Electronic Circuit Analysis and Desien, 2™ edition

Solutions Manual
Chapter 9
Exercise Solutions E9.5
o = Aa{vz = 1) Aq = 107
E9.1
R: =100 kit
ACL=-§1-=—16—E§—=?AQ; = =10
v =025V =19 =-23V

. vr 0.25
= o = ——e— = (.025 mA 25 uA
L AT N ) RA =0 = 2o pn

i1=i1=25#A

R =R =10kD

E9.2
Ry
AcL = R = —15
Ri= Ry =20%k0 = Ry = (15)(20 k)
R; =300 k@) boow =35 w=-10
ve
E93 yPiuheiad
(@ A = —&, ‘_13=u2-s=>ﬂ_—.4.ggv
R +R; 10
(min): —100 =496 ¢ = 0.001, v; = —0.00%
19+13 s
-1 vo = 10%{—6.001 — 0.001)
A (max)= N . _s07s ’ {
19+07 v==2V

so 4926 S5|A | 5076

d mw =3 vo=3

0.1 -
iy(max)= = 5076 vo = Ag(we = v1)
b) iy(max) 19+07 HA LT,
P 01 Ag
i,(min) = =4.926 uA 3
ig+13 —=3-n =y =297V
so 4926 <i, <5076 uA 1e?
(c) Maximum current specification is violated. E9.6
E9.4 We have
) 1
We can write Aﬂ=——1l[1+i'(l+ﬂ)]
R
Agp = - R 1+2 -%3' A Ra
1 Ri=R, =25k Let—R—==
R =£1:—_1°_'59. z 1
V = = -12=-
Wint Acr = —-50 Set R: R! 50 ki) 1+ — 103(14_:)
ACL=—50=—(1+%)——5 _ -1
= ————E-'_
14'%:9#%:3:;—0 1.00024‘5![03
4
Ry =6.25 k(@

I
12(1.0002 + m) =2z

120024 = x = (2.4 % 107)z
12.0024 R
T = Toer6 - 12033 = 7y

R = 300.78 kit
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ES.7

R R, )
vo = — [(%)(250) + (;;%)(2001 + (;;%) (75)]

vy = ~(1000 + 400 + 100]

g = — (—&-‘b‘u + i'.{.“.,.” + 'R—"Uu)

wyp = 1500 pV = —1.5 mV
E9.8
_ Rr Rr Ry Re
i = (R: by -+ i i + Ti;_vm + E-v“)

We need
Re o Br _ ., fe _ .o Re _
=l p=u s e
Set Ry = 280 k0
nenx,=-2-_';—°-=4um
280
Ry = —— =
2 11 20 kO
280
ﬂ;—ﬁ—ﬂﬂkﬂ
280
&-F_zakn
E9.9
Yty +v R
IVO|= L 3 "=-—§‘5(v"+v“+v’,)
R, 1
?"=§=R,=R,=R,=R=IMQ

Thea R,:%MQ=3331¢Q

ES.10
L Y PO ) N
Av—y}—(1+Rl)—5
Ry
iothltﬂ—l—l

Patwg=10V, vyy=2V

Theni:=%=50uA=>R,=40kn

Thea Ry = 160 kit we find
Yy — vy - 10-2

"= 160

= 50 gA

Solutions Manual

E9.11

¢
@, b

— {'I 1 L =

U:. I—/ ‘4&4 (-UA._ _L’: )
(O
T

vy = AM[Vz - b'],] = Aod(ﬁ"f - "")]
v 1 O » o
- -V =—n RIS Saadiarana
.‘134 Aad
28] . g — by
= ===13and iz =
R), Rz

1 Vg = ¥
Thﬂﬂlﬂ(R‘)-— Rz
(L+_L -
"\’ "TRJ) " R
R) _ Rz Ya
(1o 8)ne (4B (o 2)

A
(”E

w{vn) = (1 + -ﬁ-:') (_—-_Rbi&ﬁa) v

70 50
= (1 + ?) (so ¥ 25) vn
= 10!»’[1

Fofl.'n =ﬂ,
W_(______R. )V
T\RTR) P
Ra Ra
w{vrz) = (1 + -R—l) (m) ¥ra
(1T (2
=\UtTs /) \mem0)n
= Swy2

Then
va = wlvn} + wl{rn)
#o = 1004 + Supe



Test Your Understanding

Chapter 9: Exercise Solutions

E9.13

Rs» Risoty =13 =45 = 100 gA

vy = —isRp
We want — 10 = {100 x 107%) R
= Rp =100k}

ES.14

We may note that
R 3 Rr 20
E=T:‘§='3lﬂd‘§]‘-= 1—=3
50 that

Ry _ Rr

R; Ry
Then

i = —ug ={=3}

R 1.5k01

= i =1 mA

ty =t + 4 =0.267T +2 = 2.267T mA

ve =isRa 4 vr = (2.267 % 1073} (3 %« 10%) = 0.4

::»29-_-7.2‘5'

E9.15
Wewant iy =l mA when vy = -5V
. = - —vr _ ={-3)
b= TR0
= B =30

ve =i Ze = (1077){500]

= v =03V

|=VL—0'3 =% 1y = 0.1 mA
CRR T K T

= +iz=0141=1.1mA

If op-amp is biased at £ 10 V, output must be

limited to = 8 V.

Sowvg =138y + v
8=(1.1x107")R +0.3
= Ri = 6.82k0

Let By = 7.0 kf)

Then we want

f_’. R 7

R; R 5

Can choose R, = 10 k3 and Ar = 14 kD0

ES.16

Refer to Fig. 9.24
R| = ‘2&] = 3 kﬂ

Let £y = f; =25 k(2

Set By = Ry
. . . b & _ _ R,
Differential Gain = il 100 = EXAT)

= Ay = Ry =250 k2

ES.17

We have the general relation that

wm (10 2) (2B, B,

R)\0+R/Rs) TR
B = Ry =10 kfl, Rz = 20 k1, R, =21k

e (10 3) () (B

10/ \ 1 +[21/10] 10
ve = 2.0323p73 — 2.0v;

2 vn=1 vn=-1

vo=—2.0323 ~20=>pp = —4032V

bh. wvn=vi=1YV

vo = 2.0323 - 2.0 = ¥y =0.0323 V

€.  Vem = b1} = b2 50 common-mode gain

Aom = —2u = 0.0323

Yem

d. CMRRus = 20iog,q (-:—‘)

A= 2228 _ (2.0](-%) =2016
2.016
CMRR:g = 20log,, (m) =15.9dB
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E9.18 Mixmum Gain => Minimum R,
R| ZRQ) 2R2 -
= o — 1 -_ ) =3 2 =
vo T ( + g Jlen —vn So 1+ Ra(miny) = 1000 o 2R = 999 Ry (min)
Differential gain (magnitude) = %(1 + 3‘;-‘1) If Ry = 50 kQ, let Ry (min} = 100 £ fixed resistor
: ! and let Ry{nmax) = 100 k0 +100 2 = 100.1
Minimum Gan = Maximum Ry =1 + 30 = 31 kQ ‘—p-;t—'
20 2{100) . . L
S0 Ag = 75 + o = 44 =4.92 Then actual differential gain is in the range of
1.999 - 100]
Maximum Gain = Minimum &, = I k{
20 (100} E9.21
Ag = QT(I + ) = Aq =201 Time constant = r = R,y = (10*}{0.1 x 107%)
Range of Differential Gain = 4.92-201 =1 m sec
-1
0t =y = ¢
E9.19 R_C= v
. i _ b= Att=1msec =g =~—1
o R 05:52::-,,01--14-&10 x (t—1)
v = v+ b Ry, vee = vz — 1 R and ! :(2_1)
R All=2msec =y =—14+2—2L =)
vy = E{Vo: — gy} 1
R i R . R'] s + (‘ms)
%-R_gly”—“ 3 — b =i Ry cT t N 5
R . ’
g = h—:"{(w: —vn)—h(R + R3)]
o = R (viz = vpy) - u) {Rz + R;)
Ra Rl
-tV
Por common-mode input vy = vy
= Common Gain =0, TMRR =co
Fn=0= E9.22
b.  Ad{min) = R min, R, max End of 1st pulse:
-1 10 paec 10 x 107°
_ ﬂ 100 + 951 g = =~ X t -
A.;-(m)[l-{-———mn ]—4.82 " L =
Ag(max) = (;—g-) [1 + w] = 206 After 10 pulses:
-(10){10 x 10™%)
w=-5= _;--—---—
Ad — .
c. CMRR = —c':- 50r=100>€.10 =120 usec = r
3 g =1
Am=0=CMRER=o r=RCy =20 usec = 20 x 10~*
For example,
E9.20 »
R, 2Ra Cy =0.01 x10 =0.01 uF = Ry =2k}
3 1

Let Ry = R, so the difference amplifier gain is unity.

Minimum Gain = Maximum R,
2Ry \

So (1 + m) =12

Wewant 2R; = R;(mu)
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E9.23

vo = &y + 10013 — 25013 — 800y,

From Figure 9.37, v;3 input to Ry, vuy input to Rz, vn

input to R 4. and vry input to Ag.
From Equation (9.87)

Rr _ AF _

R: = 25 and -E = i

Set Ay = 500 k2, then A, = 20 k{2, and

R, = 6.25 k0.
Rr Rp
Als 14 = —_— =
°( +RN](RA) '

ReN{ReY _
m(uh)(h) =10

where By = By||R; = 20]6.25 = 4.76 kD
and Rp = Ra[|Rsl|Re
We find that 4 = 10

Rg
Let Ry = 200 ki1, Rp = 20 kO

SO0\ /R-Y _ . _ Re
Now (1+ —4.75) (RA) =]l= (105)(@')

Then Rp = 1.85 kQ)

RillRp = 200]|20 = 18.2 k¥

18.28¢
So Rp =18 TRy = Rc =211 ki

E9.25

R-4R
(R-AR)+({R+AR)
_ R+ AR
(R+ ARy + (R-AR)

-]

- [R-AR _R+aR].,
2R 2R
_(R-AR-R-AR\ .
'( ZR )V

 =-(5)
For V' =35V, AR=30, R = 10 % 10°

50
voy = -( ){3.5) =-175 x 1977

10¢
Need an amplifier with 4 gain of
o 5
Ag = p —w=:h=-—285.7

Use instrumentation amplifier, Fig. 9-25.
Connect vo; t0 ¥y a0d (~vgy ) 10 vrq.

R 2R,
A4=(——)(1+-—)-_- T
I I Rq'l Rl 285 r
Let By =150 kD2, B =10kQ Th-eﬂ%'—-Q.OZ
1
La R; =100k, Ry =11.1k0

V+

E9.26

_[1 R +
"°"[E‘R+R(1+s)]v
___[R+R(1+6)—2R vt
08+ R{1+ &)
RS
TR(2+H)

]
Vol = (I)V"'

V¥t =35 Por§ =001

0.0
vor = (—4 ’)(5} = 0.0125

x VvV

Neead 2 gain
o 3
Ae= or  B0125 00

Use an inswumentadon amplifier

o0 (Be) (14 2R
A“‘“"‘(RJ)(HRIJ
R

Let R, = 150 k01, Ry = 10 kf}, then R—’ =12.8
1

Let Ry = 150k}, /) =11.7k{
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Chapter 9

Problem Solutions b A = OB mz(&)
0.99R, Ry
0.99R; _ R,
9.1 T ToR - U'QB(RI)
A"=..2'f_:=__1u Devigtion in gain = 2%
and for cach case 9.7
R, =20 -
20 kY @ A,=v—o=—1§-=-i5
v, 1
92 . vo =—15v, = v, ==150sinar (mV)
(b) iy =iy ==L =10sinar (uA)
R =R =10k0 R,
. _ v . .
b, A, = _looioe o i, =R—°=u i, ==375sinar (uA)
10 L
in =1, —1L
R =R, =10k e
! ip = —47Ssinar (uA)
100
c. = _l_'Uﬂ-l_D = =20
Ri = 10[j10 = 5 k0 9.8
A=
9.3 R +R,
=-30£25% = 29.25< <3075
A,=—-§—2-=—12=>Rz=]2ﬁ1 A R = RiA'I
1 rl 2
= .. = .7
R = Ry = 25 kQ So 2 29.25 and Y, 073
= Ry = (12)(25) = 300 kN We have 29.25(R, +2)=3075(R, +1)
Which yields R, = 185kQ and R, = 599.6 kQ
9.4 For v, =25mV , then
A=-B_ s R s, 0731 v, <0769V
R,
For vy = =1, ;1=RL=15“A=>R, = §6.7 k0 99
1
= Rz = 533.3 kQ gy = _(%) v =(-50.153) = 1oy = =0.75V
150
a5 vy = —3—5— gy = (=6} -0.75) = v=45V
. . 0.15 . .
Ay:—E:-=—3O=-R:=3UR1 "=‘3='30—='“.___‘1='2215“A
1
SGCR;=1MQ i;=ﬁ=%=—%=&i:=ﬁ=—3ﬂ#:\

= R =33.3k0 First op-amp must sink 15 + 30 = 45 gA

9.6
_ R 1.05R; _ . Rz
L A= z = 395K, = l.lﬂa(—)
0.95 R,

Losg, =~ 0908 ( & )

Deviation in gain is +10.5% and -9.5%
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A, = 2199663

©) [A|=22-1%=22-022=2178

Then 21.78—-—2-2-' ! = A,=2277
1 1
[+—-—(23)]
A
2.11
R:( R Ra®
Asa="'_ 1 — —
R, +R¢ +Rz)
R 140 100
a. —lﬂ——m(l-kloo-l'ﬂ—!)
2R
10—-1'—0'6'-1-1:&2—450\(51
2R:
b. 100—-m+1=>ﬂg—4.95Mn
9.12
Ry Ry R
a. Av—-'—E' 1+'§:+R2)
_ Ry Ri Ry
30—36'0_(1+E+Rz)
Set Ry = Ry = 300 k}
300 300
( F 7 ) R

= Ry =6.41 kY
b. Foruv; = =005 V

) . —=0.05 ‘ ,
l1=17=3-6~6-—k%=>l1=11=—0.lﬂﬁ

vx = —i2Ry = ={-0.1 x 107} (500 x 10%)

= (.05
. vx 0.05 .
Iy = e = e = =T,
‘TR a1 L =—T.80uA

3=z +ig = ~0.1 =780 = iy = —=7.90 pA

I — =

1 1 ( 22) I 1000153
[+ ——=| I+—
15x10 i

9.13

o= 2oy
1= p=h
yA=—igR=—(%)R=-—w
N
WSTRTR
. . . Y Va ZVA 291’
hshth=-p-p=-F=F
vp = vp =R = —vy— 2%)(R) = =3u;
I=_"_B=_-(‘”31’I)=§_’:I_
* R R R
o =iy g = 0L g 3 S
CEWTRETRT TR TR
yu_.ug—lgR=—3u;-(~5-Ei)R
=:-ﬂ=-3 7

1

From Pigure 9.1l = A, = =3

9.14

@ A=-S2 1

Bl 1+&
AL\ R

_39, 1
10 I+—--I {Hﬂ)
2xz10° (1]

{b) v, = —(4.99985)(100x107") =
vo = 499985 mV

050499985

E =
(¢) Error 05

x100% = 0003%
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9.15 So
s From Bquation (9.23) . +,1_) (2
10 2
ve = = 0.9980v;
et ! (145
YT TR [ 1 ( Rz)] 107 1
1+ —[1+ ==
Ao Ry For vy =2V
100 i
=-To5" .HL(HE) = —0,9980 vp = 1.9960 V
£0? 100
9.16
@ =top=to Yoo R
Then vy = A, - v; = (—0.9980){2) TR R v, R

= vy = —1.9960

9.17
’ R|r o1
Vy e = _Rlr_ veo| 2 10) =
R : R|R +R, oli+10
vo = Aoilva = ve) . Vi mes = 009008V
¥p _ ¥ —¥g SIS R
BT R """(R. ¥ R:) Ry ol =22y,
1) Rl o
g = ———os—r
(1+ E’-) R R,
R 10=—%(0.09008) =~ = 11
R R,
nmvo=A.¢v,.—A“—'; So R, =111k
(”'F")
. 9.18
‘ At (o =
il 4+ Ao = AcdV A v il =n)
1+ 8 1
R, /] . = — L =3
1 ] Aar = 1) = 10=7 = A, 300
B\ T
1+ 3, ) T4 b. 1=500(,—1%107%) = py =3mV
vy A = Aodi'a .
(“"ET) ] ¢ 5=500{l-1) = =099V
R d w=500{-1=({-1)} = 4y =20
Ace| 14 —3).:4
ve = Ry e —3=500(m —(=0.5)) = vy = ~0.506 V
R
Aod + 1+R|)
9.19
(1+§1 Va
o = Rl a qu—ii-u —£f—-y _ﬁ.y
od 1
vo = —z(0.5) — ity i)
= —4(0.5) = 2(~1) — 1.33(2)

v o= =2.667V
b, =52 = —4(1) - 2(0.25) — 133wy

vrp = 0.528
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9.20
v = =8 — 2vp2 — S
Rpe Rp Rr
= -R—IVH - EW: - E-m
Rr Rr Rr
—_—=f e~ =3
1 Ra s

Let Rp =500 ki1 = Ry = 62.5 k2

Ry = 250 k(2
Rs =100 kY
921 R
F Rp
= =y = 0.5 = e — — =t
vy v 12 Z v A ¥ra
Rr Rr
Th— =4 T-;' =035

= R, is the smallest resistor

|=‘|=1nom_—.;—’=Ri=R,=zum
1 1

= Rp = 80 k01

= Ry =160 k3

9.22
ve, = (00512 sin(27t) = 00707 sin(2 77

1
F=lkHz= Tzﬁ;:oims

: I
=T =—=10ms
EERR T

v -—__R;F_.V _&.v ——E.p _lg.v
[+] R1 i1} Rz e 1 n 5 12
vp = =(10¥0.0707 sin(27ft)) - (2)(£1 V)

v, = 0707 sin(27) - (£2V)

X a7

2 4 _———:\Jq
1,2y :

-2

- %, 7aH

9.23

- . F.
R, R, Viz R, 43
""5“‘"’11 """2"""'13

Ksinar = -2v, - 4[2+100sinar]-0
Set v, =-4

|
E
[
T oo g fﬂ--

9.24
A
R R
vo = =7~ az(—-5) - R—:'az(—sl - Tf' a1 (~3)
— %f-ao(—s)

_RF as az [: 31 @0
Sowvy = T0 13 +4+ 8 +16 (5)

_ Re 1
b uo—2a—m-2-5==>Rp_10kn
. 10 1
¢ i = — — = 0.
i Vo T 165=>uo 03125V

) ol 11 1
, = o g o =](s
B 10[2“"4*'&"‘15]”

= vy = 4.6875 V

9.25

10
(@) vg, = ""_I'vn

20 20
Vo = 1 Vai T vz = ~{20)(~10)v,, ~ (20)v,

vy = 200v,, —20v,,

{t) v,, =1+2sinar {mV)

vy ==10mV

Then v, = 200(1 + 2 sinax) - 20(-10)
50 v, =04 +04sinax (V)

9.26

For one-input

R - RallRs ¥ T Rr

R; R1 Rz"Ra Rf Rr
o 1 1 1 Vo
o b ] = —_—
A\ Ry AzllRs Rr] Re

- {;+L+_L(_L+_1__)}
ST\ AR T Rr T Au\B T Ralis

Mo 1 1 Rr
== {.4,4'”"1-..‘ mumum}



9.29

9.30

1

Rr
bo = — 7= P -
R

1+L(1+5—‘3-)

Aod

where Aa = R, AefiR;
Therefare, for three-inputs

50 20
o = (1 + E) [(20 T 0

o = 1.33wry + 0687wy

va = (l-!-%)
()

=)

vo = 0.85T¥y; 4+ 0.4290,,

vt (muzo + 40

6.67

6.67 4+ 40

Re

Rr
Ra

10|20

)

40
) bz + (m) vn]

)]

Chapter 9: Problem Solutions

031

oC

. vr .
BDERTE

v =igR+vr = (%)R+w=2v:

71
*TRTR
. 2 3
3
Vo=i4R+Vx=(3%)R+2w
vo .
oo
[
9.32

@ 2=1

Yy

(b) From Exercise 9.11

Yo_ A R
AN R

But B, =0, R ==

v | [

Yo, —= — = 22=099999

Iole— 1+ vi
A 15x10°

(b) Want Y2 =0990 = — 1
V, |+ —_
ot

= A =99
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9.33

Asc = 10" 2 = g.90996
v

Ase = 10%; 22 = 0.9990
v

Ape = 102; ] = 0.990
¥r

Aot =10 =2 = 0.909
ur

jo= 2L
(a) i R,
(b} vo, =i, R, +v, =i R, +i R,
vo(max) =8V =i, (1+9) =10i,
So i, {max) =08 mA

Then v (max)=i R =(089) = v,(max)=72V

9.36

=[=22 Yy {2V =
@ vx (20+40) ”"(50)(6)_2

vo=2V

(b) Same as (a)

©) vy =(-6--+"’—4E 6)=0666V

vy =(l+-i-%)-vx = v, =133V

9.37
i R.,.=f-’-mdu=ilmdug = —A v
1 Rﬁ'
. —(=Agt) (1 + Agg)
S0y = ¥ (= Aggrt -+ od
h Re Rr
Then Rtl\ =-:L = RF
i 14+ Aoe
s Rs . - RF .
boon= (R,-+R.n)"°”'d"° = Ao T
Aad Rs .

s = - =

Qv ‘RF(1+A“)(RS+R.")‘S

Re 10
R.,, I e———— i — ]
T+ A~ Toor — )-009990

o= —R (1000) Rs )

0= THF\ 1001/ \ Rs +0.009990 ) '°

1000 Rs

ant (1001) (Rs ¥ 0.009990) 2 0.9%0

which yields Ry > 1.099 k
9.38
—lov

Vo=icRe, 0<Si  <8mA

For v,(max)=8V, Then

Ry =140

939

i'—'%!Ol:%:&E:lOkﬂ
In the idzcai op-amp, Ry has no infiuence.

OQutput voizge: g = (1 -+ -i—:) v

o must remain within the bias voltages of the op-amp; the
larger the R, the smallsr the range of input voltage »; in
which the output is valid
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9.40
:';,=—=.>1D=—§::ngl=>R;=lkﬂ
2 e

i = ‘-""25'- and vy =iy 2, = (0.010){100) =1 V
2

R 1

ll—m—-lmA

ty =14+ =1+10=11 mA

For vo{max) = 12V =fafla + vp = (11)R3 + 1

#R;:lkﬂ

We need

Rg_ﬂrwlkﬂ _
941

v
IR - _— x - - .
(a) {,=¢{ and l.‘—R—-i-la, Ve =—i, R,
2

Then i = [g_]

R
Or ip=il1+=L
° ll[ RzJ

®) R.=$—=%=.~ R, =5k

12=(1)[l+ﬁ]=> Re 1
R, R,

For example, R, =540, R, =355k0

942

1, Ve Yeovo

3

Ve Vy—v
B SIS S I
@ R, R, 0

R |
Note: If —f-=— =
RR, R = RR, = RR,
then R, = e, which corresponds to an ideal current
source,

9.43

Minimum resistance seen by vy is Ry
Set Ry = Ry =25 k) Then Ry = Ry =125 k]

L= o = v =i Ry = (0.3)(3) = 1.5V
Ry

to = 3z — )

23=3(vnn =)= pp=23\V

9.44
4. Prom superposidon
<]
oy = -R! L3

3 R
oy = (1 + R_:J (——_Ra " R‘)If”

Sewing vi: = v1z = Vem

Vg = Vg ok g = (l-i-&- —-—-l—-—- --E—!-v
9 = ¥or 02 = 7, . & RL [
R,
TR T O Y By
e cm_RJ (1+R!) 1+3_1 R:
Ay

B _ R
v o B
1+-Ri)
z
b, Mix {Aen| = Min 2% and Max. 2
s z
. 47.8 52.5

Max _ 105 " 95 _ 4.5238 —5.5263
{Aem| ATS ~ T 1+14.5238
10.5

= |Aeml ., = 0.1815

1+

max
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bri —va __VA—"B‘+ Va — ¥y
R1+R2 RV R!
¥r2 —ve _ VB—U.4+1§_
R|+R1 Rv R

- = (5m) o+ (75m)”
“T\R+R S R +R:) "

vy = (L) e+ (_‘33__._ Vi
B+ Ra R+ R

Now ve = ve = Riva + Rovny = Rivpg + Ravis

R
=up+ ==(vp - Vi)

So that v 4 R
1

(1

ey

(3)

(4)

n___ : LIS I DT N
R1+Rz—VA(R1+32+RL'+R:)-Rv—.ﬂz(”

Vi2 = ( 1 ,1_+_}__)_V.4
R] -+ Rq B B+ Ra T Ry R; R
Then

v
R: -~ R':

_ 1 +_1_+1 ve  w
Yo\ \R +R: R R -

N
A R1+R: RV
¥ra 1 1 1
Ry + R _ys(R1+Rz +R_v+-§;)

1 R
- ‘R‘:[va + -E%(vn - Un)]

> )[vm —-wvn)

Substitute (1}-(2)

L (vn —n)
Rl""R n 12

(&)

va 1 R
R TR R rrovn)

2 oty — Byt .t 1
i = {vp v’l]{(Rl)(Rj‘!-R: +Rv +Rz)

1 1 R,
+.ﬁ.1+R1+RV R‘}

1
=t E) {vra — vi1)

vo = (v -yn)(ga){RgTR; +*R%-+1

R, Rz }
Rt + R: Rv

_ 2R R
Rz (1 + R—’)(pn —-wn)

(1

{2)

9.46
R R
vay = (1+ R—:)Vn - ﬁ%-vn

(1 + = )( —28sinwt) — —{25 6in wi)

voy = —275sinwtmV

i

Lg-F]

R R
(1 + R—:)w: - —R—j'-lfn
(1 + )(23 sinwt) — —[ —25 sin wt)

ez = 275 sinwimV

vy = g:( +%)(Wz—vn)
30

= (1 + z[ ] (25 — [—25]) sinwt

vo = 825 sinwt mVY

Cuwrrent in £, and R5:

vn =t (=25 -28)sinwtmV
Ry 10 kD2
fi1] = Ssinwt uA

=

Current in bottom R; and R,:

02 _ 2T5sinwtmV
Ra + R {20+ 30) k0
|is] = 5.58inwt uA

Cuwrrent in top Ry and R,:

R,
vor — g ) n

i =

Ry
-275 — (——3‘3—-) (275)| sinwt mv
- 30+20)\° v
20 k2
Jis] = 22sinwt pA
9.47
vo = ;g (1 e m— 2(50) (25 — (—~25))sinwt mV

vl = (1. 5)(50)(1 + 1}%9) mV

For
] = 0.1 V = (1.5)(0. oso)(1 + lﬂ)

= ) = 300 kO
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For

ol =5V = (1.5)(0.&50)(1 + %)

= R =152k}
So Riy = 1.52 k(! =» Potentiometer = 300 k(¥

9.48
LR 2R
Ad = . (1+ A )
Por Ad(mu). RI = R\(m) = R.;

R{( ZRZ)
W= —1{1 —
=T R

Par Ag{min), R, = Ri(max}=s 50 k2
Ry 2R,
¢.5 (l + 50 )

Ry

= 0.4
J L F—

|

Lat

=

Then 0.5 = 0.4(1 + 2—563') = R, = 6.25 k{0

and

200 = (0.4)(1 + 5(%@-) = Riy = 25.05 Q2
1/ R

9.49
For a common-mods gain, vgm = vy = #r;
Then
A AN
s = (1 + R‘)Vem R, Vern = Vem
R, Ry
vz = (1 -+ R_]) Ve — R_:y:m = Vem

From Problem 941, we can write

B R
A = B
(%)
R
Ry =R, =20kD, R) =20k +5%
20

B _1'_'121_1(1_&)
T+ 2 RY

For By = 20 k{l - 5% == 19 k[

1 20
Acm = 5(1 -9 = —-0.0263

For R = 20 k{3 + 5% = 21 kO

1 20 .
Agm = 5(1 - ﬁ) = 0.0238
50 |Acmip,, = 0.0263

9.50
_ 1 Ny
8. = _&Cz jvr(t) dt
jﬁ.Ssinwt dl = ngfcosut

__1 (08 o5
TRC w  2xRCaf

|vo] = 0.3
i = 1 - 1
T 22RiCr 0 2x{50 x 109)(0.1 x 10=1)

= i = 31.8 Hz
Qutput signat lags input signai by $0°

b 0.5
S eI R oy L=l He
.. 0.5
& f = BT7)50 % 1073(0.1 < 109

= f = 159 Hz

2.51
] r r
(a) L =—R—CJ'VJ(1 )df

|
vy = _63(05)(2) = v, =-3V

) "5=“é(°5)‘=> t=6s

9.52 , |
. :.:_"R’Lw_c:=_ﬂ b=
1(R:+J-,;-a-z-)
w_ R 1

vr R 1+ jwRiC

o R
b —=-—

¥y Ry

1
« I=vEg
9.53
- - R - - Az (jwlh)
) vr Hl + - 1 1+JWR1C1
JwC,

] R, Jwhh Gy

ve R 14 juwRiCy

p, o R
bR
e f= !
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9.54
Assuming the Zener diode is in breakdown,

Vo=V, ==1(68) = v, =68V
]

- 0-(—68
Q= 0-v, - (-68) =
R, 1
. _10-v, . 10-63
25T T T s
f .
Circuit is not in breakdown. Now

10-0 10
=i = iy = 152 mA
R +R 17T Sger . RIZAmA

vo = =LR = —(152)(1)= v,=-152V
iy =0

i, =68 mA

-68= i, =-62mAlll

9.55

==V, 1.{ TR ] = -{0.026) 1n|i(1—0_-:"w}‘—)] =

= —0.0261n[];jm)
For v, =20mV, |v,|=0497V

For v, =2V, |v,|=0617V

9.56

133
vo = (W) (¥o1 — vz} = 16.65(wp1 — woz)
voy = —vpgr = =Vrln ('m)
Is

gy = —vggy = —Vriln ('Iﬂ)
s

o1 — b3 ——Vrln( ') =Vrln(':c—=)
io? Wl

R R
&' R;

Sovyy —vgz = Vrln (iﬁ)
R: 1

= (16.65)(0.026) ln (”‘ ﬁ‘)

x|
w=043291n("’ -R‘)

In(x) =log, (z) = [log,, (£)] - log, (10)]
=2.3026 log,, (z)
Then

- R
m = (1.0)log,, (%:— . Tf:_)

9.57
vy = —I_,R(e"'w'} = —(10'")(10")&"‘”’"
|v0| = (m-w)e».fo.ozs
For v, =030V, lv,{=103x10"°V
For v, =060V, |v,|=105V
ts
1!
U.
™
1831
s
!a—f £, .
=% a, o .5 < G
W
T
9.58
Vo =2v, —10v,, +3v,—-v,,
From Figure 9, 37
e
€,
%=
R
U:"'f
Y, — A
L
Zs

(R 1)

PFrom Equation (9.110). we can writs

_ _Rr Rp
= R vra R, L4
Re\[Rp Rp
+(1+Rn)[R W1+Rg via

where By = Ry||R2, Rp = Ral||Rz|Re

Rr Ry
Then —- = 0' —_— ]
R - R
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Set iy = 500 k1, then R, = 50 kQ), Ry = 500 kQ

Set Ry = 250 kQQ, then
Now Ry = R[] Rz = 50}J500 = 45.45 k2

Ra=125k0}, Rc=150kN
]+R_F)=(1+ﬂ) =12
Ry 45.45 4Ry 18y
Then —— =b6= —— =6 => Rp = 187.5 k0
2 R R, 125
Thea (12)(Eﬁ) =7 (12)(E’_’_) =3 = wOn't work since
A B
Re = RA“R,gHRc”RD > R, and Re
Now 12{Rp/RA) = 2 _ Rg

12(R#/Rg}) 3  Ra Add s resistor R in parallel with R, and R to decrease Ry

R4 is the largest resistor {but wirth zero input o Rj).
Set Ry = 500 k}, then Rp = 333.3 kQ Set Bp = oo = Rp = Ru4||Rsl[Rc = 53.57 k(2
Thes 282 _, R, p. cwsikn Thea
RA s00 1+£ .&-—-5-— 1 R_F 33.57
Rr = RallRsl|Rc and R4||Ra = 500[j333.3 Ex) RO T\ RG) Ui
= 200 kO » Rr 130
R
Then 200f| Rc = 83.33 s0 Rg = 142.8 k}
So
9.59 250
Ay = — =19.23 = R i}|R1}| Ry = 83.33||Ry
Vo = 6vy +3v, +5v, =y, =2y, 13
From Figure 9.37 SoR; =35k}
2.60
Vo fi
= (14 )
g Ra R,
= =2 =80T
FEt R g =080
I Vo—Vz
F RF
SetIr = 0.8 mA= > ES‘G = Rp =425 kD
F
s N
Ve — AN AY
s -
, %! Ve= STeV
fx ﬁ .tg
bl

W=564+0T=63V

Ry = R\||R2, Re = Ral|RellRc)|RoD Vi 6.3 Vs = W
!‘ = ThTT IR e IJ ]
e R R K R
Th.ﬂl——=l; __F_= - _10—5.3 3.7
R Ry ? HVs=10v, n=27202 00
Let Rp =250 k2, then Ry = 250 kY, R = 125 k2
Then Ry = Ry|| Rz = 250|125 = 83.33 k1 Want {p; = 0.1 mA; if weset [y = 0.1 mA = GR—‘f-
Ry 250
(1+RN)—-(I+W)=4 = = 63 k{} i
Thea fy =02 mA = =~ = R; = 18.5 ki
Ry R R L
Nowd|[ =) =¢; 4(—“)=3 4.(-"- =5
Ra F ! Re
-(—L)-‘R’ R4 =§-=2=£€-
& Rp/Rp) ™ 3 Ra
MRe/Rc) _ 5 _ 1 eerm B2
4(Ra/Rp) 3 Re
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Bor [z = 1 mA
rz=V°EVz =1°;5'6=1m=3,=4.4m
) 1
R ) R
Vg = == ] . Vg = 5.5 = == . 10
z (R=+R.; ! R: + Rs
10
R;
(“':e';
R 10 2
14 == === == =10.786
3 6 R
A ' 10
L =1mA= ————=1mA
GIRQ-Q'R; R-;+R;

Ry =0.786R; = 0.786R: + R: =10
= Ry =36k{1, R, =4.4kD
Vin = Vo 12 -10
—=2mA =

2 = R
In this case, the op-amp must supply the load

Let = =1kN

currens,

For wy — ey =0 at T =250 K, set
Ri=R =R, =RrQ250° K=12kD

Assuming va; and vz lock into an open circuit,

“.JE_)
w:—(RT+R“ V"‘md

= _i_).v"'—y:..
m‘(m+m =72

As tempersture increases. Ry decreases.
12(1 — §) where § is positive,

Rr=10k1 G 300° = § = 01667

_(_120-8 o4
oz = (12(1 ~5+1z)”
Consider

12(1 - §) 1
1201 =38) +12 5) (10)

12(1 = §) — 6[(1 — §) + 1)
=( 12[(1 = 8) + 1] )(m)

=( 6(1—6)—6 )(10)— 605
12[(1 - &} + 1] T SH 1)

Uo-g—lml=(

, 58 5
N - B — R .
ow cotsider py, — vy T-3 3 §

Connect wy; tn the vy; terminal of the invtrumentation am-
plifier and woy to the vy termainal

Let Ry =

WIS
NU\VW—-R:(l‘P R;)(§)6

For § = 0.1667, vp =5

Ry
1R,
SctR3_4Th E——SH’R:—:W’!Q
Ry =20 k2

Resistor Ry can be a fixed resistor in series with a poten-
tiometer for more precise control.

Using the bridge circuit shown in Figure 9.44

I R _(i__1_
"‘“‘[z R+R(1+£)]V+_[2 2+5]“°}

24+6=2
—(2(2+5))“°}
= o ;-]"'3-'5-=2.55

Connect 1o, 10 an instrumentation amplifier.

=2 2Ry
v =% (1-;- T ){2.55)

When § = 0.02, vy =5

3 R 28,
= 100 _— - —
2.5)(0.02) B (1 * & )
R, _ 2R,
Suﬂa_lu‘r‘hm R,_g




