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Chapter 2

Exercise Solutions

E2.1

—_
3
. 4-12-10346
. ak) = ———— = ;
a. tp(peak) 310 114 mA
b  Vep{max) =24+12=38YV
c.
iYW e - o . .
w : :
. i

vy =24sinwi = 12.6
. -1 f 128
wl = sin ! (a—) =37

By symmety, wiz = 180 — 31.7 = 148.3°

3 -3
% = (%u) x 100% = 32.4%

E2.2
l -~
_l- +
Yy T 25;' R 1,

T3sin (2760¢)
V. = om

fR
or R o= Vo = 75
FCV, = (8030 = 10-5)74)
f=625k0

L3

E23

v, = 120sin (27607}, V., =0.7. R=235k0
Full-wave recdfier

Tums oo £ : 2 = ve =,

Vi =120 — 0.7 = 119.3 V

Ve = 1193 - 100 =193 V

Voo 119.3 A
2FRY, T UE0)(2.3 = 103){19.3)
C=206x10""=206x10"" = C =306 uF

SoC =

E2.4
vy = 30sin (2x60t), ¥V, =0.7, R=10 kGt
Full-wave rectifier
C = Vo (50 — 1.4}

2FRV. ~ 2(60)(10 x 109){2)
C=2025x10"°"=2023x10"% = C =201 xF

E25
Using Eq. (2-10}

L S TR T
b ”A:_V-RT_ 353 = 0.569
N
%= ([“59) x 100% = 18.1%
TV, 2(2}
o4 wAt Ver 55 7
% = (0 ’87) x 100% = 9.14%
E2.6
Re
y bad |
VPS VI'. Rh
- 'l' 'It. - 1;.

0L Ves <14V, Vz =56
20 < R €100

. . 5.6
Ir{max) = 52—: = 0.28 A, fr{min) = 166 = 0.D56 A
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fz({max)
_ [Vpsimax) = Vz1l; (max)
~ Vps(min) — 0.9Vz — 0.1Vps{max)
_ [Ves{min} ~ Vz]!, (min)
Vps{min) - 0.8Vz — 0.1Vrs(max)
_ [14 - 5.6)(280) — [10 — 5.6](56)
T 10 ~ {0.9)(5.6) — (0.13{14)
2352 = 246.4
3.56
Iz{max) = 591.5 mA -
Power{min) = [z(max) - Vz = (0.5913)(5.6)
Power = 3.31 W

R = Ves{max) —Vz = 14-558
' = Iz(max) + {r(min) ~ 0.3815 + 0.0565
84
T 0.647T5
R; =130
E2.7
I, = Vrs"Vz -1,
R
For ¥,,(min) and 7;(max), then
11-9
I in) = -0.1=0
z(min) 20

(Minimum Zener current is zero.)
For V,,(max) and 7, (min), then

-0=>230mA

136-9
I,{max)= 20

The characteristic of the minimum Zener current

being cne-tenth of the maximum value is violated.

The proper circuit operation is questionable.

E2.8

Ves(min)-¥, max
o mle) Yz e

I;(min) =

50
10-9
0.0153

Or

1,(max) =354 md

- L(max)

Ve{max) — Vi (min)
Vi(nominal)

% Regulation =

Vi (nominal) = 5.6
Vi (max) = Vi(rominal) + [z{max)r;

= 5.6 + (0.5915){1.5) = 6.487

Solutions Manual

Ve(min} = V¢ (rominal) + fz(min}rz

= 5.6 + (Iz{min)}(1.5)

Iz{min) = 236 _ 404
13
= 0.0585 A
Ve(min) = 5.6 + (0.0585)(1.5) = 5.688
6.487 — 5.688
o Reg = _"'56—3— =0.143 = 14.3?&
H2.10
L ACH
Y351
41
2,7 4
24
4,7 _
o —y -z z &7 . -
'U_;Cv\
4 -
1-4
—_— -47
E2.11
Uy,
1
L = - 3 -
s ;
T
X 2.8 ;
1
|
]
-~~~ =i-3
Rl
V.V <

[NV
1< O

Hc‘.
O
~
o
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Test Your Understanding

Chapter 2: Exercise Solutions

Vo =07V E2.15

Porwr <53 Dion = Vg=-5V=V¥ =43V Vo=—-06V. Ipi=40

Dimwmsonwheavr=25=V =18V ;D,=;=ﬁ;6_','__'w=>1m=1=4_27m,\

Qg 1 Az 1 -
15 e = = — =
For v; > 2.5, Zor 3 = LR 3 e
#‘R[—_—gﬂg i
: (a)
E2.12
5T .
For ¥, =0, v,(max)=-2F

Hy
Now, Av, =8V, so that A
v,(min)=-10¥F

%
E2.13

As vs goes negative, D turns on and v = +5 V.
As vs goes positive, D mrns off.

35 -

Output. a square wave oscillating betwean +5 and +35 volts.

E2.14
vo =44, [= 109-54.4 = 0.5895 mA
Saf=1Ip, ‘
vy = 4.4 — 0.6 — (0.5895)(0.3)
vy = 3.508
E2.17
o, Va=06VioralV
b.

Summary 0 < vy £ 3.5, o =4.4

N
For vy » 3.3. D2 nurns off and when vy > 9.4,

ve = 10
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E2.18

s, ey = nc;!’ A

-3
Ipn = (0.8)(1.6 x 107'%) [ﬁj%%%:ﬁ‘g](”)

Ipy =128 mA
b.  We have vy = {12.8}{1) = 12.3 volts.
The diode must be reverse biased s¢ that
Vpe > 12.8 volis,
E2.19

The equivalent circuit is

ruv
-
:J"l’ =LV
o= ie s
1SmY 2T
R
O.Y

5—1.7-0.2
=317 -02

Py =15 mA
3-17-402 3.1
TI+R—T~E—0.2071(Q

= 2070t
AR=20T-15= R=1920

Solutions Manual
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Chapter 2

'Problem Solutions

2.1

Uy Uy

R=1x

UVt
Q

AN
\//\\

Vi=08V, rr =200

-0

R
R+1’f

- (m)(s.q

101

Forv; =10V, vy = ( )(10 — 0.6)

' I\.?.IF' A
2.2
+ “Jg -
YUy = L.

23
(@) vs(max)= 12—0 =40V

(6) PIV =l (max)|=40V

or
volavg)=127V

(d) 50%

24

v =vs — IV, = vg(max) = vo(max) + 2V,
8. PFor w{max) =25 V = vs(max) = 25 + 2(0.7)
= 264V

b.  For wo({max) = 100 V = vs(max) = 101.4 V

Ny s M
Np 1014 N, Y

From part (a)

PIV =2v (max)-V, =2(264)-07
ar

PIV =521V

or, from part (b)
PIV =2(1014)-07

or
PIV=2021V



Electronic Circuit Analysis and Design, 2™ edition

Solutions Manual

25

s wmimax) =24 V = vs(max) = 24 + 2{0.7)

vs{max) = 25.4 V

J.

vs{rms) = el = vz(rms) = 17.96 V
. Vs Vs
b V= o o o= M
IfRC = VR
C= -——-——21-—=>C=2667;;F

2(60)(0.5){150)

. Vin
€. ID.max = (l + 211'”‘ VM
10,mar = 150 (1 +2 "'v >

1D, max = 5.08 A

2.6

2.7

T

(a) vy(max)=24+07=247V
vs{max)

Ve . 4
RV, (60)(150)(03)

Ve
= O =
JRC

ar

C=5333 uF

V=

(c) For the half~wave rectifier

) V. v, 24 24

Fom == 1+dr |- M = A1+ 47 |——
D R[ 2V) 150( * 2(0.5)]
or

Ip e =100 4

_----_4__...-.4\-

L} 1

;
1D

D

D
D

L — -
- -

AW,

3

—-'s(/\/%vv—u—
—
=

& S
Ct) __'_ \fé:lll/

v,()=24sinax
Now

ing) = L [ o)

We have for x, <a¥ < x,
2dsinx—127
iy = ———
R
To find x, and x,,
24sinx, =127
=0558 rad

X, = w—0558 = 2584 rad
Then

i (avg) = 2= _1_![2451:1::— 12'7]4&
x

R
_L(2) e 1 (12T,
-Zfr[RJ( c:a;}sx)._l z:r(R]x"‘

_ 6482  4.095
R
Fraction of time diode is conducting

_5=x % 100% = 2584—0558)(100%
2 2r

= R=1190

or

Fraction = 32.2%

Power rating

R R M 24sinx~127T
P =Rl = [l f——
o = Rt T—EID ! R =

f[(24 sin” - 2(127)(24)sinx+(12.7)' x

sin2x

L
27R
1

sl 52

]‘ ~2(12.7)(24)~cos x)]

+(12.7)’x"]
|
For R=119Q, then

B, =179W
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z.9 2.11

Fu{v,->0, V.=1
R=-(13-51-=ISOQ (V2 =10)

vs(max) = vo(max)+V, = 15+07

ar
vs(max) =57V
Then
ur I)
vs(rms)=%=ll.lv LC
MNow
N 120 N,
—_—=— —=103
N, LIl N,
w0 = (gl )«
IR / 15 2l + Ry

= O = S = 8 =1.
" 2fRC 2/RV,  2(60)(150)(04) Ry||Ry =2.2]|6.8 = 1.66 k0

oF b ( 1.66 )V 0.43u
9 = | e | = 0.430,
C = 2083 uF 1.66 + 2.2
T,
PIV =2v;(max)~V, = 2(157)-0.7 4.3
ar
PIV =307V ¥
2.10
Por v; > 0 b vo(rms) = =2 :,?x} = wims) =3.04 V

Vi=63V, R =120, Vz=448
6.3 - 4.8
& Iir= T = 125 mA

fo=li-Iz=1235-1Iz
25 < Jr <120 mA = 40 < B, < 1920

b. Pz=1I:V; = {100)(43} = Pz = 480 mW
Pp = I.Vy =(120)(4.8) = Pr =576 mW

V,.=10
2.13
Voltage across R + Ry = w 20 — 10
. R; <1 &, II=T=>I;=45.UmA

Voltage Divider = 1y = —-—)u;=—r.ri 2

R+ R 2 : 10 k

L—m:? L =263 mA

U, Iz=I1—Ip = [z =13.TmA

9
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b, Pzimax) = 400 mW = [z{max) = 4%0 = 40 mA Now

6 6
I =2 _q in) = —— =000
= Ie{min) = I1 = Iz(max) = 45 — 40 (max)= 25 =0012 4, 1 (min)= 720 = 0006 4

. 10 Now
= [ =5imA = —
z{min) " Ry _ Vrs(min)"vz
= Ry =2kQ " I{min)+ I {max)
For R, = 1750 or 15—6
I[=37T1mA [ =263mA {7 =30.8ma 280=————"—— = [,(min)=0020 4
Iz{max}) =40 mA = [r(min) = 57.1 - 40 = 17.1 mA IZ(mln)-'-o-Glz z
1o : = i.im. Then
Ry = == = Ry = 5850 [;{max)=0.1+002=012 A
' and
2.14 _ R - Ves(max) -V,
2. From Eq. (2-23) ' fz(max)+ 7, (min)
3 (max) = 320120 = 10} - 50(15 - 10} or ¥, (max)
= 15 - (0.9)(10) - (0.1)(20) g0 mimay=6 =413V
- 4

Iz(max) = 1.1873 A
i 2.17
Iz(min) = 0.11875 A
2-21{(b)} Using Figure 2.17
From 2. Vps=20+25% =15 < Vps <25V
20 — 10
TTe7s v 50 =~ L=8082 Por Vps(min) :

Ir = Iz(min) + fr(max) = 3 + 20 = 25 mA

R, =

b. Pz = (L1B75){10) = Pz =119 W

Pr = Fiman)le = (05T Py = 5 W R = Vps{m;nj —Va _ 152;10 o R = 2000
fr=5W - AL, = 2004
2.15 b. For Vas(max)
. . . 25 = 10 .
(a) As approximation, assume /,{max) and /,(min) = Ir(max) = T Ir{max) =75 mA
are the same as in problem 2-14, For [1(min} = 0 = [z{max) = 75 mA
Vo{max) = Vo(nom) + Iz{max)rz Vzo =Vz — Izrz = 10— {0.025)(3) = 9.87T5 V
= 20 + (0.453)(2) = 20.906 Vo(max) = 9.875 + (0.073)(5) = 10.28
V3 (min) = Vo[nom) + Iz(min)rz Vo(min} = 9.875 + (0.005)(5) = 9.90
=20 + (0.0453)(2) = 20.0906 AV =035V
20.906 — 20.0906 - &% =
b. % Reg= —_— X 100% c. % Reg= Vs (mom) » 100% = % Reg = 3.5%
= % Reg = 4.08%
2.18
2.16 From Equation (2.21{a))
: Vas(min) -V, 24-16
_ V;{max)-V, {min} =t =
%Reg = V. (mom) % 100% I(min)+ [ (max) 40+400
or
_ Yi[nom)+ 15 (max)r, ~(V, (nom) + I, (min)r,) R=1820Q
V. (nom) Also
_[rafman) = ry(min)fy) LA
6 2RC 2/RV,
So RzR+r =182+2=20202
I(max)-7,(min)=0.1 4 Then

24

C=W=} C=9901
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2,19
Vz=Vzo +Izrz Vz(pom)=8V
B=Vzo+ (LIN0.5) = Vap = T.95 V
I = Vs(max} — Vz(nom) _12-8
' R’ T2
Por [ =02A=1z=1.133 A
For [L =1A=1z=0333A

Vi(max) = Vzo + Iz{max)rz
= 7.95 + {1.133){0.5) = 8.5165
Ve (min) = Vzo + /z(min)rz

= 7.95 + (0.333)(0.5) = 9.1163

AV =04V
_ AV _ 04 _

% Reg = ¥ (nom) _—a—:%Reg_s.D%
V:ﬁ-—: = VM
" 2fRC 2/RV,
R=R+r,=3+05=150Q
Then

8

= C=00238F

R S ERIGE]

2.20

(a) For -10<v, £0, both diodes are
conducting= v, =0
For 02 v, £3, Zener not in breakdown, so
=0, v,=0

For v, >3
,'l=3!;3
20
v, —3 1
= 10)=—v, ~15
vo=(252 10)= 5,
Aty =10V, v,=35V, {=035ma

mA

T
,‘N

ne

=1.333 A

—_—ta S'c )

{b) For v, <0, both diodes forward biased

. _0-
i, =—i-01'-. Alv, =-10V, i =-1ma

i

-
200

v, -3
For v, >3, j, ="'—20—. At v, =10V,i =035mA

Ny
>
=y
Er
]
LN
—

o35T /

— )

2.21
(2) LK

I 2K
\{

+IS

V;=%x15=5V»fm’w$5.7, vg = vp

vi=(B+07) 15-¥ =5’ vo = Vi +0.7

1 2 i
w—vn+].5—{wu-0‘7)__pn-0.7
1 2 1
pro 157 0T 1 1 l)_‘ 93
TS5t —un(l+2+1 va(2.5)

1
vr+B835= 30[2.5) = g = -é-"gu,r + 3.42

vr=35.7=1mp =57
rr = 10 = g = 9.42
()
74k - — — — - =
sT- T —
t
|
|
r— t +
o 57 s
]
2 ()

(b)ip =0 for 0<v, <57

Then
v,—[-"—'-+3.42)
pahTYe 25
? 1 1
or
i =20 38 b S15, i =558 mA

i
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(o Por vy =30V, = 397107

Py . = 0T 10 =017T5 A
kel vo=i{10) +10.T = 12.5 V
b.
’( LN
2.22 Al
1A
(a) For D off, v0=(-§g 20)-10=333V o -
Then for v, $333+07 =403V = v, =333V
For v, »403, vy,=v,-07; -30}
For v, =10, v,=93
A%, (V)
e
2.24
5 -
g —h | Vs
7,32
1 R=bAK
[
!
o Y o3 ) fo
RN eY
* Y, =06V
v = 13 sin ot
{b) For v, €403V, i, =0
For v, >4.03, i, + 10-v, _¥,=(-10)
10 20
A ., _ 3 U,
Which yields i, --i-av, - 0.605
For v, =10, i, =0895m4 4
W N
F
AT
2.25
a Vo =10
o
F— + -dV --_L_] l_l
© 7S uhfe
2.23
a. Yo ¢ V, = 05
128k -
% ioAF S '
- ' 1 o
¥ ] |
: 10,7 "‘}r -‘-**t ‘_1
:
- meae 38
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b Vo=0
0
s-
V, =05
va.d
S
!
2.26

One possible example is shown.

L will tend to block the transient signals
Dy will limit the voltage to +14 V and 0.7 V.

Power ratings depends on number of pulses per
second and duration of pulse,

2.27
V. =0
&. v
L]

2.28
[
Ux __‘ U,
-
= Y
a, FrV, =0= V. =27V
b, Bor V=07 V=1,=210V
2.29
C
e 4 E Yo

FcVy =0; Vi=10V

2.30
Far circuit in Figure P2.27(a)

For circuit in Figure P2.27(b)
(i) For Vy = +3V

w1
to b P N e
LG ST . ~
2 )
o . * -
-3 —— N s
\\ L ,’ - -
e -
(ii) For ¥V, =3V
-,
iy e -
~ B s
- < ”
.~ < ‘\ /
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2.31

2.32

233

2.34

For Figure P2.27(a)

Solutions Manual

10 — 0.6
. Ipl_mafm-o.ﬂmﬁ\ IQZ_—"O

Vo= Ip1(9.5) = ¥ =893V

§-0.6

b Ipn=c——e=Ip=04dmA [p;=0

3.5 +0.5

Vo=Ip1{93)=1 =418V

c. Same as {a)

d 10= %1(0.5) + 0.6+ 1(9.3) = [ = 0.964 mA

Vo=1(9.5) =W =916V

Ipy=Ipz= %9 Ipy =Ipg = 0.482 mA

a. l=[pl=fpz=0 B=10

b. 10 = (9.5} + 0.6 + I(0.5) =
[=1Ips=094mA Ip; =10

Vo =10 = [{9.5) = Vo = LOTV

¢ 10 = I(9.5) + 0.6 + [(0.5) +35 =
I=Ipz=0.44_l§:‘_\_ Ipg =0

Vo=10—-1{9.5) = ¥, =582V

d 10 =I(9.5)+0.6 + 2;-(0.5) = = 0.964 mA

= Ip) =Ip; = 0.482 mA

B | by

Ipi=lp: =

Vo=10~1(935) =V = 0842 V

i WV=Va=0=D0, Dy Diy.on V=44V
10 - 4.4
A ——— =0
! 9.5
4.4 =056
Int=Ipa = T# Iny = fp; = 7.6 mA

Ips =Ipy +Ipy— I =2(7.6) — 0.589 =
Ips = 14.6 mA

b i=Vi=5V D;ad D;on, Dyoff
10 = I(3.5) +0.6 + 1(0.5) +5 = L= 0451 mA

IDI =Ip3=£:-lpl=fgg=0_226m

2
Ipa =0
Vo = 10 — I{9.5) = 10 — (0.451)(8.5) =
Vo=35T2V
c. V=5V, V=0 [hoff, Dy, Daon
Vo=44V
7= 10 ‘_“: = 0.589
9.5
Ipg = 2408 Ipy=T.6mA
1.3
Ipy =0

Iga =101'I=76—0539=IEI=T'01 mA
d V=5V, V=2V D offy Dy, Dyon

Vg=4.4v
10 — 4.4
=0l = [.589
I 9.5
Ipym 242062 Ipe = 3.6 mA
0.5 e
ipp=0

Ipy=lpa~-I=36~-0589= [p; =301l mA

(2) D,on D, off, D,on

So I, =0

10-06-(-06) _ 10 _
R+R 2+6

Now ¥V, =06V, I, =

I, =125m4
V,=10-06-(125){2)=> ¥, =69V

L= C I
Ipy=dp=1p =22-125= 1,,=095mA

(b} D, on, D, on, D, off

So [,;=0

voady, 1, -10708-44_ 5

A R, 6

or

I, =0833mA

[o=38203 94 404 ma
R,+R, 10

Ipg=1g~1,,=094-0833= [, =0107m4
V,=1,R -5=(094)8)-5= ¥V, =—03F



(c) All diodes are on
V=44V, V,=-06V

10-06-44

1

Ip, =05md = = R =10k

F . =0.S+05=1mA=i'-4——-}§-:0—'6):>

R =540

0.6—(-5)

fpy=15md=" = R,=293kQ

236
For v, small, both diodes off

05
v, =[ )v, =0.0909v,

05+35
When v, —v, =06, D, tumns on. So we have
v, —0090%, =06 v, =066, v, =006
For D, on
v, -0.6- Yo.. ¥ Y
5 5
_ 2y, -06
°T 12
When v, =06, D, turns on. Then

v, - 06
06="2L""2—y =39V
12

=0 \which yields
05

Now for v, > 39

v, ~06-v, v =-v, Yo Yo -06
s 5 05 05
Which yields
Vg =M;Fay v, = 10:"0 =115V
22
2.37
o

=-\ov

For vy > 0, when D) ums off

10— 0.7
I'==%
ve = I(10 kD) = 4.65 V

= 0.465 mA

apter 2: le lutions
o
$.05¢
b 1
1 )
=10 .ges i }
T ' Tis o Ut
] ]
L des

v = vy for —4.85 < vy < 4.55

2.38

2.39

R, =5k}, R =10k}
Dyand Dyon =¥ =0

_10-07 0—(=10) _
Ipy = 3 ) =1.86 — 1.0
Ip; = 0.86 mA

b. R,=10kﬂ, R;=5kﬂ, D1 o:E.D;cm

Ipp =0

10 =07 - !—lﬂt
I= 5 = 1.287

W=IlR:-10=V==35TV

15-(Vo+07) W+07 Vo

10 T2 20
15 0.7 0.7 i 1 1
ﬁ-ﬁ'ﬁ—%(m+ﬁ+ﬁ)-%(
Vo =6975V

Vi
ID=%=:PIQ=U.3491'D.A

20

%)
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2.40 243

1ok vn'v'“'v oK Vi =Voa =5V
v ' b, V=06V, V=12V

e, Vy =086V, V=12V
IQKID [{=1°4
Logic “0” signal degrades as it goes through additional logic
o - gates.
. 2.44
a. V=15V, Vi =10V Diode off
Va=T75V, V=8V Vp= =25V (v, ANDV,) OR(V, ANDYV.}
Ip=10
b V=10V, V3 =15V Diodeon 245 10— 1.5 = 0.2
I=——-T-'---—-'-=12mA=0.012
h-% % Ve V-V _ ., Y
0 1010 0 - a=Vs 0.6 R+10=m_691"ﬂ
Bl g (Ll s
nte-"\nnTw ST =l
11
- 0.6(— + —) 2.46
. 1010 (o 0-LToV
2.62:%(1—0) > W =655V - 0.75 =
Vi= ~1.7-— 7 Vi=23V
Lo l8=888 888 o (=180 > Y =23 Y
D= 10 10 Ap =2l mA
Vp=06V 2.47
* Mo -
2.41 L
vr=0, Dy off, Dy on * py
10 ~2.5 Vay Rraiw
I= 15 = 0.5 mA -
w=10-(05)5)=>m=75Vir0< v <15
Rorvr=30V, Dhoff, =10V
Determing vy when Ve = 10 Ve=1V, I =03 mA
I= vy 2—52.5 Vs =1 +(08){2)
Ve =10 = I(10) + 2.5 = [ = 0.75 mA Yog=26Y
v; =(0.75)(25) + 2.5 = 21.25 2.48
Ipp = ned A

0.6 % 107 = (1)(1.6 x 10~¥) (10°7} A
A=375%10" em®

242

a. Vm = ng = {]
b Vo =44V, Vo, =38V
c.

Vorp =44V, V=38V
Logic “1” level dagradss as it goes through additional logic
gates.




