Physics 4B

Solutions to Chapter 31 HW

Chapter 31:  Questions: 2, 8, 12
Exercises & Problems: 2, 23, 24, 32, 41, 44, 48, 60, 72, 83

Question 31-2
(@) less; (b) greater

Question 31-8
(@land4; (b)2and 3

Question 31-12
(a) lead; (b) capacitive; (c) less

Problem 31-2

(a) We recall the fact that the period is the reciprocal of the frequency. It is helpful to refer also
to Fig. 31-1. The values of t when plate A will again have maximum positive charge are
multiples of the period:

n n
t,=nT=—=— =n(5005),
A f  200x10%Hz (500.5)

wheren=1,2, 3,4, .... The earliest time is (n = 1) t, =5.00 us.

(b) We note that it takes t =4 T for the charge on the other plate to reach its maximum positive

value for the first time (compare steps a and e in Fig. 31-1). This is when plate A acquires its
most negative charge. From that time onward, this situation will repeat once every period.
Consequently,

1 Lo _(2n—1)_ (2n-1) o
t_2T+(n 1)T_z(2n YT = 2 f _2(2><103Hz)_(2n 1)(2:50us)

wheren=1,2,3,4, .... The earliest time is (n = 1) t=2.50ys.

(c) At t =1T, the current and the magnetic field in the inductor reach maximum values for the

first time (compare steps a and c in Fig. 31-1). Later this will repeat every half-period (compare
steps c and g in Fig. 31-1). Therefore,

2 (on-1) L= (2n-1)(1.2515),

tL4




wheren=1,2, 3,4, .... The earliest time is (n = 1) t=1.25us.

Problem 31-23
(a) The total energy U is the sum of the energies in the inductor and capacitor:

_ + =1.98x107°J.

q2
U=U_+U,=—+
=P 2(7.8ox10-6|=) 2

2C

7L (380x10°C)" (9.20x10°A) (25.0x10°H)
2

(b) We solve U = Q?%/2C for the maximum charge:

Q=+2CU = \/2(7.80 x10° F)(198x107°J) =556 x10° C.

(c) From U = I°L/2, we find the maximum current;

2(198x107°J
|=,/2—U= (—_3):126x10‘2A.
L 250x10°H

(d) If go is the charge on the capacitor at time t = 0, then go = Q cos ¢ and

-6
p=cos| L |=cos™ w = 146.9°.
Q 556x10° C

For ¢ = +46.9° the charge on the capacitor is decreasing, for ¢ = —46.9° it is increasing. To check
this, we calculate the derivative of q with respect to time, evaluated for t = 0. We obtain —oQ sin
¢, which we wish to be positive. Since sin(+46.9°) is positive and sin(-46.9°) is negative, the
correct value for increasing charge is ¢ = —46.9°.

(e) Now we want the derivative to be negative and sin ¢ to be positive. Thus, we take
¢ =+46.9°

Problem 31-24
The charge q after N cycles is obtained by substituting t = NT = 2zN/@' into Eq.
31-25:

q=Qe ™" cos(aw't+4)=Qe™"* cos| ' (22N /') +¢ |

_ Qe—RN(Zﬁx/R)IZL COS(Z;ZN +¢)
— Qe MRYCIL cos 4,



We note that the initial charge (setting N = 0 in the above expression) is go = Q cos ¢, where g =
6.2 uC is given (with 3 significant figures understood). Consequently, we write the above result

as q, =0, exp(—NyzR\/ﬁ).

(@) ForN=5, q, :(6.2,uC)exp(—57r(7.ZQ)\/0.0000032 F/12H)=5.85,uC.

(b) For N = 10, gy, =(6.24C) exp(~107(7.2€2),/0.0000032F/12H ) =5.52 u.C.

(c) For N = 100, @, :(6.2/,1C)exp(—1007r(7.2£2)\/0.0000032 F/12H)=1.93,uC.

Problem 31-32
(a) The circuit consists of one generator across one inductor; therefore, &, = V.. The current
amplitude is

|=fn_én __ 20V oo 100 AL
X, oL (377 rad/s)(12.7 H)

(b) When the current is at a maximum, its derivative is zero. Thus, Eq. 30-35 gives g_= 0 at that
instant. Stated another way, since &(t) and i(t) have a 90° phase difference, then &(t) must be zero
when i(t) = I. The fact that ¢ = 90° = #/2 rad is used in part (c).

(c) Consider Eq. 31-28 with ¢ =—¢, /2. In order to satisfy this equation, we require sin(wgt) = —
1/2. Now we note that the problem states that & is increasing in magnitude, which (since it is
already negative) means that it is becoming more negative. Thus, differentiating Eq. 31-28 with
respect to time (and demanding the result be negative) we must also require cos(agt) < 0. These

conditions imply that wt must equal (2nmt — 57/6) [n = integer]. Consequently, Eq. 31-29 yields
(for all values of n)

i=1 sin(Znn —%—g) = (522 % 10%)(%) ~451x10° A .

Problem 31-41
(a) The capacitive reactance is

1 1 1

X = = = =
° ©C 2zf,C 27(60.0Hz)(70.0x10°F)

37.9Q.

The inductive reactance 86.7 Q is unchanged. The new impedance is

Z =R+ (X, — X¢)? =4/(200Q)? + (37.90-86.7Q)* = 206Q.



(b) The phase angle is

g=tan™ [Mj _tant| 807Q=379Q) 1400
R 200Q2

(c) The current amplitude is
|=n 300V 4175,
Z 2060

(d) We first find the voltage amplitudes across the circuit elements:

V, = IR =(0.175 A)(2000Q) =35.0 V
V, =X, =(0.175 A)(86.7Q) =15.2 V
V. =X, =(0.175 A)(37.9Q) = 6.62V

Note that X, > X, so that ¢,, leads I. The phasor diagram is drawn to scale below.
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Problem 31-44
() The capacitive reactance is

1 1

X, = = —_-166 Q.
271C 27(400 Hz)(24.0x10°°F)

(b) The impedance is

Z = R*+ (X - X) =RE+ 2z fL— X, )
=\/(2209)2 +[27(400 Hz)(150x107° H)-16.6 Q]* =422 Q.

(c) The current amplitude is

| ém 220V _ oo A
Z 4220



(d) Now X, o Ce‘ql. Thus, Xc increases as Ceq decreases.

(e) Now Cgq = C/2, and the new impedance is

Z =\/(220 Q)* +[2n(400 Hz)(150x107° H)-2(16.6 Q)]° =408 Q<422 Q.
Therefore, the impedance decreases.

(f) Since | oc Z7*, it increases.

Problem 31-48
(a) With both switches closed (which effectively removes the resistor from the circuit), the
impedance is just equal to the (net) reactance and is equal to

Xnet = (12 V)/(0.447 A) = 26.85 Q.

With switch 1 closed but switch 2 open, we have the same (net) reactance as just discussed, but
now the resistor is part of the circuit; using Eq. 31-65 we find

_ X _2685Q2 00

tang  tanl15°

(b) For the first situation described in the problem (both switches open) we can reverse our
reasoning of part (a) and find

Xnetfirst = Rtan ¢’ = (100 Q) tan(-30.9°) = -59.96 Q.
We observe that the effect of switch 1 implies
Xc = Xnet — Xnet first = 26.85 Q — (=59.96 Q) = 86.81 Q.
Then Eq. 31-39 leads to C = 1/wXc =30.6 uF.

(c) Since Xnet = X — Xc , then we find L = X,/o=301 mH .



Problem 31-60
The current in the circuit satisfies i(t) = I sin(wgt — @), where

& &

m m

I ==
Z R +(o,L-1w,C)

450V
\/(16.0 Q)° +{(3000rad/s)(9.20mH)~1/[ (3000 rad/s) (31.2 /JF)]}Z
=1.93A

and

¢=tan” (MJ —tan (Mj
R R

_tan_{(sooo rad/s)(9.20mH) 1 }

16.00Q (3000rad/s)(16.0 Q)(31.2 uF)

=46.5°.
(@) The power supplied by the generator is

P, =i(t)e(t) = I sin (a4t —¢) s, sina,t
=(1.93A)(45.0V)sin[ (3000rad/s)(0.442 ms) | sin[ (3000rad/s)(0.442 ms)—46.5° |
=41.4 W,

(b) With
v, (t) =V, sin(o,t —¢g—x/2) =-V,_ cos(w,t — @)

where V, =1 / @,C, the rate at which the energy in the capacitor changes is

2
p_d 4 ) ;9 5
dqtl2c) ¢C

=—1Isin(a,t—9¢) {wlc

d

2

jcos(a)dt—¢) =5 — sin[ 2(w,t—¢) |

20,
(L93AY’ .
=- —sin[ 2(3000rad/s)(0.442ms)—2(46.5°) |
2(3000rad/s)(31.2x10°°F)

=-17.0W.

(c) The rate at which the energy in the inductor changes is



d (1., .di . . d- 1,
L:abu j:le—;:LIsm(a)dt—¢)a[lsm(a)dt—¢)]:§a)dLI sin[ 2(o,t—¢) ]

. %(3000 rad/s)(1.93A )" (9.20mH )sin| 2(3000rad/s) (0.442ms) - 2(46.5°)]

=44.1W.
(d) The rate at which energy is being dissipated by the resistor is

P, =i’R = 1’Rsin® (st —¢) =(1.93A)’ (16.0 Q)sin?[ (3000rad/s) (0.442ms) — 46.5°]
=14.4 W.

(e) Equal. P +P, +P, =441W-17.0 W +144W =415 W=P,.

Problem 31-72
(a) From Eq. 31-65, we have

Ve (v, /2.00)

which becomes tan™ (2/3 ) = 33.7° or 0.588 rad.
(b) Since ¢> 0, itis inductive (X, > X¢).

(c) We have VR = IR =9.98 V, so that V| =2.00Vg =20.0 Vand Vc =V, /1.50 =13.3 V.
Therefore, from Eq. 31-60, we have

£n =V +(V —V,)? =4/(9.98 V)2 +(20.0V -13.3V)? =12.0 V.

Problem 31-83
From Eq. 31-4 we get f=1/2m/LC = 1.84 kHz.
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