/

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
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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 +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 puF — 40 k€2 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 /™ = 4e7 V0 =471tV ¢t >0

v1(t) = v (07)e /™ = 8e /00 = 8=tV ¢ >

Finally,

v,(t) = vi(t) + vs(t) = [8e™ ! + 471V, 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) = 8¢~ 2(0:06) =~ 1 79V, v5(60 ms)
w;(60ms) = LCvi(60ms) = 1(1 x 107%)(1.79)?
w5(60ms) = 3Cv2(60ms) = (5 x 1079)(2.20)?
w(60ms) = 1.59 + 12.05 = 13.64 puJ
Find the initial energy from the initial voltage:
w(0) = wi(0) + w2(0) = (1 x 1076)(8)% + (5 x 107)(4)2 =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 pJ

=02mA, vs(07) =4V,  0,(07) =8V

4e7100006) == 9220V
1.59 puJ
12.05

e R !

% dissipated = (58.36 x 1076/72 x 107)(100) = 81.05 %
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AP 7.5 [a] Use the circuit at ¢ < 0, shown below, to calculate the initial current in the
inductor:

24v(* 5

if07)

i(07)=24/2=12A =i(0")
Note that i(0~) = i(0™") because the current in an inductor is continuous.

[b] Use the circuit at t = 0™, 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 £100 (Dea
128l -

Z00mH

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:

I 100 Don

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)
dt

v(t) =L = (200 x 107%)(=50)(20e ") = —200e """V, ¢t > 0"
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AP 7.6 [a]

'y L
+ BkD + 40k é}
0.254F L A§ 160K0 ‘ 75V

From Example 7.6,

Vo(t) = —60 + 90e 1"V

Write a KVL equation at the top node and use it to find the relationship
between v, and v4:

V4 — Uy N v+ 75
=0
8000 + 160,000 * 40,000

2004 — 200, +v4 +4v4 +300=0
25v4 = 20v, — 300
va4 = 0.8y, — 12

Use the above equation for v4 in terms of v, to find the expression for v 4:

va(t) = 0.8(—60 + 90e™1%%) — 12 = —60 + 721V, t>0"

[b] ¢ > 0", since there is no requirement that the voltage be continuous in a resistor.

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

across the capacitor:

B0ke2
Ay
i

+

10malt) 40kQE v(0-) £25k0

, <4O><103
7 =

v.(07) = (3.2 x 107%)(25 x 10*) =80V so w.(07) =80V
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Now use the next circuit, valid for 0 < ¢ < 10 ms, to calculate v.(t) for that
interval:

BOke
* Py

25k0E IUF T v

L
For 0 <t <100ms:
7= RC = (25 x 10°)(1 x 107%) = 25ms

Ve(t) = 1, (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 WFFv 2100KQ

[

For ¢t > 10ms:
Req = 25kQ2||100k2 = 20k2

T = ReqC = (20 x 10°)(1 x 107%) = 0.02s
Therefore v.(t) = v.(0.017)e(t=00D/™ = 53 350000y +>0.01s

[c] To calculate the energy dissipated in the 25 k2 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
Wask = / 25,000 + /001 25,000

[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
%100ke = ./0.01 100,000

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¢ resistor.

Check:  Wsorea = (1/2)(1 x 1079)(80)? = 3.2mJ
Weigs = 2.91 + 0.29 = 3.2m]J

dt =2.91m]

dt =0.29m]
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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 2.
Prior to switch a closing at ¢t = 0, there are no sources connected to the
inductor; thus, ¢(0~) = 0.
At the instant A is closed, i(07) = 0.
For 0 <t <1s,

10v(® INE +

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 €2
resistor is

=3.8A

' = 3.8) =3A

ie0) = 3559

The resistance seen by the inductor is calculated to find the time constant:
L 2

0.8 + (23) =R =3 S

Therefore,

i =i(00) 4 [i(0F) —i(c0)]e /" =3—-3etA, 0<t<l1s
For part (b) we need the value of i(t) att = 1s:

i(1) =3 —3e~ ! =1.896 A

[b] Fort >1s

O}

\l/ 30  60%

i

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

9
i=576%
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The equivalent resistance seen by the inductor is used to calculate the time
constant:

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

2.5

=

Therefore,
i = i(o0) + [i(17) —i(o0)e” 7D/
= 4.8+ 6.696e "PEVA t>15

AP79 0<t<32ms:

0.ZpF
40k 160k0Q 10w
Ay Ay Rk
—
—1D‘Jé : *
L -15v Yo
v v
1 32x1073 p 1 32x1073 1 5
= —10dt +0 = ————(—10¢ = —— (=320 x 10~
Y= T Re; /0 * re, 10D R, (7320107
RCy = (200 x 10°)(0.2x 107%) =40 x 107® so —— =25
RC;
v, = —25(—320 x 107%) =8V
t > 32 ms:
0.2pF
ooke2 160k 0%
Ay Ay Rk
—
5vé R *
i 15V Ya
v v
! /t 5dy + 8 L 5| 48 St —32% 107 4 8
’UO = - = — = - —
RCy J32x10-3 Y RC; Y |sam105 RC
RC} = (250 x 10*)(0.2 x 107%) =50 x 107 so 20

RC;
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v, = —20(5)(t — 32 x 107%) + 8 = —100¢ + 11.2

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

AP 7.10 [a] Use RC circuit analysis to determine the expression for the voltage at the
non-inverting input:
v, =Vi+ [V, = Ve ™ = =24 (0 +2)e /"
7 = (160 x 10%)(10 x 107?) = 107; 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, = Svu, = —10 + 10e~ 5%t v
The output will saturate at the negative power supply value:
—10+10e %% = —5; 9" =1/2; t=1n2/625=1.11ms

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

v =Vi+ Vo Vi]e ™ = =2+ (142)e % = —24 3¢V
The analysis for v, is the same as in part (a):

vy = bu, = —10 4 157"V

The output will saturate at the negative power supply value:

—10 + 15e %% = —5; e 9" =1/3; t=1In3/625=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.
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P72  [a] i(0) =60V/(10Q+5Q) =4A
L 4
[b] T—§—745+5—80ms

[e] i =4 /0% =de™ A £2>0

v = —45i = —180e 125tV t>0"

.
vy = Ld—i = (4)(—12.5)(4e7 127 = —200e 127tV ¢ > 0*

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

—25x |t

= 28.8 — 28.8¢ 2]

t
- / 720625 dx — 720
0 — 5 0

Waiss(40 ms) = 28.8 — 28.8¢ ™ = 18.205]
1

w(0) = 5(4)(4)2 =32J
18.2
% dissipated = 83205(100) = 56.89%

P73 [a] i,(07) =0 since the switch is open for ¢ < 0.
[b] For ¢t = 0~ the circuit is:
ig
s

1003 4003 2000

12v? 21200

120 Q2|60 © = 402

. 12
VA g
10+ 40

120

=0.24A = 240mA
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[c] Fort = 0" the circuit is:
i, —i,
e

A, A
100} 400) 2000 4

12v? 21200 v {0+ (1)160nA

120 Q][40 Q = 30 Q2

, 12

1, =

710+ 30
120

o = | —= = 225mA
la <160)300 om

io(07) = 225 — 160 = 65 mA

= 0.30 A = 300 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
[g] 7 7 50 5 ms; - 00

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] vr(t) =0+ (—=3.2 —0)e 2 = —3.2e720 v, t>0"
0 i, =iy — iy = 225 — 160e 2% mA, t>0"
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P7.21 [a] vi(07)=v,(0%) =40V v2(0%) =0
Ceq = (1)(4)/5 = 0.8 uF
25k}
Ay
+ N
D.8BLF T 40V
3 —6 1
7 = (25 % 10%)(0.8 x 107°) = 20ms; — =50
-
: 40 sor —50¢ +
= = 1. A >
"= 95,000 Ge " mA, 20
25k
Ay
+  ——i 4 |
WET v, v, quuf'
-1

t
v / 1.6 x 1073759 gy + 40 = 32¢5% 48V, >0
0

T 106

1 t
— 1. 1 -3 _—50x - —50t AV >
Vg 4X106/0 6 x 10~ e dx +0 Qe + 8V, t>0

[b] w(0) = ;(10—6)(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):

Waiss = ;(0.8 x 107%)(40)* = 640 pJ.

Check:  Wirapped + Waiss = 160 + 640 = 800 pJ; 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. = 3Kk[|(2.4k + 3.6k) = 3k||6k = 2k
1

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

v=20(0)e"T =59.4¢710%V ¢t >0
v

0= 5y = 99 mA, £ >07F
T 24k+36k 0 T e
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[b] w(0) = ;(0.5 x 1079)(59.4)% = 882.09 uJ

59.4671000t
g = ———— = 19.8¢ 7" mA
= T3000 ©m

pax = [(19.8 x 107%)e19%%2(3000) = 1.176e¢ 200

—2000z |500x10~6 1.176
w3k<500 us) =1.176

(e7t —1)=371.72 )

22000 o ~ 22000
371.72
- 100 = 42.14
%= 38200 < %
P733 [a] t <0 g0
£16Q  (1)5A
ZL((]*) = —-5A
t>0
40 4mH 1a02
i, — o
+ v, -
40D v (Deov
40 — 80
' — — _92A
1(00) = 415
L _4x107 o0 L _ 5000
TTRT 1x16 HS - 7

i, = ip(00) + [i,(07) — i (c0)]e™"
= =24 (=5 +2)e” = 2 -3 A >0

v, = 160y + 80 = 16(—2 — 3779 480 = 48 — 4800 v, t>0"
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i
[b] v = L= = 4 x 107}(=5000)[~3¢~"™] = 60e "™V, ¢ >0

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

Check: att = 0T the circuit is:

40 52 1602
+ v (0+) -
40v{) v (0+) (80V

v (07) =40+ (5A)(4Q) =60V,  1,(0") =80 — (16Q)(5A) =0V

P734 J[a] t<O 100
Ay

+

50T  BQE v.E 400

ié[l-}l

KVL equation at the top node:

Vo Uy Uy
0=—+—+—

8 i 40 * 10
Multiply by 40 and solve:
2000 = (5+ 1+ 4)v,; v, =200V

i,(07) = 22 = 200/10 = 20 A
10
t>0 1200 100
A A
+
ao00vey v E 400 40mH

- i
a

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



Problems

The simplified circuit is:

400
Ay
200V 40mH
iD
L 40x1073 1
T 7 m ms; = 000
200
o(00) === =5A
i0(00) 0
io = io(00) + [i,(07) — iO(OO)]e_t/T
=54 (20 — 5)e 10 =5 + 15710 A t>0
di,
b o = 10i,+ L—
[b] v to+ Ly
= 10(5 + 15¢71099%) 1 0.04(—1000) (15¢~1000%)
= 50 + 150e 100 — GO0~ 1000
v, = 50— 450e 1000V, t>0"

P 7.35 After making a Thévenin equivalent we have

t=0
icgt]l
Ay Ay
50 150 . |
S50V v t) tl6nH
For ¢ < 0, the 15 (2 resistor is bypassed:
i,(07) =i,(07) =50/5 =10 A
L 16x1073 1
TTRT 41 07T
V 50
i(c0) = =_——=20A

7-17
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o = 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, = L(TZt = 16 x 1073(—1250)(7.5¢1%%) = —150¢"1290y, ¢ > 0F

P7.47 Fort<O0

i My
10k ] 4k(]

aovi’ 400 (UEma £ 24kD

Simplify the circuit:

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

SmA x 6k =30V

Thus, fort < 0

30 30V T 0.05,F

0,(07) = v,(07) =30V

t>0

Bma(] £10KOE40k0  (Dzma £ 24k0 <005

Simplify the circuit:
8mA + 2mA = 10mA

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

Thus, fort > 0

10kE2 +
GOl - v, ]D.DENE

Vo(00) = =60V

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

-
Vo = 1o(00) + [Uo(0+) — Uo(oo)]e—t/T = —60 + [30 — (—60)}6_2000'5
= —60+90e ™V >0

P 7.48 [a] Simplify the circuit for ¢ > 0 using source transformation:

i1 Bk 20k ic
Ay Ay
+ + +
snaf) £15k0 "1§ 60KQ 0 T0.50F > (eov 0-54F7 Vo

Since there is no source connected to the capacitor for ¢ < 0

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

From the simplified circuit,

Vo(00) =60V

T=RC = (20 x 10°)(0.5 x 10°%) = 10ms  1/7 = 100

Vo = U,(00) + [U6(0F) — vy(00)]e™™ = (60 — 60e~1°%) V, t>0

dv,
dt

ie = 0.5 x 1075(—=100)(—60e %) = 3710 mA

[b] ¢ =C

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

1o = m =1- O.6€7100t mA, t> O+
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[c] i1(t) = dp +ic =1+24e ' mA ¢t >0"

[d] is(t) = ﬁ —4-24e7 A 1> 0"
[e] i1(0") =1+ 2.4 =3.4mA
Att =0":

R. = 15k||60k||8 k = 4800
v1(07) = (5 x 1072)(4800) = 24 V

, v (07 v (0"
i(07) = 6(1)(700()) + 51;(()00) =0.4m+3m=34mA (checks)

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:

0o(00) = (=5mA)(20k) = —100V

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

Vo = 1o(00) + [U6(0T) — v,(c0)]e™H"

= —100 + (30 + 100)e 2% = —100 4 130e 2"V, t>0

iy A
. —_— —
P7.70 [a] t<O: ig 4002 4062 e

a00vi £ 600

Using Ohm’s law,
800

= ————— = 12.5A

"9 40 + 60][40

Using current division,

L 60
(07) = 5o a0

(12.5) = 7.5A = i(07)



Problems

[b] 0 <t < 1ms:
Z’ — Z(0+)€_t/7— — 7.5€—t/7

L _ R _ 40+ 120]60

T L 80 x 103

i — 7.5 1000t

= 1000

i(200us) = 7.5~ 107 R00X1070) _ 7 5,02 _ ¢ 14 A

[c] i(1ms) = 7.5e~! = 2.7591 A
Ims <t < oo

. e
—1i a0

E gomH

R 40

L sox10s W

-
3 = i(l ms)e*(tflms)/T —_ 2'759167500670.001) A
Z(6ms) = 2'75916_500(0'005) = 2.75916_2'5 = 226.48 mA
[d] 0 <t < 1ms:

i = 7.5 1000¢

di

v = L% = (80 x 1073)(_1000)(7'567100%) — _§00e—1000t 7
v(17ms) = —600e ™" = —220.73V
[e] 1ms <t < oo:

i = 2.7591 P00~ 0001)

di

v = L% = (80 % 10*3)(_500)(2'5916—500@70.001))
— —110.46_500(t_0'001) AV

v(1Tms) = —110.4V

7-21



7-22 CHAPTER 7. Response of First-Order RL and RC' Circuits

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

80
’Up = m(—45) =-36V = Un,

Write a KCL equation at the inverting terminal:

_36—14 d
— 425 x 107 (=36 —v,) =
S0 T 2510 (36— v,) =0
dv —-50
2.5 x 10752 =
% dt 80,000

Separate the variables and integrate:

Wo _ 050 . du, = —250dt

dt
Uo(t) t

/() dr = —250/ dy - ) — ve(0) = —250¢
vo(0 0

0o(0) = =36+ 56 = 20V
V(1) = —250¢ + 20

Find the time when the voltage reaches 0:

20
= -2 2 = — =
0 50t + 20 t 550 80 ms

P7.90 The equation for an integrating amplifier:

1 gt
Uy = @/0 (vp, — va) dy + v,(0)
Find the values and substitute them into the equation:

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

1
e =200 v = 15— (=7) = -8V

0,(0) = —4+12 =8V

t
v0:200/ “8da 8= (—1600t +8)V, 0<t< tu
0



Problems 7-23
RC circuit analysis for vs:
v2(07) = —4V;  wy(o0) =-15V; 7= RC = (100k)(0.054) = 5ms
vy = V2(00) + [V2(07) — vy(00)]e /"

=15+ (—=4+ 152 = 15+ 11e 2V, 0<t <t

Vit =0, . Up =0, — Uy =23 — 1600t — 11e "V, 0 <t <t
Note that
1600t +8 = —20 .- t —;28—175ms
sat - .. sat — —1600 - .

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



