CHAPTER 22 PROBLEM SOLUTIONS

SOLUTION TO PROBLEM 22.1
(&) ForfigureP22.1a, To=2andwp=p . Lettg=-11inequation 22.5b. Thenf(t) = d(t) and

1
¢, =05 05(e ™dt=05 foralln
-1
From equation 22.6, an = 1 and bp = 0for all n. Finally from equation 22.2

f(t)=05+ g cos(npt)
(b) ForfigureP22.1b, To=2andwp=p. Lettp :n():1in equation 22.5b. Then f(t) =- d(t-1) and
¢ =-05 é‘)S(t - 1)e IMPlgi = .g5e I
From equation 22.6, bp = 0for al n, and B
an=-1forneven

an=1for nodd

Finally from equation 22.2
f(t) =- 0.5+ cos(pt) - cos(2pt) + cos(3pt) - cos(4pt) +...

SOLUTION TO PROBLEM 22.2
€) To=1 andwp=2p . Lettp=0 inequation 22.5b. Then
f()y=¢ (@)t

and from equation 22.5b
1 1
= pp (M@t j2mpt gy = - (Un(+2np)t 4 - -1 [ -(fn@+j2np) _ 4
e g)e © g)e (fn(2) + j2np) ©
B 0.5
~ (n(2)+ j2np)

(b) Using the above result for cn

=05 —
Co i 0.7213,



From equation 22.6
dp =cp=0.7213
d; =2¢,| =0.158,
g1 =-1.461x180/p =-83.7°
do ZZCZ| =0.0795
g2 =-1.516x180/p =-86.84°
Thus, f(t) in the form of equation 22.3 is
f(t) = 0.7213 + 0.158cos(2pt - 83.70) + 0.07950s(2pt - 86.840)

SOLUTION TO PROBLEM 22.3.
@ To=1 andwp=2p. Lettp=0 inequation 22.5b. Then

f(t = (M@ y) - u(t- 0.5)]

and from equation 22.5b
0.5 0.5
cn= e (M@Nteri2migr= g (n@+izmp)igr= 1 [e-o.S(zfn(2>+12np)_ 1
0 5 (fn(2) + j2np)
(- 1"
1-
_ J2
(in(2) + j2np)

(b) Using the above result for cn, and MATLAB to evaluate the numerical result,
»n=0;
»C0= (1- (-1)"n/sgrt(2))/(log(2) + j* 2* n* pi
cO
4.2256e-01

»N=1,;
»cl= (1- (-1)"n/sart(2))/(log(2) + j* 2* n* pi)
cl=

2.9612e-02- 2.6843e-01i
»abs(cl)
ans=

2.7006e-01
»degreecl=angle(cl)* 180/pi
degreecl =

-8.3705e+01
»N=2;

»C2= (1- (-1)"n/sgrt(2))/(log(2) + j* 2*n* pi)
c2=

1.2817e-03- 2.3237e-02i



»abs(c2)
ans=
2.3272e-02
degreec2= angle(c2)* 180/pi
degreec2 =
-8.6843e+01

From equation 22.6 and equation 22.3
f(t) = 0.4226 + 0.54cos(2pt - 83.70) + 0.046540s(2pt - 86.84°)

SOLUTION PROBLEM 22.4.(a) f(t) = cos(4t) sin(2t) = 0.5] sin(6t) - sin (2t)] .
The fundamental angular frequency of f(t) iswo= 2 rad/s. The given f(t) can be expressed as
f(t) =-0.5 sin( wot) + 0.5sin(3wgt) . Observethat b1=-0.5, b3= 0.5 and al other g and bj are zero.
From equation 22.4 , d1= 0.5/-900 and d3 = 0.5/90°- From equations 22.6a and 22.6b.
c1=0.25 and c3 =-0.25]. All other cn are zero for n positive
(b) f(t) = sin2(4t) cos?(8t)= 0.5[1 - cos(8t)]x0.5] 1+ cos(16t)
=0.25[ 1 - cos(8t) + cos(16t) - cos(8t) cos(16t)]
= 0.25- 0.375 cos(8t) + 0.25c0s(16t) - 0.125c0s(24t)
The fundamental angular frequency of f(t) iswo= 8 rad/s. The given f(t) can be expressed as

f(t) = 0.25 -0.375 cos( wot) + 0.25cos(2wqt) - 0.125sicos(3wot). Observethat a0= 0.5, a1=-0.375, ap=
0.25, a3=-0.125 and all other g and bj are zero.
Fom equation 22.4,

dp=0.25, d1=0.375/180° , dp» = 0.25/Q0, and d3 = 0.125/180°,

From equations 22.6a and 22.6b.
c0=0.25,¢c1 =-0.375 and ¢ =0.25,c3=-0.125. All other cn are zero for n positive.
(©
f(t) =[ 2 + 1.5 sin(500t)- 2cos(2000t)]cos(106t)|

=2c0s(106t) + 0.75sin(1000500t) + 0.75siN(999500t)
- c0s(1002000t) - cos(998000t)

The fundamental angular frequency of f(t) iswp= 500 rad/s. The given f(t) can be expressed as

f(t) =2cos( 2000wqt) + 0.75sin(2001wQt) + 0.75sin(1999wQt) - cos(2004wQt) - cos(1996wQt)
Observethat: a1996 = -1, b1999=0.75, a2000= 2, b2001=0.75, a2004= -1, and al other g and bj are
zero. From equation 22.4 , d1996 = 1 /1800 , dhog9 = 0.75/-900, dppoo =2 /0Q°,

d2001 = 0.75/-900, dppo4 = 1/180° , and all other dj are zero.

From equations 22.6a and 22.6b.

€1996 =-0.5, ¢1999 = -j0.375, c2000=1,



€2001 = -j0.3750, dcoopg =-0.5, and dl other ¢y are zero for n positive..

SOLUTION PROBLEM 22.5

By ingpesction, the derivative of f(t) is

f'(t):_—'?_‘- a Ad(t- nT)——- fs (1)
n=-¥

wherefd(t) isshown in figure 22/7, with its Fourier series given by equation 22.20b, i.e.

A 2A

fO=5+= a cos(nwqt)
n=1

Therefore

A ¥
f'(t) =- T a cos(nmpt)
n=1

The dc component isthe average value of f(t) andisgiven by 0.5A. Other termsin the Fourier series of

f(t) are obtained by integrating the cosine termsin the above expression. Theresult is

A3
f(t) =05A- — A sin(nwqt)
np n=1

SOLUTION TO PROBLEM 22.6
Denote by f5(t) the waveform of figure P22.5, with A=0.5and T =1. Then by inspection

f(t) = fprops(- 1) +0.5
Substituting the result of problem 22.5 into the above equation, we have

05 &
f(t) =0.75+— Q sin(nwgt)
np n=1



SOLUTION PROBLEM 22.7
Consider the square wave g(t) shown in figure 22.4 with its Fourier series given by equation 22.13. By
ingpection, the derivative of f(t) is

() =- 2 g0) (0 = - 4g0)

Substituting equation 22.13 into the above expression, we have

¥ .
8A sin(nmnt

fy=- 22 3 (n ot)
P n=1pdd

The dc component isthe average value of f(t) and isgiven by 0.5A. Other termsin the Fourier series of

f(t) are obtained by integrating the sine termsin the above expression. Theresultis

¥
f(t):0.5A+4—§ 5 cosnog)

2
n=lodd N

SOLUTION PROBLEM 22.8
The method used below is simpler than that suggested in the hint.
We first sketch the waveform of f'(t) and observe that it may be expressed as the sum of two periodic rectangu

pulsetrains:
f'(t)= ?1T[ fo(t + 0.5aT) +,(t - 0.5aT)]

wherefp(t) is sketched in figure 22.8.  Using equation 22.23, we have
¥ .
F()= L1 [aA +Q 2AINMP) o y(t+05aT))]
aT =1 np
3
-[aA +Q

2Asin(nap)
~ n
n=1

cos(nwp(t-0.5aT))]}

¥ .
:;{ é 2Asin(nap)

aT np

[cos(nwp(t+0.5aT))-cos(nwp(t-0.5aT)] \
n=1



¥
_ 18 -4Asir(nap) .
aT[ na1 —m sin(nwot)]

The dc component isthe average value of f(t) andisgiven by aA. Other termsin the Fourier series of

f(t) are obtained by integrating the sinetermsin the above expression. Theresultis

f(t) = aA + 2A{ a [Sm(nap)]zcos(nw )
ap n=1

SOLUTION TO PROBLEM 22.9
Wefirst sketch the waveform of f'(t) and observe that it may be expressed as the sum of a periodic rectangular
pulse train and a periodic impulse train:

f(t)- L fo(t + 0.5aT) - fy(t)

where fp(t) is sketched in figure 22.8, and f((t) in figure 22.7.
Using equations 22.23 and 22.20b, we have

¥
F)= 1 = [aA +
n=1

¥

[A 2A - cos(nwot)]
T T

n=1

2Asi:](nap) cos(nwy(t+0.5aT))

sin(nap)

a [ =———=2cos(nwp(t+0.5aT)) -cos(nwot)]}

The dc component isthe average value of f(t) andisgivenby 0.5aA. Other termsin the Fourier series

of f(t) are obtained by integrating the sine termsin the above expression. Theresultis

sin(nap)

nap sin(nwp(t+0.5aT)) -sin(nwpt)]}

¥
f(t)=05aA + A [ |
np n=1
It remains to rewrite the expression in the form of equation 22.2.

Tothisend, let b=sn(nap)/(nap) and re-write the termswithin [ ] asfollows:



bsin(nap)cos(nwot) + {bcos(map) - 1} sin(nwgt)

Hence, f(t) intheform of equation 22.2 hasthe coefficients, for n=1,2...

&= A _sin(nap)
ap?n2

b, = A {sin(nap)cos(nap) -nap}
an?n2

dn=" & + b = ATZ/Q n4(nap) + {sin(hap)cos(nap) -nap}?2
an4n

- L/sinZ(nap) +(nap)[nap - sin(2nap)]
an2n2

-b
= 1(=n
gn= tari(-z")
Theresaultisitem 6 of table 22.4

SOLUTION PROBLEM 22.10.
Observe that the present f(t) can be derived from that of problem 22.9 by (a) replacing t by -t; and (b)

replacing a by b. Thus the Fourier seriesfor f(t) is:

¥
f(t) =0.5bA +& [ ancos(nwot) + bnsin(nwot) ]
n=1
where
= A —sin2(nbp)
2
bp~n2

b,= —2 {sin(nbp)cos(nbp) -nbp}
bp2n?

dy=1/ + b = —A—/siné(nbp) + {sin(nbp)cos(nbp) -nbp} >
bp“n2

= %«/sin%nbp) +(nbp)[nbp - sin(2nbp)]
bp“n2

-b
= tanl(=n



SOLUTION PROBLEM 22.11. Following the hint, we have the second derivative of f(t) given by

fr'(y) = fs(t+oT)-

1 1
o(l- )T o(l- )T f5 (0

wherefd(t) isgiven in example 22.5. Notice that we have focused on the part of the waveform over
[aT, (1-a)T]. By making use of equation 22 20b, we obtain

2
f'(t) = (1—A)T2 a [cos(n(oot +2nop) - cos(ncoot)]
¥

oc(l-;(g'l'z a [sin(nogt + nop)sin(nop)]

Therefore,
u
g 5~ sin(nwot + nap) U

O =[Ol o2 a & g3n(nop)

€din
=18 (nwg)?
¥ 7 .
A g € Asin(nap) U
==+ &—————cos\hogt + (na- 0.5)p)y
2 na':lgnzpzoc(l- o) (oot +( )p)g

Letting T =1 and a = 0.25 we obtain,

¢ S6Asin : fm 0
f(1) S a & ———— cos(n2pt +(0.25n- 0.5)p)U
2 & 3np d
H
Therefore, dp = 0.5A, and
16Asinn- Po
d = e 49
n 3n2p2

It followsthat di = 0.38211A and d, = 0.13509A.

SOLUTION TO PROBLEM 22.12.



Denote by fp(t, @) the period rectangular waveform of figure 22.5, with A=1.

Then we can express the present f(t), with T= 4, asthe sum of 3 terms:
f(t) = 3fp(t-0.125T, 0.25) + 4fy(t - 0.5T, 0.5) -2

From equation 22.14b, and equation 22.12c, for n=1,2,...

Ch= ig n(025n p)e—] nwex0.125T 4 As n(0_5n p)e—] Nnwex0.5T
on nn
sm(O 25np)eio 25nI0+ sm(O 5np)einp

The numerical values of the first few Fourier series coefficients are:

co = averge value of f(t) -l(l +4-2)= 0.75
= —su in(0.25p)ei0-25p+ sm(O 5p)eiP =-0.7958 -j 0.4775

Co= 2—9 n(0.5p)eio- 5p+ s n(p)ei2P =-j0.4775

Solution Problem 22.13
() For sinusoida steady analysis, the transfer function is

YL — 1 - 1 - 1
YL+Yc+YR 142 Yc+Z YR (1-w2LC)+j% (1-4 105w?) +| 103w

H(w) =

The transfer function evaluated at various input frequencies are listed below.
HO) =1
H(j377) = 0.2128 /-175.40
H(j3x377) = 0.0199/-178.7°0
H(j5x377) = 0.0071/-179.2°0

Using equation 15.7 and superposition, we obtain the steady state output voltage (in V):
Vout(t) = 200 + 200 V2" 0.2128cos (377t -175.4°) +60° V2" 0.0199cos (3" 377t +30° -178.70)

+80" V2" 0.0071cos (5 377t +50° -17.20)



= 200 +V2" 42.55c0s (377t -175.4°) +/2" 1.196cos (3" 377t -148.70)
+/2" 0.5668c0s (5~ 377t -129.20)
(b) From equation derived in P11.39,

Vout ef=| 2002+42.552+ 1.1962 +0.56682 = 204.48 V/
The average power absorbed by the 10 kWresistor is

P, =20448% - 41810 W
10*

Solution Problem 22.14
One correction in the problem statement: in the angle expression, 5000 should be 10000.
(8 Using theidentity cos(x)cos(y)= 0.5cos(x+y) + 0.5cos(x-y), we have

Vin(t) = 0.1cos (998,000t) +0.2cos (999,000t) + 2cos (1,000,000t)

+ 0.2cos (1,001,000t) + 0.1cos (1,002,000t) V

(b) The transfer function has a constant magnitude of 10, and a phase shift proportional to the deviation
fromwg. at w=w¢ + 2wm, the phase shift is-9 degrees. From these facts, we can write directly

Vout(t) = cos (998,000t +9°) +2cos (999,000t + 4.5°) + 20cos (1,000,000t)
+ 2cos (1,001,000 - 4. 5°) + cos (1,002,000t - 9°) V



(c) Using theidentity
cos(x)cos(y) =2 cos(x—?')cos(x—?/)
we can group the termsin voyt(t) and re-writeit as

Vout(t) = 2 cos( 2wt - 9°)cos(Wt) +4cos( Wt - 4.5°%)cos(wt) + 20cos(w )
=[20 + 4cos(Wmt - 4.5°) +2 cos(2w, - 9%)]cos(wt) = g(t)cos( W)

Thus
g(t) = 20 + 4cos( Wt - 4.5°) +2cos(2wmt - 9°)

With tg = 78.54 pis, then wmtg = 1000 x 78.54x10-6 = 0.07854 rad, or 4.5 degrees. We have
10 f(t - tg) = 20[1 + 0.2c0S(Wn(t - td) +0.1c0S( 2Wn(t - td)]

= 20[1 + 0.2C08(Wt - 4.5%) + 0.1 cos( 2wt - 99)] = g(t)

SOLUTION PROBLEM 22.15. (a) Thisproof isaspecial case of the genera proof giveninthe

solution to Problem 22.16. See the solution to problem 22.16, below.

FOR THE REMAINING PARTS, WE USE THE FOLLOWING MATLAB CODE:

% chapter 22, problem 15.

Y%part (b).

Vmax= 30*pi;

Vmin=0;

T=4,R=1;C=1;

voutmin=Vmin+(Vmax - Vmin)/(1+ exp(0.5* T/(R*C)))
voutmax = Vmax - (Vmax -Vmin)/(1+ exp(0.5* T/(R* C)))
t1=0: 0.05: 2;

vsegl= Vmax+(voutmin- Vmax)* exp((-tl/(R* C)));
t2=2:0.05: 4;

vseg2= Vmin+(voutmax- Vmin)*exp(-(t2-T/2)/(R* C));
t=[ t1t2];

v=[vsegl vseg?];

plot(t,v)

grid

xlabel ('t in seconds)

ylabel (‘Steady State Output Voltagein V")



Y%part (c)
errorl= 100* (12.235- voutmin)/voutmin
error2=100*(82.013 - voutmax)/voutmax

TO OBTAIN

(b)

voutmin =
1.1235e+01

voutmax =
8.3013e+01

(c)

errorl =
8.9045e+00

error2 =
-1.2048e+00

40 ! ! ! ! ! ! !

gl

-l
=

(=}
L}

£
=

Steady State Cutput Voltage in W
(k) n
= )

]
L ]

—
L}
=

binseconds

SOLUTION PROBLEM 22.16. CORRECTION: Inthe problem statement, ;—Sshould be ts.

For smplicity, et us consider the case when the transfer function isavoltageratio, i.e., H(S) = V g t./Vip.
If aconstant input vin(t) = Vcon is applied to the stable network, then the v (¥ ) = KV con,



independent of theinitial conditions. Thisis because the zero-input response for a stable network
approaches zero ast approachesinfinite. To seethis observe that the zero-state response is given by

1 K/ T n Y 1I KVcon KVeon U
T S

Vour ) =L = KVeon (1 e V" )U(t)

fromwhich vg;:(¥) = KV con as asserted.
For the remainder of our proof we make use of the fact that in steady state, v (t+T) = Vgu(t)
witht=0inour case. Specificaly, after the first order network has reached steady state, the v ;(t)

waveform will be periodic as shown in figure P22.15c, where the time reference has been chosen so that
Vout,min Occurs at t = 0.

Recall equation 8.19
X(t) = x(¥) +[x(t8) - X(¥ )]e' (t-to)/t

Applying this equation to theinterval [0, T/2], we have

bo = KVimax + (aO - KVmax)e_ 05T# o KVimax + (aO - KVmax)O‘ (1)

05Th

Notethat oo =€ . Similarly, applying equation 8.19 to the interval [ T/2, T] leadsto

8 = KVpin + (bO - Kan)(X )
Equations (1) and (2) can be written as a single matrix egquation

éo 1 ueaou g1- OL)KVmaXu
é gb =é (©)
gl -opdpg d1- OC)Klenu

Solving equation (3) by matrix inverse (or Cramer's rule) resultsin

e5‘0U -1 e 109(1' OC)KVmaxU K GX 1Lé/maxU K ED(Vmax'*'vmmu

/\

gJou 062-1e1 OcLe(l' O‘)KmeH 0""161 Ockevmmu O""1GVmax"'0‘Vm|nH

[Vout(t)]min=ao=K°° m(axx+1 min _ ¢ @Vimax *+ Viin * @Vimin - @Viin

o+l
Vimax = Vi Vimax -V V V
= KVpin +a ma; +lm|n = KVpmin +K mlax 1o min = = KVmin +K max05|_r/r;|n



and
[Vout(t)] max — b =K Vmax +%Vimin = KVmax + OVmin + Vmax = ®Vmax

o+l o+l

Vinay = Vini Viay = Vi
=KVmaX'K n:]]-a)_:_l/(xmlnzKVmax_K max min

This complete completes the derivation of the desired formulas.

SOLUTION TO PROBLEM 22.17

There is one correction in the problem statement. 1-kHz should be 5.1mHz.
(& Thetransfer functionis, according to equation 4.3, and using the given element values R1 = 10 kW,

Rf = 50 kWand C = 20 mF:

1 Rt
H(S):mz_ﬁ:-ﬁz_ R .. R _ .5
Vin 21 Yi g+l 1+RCs 1+1000s
Ry

(b) Herewe have Wehave K=-5,t=1000s, Vmax=1V,Vmin=-1V and T = 1/f = 1/0.0051=
196.15 s. In using the equations derived in problem 22.16, we note that the subscripts min and max
should be switched in this case because K is negative. The following MATLAB codes perform the
needed numerical calculations.

f=5.1e-3;

Cf=20e-3;

Rf=50e3;

Rs= 10e3;

T=1/;

K=-Rf/Rs;

tau=Rf* Cf;

['part (b)]

Vmax=1,

Vmin=-1;

voutmax= K*( Vmin + (Vmax-Vmin)/(1+exp(0.5* T/tau)))
voutmin= K*( Vmax - (Vmax-Vmin)/(1+exp(0.5* T/tau)))

answersfrom MATLAB are:
voutmax =
0.2449

voutmin =
-0.2449

(c)
['part (c)]



t1=0:0.005* T:0.5* T,

v1=5+ (-0.245 -5).*exp(-(tV/tau)) ;
t2=0.5T:0.005*T:T;

v2= -5+ (0.245 +5).*exp(-(t2-0.5* T)/tau) ;
t=[t1,t2];

v=[vlv2];

plot (t,v)

xlabel (‘time in seconds)

ylabel ('vout in V')

grid

0.3

0.2 ; N

y
0. 1 // g AN
\\

voutinV

-0.1 S
'02 ///// \\\\

-0.3
0 50 100 150 200
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SOLUTION PROBLEM 22.18.
vi(t) = cos (wt) = cos(6000t)

Vo(t) = 10v; + V2 + V3
= 10cos(wt) + cos?(wt) + cos3(wt)
= 10cos(wt) +0.5 +0.5cos(2wt) + 0.75cos(wt) + 0.25cos(3wt)

= 0.5+ 10.75 cos(wt) + 0.5cos(2wt) 0.25cos(3wt)
The effective vaues of various components of the output are:

dc fundamental 2nd harmonic 3rd harmonic total harmonic
0.5 10.75/Cp 0.5/Ce 0.25/Cp 0.559/C2

Thetotal harmonic distortionis

0.559 - 04 = 5 20
10.75 100% = 5.2%



and the average power at the fundamental frequency is

05 101-582 — 05778 W

SOLUTION TO PROBLEM 22.19.
Vo(t) = Vg + V1 cos(wt) + Vocos(2wt) + V3cos(3wt)

We use equation 22.30 and the values of v(t) read from the oscilloscope
to compute Vk. Thetota harmonic distortionis given by

VV2 + V2,
HD.= ~—2 _"3"100%
V4
MATLAD codes:

voO= 10; vo60= 5.2; vo120= -4.6; vo180= -9.6;
V0= (vo0+2*vo60+2*v0120 +v0180)/6

V1= (vo0+ vo60 - vo120 -vo180)/3

V2= (vaO0 - vo60 - vol120 +v0180)/3

V 3= (vo0-2*vo60+2*v0120 -vo180)/6

% total harmonic distortion

HD= 100*sgrt( V2"2 +V3"2)/V1

The following answers are obtained frm MATLAB outpui.
V0= 0.2667 V

V1=9.8000V

V2 =-0.0667

V3=0V

HD = 0.6803 (percent)

SOLUTION PROBLEM 22.20.

We shall follow the solution given in example 22.12, and only indicate the needed changes below. There are tv
corrections in example 22.12: (1) 20cos(waT) should be 20cos(0.5waT) and (2) 1.842cos(wt) should be 1.8¢

cos(3wt).
Thenew input is

vi(t) = 0.9 cos(6000t)
The positive peak of the output snewaveisclipped for aT.



0.9 " 20cos(0.5waT) =15 ® ap =cos? (15/18) ® a =0.1864
Equation 22.35 becomes
vl f)=—18 coxw?)+ Za cos{t) +& oy cos{ 3ut) +2ag coa wot) + .
Equations 2.36 becomes
Voo (t) = [18c08we) — 15]F{7)
Using A=1, and a = 0.1864in item #2 of table 22.4, equation 22.37 becomes

_f:p{r} =0.1864+0.316coz{w?)+ 0.293c0s{2wt) + 0.208c0a3uwt)

+ 0.1 14cu:us{4m:!.‘]| + 0.0269 cns{SmI} - 0.03586 n:u:ns{E-mI}+

and equation 22.38 becomes

Vop(f) = 07164 coawz)+ 05376 cos3we)+ 02745 cos{Swe) +

higher order odd harmonics + even harmondics
Equation 22.39 becomes

vgl¢)=—16.57cos{we)+ 1.076c0s (30¥] + 055008 (Sor)
+ higher order odd harmonics.

from which the harmonic distortions are:

third order 1.076/16.57 = 6.595%
fifth order 0.55/16.57 = 3.319%



—02-014p
SOLUTION PROBLEM 22.21. Corrections: (1) cos(0;)e ©RC  =cos®,) should be
.2e92-014p9
cos(0,)e & oRC o =cos(0,) and (2) on page 943, equation 22.46 , g, should be —p, i.e., equation
.2292-01+p9
22.46 should be cos(9;) e & oRC o,

The proof issimilar to that given on page 943 for the half-wave rectifier case, except for some
minor changes described below.

For the case of afull-wave rectifier, the output voltage waveform isamodification of figure 22.17
as shown below.

Vi

The exponential decay of v(t) startswith the value V,,cos(qq) atq=q; —p (instead ofq; —2p, asinthe
haf-waverectifier case). Therefore, in equation 22.45, change T to T/2 and 2p to p. In other words

; _ot- (8- 1)
2= (Vi cos@))e  oRC

In equation 22.46, make correction (2) above, and change 2p to p, i.e,

.2292-014p9
cos®y)e € ORC P =cog0,)



The desired proof is complete.

SOLUTION PROBLEM P22.22

Refer to figure 22.17. Assuming g1 =0, we have

|
) g’

vo(t) = Vmexp( o) =Vm

Assuming g2 =0, we compute the average value of vp(t) over thetimeinterval [ 0, T].  For the case
RC>>T, we can approximate vo(t) over thisinterval by keeping only the first two terms of theinfinite
series. Thus

.t
o @Vr{1-
which indicates that the plot of vg vs. t over theinterva [ O T] isapproximately astraight line.

Therefore the average of the v(t) over [ 0 T] is equa to vo(T/2). Thus, for thecase RC>>T, or
equivalently wRC >> 2p,

Vae@vdT) = Vi1 ;0o = V1 B

SOLUTION PROBLEM 22.23
Given valuesare: C = 20e-6 F, R =100kW, Vm =20 V; f =60 Hz. From equation 22.48b

W =(1- 1 ) 20=19.916 V

P W =(1-
Vae @1 wRC)Vm (1 2fRC 2 60" 10% 20" 10°6

To calculate the ripple factor, we first calculate g2 from equation 22.47,
and then use the result in equation 22.50.

= cos1(2P) =
g2 = CcOS (RC) 0.1289 rad



ripplefactor @1~ 9°X92)  — 240606
V3 [ 1 +cos(gy)]

For the diode average and peak currents, use equations 22.49a and 22.52

_ Vie _ 19917 _ 103
lyo= Yde = 19917 (199 103 A
= "R 100,000 0.199° 10

id,peak @ VmWCsin(g) = 19.4” 103 A

SOLUTION PROBLEM 22.24
Equations 22.44 - 22.52 are derived for ahaf-wave rectifier. For afull-wave rectifier, some of these equations

be modified dightly as given below. The difference arises from changing T to T/2.
The new equation for g2 is derived in problem 22.21, and repeated below.

Thegivenvaluesare: C =20e-6 F, R =100kW,Vm =20V, f =60 Hz.

A modification of eguation 22.48b gives

= S O = - T = - 1 ’ =

To caculate the ripple factor, wefirst calculate g2 from equation derived in problem 22.21, and then use the re
in equation 22.50.

g, @cosl(e WRI C) =5.23 degrees

ripple factor @ 1-cos(da)  _g 90,
V3 [ 1 +cos(qy)]

For the diode average and peak currents, use equations 22.49a and 22.52

— Vac - 1996 -_ © 1073
lgc R 100,000 0.1996 “ 10~ A

i peak @VWCsin(g) = 13.75 103 A



SOLUTION PROBLEM 22.25. CORRECTIONS: (1) 195 Wshould be 1950 W. (2) 100 nF should
be 10 nF.

Since this problem only requires an estimate of the answer, we can use reasonable approximations to sirr
the solution. Let H(s) =V,(9/1(s) be the transfer function for the linear circuit to the right of the diodes. The

Zpar (9)
R+ Zpar (9)

H(9 =03 28 =7 (9

where Z 5 (s) istheimpedance of the parallel C-Ry.
The first step isto find the magnitude |H (jw)|. Aslongas1/R, << wC and 1/(WC) << R, the

following approximations are valid:

which meansthat the parallel impedanceis essentialy that of the capacitor, and
Zpar (j0)| 1
par
é R ‘@wRC

. 1
|Zin(J(’3)| %

| Zpar(jw)
|R+Zpar (jo)

and again since 1/(wC) << R,

Using these approximations,

H (o) =z (o) |=2 )

R"'Zpar (jo)

1., 1 R
oC oRC  (pRC)?

Itisgiventhat | =0.01 A. From the short pulse property, theinput current i(t) consists of very short pulses:

120 Hz and all ac components of i(t) have peak magnitudes approximately equal to twice the average dc value.
Hence the peak magnitudes are 0.02 A. Therefore the magnitude of 120-Hz component of the output voltage

[H(j2p~ 120)| 0.02%’ 0.02= 1950 >~ 0.02=0.18042 V
Q)

(2p' 120° 1950° 10" 10 6)




Hence, the effective valueis 0.18042/ J2 =0.12757 V and theri pplefactor is

0.12757,

= 0
20 100 =0.42524 %

SOLUTION PROBLEM 22.26
Since this problem only requires an estimate of the answer, we can use reasonabl e approximations
to simply the solution. Let H(s) =V,(9/1(s) bethe transfer function for the linear circuit to the right of

thediodes. Then

—Vo _Vin- Vo
HE == v,

Under the condition /(wC) << Rand 1/(wC) << RL, wehave
Zin(9) @2c(9) = L

and \\//|(:1 @(TI}QC)Z

Using these approximations,

Vout:i( 1 )ZZR( 1 )3

HGW) @in |\ = e Gire WRC

For afull-wave rectifier, the fundamental frequency is 120 Hz, and w = 240p rad/s. Itisgiventhat Igc

=0.01 A. From the short pulse property, the input current i(t) consists of very short pulsesat 120 Hz
and al ac components of i(t) have peak magnitudes approximately equal to twice the average dc value.
Hence the peak magnitudes are 0.02 A. Therefore the peak magnitude of 120-Hz component of the

output voltageis

IH(120p) x0.02 @= R(—L )3 0.02= 975" ( 1 )3' 0.02 =0.012 v
WRC 120p” 975 16" 108

Hence, the effective valueis 0.012/v2 =0.0848 V and theripple factor is



%’ 100% = 0.2827 %

SOLUTION PROBLEM 22.27
Using H(jw) of figure P22.27 and the given formulafor cn , we have

0.5ws

0.25ws
Cn = H(w) einTowgwy = 1 f eiTowgy = 1 [ ginTow]iZee

1
WS WS _j nTOWS

-0.5ws

0.25wsg

:L | =
o sm(n%), n=1.2,.

Forn=0, wehave co=dp=aQ/2 =[Averagevalueof H(w)]=05.
Forn=1.2,.., fromequation 22.6

bn:O,
2
chan = 2, sn (1),

The Fourier series representation of H(jw) is
H(Gw) = 0.5 + %COS(TOW) - -:]g-COS(3T0W) + -écos(STow) - -%cos(?Tow + ..

A plot of H(jw) vs. weurve using thefirst 11 terms (n=0,1,...11) of the Fourier
seriesis given below together with the MATLAB codes.
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%chapter 2, problem 27.
ws= 100;
TO=2*pi/ws,
w= 0: ws/200:ws;
dow = 0.5;

diw = (2/pi)* cos(TO*w);
d3w=-(2/pi/3)* cos(3* TO*w);
dsw= (2/pi/5)* cos(5* TO*w);
d7w=-(2/pi/7)* cos(7* TO*w);
dow= +(2/pi/9)* cos(9* TO* w);
d1iw=-(2/pi/10)* cos(11* TO*w);
H =dOw +d1w + d3w +d5w +d7w + d9w +d11w;
plot(w,H)

xlabel (" w in radians)
ylabel(H(jw))

grid



