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Analog Electronics

(Solutions for Volume-1 Class Room Practice Questions)

1. Diode Circuits 5V
L
01. Ans: (d) ~
) e * V=1V
Sol: . D, (1-2) ‘
° L1 2V E—
D 3ye—/ —
2Vs M 2 oV (1-3)
e
= D, & Dj are reverse biased and ‘D;’ is
| l 5kQ forward biased.
’ L i.e., D; only conduct
SoIp = 5—_1 =(0.8mA
(1-3) 5K
1V
2Ve Vo=3V
(2-3) ’ 03. Ans: (d)
3V Sol: Let diodes D; & D, are forward biased.
§5KQ = V=0 volt
Ioy _
I, = LU0 o 2mA
= 5K
0-(-10)
= —— =1mA
= D;,D, are reverse biased and D5 is 3 10K m
forward biased. Apply KVL at nodes ‘Vy’:
i.e., D3 only conducts. L1+L-1L=0
SIp= 3/5K = 0.6mA =1, = —(12—13) =—-1mA
7+10V
02. Ans: (b) L
Sol: T ok
+5V TVO
L,l = 5k0 TR
D
Vo 1t o =
I\ID Vo L) 2100
2V, 102
"~
3, | —1Ds 1oV
I~
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So, D; 1is reverse biased & D, is forward

biased

= ‘D’ act as an open circuit & D is act as

short circuit.

Then circuit becomes

o +10V
§5K
_20 4 Vo
15k
$10K
“1ov
=V, :Ika(ﬂj—lO
15k
o V=333V
04. Ans: (¢)
Sol:
2V
il N N o
I+ L e
7 V
Vin_ )VX RL 0
_ 1

Apply KVL to the loop:
Vin -2 Vx =0
= Vy= V2

Given, Vj, range = -5V to 5V

= Vyrange =-7Vto 3V ["." fromeq (1)]

Diode ON for Vi > 0V
= Vo= Vi

Diode OFF for V, <0V
= Vo=0V

.. Vorange =0 to 3V

Output wave form:

A VO

3VE--------

Sol:

O
. +
N
- = 2V

-
|

For V;<-2Volt, Diode ON
= Vo=-2Volt

For V;> - 2Volt, Diode OFF
= Vo=V,

A VO

+5V1

-2V
-5V
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06. Ans: (¢)

Sol: For positive half cycle diode Forward biased

07.

and Capacitor start charging towards peak
value.

= Vec=Vu=5V

= Vo=Vin—Ve=Vin—5

Vinrange =— 5V to +5V

.. Vgorange =— 10V to OV

VOt

0/ i
-5V --1

1OV e L

Ans: (d)

Sol: For +ve cycle, diode ‘ON’, then capacitor

08.

Sol:

starts charging
=>Vec=Vn-7=10-7=3V
Now diode OFF for rest of cycle
= Vo=—-Vc +Viy

=Vin-3

Vin range : —10V to +10V

. Vorange: —13V to 7V
AV,

7Volts

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

—13Volts

Ans: (a)
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+ Viy
Vin range: —12 to +12V
Vj range: 9V to 33V

09. Ans: (b)

Sol: During positive cycle,

D; forward biased & D, Reverse biased.

+
1
+ 3
Vil’l /\D
VC = V;, = 6volt
1

During negative cycle,

D; reverse biased & D, forward biased.
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02. Ans: (b)
SV- L. Sol:
11 ) +10V
- +
6V T Ve
f _

01.

Sol:

Veo=—6-6=-12V
Capacitor C, will charge to negative voltage

of magnitude 12V

2. Bipolar Amplifiers ]]

Ans: (¢)

+10V
4.7K

—— B=100

Given,

Ve =4V; Vge = 0.7

Vg—VE=0.7
Vg=Vp-7=3.3V

33

= Ig= = lmA

Let transisotr in active region
= Ic=B/(B+1).Ig=0.99mA
Is = Ic/B=9.9uA
Ve =10-4.7x10°x0.99x107 = 5.347V
= Vc>Vp

.. Transistor in the active region.

6-0.7=5.3V

VE:VB—VBE: 6-0.7=53V
5.3

[g= ——=1.6mA
3.3K

Let transistor is active region

=Ic= m Ig
Ic =1.59mA

Ve =2.55V

=Vc< V3

.. Transistor in saturation region

= Vcg(sat) = 0.2V

Vc-VEg=0.2
Ve=5.3+0.2
= Vc=5.5V
V=55V
+

Ve=6Ve— 02V=Vg

V=53V

=Ic= 10=55 _ 0.957mA
47K

Ig=1.6-0.957=0.643mA
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B = I_C: 0.957 mA 1483
I, 0.643mA

Bforced < Bactive

03. Ans: (¢)
Sol: +10V

Vg =-0.7V
Transistor in cut off region
IC = IB = IE =0A
Vee =10V
V=0V
Vc =10V
VB =0V
04. Ans: (¢)
Sol: 10V
-10V
Ve=0.7V [ Vg=0V]

0s.

Sol:

_10-07

=TIy = 1.86mA

Let transistor in active region.

B
(B+1)
= Vc=-10+ 1K x 1.84m

Ve=-8.16V
Vegc=Vg— Ve =8.86V
VEec> Vip

.. Transistor in active region

=Ic= Ig = 1.84mA

Ans: (d)

+10V

-10V

Let transistor in active region

Ve=0.7V [."Vg=0V]
IE=10_Q7=93mA
1k

I. = i.lE =9.2mA

B+1
= Vc=-10+5K x 9.2m

VC =36V

VEec< Vis

Transistor in saturation region
= VEc = 0.2
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Vi—Vc=0.2= Vc=0.5V

_05410

:>IC

IB = IE— IC =7.2mA

06. Ans: (¢)

Vi = (Vpt+0.7)

Ve = (Vpt0.5)

Ig=Ic+1p
_5-(Vy+07) | (V+05)+5  V,
1k 10k 10k

105~ Vg—0.7)=Vp+ 0.5+ 5+ Vg
43-10Vg = 2Vp+5.5

_43-55

Vg =3.125V

Ig= 3125 _ 0.3125mA
10K

Ve=Vp+0.5=3.625V
Vg =3.825V

S Ig=1.175mA

S Ie=0.862mA

07. Ans: (b)
Sol: Here the lower transistor (PNP) is in cut off

region.

Apply KVL to the base emitter loop:
5-10K. I5 - 0.7-1K. (1+B)Ig =0
= 4.3

~ (10DK +10K

=38.73pA

Ic =3.87mA

I[g=3.91mA

= Ve=Vo=Ig(1k) =391V
Ve=5V

Vg=5-10k (Ig)=4.61V

:>IB

08. Ans: (a)
Sol:
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IC1 :I81 :ﬂ:]mAmp g :i_d: alD — lq,
23k " Vgs 8\/GS \/gs1
Ve, =12V —4x10°x1x107 =8V g
V., =8+0.7V =8.7V -
’ The overall (approximate) transconductance
. = 12V-Vy, _ 12V—8'7:1m Amp of the cascode amplifier is equal to the
3.3k 3.3k transconductance of common = source
ch =4k xImA =4V ampliﬁer gm
Vi3 =4V-0.7=3.3V AC model of MOSFET
V84 :33—07:26V @ @
Vo=2.6V . . . w0
+ + |_W’\'—'
Vgs Em To = Vgs nggSrO
3. MOSFET Amplifiers . Vs . . .
01. Ans: (c) @ Thevenin equivalent
Sol: The circuit given is the MOS cascode v

amplifier, Transistor M; is connected in
common source configuration and provides
its output to the input terminals (i.e., source)
of transistor M,. Transistor M, has a
constant dc voltage , Vs applied at its gate.
Thus the signal voltage at the gate of M, is
zero and M, is operating as a CG amplifier.

Which is current Buffer.

VD id
——e

M,

VBias _{
Vig

M
Vi Vgs%} =

Overall transconductance

Let us find the output resistance R, =—

©

m@"l"‘j$

sl ¢gmlvgslr01 Ry
+ =0V

By KVL Vgs2 + Ixrm =0
Vgs2

By KVL
—1+Ir02 — gmro2Vigs2 + Ixror = 0

= —Iro

—1 +1Ir02 + gmoto2 Ixtor + Ix 191 = 0

1 1

L= ~
X
Loy + Ty + 8maloaTn Em2T01%02
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1
R, = I_ = maloilo2

X

Ans: (d)
—|3.3V
v T le L
Vgs2 v
4’ M, Pl
J’_
Vasi —

SRS

Vtu= 1V for both M; and M,

For M; to be in saturation:

Vb>Ve— V1

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

Vgs1=2V

Vps1= Vx

Viesa =2 - Vx

Now, 1 =1,

04.

Sol:

W 1
1, Co (fj |:(VGSI —Vin )VDSI - EVDSIZ:|
1

1 \\%
= E 1, Co (fl (VGSZ — Vg )2

V- VE=(1-V.)

3V -6V, +2=0

Vy=0.42V, —1.58V

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

become off
So, Vi=042V

Ans: (a)

Vv — Drain resistance

V., Sourceresistance R

m
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05. Ans: (¢) Vo= gm Vgs R
Sol: Vin= Vgs * Zgm Vgs R
I ‘ Vo _ ngS _ RS
} > ') = =
_‘ V {} nggS \/in 1 + ngS RS + y
— |—> Y o5 m
|
A%
Ry=77 %m 07. Ans: (¢)
I= oV Sol: In volume-I book, the diagram is wrong.
Bm Vs The correct circuit diagram is
V =V
+V
0 + —ov,
Vin
_ Rp
9 — Vg 5
> = _ngD +
in Vin gm ng
= —gm(1/gm) — <> D
Rp =
06. Ans: (b) =
Sol: @ =
@ o l Common source
+ y gm Vs = V. =-V.
_ — Vo=2gm Vs Rp
= S _
) l CV - gm(*vin)RD
gmVg Rg 0 __ 5 R
% Vm gm D
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08. Ans: (a)
Sol:

Vgs =—Vi

VO = 8m Vin ><IKD
VO

0 _9 R

V- gm D

mn

09. Ans: (d)
Sol:

ANV
+ \/in/2 B + Vm/z -
()
+\ /-
Vin
Vo =-IbRp
V.
Vs = 2'“ =V, =2V,

Postal Coaching Solutions
Vo _ ID]RD
Vin 2 VGS
RD _ ngD

)

10. Ans: (¢)
Sol:

—4

Rout

q

N To1

i

Rout = To1 + (1+gm1 1o1) L

ng
=101 + % + ro1
ng

:21‘01

l/gm2

[ 4. Cascode Amplifiers, Current Mirrors )
& Differential Amplifiers

&

01. Ans: (d)

Sol: For the given differential amplifier,

IE=1mA
re=£=25§2
IE
V, R. -3000
A == < = or) — ch
d v, I 25 (or) —g
Aqg=-120

| ACE Engineering Publications /Hyderabad|Delhi|Bhopal|Pune|Bhubaneswar| Lucknow | Pama | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




[ L]

P8, ACE :
vl ¥ Engineering Publications Analog Electronics
02. Ans: (a) & lgs, = Vg,
Sol: S LIRi=1LR,
T I, Iref R] = Ic(i:y Rz
= 3kQ .
: 'Icopy = Iref 1{_l
Vs 2
okQ 8.3kQ2 04.  Ans: (c)
Sol:
s —12V 0
I = 0-(-12) =1mA
12k
0-Vg
_ 10k Vi,
VB =-3V
Vg —VEg=0.7 \I
VE=Vs-0.7 ‘/|
Vi =-3.7 Volt -
I, = ﬂ =1mA
8.3k
I, =0.5mA
LT Mo__, Rre
0.5mA v Em
-R —2000
A = C = =—E€m 3k
= 5 1 gm (3k)
- _ gm ==
A, =-40 \A
12-0.7+12 233
I, = = =2.33mA
03. Ans: (a) 0 10k 10k
Sol: Since,
Vg = Vg, +L R, =Vy + LR, 2 2
Since in current mirror, Ad=— 1.16uA % (3A) — _ﬁ x 3(k)
Transistor default must be perfectly matched 25nV 25
=-139.5

fl =1
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0s. Ans: (d -
ns: (d) Vo _-LR, _ g R,
Sol: Vin Vin
|+12V
07. Ans: (b)
3k + - 3k Sol:
Vo ,_|
+ To1
Vin
¥ 3mA %
5 =12 To2
Lo =222 1 5mA
2
g = L oc) _ L5
Vi 25 Rout = To1 + (+€miTo1)
Ad=-g, R, (t02//Tr2)
__LS o =To1 + T2+ gmi 01 T2
25 =ro1 + B 1oy
— 180 = (B+1) o
~ Bros

06. Ans: (a)
Sol: ic

08. Ans: (a)
Sol: Q; — 1(V o1 gain)

QZ - < =_gm2Rc

re,
'..AVT =1x (_ gmch)z _gmch
AVT = _gmch

09. Ans: (d)
Sol: Q; — Act as CC [Ac circuit ->I—open]
Qi1 —> Actas CB
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_+ngD
2
=V, _ &R :
’ 2
R R
V,=V, -V, =|-g —2-g —2|V
0 D D2|:gm12 gmzz:ll
V,
:)7(3=—ng])
. Vor.gain =— g, Rp
Since for CC —»V01.gain=1 11. Ans: (d)
For CB — V0l.gain= R, Sol:
r
LAv=1—t= 5/0 =2RC :_gmch <, _§/
re _T Ye S rd
IE r \i gmvgs
E) Rpb, —  Is
SAv = AL V. ) V.
2 R, =—+, where i, =g,V +—
1 |
10. Ans: (b) i:gv+ﬁ
Sol: Ty
M S SR T
RD RD Y ii gmrd +1 gmrd +1 gm
._
+Vo — | Ty
vie——] MM '_l W
~R. d -
= 1 gmrd +1 gm
Io
12. Ans: (b)
-V Sol:
R R
For M|—»Vy.gain=-g —>=g —V
1 01-8 Em, 5 Em, 5 Vi v o
mVT
For M;—-M; —>Vy,.gain= +1x+% g
d :
Rin
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R Vi From equation (1) and (2) required range of
"o Vsis 13.3 to 31 volt.
Where
02. Ans: (a)
1 = ng + - S l'
I ok I (o 100mA)
Y .
L
Vi[gm + m} V5220 to 30volt @
1
. 'Rin - 1 ?
gm T
rT[
“R. =t //L The current in the diode is minimum when
Em the load current is maximum and v, is
minimum.
[[ 5. Operational Amplifier ]] V.. -V
: Izmin + IL max
01. Ans: (d) 20-10
Sol: s
13000 (10+100)mA
WY °+ R, =90.9Q
+ +
VS@' I,OV lK VO zmax 30 - 10 3 022A[ me = OA]
T ° P, =V, Linax
P,=10x0.22
I, = ImA to 60mA P,=2.2W
— VS _VZ
300 03. Ans: (d)
= Vo =10 D Sol: pr18V
e 300
V. —-10
ey =B (1) 3000
300 K
_ \/ V
Imin = Limin + I | = ~Z =10mA 0
Ik L |
1k
Imin = ImA + 10mA = 11mA

= 60mA + 10mA = 70mA

max
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Vg = 10volt 05. Ans: (¢)
Vg=10-0.7=9.3volt Sol:
I =9.3mA
o de _9SmA o) 0704
1+[3 101
I = 18710 _ 56 .67ma
300
[ =1,-1;=26.57TmA
04. Ans: (b)
Sol: 20-5 15
30Volt 10k 10
° L Vp = 10kx I = 15volt
30002 [ _20-V, _20-15
1kQ LOOQ < T ko om
N = 1 Iy ~ 0A
IOV/ZF B large = Ip
h — Vo IC:IOZSI’I’IA
I Zsa
1 06. Ans: (b)
- Sol:
Vp = 10volt MWW
10 1kQ
[[=—=2mA — —
Sk
=V=(6k) =12V = Vg F{eq
Ve =30volt
= Vg = Ve — Ve =18 volt.
=1, +1 Using millers effect,

Ig= 2m+£: 122mA
100

Py

1+

= Ic = 0.120Amp

= Pr= IC X VCE

S Pr=217TW

=I.=

“ 14100
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ImH

= ~ 1luH
“ = 1+1000

07. Ans: (b)
Sol:

C., = IuF(1+10°)~1F

08. Ans: (d)

Sol: V, = (1 +&jV.

i
1

Vv, = (1+§j2

3k
Vozmvolt
3
2k;\Q
3kQ w
_ L
= LoV
N1 e
Ik 3
10
—=2
V, -2
I, = 0 =3 =_"mA
2k 2k

o1, =1, +1, =4mA

09. Ans: (¢)
_R2

Sol: V, = V.,

1

10. Ans: (¢)
Sol:

Iin

iy

V0=—Iin>< 1K
CLxIK T,

2K 2
Iy +L,+I.=0

I

IO+Iin+Ii:O
2

21, +2L +1. =0

210 :_3Iin
L _-3_ -15
I 2

m

11. Ans: (a)

0.5k

Apply KCL at V,:
V.-V, V.-V,
2k 3K
3V, =3V, +2V, -2V,
- 6k

1m

Im
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6=5V,—5Vy, V, = 2X:’ =5.715Volt
_ 6 1+—
Va - Vb - g 10
V, -V, =1.2Volt
VoV 12 14. Ans: (¢)
[=——t=-""=0.6mA -R
2k 2k \ %
Sol: —~ 1
I, =122 0.4mA Vi, U+R /R
3k A
OL
Vp=0.4m x 1k = 0.4 Volt V, -9
=Y~V Vi g0
'0.5k 10
0.6m="22"Vo S 2
0.5k RS
0.3=04-V, Vo=-4.5Volt
V(): 0.1 Volt
12. Ans: (¢c) 150 MIERE)
. I SO]: SR — 2chmax VOmax
Sol: V. = F.t SR
Omax —
~ 5 2nf
:%xo.mo* Lo°
=—————=7.95Volt
Ve =-5Volt 2ntx20%x10
V,=AxV.
13. Ans: (d) =V, = & =79.5mV
Sol: Given open loop gain = 10 A
1 R,
v, +RT 16. Ans: (d)
v Sol:
Vi 1+(1+Rf}< ! °
Rl AOL
R
v, (1+3) 1
—= +
i 1+i Vid
10 T
V, =V, x 4
4
I+—
10
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1 R
=Ryl = = ?
C sCR,+1
Z = R1 +sL
RZ
Vo|_sCR, +1
V.| R, +sL
Vol _ R,
V.| (SCR,+I)R,+sL)

It represent low pass filter with
D.C gain = R

1

17. Ans: (b)
Sol:

RiF

Apply KCL at Vy :
Vx
Sk
V,_Vi-V, Vi-V,

Sk 10k 20k

=L +1

V, 3V,-3V,
5 20
wzgy
7
L= \]i_Vx
10k

V-2V,
[=—7/—
10k
% =17.5kQ

18. Ans: (d)
Sol:

VVVV

Rg 1Y
1
R = e—_—
0 IX
= RS
’ R,+R,
- -V, 12V,
R2 Rl

" R,+R_( RR,
1 R_+R
R():—: S 2 |
I |R,+R,
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19. Ans: (b) 1
o R,x— R
Sol: At Low frequency capacitor is open sc _ 2 -z (1)
W R, + 1 1+scR,
R, sc
R, 7
V,=—=:xV_ .. 2
- 0 Zl in ( )
— RZ
= il v, _1+SCR2 xV., (3)
R &
V,=——2xV
"R Vo| Rp L )
V.| R, 1+sCR,
Vol _ Ry
\/in Rl R2
Voo, & _1_ 1
Val J1+0CRZ V2 1+1

2 oCR,=1
R, 1 .
frequency =

LF HF . CR,
Low pass filter & ~ 1
A ]
Vln 1+—
®34p
At high frequency capacitor is short 1
W45 =
R,C
raa ov
ov 'OAV VVV |
Vin VW7 A 20. Ans: (c)
oV L V=0V
Sol: R,
W
= R
V2 oA
i R F N >V,
I TR 5
W ’
R, L
Vin —Vo

To find input resistance Rjq (differential

input resistance) look from input port.
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Connect a voltage source Vr &indicate R,
current It from positive terminal of Vr as
shown
R,
MWW
R;
IT ’V\N\v \ -
NI
+
R, R,
. . . _(Rl + Rz)
Op amp in negative feedback virtual short 2
valid V; _R +R,
Writing KVL =V1 =1 R; +I1R; L; 2
in loop =2ItR,
22. Ans: (¢
Vi _ 2R, (©
I, Sol: V. Vo
Ris=2R, =8 sin t Vo
_Vsat
4V T
21. Ans: (d) =
Sol: To find common input resistance (Rcp)
connect a know voltage source Vr as shown. Vi, >4 = Vo= +V
R, Vin<4 =Vo= Vg
W Vin=4 = 4 =8 sint
sint=1/2 Vin
Vo t=30 .
41N AN
Virtual short : : ,\//:/-E\\
+vsat | 1 | X 'y \
Due to virtual short Two R; resistors are [_ : : R
: . 30 130180 360
looking as in parallel
Vo]
+—>
TON
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Ton=120°, T = 360° 24. Ans: (d)
Sol:
Duty cycle Toy 120 1 2k
T 360 3 Vin
23. Ans: (¢)
Sol: .
V- >~ |10
1k
+
YI é ’7*” ~10 7k T v
= V. V = V., x1 _ &
3k 1+2 3
L Case (i) Vo =14
v Ya
Case (i) Vo=+10 3
V-=Wi — +10: V+:4X1+1X2:§:2
3 1+2 1+2 3
V, =10x— Y "
10 — 3 (super position)
=3 f Vi>V_
Vo>V -10 25 Vi
Vi<3 3
Upper trip point Vin<6
Case (i1) Vo= 4
Case (i1) Vo=-10 V = Vi
V.= VI 3
B 3 V:—4><1+1><2:—_2
Vi =-10x5 T 142 142 3
— _3 V7> V+ L +4 .
V>V v, =2 -
3 3 Y
Vi>-3 7 g
Lower Trip point Vin> -2 4 -
Hysterias is width = UTP — LTP
=3 (-3)=6V Hysteresis width =UTP-LTP
=6—-(-2)=8V
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25. Ans: (d) 02. Ans: (¢)
Sol: V=10 sin(2rx60t) — 0.1 sin(2rx1000t) Sol: 1oV
V, =10 sin(2nx60t) + 0.1 sin(2mwx1000t)
R;=3kQ
10k 1 Ve
AN _ Threshold
B R, Ry =2k Output
R;=1k | trigger -
1 0N _
R, .
Discharge

Va H- Vo
1k
R2: 10k +
Ve

Given circuit is a difference amplifier

R
Vo = R_z(vz _Vl)

1 9-6
A 3 _
=10(V,-Vy) Vi — Ve = 2x10°x1 (I_T
=10 x[2x0.1sin(27 x1000t]

Vth — VC =2V
Vo =2 sin(2rtx1000t) Ve=Vp—2=4V
c=Vin—27
1
Vtrigger  — VCC =3V
[[ 6. Feedback Amplifiers & Oscillators ]] 3
Vec=3Vto4V
01. Ans: (b) 03. Ans: (b)
Sol: Given 3 = 1 Sol: g = 1
6 LC
A=1+% &_B_ 0.5k
! v, R _+0.5
AP =1 for sustained oscillations ok
R )1 A=1+—=10
(1 + —2}— =1 Tk
R, )6 AP =1 for sustained oscillations
R, _ 5 &X 10=1
1 R _+0.5k
R,=5R, Ry =4.5kQ
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04. Ans: (a)
Sol:

X _ 1
z 1+sCR

For sustained oscillations

y z X

X=X — =
X y z

1
X =1
j 1+sCR
S’CR% =1
j2 W C2R2 = _1
o’CR>=1

1
0=—r7:
RC

1

Loop Gain=1 =

[

-1
sCR

sCR +1 o
sCR
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