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15.1 Find the exponential Fourier series for the periodic
signal shown in Fig. P15.1.
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15.2 Find the exponential Fourier series for the periodic
pulse train shown in Fig. P15.2. PS8V
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15.3 Find the exponential Fourier series for the signal shown
in Fig. P15.3. €%
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15.4 Find the exponential Fourier series for the ‘*Nrnal shown
in Fig. P15.4. ¢€=%
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15.5 Compute the exponential Fourier series for the
waveform that is the sum of the two waveforms in

Fig. P15.5 by computing the exponential Fourier series
of the two waveforms and adding them.
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15.6 Given the waveform in Fig. P15.6, determine the type of
symmetry that exists if the origin is selected at (a) /, and
(b) ..

Figure P15.6

SOLUTION:
f otgam o o A V)= - vl oclh sym mwfv&
f@ m%)w ;0‘ ot /(.:?,) Yet) = v lt) el 3'71(““\‘%




Chapter Fifteen: Fourier Analysis Techniques

1197

15.7 What type of symmetry is exhibited by the two
waveforms in Fig. P15.77
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15.8 Find the trigonometric Fourier series for the waveform
shown in Fig. P15.8.
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15.9 Find the trigonometric Fourier series for the periodic
waveform shown in Fig. P15.9.
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U Given the waveform in Fig. P15.10 show that

A A 2nT

f(1) 2 ,f; pm T
1)
' -
Ty 2Ty !

Figure P15.10

SOLUTION: @, = Ay, <ot frr Ay, oad Wmmgb S0 Ap=zo mEo
bn= 28 | £ sinGuost) st 2b [s;h(w@t) L e mb«-)j‘““

Teo T T:* (neuy> o
bn: --—-——-—~ZA g«;hanﬂ"\) - Tbm(hszﬂ: -‘,Z;Au(»-};— - dé..f}. ‘:“«A—
T2 (p ) * hos, T hay hzgr  WT
o
4§~ l&’\':: N,/,).S + “wé\-«.%»;u Znil f)
2 n=| hTy T




Chapter Fifteen: Fourier Analysis Techniques 1201

15.11 Find the trigonometric Fourier series coefficients for
| the waveform in Fig. P15.11. ©$
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15.12 Find the trigonometric Fourier series coefficients for
the waveform in Fig. P15.12.
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15.13 Find the trigonometric Fourier series coefficients for
the waveform in Fig. P15.13.
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Figure P15.13
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15.14 Find the trigonometric Fourier series coefficients for
the waveform in Fig. P15.14.
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15.15 Find the trigonometric Fourier series coefficients for

the waveform in Fig. P15.15.
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5.16 Derive the trigonometric Fourier series for the wave-

form shown in Fig. P15.16.
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the waveform in Fig. P15.17.

Figure P15.17
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Find the trigonometric Fourier series for the waveform
shown in Fig. P15.18. €&
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15.19 Derive the trigonometric Fourier series for the function
shown in Fig. P15.19. €8
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15.20 Derive the trigonometric Fourier series for the function
v(t) = Alsint| as shown in Fig. P15.20.
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15.27 Derive the trigonometric Fourier series for the wave-
form shown in Fig. P15.21.
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Figure P15.21
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15.22 Use PSPICE to determine the Fourier series of the
waveform in Fig. P15.22 in the form |

X .
vs(1) = ay + > b, sin(no, + 6,)

n=1
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Figure P15.22

SOLUTION: . How = toms Step @a;% = 1ogs Cendam @vegm loo 2
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15.22

FOURIER COMPONENTS OF TRANSIENT RESPONSE V(Vs)

DC COMPONENT = 3.750000E+00
HARMONIC FREQUENCY FOURIER NORMALIZED PHASE NORMALIZED
NO (HZ) COMPONENT COMPONENT (DEG) PHASE (DEG)
1 1.000E+02 3.954E+00 1.000E+00 -1.424E+02 0.000E+00
2 2.000E+02 2.016E+00 5.099E-01 -8.774E+01 1.971E+02
3 3.000E+02 1.247E+00 3.154E-01 -8.735E+00 4.185E+02
4 4.000E+02 6.417E-01 1.623E-01 6.991E+01 6.395E+02
5 5.000E+02 2.027E-01 5.126E-02 9.000E+01 8.020E+02
6 6.000E+02 2.852E-01 7.213E-02 1.101E+02 9.645E+02
7 7.000E+02 2.291E-01 5.793E-02 ~1.713E+02 8.256E+02
8 8.000E+02 1.260E-01 3.188E-02 -9.226E+01 1.047E+03
9 9.000E+02 4.883E-02 1.235E-02 -~3.759E+01 1.244E+03
10 1.000E+03 1.993E-08 5.040E-09 -1.206E+02 1.303E+03

TOTAL HARMONIC DISTORTION = 6.310255E+01 PERCENT
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15.23 Use PSPICE to determine the Fourier series of the

waveform in Fig. P15.23 in the form

o0 ~
is(r) = ay + D b,sin(nwgt + 6,) €8

n=1

5 g%% |
X
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! \
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Figure P15.23
SOLUTION:
Finw. tine = So ps Sty Cm"“i& = Sops # haraipeves = 1o

bae TIPwl 4o ecwade € ¢ L)




15.23

FOURIER COMPONENTS OF TRANSIENT RESPONSE I(I_Is)

DC COMPONENT = 1.997500E-06
HARMONIC FREQUENCY FOURIER NORMALIZED PHASE NORMALIZED
NO (HZ) COMPONENT COMPONENT (DEG) PHASE (DEG)
1 2.000E+01 4.401E-06 1.000E+00 1.049E+02 0.000E+00
2 4.000E+01 1.669E-06 3.792E-01 -3.975E+01 -2.495E+02
3 6.000E+01 8.810E-07 2.002E-01 -1.480E+02 -4.627E+02
4 8.000E+01 4.518E-07 1.027E-01 3.521E+01 -3.844E+02
5 1.000E+02 3.183E-07 7.233E-02 1.791E+02 -3.454E+02
6 1.200E+02 3.001E-07 6.819E-02 2.212E+01 -6.073E+02
7 1.400E+02 2.046E-07 4.648E-02 -1.565E+02 -8.907E+02
8 1.600E+02 1.829E-07 4.157E-02 -2.297E+01 -8.621E+02
9 1.800E+02 1.913E-07 4.347E-02 1.625E+02 -7.816E+02
10 2.000E+02 1.592E-07 3.617E-02 -1.800E+00 -1.051E+03

TOTAL HARMONIC DISTORTION = 4.597326E+01 PERCENT
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15.24 The discrete line spectrum for a periodic function f(7) is
shown in Fig. P15.24. Determine the expression for f(t).
PSSV

D,k | 0, &

10720 30 40 50 f 1,y

e

Figure P15.24

SOLUTION: 'ﬁb = lo M We = Cow  ris Dy = a.h-\j‘b,‘

fro- =4 Sun (20TE) - S S (40TE) - 3o (6o d) = 2Suin ( 72TE) Sm(roomd) vV
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15.25 The amplitude and phase spectra for a periodic func-
- tion v(r) that has only a small number of terms is
shown in Fig. P15.25. Determine the expression for
v(r) if T, = 0.1 s. |

8
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Figure P15.25
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& Plot the first four terms of the amplitude and phase

spectra for the signal

0 "

. L . nT .
f(r) = z sin COS nwgt + —— sinnwy!
oo oo 2 nw
n odd
SOLUTION: Dn = Qu-3%bn
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3 6212 6437 0.577] ~-TLG
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15.27 Determine the steady-state response of the current i, (1)
in the circuit shown in Fig. P15.27 if the input voltage
is described by the waveform shown in Problem 15.16.

o8

10
VA .
N ¢ l ,
ve(H)( T £ 2H =20
Tio(r)
&
Figure P15.27
SOLUTION:
- P pablem 1506 We= \ ers
ISC{D %tf’- %}n%z' | %Q Vs = E&I)’”‘ -é'ic@o(mt—éw")v
T | rl "
Is= Vs /l_ﬂ, "‘Us
:_I;_’:'I,:.?;} VL = h_j__n_._...‘
Fs Vs V2+(+J:i: L+ 3n
Let  Gins= n 5 Io(m= G(n) Vs &)
l‘t'j?nn‘

o el
T, =26 (%?‘) 6 conlmt -a0® + ©,,.)) A
n=i ]

Gy = '\Fﬁﬂjl- f 9o ° 1‘-@{‘(3%

l‘btlt.j“:: f(é_i)“r‘ (Z%WB\I%%;Z" m(h’{' - ﬁﬂ;\_‘(:’)“‘\\)l A

h=|
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15.28 If the input voltage in Problem 15.27 is
=2 Lenooma v
ve(t) =1 — — —sin 0.27mnt
(1) m™ = n

find the expression for the steady-state current 7,(7).

SOLUTION: :
TS: VS /l‘='- VS
I%('r% %m. %Jzn%%“— Lol T _ge) = lgol L8
3% Ts Vg
Q= _"%  _ jaw, T, (N = G Vg ()
Vzﬂ"f’é‘?& L+ 3, :
co
Uslhh=1~ 2. 2 Lcea (o2Tnt -90°) Wom .27 = T/s
T n=y

G = _rT \C’\U"\\ S
‘ Si—jgnﬂ

gf%’ﬂﬁc) (hdypetrr 15 2 shet 4 1) >0 .
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18 ,2@ Determine the first three terms of the steady-state

voltage v,(¢) in Fig. P15.29 if the input voltage is a
periodic signal of the form

1 SN |
’l)(f) = 5 +’ ; ;T‘z_'l\COS niT — I) sinntV PSs¥
10 z(f) 1H
VN e s . O
...l_
() ( 1F == ’ Q,g; 0, (1)
é 4 o

Figure P15.29

SOLUTION: we = | s

l\ig - | N H‘jv\

A T4, ¥ '
Lin + i {+J“) Fi

w\/o; Ve _ Vo Voo o _1 - = H(‘n\:“'”“]t@'l
Vs Voo Vi (n) e Z-n*+y2n

4’3"’”7‘:0) C'd/,v"? O e 7 Inctwchr =5 bt
Y, (A= uco)[( ’/L):Ir Vv

CeaTi-1 \ s ©
e I SO ETOL O R - T s

BTi =

lTJW

’V[éf" nh= 2 ) 'U;(_'Z»):: U(_Z)H(&):O '/Tllr‘\’ 7’1'4?) 1]0(33= 0.0z‘gf 4l.o®

l«)o UY= F+ 0.295 Coo (£ 4204) 4 0.025 con(3t-49°) V
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15.30 Determine the steady-state voltage v,(r) in the
network in Fig. P15.30a if the input current is given in

Fig. P15.30b.

i1(7) i(1)
AR g i AN -0
10 280 10 + f([)
: 7N < . 112;\ .
1H'§ T l([) UF %19 'U(_,(f) M"”% f‘“@ﬁ% fﬁ@y‘% ‘@*‘?g 2
%1@” gf éf’ MM
5 o 1 2 3 1(s)
(a) (v)
' Figure P15.30
SOLUTION: Tb = 1s Wy = 2w rls
w
Frow Table 152 , e+ 2 25 S azwts “E = cea(nzmt-a.%) 4
f\!ar\rv\ E% Z-m = c, - %TH
— AN - | T:Sc, P Zry
]
20
tn = T
T T _é_m’,.\ D (‘) o
Fse Ve . S=*3 . 3
s | ' Tse  St3+ Q(sS%+3541) @sr<)(s+0)
S‘H
I T P Vo, . S+3 SHL L
i I @s15)(s3)  S+3 As+S
ZTH‘M Lt S= gznn | Ve _I [ [ 8
S+3+'s T St jagn :
2= 3F3 =0 7“Z+)= ¢ Gla)= |
e F n N e Geo
v

Vo LE)= g-' *Z—, ‘TT‘ / ém)} ten (2Tt —90°+ 9(%)3 vV

n=y
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15.31 Find the average power absorbed by the network in
Fig. P15.31 if

v(r) = 12 + 6¢cos(377t — 10°) + 4cos(7541r — 60°) V
i(t) = 0.2 + 0.4 cos(377r — 150°)

~0.2 cos (7541 — 80°) + 0.1 cos (11317 — 60°) A

PSV

i(:f)

() ®

Figure P15.31

SOLUTION:
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15.32 Find the average power absorbed by the network in

Flg P15.32 if '{)(1) = 60 +36 905(377f + 450) .
24 cos(754r — 60°) V. | cs

AN SOAS 1
24 () 30 mH
120< =< 50 uF
S
<
Figure P15.32

SOLUTION:

Wy =3 rs

12/s
Z% = 244 SL 4 < . 24 s + 12 - l2Les*ys(2eag «1L)+30
IZrlfse l+12s¢

125¢ 44

Lw/t“ S—*?ano—;(j),‘g’?’) 2

< = 36- 2.STn®rin (16.7)

Lfn (0.22¢)

T = Vin /2“’5 (v

z oo 2
P=Ye | 1L Z N e,
g:(é (0) < n=l ['Z (h')l

.

(P: 123. 2%

e ]

Pe b0 19367 cen (in8) 4 24 cw(zg.:)}
3. 20 304 8.t
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15.33 Determine the Fourier transform of the waveform
shown in Fig. P15.33.

Figure P15.33

SOLUTION:

L4 . o . : T .
Fe) -5 Fe e, | TR AT NS S

et o _jwtg T T ~ T
Fle)= .ﬁml:e ’ - e S TR N }
J.w -T o \')\A
T -jwT jwT _ T
Fled=t fz o (70 e ™ a0 o3 0
J‘UJ J(,Q 2

FL‘O\Q}TQ ] - CWCwﬂ:}
)w
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- Derive the Fourier transform for the following
functions:

(@) f(r) = e cosdtu(t)
(b) f(1) = e sindru(r)

SOLUTION:

L
3 Fun={ e

el o ~kz—j¢+‘w)'\' —(JA-:)‘h-j
ml*ﬂe"wdk=é50(€ Py o

‘ -t ot . (2t | © ! | L i
F:(,_Q)'.: ey c + g__.,._..._,_..___.,__,_ = E . R 1+ R .
S P w Zy gt e Z-{4+ie Z 454+

Fees) = 2oty
(zr)e)® #i6

o

~lz-jtrdE

CFls\= 3| &
ZJ[

s | 1 [
o Z 4‘:)‘\"1‘:)"4 [ Z) Z—jq‘ﬂm N +JLHj

1

2 "j\*ﬁ)w

F‘[m): 4
(ijw)z' + 1

- - '%)
| ) :}
F(W)rj’"{[ L},—*{jm)z”'““ijw /e

L T -0k o= - (2—54*§‘5)t' ;.(z +j+ﬂu) E
b) Ftw%i e silatle” At %L [a -e I

3
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15.35 Show that

FIAOA®N] =52

. fl(”?; 175, a

21T

SOLUTION:.

Let @ ﬁ‘i;‘f F, () B2 (o -x) dge

a o

F‘“”‘[GJ“ (zﬁ}z f F, ) fwsuwfr‘z[wwx)ﬂjwff/w&

K= ~ge

et w= (5-x > A= dw

i P o2 Pt fat
2 ‘[@,]z“‘l""“zf F‘?O{)/\ ffz/u3aj GIJ%JL«&L%
CZ’T) Xz —ghey b= o

Fla]- c'élrijzj Fo L) e,f”%f[ Ftoeddu = fnd o
ol

o= oo

Thos,
FlEMLw]< 65 F 0B (wdur v
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Find the Fourier transform of the function
f(t) = 12¢72" cos 4r.

- ]

SOLUTION: L.+ 96{«‘) = lze

From Teble 1573, G = a8
s ™
" ek -7 G4t~k
J - 48 +
Cer. ¥t= & ;& 2 r[?“tﬂw4*]??[4+w“(e‘“*“f““ ):(

4 48
Feom Toble 154 Flw) = _21: [Z—_;%::;S"‘ T 4 (wreY

’ F(w‘)’ zg 4 24
4t Lw- 4 43 (wrp?
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15.37 Use the transform technique to find v,(#) in the network
in Fig. P15.30aif (@) i(r) = 4(e™" — ¢ *)u(r) A and
(b)i(z) = 12cos4r A. PSV

SOLUTION:

e

+
(e Vo
_ \ - ,L__*I [+ ] i,
Ltw= 4 [ P+ Z4qes L Voe= T [WS*—“J"Nv-!“_‘-r_’,/-; /Jul
\(O - T [ b 5ed
:qw')“:. ‘{“!‘ - <. e ‘tJBL‘)
a+jm>(2+§m)
- BA g
:: Jw //(3'%)“3 t”b&2‘+J3“°

\, e vo(__ E ] :ECl—fjw) - :_I:
Z+ 2y 5-2w® +ilw 5-*"\_']2-‘*3

t
H ‘,m\ = Vii‘f;) 3 —Zm{é’“::b Vo(w) = 2
T e Q +j) CZ3yw) (2.8 +4w0)
4/ 8/%
Vy ()= ——— ~ 4, + -
| 4o Zxyo 2.5+

-k -2t ~e.xs+t
(UQ(H“%& -4 e ""“%“g, u_c.‘,) ?

by Ttw) = lzw(jg(wwt) -+ ,s(wm}] H (o) =t

Stz e
-1 8 IRz -
\fo (‘«-ﬂ}a G ’.ZT(')[ M“ i‘"gw = %ﬂi) L \X S(Li)-"&:} ~+€,J g(u"f*{-}
Stjs 578 W
@ i t - -1 + o
K= 943 O=58 My D)= }% [c\)@ @ﬂ»a g4 93]

Vo ) = L= Coo (4¢-86) v } Vp (4)= .27 con (4£ - 58°) V
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15.38 The input signal to a network is v,(t) = ¢ u(r) V.
The transfer function of the network is
H(jw) = 1/(jw -+ 4). Find the output of the network
v,(t) if the initial conditions are zero. ©§
SOLUTION:
Vitw)= Vo L) = Vg Loy Hieds _ | L

2y By L4rps) T 2aiw Gy

}’\'QLE3 = Le,wg.l:" &—%) Wl 1
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15.39 Determine v,(1) in the circuit shown in Fig. P15.39
- using the Fourier transform if the input signal is
is(1) = (e + cost)u(r) A.

10
e 1 S
3 S & & O
1H +
is(1) @ 203 T1F S10 v,(1)
& 4 L O
Figure P15.39
SOLUTION: W Sowvee Pronsfomvmabion- |
20 ) i . B
Bl 212 V= Ty Zes W= L
.“«.
?.I-gCgWV\m 22l v, .yﬁ_. - 2 5 _ L H ) = \1& - 2/
\ s - 2L T 'ZL*’%Z 30 {-\-\‘)«0) ’.f.s JW+\

Is? e T SCo=D) v S )

Z+ju>
V, ()= 5 L T (ZE) 5 ey . (%4 Stwom)
@rjed (D AL b-

ot Z’
V, (w) = ,,,mé‘m + A N z?-"fi“ § (w-1) — ﬂu*‘}
Z 45w Etjus bt [+ | =yt

-t -
"Uot’,ff)”‘%—[é “6\2t"""‘.l;2‘ c%(“é~4§°)J u,ét%\/\
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15.40 The input signal for the network in Fig. P15.40 is
(1) = 10e™u(r) V. Determine the total 1-Q) energy
‘content of the output v,(1).

O A O
+ 10 -+
@i(,f)’ T=1F Vo(t)
o . 0
Figure P15.40 |
SOLUTION: |
\!L'Lm)')“:: Lo Hiw) = i/it«) - ,._Lw \)a*“ ley
S i LoV rje [+ (5 Hw)
|V, )l %= Lo L as.*[‘— !
(Hmz) (zaaé"'} Z ¢ iy 2 zsrw?® | G I+w>  cywe®
W= o m’\\ch\z -235) (* do _E‘” duw
e &:—ob © [ &m (21t S‘m Lot lo® - Q§+Mz\g
’\M"Z—E‘ +~f'mlw—~m‘-m”fﬁ l . 258 - | . 25 (4w
RZT(— { a ( w o ) (. S‘) \"‘db ;‘Z':*“ | Al ‘é“ \:;:;r (Em

\\m S T (
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15.41 Compute the 1-Q energy content of the signal V(1) in
- Fig. P15.40 in the frequency range from
w=2tow = 4rad/s. €%

SOLUTION:

F(m Pro\o\ﬁw\ \5-“{'4D )

[V, %= 25 [__'__ o
L L+w & 2L+

| as ot do 25 RN A “
W= 2 [SL dus “jz{fmz} = {m\@ A . () Lk

2

w= Z8, .32~ |.107 = (0.97\{—-0.38/)3
b IS

1 w = D, 2|2.3\
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15.42 Determine the 1-{) energy content of the signal v, (1)
in Fig. P15.40 in the frequency range from O to |
rad/s.

SOLUTION:

z ¢! 2 !
\N=-—S .Zé(dw ”;"S 2e [ do »
=y o o L+ ts® 2w b b 2z

{
= z_‘___s: DI85 -« 0.0 39
0 T '

_}-
w’%i[Jm-‘(w |V ()
G o o)

L\;—dﬁ O.MOFX
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15.43 Compare the 1-Q) energy at both the input and output
of the network in Fig. P15.43 for the given input
forcing function i;(1) = 2e™*u(r) A.

MY o O
10 -
lf(f) ?) 1 ﬂ@% =1F @0([)
& & O
Figure P15.43
- SOLUTION:

1)

i Hie)= Yele) | NG -
‘ + Tlw) TS
' A v
Y ‘.Qa T8 6
: J - 2. 2
J T.- V -

4y i (‘*”_f"’>(‘f”“’:l"*”>
Ve = Z/3 B iz lTh% = _4
Lrjle 433w ot 0™
[=7SY [~
R 4 S Y = A
\Nm ol o das = hnd ["H{n ( 43] ["m = T
-
L v \2.: < - 471:_’ B f{ft_;:w
@ é-\-wz)(‘lbfwzﬁ | Lo+ ¢ %
O
Woor = T (A{B ) & LT e Y™ e “ -

: 2 B ™ ‘
\’J‘ov’\‘ = rs':;r [‘H rr/‘f‘j

[ NOUT" = (.| 3‘

rb\)m: 0,53 l
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15.44 The waveform shown in Fig. P15.44 demonstrates
what is called the duty cycle; that is, D illustrates the
fraction of the total period that is occupied by the

‘pulse. Determine the average value of this waveform.

| i
Vp‘
Figure P15.44
SOLUTION:
Ta DT,
Qs ’\;W,=O~m$~l~f vt%)dt:.l_f Vo k
W‘ ’["0 . ] T;, . F
DTe -
Qo= Vp. "tl ae= Ve
Ta I
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15FE-1 Given the waveform in Fig. 15PFE-1, determine
which of the trigonometric Fourier coefficients have
zero value, which have nonzero value, and why.

o g
ce

=TI
2

Figure 15PFE-1

SOLUTION:
Aucrage valae = 0 = a,-0
&, =0 ][LN all T SN w'éJv'-pﬁ'\’M }ma odd %mmaﬁva_

bmf 8} «#u—w N bl S ncg L,umjé,ym I\M LMJOLWW—*‘» Sljm)n{/}y‘
’13% VJ’ij‘%;éf@ 4 U 2w (,£.,« T‘Leo&i"
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15FE-2 Given the waveform in Fig. 15PFE-2, describe the
type of symmetry and its impact on the trigonometric
coefficients in the Fourier series—that is,
dy, d,,and b,,.

Figure 15PFE-2

SOLUTION:
&WW ralvd co =B a, =0
DMé&jmmJﬂa_ = a4, =0

Hwywmz M% b =o 7ﬁw N et

Do b Hon 3o au%fm/%«mé&ﬂ




