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ELECTRICAL ENGINEERING

ANALOG ELECTRONICS

Volume-1 : Study Material with Classroom Practice Questions



Analog Electronics

(Solutions for Volume-1 Class Room Practice Questions)

01. gs M
: 5K
Sol Ve l\ID1
L1 VT | V=1V
2V, N D2 o (1-2)
- v, 2Ve—/ —
L1 (1-3)
| l 5kQ = D, & Dj; are reverse biased and ‘D;’ is
— forward biased.
i.e., D; only conduct
(1-3) 5_1
1V Iy = K =(0.8mA
2Ve 0-3) Vo=3V
3V 03.
L §5KQ Sol: Let diodes Dy & D, are forward biased.
| = Vo= 0 volt
=290 5
5K
= D,,D, are reverse biased and D; is 0—(~10)
) (= —— =1mA
forward biased. 10K
i.e., D3 only conducts. Apply KVL at nodes Vy’:
s Ip=3/5K=0.6mA 1L +L5-1L=0
=1 = —(12—13) =—-1mA
02. o
+10V
Sol: L
+5V = 5kQ
< _OVO
Iol = 5kQ . l
D Il ® 12
IVG i<|| ! 0 VO AI;—O—Q—
D =
2Vo i<|| 2 | 210k
3V, | ~1Ds
I~ °_10vV
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So, D; is reverse biased & D, is forward Output wave form:
biased
Vo
= ‘D’ act as an open circuit & D, is act as 3V /( / \
short circuit. B e e Al t
Then circuit becomes \_/ \v
TV mmmpeeeee -
+10V
Transfer characteristics:
SK
A VO
10K N
-10V : .
-5V vin
=V, =10k><[12—0j—10
: 05.
. VO = 3.33V Sol:
R
AW o
04. N | +
Sol: Vin @ Vo
Y . il 3
sl ™~ o L
IR e e =
+
W) O, R Ve For V; < — 2Volt, Diode ON
- +— = Vo =—2Volt
Apply KVL to the loop: For V;>— 2Volt, Diode OFF
Vin—2-Vx=0 = Vo=V,
= Vx=Vig—2 ----- (1) AV
Given, Vj, range = -5V to 5V
+5V1

= Virange =7V to 3V ["." fromeq (1)]
Diode ON for Vi > 0V

= Vo= Vi

Diode OFF for Vi <0V

=Vy=0V

. Vorange =0 to 3V

-2V
-5V
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06.

Sol:

07.

Sol:

08.

Sol:
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cezl’

Engineering Publications

Analog Electronics

(3

For positive half cycle diode Forward
biased and Capacitor start charging towards
peak value.
= Vc=Vp=5V
= Vo=Vin—Vc=Vin—5

Vinrange =— 5V to +5V
. Vorange =— 10V to OV

VO?
0

—5V --1

—10V --1

For +ve cycle, diode ‘ON’, then capacitor
starts charging
=>Vc=Vn-7=10-7=3V
Now diode OFF for rest of cycle
= Vo=-Vc+Viy
=Vi,-3
Vin range : —10V to +10V
. Vorange: —13V to 7V
AV,

7Volts

3Voltsfp----1----------1----4------3 .

—13Volts

Always start the analysis of clamping
circuit with that part of the cycle that will

forward bias the diodes this diode is

forward bias during negative cycle.

For negative cycle diode ON, then capacitor
starts charging
=Vc=Vp+9

=12+9=21V

Now diode OFF for rest of cycle.
= Vo=Vc+ Vi
=21+ Vj,
Vin range: —12 to +12V
Vy range: 9V to 33V

Sol: During positive cycle,

D; forward biased & D, Reverse biased.

+
Ving\D

V., = Vip = 6volt
1

During negative cycle,
D; reverse biased & D, forward biased.
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Postal Coaching Solutions

ch:—6—6:—12V
Capacitor C, will charge to negative voltage

of magnitude 12V

10.
Sol: +10V
4. 7K
4V
—— PB=100
3K
Given,
VB =4V
VBE =0.7
VB — VE =0.7
VE = VB —7=3.3V
- 33 A
3.3KQ

Let transisotr in active region

= Ic=p/(B+1) . Ig=0.99mA

Ig= I¢/B=9.9uA

Ve =10 - 4.7x10°x0.99x 107 = 5.347V
= Vc>Vp

.. Transistor in the active region.

11.
Sol:

+10V

6-0.7=5.3V

VeE=Vg—Vgg= 6-0.7=5.3V
Ig= ﬁ: 1.6mA
3.3K

Let transistor is active region

.. Transistor in saturation region
= Vcg(sat) = 0.2V

Vc-VEg=0.2
Ve=5.3+0.2
= Vc=5.5V
V=55V
+
VB: 6Ve—] 02V= VCE
V=53V

10-5.
=Ic= 0=55 _ 0.957mA
4.7K

Ig=1.6-0.957 = 0.643mA
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p= e 09T MA _, yes Ve=0.7V [ Vi =0V]
I, 0.643mA 10-0.7
Brorced < Bactive == - 1.8omA
Let transistor in active region.
> S le= P 1= 1.84mA
Sol: 10V B+1) " -
= Ve=-10+ 1K x 1.84m
Ve =-8.16V
Vie=Vg— V=886V
VEc> Ves
.. Transistor in active region
14.
Sol: +10V
Vg=-0.7V
Transistor in cut off region
Ic=Ig=1g=0A
Ve =10V
Vg =0V
Ve=10V
Vg =0V
-10V
13.
Sol: Let transistor in active region

Ve=0.7V [."Vg=0V]
I _10-0.7
Ik

=93mA
I. = L.IE =92mA
B+1

= Ve =-10+5K x 9.2m
Ve =36V
VEc < ViB

Transistor in saturation region
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= Vec=0.2 16.
VeVc=02=Vc=0.5V Sol: Here the lower transistor (PNP) is in cut off
region.
o= 23710 5 ma &

Ig=1g—Ic=7.2mA

lwy _ 21 5
I, 72

Bforced =

Brorced < Pactive 1.€., saturation region

Apply KVL to the base emitter loop:
5-10K.Ig - 0.7—1K. (1+B)Ig=0

Ve = (VB+0.7)
L= 43
(10DK +10K
Ve = (Vg+0.5) —38.73uA
Ic=3.87mA
Ig=3.91mA
= Ve=V,=Ig(1k) =391V
Ig = IcHp Ve=5V
5= (Vt07) _ (Va+05)+5  V, Ve=5-10k (Is) =4.61V
1k 10k 10k
10(5-Ve-0.7) = Vp+0.5+5+ Vg 17.
43-10Vg =2Vp+5.5 Sol:
V= 2795 3 sy

Ig = 3125 _ 0.3125mA
10K

Ve =Vpt+0.5=3.625V
Vi =3.825V

S Ig=1.175mA

s Ie=0.862mA
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1 23k (1-0"LC)+ jorC
Vo =12V —4x10°x1x10° =8V L, (r+ joL)|l - ©’LC - jorC]
V, =8+0.7V =87V Y (1L +(orC)
_12V-V, 12V-87_ ImAmp _ o’ tLC+r1-o’rLC+ joL[l - ®’LC] - jor’C
: 3.3k 3.3k (1 — cozLC)2 +(rCy
Ve, =4kxImA =4V
V,=4V-0.7=33V Equate Imaginary terms:
V =33-07=26V oL — ©’L*C — or’C =0
N L- o’L’C- r*C=0
Vo =26V
o’L’C=L-rC
18. 1 r’C
O=,—-
Sol: LC L*C
(t)
0=,—|—
Lc LC \L
19.
Sol: 10V
4V. —A|
r A% K 3kQ —=C
in . E
——1/sC = = ;
— sL
For D.C Analysis:
VB =4V
V- VEg=07=Vg=4-0.7 =33V
1
Zeq Ig= i =1mA
Cp | 3.3k
r+sL
r— ﬁ: 25mV 950
_ r+sL I, 1mA
srC +s’LC+1
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To apply small signal analysis set D.C

source equal to zero.

Vin Ie— 250
-

=V =—iR¢
Vin = Ipln = 1pPre = icre
. VO
LAy = 71
-iR, —-R, -4.7k
- 1.1, - I, i 25
=-188
20.
Sol: D.C calculation is same as previous
question
Ilg=1mA
r.=25Q

Apply small signal analysis:

V,  -R, _ —4700
V. r+R, 25+3300
f Ay =Y 1413

i

21.

Sol: To calculate r. value apply D.C analysis

_ Vo~ Vi
Rth
B+1

07 0.991mA

2.3k+&
101

Vil B gm0

I'e =
I, 0.991

Now apply small signal analysis.:

IE

Ry +

Vo _—Re _—(2Kk)12K) _

AV = —= =

V. I, 25.22
Ri=Rp || Pre
R;=1.116kQ
ai Vo R, R

L Z R,

3
_ 39.5x1.116x10 — 9937
2x10°

R,=Rc =2kQ
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22. +12V Vo =-Rc
Sol: -V,
le”1le= —
re
220k0 v,
Cs Vo = (r_]RC
|_ €
\Y 20kQ) 8k ° Vi
= = = Given I = ImA
Apply KVL at input Loop: _2mV 5.
6 — 10k (Ig) — 0.7 — 8 k(1+B)I = 0 © ImA
R
6-0.7 Ay = —C
[p= ——F——=647uA v
®~ 10k + 8k x101 y re
1= 0.65 mA A, =10k2/{510k:5000=200
V. 25
I‘e:—=—=38.5Q = =]
I 065 R, =R, =10kQ
Apply small signal analysis R; =1, =25Q
_Ly vy R,
Av=o_ Re 05 Ar=oSEp X
V. r+R; i L i
- R.
Ri_RB || BI{ETotal =AV X_l
RL
ETotal = (RE + re) 200)( 25
R; =10 k || 803.85k = 9.87 kQ =g 03
Ro=Rg||r.=383Q 24,
Sol: For the given differential amplifier,
23. Ig = ImA
Sol:
I, = Ve =25Q
IE
V, -R
Ad = -0 = ¢
1 re
—3000
= or) —gmR¢
55 -
Vi Aq=-120
4
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26.

Sol:

27.

Sol:

Postal Coaching Solutions

Il
3K
Vg =-3V
Vg —-Ve=0.7
Ve=Vp-0.7
Ve =-3.7 Volt
- -3.7+12
8.3k
I, =lmA
I, =0.5mA
. 25mV
° 0.5mA
_—R, —-2000
50

=500

Ad

Voltage shunt feedback amplifier and
V, _—R; _-10k

V. R, Ik

m

~-10

Current — series feedback amplifier and

Ay ~ “Re 247K soan
R, 3.3k

28.
Sol: -
JkQ
Ak
Using millers effect,
g = tk =9.9Q
1+100
5
ImH
2
ImH
L = ~1uH
“ 7151000
29.
Sol: ||
LpF
v
C., = IuF(1+10°)~1F
30.
R
Sol: V, = (1+—fjvi
Rl
2k
V, = (1 + 3_kj2 %0
10 3kQ) v
V,=—volt _L - L
= Lo Vo
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| :&:EmA &
Ik 3
10
—=2
2 = VO _2 = 3 =—mA
2k 2k
Iy =1 +1, =4mA
31.
sm:\@—_RZVH
Rl
32.
Sol: k/l\(/‘?
+ Nk

—V,

Iin
= = ?IL

=2k

V() = —IinX 1K
ILxIK I
IL = = —
2K 2

Ip+L,+1I.=0

L
I+, +—==0
2

2Ip =3I
L _-3_ -15
I 2

Lo
/‘IZZ V()z

Vo =-I

Apply KCL:
0-V,,

T

I +1,

%Hz =-V,,

V,, +1L, ==V,
-I,+1,=-V,,
V,, =1, —1,)volt
I, +1 =1

X

IOl PR Il = VOI |:'.' Ix = T:l

I01 = V01 < I1

34.
Sol:

Apply KCL at V,:
_ V.-V, N V.-V,

2k 3K
3V, -3V, +2V, -2V,
- 6k
6=5V,— 5V,

6
Va_V = —
"5

Im

Im
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V, -V, =1.2Volt 37.
vV, - 1.2 -
Ilzaz—kvb:i:o.mm s Vo %{1
ol: —=
- v, ,,U+R,/R))
I, = =04mA Aor
Vi =0.4m x 1k = 0.4 Volt %:_—?O
— L
h= VB 51:/ O 10
. v
04—V —°=—9:>.V0=4.5V01t
0.6m=— 0 V. 2
0.5k
03=04-V,
38.
S Vo= 0.1 Volt
Sol: SR=27tfax Vomax
. 10°
-1 X onf 2nx20x10
Sol: V. =—1t -
C V,
10x10° V,=AxV. =V, :XO:79.5mV
= T x0.5%107
10
Ve =-5Volt 39.
Sol:
36. R,
Sol: Given open loop gain = 10 +
R Vin
(1+fJ L
Mo _ R, =%
- R
Vi P Re e L ZzszHL:—2
R, ) A, sC  sCR,+1
&_(14_3) z1=R;+sL
i 1+i L
10 Vo|_ sCR, +1
4 V.| R, +sL
V, =V, x 1
I+— & - R,
10 V.| (sCR,+1)(R, +sL)
2x4
Vo =——7=3715Volt It represent low pass filter with
1+ —
10

D.C gain = R
R

1
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40. _ R,
Sol: (1) P R, +R,
1Y, 1Y,
Vioha R, R,
L= (1-Vp)| —+
R2 Rl
R, ’_' (1R |Ri+R,
i R,+R | RR,
Apply KCL at Vy : h R, (RI +R2j
Vo4, R,+R,| RR,
5k
Vi _Vi-V, +Vi_Vx Roziz{Rs+R2J 1
sk 10k 20k Lo AR R,
V, 3V.-3V, 41.
5 20 Sol: V=V,
v _3V Vce=Vce— Ve
* 7 ! Vcee=15- Vi
[ - V.-V, given Vi, 0to 5 Volt
1 10k —Transistor is in active region
v_3vy e=Tg= Yot 17 _17a [Vi=2V]
[=_ 71" 10 10
10k - I, 17 A
Vi _17.5%0 100
I; Vp=Vin +0.7=2.7V
V.-V
(i) L TR
V,-27 17
100 100
Vop = 4.4 Volt
Rg v
= = 42.
Sol: Single stage:
Ro = 1 Gain = 40dB = 100, fr = IMHz = Gain BW
1
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43.
Sol:

fT

BW > f,, =

(a)
R=1IMQ

R
MW

||||}—

Vo

J’_
10kHz 1MHz Vin
—f -

99k
AW

1+M:100 = R, =10.1kQ

R,

Vo _

Gain=

in

10.1kQ

=0 Vo

Q)

Two stages:

'||||4‘

Gain=10
f=1MHz

| Gain=10
| f=1MHz

Vo= Ig(1M)

M = 100nA(1IM)=0.1V

—=100kHz,
0

100kHz(for

f3 dB — f3a8

single stage) (b) — op-amp draws current

— op-amp CKT the curve doesn’t pass

Two stages (Overall): through ‘0’ (transfer characteristics)

IMQ

9k

9k
MW

MW

1k

'..,2

¢|

Sl

Overall BW = f345 v2"? =1

= 100k (0.65) = 65 kHz

| ACE Engg. Publications Hyderabad | Delhi | Bhopal |Pune |Bhubaneswar | Bengaluru |Lucknow | Patna|Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata

Vo

Offset Voltage




[ L ]

v X ACE
'.a EEngineetingPublimtions :16: Analog Electronics
R, =0.1+0.01
=IM(I,)+ 1+E \A 01l
= 1M (100nA) +100(1mV)
~02V 44,
Sol: Given
(©) R, R; =R;=10kQ
WW R, =R, = IMQ
R
R L
+ Vit Ry 2
Vina , Vo
Reomp = Ri//Ra MW .
R3
+
Vin R4
R
_ _ V0 :_2(V1n2 _Vinl)
—> Rcomp = Rl//Rz, then Vo = (IBI = IBZ) Rz 1{1
= Ios RZ
— :M(\finZ _Vinl)
Vo= (Is1 —Ip2) Rz 10k
= IOS R2 GiVeIl VOS - 4mV
=1/10 (IgRy) I5=03 pA
= %IOOnA(lM) =0.01V Los =50 nA
R,
(d) MW
R,
——WW— R,
AW —
R] l o
+ +
= VOS
Ro//R —
+
Vos R R
VO = OOffsclV()]la e + VO Bios current
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V, R,
Voz[u—z}/osﬂmk2 A=m
1 f
. M V450 A[lM] Loop gain=1>A=1/p
=|1+— |4m n
10k AB=1
=454mV 1+ Rx :3+j(ODRC— 1 j
R oRC
45. Equate imaginary parts
Sol: 1
0=oRC—- ——
I Vot . ®RC
1/sC l o |
+ 2 _
VO() R —‘71/5(: Vi R2C?
. - f= ! frequency of oscillation
2nRC
[ A=3
KCL
Voo Vo Ve Nm Ve (1)
(1/SC) R R
p=1/3 |t
Vf _Vx + Vf e (2)
R (1/SC) Equate
1+ Rx 3
From (1) and (2) eliminate V R
V, [S’C’R*+3SCR +1]
46.
_ 1
P 1 Sol: ®y = ‘b
3+SCR+—— * i
[ SCR LC
B 1 . Vi o 05k
p=— (5=jo) v, b R_+0.5
3+ ] oRC - TC
®
A=1+ ok =10
R, 1k
AW . qr
R AB =1 for sustained oscillations
= Lo Vo OSk % 10 _ 1
r * R_+0.5k
v, . Ry=4.5kQ
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B ) (5
47. 49.
) 1 Sol:
Sol: Given f} = g 0 + 4V _
R +
+
A=1+—2% (~
X V‘_() RLV,
AB =1 for sustained oscillations -
[H&j&:l V.= 8 sint V
R, J6 During —Ve cycle, Zener is Forward
& _s biased and act as short circuit.
R, =Vo=V;
R,=5R; During + Ve cycle,
For 0 <V; <4, Zener OFF Since
48 Zener is not in break down
Sol: =Vo=t
+9V For V;> 4, Zener is in break down.
:>V() = Vi -4
R1:3kQ VCCV
_ Threshold
R, =2kQ _ Output Vi
| trigger 4
Discharge
+1 3kQ
Ve
2 2
Vin= EVCC = §x9:6V

9-6
Vth - VC = 2X103XI (I = KJ

Vth—VC =2V
Ve=Vp-2=4V

1
Vtrigger = E Vee=3V

Ve=3VtodV
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50. _20-10
Sol: * (10+100)mA
I
— 3’\(/)v(\)/\,Q oy R, =90.9Q
P2 + 30-10
VS@ %1 OV lK Vo zmax = 022A[ ILmin = OA]
% o PZ = VZ Izmax
i P,=10x0.22
I, = ImA to 60mA P,=22W
_ Vs _Vz
300 52. oF18V
V.. —10 Sol:
o = M
300 30003 |1
V. -10
— smax II
T ) - N v
AV L, l _10
Imin = Izmin + IL IL +—*t= lOmA RL 1k
1k
Imin = ImA + 10mA = 11mA - N
Inax = 60mA + 10mA = 70mA Vg = 10volt
From equation (1) and (2) required range of Ve=10-0.7=9.3volt
Vsis 13.3 to 31 volt. I =9.3mA
o de 9SmA L o) h7ua
51. 1+ 101
Sol: 18-10
I; (0-100mA I = =26.67mA
R o ) ' 300
AN
N I, =1, -1, =26.57mA
Vs:20 to 30volt @ 1oV ZR.
30Volt Ig
L . o — °
= Sol: l__l lI Vo
30002 L
The current in the diode is minimum when I l KO 21000
the load current is maximum and v is n |
minimum. IOV/EE -
Vsmin — Vz = VP
RS - Izmin + ILmax Ill SkQ
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V, = 10volt common source configuration and provides
I - 10 ComA its output to .the input te@inals (i.e.,
5k source) of transistor M,. Transistor M, has
=Vy=(6k) [,=12V = Vg a constant dc voltage , Vyias applied at its
V¢ = 30volt gate. Thus the signal voltage at the gate of
= Vg = Ve — Vg =18 volt. M, is zero and M, is operating as a CG
=1 +1 amplifier. Which is current Buffer.
12 i
Ig=2m+——=122mA Vp 4
y 100
\% ias
:>IC = ILIE B _{ Mz
B Vig
= Ic = 0.120Amp I M,
= Pr= IC X VCE
. Pr=217W V= Vs =
54.
Overall transconductance
Sol: ‘
g :i—d:|:—aiD :|: 4
" Vi | 9Vgs Vi,
=8m,
The overall (approximate) transconductance
of the cascode amplifier is equal to the
transconductance of common  source
= Tok - BmA amplifier g
Vp = 10kx I = 15volt
0 201 AC model of MOSFET
I. = 1_1<VP = 1; > _5mA
© © .
B large = Iz = 0A . . .
+ + |_MM'—'
S Ie=1p=5mA
Vgs Em To = Vgs ngger
. Vs X . .
5. Ans: () @ Thevenin equivalent
Sol: The circuit given is the MOS cascode

amplifier, Transistor M; is connected in

| ACE Engg. Publications Hyderabad | Delhi | Bhopal |Pune |Bhubaneswar | Bengaluru |Lucknow | Patna|Chennai | Vijayawada | Vizag | Tirupati |Kukatpally | Kolkata




[ L1}
s, ACE
vl v Engineering Publications
B ) (5

:21:

Postal Coaching Solutions

Let us find the output resistance R, =—

©

gs1 _gmlvgsl To1
=0V

By KVL Vg + Lo =0
Vo = —Ixro;
By KVL

—1+1Lr02 — gmlo2Vgs2 + Ixtor = 0

—1 +1xr02 + gmoto2 Ixtor + Ik o1 = 0

e 1 R 1
" Loy + Ty + 8maloaton Em2To1To2
1
R, = I_ = Emaloilon
56.
Sol: 3.3V
v T le L
Vgs2 _ v
; M
N 1 Pl
Vgsi —

o) =(T)

V= 1V for both M; and M,

@1

For M, to be in saturation:

Vb>Ve—Vn

3.3>2-1

33>1

So M, will be in saturation if it is ON.

For M; to be in saturation:

Vb>Ve-Vru

Vx >2-1

Vx >1V but if Vx is more than 1V, Vgs,
becomes less than 1V, Which means M,

will be off so M; can not be in

saturation.
Now, We can conclude that M; is in
triode and M, is in saturation
Vgsi=2V
Vbsi1= Vx
Vas2 =2 - Vx
Now, I, =1,
1,Cox (%1 |:(VGSI — Vg )VDSI - %VDSf:|
= % 1, Coy (%)2 (VGSZ — Vi )2

V- VI=(-V,)
2

3V -6V, +2=0

V=042V, — 1.58V

Vy cannot be more than 1V, since M, will

become off
So, Vi=042V
57.
Sol: Given Ipss=10mA, Vp=-15V,

VGG:—2V and Iq = 30 kQ
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AC Equivalent
10kQ G b
Rs N N
Rz Vo
_ R
A - MQ’) " §rd—30k § Vo . T )
Vin Rg =
% ° = =
Device equation
Vo =—gnVes (r[Ro) T
gm(rdHRD) (1) IDS = IDSS —_—GS
VP
V 2
— 0.8 mA = 1.65 mA[l_ st}
= Vgsq=-0.607 V
v
Ol pg =21 | 1- GsQ ||
V. Vi

. AV:_

2
V,
Ip = IDSS{ —ﬁ}
Vp

VG:—ZV
Vs =-2-0=-2V (..Vs=0V)

2
Ip —10m{1——5} =3.6 mA

g = 2\/ TpIpss
m VP
2,/(3.6m)(10m) 2x6m
= = =2.4ms
5 5
S Ay=—(24x107)[30k] 6.8 k]
v,
— =Ay=-133
V.
6
Vgs: 610 VS: 0.99 Vi
10° +10
V.
20 = Aye=—13.3x0.99=-13.16
VS
VDD

58.
Sol: DC Equivalent
Ry

(i) gm

AV,
~2(1.65 A)[l —@}H 1149 ms

(111) VG VGS ik IDSRS = 0
= —0.607 + 0.8 mA(Rs) =0
Rg= —2007 _ 758750
—0.8mA
(iv) Voltage gain (Ay) =— gmR4

Gain (dB) =20 log Ay
20=20log Ay

3AV= 10
= IO:ngd
= 10 = (1.149 m)Ry

R4=8.7kQ

Rs

+ip
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