PHY 114. HW Chapter 30 Solutions.

Spring 2023

ANSWERS
From Equation 30.2, ) .
1 Note: Certain given values may
A(BAcos0 cos@, —cos0, )
g=_Nw=_NBn-r2 7 vary
At At
~ c0s180°—cos0°
=-25.0(50.0x10° T)[x(0.500 m)Z](i)
0.200 s
€=|19.82 mV
Faradays law gives
2
AD 1B 1 3 2
& =|—2 = N(‘—)A = N|-(0.010 0t +0.040 0*) | A
At dt dt
or |€[=N(0.0100+0.080 0t) A
where |8| is in volts, A is in meters squared, and f is in seconds. At
t =5.00 s, suppressing units,
|€1=30.0[0.010 0+0.080 0(5.00)][ 7(0.040 0’ |
=6.18x107 =| 61.8 mV
(1) Ata distance xrommithe long straieht (d) From part (a) of the problem, the magnetic flux through the rectangular loop is given by !
3 . = . !,010 ® :uoﬂm(h+w) ’
wire, the magnetic field is B= T~ B or A 4
X
The flux through a small rectangular In this case, I is constant, but h = hg + vt. The emf induced in the loop is then fi_
element of length L and width dx X
. db. J [#oll th+ w\] _ _[HolL h d w
within the loop is &--—f=- ET[ ;T[ In ( = H (7)(/7 T w)ﬁ(l * F) ! |
L i - #DIva( h )(7 17) _ Mollw (],\" w
AP, =B-dA = Z‘ILLd.\‘: ar \htw/\ A 2mh(h + w)
a Substituting for h gives y
& =”'f" molldx Il (h+w B Hollmv L
’ . 2@ x 2n h 2n(hg + vt)(hg + vt + W)
0 em i iy (hrw)) il (el ANS. FIG. P31.13
dt dt| 2rm h 2r h dt
al i (e) As the loop moves away from the straight wire, the magnetic flux within the
where E: E(LH—H) =b loop, which is into the page, decreases in strength. Therefore, the induced
current must produce magnetic flux into of the page to oppose the decrease
:_(4”>< 107 T~m/A)(l.00 m) in magnetic flux. Therefore, the current must be in the clockwise direction.
2r
I [ 0.010 0 m+0.100 m )(10,0 ATE)
0.010 0 m
=-480x10°V
(c) The long, straight wire produces magnetic flux into the page
through the rectangle, shown in ANS. FIG. P31.13. As the
magnetic flux increases, the rectangle produces its own magnetic
field out of the page to oppose the increase in flux. The induced
current creates this opposing field by traveling
around the loop.
4 (@) B, =B,i and B, decreases; therefore, the induced field is
B, s = Bosued (to the right) and the current in the resistor is
directed from a to b, | to the right |.
(b) B, =B (71) increases; therefore, the induced field B, ., =
Bige o (+;) is to the right, and the current in the resistor is
directed from a to b, |out of the page | in the textbook picture.
() B, =B. (—IA() into the paper and B, decreases; therefore, the
induced field is B, ;.4 = Biuued (—k) into the paper, and the
current in the resistor is directed from a to b, | to the right |.




(a) Refer to ANS. FIG. P31.26 above. At constant speed, the net force —
on the moving bar equals zero, or

E

app

= I‘I—.x]—3|

AAA
VYv
=

=

where the current in the bar is [ = €/R and the motional emf is app
€ = B (v. Therefore,

LI B**v (250 T)*(1.20 m)*(2.00 m/s) ANS. FIG. P31.26
A Lo T 6.00 Q

=3.00N

B*(*v*

‘:6.00W ot P=Fu=
R

The applied force is | 3.00 N to the right ‘ By P=IR=

(@) The emfs induced in the rods are proportional to the lengths of the Substituting numerical values, and noting that
sections of the rods between the rails. The emfs are €, = Blv; with R,R, +RR; + R,R, =(10.0 Q)(15.0 Q)
positive end dowm\'anni, and ‘_92 = B(v, with positi\'c_ end upward, +(10.0 ©)(5.00 Q) +(15.0 Q)(5.00 Q)
where ( =d =10.0 cm is the distance between the rails. oy Qf :
We apply Kirchhoff’s laws. We assume current I, travels downward in i
the left rod, current I, travels upward in the right rod, and current I
travels upward in the resisitor R,. 1,=(0.010 0 T)(0.100 m)

For the left loop, +B(v,—~L,R, - L,R, =0 [1] o [(4.00 m/s)(15.0 ©)—(2.00 m/s)(10.0 Q)]
275 (0

we obtain

For the right loop, +B(v, - LR, +,R,=0 [2]
‘ T Sl =145x10™ A

At the top junction, I, =L, + I, [3]
Substituting [3] into [1] gives
Blv,—-I|R,-,R,=0

Therefore, I, = ‘145 1A upward in the picture|, as was originally

chosen.

(b) Changing the directions of the rods changes the polarity, but not the magnitude, of each emf.
B, —(I,+I;)R, - L,R,=0
. Note that we reversed the expected directions of the currents. Again we can apply Kirchhoff's laws.
LR, +I;(R,+R;)=B(v, [4]
. For the left loop (going clockwise)
Now using [2] and [4] to solve for I,
81‘7 IRz — I;Ry = 0.
I :szv:+13R3:Bft'l—l;(R,JrR;) '
- R, R, For the right loop (going clockwise)
then equating gives

(Bto, + LiR;)R, = [ Beo, (R, + R;) R, ’82 ~f2Rz + I3Rs = 0.
L[RR, +(R,+Ry)R, ] = Blv,R, - Bv,R, And for the bottom junction
Solving for I3 gives I =I+ I
I.=B( (f'le . Z’le) Note these equations are identical to equations (3), (4), and (5) from part (a), so the result will be the same as well.
3 RiR, +R\R; + R,R, Therefore, the magnitude of the current will be the same. And, since we reversed the direction of the current in the

circuit diagram, and the result is again positive, the direction of the current is downward.

Point P, lies outside the region of the uniform magnetic field. The rate

of change of the field, in teslas per second, is

n WP
d—B—i(ZDUtS—il-UOtZ+0800]—600t2—8001 e
dt  dt\ ' DRt ’ E
where t is in seconds. At = 2.00 s, we see that the field is increasing: =/
dB R
£ =6.00(2.00)" ~8.00(2.00)= 800 T/ B

The magnetic flux is increasing into the page; therefore, by the right-

hand rule (see figure), the induced electric field lines are counter-

clockwise. [Also, if a conductor of radius r, were placed concentric

with the field region, by Lenz’s law, the induced current would be

counterclockwise. Therefore, the direction of the induced electric field (b) Because the electron holds a negative charge, the direction of the

lines are §0u~nterc'lockw15.e.] The electrllc field at point P, is tangent to force is opposite to the field direction. The force is tangent to the|
the electric field line passing through it.

|electric field line passing through at point P, and clockwise.|

(a) The magnitude of the electric field is

_REdB_ (225 x 107 (12.00t%2 — 2.00t) = 0 27N
T2rdt 2 (0.051) ' ) T zero:

(c) The force is zero when the rate of change of the magnetic field is

|E|

dB 8.00

N )
F=qE = (1.6x 10719 () (0'276) =432x 107N o = 60007 =800 =0 t=[0] or 1 = - =[1.33 5]




(a) Use Equation 31.11, where B is the horizontal component of the

(b)

magnetic field because the coil rotates about a vertical axis:
gmax = NBhorizomalAa)
=100(2.00x107° T)(0.200 m)’

” (1500 rev )( 27 rad )(1 min]
min 1 rev 60s
=1.26x107 V=126 mV

Maximum emf occurs when the magnetic flux through the coil is
changing the fastest. This occurs at the moment when the flux is
zero, which is [when the plane of the coil is parallel to thel

magnetic field|






