HOMEWORK#11 SOLUTION
[Chap29]

*1 °
Determine the Concept Because the rms current through the resistor is given by
lims = Ems/ R and both &m and R are independent of frequency, | (b) is correct.

2 .
Picture the Problem We can use the relationship between V and V. to decide the effect
of doubling the rms voltage on the peak voltage.

Express the initial rms voltage in V. = Ve
ms

terms of the peak voltage: \/E

Express the doubled rms voltage in N = V'

terms of the new peak voltage ™2

VlmaX :

Divide the second of these equations V' e

by the first and simplify to obtain: A _ \/E or 2 = V e
Vrms Vmax Vmax

V2
Solve for V', : V' = 2V, and| () is correct.

33 -
Picture the Problem We canuse T =27 wand o = 1/\/ LC to relate T (and hence f) to
L and C.

(a) Express the period of oscillation T = 2z
of the LC circuit: @
For an LC circuit: 1

Jie

Substitute to obtain: T =27z+LC (1)
Substitute numerical values and T =27,J(2mH)(20 4F) = | 1.26ms

evaluate T:



(b) Solve equation (1) for L to T? 1

obtain: -= 47°C 4n*fC

Substitute numerical values and L= 1 . - 88.0mH
evaluate L: 47r2(603‘1) (80 1F)

34 e

Picture the Problem We can use the expression f, = ZI/ 274/ LC for the resonance

frequency of an LC circuit to show that each circuit oscillates with the same frequency. In
(b) we canuse |, = @Q, , where Qo is the charge of the capacitor at time zero, and the

definition of capacitance Q, = CV to express I in terms of @, C and V.

Express the resonance frequency for . 1
. . 0
an LC circuit: 274/ LC
(a) Express the product of L and C Circuitl: L,C,,
for each circuit: Circuit2:L,C, =(2L,)(3C,) = LC,,
and

Circuit3: L,.C, = (L,)(2C,) = LC,

Because L,C, = L,C, = L,C,, the resonance frequencies of the three
circuits are the same.

(b) Express Ima in terms of the lhax = @Q
charge stored in the capacitor:

Express Qo in terms of the Q, =CV
capacitance of the capacitor and the
potential difference across the

capacitor:

Substitute to obtain: | = @CV
or, for wand V constant,
Imax o C

The circuit with C =C, has the
greatest | ..
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Picture the Problem We can apply Kirchhoff’s loop rule to obtain expressions for Iz and
I_ and then use trigonometric identities to show that | = Ig + I = I s €0OS (wt — 6), where

tan 6= R/X_ and lyax = &mad/Z With Z72 =R + X 2.

(a) Apply Kirchhoff’s loop rule to a
clockwise loop that includes the
source and the resistor:

Solve for Ig:

(b) Apply Kirchhoff’s loop rule to a
clockwise loop that includes the
source and the inductor:

Solve for I:

(c) Express the current drawn from
the source in terms of |, and the
phase constant &

Use a trigonometric identity to

expand cos(at — 0):
From our results in (a):

A useful trigonometric identity is:

&, Cosat—1,R=0

&
I, =| —02 cos wt
R

&, cos(wt—90°)—1 X, =0
because the current lags the potential
difference across the inductor by 90°.

= %cos(wt—goﬂ
L

I=1,+1 =1_, cos(wt—05)

| =1,,,(cosatcoss +sin wtsin 5)

max

=1, COsSatcosd + 1 ,, sinatsing

= |R+|L=%coswt
1 Emax g5t - 90°)
XL

=gﬂcoswt+gﬂsin wt
R L

Acos ot + Bsin wt

=~/ A? + B? cos(at - 5)

where

o =tan™

>|



Apply this identity to obtain: \/ &
| =

A3

x
\_/

+

[8 XJ cos(wt - &) (1)

XL
and
gmax
X
=t L=t 2
S=tan™ g an™ 2)
R
Simplify equation (1) and rewrite
. - gmax 8max
equation (2) to obtain: | = + cos a)t 5)
R X,
SN 1y L cos(a)t 5)
R XL
1
:Emm/ = cos(a;t 5)
Z
&
=| —cos(at — o
2 cos(ot )
where
tanéziand 1 1 !

—_— = —
X, Z* R* X!
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Picture the Problem We know that the current leads the voltage across and capacitor
and lags the voltage across an inductor. We can use | / X, and

I max = Emax/ X to find the amplitudes of these currents. The current in the generator

L,max max

will vanish under resonance conditions, i.e., when | | =|l¢|. To find the currents in the

inductor and capacitor at resonance, we can use the common potential difference across
them and their reactances ... together with our knowledge of the phase relationships
mentioned above.

(a) Express the amplitudes of the I _ Ermax
currents through the inductor and hmCX
the capacitor: and

&



Express X, and Xc: X, =olLand X, = i
@C

Substitute to obtain: | _ 100V
L,max (4 H)a)
= 25V/H , lagging & by 90°
0]
and
100V
IC,max = #
(25 4F )
| (25%107V-F)o,
leading & by 90°
(b) Express the condition that ] =¢]
1=0: or
£ _ ¢ _ .ce
ol 1
wC
Solve for w to obtain: o= 1
VLC
Substitute numerical values and 1
®=——————=100rad/s
evaluate o: J(4H)(25 4F)
(c) Express the current in the 25V/H

inductor at w = wy: st

"= 100 ]cos[(loo rad/s)t —90°]

=| (0.250 A)sin|(L00s )t |

Express the current in the capacitor I = (2.5><10’3 V- F)(lOO s’l)
at w= ax: x cos[(L00 rad/s)t +90°]

=[=(0.25A)sin|(100s * }t|
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Picture the Problem The average of any quantity over a time interval AT is the integral
of the quantity over the interval divided by AT. We can use this definition to find both the



average of the voltage squared, (V Z)av and then use the definition of the rms voltage.

(a) From the definition of Vs we
have:

Noting that —V;> =V, , evaluate
Vrms:

(b) Noting that the voltage during
the second half of each cycle is now
zero, express the voltage during the

first half cycle of the time interval
TAT:

Express the square of the voltage
during this half cycle:

Calculate (V Z)av by integrating V>
fromt=0tot= £ AT and dividing
by AT:

Substitute to obtain:
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V. =V2 =V, =120V

=——=/849V

Picture the Problem We can use the definition of capacitance to find the charge on each
capacitor and the definition of current to find the steady-state current in the circuit. We
can find the maximum and minimum energy stored in the capacitors using U = %Cequ,

where V is either the maximum or the minimum potential difference across the

capacitors.
(a) Use the definition of capacitance

to express the charge on each
capacitor:

Substitute to obtain:

Q =CV, and Q, =C,V,

or, because the capacitors are in parallel,
Q =CV and Q,=CV

where V = & + 24V

Q, =C,(&+24V)
= (34F)[(20V)cos(1207t )+ 24 V|
= | (60 1F)cos(1207t )+ 72 uF

and



Q,=C,(e+24V)
= (1.5 4F)[(20V )cos(1207t ) + 24 V]

=| (30 4F)cos(120t )+ 36 uF
(b) Express the steady-state current ~dQ _d
_ o 1=—%=—(Q+Q,)
as the rate at which charge is being dt dt

delivered to the capacitors:

Substitute for Q, and Q, and |:i 60 uF 1207t )+ 72 uF
9 (o0 4 )cos(1204)+ 72

evaluate I
+(30 1F)cos(1207t ) + 36 4iF]
=—1207(60 4F)sin(120t)
—1207(30 F)sin(1207t)
=| —(33.9mA)sin(120xt)
(c) Express Upey in terms of the U = %ceqvnfax

maximum potential difference
across the capacitors:

Because Vima = 44 V and U, =145 ﬂ|:)(44v)2 —| 4.36mJ
Ceq=C1+Co=3 yF + 15 4F

=45 iiF:

(d) Express Upi, in terms of the U in =3CeVaria

minimum potential difference across

the capacitors:

The minimum energy stored in the U, = %(4.5,uF)(4V)2 =136.04

capacitors occurs when
Vmin = 24 V - gmax = 4 V:
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Picture the Problem We can apply Kirchhoff’s loop rule to express the current in the
circuit in terms of the emfs of the sources and the resistance of the resistor. We can then
find Iax and Iy by considering the conditions under which the time-dependent factor in |
will be a maximum or a minimum. The average of any quantity over a time interval AT is
the integral of the quantity over the interval divided by AT. We can use this definition to
find average of the current squared, (I Z)av and then lyy.

Apply Kirchhoff’s loop rule to &E+&E,-IR=0



obtain:

Solve for I: |-&té

R
Substitute numerical values to | - (20V)Cos(27r(1803’1)t)+18v
obtain: - 3602

~0.5A+(0.556A)cos(1131s )t

Express the condition that must be COS(llSls’l)t =1
satisfied if the current is to be a

maximum:

Evaluate |y I nax = 0.5A+0.556A =
Express the condition that must be COS(llBls’l)t =-1
satisfied if the current is to be a

minimum:

Evaluate lyin: | min =0.5A—-0.556A =
Because the average value of cosat I, =| 0.500A

=0:

Express and evaluate the average _& 18V _
current delivered by the source ’ R 360

whose emf is &:

0.5A

Because I, = (0.556 A)cos(1131s )t :

(12), = : 5; — [ (0556 A cos?(11315 ™t

Use the trigonometric identity cos? x =2 (1+ cos 2x) to obtain:

0.309A2
(1), - 2(5.56 ms)IO

5.56 ms (

1+ cos2(1131s )t )dt

5.56 ms

1 i
= (27.8A7 /s){H 775557 SN(22625 l)t}

1
s 0

1.06 A

—0.0560A




Evaluate (12}, :

\")

Express (17),,:

e

Evaluate I

*120 e

1 _
(17), =(27.8A2 /s){5.56 ms+Wsm(22623 ')(5.56 ms)} — 0.1543A°

(I 2)av = (Ilz)av +(|22)av
=0.1543A% +(0.5A)
= 0.4043A%

E]=07), =J0a043A2

0.636 A

Picture the Problem We can apply Kirchhoff’s loop rule to obtain an expression for
charge on the capacitor as a function of time. Differentiating this expression with respect
to time will give us the current in the circuit. We can then find I and Iyin by
considering the conditions under which the time-dependent factor in I will be a maximum
or a minimum. We can use the maximum value of the current to find I,ps.

Apply Kirchhoff’s loop rule to
obtain:

Substitute numerical values and
solve for q(t):

Differentiate this expression with
respect to t to obtain the current as a
function of time:

Express the condition that must be
satisfied if the current is to be a
minimum:

Express the condition that must be
satisfied if the current is to be a

6‘1+82—%t):0

q(t) = (24F)(20V)cos(1131s )t
+(24F)(18V)
= (40 4C)cos(1131s )t + 36 .C

dg _d )
| = d—‘t‘ = a[(40 4C)cos(1131s™ )t

+36 1C]
=| —(45.2mA)sin(1131s )t

sin(1131s )t =1
and
| =| —45.2mA

min

sin(L131s*Jt = -1
and


David Mills
Needs checking … the 4e gets 0.636 A


maximum: | =|45.2mA

Because the dc source sees the | = @
capacitor as an open circuit and the

average value of the sine function

over a period is zero:

Because the peak current is | I _ 45.2MA _[320mA

45.2 mA: ™ S22



