Chapter 31 Solutions

Adg| _ A(NBA)
31.1 E=|—B|= = (500 mV
At o - (500 mY|
31.2 =A% _ ABLA) _ 1.60 mV and loop _£_le0mv_ 0.800 mA
At At R 200Q
ABA cos 6 0S 6 — cos 6;
31.3 £ = -N —_ = _NB mr? %M
At 0 At 0
_ 180°—cos 0[]
= 25.0(50.0 x 1076 T) {0,500 m)? 05 20" ~C0S ©
( )"( ) O 020s O
E=[+9.82 mV
dog dB  [ABmax _
31.4 Q) €= -—— = Ao = |—Xe VT
(@) at at .
0.160 m?)(0.350 T
0 =1 202)(3 L 002200 - F7gmY
(c) Att=0, E£=[28.0mV
do A(NBA
315 f=NF2 = (NBA) _320kv 50 1= € =[160A
At R
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Goal Solution
A strong electromagnet produces a uniform field of 1.60 T over a cross-sectional area of 0.200 m2. A coil
having 200 turns and a total resistance of 20.0 Q is placed around the electromagnet. The current in the

electromagnet is then smoothly decreased until it reaches zero in 20.0 ms. What is the current induced
in the coil?

G: A strong magnetic field turned off in a short time (20.0 ms) will produce a large emf, maybe on the
order of 1kV. With only 20.0 Q of resistance in the coil, the induced current produced by this emf
will probably be larger than 10 A but less than 1000 A.

O: According to Faraday’s law, if the magnetic field is reduced uniformly, then a constant emf will be
produced. The definition of resistance can be applied to find the induced current from the emf.

A: Noting unit conversions from F=qvxB and U =qV, the induced voltage is

d(BA) _ _, [0-BAcosg_ *+200(L60 7)(0.200 m?)(c0s 0°) 4 N3/ Cincr Ve

E=-N =3200 V
dt 0 At U 20.0x107° s 0 T [N O

£

2 €320V _

R 20.0Q

L: This is a large current, as we expected. The positive sign is indicative that the induced electric field is
in the positive direction around the loop (as defined by the area vector for the loop).

do N(BA -0
316 £=-N dtB - N )
At

NBA _ NB(7r?) _ 500(0.200)71(5.00 x 107%)2 _
At = = ‘= =17.85%x10"s
AR o107 7.85 x10°

d(BA) di B
317 € = =g =0500 HonA 3¢ = 0.480 x 103V
& 480x10*
a) lyjpg= = =— =|160A
( ) ring R 3.00 x 10'4

Hol
© Bang= A

(c) Cail's field points downward, and is increasing, so

|Bring POints upward|

3.00 cm

_d(BA) _ d 2 Al
318 €] = —gr— =0.500 ponA g = 0.500 Hon 7Tz
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31.9

(@)

(b)

©

(@)

(b)

Lo = E _ Honmgﬁ
= R TITR At
g Mol _|ponmmoAl
- 2ry - 4rR At
The coil's field points downward, and is increasing, so |Bring points upward| .

dog =pmA=Ho g @y = " HILOX | Koll Ch*wD P
B 2mx Bjx=h 21T X 2 O h O

dog _ dEpOIL D1+W[D _ QgL [h+WDZdI

dt th2n O %DhEHT

(47rx107 T myA)(1.00 M), [100+10.0

€=- 27T "G 100 %OO

The long wire produces magnetic flux into the page through the rectangle (first figure, above).
As it increases, the rectangle wants to produce its own magnetic field out of the page, which it

does by carrying |counterclockwise| current (second figure, above).

E= -
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31.10 ®g = (Uon1)Asoienoid
do di
E=-N TtB = _Nuon(mgolenoid)a = _Nuon(mszolenoid)(GOO A/S) cos(120t)

€=-15.0(47rx107 T n/A)(L.00 x 10°/m) (0.0200 m)?(600 A/s) cos(120t)

| E = -14.2 cos(120t) mV |

31.11 For a counterclockwise trip around the left-hand loop, P
with B = At -— [, -—
2 o .-f & -Z-Z b £
d 2 J B _ o I 1‘ _
a[At(za )coso] 1,(5R) ~ IpgR =0 . 0 © © & @
= 2 i e lI' o = =
P
and for the right-hand loop, “ s “
il {-:I i

%[Atazl +1pgR = 15(3R) =0
where Ipg =11 = I, is the upward current in QP
Thus, 2Aa” = 5R(Ipg + 1) — IpgR =0
and Aa® +1poR = 1,(3R)
2Aa° - 6Rlpg — 3(Aa” + IpgR) =0

2

lpg = g—aR upward, and since R =(0.100 Q/m)(0.650 m) = 0.0650 Q

_ (1.00x107° T/5)(0.650 m)°

=283 uA upward|

|
PQ 23(0.0650 Q)
_|A®g| _ B0, _
31.12 € =27 Ngge o = N(0.0100 +0.0800t)A

Att=500s,  £=30.0(0.410 T)[n(0.0400 m)Z] = [61.8mV

© 2000 by Harcourt, Inc. All rights reserved.
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31.13 B = ponl = 14gn(30.0 A)(1- e 46%) n turns/m

(o1 :J’BdA = Uon(30.0 A)(l_e-l.GOt) A

g = 1n(30.0 A)(L-e ) R?

E=-N dng = - Npton(30.0 A) 7R?(1.60)e~ -0

N turns

€ = —(250)(411x 107" N/A?)(400 m~')(30.0 A)[n(o.oeoo m)>?|1.60 s e ™0t

€ =(68.2 mVv)e ™" counterclockwise

31.14 B = tonl = pgnl e (167 1 turns/m

g = [BAA = Lighlmax (1= &™) dA

Pg = HoNlmax (1 - e” ") 7R?

at

ddg _

E=-N el NNl ey TRZ0E™

€= Nuonlmaanzae_”t counterclockwise

NI 2 AB cos 6

31.15 S:E(NBI 2 cos 6) =
dt At

o Ent (80.0 x 1073 V/)(0.400 s)
\/ NABcos6 | (50)(600x10™° T -200 x 107® T)cos(30.0°)

Length = 41 N = 4(1.36 m)(50) =

=136m
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Goal Solution

A coil formed by wrapping 50.0 turns of wire in the shape of a square is positioned in a magnetic field so
that the normal to the plane of the coil makes an angle of 30.0° with the direction of the field. When the
magnetic field is increased uniformly from 200 puT to 600 puT in 0400 s, an emf of
80.0 mV is induced in the coil. What is the total length of the wire?

G:

O:

If we assume that this square coil is some reasonable size between 1cm and 1 m across, then the total
length of wire would be between 2 m and 200 m.

The changing magnetic field will produce an emf in the coil according to Faraday’s law of induction.
The constant area of the coil can be found from the change in flux required to produce the emf.

ddg
dt

dB

By Faraday’s law, E=-N =-N %(BACOS 0) = -NAcos @ pm

For magnitudes, ‘E‘ =NA cosf E‘%g

g 3

and the area is A= ‘ ‘ - 80.0 x 1(36 \Y, =18 2
N cos g PABO 50(cos 30 OO)EBOO x1078 T-200x1078 TO

Hat D ~'H 0.400 s

Each side of the coil has length d =+/A, so the total length of the wire is

L=N(4d)=4NVA = (4)(50)V1.85 m? =272 m

The total length of wire is slightly longer than we predicted. With d =136 m, a normal person could
easily step through this large coil! As a bit of foreshadowing to a future chapter on AC circuits, an
even bigger coil with more turns could be hidden in the ground below high-power transmission lines
so that a significant amount of power could be “stolen” from the electric utility. There is a story of
one man who did this and was arrested when investigators finally found the reason for a large power
loss in the transmission lines!

31.16 The average induced emf is given by &€=

AP
Oat O

Here N=1, and APy = B(Asquare ~ Acircle)

with Acircle = T2 = 11(0.500 m)? = 0.785 m?

Also, the circumference of the circle is 27 = 277(0.500 m) = 3.14 m

_3.14m

Thus, each side of the square has a length L =0.785 m,

and Asquare = L =0.617 m?

So  A®g =(0.400 T)(0.617 m? - 0.785 m?) = - 0.0672 T Om?

. . -0.0672 T Om?
The average induced emf is therefore: E=—- ——  —  =|0.672V
g 01005 0.672 V|
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31.17 In a toroid, all the flux is confined to the inside of |
the toroid. N =500 |

B_Ho'\“ _ 500 ugl L» ‘

27 27 -

dzdr

g = [BdA = Soogzmax sinatf <

_500ﬂ0|max b+RO T
%_7271 asma)tInD = O - | N’ =20

b |[<R—|
£ =N 9%P8 = o200 Holmax O o TR +RO, ot |
dt U 2m OR O

O

4
=27 Darx107 2 50,0 A) 37729 50.0200 m)ln%(wm oswt = [(0.422 V) cos wr|
2m A S 4.00 cm

31.18 The field inside the solenoid is: B =puonl = g glﬁgl

Thus, through the single-turn loop  ®g = BAyenoid :uoglﬁgmz)l

. . . _ Adg
and the induced emf in the loop is E=- T_ uODI g(n'r )

N1 Ol = 1,0
I O At O

chB dCDB =1.10 T (upward)

31.19 e=-Nn8 IR=-NI78
dt dt T T T T
__N __N
ldt = -5 dog fidt=—— [dog i ER
-_N -_NAlg -B
Aoy = RA(Bf B
N ]

AL

Q__
_ DZOO -
Q=- g100><10 m?)(-1.10-1.10) T =[0.880 C

_Blv
R

v =1.00m7/s R —

3120 1=

|




31.21

*31.22

31.23

31.24

31.25

(@)

(b)

(@)

(b)

©
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Fg|=1[1xB[=11B. When I= E/R and €= Bl v, we get ]

212 2 2
_ B'RV(I B)=2 L{ v (2.50)°(1.20)°(2.00) _ 5 o5 R | —

F
B 6.00 : F

The applied force is [ 3.00 N to the right |

21 2,,2
P:IZR:BIRV =6.00W or P=Fv=[6.00W

Fg=11B and E=Blv
R R | v
2
Fy= 1R and | = /M: 0.500 A
| v V'R
IR =[2.00 W

For constant force, P =F[=(100 N)(2.00 m/s)= W

The downward component of B, perpendicular to v, is (50.0 x 107° T) sin 58.0° = 4.24 x 10° T

E=Bl v=(4.24x107° T)(60.0 m)(300 m /) =

The |left wing tip is positive| relative to the right.

d MAQ
E=-N-- BAcos & =—-NB cos 8 +—]
dt AatH

(3.00 m x 3.00 m sin 60.0°) — (3.00 m)?

&€ =-1(0.100 T) cos 0° 0100s =121V
1.21V
| = =[0.121 A A
10.0Q 3.00 rr/ N.oo m

The flux is into the page and decreasing. The loop makes its 3_00&%.00111
[
B

own magnetic field into the page by carrying

current.

w=(2.00 rev/s)(2rrrad/rev) = (4.00)rrrad/s

© 2000 by Harcourt, Inc. All rights reserved.
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31.26

31.27

(@)

(b)

©

(d)

(@)

(b)

©

Bext = Bext | and Byt decreases; therefore, the induced
field is Bo = By i (to the right). Therefore, the current

is |to the right| in the resistor.

Bext = Bext (i) increases; therefore, the induced field
Bo = Bp (+i) is to the right, and the current is

to the right| in the resistor.

Bext = Bext (-K) into the paper and Bey: decreases;
therefore, the induced field is By = By (-K) into the

paper. Therefore, the current is in the

resistor.

By the Lorentz force law, Fg = q(v x B). Therefore, a
positive charge will move to the top of the bar if B is

-

~v ([((

S N/

The force on the side of the coil entering the field

(consisting of N wires) is
F =N(ILB) = N(IwB)

The induced emf in the coil is

€1=N

so the currentis | =

The force on the leading side of the coil is then:

to the left

2022
DNBWV%NB N“B“w“v

counterclockwise.

|<

|

(b)
o
+
+ v
(d)

Once the coil is entirely inside the field, ®g =NBA = constant,so £€=0, 1=0, and F= @

As the coil starts to leave the field, the flux decreases at the rate Bwv, so the magnitude of the
current is the same as in part (a), but now the current flows clockwise. Thus, the force exerted

on the trailing side of the coil is:
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2p2,,,2
F= Wmthe left again

31.28 (a) Motional emf & = Bwv appears in the conducting water. Its /} R I
ist , if the plat b d, i - =
resistance, if the plates are submerged, is . M —
S
pL _pw ‘ T
A T ab b
4 ~
Kirchhoff's loop theorem says Bwv - IR - b - 0 \><
| = Bwv  abvB
pw ., 3R
R+ ab p+
100 m)(5.00 m)(3.00 m/s)(50.0 x 107¢ T
(b) lg= ( X X X ) =10.750 mA
100Q - m
31.29 Look in the direction of ba. The bar magnet creates a field into the page, and the field

increases. The loop will create a field out of the page by carrying a counterclockwise current.
Therefore, current must flow from b to a through the resistor. Hence, Vg — Vp will be

[regative].

31.30 E:%Bwl 2 -

3131 Name the currents as shown in the diagram: I, I,

- -

Left loop: +Bdv, - I,R, = I;R; =0 S L B e

p 2 ~ 2Rz =iy . 111 Al

. v,=4.00 m/s x |[3=2.00 m/s
Right loop: +Bdvy - I3R3 + 1R; =0 2 g ﬁlzx = ’ /

* | s.00@F "

At the junction: I, =1+ I3
R,=10.0 Q R;=15.0Q

Then, BdV2 - I]_Rz - |3R2 - IlRl :0

I,R
I3:de3+11
Rs  Rj
BdvsR, I;R,R
so, Bdv, - I;(Ry +R,) - ——=2 - L 129

R3 R3

© 2000 by Harcourt, Inc. All rights reserved.
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V2R3_V3R2 D
I, =Bd upward
1= PR R, +RRs + RRsH P
Ha¥iaY) 1R3 3

B 0 (4.00m/s)(15.0Q)-(2.00m/s)(10.0Q) O _
'1=(0.0100 T)(0.100m) H5.00 Q)(10.0 Q) + (5.00 Q)(15.0 Q)+ (10.0 Q)(15.0 Q)5

upward
dB dod e
3132 (a) g =600t2-8.00t |€|=— S
nR%(dB/dt)  8.0071(0.0250)2 ( .
At t=200s, £ = 2208/dY) - 8.007(0.0250) \~ ~
21T, 277(0.0500) g

/

F=gE=[8.00x 10721 N| clockwise for electron

(b) When 6.00t*-8.00t=0, t=

dB do
31.33 ——= =00600t |E|=—=
dt
dB
At t=3.00s, E= nrf H m——— | 1.80 x 10~ N/C perpendicular tor; and counterclockwise
1
dCD ZDdBD
*31.34 E=—PL=mr E a1l
dt Tad §
dB Orr? OdB
E(2nR) = mr? —, or =
CrR=m g T
dB dl
B = pynl =
Ha Caadrn
| =3.00¢%200 % =0.600"20

2
m 0.200t

At t=10.0s, E= n)(0.600e™
27'11?(HO )( )

becomes  E —(2(2002028(;“))(471 x 107" N / A2)(1000 turns/ m)(0.600)e2%=[2.23x10° N/C
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3135 (@) fEM1= d%
2mE = (mz)i—? so E ={(9.87 mV/m) cos (100 7t)|

(b) The E field is always opposite to increasing B. O

© 2000 by Harcourt, Inc. All rights reserved.
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31.36

31.37

31.38

31.39

(@)

(b)

(@)

(b)

For the al _ 3000 L&V_p2rradi mingy_ oy
or the alternator, w= mTn T Tev e 605 0= 314 rad/s

dPg _
dt

£=-N —250%[(2.50 x107* T On?)cos(314 t/s)| = +250(2.50 x 107* T - m?)(314/5s) sin(314t)

|£=(19.6 V) sin(3141)|

Emax =196V

Emax = NABw = (1000)(0.100)(0.200)(1207) = B

normal

E(t) = -NBAw - sin wt =-NBAwsin 6 _ - axis

I
2 ’

|€] is maximal when |sin 9| =1, or 6=+

so the |plane of coil is parallel to B|

Let 8 represent the angle through which the coil turns, starting from 6 =0 at an instant when
the horizontal component of the Earth's field is perpendicular to the area. Then,

E=- N%BAcos 6=- NBA%cos wt =+ NBAw sin wt

Here sin wt oscillates between +1 and -1, so the spinning coil generates an alternating voltage
with amplitude

- 2mrad
Emax = NBAw = NBA27zf = 100(2.00 x 10~ T)(0.200 m)?(1500 =[12.6 mV
max ( X (1500

B = ponl =(471x107 Tim/A)(200 m™)(15.0 A) =3.77x107 T
For the small coil, g = NB A = NBA coswt = NB(7r2)cos ot

dPg _

Thus, €=- " NB7rwsin wt

€ =(30.0)(3.77 10" T)(0.0800 m)*(4.0075 ™% sin(4.007t) =  (28.6 mV)sin(4.007t)
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31.40 As the magnet rotates, the flux
through the coil varies 1
sinusoidally in time with &g =0
at t=0. Choosing the flux as
positive when the field passes
from left to right through the
area of the coil, the flux at any | !/!w== 0 ‘ ‘ ‘ ‘
time may be written as ( 0.5 1 1.5 2
P = =P SiNWL S0 the 0.5 1
induced emf is given by

0.5 1

E=-——"—"2=wd,,, COSwWt. T = (wt/2 m)

|t

The current in the coil is then | =

wd
= % COSwWt = | | 145 COS it

3141 (a) F=NIIB

Tmax = 2Fr = NI1 wB = [0.640 N - m

(b) P =10w=(0.640 N - m)(120rrrad/s)

Prmax =241 W/ (about 3 hp)

3142 (8) Emax =BAw=B(mR?)w £

Enma = (130 T)g(0.250 m)> 54.0071%5 w \

Fi 1
£ = |1.60V gure

VANVA
(b) E:I;ﬂ%dez%fjn sin0do = [0 \/ \

(c) The maximum and average £ would remain unchanged.

Figure 2
(d) See Figure 1 at the right.

(e) See Figure 2 at the right.

3143 (a) ®g=BAcos 8=BAcos wt = (0.800 T)(0.0100 m?) cos 271(60.0)t = ‘ (8.00 mT - m?) cos(377t)‘

© 2000 by Harcourt, Inc. All rights reserved.
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31.44

31.45

*31.46

(b)
©

(d)

(e)

(@)

(b)

(©

E= CD =[(3.02 V) sin (3771)]

I = ER = ((3.02 A) sin (3771)]

P =12R = [(9.10 W) sin? (3771)|

P=Fv=rTw s0 ngz |(24.1 mN - m) sin? (3771)|

At terminal speed, the upward magnetic force exerted on " —1

the lower edge of the loop must equal the weight of the +—
loop. That is, [ 1 |i

Mg = Fg = IWB = D‘ngs = [B"Wt glvB

Thus,

MR _ /(0.150 kg)(9.80 m's)(0.750 )
- | wiv _\ (100 m)2(2.00 m/s)

- 7]

B Induced

See the figure above with Problem 31.44.

20,2
At terminal speed, Mg =Fg =IwB= Dé’gNB _ [Bwv; §NB - %
or v = MgR
b B%w?
The emf is directly proportional to v,, but the current is inversely proportional to R. A large R

means a small current at a given speed, so the loop must travel faster to get F,, =mg.

At given speed, the current is directly proportional to the magnetic field. But the force is
proportional to the product of the current and the field. For a small B, the speed must

increase to compensate for both the small B and also the current, so v, 0 B?.

The current in the magnet creates an upward magnetic field, so the N and S poles on the

solenoid core are shown correctly. On the rail in front of the brake, the upward flux of B
increases as the coil approaches, so a current is induced here to create a downward magnetic
field. This is clockwise current, so the S pole on the rail is shown correctly. On the rail

behind the brake, the upward magnetic flux is decreasing. The induced current in the rail will
produce upward magnetic field by being counterclockwise as the picture correctly shows.



31.47

31.48

*31.49

*31.50 (a)

(b)

©
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F=ma=qE+qvxB

i j K
a= %[E +vxB] where vxB=|200 0 0 |=-200(0.400)j +200(0.300)k
0.200 0.300 0.400

_ 160x1071°

= 12715001 ~80.0j + 60.0Kk] = 9.58 x 107[-30.0j + 60.0K]
. X

(-2.87 x10° j +5.75 x 10° k) m/s2

a=2.87 x10°[-j+2Kk]m/s? =

i j Kk
F=ma=qgE+qvxBso a:%[E+VXB] where vxB=|10.0 0 0 |=-4.00j
0 0 0.400
(-160x107% _ _ _ e _
a=W[Z.50I+5.00]—4.00]]=(—1.76><10 Ji2.50i +1.00j]

(~4.39x 101§ - 176 x 10 ) m/s?

£=-N g(BAcose) = —N(mz) cos0 3B
dt dt

€= -(30.0)n{2.70x10™? m)z(l)%[S0.0 mT +(3.20 mT) sin (277 523t /3]

€= (30.0)n(2.70x10 m)’(3.20 10 T)(27)(523/s) cos(277 523t /s)

€= |-(7.22x107 V) cos(2r 5231 /3)

Doubling the number of turns. € (mV)
|Amplitude doubles: period unchanged| 107 (@)  Original
5 4 Curve
Doubling the angular velocity. 0.5 1.0 15 2.0
[doubles the amplitude: cuts the period in half| 0 ’ ’ P '(nis)
-5+ )
Doubling the angular velocity while reducing the (b)
number of turns to one half the original value. -10 t

|Amp|itude unchanged: cuts the period in half

© 2000 by Harcourt, Inc. All rights reserved.
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*31.51

31.52

*31.53

(@)

(b)

AB _

€=-N A(BAcos@) = —N(nr )cosO — 1(0 00500 m )(1)[MD
At At

020.0x107°% s 0875V

£ 0875V
=S =-2°0PV _138A
R 0.0200 Q 438 A

P=EI=(0.875 V)(43.8 A) = [38.3 W

In the loop on the left, the induced emf is

r—0.50 m l 0.50 m —|

|E|= d(DB —A = 7(0.100 m)*(100 T/s) = T
L n=010m L =015m .
> > on<S 050m
and it attempts to produce a counterclockwise 993 s0a> 5on:.
current in this loop. in Bou

In the loop on the right, the induced emf is

= 7(0.150 m)?(100 T/s)=2.257TV

and it attempts to produce a clockwise current. Assume that |, flows down through the
6.00-Q resistor, 1, flows down through the 5.00-Q resistor, and that I; flows up through the
3.00-Q resistor.

From Kirchhoff’s point rule: =1 +1 Q)
Using the loop rule on the left loop: 6.001; +3.00l3 =77 2
Using the loop rule on the right loop: 5.001, +3.0013 =2.25 11 3)

Solving these three equations simultaneously,

1 =[065A]. 1,=[F0A], and 1,=[09BA

The emf induced between the ends of the moving bar is
€ =Bl v=(2.50 T)(0.350 m)(8.00 m/s)=7.00 V

The left-hand loop contains decreasing flux away from you, so the induced current in it will
be clockwise, to produce its own field directed away from you. Let I, represent the current

flowing upward through the 2.00-Q resistor. The right-hand loop will carry counterclockwise
current. Let I; be the upward current in the 5.00-Q resistor.



*31.54

31.55

(@)

(b)

©
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Kirchhoff’s loop rule then gives: +7.00 V-1,(2.00Q)=0 1,=[350 A
and +7.00 V- 15(5.00Q)=0 13={140 A
The total power dissipated in the resistors of the circuit is

P=Ely+El; =E(l; +15) =(7.00 V)(3.50 A +1.40 A) =

Method 1. The current in the sliding conductor is downward with value
I,=350A+140 A=4.90 A. The magnetic field exerts a force of

Fm =11 B=(4.90 A)(0.350 m)(2.50 T) =4.29 N directed _ toward the right on this conductor. An
outside agent must then exert a force of (4.29 N| to the left to keep the bar moving.

Method 2: The agent moving the bar must supply the power according to
P=FLv =Fvcos0’. The force required is then:

_P_343W _
Y 8.00 m/s

Suppose we wrap twenty turns of wire into a flat compact circular coil of diameter 3 cm.
Suppose we use a bar magnet to produce field 10°T through the coil in one direction along

its axis. Suppose we then flip the magnet to reverse the flux in 107ts. The average induced
emf is then

F-_NAPs A[BAcos ] _ _NB(mz)[poslSO -cos0°[]
At At t At 0

c_ _ -3 20 =2 O _. -4
€ = -(20)(10 T)n(0.0150 m) T e] B

€+ Einduced d = | '
l=——x——  and  Einducea =~ gy (BA) SO
e ||| sy 2

=m at e o o o .T
dv IBd Bd Bd [ ]
Tt = m = R €+ Einduced) = R (€-Bvd) -

. . . du dv

To solve the differential equation, let u=(&-Bvd), il -Bd T

1du _ Bd u du__t (Bd)?
“Bddt —mRrR Y S° Iuo u Lzo mR at
! ing from t=0tot= P LR = =
ntegrating fromt=0tot=t, Nds = T mR t or T
e—Bzdzt/mR
Since v=0when t =0, ug=€&€ and u=&-Bvd
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£-Bvd = e B VIR

and
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3156 (a) For maximum induced emf, with positive charge at the top of the antenna,

31.57 I =

F+ =g+ (v x B), so the auto must move east

5.0 x 103 mQJ
(b) E£=Blv = (5.00 x 107 T)(1.20 m) %% cos65.0° = [4.58 x 10~ V]

0 3600s

DA

:U\UJ
~—+

(15.0 uT)(0.200 m)?
S0 =IAt= =[1.20uC
g 05000

Goal Solution

The plane of a square loop of wire with edge length a=0.200 m is perpendicular to the Earth's magnetic
field at a point where B=15.0 uT, as shown in Figure P31.57. The total resistance of the loop and the
wires connecting it to the galvanometer is 0.500 Q. If the loop is suddenly collapsed by horizontal forces
as shown, what total charge passes through the galvanometer?

G:

O:

For the situation described, the maximum current is probably less than 1 mA. So if the loop is closed
in 0.1 s, then the total charge would be

Q =IAt=(1mA)(0.15)=100 uC

We do not know how quickly the loop is collapsed, but we can find the total charge by integrating the
change in magnetic flux due to the change in area of the loop (a2 - 0).

Q= [t J"SF:“ ng% =1 Id%—— J'd(BA)— Rf -

=0 2 -6 2
0= _B AD _Ba” _(15.0x10" T)(0.200 m)~ _ 120x10°° C
R 2 R 0.500 Q

1=a

The total charge is less than the maximum charge we predicted, so the answer seems reasonable. It is
interesting that this charge can be calculated without knowing either the current or the time to
collapse the loop. Note: We ignored the internal resistance of the galvanometer. D’Arsonval
galvanometers typically have an internal resistance of 50 to 100 Q, significantly more than the
resistance of the wires given in the problem. A proper solution that includes Rg would reduce the
total charge by about 2 orders of magnitude (Q ~0.01 uC).
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dqg N
* = — = =-N—E -
3158 (a) I=¢ where E=-N i J’dq Rc.!d(DB
1

31.59

31.60

31.61

(b)

(b)
©

(d)

dog ®2

XM
[72]
(@]

N
and the charge through the circuit will be |Q| =R (®2-Dy)

N Orid_ BAN
=—mAcos0-BACOS — =
Q R% pH R

RQ _ (200Q)(5.00x107*C) _

SO B= ox = =[0.250 T
NA (100)(40.0 x 1074 m?)
£
£=BIv=0360V I= £ =[0.900 A
5 = [0:900 A

Since the magnetic flux B - A is in effect decreasing, the
induced current flow through R is from b to a. is at
higher potential.

. Magnetic flux will increase through a loop to the left of ab. Here counterclockwise
current will flow to produce upward magnetic field. The in R is still from b to a.

€= Bl v at a distance r from wire <71
Ol ' T
& =" @v ‘ v
£l B I ¢
(a) At time t, the flux through the loop is ®g =BACosH = (a+bt)(m2)coso° = ni{a +bt)r?
Att=0, ®g=|mar?
by €= 9% _ 2 d(a+bt) _ - 7ibr?
dt dt
& mbr?
0 1=2=|-TB0
© = =
O 2 2.4
@ P=&l=F" a—nbrz)= Uil
H R R




31.62

31.63

31.64

(@)
(b)

©

(@)

(b)

(©

(d)

@)

(b)
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B 2
—(NBA)— 1D(TDna = m‘K

0=ce=[Emin

B into the paper is decreasing; therefore, current will attempt to counteract this. Positive

charge will go to |upper plate| .

The changing magnetic field through the enclosed area |induces an electric field
surrounding the B-field, and this pushes on charges in the wire.

The flux through the coil is @z = B[A =BAcos8 =BAcoswt. The induced emf is

E = —N&:—NBAM

= NBAwsin wt.
dt

Emax = NBA® = 60.0(1.00 T)(0.100 x 0.200 m?)(30.0 rad/s) = [36.0 V

ddg _ £ dPg|  _ Emax _ 360V _ ~
—==—, th = = =0.600 V = (0.600 Wh/
a N ™ T TN 00
At t=0.0500 s, wt =150 rad and € = Eaxsin(1.50 rad) =(36.0 V)sin(1.50 rad) = (35.9 V

The torque on the coil at any time is 7 =|u xB|=|NIA x B| = (NAB)I sin wt\ P max [Dgﬁsm wt|

2 2
When &€ =&, sinwt=1.00 and T= Emax _ (36.0V)

@R (30.0 rad’s)(10.0 Q)

Pg

We use € =- NA—, with N =1.
At

Taking a =5.00 x 10-3 m to be the radius of the washer, and h = 0.500 m,

g O a? -
Adg =B,A ~BA=A(B,-B)= mlo ol _Hol = @Kol O 1 _ 10_ —poahl
nh+a) 2mBH 2 O[h+a ad 2(h+a)
The time for the washer to drop a distance h (from rest) is: At= \ Zgh
Therefore, &= Mol __ Hoahl /i _ _Hoal \/ih
2(h + a)At  2(h+a) \2h  2(h+a)

(411107 T [In/A)(5.00 x 10 m)(10.0 A) /(9.80 m/s?)(0.500 m)

= : = (97.4 nV
2(0.500 m +0.00500 m) \ 2

Since the magnetic flux going through the washer (into the plane of the paper) is decreasing
in time, a current will form in the washer so as to oppose that decrease. Therefore, the

current will flow in a | clockwise direction| .

and €=

© 2000 by Harcourt, Inc. All rights reserved.



240 Chapter 31 Solutions

31.65 g=-Nn9% -y E(BAcos 6)
dt dt
£ = -NBoos 8 o2 0= —200(50.0 x 107° T)(cos 62.0°) 220 107 M0, o
ot | P 1Tes B
31.66 Find an expression for the flux through a rectangular area r- T T T 1 7
"swept out" by the bar in time t. The magnetic field at a distance | : o
|

|
|
x from wire is |
<—7’—>| | i
B= LOI 414—| T
271X

and dJB:J'BdA. Therefore, ‘

r+l
B~ IJSM I dx where vt is the distance the bar has moved in time t.
m X
dog _ uolv
Then, |&]= T = In E]l
31.67 The magnetic field at a distance x from a long wire is B :éjil. Find an expression for the
TIX

flux through the loop.

r+w
_ lJo _ uoll dx uo" w
0P =22 (1dx) 50 J gu ‘0
Therefore, g=-9% _tllv_w and =& |Kllv_w
dt 2mr (r+w) R 21TRr (r +w)
31.68 As the wire falls through the magnetic field, a motional emf £ =Bl v is induced in it. Thus, a
counterclockwise induced current of | = £/R =Bl v/R flows in the circuit. The falling wire

is carrying a current toward the left through the magnetic field. Therefore, it experiences an

upward magnetic force given by Fg =1l B=B? ?v/R. The wire will have attained terminal
speed when the magnitude of this magnetic force equals the weight of the wire.

212
Thus, % =mg, or the terminal speed is v, = ;nz—?lz
3 2 2 d®s 2
31.69 @ = (6.00t° — 18.0t°) T - m and E= -9t - -18.0t“ + 36.0t

Maximum & occurs when % =-36.0t + 36.0 = 0, which givest = 1.00 s.

. . o4 (-18.0 + 36.0)V
Therefore, the maximum current (att=1.00s)is |I== = —  =(6.00 A
( ) R~ s00n  L0XA



31.70
*31.71 (a)

(b)
31.72
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For the suspended mass, M: *F=Mg-T=Ma

For the sliding bar, m: ZF=T-11B =ma, where Izgz%
2,2 2|2
Mg—BI V=(m+M)a or a=y= Mg __B7
dt m+M R(M+m)
2|2
IV av :J'tdt where a= Mg and ,B:L
0 (a-pBv) Jo M+m R(M +m)

v=Z@-ePhty= MgR %_ o8 2t/R(M+m)E

Therefore, the velocity varies with time as 5 22, 2

_dog dB d
5——NT =-NAG¢ ——NAE(p.onl)

where A = area of coil, N = number of turns in coil, and n = number of turns per unit length
in solenoid. Therefore,

d
€] =NpoAn [4 sin(12071t)] = Np0oAN(4807) cos(1207t)

€ = 0(amx 107 )[n(0.0500 m)?] (2.00 x 10)(4807) cos(120Trt) = |(1.19 V) cos(1207t)|

AV (1.19 V)? cos?(1207t)
I=—=— and P=AVI =
R (8.00 Q)

(119 v)?

1UL19V) . g5 mw
2 (8.00Q)

1 _
cos 26, the average value of cos’@is 5 , so P =

N
Nl =

From cos? = 5 +

The induced emf is € =Bl v where B :%, v=y, +gt:(9.80 m/sz)t, and

y=y; - $9t? =0.800 m - (4.90 m/s?)¢,

(47rx 107 Tin/A)(200 A)

) (L18x107)t
) 277[0.800 m - (4.90 m/s2)i?

0.800 — 4.90t?

](0.300 m)(9.80 m/s?)t =

(118 x107*)(0.300)
0.800 - 4.90(0.300)°

At t=0.300s, E=l

JV:
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31.73

31.74

31.75

The magnetic field produced by the current in the straight wire is [—
perpendicular to the plane of the coil at all points within the coil.
The magnitude of the field is B =yl /27r. Thus, the flux linkage is

_ IJoNIL h+w dr _ HoNImaXL |:h+W[|
= B2 WAL In
2 Jhor 21 0 hnh 4

e ~ —>
‘4—&'—»‘4:—»

Ndg sin(at + @)

S

E= _IJONImaXLwlnEl_'_ﬂD

Finally, the induced emf is
2m hU

cos(wt + @)

oo (4 X 10‘7)(100)(50.0)(0.200 m)(20077s ™) Ingl+ 5.00 cm[]

cos(wt +
5.00 cm O S (@Ht @)

2T

E= | -(87.1 mV) cos (2007t + <0)|

The term sin(wt+ @)in the expression for the current in the straight wire does not change
appreciably whenwt changes by 0.100 rad or less. Thus, the current does not change
appreciably during a time interval

0.100
(20077s7%)

We define a critical length, ct=(3.00 x 108 m /s)(1.60 x 10 -4 s)=4.80 x 10* m equal to the

distance to which field changes could be propagated during an interval of 160 x 10 ~4s. This
length is so much larger than any dimension of the coilor its distance from the wire that,
although we consider the straight wire to be infinitely long, we can also safely ignore the field
propagation effects in the vicinity of the coil. Moreover, the phase angle can be considered to
be constant along the wire in the vicinity of the coil.

=160x107%s.

If the frequency w were much larger, say, 2007tx10° s™%, the corresponding critical length
would be only 48.0 cm. In this situation propagation effects would be important and the
above expression for & would require modification. As a "rule of thumb" we can consider
field propagation effects for circuits of laboratory size to be negligible for frequencies, f = w/2m,
that are less than about 106 Hz.

®p

d
®g =BAcos 6 qt ~ —wBAsing; CCW | Torque

2
N ”\/”’
CWM

The area of the tent that is effective in intercepting magnetic field lines is the area
perpendicular to the direction of the magnetic field. This is the same as the base of the tent.
In the initial configuration, this is

I0-sin @

r01B sin 6 [0 —sin? 6]

A; = L(2L cos ) = 2(1.50 m)? cos 60.0° = 2.25 m?
After the tent is flattened, A, =L(2L) = 21% = 2(1.50 m)? = 4,50 m?
B(AA) _ (0.300 T)(4.50 - 2.25) m?

. . AD
The average induced emf is: E=-""B-_ = =[-6.75V
g At At 0.100 s




