Chapter 7 ENEEZ2301 — Network Analysis 1

Assessment 7.4 5

wkF
The switch in the circuit shown has - i
been closed for a long time before e >l mie |
being opened at 7 =0. Neev i L F L sorag
Find vo(?)for ¢> 0. © | 1
Solution

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 ¢ < 0 is shown below:

i +y 07) -
Y =PV
15k 20k () +

15v(?) 40k 02 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 1s the time constant for the 5 pF — 20k subcircuit, and 7 is the time
constant for the 1 puF — 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 /™ = 4e7t/01 = 47100V 1 > ()

v1(t) = v1(07)e ™ = Re=t/004 = 8=V ¢ > ()
Finally,

Vo(t) = v1(t) + vs(t) = [8e 2 + 4e 1V, t>0

= (0.2mA, v5(07) =4V, v1(07) =8V
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Assume that the switch in the circuit shown has been in position b for a
long time, and at £ =0 it moves to position
Find: /), t>0; and V&), t>0..

Solution

Use the circuit at ¢ < 0. shown below, to calculate the initial current in

the inductor:
Ay
2(}

24v(*) 5

1(07)

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

Note that i(07) = i(07) because the current in an inductor is continuous.



Use the circuit at ¢ = 07, shown below, to calculate the voltage drop
across the inductor at 07. 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.

+

200mHe oo 2100 @A
1z2ad| -

v(0F) = —10(8 + 12) = =200V

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 £ > 0. Thus,
7= L/R = (200 x 1072 /10) = 20 ms

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 Msa




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,
'?:f — —81"-&
Now,
i(t) =ip+ [¢(0%) —ifle /™ = =8 4+ [12 — (—8)]e~t/0-02
= —8+20e %A t>0

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

di(t)
di

v(t) =L = (200 x 1077)(—=50)(20e7°%) = —200e "V, t>0"
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Problem 7.6

The switch in the circuit has
been closed a long time. At r=0
It Is opened.

Find /o(2) for £ > 0. " s
- For t <0
Solution a0 1.50) 12.450)
A, A A
i
? : z
3870 \L§ 180 \l/ 540 260
o0 1407) ifo)| 100
A A
—48
— — —(-.:4-
O SR TEITE S
i (07) = — 2 (L65) = —6A =iy (07)

I8+ 1.5



For ¢t >0

iy

1062

12.45Q

; 5H%\L ) 240 260
A0 )

;/'ig

Afy

ir(t) =ig (0F)e V7 A, t>0

L

0

_
)
R 10 +12.45 + (5426)

= 0.0125s; H = 80

T
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Problem 7.10

In the circuit ,the switch has been _— CD
closed for a long time before

opening at £= 0.

Find the value of L so that vo(?)
equals to 0.5 Vo(0+) when # =1 ms

Solution vo(t) = v,(0F)e ™

0o(01)e™107/™ = 0.50,(07)

07T — 9
L 1073
T = — —
R In 2
10 x 1073
L = 8 — 14.43mH

In 2
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Problem 7.23 il B .
The switch in the circuit has been In . e fuF e
.. . ") el
position a for a long time and v2 =0 V. H*FT )
At 1 =0, the switch is thrown to position b.
Calculate
/, viand vzfor ¢> 0+.
Solution
P 723 [a] v1(07)=v1(07) =40V v9(07) =0
Ceq = (1)(4)/5 = 0.8 uF
25k}
ra—
ﬁ\._i_
0.84F T 40V
7= (25 x 10%)(0.8 x 107°%) = 20ms; é — 50



40 .
i = - e 2% = 1.6e " mA, t >0t
25.000
25Kk{)
W
+ —Di o+
WE T v, v, T 4uF
1 gt _ .
vy = / 1.6 x 107367507 dz 1+ 40 = 32¢75% 1 8V,
10-% Jo

1 ! - 1n—3 . —50x o —5b0t O\T
Vo — m/ﬂ 1.6 x 10" "¢ dx + 0= —8e + 8V .

Answer

i(t)= 1.6e """ mA, t >0"
Vi(t)= 32 + 8V, t >0
V2(t)= —8e " + 8V, t >0
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Problem 7.30

The switch in the circuit has been In
position 1 for a long time before
moving to position 2 at £= 0.

Find 70(t) for > 0+.

=2 uF

Solution
t <0
t >0
51
o 5 1
A + - o Z
a.7k0) + T@ .
i +
15v(2) v{07) =15V 150 £ Vo
¢ .
. e R _ U )
vp = —5i, — 151, = =202, = 20ip .. Ry, = — =200




2002 wv_

15V 7

1
T = RC = 40 us: — = 25,000
T
AN
Vo = 1522000ty t >0
io= o 7572000t A 4> oF
20) ’ -

12
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Problem 7.55
Assume that the switch in the

. ,-‘h
circuit has been in position a for _ C;W_)FI‘, 0

a long time and thatat /=0 it is
moved to position b.

Find

(@) ve, t>0;

(b) 7, t> 0+.

0e(0T) =50V

Use voltage division to find the final value of voltage:

20
2045

Ve (00) (—30) = =24V



Find the Thévenin equivalent with respect to the terminals of the
capacltor:

Vi, = —24V, Ry, = 20]|5 = 4Q,
Therefore 7 = ReqC = 4(25 x 107%) = 0.1 s

The simplified circuit for £ > 0 is:

an
. Wi
1
\l/ + +
25nF=30V v, ) 23V
—24 — 50
i(07) = — —185A

14



Ve = 16(00) 4 [0.(07) — ve(00)]e™7

— 24+ [50 — (=24)]¢™T = —24 4 T4V, >0

dv,

= (25 % 1079)(=107)(74e7107) = —18.5¢ 10 A, ¢ >0
C

1= (C

15
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Problem 7.71 ' j,h{;- W— |

15A oo 0" u3s0mH 20
O oo T -

A

—

The action of the two switches in the circuit seen in is as follows.
For £< 0, switch 1 is in position a and switch 2 is open.
This state has existed for a long time.
At 1= 0, switch 1 moves instantaneously from position a to position b,
while switch 2 remains open. Ten milliseconds after switch 1 operates,
switch 2 closes, remains closed for 10 ms and
then opens.
Find vo(t) fort> 20 ms.



For t < 0:

5€2
Wy

15A(F) 2100
i(0) = 12(10) ~10A

0<t<10ms:
50

i = 10e 10 A

i(10ms) = 10e™! = 3.68A

17



[0ms <t < 20ms:

S0mH §ZDQ
(5)(20)
Req = =5~ = 10
1 R 4
T L 50 x103

i = 3.68¢80(t—0.01) A

20ms < { < o0

i(20ms) = 3.68¢780(0:0270.0L) — 7 G5

i = 1.65e7100(t=0.02) A

.UO f— L

di
dt’

L =50mH

18
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di

— —1.65 ( 100) —100(t—-0.02) _ 165€—100(t—0.02)

dt

Uo(25ms) = —8.26¢100(0:025-0.02) _

U, = (50 x 107%)(—165)e~100(=0-02)

— 8926 100(=0:02) 1 t > 20" ms

—5.013V
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