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Chapter 2

2.1
(@) Va=VolAo==15V/2x 105 =+ 75 pV
(b) ii=Va/Ri=+75uV/2x106=+375x 102 A

2.2
Vo= (Vs —V.) = Agvs =10°x 50 x 106 =5V
2.3
Vo= —AVg=—Aws=—-10°x10x 106=-1V
2.4
Vo= Ao (V+—V_) =2 x 10° (0 — 2 sin 377t)
Output saturates at +14 V.
2.5
Vo= Ao (Vs —V.) =2 x 10° (75 + 25)10° = +20 V; at saturation, vo = +14 VV
2.6
(@) va=vi—v2=(120-80) uV =40 uv
vV +V 200
b) ve= 1.2 = — =100 puV
(b) Ve 5 5 00 u

(¢) 20 log CMMR =90
log CMMR = 90/20 or | Ad/A | = 31,622

2 x10°
31,622

|Ac|= | Aq /31,622 = =+6.32
(d) vo=Ava+xA:=2x10°x40x 10°+6.32x80x 10°
=8+50.56x 108V

2.7
(@) va=v2—v1i=60puV-100uV=-40puVv
vV 4V 60 +100

(b) vc:122: > nV =80 pVv

(c) 20log CMRR =90dB
logCMRR =4.5

"
| = 3.1622 x 10
n
A gxlos 4
Ac = —_d T
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= . = 6.3247
3.1622 x 10
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(d) vo =Agva+Acve
=2x10°(-40x10°) +6.3247x 80 x 10°®
=-8+5.05976 x 10*=-7.9994 V or — 8.00050 V
2.8
Choose 1 kQQ < R; <10 MQ; let Ry = 10 kQ.
As=100=1+ RF/Rl, Rr =900 kQ
Vo= Vs (1 +Rg/R1)=100x%x10°%x100=10V

Problem 2.8
Vs 1 0 DC 100MV
RS 1 2 1K
RF 4 3 990K
R1 3 0 10K
vCcC 5 0 15v
VEE O 6 15v
XAl 2 3 4 0 OPAMP
. SUBCKT OPAMP 1 2 3 4
RI 1 2 1E12
RO 5 3 50
EA 5 4 1 2 5E5
. ENDS OPAMP
. PROBE
. TF V(4) VS
. END
. R
2.9 I y
ANN—
v v
— i -t ,, —-0
Is= lg= _ ,Vd= Vs
RO A 7 "
Then = =
v
- . 0
is= la= ——,Ri>>R;s
AR;
R Ri
Substituting for vo = <(1+ BL) Vs =
Rl
. 1+R v R. .
is = (1R R Vs, Rin= "2 = AR } ()
AR ig 1+R Ry

io from the circuit

v —Av v
+

(i)
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Ry o
ng
Va S R Vo
Also —vg = e—Rl—VO Assuming R; >> Ry (iii)
R, +Rs
From (ii) and (iii),
1 _ip _1+RA,(R1+R} N 1
Rout 0 R0 Rl + Rf
R
Assuming (R + Ry) >> 0 (iv)
1+ AR /(R +Rf)
R
Rout = °
1+ /—\DRl/(R1 +Ry)
(&) From (i)
A R 25 x10% x 10%?
Rp= — 90 i = [ =250x1020
1+R /R, 1+990k 10k
Rou = 50 0 020

1+25x10° x10*/10k +990K)  1+250

(b) Rin=5x10°%x 10'%/100 =5 x 105 Q
50

- =0.01Q
1+5x10° x10* /1000 x 10°

Rout

2.10
Let Ri= 10kQ. Then

_ a1 BE) o
A= 10= 1+ Re=90 kO

1

Vo= 500mV x10=5V
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2.11

<t<sms

VO_1E -

0 15 7.1 8

vs needed for vo = +15V

R
+15 = stl‘f‘ﬁ) =Vs g1+25_0),Vs:i3V
1

3
Vg = 2t,t:; =15ms O0<t<5ms

= — 10 t+ @
3x10°% 3
71
t= ms
10
2.12
\ .
- o8 ()
R + R
Vo= Ao Vd =Ad (Vs — V)
v, "
v.=vs— © (i)
From (i) and (ii)
(1, R
Vs= V
s=Vola R 4R
v A (R +R)
TV T R 4R AR (i)
5 3
@ Ar 5x10° x40 x10 — 3999968

"~ 40x10% x5k x10° x10%

(b) Vo = Af Vg = 3.999968 Vs

(l+B'L) :1+m

(c) ForAy— o, As= J R 10K =4,vo =4vs Error insignificant
1

2.13 % 15V
Vo
Vo= Vs (l—i- =
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R

vo = 50 sin 2000 mtt =%i15 V,0= Sin_l%, 0=17.45°

33
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Vo

197.45° 342.55) . q

17.4°  162.5°

2.14
Assuming vq to be negligible, vo ~ v+ = vs. Hence,
Vo=Vs=5V
is= ii=vy/Ri and
Vg = Vo/Ao
is= iz 0 ¥ _piAR
AR AR g
=10k +5x10°x 10°x 2 x 108 ~ 1012Q)
o= Yo=AML Vb (i)
R, Ri +Rg
Va & Ri AoVg Vo
+
Vs RS —
— s
Also
_ _QV%RE ..
YT TRR, (i)

(i) and (ii) give

Vo+AY R i(R JrR)er V_ o

R, Ri + R
L _ !Q - 1+AQBL RLﬂ§) +17
Rout Vo Ro Ri + Rs
R <<(Ri+ Ry

1+ A Ri/o(Ri +R)
Hence

Rout = Ro
1+ A, R/(R +Rs)

- & 5 145x10° x2x10°
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., =15x10 Q
(2x10° +10™)
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2.15

_ . .
Ro
+
AoVy Vo
Rs
(a) FromEqg. (2.13)

fow= Ao fo=2%x10°% 10 =2 MHz

From Eq. (2.31) we get
1+R- /R

At (jo) = 1+ jf L+Re/Ry)/ fow

RF: 50kQ,R1:15kQ
1+50k/15k

Af(jo) =
( 1+ jf (1+50k/15k)/2 x10°
4.333
1+ j100 x 10° (4.333)/2 x 10°

4.333
= =4.235 £-12.23°
1+ j0.2167 3 3

From Eg. (2.32)
R

fo= BAT = 1 f
c Bob R1+RFAbb

= 15k x 2 x10°%x 10 Hz
15k +50 k

= 461.54 kHz

(b)

N

VSC

Re

N

R1
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VS 2 0 AC 0.1v

RF 4 3 50K

R1 3 0 15K

XAl 2 3 4 0

* Vi+vi- Vo+ Vo-

* Subcircuit definition for UA741-AC
SUBCKT UA741-AC 1 2 3 4

* Subcircuit name Vi+ Vi- Vo+ Vo-—

RI 1 2 2MEG

RC 6 3 75

GB 4 5 1 2 0.5M

R1 5 4 10K

Cl 5 4 1.5619UF

EA 4 6 54 2E+5

D1 3 7 DMOD

D2 4 7 DMOD

MODEL DMOD D (BV = 14V)
ENDS UA741-AC

AC DEC 10 100 HZ 1 MEGHZ
PRINT AC VM (4)

PROBE

END

]vmie)

550 [

4010

350 ik

= 200 -

250 [ii-

200 |-

—
o
=

“ioltage magnitude (m

sy
=
[

100 1k 10k 100 k 1 M 10 W
Frequency (Hz)
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2.16
(@ Ri=Rg=15kQ
fow = Ao fp = 2 X 105 x 10 = 2 MHz
From Eq. (2.31)

_ LR Ry
1+jf(1+R R) f
F/ 1/ bw
1+1 _ 2
1+ jf (1+1)/2x10° 1+ j100x10° x107

As (jo)

= 2 =1.998 £/-5.71°
1+j0.1
(b) FromEg. (2.32)
fo = ﬁAofb: % x2%x10°%x10=1 MHz

VS 2 0 AC 0.1v
RF 4 3 15K
R1 3 0 15K
XAl 2 3 4 0
* Vi+Vvi- Vo+ Vo-
* Subcircuit definition for UA741-AC
* SUBCKT UA741-AC 1 2 3 4
* Subcircuit name Vi+ Vi- Vo+ Vo-
RT 1 2 2MEG
RO 6 3 75
GB 4 5 1 2 0.5M
R1 5 4 10K
Cl 5 4 1.5619U0F
EA 4 6 5 4 2E+5
D1 3 7 DMOD
D2 4 7 DMOD

MODEL DMOD D (BV = 14V)
ENDS UA741-AC

AC DEC 10 100HZ 1MEGHZ
PRINT AC VM (4)

PROBE

END
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1

7] vmi4]

Woltage magnitude (m%)

1EIIII:I I 1k I 1EIk I 1EIEIk I I””“I“IIJ l ””1IE.I“M

Frequency (Hz)
2.17
From Eg. (2.35)
( RA(R R R )
vo= |1+ T Ava+ A+ Ay
U Rg/\R, R, R /
20
RA:Ra”Rb”Rc:?kQ
[ 40k (20x2 20( 3) 20( 2))
JL3><20 3x20 3><20J
=5(30-)--
2.18
. Vg _ 50mV
is= =2 = =10puA (R1=R
S R, 5 kQ HA (R1 s)
5V
Vo= —Arvs, . =100=A
(0] f VS 50 mV f

Re 100, RF = 100 x 5 k = 500 kQ

Ry = Ry ||Re = 5k || 500 k = 4.95 kQ
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2.19

is if
Vs

——RYV\Rr /\M Ro
R; Vd Vo
. —AM——o
Aon
Rx
I

Assume Rj >> Ry

v .
Rin= -2 =Ri+Ri| (M)
Is
where =—- V—d
i
—Vg= ifRE+ Ro s+ Ao Vg
or = =9 Y4 11 A)=Re+R
= RETR (ii)
1+ A,

The expression for Roy is the same as in Problem 2.14.

3
(@) Rin=5k+ 102 || 011000
1+25x10

~ 5k +1012([20 =~ 5020 Q)

R 50
Rou = 0 =
T 1+ A R/(R +R)  1+25x10° x107/(10% 1 5k)
50 x 1072
= ~ 2x1030Q
25
From Eq. (2.45)

RF_/Bl

A= T1H+R RYA

F 1 0
—500k
= = =-99.60
1+(1+500k/5K)/25 % 10°

40
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Vo= -50x103x99.6=-4.98V
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3
() Ru=5k+102] 500 x 10 +550
" 1+5x10

=5k+1022|1 ~ 5001 Q

R, ~ 50

Ru: =
T 1+ A R/(R+R)  145x10° x10%2/10% +5k)

~ 100x10%Q=10*Q
(c) FromEg. (2.45)

RF_/Bl
A= T14+R R)/A
E 1 o]
—500k 5k
1 (1+500K/5K) Ex10°
Problem 2.19
VIN 4 0 DC 10MV
R1 4 2 5K
RF 2 3 500K
RX 1 0 4.95K
XAl 1 2 3 0O LF411-DC

. SUBCKT LF411-DC 1 2 3 4
RI 1 2 1E12

RO 5 3 50

EA 4 5 1 2 25E3

. ENDS LF411-DC

. TF V(3) VIN

. PROBE

. END

2.20

As= —{\;E = o0, Vo = AfVs = co — Saturation
1

Vo=-14V
2.21
(@) From Eq. (2.46)
1( \|_ 1 h+&kn 3% 105
Ab\ R/ 2x10° 10k "
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From Eg. (2.45)

A= e Re 50 k

N = - =~ 4.9998
Ril+x) 10k (@1+3x107)

Vo =AfVs=—4, X x 107 =-0.
(b) A 4.9998 x 100 x 1073 =-0.4998 V

43
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(c) FromEgq. (2.47)
AV, = X Re =3x10°x5 =15%x10°
R1
=0.15mV = 0.03%

2.22
(a) From Eqg. (2.13)
fow = Ao fo =2 % 10° x 10 = 2 MHz
From Eg. (2.56)

Re Ry —50k 15k
A= — i =
UL+ (4R R)/F T 1y jf (1+150k/15K)/2 x 10°
F 1 bw
_ -3.333

1+ j (100 x10%) (1 +3.333) /2 x 10°
= ﬂ =-3.258 /-12.19°
1+j0.216

B= R 15k =0.230

R,+Re 15k +50k

fo = Bfow=10.23 x 2 x 10® = 460 kHz
(b) Problem2.22

VS 1 0 AC 0.1V

R1 1 3 15K

RF 3 4 50K

RX 2 0 10K

XAl 2 3 4 0 UA741-AC
. SUBCKT UA741-AC 1 2 3 4
RI 1 2 2MEG

RO 6 3 75

GB 4 5 1 2 0.5

R1 5 4 10K

c4 5 4 1.5619UF

EA 4 6 5 4 2E5

D1 3 7 DMOD

D2 4 7 DMOD

. MODEL DMOD D (BV = 14V)
. ENDS UA741-AC
. PRINT AC VM(4)
. AC DEC 10 100 1MEGHZ
. PROBE
. END
40
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2.23
(a) Ri=Rg=15 kQ

fow= Ao fo=2%x10°% 10 =2 MHz
From Eq. (2.56)

_ ReR -1
Af=

C1+jf(1+R JR)/f T 14 j100x10° (1+1)/2 x10°
F 1 bw
1
= ——— =-099 /-5.71°
1+j0.1
fe=Bfow, B=05

fo= 05%x2x10%°=1 MHz
2.24

(@)

L

Ro " Rs
%" N\ 0 Vo
— I—i
iS iF RX%T |

Ignoring vq (virtual ground)

is = Yi :iF,Vlz—iFRz:—\ﬁ Rzz—Vi&
Rl Rl Rl
. Vi 2
1= —— = V, ——
RX lRle
W= ig+i= Yi + R
Rl Rle
R (1, R
Also Vo = V17i1R3=7V_ 2—R 2 Vi
) 3(R1 R, RXJ
R R
Yo - —B—(1+—3+—3\|

v, R\ R, R

41
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-10= - L1+&k+&k\
50 k 20k R,
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2 20k 20 k
10 = (2*' [125=2+——
5 R J

20k

Rx = =869.5Q
23

SR
(b) SR =6 V/us, fsmax =
2nV,,
6 x10°
f = =95 kHz
s(max) <10
(c) vs 5 0 AC 10MV
R1 5 3 50K
R2 2 0 1K
R3 3 6 20K
RX 6 0 869.5
R4 4 6 20K
XAl 2 3 4 0 UA741-AC

. SUBCKT UA741-AC1 2 3 4

RI 1 2 2MEG

RO 6 3 75

GB 4 5 1 2 0.5M
R1 5 4 10K

Cl 5 4 1.5619U0F
EA 4 6 5 4 1E5
D1 3 7 DMOD

D2 4 7 DMOD

. MODEL DMOD D (BV = 14V)

. ENDS UA741-AC
.AC DEC 10 100 20MEGHZ
. PRINT AC VM(4) VP (4)

. PROBE
. END
2.25
From Eqg. (2.60)
R
Vo = Fv+ Fv +7FV |
© LRl R, 2 Ry %

= [ 20 a0 (g A ()
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(20 k 20 k 20k )
= (4-6-4)=+6V
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2.26

_ Vg —_ %
is=ir= =*, i=—irR2=- 2 R
R, R,
1= —i :+V5_RL
R, R R,
v R
L= ig+i= ~ + Vs 2
R R R,
. v, R v
Also Vo =Vi—iRs=— = Rp-vs Rs+ —° Rs
R R R, R
R 1
=—vs 2 —Rs( +i|\Vs
R R RR)
yg :_Bg -R (l —RL\\
3 +
Vs R LRl R1R4J
-_R 1+&i+33), Given Y = =12 =240
R U R RJ o005

TakingR, =6 R;and Rz =9 R4

(
240=6 1+9+ °® =6 10+ °

) )
) L r)

|70

R =30
R

2
Let R2 =10 kQ and Rz = 300 k9§2. Then
Ry = 300k _ 100
45
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33.33
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2.27
From Eqg. (2.67)

Vo= (a—ve) RE | 5=(220—200)mV x R
Rl R1
Re = 250
R1
Let Ra =Ry =2 kQ; then
Rr= 0.5 MQ =Ry
2.28
Vo= — Ao (V+—V.) (M)
Ri= 10%
Ignoring current through R;
v,
Ve= —2 R andv-= e—RF—'vb +LR—-VO
R, + R, R, +Rg R, +Rg
Substitution in (i) gives
Vo= _fbeVae R | foe ReeVy | e RieVo
R, +Ry R +R- R +R¢
For Ra=Rz1and Rr =Ry
Vo= — PoeVae Re + A eReeVh +,éAOLREVQ
RR+Re °R +Rc R +R:
R R v
F 10 '’
= - (Va—Vp) + A (i)
R +Re ° R +Re
AR /(R +R)
or Vo= — o F 1 F (Vb — Vi)
1- AR /(R +Rg)
= AR (Vp—Va)
Ri(1-A) +Re
3 6 (200 - N —250 x 10°
@ vo= 25x10 >;0.5><10 (2300 220) x610 _ . <1 =~ 505V
2x10°(1-25x10%) +0.5x10 2x10° -50 x10" +0.5x10

~5x10° x0.5x10°% x 20 x1073

(b) vo= ~ 5V
2x10%(1-5%x10°) +0.5 x 10°

47
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2.29
(&) Ao— oo, Eq. (ii) from the last problem reduces to

Rr Re
Af| = —Va= —, 200= =&
| At | = VolVb — Va R’ 00 R,

Let R1=2.5kQ. Then Rr = 0.5 MQ.

48
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(b) For A, =5 x10°

ARE
Ri —RiA +Re

_ 5x10° x 0.5x10° x 20 x107°
2.5x10°-25x10° x5x10° +0.5 x 10°

Vo = (Vb — Va)

=4V

A| =200x20x103=4V

Hardly any error.

2.30
From Problem 2.28
oz _AYR ARK ARV
Ri+Ry R +Rr R +Rg
Vo= +5x10° x15x 1073 x 20 x 103 +5><105 x50 x10° x5 x 1073
© 2 x10° +20 x10° 5x10° +50 x 10°
5x10° x 5x1Q3v
t 3 3
5x10° +50 x 10
= 6.818 x 103 + 2.777 x 103 + 4545 x 10° vo
Vo= —02V
2.31
(a)

R vV -V vV —V
Vi = 2 Va2, is= L y Is = .
R, + R, R, Rs
Vv VvV -V
I7 = _3 is = 3 (6]
Ry Re
I4 = i5
\_I]_ —_V7 — \Z 7V3 (|)
R, Rs

vV -V vV —V v
49
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is = ig + i7,
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Vsii+i+i):_vvo (ii)
% R6 R7 R5 RG
From (i)
AU S . £
R, Ry R Rs
v _v 1 +l\ -
R, R, R Re
4 —v,(Bf—Rf\ =% (i)
Ry \RyRs / Rs
From (ii)
(RR+R R +R R VoV
—V3|56 6 7 57| - __-__20 (|V)
\ Rs Rs Ry ) Ry R
From (iii) using (iv)
vi , (Re*Rg) 1 RRRy [ v vl
R¢  R;Re R ReRg+RsR, +RsR, | Ry Ry
Let X = Rs Re Ry
Rs Rs +Rs Ry +Rs Ry
yl_viBiﬂé :_lxk lXV_O
R, R, Ry R,  Rs R R
R +R 1 v v 1 v
v 4 54 x-=_1_ xo

[R +R 1 T v T v
v A2+ — X |=f—17 X 0
I_R4R5 R5 RSJ R4 R5 RG
(1)
vi/Ry + R/]X(VO Rs)
i /
V_:
(1)
51 /
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(Ry +Rs)/Ry Rs — RJX(]' Rs)

Also (v+ — v-)Ao = Vo. Substituting for v+ and v-

xL Vo)
R, &Rs JXR) v

R +R, Ve (_4+R5) Ll\Jkl J_
R,Rs °Rs \R,

A ( \|X(’—O\

|
Vo — - =
R +Ry Re+Rs) (11, (1)  (Ry+Re) (X)) (1) A

R, Rs kRSJ LRSJ R4 R5 Rs) LRS/]

52
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_ Vi = . w/Rs +
R +R, ? RF(BiLRg)_(l\X(lﬂ Rs (_Pgi%)i(ﬁ'(l\ A
il R R} (rJI R R rR)(r)
|_ 5 5J 5 5

1 I A
[(Ri+R)] 2 TR=+R) (1) (1]
Rl g r IR JXfr)I

4 s 5 5 |

AL
[(th Rs)_fkﬂj Llﬂ— Re

Assume A, is large

[(Ro+Ro)) 2 RaR) (1) (1]
Rl 4 ERJ ERJ'

Vo = L 45 5 |
(%\JMJ )?1
R R, +R 4
| ReRy KRSJXK J
Given R4 = Rs = Rg = R7 = 50 kQQ
|_ R2 -| V]_

I S
(Rq +Rs = X)
_ 50kx50kx50k  _ 50k
350k x50k) 3
Vi
Vv
150k 250K) , -
. ( ) 2~ (100K 50k 50k 3k50K)
© 50 k/3(100 k — 50 k /3)
0.6v —06v
_ 2 1
= —2 1.3y, -
s0k/250k o2~V
2.32
(@)

53

© 2017 Cengage Learning®. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



1V O

54

© 2017 Cengage Learning®. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



= ot = k=it
R R;’
LV Vv
IF= — —— ——
Rl R Rg
vV -V v vV Vv
Also iFr= — O - 1i__-__=
Re R, R Ry
Vo oy o Bl 1)
- + _ + ) (i
R- R R Ry Re
vV -V v vV oV v
I = 1 + —* 7|_7+ -t
Ry R4 R, Ry Ry
v (171
L=y
R, 1R R4J
(Ry +R,) Ry
Vi= V+ , Vi =V
+R
R4 2 4
Also Vo = Ao (V4 — V)
v v
2 = VeV, \/7:V+—_Q
A Ay
vi.R v
Vo = e'ie4 70 i
R, +R, A (i)
Substituting in (i)
Vo oM Ry (1 1 1) v (1 1 1)
ig + J+ E + .+ )
Re R Ry +Ry R Ry Rg A, R, Ry Rp
Yo Vo1 1 1) _v R 1 1 1)
i +
Re A R Ry Rg Rl Ry +Ry IER Ry Re
For large Ao
Yo
Vi
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' _ IR -R/(BR +R (IR +IR +IR )
YR + VA, (YR +1/Ry +Re)

R, R,+R; R Ry R.J

Vo _ =500k 500kx100k (1 1 1)
. 40k  80k+100k 40k 50k 500 k

= 125+ 277Kk (20 x 10+ 20 x 106 + 2 x 10°5)
= _125+13.0=05
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Frequency response

A(jm) = ﬁ s where fu = fbm = Aofb
Vo (o) = — WR; -R, (R +R )(1R; +1R; +1R()
Vi YRe +VA(jo) (1/R1+1/R3+1/RF)

~ AR -Ry (Ry +Ry)(1R; #1R; +ARe) /
VRe + (VR + YRy +YRe)((1+ jf / Ty)/ Ay)

For large Ao, the second term in the denominator tends to zero. Therefore,

0 oy LB BJ/(B 4R LIR +1R 4IR)
[ YRe + (YR + YRy + YR ) - (if / fy, )

—Re RI-R} (Ry+Ry)(1R, +1R; +1R¢)

1+ jf Re (YR +VR; +YRe)/ fy,

500 k /40 k — 500 k x 100 k /80 k x 100 k (1/40 k +1/50 k +1/500 k)
1+ jf 500 k/10° (1/40 k +1/50 k +1/500 k)

Vo gy —125-1305 0.55
v 1+jf 235%x10° 14 jf 235x10°°
2.33
(@)
ip R
5 1 Vo A4

<
<

Vo2 R,
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R4

(V)1 = VOr)Ao = Vo1, V(#)1 = Vi1, V()1 = Vo1
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Vv
(Vi—Vvo)= -2 =0

Ay

For large Ao, V1 = Vo1, and similarly vo = va.
Now iy = iz; then

_ Vo1 —VY3

Yoz Yoz Vg Vo v (1 +1\ = Vo Y
)3
R, R, R R (R rJ)
R
R+R v v R
S VEs = 2 - o, 0
R R, R Ry
R
V3 = 2 v+ R Vo
R +R, R +R,
R
V =V , V| =—vo3lAo=V
)3 = Vo2 R, + R, [V+3 03] Ao = Vo
Vo
or V#)3—Vo3 = —
Ao
Substituting for vz and vz
, R B R _¥
R;+R, R +R, R +R, A
For large Ao
R R R
Vo = 4 — V1= 1 Vo
R; +R, R +R, R, +R,
R R R
Vo 1 = -V 2 + V2 4
R +R, R +R, Rs + Ry
R ®+R
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1 2

R 4.
Vo = —v; 2 tV2ll

R R, Ry+R,

ForR1=R3=10kQ and R2=Rs =1 MQ,

oz _y. 100107 10k+1M
°7 0" T 107 10k +IM
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—v;1 100 + v, 100
(- 100) v; — (~ 100) v

a; = —100, a, =-100
(b) Assume vz = 0; then v, = agvi.
Frnax = 2:?/0 = 2;/: rg = 95.5 kHz
(c) Problem2.33
vsl 2 0 AC 1MV
vVS2 5 0 AC 2MV
R1 4 9 10K
R3 7 8 10K
R2 9 10 1MEG
R4 8 0 1MEG
XAl 2 4 4 0 LF411 AC
XA2 5 7 7 0 LF411 AC
XA3 8 9 10 0 LF411 AC
SUBCKT 1LF411 AC1 2 3 4
RI 1 2 2E12
RO 6 3 50
GB 4 5 1 2 0.1M
R1 5 4 10K
c1 5 4 0.79UF
EA 4 6 5 4  2E5
D1 3 7  DMOD
D2 4 7  DMOD
MODEL  DMODD  (BV = 14 V)
ENDS LF411 AC
AC DEC 10 100 20MEGHZ
PRINT AC VM(10)
PROBE
END
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=3 vmi10]

“oltage magnitude (m')

100 k 10
Frequency (Hz)

2.34

§ N
R i
X x i Rs

R4

Vo2
Rs

Assume there is virtual short circuit at the input of op-amps 1 and 2. Then
V1= V1, Ve2=W2
Current ix through Ry is given by

= 1= Vo
X RX
. Vi —V; ;
Voi=Vi+ixRo=vi+ 1= R (I)
RX
. V] =\, y
Voo = Vo—ixR3=Vo— 1—2 R3 (i)
RX
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i = e, iy ol (13 iF_| )3 o|
R U R )
i1= i
Vo1 —Viy3 Vo3 ~Vo
R Re

R R Re R
Yoz  Yes Yo1 Yo
"R R R R

11
|
+

RR v RR v
Vo= —— 4+ 4F.0
Ri+R: R Ri+Re Re
R
= F Vo1 + R Vo
R, +Re R +Re
R
V()3 = R, _i R, Vo2, [Vinz — Vos] Ao = Vo
R v
5 V02 - F 0l — Rl VO = =0
R4 + Rs Rl RF R1 + RF A\)

Substituting for vo1 and vo2 from (i) and (ii)

R | R R [ R1 R v
_3 E _2 1 0
v, — (v, =V - Vv, + (v, =V Vo =
R+R’2 (v Z)Rl R+R‘l+(l Z)R’ R +R 0 A
4 5|_ XJ 1 F|_ XJ 1 F
RVo = TV - Rs & v+ R, -&Vz
R+R. R, +R R,+R, R R,+R, R,
G e R
iv n 2
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3, Ri1i=R4 and Re= Rs, F 2
- V1— Vi
R +R. R+R R R+R R
Rlvo - RFV2 . _R;:i A & Vi + RF . & V2
R +R: R, +Re R+R R R +R: R,
RF RF BZ vi + RF % - V2

— V1 — . .
R+R.~ R+R. R ""R+R R

R R R R,

= RF (Vz—Vl)_
R +R: R+R R R+R R
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F v,)+ 2R R, (v2
“R+rR 2 Y R+R R W
R 2
= vy Re 11 2R
R+R. [ R
R
RY . (v.-v) —Fr1+2—1
Rl + RF Rl + RF L Rx J
Vo= (V2—Vy) - L [1+g3|1
Rl R
2.35
From Eq. (2.73)
2R
)
Va1 —Vs2 Rg Rl
Take Rr =500 kQ), R1 =10 kQ and R =1 kQ2. Then
Vo _ 1+ 2x1000 X 50 = 2000 X 50
Vs1 —Vs2 g )
Ry can be varied from 100 to 200 Q.
2.36
A\/_ VO =E
Voo =V Ry
For R1 =1 kQ, Rr= 750 kQ.
Problem 2.36
vsl 1 0 DC 1MV
vVs2 4 0 DC 2MV
R1 2 5 1K
RA 3 6 1K
RX S 0 750
RF 5 7 750K
Xal 1 2 2 0 OPAMP
XA2 4 4 3 0 OPAMP
XA3 6 5 7 0 OPAMP
. SUBCKT OPAMP 1 2 3 4
RI 1 2 2E12
RO 5 3 50
EA 4 5 1 2 5PEs5
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. OP
. END
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2.37

t
1
Vo= Veo— ——— | Vo dt
O co R2CF‘£S

ForO<t<1ms

t
- 1 -

0
Fort=1ms, vo=-10°x102=-100 V. The amplifier goes in saturation at vo = — 14 V

and Voo =—-14 V.
Forl1<t<2ms
t-1
Vo= —14-10° j (-)dt =-14+ 10° (t— L)terms
0

Fort=2ms, vo =— 14 + 10° (10~2). The amplifier goes in saturation at vo = + 14 V and

Veo=14 V.
For2<t<3ms
t-2
Vo= 14-10° [ (+1)dt = 14—10° (t - 2)eerms
0
Att=3ms
VO: Vsat:—14v
Vo= —-14V
For3<t<4
t-3
Vo= -14-10° [ (-1)dt =14+ 10°(t-3)
0
At t=4ms
VO: Vsat: + 14V
Vo= 14V
aveform is shown below.
v ’«\ /A\

t(ms)
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2.38

Vs = 1—93t 0<t<1lms
10
Vs = —1(1)—(_)3t+20 Ims<t<2ms

ForO<t<1ms, Vo=0.

10 1 10 t?

1 t
vo=0- tdt = -
© RlC“[lo—3 1021072 2
Att=1ms
t2
Vo= —5V=-107 —
2
2.39

R1 || Rr= Ry for Re>> Ry
Cx = Cr (1 + Ao) = 0.01 uF (1 + 5 x 105) = 5000 uF

Cv=C [1+i\~c =0.01pF
vy = CF AOJ— F=0.01p

From Example 2.11

A= 2
1+RC;s

3-dB frequency

op = L = ! :irad/s

RC, 10* x5000x10° 50

fo = 3.18 x 102 Hz
2.40

SinceA=10atf= 1 =0.16 Hz
21

fob=10x0.16=1.6 Hz
Let C1 =1 puF. Then

1
Ti= =99.5ms
2t x1.6
-3
R, = 99.5x10 ~ 100 kO
1076
10 6.25
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= =625s Re= = 6.25 MQ
1.6 1uF
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Problem 2.40

VS 1 0 AC 1MV

CF 3 0 1UF

R1 1 3 100K

RF 3 4 6.3MEG

RX 2 0 100K

VvCC 5 0 12v

VEE O 6 12v

XAl 2 3 5 6 4 UAT41
. Vit Vi- +VCC -VEE Vo

. LIB NOM.LIB

. AC DEC 101 0.01HZ 10HZ
. PROBE

. END

2.41
(@)

Givenvalues Agp =20, Ry:=110° R| :=2010% fiy:= 1000

Using Eq. (2.86), dc gain (for an ideal op-amp and neglecting the effect of RL)

. _ 4
From Eq. 2.87
Cpim — Ce = 7.958 x 10 2
F™ 2z Rp-fy F=
Ce=8nF

(b) For SPICE verification,
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Problem 2.41
Vs 1 0 AC 1MV

121 1k

F 3 2 20k

CF 3 2 8nF

Ri 2 0 2Meg

E1 N0OO2 0 2 0 -2E+5
Vin 1 0 AC 1mV O

RL 3 0 20k

Ro 3 N0O02 75

.ac dec 101 0.1 100kHz

R
R

PROBE
END
Plot
vm(3)
20
N

s 15
£

%10
1<
()
g

§ 5

\\\
. .
im 10 m 100 m 1 10 100 1k 10 k 100
k
Frequency
(Hz)
2.42
(a) From Eq. (2.108)
1 1
fop= ———,10°= ———
27'[ Rlcl 27[ Rlcl

For C1=0.1 uF, R1 =159 Q.
From Eg. (2.110),

At(max) = R ,RE=20x 159 Q

R1
Rr= 3180 Q
(b) Problem2.42
vs 1 0 AC 0.1v
R1 1 7 159
Cl 7 3 0.1UF
RF 3 4 3180 58
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RX 2 0 3180
vCC b 0 15v
VEE O 6 15v
XAl 2 3 5 6 4 UAT741

. LIB NOM.LIB

. AC DEC 10 100Hz 1MEGHZ
. PROBE

. END

2.43

(@) t9=RiC1=2x103x 108 =20 ps

1 1
b) fo= = ~ 7958 Hz
B) b= rRC, ™ 2nx2x10° x10°
R 10k
(©) At(max = E:ZZ_ =5
2.44
Using Eq. (2.110)
_ Re
Aol =
Assume Ry =5 kQ and Apg = 20.
Re=5x20=100 kQ
fL= 1 , C1:;:6.4nF
2n R Cy 2n x5k x5k
1 1

=250Hz

2nReC, 21 x10x10° x 6.4x 107

For SPICE verification: using op-amp model of Fig. 2.3(a) as

| .ac dec 101 0.1 100kHz. =~~~

Problem 2.44
R13 25k RF
43100k C1
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2 16.4nF Ri
3 0 2Meg
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E1N002030 -2E+5

Vinl10AC1ImVO

RL 4 0 20k

Ro 4 N002 75

.ac dec 101 0.1 100kHz
. PROBE

.END

Plot

100mHz 1Hz 10Hz 100Hz 1KHz 10KHz 100KHz
2.45

(@)

Rsg Ig
Re _Az L—0O Vg
NN +
Assume ij=0
0O-v vV =V

. —(1) . —1 ol
i1= =ijp= i
1 R, 2 R, (i)

Vor = Vo) _ Vo2 Vo (i)

Ry R
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From (i)

Vo _ YoVa

Yo _Ya vy

)
V- (1) Li+i Vo1
Ry RzJ R
R +R v
2 _ ol
Vf(l) R1R2 R2
+ R
Vo) X FiRFi = Vo1, V- (1) = Vo1. Rl“‘le
1
( Ry )
Vor =Aa(Veqy—V @) =Ap v —v &— 1—
k i ol Rl n RZJ
R
Vor = Ao (Vi) — AgVor . & +—
ol O(I) oVol R1+R2
Vor + AgVor & 1— = A
ol oVol Rl n R2 A0V|
A
Vo1 = . Vi
R +R
1+A\)R1/( 1 2)
NOW V42 = V;
VaV.@ _ Yo Yo
R, Rs
Vo Y@ _Ya Y
R, Ry Rs R
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— \"
Yo =Ao (Ve —V-@), Vi) - V()

Ao

Vo _ — Vo

A VitVe, V-@FVi- o~

AO AO
(R, +Rs)
oy 0 oy | TR
R4 RS k R4R5 )
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Vg Vo = (v % ) (Ry+Ry)

R, Rs {i AOJ R,Rs

Ab Vl + VO _V'B4—R5 ~Vo BA_R§
1+A0Rl/(R1+R2) R4 R5 R4R5 R4R5
Yo | Yo (R4 +Rs) :V.B‘L Rs /<o Y
Rg A, R4Rs R4Rs 1+ ARy (/?1+R2) R,
[1 R +R ] R +R A ]
VO|——{—4 5|:Vi| 4 5_ 0 |
Rs A R4Rs RiRs  (1+Ri A (Ri+Ry))R,
R +R RR A
( 4 5)/ 4 5~ °
Vo - |;1+RL(R1+R2)A9]_B$/
Vi YRs +(Ra +Rs)/A, RyRs
__ A
Now let A, = 1+ jff,
R +R RR A
(4 s)/ 4s™ ’
v, _ (1+ jt)1+(R1 (Ri+Ry)).(A, 1+f/fy)] R, /
v

i YRy +(R4 +Rs/R4Rs).[(1+ jf/fy) A]

RutRy) N /

R,Rs [ _ R
) |(1iJMngii(R \R lB%/_\, b |
1 (R+R) [RAR]I/jfY

4 5
+ +| |

4 5 |
Rs R4Rs A, | RaRs A kab)

(RaxtRs) A

RRs [ +éLf n RiRA
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) ==
Rs  R4Rs \A f,/
(R4+R5)_ 1
Ry RR, |
R4R5 Jf T L
_ L —JL(B;—RQJJ
L R
R4R5 AO fb
64

© 2017 Cengage Learning®. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



1+ )
Ry A Ty
check Ap = o
RiR; — R,R5
RiR,
Further
A fR
fq = o b 1 — . 3
cl R, + R, 90.9 x 10
R 6 6
fo = A fbe_ 4 _ 10° x50 :10 x 50
R, +Rs 50+500 550
SR
(b) fmax< 2,
- SR _ 6
e 21\, 10° x 21 x 10
=95.49 kHz
2.46
> AAAY,
3 R
R, 3
%
2
Vi R1 ® R 5
4 5
oW CEEENVYWECRIWS o
Ig I5 @
©),
= V)2
vV —V vV o -V Vv -V
P | =1 . _ (91 ol . (91 o
(@ 1= R, , 12 R, i3 R,
i1=i2+13
Substituting for iy, iz, and is
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" Yo _ Ven Vor , Y1 Vo
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V V V
Vo Ven VYor W b

s (i)
Rl Rl RZ R3 R2 R3
Also i4: i5
Vor =VO2 _ Ve —Vo
R, Rs
u — VJ:E ﬂ:ﬁ Vo (”)
R, Ry Rs Rs
Further (0 — v()1)Ao = Vo1, (0 —V()2) Ao = Vo
or
— Vo1 - Vo
V1= T Ve T T
A A
or
von= =, vee= -0
Ao Ao
Vi _ (l 1 l\ VQ \—/O
(S I
R, \R, R, Ry/ R Ry
_ Vu (11 1) vy v
A R R, R3J R, Ry
[/ 1 1) 11 vo
=—Voi| |[/Rt st |t |- (iii)
IR\ 1 R, Ry R,| Ry
From (ii)
y@ = (l l\\ Vo
2 + -
R, g rRJR
5

Ay - Substituting in (iii) we have

© 2017 Cengage Learning®. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



\R, Rs/
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Substituting the values
v, RyRsRs 100k x150kx 160k

v,  Ry(RyR;—RyR) 20k(150k x 20k —100k x 160 k)

=-9.23
(b) Problem2.46
Vs 1 0 AC 0.1V
R1 1 3 20K
R2 3 4 100K
R3 3 7 150K
R4 4 o 20K
R5 6 7 160K
RX1 2 0 10K
RX2 5 0 10K
XAl 2 3 4 0 UA741-AC
XA2 5 9 7 0 UAT741-AC
SUBCKT UA741 AC 1 2 3 4
RI 1 2 2MEG
RO 6 3 75
GB 4 5 1 2 0.1M
R1 5 4 10K
Cl 5 4 1.59U0F
EA 4 ) 5 4 2E5
D1 3 7 DMOD
D2 4 7 DMOD
MODEL DMOD D (BV = 14V)

AC DEC 10 100 20MEG
PRINT AC VM/ 7

PROBE

END

2.47
(@)
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1 Vo1
VoL —+—J = = 0]
Q 2 Ry
+ Vv R
or VL (R ap = o or Vol = 1 Vo1
\RR, / R, R +R,
vV -V VAR
. ol ()2 . )2 0
g = 15, Ig = , Is =
4 5 4 R4 5 R5
Vo1 Vg2 = Vo2 ~Vo
R, Rs
Vo2 Yoz _ Va Vo
R, Ry Ry Rs
1
—V()J—+ 1: -0
LRy Rs] Ry Rs
R +R v v
Viy = 4,0 (ii)
R4 Rs R, Rs
Also (V1 —v1) Ao = Vor (iii)
And (V2 — V(,)z) Ao =Vo (iv)
From (iii)
R
(v —v —1—\A =v
{1 og  g) o @
V1 Ao—VM = Vo1
R +R,
Vot (1+ b R |\ =vi Ao
\ R +R,J
A
Vo1 = V D —
ol 11+AR/(R+R)
o1 1 2
From (ii)
R +R A 1 v
Vp—t+—2 =y ¢ x +2
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Ry Rs 1+ AR (Ri+R) Ry Ry

R +R Av 1 R R
Viy = 5 o 1 « 445 0
RyRs  1+AR (RR+R,) R, R+Rs Rs
_e R Vo \,1+e_R4_VO
Ry, +Rs 1+A R /(R +R,) R, +Rg
—RL Ag\_/l —RL Vo
From (i - . - =
om@VV2= o LR 1+AR (R+R) R +R ©7 A
4 s ot/ 1 2 a4 s 0
Ry AV Vo _Ry
"R iR 1+AR (R+R) A "R+RrR ™
4 5 o 1 1 2 0 4 5
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vofi+i|\ v, Rs 0 A "
\A, R, +Ry/ R, +Rs 1+A R (R +R,)
/
Vo v x1 Rs (R4 +Rs)
Vo = - 7 . -
°" YA +R/(R +R) VA +R/R+R) VA +R /(R +R)
0 4 4 5 0 1 1 2 0 4 4 5
For large Ao
Vo —v R
TR (A+R) R+R R
4/ 0 5 1 2 4

Given R1 =Rs =10 k2 and R2 = R4 =500 k kQ; then

R +R R +R R
_ 4 5., 1 2 5
Vo R4 \/) Rl V1 X R4
R, +R R
_(_RiR, —_\Jvl_(_ —4+R5\JV2
RR, Ry R,
—arvi—biv
where
R+R R R +R
a1:_1 2_j, b= — 4 5
R Ry R,
+
a= _10k 500kX 10k - 102
10k 500 k
R +R 500k +10 k
by= —4—25 = =-1.02

R, 500 k

Vo= (—1.02) vi — (- 1.02) v>
Note b is same as as.

SR SR _ 6V/ps

= = = 95.5 kHz
.V, 2nx10V 21 x10V

(b) frnax =

2.48
Same as Problem 2.47.
2.49
A1=5A=7,A3=3,B1=2,B,=1,B3=6
A=5+7+3=15B=2+1+6=9,C=A-B-1=15-9-1=5
R g& R
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C> O,Rx:OO'Ry: —F: —F:_F
C C 5
For Ra = 20 kQ, Rr = MRa = 15 x 20 k = 300 kQ.

300 k Re 300k
Ry= —— =60kQ,Ra=*F ==""—"— =60 kQ
y 5 a A c

R 1300
Rp= -F = k = 42.86 kQ
Ay 7
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R 300
Ri= —F =7 k=150kQ
B 2
R 300 R 300k
R,= —F =  Kk=300kQ,Rs= F = = 50 kQ
B, B, 6

From Eq. (2.117)
Re = R1||R2||R3||Ry = (150 || 300 || 50 || 60) kQ2 = 33.33 kQ
Re || RF= 33.33 || 300 = 30 kQ2

2.50
A1=5A=9,A3=3,B1=8,B2=2,B3=6
A=5+9+3=17,B=8+2+6=16,C=A-B-1=17-16-1=0
Rx= o, Ry=00; M =17
Assume Ra = 20 kQ; then Rr = MRa = 340 kQ.
Ra:SRE :@k:sgkgle:!BE :@;37_77@
A 5 A9
Re = fe _ 340 =113.33kQ, R1 = £ _ 340 =425k
A, 3 B, 8
Ry = ©F =340/2 = 170k, Ra= SF = 340 _ 5666 k0
B, B, 6
From Eq. (2.117)
Re= (Ri]|R2[|Rs[|Ry) =R1||R2 || Rs
= (39170132 k2 = 21.25 k0
8 6
Re || Re = (21.25 || 340) k = 20 kQ
251

Referring to Fig. (2.34) and Eq. (2.119)

vV, =5V, +7v, +3V,)—(2Vv, +V, +6V;)

Vo =AV, + AV, + AV, —BVv, - B, v, - By v,
where

A=A+A +A =5+7+3=15
B=B+B,+A =2+1+6=9
C=A-B-1=15-9-1=5

Since C>0, R =x,R =BE:BE
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" C 5
For R, =20K

R = MR,, where M is the largest value of A. Thus in this problem, M =15
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R. = MR, =15x20KQ =300KQ

Ryz%ﬁzmmeQ

R, = %: S00KQ _ oh ke

R, = F/i:: 7300;@ _42.86KQ

Rczzzm%ﬂoom

R = e S00KQ 0610
B, 2

R, = Re 30K o510
BZ

R, = Re _300KQ 5610
B3

R, =

Check:

From Eq. (2.116)

R, =R,|IR,||R, =60KQ||42.86 KQ||100 KQ =20 KQ
From Eq. (2.117)

R =R||R ||IR||IR =150KQ||300 KQ||50 K2||60 KQ:@KQ
B 1 2 3 y 7

From Eq. (2.118)

R IR =202 300k0-20k0
B F 7

Therefore, R, = (Rg||R) is satisfied.

2.52

Given

vo=(5v, +9v, +3Vv,)—(8v,—2v, —6V,)

R.i, =20KQ

Vo =Aiva+A2vb+A3Vc_Blvl_BZVZ_B3V3

where

A=A+A+A =5+9+3=17
B=B,+B,+B,=8+2+6=16
C=A-B-a=17-16-1=0
Since C=0, R, =0, Ry =0

Re=NR,,, and N=9

min
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R =9x20KQ =180KQ
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R 180KQ

R, = = ~36KQ
A~ 5
R, = ne 18K _ 950
A9
R, = e 280K _ 5510
A3
R = e 180K 5o 5ka
.8
R, = ne 18082 _ g5
.2
R, = Nk 180KQ_ 3510
B, 6

From Eq. (2.116)
R, =R, |IR, ||R, =36 KQ||20KQ||60 KQ =10.58 KO

From Eq. (2.117)
R =R/ |IR, || R; =22.5KQ||90KQ||30KQ =11.25KQ

From Eq. (2.118)
Rg IR =11.25KQ || 80 K2 =10.58 KQ

Therefore,
R, =(Rg || Rp) is satisfied
2.53
R 1x10°
Closed loop gain A, = _ = =100
PO B = R T a0
From Eq. (2.120)
v, (min) v <v0(max)
Af ST Af
1B, B
100 100
Maximum input signal = £130 mV
2.54
6
(@) Closed loop gain A, :leO Q2 =100
10K Q
. . 13
Peak input signal = + — =+130mV
100
(b) Undistorted output voltage = +12V
Limiting Op-amp current = £18 mA
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v, .o 12
Allowable load current i, = 18 R 18- 1K =18-12=6mA
F
v 12
Minimum load resistance R, > -*= =2KQ
R, 6mA
2.55
SR = 10M
us
(a) FromEg. (2.126)
SR=6.286v, f

SR 10

f g g
6.286 v, 1x107° x 6.286 x10x10"
(b) FromEq. (2.128)

71.59x10° Hz

fs(max) = SR = 10 =159.2KHz
2ntxV, 107x2mx10
2.56
From Eq. (2.123)
t. =0.3us
t, =221
t
=—"-=136.36x10"s
722
From Eq. (2.125)
1 1
max = = 51.16 MHz
2nt  2n x136.36 x10
2.57
SR=1OL , Vg =10V
ns
(a) FromEq. (2.128)
-6
. Vs _ 10x1x10 106
SR 10
o = 11 =1.59x10° KHz
2nt  2mx10
(b)
From Eq. (2.128)
6
fs(max) = SR = 10 = & =159 KHz
2nV, 2nx10us 2=
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2.58

SR=10-C , f, =250KHz

us
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(a) FromEq. (2.127)
Vi = R__ " 10 £6.37V
2n f,  1x10™ x2m x250x10

(b) FromEq. (2.127)
SR 10x10°
2nV,, 2nx10

=159.1KHz

fs(max) =

2.59
(a) FromEg. (2.130)
v,, =+(1+ BE)vio
I:21
V,, =6mV
S50KQ
15KQ

v, =+(1+ )6mv

V,, =t26mV
(b)

2.60

Vio
v, =112V
Referring to Fig. (2.40) and using the expression given below
V. t
V =V +7%t=v (I+7)

00 io CR io CR

1
112 —16mV (s —
A+ R

L ~2x10°
CR
t=2x10°x0.1x10°x10x10° =25

2.61
(a) If Ig is the biasing current
Vob = Relg =50 x 10° x 500 x 107°
=25mV
(b) Offset minimizing resistance
Rx= R1||Rr (15| 50) k = 11.538 kQ
262 | i 14 3,1;)
Using Eq. (2.138) Vi Ry
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|io

74

© 2017 Cengage Learning®. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



(15 || 50)K Iio

- #1+BE] (RullRe) lio =

1+%
Ry

+ 65 " 15x50
5

15 x 10°x 200 x 10°=+10?V

2.63
(@) Voi=Relic=+150 x 10% x 300 x 10° =+ 45 mV
(b) Vob =150 x 103 x 500 x 10° =75 mV

2.64
(@) R1|[Re=(15]50)k = 11.54 kQ = Ry
Vob =0
Voi = Re lio =+ 50 x 10% x 300 x 10°°

=+15mV
(b) For Ry =0, Eq. (2.2.134) gives
Vob= Rr lg =50 x 10% x 500 x 10° = 25 mV

2.65
(a) From Eq. (2.142) for vc(t = 0)

\VA .
Hof = 12 t— é@t+\ﬁ0—RxlBl
CeRy Cr

_ _ 6x10°  300x10°°
107 x15x10° 107

t+6x10°—-10x 10% x 500 x 10°°

-5 t—3t+6x103-5x%x 103
15

=4t-3t, t=12s

(b) Rx=0, hardly makes any difference. The value remains the same.

2.66

From Fig.P2.66

Is = If

I, =1, +I,
io = if - il
Since vV, =1,R,
=i —i=i,-"°

(o] f 1

R,
Since v, =i, R ~ IR,
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—) M)

Given R, =IMQ, R, =1KQ, i, =500mA, v, =10 mV

From Eg. (1) above
10mV 10°KQ

500mA = 1+
R ( 1KQ )
R, =200
2.67
Power produced by the photodiode
P = Dpa=10°x 40 x 102 =400 nW
is = PD; =400 x 10°° x 1 = 400 nA
_ .1 10" _
Re = [=Volis|= 500a = 7 =23 MO
2.68
For Re>> Ry,
vs= 1R
Re
Let RrF= 100 kQ; then R2 = 100 Q.
VR 200 x 1073 x 100 x 10°
Ry = sRe _ 00x10 i<6 00><20 — 2 MO
IRy 100x10 " x10
2.69
Zn=—-R (RllRF)
Assume R; = RF =10 kQ and R = 15 kQ. Then
Zin = — 15 k§2
2.70
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01V 0 +0.1V Ve
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Vo= —-50Ve+5
= —50 (Vref—VS)+5:50VS—50Vref+5
Let R1 =10 kQ and R2 = 10 kQ. RF =50 x 10 =500 k2 = Ra.

12v
R3:R|:
Y R
F
;12v A
R.=R, +12V
Vref L+——ANN—
L—o
+ Rl Vo
Vs
2.71
There is no unique solution. Hint: Use an op-amp comparator to compare the dc voltage with
the sifted sine wave to produce a square-wave output and then pass the signal to a R-C
circuit, this is to differentiate.
2.72
Same as Problem 2.70.
2.73

Ac=1+ Re/R1 = 100
From Eq. (2.31)

o)z — LR R
MO i er RS

bw

From Eg. (2.32)
fc: fbw X #, be:4 X lOGHZ
1+R. /R,
fow = 4 x 108 Hz

1
fo= 4 x 108 x — =40 kHz
100

Let R1=2.5kQ. Then

%l: = 99, RF = 2.5 x99 kQ

= 2475 kQ

=250 kQ
Voltage swing:
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We know
SR SR

= —— =25x 10%Hz
2nv,  2mx11

fs=

SR =25 x 10% x 2nx 11 =1.73 V/us

Problem 2.73

S 1 0 AC 1MV

RX 1 2 10K

R2 3 0 2.5K

R3 3 4 250K

XAl 23 40  LF411 AC

SUBCKT LF411 AC1 2 3 4
RI 1 2 2E12
RO 6 3 50

GB 4 5 1 2 0.1M

R1 5 4 10K
c1 5 4 0.79UF
EA 4 6 5 4  2E5
D1 3 7  DMOD
D2 4 7  DMOD
MODEL  DMODD (BV = 14V)
ENDS LF411 AC

AC DEC 10 100 20MEGHZ
PRINT AC VM (4)

“ioltage magnitude (m)

100 1k 0k 100k AWM 10M
Frequency (H 2}
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2.74

Use the circuit of Problem 2.33 to design the desired differential amplifier circuit with As =5
kV/V and R; > 500 kQ.

- Ry R,
NN NN
2 + Vo1
—O +
Vo
I R3
v, " v, YW _
iRA
From Problem 2.33

Ri= R3=10kQ, Rz=Rs=1MQ
Av1 = —100 vy + 100 v2 =— 100 (v1 — Vo)
Now add one stage of noninverting op-amp of gain 50.
Ar= Ay x Ay, =100 x 50 =5000=5kV/V

Problem 2.74

Vsl 2 0 AC 1MV

VS2 5 0 AC 2MV

R1 4 9 10K

R3 7 8 10K

R2 9 10 1IMEG

R4 8 0 1IMEG

R6 12 0 1K

R7 12 13 49K

R8 10 11 1K

XAl 2 4 4 0 LF411 AC
XA2 5 7 7 0 LF411 AC
XA3 8 9 10 0 LF411 AC
XA4 11 12 13 0 LF411 AC

SUBCKT LF411 AC1 2 3 4

RI 1 2  2El2
RO 6 3 50
GB 4 5 1 2 0.1M
R1 5 4 10K
cl 5 4  0.79UF
EA 4 6 5 4 2E5
D1 3 7  DMOD
D2 4 7  DMOD
MODEL  DMODD  (BV = 14V)
ENDS LF411 AC
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. PRINT AC VM(13)
. AC DEC 10 100 20MEGH2

. PROBE

. END
7] ¥mi4]
4
i

“ioltage magnitude (m)

10k 100k M 10M

Frequency (Hz)
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