/

Response of First-Order R and RC
Circuits

Assessment Problems

AP 7.1 [a] The circuit for ¢ < 0 is shown below. Note that the inductor behaves like a short
circuit, effectively eliminating the 2 € resistor from the circuit.

'y S
a0 a0}
+
120v(? v 2300 T
i(07)

First combine the 30 €2 and 6 2 resistors in parallel:
30|16 =5
Use voltage division to find the voltage drop across the parallel resistors:

5
v=—"-(120) =75V

5+3
Now find the current using Ohm’s law:
v 75
(07) = ——= = ——=—125A
i(07)=-5=-%

[b] w(0) = ;LF(O) = ;(8 x 107%)(12.5)* = 625 mJ

[c] To find the time constant, we need to find the equivalent resistance seen by the
inductor for ¢ > 0. When the switch opens, only the 2 € resistor remains

connected to the inductor. Thus,
L 8x107?

"R 2
[d] i(t) =i(07)e!™ = —12.5¢ /0004 — _19 5" B%A >0
[e] i(5ms) = —12.5¢250(0:005) — _12 50125 — _3 58 A

T = 4ms

7-1
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So  w(5ms) = $Li*(5ms) = $(8) x 1073(3.58)? = 51.3mJ
w (dis) = 625 — 51.3 = 573.7mJ
73.7

573.
% dissipated = | —— ) 100 = 91.8
o dissipate (625) %

AP 7.2 [a] First, use the circuit for ¢ < 0 to find the initial current in the inductor:

A
ail
+
6. 48 (1 v, 100 \L
(07}

Using current division,

10

(07) = ——(6.4) =4A

i(07) =15 .6( ‘ ) | |

Now use the circuit for ¢ > 0 to find the equivalent resistance seen by the

inductor, and use this value to find the time constant:

At
6l

+

iog 104 \LED.%H 40

i

L 0.32
Re, =4||(6+10) =3.2Q, .. = = —=0.1
o =46+ 10) =g =gy =0l
Use the initial inductor current and the time constant to find the current in the
inductor:

i(t) =i(07)e /T = 4e7 /01 = 4e7A 1 >0
Use current division to find the current in the 10 € resistor:

. 4 ) 4
to(t) = 4+10+6(_Z) 20

Finally, use Ohm’s law to find the voltage drop across the 10 €2 resistor:
v,(t) = 107, = 10(—0.8e71%) = -8~V ¢ >0t

[b] The initial energy stored in the inductor is

(—de™ %) = —0.8¢7 A, t>07

1 1
w(0) = 5Lz‘2(o—) = 5(0.32)(4)2 =2.56]
Find the energy dissipated in the 4 €) resistor by integrating the power over all

time:
y
via(t) = Ld—; = 0.32(—10)(4e71%) = —12.8¢7 100V, ¢ > 0F
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2
pia(t) = U?‘TQ — 40.96e0'W,  t> 0"

win(t) = /0 40.96¢~20dt = 2.0487

Find the percentage of the initial energy in the inductor dissipated in the 4 )
resistor:

2.048
% dissipated = | —— ) 100 = 80
o dissipate (2.56) %
AP 7.3 [a] The circuit for £ < 0 is shown below. Note that the capacitor behaves like an
open circuit.

20k \\/
iSD}C
50kNE

—

2
S +te—t

7.5mAY £80k() ()

Find the voltage drop across the open circuit by finding the voltage drop across
the 50 k(2 resistor. First use current division to find the current through the
50 k{2 resistor:

80 x 10°
T 7.5 x 107%) = 4mA
50k = 20 105 £ 20 x 10° £ 50 x 1080 X 107) = 4m

Use Ohm’s law to find the voltage drop:
v(07) = (50 x 10%)i50x = (50 x 10%)(0.004) = 200V

[b] To find the time constant, we need to find the equivalent resistance seen by the
capacitor for ¢ > 0. When the switch opens, only the 50 k2 resistor remains
connected to the capacitor. Thus,
7= RC = (50 x 10*)(0.4 x 107%) = 20ms

[e] v(t) = v(07)e ™™ = 200002 = 200V, t>0

1 1
[d] w(0) = 56’1}2 = 5(0.4 x 107%)(200)? = 8 mJ
1 1
[e] U)(t) = §C’U2(t) = 5(04 % 10*6)<2006750t)2 — 86710015 mJ
The initial energy is 8 mJ, so when 75% is dissipated, 2 mJ remains:

8 x 1072 10 = 2 x 1073, !0 = 4, t = (In4)/100 = 13.86 ms

AP 7.4 [a] This circuit is actually two RC' circuits in series, and the requested voltage, v,,
is the sum of the voltage drops for the two RC circuits. The circuit for t < 0 is
shown below:
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i +v D7) -

Ay i,

15k} 20k +
15v(” 40kNZ v (07)

Find the current in the loop and use it to find the initial voltage drops across the
two RC circuits:

.15
" 75,000
There are two time constants in the circuit, one for each RC' subcircuit. 75 is
the time constant for the 5 uF — 20 k(2 subcircuit, and 7; is the time constant for
the 1 uF — 40 k{2 subcircuit:

75 = (20 X 10%)(5 x 107%) = 100 ms; 71 = (40 X 10%)(1 x 107%) = 40 ms

=0.2mA, v5(07) =4V, v1(07) =8V

Therefore,
vs(t) = v5(07)e /™ = 4701 = 4710tV ¢t >0
vi(t) = v (07)e /™ =8 M0 =8~V >0

Finally,
v,(t) = v (t) + vs(t) = [8e™ % + 4e7 1%V, t>0

[b] Find the value of the voltage at 60 ms for each subcircuit and use the voltage to
find the energy at 60 ms:
v1(60 ms) = 8e=2(0:06) =~ 1 79V, v5(60 ms) = 4e~10(0:06) =~ 2 90 v
w1 (60ms) = 1Cv}(60ms) = 1(1 x 107%)(1.79)* = 1.59 1]
ws(60ms) = 2CvZ(60ms) = (5 x 107%)(2.20)* = 12.05 uJ
w(60ms) = 1.59 + 12.05 = 13.64 uJ
Find the initial energy from the initial voltage:
w(0) = wi(0) + w2(0) = (1 x 1076)(8)% + (5 x 107)(4)2 =72 pJ
Now calculate the energy dissipated at 60 ms and compare it to the initial
energy:
Waiss = W(0) — w(60ms) = 72 — 13.64 = 58.36 puJ

% dissipated = (58.36 x 107°/72 x 107%)(100) = 81.05 %

AP 7.5 [a] Use the circuit at ¢ < 0, shown below, to calculate the initial current in the
inductor:
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i(07)=24/2=12A =4(0")
Note that i(0~) = i(0") because the current in an inductor is continuous.

[b] Use the circuit at ¢ = 0T, shown below, to calculate the voltage drop across the
inductor at 0". Note that this is the same as the voltage drop across the 10 {2

resistor, which has current from two sources — 8 A from the current source
and 12 A from the initial current through the inductor.

+
vty 2100 Dea
128l -

200mH

v(0F) = —10(8 +12) = —200V

[c] To calculate the time constant we need the equivalent resistance seen by the
inductor for ¢ > 0. Only the 10 €2 resistor is connected to the inductor for
t > 0. Thus,
7=L/R= (200 x 1073/10) = 20 ms

[d] To find i(t), we need to find the final value of the current in the inductor. When
the switch has been in position a for a long time, the circuit reduces to the one
below:

if\l/ =100 (Wen

Note that the inductor behaves as a short circuit and all of the current from the
8 A source flows through the short circuit. Thus,
if =—8A
Now,
i(t) =i;+ [i(0F) —igle™™ = =8 4 [12 — (=8)]e /002
= —8+20e%A, t>0

[e] To find v(t), use the relationship between voltage and current for an inductor:
di(t)

v(t) =1L o

= (200 x 107*)(—50)(20e %) = —200e """V, t>0"
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AP 7.6 [a] A i

+ BkD + 40k é}
0.254F L A§ 160K0 75V

From Example 7.6,

Vo(t) = —60 + 90e 17" V
Write a KVL equation at the top node and use it to find the relationship
between v, and v4:

VA — Vo Vg va + 75 B

8000 * 160,000 * 40,000 0

2004 — 200, +v4 +4v4 +300=0

25v4 = 20v, — 300
v = 0.8v, — 12
Use the above equation for v 4 in terms of v, to find the expression for v 4:
va(t) = 0.8(—60 + 90e 1) — 12 = —60 + 721V, t>0"
[b] ¢t > 0T, since there is no requirement that the voltage be continuous in a resistor.

AP 7.7 [a] Use the circuit shown below, for ¢t < 0, to calculate the initial voltage drop
across the capacitor:

B0k
Ay
i

+

10nA(F)  40kOE vi0-) 2 25k0

(40 % 10°
"=\ 125 x 103

) (10 x 107*) = 3.2mA

v.(07) = (3.2 x 107%)(25 x 10*°) =80V so w.(07) =80V

Now use the next circuit, valid for 0 < ¢ < 10 ms, to calculate v.(t) for that
interval:

B0k
* A,

25k0E IUF T v




Problems 77

For 0 <¢ <100ms:
7= RC = (25 x 10°)(1 x 107%) = 25ms
Ve(t) = v, (07)e/T =80e™ 'V,  0<t<10ms

[b] Calculate the starting capacitor voltage in the interval ¢ > 10 ms, using the
capacitor voltage from the previous interval:
v,(0.01) = 80e~1000-0) = 53 63V
Now use the next circuit, valid for £ > 10 ms, to calculate v.(t) for that interval:

+
+

25k0E 53 .63V WF Ty 2 100k0

[

For ¢ > 10ms:
Req = 25k 100k = 20kS2

T = ReqC = (20 x 10*)(1 x 107%) = 0.02s
Therefore  v.(t) = v,(0.017)e(-00D/™ = 53 635000y +> 0015

[c] To calculate the energy dissipated in the 25 k€2 resistor, integrate the power
absorbed by the resistor over all time. Use the expression p = v?/R to
calculate the power absorbed by the resistor.

0.01 [80e~40¢]2 % [53.63¢500—001]2
dt / dt — 2.91mJ
Wask = / T25.000 000 * oot 25,000 m

[d] Repeat the process in part (c), but recognize that the voltage across this resistor
is non-zero only for the second interval:

00 [53.636_50(t_0'01)]2
_ dt = 0.29mJ
Y10k /0 o 100,000 m

We can check our answers by calculating the initial energy stored in the
capacitor. All of this energy must eventually be dissipated by the 25 k{2
resistor and the 100 k¢ resistor.

Check:  Wgored = (1/2)(1 x 1079)(80)* = 3.2mJ

Wies = 2.91 + 0.29 = 3.2m]J

AP 7.8 [a] Note — the 30 € resistor should be a 3 €2 resistor; the resistor in parallel with the
8 A current source should be 9 ().
Prior to switch a closing at ¢ = 0, there are no sources connected to the
inductor; thus, ¢(07) = 0.
At the instant A is closed, i(07) = 0.
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For 0 <t <1s,

10v(® 30 +

The equivalent resistance seen by the 10 V source is 2 + (3||0.8). The current
leaving the 10 V source is

10
21 (3]]0.8)

The final current in the inductor, which is equal to the current in the 0.8 €2
resistor is

=3.8A

3
] = 3.8) =3A
ie0) = 35539
The resistance seen by the inductor is calculated to find the time constant:
L 2
. 2(13) =20 ====-=1
0.8 + (23) T=5h =5 S

Therefore,

i = i(00) + [i(0F) —i(c0)]e ™™ =3 —-3etA, 0<t<l1s
For part (b) we need the value of i(¢) at ¢t = 1 s:

i(1) =3 —3e™! =1.896 A

[b] Fort > 1s

Vs

\I/ 3 602

i

Use current division to find the final value of the current:

9
1= ——(—8) = —48A
9+ 6( )
The equivalent resistance seen by the inductor is used to calculate the time
constant:

3AI(9+6) =250 7===-"=08s

2.5

=vlliey
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Therefore,
i = i(00) + [i(17) = i(co)]e =D/
= —4.8+6.606e "PEDA L t>15

AP79 0<t<32ms:

0.ZuF
40k 1A0kQ 0%
Ay Ay Rk
-10v +
L -15v Yo
v v
L 0dt +0= ——(~10 w1 320 x 107°
o — — _]. t = — — t = — — X -
"= TR, I 0= "3e, 100 RC, )
RCy = (200 x 10°)(0.2 x 107%) =40 x 107® so —— =25
RC;
v, = —25(-320 x 107%) =8V
t > 32 ms:
0.2pF
ooke2 160k 0%
Ay Ay Rk
—
SVé . *
i 15V Yo
v v
! /t 5dy + 8 L 5| 48 L 32107 43
’UO = - = —— = - —_
RCf 32x10—3 Y ROf 4 32x10-3 RCf
RC; = (250 x 10°)(0.2 x 107%) =50 x 107® so —— =20
RC;

v, = —20(5)(t — 32 x 107%) + 8 = —100t + 11.2
The output will saturate at the negative power supply value:

—15=-100t +11.2 .. t = 262ms
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AP 7.10 [a] Use RC circuit analysis to determine the expression for the voltage at the
non-inverting input:

vp=Vi+ Vo = Vyle ™" = =2+ (0+2)e™ /"
7 = (160 x 10%)(10 x 107?) = 10~%; 1/7 =625
v, = —2 + 2”9V, Up = Up

Write a KVL equation at the inverting input, and use it to determine v,:

Un Un — Vo

10,000 ~ 40,000 "

Vo = Sv, = v, = —10 + 10e" 2%ty
The output will saturate at the negative power supply value:
—10 + 107 %% = —5; 79" =1/2; t=1n2/625=1.11ms

[b] Use RC circuit analysis to determine the expression for the voltage at the
non-inverting input:

vy =Vi+ [V, = Vi]e /" = =24 (1 +2)e 5% = 2 4 3¢ % v
The analysis for v, is the same as in part (a):

v, = Hu, = —10 + 157V

The output will saturate at the negative power supply value:

—10 + 15e %%t = —5; e 9 = 1/3; t=1n3/625=1.76ms
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Problems
500() 6k
P7.1 [a] t <O Ay Ay
— ig(u_} — ig0 )
40v(* \l/g 2k}
if0)

2k0||6kQ = 1.5k

Find the current from the voltage source by combining the resistors in series
and parallel and using Ohm’s law:

40
6(07) = —————< =20mA
15(07) = 500+ 500) ~ 20
Find the branch currents using current division:
2000
1(07) = ——(0.02) = 5mA
107) = g (0-02) = 5m
6000
9(07) = ——(0.02) = 15mA
2(07) = g (0-02) = 15m

[b] The current in an inductor is continuous. Therefore,
i1(07) =1(07) = 5mA
i2(07) = —i;(07) = —=5mA  (when switch is open)

_04x107°

L_04x107 5% 107° 1 20,000
R 8 x 103 ’ T ’

[c] 7=
i (t) = i (07)e ™™ = 57200000 mA ¢t >0
[d] i5(t) = —i1(t)  when ¢ >07
ig(t) = —5e 20000 mA | t>0"

[e] The current in a resistor can change instantaneously. The switching operation
forces i5(07) to equal 15 mA and i5(0") = —5 mA.

P72 [a] i(0)=60V/(10Q2+5Q) =4A

L 4
bl r==—_" _§p
bl 7= % =575 ms
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[c] i =4 /% =de A >0

v = —45i = —180e 125tV t>0"
di

Vg = L— = (4)(_12'5)(46712.5t) — _2006712‘51‘,\]

dt
[d] paiss = i2(45) = 720e ' W

—25x |t

t
I / 720625 dz — 720
0 - 0

Wyiss(40ms) = 28.8 — 28.8¢7! = 18.205]

w(0) = ;(4)(4)2 =32J

18.205
32

% dissipated = (100) = 56.89%

P73 [a] i,(07) =0 since the switch is open for ¢ < 0.

[b] For ¢t = 0~ the circuit is:

ig
Myl e & e
100) 400 200
+
12v? 21200 o0
. _
120Q/[60 Q2 = 40 Q2
12
= =0.24 A =240 mA
9= 70 + 40 o
o 120\ .
ZL(O ) = (180> lg = 160 mA
[c] Fort = 0" the circuit is:
R
My My & A
100) 400 2000 4
12v? 21200 V0
140+
&

120 Q|40 Q = 302

= 28.8 — 28.8¢ %]

lalma
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Problems 7-13

12

_ — 030 A = 300mA
"%~ 10+30 m

120
= (==2) 300 = 225 mA
! <160)

io(0F) = 225 — 160 = 65 mA

[d] i,(0%) =i.,(07) = 160mA
[e] io(00) = iy = 225mA

[f] ir(c0) =0, since the switch short circuits the branch containing the 20 2
resistor and the 100 mH inductor.
L 100 x 1073 1
=2 =2 —5ms; - =200
lel 7=7% 20 meye 7

i, = 0+ (160 — 0)e 2% = 160e 2% mA, t>0
[h] v, (07) =0 since for ¢t < 0 the current in the inductor is constant
[i] Refer to the circuit at ¢ = 0" and note:
20(0.16) + v, (0%) = 0; oo (0h) = =32V
[§1 vL(o0) =0, since the current in the inductor is a constant at ¢ = oo.
[K] vz (t) =0+ (—=3.2 —0)e 2 = —3.2e720 v, t>0"
0 i, =iy — iy = 225 — 160e 2% mA, t>0"

v 400e 5
[a] -~ =R=— " =409
1
[b] 7 = R = 200 ms
L
=~ =200x10""
[e] T 7 X

L = (200 x 107%)(40) = 8H
(A1 w(0) = L) = 5(8)(10)” = 400]
[e] Waies = /0 " 400067107 g — 400 — 400e~1"
0.8w(0) = (0.8)(400) = 3207
400 — 400e 1 = 320 cooet% =5

Solving, t = 160.9 ms.
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P75

P7.6

CHAPTER 7. Response of First-Order RL and RC' Circuits

12
[a] i2(0) = o~ =2A

12
io(07) = 5 ~2=06-2=4A

12
iO(OO) = ? = 6A

[b] i = 27" T =
ip =2 A
io=6—1i;, =6 —2e 1A, t>0"

[c] 6 -2 =5
1=2e"

et =2 . t=173.3ms

1
w(0) = 5(30 x 107%)(3%) = 135mJ
1
iR = Beit/‘r
Pdiss = Z?{R = 9Re_2t/T

t
Wass :/ R(9)e_2x/7 dx

0

—2z/7T |t,

= —4.57R(e7 2/ — 1) =45L(1 — e~ 2/7)
0

e
—2/7

Wyiss = IR

4.5L = (4.5)(30) x 107% = 0.135; t, = 15pus

1
1 . 72to/T —
¢ 5

2, 2
(Mol — 195, o 2By 05
T L

_ Lln125 30x1073In1.25
2, 30 x10°

= 223.14Q)
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1
P77 [a] w(0) = jLI;
fo o ot ap €72 e
iss — I“Re """ dt = IR
Wq (/g g 1€ g (_2/7) .
1 ot /r 1 o
= §[5RT<1 — e H/T) = §I§L(1 2t/
Waiss = O'U)(O)
1 o 1
SLIE(1L—e2elm) = 7 <2L1§)
1 _ 6_2t0/7 =0 €2to/’7' — 1
7 (1-o0)
2to 1 R(2t,)
— =1 : =In[1/(1 -
| e L )
R L In[1/(1—0)]
21,
(30 x 10-%) In[1/0.8]
b] R =
bl 30 x 106
R =223.140Q
P7.8 [a] t <O A —
300
128 (F £1500
1f07)
.
150
1(07) = —-(12) = 10A
i1(07) = 155 (12) = 10
t>0

EmHg\\/ io 240 E 2nH —w 1.6mH§\L i;L:?BQ

10A 105

16 x 1073
B 8

i = —10e% A >

T =200 x 1075, 1/7 = 5000
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1
[b] wye = 5(1.6 x 107%)(10)? = 80mJ
[c] 0.95wqq = 76 mJ

to
76 x 1073 = / 8(100e~10:000) 4
0

to
76 X 10—3 — —80 x 10—36—10,00015 — 80 x 10—3(1 . 6—10,000t0)
0

e 100000 — 4 %1072 so t, = 552.1pus

t, 5521 x 107
R b AR, N (i to A 2.76
T 200 x 1076 ¥ "

P79 For t <0t

a0 1.50 12450
e e A
—> .
=}
z z
48v(, J/g 1800 540 260
0 iz(u_) iﬂu_) 100
A A
—48
y=——— = —65A
97 6+ (18]]1.5)
1(07) = —>(—65) = —6A = i1 (07)
VA = —0. = — =1
L 184+ 1.5 L
For ¢ >0
Ay .
12.450 — 1o
_— ) §54;} §26Q
- i(0)
100
Ay

ip(t) =i (0M)e ™A, t>0

L 0.5 1
2= —0.0125s;  ~ =80
R~ 10+ 12.45 + (54]26) -

T =

ir(t) = —6e 5" A, t>0

54 54
io(t) = —(—in(t)) = —(6e7%") = 4.05e %"V, t>0"
80 80
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P7.10 From the solution to Problem 7.9,

) 26, . _
I540 = %(—ZL) = —1.95¢ 80 A

Psyq = 54(i540)? = 205.335¢10%W

0.0125
Wiies = / 205.335¢ 160 ¢
0

205.335 1600
—160 0
=1.28(1 —e?) = 1.11]

0.0125

1
Wstored = 5(05)(_6)2 = 9ml.

1.11

P7.11 [a] t<O0:

300 iy
Ml L
—11.84a
a00v(? 2700 Lo
i(07) =i (0%) = 0 (11.84) = 11.2A
70+ 4
i _3015
+
J £ 900 700
VT l
B IS
, 70 . .
A = ﬁzT = 0.4375:1
. . (90)(70 . 90)(70) . .
vr = 301A + ZT(1>6(0> = 30(0.4375)ZT + (1)6<O)ZT = 52.511
U
- = RTh == 525Q

T
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+ iL
v, § 20mH 352.50
L 20x1073 1
=—=""""—= " -=2625
TTRT 25 -
ip =11.2e72%'A >0
di ‘
[b] vy, = L% — 90 x 1073(—2625)(11.2¢~26%) — _588¢ 26751y,
[c]
3Eli&
T =
+
VL \l/ £900) 700
_ i& ‘

v = 30t 4+ 90ip = 12074

vL —92625¢ +
=~ = 4. A t>0
120 oe =

(N
1
P7.12 w(0) = 5(20 x 107%)(11.2)% = 1254.4mJ

Ps0ia = —30iais = —30(—4.9e2%%°")(11.2¢72%") = 1646.4e "% W

0o —5250t |00

i = 1646.4e7°%°% ¢t = 1646.4 = 313.6mJ
Ws0ia /0 ‘ 5250 o m

. 313.6
% dissipated = 1254‘4(100) = 25%

P713 ¢t<0
42T o0
4 1

i (07) =i (0T) =4A
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Problems

t>0

. v, \I/ 5mH

a3

Find Thévenin resistance seen by inductor

iT +
UT
-’-lvT
vr
ZT:4UT, %—RTh—*:O.25Q
T
L 5x1073 50 1/r = 50
T=—== = 20ms T =
R 0.25 ’
iD
47
+
0.250% , ¢ 5mH
i, = 4e A, t>0
dio -3 —50¢ —50¢ +
UO—LE:(5X10 )(—200e ") = —e 2"V, t>0
t<0: 120} 40 1002
Ay Ay Ay
10A
2a0v(’ 2400
Bn

ir(0%) = 8A

7-19
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t>0: 411 1m0

R, =

(10)(40)
———=+10=180Q
50 +10 8

__L_oo2_

; = 250
R, 18 ’

Rl

i, = 8e P A

.
vy = —10iy — 0.072% — _80e B0 | 1440250

= 64e %A t>0"

1
P7.15 w(0) = 5(72 x 1073)(8)% = 2304 mJ

2 642
Paoe = Z—S = g€ " =1024e70W

Waoe = / 102.4¢5%% gt — 204.8 mJ
0

204.8
%diss = ———(100) = 8.89%
odiss 5304 (100) = 8.89%

P7.16 [a] v,(t) = v,(0T)e /"
0o(0T)e X107/ = .50, (0T)

-3
p1X1073/T _ o

L 1x1073
T = = —
R In2
1 1073
L= 00 sl

In2



Problems

[b] v,(07) = —10i,(0") = —10(1/10)30 x 10~ = —30mV

v, =—0.03¢YTV, t>0F

Proa = -2 =9 x 107%e /"

H‘@
O loe

1073
wion(1ms) = / 9 % 10752/ gt

JOo+
= 4.57 x 107%(1 — ¢~ 2(0:000)/7)

1
T = —
10001n 2

wion(1lms) = 48.69nJ

1 1 ‘
w(0) = = Li7 (0) = 5(14.43 x 1073)(3 x 107%)? = 64.92n]J

2

48.69

%dissipated in 1 ms = m(l()()) = 75%

50
&

%’W\;
243
J

165V 9 £ 500 1524 230

P7.17 [a] t<O0:

50

Al
— 33A

165w . 9 A 1520

ab

b

33 =i + 9 + 15, iap =9A, t=0"
50,

i ——
—>33A

165V(: : z 500 £ 20

[b] At ¢t = oo:

iap = 165/5 =33A, =00
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7-22 CHAPTER 7. Response of First-Order RL and RC' Circuits

500,
A L
—> 33n
J/g 50 \\/ 30
165V P i e
ElZ.SmH 3.75mH
‘b
12.5 x 1073
[e] 1(0)=9, 7= + —25ms
3.75 x 1073
is(0) =15, = %1.25 ms

i1(t) = 9e %A >0

in(t) = 15e 3 A >0

Gap = 33 — 9e 400 — 157300 A ¢ >0
33 — 9e 0 157800 = 19

14 = 9e 400 4 15,800

Let == e—400t xz — e—SOOt
Substituting,

1522492 —14=0 so z=0.7116 = ¢ 400
[In(1/0.7116)]

t=—"—— " =850.
100 850.6 s
P7.18 [a] t<O i(07)
—
- -
105mALT) £1kQ  =4kQ = 20k0Q E80kQ

1kQ[4kQ = 0.8k
20k€||80kS2 = 16 k)

(105 x 107%)(0.8 x 10%) =84V



Problems

140 )
iy
0.8k
B4V 16K C2
84
L(07) = ——— =5mA
i(07) 16800 ™
t>0
EH
—> SmA
4k0 2 2 20k
L 6 1
=—=_—x10"%=250pus;  —=4000
"TRTu” s

in(t) = 54000t mA, £>0

par = 25 x 107%7%(4000) = 0.10e " W

t 3
Waiss = / 0.10e 80007 o — 12.5 x 1076[1 — ¢ =500 3
0

w(0) = 3(6)(25 x 10°%) = T5 1

0.10w(0) = 7.5 I

12.5(1 — 7800 = 7.5 L8000t _ g g
In2.5
= — 114.54
8000 dd s

[b] wdiss(total) = 75(1 _ G_SOOOt) MJ

Waiss (114.54 pus) = 45 pJ

% = (45/75)(100) = 60%
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7-24 CHAPTER 7. Response of First-Order RL and RC' Circuits

P7.19 [a] t<O0:

J/§1.25H

-2A
2R 100} ngH EEH
t=0":
J/EI.ZSH
-2A
£7.50
Jpon |t
-2h oA
t > 0:
i
J/§5H ﬂQ§7 500
-2R
L 5) 1
ir = —2¢""A; = = =666.67 -
iR e 3 T R 75 ms -
ip=—2e A
+ ie—
v1E1.25H _
— vy 27.50)

=1.5



Problems

v; = 1.25[(=1.5)(—2e "] = 3.75e 11V,
v, = —v; —vp = 11.25¢ 7Vt > 0F
[b] i, = é/ot 11.25e %% de +0=1.25 — 1.25¢ 1A ¢t >0
P 7.20 [a] From the solution to Problem 7.19,
ip=—2e A
pr = (—2e9N2(7.5) = 30e W

Wqiss — / 306_3t dt
0

—3t
— 30—
3

[e.9]

=10J
0

[b] Wirapped = ;(10)(—1.25)2 + ;(6)(1.25)2 =12.57
CHECK: w(0) = 1(1.25)(2)% + 1(10)(2)* = 22.5]
w(0) = Wdiss + Werapped
P7.21 [a] v1(07) =v(0F) =40V v2(07) =0
Ceq = (1)(4)/5 = 0.8 uF

25k
+ A .
%l
0.84F T 40V

1
T =(25%x10%)(0.8 x 107%) = 20ms; = =50
-
40 5o —50t +
= = 1.6 A t>0
25,000 ¢ M =
25k
Ay
+  ——i 4 |
WET v, v, TQu,F
e 6/ 1.6 x 10777 dy + 40 = 32" + 8V, £ >0
- 1. 1 3 75033 = _8 —50t 8V t>0
Vg = 4><106/ 6 x 10~ dr +0= —8e , >
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7-26 CHAPTER 7. Response of First-Order RL and RC' Circuits

[b] w(0) = ;(106)(40)2 = 800 uJ

1 1
[e] Wirapped = 5(10*6)(8)2 + 5(4 x 107%)(8)% = 160 pJ.

The energy dissipated by the 25 k(2 resistor is equal to the energy dissipated by
the two capacitors; it is easier to calculate the energy dissipated by the
capacitors (final voltage on the equivalent capacitor is zero):

Wiss = ;(0.8 x 1079)(40)* = 640 uJ.

Check:  Werapped + Waiss = 160 + 640 = 800 uJ; w(0) = 800 pJ.
P 7.22 [a] Calculate the initial voltage drop across the capacitor:

v(0) = (2.7k|[3.3k)(40mA) = (1485)(40 x 107%) = 59.4V

The equivalent resistance seen by the capacitor is

R. = 3k[|(2.4k + 3.6k) = 3k||6k = 2k
1

7= R.C = (2000)(0.5) x 1076 = 1000 us; ~ — = 1000
T

v=0(0)e T =59.4¢710% Vv ¢t >0

(Y

o= 5= = 9.9 mA, £ > 07"
T 94k +36k o M b=

[b] w(0) = ;(0.5 x 107%)(59.4)% = 882.09 1uJ

- 59.46_1000t
g, = ————
sk 3000

Pk = [(19.8 x 1073)e~10%2(3000) = 1.176¢ 200

= 19.8¢ 10 mA

_ —6
2000z 50010 1.176

w3 (500 ps) = 1.176 (7' — 1) =371.724]

22000 o ~ 22000
371.72
— 100 = 42.14
%= 509 < 100 %
P723 [a] R= 2 =4k
7

11 1
b] —=— =925 (C=—— —104F
bl == %e =2 25)(ax 10%) _ F

1
[c] 7':2—5:40ms

[d] w(0) = ;(10 x 1079)(48)% = 11.52mJ



Problems

0.06 92 0.06 (48¢—25t)2
le] wan(60ms) = [ Zdt = | ase” )
0

o R (4 x 103)
efSOt 0.06
= 0.576 = = —5.74 x 1074 0.01152 = 10.95mJ
- 0
P724 [a] t <O:
2V 200 50 20
@ Andy Andy Andy
ig0-} if0-)
() 302
3V
07) =12(07) = ——= = 100mA
i1(07) = 12(07) 300 m
[b] ¢t > O: ZUFE
0.2V -
502 20
‘il ‘il
if0-) if0-3
’ £30
0.2
i (0F) = - = 100mA
—0.2
ip(0F) = —5 = ~2%5mA

[c] Capacitor voltage cannot change instantaneously, therefore,
2'1(07) = 21(O+) = 100 mA

[d] Switching can cause an instantaneous change in the current in a resistive
branch. In this circuit

i2(07) = 100mA and iy(0") = —25mA
[e] v.=02e""V, t>0 R.=2/[(5+3)=16Q
T=16(2x10"°% =32x10"s

v, = 0.2e73125000 vy t>0

iy = % —0.1e7 3200 A 4>

[f] iy = % — 05320 A >
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7-28 CHAPTER 7. Response of First-Order RL and RC' Circuits

1.8k
P725 [a] t<O:

120v(; v(0) £12k}  £68k0)

R. = 12k[|68 k = 10.2 k)

10,200
(0) = ——  (L120) = —102V
vo(0) 10,200+1800( )
t>0:
+ +

—-102V F{10/3)4F v £ 12kD)

1
7 =1[(10/3) x 1079)(12,000) = 40 ms; I 95
-

v, = —102e7 PV, t >0

U2

12,000

p= =867 x 1073w

12x1073
Waiss = / 867 x 10~ 3¢5 dt
0
= 17.34 x 1073(1 — ¢ 5002x107)) — 7 8o m]

2)\'3
0.75w(0) = 13 mJ

[b] w(0) = <1> <1O> (102) x 10°° = 17.34 mJ

to
/ 867 x 107350 gy — 13 x 10~
0

1 — ™50t — (.75 eV = 4. so t,=27.73ms



P 7.26

Problems

[a]
20k
My
(ir+avﬂ}
lT lT
— o —
+
o(vﬂ +
V. v, 25k
vr = 20 x 10°(ip + ava) + 5 x 10%
VA = 5 X 103iT
vr = 25 x 10%i7 + 20 x 10%a(5 x 10%i7)
Ry = 25,000 + 100 x 10%q
7= RpC =40 x 107 = Ry,(0.8 x 1079)
Ry, = 50k = 25,000 4+ 100 x 10%«
25,000
= =25x10*A/V
“= 100 x 106 8 /
[b] v,(0) = (=5 x 107)(3600) = =18V ¢t <0
t > 0:

20k
i
+ ooy, +
D.B,(,.:F::VD Va§5kﬂ
) VA — U, _
2 42 04 95 %10 Y =0

5000 20,000
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7-30 CHAPTER 7. Response of First-Order RL and RC' Circuits

4vpa +va — VU, +5vA =0

Vo —25¢ +
VA = =—1.8¢e vV, t>20
P7.27 |[a] %%Q

—-25t
~450e T pA
. & —
+ 16.26 "y
0.8uF T-18e " ~1.8e v 2 5k0)

pas = (16.2¢2°") (=450 x 107 % 2°") = —7290 x 10 %" W
Wy, = / Das dt = —145.8 ul.
0
dependent source is delivering 145.8 uJ

] ws. = / (5000)(0.36 x 10~3¢~25)2 df = 648 x 10~ / = 4 = 12.96 1]
0 0

> (16.2¢72) —6 [ —s0t
_ [0 13122 % 10 / dt = 262.44 1]
{20k /0 20,000 o © a

1
w,(0) = 5(0.8 x 107%)(18)% = 129.6 uJ
> Waiss = 12.96 + 262.44 = 275.4 1]

> Waey = 145.8 4+ 129.6 = 275.4 ul.

P728 t<0

4.7k +

15V v {07) =15V




Problems

t>0

51, 1.
- *
i, +
1500 £ V.o
®
. . . . vt
vp = =3, — 151, = =201, = 207 .". R, =— =200
T
iD
+ +
Z00E v, 15V T2ZuF
1
7= RC = 40 ps; — = 25,000
T
v, = 152200ty t>0
v
o= ——2 = —0.75e A, t>0"
? 20 € ) -_
P 7.29 [a] The equivalent circuit for ¢ > 0:
iD
+
+ CEq=D .ZUF
10
_ Cer Vo : Req RE;:LD]«:D
T = 2ms; 1/7 =500
v, = 10e 750V, t>0
io = e % mA, t>0"
16
igapn = ¢ 0% (4()) = 0.4¢ """ mA, t>0t

paara = (0.16 x 1070710001 (24,000) = 3.84e 120 mW

Waano = /0 3.84 x 10721900 gt — —3.84 x 1075(0 — 1) = 3.84 uJ
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7-32 CHAPTER 7. Response of First-Order RL and RC' Circuits

1 1
w(0) = 5(0.25 x 1079)(40)* + 5(1 x 1079)(50)* = 1.45m]

3.84 x 10
% diss (24 k) = m % 100 = 0.26%

[b] pagon = 400(1 x 107272 = 0.4 x 10?1000

Wa000 = /0 Paoo dt = 0.40 pJ

0.4 x10°¢

% diss (40092) 25 % 10=3 < 00 = 0.03%
: —s00 (24 —500t +
l1gk0 = € 0 = 0.6e mA, t>0

Prora = (0.6 x 1073°°%)2(16,000) = 5.76 x 10~ %% W
Wiekn = / 5.76 x 107371900 gt — 576 1uJ
0

% diss (16kQ) = 0.4%
[e] 3 twaiss = 3.84 +5.76 + 0.4 = 10 1]

Werapped = W(0) — Y wyiss = 1.45 x 1072 — 10 x 107% = 1.44 mJ

1.44
% trapped = —— x 100 = 99.31%

1.45
Check:  0.26 + 0.03 + 0.4+ 99.31 = 100%
(2+1)6
P7.30 C, = 2T 0 _9uF
Lal 2+1+6 M

0o(0) = —=5+30 =25V

\]




Problems 7-33

[b] w, = ;(3 x 107%)(30) + ;(6 x 107%)(5)% = 1425 1]

1425 — 625

v
=% = 100e % puA
el io = ey 103 — 100 Tk
1 ¢ -6 _—2 T o
v = —W/Omo % 10752 dp — 5 — —16.67/06 dz —5
6—23} t
— _16.67 _5—=833¢ 21333V £>0
- 0

[d] v1 +ve =,

vy = Uy — U1 = 25e " — 8.33¢ 7% +13.33 = 16.67¢ * +13.33V t >0
[e] Wirapped = ;(6 x 107%)(13.33) + ;(3 x 107%)(13.33)? = 800 yJ

Weiss + Wirapped = 625 + 800 = 1425 ] (check)

P7.31 [a] Att = 0" the voltage on each capacitor will be 150 V(5 x 30), positive at the
upper terminal. Hence at ¢ > 0" we have

1 +
Tgn.zn 150V = 1004F
5k (1 2300 -

+
150V T 1 F . £0.50

i 1
i

150 150
a(07) =5+ —+— =1055A
al07) =54 55 T 05
At t = oo, both capacitors will have completely discharged.
isd(oo) =5A

[b] isq(t) =5+ i1 (t) + i2(t)
71 =0.2(107%) = 0.2 us

75 = 0.5(100 x 107%) = 50 us



7-34 CHAPTER 7. Response of First-Order RL and RC' Circuits

i(t) = 7501 A ¢ >0t
in(t) = 300e 20000 A t>0

isqg = 5+ 750e™7710% 4 3002000 A ¢ > 0F

P732 [a] ¢t <O: 1k{
M
lD
+ +
40mA(F) v 07)E 6k vi0T)E 3k
i
6000
o(07) = —— (40 = 24 mA
1o(0") = 5000 1 a0pp A0 ™) = 24m

v,(07) = (3000)(24m) = 72V
i2(07) = 40 — 24 = 16 mA
v2(07) = (6000)(16 m) = 96 V

t>0

96V T 0.34F 72y T 0. 6LF

1
7= RC = (1000)(0.2 x 107%) = 200 ys; — = 5000
T

1kl
A o
+ 24V -
0.24F
: 24y, —~5000¢ +
io(t) = T8¢ | = 24e mA, t>0
[b]
1k (] 1
A
+ + +

06V T0.34F T2V TO.ELF v




P 7.33

Problems

24 1 —5000x 2
vV, = 706><10 6/ x 1073 dr +7

—5000x

—5000
— _86—5000t + 8 + 72

vy =[-8 +80]V,  t>0

t

= (40,000) 5o | +72

[e] Wirappea = (1/2)(0.3 x 107°)(80)* + (1/2)(0.6 x 107%)(80)*
Wirapped = 2880 pJ.
Check:

1
Waiss = 5(0.2 x 107%)(24)* = 57.6 uJ

1 1
w(0) = =(0.3 x 1079)(96)* + 5(0.6‘ x 107%)(72)? = 2937.6 1J.

2
Wtrapped + Waiss = ’LU(O)

2880 + 57.6 = 2937.6 OK.

[a] £t <O %%{u
£1602 ()52
ir(07) = —5A
t>0
402 dmH 1602
iL + R
+ v -
40V v (sov
40 — 80
) —2A
1(00) = <=6

1
re 2 B T o00us: = = 5000
_l’_

:U
i
—_
(@)
\]
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7-36 CHAPTER 7. Response of First-Order RL and RC' Circuits

iL = ZL(OO) + [ZL(O+) — Z'L(OO)]eit/T
= -2+ (=5+2)e M = 2 — 37000 A t>0

v, = 16iy + 80 = 16(—2 — 3¢ 7%%) 4 80 = 48 — 48¢ 0V, t>0"

y
[b] v; = L% = 4 x 1073(—5000)[— 3¢50 = 6000y, ¢ >0t

vp(07) = 60V
From part (a) v,(0Y) =0V

Check: att = 0" the circuit is:

40 53 160
A4 (o —
+ UL(EI"'}I -
40v{2) v 0+ (e0v

v (07) =404+ (5A)(4Q) =60V,  1,(0") =80 — (16Q)(5A) =0V

P734 J[a]t<O 100
A

+

S0RTY BOQE V.2 400 )
iio-

KVL equation at the top node:

Vo Uy Vg
0=—4—4—
8 * 40 + 10

Multiply by 40 and solve:
2000 = (5+ 1+ 4)v,; v, =200V

i,(07) = % —200/10 = 20 A

t>0 1200 100
Ay Ay

+

800V

po—y

VD§ 400 40mH

- i




Problems 7-37

Use voltage division to find the Thévenin voltage:
40

~ 40 + 120

Remove the voltage source and make series and parallel combinations of

resistors to find the equivalent resistance:

Ry, = 10 + 120[|40 = 10 + 30 = 40 Q

Vrn = v, (800) =200V

The simplified circuit is:

400
Ay
200V 40mH
iD
L 40 x 1073
"R 40 mse 7
200
o(0) = — =5A
i0(00) 0
i = i0(00) + [io(0T) — ig(00))e™/"
=5+ (20 — 5)e 9% = 5 4 1571000 A t>0
di,
b , = 10i,+ L—
[b] v io + 7
= 10(5 + 15¢71099%) 1 0.04(—1000) (15¢~1000%)
= 50 + 150e1000¢ _ gQe 1000t
v, = 50— 450e 1000tV t>0"

P 7.35 After making a Thévenin equivalent we have

t=0
igt)
Ay Ay ‘
50 15 . |
S50V vt} Fl6mH

For ¢t < 0, the 15 € resistor is bypassed:

i0(07) = i,(0") = 50/5 = 10 A
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P 7.36

P 7.37

P 7.38

CHAPTER 7. Response of First-Order RL and RC' Circuits
L 16x1073 1
"TTRT s+ O 7
V 50
] = = _—— =25A
00 = 3 =55 15

io = i0(00) 4 [io(0T) — iy(0c0)]e ™ = 2.5 + (10 — 2.5)e 7120 = 2.5 4+ 7.5 712 A ¢t > 0

di,
v, = Ldit =16 x 107%(—1250)(7.5¢"'#%) = —150e " v, ¢ > 07
L
o(07) = —I,Ry; ==
(al vo(07) = =L 7= =g

Vo(00) =0

Uo(t) _ _IQR26—[(R1+R2)/L]t V, t> ot

[b] v, = —(10)(15)e~To1et = 15071250 v, ¢ > 0F
[c] v,(0") — oo, and the duration of v,(t) — zero
L
d] ve, = Roty; T=——
Ld] ? Ry + Ry
Ry
'0 0+ =1 ; .o =1,
t ( ) g t (OO) gRl + R2
Therefore  io(t) = 7% + |1, — 73?51;2} e~ [(Fr+Ro)/LJt
N R Rely  _[(Ri+Rs)/L
io(t) = (Rliﬁzg) (Rlifb)e (i) Lt
B Ril Raly  _[(Ri+R2)/L
Therefore Vo = (1+R11/9R2) (1+R21/9R2)€ [(Rai+R2)/L]t t>0"
[e] |vsw(0T)] — oo; duration — 0

Opening the inductive circuit causes a very large voltage to be induced across the
inductor L. This voltage also appears across the switch (part [e] of Problem 7.36)
causing the switch to arc over. At the same time, the large voltage across L damages
the meter movement.

[a] From Egs. (7.35) and (7.42)

i Ve (10 _ V) o~ (R/L)!

R R
v= (Vi — I,R)e” /L)
|Z Vs
L4 I,-2=4
R R



Problems

V, — I,R = —80; = 40

=y

Vs
I, =44+ —= =8A
+R

Now since V; = 4R we have
4R — 8R = —80; R=20Q

R
. =80V; L=--=05H
V, = 80 5 =07

[b] i =4 + 4e " 2 =16 + 32¢ % + 168"

1 1
w = §L@'2 = 5(0.5)[16 +32e 1 + 1667 = 4 + 8e 10 + 478"

448710 4 4780t =9 or 8% 427100 _ 125 =0
Let z = e 40
w? +2x —125=0; Solving, =005 z=-25
But z > 0 for all ¢£. Thus,
e 10 = .5, el = 2, t=25In2 =17.33ms

P739 Fort<0

i §0-) 10 2553
. + -
150z v, P (a80v
0.8v
- ¢
Vg vy — 480
1—5—0.80¢+ o1 =0
vy — 480
v =
¢ 21
Uy v, — 480 v, — 480
15_08< 21 >+( 21 )
Uy vg — 480
15—1—0 ( 51 > vy + 3(v 80) =0
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7-40 CHAPTER 7. Response of First-Order RL and RC' Circuits
2v, = 1440 so v, =60V iy(07) = % —4A
t>0
g 0mH 10 200
Ay Ay
+ v
¢ 250
1502 T (as0v
0. Ev¢
(z80v
g 0mH 10 4
2 Ay Ay
+ v(b
1502 ’]\D a 320V ()
- O
&
b
Find Thévenin equivalent with respect to a, b
10 402
ae Ay Ay
+ v -
3z0v{()
0.8y
bwe
Virn — 320 Vrn — 320
= - ( o ):0 Vi = 320V
5 5
iy 10 40
ae Ay Ay
+ V-
Uy T
0. E!v¢
bwe

vp = (ir + 0.804)(5) = (z‘T + O.8U5T> (5)



Problems 7-41

Vr = BZT -+ O.8UT O.QUT = 5ZT

T Rpp =259

T

80mH 2502
i,
J'_D a
150 320v ()

&

io(00) = 320/40 = 8 A

80 x 1073
r= 170 —oms;  1/7 =500

o =8+ (4—8)e ™ =8 — 4 A t>0

P740 t>0; 100 50 in
Aty Aty
+ + .
glﬂ
2 Omna(t) v $15Q v 0+)(Plsma 28R ] (L5 0ma
Vo U — 0,(07) 3
22 90 x1
5 + 5 0 x 10
v, = 0.750,(07) + 75 x 1073
o O+ - Va o 0+ .
15x 103 4 L0 =t 200 g L sh 1078 2 g

) 8
13v,(07) — 8v, — 360ia = —2600 x 1073

o(0F
iA:U(S)—QZ'A—i—5O><10_3

0,(07)

5x 1073
80 +

INES

360ia = 4.5v,(0") + 1800 x 1073



7-42 CHAPTER 7. Response of First-Order RL and RC' Circuits

8, = 6v,(07) 4+ 600 x 107°
130,(0%) — 60,(07) — 600 x 107 — 4.5v,(0")—
1800 x 1072 = —2600 x 1073
2.50,(07) = —200 x 107%; v,(0%) = —80mV
Vo(00) =0

Find the Thévenin resistance seen by the 4 mH inductor:

100 50 in
L Ay Ay
1
" // ' 9ip
v_ 32 150, 280 b
_ V.
. /
Ur Ur 9;
= — =N
790" '8 A
Ur . Ur Ur
=-——-9 1060 = —; = =
A 3 A 1A g’ A 30

Ry, = 169

4% 108
r= XT —0.25ms; 1/ = 4000

v, = 0+ (=80 — 0)e 4% = _80e 4 mV, t>0"



Problems 743

P7.41 [a] 7{

R L R
1d
ldv v _
Rdt L
dv R
—+—v=0
i T
dv R
LT
dv R
dv R
— = ——dt
) L
/’U(t) dy_ R t
Joory y L Jot

v(t) = (V, — I,R)e”B/D!

P7.42 t>0 i
+ +
EBH E1.5H v, 2400 —» EIH v_ 2400
TEA TEIA B TEA -
1
;_
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i, = He 1A, t>0
v, = 40i, = 200e 1V, t>0"

200e 4% = 100; et =2

1
t= EIHQ = 17.33ms

1 1
P7.43 [a] wgs = 5Lez'Q(O) = 5(1)(5)2 =125]J
1 rt
[b] isyr = - / (200)e™4% 4z — 5
3J0
=1.67(1—e ") —5=—-1.67e " - 3.33A
1 t
iisH = — / (200)e=%% dz 4 0
1.5/ 0
= —3.33¢ """ +3.33A

1
Wirapped = 5(4.5)(3.33)2 =25]

[e] w(0) = ;(3)(5)2 =37.5]

P744 [a] t <0

ZEma(T) 150% 60mH OmH

10m2 15mA

t>0
i .
\l/ 24mH UD§12DQ @ S0mA
Z2omAy —
24 % 103
in(07) =i (07) = 25mA; = %@ — 0.2ms;

ir(00) = =50 mA
i, = —50 + (25 4 50)e 7% = —50 + 750 mA

vy = —120[75 x 10737200 = —ge= 5000ty ¢ > (F

= = 5000
-

t>0



Problems 7-45

- 1 ! —5000 -3 —5000¢
[b] lem/o —9e7007 g 4 10 % 1070 = (30e 77 — 20)mA, >0
. 1 t —5000 -3 —5000¢
=— [ — v 15x107° = (4 — A >
[c] is 40><1o—3/o 965002 gy 115 x 1073 = (45¢ 30)mA,  £>0
P 7.45 [a] Letv be the voltage drop across the parallel branches, positive at the top node,
then

(Y

I L [fdes = [Tva
_ = = —0
9+R9+L1/0U ”HLQ/OU !

v 1 rt
—+ — d I
RQ+L6 o T s
1 d
ddv v
R,dt L.
dv R,
_ _J :O
i L'
Therefore v = I,R,e™; 7= L./R,
Thus
1 gt I,R, e /™ |t I
S [Rf:p/‘rd:gg :gel_ft/‘r
" Ll/o ofge T de =" T e
. IgLQ —t . [Ll _
i = —92 (1—e ) and iy = —2L L (1 -t
! L1+L2( ) ? L1+L2( )
. Ly , Ly
b = —1; = I
bl iafoo) = 7ol o) =

P746 Fort <0, isomu(0) =50V/10Q =5A
For ¢t > 0, after making a Thévenin equivalent we have

- Ay
ie— g0
§2DmH
| 52 8oV
+
80 mH

v V.
Vs (1 Vs
! R+<° R)e
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R 8
F—Z—100x10—3—80
V. —80

I,=5A; Ir=-2="""__10A
'R 8

i=—10+ (5+10)e " = —10 + 153" A, t>0

Ji
v, = 0.08d—; = 0.08(—1200e %) = —96e 8" Vv, t>0"
P747 Fort <0
e My
10k 4k
gov(’ Z40kD)  (UEmA £ 24k0
9
Simplify the circuit:
80/10,000 = 8mA,  10kQ[40kQ[24kQ = 6kQ
8mA — 3mA = 5mA
5mA x 6k =30V
Thus, fort < 0
A
Bt 4k
+
30V 30V T 0.054F
0,(07) = v,(07) =30V
t>0
A —
4k
BmA() £10kQE40kD)  (D2Zma £ 24kD

T 0.05,F




P 7.48

Problems

Simplify the circuit:

8mA + 2mA = 10mA
10k|[40k[[24k = 6k
(10mA)(6kQ) =60V

Thus, fort > 0
————— i ————

10K +

60V(, v_ T O0.054F

—._
Vo(00) = =60V

1
7= RC = (10k)(0.054) = 0.5ms;  — = 2000

n
Vo = 15(00) + [06(07) — v,(c0)]e™/™ = =60 + [30 — (—60)]e 200
= —60+90e ™V >0

[a] Simplify the circuit for ¢ > 0 using source transformation:

i1 8l 201k ic
A A
+ + +
SmAT) Z15k0 "1§ 60k0 030505 > (Deny 0-54FT o
1 h ln h
Since there is no source connected to the capacitor for ¢ < 0
0,(07) =v,(07) =0V
From the simplified circuit,
Vo(00) =60V
7=RC = (20 x 10°)(0.5 x 107°%) = 10ms  1/7 = 100
Vo = 15(00) + [U6(0F) = v,(00)]e™™ = (60 — 60e %) V, t>0

7-47
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dv,
dt

ic = 0.5 x 107(=100)(—60e~10%) = 367100 mA

[b] i =C

v1 = 8000i, + v, = (8000)(3 x 107)e ™% 4 (60 — 60e ") = 60 — 36" V
U1

= m =1- O.6€7100t mA, t Z O+

lo

[e] i1(t) =ip +ic=1+24e ' mA  t>0"

[d] is(t) = ﬁ — 42471 mA > 0F
[e] i1(0%) =1+ 2.4 =3.4mA
Att =07

R. = 15k||60k||8k = 4800
v1(0%) = (5 x 107%)(4800) = 24V

X ’U1(0+) 1)1(0+)
0") = =04 3m = 3.4mA heck
i1(07) 60,000 + 3000 m+3m m (checks)

P749 [a]l v= LR+ (V,— LR  j— <IS _ ‘;) ¢ 1/RC

I,R=40, V,—I,R=—24

V, =16V

1 16 40
I,—2=3x10"% IL,——=3x10"%  R=—

RN R " 1.

I, — 041, =3 x 1073, I, = 5mA

40
R= = X 10% = 8k

1 1 10-3

—_—92500. C = — —50nF: 7=RC = —— =400
RC ’ 2500R 20 x 10° w7 2500 HS

[b] v(c0) =40V
w(0o) = ;(50 x 1077)(1600) = 40 uJ

0.81w(oc0) = 32.4 1

324 %107

ve(t,) 55 % 10=9 96; v(t,) = 36

40 — 24e~ %%t — 36; 2500t — 6. S te = T16.70 s



Problems

P7.50 [a] Fort > 0: i,

SOV E8nF Vo E 250k0

1
7= RC =250 x 10° x 8 x 107 = 2ms; — =500

-
v, = 50e 50V, t>0"
v 506_500t
bl i, = —° - — 200~ A
(b1 % = 526,000 ~ 250,000 € K

t
10 %109 x 200 x 10—6/ =07 g 1 50 = 106~ 4 40V,
0

v, =
P751 [a] w= ;C’eqvg = ;(8 x 1077)(50%) = 10 uJ
[b] Wirapped = ;(40)2(50 x 107%) = 40 uJ
[c] w(0) = ;(40 x 1079)(50%) = 50 uJ
P7.52 Fort>0

Vin = (—25)(16,000)i, = —400 x 10%,

33,000

= 120 x 107%) = 49.5 uA
i = 50000 120 X 107 H

Vip = —400 x 10°(49.5 x 107%) = —19.8V

R, = 16kQ
16k
Ay
+
19.8v{) 0.250F T w_

v,(00) = —19.8V; v,(07) =0

7 = (16,000)(0.25 x 107%) = 4 ms; 1/7 =250

7-49
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U, = —19.8 +19.8¢ BV, t>0
1
w(t) = 5(0.25 x 107%)v2 = w(o0)(1 — e~ 2%)?

_ 0.36w(c0)

(1—e2™) w(o0)

= 0.36

1—e % =06
e =04 . t=367ms

P7.53 [a]
1.8k02 3.2kQ
Ay -

| ift)
36v) v () T 0.8UF

%

—36
i0(0+) = m = —7.2mA

[b] i,(c0) = 0

[e] 7= RC = (5000)(0.8 x 107%) = 4ms

[d] i, =0+ (—=7.2)e 2% = —7.2¢7 5% mA, t>0"

[e] v, = —[36 + 1800(—7.2 x 10 % 2")] = —36 + 12.96¢ " V,

P7.54 [a] v,(07) = v,(07) =120V

io 12.5k0) 37.5k0

il v o150V
0.04F Tv_ g G

1
Vo(00) = —150V; T =2ms; — =500
T

v, = —150 + (120 — (—150))e >0
v, = —150 + 270e 7V, t>0

[b] i, = —0.04 x 107%(—=500)[270e %] = 5.4e "' mA, t>0"

t>0"



Problems

[e] v, = v, — 12.5 x 10%, = —150 + 202.5¢ """ V
[d] v,(07) = —150 + 202.5 = 52.5V
Checks:

vy (01) = i,(07)[37.5 x 10%] — 150 = 202.5 — 150 = 52.5V

, Vg — 500t
= —= =-3+4+4.05 A
L50k 50k + e m

Vg —500t
Y 14135 A
150k +lsoe T m

-l + 50k + t150k + 4 =10 (ok)

1150k =

P7.55 Fort <O,
t>0:

,(0) = (—=3m)(15k) = —45V

— o+

- Ay
: iy ankQ
+ 202107,

vTh § 1DkQ C ..II,E‘V

10
Vi = —20 x 10%i4 + —(75) = —20 x 10° <> 15 =45V
Th X 10%ia + 5 (75) % 50x108) T
T + Ay "
40 ko2
+ 20x10%, \L
1a
vy £ 10k0

-

7-51

vp = —20 x 10%ia + 8 x 10%ip = —20 x 10*(0.2)iz + 8 x 10%i = 4 x 10%ip

vr

RTh - T = 4kQ
tr

t>0 e

- 4.1 2} asv
45V--16|.LFVD C

Vo = 45 + (—45 — 45)e V™
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1 1
7 = RC = (4000) (16 X 106) =250 pus;  — = 4000
T

v, = 45 — 907400y >
P7.56 v,(0) =45V; Vo(00) = —45V

Ry, = 20k(2

g (1 . , 1
7= (20 x 10?) (16 X 10“)) =1.25 x 107%; ~ =800
-

v = —45+ (45 +45)e % = —45 + 90e 'V, >0

P757 t<O0;
- 20 -3 - -3
10(07) = 15 (10 107%) = 2mA; - 0,(07) = (2 x 107%)(50,000) = 100 V
t = oo:
i fea)
é\l/ £30kQ
SmAL) +—e  =20kQ
+
S0KQE v fea)
.
: _3( 20 .
io(00) = =5 x 10 (100) = —1mA; Uo(00) = 1,(00)(50,000) = =50 V

Ry, = 50kQ[50kQ = 25kQ; € = 16nF

1
7 = (25,000)(16 x 107%) = 0.4 ms; — = 2500
T

Vo(t) = =50 + 150e 2" vV, t>0

i
\[i:éBDkQ
Sna)  E20kQ °|
} +
150§5[|]{Q i TlﬁnF
io= oW L _gemoiga st



Problems

Vo

m = —]_ + 36_2500t mA, t Z O+

I50k =

io = ic + i50k = —(1 + 3672500)&) mA, t> 0Jr
P 7.58 [a] Let ¢ be the current in the clockwise direction around the circuit. Then

1 1t
Vo = iR, +Cl/2d:)3+02/zd:v

1 1
= iR, +<Cl+02>/zdx—zR+ /zdx

Now differentiate the equation

di 7 di 1
O—Rg£+a or dt+RC =0
Therefore ¢ = Ee’t/Rﬁ’Ce = Ee’t/T; 7= R,C.
R, R,
1 Vv V., e/t VC
t) = g —x/Td o g _ —t/T 1
Ul( ) Cl R v Rgcl —1/7' 0 Cl ( )
V,Cs
t)= L ——(1—e ") = R,C.
Ul( ) Cl + 02( € )7 T g
V,C
t)= 2 (1—e ") = R,C.
UQ( ) Cl + 02( € )7 T g
Coy Ch
b = V. = V.
[ ] Ul(OO) Cl+02 g ,UQ(OO) 01+C2 g
P7.59 |[a]
i
i £=0 +
I_RY cTac

7-53
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di 7 di dt
bl o =~"%¢' 77 Re
i) dy 1t
/ YW [ g
i(0t) Y RC Jo+

ity  —t
1 —
Yi0Y) T RO

P7.60 [a] t<0

Ay
2.2k N
+ = (40) (0.8)
40v( 0.2 T ooy - 52V
+
0.8uF T (40) (0.2}
(0.z+0.8) oV
t>0
6.25K0
Ay
+ + o
. 40V v () 80v

0.16/F T

0,(07) = v,(07) =40V

Vo(00) =80V

7= (0.16 x 107%)(6.25 x 10%*) = 1 ms; 1/7 = 1000
v, = 80 — 40e 100 v t>0

dv,
dt

= —6.4e 190 A t>0"

’

[b] i, = —C—2 = —0.16 x 107°[40,000e~'%*%]



P7.61

P 7.62

Problems

1 t
(€] 01 = oo [, —64 x 107771 do 4 32

= 64 — 32¢ 1000y, t>0

—1 t —3 _—1000x
[d] 'UQZW/O —6.4 x 10 e d(L’+8

=16 — 8¢ 1000ty t>0
1 —6 2 1 —6 2
[e] Wirapped = §(0.2 x 107%)(64)? + 5(0.8 x 107%)(16)? = 512 4.

[a] v.(0%) =50V

[b] Use voltage division to find the final value of voltage:

20
ve(00) = 5575

(—30) = —24V

[c] Find the Thévenin equivalent with respect to the terminals of the capacitor:

Vin = =24V, Ry, =205 =49,
Therefore 7 = ReqC = 4(25 x 1077) = 0.1 s

The simplified circuit for ¢ > 0 is:

%\E\?
l\l/++

ZEHF::E‘DV Uc D 243

2450
=0
[e] v. = v.(00) + [1.(07) — v.(c0)]e /"

[d] i(0") = —185A

= 24+ [50 — (—24)]e T = =24 + T4V, £ >0

dv,
[f] i = Co8 = (25 x 1079)(—107)(74e10) = —18.5¢" 10" A, ¢ >0*

dt
[a] Use voltage division to find the initial value of the voltage:
9k
(01) = =——(120) =90V
vel07) = vor = gy =g (120)

[b] Use Ohm’s law to find the final value of voltage:
v.(00) = vgop = —(1.5 x 107)(40 x 10*) = —60V

7-55



7-56 CHAPTER 7. Response of First-Order RL and RC' Circuits

[c] Find the Thévenin equivalent with respect to the terminals of the capacitor:
Vn = —60V, R, =10k + 40k = 50kS2
7= Rp,C = 1ms = 1000 us
[d] v = ve(00) + [1.(07) — ve(c0)]e™"/"
= —60 + (90 + 60)e 1% = —60 + 150 1"V, ¢ >0
We want v, = —60 + 150e10% = (:
In(150/60)
1000

P 7.63 [a] Fort < 0, calculate the Thévenin equivalent for the circuit to the left and right

of the 400-mH inductor. We get
15k 400mH 5k

Ay Ay
i
200V 60V

Therefore ¢ = =916.3 us

—60 — 200
(07) = — 2" — _13mA
07) = 155k m

i(07) = i(0") = —13mA

[b] For ¢ > 0, the circuit reduces to
4010mH Sk

&

Therefore i(c0) = —60/5,000 = —12mA

L 400 x 1073
[C] T—E—W—&)us

[d] i(t) = i(c0) + [i(0T) —i(o0)]e /™
= —12 4 [~13 + 12)e 1250 = 12 — 712500 A t>0

P 7.64 [a] From Example 7.10,

_ LiLy— M? _36—16_§H
L4+ L,—2M  20—8 3

L (5/3) 1

Leqg

R~ (50/3) 10



_ 100 100,
0= — —6-6
T (50/3)  (50/3)° ‘
[b] v, =100 — 5302'0 =100 — 530(6 — 6e10) = 100e 10V,
diy,  diy
o — 2— 4—=
lel vo =270 + 4
io == le —|— ’iQ
dt  dt  dt
di _diy _dir _ o o din
dt  dt dt dt

di
100e ™10 = 2% 14 <60€—10t _

diy _ —10t
N 70e

diy = 70e % at

1 t
/ dr = 70/ e 10 dy
0 0

—10y
11 = 70_710

t
=7 —Te 10A,
0

[dl @ =
= 6—6e 1% — 74 710

= —1+4+e A
dio diq

Lo—2 ¢ M2t
2ar "M

i — i1

t>0

[e] Vo =

= 18(—10e19%) 4 4(70e10%)

= 100e 1"V, ¢t >0"

Li— 4+ M—=
v M

<
o
|

2(70e710%) + 4(—10e~10%)

100e 1%V, ¢ > 0"

Problems

7101‘,A tZO

t>0"

diy
dt

(checks)

CHECKS
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i1(0) = 7 — 7 = 0; agrees with initial conditions;

i2(0) = —1 4 1 = 0; agrees with initial conditions;
The final values of i,, 71, and 75 can be checked via the conservation of
Whb-turns:

i0(00) Leq = 6 % (5/3) = 10 Wb-turns

i1(00) Ly +ig(0c0)M = 7(2) — 1(4) = 10 Wb-turns

ia(00) Ly +i1(0c0)M = —1(18) 4+ 7(4) = 10 Wb-turns

Thus our solutions make sense in terms of known circuit behavior.

P7.65 [a] Le, = (8)15) _ 250H

“ 3415
Leq 2.5 1
T = = —— — — 8§
R 75 3

io(O) = 0, iO(OO) = ﬁ =16A

i, = 16 — 16e 3 A, t>0

v, = 120 — 7.56, = 120e 3V, t>0"

8
igzio—ilz——ge*BtA, t>0

[b] i,(0) = i1(0) = i2(0) = 0, consistent with initial conditions.
v,(07) = 120V, consistent with 7,(0) = 0.

»
vy = 35 _ 4906V, ¢ >0F
di
or
diy -3t +
v =15=2 = 1207V, £>0

The voltage solution is consistent with the current solutions.
A1 = 3i; = 40 — 40e~*" Wb-turns
A2 = 15i = 40 — 40e~*" Wb-turns

A1 = As as it must, since
oy
C o dt dt
A1(00) = Aa(00) = 40 Wb-turns



Problems

A1(00) = 3i1(00) = 3(40/3) = 40 Wh-turns
Ao(00) = 15i5(00) = 15(8/3) = 40 Wh-turns
i1(00) and i5(00) are consistent with A;(00) and Ag(oc0).

P 7.66 [a] From Example 7.10,

;o LiLy—M?*  50—25
i+ Ly +2M 15410
1 1

_L_ L =20
R 20 T
io(t

T

) =4 —4e A, t>0
[b] v, = 80 — 20i, = 80 — 80 + 80e 2" = 80e 2V, t>0t
diy diy .
o = —_—— _—= V
[c] v, =5 g7 5 g7 80e
io == il -+ ig
di, diy  dis oot
=4+ <= A/
pri s

dis

diy
— 80 —20t L
dt c dt
diy di

— 40020 45—
dt T

80e 2 =5

.
10% — 480e % iy — 48¢~20 i

t1 t
dmz/ 48e72% dy
0

0

. 48 _
i = ——e 2

t
=24 —24¢ %A t>0
20 ¢ ’ =

0

[d] is =i, —i; =4 —4e 2" — 2.4+ 24720
=1.6—1.6e" 2 A, t>0

[e] i,(0) = i1(0) = i2(0) = 0, consistent with zero initial stored energy.

di,
vy = Leqd—zt = 1(80)e~2 = 80e"2V, ¢ > 0" (checks)
Also,
diy i
o = 5 _ 52 ety > (0F (checks)

T dt dt
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Vy = 102’%2 — 5621 = 80e 2V, t > 0" (checks)

v,(07) = 80V, which agrees with i,(07) = 0 A

io(00) = 4 A; i0(00) Leq = (4)(1) = 4 Wb-turns

i1(00) Ly + i5(00) M = (2.4)(5) + (1.6)(—5) = 4 Wb-turns (ok)
i2(00) Ly + i1(00)M = (1.6)(10) + (2.4)(—5) = 4 Wb-turns (ok)

Therefore, the final values of i,, 71, and 75 are consistent with conservation of
flux linkage. Hence, the answers make sense in terms of known circuit
behavior.

P7.67 [a] Lo, =5+10—25(2) = 10H

L 10 1 .
T

i=2—-2Y"A t>0

diy di di > > .
=5— —25— =25 =2 = v, t>
bl vi(t) =50 — 25 =252 =25(8 ") =200V, 120
1) =10— — 25— =75—=T17. = \% >
[e] va(t) =10 — 2.5, =75 =T5(8¢ ) =60e 'V, t>0

[d] ¢(0) = 2 — 2 = 0, which agrees with initial conditions.
80 = 40i; + vy + vy = 40(2 — 2¢™*") +20e™" + 60e " =80V

Therefore, Kirchhoff’s voltage law is satisfied for all values of ¢ > 0. Thus, the
answers make sense in terms of known circuit behavior.

P7.68 [a] Leq=5-+10+2.5(2) =20H

i=2—-2A, t>0
diy di di

t)=5— +25— =75— =T754e ) =302V, t>0"

[b] v (t) S F25 =15 7.5(4e7%) =30e7*'V, t>0

[c] (t)—10%+25@—125@—125(4 ) =50e"*V, t>0"
(%) = dt dt_ dt_ . e = e s =

[d] i(0) = 0, which agrees with initial conditions.
80 = 40i; + vy + vy = 40(2 — 2e7%) + 30e > + 50e > =80V

Therefore, Kirchhoff’s voltage law is satisfied for all values of ¢ > 0. Thus, the
answers make sense in terms of known circuit behavior.



Problems

P 7.69 Use voltage division to find the initial voltage:

60
40+ 60

0,(0) (50) = 30V

Use Ohm’s law to find the final value of voltage:

vo(00) = (—=5mA)(20kQ) = —100'V

1
7= RC = (20 x 10%)(250 x 107Y) = 5ms; — =200
-

Vo = 1o(00) + [06(0T) = v,(c0)]e™"

= —100 + (30 + 100)e™ 2% = —100 + 130e 2"V, ¢t >0

Ml A
P7.70 [a] t <O0: 400 400 e

1g 1{07)

500V Z 600

Using Ohm’s law,

800
"9 40 + 60[[40
Using current division,
60
(07) = 12.5) =7.5A =i(0"
i(07) = 555 (125) i(0%)

[b] 0 <t < 1ms:
i =i(0M)e /T =7.5e7H"

1 R 40+ 120]60
_—— = — = 1
TSI soxioe 000

i = 7‘567100015

i(200us) = 7.5 107 R00X1070) _ 75,02 _ ¢ 14 A
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[c] i(1ms) = 7.5e~! = 2.7591 A
Ims <t <o

- e
— 1 400

E gomH

R 40
T_f_8O><10*3_500

i = i(1ms)e”¢-1m9)/T = 97501 ~500(-0.001) A
i(6ms) = 2.7591e 2000005 — 9 7591725 = 226.48 mA

[d] 0 <t <1ms:
i = T7.5e7 100

di ‘
V= Ld—; = (80 X 10_3)(—1000)(7.56_1000t) — _6006—1000tV

v(17ms) = —600e ' = —220.73V
[e] 1ms <t < o0:

§ = 2.75916_500(t_0'001)

di
v = Ld—; = (80 x 10*3)<_500)(2.59167500(1‘/70.001))

— _110'467500@70‘001) \V2
v(1Tms) = —1104V

P7.71 Note that fort >0, v, = (4/6)v., where v is the voltage across the 0.5 uF
capacitor. Thus we will find v, first.

t<0
10kQ  2kO
Ay A W
+
75V, v, E3kQ
»

0e(0) = £ (~75) = =15V



0 <t <800 us:
2k0
Ay
+
akQz  0-3uFT w0 30
(6000)(3000)
= R.C, R, = -—"—"——"2> =2k
! 9000
3 —6 1
7 =(2x10°)(0.5 x 107°) = 1 ms, — = 1000
T
Ve = — 15710000y t>0
v.(800 uus) = —15¢™ "% = —6.74V
800 us <t < 1.1ms:
2kQ
+
4k 0.5uF T v,
1
7= (6 x 10*)(0.5 x 107°) = 3ms, ~ =333.33
T
v ::__6'746433333@4800X10*6)\/
1.1ms <t < oo:
2k
Ay
+
4kQz  U.SWET oy 3k0
1
7 = 1 ms, — =1000
T

Problems

e(1.1ms) = —6.74¢~333-33(1100-800)107% _ _§ 74,-01 — _6 1V
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v = _6.1671000(t71.1><10_3) vV
Ve(1.5ms) = —6.1¢ 71000051107 — 6 1,-04 — _4 09V
vy = (4/6)(—4.09) = —2.73V
1
P7.72 w(0) = 5(0.5 x 107°)(=15)% = 56.25 1uJ
0 <t <800 us:

Ve = _156_1000t; Ug — 2256_2000t

par = 7520 mW

800x 106
Wy = / 75 x 1032000t gy
0

©—2000t | 800x10~6

—2000 |
=375 x107%e 1%~ 1) =29.93 )

=75%x 1073

1.1ms <t < o0:

Ve = —6.11000(t=1.1x107%) ;. 02 = 37 19 ~2000(t—-1.1x10~%)

I

Pap = 12.46—2000(1571.1“0—3) mwW

w3k = / T 124 x 1078 2000-11x10) gy
1.1x10—3 .

—2000(t—1.1x1073) |c0

—2000 1.1x10-3
=—62x10°0—-1)=6.2.J

=124 x 1073

wa = 29.93 4+ 6.2 = 36.13 J

36.13
= ——(100) = 64.2
% 56.25< 00) = 64.23%



Problems 7-65

P7.73 Fort < O0:

50
Ay
15E(D £ 100 )
10
(0)=—(15) =10A
i(0) = 17 (1)
0<t<10ms:
50
A
\I/ 50mH
i
i=10e A
i(10ms) = 10e™' = 3.68 A
10ms <t < 20ms:
50
A
50mH §ZDQ
(5)(20)
g = =41
Heq 25
R 4
== =80

L 50x10-3°
i = 3.68¢80(=001) A
20ms < t < o0

i(20ms) = 3.68¢ 80002001 — 7 65 A
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i = 1.6567100(t70.02) A

i
v,=L%,  L=50mH

dt
i = 1.65(—100)e10=002) = _165¢100(-0.02)

o = (50 x 107?)(—165)e100—002)
— —8.26¢100(t=0:02) v t> 20" ms
00(25ms) — _8.2667100(0.02570.02) = _5V
P 7.74  From the solution to Problem 7.73, the initial energy is
1 2
w(0) = 5(50 mH)(10A)° = 2.57
0.04w(0) = 0.17J
1 —3),:2 ,
5(50 x 107%)i; =0.1 so iy =2A

Again, from the solution to Problem 7.73, ¢ must be between 10 ms and 20 ms since
i(10ms) = 3.68 A and i(20ms) = 1.65A
For 10ms < ¢t < 20ms:

i = 3.68¢ 800001 _ 9
3.68
B0(t=0.01) = %0 t—0.01=0.0076 .. t=17.6ms

P7.75 0<t<10pus:

Smadl) 4k Qs v, T 20nF

7= RC = (4 x 10°)(20 x 107%) = 80 us; 1/7 = 12,500



Problems

1,(0) =0V; Vp(00) = =20V
v, = —20 + 20e 1Y 0 <t < 10 s

10pus <t < oo

16kQ
small) 4Oz T20nF R0V

o

Ay * Ay
4k +  1ake
204 W feel 30w

‘ *

—-50V

v,(00) = (—2.5 x 107)(16,000) + 30 = =10V

v,(10 us) = —20 +207%1% = 235V

Vo = —10 + (—2.35 + 10)e (7 10x107%)/7

Ry, = 4kQ|16 k2 = 3.2k

7 = (3200)(20 x 107%) = 64 ps; 1/7 = 15,625

vy = —10 + 7.65e 1302 —10x1070) 10 )6 < ¢ < 0

P7.76 0 <t < 200pus;

+
£ 30kD £ 60K

Unr= 300v v

% 120k0 = 40k0

10
R, = 150/|100 = 60k 7= (3 x 10—9> (60,000) = 200 s
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Ve = 300e 700y

v,(200 u1s) = 300e! = 110.36 V

200 us <t < o0

% ig
J,g 30EQ £ A0kQ
+ i, i
1E| f=hn
FOEF110.36v

J/glznm £ 40kQ
i

2

R. = 30]|60 + 120]]40 = 20 + 30 = 50k

10 1
= (3 X 10-9> (50,000) = 166.67 s, = 6000

v, = 110.36¢6000(¢ = 2001s) y/
(300 p1s) = 110.36e~6000100KS) — 60 57V

60.57
20(300 MS) = m = 1.21mA

60 2 . 40, 1.
T gp T3 T 60 T 4
) ) ) 2. 1. 5 . 5 -~
low = 1] — 19 = gzo — gl = gl = ﬁ(l'ﬂ x 107%) = 0.50mA
P7.77T t<O: Rk .
4.7ks +
20mA (F 2 5000 v{07)

v.(07) = (20 x 107*)(500) = 10V = v.(07)



P7.78

0 <t <50ms:

10v

r0.1lenr

T = 00; 1/7=0; vo =10e™" =10V

50ms < t < oo:

iy

10V 0, 16ur 6.25k0

7 = (6.25k)(0.16 ) = 1 ms; 1/7 = 1000;
Summary:

v, =10V,  0<t<50ms

v, = 10e 1000 =0.05) 50ms < ¢ < 00
t<0:
iﬁﬂ_)
‘i
50
10V 210

ir(07) =10V/50 =2A =i (0")

Problems

v = 10671000(1570.05) \Y4

7-69



7-70 CHAPTER 7. Response of First-Order RL and RC' Circuits

0<t<5h
ift)
Aty
50
10v{2) 210 \l/ 5H
2R
T=5/0=o00

210 \l/ SH

5)
T:I:5S; 1/7=0.2

ip(t) =2e7 2B A t>55

P779 [a] 0<t<25ms

v,(07) = 80 V; v,(00) =0
L

vo(t) = 80e 'V, 0" <t<25ms
V(2.5 ms) = 80e 1 =22.92V

(80 — 22.92)
20

o(2.5% ms) = —20(2.85) = —57.08V

i0(2.57 ms) = =285A

vo(00) = 0; T = 2ms; 1/7 =500

v, = —57.08¢ 00— 0.0025) v/ 25 Tms <t < oo



Problems

[b]

Gl
B0
40
20

w0 )

20
-40

60

[c] vo(bms) = —16.35V

~ +16.35

Lo 50 - 817.68 mA

P7.80 [a] iy(0) =0;  ip(c0) =25mA

R 2000
7 550 x 107 = 8000

io = (25 — 25¢ 7300 mA | 0<t<75us

1_
-

di,
vy = 0.25dit —50e78000y 0T <t < 75 us

751 us < t < oo:

io(T5us) = 25 — 25¢ "0 = 11.28 mA; io(00) =

i = 11.28678000(t775><10_6) mA

Vo = (025)% — _22.566_8000“_75“5)
dt
t < O . Vo = O
0r <t <75 ps: vy, = B50e 8000ty
75t us <t <oo: vy = —922.56e 8000(t—T5us)

[b] vo(75 pus) = 50e™ "0 = 27.44V
V(75 pis) = —22.56 V

[e] io(75 us) = io(7H T pus) = 11.28 mA
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P781 [a] 0<t< 1ms:
v (07) =0;  ve(00) =50V;
RC = 400 x 10*(0.01 x 107%) = 4 ms; 1/RC = 250
v, = 50 — 50e 2
v, = 50 — 50 4 50e 2% = 50"V, 0<t<lms
Ims <t < o0o:
v.(1ms) = 50 — 50e*?° = 11.06 V
Ve(00) =0V
7 = 4ms; 1/7 =250

Ve = 11'066—250(15—0‘001) Vv

Uy = —V, = —11.06¢ 2200 =0-001) lms <t < oo
[b]

50

40

a0

=20

= 10

0

0s 1.5
-10
=20

P7.82 [a] t <O0; v, =0
0<t<4ms:

7 = (200 x 10%)(0.025 x 107%) = 5ms; 1/7 =200
v, = 100 — 100e2%% Vv, 0<t<4ms

vo(4ms) = 100(1 — %) = 55.07V

4ms <t < 8ms:

vy = —100 + 155.07¢~200(t-0004) y/

V(8 ms) = —100 + 155.07¢ *® = —30.32V

8ms <t < oo
Vo = _30.326_200@_0'008) \V



Problems 7-73

[b] vo(V)

[e] £<0: Vv, =0
0<t<4ms:

7= (50 x 10*)(0.025 x 107%) = 1.25ms 1/7 = 800
v, = 100 — 100e 8% v, 0<t<4ms
vo(4ms) = 100 — 100e*? = 95.92V

4ms <t < 8ms:

Vo = —100 + 195.92¢800(t=0-004) /. 4ms <t < 8ms
V(8 ms) = —100 + 195.92¢ 32 = —92.01 V

8ms <t < o0

v, = —92.01¢800(t0008) v/ 8ms < t < oo

- vo(w

]

82 B N o N E BB
=
2

§ \
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P7.83 [a] r=RC = (20,000)0.2 x 10°%) =4ms;  1/7 = 250

lo = Vo = 0 t<0

1
i (0%) = 20 (23

) = 16 mA, io(00) =0

ip = 16e " mA 0t <t <2 ms
i16k0 = 20 — 16" mA
v, = 320 — 256"V 0T <t <2 ms
Ve = v, — 4 x 10%, = 320 — 320e "V 0<t<2ms
v.(2ms) = 320 — 320e " = 125.91V
io(2T ms) = 16e7%% = 9.7mA
i,(00) =0
v, = 125.91e2000-0002)  oF Mg < ¢ < o0

dv,
dt

ip = C—° = (0.2 x 1075)(—250)(125.91)e~20(:=0:002)

= —6.3¢”20=0002) A 9t Mg < ¢ < 0o
v = 4000i, 4 v, = 100.73e720C¢ 002y 9F ;g <t < 00
Summary part (a)
1,=20 t<0
i, =16 *"mA (0T <t <2 ms)
iy = —6.3¢7 20002 A 9t mg <t < 0
v, =10 t<O0
v, = 320 — 256e 20V, 0<t<2 ms
v, = 100.73¢ 72200 ~0:002) /. 2 ms <t < oo
[b] i,(07) =0
io(0T) = 16 mA
io(2” ms) = 16e”%° = 9.7mA

io(27 ms) = —6.3mA



[e] v,(07) =0
v,(07) =64V

(
V(27 ms) = 320 — 256¢%° = 164.73V
(

v,(2% ms) = 100.73

[d] 20 1 jo(mA)

Problems 7-75

15
10

t{(ms)

10 4

vo(V)
180 -

160
140 1
120 1
100 1

[e]

I~]
n
Ly}
o

35 i

t(ms)

P7.84 [a] 510

35 4

is

Using Ohm’s law,
v = 50004,

Using current division,

. 20,000
lg = ———————
20,000 + 5000

(i + Bi,) = 0.8ir + 0.8,
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CHAPTER 7. Response of First-Order RL and RC' Circuits

Solve for i,:

ir(1 —0.86) = 0.8ir

) 0.8 ) 4000z
g = — = 5000, = ————
T 1086 T T 1= 085)
Find 3 such that Rt, = —5k(2:
v 4000
R, =—=——=-5000
e, T 1-083
1-0.86=-0.8 c. =225
[b] Find Vy;
5E0
Ay »
i, 2.251g +
40wy Z 20k Vo
»

Write a KCL equation at the top node:
Vi — 40 Vr

h .
—2.251, =0
5000 20,000 '
The constraint equation is:
i = (Ve — 40) _0
5000
Solving,
Vrmn =50V
-5k
Ay
—>i
50V 200nH

Write a KVL equation around the loop:

di

0 = —5000z 4 0.2
5 5000z + 7

Rearranging:

B
d% = 250 + 25,000i = 25,000(i + 0.01)



Separate the variables and integrate to find ¢;
di
1+ 0.01

i dr t
_ " _ 950004
/0 z +0.01 /0 WO aE

i =—10+ 10290t mA

= 25,000 dt

y
% — (10 x 107%)(25,000)e2000 — 95025000t

dt
Solve for the arc time:
di
v =025 = 5030 — 45,000, 0 — 900
In 900
t = =272.1
25,000 1S

Find the Thévenin equivalent with respect to the terminals of the capacitor.

Ry, calculation:

1k
-
4i, *
2kQE v, \I/ 4k0
_ ia
*
. vr vt vt
= —4
T 5000 * 5000 5000
ir _9+2-8 1
vp 10,000 10,000
1
vr_ 10000 40
T 1
Open circuit voltage calculation:
10
*——0,
a1, + +
2kQ§ Vo \\/ § 40 v, @“ Sm&
_ ia _

1-T7
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The node voltage equations:

Voc Voc — U1

— din =0
5000 ~ 1000 A
V1 — Voc U1 -3
_ 1 —
1000 T agop X107 =0

The constraint equation:

. (%1
A= ——
274000

Solving, v, = =80V, wv; = —60V

-10k0
Al

l.ELLF::Vc C)BUV

v.(0) = 0; ve(00) = =80V

1
7= RC = (-10,000)(1.6 x 107%) = —16ms; - =625
T

Ve = 1(00) 4 [0.(07) — v(00)]e™™ = —80 + 80525 = 14,400
Solve for the time of the maximum voltage rating:

€525 = 181; 62.5t = In 181; t = 83.18ms

P 7.86 ir 2kQ
. Ay
t Ve 2};10_3%
Vo J £4KQ
.

vp = 20007 + 4000(ip — 2 x 107%v,) = 60007 — Svg

= 6000ir — 8(2000ir)



P 7.87

Problems

o 10,000
T
-10kS2
25mn £ 1O
10
_ — 1 1/7 = —1000
7= 210,000 oS3 /7

i = 251990t mA

, 1In 200
25¢1900t % 1073 = 5; t= =53
[ X 3 1000 ms
t>0:
iT B0k
& + - A,
* ZL2:~;ZLD‘1 1
118
v % 20k0 T
T _-i_Jﬂ
.

vp = 12 x 10%A + 16 x 1037

. 20 ,
A= _ﬁZT = —O.QZT

vp = —24 x 1037 4+ 16 x 1037

Ro, = & — _8kQ

T
7=RC = (-8x10%(25x107% = -0.02 1/7 = —50
Ve = 20> V: 20 = 20,000

50t = In1000 .. t = 138.16 ms
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P7.88 [a]

‘ + +

21_1FT 80 v, E25kQ

7 = (25)(2) x 107* = 50 ms; 1/ =20

v.(07) =80V; v.(00) =0

v, = 80e~ 2V
In16
80e 20t =5 2 —16  t= 112—0 — 138.63ms
[b] 0T <t < 138.63 ms:
i = (2 x 107%)(=1600e2") = —3.2¢7** mA
138.63Tms < t < oo:
42
‘i
+ + i
5V ZUF T v, BOV
7= (2)(4) x 107% = 8ms; 1/7 =125
v,(138.63" ms) = 5V; ve(00) =80V
v, = 80 — THe~125(t=013863) /. 138.63" ms < ¢t < o
i =92 10—6(9375)6—125(t—0.13863)
— 18.75¢122(t-013863) y A 138.63 ms < ¢t < 0o

[c] 80 — 75e7 1A% = (.85(80) = 68

80 — 68 = THhe 1At =12

 In6.25

125A¢ ~
e 6.25; 195 66 ms

P 7.89  Use voltage division to find the voltage at the non-inverting terminal:

80
Up = ﬁ<_45) =-36V = Un,



P 7.90

Problems

Write a KCL equation at the inverting terminal:

36— 14 d
— 4 25x10°%—=(=36—1,)=0
0000 20X 10T o)
dv —50
25 x 10702 =
% dt 80,000

Separate the variables and integrate:

Wo _ 950 - dv, = —250dt

dt
Vo (1) t

/() dr = —250/ dy . w(t) — v,(0) = —250¢
vo(0 0

0o(0) = —36 + 56 = 20V
vo(t) = —250¢ + 20

Find the time when the voltage reaches 0:

) 20
0=-250t+20 .. t—ﬁ—SOms

The equation for an integrating amplifier:

1t
Vo = %/0 (Ub - 'Ua) dy + Uo<0)
Find the values and substitute them into the equation:

RC = (100 x 10%*)(0.05 x 107%) = 5ms

1
RO = 200; Up — Uy = —15— (=7) = -8V

1o(0) = —4 +12 =8V
t

%:200/ _8dr+8=(—1600f + 8)V, 0<t< b
0

RC circuit analysis for vy:

w(0) = —4V;  w(00) = -15V; 7= RC = (100k)(0.05 ) = 5ms
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vy = V3(00) + [v2(0) — vy(00)]e "
=15+ (=4 +15)e " = —15+ 1172V, 0 <t <ty
Vit vy =0, . U=, —Ug =23 — 1600t — 11e "V, 0 <t <ty

Note that

—28

b = — 20 =175
© = 21600 ms

—1600tgss + 8 = —20

so the op amp operates in its linear region until it saturates at 17.5 ms.

1 t —4¢t
P 791 O:_—/ Adp 40— —2t
YT T R05x109) o TV T R(05 < 1079)
—415x107°) o
R(0.5 x 1076)
_ -3
o A X107
—10(0.5 x 1079)
—4t —4(40 x 107%)
P7.92 yy=-— 1 6= 6= —-10
YT RO5 %109 T RO05x105)
—4(40 x 1073)
R= = 20kQ)
—16(0.5 x 10-6)
Cdv v, — Uy dv 1 v
P7.93 [a] o It 4 = 0; therefore ditp + 25" = he
Up — Ua d(vy, — vy)
C —0:
R dt ’
therefore dvo _ dvn , Un Ua

it~ dat TRC RC

But v, =,

dv v dv v Up
Theref LA LI ST -
erelore w TRe ~ @t TRC T RC
dv 1 1t
Theref, © = — (v — va); 027/ _
erefore  — RC(Ub Va) Vo= 1o ). (vp — va) dy

[b] The output is the integral of the difference between v}, and v, and then scaled by
a factor of 1/RC.



1 t
[e] v, = @/0 (b — va) dz
RC = (50 x 10*)(10 x 107?) = 0.5 ms
Vp — Uy = —20mV
! / " 95 x 10~*dz = —50¢
’UO = — —_ €r = —
0.0005 Jo

_5Otsat = —67 tsat = 120ms

P7.94 [a] RC = (25 x 10%)(0.4 x 107%) = 10 ms;
v,=0, t<0
[b] 0 <t <250ms:
vy = —100 /Ot —0.20dx = 20tV
[c] 250ms <t < 500 ms;

0,(0.25) = 20(0.25) = 5V

t

vo(t) = =100 [ 0.20dz 4+ 5 = —20(t — 0.25) + 5

0.25

[d] 500ms < ¢ < o0 :
1,(0.5) = =104+ 10 =0V

Uo(t) =0V

5 vo(V)

— =100

Problems

—20t +10V

t{ms)

7-83
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P7.95 [a] v, =0, t<0
1

RC = (25 x 10%)(0.4 x 107%) = 10 —— =100
(25 % 10%)(04 x 10°°) = 10ms
1

b] R;C; = (5 x 10%)(0.4 x 107%) = 2: — =05
[b] R;Cy = (5x10°)(0.4 x ) =2; B0

—5x 108
Vg = ————
25 x 103

[c] v,(0.25) = 40(1 — e ") =2 470V

(=0.2)[1 — e %] =40(1 — e ™)V, 0 <t <250ms

_V];an + Vr;_in (2 B 670.125)670.5(#0.25)
— _40 + 40(2 _ 6—0.125)6—0.5(15—0.25)
= —40 + 44.70e7 020025 250ms < t < 500 ms

Vo =

[d] v,(0.5) = —40 + 44.70e "% = .55V

vy = —0.55¢ 0205y 500ms < ¢t < 0o
'U'O(V) i ithout feedback resistor
B - == = ywith feedback resistor

P7.96 [a] RC = (1000)(800 x 10~*?) =800 x 10~*; RlC’ = 1,250,000
0<t<Tus:
vy =2 x 10
vy = —1.25 % 106/(:2 x 1052 dz + 0

2

T t
= —25x 10"2—
T

=125 x 10"V, 0<t<1upus
0




Problems 7-85

V(1 ps) = —125 x 10"(1 x 107%)? = —-1.25V
Tpus <t < 3ups:

vy =4 — 2 x 10%
t
vy = —125 x 104/ (4 -2 x 10°2) dx — 1.25
1x10—6
t 2
9% 100
1x10—6 1x10—6
= —5x10% 4+ 5+ 125 x 101%* — 1.25 — 1.25

=125 x 10"%% =5 x 10% +2.5V, 1pus<t<3pus

t

= —125 x 10* [433

] —1.25

vo(3us) = 125 x 10"°(3 x 107%)? — 5 x 10%(3 x 107%) +2.5
=-1.25
3pus <t < 4us:

vy = —8+2 x 10%
t

vy = —125 x 104/ (=8 + 2 x 10°2) dx — 1.25
3x10—6
t 2

X
+2 x 10°=—
3x10—6 3x10—6

=107t — 30 — 125 x 109 + 11.25 — 1.25
= 125 x 10" + 10"t — 20V, 3us<t<4pus

Vo(4 ps) = —125 x 10™(4 x 107%)2 + 107 (4 x 107%) =20 =0

t

—125 x 104 [—83:

] —1.25

[b]

[c] The output voltage will also repeat. This follows from the observation that at
t = 4 us the output voltage is zero, hence there is no energy stored in the
capacitor. This means the circuit is in the same state at t = 4 us as it was at
t = 0, thus as v, repeats itself, so will v,.
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P 7.97 [a] While T has been ON, C} is charged to V¢, positive on the left terminal. At
the instant 77 turns ON the capacitor C'5 is connected across by — e5, thus
Uhe2 = — Vo This negative voltage snaps 75 OFF. Now the polarity of the
voltage on (5 starts to reverse, that is, the right-hand terminal of C’, starts to
charge toward +V¢. At the same time, ('} is charging toward V¢, positive
on the right. At the instant the charge on (' reaches zero, vy, is zero, 15 turns
ON. This makes v,.; = —V¢ and 17 snaps OFF. Now the capacitors C; and
(5 start to charge with the polarities to turn 77 ON and 75 OFF. This switching
action repeats itself over and over as long as the circuit is energized. At the
instant 77 turns ON, the voltage controlling the state of 75 is governed by the
following circuit:

+ R, 2
Ve O .
- Cz T vcc Uhez
+
. p—
—t/RQCQ .

It follows that vpes = Voo — 2Vece

[b] While 75 is OFF and 7T is ON, the output voltage v..» is the same as the voltage
across C', thus

v R, %
Ve O e,
Cl T vcez
. f—
7t/RL01.

It follows that veeo = Voo — Vece

[c] 15 will be OFF until v,s reaches zero. As soon as vy 1S zero, i, will become
positive and turn 75 ON. veo = 0 when Ve — 2Vece /%2¢2 = 0, or when
t= RQCQ In 2.

[d] When t= Ry(C5 In2, we have
Veed = VCC — VCCe—[(R2CQ In2)/(RLC1)] _ VCC’ _ VCC€_1O In2 ~ VCC

[e] Before T turns ON, 7y,; is zero. At the instant 77 turns ON, we have



Problems

Vee | Vee —yre
R, Ry,

[f] At the instant 75 turns back ON, t = R>C5 In 2; therefore

1p1 =

. Vee | Voo _1om2 o Voo
i) = —— + ——€ >~ —

Ry Ry, Ry
When T, turns OFF, iy,; drops to zero instantaneously.

Jalan

T OFF T ON T OFF

[g]

[h]

v
ce |

; |

‘ etc.
TZOFF TZON TZOFF t

P7.98 [a] torrs = RoCh In2 = 14.43 x 10°(1 x 107%) In2 = 10 us
[b] toxe = RiC1 In2 2 10 us
[c] torr1 = R1C1 In2 = 10 us
[d] ton1 = R2C In2 = 10 us

10 10
o ~ 10.69 mA
el i1 = J500 T Ta430 -~ 10-09m
10 10
[f] iy = + e 10>~ 0.693 mA

14,430 ~ 1000
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P 7.99

P 7.100

P 7.101

P 7.102

CHAPTER 7. Response of First-Order RL and RC' Circuits

[g] Veer = 10 —10e 0= 10V

[a] topre = RoCy In2 = (14.43 x 10°)(0.8 x 1077) In2 = 8 s
[b] tone = R1C1 In2 = 10 us

[c] topr1 = R1C1 In2 = 10 us

[d] toxi = RoCy In2 = 8 s

[e] i, = 10.69 mA

iy =0 10,
P17 14,430 T 1000

[g] Ve = 10 — 1078 =2 10V

Note in this circuit 75 is OFF 8 us and ON 10 us of every cycle, whereas 7} 1s
ON 8 us and OFF 10 us every cycle.

-8~ (.693mA

If Rl = R2 = 5ORL =100 kQ, then

48 x 10~ 36 x 106
Cl=—— " —692.49pF; Cy=——" " _519.37pF
7100 x 10° In2 p 27700 x 10° In2 p
If Rl = RQ = 6RL =12 kQ, then
c 48 % 1076 R . 36 x 106 L33 F
= - = ). nr: = — = 4, n
1 19 % 103 1n2 ’ 27 12 % 103 1In2

Therefore 692.49pF < C; <5.77nF and 519.37pF < (3 < 4.33nF

[a] 7% is normally ON since its base current 7y, is greater than zero, i.e.,
iva = Voo /R when T is ON. When T3 is ON, veeo = 0, therefore i,; = 0.
When i,; = 0, T3 is OFF. When 77 is OFF and 75 is ON, the capacitor C' is
charged to V¢, positive at the left terminal. This is a stable state; there is
nothing to disturb this condition if the circuit is left to itself.

[b] When S is closed momentarily, v}, is changed to —V ¢ and 75 snaps OFF. The
instant 75 turns OFF, veeo jumps to Voo Ry /(Ry + Ry,) and 4y, jumps to
Voo /(Ry + Ry), which turns 77 ON.

[e] As soon as T} turns ON, the charge on C' starts to reverse polarity. Since vpez 1S
the same as the voltage across () it starts to increase from — V¢ toward
+Vee. However, Th turns ON as soon as vpee = 0. The equation for vy is
Vher = Voo — 2Vece 1 BC pyo = 0 when t = RC' In 2, therefore T} stays
OFF for RC' In 2 seconds.

[a] Fort < 0, veeo = 0. When the switch is momentarily closed, v¢e.o jumps to

Veo ) 6(5)
ce2 = _— R = — = 12V
oe2 (R1 TR 25
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Problems

T, remains open for (23,083)(250) x 1072 In2 = 4 us.

, vV

[b] iny = %
th2 = 0,
by =

1.4 -
1.2

1 4
0.8
0.6 -
0.4
0.2 A

O rTTTrrrTrTrTTIrTTT T T T T TT T T TT TTT TT TT T TT T T T TT TTTTIT T T T

] 2 4 4] ] 10
t{us)

Vee2 (V)

= 259.93 uA, —5<t<0us
0<t< RCIn2

@ + @e—(t—RC In2)/R.C
R Ry,

259.93 + 300e0-2x10°(t=4x107) ), A RC In2 <t

500 -
~ 400 -
<L
2 300 -
=
=200 -
100
O rrrrrrrrerrr T T T T T T T T T T T T TT T T TTTT TTTTTTTT T T I I I
0 2 4 8 8 10

t{us)

7-89

[a] We want the lamp to be in its nonconducting state for no more than 10 s, the
value of ¢,:

1 —
10 = R(10 x 107%) In

and R = 1.091 MQ

4—-6

[b] When the lamp is conducting

Vi =

20 x 103

20 x 103 + 1.091 x 106

(6) = 0.108 V

Ry = 20 k|[1.091 M = 19,640
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So,

4 —0.108
t. —t,) = (19,640)(10 x 107%) In ———— = 0.289
( ) =( )10 > 107%) In T———-¢ s
The flash lasts for 0.289 s.
P 7.104 [a] Att = 0 we have
800k
—
+ +
40V Z51F ] 5V v
T = (800)(25) x 1073 = 20 sec; 1/7=0.05
ve(00) = 40V; v:.(0) =5V
v, = 40 — 35e 00ty 0<t<t,
40 — 35e70-05% — 15; e =14
to,=20In1.4s=06.73s
Att =t, we have
B00EQ
Ay
+ +
40V Z5UF T 15V v, £10kQ

The Thévenin equivalent with respect to the capacitor is

(800/81)Q
—-W\,“
40(10), -
g0 ?

2
T = (%0> (25) x 107% = 80 s;

81

ve(t,) = 15V;

ve(t) = 290, (15— s

81

SUF T 15V

181
1 T 20
40
UC(OO) -3
40) o 405(t—to) 7 — 4£
81 81
=5

40 175 4 o5(i-t,)

81 8l

=4.05

1175 o~ 4-05(t—to)
81
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1175 ioseor,) _ 365

81 81
4.05(t—to) __ 1175

= —— =322
365

1
t—t,=——1In3.22=0.2
°= 105 n3 0.29s

One cycle = 7.02 seconds.
N =60/7.02 = 8.55 flashes per minute

[b] Att = 0 we have
2 Rk

————Adyh,
~ + +
40V Z51F ] 5V v,

T =25R x 107%; 1/7 =40/R

v, = 40 — 35¢~ (40/R)t

40 — 35 W/B)te — 15

R
t, = 0 Inl.4, R in kQ
Attt =t,:
> Rk
Ay
- + +
40V Z5UF T 15V v, £ 10k
10 400 10R
- (40) = ———: Ry = ———kQ
v = 5750 = 5 ™= R0
_ (25)(10R) x 107®  0.25R 1 4(R+10)
N R+10 - R+10’ T R
400 400 4(R+10)
- 15— A0 ) -ty
T < R+10/)°€
400 15R — 2507 _ ars10)
—T(t—to) — 5
R+10+[ R+ 10 }6

1I5R — 250\ _am+i10), 5R — 350
o ()
R+10 (R+10)

7-91
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€4<R;10) (t—t0) _ 3R — 50
R—T70
R | (3R — 50)

t—t,=
4R+10) "\R—10

At 12 flashes per minute ¢, + (t —t,) =55

R R 3R — 50
— Inl4 | =5
20 TR0 n(R—?O)
~——
dominant
term

Start the trial-and-error procedure by setting (R/40) In 1.4 = 5, then
R =200/(In1.4) or 594.40k2. If R = 594.40k2 then ¢ — ¢, = 0.29s.
Second trial set (R/40) In1.4 = 4.7s or R = 558.74 k(.

With R = 55874k, t—1t,=0.30s
The procedure converges to R = 559.3 k2

Vigin — V. —700
P 7.105 t, = n(——2) = 2 107%)1 ()
[a] RCn(vmaX—v;> (3700)(250 x 10~*) In (=
=1.80s
to_t — RC’RL 1n<vmax_VTh)
¢ " R+RL Vinin — Vi
Ry, 1.3
= =0.26 RC = (3700)(250 x 107%) = 0.925
Rt R 13+37 (8700)(250 > 1077) i
1000(1.3)
Vin 13537 60 Ryy, = 3.7k||1.3 96

te — to = (0.925)(0.26) In(640/40) = 0.67 s

te=18+0.67=247s

60
flashes/min = —— = 24.32
ashes/min W 3

[b] 0 <t <ty
vy, = 1000 — 700e /™
7 = RC =0.9255
to <t <tg
vg, = 260 4 640e ¢t/ 2

T = RO = 962(250) x 107 = 0.2405 s
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o100 —w 7
3700 37
- 10007_% 74 %6—(:5—&)/0.2405

o~ 1/0-925 A

o< <tc: — =N
ftosts 3700 370 370

Graphically, ¢ versus ¢ is

1A}
T
37
1 Al Az |

=1 - T ______

I ! t
T T

o [n

The average value of 7 will equal the areas (A; + As) divided by ¢..

A+ Ay

lavg =
le

7 e
A, — 7/ —~t/0.925 gy
Tar €

6.475
= 7(1 —e™ 7)) = 0.15 A-s
te 74 — 64 —(t—t0)/0.2405
A,y = / 74— 6de dt
o 370
74 15392, 16
= " (t.—t, nl6 _
370 )+ =370 (€ )
17.797 15.392
=— " Inl6— ———(1 — ¢ 016
370 30 L)
— 0.09436 A—s

. (0.15 4 0.09436)
lavg =
£ 0.925In7 4 0.24051n 16

[c] Pay = (1000)(99.06 x 1073) = 99.06 W
(99.06)(24)(365)
1000
Cost/year = (867.77)(0.05) = 43.39 dollars/year

(1000) = 99.06 mA

No. of kw hrs/yr = = 867.77

7-93

P 7.106 [a] Replace the circuit attached to the capacitor with its Thévenin equivalent, where
the equivalent resistance is the parallel combination of the two resistors, and

the open-circuit voltage is obtained by voltage division across the lamp
resistance. The resulting circuit is
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vTh Cj‘ c v C

Rry = R||RL =

R+ Ry’
From this circuit,

vo(00) = Viy; vc(0) = Vinax; 7= Rm,C
Thus,

ve(t) = Vin + (Vinax — Vion)e 077

where
L RR;.C
R + Ry,

[b] Now, set v¢(t.) = Vinin and solve for (¢, — t,):
VTh + (Vmax - VTh)e_(tc_tO)/T = Vmin

6—(tc—to)/7' _ Vmin - VTh
Vmax - VTh
_(tc - to) —In Vmin - VTh
T Vmax - VTh
RRLC Vmin - VTh
to—1t,) = — 1
e o) = R ™ Vi — Vi
(tc _ to) . RRLC ln Vmax - VTh

" R+Ry Vi — Vi
P7.107 [a] 0<¢<0.5:

21 30 21
Z‘:60+<60—60> e /T where 7 = L/R.

i =0.35+ 0.15¢ 60t/

i(0.5) = 0.35 4 0.15¢ 3% = 0.40

30
L=—=2731H
In3

30/L _ 3.

I
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[b] 0 <t < t,., where t, is the time the relay releases:

30
i=0+ (60 — 0) e 00/ L — () 560t/ L

0.4 = 0.5¢7000/L, 80/l — 1 95

2731125

; ~ (.10
60 5



