12V
@ 1= 5o arag = V= (4Q)(1.5A) = 6V.
(b) I 12V 3A, Vi, =0.

T 20 +20
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At time t = 0 the capacitor is charged to Q.- = 3uC and the current is instantaneously zero.

(a) How much energy is stored in the capacitor at time ¢ = 0?
(b) At what time t; does the current reach its maximum value?
(c) How much energy is stored in the inductor at time ¢;?

L =40mH

— ),

C =9uF
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At time t = 0 the capacitor is charged to Q.- = 3uC and the current is instantaneously zero.

(a) How much energy is stored in the capacitor at time ¢ = 0?
(b) At what time t; does the current reach its maximum value?
(c) How much energy is stored in the inductor at time ¢;?

L =40mH

— ),

Solution:
, C =9uF

a) Uo = —2% = 0.5ul.
@) Uc = =2 p | |

2m T
(b) T'= — =27V LC = 3.77ms, t1 = i 0.942ms.

w
(c) Ur, =Ugs =0.5ud  (energy conservation.)
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Consider the circuit shown. The ac voltage supplied is £ = & qa cos(wt) with £,,4, = 170V and
w = 377rad/s.

(a) What is the maximum value I, Of the current?
(b) What is the emf £(¢) att = 0.01s?
(c) What is the current I(t) att = 0.01s? O
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Consider the circuit shown. The ac voltage supplied is £ = & qa cos(wt) with £,,4, = 170V and
w = 377rad/s.

(a) What is the maximum value I, Of the current?
(b) What is the emf £(¢) att = 0.01s?

(c) What is the current I(t) att = 0.01s? O
Solution: | |
E
(a) Imaz = ;{naw = gmawwc = 1.03A. 16“ F
C .

(b) & = (170V) cos(3.77rad) = (170V)(—0.809) = —138V.
(€) I =EmazwC cos(3.77rad + w/2) = (1.03A)(0.588) = 0.605A.

FERE
LI




Consider two infinitely long, straight wires with currents of equal magnitude I; = I = 5A in the
directions shown.

Find the direction (in/out) and the magnitude of the magnetic fields B; and B at the points
marked in the graph.

af
a Bl

2m

2m
o
N

2m  2m —
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Consider two infinitely long, straight wires with currents of equal magnitude I; = I = 5A in the
directions shown.

Find the direction (in/out) and the magnitude of the magnetic fields B; and B at the points
marked in the graph.

.|
a
Bq
9]
&
[Q\|
Solution: ) B2
S
5A  5A .
o B = ro (— — —) = 0 (no direction).
2 \4dm  4m ’m m —
wo (DA BA | b

e By = — (— — —) = 0.25uT (out of plane).
2m  4m

21
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A conducting loop in the shape of a square with area A = 4m? and resistance R = 552 is placed in

the yz-plane as shown. A time-dependent magnetic field B = B, i is present. The dependence of
B, on time is shown graphically.

(a) Find the magnetic flux ® g through the loop at time ¢t = 0.
(b) Find magnitude and direction (cw/ccw) of the induced current I at time ¢t = 2s.

y
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A conducting loop in the shape of a square with area A = 4m? and resistance R = 552 is placed in

the yz-plane as shown. A time-dependent magnetic field B = B, i is present. The dependence of
B, on time is shown graphically.

(a) Find the magnetic flux ® g through the loop at time ¢t = 0.
(b) Find magnitude and direction (cw/ccw) of the induced current I at time ¢t = 2s.

y

y4
Choice of area vector: ©®/® = positive direction = ccw/cw.

(@) ®p = +(1T)(4m?) = +£4Tm?.

dd 4P
(b) d—tB = +(0.5T/s)(4m?) = £2V. = &= —d—tB = F2V.
2
= | = E = qE—V = F0.4A (cw).

R 52




In the circuit shown the switch S is initially open.
Find the current I through the battery

(a) while the switch is open,

(b) immediately after the switch has been closed,
(c) a very long time later.

2Q

7H
/s
AW
60
30
12V
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In the circuit shown the switch S is initially open.
Find the current I through the battery

(a) while the switch is open,

(b) immediately after the switch has been closed,
(c) a very long time later.

7H
/s
6Q
2Q 3Q
@ I = L2V — 1.09A.
2Q + 3Q + 6Q 12V
(b) I = 12V — 1.09A. |0
20 + 3Q + 60 n
(c) I 12V = 2.4A.

= 20 + 30
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Consider the circuit shown. The ac voltage supplied is £ = & qa cos(wt) with £,,4, = 170V and
w = 377rad/s.

(a) What is the maximum value I, Of the current?
(b) What is the emf £ att = 0.02s?
(c) What is the current I at t = 0.02s? @

— D~

L = 30mH
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Consider the circuit shown. The ac voltage supplied is £ = & qa cos(wt) with £,,4, = 170V and
w = 377rad/s.

(a) What is the maximum value I, Of the current?
(b) What is the emf £ att = 0.02s?
(c) What is the current I at t = 0.02s? @

— D~

@) Imaz = maz _ Emas _ 17OV _ 00y L = 30mH

X, wL — 11.3Q
(b) & = Emax cos(7.54rad) = (170V)(0.309) = 52.5V.
(€) I = Iinaa cos(7.54rad — w/2) = (15.0A)(0.951) = 14.3A.
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Consider a rectangular conducting loop in the zy-plane with a counterclockwise current I = 7A in

a uniform magnetic field B = 3Tx.
(a) Find the magnetic moment i (magnitude and direction) of the loop.

(b) Find the force F (magnitude and direction) acting on the side ab of the rectangle.
(c) Find the torque 7 (magnitude and direction) acting on the loop.

y
O9m
< b
v A 5m
> a
X
—>
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Consider a rectangular conducting loop in the zy-plane with a counterclockwise current I = 7A in

a uniform magnetic field B = 3Tx.
(a) Find the magnetic moment i (magnitude and direction) of the loop.

(b) Find the force F (magnitude and direction) acting on the side ab of the rectangle.
(c) Find the torque 7 (magnitude and direction) acting on the loop.

y
Om
< b
v A 5m
> a
Solution: X
%
£ B
(@) 7= (7A)(45m?)k = 315Am?>k.
(b) F=1IL x B = (7A)(5mj) x (3T%) = —105Nk.
(€) 7= jix B = (3156Am?k) x (3T%) = 945Nm}




Consider two very long, straight wires with currents I; = 6Aatxz = Imand Is = 3Aatx = 3min
the directions shown. Find magnitude and direction (up/down) of the magnetic field

(@) Bp atz = 0, | ;= 6A | = 3A
(b) B2 at x = 2m, By B, By
(c) B4 at x = 4m. ° @ ° ® °

| | | | |
0 1 2 3 4
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Consider two very long, straight wires with currents I; = 6Aatxz = Imand Is = 3Aatx = 3min
the directions shown. Find magnitude and direction (up/down) of the magnetic field

(@) Bg atx = 0,
(b) B2 at x = 2m,
(c) B4 at x = 4m.

| = 6A | = 3A
B, B,
O

| | | | |
0 1 2 3 4

BO
°

Solution:
_ po(64)
@) Bo = 27 (1m)
_ ko(6A)
(b) B2 = 27 (1m)
(©) By — po(6A)

27(3m)

A
0BA) 4 5T 4 0.2uT = —1.04T  (down),
27 (3m)
3A
27(1m)
A
27(1m)
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A conducting frame with a moving conducting rod is located in a uniform magnetic field as shown.
(a) Find the magnetic flux ® g through the frame at the instant shown.

(b) Find the induced emf £ at the instant shown.

(c) Find the direction (cw/ccw) of the induced current.

2m V = 4m/s
&

2m

4m 2m
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A conducting frame with a moving conducting rod is located in a uniform magnetic field as shown.
(a) Find the magnetic flux ® g through the frame at the instant shown.

(b) Find the induced emf £ at the instant shown.

(c) Find the direction (cw/ccw) of the induced current.

\
2m vV =4ml/s
V| &
‘| B=5T
2m
\
Solution:
4m 2m
@) ®p =A-B = =+(20m?)(5T) = +100Wh.
(b) €= —% = +(5T)(2m)(4m/s) = £40V.

(c) clockwise.




i

FUREL R ARER

'-"”-"-"-i-ﬂq D

A proton (m = 1.67 x 10727Kkg, ¢ = 1.60 x 10~ 19C) with velocity v = 3.7 x 10*m/s enters a
region of magnetic field B directed perpendicular to the plane of the sheet. The field bends the
path of the proton into a semicircle of radius » = 19cm as shown.

(a) Find the force necessary to keep the proton moving on the circle
(b) Find the direction (® or ®) and the magnitude of the magnetic field B that provides this force.
(c) Find the time t it takes the proton to complete the semicircular motion.
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A proton (m = 1.67 x 10727Kkg, ¢ = 1.60 x 10~ 19C) with velocity v = 3.7 x 10*m/s enters a
region of magnetic field B directed perpendicular to the plane of the sheet. The field bends the
path of the proton into a semicircle of radius » = 19cm as shown.

(a) Find the force necessary to keep the proton moving on the circle
(b) Find the direction (® or ®) and the magnitude of the magnetic field B that provides this force.
(c) Find the time t it takes the proton to complete the semicircular motion.

Solution:

2
@ F="" —120x10"1"N.
T

F
by F=quB = B=-—=203x10"3T. ®
qu

©) vt =7r = t=_1 —=1.61x 10 7.
()
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Consider two circular currents I; = 3A at radius r1 = 2m and Is = 5A at radius ro = 4m in the
directions shown.

(a) Find magnitude B and direction (®, ®) of the resultant magnetic field at the center.

(b) Find magnitude x and direction (®, ®) of the magnetic dipole moment generated by the two
currents.

l5

P

',
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Consider two circular currents I; = 3A at radius r1 = 2m and Is = 5A at radius ro = 4m in the
directions shown.

(a) Find magnitude B and direction (®, ®) of the resultant magnetic field at the center.

(b) Find magnitude x and direction (®, ®) of the magnetic dipole moment generated by the two

currents.

Solution: | 2
3A 5A

(a) B = 0BA) _ moBA) g o 785 % 10-7T

2(2m) 2(4m)

= B=157Tx107"T ®
(b) p = m(4m)?(5A) — w(2m)?(3A) = (251 — 38)Am? '

= u=213Am? ©
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(a) Consider a solid wire of radius R = 3mm.

Find magnitude I and direction (in/out) that produces a magnetic field B = 7T at radius
r = 8mm.

(b) Consider a hollow cable with inner radius R;,; = 3mm and outer radius Rez+ = 5mm.

A current I,,: = 0.9A is directed out of the plane.
Find direction (up/down) and magnitude B2, Bg of the magnetic field at radius r2 = 2mm and

re = 6mm, respectively.

(@) (b)

out

(e2)
30
3

8mm Oomm Zﬁm
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(a) Consider a solid wire of radius R = 3mm.

Find magnitude I and direction (in/out) that produces a magnetic field B = 7T at radius

r = 8mm.

(b) Consider a hollow cable with inner radius R;,; = 3mm and outer radius Rez+ = 5mm.

A current I,,: = 0.9A is directed out of the plane.

Find direction (up/down) and magnitude B2, Bg of the magnetic field at radius r2 = 2mm and
re = 6mm, respectively.

(@) (b)

Solution:

out

pol
27 (8mm)
_ Mo (0.9A)
27 (6mm)

(@) 7uT = = [ = 0.28A (out).

(e2)
30
3

8mm Oomm 2r;1m

(b) B2 =0, Beg = 30uT (up).
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A circular wire of radius » = 2.5m and resistance R = 4.8 is placed in the yz-plane as shown.

A time-dependent magnetic field B = B, i is present.
The dependence of B, on time is shown graphically.

(a) Find the magnitude |<I>§31)| and |<I>§93)| of the magnetic flux through the cicle at times ¢t = 1s and
t = 3s, respectively.

(b) Find magnitude Iy, I3 and direction (cw/ccw) of the induced current at times ¢t = 1s and t = 3s,
respectively.

. By [T]
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A circular wire of radius » = 2.5m and resistance R = 4.8 is placed in the yz-plane as shown.

A time-dependent magnetic field B = B, i is present.
The dependence of B, on time is shown graphically.

(a) Find the magnitude |<I>§31)| and |<I>§93)| of the magnetic flux through the cicle at times ¢t = 1s and
t = 3s, respectively.
(b) Find magnitude Iy, I3 and direction (cw/ccw) of the induced current at times ¢t = 1s and t = 3s,

respectively.
n By [T]
Solution: c JE RN
2
(@) 2| = 7 (2.5m)%(2T) = 39.3 Wh, y 1T .
0 | t[s
@] = 7(2.5m)2(1T) = 19.6 Wh. y 0o 2 4
do'})
b =0 = I =0,
(b) = 1
(3)
dd 19.
dtB = |7(2.5m)*(—1T/s)| = 19.6V = I3 = fTGS;/ =4.1A (ccw).




Wi |_|""':'E"! TR

A proton (m = 1.67 x 10727Kg, ¢ = 1.60 x 10~ 19C) with velocity v = 3.7 x 10*m/s moves on a
circle of radius » = 0.49m in a counterclockwise direction.

(a) Find the centripetal force F' needed to keep the proton on the circle.

(b) Find direction (® or ®) and magnitude of the field B that provides the centripetal force F'.
(c) Find the electric current I produced by the rotating proton.
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A proton (m = 1.67 x 10727Kg, ¢ = 1.60 x 10~ 19C) with velocity v = 3.7 x 10*m/s moves on a
circle of radius » = 0.49m in a counterclockwise direction.

(a) Find the centripetal force F' needed to keep the proton on the circle.

(b) Find direction (® or ®) and magnitude of the field B that provides the centripetal force F'.
(c) Find the electric current I produced by the rotating proton.

V
Solution:
% 1.67 x 107 27ke) (3.7 x 10% 2
@ F="" _ (1.67 X g)B.Tx 107m/s)" _ | o o-18N.
T 0.49m
F 4.67 x 10~ 18N
b) F=qgvB = B=— = = 0.788mT ® (in).
(b) b qv (160 x 10-19C)(3.7 x 104m/s) (in)
2
=2 =" o =2 _192x10"15A.
T v 2mr
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A triangular conducting loop in the yz-plane with a counterclockwise current I = 3A is free to

rotate about the axis PQ. A uniform magnetic field B = 0.5Tk is present. (a) Find the magnetic
moment i (magnitude and direction) of the triangle.
(b) Find the magnetic torque 7 (magnitude and direction) acting on the triangle.

(c) Find the magnetic force Fy (magnitude and direction) acting on the long side (hypotenuse) of
the triangle.

(d) Find the force Fr (magnitude and direction) that must be applied to the corner R to keep the
triangle from rotating.
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A triangular conducting loop in the yz-plane with a counterclockwise current I = 3A is free to

rotate about the axis PQ. A uniform magnetic field B = 0.5Tk is present. (a) Find the magnetic
moment i (magnitude and direction) of the triangle.
(b) Find the magnetic torque 7 (magnitude and direction) acting on the triangle.

(c) Find the magnetic force Fy (magnitude and direction) acting on the long side (hypotenuse) of
the triangle.

(d) Find the force Fr (magnitude and direction) that must be applied to the corner R to keep the
triangle from rotating.

8my
Solution: B

(@) = (3A)(32m?)i = 96Am?1.

(b) 7= x B = (96Am?7) x (0.5Tk) = —48Nm.

(c) Fy = (3A)(8v2m)(0.5T)(sin45°) = 12N .
(d) (—8mk) x Fp = —7 = 48Nm} = Fpr = —6Nu.

X




Wi |_|""':'E"! TR

Two semi-infinite straight wires are connected to a curved wire in the form of a full circle, quarter
circle, or half circle of radius R = 1m in four different configurations. A current I = 1A flows in the

directions shown. Find magnitude B,, By, B¢, B4 and direction (®/®) of the magnetic field thus
generated at the points a, b, ¢, d.
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Two semi-infinite straight wires are connected to a curved wire in the form of a full circle, quarter
circle, or half circle of radius R = 1m in four different configurations. A current I = 1A flows in the
directions shown. Find magnitude B,, By, B¢, B4 and direction (®/®) of the magnetic field thus
generated at the points a, b, ¢, d.

Solution: o | o |
DT

I I I
B, = | KoL 4 KoL HO ‘::|100dT-+628nTh+100an::828nT‘ ®

A7 R 2R A7 R

1 1 1
B, = HO 4 pol Mo
A7 R 4R AR

' = [100nT 4+ 314nT — 100nT| = 314nT ®

pol  po
B.=|—+4+ — 4+ 0| = (|100nT + 157nT| = 257nT
R g 0T 00T 15T ne
| mol  pol | pol| _
Bg=|— — + = [100nT — 628nT + 100nT| = 428nT ©

A7 R 2R AT R
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A pair of rails are connected by two mobile rods. A uniform magnetic field B directed into the

plane is present. In the situations (a), (b), (c), (d), one or both rods move at constant velocity as
shown. The resistance of the conducting loop is R = 0.2 in each case. Find magnitude I and
direction (cw/ccw) of the induced current in each case.

(a) (c)

4m ® s 4m L & e
l B =0T v =3m/s l v =5m/s B =0T v =3m/s

(b) (d)

v =5m/s vV = 3m/s

B=0.7T B=0.7T

e -] >
4ml v=bmis _ 4ml ®
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A pair of rails are connected by two mobile rods. A uniform magnetic field B directed into the
plane is present. In the situations (a), (b), (c), (d), one or both rods move at constant velocity as
shown. The resistance of the conducting loop is R = 0.2 in each case. Find magnitude I and
direction (cw/ccw) of the induced current in each case.

(a) (©)
4””‘ B(:go.?T _v>=3m/s 4ml v =5m/s B:@;.?T _v>=3m/s
(b) (d)
m o _r & m . & e
Solution: 4 l v=smis | oo 4 l v=smis| o oo | v=3mis
8.4V
(a) |5| = (3m/s)(0.7T)(4m) = 8.4V, I = m = 42A cCcw
14V
5.6V
() |€] = (bm/s —3m/s)(0.7T)(4m) = 5.6V, I = 020 28A CcW
22.4V
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(a) Two very long straight wires carry currents as shown. A cube with edges of length 8cm serves

as scaffold. Find the magnetic field at point P in the form B = B.i+ B,j + B.k with B,, B,, B,
in S| units.

(b) Two circular currents of radius 5cm, one in the zy-lane and the other in the yz-plane, carry
currents as shown. Both circles are centered at point O. Find the magnetic field at point O in the

form B = B.i+ B,j+ B.k with B, B,, B, in Sl units.
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(a) Two very long straight wires carry currents as shown. A cube with edges of length 8cm serves

as scaffold. Find the magnetic field at point P in the form B = B.i+ B,j + B.k with B,, B,, B,
in S| units.

(b) Two circular currents of radius 5cm, one in the zy-lane and the other in the yz-plane, carry
currents as shown. Both circles are centered at point O. Find the magnetic field at point O in the

form B = B.i+ B,j+ B.k with B, B,, B, in Sl units.

Solution: X 2A

2A 3A
L= po(24) suT. B. — fo(3A)
27(0.08m) 27(0.08m)

2A A
Ho(24) 25.1uT, B, =0, B,= _ _Ho(BA)
2(0.05m)

(a) By = 07

= T7.5uT.

_ — _37.7uT.
2(0.05m) H
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The coaxial cable shown has surfaces at radii 1mm, 3mm, and 5mm. The magnetic field is the
same at radii 2mm and 6mm, namely B = 7uT in the direction shown.

(a) Find magnitude (in Sl units) and direction (in/out) of the current I;,+ flowing through the inner
conductor.

(b) Find magnitude (in Sl units) and direction (in/out) of the current I« flowing through the outer
conductor.

1,

6mm
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The coaxial cable shown has surfaces at radii 1mm, 3mm, and 5mm. The magnetic field is the
same at radii 2mm and 6mm, namely B = 7uT in the direction shown.

(a) Find magnitude (in Sl units) and direction (in/out) of the current I;,+ flowing through the inner

conductor.
(b) Find magnitude (in Sl units) and direction (in/out) of the current I« flowing through the outer
conductor.
Bl
r
6mm
Solution:

(@) (7pT)(2m)(0.002m) = poling = Iint = 0.07TA (out)

(b) (7,LLT)(27T) (0006m) = 1o (Iint + Iext) = ILint + lext = 0.21A (OUt)




i

-y __..I'. 'y - s —
s -|“

LEECICH .I_E_ LT,

A conducting frame with a moving conducting rod is located in a uniform magnetic field as shown.
The rod moves at constant velocity.

(a) Find the magnetic flux ® g through the frame and the induced emf £ around the frame at the
instant shown.

(b) Find the magnetic flux ® g through the frame and the induced emf £ around the frame two
seconds later.

Write magnitudes only (in Sl units), no directions.

2m VvV =2m/s
©

2m

4m 2m
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A conducting frame with a moving conducting rod is located in a uniform magnetic field as shown.
The rod moves at constant velocity.

(a) Find the magnetic flux ® g through the frame and the induced emf £ around the frame at the
instant shown.

(b) Find the magnetic flux ® g through the frame and the induced emf £ around the frame two
seconds later.

Write magnitudes only (in Sl units), no directions.

2m VvV =2m/s
©

2m

Solution: am om

(@) &5 = (20m?)(3T) = 60Wb, &£ = (2m/s)(3T)(2m) = 12V.
(b) &5 = (8m?)(3T) = 24Wb, & = (2m/s)(3T)(4m) = 24V.
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In a region of uniform magnetic field B = 5mT4i, a proton

(m = 1.67 x 10727kg, ¢ = 1.60 x 10~19C) is launched with velocity vy = 4000m /sk.

(a) Calculate the magnitude F' of the magnetic force that keeps the proton on a circular path.
(b) Calculate the radius r of the circular path.

(c) Calculate the time T' it takes the proton to go around that circle once.

(d) Sketch the circular path of the proton in the graph.




In a region of uniform magnetic field B = 5mT4i, a proton

(m = 1.67 x 10727kg, ¢ = 1.60 x 10~19C) is launched with velocity vy = 4000m /sk.

(a) Calculate the magnitude F' of the magnetic force that keeps the proton on a circular path.
(b) Calculate the radius r of the circular path.

(c) Calculate the time T' it takes the proton to go around that circle once.

(d) Sketch the circular path of the proton in the graph.

z
VO
Solution:
m, g
(@) F = quoB = 3.2 x 107 8N.
2 y
(b) ™o quoB = r = %0 _ 8.35mm. /
T qB B

2rr 2mm X
(c) T = = = 13.1us.

V0 qB

(d) Center of circle to the right of proton’s initial position (cw motion).

i
TR
|_|_||_|-_--.i_E_"-' T




i

FUREL R ARER

'-"”-"-"-i-ﬂq T

(a) Two very long straight wires positioned in the xy-plane carry electric currents I, I> as shown.
Calculate magnitude (B1, B2) and direction (®, ®) of the magnetic field produced by each current
at the origin of the coordinate system.

(b) A conducting loop of radius » = 3cm placed in the zy-plane carries a current Is = 0.7A in the
direction shown. Find direction and magnitude of the torque 7 acting on the loop if it is placed in a

magnetic field B = 5mTi.

yo (a) y (b)
/' | ,=0.7A
1,=5A /| f\
74lE
/ 2cm ‘g X \/ X
. 5
_ 1,=3A —

B=5mT
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(a) Two very long straight wires positioned in the xy-plane carry electric currents I, I> as shown.
Calculate magnitude (B1, B2) and direction (®, ®) of the magnetic field produced by each current
at the origin of the coordinate system.

(b) A conducting loop of radius » = 3cm placed in the zy-plane carries a current Is = 0.7A in the
direction shown. Find direction and magnitude of the torque 7 acting on the loop if it is placed in a

magnetic field B = 5mTi.

y (a) y (b)
/' |,=0.7A
1,=5A / | r/
Sl DU VA
. (@)
‘ 3
Solution: 1= 3A B=5mT
po(3A) 1o (bA)
a) B = ——— = 30uT. = = 70.9uT.
@ B 27 (2cm) pt. O >~ 2rx(1.41cm) pt. O

(b) 7= 7(3cm)?(0.7A)k = 1.98 x 107 3Am?’k = 7=/ x B =19.90 x 10-5Nmj.
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The coaxial cable shown in cross section has surfaces at radii 1mm, 3mm, and 5mm. Equal
currents flow through both conductors: I;,; = Izt = 0.03A ® (out). Find direction (T, |) and
magnitude (B1, B3, Bs, B7) of the magnetic field at the four radii indicated (e).

ext

3mm 7mm r
@
Imm 5mm
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The coaxial cable shown in cross section has surfaces at radii 1mm, 3mm, and 5mm. Equal
currents flow through both conductors: I;,; = Izt = 0.03A ® (out). Find direction (T, |) and
magnitude (B1, B3, Bs, B7) of the magnetic field at the four radii indicated (e).

Solution:

2m(1lmm)B1 = uop(0.03A
27 (3mm)B; = pup(0.03A
27 (bmm)B1 = o (0.06A
27 (Tmm)B; = o (0.06A

)
)
)
)

ext

3mm 7mm
3 r
Imm 5mm

= By =6uT 17
= B =2uT 1
= By =24uT
= B =1.71uT 7




In the circuit shown we close the switch S at time ¢ = 0. Find the current I, through the inductor
and the voltage Vg across the 62-resistor
(a) immediately after the switch has been closed,

(b) a very long time later. W
7H

- WW—
6Q

3Q 1Q

12V
o
S o
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In the circuit shown we close the switch S at time ¢ = 0. Find the current I, through the inductor
and the voltage Vg across the 62-resistor
(a) immediately after the switch has been closed,

(b) a very long time later. W
7H

6Q
3Q 1Q
12V

Solution:

12V
@) I, =0, Is=—— =12A, Vg=(6Q)(1.2A)="7.2V.

109 o0

12V S
b) I, = — =3A, Vg =0.
() L 10 ) 6
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At time ¢ = 0 the capacitor is charged to Q... = 4uC and the switch is being closed. The charge
on the capacitor begins to decrease and the current through the inductor begins to increase.

(a) At what time t; is the capacitor discharged for the first time?

(b) At what time t5 has the current through the inductor returned to zero for the first time?

(c) What is the maximum energy stored in the capacitor at any time?

(d) What is the maximum energy stored in the inductor at any time?

L = 30mH
— ({0,
C = 5UF S
|
|
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At time ¢ = 0 the capacitor is charged to Q... = 4uC and the switch is being closed. The charge
on the capacitor begins to decrease and the current through the inductor begins to increase.

(a) At what time t; is the capacitor discharged for the first time?

(b) At what time t5 has the current through the inductor returned to zero for the first time?

(c) What is the maximum energy stored in the capacitor at any time?

(d) What is the maximum energy stored in the inductor at any time?

L =30mH
Solution:
C = 5UF S
27 T |
@ T=— =27V LC = 2.43ms, t1 = i 0.608ms. |
w
(b) to = % = 1.22ms.

2
(©) UZ™” = e — 1.6ul.

(d) U =UA" =1.6pud  (energy conservation.)
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The ac voltage supplied in the circuit shown is € = &y cos(wt) with £,,4, = 170V and
w = 377rad/s.

(a) What is the maximum value I, Of the current?
(b) What is the emf £(t) at t = 5ms?
(c) What is the current I(¢) at t = 5ms?

(d) What is the power transfer P(t) between ac source and device at t = 5ms?

S

L = 40mH

(D
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The ac voltage supplied in the circuit shown is € = &y cos(wt) with £,,4, = 170V and
w = 377rad/s.

(a) What is the maximum value I, Of the current?

(b) What is the emf £(t) at t = 5ms?

(c) What is the current I(¢) at t = 5ms?

(d) What is the power transfer P(t) between ac source and device at t = 5ms?

S

L = 40mH

Solution: \(MI

(a) Imaa: — gmaa: = L7V = 11.3A.

wL — (377rad/s)(40mH)
(b) € = (170V) cos(1.885rad) = (170V)(—0.309) = —52.5V.

() I =(11.3A)cos(1.885rad — 7/2) = (11.3A) cos(0.314) = (11.3A)(0.951) = 10.7A.
(d) P=&EI=(-52.5V)(10.7A) = —562W.

FERE
LI
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In a region of uniform magnetic field B a proton (m = 1.67 x 10~2"kg, ¢ = 1.60 x 10~12C)
experiences a force F = 9.0 x 10~ 19N i as it passes through point P with velocity

vo = 3000m/s j on a circular path.

(a) Find the magnetic field B (magnitude and direction).

(b) Calculate the radius r of the circular path.

(c) Locate the center C' of the circular path in the coordinate system on the page.

Z [cm]

5_




In a region of uniform magnetic field B a proton (m = 1.67 x 10~2"kg, ¢ = 1.60 x 10~12C)
experiences a force F = 9.0 x 10~ 19N i as it passes through point P with velocity

vo = 3000m/s j on a circular path.

(a) Find the magnetic field B (magnitude and direction).

(b) Calculate the radius r of the circular path.

(c) Locate the center C' of the circular path in the coordinate system on the page.

i
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Z [cm]
Solution:
5_
4 -
F _3 s s A
(@ B=—=188x10"°"T, i=jxk 3
quo 5
= B=1.88x 10" °Tk.
s Jrzpes
0
(b) F = = quo B L 7
2 2 L
mug, muvo 3HF-——----=
= r = = = 1.67cm. 4 P
F qB 5

(€) C =4.67cmi+ 3.00cm j. X [cm]
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In a region of uniform magnetic field B a proton (m = 1.67 x 10~2"kg, ¢ = 1.60 x 10~12C)
experiences a force F = 8.0 x 10~ 12N i as it passes through point P with velocity

vo = 2000m/s k on a circular path.
(a) Find the magnetic field B (magnitude and direction).
(b) Calculate the radius r of the circular path.

(c) Locate the center C' of the circular path in the coordinate system on the page.

X [cm]

z [cm]
— 5
— 4
/_3

— 2
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In a region of uniform magnetic field B a proton (m = 1.67 x 10~2"kg, ¢ = 1.60 x 10~12C)
experiences a force F = 8.0 x 10~ 12N i as it passes through point P with velocity

vo = 2000m/s k on a circular path.

(a) Find the magnetic field B (magnitude and direction).

(b) Calculate the radius r of the circular path.

(c) Locate the center C' of the circular path in the coordinate system on the page.

z [cm]
Solution:
~ 5
- 4
F -3 Y 3
(@ B=—=250x10"°T, i=kx(—j) 3
qUO /// — 2
= B = —2.50 x 1073T}j. P/
2 : "t1 2 3 4 s
I | | | | |
(b) F = 0 — quoB | ) y [cm]
2 /o ?
mug mug 3
= r = = = 0.835cm. 4
F qB 5

X [cm]

(c) C = 3.84cmi+ 3.00cm k.
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A very long, straight wire is positioned along the x-axis and a circular wire of 1.5cm radius in the

yz plane with its center P on the z-axis as shown. Both wires carry a current I = 0.6A in the
directions shown.

(a) Find the magnetic field B. (magnitude and direction) generated at point P by the current in the
circular wire.

(b) Find the magnetic field Bs (magnitude and direction) generated at point P by the current in the
straight wire.

(c) Find the magnetic moment i (magnitude and direction) of the circular current.

z [cm]
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A very long, straight wire is positioned along the x-axis and a circular wire of 1.5cm radius in the
yz plane with its center P on the z-axis as shown. Both wires carry a current I = 0.6A in the
directions shown.

(a) Find the magnetic field B. (magnitude and direction) generated at point P by the current in the

circular wire.
(b) Find the magnetic field Bs (magnitude and direction) generated at point P by the current in the
straight wire.
(c) Find the magnetic moment i (magnitude and direction) of the circular current.
z [cm]
Solution:
0.6A . .

(a) B, = Ho(0-6A) (—i) = —2.51 x 10" °Ti.

2(0.015m)

MO(O-GA) A — 6 e

b) Bs = —j) = —4.00 x 10" "T'}.

(b) B. 27r(0.03m)( J) . 5

() i =m(0.0156mm)2(0.6A)(—i) = —4.24 x 10~ *Am?i.
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A very long straight wire is positioned along the z-axis and a circular wire of 2.0cm radius in the yz

plane with its center P on the y-axis as shown. Both wires carry a current I = 0.5A in the
directions shown.

(a) Find the magnetic field B. (magnitude and direction) generated at point P by the current in the
circular wire.

(b) Find the magnetic field Bs (magnitude and direction) generated at point P by the current in the
straight wire.

(c) Find the magnetic moment i (magnitude and direction) of the circular current.

Z [cm]

— 5

-4




i

- __..I'.'.' ot ——
111 []

i
'.'-”-.".".'.ﬂ“'! R

A very long straight wire is positioned along the z-axis and a circular wire of 2.0cm radius in the yz
plane with its center P on the y-axis as shown. Both wires carry a current I = 0.5A in the
directions shown.

(a) Find the magnetic field B. (magnitude and direction) generated at point P by the current in the
circular wire.

(b) Find the magnetic field Bs (magnitude and direction) generated at point P by the current in the
straight wire.

(c) Find the magnetic moment i (magnitude and direction) of the circular current.

z [cm]
Solution: |
— 4
0.5A) .
(@) B, = Ho(0-54) i=157x10"°Ti. -3
2(0.02m) L, .
/
0.5A ~ ~ u
(b) Bs = ol ) (—k) = —2.86 x 10" °Tk. /2 3 4 s\ 6
27(0.035m) L1 1o

o L y [em]
~ R I 1 P
(©) &= m(0.02m)%(0.5A)1 = 6.28 x 10~ *Am?i. /3 2 U/‘,
4
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Consider a wire with a resistance per unit length of 1{2/cm bent into a rectangular loop and placed
into the yz-plane as shown. The magnetic field in the entire region is uniform and increases from

zero as follows: B = (2i + 1j + 3k)¢T/s, where ¢ is the time in seconds.

(a) Find the magnetic flux ® g through the rectangle at time ¢ = 2s.

(b) Find magnitude and direction (cw/ccw) of the induced EMF £ around the rectangle at time
t = 28S.

(c) Infer the induced current I from the induced EMF.
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Consider a wire with a resistance per unit length of 1{2/cm bent into a rectangular loop and placed
into the yz-plane as shown. The magnetic field in the entire region is uniform and increases from

zero as follows: B = (2i + 1j + 3k)tT/s, where t is the time in seconds.

(a) Find the magnetic flux ® g through the rectangle at time ¢ = 2s.

(b) Find magnitude and direction (cw/ccw) of the induced EMF £ around the rectangle at time
t = 28S.

(c) Infer the induced current I from the induced EMF.

Solution: z [em]
5 |
(@) ®p = +(4cm)(3cm)(2T/s)(2s) = +4.8 x 107 >Wb 4
(b) &€ =F(4cm)(3cm)(2T/s) = F2.4mV  (cw) 3
2.4mV 27
© = A em) (tacmy - O-LTImA o e s e
TR TR T B y [cm]
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Consider a wire with a resistance per unit length of 1{2/cm bent into a rectangular loop and placed
into the yz-plane as shown. The magnetic field in the entire region is uniform and increases from

zero as follows: B = (3i + 1j + 2k)¢T/s, where ¢ is the time in seconds.

(a) Find the magnetic flux ® g through the rectangle at time ¢ = 2s.

(b) Find magnitude and direction (cw/ccw) of the induced EMF £ around the rectangle at time
t = 28S.

(c) Infer the induced current I from the induced EMF.
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Consider a wire with a resistance per unit length of 1{2/cm bent into a rectangular loop and placed
into the yz-plane as shown. The magnetic field in the entire region is uniform and increases from

zero as follows: B = (3i + 1j + 2k)tT/s, where t is the time in seconds.

(a) Find the magnetic flux ® g through the rectangle at time ¢ = 2s.

(b) Find magnitude and direction (cw/ccw) of the induced EMF £ around the rectangle at time
t = 28S.

(c) Infer the induced current I from the induced EMF.

Solution: z [em]
5 —
(@) 5 = +(5cm)(3cm)(3T/s)(2s) = £9.0 x 107 >Wb 4
(b) &€ =F(5cm)(3cm)(3T/s) = F4.5mV (cw) 3
4.5mV 27
© 1= (1©2/cm)(16cm) = 0-281mA 9 L 5, 3 4 5 6
L1 y [cm]
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A counterclockwise current I = 1.7A [I = 1.3A] is flowing through the conducting rectangular

frame shown in a region of magnetic field B = 6mTj [B = 6mTK].

(a) Find the force Fy. [F 4] (magnitude and direction) acting on side bc [ab] of the rectangle.
(b) Find the magnetic moment /i (magnitude and direction) of the current loop.

(c) Find the torque 7 (magnitude and direction) acting on the current loop.

Z [cm]
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A counterclockwise current I = 1.7A [I = 1.3A] is flowing through the conducting rectangular
frame shown in a region of magnetic field B = 6mTj [B = 6mTK].

(a) Find the force Fy. [F 4] (magnitude and direction) acting on side bc [ab] of the rectangle.
(b) Find the magnetic moment /i (magnitude and direction) of the current loop.
(c) Find the torque 7 (magnitude and direction) acting on the current loop.

Z [cm]

Solution: 1 2 3 4 5
A A X . | | | | | y[cm]
(@) Fp. = (1.7A)(3cmk) X (6mTj) = —3.06 x 10~ *Ni L2
[Fop = (1.3A)(2cmj) x (6mTk) = 1.56 x 10~ Nf] 4

5
(b) & = [(2cm)(3cm)i](1.7A) = 1.02 x 10" 3Am?i

[Z = [(2cm)(3cm)i](1.3A) = 7.8 x 10~ *Am?i]
(€) 7= (1.02 x 107 3Am?i) x (6mTj) = 6.12 x 10" Nmk
[7 = (7.8 x 107*Am?1) x (6mTk) = —4.68 x 10~ Nmj]

X [cm]
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(a) Find the magnetic field B, (magnitude and direction) generated by the three long, straight
currents 11 = Io = I3 = 1.8mA [2.7mA]] in the directions shown.

(b) Find the magnetic field B, (magnitude and direction) generated by the two circular currents
Is = Ig = 1.5mA [2.5mA] in the directions shown.

(a) (b) 's




A
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(a) Find the magnetic field B, (magnitude and direction) generated by the three long, straight
currents 11 = Io = I3 = 1.8mA [2.7mA]] in the directions shown.

(b) Find the magnetic field B, (magnitude and direction) generated by the two circular currents
Is = Ig = 1.5mA [2.5mA] in the directions shown.

(a) (b) 's
I, —
&
: o
l1 I3 4cm
® o O,
Solution: 9cm Ba 9cm
(@) B, = MOUBMA) _ 10-9T (directed )
27(9cm)
(B, = M02TmA) _ o 10-9T (directed )]
27(9cm)
(b) B, = PomA)  po(LSmA) _ o o-8T  (directed ®)
2(4cm) 2(8cm)
2.5mA 2.5mA
(B, = Mo(25mA)  po(25mA) g0 10-8T  (directed ©)]

2(4cm) 2(8cm)
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Consider a region of uniform magnetic field B = (3i + 2j + 1k)mT [B = (2i + 3j + 1k)mT]. A
conducting rod slides along conducting rails in the yz-plane as shown. The rails are connected on
the right. The clock is set to ¢ = 0 at the instant shown.

(a) Find the magnetic flux ® g through the conducting loop at ¢t = 0.

(b) Find the magnetic flux ® g through the conducting loop at ¢t = 1s.

(c) Find the induced EMF.

(d) Find the direction (cw/ccw) of the induced current.

z [cm]

5 v=1cm/s
-
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Consider a region of uniform magnetic field B = (3i + 2j + 1k)mT [B = (2i + 3j + 1k)mT]. A
conducting rod slides along conducting rails in the yz-plane as shown. The rails are connected on
the right. The clock is set to ¢ = 0 at the instant shown.

(a) Find the magnetic flux ® g through the conducting loop at ¢t = 0.
(b) Find the magnetic flux ® g through the conducting loop at ¢t = 1s.
(c) Find the induced EMF.

(d) Find the direction (cw/ccw) of the induced current.

z [cm]
5 <Llcm/s
4
Solution: 3
(@) ®p = (3cm)(2cm)(3mT) = 1.8 x 107 Wb 27
[®p5 = (3cm)(2cm)(2mT) = 1.2 x 10~ SWh)] 1 1 2 34 5 5
(b) @5 = (4cm)(2cm)(3mT) = 2.4 x 10~°Wb T viem
[@p = (4cm)(2em)(2mT) = 1.6 x 10~ SWh) /s ’
(¢) £ = (lcm/s)(3mT)(2cm) =6 x 107V >

(£ = (lcm/s)(2mT)(2cm) = 4 x 107 V]
(d) cw [cw]




Consider two infinitely long, straight wires with currents I, = 7A, I, = 9A in the directions shown.
Find direction (in/out) and magnitude of the magnetic fields B, B2, B3 at the points marked in

the graph.
|a¢
Bs
S
(o] 2 o) B1
=
™M
3m 3m —=—
b
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Consider two infinitely long, straight wires with currents I, = 7A, I, = 9A in the directions shown.
Find direction (in/out) and magnitude of the magnetic fields B, B2, B3 at the points marked in

the graph.
ay
Bs
S| s
(o] 2 o) B1
=
)
Solution:
3m 3Mm —-=—
e Convention used: out = positive, in = negative Iy
TA  9A :
e B =10 (— - —) — _0.367uT (in).
20 \6m  3m

MO :
By =—|(— — — | = —-0.133uT (In).
s 27 (Bm 3m> wT (i)

A A
oBg—'uO(,7 0

= 40.167uT (out).
2T




Consider the (piecewise rectangular) conducting loop in the zy-plane as shown with a

counterclockwise current I = 4A in a uniform magnetic field B = 27T7.
(a) Find the magnetic moment i (magnitude and direction) of the loop.

(b) Find the force F (magnitude and direction) acting on the side ab of the rectangle.
(c) Find the torque 7 (magnitude and direction) acting on the loop.

5m

10m
>

B 10m

TTHT]
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Consider the (piecewise rectangular) conducting loop in the zy-plane as shown with a

counterclockwise current I = 4A in a uniform magnetic field B = 27T7.
(a) Find the magnetic moment i (magnitude and direction) of the loop.

(b) Find the force F (magnitude and direction) acting on the side ab of the rectangle.
(c) Find the torque 7 (magnitude and direction) acting on the loop.

5m

B 10m
>
Solution: a b

T 1l

( (75m?)k = 300Am?k. z
L x B = (4A)(10m3%) x (2T7) = 80Nk,
7= i x B = (300Am?k) x (2Tj) = —600Nm3

i

AR SR
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A conducting frame with a moving conducting rod is located in a uniform magnetic field directed
out of the plane as shown. The rod moves at constant velocity.

(a) Find the magnetic flux ® g through the frame and the induced emf £ around the frame at the
instant shown.

(b) Find the magnetic flux ® g through the frame and the induced emf £ around the frame two
seconds later.

Write magnitudes only (in Sl units), no directions.
B=5T

2m @ -<{ Vv=2m/s

2m

4m 2m
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A conducting frame with a moving conducting rod is located in a uniform magnetic field directed
out of the plane as shown. The rod moves at constant velocity.

(a) Find the magnetic flux ® g through the frame and the induced emf £ around the frame at the
instant shown.

(b) Find the magnetic flux ® g through the frame and the induced emf £ around the frame two
seconds later.

Write magnitudes only (in Sl units), no directions.
B=5T

2m @ -<{ Vv=2m/s

2m

4m 2m
Solution:

(@) ®p = (16m?)(5T) = 80Wb, &£ = (2m/s)(5T)(4m) = 40V.
(b) &5 = (4m?)(5T) = 20Wb, & = (2m/s)(5T)(2m) = 20V.
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A clockwise current I = 2.1A is flowing around the conducting triangular frame shown in a region
of uniform magnetic field B = —3mTj.

(a) Find the force F,;, acting on side ab of the triangle.

(b) Find the force Fy. acting on side bc of the triangle.

(c) Find the magnetic moment ;i of the current loop.

(d) Find the torque 7 acting on the current loop.

Remember that vectors have components or magnitude and direction.

z [cm]
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A clockwise current I = 2.1A is flowing around the conducting triangular frame shown in a region
of uniform magnetic field B = —3mTj.
(a) Find the force F,;, acting on side ab of the triangle.

(b) Find the force Fy. acting on side bc of the triangle.

(c) Find the magnetic moment ;i of the current loop.

(d) Find the torque 7 acting on the current loop.

Remember that vectors have components or magnitude and direction.

Solution:

z [cm]
@) F,, = (2.1A)(—2cmk) x (—3mTj) = —1.26 x 10~ 4Ni. 5 -

a
b) Fy. = 0. N j
( ) bc O 3 / l
1 s R

() = —5(2cm)(2cm)i (2.1A) = —4.2 x 10" *Am?i. 29 =y

1

- —4 2% 3 —6 P i [cm]
(d) 7=(—4.2x10""Am~i) x (=3mTj) = 1.26 x 10~ °Nmk. 1 y
3 b -
4 B
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Consider four long, straight currents in four different configurations. All currents are I = 4mA in
the directions shown (® = in, ® = out). Find the magnitude (in Sl units) and the direction
(«—,—, T, ]) of the magnetic fields B, B2, B3, B4 generated at the points 1, ..., 4, respectively.

o 1 ofe

@Ot
X

: 2cm

3cm |, 3cm | . 3cm | 3cm |

T ole ]
® T O 10
& 1 o
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Consider four long, straight currents in four different configurations. All currents are I = 4mA in
the directions shown (® = in, ® = out). Find the magnitude (in Sl units) and the direction
(«—,—, T, ]) of the magnetic fields B, B2, B3, B4 generated at the points 1, ..., 4, respectively.

9
o

3cm |, 3cm | 3cm | 3cm |

X
@Ot
X

: 2cm

Solution: ®

&1
20m®20m

, O -

@O
®

AmA
o By =oAL os 10-8T (directed |).
27(3cm)
e By =0 (no direction).
AmA
o By =2 MOUMA) o0 10-5T (directed —).
27 (2cm)

e B4 =0 (nodirection).
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A wire shaped into a triangle has resistance R = 3.5¢2 and is placed in the yz-plane as shown. A
uniform time-dependent magnetic field B = B, (t)i Is present. The dependence of B, on time is
shown graphically.

(a) Find magnitude |<I>§31)| and |<I>g‘)| of the magnetic flux through the triangle at times ¢t = 1s and

t = 4s, respectively.
(b) Find magnitude I, I, and direction (cw/ccw) of the induced current at times ¢t = 1s and t = 4s,
respectively.

z[m]

L— y [m] -1
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A wire shaped into a triangle has resistance R = 3.5¢2 and is placed in the yz-plane as shown. A
uniform time-dependent magnetic field B = B, (t)i Is present. The dependence of B, on time is
shown graphically.

(a) Find magnitude |<I>§31)| and |<I>g‘)| of the magnetic flux through the triangle at times ¢t = 1s and

t = 4s, respectively.
(b) Find magnitude I, I, and direction (cw/ccw) of the induced current at times ¢t = 1s and t = 4s,

respectively.
z [m]
Solution: j: By [T]
(1) 2 o A N
(a) |q)B |: |(2m )(_2T)| :40Wb7 2 1 /
1+ 0 | — —— t[s]
Y] = |(2m?)(0T) = 0. tepee R ZE R
o'y dB 7
b B | = |A—| =1[(2m?)(0T/s) =0 s,
® | S| = |15 = lenor =0
= [ =0,
do dB
= [A—| =|(2m?)(1T/s)| = 2.0V
2| = |45 | = lemdys)
2.0V

= [y, = —— = 0.571A CW).
17350 (cw)
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Consider a region with uniform magnetic field (i) B = 5T, (i) B = —6T:. A conducting loop in the
xy-plane has the shape of a quarter circle with a clockwise current (i) I = 4A, (ii) I = 3A.
(a) Find the magnetic moment i (magnitude and direction) of the loop.

(b) Find the force F' (magnitude and direction) acting on the side (i) ab, (i) bc of the loop.
(c) Find the torque 7 (magnitude and direction) acting on the loop.

y
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Consider a region with uniform magnetic field (i) B = 5T, (i) B = —6T:. A conducting loop in the
xy-plane has the shape of a quarter circle with a clockwise current (i) I = 4A, (ii) I = 3A.
(a) Find the magnetic moment i (magnitude and direction) of the loop.

(b) Find the force F' (magnitude and direction) acting on the side (i) ab, (ii) bc of the loop.
(c) Find the torque 7 (magnitude and direction) acting on the loop.

| y
Solution:
C
I
(ia) 7= (4A)(3.14m?)(—k) = —12.6Am>k. £ A
(ib) F., = (4A)(—2m17) x (5Tj) = —40NE.
(ic) 7= (—12.6Am>k) x (5Tj) = 63.0Nmi b ;m 3
X

(ia) 7= (3A)(3.14m?)(—k) = —9.42Am>k.
(iib) Fy. = (3A)(2mj) x (—6T7) = 36Nk.
(iic) 7= (—9.42Am?k) x (—6T%) = 56.5Nmy
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Consider two infinitely long, straight wires with currents of equal magnitude I, = I, = 6A in the

directions shown. Find direction (in/out) and magnitude of the magnetic fields By, ..., Bg at the
points marked in the graph.
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Consider two infinitely long, straight wires with currents of equal magnitude I, = I, = 6A in the
directions shown. Find direction (in/out) and magnitude of the magnetic fields By, ..., Bg at the
points marked in the graph.

Solution: |a¢
6A  6A o R ?
o B = PO(22 22 ) —o (no direction). Bl Bz ¢ B3
27 \ 4m 4m N
o o o
o [ 6A 6A . B B B
By = 2 [ — — —— ) = —0.3u4T (into plane). 6| £ 5 4
* e 2m \4dm 2m HT P ) N

= +0.6uT (out of plane). b

(5 %)
(5 o)
(5 5)
e B, =10 (% n _A) — 0.94T (out of plane).
(5 3m)
(5 3m)

= 1.2uT (out of plane).

= 0 (no direction).
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A conducting wire bent into a square of side (i) 1.2m, (ii) 1.3m is placed in the yz-plane. The
time-dependence of the magnetic field B(t) = B, (t)i is shown graphically.

(a) Find the magnitude |® | of the magnetic flux through the square at times (i) ¢t = 1s, t = 3s,
andt =4s, (i)t =4s,t =5s,andt = 7s.

(b) Find the magnitude |£| of the induced EMF at the above times.

(c) Find the direction (cw, ccw, zero) of the induced current at the above times.

Z
Solution:
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A conducting wire bent into a square of side (i) 1.2m, (ii) 1.3m is placed in the yz-plane. The

time-dependence of the magnetic field B(t) = B, (t)i is shown graphically.

(a) Find the magnitude |® | of the magnetic flux through the square at times (i) ¢t = 1s, t = 3s,
andt =4s, (i)t =4s,t =5s,andt = 7s.

(b) Find the magnitude |£| of the induced EMF at the above times.

(c) Find the direction (cw, ccw, zero) of the induced current at the above times.

z

Solution:

(ia) 193] = (1.44m?)(4T) = 5.76 Wb

@] = (1.44m?)(2T) = 2.88 Wb
@] = (1.44m?)(0T) = 0

(ib) €M = (1.44m?)(0T/s) = 0
£G) = (1.44m?)(2T/s) = 2.88V

£® = (1.44m?)(2T/s) = 2.88V
(ic) zero, cw, cw
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A conducting wire bent into a square of side (i) 1.2m, (ii) 1.3m is placed in the yz-plane. The
time-dependence of the magnetic field B(t) = B, (t)i is shown graphically.

(a) Find the magnitude |® | of the magnetic flux through the square at times (i) ¢t = 1s, t = 3s,
andt =4s, (i)t =4s,t =5s,andt = 7s.

(b) Find the magnitude |£| of the induced EMF at the above times.

(c) Find the direction (cw, ccw, zero) of the induced current at the above times.

z

Solution:

(iia) |®'] = (1.69m>)(0T) =0

®'%)| = (1.69m?)(2T) = 3.38 Wb
®7)| = (1.69m?)(4T) = 6.76 Wb

(iib) £*) = (1.69m?)(2T/s) = 3.38V
£G®) = (1.69m?)(2T/s) = 3.38V
£ = (1.69m?)(0T/s) = 0

(iic) cw, cw, zero
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Conducting squares 1 and 2, each of side 2cm, are positioned as shown. A current I = 3A is

flowing around each square in the direction shown. A uniform magnetic field B = 5mTk exists in
the entire region.

(a) Find the forces ﬁab and ﬁcd acting on sides ab and cd, respectively.

(b) Find the magnetic moments ji; and fi2 of squares 1 and 2, respectively.
(c) Find the torques 71 and 7> acting on squares 1 and 2, respectively.
Remember that vectors have components or magnitude and direction.
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Conducting squares 1 and 2, each of side 2cm, are positioned as shown. A current I = 3A is

flowing around each square in the direction shown. A uniform magnetic field B = 5mTk exists in
the entire region.

(a) Find the forces ﬁab and ﬁcd acting on sides ab and cd, respectively.

(b) Find the magnetic moments ji; and fi2 of squares 1 and 2, respectively.
(c) Find the torques 71 and 7> acting on squares 1 and 2, respectively.
Remember that vectors have components or magnitude and direction.

z[cm]

Solution: o
@ Fup = (3A)(2cmj) X (5mTE) — 3 % 10— 4Ni. 4 ——
F.q = (3A)(—2cmi) x (5mTk) = 3 x 10~*Nj. T z‘ j 1 L
B n —
= 2 T -3 2%
(b) fi1 = (2cm) (3A)1A_ 1.2 x 1072 Am i o
i = (2cm)?(3A)k = 1.2 x 1073 Am?k. ) Ly [cm]

(d) 71 = (1.2 x 1072Am?]) x (5mTk) = —6 x 10~ 5Nmj. 3 2
7o = (1.2 x 1073 Am?k) x (5mTk) = 0.
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(a) Consider two long, straight currents I = 3mA in the directions shown. Find the magnitude of
the magnetic field at point a. Find the directions (+—, —, T, ]) of the magnetic field at points b and c.
(b) Consider a circular current I = 3mA in the direction shown. Find the magnitude of the
magnetic field at point d. Find the directions (®, ®) of the magnetic field at points e and f.

(@) (b) |

°b
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(a) Consider two long, straight currents I = 3mA in the directions shown. Find the magnitude of
the magnetic field at point a. Find the directions (+—, —, T, ]) of the magnetic field at points b and c.
(b) Consider a circular current I = 3mA in the direction shown. Find the magnitude of the
magnetic field at point d. Find the directions (®, ®) of the magnetic field at points e and f.

(@) (b) |

°p
Solution:
3mA
(@) B, =2M0BmA) o 0-sT B, 1. B 1.
27(7cm)
3mA
(b) By = HOBMA) _ 5 09 1078T, B.®, Bj ®.

2(9cm)
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A wire shaped into a rectangular loop as shown is placed in the yz-plane. A uniform
time-dependent magnetic field B = B, (t)i is present. The dependence of B, on time is shown
graphically.

(a) Find magnitude |<I>g)| of the magnetic flux through the loop at time ¢t = 2s.

(b) Find magnitude |<I>§§)| of the magnetic flux through the loop at time ¢ = 5s.
(c) Find magnitude |£(2)| of the induced EMF at time ¢ = 2s.

(d) Find magnitude |£(®)| of the induced EMF at time ¢ = 5s.
(e) Find the direction (cw/ccw) and magnitude I of the induced current at time ¢ = 2s if the wire
has resistance 12 per meter of length.

z[m]
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A wire shaped into a rectangular loop as shown is placed in the yz-plane. A uniform
time-dependent magnetic field B = B, (t)i is present. The dependence of B, on time is shown
graphically.

(a) Find magnitude |<I>g)| of the magnetic flux through the loop at time ¢t = 2s.

(b) Find magnitude |<I>§§)| of the magnetic flux through the loop at time ¢ = 5s.
(c) Find magnitude |£(2)| of the induced EMF at time ¢ = 2s.

(d) Find magnitude |£(®)| of the induced EMF at time ¢ = 5s.
(e) Find the direction (cw/ccw) and magnitude I of the induced current at time ¢ = 2s if the wire
has resistance 12 per meter of length.

z [m]

i

Solution:
(@ [2%] = |(8m?)(0T)| =0, - o
(0) 16| = |(8m2)(2T)| = 16 Wb, i 1 ﬁ .
© €2 = a2 =m0 =8y / m
4 ;
@ €] = |AZ2| = |(3m®)(0T/5) = 0 -

(e) I® = % — 0.667TA. (cw).
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A current I is flowing around the conducting rectangular frame in the direction shown. The frame
Is located in a region of uniform magnetic field B.

(a) Find the force F,; (magnitude and direction) acting on side ab.

(b) Find the force F;,. (magnitude and direction) acting on side bc.

(c) Find the magnetic moment i (magnitude and direction) of the current loop.
(d) Find the torque 7 (magnitude and direction) acting on the frame.

z [cm]

5_
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A current I is flowing around the conducting rectangular frame in the direction shown. The frame
Is located in a region of uniform magnetic field B.

(a) Find the force F,; (magnitude and direction) acting on side ab.

(b) Find the force F;,. (magnitude and direction) acting on side bc.

(c) Find the magnetic moment i (magnitude and direction) of the current loop.

(d) Find the torque 7 (magnitude and direction) acting on the frame.

z [cm]

5_

4 c — b Solution for I = 1.2A, B = 0.7mTk:
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A current I is flowing around the conducting rectangular frame in the direction shown. The frame
Is located in a region of uniform magnetic field B.

(a) Find the force F,; (magnitude and direction) acting on side ab.

(b) Find the force F;,. (magnitude and direction) acting on side bc.

(c) Find the magnetic moment i (magnitude and direction) of the current loop.

(d) Find the torque 7 (magnitude and direction) acting on the frame.

z [cm]
;-
C — b
4_
z: T l (@) Fgp = (1.2A)(—2cmk) x (0.7mTk) = 0.
- a ~ -~ -~
i (b) Fp. = (1.2A)(3cmj) x (0.7mTk) = 2.52 x 10~ °Ni.
| | | | | -~ ~
1 feml (€) &= (2cm)(3cm)(1.2A)(—1) = —7.2 x 10~ *Am?i.
2
‘s d) 7= (=72 x 107*Am?}) x (0.7mTk) = 5.04 x 10~ "Nmj.
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A current I is flowing around the conducting rectangular frame in the direction shown. The frame
Is located in a region of uniform magnetic field B.

(a) Find the force F,; (magnitude and direction) acting on side ab.

(b) Find the force F;,. (magnitude and direction) acting on side bc.

(c) Find the magnetic moment i (magnitude and direction) of the current loop.

(d) Find the torque 7 (magnitude and direction) acting on the frame.

z [cm]

5_

c o b Solution for I = 2.1A, B = O.8mTj
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A current I is flowing around the conducting rectangular frame in the direction shown. The frame
Is located in a region of uniform magnetic field B.

(a) Find the force F,; (magnitude and direction) acting on side ab.

(b) Find the force F;,. (magnitude and direction) acting on side bc.

(c) Find the magnetic moment i (magnitude and direction) of the current loop.

(d) Find the torque 7 (magnitude and direction) acting on the frame.

z [cm]
.
C — b
4_
3 ~ ~ ~
! ' (@) Fup = (2.1A)(—2cmk) x (0.8mTj) = 3.36 x 10~ °Ni.
|
- a
19 1 5 3 a4 s (b) Fy. = (2.1A)(3cmj) x (0.8mTj) = 0.
| | | | | ~ ~
o Y ©) = (2em)(3em)(2.1A)(=1) = —1.26 x 10~3Am?i.
‘s (d) 7= (—1.26 x 10" 3Am?2}) x (0.8mTj) = —1.01 x 10~ Nmk.




Two infinitely long, straight wires at positions y = 10m and y = 4m carry currents I, and I,
respectively. Find direction (in/fout) and magnitude of the magnetic fields B2, Bsg, Bg, and B» at
the points marked in the graph.

y

BlZ ¢ 12m |a:5A
—

88 o 8m

B, ¢ 6m _

6 Ib—3A
—

B2 o 2Z2m
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Two infinitely long, straight wires at positions y = 10m and y = 4m carry currents I, and I,

respectively. Find direction (in/fout) and magnitude of the magnetic fields B2, Bsg, Bg, and B» at
the points marked in the graph.

y Solution:
Bio ¢12m —
12 Ia(_ oA MO 5A 3A 7 .
e Bijo=—|— + = —4.25 x 107 'T (in).
2m 2m  8m
Bg ¢ 8m 5A  3A
8 o By = 10 ( + ) —6.50 x 10~'T (out).
Bg ¢ 6m Ib:3A 27 \ 2m 4m
- 5A  3A
o Bg = L0 n —550%x 10~7T (out).
2 \4dm 2m
P2 720 5A 3A
. o Bo="10 - — _1.75x10°7T (in).
2m \8m 2m
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A conducting wire of 16mm radius carries a current I that is uniformly distributed over its cross
section and directed out of the plane. Find direction (left/right/up/down) and magnitude of the
magnetic fields Bg, B1, B2, B3, and B4 at the positions indicated if the current is I = 2.5A.

83 0 20mm
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A conducting wire of 16mm radius carries a current I that is uniformly distributed over its cross
section and directed out of the plane. Find direction (left/right/up/down) and magnitude of the
magnetic fields Bg, B1, B2, B3, and B4 at the positions indicated if the current is I = 2.5A.

83 ¢ 20mm
Solution:
e Bp=0
o (B1)(27)(8mm) = po(I/4) = Bj = 1.56 x 10°°T (left)
B4
”y o (B2)(27)(8mm) = po(I/4) = Bz =1.56 x 107°T (up)
mm
o (B3)(27)(20mm) = pol = B3 =2.5x10""T (left)
o (B4)(27)(24mm) = pol = By =2.08x 107°T (up)
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A conducting frame of width d = 1.6m with a moving conducting rod is located in a uniform

magnetic field B = 3T directed out of the plane. The rod moves at constant velocity v = 0.4m/s
toward the right. Its instantaneous position is z(t) = vt. Find the magnetic flux ¢ g through the
frame and the induced emf £ around the frame at times to = 2s, t3 = 3s, t4 = 4s, and t5 = 5S.

Write magnitudes only (in Sl units), no directions. Is the induced current directed clockwise or
counterclockwise?

X(t) = vt
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A conducting frame of width d = 1.6m with a moving conducting rod is located in a uniform
magnetic field B = 3T directed out of the plane. The rod moves at constant velocity v = 0.4m/s
toward the right. Its instantaneous position is z(t) = vt. Find the magnetic flux ¢ g through the
frame and the induced emf £ around the frame at times to = 2s, t3 = 3s, t4 = 4s, and t5 = 5S.
Write magnitudes only (in Sl units), no directions. Is the induced current directed clockwise or
counterclockwise?

Solution:

e 2 = (1.6m)(0.8m)(3T) = 3.84Wh,

£(R2) = (0.4m/s)(3T)(1.6m) = 1.92V.

q Cs o ®'¥ = (1.6m)(1.2m)(3T) = 5.76Wb,
£B) = (0.4m/s)(3T)(1.6m) = 1.92V.

o &'V = (1.6m)(1.6m)(3T) = 7.68Wh,

(0 = vt EM® = (0.4m/s)(3T)(1.6m) = 1.92V.

o ®'%) = (1.6m)(2.0m)(3T) = 9.60Wb,
EG) = (0.4m/s)(3T)(1.6m) = 1.92V.
e Clockwise current.




Wi |_|""':'E"! TR

Consider two infinitely long, straight wires with currents I,, = 6.9A, I;, = 7.2A in the directions
shown. Find direction (in/out) and magnitude of the magnetic fields B, B2, B3, B4, at the points
marked in the graph.

M
By Y B>
o ] °
I 5m 3m
£ £
S <5
| p—
§= g 'h
, X <t :
. 5m 3m |
___________________ G
B3G B,
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Consider two infinitely long, straight wires with currents I,, = 6.9A, I;, = 7.2A in the directions
shown. Find direction (in/out) and magnitude of the magnetic fields B, B2, B3, B4, at the points
marked in the graph.

Solution:

e Convention used: out = positive, in = negative

o B

o B>

Mo

20

21

A T72A
Ho (6 A T ) —0.84 x 10~7T (in).
27 4m
A T72A
Ho ( 694 T ) — 820 x 10~7T (in).
27
6.9A | 7.2
( ) = 6.36 x 10°7T (out).
27 om

6.9 72A)

= —1.00 x 10T (in).

M
By Y B>
o ] °
I 5m 3m
£ £
S <5
| p—
§= g 'h
, X <t :
. 5m 3m |
___________________ G
B3G B,




i

FUREL R ARER

'-"”-"-"-i-ﬂq T

In a region of uniform magnetic field B = 4mTk [B = 5mTj] a clockwise current I = 1.4A

[I = 1.5A] is flowing through the conducting rectangular frame.

(i) Find the force F,. (magnitude and direction) acting on side dc of the rectangle. (ii) Find the
force F,4 (magnitude and direction) acting on side ad of the rectangle.

(ii) Find the magnetic moment i (magnitude and direction) of the current loop.

(iv) Find the torque 7 (magnitude and direction) acting on the current loop.

z [cm]
d c

T y [cm]
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In a region of uniform magnetic field B = 4mTk [B = 5mTj] a clockwise current I = 1.4A

[I = 1.5A] is flowing through the conducting rectangular frame.

(i) Find the force F,. (magnitude and direction) acting on side dc of the rectangle. (ii) Find the
force F,4 (magnitude and direction) acting on side ad of the rectangle.

(ii) Find the magnetic moment i (magnitude and direction) of the current loop.

(iv) Find the torque 7 (magnitude and direction) acting on the current loop.

z [cm]
Solution: 4 d __ c
() Fae = (1.4A)(4em) x (4mTk) = 2.24 x 10~4Ni. 34 || |
[Fae = (1.5A)(4cmj) x (5mTj) = 0.] °7 a b
~ ~ 1
(i) Foq = (1.4A)(2cmk) x (4mTk) = 0.
R R ) . T T T y [cm]
[Foq = (1.5A)(2cmk) x (5mTj) = —1.50 x 10~4Ni.] ) 1 2 3 4 5
(ii)) 77 = [—(4em)(2em)i](1.4A) = —1.12 x 103 Am?2}. y
X [cm]

[Z = [—(4cm)(2cm)i] (1.5A) = —1.20 x 1073 Am?i.]
(iv) 7= (—1.12 x 1073Am?}) x (4mTk) = 4.48 x 10~ 5Nmj.
[7 = (—1.20 x 1073Am?]) x (5mTj) = —6.00 x 10~ Nmk.]
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A conducting frame with a moving conducting rod is located in a uniform magnetic field directed
out of the plane as shown. The rod moves at constant velocity.

Find the magnetic flux ® g through the frame and the induced emf £ around the frame when the

rod is
(a) at position z = 1m, _
(b) at position z = 4m. \ B=0.3T
(c) at position x = 2m,
(d) at position z = 5m. 4m vV = 0.5m/s @ 2m
Write magnitudes only (in Sl units), no directions.
\
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A conducting frame with a moving conducting rod is located in a uniform magnetic field directed
out of the plane as shown. The rod moves at constant velocity.

Find the magnetic flux ® g through the frame and the induced emf £ around the frame when the
rod is

(a) at position z = 1m,

(b) at position z = 4m. % B=03T

(c) at position x = 2m,

(d) at position z = 5m. 4m v =0.5m/s @ Izm
Write magnitudes only (in Sl units), no directions.

\
. ) | | | | | | | X [m]

Solution: 01 2 34 5 6

(@) & = (84 6)m?(0.3T) = 4.2Wb, & = (0.5m/s)(0.3T)(4m) = 0.6V,

(b) &5 = (4m?)(0.3T) = 1.2Wb, & = (0.5m/s)(0.3T)(2m) = 0.3V.

() &5 = (4+6)m?(0.3T) = 3.0Wb, & = (0.5m/s)(0.3T)(4m) = 0.6V

d) &5 = (2m?)(0.3T) = 0.6Wb, & = (0.5m/s)(0.3T)(2m) = 0.3V.




Consider a region with uniform magnetic field B = 4T [B = 5Tk]. A conducting loop in the
yz-plane has the shape of a right-angled triangle as shown with a counterclockwise current
I =0.7A[I = 0.9A].

(a) Find the magnetic moment i (magnitude and direction) of the loop.

(b) Find the force F. (magnitude and direction) acting on the side ab of the loop.

(c) Find the force Fy.. (magnitude and direction) acting on the side bc of the loop.
(d) Find the torque 7 (magnitude and direction) acting on the loop.

2m

i

e .._.I'...' ..E_..
10T .:L.I 'llr .

CCEO0 E




Consider a region with uniform magnetic field B = 4T [B = 5Tk]. A conducting loop in the
yz-plane has the shape of a right-angled triangle as shown with a counterclockwise current
I =0.7A[I = 0.9A].

(a) Find the magnetic moment i (magnitude and direction) of the loop.

(b) Find the force F. (magnitude and direction) acting on the side ab of the loop.

(c) Find the force Fy.. (magnitude and direction) acting on the side bc of the loop.
(d) Find the torque 7 (magnitude and direction) acting on the loop.

Z
Solution: ¢ |
Sy
(@) i = (0.7A)(2m?): = 1.4Am?;
[ = (0.9A)(2m?)7 = 1.8Am?7] b 2;

i

il]
e

W -'-E. i

T

(b) Fop =0 [Fap = (0.9A)(2mj) x (5Tk) = 9.0N7]
(€) Epe = (0.7A)(—2mk) x (4Tj) = 5.6Ni [F}. = 0]

d) 7= (1.4Am?7) x (4Tj) = 5.6Nmk
[7 = (1.8Am??2) x (5Tk) = —9.0Nmj]
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Consider two infinitely long, straight wires with currents I, = I, = 7A in the directions shown.

Find direction (in/out) and magnitude of the magnetic fields B, B2, B3, B4, Bs, Bg at the points
marked in the graph.
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Consider two infinitely long, straight wires with currents I, = I, = 7A in the directions shown.
Find direction (in/out) and magnitude of the magnetic fields B, B2, B3, B4, Bs, Bg at the points
marked in the graph.

Solution: Ib T
o [ TA TA o) o) o)
Bi=—7|—+4+ — ) =+40.933uT (out of plane). B
° ! 27w \ 3m 3m + T ( P ) 4 o% BS BG
7A 7A _ _ o o o)
e Bo =2 (= _ ) =0 (no direction). Bi1 ¢ B, |Bj
27w \ 3m 3m ™

= 0.7uT (out of plane).

= —0.233uT (into plane).

= 0 (no direction).

(5o 5m)
(5~ 5m)
o« By— 10 (— - —) — +0.2334T (out of plane),
(6m * 5o
(6~ 5o
(6w~ 5




i

T 1l

RERN g SR

A conducting frame with a moving conducting rod is placed in a uniform magnetic field directed out

of the plane. The rod starts from rest at time ¢ = 0 at the position shown and moves with constant
acceleration to the right.

(a) Find the magnetic flux ® g through the conducting loop and the induced emf £ around the loop
att = 0.

(b) Find the position z(3s) and velocity v(3s) of the rod at time ¢t = 3s.

(c) Find the magnetic flux ® g through the loop and the induced emf £ around the loop at time
t = 3s.

Write magnitudes only (in Sl units), no directions. x(0) = 4m
v(0)=0

© a=2m/<
B=15T | ™

4m
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A conducting frame with a moving conducting rod is placed in a uniform magnetic field directed out
of the plane. The rod starts from rest at time ¢ = 0 at the position shown and moves with constant
acceleration to the right.

(a) Find the magnetic flux ® g through the conducting loop and the induced emf £ around the loop
att = 0.

(b) Find the position z(3s) and velocity v(3s) of the rod at time ¢t = 3s.

(c) Find the magnetic flux ® g through the loop and the induced emf £ around the loop at time

t = 3s.

Write magnitudes only (in Sl units), no directions. x(0) = 4m
v(0)=0
c O) a = 2m/<
< B=15T |
Solution:
| | X
(a) ®p = (16m?)(1.5T) = 24Wb, & =0. 0 4m

(b) (2s) = 4m + %(2m/s2)(38)2 —13m, v(3s) = (2m/s2)(3s) = 6m/s.

(b) &5 = (52m?)(1.5T) = 78Wb, & = (6m/s)(1.5T)(4m) = 36V.
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In a uniform magnetic field of strength B = 3.5mT [ B = 5.3mT ], a proton with specifications

(m = 1.67 x 1072"kg, g = 1.60 x 10~ 2C) moves at speed v around a circle in the yz-plane as
shown.

(a) Show that the direction of the magnetic field must be +i
(b) What is the speed of the proton?
(c) How long does it take the proton to reach point A from its current position?

z [cm]
5_
47 v
3 A
\ 1
2 N ,!
AN //
1- e
1 2 3 4 5
L 11
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In a uniform magnetic field of strength B = 3.5mT [ B = 5.3mT ], a proton with specifications
(m = 1.67 x 1072"kg, g = 1.60 x 10~ 2C) moves at speed v around a circle in the yz-plane as
shown.

(a) Show that the direction of the magnetic field must be +i
(b) What is the speed of the proton?
(c) How long does it take the proton to reach point A from its current position?

z [cm]

Solution:
5_

(@) Fj:qle{XBi. 4 7 Vﬁ

2 B 3- A
b) " =B = v=L""=671x10°m/s [10.2x10°m/s]. , | ,
r m N o

N S

© t="=""—=937x10"% [6.19 x 10 5s]. 1 2 3 4 5

v qB T T T y [em]
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Consider two pairs of concentric circular currents in separate regions. The current directions are
indicated by arrows. The radii are r{ = r3 = 5cm and ro = r4 = 10cm

(a) Find magnitude B; and direction (®, ®) of the magnetic field produced by current I; = 1.5A
at the center.

(b) Find magnitude p4 and direction (®, ®) of the magnetic dipole moment produced by current
I, = 4.5A.

(c) What must be the ratio 72 /I; such that the magnetic field at the center is zero?
(d) What must be the ratio 14 /13 such that the magnetic dipole moment is zero?
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Consider two pairs of concentric circular currents in separate regions. The current directions are
indicated by arrows. The radii are r{ = r3 = 5cm and ro = r4 = 10cm

(a) Find magnitude B; and direction (®, ®) of the magnetic field produced by current I; = 1.5A
at the center.

(b) Find magnitude p4 and direction (®, ®) of the magnetic dipole moment produced by current
I, = 4.5A.

(c) What must be the ratio 72 /I; such that the magnetic field at the center is zero?
(d) What must be the ratio 14 /13 such that the magnetic dipole moment is zero?

Solution:
po(1.5A) —5

a) B = —= =188 x107°T

@ B 2(5cm) “

(b) pg = w(10cm)?(4.5A) =1.41 x 1071 Am? ©
I

(c) Bi=By, = —2:T—2:2.
L n
Iy 7"32)

(d) p3 =ps = — = - =0.25.
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Consider two pairs of concentric circular currents in separate regions. The current directions are
indicated by arrows. The radii are r{ = r3 = 5cm and ro = r4 = 10cm

(a) Find magnitude B2 and direction (®, ®) of the magnetic field produced by current I = 2.5A
at the center.

(b) Find magnitude 3 and direction (®, ®) of the magnetic dipole moment produced by current
I3 = 3A.

(c) What must be the ratio 72 /I; such that the magnetic field at the center is zero?

(d) What must be the ratio 14 /13 such that the magnetic dipole moment is zero?
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Consider two pairs of concentric circular currents in separate regions. The current directions are
indicated by arrows. The radii are r{ = r3 = 5cm and ro = r4 = 10cm

(a) Find magnitude B2 and direction (®, ®) of the magnetic field produced by current I = 2.5A
at the center.

(b) Find magnitude 3 and direction (®, ®) of the magnetic dipole moment produced by current
Is = 3A.
(c) What must be the ratio 72 /I; such that the magnetic field at the center is zero?

(d) What must be the ratio 14 /13 such that the magnetic dipole moment is zero?

Solution:
2.5A
(@) By = MOZBA) 1057 o
2(10cm)
(b) pz = 7(5ecm)?(3A) =2.36 x 1072Am?
I
(c) Bi=B, = —2:T—2:2.
I m
14 7"32)
(d) p3 =ps = — = - =0.25.
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A pair of fixed rails are connected by two moving rods. A uniform magnetic field B is present. The
positions of the rods at time ¢t = 0 are as shown. The (constant) velocities are
v1 = 0.5m/s, vo = 2.5m/s [wv1 = 1.5m/s, vo = 0.5m/s ].

(@) Find the magnetic flux &g attime ¢ = 0 and ®; att = 2s (magnitude only).

(b) Find the induced emf &y attime t = 0 and &; at ¢ = 2s (magnitude only).

(c) Find the direction (cw/ccw) of the induced current at ¢ = 0.

3m &

"!'I'—r"—"'f
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A pair of fixed rails are connected by two moving rods. A uniform magnetic field B is present. The
positions of the rods at time ¢t = 0 are as shown. The (constant) velocities are

v1 = 0.5m/s, vo = 2.5m/s [wv1 = 1.5m/s, vo = 0.5m/s ].

(@) Find the magnetic flux &g attime ¢ = 0 and ®; att = 2s (magnitude only).

(b) Find the induced emf &y attime t = 0 and &; at ¢ = 2s (magnitude only).

(c) Find the direction (cw/ccw) of the induced current at ¢ = 0.

— —
3m &
B =0.8T
. . > X [m]
0 5

Solution:

(@) ®o = (5m — 0m)(3m)(0.8T) = 12Wb, &1 = (10m — 1m)(3m)(0.8T) = 21.6Wb
[ Pp = (bm — Om)(3m)(0.8T) = 12Wb, &; = (6m — 3m)(3m)(0.8T) = 7.2Wbh |
(b) |&o] =|&1] = (2.5m/s — 0.5m/s)(0.8T)(3m) = 4.8V
[|€o] = |€1] = (1.5bm/s — 0.5m/s)(0.8T)(3m) = 2.4V |
(c) ccw [ cw ]
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A proton (m = 1.67 x 10~27kg, q¢ = 1.60 x 10~12C), launched with initial speed vg = 4000m /s

[3000m/s] a distance d; = 25cm [32cm] from a region of magnetic field, exits that region after a
half-circle turn of diameter d2 = 30cm [35cm].

(a) Find the centripetal force F' provided by the magnetic field.

(b) Find magnitude and direction (®, ®) of the magnetic field B.

(c) Find the time ¢, elapsed between launch and entrance into the region of field.
(d) Find the time t2 elapsed between entrance and exit.
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A proton (m = 1.67 x 10~27kg, q¢ = 1.60 x 10~12C), launched with initial speed vg = 4000m /s
[3000m/s] a distance d; = 25cm [32cm] from a region of magnetic field, exits that region after a
half-circle turn of diameter d2 = 30cm [35cm].

(a) Find the centripetal force F' provided by the magnetic field.

(b) Find magnitude and direction (®, ®) of the magnetic field B.

(c) Find the time ¢, elapsed between launch and entrance into the region of field.

(d) Find the time t2 elapsed between entrance and exit.

Solution:
2
(a) Z"Q/’% —1.78 x 10719N [8.59 x 10~2ON].
2
F
(b) B= — =278 x107%T [1.79 x 1074T] ©
quo
i . » O
() t1 = “L =6.25 x 107 %s [1.07 x 10 5).
V0
d
(d) to = —2 =1.18 x 10~%s  [1.83 x 10~ %s].
200




i

FUREL R ARER

'-"”-"-"-i-ﬂq D

A wire in the shape of a cylindrical shell with a 2mm inner radius and 4mm outer radius carries a
current I = 3.7A [4.1A] that is uniformly distributed over its cross section and directed into the

plane. Find direction (left/right/up/down/in/out) and magnitude of the magnetic fields B, By, B¢
[Ba, Be, B ] at the positions indicated.

y [mm]
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A wire in the shape of a cylindrical shell with a 2mm inner radius and 4mm outer radius carries a
current I = 3.7A [4.1A] that is uniformly distributed over its cross section and directed into the

plane. Find direction (left/right/up/down/in/out) and magnitude of the magnetic fields B, By, B¢
[Ba, Be, B ] at the positions indicated.

y [mm]
Solution:

e B,=0
e (By)(2m)(4mm) = po(3.7A)

= By =1.85 x 10~4T (right)
e (B.)(2m)(bmm) = pp(3.7A)

= B, =148 x 10~4T (right)

e [By =0]
o [(Be)(2m)(4mm) = puop(4.1A) = Be =2.05 x 107*T (down)]
o [(Bf)(2m)(6mm) = po(4.1A) = By =1.37x 10"*T (down)]
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Two very long straight wires and a circular wire positioned in the xy-plane carry electric currents
Iy = I = Is = 1.3A [1.7A] in the directions shown.

(a) Calculate magnitude (B7, B2, B2) and direction (left/right/up/down/in/out) of the magnetic field
produced by each current at the origin of the coordinate system.

(b) Calculate magnitude p and direction (left/right/up/down/in/out) of the magnetic dipole moment
produced by the circular current.

y [cm]
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Two very long straight wires and a circular wire positioned in the xy-plane carry electric currents
Iy = I = Is = 1.3A [1.7A] in the directions shown.

(a) Calculate magnitude (B7, B2, B2) and direction (left/right/up/down/in/out) of the magnetic field
produced by each current at the origin of the coordinate system.

(b) Calculate magnitude p and direction (left/right/up/down/in/out) of the magnetic dipole moment
produced by the circular current.

y [cm]

Solution: N

(@) By = % = 6.5uT [8.5uT]. (in) o
~ pold2)
Bs = 2 (5em/v/3) = 7.35uT [9.62uT] (out)
B3 = 5(%&5;1)) —27.2uT [35.6pT] (in)

(b) p = m(3cm)?(I3) = 3.68 x 107 °Am? [4.81 x 1072>Am?] (in)
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This circuit is in a steady state with the switch open and the capacitor discharged.
(a) Find the currents I; and I> while the switch is still open.

(b) Find the currents I; and I, right after the switch has been closed.
(c) Find the currents I; and > a long time later.

(d) Find the voltage V' across the capacitor, also a long time later.
1Q 1Q

3nF =— = 24V

7_3 2Q

1Q 1Q
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This circuit is in a steady state with the switch open and the capacitor discharged.
(a) Find the currents I; and I> while the switch is still open.

(b) Find the currents I; and I, right after the switch has been closed.

(c) Find the currents I; and > a long time later.

(d) Find the voltage V' across the capacitor, also a long time later.

10 10
|1 _
i N
Solution: 3nF 7: 20 = 24V
°
24V
a) [1 =0, Iy= — 6A.
(@) L T 10+ 20+ 19 10 10
1 1 -1
b) Re.y, = 12 _— — 109 = 32 capacitor discharged
(b) Req +<2Q+m+m) - (cap ged)
24V
=>I1—|—I2:3—Q:8A, I = I = 4A.

24
(c) capacitor fully charged: I; =0, I> Vv

“Tat:oria
(d) looprule: (2Q2)(6A) — (12)(0A) =V — (12)(0A) =0 = V =12V,
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Consider a region with uniform magnetic field B = 3Tj + 5Tk. A conducting loop positioned in the
yz-plane has the shape of a right-angled triangle and carries a clockwise current I = 2A.
(a) Find the magnetic moment i (magnitude and direction) of the loop.

(b) Find the force F.p (magnitude and direction) acting on side ab.

(c) Find the force Fye (magnitude and direction) acting on side bc.
(d) Find the torque 7 (magnitude and direction) acting on the loop.
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Consider a region with uniform magnetic field B = 3Tj + 5Tk. A conducting loop positioned in the
yz-plane has the shape of a right-angled triangle and carries a clockwise current I = 2A.
(a) Find the magnetic moment i (magnitude and direction) of the loop.

(b) Find the force F.p (magnitude and direction) acting on side ab.

(c) Find the force Fye (magnitude and direction) acting on side bc.
(d) Find the torque 7 (magnitude and direction) acting on the loop.

Z
Solution: a om 5
(@) 7= —(2A)(4m?)i = —8Am?2i.
(b) F.p = (2A)(2mj) x [3Tj + 5Tk] = 20Ni. A
(€) Fye = (2A)(—4mk) x [3Tj + 5Tk] = 24Ni.
(d) 7= (—8Am?i) x [3Tj + 5Tk] = —24Nmk + 40Nmj c




Consider two infinitely long, straight wires with currents I,, = 3A, I, = 3A in the directions shown.
Find direction (in/out) and magnitude of the magnetic fields B, B2, B3, B4, at the points marked

in the graph.
o L EEE R ©
: £ |
l N |
i 2m 2m :
i | —
: - In
| = |
l N |
SR R o
B3 B,
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Consider two infinitely long, straight wires with currents I,, = 3A, I, = 3A in the directions shown.
Find direction (in/out) and magnitude of the magnetic fields B, B2, B3, B4, at the points marked

in the graph.
o EaaREEEE EEEEEEEE S
Solution: ! .
: £ |
: N |
~po [ Iy h\ _7 C2m 2m
e B =— | —+ — | =+6 x 10" "T (out) | |
o \2m = 2 ; —
I : o
PY B2 — & v _h’ = (). : c I h
2r \2m 2 : S ;
o Iy Iy T g b o
e By = — | — — =—6x10""T (In B B
° T on ( 2m 2m> (in) 3 2
20 Iv Ih
o By=—|— = 0.
YT o ( om | 2m>

"!'I'—r"—"'f
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