Chapter 17, Solution 1.

(a) This is periodic with ® = m which leadsto T = 2n/w = 2.

(b) y(t) is not periodic although sin t and 4 cos 2xt are independently
periodic.

(©) Since sin A cos B = 0.5[sin(A + B) + sin(A — B)],
g(t) = sin 3t cos 4t = 0.5[sin 7t + sin(-t)] = —0.5sint+ 0.5 sin7t
which is harmonic or periodic with the fundamental frequency
w=1oT=2n/0 = 2m.

(d) h(t) = cos*t = 0.5(1 + cos 2t). Since the sum of a periodic function and
a constant is also periodic, h(t) is periodic. ® = 2 or T = 2n/® = 1.

(e) The frequency ratio 0.6/0.4 = 1.5 makes z(t) periodic.
o =02r or T = 2n/0 = 10.

() p(t) = 10 is not periodic.

(2) g(t) is not periodic.

Chapter 17, Solution 2.
(a) The frequency ratio is 6/5 = 1.2. The highest common factor is 1.
w=1=27Tor T = 2.
(b) w=2o0orT=2n0w=rx

()  fi(f) = 4sin> 6007t = (4/2)(1 — cos 12007 1)
= 12007 or T = 27w = 2/(12007) = 1/600.

d)  fa®) = €' = cos 10t +/sin 10t. @ = 10 or T = 27w = 02



Chapter 17, Solution 3.

T=4 ©, = 20/T = n/2
gt) = 5, 0<t<1
10, 1<t<2
0, 2<t<4

3.75

a, = (1/T) jOTg(t)dt = 0.25] jolsdt + fmdt]

a, = (2/T) [g(t)cos(no,tydt = 2/4)[ |5 cos(nz_n Hde+[10 cos(n?7T t)dt ]

] = (=1/(nm))5 sin(nmn/2)

1 2 nm
+ 10—sin—t
nm 2 |

0

— 0.5[5-2 sin "
nm 2

a, = (/D2 n = odd
0, n = even

by = (2/T) jOTg(t) sin(no, t)dt = (2/4)[ jols sin(% t)dt + flo sin(% t)dt ]

'o2x10 nn

— 2x5 nm
cos—t
2

cos—t
2

=0.5] 1= (5/(n))[3 — 2 cos nx + cos(nm/2)]

nmw

0 nn !

Chapter 17, Solution 4.

f(ty = 10-5t, 0<t<2, T =2, 0, = 20/T = =

2, = (UT) [f(Hdt = (1/2)[(10 - 5t = 0.5[10t - (52 /2)]f = 5

an = (2/T) jOTf(t) cos(no,t)dt = (2/2) j02(10 — 5t) cos(nmt)dt

joz(lo) cos(nmt)dt— IOZ(St) cos(nmt)dt

2 2

= 3 cos nrt

nm

5t .
+ —sin nmt
0 nmw

= [-5/(n’n)](cos 2nm— 1) = 0

0



by = (2/2) [(10 - 5t) sin(nmt)dt

j02(10) sin(nmt)dt — joz(so sin(nmt)dt

2 2
= —sinnnt| + S cosnnt| = 0 + [10/(nm)](cos 2nm) = 10/(n7)
n'm 0 nmw 0
Hence f(t) = 5+Ezlsin(nnt)
Tt

Chapter 17, Solution 5.

T=2n o=2n/T=1

T
a, = % j z(t)dt = iuxn —2xn]=-0.5

0
T T 2n
2 1 1 I . 2 .
a, =—Iz(t)cosn(o0dt =—j1cosntdt—— I 2cosntdt = —sin..nt |g ——sinnt |2n =0
T T T nn nn T
0 0 s
T T 2n 6
2 Ly, . 1 ) 1 2 — . n=
b, :—Iz(t)cosnmodt :—Ils1nntdt—— I 2sinntdt = ——cosnt |g +—cosnt |in = nn,n odd
TO Ty m nm nm 0, n=even
Thus,
= 6
z(t)=—-0.5+ Z —sinnt
n=] 0T

n=odd




Chapter 17, Solution 6.

T:2,c00:7:7t

1 2 1 6
a, _Ejoy(t)dt = (xl+2x1) = =3

Since thisis an odd function,a, = 0.

22 : 1. 25
b, = EJ‘O y(t)sin(nw,t)dt = J‘O 4sin(nmt)dt + L 2 sin(nmt)dt

= _—400s(nnt)|10 - icos(n7r‘[)|l2 = -4 (cos(nm)—1)— 2 (cos(2nm) — cos(n))
nm nm nm nm

= i(1 —cos(nm)) — i(1 —cos(nn)) = i(1 —cos(nm)) = |O4 f=evel
nmn nmn nmn n=odd
HTC’
4 &1,
y(t)=3+— Z —sin(nmt)
n=1 o
n=odd
Chapter 17, Solution 7.
T
T=12, m:2n/T:g, ag=0
T 4 10
2 1
an = ¥J.f(t) cosnm,dt :g[ J.IOCOS nmt/ 6dt +J.(—10)cosnnt/6dt]
0 -2 4

:Bsinnnt/6 |i2 —Esinnnt/6 |ZO :£[2sin2nn/3+sinnn/3—sin5nn/3]
nmw nm nn

T 4 10
b, = Ejf(t)sinncoodt 1 [10sinnnt/6dt + [ (~10)sin nxt/ 6dt]
T 0 6 -2 4



=—£cosnnt/6 iz +1—Ocosnnnt/6 |110 =ﬂ[cosSnn/S+cosnn/3—2sin2nn/3]

nmn nmw nmw
o0
f(t)= Z(an cosnnt/6+ b, sinnmt/6)
n=l

where a, and b, are defined above.

Chapter 17, Solution 8.

f(t)=2(1+1), -1<t<l, T=2, o,=2n/T=n

1

T 1
ao:%If(t)dt:%IZ(t+l)dt=t2+t| =2
0 -1 -1

T 1 1
1 t . .
a, = 2J.f(t) cosnm,dt :g I2(t +1)cosnmtdt =2 cosnmt + —sinnnt + —sinnwt | =0

T 27 n2r? nm nn 1

2t 2! 1 | 1 by
b, = —jf(t) sinno,dt =— I2(t +)sinnmtdt =2| — sinnmt ——cosnmt ——cosnmt | =——cosnx
T 0 2 he! n2n? nmn nmn ] nmn

®© 1\
f(t)= 2—i Z&cosnnt
niT n

Chapter 17, Solution 9.

f(t) is an even function, b,=0.
T=8, «@=2x/T=nr/4

15 2| % 10 4 2 10
= Hdt ==| |10cosat/4dt+0|=—(—)sinzt/4 | =—=3.183
a, T!f() 8{[ } 2O b=



T/2

2 2
a, =% If(t)cosna)ndt =%[J‘10005m‘/4cosnm/4dt +0] = 5“cos7zt(n+1)/4+cos;z‘t(n—1)/4]dt
0 0 0

Forn=1,
2

2
a, = sj[cosm/zﬂ]dz = S{ESinm‘/Zdt+t} =10
T
0

0

For n>1,
2
0 = 20 . x(n+hr 20 . 7(n- D) _ 20 ozt 20 . z(n-D)
z(n+1) 4 z(n—1) 4 |, mn+1 2 z(n—1) 2
a, =Esin7r+§sin7r/2:6.3662, a, :Qsin27z+msin7r:0
T T 4z T
Thus,

a,=3.183, a, =10, a,=6362, a,=0, b =0=b,=b,

Chapter 17, Solution 10.

T=2, o,=2n/T=n

T s .
. 1 2 . jnmt jnmt
cn == [h(t)e Jnmotdt:l[j 47+ 7 (<2 Jnmdt}zl o o
T 0 217 1 2| —jnm 0 —jnr 1
- : : : - _6) 4d
Cn :L[4e—ﬂm S +2e‘m]=—J [6cosnn—6]=1 o’ " 0%,
2nn 2nm 0, n=even
Thus,

f(t) = i [__j6}jnm

ne— \ N7

n=odd




Chapter 17, Solution 11.
T=4, o,=2n/T=n/2

T
—j 0 —j 1 i
cn :%J.y(t)e Jnmotdtz%[f_l(t+l)e 24t [ eI 2dt}
0

—jnmt /2 ) )
Cn:l © (—jnnt/2—1)—.ie‘1nn”2 |01_'ie—1nnt/2 |1)
4| —n’n? /4 jnm — o
=l 4 _2 + 4 ejnn/Z(jnn/z_l)_l_.iejnn/Z_'ie—jnn/z+'i
41 n2x2 jam 252 jnm jnm jnm
But
eI™/2 = cosnm/2 + jsinnn/2 = jsinnn/2, e "2 =cosnm/2 - jsinnm/2 = —jsinnm/2
¢h =5 [1+j(jnn/2—1)sinnn/2+nnsinnn/2]
nm
y(t) = z 3 2[1+j(jnTC/2—I)Sinl’lTL'/Z+l’lTESi1’11’lTE/2]eJnm/2
n=—oo N T

Chapter 17, Solution 12.
A voltage source has a periodic waveform defined over its period as
v(t)=t2r-1)V, forall0<¢<2rx
Find the Fourier series for this voltage.
v()=2rt—1, 0<t<2m, T=27m wy=2mT=1

aQZ

T 1 r2n 1
(1/T)j0 f(t)dt = gjo (2mt —t7)dt =E(m2 —t3/3)

2n 47[3 27[2
=—(1-2/3)="—"
0 275( ) 3



Chapter 17, Solution 14.

Since cos(A + B) = cos A cos B —sin A sin B.

> 10
f(t) = 2+
®) ;(n3+1

cos(nm/4)cos(2nt) — 31 0 " sin(nn/4)sin(2nt)]
n’ +

Chapter 17, Solution 15.

(a) Dcos ot + Esin ot = A cos(wt - 0)

where A = VD?*+E?, 0 = tan(E/D)

A = \/L b 0= (@t /)
(n"+1)" n

2
f(t) = 10 + Z\/ T 1) nl6 cos[l()nt — tan™' n41:_3 IJ

(b) Dcos ot + Esin ot = A sin(wt + 0)

where A = VD*+E?, 6 = tan”(D/E)

, 4n’
f(t) = 10 ———— + —¢ sin| 10nt + tan™ —
24 1) n® n +1

Chapter 17, Solution 16.

If v,(t) is shifted by 1 along the vertical axis, we obtain v, (t) shown below, i.e.
va (t) = va(t) + 1.
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Comparing v2 (t) with v, (t) shows that
va () = 2vi((t+ t)/2)
where (t+t,)2 =0 att=-1ort, =1
Hence va (1) = 2vi((t+ 1)/2)
But V2 (1) = va(t) + 1
vo(t) + 1 = 2vi((t+1)/2)

vo(t) = -1 +2vi((t+1)/2)

8 t+1 1 t+1 1 t+1
=-1+1 ——|cosm + —cos3n + —cosSm + -
T 2 9 2 25 2

8 nt o« 1 3nt 3= 1 Samt Sm;
Vo(t) = ——|cos| —+ — |+ —cCos| — +— [+ ——Ccos| —— +— [+
i 2 2 9 2 2 25 2 2

8| . (mt 1 . (3=t 1 . (Snt
Vo(t) = — — | sin| — |+ —sinf — |+ —sin| — [+ -+
T 2 9 2 25 2

Chapter 17, Solution 17.

We replace t by —t in each case and see if the function remains unchanged.

(a) 1-t, neither odd nor even.

b)) -1, even

(c) cos nm(-t) sin nm(-t) = - cos nmt sin nnt, odd
(d)  sin’n(-t) = (-sin nt)> = sin’ xt, even

(e) e, neither odd nor even.




Chapter 17, Solution 18.

(a) T=21leadstow, = 2n/T = &

fi(-t) = -fi(t), showing that fi(t) is odd and half-wave symmetric.

(b) T = 3 leads to ®, = 21/3
fr(t) = fy(-t), showing that f5(t) is even.
() T = 4 leads to ®, = 7/2

f3(t) is even and half-wave symmetric.

Chapter 17, Solution 19.
This is a half-wave even symmetric function.
a = 0 = by, 0, = 27n/T /2

4 ,1/2 4t
an = TL [1 — ?} cos(nw, t)dt

[4/(nm)*](1 — cos nn) 8/(n’n?), n = odd

0, n = even

Chapter 17, Solution 20.

This is an even function.

b, =0, T=6®=2n/6 = n/3

2y = % jom F(t)dt = %Uz(m - 4)dtjj 4 dt}
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