Homework 11
P9.1.9 Given a full-wave rectified waveform of

period T, as shown in Figure 9.4.1b,

except that because of dissymmetry in

the rectifier circuit, the half-sinusoids [ — — ; ‘
are not all of the same amplitude but T -T2 T2 T
alternate with amplitudes of 12V and 10 V. Derive the FSE, assuming that the

sinusoid centered at the origin has a an amplitude of 12 V.

Solution P9.1.9
From Equation 9.4.1 the FSE of a half-wave rectified wave form of amplitude A; centered at the

o A A 2A, 1 1 1
origin is: — +—cosapt + —= (= Cc0S2w,t - — cosdw,t + — CcOS6w,t + ...).
g o T oosett (3 o - 15 CoSAmt + oo cosbapt + ...)

The FSE of a half-wave rectified waveform of amplitude A, delayed, or advanced, by TE where

ﬂ =7, is: i_Fi COS(a)oti 71') +
2 Vd 2

28, lcos(Za)OtJ_r27z)—icos(4a)0tJ_r47r)+ic036a)0t+... .
7 |3 15 35

The sum of the two is: At h, + A1;A2 CcoSant + E(% coSs2 axt - A11+5A2 cosdapt +
T T

(_1)n+1

cosbapt + ... + 5
4n- -1

(A1 +Ax)cosbapt + ...

A+A
35
Substituting A; = 12 and A, = 10, the terms of the FSE will have the following values:

dc term: (A; + Ay)/z=7.00;
fundamental: (A, — Ay)/2 =1,

2" harmonic, 2(A; + A,)/37 = 4.67;
4™ harmonic 2(A; + A)/157 = 0.934;
6™ harmonic 2(A; + A,)/35z = 0.400;
8™ harmonic 2(A; + A,)/637 = 0.222;
10™ harmonic 2(A; + A;)/997 = 0.141.



P9.1.10 Derive the FSE of the function shown in Figure

fu(t)

9.3.1.
. Am
Solution P9.1.10 ’ T
The function is half-wave symmetric and defined over half -T/‘2 T/2
. At
a period by f(t) = —/—. A,
p yin =275
Hence, C,=0, for n even or zero. For n odd, Figure9.3.1
; ; 7l ay
T/2 . T/2 . —jnagt —jnayt
N ZEJ' Amt e Nty — 4A2m J‘ te et — 4A2m t e. e _ _
T Jo T /2 T 0 T _ Jna)o n a)o o
AAn | im 2 | 2A _jh.
T? na)g n2w§ n?z? nz
4A,, 2A
a.n :_W’ and bn = n; .
The FSE is: f(t) = 22 [—3 Y Losnant , » S'””“’Ot]
7 nodd n nodd n



P9.1.11 A function is defined over half a period by e',0 <t <1. Derive the FSE if the function
is: (@) even, (b) odd.

Solution P9.1.11

f(t)

1
(a) The even function is as shown. Cy = ao = %je‘dt = [e‘ﬁ, —e-1;
0

1 1
a, = %Ie‘ cos na,dt = 2Re[je(l+j””)tdt 1=
0 0

_ (1+jnz) § st
ZRG{ 1 [e(1+1nzr)tjt} — 2Re{e 1} ; 1 1

1+ jnxz 1+ jnz
it follows that a,, = z(eLgmz_l); a, :2(e—;1)2 foreven n, and a, =—2(e—j;1)2 for odd n.
1+n°rx 1+n°rx 1+n°rx

f(t)

1
(b) The odd function is as shown. Co = a, = 0. b, = 2Im(Ie(1+j“”)tdt)
0

1+ jnrx 1+ jnz

. _ _ , s
oIm ecosrm 1 _2n7T(eCO§n27Z 1); b, :_Znn(e; 21) for § 1
1+ jnxz 1+n°x 1+n°z ‘
even n, and b, 2%824-21) for odd n.
1+n“xz




P9.1.16  Derive the FSE of the waveform of Fig.
P9.1.16 in three ways: (a) direct evaluation of f(t)
coefficients; (b) shifting the waveform derived
in P9.1.5; (c) from that of its derivative.

S ' t, s
Solution P9.1.16 -1 3 7

Figure P9.1.16

3x4

a) ag=Co =
(@) ap=Co ™

0
15;C, =%I(3t +3)e "tdt +
-1

4

. ) ’ 0 : ; : 3
3 tefjna)ot . e*Jn%t .\ efjna)ot 1 tefjnwot efjna)ot 3efjna)0t _
—-jnw, n?wf - inw, B

1% -

= j (-t +3)e Mgt = >

49 4

3] 1 ehrl2 1 1| e i3/2 1 3 1 nel2

4l n2p2 2 2 T t ol T Tz et = 22(:|'_eJn ):
wy, Nw Inw, 4 n“w; N“wp, N, N“ g

! 1-cos hz —jsin hx
2 2 2 ))

(b) From P9.15, C, = (e "/2 ~1)= —L_(e-"/2 1) It advanced by T/4, C, is multiplied

- - 2 2 -
Jna)o n a)o - Jna)o 0

n°z n“wg
Inz/2 S A P 1 jnz/2 :
by € and becomes ——; (e“”” —1): - (1—e“‘” ) the same as in (a).
nwg n“w;

(c) When differentiated, the result is the FeD(0)

rectangular pulse train shown, of zero 3 _ .
average. Compared to the pulse train of Fig. |/
1

9.2.5,ithas A= 4, a = 1/4, and is advanced by | 3] |4 7 ts
--1a
1/2' s. Hence, C| =isinn_”eimr/4_
nz

. C' 1 2 . nr /4 einﬂ'/4 o o a

The integral waveform has C, = —"— = ———sin—e""'" =—— (e—J“” —e” ):
N, N“wy | 4 N“w,
21 > (1—ej””’2), as above.

n“wy

The constant of integration is the average value of the integrated function.



P9.1.17 Obtain the FSE of a full-wave rectified waveform in two ways: (a) as the sum of two

half-wave rectified waveforms, with one waveform shifted by half a period with
respect to the other waveform; (b) as the product of a square wave of zero average

and cos @t .

Solution P9.1.17

A A 2A( 1 1 1
a) fu(t)=—+—cosw,t + —| =co0s2w,t ——cosdw,t + —Ccosbw,t +... +
( ) hw() 2 0 T (3 0 15 0 35 0

(b)

(_1)n+1
4n? -1

cosZ2na,t + J
T

,n=123, ..

If delayed by T/2, the fundamental becomes: %cos(a)ot -7)= —gcos ot .

(_1)n+1 (_1)n+l
——~—cos(2nwyt —2nrx) =
an? —1 (2nay ) an? —1

The nth term becomes

cos2na,t .

Adding the two functions gives Equation 9.4.2.

If Acosant is multiplied by a square wave unit amplitude, zero average, centered at the
origin, a full-wave rectified waveform is obtained.

From Equation 9.2.22, the FSE of the square waveform is:

ﬂ_

1 1 1
COS wyt — = COS wyt + —COS wyt — = COS wyt +... | .
T 3 5 7

Multiplying by Acosaxt gives: fq,(t) =

4A cos? a)ot—lcos%t c033w0t+1c03a)0t CcosSaw,t — 1COSa)OtJr... =

7 | 3 5 7

2A + 2A (cos2m,t) 1—1 +(cosdw,t) —1+1 +(cos 6ay,t) 1.1 +...|=
7 7 3 3 5 5 7

2A + 4A (cos Zcoot)(lj +(cos 4a)0t)(— ij +(cos 6@ot)(ij +...|, which is the same as
V4 3 15 35

V/a

Equation 9.4.2.



