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ANSWER KEY » Analog Electronics

1. (d) 7. (a) 13.  (c) 19. (c) 25. (c)
2. (a) 8. (d) 14.  (b) 20. (b) 26. (a)
3. (b) 9. (b) 15.  (c) 21.  (d) 27.  (c)
4.  (a) 10. (c) 16. (a) 22.  (d) 28. (d)
5 (c) 1. (¢ 17.  (c) 23. (b) 29. (c)
6. (b) 12.  (d) 18. (d) 24. (d) 30. (c)

DETAILED EXPLANATIONS

1. (d)

V=11V,
VO1 = V=11V,
V02 = -V=-11V,
VO1—VO2 = 22V,
VO1+ V02 =0
2. (a)
For op-amp V. =V =62V

For non inverting configuration,

R
v, = \/{HﬁJ
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3.

(b)

CMRR = Aﬂ
Acm
5
10° = —10
Aom
Agm = 1
(a)
+ =
V= 2+2 2
when Vv > = Vy = VCC =12V
when vVt < V- = Vo=V =-12V
VO
12V
-6V 6V vi
—-12V

V, = 6-(-6)=12V
(c)

Transistor M. senses the output voltage and returns a current to the input. Thus its a transresistance
amplifier (or) a voltage - current feedback (voltage shunt feedback).

(b)

Taking the Thevenins equivalent of the above circuit, we get

6 kQ D, 4kQ
15V I 20V
D,ison
20-15
_ =05mA
b= Toka

(a)
Since B is very large, base current /5 can be neglected.
Thus
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4.3vl
Applying KVL in base loop, we get,
Veg+43 =5V
Veg = 0.7V
Thus Vg =07
Now Ve=2V
Hence Veg=2-07=13V
Hence, emitter base junction = forward biased and collector base junction = reverse biased.
Thus the transistor is working in forward active region or active region.
8. (d)
Option (a) and (c) are wrong and option (b) does not include the resistance r,,.
9. (b)
Since the current source is ideal, the collector resistance R, — eo.
Small signal model,
B
Vn = Vin ® ¢ o
+
out = g I * +<> <
3 m'o Vin ~) VT‘EE I <l> IV EE ro Vi
Ic | E -
Im = Vi _L °
Y =
L= -4
Ic
7 ) Vi _ —~10000
Vi, Vi 25
Vout
= —400 V/V
Vin
10. (c)
£ 1 B 1
b7 2nr(C,+C,)  2nx2.6x103x(2+0.9)x 10712
fo = 29.15MHz
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11.  (c)
2kQ gy 3kQ
WW —MW '_7'_’
+
Vd <
v, - S5kQ v,
® é
o
vV, =08V,-2
for v, <0, diode acts open circuit
08V, < 2
V i—25Volts
= i< 08 °
for V. > 0, diode acts shorts circuit
08V, > 2
= Vl > 25V

Case-| (when V,<2.5V):

2 kQ 3kQ
AAA AAAA o
\AAAJ l \AAAl +
s
Ct) v, 5kQ =: A
2V
°
Z
VO = E
Case-Ill (when V.>25V):
2 kQ 3kQ
AAA AAAA o
\AAAJ \AAAl +
+ + s
C.) v, <_> 2V S5kQ Y,
<
°
2x5
0o~ g8
VO = 125V
VO
1.25V

3T

ZTJ :
B V) E—
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12.  (d)
Since the two port network is symmetric thus converting it into T network we get the circuit as shown
below.
10kQ 10k
\/i A'A'A'A' 1. AV‘V‘V‘V
BRI Te) 3
I, 1kQ I,
10V 1kQ I =
i \4
and L= Tro ’—'NW‘+:I> v,
11V,

and I = L+1;= 71 =
= Vo = -120V,

V,
or, 2 = 420 VNV

\/l.

13. (c)
MOS T, serve as drain resistance for T,
\%D Voo
i Tz EE Rout
<
_ovout = _ovout
in O—l T1 Vin O—l

1 -1

Calculating R, of T,

[
Applying KCL at node, A
Ix = gm Vgs

VQSZ = Vx
Thus Ve o1 g

I, Omy
for transistor T,

—————©0 0

<
<i> Vin VQS1 gm1 Vgs1 E

Vout = _gm1 Vgs1 Rout
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Vgs1 = Vin
Vout _
Vin - _gm1Rout
9m 1
A, = - (R =~ )
v gm2 out gm2
14. (b)
3kQ 4kQ ;
I
12V —oV,
Let I be I(mA)
V.-V, = 41 (i)
Vy+ 12V-V =51 -.(i)
Vo= Vy (Virtual short)
so, from equation (ii)
51 = 12V
V,=-1=V,
so, from equation (i)
Vy— Vo = 41
Vo = V,-41
= -bJ
Vo = —12V
15. (c)
Given k, = 20 mA/V?, Ry = 5 kQ
Vos = 1.1-1,R,
I, = k( V,- V)2
= /<n(Vg—1)2
for saturation region of operation,
VDS 2 Vgs_ VT
Vos = (Vgs—1 V)
(11-1,Ry) 2 (Vgs—1)
1.1—RDkn(ng—1)2 > (Vgs—1)
1.1 - (5 x 10%) (20 x 1079) (Vgs— )22(Vgs— 1)
1.1—(0.1)(Vgs—1)2 2 (V= 1)
2
1.1 —(O.1)(Vg—2Vg+ 1) > (Vgs—1)
V2 2y
11--24+-9_-01 > (V-1
10 10 ( gs )
vz 2V,
g g
—=+—=-V +2 >0
10 10 9
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—V; -8V, +20
at the edge of saturation, Vg
so, -V2_ -8V +20

gmax g max

Ve +8V

g max gmax_2

v

gmax

valid

(a)

gmax

16.

0.8 mA

0.8x107°
4x10716

Vil n[

17.  (c)

\%

}z

gmax

0
0

-8+464+80

2
-8+12
4

2V

IC1 +IC2

V. V,
1o exp| —BE |+ 1. exp| —BE
S p( v, ) S p[ v

I
o)
e+

31,

2

21, 2

4><1O16exp(

Vg=mV;

8x10™
nf ———

4x10716
In(2x 10+12)
28.32

\%

V=-10V.2YV

£ ==(1.2mA)=0.8mA
3 38

EA
Vr

The above circuit is a summer, where V;, can be is given as

AN

-72V
n(n+1)
m+n-72

_2x10°

03(5+1

5x1
—(04)5(1+2
_2n(n+1) N
-n(n+ 1)V
72
0

0+15+20+....+5n)V

+3+...+n)V

12 [T AT

2

.- both the transistors have same Vg

o 131
. 52 —?
VBE: VB
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18.

19.

valid value of n =8

(d)

-~ The drain and gate of transistor T, is shorted, thus the transistor will always remain in saturation region,
and Vg = Vpg—-V,=5-01=49V.

For transistor M,

Vg = 5V
Vo = 0.1V
V, = 0.8V

Thus, Vos < Vag— Vrand Voo < V;

Hence, the transistor will be working in linear region.
The current flowing through the two transistors must be equal because they are connected in series to
each other. Thus, current flowing through transistor M, is equal to

u C x VV1 2
Ipy = %(Vem -Vr)
and current flowing through transistor M, is equal to
2
u,C, W, Vbs2
Ipy = = LO 2[(VGSZ_VT)VD82__
2
thus, I, = I,

w Vis2 1w 2
[TL [(Vesz Vi )Vosz - > | = 2l 1(VGS1 -\r)

W (0.1? 1 e
(sz [(5-0.8)(0.1)— A } - Ix1x(5-0.1-08F

w
(L L = 20253
(c)

Drawing the small signal model of the above circuit, we get

AAAA

Let R be the input resistance as seen in from point A.
Thus, to calculate R’ we can draw the diagram separately
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>

1
—_ rTC2
Thus, the value of the output voltage
Vo = _gm1 Vin ('L?1 +R')

\
=
AAAA

, Vv
R_I

Vv 1
2 = —Gp, Fﬂ+[—

ma

in

20. (b)

Drawing the small signal equivalent model of the circuit, we get

AL
IS

Thus, the equivalent circuit can be drawn as

<
<
> r{2

v, 2V, ,
now, I = rn/2_ o (1)
and = V. +(I+29,V )R
= V. + E(ZV“)+2ngEVn.
rTE
= [1+—E+ZQmRE]Vn

b%
%n Uﬁ +'ZF')E +'2£7n7GtFiE)7T_
n

v, (rn+2(1+B)RE)% (. Gpln=P)
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S Van ,,
<7 el pAY 0

T
now, substituting equation (ii) in (i), we get

2V,
1= +2(1+B)Re)
n - ﬁzrn+2(1+[3)RE
in 2
21.  (d)
First applying the D.C. analysis, we have
10V
10kQ
VO
3vl
now, assuming MOS to be in saturation region.
c W
Ip = P (Ves ~ Vi) =05 % 109 (327
I, = 0.5x 10 mA
now, Vs = 10-10x103x05x10°% =10-5=5V
thus, Vos > Vs — V5
5> 3-2 (true)
Hence, our assumption was true.
u,Co W
now, g, = 2 %‘ID
= 240.5x0.5x107°
g, = 1mAN

Now, drawing the small signal equivalent circuit, we get

Vo =~ Vas Ro
Vo = =(g9,,Rp)V,, =-[1x102x10x 10%] x 3 sin(wf) x 10-3
Vo = =30 sin (of) mV

22. (d)
Drawing the small signal equivalent of the below circuit, we get
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ImVes
° /<—\ oV
< \793 v < <
’ SRy & SR 2R
p- [ .
-
R
now, I = — D V
Applying KCL at the input, we have
%
L +g, V. +-2= =0
i Y 9m gs RSi
R vy = i —Po_
g 1+9,, Ry

Substituting (ii) in (i), we get

A = I_Oz RD X —RSi
l I, \Rp+A 1+ 9 A

Now R, = R, and Ry = gi

m

Thus, A, l
! I 2

(b)

Applying superposition at the output, we have

v ey B )[Ry, - oy, + 10,0833,
R R, +R, R

Now, the differential input voltage is given as

V, = V,-V,

and VC = M
2

Vd

Thus, Vi = Ve-2

Vd

Vv, = VC+?

vV, = (10.0833)[\/0 +%}—1o[ : —%}

V) = 10.042 V +0.0833 V,
Comparing the equation from the standard result.

ie. V), = AV + AV,
We get, Ay = 10.042
A = 0.0833

10.042

CMRR),, = 10.042
(CMAR)se 20'09“3[0.0833

}= 41.63 dB

(i)
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24.

25.

26.

(d)
For RC phase shift oscillator, the frequency of oscillation is,
1

f = —
¢ onJeRC
1 1
R — = = 649 kQ
216 fhge -C 216 x107" x100
now |A[>29
R .
- 29 for minimum value of R
Re = 29x R
= 29 x6.49 x 103
= 188.21 kQ
(c)
We know g, r. =P
ro= B 190 03 10ke
9 10

Drawing the small signal equivalent, we get

V.
[+n = Rin= 'L?S+('L?1 ||RZ||Req)
n
now, to calculate Req, we can use another model
V=1Ir++g,V )R !
now, V. =1Ir,
= V= Ir.+Rcl+g,rR:1
Onfn = B =
V= (r,+B+1)R)I
%4
Req = 7=rn +(B+1)A:

. = Re+ [R IR (r + B+ 1R
putting the values
R. = 10kQ + 101 x 500
= 60.5 kQ
R = 1kQ + 4.62 kQ
= 5.62 kQ

(a)
To calculate the value of Vo, we require the voltage of both drain and source terminal.
Now, assuming the transistor to be in saturation region, the value of ;4 can be calculated as
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1x 1073

V2412

wn m

Now,

SN
S8 978

Thus

And

Thus, A
Vos

U<U)

n

G W

o (Vas —Vr)?
0.5 x 109 x (Vg - V,)2
Vas
1414 +1.2
2.614V
V- Vg
0
-2.614V
5V
V- Vo= 5-(-2.614)
7.614V

Vos > Vigs — V4, SO our assumption is correct.

27. (c)

VVVV
Py

AAAA
LA}
)

The op-amp will work as a zero crossing detector, thus the output at node V is equal to

V()
-

P

Now, at differentiator RC << T, thus the output V, can be represented as

%7

D
zvsap\ k
t
—2V_ T V

sat | 5

T

Now, at last state the diode circuit will acts as a negative clipper and the output waveform will look like

Vv,

L
N K l\
[——— t
T
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28. (d)
Assuming the diode to be considered as load, the Thevenin’s equivalent circuit can be drawn for diode D.
R, R,
10V ‘_‘ F 15V
%Rﬁ Th, Th, % R
V R,
Thus, Vin, = o> and R, = >
VZ RZ
VThz = ? aﬂd RThz = ?
10 10
VTh1 = ?=5V RTh1 = ?=5kg
15 20
VTh2 = ?=75V RThZ = ?=10kg

\/th2 > me thus the diode will be forward biased.
Hence the equivalent circuit can be drawn as,

5kQ 06V 10kQ

5V—|:

75V
I 1
Thus, = 757065 100
15
= 0.1266 mA = 0.127 mA
29. (c)
The minimum value of load resistance can be calculated when maximum current flows through the load.
Thus, I maxy = i~ Lz(min)
Now, L(iny = 0 ".© knee current nearly equal to zero
[L(max) = Iin
50-10
L, = 10 =40 mA
10 3 1 3
Ry (min) = E><1O _me =250 Q
Now, for maximum value of load resistance, there should be minimum value of current through the load
' I miny = fin=Iz(man
I iy = (40 - 20) x 1078 = 20 mA
10 3
Rl (maxy = EMO =500 Q
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30. (c)
VCC
]

] reff

AAAA

Ior Icy
Qg
From the figure, we can see that,
Ly = Iop+ Igs
Ies
[reff = ICR+(B+1)
now, IES = IRB + IB1 + IBz + o + IBN
Ig = (1+N)Ig (. all transistors are matched)
I
fes = OJFN)F ( Aoy =lgp=1Icy=1¢)
Ieg
[reff = ICR+(B+1)
I .. = |1+ (1+N) Iep
reff B(B+1)
(1+N)
I = I-|1+
S AT
now, I, =99 mA, I, = 100 mA and § = 50
thus, 100 = 991+ U+N)
| 50(5Y)
@_1 1N
99 ~ 50(51)
1
1+N = 50057 —
( )[99}
1+N = 2575
N = 2475
.- We have to maintain minimum value of 99 mA, thus
N =24
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