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PROBLEM 3.1:
(00 There 3re 3 C-O\MFov\evx\’S
V4
{0 cos (B0OTt + T4 = @k% e

- : t B
7 cos (IZOOﬂt - 77/3) = Qe% Te Jﬂkej (2000 .§ Frez - (OO Hz
iTe) oo } Frez—— gooHe

ej goomt ? Fr&b = 400Hz

—~3cos(oomt ) = @e? 3e
-'1\'/4 .\'V4
5 S 5S¢ | 5e . s

5T Z . 4%e -
e * | 2 e
z T ' ; sz X

300 600 -400 0 w00 coo gos  FlHe)

[ SPECTRUM |

(B) x(t) is Pen‘odic. because there is a Funclamew’ra\
@recbuuuj f=200Hz Fhat divides all 3 fregs.
The Periocl rs the fundamental period = Voo sec

¢) - oport
( 5 cos (1000wt + W) = 626? Sz )00 ? c,eﬁ: 500Hz
wave two additiewal Aines

The SPecHuM wi )
2t f=-500He__awd f= 500Hz Componen
5 5 3%z
- 5e

The dofied lines in the sketch abgve-
<how where these fwo Dines will be.
IS Fen‘oafc. The FunJawxe,w}al
= |JOOHz because it has to divide
00, 600 awd 300,

u&v\cj

Yes, yi)
(s now fo
info 500Hz as well as 4

The Peﬂ‘ocl s now —

— S ec [
/00
sing FirstSBN 0-13-065562-7.
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PROBLEM 3.2:

(@) Read valves from +he graph:

+ /e
U 2w(;785)t i N t
4 4eJ/zeJ w(175) . ,7edn/3€+J2nso

+ 1€

e Combine +he Posﬂ-ive 5: neja-[{ue )Cﬂe%“

X(¥)= 8 cos(2w(175)t ) + 14 cos(zv(s—o)% -77/3) + 1

—TTTTT

(B) Cesine at  w=2w(175) has peried =2 1

w75

Cosine (& w= 2ur(s8) => Pbuoc\~ >

11 is a constant => FY‘@O=O => any peaiod.
Need to pinc‘t Common per{oA'.
= sohve  Al(8)= L (5= »Q.%fz f”‘Leﬂe"S

= A _ so _ 2. REDUCED To
£, 118 7 LowEsT TERMS

' . .
. ® Main @&w& - 2——-_;_; = -é—s. sec.

T

(©) y()= Acos(wt + )
=0 § Aelf 6)““?
= L AP eIt + LA eJ‘P -jet

— N [ —
leéAe‘)LP _LAe)"lo @@
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PROBLEM 3.3:

@ x(t)= sin” (27rt)
. \ 3
_ (. _jzime ) o)ZImt
[ 8Tt | s4wE-j2TmE j2t-j 4t
= (e o3e T3
-J ginmt )

— €
__J\T/z Jz‘hrt

\W2_\8irt , _
e e f—;-ejmzé‘j 27t

x(t)= e € +§8.

- - 8lrt

TUTsee

(5) *)Qirt -
€ has PeﬁoA = 2wr _ 2

2hr ~ &

ka—g ?@\1‘041 2"717".: %-7‘ = 3(2/84)
. .' ‘DA et _2_-__
Pe)u 27 Séc,

tJZ')n'{:

€

(©) .
e 3 e" .\w/z
8 .
J"/z , W72
<€

f 8

| T
¢ + t o

-8 2L o 21 8L f(He)
2 2 2 2
SPECTRUM.
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PROBLEM 3.4:

(@) X#) = Qei Aejh(&'&)tg . @C% R ejZTr(Fc,*FA)t%

= @C% (A é-)%r&{: +B ejQ‘f fat ) eii"ﬁ-.t g
A\ ~ e
x(t) |
® x(h = ((Bm cos(anfut) +§ (B-A)sin(znfpt) ) €’ et

ReGx(#)f = (BrA) cos(anht )cos(2nft)=(B-A)sin(amhat ) Sin(awhct)
=, C=B+A
D= —(B-A)=A-B
whew A=B=l, we get C=2 amd D=0 s° the
Sine erms AroF ou\'.

(¢) Want D=2 awd C=0

B+rA=o0 7}____7 A=1 od B=-1
A-B =2

Reforn 1o tHhe or.‘jma—l expression for x(t)

2w (f-f)t _anlfe-f)t (6t fa)E
x({—): lz_eq\ “( ‘1) +|E‘e,] < __Lz-e“ ctia
] ~) < k
g gt (There are 4 ferms)
SPRLE
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PROBLEM 3.5:

X(+) has +three wMPonenkt

10 = 10e?® = Frexb-—o : Peﬂ‘od‘-— qnj%injé

20 cos( 2n(oedt + W4) = (Re % 20 e’“/"fe)?“)o"— ?

Fl‘f‘ﬁ‘- IO Hz = Pe,r‘focl = Yoo s€cC
\ t
16 cos(2m(250)t) = Re § 102" { freq= 250 Hz
peried = Yoo S€C.

(@) Find the fund amental FTQ%U&AC:) Fivst:
fo wust divide both 106Hz add 258 Hz.

= fo=5DHz = Tp= Yo sec
X':o: 10, z|=0) X,=20 QJ-FA} X3=O/_&=O
st 10) K{;’-‘OI x7=—0) etc .
() We have a\reaclj determined the fundamental
Pem‘oc\ To= Ys0 sec, se x(t) is Pero'odn‘c.

(&) T\Dé:‘%

1 | 1

-250H= -100 o 160 2504z f(Hg)

7
10 Tloe" 4

Noter we vse SX; becouse QfTR= 5T v K
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PROBLEM 3.6:
()= [12 + Tsin(wt-173) | cos 13wt

() B 2 J(TE-T73) > .j(trt-T‘Yg.)] 5 3wt -jl31ri')

2 2
Multiely 1t all eot:
" 13wt é.jl3Tl't - -z _yv/3 j;41rt 7e-j5%e’j'2ﬂ-t
x(t)= ce)”" +6e +Ze e e +x
4-
: _ _ ‘ e
7 i s _jizmt | 7 )5 ojl4T
tye’ € ¢ +ze e

zomeINE

X(t)= 12 cos(13mt) + % cos (14Tt~ ) + %cos(l2vt+5ﬂ7e)

w,= 12 radfsec Wy = 13T vad/ Wy s 147 rad/s
= = A= Z Pf5=- s
A=7% Q=% A,=12 =0 3=% =7
U)) Lse the C-UW\F‘-QX &Fon&vxh al porw\ }o eketaie
H\e SPCC‘I’TUM. AB
9
5%, 5 JE% 5 s
%es 3 d &b | %e[ %’T@
111 N
“4"' -izw -1z o l2zr 13T 14T

SPECT RUM
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PROBLEM 3.7:

XH)= cos[(w.+wz.)t] + cos[(wz-w.)f]

(a) T x(¥) s }o be 'Perroc\\‘c_ , we need to fFind
o fundamental Fr@bu%(,j w, Hhat divides
both (w,+w,,) omd (wz- w) . That s

Wy + Wy = 1.“"0 where ,Q. i‘, )Qz ave
ivx\-egers. Also, /qz<£l

Thus, the ratio D][ He som amd Af;[erence

Prﬁ@v&acies must be a rational number

(\)3 Neow solve FOY‘ “-“/w,. and  show -H«af H’

most be rakowsl.
(Wz "’wl)ﬂ\ = (LU,_-}W.)I:_
w,_(f,—,qz)‘:— wl(/Ql

o W - /Q.‘ﬂz
Yo R,
— %}: Y__:_"E <1 where M‘% Wiz
' ave ivﬁeﬂers.
R“UW\ a\oovet
sz: (I,'U,Qz)wo w, = )i(g|+ﬂz)wo

20, = (AW 7w L (-,
Sw W, are imteger molkiples of S w,
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PROBLEM 3.8:

x(t) has four COmpone.n{'s‘.
2 = 2e°o = ‘Ff‘ezt o, Pem‘odf— a"j%‘\nﬂ
s jdomt .
Keos (40mE-T5) = Re§ 4€3™e) T F’?&iﬁf%s«-
3sin(bont) = 3@5(401():»1%'_) fveq = 30Hz
= Re3 Béﬂyze,’w"t% '?67‘!‘0(1: /30 sec.
% eos (201t - T5) = Ref 462 FrpTL0NE

peried = /6056
(0-) The {ondamental P&n‘o& is the smallest time that is
exactly divisible by Y20, 720 and Yeo . |
= To = /o see because Ip =2('%0)= 3(‘/30)56(/@)
=5 f =0 Hz => w, =2nfo=20T rad/sec

-5 AL YPLE
Xo=2, X,= 4™ Ly=2", L =4€
. o 2 s 33
20373 Wo! 2 2 2e R 2€
(D) X %Qf 1‘ ‘ fies 73 ‘
—Zo _3'62;_i° o 2'0 2-; '30 LOHZ ’F
Note : sivce Be$X;{= sX; +'"2X? we vse FX| inpﬁt%.
) ),(4.)—_-.)(({') + 10 cos(S'Orrt—Tr/é) ] !
) jSwa reg=25Hz
%Dalﬁ @e% IDE. € g ngﬁiod = yzs Sec

The new Periocl must be divisible by Yo i Vo5
= To= /s because T,= 5(725) and 2(%e)
= fo=SHz = uwp= 2mwfo= 10T rad/sec

We wmust re-ivdex the X, becouse w, is lower.
Y2, Yy= K., 206 Y Xy, Y= X,
Theve will be one wews paiv of lines at P-= *2512

McClellan, Schafer and YodeBignal Processing FirstSBN 0-13-065562-7.
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PROBLEM 3.9:
x(4) 1
@) SRR R
_2‘:1; A —7‘- 1'4 L:. t 144 zi,-oﬁ
Tol2 t.
) Xz | b= (e = 2k
° Ity °_t° T
. {._. tr.
(C,) 2. t‘. —k“)ot —)kwo
Lo=F (1€ 0 =2
o J To (‘JkWo)

- 4 ‘
T (Hkw) T poT sin rte )

(d) t.=To/4 .
Tin this case, the “sine” term is sin(2LE. T2 )= sin(Tk)

T\r\erc{l:re) xk =0 for keven awd k#o.
Part (d): Spectrum for t = TD/4

I |0.5 | I
[h]
S 0.41 032] o032 |
5
C§U 0.2 .
0035 -0.045 0.064 I0 B I 0064 _0045 (o35
= | i I I | i |
-1000 -500 0 500 1000

frequency (Hz)
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PROBLEM 3.9 (more):

(&) te=To/io Part (e): Spectrum fort =T /10

0.2 0.19 §2 0.19 .
s 0.15 0.15
2
<01k 0.1 0.1 .
g% 0.043
= o021 | 00! 0'IOM Y o031y 0038

0 1 ' I I I 1 L I I l ,

-1000 -500 0 500 1000

frequency (Hz)
(£) When te=To/lo the high frequency compenents

(above 500 Hz) are relatively larger;, and there
avre wore high Fre‘b. comPonevd-s. For example,

Xy \ = 0045 _ 509 for b=Tofs | but is 0,215 for t=Tero
X 0.5 )
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PROBLEM 3.10:
Hq\F-Nave §3W\W\e'}r3 E X (t "'T;/z.) =X (f)

(@) x()= t  for octsTosy

z z V /
A ’( ‘ '.. Ar) ! .t
‘——*\)“ —i‘[‘\l 3 c\’s %To
$ '

To .
(B 2= ea vge of woriobes
To R ) / Cha gi T,

Ter;
=& (Mwdt + L xedat
© %2
1% To/l2
g x(ui-—ré/z) duw
o o _—~—mr

= - x(u) because of
To § 2 half-wave syw-mdrj
()

= %S x(H)dt — lﬁ x(Wdu = O

(% =

5l

() TH k is evew, Hhew k=24

9% NC. AV To () 24t
o A IR ) t
Qg = T—;go x(t) e dt + T T‘}Za—)e d

Make he same C‘J\a—uje % Voriobles: w=t-Te .

ekt ot 3 (24 24w +73)
= L ( x 79Hat + L(Grme TR,
() (= W\——: ")
@)l PR vy abe jank
€ < =€ e —

A= xbe X(u)e du
o [

= ay=0 for k even.

To at A

McClellan, Schafer and YodeBignal Processing FirstSBN 0-13-065562-7. This page should not be copied or electronically transmitted unless prior written
Pearson Prentice Hall, Inc. Upper Saddle River, NJ 07452003 permission has been obtained from the authors. December 30, 2003



PROBLEM 3.11:

-y (@73) kt

A= = g (4+t) e dt

%4

= L ST/Z )Rkt

T\ xMe dt

-2

(&) T =@ secs & X)) = (4+t) for —42ts<o
' O for o<t <4

(b /4\’,(“) /4

O -—.O
L\ (++4)E° Jt =
3 54 1,

= O- ‘f('_‘;:-u) =

i

or, aq, X Area_i.n-onc-Fa\‘oA

3
= —%x -»x4-x4)

McClellan, Schafer and YodeBignal Processing FirstSBN 0-13-065562-7. This page should not be copied or electronically transmitted unless prior written
Pearson Prentice Hall, Inc. Upper Saddle River, NJ 07452003 permission has been obtained from the authors. December 30, 2003



Y
PROBLEM 3.12:

() o<t < S
+ :
X(+) %

St 20 T;:lo secs.
Xx(t)
(@) e N
- . 3 ', 3 — > t
-0 5 o) 5 10 I5 <20

5 (=n/s)

I e 1-(-1) 2]
5 - T T

) . .
Tt \ 53 i

@) y®= 1+x)= lJrkZa‘,‘e'J“"’kt

o0

= (1+a) + 27 ace™
kO

= b =l+a, and b=q
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PROBLEM 3.13:

XH)= sm(iot) ( Zsj 2 ejkt)

ks |+Jk
. . 3 )
_ | ))0": - lbf | kt
-“(;—;e - € )(Z —— ¢
) ) k=3 ' tOk
3 . 3
- Z | e.)(k+w)'l: + Z | ej(lr-—)o)t
k=-3 QJ ~k Kk=-3 "3 *2k
change index change indey
A= k+no r=k-io
13 -7 :
1 ﬂt G | th
+)= .)
X()= ‘2-1 _:u.,;w + %3-—23+2r+20

No":e'. w, = A "33/5 ?uv -H’us siﬁnal- The sSuwms
chove Conwlain +he 7t -Hiro»gh 13% harmonics .

’ k

—_— =78910,1,12, 13
GK = 0

s = =7 ,g —7 =10,-),-12,-13
-2) +2k +20

(o) elsewhere

Qo
Q4q | a,
ag a‘z
\3 ‘ a7 0'3
[ e
-13 o -] o 7 o3 w
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PROBLEM 3.14:

(&) y(#)= Ax(¥) = A'Z,a.:e
= S (Aa) et = b= Aa
K

(B yr= x(t-4)
= > age

K

— Swk L skt

=> bk: qkeﬂk%{a

yunk(t-t1)
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PROBLEM 3.15:

©) T4
aK: _;_:; & j_ éJ( /To)kat

/4

. To/4
(A7) kt
e \

T Gave L,
e—_\ (2770 kTo/4 _ eﬂ (A K To/4

Il

() yd)Y= 2x(t-Tos2)
- jkupt ! - s koot
If y(®)= ;bke : x()=Zace

“Then be = 2ay éjk%n/"‘

Since w.,:?%—o +he a?omu} is —Jkﬂ‘
=2 bh‘ = (Q é{‘wk) Qg = (2 ("’)k) Ak

‘ b _ 2(_01( sin(“k/l)

' X Tk
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PROBLEM 3.16:

(a') The formula s (440) Zk/iz where k is
the nuowmber of ke);s above or below A -440.

ke-\) k ?rP%(Hz—) key k Req‘}_(_Hz)
C -9 2¢6l.6 =3 -3 370.0
c* -g 27172 G -2 292.0
D | -7 (2937 G* | -1 | 4153

E* | -4 |310. A 0 +40

E | -5 |329¢ BY | 466.2
F ] -4 \34? 2 B 2 4939
c | > 5233

b _ (n-49)/12
(&> f (440) 2 L_,_—— key nowmber for A-440

(c) D-F*~ A has Haree Qvecbowcies

6 peite A pof pg’ A A
- ff §5 X ==
~440 -370 -293.7 2737 370 4'40 'F(HZ)

SPECTRUM of TNYPICAL
D-w\a\‘)or CHORD

P\SSumv\j Owplitvde of each wote is Hhe same
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&) wilth= éd—?xp(ﬂ‘ 2t + 3

BEG ) NNING
w‘?- W;H’)l{;o — (3 ‘//@
Wy = Wy H‘) l{-.—."[‘ -— 20‘-]'; + (g

(\’3 V()= 40t* + 27t +13

w‘H—): Z}L?V) = 80{' 427

@) pth e
|07

2] -

_.-
‘-.q-""‘""
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PROBLEM 3.18:

&) w; (¥) = Rt +f3
SLoPE= 2 = W= = = 2r(‘1)—2rr: AT

el 4
INTERCEPT = (B = w, = 2T
v PlE)= 4rtre2at v Au,:‘u..c_cfwoﬁlt
@ G|h0 T
9 ot t=%  fi=4de
{ at t=7 ) F,"— BHe.
> >t
d)
1 .
-10 012 2
1(b\ °§é‘£’.‘§§s CHIRP
| | |

) 8 Hz PER\CDS

1 T I T T Ll T 1

1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
CoOMPARE

1 ] 1 1 ] 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

TIME (sec)

(-C) In the Hwme interval e &t <& 2 sec Hee
BHz sinuvsoird looks a lot Iike #Heeo
chiV‘F, so the F“ #) s ObVI‘Ot)sl\j clese to
BHz in the intevval 16—> 2.0
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PROBLEM 3.19:

Characterize each time 51‘9 nal %
(o) 6 Perioe\s Foww t=-2 to t=+3 =T = %—sec.
DC valve = 2 tw>0 = pLo

0)) 3 periods from t=o to t=2 => T= % sec
DC valve = o© p=r

©) éFf‘”mAS from t=-3 t t=2 = T=£6—Sec.
DC valve = 2 tm <O =» P>0

(d) Rerioed = 35 =12 secs. Two Freguenca‘es
PC valve = 0

(e) 2 p&r;‘oc\s fom t=-2 to t=3 => T'= 2.5ses
Two ﬁ—eiuemu‘es. Dc valve =0

(1 we= m(2) = T= /= St sec
¢= 0.5 >0 DC = 2

(2) wo = 2.“— ( 0'3) bCCZM&Q 0'3 JGVI.ACS O. 6 g‘ '- 5_
= T= Y3= 9% secs. Dc=o

(3) Like (). 'T'= 5% sec. Dc=-2
Bu} p=-025w<0o

4) w.=2r(0.4) => T'= Voq4= 2.5 secs
Dc=o

(5) ¢p=TC T = Vs = % sec

Thus, +the watch is
(6) — (3) @ — (1) (€)«— (4)
(b)Y «—=(5) @) ()
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