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c) Assume ideal Op-amp characteristics. Giventhat () = . Find = .
Assume thatvoltage source staysat2vfor < < ,and zerootherwise.[5]
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Solution:

As the formula for current flowing through the inductor was given in the formula sheet provided

I

\_E} —_~% 4 vdt' + i(ru {‘-;.0-
hnd 5 (07) = M (]ﬂ"’

Mark Scheme Q4 part c:

Used inductor current equation from formula sheet -> 1-mark,

Correct working of KCL/Ohm’s Law, integral function, limits and initial condition -> 3 mark
Seen -4t-10 or equivalent -> 1 mark




Op-Amp Problems

Question. Find |4, I2, Ic and Vo.
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Question. Find the value of V..

vy — 3

®







Solution to the Most Important OpAmp , RC, RL & RLC Exam

Oriented Problems

Q3: [20 marks] For the following circuit, find the range of values of V, that will keep the op-

amp operating in its linear region. Where,

VCC —_ ZOV,

[Note that the output

2kQ2

voltage of the op-amp
should remain within

VA
VWA

—VgE to +Vc voltage
range if the op-amp has
to be inits linear
region.]

[Marking scheme: 50%
marks for intermediary
steps only if the end
result is meaningful.
50% marks for correct
end result.]
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Analyse the following cascaded OP-AMP circuit and determine vo, I, and I,
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b) Analyse the following cascaded OP-AMP circuit and determine v, , I, and I,.

1 mA

_ VY, = OV
%/vf






» 3 More Problems on Opamp have been covered at the end

RC, RL, RLC and Opamp with
Capacitor and Inductor

Assuming that the switch was open for a long time, find and plot io, vo and i for all time.
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For 40, Switch is OPEN for a lonz time ((means Steady Slble hos heached)
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Select values for the resistors Ry and R, in the network below such that V¢(0.65) = 5.22V and
Vc(2.21) = 1V. All Resistances are in Q.

10 t=0s "‘I\I/C‘ Ro
X | VWA
10mF

Ve (0-65) = 522y
Means cct. for t >0 (Sow»ce—{/zec Clbcuit)

+‘|’°~
~ lomfF T\J> \/szoe:—/'(
‘?\ 55 = V(o) Q:t/'(“
(R
= (R +60) (15>

T= (R, +Co)om. Sca

-

Ve (04) =Veo-) = Con be found by cct. for £ 40

10 Ve ?
+ -~
lomF
.5V Ri G




o é; = i
-
Ve
l')..S\/CgMMT‘%'< %Go ZZ.SV( : ) Ri % Ve

(No Cumertt Hows fulough Gou)

R| +1o .
C=IOMF = (U;()6

So L
’ = L.5Ri _ ®R+6)csi0
Vc, —_—Rm!o e (Ri+60)16%x1 e if,) o U,,KW” :)
- R, Simpl
A t = 0-68 Sec o Solve & ﬁ*——"‘ | '"‘f’j
522 = 12.5R_ o (R*60)x15 3510
R|‘|“0
Ve 2.21)=1V

Mmeang Cot ‘FW T ) (“‘(7% a Sowtce_-free Cc‘l:.) Ve

onf i
ZK) féo R $ 4o Qo 116

o

= (40 + GoRo 3y <
[ %1-60] (lovio?) Sec

Ro+60

i Taobs 26 Sec.\ —®




fr t>2 - Cauton: Please note s
e T W (1)

Ve (24)= Ve (2-) Can be foondd fom <9 4y puviens wberyal witle

= o
Ve t) = 2.5 (490) < (40-\-60)(101!63) (See last Fa.ae)

4o +lp

_ ne
= {0 e

M- t=2
Veym o €° == | %y =).353V]

From (1), ol t=2.213=c

Vo) = Velad)e =2/c
1= 1L35s8 =T

.74 = e T

= = -=22 \T=07Sec | — (®

Q-aua(i—v\a ® and ©0.7= 0.4+ _O-6
Ro‘l‘so

—

R = 4oy



For the following circuit, find: a0
i.  Vo(0-)
i.  Vo(0+)
ii.  Vo(=) 40 *+ Vo-

iv.  Vu(t),t>0 (
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The initial voltage across the capacitor in the circuit shown is non-zero but unknown. Determine the

time when the voltage across the capacitor becomes half of its initial value. Assume the circuit to
start operation at t = 0.
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Sketch V, for the circuit given below:
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The switch in the circuit in figure below has been closed for a long time. Att = 0 it is opened. Find
Vo(t) for t > 0.

15 50 v,
VWA YAVAYA
3 4
80V 50 0.2H Vo S 15
2

1. Before opening switch: t = 0~

Switch has been closed for a long time, so the inductor acts like a short circuit.

IS 2 -y
goV$ )
|

Right side has no source, so no current flows in 3, 15, 2Q are shorted out.

On left side, the node after 15() sees:

50Q || 50Q = 25Q

So, node voltage is:

V—80( 25 )—80(25>—50V
A~ 15+ 25/ 40/

Current through the top 50Q) resistor is:



So,

i,(07) =i, (07) =14

Inductor current cannot change instantly.

2. After opening switch: t > 0
Left side is disconnected. The inductor discharges through the right-side resistors:

Req=3+15+2=200Q 3

Time constant:

T=L=E= 0.01s 0‘2” vo

Roq 20

So, inductor currentis:
i, () =1,(0)e /"
iL(t) = ¢~100t 4 %

3. Find v, (t)

The inductor current is downward, so the resistor-loop current flows opposite direction.
Therefore, current through the 15Qresistor is upward, opposite to the marked +to
—polarity.

So,

Uo(t) = =1, (t)R = —(15)(e ™)
v,(t) = —15e7100t v

Negative sign means the bottom of the 15Qresistor is actually at higher potential than the
top.



Each capacitor (C;) in the following 10V
circuit is of 10mF value and initially
uncharged. The first switch (S4)
moves from position a to position b at
t = 0 (as shown) disconnecting C4. S» 0.5k
operates and disconnects C; when it Ci

has charged to 6.32V and S; || t=0
operates and disconnects Cz when it
has charged to 6.32V. C4 is then
charged to maximum value. Find the
total time, in seconds, for C4 to Co
charge to a voltage greater than
9.9V.

Each capacitor:

C =10mF = 0.01F

Each resistor:

R = 0.5kQ = 500Q

Supply voltage:

v, =10V

For capacitor charging:

Ve = Vs(1—e~t/RC)



Important point

6.32V = 63.2% of 10V

And a capacitor reaches 63.2%of final voltage in one time constant.
So, when capacitor voltage reaches 6.32V,

t=17=RC

Step 1: Time for C,
After S;moves to b, C,charges through two resistors:

R = 0.5k + 0.5k = 1kQ
1, = RC = (1000)(0.01) = 10s

So,

tz = 105

Step 2: Time for C3
Now Cs;charges through three resistors:

R = 0.5k + 0.5k + 0.5k = 1.5kQ
73 = RC = (1500)(0.01) = 15s

So,

t3 == 155



Step 3: Time for C,to become greater than 9.9V
Now C,charges through four resistors:

R = 0.5k + 0.5k + 0.5k + 0.5k = 2kQ
7, = RC = (2000)(0.01) = 20s

For Cy:
9.9 = 10(1—e~%/20)
Divide by 10:
0.99 =1 —e7t/20
e~t/20 = 0.01
Taking natural log:
L 0.01
20 ~ In(0.0)
t = 20In (100)
t=92.1s

Total time aftert =0

T=t2+t3+t4,
T=10+15+92.1
T=117.1s

If the question wants time starting from the very beginning when C;was also initially
uncharged, then add time for C;:

7, = (500)(0.01) = 5s
T =5+10+ 15 + 92.1
T = 122.1s



The switch in the circuit below is closed at t = 0. Find i(t) for t 2 0.

VW

1K 10k
_ 100
ll(t) 2UF ——

2mA
+

15V,

:°:>i> \/{5,{%—

Switch is open for a long time, so: 1’6
¢ Inductor acts as short circuit. 2 MA 0
e Capacitor acts as open circuit.

The 2mA current flows through 1k(, then through 100Qand inductor.

2H

So,
i1(07)=2mA

Therefore,

i,(0%) = 2mA

Voltage across 100Q:
Vy = IR = (2mA)(100) = 0.2V



For capacitor: v-(07), Apply KVL in the RHS Open Loop (Current = 0A due to Open Loop)

_VA + vc(o_) +15=0
Hence,

ve(07) = 0.2 — 15 = —14.8V

So,

ve(01) = —14.8V

Step 2: After switch closes, t > 0
The switch shorts the top and bottom nodes.
The switch current i(t)has three contributions: (Apply KCL at Top Node)

—2mA+i(t)+i,(t)+ic(t)=0
i(t)y=2mA — i (t) —ic(t)

> (1)

Inductor branch
The inductor discharges through 100().

L

Ty 2 =100 0.02s
i, (t) = 2mAe~t/0:02
i, (t) = 2mAe~>%

Capacitor branch

For the right branch:

R =10k + 15k = 25kQ
Tc = RC = (25k)(2uF) = 0.05s



Final capacitor voltage:

UC(OO) == _15V
As
t
v (t) = vo(0) + [v:(0) — vo(0)]e Tc = —15 + (—14.8 — (—15))e 2% = —15 + 0.2¢72%
So:

ve(t) = =15+ 0.2¢ 720

Capacitor current:

dvc
=8
e dt
ic = (2uF)(—4e~2)
i = —8ude20t

Negative sigh means actual current enters the top node from the right branch.

Step 3: Thus Eqn. (1) becomes

i(t) =2mA— i (t) —ic(t)
i(t) = 2mA — 2mAe™5% — (—8ude~2%%)
i(t) = 2mA — 2mAe™>% + 8uAe~20t

Final answer:

i(t) = 2mA — 2mAe>% + 8ude~2%¢|,t > 0




For the circuits given below, find the specified current/voltage just before switching and then at t = «.

iL(0) = A 20K
iL(0) = A VW a /\b ?
CT 8k§ , l %% CT)
| <8H
100mA 5mA

At 4= o', Induc oy will se o2
Aealy Sttt i-e ghat cct:

(60 0 20K J’;’(o')
MA

Ik il be 'Shofﬁ‘("uf

o (© L1
mMA






50 i(t)

=}

S

<
+

X

10 5H

Before switching, the circuit has been connected for a long time, soitis in steady state at
t=0".

For DC steady state:
o @
¢ Aninductor behaves like a short circuit. a 1(0)
e B L
e The switch is open beforet = 0.
oy
- feof al
A will be Shor

";) /‘,‘/ LL(0’)



Hence the current through the inductor is

Lo 10
i,(0 )=?=2A

Therefore
At t — oo: the circuit will look like 1-’” w' ,’
’ ke ok
A't l (0") ’S"/’ |

t’o SH h L



500

ve(0) = Y K

+ .
Ve(o)=__ V /0 V -‘VC (0 )

Before switching, the switch is at position 1 for a long time.
The capacitor is connected to the 10 V source through the 1 kQresistor.
At steady state:

e capacitor behaves like an open circuit

e no current flows through the 1 k() resistor

« therefore, no voltage drops across the resistor

Hence the capacitor charges fully to the source voltage:

|vc(07) = 10V

After switching at t = 0s to position 2 and waiting a long time (t — 0):
Again, the capacitor behaves as an open circuit.
So, no current flows through the 1500(1 resistor either, meaning no voltage drop across it.

Therefore, the capacitor voltage equals the voltage at the right node.



Now analyze the right-side network:

V=IR
V = (10 mA4)(5000Q)
V = (0.01)(500) = 5V

|
At t=0; L
¢ ISh 7
Y, TVF ot 0

' d

10

0 mA



The two inductors in the figure below are i(t)

connected across the terminals of a block «— .
box at t = 0. The resulting voltage v fort >
0 is known to be -1800e2 V._ |t is also +
known that i1(0) = 4A and i»(0) = -16A. Black
a) Findiy(t)fort=0 : T : T _ ac
b) Find ix(t) for t = 0 i | 100 w] 9308 =0 [V po
c) How much energy is delivered to
the black box in the time interval 0 -
St<o? g *

d) How much energy was initially
stored in the parallel inductors?

Given:

v(t) = —1800e 20t v

For both inductors, current directions are upward, but voltage polarity is + at top, - at
bottom.

So current enters the negative terminal of each inductor. Therefore:

o= L di
So,
di B v(t)
dt L
a) Find i, (t)
For L, = 10H:
diy B —1800e 20t
dt 10
diy
—— = 180e 7%
dt ¢

Integrate:



t

ll(t) = 11(0) + f 180 e_zoxdx
0

_ ,—20t
J =4+ 180 |———
i1(t) + 180 l >0 l

i1(t) =44+9(1 —e20Y
i1(t) = 13 —9e~20t A

b) Find i, (t)

For L, = 30H:
di, _ —1800e 20t
dt 30
di, —20t
E = 60e

t

lz(t) = lz(O) + f 60 e_zoxdx
0

_ ,—20t
. S l—e
i,(t) 6+60[ >0 l

i,(t) = —16 + 3(1 — ™20
i,(t) = —13 — 3¢~20t A

c) Energy delivered to black box
Current, entering the black box:

i(t) = (13 — 9e~20t) 4 (=13 — 3e~20%)
i(t) = —12e720¢

Power delivered to black box:
p(t) = v(O)i(t)
p(t) = (—1800e720%)(—12e720%)
p(t) = 21600e~40¢



Energy:

sz 21600 e~ *0tdt
0

1
W = 21600 [@]
W =540

d) Initial energy stored in inductors

Formula:

For 10 H inductor:

For 30 H inductor:

Total:

Final answers:

1
W, = (10)(4)* = 80/

1
w, = 5(30)(—16)2
W, = 3840]

Wy = 80 + 3840

Wy = 3920

i,(t) = 13 — 9¢ 20t A

i,(t) = —13 — 3¢~ 20t A

|Edelivered = 540 J|
|Einitial = 3920J|




=0 V() - 0.5k

— SuF

2k 5u(t)V

10mH

Y Y Y ]
5mH

Find the expression for v(t), > 0, i.e., the voltage across the switch after it has opened.
[Note: 5u(t) means the voltage was 0 before t =0 and 5V after it.] The two switches operate
simultaneously as shown

Fort < O:

Su(t) = 0V

So, there is no source before switching. Therefore:

vc(07) =0
i11(07) = 0,i;2(07) =0

By continuity:

ve(0%) =0
i11(07) =0,i;,(07) =0

Aftert = 0, the switch opens, so:

v(t) = Vier — Vright



Left side
The left side contains 10mH, 5uF, and 2k(}, but there is no source.

Also:

ve(0%) =0,i,(07) =0

So, the left side has zero initial energy.

Therefore:

Vleft (t) =0

Right side
The right side is a first-order RL circuit.
Att = 0%, the inductor acts as an open circuit:

Vright(0+) =0

Att = oo, the inductor acts as a short circuit. So, using voltage divider:

Vagn(@) = 5 (g

0.5k + 2k
Vign () = 5 (

2000)
2500
Viight (00) = 4V

Now:
L
T=—
Ripn
Ry, = 0.5k + 2k = 2500Q
_ 5mH
' = 2500
0.005

= —_— = X -6
T 2500 2X107°s



So:

Vight(t) = V(o0) + [V(0) — V(o0)le /"
Vignt(t) =4+ (0 — 4)e—t/(2x10—6)
Vignt () = 4(1—e500000t)

Since:

V() = Vierr — Viignt

v(t) = 0 — 4(1—e 500000ty

v(t) = —4(1—e 5000000y ¢ >
or:

v(t) = 4e~500000t _ 4y

Find the expression for v(¢), for £ > 0, i.e., the voltage across the switch after it has opened.
[Note: Su(f) means the voltage was 0 before =0 and 5V after it.]

STIF o - 05k
PY
| | VWA
=0
open at
=0
Y Y Y |

10mH smH



After switch opens:

Vs (1) = v, (8) — v (0)

Right side has no source and no initial energy, so:

vi(t) =0

Therefore:

Vs (t) = v,(t)

Now solve the left side as a series RLC circuit.
Given:

R = 2000Q
L = 10mH = 0.01H
C =5uF =5 x 1075F

For series RLC:

R

=0
2000

a =
2(0.01)

a = 100000 st

Also:
1
Wy = —
° " JVIC
_ 1
J(0.01)(5 % 1076)
wo = 4472 s71
Since:

a > wg



att=» +
the circuit is overdamped.
So: -S V a‘ ov

v,(t) = v,(0) + A e’ + A,e52t, As v,(0) = 0 because -

Thus, v,(t) = A et + A,es2t

where:
S12=—at /az — w}
s; = —100000 + \/(100000)2 — (4472)%
s; = —100.05
s, = —100000 — \/(100000)2 — (4472)?
s, = —199899.95
So:
v, () = Ale—100.05t +Aze—199899.95t
Att =0":
v,(07) =0
Al + A2 == O

Now find derivative att = 0.

Att = 0%, capacitor behaves like a short circuit, and inductor current is initially zero. The
full source voltage appears across the inductor:

v,(0%) = 5V
_
VL= by
5—0.01%
T dt
U _ 004
ar ~ 2004/

Since:



Now differentiate:

Att =0%:

Since:

So:

Therefore:

Approximately:

UzzRi

dv, _di

dt = dt

W2 000500
P (500)
dv, .

E = 10 V/S

dvz — Slt Szt
ar Aisie’tt + Ay sye

Alsl + Azsz == 106

A, = —4A,
Ai(s1—52) = 10°
10°
A1 = 700,05 — (=199899.95)
A, = 5.005
A, = —5.005

v (t) =5 0058_100'05t -5 0056—199899.95t
s . .

Us(t) — 5_005(e—100.05t_e—199899.95t)V' t>0

ve(t) ~ 5(9—100t_e—2X105t)V
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Find i (t),t = 0~. Note the switches do not operate simultaneously.

1) Beforet =0 “'
[ J & @
Left switch is closed; right switch is open. ,A @ W’ ‘V‘l’
[ 2
At DC steady state, inductor acts like a short circuit. -

So, all source current flows through the inductor:

Alss Y (7)=0V

[ ]
Because inductor current cannot change suddenly:

B A cafaakd o
V) Yto')= oV Aported 0t

2)For0<t<1ms

Att = 0, left switch opens. The source is disconnected.

Now we have a parallel RLC circuit.

For parallel RLC:

~ 2RC




1
* = 2(500)(5 x 10-6)

a=200rads™?
Also:
1
Wy = —
° " VIC
_ 1
J(0.2)(5 % 1076)
wo = 1000 rads—!
Since:

a < wg
the response is underdamped. As the response of UD CCT. Is given as

i,(t) = Bie *cosw,yt + Bye *'sinw,t
wg = 0§ — a?

wg = +/10002 — 2002
wg = 980 rads™?!

Where,

Thus, Egn. 1 becomes,

i,(t) = B;e %%%c0s980t + B,e 2°%t5in980t ------ > Eqn. 2

Now, we need initial conditions to find B and B,.

Condition 1: Att = 0, i;(0) = 14, the above equation becomes by putting these values,
Bl =0
Condition 2: C;—itL att = 0 sec

di (0%)  Ve(0™) 0 0
dt L L

Differentiating Eqn. 2, and putting above values, we get
0 =-200B; +980B,

2"2 = 0.204 , Putting the values of B, and B, in Eqn. 2, We get

$32=£

i, () = e 2%%cos 980t + 0.204 e~?°%*sin 980t |

Att = 1ms: the above egn. becomes
i,(0.001) = e"%%cos (0.98) + 0.204 e~%2sin (0.98)
= e~ %2[cos (0.98) + 0.204sin (0.98)]



lir,(1ms) = 0.64|

3)Fort > 1ms

0.2

= % = o = 04ms, i, (00) = 04 as seen through the circuit R
_(t=to) lLL
ip(t) = iy () + [i,(1ms) — iy (0)]e™ =
(t-0.001)
i;(t) =0+ [0.6—0]e” ooo0s = (0.6 e~2500tg2:5 .Sw

0-2H

ip(t) =7.31e 2500 ¢t > 1ms

Final piecewise answerfort > 0" s:

14, t=0"
i, (t) ={e 2%%cos 980t + 0.204 7290t s5in980t A 0 <t < 1lms
7.31e72500t 4 t > 1ms

The circuit shown in Figure has been operating for a very long time. At t=0, Switch is closed. Find
the voltage v(t) for t > 0 when R is equal to;

(a)2Q

(b)5Q

(c)pQ

Characterize (name) the nature of response in each case.

5 1H

5V «< t=0 Y %R ——10mF




(@) R: 2L
Initial Condilions can be caleulaled from he cct. t<o

F= I (0-):.? : N .
VL(O—)=? C‘f ":‘ . Oren oty Ind will be Shost ccled.

“— ==
I

SV% 2, V
| -

= ﬁ(o-) =1 (o+) =743 L

Lapo=5
7

V =-I,() = \Vo-y=Ven=1.43V

Mt € =0, Swildh: CLOSED. "Jhe cct. becomes Soma—{ﬁec Rallel RLC cct.
COMYUh‘V\ﬂ K and We

| = 2 lomF

o = ——= = B "

ARC  2(2)(1onl5")
== - 10

—_

ThC erowo”3 g

Sinte  of > Wo = Oymddmr)&p‘ ,seyrme_ <o

S,k

Wo

it

OJL\MQ Sl;l = —d * 'J dz" WOL
= 2S5 q(25)% (10)*

[_SI = - 1.OQQC3L . L*g‘—l




Vodues % A and A, need to be rfeuvx_d —Y/z.ow he devined
Con_ditions. SOJ at t=0
V(O);-_ Ap\-AL —'_:7 A|+Aj_= 143 _ (l)

To waile othes Eﬁ
e el
ot

= C i [Ac Q’-s'tJf A, esl*]
= (Al S|€S|t+ A.\. SJ. eSLt]

pt=o,
Ic CO) =@ [:A| S(-\-A,_S;__X

T©)? (OE(% Suildh is CLOSED)  Kcl. &y.

~Tecox) T, (0+) T (o+) =0
lom¥

[c, ©+) = ~I,_ (o+) —-tR (o+)
= ~ (=743 x16° )~ N (ot)
R

T14.3x 16> - 143

n

2
I, c0v)= 0.7 mA
Se, )
—'0-7)”63 = & tA\ Sl + AJ-SL-] P)J'Hll\ﬂ valves ‘b 5‘ & S& .

A C
= _209A -48R = _0.07

or AL+ 22.97A, = 0.0334 ()

Sb‘Vi'\ﬂ (1) ond (2) S'mull?xvseouslj, A(: Lhs=hy
1.43-A, = 00334 —22.97A, =1.43 — (-0-964)

l.-:.-o.o(%?\\ iA|=’-5 \

.5 -~2.09 .0 =
i o Tt Oo5 48t Y =5 Ans,

initiad)



d = lo
Wo=10 (Same as before)
Since o= Wo = O‘*ﬁc’qj 'lomf’e‘p‘ e e
E&) = & (At+h,)

wheie A and A, can be fund boced on Yo inidial  Conditions.
Please nole hdt mitial Condilions have 4o be »fomul ain  becavse
Volve Y R is changed now. However, all he ',40@40,,{ o s Hhe
initial , Condlifions  and Ay and A s exadly Same as Pt (a).

) R=6L

o Lot W (SRR - 1«

2ZRC 2.¢8)(0016%)

Wo =0 (ame as befom)

e, = i SR e

\7&).: Sdt (B, Gsuyt + B, Sin wd'E‘)\
whese wo\-;mz

whese B, and B, can be eaul:] %um,o\ based o —he. inthiad
Conditions (to be deletmined avaain) ’




For above Question (a), estimate the Settling time. You do not need to use an iterative
approach to find the exact value. Simply consider the term which accounts for settling the
system response and neglect the term which decays earlier.

Thaom (O3 (@), as Calevfalz_d

-2.09t -43t
V&) = 1.5 _o.o6he

$€'mir\a time. :
~ Time /\Lﬁui/.La‘ (e “the Mﬁ”"“‘se o remoin ,/- éb i moax. Vodue
— Sb, We need o ynd e max. abslife valve V). A
Anat, olifferitlioling  VED wat. Hme anel ufiing it do Zerd.

A vw) = o

= 48t
—20%% =
(1.5)(209) €°" ~ ©.o6k)(-48)e =0

—2.09t 48t

. 42,135 e _3.072 €

_Lsait (pe=1)
or 098 e = !

= FE ~ O sec | (Time for. o V)
NoT St’minﬂ Jime.

Maz. c\mrli'\vde_ fb Vi) con be found as
V() = (-5 —0-064

V(o) = [-436 Y

W % — 6.0436 V
T volve = = (l.436) = O.©

» . — ?
rﬂime, G oftain s max. velve = Se‘thz time e

Ariadm “g’\_ﬂ ~2.09t -48%
V) = S & —o0.064 e

.-:-.Oqt 6 _qst
e O-O‘436= ‘S = 0.0 lt e



To Yind 4, s Qﬁdaﬂon Can be solves ““*—ﬂ on ELUL&'LNeLO%J
0 /) ‘ ' =
aHp,wadn. Motre S%mfla, Cowmsider ov\ld Ahe tewm /m/olwmﬁd &
Aus  team o\e,cazrs later on ( Comf)a,w_pl L <

mainly Aelewmined by ‘e

Since
Ahe Se’dbnd time  is

e 15T

~2.09t lne = In (0-00937) (Ine =Ly
-2.09t & -4.648

+ & 2.29 Sec ll (Seﬂ(ma wfme,)
V) b

L5 1

!

0-5 +

S 0-0i436V




1.5

V(t) Volts

\\\

0 0.5 1 1.5 2 25 3 3.5
Time (sec)

For the circuit shown below, what should be the range of capacitance values ‘C’ for which
the circuit will be underdamped?

® ® ®
150
10H %800 —_——C %600 S5H
250
. . .
For underdamped case, x?< w,?
1
o=
2R,,C
1
w, =
Lg,C

R., = 800||600]|(150 + 250) = 184.6150
L,, = 10||5 = 3.333H
Leg
4R,,’
C > 24.45uF

C >



For the following network, in how much time does the capacitor charges to 1V? The system
is assumed to be in steady state (operating for a long time) fort < 0 and v,(07) = 2V, and
I:(07) = 3A while all other initial conditions are zero (how these initial values were
obtained is not of concern).

40 2H

2U(t) V Ve —— 2F




Qb
A(b@. 3Wifau'nﬂ, he cct. is a Duwen RLC Series Cihcuit. So,

[Ve® = Vet + 5o 4) et e |

Whese \/c(ce) Can be ea;ib {ouyu:l f/\C}m —the <ct
4y
4y 2H

+W— g l-—-JWm—*__j
” . \/:IS‘; Q_’(> » ? }Vc

= lvc(wizz\/l

To Fnd e nalural WR’ We need 4o Galeylofe
= —K = i = ' Su—-'

=L o)
(/Uo.-:-[— =‘—!~='—!~=-—'—'YMSQ(_
€ faz &z ™
Since A >y, = Ovet damreg{ Cace

= St St
\\/C&): 2+Ae +A e

= EY E\= ~°-'3

Vhos ~0.34t -1.36t
E&):ZH‘MQ + A e

whese A and A, need 4o be foumd based o mihal Condif




A t=o
VC (O):: 2—+AI+AL VC(O-'.):; \/C(O—)= oV (Gl‘VQl.«. Q. !)

> [Arh = 7]

We need ancther FﬁUQU-m 'wu/o,vinj Al and AJ.

(Ea. 1)

134t ~18¢
—_-20% (2+A‘e-o + A e t]
t

-0-134t ~1.86t
= 2 [_—-O-B’-}Al e — L86A, e J

A{‘ -];-_-’o * "
Loy = 2[-0.134A, ~1.86 N

Now Fe (oy= L, (0) =

1y ©+)= LL(O‘)—‘: oA for indluctos (Give v @ H

Se,
krowan‘ +186A, = 0| — (£q. 2)

Solving (1) and (2 Simu\{aneously

From (1)

0-134A) +0.134A, = —0.268 — (1)

@ o- (34 A,@l.&é By = - ()
—-1.726 A;\_ = —0-268 .._?
{ As = o-lss\‘
A\ = ~2—-A,
= ~2"O,SS [TA\: "Zo'SS
EM“J’ —0-134t —1.86-?‘
- 2.155 e 1

Vet) = 2 +o. 1SS e




As por sequiemenls  giren i e Queton we meed do Fnd  how modh
Aime s taKen ba ~the C"/’au'[b‘- lo Clwﬁe e 1V

l.e.
~o.134t 3
| = 2% o:l8§e - 2.15% é_'aet
=7 : _o.Blt e
One

E‘i'; one 1y Knovon i) Be T Mol be f’°‘“("’f ("““ Fundf}e)
o mwd 't

F = 0.338 Secj

The current i(t) for t > 0 is known to be 900e-25°% yA. Write correct formulas for v4(t) and va(t). Do
not solve them.

t=0
+ +
45V —— Vi
) - BLACK
BOX
- +
15V —— V>
+ _ i(t)
47




Current enters the negative terminal of both capacitors, so use:

(1) = Cdv
i(t) = It

t
v(t) = —%f i(t) dt + v,(0%)
0

Given:

i(t) = 900e2500t 4

For capacitor Cy:

1 t
vy (t) = 45 — C—lj 900 e~2500% yA dr
0

For capacitor C,, note carefully:
The given 15V polarity is opposite to v,, therefore:

v,(0) = =15V
So:

1 t
v,(t) = —C—j 900 25997 yA dr — 15
2Jo

Here C;and C,should be in uF.



Given that the circuit below is to be used in critically damped configuration:

i) Find the precise value of R?
i) What is iz before and after the switching time att=0?

%‘BK

R
_
Ir
100V
N 8uF
© || . :
- | |
+ Ve -
20V
50K
|+ VA

For critically damped case, o?= wﬂz

) R=-2==10kN
LC

a = 25rad/s



Current through Rbefore switching

Before t = 0, resistor Ris disconnected from the inductor side, so no closed path exists
through R.

Current through Rjust after switching

Inductor current cannot change instantly:

i,(07) =i, (07)

Before switching, the inductor acts as a short circuit at DC. So, the 4mAcurrent source
divides between 3k and 13kQ).

Current through 3k(}, which becomes inductor current:
o 13k
1 (07) = 4mA (3k T 13k>
o 13
i,(07) = 4mA (E)
i(07) =3.25mA

After switching, Ris in series with the inductor, so:

lir(0%) = i, (0%) = 3.25mA

Final answers

R = 10kQ
iz(07) = 04

ir(0") = 3.25mA|




+
0.1uF ——Vo 0.2H X1, R

For the natural response circuit shown below, the voltage across the capacitor V,att =
07is 10 Vand the current I ,through the inductor att = 0”is 2 A. Determine the value (or
range of values) of resistance Rfor which the voltage v(t)across the capacitor (with the
same polarity as V/,) will be underdamped.

For a parallel RLC natural response:

d2v+1dv+1 _o
dez "RCdr " 1c’

Compare with:

s+ 2as+w2=0

oN

So,
by L
“=Re
1
*=2RC
and
1
wy = —
0" JVIC

For underdamped response:

a < wy



1 < 1
2RC 4/LC

Given:

L=0.2H
C=01uF =01x10"°=10""F

1102

>2 1077
1
R > E\/Z x 106

1
R > (1414.2)
R > 707.1Q

Therefore, the capacitor voltage v(t)will be underdamped for:

At R = 7071, itis critically damped.
For R < 7071Q, itis overdamped.



For the circuit and switches configuration as below (all behaviour clearly shown), find
expression for iy (t), for t > 0. Note that the circuit is assumed to be operating for a long
time before t = 0.

t=5s i(t)
48kQ 300Q t=0 . 2.5Q <+
? 3H
48mH | i (t 4V
- lx()
- 10
. s

vc(07) = 9V = v (0*)
When the switching at t=0 occurs, a source-free RC circuit is created, so:

t t
ve(t) = v (0Y)e T =9e 5V, t>0, ast=RC=25x%x2=5s

The current through the 2.5Q resistor (towards right), that makes up current iy (t),0 < ¢t <5, will be

o~

ve(t) 9e’5 "

€ L
= = 3, 5 < 55
5 < o 3.6e 5 A, 0<t S

ix(t) =

At t = 55 another switching introduces a forced RL circuit to make up part of current iy (t). For
the forced RL circuit, that begins operation at t = 5s.

4
i (57) = ix(5%) = 04, but iy () = B 44

t—5

i, (6) = i,(0) + [i,(5%) — iy (0)]e” Ut —5) = 4+ [0 — 4]e” 3 u(t —5),as7 = ;1% = %S
Thus

( 0, t<0

MOEER 3.6e"‘§ A, 0<t<5s

t—5

t
3ﬁe_§-k[4w-46e"7f1AJ t > 5s

\



Write all the Mesh Current equations and constraint equations using MCA technique. All
equations must be in terms of the given names/labels of the currents marked

40

25ic

Loop a:
. d . . d . . d , . d . . d
O=3O(1A—1C)+1OE(1A—1C)+62.SE(1A—zB)+1SE(zA—13)+155(1A—1c)—9513
Loop b:
.. d . d . . d , . . d . d . .
0:5003_lc)+2oals+62-SE(13_’A)+9E(13_IA)+9E(IB)+1SZ(IC_1A)
Loop c:
i. =—60A



TABLE _ 9.1 Summary of Relevant Equations for Source-Free RLC Circuits

Condition Criteria a o Response
Overdamped 1
2RC d 2ty 1 Aje’' + Ase® where
@ > wg S S
R . VLC si2=—a+ Va’- o
=+ (series) ;
2L
Critically damped 5 1% - (parallel)
- 1 _
a=ay — e (At + A
R (series) — - ’
2L
Underdamped 1
I 2RC (parallel) 1 e (B coswyt + B, sinwyt),
V4 — )
R (series) LC where w,= V@j — a
2L
COMPARISON OF RLC CIRCUIT RESPONSES
STEP RESPONSE (Source Applied at t = 0)
1) OVERDAMPED RESPONSE \ 2) CRITICALLY DAMPED RESPONSE | [ 3) UNDERDAMPED RESPONSE ]
a > wg a = wy a < wy
vel(t) vel(t) ve(t)
Vs
0.5V
> 0

ve(t) = Vs + Ay €51% + A, e52¢

where sy, = —a + \/a® — w}

( two distinct real roots )

* No oscillation

¢ Slowest response

* Takes longer to reach steady state
« Two real negative poles

1) OVERDAMPED RESPONSE

a > w,
x(t) At
Xo ve(t) = Ay e51* + A, eS2*t
where s;, = —a +a? - w}
( two distinct real roots )
* No oscillation
* Slow decay
0 L ed Two real negative poles
KEY PARAMETERS
R "
a= 3L (Damping factor)
1
= Natural undamped frequenc
Wy = ( P quency )

R, L, C are resistance, inductance and capacitance.

0
( ve(t) = Vs + (A + Apt) e~

* No oscillation

« Fastest response without overshoot
¢ Ideal damping

* Repeated real pole (s = —a)

L 2) CRITICALLY DAMPED RESPONSE A]

where wy = /0§ — a?

( complex conjugate roots )

* Oscillatory response
* Exponentially decaying sinusoid
* Moderate speed

) 4
—>
ve(t) = Vs + e (Aq cos wut + Ay sinwgt) J
* Complex conjugate poles }

DISCHARGE RESPONSE (Source Removeq, Initial Energy in L or C)

3) UNDERDAMPED RESPONSE ]

0

a < wy

x(t) = €% (Ay cos wat + A, sinwgut)

where wq = Jw} — a?

( complex conjugate roots )

¢ Oscillatory decay
* Exponentially decaying sinusoid
* Complex conjugate poles

SUMMARY COMPARISON

a = wy
x(t) At S S
X x(t) = (4; + A t)e™
* No oscillation
 Fastest decay to zero
* Repeated real pole
0 b | (s=-a)

Type Condition | Poles
Overdamped a > wy Two real distinct
Critically Damped a = wy Real repeated
Underdamped a < wy Complex conjugate l

No

% Oscillation

N

Yes

Step Response

Discharge Response

Slow rise, no overshoot Slow decay, no oscillation

Fastest rise, no overshoot Fastest decay, no oscillation

Oscillatory with overshoot Oscillatory decay to zero
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