7

Response of First-Order RL 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.

A Wi
300 600
+
1z0v( v 2300 T
1007}

First combine the 302 and 62 resistors in parallel:
30|16 =50
Use voltage division to find the voltage drop across the parallel resistors:
5
=——(120) =75V
V=530

Now find the current using Ohm'’s law:
v 75

(07) = —— = —— = —12.5A
W07) =—¢ 5
1 1
[b] w(0) = 5Lz’2(0) = 5(8 x 107)(12.5)% = 625mJ
[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,
T:£:78X 10 = 4ms
R 2
[d] i(t) =i(07)e!/™ = —12.5e /000 = _125¢7250% A ¢ >0
[e] i(5ms) = —12.5e7290(0:005) = _12 5e~1-25 = —3.58 A
So  w(5ms) = 3Li*(5ms) = 3(8) x 1073(3.58)? = 51.3m]
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72 CHAPTER 7. Response of First-Order RL and RC' Clircuits

w (dis) = 625 — 51.3 = 573.7m.J
573.7

% dissipated = (@) 100 = 91.8%

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

Using current division,

10
(07) = ——(6.4) =4A
i(07) = 355664

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

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

Ay
60

+

ing 100 \\/ED.BZH z 40

i

L 032

Req =4|(6 +10) =3.2Q, .. = =—=0.1
2 =14](6+10) Te =gy =0l

Use the initial inductor current and the time constant to find the current
in the inductor:

i(t) =i(07)e V™ =47t/ = 4e 1A £ >0

Use current division to find the current in the 102 resistor:

4 4
() = — (i) = —(—4e 1) = _08e A, ¢ >0t
W) = 076 =l ) ¢ » b2

Finally, use Ohm’s law to find the voltage drop across the 102 resistor:
Vo(t) = 10, = 10(—0.8¢71%) = -8~V ¢ > 0

[b] The initial energy stored in the inductor is

w(0) = %Lz’z(o_) = %(0.32)(4)2 =256

Find the energy dissipated in the 4 ) resistor by integrating the power
over all time:

o
via(t) = Ld—z — 0.32(—10)(4e™1%) = —12.8¢7 100y, > 0F

2
pao(t) = ”j*TQ — 40.96e"P'W, ¢ >0t
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Problems 73

wia(t) = /0 40.96~2dt = 2.048 ]

Find the percentage of the initial energy in the inductor dissipated in the
4 () resistor:
2.048
dissipated = (—)100:80
% dissipate 556 %
AP 7.3 [a] The circuit for ¢t < 0 is shown below. Note that the capacitor behaves like
an open circuit.

s
20k L 5
+ iSDk
7. SmA
mA (1 £80k0) w0 S0k0E
T

Find the voltage drop across the open circuit by finding the voltage drop
across the 50 k() resistor. First use current division to find the current
through the 50 k{2 resistor:
80 x 103
80 x 103 + 20 x 103 + 50 x 103
Use Ohm’s law to find the voltage drop:
v(07) = (50 x 10%)is0x = (50 x 10%)(0.004) = 200V
[b] To find the time constant, we need to find the equivalent resistance seen
by the capacitor for t > 0. When the switch opens, only the 50 k{2

resistor remains connected to the capacitor. Thus,
7=RC = (50 x 10%)(0.4 x 107%) = 20 ms

[c] v(t) =v(07)e ™ =200e~%9% = 200e %V, ¢ >0
1 1
[d] w(0) = 507;2 = 5(0.4 x 1079)(200)* = 8mJ

(7.5 x 107%) = 4mA

l50k =

1 1
le] w(t) = 50112@) = 5(0.4 x 107%)(200e77%)% = 8¢ 1% 1 ]
The initial energy is 8 mJ, so when 75% is dissipated, 2 mJ remains:

8 x 1072710 =2 x 1073, et = 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:

i +r 07} -
i
15k6) 20k +
15 40k (1 vl(D')
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74 CHAPTER 7. Response of First-Order RL and RC' Clircuits

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() subcircuit, and 7; is the time
constant for the 1 uF — 40k subcircuit:

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

vs(t) = v5(07)e ™ = 4e7H/01 = 47100V >0

v1(t) = v (07 )e V™ = 8e M0 =8PV, >0

Finally,

vo(t) = vi(t) + vs(t) = [8e™ %! + 4e™ 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(60ms) = 8¢2°(006) = 1 79V v5(60ms) = 4¢100006) =~ 2 20V
w; (60 ms) = $Cv(60ms) = (1 x 1079)(1.79)* = 1.59 puJ
w5(60ms) = 1Cv2(60ms) = 5(5 x 1079)(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 1070)(8)* + 5(5 x 1076)(4)? = 72 uJ
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 uJ

% dissipated = (58.36 x 107%/72 x 1079)(100) = 81.05 %

=0.2 HIA, 'U5(0_) = 4V, vl(O_) =8V

AP 7.5 [a] Use the circuit at t < 0, shown below, to calculate the initial current in

the inductor:
A
20

2 4v(> 5

i(07)

i(07) =24/2 = 12 A = i(0F)

Note that ¢(07) = ¢(0") because the current in an inductor is continuous.
[b] Use the circuit at ¢ = 07, 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 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 e
1220 -

Z200mH
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Problems 7-5

v(0T) = —=10(8 + 12) = =200V

[c] To calculate the time constant we need the equivalent resistance seen by
the inductor for £ > 0. Only the 102 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 2100 Mo

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(07) —ifle ™ = —8 + [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) _3 —50t —50t +
(t)=1L T (200 x 107°)(—50)(20e"") = —200e V, t>0
AP 7.6 [a]
A A
+ Bk + 40k}
0.25,F 4 15V

Q

v V) 160k!) ‘

From Example 7.6,
v,(t) = —60 + 90e 1"V

Write a KCL equation at the top node and use it to find the relationship
between v, and v4:
VA — U VA va + 75
=0
8000 + 160,000 + 40,000

20v4 — 200, +v4 +4v4 + 300 =0
25v4 = 20v, — 300
vyg = 0.8y, — 12

Use the above equation for v4 in terms of v, to find the expression for v a:

va(t) = 0.8(—60 + 90e™ 1) — 12 = —60 + 7210V, t>0"
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76 CHAPTER 7. Response of First-Order RL and RC Circuits

[b] ¢t > 0%, 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:
Aa0ke2

=

+

10nA(f) 40kQE v0-) £25k0

. [ 40x 103
125 x 103

) (10 x 107%) = 3.2mA

0.(07) = (3.2 x 107%)(25 x 10*) =80V so v.(0F) =80V

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

that interval:
AlkL?
—

25k0E IF T v

oy
w

For 0<t¢<100ms:
7=RC = (25 x 10*)(1 x 107°) = 25ms
Ve(t) = 1.(07)e" =80e ™V 0 <t < 10ms

[b] Calculate the starting capacitor voltage in the interval ¢ > 10ms, using
the capacitor voltage from the previous interval:
0,(0.01) = 80e~10(0-01) = 53,63V
Now use the next circuit, valid for ¢ > 10ms, to calculate v.(t) for that
interval:

+

25k0E 53.63V F T v 2 100KQ

For ¢t > 10ms:
Req = 25kQ||100k2 = 20k

7 = ReqC = (20 x 10*)(1 x 107%) = 0.02s
Therefore  v.(t) = v.(0.017)e~¢=00/7 = 53 63 =50(t=0-00) 7, t>0.01s

STUDENTS-HUB.com Uploaded By: Jibreel Bornat



Problems 7

[c] To calculate the energy dissipated in the 25 k€ 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.

0.01 806 40t 00 [53.636_50(t_0'01)]2
dt / dt =2.91m)
Wask = / 725,000 000 T Joos 25,000 o

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

0o [53.636_50(t_0'01)]2
- dt = 0.29mJ
“ro0ke /0 o 100,000 -

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(2 resistor.

Check:  wWsorea = (1/2)(1 x 107%)(80)* = 3.2mJ

Waiss = 2.91 +0.29 = 3.2mJ

AP 7.8 [a] Prior to switch a closing at ¢t = 0, there are no sources connected to the
inductor; thus, ¢(07) = 0.
At the instant A is closed, i(07) = 0.
For 0 <t <1s,

10v(? Ik

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

10
2 4 (3]/0.8)
The final current in the inductor, which is equal to the current in the
0.8 Q2 resistor is

=3.8A

3
Iy = 3.8) =3A
P 30800
The resistance seen by the inductor is calculated to find the time
constant:

(213) +0.8)[36 =1Q 7=—2=2=25

2
1

=

Therefore,

i =ip + [i(0Y) —iple ™" =3-3e""A, 0<t<l1s
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-8 CHAPTER 7. Response of First-Order RL and RC Circuits

For part (b) we need the value of i(t) at t =1 s:
i(1) =3 -3¢ =1.18A

[b] Fort >1s

an
)
Al
90}
J/. 30  60Z
1

Use current division to find the final value of the current:
9
"T 956
The equivalent resistance seen by the inductor is used to calculate the
time constant:

(—8) = —4.8A

= —=0.8s

2
3[[(946) =2.50Q =
(9+6) r=2==

=

Therefore,
i =ip + [i(17) — dple” 7D/
= —4.8+598MHEDA - > 15

AP 79 0<t<32ms:

0.2uF
40k 160k 10V
Ay Ay .
—— 8
-1nvé \ M
L ®-15v Yo
v v
1 32x1073 J 1 32x1073 1 5
o= ———r —10dt +0 = ————(—10¢ = ———(-320 x 10~
"= TRe; I 0= g, (7100 e, (7320 107
RC; = (200 x 10°)(0.2 x 107%) =40 x 10™® so —— =25
RC}

v, = —25(—320 x 107*) =8V

STUDENTS-HUB.com Uploaded By: Jibreel Bornat



Problems 79

t > 32ms:
0.ZuF
90k 1a60k02 & 10V
Ady A
! o
5 n
L ®-157 Yo
v
! /t 5dy + 8 L 5| 48 L (=32 %107 + 8
,UO = - —- = ——- = —_——- —_
RCf 32x10—3 4 RCf y 32%x10-3 RCf
1

RCy = (250 x 10*)(0.2 x 107%) =50 x 107 so 20

R—Cf —
v, = —20(5)(t — 32 x 107%) 4+ 8 = —100¢ + 11.2

The output will saturate at the negative power supply value:
—15=-100¢t +11.2 .~ t = 262ms

AP 7.10 [a] Use RC circuit analysis to determine the expression for the voltage at the
non-inverting input:

vp=Vp+ Vo= Vyle™" = =24 (0+2)e™""
7= (160 x 10*)(10 x 107?) = 107%;  1/7 = 625
vy, = —2+ 279V, Up, = Up

Write a KVL equation at the inverting input, and use it to determine v,:
Un Up — Vo
+ —
10,000 40,000

v, = 50, = 5u, = —10 + 10e %'V

The output will saturate at the negative power supply value:
—10 + 10e™ 9" = —5; 7' =1/2; t=1n2/625 = 1.11ms

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

vp=Vi+ Vo= Vile™T = =24+ (14 2)e %" = —24 37V
The analysis for v, is the same as in part (a):

v, = 5v, = —10 + 15792V

The output will saturate at the negative power supply value:

—10 4 1572 = —5; e 0% =1/3; t=1In3/625 = 1.76ms
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7-10 CHAPTER 7. Response of First-Order RL and RC' Circuits

Problems

20 20
P71 (0) = = =05A
lal (0 = e ass 1
io(00) =0A
L 80x107?
[b] i, = 0.5/, r= 2 =TT yms
R 12+38
io=0.5e"PMA, t>0
[c] 0.5e7%% =0.1
e =5 ot =6.44ms
P72 [a] For t<0
201() s0f) 30
L Al '
% i
o
z z
SOV $ 750 \l/ 60 1501
id0 )
50 50
"7 90 1 (75[50) _ 50
75(|50
io(07) = L(1) = 0.6A = i,(07)
50
For ¢t>0
Ay
i *
é\/ v 26000 2150
20mH V] "
1m0 —
Ay
io(t) = i(0N)e™ ™A, >0
L 0.02 1
=~ = —133ms; - =750
TTR T 3160)15 S
io(t) = 0.6e”"A,  t>0
di,
[b] v, = L% — 0.02(—750)(0.6e~ %) = —ge=T0tY
60|15 12

= ————— =_-(—9 —750t — _79 _750tv t>0+
Vo= 3 gost T 5% ) g >
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Problems 7-11

P73 [a] i(0)= L _ 054
120
L 032
bl r="=""2_9
b] 7= 5 = 355 = 2ms
[c] i=05e"A  t>0
d

v = L%(0.5e—500t) = 80"V t>0t

vy = —T0i = —35¢ 0y t>0"

[d] w(0) = %(0.32)(0.5)2 — 40mJ

—1000z |t

— | =22.5(1 — 10008y 7
~1000 | (1=e”)m

t
Woo = / 90(0.25¢~1900%) 4 — 92,5
0

woon(1ms) = 0.0225(1 — e ') = 14.22mJ

14.22
% dissipated = T(lOO) = 35.6%
P74 t<O:
130 128 60
A i i ———
ig
aov(’ 2300}
iL
90
g = =3A
13 + 12 4+ 6/[30
30
.(07)=—(3) =25A
i1(07) = 526)
t>0
120} JemH
A - A
lL } +
80 23000 Vo260

R.=6+30[(8+12) =6+ 12 = 180

STUDENTS-HUB.com Uploaded By: Jibreel Bornat



7-12 CHAPTER 7. Response of First-Order RL and RC' Circuits

L 36 x 1073

1
T=—=—""7""—=2ms; — =500
T

R, 18
ip = 2.5e 900 A
v = 6i, = 15e 90V, ¢ >0F

v (15)?

P75 peg=-2=-———e 1000t = 37 51000t \y

6 6

We = / 37510000 gy _ g7 5¢

1
w(0) = 5(36 x 107%)(2.5)* = 112.5mJ

375
% diss = —(100) = 33.33%

P76 [a] t<0

—1000t

= 37.5mJ
—1000

105ma(f) 21k E4kQ  F 20k £ 80KD

Simplify this circuit by creating a Thévenin equivalant to the left of the
inductor and an equivalent resistance to the right of the inductor:

1kQ[4kQ = 0.8k
20kQ||80k = 16k
(105 x 107)(0.8 x 10*) = 84V

ig0 )
LN
0.8kca
Bavy 16k 02
o 84
i(07) = T55gp — O mA
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Problems 7-13

t>0
&H
— 5mA
4k 2 20k0)
L 6 1
R "~ oS 7

ir(t) = 5e 100 mA t>0

pae = 25 x 107°e78%(4000) = 0.10e %" W

t
Wiss = / 0.10e 73997 g = 12.5 x 107%[1 — 780901 J
0

w(0) = %(6)(25 x 107%) = 75 uJ

0.10w(0) = 7.5 puJ

12.5(1 — 780000 = 7.5, L8000t _ 9 5
In2.5
= = 114.54
8000 D4 ps

[b] waiss(total) = 75(1 — e 0000 g
Waiss(114.54 ps) = 45 puJ
% = (45/75)(100) = 60%
P 7.7 [a] v,(t) = v,(0T)e /"

0o(07)e 107%™ = 0.50,(07)

610*3/7 —9
L 1073
T = — =
R In2
10 x 1073
L=—"" _1443mH
In2

[b] v,(07) = —10i,(07) = —10(1/10)(30 x 1073) = —30mV

v,(t) = —0.03e7/7V

[SEN]

(%

=9 10—5 —2t/T
1 X e

Pioq =

e}
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7-14 CHAPTER 7. Response of First-Order RL and RC' Circuits

10—3 .
wion = / 9x 107927 dt = 4.57 x 1075(1 — e 2¥107%/7)
0

1
7= 100010 2

1 1
wr(0) = 5Lz’i(@) = 5(14.43 x 107%)(3 x 107%)? = 64.92nJ

w100 — 48.69nJ

48.69
%dissinlms:mxloozﬂ)%

P78 [a] t<0

A M

— iéD_} — i{0 )
8OV (. J/§ 4k(}

if0)

4kQ|[12kQ = 3k

Find the current from the voltage source by combining the resistors in
series and parallel and using Ohm'’s law:
80

(07) = —— = 16mA
1a(0) = G500+ 3000) — O™

Find the branch currents using current division:

o 3000
1(07) = 5005 (0.016) = 4mA
3000

[b] The current in an inductor is continuous. Therefore,
i1(0+) = 21(0_) = 4II1A
i2(0%) = —i1(07) = —4mA (when switch is open)

L 0.64x107 . 1
E_W_ZleO S; ;—25,000

[c] 7=
i1(t) = iy (0)e ™™ = 47220000y A t>0
[d] ia(t) = —ii(t) when t > 0"

ino(t) = —4e 2000 mA t>0"
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Problems 7-15

[e] The current in a resistor can change instantaneously. The switching
operation forces i2(07) to equal 12mA and i5(0"7) = —4mA.

P79 [a] Fort =07 the circuit is:
A Ay
sof) T 2000]

25vT2) (0}
1607)

i,(07) =0 since the switch is open

25

v,(07) =0 since the inductor behaves like a short circuit

[b] For t = 0" the circuit is:

lg
Ay iy
50() 2000 &+
25v(* v, (0% (1) 100ma
i0+)
*

iL(0+) = iL(O_) = 100mA

iy = % = 0.5 = 500mA
io(07) = iy — i,(0%) = 500 — 100 = 400 mA
2000 (07) + o, (07) =0 . o (0F) = —200i,(07) = —20V
[c] Ast — oo the circuit is:

500 T o | [

25v(? \L v o)
iém}
. |

i1,(c0) = 0; v(00) =0
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7-16 CHAPTER 7. Response of First-Order RL and RC' Circuits

2
ip(00) = 5 500 mA
50
L 005
dl r= 2 = 222 _ .25
[ 7= % =% e

iL(t) =0+ (0.1 — 0)6—4000t — 0.1 —4000t A

[e] io(t) =iy —iL = 0.5 — 0.1 "% A
i
[£] or(t) = L% — 0.05(—4000)(0.1)e 4000 — 904000t y;
1
P 710 w(0)= 5(10 x 107%)(5)* = 125mJ
0.9w(0) = 112.5mJ
1 -3\ 2 . —t/T
w(t) = 5(10 x 107°)i(t)*, i(t)=5e""TA

w(t) = 0.005(25e2/7) = 125e72/") mJ

w(10 ps) = 125e720%10°°/7 g

19562051077 _ 1195 g0 20y _ 10
’ 9
C20x10° L
~ In(10/9) R
10 x 103 1n(10/9)
— = 52.682
20 x 10~
|
P 711 [a] w(0)= §ng
to o 2t/ 2 e 2/ Lo
iss — I R B Tdt - I R
ta /0 g€ (27 o
1 ot /r 1 —ot /r
= §I§R’T(1 — e /Ty = §I§L(1 — g7 Ho/T)
Waiss = ow(0)
1 o 1
Gl =) =0 (5“5>
1 — 6—2t0/7' — o 62150/7' _ 1
’ (1-o0)
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Problems 717

o, 1 1 Rt
2o iy [(1 _U)] IO )
L1/ -0)]
h= 2t,
(10 x 107%) In[1/0.9]
[b] £ = 20 x 1076
R =52.680
P7.12 [a] R= % — 9250
[b] 7= % = 100 ms
[c] 7= % =0.1
L=(0.1)(25) = 2.5H
[d] w(0) = SLEO) = £(25)(6.4) = 5127

=51.2(1 —e )]

t
le] waiss = / 1024¢~27 dz = 1024
0 - 0

51.2(1 — e20)
51.2

100(1 —e™) =60 so e 2" =04

% dissipated = (100) = 100(1 — e~2%)
1
Therefore t = 20 In2.5 = 45.81 ms

P 7.13 [a] Note that there are several different possible solutions to this problem,
and the answer to part (c) depends on the value of inductance chosen.

L
R=—
-
Choose a 10 mH inductor from Appendix H. Then,
.01
R = % =109  which is a resistor value from Appendix H.
I/]\ lﬂmﬂ 106

[b] i(t) = Le "™ = 10e7 1% mA, ¢t >0
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7-18 CHAPTER 7. Response of First-Order RL and RC' Circuits
1o 1 2
[c] w(0) = §LIO = 5(0.01)(0.01) =0.5u]
1
w(t) = 5(0.01)(0.016—100(”)2 = 0.5 x 10702000

1
So 0.5 x 107 %2000t — 5w(O) =0.25 x 107°

6—2000t =05 then 62000t —9

po B2 a6 (for a 10 mH inductor)

= 2000 = . US or a m 1mmnauctor
P7.14 t<0
5()
iy
60V ()
1248

'iL(O_) = 'iL(0+) =12A

t>0

v, \l/ 20mH
2.0v
o

Find Thévenin resistance seen by inductor:

ir +
Vr
2.51?T
. vr 1
1T = 2.5'UT; -— = RTh =— =040
1T 2.5
L 20x1073
T=p= 04 = 50 ms; 1/7=20
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i = 12720 A,

Vo

P 7.15 [a]

T=—=

ip = —2.4e7 %A,

STUDENTS-HUB.com

20mH

t>0

_

t<0:
2400 a6l

72v(,

72

— = —-24A

i0) = =516~

t>0:

, 201
g 20
+

v, £1000

a0

{

SR
AT 760 " 8T

(100)(60)

T (20 x 107%)(—240e %)

Problems 7-19

4.8¢7 0V, t>0F

vp = 200a + ip—F— = —12.517 + 37.5ip

160
vr

— =R, = —-125+375 =250
T

+ H/lL

v 250mH

2502

L 250 x 1078

1
— =100
R 25 T

t>0
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7-20 CHAPTER 7. Response of First-Order RL and RC' Circuits

[b] vy = 250 x 1073(240e %) = 601V, ¢ > 0"
[c] in = 0.625i, = —1.5¢ 1% A t>07

P 716 w(0)= %(250 x 1073)(=2.4)? = 720mJ

Peoa = 60(—1.5e10%)2 = 135200 W

—200t |00

—200 To

=675mJ

Weoe, = / 1356290 g¢ — 135
0

675
% dissipated = ﬁ(loo) = 93.75%

P 7.17 [a] t>0:
60

Lo =125+ — =5H
4 +16

+
/l\ §5H ¥, £7.5k0

1L

1
in(t) =ip(0)e ™ mA; i (0)=2A; ==

in(t)=2e"P%A >0

vr(t) = Rip(t) = (7500)(2e %) = 15,000e %% V| t>0"

Vo = —3.75‘3—; — 11,250 1500ty > ot

_q gt
[b] iy = — / 11,250¢ 15902 gz 4 0 = 1.25¢~159% _ 195 A
0

P 7.18 [a] From the solution to Problem 7.17,

w(0) = 5 Lealin (O] = 5(3)(2) = 10

[b] Wirapped = %(10)(1.25)2 + %(6)(1.25)2 =12.5J
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Problems 7-21

P719 [a] t<0

i —————
306!
125 (F 215002
i07)
e 150

t>0

BmHg\L i.:lgan g 2nH  — 1.6mH§\L i;Lgaﬂ

10~ 10A

1.6 x 1073
T = ——
8

i, = —10e™0t A ¢ >0

=200 x 107%; 1/7 = 5000

1
[b] waa = 5(1.6 x 107%)(10)? = 80mJ
[C] 0.95'&Ud01 =T76mJ

to
76 x 107% = / 8(100¢~ 100000y ¢
0

to
76 X 10—3 = —80 x 10—36—10,00015 = 80 x 10—3(1 _ 6—10,000150)
0

e 10000 — 0 05 so t, = 299.57 us

t,  299.57 x 10~

— = W = 1.498 SO t, ~ 1.4987
T

P720 [a] t<0:
2t

i
—>30R

=]
&

2a0v(? 18A £ 1002 12m £150
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722 CHAPTER 7. Response of First-Order RL and RC' Circuits

t=0%:
20l

S
——1z0A

240v(? 18A(] 122(]

120 = 40 + 18 + 12, iap = 90A, t=07

[b] At t=oc:

2l
Ay

240v( A £100 £150)
ah

b

iap = 240/2 =120A, t =00

20 4
iy
—>120A
\L 106l \L 150}
zaov(? hel i i
2mH BmH
o
2x 1073
[c] i1(0) = 18, 7 =———=0.2ms
10
, 6 x 1073
22(0) = 12, To = ? = 0.4ms

i1(t) =18 A, ¢t >0

ig(t) = 12e72% A, ¢+ >0

Gap = 120 — 18770008 _ 12725000 A = ¢ >
120 — 18e7°000% _ 1272590 — 114

6 = 186_5000t + 126_2500t

Let 1 = e 2500 SO 6 = 1822 4+ 12z

1
Solving =z = 3 _ 2500t
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Problems 723

In 3
25008 = —— =439.44
e 3 and t 5500 39.44 us

P 7.21 [a] Fort <O:

10m& 20k{} Vil
€ z

v(0) = 20,000(0.01) =200V

[b] w(0) = %Cv(())z = %(400 x 1077)(200)* = 8 mJ

[c] For t > 0:
10k

4UUHF—( 250k £75k0)

R.q = 10,000 + 50,000(|75,000 = 40 k2

7 = ReC = (40,000)(400 x 107?) = 16 ms
[d] v(t) =v(0)e /" =200 %%V t>0

P 722 Fort<O:

20ma (1 Z20K0) Z60k0 v{07)

V, = (20,000(/60,000)(20 x 107%) = 300V
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724 CHAPTER 7. Response of First-Order RL and RC' Circuits

For ¢t > 0:
10k(}

£20k0 260k v (£} = 40nF

Req = 10,000 + (20,000(|60,000) = 25kQ
T = Roqc = (25,000)(40 X 10_9) = 1lms
v(t) = Ve ™ =300e7 1%V >0

P 7.23 [a] Fort <O:

Sk{!
" |
+
1zov(E) 10k} v 07}
|
10,000
L= — 120) =80V
15,000( )
For ¢t > O:
40kf]
W,
+
v(t) = 160nF  Z25%() Z10k0

Req = 25,000/|(40,000 + 10,000) = 16.67 k)
7 = ReqC = (16,666/67)(160 x 107%) = 2.67 ms

u(t) = Vet = 80e 37t v t>0

STUDENTS-HUB.com
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Problems 725

[b] For ¢t > 0:
1. 40kf!
_%: W
+ R
80e 7Sty —-160nF 25k £ 10k}
40,000
t) = ’ 80 =375ty _ 64 —375tv
vr(t) = 55 gpg (806 ) = 6de

. UR 375t +
£) = ~ 1.6 A >0
i(t) 40,000 € mR te

P 7.24 Using the results of Problem 7.23:

1 1
w(0) = 501/;2 = 5(160 x 1077)(80)% = 512 uuJ

paox = Ri? = (40,000)(1.6 x 107373752 = 0.1024e """

0.1024¢= 750t |oo

Wyok = / Paok dt = / 0.1024e ™% dt = ——— | =136.53 uJ
0 0 —750 0
136.53
= 1 = 26.
percent 13 (100) 6.67%
P 7.25 [a] vi(07) =v1(0%) = (0.006)(5000) = 30V v2(07) =0

Coq = (30)(40)/90 = 20 uF

2.5k0}
+ Wi ,
—>i
2004F T 30V

1

7= (2.5 x 10%)(20 x 107°%) = 50ms; - =20
T

. 30 —20t —20t

=— =12 A t>0t
7 25006 (& maA., =
2.5k
oy
+  ——i 4
WUET v, 5 TM

-1
306

t
" / 12 x 1073729 4 430 = 20e2% + 10V, >0
0
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726 CHAPTER 7. Response of First-Order RL and RC' Circuits

1

Y2750 x 106

t
/ 12 % 1073 2% 4y 40 = —10e~2% + 10V, ¢ >0
0

[b] w(0) = %(30 x 107%)(30)? = 13.5mJ

1 1
[c] Wirapped = 5(30 x 1079)(10)? + 5(60 x 107%)(10)? = 4.5mJ.

The energy dissipated by the 2.5 k{2 resistor is equal to the energy
dissipated by the two capacitors; it is easier to calculate the energy
dissipated by the capacitors:

1
Waiss = 5(20 x 107%)(30)? = 9mJ.
Check:  Wirapped + Waiss = 4.5 +9 = 13.5mJ; w(0) = 13.5mJ.

P7.26 [a] t<O0:
1.8k

120v(; v {0y £12k00 £ 63kQ

[x)

Req = 12K||8k = 10.2kQ
10,200

J(0) = ———2  (L190) = —102V
vo(0) 10,200 + 1800 120)
t>0:

+ +

-102V F{10/3)4F v = 12k0)

1
7 =[(10/3) x 1079)(12,000) = 40ms;  — =25

vy = —102e7 'V, t>0

2

v
__ Y% _ 1073 o—50t
12,000 867 x 1077 W

p

12x10~3
Wiies = / 867 x 10~ 3¢50
0

= 17.34 x 1073(1 — ¢~ 2002107y — 7894 ;]
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Problems 727

[b] w(0) = (1> (Q> (102)* x 107° = 17.34mJ

2) 3
0.75w(0) = 13 mJ
to
/ 867 x 10737 gy = 13 x 107
0
1 — =50t — (.75 eV =4 so t,=27.73ms

P7.27 [a] t<O0:

2V 200 502 20
£ A My A
lZ(D—}I il(IZI—}
1) 230
(07) = ir(07) = = = 100mA
_= = — = m
11 19 30
[b] t>0:
2UF
F0.2v -
302 20
A, A,
iZ(EI—]I i{0-)
’ £30

0.2
i1(07) = - = 100 mA

—-0.2

3 = —25mA

ir(0%) =
[c] Capacitor voltage cannot change instantaneously, therefore,
2'1(0_) = 21(0+) = 100 mA

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

i2(07) = 100mA and i3(07) = 25mA
[e] ve=102e"""V, t>0

1
7=R.C =16(2x 107%) = 3.2 s: = = 312,500
T
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728 CHAPTER 7. Response of First-Order RL and RC' Circuits

Ve = 0.2 7312000ty t>0
i = % — 01731200 Ay
f] iy = "V _ 95,312,000t mA, > 0F
8
P728 t<0
51
A + - J
4.7k} +
15v(* v 07y =15V
@
t>0
Si_ i
+o- °
i +
1500 £ i
vy = —bi, — 15i, = —20i, = 20ir
T
i
[u}
+ +
200% v, 15V TZpF
7= RC = 40 ps; — = 25,000
T
v, = 1572000ty t>0
o= —g0 = —0.T5e BNt > 0t
v
P 729 [a] R= - =8k

7

STUDENTS-HUB.com
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Problems

11 1
bl -=—— =50 C=—— =0254F
bl = =76 ’ (500)(3000) a
CESERE

T = 500 ms

[d] w(0) = %(0.25 x 1079)(72)* = 648 uJ

to (72 2 ,—1000t
o = [
0

(800)
~1000t £, Lot
= 0.648 = 648(1 —e ) uJ
1000 |, ~ S8 Tp
%diss = 100(1 — 7 1900%0) =68  so !0 = 3,125
In3.125
= =11
1000 Dps
P 7.30 [a] Note that there are many different possible correct solutions to this
problem.
T
R=—
C
Choose a 100 uF capacitor from Appendix H. Then,
_ 0B 5002
100 x 10-¢

729

Construct a 500 €2 resistor by combining two 1k{2 resistors in parallel:

+ +
W, == 100RF  y(r) 21RO 10

[b] v(t) = Ve T = 50e~20 V, t>0

[c] 50> =10 so =5
In5
t= —> = 80.47ms
20
P 731 [a]
20kE)
A
(%&av&)
lT lT
= AN L.
+
C{V& +
V. v, 5k

vp = 20 X 10°(ip + ava) + 5 x 10%ip
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7-30 CHAPTER 7. Response of First-Order RL and RC' Circuits

va = 5 x 10%ip

vr = 25 x 10%7 + 20 x 103a(5 x 10%i7)
Ry, = 25,000 4 100 x 10%«

7= RpnC =40 x 107 = Ry, (0.8 x 1079)

R = 50kQ = 25,000 + 100 x 10%«

25,000

= 925%x107%A
O =00 x 108~ 2P X 10TAN

[b] v,(0) = (=5 x 107%)(3600) = —18V ~ t <0
t > 0:

EI.BI(,.[E":vD v, = Skil

VA VA — U, 4
2.5 x 1 _
5000 ~ 200000 T 20 x 10 va=0

4up + VA — Uy + Dupa =0

Vo _
va =15 = —1.8¢7 'V, t>0"

STUDENTS-HUB.com Uploaded By: Jibreel Bornat



Problems 7-31

P 732 [a]
20K D)
A
-Z5t
~450e " ua
Y +
- +
+ 16.26 "y
- —-25
0.80F T-186 -1.8e 7 VE k0

pas = (16.2e7%1) (=450 x 107 %e72°) = —7290 x 10 %" W
Was = / Das dt = —145.8 1]
0

dependent source is delivering 145.8 uJ.

[b] wsy = /0 (5000)(0.36 x 10~3e=25)2 4t — 648 x 10~° /0 e~ gt = 12.96 1)

> (16.2e~*")? -6 [ —s0t
= R0 T 13122 % 10 / dt = 262.44 ;1]
{20k /0 20,000 o © H

1
w,(0) = 5(0.8 x 107%)(18)? = 129.6 11J

> waiss = 12.96 + 262.44 = 275.4 ;1]

D Waey = 145.8 +129.6 = 275.4 .

P 7.33 [a] Att = 0" the voltage on each capacitor will be 6 V (0.075 x 80), positive
at the upper terminal. Hence at t > 0% we have

i +
T 2004 BV = SOUF
75ma (F 2800) -
+
BV T 2.5uF i Z4000)
isd - l /f

6 6
.s ) = . — — =12 A
i5a(0%) = 0.075 + 7o 4 155 = 120m

At t = o0, both capacitors will have completely discharged.
'ésd(OO) =75 mA
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7-32 CHAPTER 7. Response of First-Order RL and RC' Circuits

[b] isq(t) = 0.075 + iy (t) + ia(t)
7 = 200(25 x 107%) = 5ms
75 = 400(50 x 107%) = 20 ms
i1(t) = 30e72" mA, t>0"
is(t) = 15e°%mA,  t>0
isa =75 +30e 2 + 157" mA, ¢ >0"
P 7.34 [a] The equivalent circuit for ¢t > 0:

i
o

+
+ C_=0.ZpuF
10v L =

T Ceq vo § eq

E =10k}
eq

T = 21ms; 1/7 =500
v = 107V, t>0
i = e " mA, t>0"

16
ioan = e 200 (@) = 0.4e " mA, t>0"

Paax = (0.16 x 107%e71000)(24,000) = 3.84¢~ 1000 mW

Watke = /0 3.84 x 1073100 g — —3.84 x 10-5(0 — 1) = 3.84 J

1 1
w(0) = 5(0.25 x 1079)(40)* + 5(1 x 107%)(50)? = 1.45mJ

. 3.84 x 1076

[b] paoon = 400(1 x 1073750002 = 0.4 x 10731000
Wa000 = /0 Paoo dt = 0.40 pJ

. 0.4 x 1076

24
irere = € (—) = 0.6 mA, ¢>0"
40
piska = (0.6 x 1073e759)2(16,000) = 5.76 x 103100t W
Wiekn = / 5.76 x 107371900 gt — 5.76 1]
0

% diss (16 k) = 0.4%
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Problems 7-33

[c] > waiss = 3.84+5.76 + 0.4 = 10 uJ

Werapped = W(0) — D " waiss = 1.45 x 107 — 10 x 107° = 1.44mJ
1.44
% trapped = ViR 100 = 99.31%
Check: 0.26 + 0.03 + 0.4 + 99.31 = 100%
P 7.35 [a] For ¢t <0, calculate the Thévenin equivalent for the circuit to the left and

right of the 200 mH inductor. We get
25k 200mH 30k

Ay iy
i
250V 30V
30 — 250
(07) = s+ = —4mA
M0 = o5k a0k M

i(07) =4(07) = —4mA

[b] For t > 0, the circuit reduces to
200mH 30

iy
i
3oV

Therefore i(co) = 30/30,000 = 1 mA

L 200 x 10-3
_ L _ XY 667
el 7= % = 30000 1

[d] i(t) = i(00) + [i(07) — i(o0)]e ™/
= 0.001 + [—0.004 — 0.001]e~ 1200008 = 1 — 5180000 A ¢ >

P7.36 [a] t<0
%iﬂ{ﬂ-}l

AWy
1202

32v () 280

32
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7-34 CHAPTER 7. Response of First-Order RL and RC' Circuits

t>0

120 SmH 8O

Ay iL T iy

+ v -
3292y I GHEL:
: 32 — 48
ir(00) = 518 = —0.8A
L 5x1073 1
= — = —— = 250 us; — = 4000

"TRT 12+3 oS T

ip, = ir(00) + [ir(0T) —ig(co)]e ™™
= —0.84 (1.6 4+ 0.8)e ™% = —0.8 + 2.4 100 A, t>0
v, = 8ip + 48 = 8(—0.8 + 2.4e71%) 148 = 41.6 + 19.2e7 "'V, >0
dig,

b] vy = L— =5 x 1073(—4000)[2.4e 10001 = _ 481000ty t>0"
dt

'UL(0+) = —48V
From part (a) v,(07) =0V

Check: at t =0T the circuit is:

1202 1.64 5L
A = r
+ v i0+) -
32v () v [0+ (2r48V
U6(01) = 48 4 (8Q) (1.6 A) = 60.8 V; oL (01) + v,(07) = 12(—1.6) + 32

oL (07) = —19.2 + 32 — 60.8 = —48V

P 737 [a] t<0

Ay
l .

va§ 2062 o
240\!(5 _
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Problems 7-35

KVL equation at the top node:

v, — 240 L Vo L Vo
60 20 5

Multiply by 60 and solve:

240 = (34+ 14 12)v,; v, =15V

=0

Vo

io07) = 2 =15/5=3A

+

225v () vz 200 10mH

— i

a

Use voltage division to find the Thévenin voltage:
20
Vi = v, = ——(225) = 180V
™ =V = 555 (225)
Remove the voltage source and make series and parallel combinations of

resistors to find the equivalent resistance:
RTh:5+20”525—|—4:9Q

The simplified circuit is:

9l
Ay

180V 10mH

i

[u]

L 10x1073 L1 L 000
T=—=—"—""—=1.11ms; - =
R 9 ’ T
190
io(00) = — =20A
9
'éo = 'éo(OO) + ['éo(0+) — 'éo(OO)]e_t/T
=20 + (3 —20)e 2 =20 — 17790t A t>0
di,
bl v, = B5i,+ L
[b] v o + I
= 5(20 — 17e7909%) 4+ 0.01(—900) (17 ~900)
= 100 — 85¢900 4 153900
vy = 100 + 68¢790V t>0t
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7-36 CHAPTER 7. Response of First-Order RL and RC' Circuits

P7.38 [a] t<0

50 50

A A

5,
2257 (%) vEzn0  il0)
225 225

= =" =925 A
T 51205 9

2015

i,(07) = %(25) = 20A
t>0
50
A,
B0e2 v.E200 10mH
240‘?(5 _ i
| =]

240 240
) =————=—=2375A
() = 503 2005 ~ o

20|15

ip(00) = iz'g(oo) =3A

Req =5 +20[|60 = 3+ 15 = 20

L 10 x 1073 0.5 1 9000
= —0.5ms; ~ =
Req 20 ’ T

T =

o = i6(00) + [io(07) —do(00)]e™""
=34+ (20— 3)e " =3 + 177 A, >0
di,
b] v, = 5i,+ L—
[b] v o+ i
= 5(3 4+ 17e72090%) 1 0.01(—2000) (17¢~2000t)
= 15 4 6572000 _ 3402000t

vy = 15— 25572000ty ¢ >+

P 7.39 [a] From Egs. (7.35) and (7.42)

v v
= Vs (2 Vs
! R+( R)e
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Problems 737

= =4 IO—EZZL
R R
R
V, — I,R = —80; — =40
L
Vs
I,=4+4 —==8A
+R

Now since V, = 4R we have
4R — 8R = —80; R=200Q

_ R
40

[b] i=4+4e7*% =16+ 32" + 16e~"

1 1
w = 5Lz’2 = 5(0.5)[16 +32e71% + 1667 = 4 + 8¢ 10" + 478"

V,=80V;: L — 050

44 840 4 4780 =9 or 780 4 2740t _ 195 =

Let x = e~ 0%

224+ 2r —125=0; Solving, z=05; z=-25
But x > 0 for all £. Thus,
e 1% = 0.5; el = 2 t=25In2 = 17.33ms

P 7.40 [a] Note that there are many different possible solutions to this problem.

L
R==
.

Choose a 1 mH inductor from Appendix H. Then,
~0.001
8% 1076

Construct the resistance needed by combining 1002, 102, and 15
resistors in series:

= 12502

JEI%IDQ

" 150
Vg — _—1
. 1a0c2

_ 1{t)
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7-38 CHAPTER 7. Response of First-Order RL and RC' Circuits

[b] i(t) =Ip+ (I, — I;)e /"

Vi 25
I, = 0A; IfZEfZEZmOmA

i(t) = 200 + (0 — 200)e~ 290 M A = 200 — 200e~2>000 mA | t>0
[c] i(t) = 0.2 — 0.2e~ 1299 = (0.75)(0.2) = 0.15

125,000t _ () o5 s  el25.000t _ 4
L S P
125000 0%
L

P 7.41 J(0) = —I. Ry -
[a],U( ) gtz T R1+R2

Vo(00) =0
Vo(t) = —I,Roe”FrtR)/LIEy g > (o

[b] v,(0") — oo, and the duration of v,(t) — zero

[c] vsw = Raio; T= ﬁ
io(07) = I;;  iy(00) = %
Therefore io(t) = Rigféz + [Ig — % o—[(Ri+Rs) /L]t
io(t) = it + grage [(Fatha)/Ll
Therefore Ve = (1+1;111/9R2) (1+I}2%21I/9R2)6_[(R1+R2)/L]t> ¢t >0t
[d] |vsw(0F)] — oc; duration — 0

P 7.42 Opening the inductive circuit causes a very large voltage to be induced across
the inductor L. This voltage also appears across the switch (part [d] of
Problem 7.41), causing the switch to arc over. At the same time, the large
voltage across L damages the meter movement.

P 743 [a]
W
A1
2M® IR L
Ve w 1/t
_ Y dt+ L, =0
RIRTD/SNT
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Differentiating both sides,

1 1
Rdt L'
o R
at LT
dv R
bl — — _
bl Z =1V
dv R
adt —fvdt SO
dv R
— = ——dt
v L
v(t)dl» Rt
—=——1/4d
/VO T L/o 4
lnv(t)——ﬁt
L

Problems 7-39

dv=——vdt

10-)€— 00 400 139
N + vy -
s00z v 150V
_ 0.1w, ‘
Uy vy — 150
— —0.1 =0
50 et Ty
40
= — (v, — 150
vp = (v )
Solving,
Sy Ug
vy = 300V; i,(07)=—==06A
50
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7-40 CHAPTER 7. Response of First-Order RL and RC' Circuits

t>0
40mH 200 4002 150
a + v -
2100
150V
S0QE /I\D 1y C
ST
CHraov
b
L

Find Thévenin equivalent with respect to a, b. Use a test source to find the
Thévenin equivalent resistance:

a Vr 200 v, 400 1502
- Ay A, A,
+ v, -
1002 ®
£
on A
1] .1v¢
™
b
VT — Uy
—-1-0.1 =0
’U¢ + 20
Uy — U7 Uy Uy
_ i 0
20 * 10 * 55
40
Vp = — Uy
®~ 55
Solving,
(%
=74V Ry =— =740
(%N SO Th A
Find the open circuit voltage with respect to a, b:
Yy 20¢€2 v, 40Q 1502
ae Ay A, A,
+ v -
2100
’]\ 150V
1] .1v®
{i140v
of
UTh — Uz
—0.1 — =0
’U¢ + 20
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Problems 741
Uy — UTh U 0 . v 50 0
20 10 55
40
= (v, — 150
vp = (v )
Solving,
VUTh = 9%V
40mH 740
-4
i, a
500E a6 v )
8
io(00) = 96/124 = 0.774 A
_ 007 s6ms 1/ = 3100
T = 21 = 0. ms; T =
io = 0.774 4+ (6 — 0.774)e %% = 0.774 + 5.226e 0% A, t>0

P 745 t>0; calculate v,(07)
100 50 i
A Ay —°
+ + .
glﬂ
2 0mA(T v 215 v 0+)(Qismm  z8Q P $5 OnA

Va Vs — 0,(07)

5 5

=20 x 1073

vy = 0.750,(07) + 75 x 1073

0(0+) — Va

o(0F .
4 el )—9zA+50><10—3=0

15 x 1073 + 2

5

8

13v,(0") — 8v, — 360ia = —2600 x 10~°
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742 CHAPTER 7. Response of First-Order RL and RC' Circuits

o(0F .
z’Az%—mmomo—?’

0,(07)

5% 1073
80 *

in =
360ia = 4.5v,(0) + 1800 x 107°
8, = 6v,(07) 4 600 x 107*
130,(07) — 60,(0") — 600 x 107 — 4.5v,(07)—
1800 x 10™* = —2600 x 1073
2.50,(07) = =200 x 107%;  0,(0") = —80mV
Vo(00) =0

Find the Thévenin resistance seen by the 4 mH inductor:

100 5C i
—w o —
i
* // T 9ip
va§15Q+ 280
- v,
. vr VT .
=—+—-9
iT 20 + 3 LA
. (s . . v . vT
=—-9 S 10t = — = —
A 3 A A g’ A 30

i =

i 1 1 ) 1
_— = — _— = — = — S
v 20 + 80 80 16

Ry, = 1692

_4x 1073
16

T = 0.25ms; 1/7 = 4000

Vo = 0+ (=80 — 0)e 400 = 80100 v, t>0"
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Problems 7-43

P 746 Fort <0, i45mu(0) = 80V /20002 = 40 mA
For t > 0, after making a Thévenin equivalent of the circuit to the right of the
inductors we have

, AP
1e—— 1. 2kD
+

v, E
45mH

lélUmA D6UV

§15mH

i= Ve + (Io—%> e

R
R 1200
—=—=——=20,000
T L 60x1073 ’
I, = 40 mA; If:E:ﬂ:E)OmA
R 1200

i =0.05+ (0.04 — 0.05)e 20 = 50 — 10e72%% mA, ¢t >0

di
Vo = 0.045d—z = 0.045(—0.01)(—20,00020-000t) — 9 =20.000t 7 t>0"

P747 t>0
iD
+ +
§3H §1.5H Vo400 —» EZLH v_ 2400
TEA TDA N T5A -
1
TT W0

i =be 1A, t>0
Vo = 404, = 200e %V, t>0"

200e 1% = 100; et =9

t = iln2 = 17.33ms
40
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744 CHAPTER 7. Response of First-Order RL and RC' Circuits

1 1
P 748 [a] waiss = 5Lez'2(0) = 5(1)(5)2 =12.5J]
1 rt
[b] s = 5 / (200)e~19% dz — 5
0

=1.67(1 —e ) —5 = —1.67e " —3.33A
1 t
b = — / (200)¢=%% dz: 40
1.5J 0
= —3.33¢7"" + 3.33A
1
Wirapped = 5(4.5)(3.33)2 =251J

(] w(0) = %(3)(5)2 _375]

P749 [a] t<0

25mAlt) 150Q% 60mH OmH

10m2A 15ma

t>0

b
\\/ 24mH vaglqu @SEImA

Z2omEy -

241077

ir(07) =i (07) = 25 mA; T 120

= 5000

S

= 0.2ms;
ir(00) = —50mA
i, = =50+ (25 + 50)e """ = —50 + 75e " mA, ¢t >0

v, = —120[75 x 1072770 = —9e= 500y ¢ > (ot

1 t
s / —9e500 gy 110 % 1070 = (30e7% — 20)mA, ¢ >0
0

1 t
[c] i2 = 3o / 9670002 gy 115 % 1070 = (45¢7 _ 30)mA, ¢ >0
0

[b] i1 =

P 7.50 [a] Let v be the voltage drop across the parallel branches, positive at the top
node, then

I+U+1/td+1/td 0
— — 4+ — [ vdx+ — | vdxr =
gRg L10 L20
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Problems 7-45

S BN
(=) [ vde=1
Rg+(L1+L2>/0U T

v 1t
— + = dr =1
Rg—l-Le/O vdr = 1,
ldv v
— 4 =0
R, dt I
dv R,
9y =0
L'
Therefore v = I,R,e”/";  7=1L./R,
Thus
1ot I,Ry e/ [t I,L
= — | ILRe 7 dr =929 _ 29T _ ot
" Ll/o oRge™™de = —P =y | = e
. IgL2 —t/ . Ing —t
= ——(1— ) and iy = 1—elm
Lt LA L )
, Lo , Ly
b = ———1; = 1
[ ] 21(00) [/1_|_[/2 g 22(00) [/1_|_[/2 g

P 7.51 [a] v.(0%)=—120V
[b] Use voltage division to find the final value of voltage:
150,000

e = 200) = 150V

ve(20) = 250000 20

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

Vrmn =150V, Ry = 2500 4 150k (|50 k = 40k,
Therefore 7 = ReqC = (40,000)(25 x 107%) = 1ms

The simplified circuit for ¢t > 0 is:

40k()
: Adh,-
1
\l/ + o+
2opF=-120V ¥ () 150V
. 150 — (—120)
d] i(0") = —— "2 = 6.75mA
] 4(0) 40,000 m

[e] ve = ve(00) + [0e(07) — ve(00)]e /™

= 150 4 (—120 — 150)e~"/7 = 150 — 27071V, >0
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7-46 CHAPTER 7. Response of First-Order RL and RC' Circuits

dv,
dt

P 7.52 [a] fort <O0:

25002
| Wiy

[f] i = C—= = (25 x 107?)(—~1000)(—270e19%%) = 6.75¢ 1% mA, ¢ >0

v_(0} £ 40002 () 15ma

06(0) = 400(0.015) = 6V

For ¢t > 0:
10062
A
+
10v (&) w TE25UF
ve(00) =10V

Req =209  so 7= RC =250(25 x 107°%) = 6.25ms

'Uc(t) = 'UC(OO) ‘l‘ ('UC(O) — 'UC(Oo))e—t/T — 10 _|_ (6 _ 10)6_160t — 10 _ 46—160tv

[b] Fort < 0:
1002
. |
+
1ov (@ v_(0)
|
0.(0) = 10V
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Problems 747

For ¢t > O:
25002
Wy
+
v_ T Z5HF 24000 (D15ma

v.(00) = 400(0.015) =6V
Req =100 4400 =500  so 7 = ReC = 500(25 x 107%) = 12.5ms
Ve(t) = 0e(00) + (V,(0) — ve(00))e™™ =6 + (10 — 6)e 5% = 6 + 4V

P 7.53 [a] Use voltage division to find the initial value of the voltage:

9k
9k + 3k
[b] Use Ohm’s law to find the final value of voltage:

Ve(00) = vgop = —(1.5 X 10_3)(40 X 103) =—60V

0e(01) = vgp, = (120) =90V

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

Vin = =60V, Ry, = 10k +40k = 50kQ
T = RmC =1ms = 1000 s
[d] ve = ve(00) + [ve(0") = ve(00)]e /"
= —60 + (90 4 60)e 1% = —60 4+ 1501V, ¢t >0

We want v, = —60 + 150e 1000t — ();
In(150/60)

Therefore t=———'"" =916.3
ererore 1000 US
P 7.54 [a] Fort <O:
5kC)
" |
+
@75V 10k Vsl0)
10,000
o(0) = —=——(75) =50V
vo(0) = 75 590 (™)
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748 CHAPTER 7. Response of First-Order RL and RC' Circuits

For ¢t > O:
10K0Y
“\yhy
+
v_ = 40nF 2400 () 100V
40,000
,(00) = ———(—100) = —80V
vo(00) 50,000( )

Req = 40K||10k = 8kQ

7 = ReqC = (8000)(40 x 107%) = 0.32ms

Vo(t) = 16(00) + (06(0) — v(00))e™T = —80 + (50 4 80)e 312
= —80+ 1303123y

[b] Fort > 0:
1002
Wy
=
+ 1o
1306125 _gny = 4onF 20 @100V
130e3125 — 80 + 100
.0 _ — 13 —3125t 2 A
! 10,000 ¢cTtem
P755 t<O:
C0— 20 -3 - -3
io(07) = 155(10 X 107°) =2mA;  w0,(07) = (2 x 107%)(50,000) = 100V
t = o0
1 fes)
é\l/éBDkQ
Small) ——e  Z20kQ

2
io(00) = =5 x 1077 (%) = —1mA; 0,(00) = i,(00)(50,000) = —50V
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Problems 7-49
Ry = 50kQ[[50kQ = 25 k(; C =16nF
_9 1
7 =(25,000)(16 x 107") = 0.4 ms; — = 2500
T

v,(t) = =50 + 150e~ 20V, t>0

o

SmA{L) 2 20kQ

i

+
50§ 50kC v, T 1anF

Qe = C’d;to = —6e B0 mA t>0"
50k = 502}% = —1+3e 2" mA, t>0"

io = ic+ is0r = — (1 + 3¢ ) mA, t>0"

P 756 Fort<0O
Ayl
10k02 4k ()

gov( 240k (UEnA = 24k0

[ ]

Simplify the circuit:

80/10,000 = 8 mA, 10k2[]40 k(|24 kQ = 6 k2
8mA — 3mA = 5mA

S5mA x 6kQ2 =30V

Thus, for ¢t < 0

i Ay
Bl 4kl
+

300 BDVTD.DEMF

0,(07) = 1,(07) =30V
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7-50 CHAPTER 7. Response of First-Order RL and RC' Circuits

t>0

iy
4k
A 10K 400 (LZmA £ 24K0D

Simplify the circuit:
8mA + 2mA = 10mA
10k||40k[[24k = 6k
(10mA)(6k2) =60V
Thus, for ¢t > 0

10k{) +

60V(; ‘UD]D.DSMF

v,(00) = —10 x 107%(6 x 10%) = =60V

1
7= RC = (10k)(0.05 1) = 0.5 ms; — = 2000
T
Vo = 06(00) + [10,(0F) — v,(00)]e ™™ = —60 + [30 — (—60)]e 200"
= —60+90e2"V  t>0
P 7.57 Use voltage division to find the initial voltage:

60

00:
vo(0) = 75760

(50) =30V

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

Uo(00) = (=HhmA)(20kQ) = —100V

7= RC = (20 x 10°)(250 x 107?) = 5ms; = 200

N

v = 05(00) + [16(07) = vo(00)]e /"

= —100 + (30 + 100)e 2% = —100 + 130e~ 2V, t>0
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Problems 7-51

P758 [a] v=IR+(V,— LR)e /"  — (Is - %) et/ RO

ILR=40, V,—I,R=-24
V, =16V

V. 16
[, ——=2=3x10"% I,——==3x10"  R=—
RV RV

I, — 041, =3 x 107%; I, = 5mA
40

R = = X 10® = 8k
1 1 10-3 1
—_=92500; C = - —50nF: 7= RC = —— = 400
RC ’ 2500R 20 x 10° a7 2500 13
[b] v(co) =40V

1
w(oo) = 5(50 x 1077)(1600) = 40 pJ

0.81w(oc) = 324 uJ

32.4 x 1076
V() = ;10 — 1296, o(t,) =36V
40 — 242500t — 36: 200t — @ Sty =T16.70 us

P 7.59 [a] Note that there are many different possible solutions to this problem.

-
R=—
C
Choose a 10 uH capacitor from Appendix H. Then,
0.25
= —— =25k
10 x 106
Construct the resistance needed by combining 10 k€2 and 15 k(2 resistors
in series:
t=0
+
10k
If'@\) vit) lO0pF== v
15k

[b] v(t) = Vi + (Vo = Vp)e /7
V, =100 V; Vi=(I;)(R) = (1x107%)(25 x 10°) =25V

v(t) = 25 + (100 — 25)e ™V = 25 + 75V, t>0
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7-52 CHAPTER 7. Response of First-Order RL and RC' Circuits

1
[c] v(t) =25+ T5e~ " =50 SO et = 3

1
t = HT?’ — 274.65ms

P 760 Fort>0
Vin = (—25)(16,000)i, = —400 x 10%,

~ 33,000
1 =
80,000

(120 x 107%) = 49.5 uA

Vi = —400 x 10°(49.5 x 107%) = —19.8V

Ry, = 16kQ
16k0
Ay
+
19.8v{) 0.25UF T v_

vo(00) = —19.8V; 1,(07) =0
7= (16,000)(0.25 x 107%) = 4ms;  1/7 = 250

Vo = —19.8 + 19.8¢ 2V, t>0

1
'LU(t) = 5(025 X 10_6)2]3 _ 'LU(OO)(l . 6—250t)2J

(1— 6—250t)2 — M =0.36
w(o0)

1—e " =06

e % =04 . t=367Tms
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Problems 7-53

P 761 Fort <0, 1,(0) =90V

t>0:
* i , ey
. _>’l,5, g0 k2
* 102104,
VTn $ 30kQ () 200V

—300
= — 3 12 =1 13(7> =1
UTh 10 x 10%ia + (30/120)(300) 0 x 10 120 % 1% + 75 00V
=_>’1T - 4 A -
anleca

+ 10xz10%, ‘L

1a
vr £ 30kD

vp = —10 x 10%ia + 22.5 x 10%ip = —10 x 10°(30/120)ir + 22.5 x 10%ip
=20 x 10%ip

Ry = <L = 20k
iT

t>0

20k

S0V =ocip Vg (2) 1oov

v, = 100 + (90 — 100)e"/"
1

7= RC = (20 x 10*)(25 x 107?) = 500 x 1075; — = 2000
T

Vo = 100 — 10e™200' Vv, ¢t >0
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7-54 CHAPTER 7. Response of First-Order RL and RC' Circuits

P 7.62 From Problem 7.61,
v,(0) = 100 V; Vo(00) =90V

Ry, =40k

1
— = 1000
-

v =90 + (100 — 90)e 1% = 90 4 10~ 1%V, ¢ >0

7 = (40)(25 x 107%) = 107;

P 7.63 [a]

1_rC) c?«c

1 t
ISR:RH——/ ide +V,
C Jo+
di i

0= Ra + 6 +0
di i
it " ro Y
di i di dt
bl —- = ——: -
bl % = ~Re i RC
i(t) dy 1 ¢
/ Yo~ [ i
i(0t) Y RC Jo+
ity —t
1 -
"0ty T RC

i(t) = i(0T)e EC,  4(0F) = Lh-Vo (Is — E)

120V=20nF ¥, £ a0k (&) 90V
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Problems 7-55

Req = 60k||120k = 40k

1
7 = ReqC = (40 x 10%)(20 x 107Y) = 0.8 ms; — = 1250
T

v, = 30 + (120 — 30)e %% = 30 + 90e 120V, t>0"

Vo 30 4+ 90671250t 30 4 90e~ 1290 _ 90
b i, = —2— . 90120,000 =
[b] i 0 60.000 120,000

60,00

= 2.25e 12500 A

t
V1 = W X 225 X 10_3‘/0 6_1250m dl’ = —306_1250t ‘l’ 30 V, t 2 0
P765 [a] t<0
W
2.2k0 .
: = (40} (0.8)y _
40v( 0.20F T 5 ovoar - 22V
+
0.8F T (40 (0.2) _
(0.z+0.8) oY
t>0
6.25k00
i
+ + o
D_lﬁwzqnv v, (Z)80v

0,(07) = 1,(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,
[b] iy = —C CZ — —0.16 x 107°[40,000e1000%]
= —6.4e 1 mA; t>0"
-1 t
[C] V1 = W/ —6.4 x 10_36_1000m dx + 32
. 0

= 64 — 32¢ 10000y t>0
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7-56 CHAPTER 7. Response of First-Order RL and RC' Circuits

1 t
[d] v = / 6.4 x 10721007 gy 1§

0.8 x 10=6 Jo
= 16 — 8e 1000ty t>0

1 1
[€] Wirapped = 5(0.2 x 1079)(64)* + 5(0.8 x 107%)(16)? = 512 uJ.

P 7.66 [a] Let ¢ be the current in the clockwise direction around the circuit. Then

1 1t
Vo = iR, +Cl/zd:v+02/zda:

= 1R, +(Cl,1+cl,2>/zda:—zR+ /zda:

Now differentiate the equation

di l di 1
_I_

ga Fe or %‘I‘RQCGZ:O

0=R

V V
Therefore i = —Le t/BsCe = I o=t/ 7= RyC.

R, R,
1 1tV V, e/t V,C
1) = 9 —:E/Td — 9 _ _ 'g9-e —t/T_l
,Ul( ) Cl R R,¢ v RgCl —1/’7‘ 0 Cl (6 )
VgC? —t
= 1 —_— /T N = e
v1(t) c, —I-Cz( e T); T =R,C,
V,C
)= —"_(1—e); 1=R,C,

Cr+Cy
02 C11

b = ——— * _=

[b] vi(o0) = =75 Ve wa(o0) = "5 Vs

(3)(15)

P Leq = =25H
7.67 [a] Leg 5+ 15 5
L 25 1
T = =5z =35
R 7.5
120
o(0) = 0; o = — =16A
io(0) io(00) = =

o =16 — 16e 3" A, t>0

v, = 120 — 7.5i, = 120e 3!V, t>0"

1 gt 40 40
=— [ 120e73*d — — A t>0
3/0 N N =
8 8
fg =1y —11 == — —e LA, t>0
3 3
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Problems

[b] i,(0) =1i1(0) = i2(0) = 0, consistent with initial conditions.
v,(0%) = 120 V, consistent with i,(0) = 0.
di
Ve = 321 _ 120073V

= t>0"
dt -

or
di

Vo = 15—2 = 120e7*V,
dt

The voltage solution is consistent with the current solutions.

A\ = 3i; = 40 — 40e73* Wh-turns

t>0"

Ay = 1505 = 40 — 40e 73 Wh-turns

A1 = A as it must, since
d\1 d)g
’UO = —— = —
dt dt

(00) = Ag(00) = 40 Wh-turns
[

A1(o0)
A1(00) = 3i1(00) = 3(40/3) = 40 Wh-turns
Ao (00) = 15i2(00) = 15(8/3) = 40 Wh-turns
i1(00) and is(00) are consistent with Aj(00) and Ay (00).
P 7.68 [a] From Example 7.10,

LiLy— M?*  0.125 — 0.0625
Li+Ly+2M  0.75+40.5
_L_ 1 ! = 5000
TTRTh0000 7

io(t) = 40 — 40e " mA |

Leqg = = 50mH

t>0

[b] v, = 10 — 250i, = 10 — 250(0.04 + 0.04e 7% = 10> v,

diy iz —5000¢
0 =05—-02—=10 \%
e v dt a -

lo =11 + 12
di, diy  dig

. = _ - — =200 —5000t A
i@t © /s

t>0"

757

@ — 2006—5000t _
dt

y
1065000t — 9 5L _ 50,=5000t 4 95 4L

dt
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7-58 CHAPTER 7. Response of First-Order RL and RC' Circuits

y
0.75% — 60e5000t i, — 80e~5000t gy

t1 t
dr = / 80e ~590% (y
0 0

80 5000y t: 16 — 165990 m A >0

= =500,
[d] iy = i, — i1 = 40 — 407 — 16 + 16¢ 9000

’él (&

= 24 — 2470 mA | t>0

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

di,
Vo = Loqé — (0.05)(200)e~% — 10675000ty ¢ > 0F (checks)
Also,
diy diy —5000¢ +
Vo = 0.5E - 0.25% = 10e V, t > 0" (checks)
diy diy —5000¢ +
Vy = 0.25% - 0.25% = 10e V, t > 07 (checks)

v,(07) =10V, which agrees with i,(07) = 0A
io(00) = 40mA; 16(00) Leq = (0.04)(0.05) = 2 mWb-turns

i1(00) Ly + ig(0c0)M = (16 m)(500) 4 (24 m)(—250) = 2 mWhb-turns (ok)
i2(00) Lo + i1 (00) M = (24m)(250) + (16 m)(—250) = 2 mWhb-turns (ok)

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

P 7.69 [a] Leq = 0.02+0.04 +2(0.015) = 0.09 = 90 mH

L 0.09 1
== = —— =20us; — = 50,000
TTR w00 O 2T
i =20 —20e 0% mA t>0
di dz dz —50,000t —50,000t +
U1 = 0.02— . — = 0. — = 0. e = Jo€ , >
[b] vi(t) = 0.02 =7 +0.015— = 0.035— =0 035(1000e~50:000t) — 35,5000ty ¢ >
di dz dz —50,000t —50,000t +
() = 0.04— . — = 0. — = 0. e = doe , >
[c] va(t) = 0.04 o7 H0.015 = 0.055— =0 055(1000e~°0:000t) — 55=50.000ty = >

[d] i(0) = 0.02 — 0.02 = 0, which agrees with initial conditions.
90 = 4500 + vy + vy = 4500(0.02 — 0.02e~°7%%%) 3570099 4 5579009 — 90V

Therefore, Kirchhoft’s voltage law is satisfied for all values of t > 0.
Thus, the answers make sense in terms of known circuit behavior.
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P 7.70

P71

STUDENTS-HUB.com

Problems 7-59

[a] Leq = 0.02 4 0.04 — 2(0.015) = 0.03 = 30mH

L 0.03 1
_ — J— i 1
T=75=1r00 = 067ks; = 150,000
1 =0.02 — 0-026_150’000t A, ¢ 2 0
di di di
[b] m( ) = 0. 02—Z — 0. ()15_z = (. 005_ = 0. 005(30006—150 OOOt)
dt dt dt
= 157150000ty 4 > o+
di di di
[c] va(t) = 0.045 — 0.0155 = 0.025 = 0.025(3000¢ 170000
dt dt dt
— THe 10000ty -y > g

[d] i(0) =0, which agrees with initial conditions.
90 = 4500i; + v1 + vo = 4500(0.02 — 0.02¢190:000%) 4 15,~150,000¢
_I_ 756—150,000t — 90 V

Therefore, Kirchhoft’s voltage law is satisfied for all values of t > 0.
Thus, the answers make sense in terms of known circuit behavior.

[a] From Example 7.10,

LiLy — M? 50 — 25
LC pr— pr— pr— 1 H
T L+ Ly+2M 15410
L 1 1 00
TTRTw 7
io(t) =4 — e A, t>0
[b] v, = 80 — 20i, = 80 — 80 + 80e ** =80 2"V,  t>0"
- 5— — 5— — Q0" 20tV
[e] o =5 =57
iy =11 + o
o _ =80 A
at ar a0 /s
= 80e -
dt Cdt
_ diq _ diy
80e 2% = 5— — 400e 2 4+ 5—
© dt SR
dzl _20,5 . —20t
10— = 480e di, = 48e dt

dt
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7—60 CHAPTER 7. Response of First-Order RL and RC' Circuits

t1 t
/ dr = / 48e 2% dy
0 0

Ty

=24 —24e A, t>0

0
[d] iy =i, — i1 =4 —de™ 2" — 2.4 + 247"
= 1.6 —1.6e7 20 A, t>0

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

di,
vy = Loqﬁ = 1(80)e™2"" = 80e "'V, t > 0" (checks)
Also,
di di
Vo = 5% — 5% = 80e 2V, t > 0" (checks)
di di
Vy = 10% — 5% = 80e 'V, t > 0" (checks)

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

io(00) = 4A;  iy(00)Leg = (4)(1) = 4 Wh-turns

i1(00) Ly + in(00)M = (2.4)(5) + (1.6)(~5) = 4 Wh-turns (ok)
i(00) Lo + i (00)M = (1.6)(10) + (2.4)(—5) = 4 Wh-turns (ok)

Therefore, the final values of 7,, 71, and iy are consistent with
conservation of flux linkage. Hence, the answers make sense in terms of
known circuit behavior.

P 772 Fort<O:

15A(T) £ 100 0y

i(0) = %(15) —10A
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0 <t <10ms:

502
—An

\L S50mH

i=10e 1% A
i(10ms) = 10e™! = 3.68 A

10ms <t < 20ms:
50

S50mH

- =80
T L 50x10-3

z' — 3.686_80@_0'01) A
20ms <t < oo:
i(20ms) = 3.68¢~80(0:02-001) — 1 g5 A

i = 1.656_100(t_0'02) A

UO::_LQQ; L =50mH
dt
% = 1.65(—100)e 100002 — 15100000

v, = (50 x 1073)(—165)e~100(t=002)
— —8.26¢7100(=0.02) t > 20" ms

V(25 ms) = —8.26¢710000:025-002) — _5 913V
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762 CHAPTER 7. Response of First-Order RL and RC' Circuits
P 7.73 From the solution to Problem 7.72, the initial energy is
1 2
w(0) = 5(50 mH)(10A)* =25J
0.04w(0) =0.1J
5(50 x107°)i; = 0.1 so i, =2A

Again, from the solution to Problem 7.73, t must be between 10 ms and 20 ms
since

i(10ms) = 3.68 A and i(20ms) = 1.65A
For 10ms < ¢t < 20ms:

i = 3.686_80@_0'01) —9

B0(t—0.01) — §g?§ so t—0.01=0.0076 .. t=17.6ms
P7.74 t<O0:
i(07)
7 Sma (79 £200Q  £5000Q

'iL(O_) = 75mA = 'iL(0+)

0<t<25ms:
iLl[t}l
75mA (T 22000 5000 J/El[lml—l
75ma,
7=0.01/0 =0

ir(t) = 0.075e7>* = 0.075¢ % = 75mA
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Problems 7-63

T=%50 0 ps; /T = 50,000

ip(t) = 7575000000029 \y A ¢ > 95mg

P7.75 [a] t<O0:

go00vi> 600

Using Ohm’s law,
800

iy = 060730 12.5A

Using current division,

i(07) = =20 (125) = 7.5A = i(0%)
60 + 40

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

1 4 12
1_R_40+120§60 ..
T L

80 x 103
i =T.5e7 0

i(200ps) = 7.5¢~10°(200x107%) — 7 5,02 — G 14 A

[c] i(1ms) = 7.5e"" = 2.7591 A
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7—64 CHAPTER 7. Response of First-Order RL and RC' Circuits

1ms <'t:
, Ay
— 1 400
E BomH
R 40
=—=——"—=2>500

7 L 80x107
i =i(1ms)e(t-1m9)/T = 9 7501 ~500(t-0.001) A
i(6ms) = 2.7591e70000%) = 2 7501¢%% = 226.48 mA

[d] 0<t<I1lms:
i =T7.5e" 1%
di

v = Ldt = (80 x 10—3)(_1000)(7‘56—100015) — _G00e—L000t 7

v(17ms) = —600e~! = —220.73V
[e] 1ms <t < oo:

i = 2.7596_500(t_0'001)
di

v = Ldt = (80 x 10—3)(_500)(2‘7596—500(15—0.001))

— —110.46_500(t_0'001) \V4
v(17ms) = —1104V

P77 0<t<200us;

_l_
£ 30kQ = 60K

%nF: 200V -

£ 120k0 240kQ

10
R, = 150]100 = 60k2; 7= (3 x 10—9> (60,000) = 200 ps
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Problems
v, = 300e 7000V
(200 ps) = 300e™! = 110.36 V

200 pus <t < oo:

%io
 30k0 60K
10 + ll %J‘sw
ZnET110.36v
B \L§120kQ 40kQ
i2

R. = 30]|60 + 120|140 = 20 + 30 = 50k

10
T= (3 X 10—9> (50,000) = 166.67 yus; = 6000
v = 110.36¢ 00000 ~200ke)

0.(300 ps) = 110.36e~6000110048) — 60 57V

60.57

(300 s) = —2 — 121 mA

(300 15) = 25500 o

60 2 40 1

T gp T3 T 60 T 4"
2 1 5. 5

Ggw = 11 — lp = Slo = Jio= 5o = E(1.21 x 107%) = 0.50mA

P77 0<t<2bms:

500¢2
Ayl

20V{F) v

7= RC = (500)(8 x 107%) = 4 ms; 1/7 = 250

1,(0) =0V; Vo(00) = =20V
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7—66 CHAPTER 7. Response of First-Order RL and RC' Circuits

v, = —20 + 20720V 0<t<25ms

2.5ms < t:
50062
Ay
207 (E) TEHE 20 {(1)25ma
t — oc:
% Ay &
50002 4+ 2k@
20V, v os) ys0v
-0V
) = ——— = —28 mA
T 95K0 Sm

V,(00) = (=28 x 107%)(2000) + 50 = —6V
0,(0.0025) = —20 + 20e "% = —9.29V

Vo = —6 + (—9.29 + 6)e(t70-0025)/7

R = 2000]1500 = 400 Q)

7 = (400)(8 x 107%) = 3.2ms; 1/ =312.5
Vo = —6 — 3.20¢ 312500025 9 5mg <t

P 7.78 Note that for t > 0, v, = (10/15)v., where v, is the voltage across the 25 nF
capacitor. Thus we will find v, first.

t<0
S5k S5k
Ay Ay L g
+
10v() v,  E30k0
30
ve.(0) = @(10) =75V
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Problems 767

0<t<0.2ms:

Sk
Ay
+
10kQE 250F Ty (0) 30kQ

7=R.C,  R.=15000]30,000 = 10k

1
7= (10 x 10*)(25 x 107?) = 0.25ms, — = 4000
T

Ve = 7.56_4OOOtV, t>0
v.(0.2ms) = 7.5¢ 7% = 3.37V

0.2ms <t < 0.8ms:
S5k

10kQ s

1

7= (15 x 10*)(2.5 x 1077) = 375 s, — = 2666.67
T

Ve = 3.376—2666.67(t—200><10*6) \V

0.8ms <t <:

5kl
Ay

10kQE 2onFT 30k0

1
7 =0.25ms, — = 4000
T

06(0.8 ms) = 3.37¢2060.67(800-200)107¢ _ 3 37,-1.6 — () 68V
Ve = 0.686—4000(t—0.8><10*3) \V
ve(1ms) = 0.68¢ 10000108107 — ( 6808 — (.306 V

v, = (10/15)(0.306) = 0.204 V
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7—68 CHAPTER 7. Response of First-Order RL and RC' Circuits

1
P 779 w(0)= 5(25 x 1077)(7.5)* = 703.125nJ
0 <1t <200 ps:

Ve = 7.5e1000% v? = 56.25¢ 300

p3ox = 1.875e7890% mW

200x10—6
I / 1.875 x 10380001 g
0

—8000t 200x10~6

—8000 |o
= —234.375 x 107 ("% — 1) = 187.1nJ

=1.875 x 1073

0.8ms < t:

Ve = 0.68¢—4000(t-0.8x10~%) \ vf — (.46 —8000(t-0.8x107%)

D30k = 15.33¢—8000(t=0.8x107%) W

Wsok = / T 15.33 x 1070800000810 gy
0.8x1073

—8000(t—0.8x1073) |00

—8000 0.8x10—3
=-1.9%x1077(0—-1)=19nJ

= 15.33 x 107

wsox = 187.1 + 1.9 = 189nJ

189
= 100) = 26.
% 703.125( 00) = 26.88%
P7.80 t<O0:
A o
3.3k +
sma () $ 1kO V(D7)

v.(07) = —(5)(1000) x 107* = =5V = v,(0T)
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Problems 7-69

0<t<5Hs:
av T 100uF
+
T = 00; 1/7 =0; Vo= —be ' = -5V
s <t < oo:
+

7 = (100)(0.1) = 105; 1/7=01;, v,=—be =3V
Summary:
Vo= —5V, 0<t<5bs
V, = —5e0-1(t=5) V, hs <t < oo
P 7.81 [a] i,(0) =0; io(00) = 50mA
%:%:%xw‘”’:m,ooo
io = (50 — 50e 000y mA | 0<t<25us
Vo = 0.075% = 150e 10,000ty 0<t<25us
25 us < t:
i0(254s) = 50 — 50! = 31.6 mA; io(00) =0

i = 31‘66—40,000(t—25><10*6) mA

v = 0.075222 = g4 g9c~10.000(-2505)
dt
t<0: v, = 0
0<t<25us: v, = 150e 40000ty
25pus <'t: vy = —94.8240.000(t=25us)\/
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770 CHAPTER 7. Response of First-Order RL and RC' Circuits

[b] v,(25~ us) = 150e™ = 55.18 V

V(25T us) = —94.82V

[c] 0(25" us) = i,(25% us) = 31.6 mA

P782 [a] 0<t<25ms

v,(07) =80V; vo(00) =0
L
= _ = 2ms: 1/7 =500
T=5% ms; /T

V,(t) = 80e 70V,

0" <t<25 ms

0,(2.5” ms) = 80e 1** =22.92V

i(2.57 ms) =

20

(80 — 22.92)

=285A

0o(2.57 ms) = —20(2.85) = —57.08V

Vo(00)

0; T = 21ms;

1/7 = 500

vy = —H7.08e000(t=0:0025) /4 > 9 5+ g

[b]

vo (%)

Gl
&0
40
20

20
-40
60

[c] vo(bms) = —16.35V

+16.35
o = = 817. A
7 50 817.68 m
P 783 [a] t<O0; v, =0
0 <t <25us:

t (ms)

7= (4000)(50 x 107°) = 0.2ms;  1/7 = 5000

v = 10 — 10e 70 V|

STUDENTS-HUB.com
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Problems 771

0,(25us) = 10(1 — e %1%) = 1.175V

25 pus <t < 50 ps:

Vo = —10 4 11.175750000=25x107) 7 95 16 < ¢ < 50 s
0,(50 ps) = —10 + 11.175e %1% = —(0.138 V

t > 50 ps:
vy = —0.138¢P000(t=50x107) 7 4 > 50 /g

[b]
Vg (V]
2 -
1.5 1
1 -
05
t (us)
o : ~ :
1] 25 30 75
05
_1 -
1.5
_2 -
[c] t<0: U, =0
0<t<25us:

7= (800)(50 x 107?) =40pus 1/7 = 25,000
Uy = 10 — 10e 250000y, 0<t<25us
0,(25 pus) = 10 — 10e7%6% = 4,65V

25 pus <t < 50 ps:
vy = —10 + 14.65¢23000(=25x10"%) /= 95 )5 < ¢ < 50 s

0,(50 ps) = —10 + 14.65¢ %% = 2,16V

t > 50 ps:

v, = _2_166—25,000(t—50x10*6) V, t>50us
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72 CHAPTER 7. Response of First-Order RL and RC' Circuits

=
o
—

=

R T T = T S |
[ S T R T T R R

P784 [a] 0<t<1lms:
0(07) =0;  we(o0) =50V;
RC = 400 x 10*(0.01 x 107%) = 4ms; 1/RC = 250
v, = 50 — 50e 2"
Vo = 50 — 50 + 502" = 50"V, 0<t<lms
Ims <t < o0o:
v.(1ms) = 50 — 50 "% = 11.06 V
Ve(00) =0V
T = 4ms; 1/7 =250
I 11.066_250(t_0'001) \V4
Vp = —Vp = —11.06¢250(t—0.001) vV, t > 1ms
[b]
a0

40
30

< 20
2 10

0a 1.5 2
-10

-20
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Problems 773

P 7.85
Sy ZKO
+ t Ve - 2xlﬂ_3v¢
Vo \|/ 4k
vr = 200067 + 4000(i — 2 x 1073v,) = 6000i7 — Sv,
— 60007 — 8(2000i7)
YT _ 10,000
ir
-10kC2
25m2A, 10K
10
- — lms;  1/7 = —1000
"= 210,000 s /T

i = 2519900 m A

In 200
251909 5 1073 = b5; t= =53
© ’ 1000 e
P 7.86 [a]
(ip+Pig) .
4x0
— - e
i Pis +
212 k0 vy
L J
Using Ohm’s law,
vr = 40007,

Using current division,

12,000

' = 12,000 + 4000

(ir + Biy) = 0.75i7 + 0.758i,
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74 CHAPTER 7. Response of First-Order RL and RC' Circuits

Solve for i,:

ir(1 = 0.758) = 0.75ir

0.751p , 30007
g = — T = 4000, = —— T _
“=1-0mg T T 1 0.756)
Find ( such that Rp, = —4k€:
v 3000
Rty = — = ————=— = —4000
T T 1-0.758
1-0756=-075 ... =233
[b] Find VTh;
4102
W .
ige 2.331i5 +
30y 212k0 Vo,

Write a KCL equation at the top node:

4000 12,000
The constraint equation is:
P (Vi — 30)

7 4000

Solving,

Vi =40V

— 2331, =0

-4k02
Ay

—>i
40V} E 80mH

Write a KVL equation around the loop:
di
40 = —40007 4+ 0.08—
7+ 7

Rearranging:

di

d_; = 500 + 50,0007 = 25,000(7 + 0.01)

Separate the variables and integrate to find ¢;
di

1+ 0.01

= 50,000 dt
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Problems 775

~ Y 500004
/0 7+ 0.01 /0 R

i = —10 4 1072900t | A

p
= = (10 107)(50,000)¢™ %% = 50067
Solve for the arc time:
d.
v = 0.08d—z — 40500000 — 30,000; 50000 — 750
In 750
- — 1324
50,000 — Lo2AHS
P7.87 t>0:
iT g0k
. - A
* lZXqui
o
v 220kQ ﬂ\
T i&

vr = 12 x 10%A + 16 x 10%ip

. 20 . .
IAN = —EZT = —0.2ZT

vpr = =24 x 1037 + 16 x 10%ip

7=RC = (-8x10*)(25x107% = -0.02 1/7 = —50
Ve = 207 V; 20e°% = 20,000
50t =1n1000 .. ¢t =138.16ms

P 7.88 Find the Thévenin equivalent with respect to the terminals of the capacitor.
Ry, calculation:

1k
. Ay
4i, +
2KQE W, J/ 4k0
_ ia
. T vT T
_ _4
"= 5000 T 5000 ~ 5000
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776 CHAPTER 7. Response of First-Order RL and RC' Circuits

ir  54+2-8 1
vp 10,000 10,000
vr_ 10000 ok
1T 1

Open circuit voltage calculation:

1k0
*-—n
ai, *
2kQ§ V. J/§4}CQ v, @\)51’&3
_ ia _
The node voltage equations:
Voc Voc — VU1 .
—4in =0
2000 ~ 1000 A
V1 — Voc U1 -3
—5x107° =0
1000 2000 >~

The constraint equation:

4000

A

Solving, v, = =80V, wv; = —-60V

-10kE
Ay

1.6pF= "¢ G g0v

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

1
= —62.5

7= RC = (—10,000)(1.6 x 107°) = —16ms; -
-

Ve = 0(00) + [16(0T) — ve(00)]e™™ = —80 + 80e52°t = 14,400
Solve for the time of the maximum voltage rating:

525 = 181; 62.5¢t = In 181; t = 83.09ms
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Problems 77

P 7.89 [a]

+ +

Z1F Tsw v, $25k0

7= (25)(2) x 107® = 50ms; 1/7 =20
v:(07) =80 V; ve(00) =0
v, = 80e 2V

In16
80e~2% — 5. 20t — 16, t = I;—O = 138.63ms

[b] 0+ < ¢ < 138.63" ms:

i =(2x107°)(—1600e7") = —3.2¢7*" mA

t > 138.63" ms:
4l

LY
+ + i
5V ZUF T v, ﬁ)a 0v
_ _
7=(2)(4) x 107% = 8ms; 1/7 =125
1:(138.637 ms) =5V, v.(00) =80V
v, = 80 — THe~125(t=0-13863) 7 t > 138.63ms

i =2x 10—6 (9375)6—125(16—0.13863)
= 18.75¢ 12013863 ;A - ¢ > 138.63" ms
[c] 80 — 75e~12A" = (0.85(80) = 68
80 — 68 = THhe 1294t = 12

B In6.25
125

e12PAt — 6.25; At >~ 14.66 ms

1 t 4
P 7.90 0:——/ Ade+0=——
Y T R05x109) o T T Ros x 109)
—4(15x107)
R(0.5 x 10-6)
—4(15 x 107%)

R_

_ = 12kQ
—10(0.5 x 10-9)
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778 CHAPTER 7. Response of First-Order RL and RC' Circuits

—4t —4(40 x 10793)
P791 v,=—————+6= 6=—10
Y= RO05x106) ° T RO5x106) ©
_ -3
R 4(40 x 107%) o0k
—16(0.5 x 10-9)
1
P 7.92 RC = (80 x 10*)(250 x 107Y) = 20 ms; g =0
[a] £<0: v, =0
[b] 0<t<2s:

Vo = —50 /Oto.075 dr = —3.75t V
[c] 2s <t <4s;

o(2) = —3.75(2) = 7.5V

vo(t) = =50 /: —0.075dx — 7.5 = 3.75(t — 2) — 7.5 = 3.75¢ — 15V
[d] t>4s:

vo(4) =15 - 15=0V

V(1) =0V

Vg (V)
1] T T T

-1 A

P 7.93 Write a KCL equation at the inverting input to the op amp, where the voltage
is O:

d

0— 00—,
Ug‘l— Y —I—Of%

R; R;

(O_UO):O
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Problems 779

dv, 1 Vg

& T’ T TRG

Note that this first-order differential equation is in the same form as Eq. 7.50
if I, = —vy/R;. Therefore, its solution is the same as Eq. 7.51:

vy = —Uelly + (Vo _ ﬂ) et/ RiCy

R; R;
[a] v, =0, t<0
1
b] R;Cs = (4 x 10°)(250 x 107%) = 1; — =1
[b] R;Cy = (4 x 10°)(250 x ) =1 R0,
—v, Ry —(0.075)(4 x 10°)
R, 80,000 =37
Vo =1v,(0) =0

v, =—3.75+ (04 3.75)e " = =3.75(1 —e™) V, 0<t<2s
1

— =1
[c] R,C;
—v, Ry —(—0.075)(4 x 10°)
R, 80,000 =37

V, =1,(2) = =3.75(1 —e™ %) = —3.24V
Vo = 3.75 + [—3.24 — 3.75)e (=2

=375 —6.99¢ "2V, 25 <t <4s

1

d — =1
[d] R0,

—vg Ry .

R,

V, = v,(4) = 3.75 — 6.99¢ 2 = 2.8V

Vo =04 (28 —0)e ™ =28"HV  4s<t

0

with feedback resistor

without feedback resistor
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7-80 CHAPTER 7. Response of First-Order RL and RC' Circuits

- 1
P 794 [a] Oj:p + Up va =0; therefore % + "ol = ;—g
'Un - 'Ua d('Un - 'UO)
C =0:
T ’
therefore v, _ dva + n Y
dt dt RC RC
But v, =1,
dv ) dv ) Uy,
Theref Zny no_ 2Py P D
erefore o "Re =~ @ TRC T RC
dv, 1

1t d
it LN el AUSL

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

[c] v, = Rl—c/ot(vb — V,) dx

RC = (50 x 10*)(10 x 107?) = 0.5ms

Therefore

Vp — Uy = —20mV
1

0.0005

_50tsat = —6, tsat = 120ms

Vo

t
/ _95 x 10 3dz = —50¢
0

P 7.95 Use voltage division to find the voltage at the non-inverting terminal:

80
Up = m(—élg)) =-36V = Un,

Write a KCL equation at the inverting terminal:

—36— 14 d
4+ 25x107%—=(=36—1v,) =0
0000 pml o)
55 x 1069 _ =
dt 80,000

Separate the variables and integrate:

dv,

— 250 . duy = —250dt
dt
'Uo(t) t
/() dr = —250/ dy 7. wo(t) — vo(0) = —250¢
Vo (0 0
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Problems 7-81

0,(0) = —36 + 56 = 20V
0(t) = =250t + 20

Find the time when the voltage reaches 0:

20
= -2 20 . t=-—=280
0 50t + 550 ms
1
P 7.96 [a] RC = (1000)(800 x 107'%) = 800 x 107 70 = 1,250,000
0<t< 1us:
vy = 2 x 10

t
0o = —1.25 x 106/ 92 x 1052 dz + 0
0

2

T t
= —25x 10"2=—
T

= —125 x 101°¢*V, 0<t<1ps
0

vo(1pus) = —125 x 10°(1 x 107%)? = —1.25V

Tps <t < 3ps:

vy =4—2x10%
t
Vo = —125 x 104/ (4 -2 x 10%) dz — 1.25
1x10-6
t 2
2% 1005
1x10—6 1x10—6

= —5x 10% + 5+ 125 x 10'°%¢2 — 1.25 — 1.25
=125 x 10"°t* = 5 x 10°¢ + 2.5V, 1us <t <3us

V(3 us) =125 x 10'°(3 x 107%)? — 5 x 10°(3 x 107°%) + 2.5

t

—125 x 10* [4:,:

] —1.25

=—-1.25
Sus <t < 4us:

vy = —8+2 x 10%
t

Vo = —125 x 104/ (—8+2 x 10%) dz — 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, 3pus <t <4ps

vo(4ps) = —125 x 10*°(4 x 107%)2 +107(4 x 107%) — 20 = 0

t

—125 x 10* [—89: ] —1.25
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7-82 CHAPTER 7. Response of First-Order RL and RC' Circuits

[b]

"oc(]“"") t{us)

-0.5
-1
-1.5
2

-2.5 1

-3 -

[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 ¢ = 4 us as it
was at t = 0, thus as v, repeats itself, so will v,.

P 7.97 [a] T3 is normally ON since its base current ipg is greater than zero, i.e.,
ir2 = Voo /R when T5 is ON. When T3 is ON, veep = 0, therefore 4, = 0.
When i,y = 0, T} is OFF. When T} is OFF and T3 is ON, the capacitor C'
is charged to Voo, 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, vpe2 is changed to —Veoe and Th snaps
OFF. The instant T turns OFF, veee jumps to Voo Ry /(Ry + Ry) and iy,
jumps to Voo /(Ry + Ry), which turns 77 ON.

[c] As soon as T; turns ON, the charge on C' starts to reverse polarity. Since
Upe2 1S the same as the voltage across C, it starts to increase from —Vg¢
toward +Vgeo. However, Ty turns ON as soon as vpe2 = 0. The equation
for Upes 18 Vper = Voo — 2Voce ' EC s = 0 when ¢t = RC' In 2, therefore
T, stays OFF for RC' In 2 seconds.

P 798 [a] Fort <0, vee2 = 0. When the switch is momentarily closed, vee2 jumps to

Veeo > 6(5)
e = S EE—— R - — = 12V
Vee (R1 YR 95

T, remains open for (23,083)(250) x 1072 In2 = 4 us.
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Problems 7-83

1.4
1.2

0.8 1
0.6 4
0.4 4
0.2 4

O rTrrTrrrrrTrrrrTrrrrTrrr TTrTT T TT T T T T T T TT T T T T TT T T T

0 2 4 B 8 10
t{us)

Vee2(V)

v
[b] ipy = % = 259.93uA,  —5<t<Opus
Ipe = 0, 0<t< RCIn2

@ + @6—@—30 In2)/Ri.C

by = 7 e
= 259.93 + 300e0-2X10°(=4x107%) A RC'In2 < ¢

600
500
E400—
=200 |
100

0 T T T T T T T T T T T T T

0 2 4 5 8 10

t{us)

P 7.99 [a] While T, has been ON, (5 is charged to V¢, positive on the left terminal.
At the instant 7T} turns ON the capacitor C5 is connected across by — eo,
thus vpe2 = —Vee. This negative voltage snaps T OFF. Now the polarity
of the voltage on C5 starts to reverse, that is, the right-hand terminal of
Cs starts to charge toward +Vee. At the same time, C is charging
toward Vge, positive on the right. At the instant the charge on Cs
reaches zero, vpes is zero, Ty turns ON. This makes vp,e; = —Vee and T}
snaps OFF. Now the capacitors €'y and Cs start to charge with the
polarities to turn 77 ON and 7> 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 T is governed by the following
circuit:
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-84 CHAPTER 7. Response of First-Order RL and RC' Circuits

+ RZ;

e —,
- |:2 T Vcc V1:1&2
+ B —

It follows that vpe = Voo — 2Voce H/H2C2,
[b] While T3 is OFF and T is ON, the output voltage vceo is the same as the
voltage across C7, thus

+ RL;

Vee e,

It follows that vees = Voo — Voce /1t

[c] T, will be OFF until vp,e reaches zero. As soon as vpes is zero, ipy will
become positive and turn 75 ON. vpee = 0 when Voo — Weoe t/FCo

or when t = RyC5 In 2.
[d] When ¢ = RyC5 In2, we have

=0,

[e] Before T turns ON, 4, is zero. At the instant 77 turns ON, we have

. VCC VCC —t/R1,C1
= ——+—5—¢
Ry Ry,

[f] At the instant 75 turns back ON, t = RoC5 In2; therefore

; Vee . Vee o102 o Vee
bl = ——+ —— = —
Ry Ry, Ry
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Problems 7-85

o

T QFF T G T QOFF

[h]

t \
i
.

" |

‘ etc.
T2 OFF TZON TZOFF t

[a] torrz = RaCs In2 =18 x 10*(2 x 107%) In2 = 25 us
[b] tone = R1Cy In2 =25 us
[c] torr = R1Cy In2 =25 us
[d] ton1 = R2Co In2 =25 us

. 9 9
[e] b1 = §+E—35mA
- 9 9 —61112 ~Y
[f] b1 = " t3e >~ ().5469 m A

[g] Veor =9 — 97012 2 886V

[a] topre = RoCy In2 = (18 x 10°)(2.8 x 1077) In2 = 35 us
[b] tONg = R101 In2 = 374,US
[C] tOFFl = R101 In2 =374 HUS
[d] tONl = RQCQ In2 =35 US
[e] 'ébl = 3.5mA
9
[f] b1 = 53 —56In2 > ) 562 mA
[g] Veer =9 — 9702 2881V

Note in this circuit T3 is OFF 35 us and ON 37.4 us of every cycle,
whereas 77 is ON 35 us and OFF 37.4 us every cycle.

If R1 = R2 = 50RL = 100 kQ, then

48 x 10~5 36 x 10-°
Oy = —22 0 60249pF: Ch= —— 2" 519.37pF
17700 x 103 In2 P 27700 x 103 In2 P
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7-86 CHAPTER 7. Response of First-Order RL and RC' Circuits

If Rl = R2 = GRL =12 kQ, then

48 x 10~ 36 x 10~
=27 _57nF: Cy=
12 x 10° In2 e 2T 19 % 10° In2

Therefore 692.49pF < 7 <5.77nF and 519.37pF < (3 <4.33nF

Ch = 4.33nF

P 7.103 [a] 0<¢<0.5:

21 30 21
i:@—l— (@—@> e T where 7 = L/R.

i =0.35 4 0.15¢60/L
i(0.5) = 0.35 + 0.15e 3L = 0.40

30
30k = 3 L=-"=2731H
In3
[b] 0 <t <t,, where t, is the time the relay releases:
i=0+ (% — 0) e e (s

0.4 = 0.5¢700 /L, 00 /L — 1 95
, _ 2731125
" 60
P 7.104 From the Practical Perspective,

= (0.10s

’Uc(t) =0.75Vs = Vs(l - €_t/RC)
0.25 = e YRC g0 t=—RCIn0.25

In the above equation, ¢ is the number of seconds it takes to charge the
capacitor to 0.75Vs, so it is a period. We want to calculate the heart rate,
which is a frequency in beats per minute, so H = 60/t. Thus,

60

H=—__ —
—RC'1In0.25

P 7.105 In this problem, V,,,. = 0.6Vs, so the equation for heart rate in beats per
minute is

B 60

 —RCIn0.4

Given R = 150k(2 and C' = 6 uF,

60
H= = 72.76
—(150,000)(6 x 10-6)1n0.4

H

Therefore, the heart rate is about 73 beats per minute.
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Problems 7-87

P 7.106 From the Practical Perspective,
’Uc(t) = Vmam = Vs(l — €_t/RC)

Solve this equation for the resistance R:

Vmam _ _ Vmam
TSzl—fit/RC SO €t/RC:1—TS
—t Vmam
Th —=In(1-
S o B ( Vs )
—t
R pu—
vV
C1 (1 o mam)
n VS

In the above equation, t is the time it takes to charge the capacitor to a
voltage of V... But t and the heart rate H are related as follows:

g
t
Therefore,
—60
R= v
HC (1 _ m)
n VS

P 7.107 From Problem 7.106,

60
HCIn (1 _

R:

Vmam )
S

Note that from the problem statement,

Vmam
= 0.68
Vs
Therefore,
R = —60 = 301kQ

(70)(2.5 x 10-6) In (1 — 0.68)
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