Operational Amplifiers

1A =Y 2
U;
400 kQ
40 kQ
Lo,
R
Fig. P3.5.1
(A) -10 (B) 10
(C) -11 D) 11
2. A, =" =2
v

40 kO 0
v;
60 kO A\Q

(A) -10
(©) 13.46 D) 13.46
3. The input e circuit in fig. P3.5.3 is

v, =2sin of m current i, is

10 kQ

_>D—O v,

%4 kQ
(A) —2sin of pA (B) —7sin ot pA
(C) —5sin of pA (D) o

Fig. P3.5.3

0.2 V. The output voltage v, is

4. In circuit shown in fig. P3.5.4, tf&t vdltage v, is

50 kQ
150 kQ

10 kQ

\\ Fig. P3.5.4
\' (B) 6V

(D) 8V

\QFOI' the circuit shown in fig. P3.5.5 gain is

,=0,/v, =-10. The value of R is

R 100 kQ
100 kQ
l)i O
>
Fig. P3.5.5
(A) 600 kQ (B) 450 kO
(C) 4.5 MQ (D) 6 MQ

6. For the op-amp circuit shown in fig. P3.5.6 the

voltage gain A, =v,/v, is

Fig. P3.5.6
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183 Operational Amplifiers 3.5
(A) -8 (B) 8 . 20 kO 920 kO
_ ‘ 'A%
(C) -10 (D) 10 40 kO
1V
7. For the op-amp shown in fig. P3.5.7 open loop oy 60 kO 0%
differential gain is A,; =10° The output voltage v, for
v, =2V is -
Fig. P3.5.10
100 kQ
ANN (A) 2.67V (B) 2.67V
0 0 AAA. (C) 6.67V (D) 6.67
—o v,
11. In the circuit of fig. P3.5. h&yoltage v, is
= (1+2sin of) mV and v;, =-10 m! output voltage
Fig. P3.5.7 1
ig v, is .
20 kQ
(A) -1.996 (B) -1.998 20 kO
2kQ A%
(C) -2.004 (D) -2.006 Yo ANMV— 1kO
—o Y,
8. The op-amp of fig. P3.5.8 has a very poor open-loop . biz LAY
voltage gain of 45 but is otherwise ideal. The \
closed-loop gain of amplifier is \ Fig. P3.5.11

100 kQ

v;
Fig. P3.5.8 0
.
(B) 4.5 Q

(D)

(A) 20
(C) 4

v; is 1.5 V. The current i §

p——ovu,
5kQ
Fig. P3.5.9
(A) -1.5 mA (B) 1.5 mA
(C) -0.75 mA (D) 0.75 mA

10. In the circuit of fig. P3.5.10 the output voltage v, is

9. For the circuit shown in ﬁg.@the input voltage

(B) 0.4(1 + sin ®t) mV
(D) -0.4(1 +2sin o) mV

(1 + sin t) mV

&
0\®0,4(1 +2sin of) mV

@ 12. For the circuit in fig. P3.5.12 the output voltage is

v,=25 V in response to input voltage v, =5 V. The

finite open-loop differential gain of the op-amp is

500 kQ
v; +
UO
1kQ f _
Fig. P3.5.12
(A) 5x10* (B) 250.5
(C) 2 x10* (D) 501
13.v,=?
100 kQ
100 kQ
L >
20 kQ —0,
+18 Vo—AA/\/ +
40 kQ
+15 Vo—AAAN—
Fig. P3.5.13
(A) 34V B) 17V
(C) 32V (D) 32V
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3.5 Operational Amplifiers 184
14. v, =7 18. For the circuit shown in fig. P3.5.18 the true
100 kQ relation is
AN
20 kQ
L AN -
- 60 kQ —©%
+10 Vo—A\AA, + 10 kQ L0 Vo1
v 20 kO 1kO
+15 Vo—AAA—
_L_—'\N\l— -
% 30 kO B R
+
1 R
S o AAA
Fig. P3.5.14 Uy
(A) 55V (B) 4.58 V )
(C)55V (D) 4.58 V Fig. P3.5.18
15. A, =Y =2
Ui (A) vol = voZ @ (B) Uol =_U02
(C) v, =2v,, 0\ (D) 2v, =v,,
19. v, 29 \
\ 10 kQ
6 o0
Vi in A'A'A% -
* = —o v,
= \ +6 Ve +
Fig. P3.5.15 @ 48 kO 610 %5 kQ
(A) 5 (B) 5 0 1 il
(C) 6 (D) 6 Fig. P3.5.19
*
Statement for Q.16-17: \
@ Aty ®) -2V
The circuit is as shown in §. W3.5.16-17. 3 3
2 4
)=V D) -—
3 3
vO
20.v, =7
1kQ
3kQ 4 kO
AN
Fig. P3.5.16-17 C)
12V _ p—ov,
16. The ideal closed-loop voltage gain is 2 %0
a1 (B) -1 VW R
(C) o (D) 50 %1 ka
17. If open-loop gain is A, =999, then closed-loop gain Fig. P3.5.20
is
(A) -0.999 (B) 0.999 (A) -12 V B) 12V
(C) 1.001 (D) -1.001 ©) -18 V (D) 18V
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21. v, =? 25 A =0 =7?
8 kQ (Ul - Uz)
ANA
4 kQ
> O >
0-1mA = AN
2V 2ka 6 kQ
QO 3 s
= = = 4 kQ
Fig. P3.5.21 VWV
(A) -30V (B) 18V } %
(C) 18V (D) 28V C O(
22.v,="?
= .
,{3\1;?, Fige
(A) 8 @ (B) -6
v, C) 6 & (D) -8
0.1 mA
20 kQ
(Dsv % 26. v,& \7\
Fig. P3.5.22 \ v, 0
(A) 4V B) 4V
©) 5V (D) -5V ’\
23,7 =2 @
3kQ
T O
AN Q -
12V 2m A
kQ < —
= = Fig. 3.5.26
Fig. p3.5.Q (A) 6V (B) 6V
(A) 12 mA ®) 8.5 mA (€)-10 V (D) 10 V
(C) 6 mA (D) 7.5 mA v
27. A =Y =9
_ v; 2kQ
24. v, =7 AN
1kQ
—ovU,
? 3kQ
%m
Fig. P3.5.24 Fig. P3.5.27
(A) 7.5V (B) 75V (A) 15.8 (B) -10
)8V (D) -8 V (C) -17.4 (D) -8
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3.5 Operational Amplifiers 186

28. For the circuit shown in fig. P3.5.28 the input 3L.4,=?
resistance is 6kQ
AN
Loy 2KkQ
6A —ov,
2kQ
| gm = A
i Fig. $3.5.31
NN
= Z ke (A) 18 A (B) 18 A
10 kQ
(C) 36 A (D) 36&
Fig. P3.5.28 Statement for Q.32-33: Q
(A) 38 kQ (B) 17 kQ Consider the circuit sh Wn‘be ow
(C) 25 kO (D) 47 kO D,

29. In the circuit of fig. P3.5.29 the op-amp slew rate is
SR =05 V/us. If the amplitude of input signal is 0.02

V, then the maximum frequency that may be used is . \
240 kQ \\

AN =

. 10 kQ 6 Fig. P3.5.32-33

¢ 327If v, =2V, then output v, is

@\(A)4V B4V

Fig. P3.5.29 0 ©3Vv (D) -3V
33. If v, =-2'V, then output v, is

(A) 0.55x 10° rad/s (B) 0.55 ﬁ@ (A) 6V (B) 6V
(C) -3V (D) 3V
(C) 1.1x 10° rad/s D) s

34. v, () =
30. In the circuit of fig. P3 5.30 th®input offset voltage
and input offset curre VZ=4 mV and I, =150
nA. The total outp voltage is 8§ mFf o,
,5{(}(\’/]‘\"2 5u(t) mA 2500 & 1kO 500
5 kQ
%% Fig. P3.5.34
_t _t
5kQ A e®ut)yV B) —eu@r) V
t t
- © e ut) Vv D) - " ut) V
Fig. P3.5.30
35. The circuit shown in fig. P3.5.35 is at steady state
(A) 479 mV (B) 234 mV .
before the switch opens at ¢ =0. The voltage v(¢) for
(C) 168 mV (D) 116 mV 50 is
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187 Operational Amplifiers 3.5

20 kQ

VW } 20 ko
oL
I_

O

Fig. P3.5.35

(A) 10 —5e™** V (B) 5 +5e**V

b b
(C)5+5e 125V (D) 10 —5e 25V

36. The LED in the circuit of fig. P3.5.36 will be on if v,

is

Fig. P3.5.36
(A) >10V B) <10V
C)>5V D) <5V
37. In the circuit of fig. P3.5.37 the oP the

op-amp is 60 dB. The magmtude t

Fig. P3.5.37
(A) 1 mV (B) 100 mV
(C) 200 mV (D) 2 mV

38. The analog multiplier X of fig. P.3.5.38 has the

characteristics v, =v,v, . The output of this circuit is

UssOr

10 kQ

Fig. P3.5.38
(A) v, (B) —v.v

-2 (D) ”&
v

£

(©)

39. If the input to the idegdvcomyp arator shown in fig.
P3.5.39 is a sinusoidal si®halyof 8 V (peak to peak)
without any DC co t, then the output of the

comparator has,d &ty cycle of

. \Q}f+

\ =2Vo——|—
6 Fig. P3.5.39

1
B) %
()3

Output

& 1
C) = (D) 12

40. In the op-amp circuit given in fig. P3.5.40 the load

current i; is

Rl
AA'A%
Rl
Uso_l\/\/\’ —
VW +
- R2
AA'A%
IL* R,
Fig. P3.5.40
A) - B) =
A) R, B) R,
(©) —Ls D) s
) R, (D) R,

=1

V for a certain set of o, R, an C. The |v,| will be 2 V if
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3.5 Operational Amplifiers 188

v;=sin wt V L ov,

Ic

Fig. P3.5.41
(B) o 1is halved

(D) None of the above

(A) o is doubled
(C) R is doubled

42. In the filter circuit of fig. P3.5.42. the 3 dB cutoff

frequency is

50'?F 6 kO
1 A'A'A%
= 3k0 | o0,
v
Fig. P3.5.42
(A) 10 kHz (B) 1.59 kHz
(C) 354 Hz (D) 689 Hz

43. The phase shift oscillator of fig. P3.5.43 operate at0
f =80 kHz. The value of resistance R, is

100 pF 100 pF 100 pF

O

(A) 148 kQ
(C) 438 kO

Fig. P3.5.z‘t3 DQ

@®) 814 kQ

for sinusoidal oscillation of

44. The value of C re§ui
i circuit of fig. P3.5.44 is

frequency 1 k

2.1kQ

1kQ

HVW\

Fig. P3.5.44

A) L uF (B) 2 uF
27
1
C) —— uF D) 21/6 uF
()21“/6“ (D) 2nv6 1

45, In the circuit shown in fig. P3.5.45 the op-amp is
ideal. If B, = 60, then the total current supplj the

15 V source is

Fig. P3.5.45

(B) 98.3 mA
(D) 168 mA

an the circuit in fig. P3.5.46 both transistor @, and
@ Q. are identical. The output voltage at T'=300 K is

R, \:TE! xjf:z R,
payy- L AAA—o,
- - 333 kQ
AN
20 kQ
20 kQ —ov,
+
333 kQ
Fig. P3.5.46
(A) 2 logw(v2 le (B) 10g10(”2 RIJ
Uy Rz U, 9
(C) 2.303 log, | 22 T (D) 4.605 log,,| %2 Tu
U, RZ v, I{2

47. In the op-amp series regulator circuit of fig.
P8.3.47V =62V, V,;, =07 V and p=60. The output

voltage v, is
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189 Operational Amplifiers 3.5

+36 Vo o U,

1kQ

30 kQ

10 kQ

1A AN

Fig. P3.5.47
(A) 35.8V (B) 248V
(C) 298V (D) None of the above

stesfeskeok ok

Solutions

1. (A) This is inverting amplifier
A - & _ 400

210
R, 40

Thus inverting terminal is also at virtual grgu

2. (A) The noninverting terminal is at ground le\:Q\

There will not be any current in 60 kQ.

400

A=-22-_10

C 40 ‘\Q
10, .

3. (B) v, =-~(2sin @f) mV =— @.\V

Fig. $3.5.3

i, = Zﬁ =-5sin of pA

. . 2sin ot
i, =1, =
1k

i, =1; —i, =—-5sin ot —2sin ot =—-7sin ot pA

=2sin of pA

50

4. (A) Gain of first stage A, =~ =-5

_150 _
25
Total gain A, =A, A, =30,v,=30x02=6V

Gain of second stage A, = -6

5. (B) Let v, be the node voltage

v v v. -V 2 +100
B e R ) v, =0,
R 100 100 R
0-v;, O0-v, R
+ = = v,=-—0,
100 R 100

v__ B (5,100} 9
v, 100 R K
2R +100 =—-1000 , R = 450 kQ O

6. (a2, 0-u o e
R

R i

v
-3v;, +v;, -3v;, -3v;, =v, = —<=+=-8

7. (A) g, = ”10‘0’1’{1

oo Y, 2 1996

°T T (1+2x109)
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3.5 Operational Amplifiers 190

8. (B) A closed loop gain A =% =$ 15. Ao, =v, =v.
: AP let v, be the node voltage of T network
2k
p= =02 LT 0 o oy =20 =20,
8k + 2k R R ! - !
Ay = B 45 LS T E R R N AR
1+(45)02) R R R o
15 6v, =v,+v, = —<+=5
9. (0) i, :5:025 mA, i, =1, Ui
,{3\1‘/‘\)’ b, 16. (A)v+:vi,vfzvi:vo,%=1 K
6 kQ i
vi oAM= 8KQ I
i —_
i 17. B) v, =v, ,v_=v,

1
A=

5kQ Auv; —v,) =v, *
A,, =999 6
I n@
Fig. $3.5.9 ST A 1 "

v,=-10ki, =25V, i, + i, =1, Q
5 18. (B)A age input to both op-amp circuit is

. 2. .
025m +1, = "Bk’ i, =-0.75 mA r op-amp circuit is buffer having gain

er op- amp circuit is inverting amplifier

10. (B) This is summing amplifier % ain A, =% :_1. Therefore v, =-v,,
05 1 2
v, =-8 ( * \

-80 '—+j=—2.67 \
20 40 60

O T R
11. (B) Output of first op-amp v, =—?0 v, 0 "

=-10(1 + 2sin wf) mV . Q 20. (A) Applying KVL to loop,
The second stage is summing ampliﬁe\

3kQ v, 4kQ Lo

., :_20[—10(1 +12 sin o) _110j m,Q

=0.4(1 + sin ot) mV

12. B) v, =
500 +1 4
(25)(501) = A, ,(5), 2505
13. (A) v 15 x20 Fig. $3.5.20
40 20 +40
L00k 12 =3ki, +2ki, = i, =24 mA,i =i, =24 mA
UO = lookj _34 V i2 :_il :—2.4 mA
v, =i,(1k)=-24 V
14, () Lo V2710 0. =15 v, =v, —i,(4k) =-2.4 —(2.4)(4) =-12 V
30 60 20
1 3 11 _v (4) 12(8)
v, == +—="= =_ =
e 4 12 2. Wy =t =2V =,
100 11
vo=v+(1+ 20) 15 =55V &+8=—2,u0:—3ov
3
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191 Operational Amplifiers 3.5

22. (A)v, =5V=v_, =% _-01mA
10k

v, -v,=1,5-v,=1, v,=4V

23. D v, =v =0,1i = 12 =3 mA
4k
A
12V 2 mA
Fig. 53.5.23

i,=3+2=5mA, v, =5)(3)=-15 V

i, =i, +1i, ,5=i0+%,io=75 mA

24. By, =25V =v_, go (42 =25 = 0v,=75V

25. (C) v, =v,=v, , Uy, =V, =V,

Current through 2 kQ resistor

;U U Um0y
2k 2k
v, =i(6k + 2k + 4k) :%(121{)

% _g-4, 0
Uy Uy

26. (C) v,, =v,_ =0V, current thro N source

i =0 2 mA, v, ——2m(3k + 2K) NNV

3k
v, (1)
+1 2+1
28. (B) Sigc mp is ideal

¥

§4kg
ls is
AN\ i
= 2 kQ ‘
10 kQ
Fig. $3.5.28

v =v, ,2ki =4k = i, =2i
v, =2ki_ + 10ki,

i,=i +1i, , v, =2ki_+10k(i, + i), i, =‘2i

v, =2ki, + 101{1'8 +‘2] = % -17k=R,

l
240k Q

29. (C) Closed loop gain A = By

The maximum output Voltage Uy =2 .48 V
<SE 0571 11,10° rads
v 048

om

30. (A) The offset due to@ [1 + ?]
1
[1 + @ 4m = @
Due to I, 3% =(500k)(150n) =75 mV
Total off &yage v, =404 + 75 = 479 mV

N

@ 32. (B) If v, >0, then v, <0, D, blocks and D, conducts

A, :—g—l; =2 = v,=(2)2)=—4V

33. (D) If v, <0, then v, >0, D, blocks and D, conduct
A, :—% — 15, v, =(<2)(-15) =3 V

34. (A) Voltage follower v, =v_=v,

v, (0") =5m(250 111000) =1V, v, () =0

7 =8m(1000 +250) =10 s

35. (A) v, (0)=5V=0,0)=5V
For ¢ >0 the equivalent circuit is shown in fig. S3.5.35
20 kO

+
Ve

T D

Fig. $3.5.35

10V 4 uF

1=20k x 44 =008 s

_t
v, =10 +(5 —10)e °% =10 -5 V for ¢>0
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3.5 Operational Amplifiers 192

36. (C) v = 10)10k) _ .y, Thus when o and R is changed, the transfer function
10k + 10k is unchanged.
When v, >5V, output will be positive and LED will be
on. Hence (C) is correct. 42. (B) Let R, =3kQ , R,=6 kQ , C=50 nF
v; v, — U, Ui Vi _ U,
R R + =0 » —F——+ =
37. B v, =2)=—==1V,v =(2)=—=1V, v,=0 R 1 R, R R, R,
2R 2R 1 1+sRC sR.C
v, +U_ R, V.,
Veu = =1, v, =-F R
2 1 CMRR v, {R?(l+sRlC)+1} =v,
CMRR =60dB =10° , v, 1(1)0%03_100 mV '
;zi [R, + R, + sR,R,C]=v, K
1
38. (C)v, =0=v_, v |— sR R, C 1 O
Let output of analog multiplier be v,. v L R
U, v
T [ RJ 2u )
US
Uy =00, , U, =— f
Ugs 3dB — 27'[(R ”
39. (B) When v, >2V, output is positive. When v, <2V, =159 kHz

27:(2k)50n

output is negative.

The oscillation frequency is

1
< ‘N - 80k=— -
\ 2J6RC 27/6 R(1007)
=812

kQ

(801{)(27:( 6 )(1007)

Br 99 - R, —(812K(29)-236 ko

44, (A) This is Wien-bridge oscillator. The ratio

&:%:21 is greater than 2. So there will be
R 1k
oscillation
Fig. $3.5.44
41. (D) This is a all pass circuit Frequency :i = 1x10°%= 1
~ Hijo) = 1- joRC H(jo) - 1+ (0R*C)? _1 ) 2nRC 2(1C
vt 1+ joRC’ 1+ (0RC)? C= o uF
T
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45. (C)v, =5V =v_=v,,
The input current to the op-amp is zero.

Lasy =lz Tlc =1z + Qplg

_15-5 6005 ) 494 ma
47k 61100
333
46. (B) v, :%(vo1 —U,)

14

s

iy Iy
Uy =—Vgp — V,1In (;} Uyy =—Vggy — V, In (‘j

s

v, —U,,=-V,In (;“ ] =V, In (?2}
c2 cl

v .,

i i
cl ’ c2
R, R,

b, —v, =V In (”2 le, V. —00259 V
2 vl
0, =333 v )=33300259)In[ 2 f1
20 20 o R, R
—0.4329 In| %2 B | —0.4329(2.3026)10g,,| 22 To \\
v, R, v, R,

v, R

—log. | Y2 fu
ogw( v, sz O\Q

47. (B) v, =v , v, 10v, _

e @
10+30 4
v, =40, =62x 4 =248 V
. 0\
stk otk sk sk ook \

O

*
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