Electrical Science:x2021-22
Tutorial’s
Second Order Circuits

By Dr. Sanjay Vidhyadharan
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Problem 1

1.The Switch is kept at position 1 for a log time and toggled to position 2 at t=0.
R=40 Q, L =4 H, and C = 1/4 F. Calculate the characteristic roots of the circuit. Is
the circuit overdamped, underdamped, or critically damped?
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Problem 2

Find i(t) for t > 0. Assume that the circuit has reached steady state before the
switch is opened.
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Problem 2

Find i(t) for t > 0. Assume that the circuit has reached steady state before the switch is opened.

t=0 i
4Q o so I
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0.02F =V %69 +
10V J_f) - 10V<J:> V_§6Q
3Q§ QO.SH f .
(a) forz <
. 10 :
1(0)=4—+6=1A; v(0)=6i(0) =6V
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Problem 2

Find i(t) for t > 0. Assume that the circuit has reached steady state before the switch is opened.

10 122 i R \ 19 1 10
—_— o =—=2VY: a)o = —_— =
AMA ) N 7 TC
002F =V 6Q
i - s, ==9++9% 100
10V _)
39§ 0.5 H s, =—9-9°-100
i Under-damped response |s,, =—9% j4.359
—
Hence, i(t)=¢" [4,(cos4.359t) + A4,(sin4.359¢)]
+ § 90
002 F =V ]on‘ l Underdamped
) g 05 H g ::Z Overshoot /\ LO'mmand
% i T Critically damped
3 2 . Steady-state error
E. 60 Delay / Overdamped within tolerance band
(b) for ¢ > 0. § .
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Problem 2

Find i(t) for t > 0. Assume that the circuit has reached steady state before the switch is opened.

Hence,|i(t)=¢" [4,(cos4.359t) + 4,(sin4.359¢)]

A, and 4, are found using the initial conditions.

Atr=0,i0)=[1=4, 1g ‘=9 j

AV 1
di 1 N
= ——[Ri(0)—v(0)] =—64/s 0.02F ==V 6Q
7| L[ (0)—v(0)] oy J—D _
Taking the derivative of i(¢) 3Q§ 0.5 H
di

= ~9¢"'[ 4,(cos 4.359¢) + 4, (sin 4.3591)]

+ e (4.359)[< 4, (sin4.359¢) + A, (cos 4.359¢)]
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Problem 2

Find i(t) for t > 0. Assume that the circuit has reached steady state before the switch is opened.

—6=-9(4, +0)+4.359(-0+ 4,) o A
bstituting 4 =1 A
substituting 4, =1, 002F ==V 6Q
~6=-9+43594, oy @) -
3Q 05H
—[4, =0.6882

Substituting the values of 4;.and 4, yields the complete solution as,

i(t) = e [(cos2:359¢) +0.6882(sin 4.359¢)] A | for >0
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Problem 3

The switch has been closed for a sufficiently long time and then it is opened at
(see fig.11.6(a)). Find the expression for (a) v(t), (b) i(t), t>0 for L=0.5H

R=110} L
— AW —
l Lo
. —— - At 1
l'1'._|.2'|| — T 'l'_r{t}
20 C=2F | - - - i. -
Fig. 11.6(a)
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Problem 3

The switch has been closed for a sufficiently long time and then it is opened at
(see fig.11.6(a)). Find the expression for (a) v(t), (b) i(t), t>0 for L=0.5H

I-I—

V=12V

Fig. 11.6(a)

PR, A 12
i, (07)=i.(0 )=m=2/l

v.(0")=v_(07)=10volt.
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Problem 3

The switch has been closed for a sufficiently long time and then it is opened at
(see fig.11.6(a)). Find the expression for (a) v(t), (b) i.(t),t>0 for L=0.5H

R=111 L

—— AWM ——
l lut} . 12
| e (07 =4,(0) =~ =24
V=12v T~ YD
] « Cwlo-¥g v,(07)=v,(07)=10volt.
Fig. 11.6(a)
Case-1: L=05H ,R=1Q and C =2F
2
v =Ri)+ LD 4y (1) =W mrc DD VD L g
dt dt dt’

The solution of the above differential equation is given by

v.(O)=v,, (t)+v,(2)
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Problem 3

The switch has been closed for a sufficiently long time and then it is opened at
(see fig.11.6(a)). Find the expression for (a) v(t), (b) i.(t),t>0 for L=0.5 H
R=1L2 12

 AWW—T
| o (0)=4,0) =2=24
V,=12y Jf__—__ L3 ;f -3:]. v.(0")=v,(07)=10volt.
50 C=2F L ...N__
At 1=0";

Fig. 11.6(a)

Case-1: L=05H ,R=1Q and C =2F

v,()| =4, e+ A=4,+4 = 4,+A4=10

dvdft) (AI+A )eI+Alem=—(A11+A2)€_I+A1€_I
d*v (1) Rdv.(t 1
E'{ )_I__ E'( } + v (f):(} dVL_(I) :AI—A2:>A1—A2:1
dt* L dt LC ° dt |y
dv,(0°) .o dv(07)
a:i- Y - 1 (note, C Il =i (07)=i(0")=2= y =lvolt/sec.)
2L " I’
vic v.(0)=4 = A4=12
A =—1;4,=-2.
vc‘n(t):(A]f‘FAz)eaf (where a=a,=a,=-1)
v(t)=—(t+2)e" +12= 12—(1+2)e™;

dv (f) — 1 —t
VC(I):(AII+A2)€m + 4 i(t)=C——= ” 2><|:(t+2)e —e J=2><(t+l)e "
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Problem 4

The switch ‘" in the circuit of Fig. 11.7(a) was closed in position. ‘1’ sufficiently long
time and then kept in position ‘2. Find (a) v (), (b) i.(t),fort=0ifC=19F

142 1 %1 L=2H

Sl

Fig. 11.7(a)

12

ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION



Problem 4

The switch ‘" in the circuit of Fig. 11.7(a) was closed in position. ‘1’ sufficiently long
time and then kept in position ‘2. Find (a) v (), (b) i.(t),fort=0ifC=19F

192 {1 st L=2H

Fig. 11.7(a)

When the switch was in-position * 1°, the steady state current in inductor is given by

i, (0)= % =10A, v.(0)=1,(0)R =10%x2=20volt.
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Problem 4

The switch *’ is kept in position ‘2’ and corresponding circuit diagram is shown.in Fig.11.7 (b)

10 1 %1 L=2H
W —e [ o—— S —> i, (1 < it)
=0 L 1 TS ANV Ty M "a
s 2 Y s i +iuft} ‘ T
¥ R-20S Co T~ Vit L2
- = L_.:[i R=2} f‘ T \It{t}
Fig. 11.7(a) Fig. 11.7(b)

Vell) . .
eV +ig()+i (1)=0
R
R

. 2. .
Ld®, e 90O i =0 mote: v (1) = £ 4D

R dt dt2 dt
dziL(t)+ L di () |
42 RC dt LC

i, (=0 |

14

ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION



Problem 4

The switch *’ is kept in position ‘2’ and corresponding circuit diagram is shown.in Fig.11.7 (b)

=i (1) € (1) The transient or neutral solution of the homogeneous equation is given by
+ = = o= my = iL(t): Ale-l.St +Aze~3.0t
i (1) X
L=1H R=21} o vit) To determine A, and 4, , thefollowing initial conditions are used.
] -l At t=0";
. 0=, (0)=4,+4,
Fig. 11.7(b) 10= 4, + 4,
) N = v () = oy di
dziL(t) 1 di, (1) 1 . v.(0)=v (0)=v (0)=L o
7 + + 1,()=0 . .
dt RC dt LC 20=2x[ 4, x-1.5¢"*-3.0x 4,e7"
> =2[-1.5A,-3A,]=-3A,-6A,
L (LT—MLC _2+ [2)2_4%) Solving equations (11.31) and (11,32) we get, 4, = —16.66 , 4,=26.666.
_RC \\RC o2 \) 2
o = 5 = 5 =15
. - The natural response of the circuit is
1 1 9 9 4x9 80 5, 50
- - _4 LC - 2 - s _2F -L5t _ CM 308 — ~1.5¢ —3.0¢
TRe ,/[RC) / 3 ,/[2) a i = S ¢ =2666¢ " ~16.66¢
o, = = =-3.0
- 2 2
2 pdi_ 2[26.66x~1.5¢™* ~16.66x-3.0¢" |
PR S [L L dt
“ 2rc \\2rRC) LC v, (1) = v, (1) = [100 e 0. 80e'1-5‘]
1 1
2 =—atya’ —o o= e | 2= T s;.(r)—c—d":;(t) _%(—300.06-"-“‘ +120¢") = (13.33¢1% -33.33¢77")
vV t
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Problem 5

Find v(t) for t > 0 in the RLC circuit. Assume that the switch has been open for a
long time before closing.

30 Q 0.4 H [

< +

40V 50 Q 20 uF =
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Problem 5

Find v(t) for t > 0 in the RLC circuit. Assume that the switch has been open for a
long time before closing.

30 Q 0.4 H i
——

Solution: A AT

* For ¢ <0, the switch N
IS open. sov (F) =9 50Q§ 20 uF == v

* Inductor acts like a -
short circuit,

capacitor behaves 50

like an open circuit. v(0) = 30250 (40) = 25;
* The initial voltage

across the capacitor i(0) = 40 —_

is the same as the 30+50

Voltage 8.'CI’OSS the dV(O) V(O) + RI(O)

50-Q resistor. =— =0

dt RC
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Problem 5

Find v(t) for t > 0 in the RLC circuit. Assume that the switch has been open for a
long time before closing.

For ¢ > 0, the switch is 30Q, (J04H - T
VW 4115
closed. The voltage source

along with the 30-Q resistor -
vong 40\/@) t=0 N/ 509§ 20 uF ==V
is separated from the rest of ~

the circuit.

1 1
Oj: =
2RC 2x50%x20x107°

0, = =354 5., =—atrJa® —@} ==500+354

=500;

\ LC Sl = —854;52 = —146
Since a > w,, we have the vy Ry
overdamped response. v(t) = Ae +Aye
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Problem 5

Find v(t) for t > 0 in the RLC circuit. Assume that the switch has been open for a
long time before closing.

30 Q 04 H i
——

Applying intial conditions, A —— AT

v(0)=25=4, + 4, +
N =V

on differentiating, oV (@D (X >0 € § 20uF == 7

& _ —854 4" +-146 4,

dt

MO) _ ()~ _854.4 —146.4,

dt
A =-5.156; 4, =30.16 Thus, the complete solution is given as,

v(t) ==5.156e % +30.16e 'V
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