Chapter 5, Solution 1.

(@) Rip=L15MQ
(b) Rout = M
(c) A=8xl10*

Therefore Ags = 20 log 8x10* = 98.0 dB

Chapter 5, Solution 2.

Vo = AVd = A(V2 - Vl)
=10’ (20-10)x 10°=0.1

Chapter 5, Solution 3.

Vo = AVd = A(V2 - Vl)
=2x10° (30 +20)x 10° =10V

Chapter 5, Solution 4.

Vo = AVd = A(V2 - Vl)

Vv Vzﬁ_ _4
2TUTA T 2x10°

=-20uV

If vi and v, are in mV, then
vy -vi=-20mV =0.02

l-vy=-0.02
vi =1.02 mV

Chapter 5, Solution 5.

+ AVd




-vit Avqg+ (Ri-Rg) =0 (1)
But vq=Ril,
-Vi+(Ri+R0+RiA)I:O

v — )
R, +(1+A)R,

“Avg-Rol +vp=0

(R, +R,A)v,
R, +(1+A)R,
v,  Ry+RA  100+10*x10°

v. R, +(I+AR, 100+(1+10°)

vo=Avg+ Rol =(Rp+ RA) =

10" o¢ _ 100,000

= A% = = 0.9999990
il+10 ’ 100,001

1R

Chapter 5, Solution 6.

Vi
Ry
; 1 M~
Va § Rin &
+
+ _f AVd Vo




But

(Rop+R)R +vi+ Avg=0
Vq = RiI,
vi t (Ro +R; + RiA)I =0

_Vi
R, +(1+A)R,

-AVd - R()I + Vo = 0

Vo =Avy+Rol = (Ro + RIA)I

Substituting for I in (1),

R, +RA
Vo= — Vi
R, +(1+A)R,

(50+2x10°x2x10°)-10°
50+ (1 +2x10° Jx2x10°
—200,000x2x10°
200,001x2x10°

N

vo ==0.999995 mV

Chapter 5, Solution 7.

100 kQ

WA~

(1



Atnode 1,  (Vs—Vy)/10k = [V1/100 k] + [(V1 — Vo)/100 k]
10Vsg—10V; =V +V; -V,
which leads to V; = (10Vs + V()/12
Atnode2, (Vi—Vp)/100k = (Vo—AV4)/100
But V4=Viand A =100,000,
Vi -V, = 1000 (Vo —100,000V)
0= 1001V, —100,000,001[(10Vs + V()/12]
0 = -83,333,334.17 Vs - 8,332,333.42 V,
which gives us (V¢/ Vs) = -10 (for all practical purposes)
If Vs=1mV, then Vo) = -10 mV

Since Vo = A V4 = 100,000 Vg, then V4= (V(/10°) V = -100 nV

Chapter 5, Solution 8.

(a) If v, and vy, are the voltages at the inverting and noninverting terminals of the op

amp.

Va=vp=0

O _

ImA = — Y0 — Vo =-2V
2k
(b)
10 kQ
—W
- C)
ia Va

\ 4
1
N
<

* —
+
Vo 2kQ + +
Vo A%
v CD ) » i. Vo

(a) (b)




Since v, = v, = 1V and 1, = 0, no current flows through the 10 kQ resistor. From Fig. (b),

Vot 2+vg=0—"> v,=v,-2=1-2=-1V

Chapter 5, Solution 9.

(a) Let v, and v}, be respectively the voltages at the inverting and noninverting
terminals of the op amp

Va=Vp, =4V
At the inverting terminal,

4-v,
2k

1mA =

— vo=2V

(b) 1v

(+)
/

Vb Vo

Since v, = vy, =3V,

Vp+t1+ve=0 —> vo=v,-1=2V

Chapter 5, Solution 10.

Since no current enters the op amp, the voltage at the input of the op amp is v.
Hence

10 v, o
Vs = Vo = — =
10+10 2

<

<
I



Chapter 5, Solution 11.

8 kQ
M
2 kQ
a b iy
MN b + +
5 kQ

3V<i> §10kg 4 kQ §V°

10
Vo= —(3)=2V
ETAC)

At node a,

Butv,=v, =2V,

12=10—-v, — Vo =-2V

Chapter 5, Solution 12.

12V (i) MA .




At node a, a = Ya ™Yo ,butv,=vp=—v,
1 4
4.8-4x %VO = 2Vo -V, —» Vo= 3x4.8 =2.0570V
2 9.6
Va=Vp=—V, =
3 7
- 12-v, -12
: 1 7
p=vds=1.2 (#j = -205.7 mW
Chapter 5, Solution 13.
§ 10 kQ
a .
i,
b 100 KQ j,
MA—
R (*) § 90 kQ
T § 50 kQ

i

4 kQ

By voltage division,

ve= 20 (1y= 0.9V
100

50 v,
Vp = Vo, =
150 3
Butv, = v, —> V3° —09 —> v, =27V

. v v
Ib=11 tih= —>—+4—2

= 0.27mA + 0.018mA = 288 pA
10k 150k

Vo



Chapter 5, Solution 14.
Transform the current source as shown below. Atnode 1,

10-v, v, —-v, v

5 20 10

[

10 kQ
W\

Vo

5 kQ 20 kQ

10V
Vo
-
But v, = 0. Hence 40 - 4v| =v; +2vy -2v, —» 40 ="Tv; - 2v, (1)
Atnode 2, Y12 =V2_V°, v, =0 orvy=-2v, (2)
20 10

From (1) and (2), 40 = -14v, - 2v, —» v,=-2.5V
Chapter 5, Solution 15

(a) Let v be the voltage at the node where the three resistors meet. Applying

KCL at this node gives

iq:i.,.vl_vozvl L+L _Y (1)
A R2 R3 R2 R3 R3

At the inverting terminal,

N :

ls = R1 1 > vl = _lsRl (2)

Combining (1) and (2) leads to

R R R R
i5(1+—1+—1j=—v—" — v—"=—(R1+R3+1‘23j

R, R, R, I 2
(b) For this case,
Yo - —(20 +40+ 20x40j kQ= -92kQ
lS‘



Chapter 5, Solution 16

Ix
A5k£g —> V| 1y
—

AY + Vo

0.5v<> o

Let currents be in mA and resistances be in k2. At node a,
0.5- —
Yo _Ya "V > 1=3v, —v, (1)
5 10

But

a vb = vo
8+2
Substituting (2) into (1) gives

—v, =y, @)

1:3va—1—0va — vy:i
8 14
Thus,
0.5-
i ==Y __1/70mA = —14.28 uA
i=Ye TV Yo Ve g0y v y=06(0y —v =208 nA=8571A
T 10 8 414 —_

Chapter 5, Solution 17.

(a) G=Yoo T2o By
v, R, 5
(b) oo B 16
\Z 5
© v, :_2000 _ 400




Chapter 5, Solution 18.

Converting the voltage source to current source and back to a voltage source, we have the
circuit shown below:

10[20 - ya
3
1 MQ
M\
(20/3) kKQ 50 kQ
AM—WW h .
* +
2Vi/3
VYo
@
v, =- 10020 2y Yo 200 4064
50_'_? 3 v, 17

Chapter 5, Solution 19.
We convert the current source and back to a voltage source.

2)s=3
3

@3 KQ 4KkQ 10 kQ
M AN—E—AW,

_> v.
23)V Ci) +

S sk




Vo = —%(gj =-1.25V
(4){ jk
3
i =Yo Ym0 §375ma
sk 10k

Chapter 5, Solution 20.

8 kQ
VW
4kQ 4kQ
a
VW VW
9V +
Vs

Atnode a,

9-v, Vv,-Vv, VvV, -V,

Atnode b,

V,=Vy V-V

—» 18=5v,—Vv,-2v

= = —> v,=3vp -2V,

4 2

But vy, = v¢ = 0; (2) becomes v, = -2v, and (1) becomes

-18=-10vy — vo—> v,=-18/(11) =-1.6364V

(1)

2



Chapter 5, Solution 21.
Egs. (1) and (2) remain the same. When v, = vy =3V, eq. (2) becomes
Va=3x3-2vg=9-2v,
Substituting this into (1), 18 =5 (9-2v,) — v, — 6 leads to

vo=21/(11) = 1.909V

Chapter 5, Solution 22.
AV = ‘Rf/Ri = -15.

If R;=10kQ, then Ry = 150 kQ.

Chapter 5, Solution 23

At the inverting terminal, v=0 so that KCL gives

v-0 0 0-v, v, R,
Rl R2 Rf v R1

Chapter 5, Solution 24

V! AN

R4 R,
- Ve T+ -
' n
), +
R4
R; Vo
\%) -
1

We notice that v =v,. Applying KCL at node 1 gives

Y iv) v, RENR IR ML/
R, R, R,



Applying KCL at node 2 gives

- R
AT k£ SNV S )
R, R, R, +R,

Substituting (2) into (1) yields

(R R, R R 1
Yo =Ry (TR—‘R—IH &
1 f 2 3 4 2

Chapter 5, Solution 25.

Vo=2V

-Va+3+v, = 0 whichleadstov, = v,+3 = 5V.

Chapter 5, Solution 26

\
Vb / N lio
N V7 N

_l’_
O.4V<> 5kQ
- 2kQ Vo
8k
8
v, =04= v, =08y, ——> v =04/08=05V
8+2
Hence,
P =Ye 205 6 1ma




Chapter 5, Solution 27.
(a) Let v, be the voltage at the noninverting terminal.

Va = 2/(8+2) vi = 0.2v;

Vo = (1 + I()ﬂj\]a =10.2v,
20

G = vo/(vi) =10.2

(b)  vi=v/(G)=15/(10.2) cos 120nt = 1.471 cos 120nt V

Chapter 5, Solution 28.

O-v, v, -v

Atnode 1, = =
10k 50k
Butvi =04V,
-5vi = Vi — V,, leads to Vo= 6v; =24V

Alternatively, viewed as a noninverting amplifier,
Vo = (1 +(50/10)) (0.4V) = 2.4V

io = Vo/(20k) = 2.4/(20k) = 120 uA



Chapter 5, Solution 29

EEZ SN Va
_l’_
Vb - +
+ L/ V N——
Vi <> R RZ Vo
- R
R2 Rl
va = i vb = vo
R +R, R +R,
But v, =v, R, = R, .
R, +R, R, +R,
Or
Yo _ R
vi Rl
Chapter 5, Solution 30.
The output of the voltage becomes
Vo=Vv;=12
30[20 =12kQ
By voltage division,
v, = 12 (1.2)=0.2V
12460
v 0.2
i, =——=——=10uA
20k 20k
2
_ Vs 0.04 )

R 20k



Chapter 5, Solution 31.

After converting the current source to a voltage source, the circuit is as shown below:

12 kQ
A
3KQ | 6kQ
1 o
WA }_ v
12V
§6kﬂ

Atnode 1,
12— - ~
Vi _ Y, V0+V1 v, — » 48="7v,-3v, (1)
3 6 12
At node 2,
VI—V():VO_O:ix — > v, =2V, (2)
6 6
From (1) and (2),
48
vV, =—
11
i = V{; = 0.7272mA

Chapter 5, Solution 32.

Let v = the voltage at the output of the op amp. The given circuit is a non-inverting
amplifier.

v, = (1+%j(4 mV) =24 mV

60[30 = 20kQ



By voltage division,

Vo = 20 v, = Vo _ 12mV
20+ 20 2
_ v, _ 24mV — 600nA
(20+20k 40k
2 -6
p= o :ﬂ: 204nW
R 60x10

Chapter 5, Solution 33.

After transforming the current source, the current is as shown below:

1 kQ

4 kQ

4V
§2k§2 3k§2§

This is a noninverting amplifier.

k=3
v, = 1+=|v, ==V,
2 2

Since the current entering the op amp is 0, the source resistor has a OV potential drop.
Hence v; =4V.

3
=2(4)=6V
A 2()

Power dissipated by the 3kQ2 resistor is

2
Vo 30 _ mw
R 3k
; _ V.V, :4—6: 2mA




Chapter 5, Solution 34

V1~ Vin +V1_Vin =0
Ry R,
but
R
Va = 3 Vo
R3 +R4
Combining (1) and (2),
v vV, + Rl A% Rl A%
1™ VYaT Y277 Va
2 R;
R
Va 1+—1 :V1+—1V2
R, R,
R R
3Vo -i-—1 =V1+—V2
R3 +R4 R2
R R R
o= 3+ 4 (V1+—V2
R
Ry 1+ L
R,
R;:+R
Vo = #(Vle +V2)
R3(R1+Ry)

Chapter 5, Solution 35.

v

v

V.

1

If R;=10kQ, Rr=90kQ

A = °:1+%:10—> Re=9R;

(1)

2)



Chapter 5, Solution 36

Vi =V
R
But v, =———V . Thus,
R, +R,
R +R R
Viw =V = #vs =( +?2)Vs

1 1
To get R, apply a current source I, at terminals a-b as shown below.

Vi

V2 - a

AN T
R

Vo 1o
R;

b

Since the noninverting terminal is connected to ground, v; = v, =0, i.e. no current passes
through R; and consequently R, . Thus, v,=0 and

v
Ry =—=0

i

0

Chapter 5, Solution 37.

R, R,

Rf
Vo =—| —V, +—V, +—V,
Rl RZ R3

30 30 30
- {E W+ 25 @ +5(—3>}

Vo =23V



Chapter 5, Solution 38.

R R, R, R,

f
Vo=—| —V,+—V, +—Vv;+—V,
° [Rl R, R, R,

50 50 50 50
= {2—5(1 0)+ 2 (-20)+2(50) +%(—100)}

= -120mV

Chapter 5, Solution 39
This is a summing amplifier.

R, R, R, 50

V, == =V, +—V, +—V, |=— —( )+ —v2 +—( D) [=-9-2.5y,
R, R, R, 20 50

Thus,

v, =-165=-9-25, —— v,=3V

Chapter 5, Solution 40

R
Rz Va
R; Vb %—
+ /N \ +
Vi () * AN N

- vz<> . Ry Vo
O R -

Applying KCL at node a,

vl _Va V2 _Va V3 _Va

+ + =0 —
R, R, R, R R, R3 ‘"R, R R,



But

R
v, =V, = v, (2)
R+Rf

Substituting (2) into (1)gives

V_1+V_2+V_3 (_ L.ﬁ.i)
R R, R, R+R R R, R,

or

R+R,
= S (ﬁ+v_2+v_3)/(L+L+i)
R R, R, R, R R, R,

Chapter 5, Solution 41.

R¢/R;=1/(4) —» R;=4R;=40kQ

The averaging amplifier is as shown below:

R; = 40 kQ 10 kQ
Vi ’\/\/\/ Wy
R; = 40 kQ
V2 ’\/\/\/
R; = 40 kQ b
V3 ’V\/\/ +
Ry =40 kQ
V4 ’\/\/\/

Chapter 5, Solution 42

R¢ =%R1 =10kQ




Chapter 5, Solution 43.

In order for

R R R R
v, =(—fvl +—Lv, +—Lv, +R—fV4J

Rl RZ R3 4

to become

1

v, =—Z(V1 +V, +V, +V,)

R R

R Rf_—'_2= 3kO

R, 4 4 4

Chapter 5, Solution 44.
Ry
R, WV
_l_'\/\/\/ a
— Ry b >_
i—\W\ +
R, Yo
Vi A,

Vi, V2

- - R, R

Atnodeb, -1 " V2 g — y 1 D2 (1)
1 RZ 1 1
7_’_7
Rl R2
O-v, v,—-vVv \%
At node a, f=—"—2 —» Vv, =—7"— (2)
R R, 1+R, /R,

But v, = vi,. We set (1) and (2) equal.

v, _R2V1+R1V1
1+R, /R, R, +R,

or
M(RZV1 +R1V1)

s R3(R1 +R2)




Chapter 5, Solution 45.

This can be achieved as follows:

1.e. Rf = R, R] = W?), and R2 =R/2

Thus we need an inverter to invert v;, and a summer, as shown below (R<100kQ).

R
R WV R
Vl /\/\/\/ _ R/3 /\/\/\/
o W
L R2
- V1AM — >— v
_|._
Chapter 5, Solution 46.
v, 1 1 R, R, R,
-V, =—+—(-V,)+=—Vv, =—V, +—(-V,)+—V
"33(2)231{11112(2)1{33

i.e. R3=2Rg Ry =R;=3Rs. To get -v,, we need an inverter with Rg=R;. If Re= 10kQ,
a solution is given below.

30 kQ
ke
A VvV 10 kQ
10 k2 30 kQ A
V2—AW, 2
o M
_E 20 kQ
- Ya— A — >— K




Chapter 5, Solution 47.

If a is the inverting terminal at the op amp and b is the noninverting terminal,
then,

10— -
: (8)=6V,v, =v, =6V and at node a,— = = Y2 Vo
3+1 2 4

Vy, =

Vo _(Va—Vo)

which leadsto v,= 2V andi,= pm 2 = 04-2mA= 2.4mA

Chapter 5, Solution 48.

Since the op amp draws no current from the bridge, the bridge may be treated separately
as follows: Vi

|
o

@
P

V2

Forloop 1, (10 +30)i; =5 — i, =5/(40)=0.125uA

=
=

Forloop 2, (40 +60)i,=-5 —» i,=-0.05uA

But, 10i+v;-5=0 —» v;=5-101=3.75mV
60i+vy+5=0—> v,=-5-60i=-2mV

As a difference amplifier,

R 80
v, = R—Z(v2 —v,)= E[3.75 —(-2)jmv

o
1

=23mV



Chapter 5, Solution 49.
R] = R3 = IOkQ, Rz/(R]) =2
1.€. Rz = 2R1 =20kQ) = R4

_R,1+R,/R, R,

Verify: v, = -—vV

Y ° R,1+R,/R, > R, '
(1+0.5)

=2 1105 v, =2v, =2(v, -v,)

Thus, R;=R3;=10kQ, R,=R4=20kQ

Chapter 5, Solution 50.

(a) We use a difference amplifier, as shown below:

R, R,
I—\VW—/""WV\
h |,
_|._
R, R,

e

R,

Rl
If Ry = 10kQ then Ry = 20kQ

VOZ

(v, =v,)=2(v, —v,), i.e. Ro/R; =2

(b) We may apply the idea in Prob. 5.35.

Vo =2V, —2v,
R R
R Ry,
R/2 R/2

{&(_le%%}

2

1.€. Rf: R, R1 =RN2= Rz



We need an inverter to invert v; and a summer, as shown below. We may let R = 10kQ.

Vo

|
-

Chapter 5, Solution 51.

We achieve this by cascading an inverting amplifier and two-input inverting summer as
shown below:

R

Vo

|
H

Verify: Vo = -Va - Vi
But Vv, = -v3. Hence
Vo = V2 - Vi,



Chapter 5, Solution 52

A summing amplifier shown below will achieve the objective
mvert vo. Let R=10kQ.

. An inverter is inserted to

R/2 R
Vi AN IV V2 NI
R/5
A VA NI
V3 -
+ L Vo
V4 " 5
R
R
\%) A o
- R/4
Chapter 5, Solution 53.
(a)
R, R,
Vi—\W—T—WV
Va _ v
Vb _|__ —
R, R,
V2—\W——" W\,
At node a,
— = 7 (1)
R
Atnodeb, v,=—2—v, (2)
R, +R,

But v, = vi,. Setting (1) and (2) equal gives
R, v - R,v, +R,v,
R, +R, R, +R,

2



V2 Vl :_Vo = Vl
2
Vo _ Ry
v, R,
(b)
Ri/2 R,/2 R,
. Z,
R,/2 Ry/2 _
t v /\/\/\/ Vi W\/ Vb + +
=R v
At node A, ViTVa (Ve TVa VATV
R,/2 R, R,/2
Rl
or Vl—VA+2Rg(VB—VA)=VA—Va
At node B, VamVs VT Va VBT Ve
R,/2 R,/2 R,
or VZ_VB_i(VB_VA):VB_Vb
Subtracting (1) from (2),
2R

V, =V, = Vg +V, —

2R

Since, v, = Vp,

(VB_VA)=VB_VA_Vb+Va

(D

)



or VB—VA:

R,/2
PR TR, C
R \2 1
Equating (3) and (4), —-v, =—-
quating (3) ()2R20 Y
+
2R,
vo _R, 1
i Rl 1+ Rl
2R

(©) At node a, a _ Ya
2R, 2R,
vV, -V, = v, —
R, R,
2R 2R
At node b, V, =V, =Ly, -1
R, R,
Since v, = v, we subtract (1) from (2),
-2R, v,
2 1 R2 ( B A) B
or Vo —V, = _Rz v
AT R,
Atnode A,

v _VA+VB_VA Va—V

a

R,/2 R, R/2

V, =V, +2R

)

4

(1

2)

3)

4



Atnode B, Vo Vs _Vp Vs _Vy—0
R/2 R R/2

g

(VB _VA): Vs (%)

R2
2R,
Subtracting (5) from (4),

Vy =V —

(o]

Vg=Va +R_:(VB_VA)= Vay —Vp—V

R
2Azv, = v, f 1+ —2 |=—v 6
(Ve )[ ZRJ o (6)

Combining (3) and (6),

-R
v |1+ R, =-v,
R, 2R

Vo :& 1+ RZ
v, R, 2R

1

Chapter 5, Solution 54.

(@)  A¢=AAA;=(-30)(-12.5)(0.8) = 300
(b) A = A1A2A3A4 = A()A4 = 300A4

But  20Log,,A =66dB Log,,A=3

A=10°= 1000
As=A/(300) = 3.333

Chapter 5, Solution 55.

Let A1 = k, A2 = k, and A3 = k/(4)

A=A AA; =K /(4)

20Log, A =42

Log,A=2.1—> A=10""=125.89
K’ =4A =503.57

k = 3/503.57 = 7.956

Thus A1 =A,=7.956, A; =1.989




Chapter 5, Solution 56.

There is a cascading system of two inverting amplifiers.

—12(—12}
vV, =——| — |V, =6V,
4 {6

1, = Vs _ 3v.mA
2k

(a) When vy =12V, i, = 36mA
(b) When vs =10 cos 377t V, i, = 30 cos 377t mA

Chapter 5, Solution 57

The first stage is a difference amplifier. Since R;/R; = R3/Ry,

!

R
Vo =R—?(v2 _— :%(1+4) =10mA

The second stage is a non-inverter.
RY R
Vo =|1+—1|v, =|1+— [I0mA =40mV(given
0 ( 4()) 0 ( 4()) (g )
Which leads to,
R =120 kQ
Chapter 5, Solution 58.

By voltage division, the input to the voltage follower is:

v, = i(0.6) =045V
3+1
Thus
v, =_—IOV1 —mv1 =-7v, =-3.15
2 5
0-v

i, = ; °© — (.7875mA



Chapter 5, Solution 59.
Let a be the node between the two op amps.
Va = Vo

The first stage is a summer

~-10 10
V,=—V,——V =V,
5 20
1.5v¢ =-2vq
or
© - = - .1.333
\'%

Chapter 5, Solution 60.

Transform the current source as shown below:

4 kQ
WV
10 kQ
WV
5kQ
\4
WV - ! >
+
= A
io
n 3kQ
sic w

§3§2 §2kﬂ

Assume all currents are in mA. The first stage 15 a summer

-10
e

By voltage division,

(Sis)—¥vo =—10i, —2.5v, (1)



- v == 2
Vl 3+3V0 2Vo ()

Alternatively, we notice that the second stage is a non-inverter.

v, =( 1 jvl =2v,
3+3

From (1) and (2),

0.5v, =-101, —2.5v, —p 3v, =101

V0=—2i0=—1(;15 o o2 1,667

Chapter 5, Solution 61.

Let vo; be the voltage at the left end of Rs. The first stage is an inverter, while the
second stage is a summer.

A% -V
01 R, 1
R R
Vo =——Vy, v,
R; 3
R, R R
vi = v, ——tv,
RiR; R,

Chapter 5, Solution 62.

Let v; = output of the first op amp
v, = output of the second op amp
The first stage is a summer

V,=——=V, — —V (1)

The second stage is a follower. By voltage division



S3Ty 2)

From (1) and (2),

R R R
[1+—3]V0 =——2v ——2vy
R

Chapter 5, Solution 63.

The two op amps are summer. Let v; be the output of the first op amp. For the first
stage,

v = -2y -2y, (1)

R R
vV, =——v, ——tv, (2)
RS Ro
Combining (1) and (2),
v =R Ryl RR R
R, R, R\ R, R,
v. 1_R2R4 _ R,R, R, v
R3R5 RIRS R6
R,R, R,
Vo R\R; Ry
v, 1_R2R4

R;R;



Chapter 5, Solution 64

G

1 G 2
. AVANEE
oV + Y 0 +

—~ Vo
)

Vs

Vet
W,

Atnode 1, v;=0 so that KCL gives

Gyv, +Gv, =-Gv (1)
At node 2,

G,v, +Gv, =-Gv (2)
From (1) and (2),

Gyv, +Gyv, =G,v, +G,v, —> (G, -Gy, =(G,-G,)v,
or

Chapter 5, Solution 65

The output of the first op amp (to the left) is 6 mV. The second op amp is an
inverter so that its output is

v,'= —£(6m\/) =-18mV
10
The third op amp is a noninverter so that

v,'= 40 v, > vozﬁvo':—2l.6m\/
40+8 40



Chapter 5, Solution 66.

v, = )—100[——j( H-2@)

= 24+40-20 = -4V

Chapter 5, Solution 67.

Vo= —i—g(——]m 5~ 02)
~32-08= 24V

Chapter 5, Solution 68.

If Ry = oo, the first stage is an inverter.
V, = —1?5(10) =-30mV

when V, is the output of the first op amp.

The second stage is a noninverting amplifier.

- (1 + gjva = (1+3)(-30) =-120mV

Chapter 5, Solution 69.
In this case, the first stage is a summer

v, =——(10)—%V =-30-1.5v,

For the second stage,
6
= (1 +5Jva =4y, =4(-30-1.5v,)

Tv, =-120 5 v, :—gz -17.143mV



Chapter 5, Solution 70.

The output of amplifier A is
30 30
=——10)-—(2)=-9
Va= 10107, ®
The output of amplifier B is

20 . 20
=-(3)-(4)=-14
Vg 10() 10()

40 kQ
20 kQ W
Va—AWN,
a
60 kQ _
VoA [ e’
b
§ 10 kQ
60
= _14)=-2V
Yo =g0+10 Y
At node a, Va—Ve _YaT Vo
20 40

But v, = vy = -2V, 2(-9+2) = -2-v,

Therefore, Vo =12V



Chapter 5, Solution 71

%OB.Q
S5kQ
- 40k Q
+ A VA N
Mo e

>M>

w(O e

- 30k Q

20 50
v =3, v, :—?(2)=—8, Vv, =(1—i-%)v1 =8

y, =190, 100, 20+10)=10
40 80

100k QQ

Vo

20k Q




Chapter 5, Solution 72.

Since no current flows into the input terminals of ideal op amp, there is no voltage

drop across the 20 kQ2 resistor. As a voltage summer, the output of the first op
amp is
Vo1 = 04

The second stage is an inverter

150

Vo
100
=-2.5(04)= -1V

Chapter 5, Solution 73.
The first stage is an inverter. The output is
50
Vo = —E(—1.8) =-9V

The second stage is
v, =V, =29V

Chapter 5, Solution 74.

Let v; = output of the first op amp
v, = input of the second op amp.

The two sub-circuits are inverting amplifiers

100
v, =———(0.6) =—6V
=70 (00
32
v, =———(0.4)=-8V
=104

V-V, __—6+8_

Tk 20k

100 pA

Chapter 5, Solution 75.

The schematic is shown below. Pseudo-components VIEWPOINT and IPROBE are
involved as shown to measure v, and i respectively. Once the circuit is saved, we click
Analysis | Simulate. The values of v and i are displayed on the pseudo-components as:




1= 200 pA
(Vo/vs) = -4/2= -2

The results are slightly different than those obtained in Example 5.11.

Chapter 5, Solution 76.

The schematic is shown below. IPROBE is inserted to measure i,. Upon simulation, the
value of i, is displayed on IPROBE as

1, = -374.78 pA




Chapter 5, Solution 77.

The schematic is shown below. IPROBE is inserted to measure i,. Upon simulation, the
value of i, is displayed on IPROBE as

1, = -374.78 pA

— A, j "-".-ﬁ" ".'
RS

"o ____'w_k _,)'_03?4 TOUA
- 1
Z T d\_- R4 '-'-T:-k

UAT4 'I =15V

Prob.5.61

Chapter 5, Solution 78.

The circuit is constructed as shown below. We insert a VIEWPOINT to display v,.
Upon simulating the circuit, we obtain,

= 667.75S mV

15—

667.75mV

i o

R9

40k



Chapter 5, Solution 79.

The schematic is shown below. A pseudo-component VIEWPOINT is inserted to display
Vo. After saving and simulating the circuit, we obtain,

Vo = -14.61 V

Chapter 5, Solution 80.

The schematic is shown below. VIEWPOINT is inserted to display v,. After simulation,
we obtain,

Vo = 12



Chapter 5, Solution 81.
The schematic is shown below. We insert one VIEWPOINT and one IPROBE to

measure v, and i, respectively. Upon saving and simulating the circuit, we obtain,
Vo = 343.37 mV

i, = 24.51 pA



20m—=

Chapter 5, Solution 82.
The maximum voltage level corresponds to
1111 = 2°~1 = 31

Hence, each bit is worth (7.75/31) = 250 mV

Chapter 5, Solution 83.

The result depends on your design. Hence, let Rg = 10 k ohms, R; = 10 k ohms, R,
20 k ohms, R; = 40 k ohms, R4 = 80 k ohms, Rs = 160 k ohms, R¢ = 320 k ohms,
then,
Vo = (R/R))V| + ==---m-- + (R¢/Rg)ve
=v; + 0.5V2 + 0.25V3 + 0.125V4 + 0.0625V5 + 0.03125V6
(a) [Vo| = 1.1875 = 1+ 0.125+ 0.0625 = 1+ (1/8) + (1/16) which implies,
[V1 V2 V3 V4 Vs V6] = |100110|

(b)  [ve|= 0+ (1/2) + (1/4) + 0+ (1/16) + (1/32) = (27/32) = 843.75 mV

(c) This corresponds to[1 1111 1].

Vol = 1+ (1/2) + (1/4) + (1/8) + (1/16) + (1/32) = 63/32 = 1.96875 V



Chapter 5, Solution 84.

For (a), the process of the proof is time consuming and the results are only approximate,
but close enough for the applications where this device is used.

(a)

Vi

The easiest way to solve this problem is to use superposition and to solve
for each term letting all of the corresponding voltages be equal to zero.
Also, starting with each current contribution (ix) equal to one amp and
working backwards is easiest.

2R R R R
M M M M
2R 2R 2R
ik
Y = R
\%) V3 V4
For the first case, let v, = v3 = v4 = 0,and1; = 1A.

Therefore, vi = 2R volts ori; = v/(2R).
Second case, letvi = v3 = v4 = 0,and i, = 1A.

Therefore, vy, = 85R/21 volts ori; = 21v,/(85R). Clearly this is not
(1/4™), so where is the difference? (21/85) = 0.247 which is a really
good approximation for 0.25. Since this is a practical electronic circuit,
the result is good enough for all practical purposes.

Now for the third case, letvi = v, = v4 = 0,and i3 = 1A.

Therefore, vy = 8.5R volts oris = v3/(8.5R). Clearly this is not
(1/8"™), so where is the difference? (1/8.5) = 0.11765 which is a really
good approximation for 0.125. Since this is a practical electronic circuit,
the result is good enough for all practical purposes.

Finally, for the fourth case, letv; = v, = v4 = 0,and i3 = 1A.



Therefore, vs = 16.25R volts orig = v4/(16.25R). Clearly this is not
(1/16th), so where is the difference? (1/16.25) = 0.06154 which is a
really good approximation for 0.0625. Since this is a practical electronic
circuit, the result is good enough for all practical purposes.
Please note that a goal of a lot of electronic design is to come up with
practical circuits that are economical to design and build yet give the
desired results.
(b) If Rg= 12 k ohms and R = 10 k ohms,
Vo = (12/20)[v; + (v2/2) + (v3/4) + (v4/8)]
= 0.6[v; + 0.5v2 + 0.25v3 + 0.125v4]

For [V1 V2 V3 V4] = [1 0 11],

[vo| = 0.6[1 +0.25 +0.125] = 825 mV
For [V1 V2 V3 V4] = [O 10 1],

ve| = 0.6[0.5+0.125] = 375 mV

Chapter 5, Solution 85.

A, = 1+@2R/Ry) = 1+20,000/100 = 201

Chapter 5, Solution 86.
Vo = A(va—vy) = 200(v2 —Vvy)

(a) Vo = 200(0.386 — 0.402) = -3.2V
(b) Vo = 200(1.011 - 1.002) = 1.8V

Chapter 5, Solution 87.
The output, v,, of the first op amp is,
Va = (1 + (Rz/Rl))Vl (1)

Also, Vo = (-R4/R3)v, + (1 + (R4/R3))V2 (2)



Substituting (1) into (2),

Vo = (-R4/R3) (1 + (Ro/Ryp))vi + (1 + (R4/R3))v2

Or, Vo =1+ (Ry/R3)IV; — (Ry/R;3 + (R;R4/R;R3)v;
If R; = Ry and R; = Ry, then,

Vo = (1 +(R4/R3))(v2 — v1)

which is a subtractor with a gain of (1 + (R4/R3)).

Chapter 5, Solution 88.
We need to find V1, at terminals a — b, from this,
Vo = (Ro/R)(1 +2(R3/Ry))Vn = (500/25)(1 + 2(10/2))Vy
= 220V

Now we use Fig. (b) to find Vy, in terms of v;.

Va = (3/5)vi, vb = (23)v;
VTh = Vp—V, (1/15)Vi

(Vo/Vi) = Ay = -220/15 = -14.667



Chapter 5, Solution 89.
If we use an inverter, R = 2 k ohms,
(Vo/vi) = -Ro/Ry = -6
R = 6R = 12 k ohms

Hence the op amp circuit is as shown below.

12 kQ
MA
2 kQ
Wy >—' +
Vi Vo
.-

Chapter 5, Solution 90.

Transforming the current source to a voltage source produces the circuit below,

At node b, Vb = (2/(2+4))vo = Vo/3
20 kQ
ko W
M\ - .
b +
5i, § 4 kQ +
io Vo
2 kQ —
1 *
Atnode a, (5is—Vva)/5 = (Va—Vo)/20

But v, = v, = v,/3. 2015 — (4/3)vy = (1/3)ve— Vo, O 15 = V,/30
o = [(2/(2 +4))2]ve = Vo/6

iofiy = (Vo/6)/(vo/30) = 5



Chapter 5, Solution 91.

— VO
_|._

R,
iy R, iy
.
it .
1o
io = i] + i2 (1)
But 11 = i (2)

R, and R; have the same voltage, v,, across them.

Rii; = Ruip, which leads to i, = (Ri/Ry)i; 3)
Substituting (2) and (3) into (1) gives,

i, = is(1 + R/Ry)

ifis = 1+(R/Ry) = 1+8/1 = 9

Chapter 5, Solution 92

The top op amp circuit is a non-inverter, while the lower one is an inverter.

output at the top op amp is
vi = (1 +60/30)v; = 3v;
while the output of the lower op amp is
vo = ~(50/20)v; = -2.5v;
Hence, Vo = VI —Vo = 3v;+2.5v; = 5.5v;

vo/vi = 5.5

The



Chapter 5, Solution 93.

R;
M\
R,
Va
T Yyjau .
Vb + Y i,
+ § R, N
Vi + vigL Vo
° — o
At node a, (Vi— va)/Ry = (Va—Vo)/R3
Vi—Vay = (RI/R2)(Va - Vo)
vi + (Ri/R3)ve = (1 +Ri/R3)v, (1)
Butv, = vy, = vL. Hence, (1) becomes
Vi= (1 + Rl/R3)VL — (R]/R3)VO (2)

1o = Vo/(Ra + Ry|[RL), i = (Rr/(R2+Rp))i, = (Ro/(Ra + Rp))(ve/( R4+ Ry||R1))
Or, Vo = ir[(Rz + R)( R4+ Ryf[RL)/Ry 3)
But, vy = itRL 4)
Substituting (3) and (4) into (2),
vi = (1 +Ry/Rs) itRe — Ri[(R> + Ry )/(RaR3)]( Ry + Ro|[Rp)ir
= [((Rs + R1)/R3)RL — Ri((R2 + Rp)/(R2R3)(R4 + (RoR/(R, + Ry))]ip

= (1/A)iy



Thus,

R, +R,

J
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