4.0 Continuous-time Fourier Transform

4.1 From Fourier Series to Fourier Transform

e Fourier Series : for periodic signal
X(t) = x(t + T), T : fundamental period

x(t) = iakejka’ot, o, = 2%
n

K=—c0

asT Increases,w, = 27 decreases
T

the envelopeTa, Is sampled at closer and closer spacing

See Fig. 3.6, 3.7, p.193, 195, Fig, 4.2, p.286 of text

— aperiodic: T>o, wy— 0



Harmonically Related Exponentials for

Periodic Signals (p.11 of 3.0)
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Fouriler Transform
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Figure 3.6 Periodic square wave.
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Figure 3.7 Plots of the scaled Fourier series coefficients Ja; for the pe-
riodic square wave with T; fixed and for several values of 7: (a) T = 4T;;
(b) T = 8Ty, (¢) T = 16T;. The coefficients are regularly spaced samples of
the envelope (2 sin wT;)/w, where the spacing between samples, 27/T, de-
creases as T increases.



the envelope Ta, I1ssampled at closer and closer spacing
See Fig. 3.6, 3.7, p.193, 195, Fig, 4.2, p.286 of text
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e Considering x(t), x(t)=0 for

— construct X(t) periodic with

t|>T,

period T > 2T,

X(t) = x(t) if ft| < 2

X(t)—> x(t) if T > o

-f\’\lf\’ﬁf\L’ﬁr\’ﬁf\"l

-T, 0 T,
(b)

Figure 4.3  (a) Aperiodic signal x(t); (b) periodic signal X(f), constructed

to be equal to x(¢) over one period.



e Considering x(t), x(t)=0 for |t|>T,

— Fourier series for X (t)

o0

X(t)= > laje’™

k=—c0

a, = [ X(t)e " 'dt = [ x(t)e "t

— Defining envelope of Ta, as X(jw)

a, = X (jkay)}= 31X (j@)|4oray




e Considering x(t), x(t)=0 for |t|> T,

— a8 T — o, @, = 0, X(t) > x(t)

X(t) = 27z-[ X(jw)e' " dw



X(ja)) — I X(t)e_j”tdt . spectrum, frequency domain
- Fourier Transform

x(t) = Lr X (jw)e ™ dw : signal, time domain
27 7 Inverse Fourier Transform

Fourier Transform pair, different expressions
X(t)—F— X(jo)

very similar format to Fourier Series for periodic
signals




e Convergence Issues
— Given x(t)
X(jo)= [ x(t)e'"dt

X(t)=-1- [ X(jo)e'dao
27

e(t) = X(t) — x(t)

E, = [ |e(t)dt



e Convergence Issues

— It can be shown
if [ [x(t)dt < oo
— (i) X(jw) is obtainable (finite) for every w
(i) E. = 0

zero energy for the difference signal
differences at isolated points are possible

X(t) converges to x(t) at continuous points,
but to averages at discontinuities



e Convergence Issues
— Dirichlet’s conditions
(1) absolutely mtegrablej ‘ X\t dt < 00

(2) finite number of maxima and minima within any
finite interval

(3) finite number of discontinuities with finite values
within any finite interval



Examples

Example 4.4, p.293 of text

£(6) = {1, It| < Ty

0, |[t]| > T,
then X(jw) = f_T;l e Jwt dt
_ 2sinwT;
B W
. wly
= 2T1 SIHC(T)

sin Tl

where sinc(0) = ( —

)




Examples

« Example 4.5, p.294 of text X(j)
. |1, lw| < W 1
XUw) = {o, | > W
1 w . -W W w
— Jjwt
then x(t) = — J_,, e dw
_ sinWt x4

ntt

w Wt " \[ 57 %
= —sinc(—) ,

JIA JIA —w/W /W




~ourier Transform for Periodic Signals —

Jnified Framework
— Given x(t)

assume X (jo) = 2728(w — w,)

x(t) = I 276(w — w,) e’ dew = e
27

el «E 5 276(0 — w,)

(easy In one way)



Unified Framework: Fourier Transform
for Periodic Signals

Sjwot F T 216 (w — wy)
A ¢ wq @
Ak
x(t) 1 I’t T o
kw,
N
X(]a)) 2ma,d(w — kwg)
— If X Zake’ka’ot TTT‘I‘ I;) :
k=— k(l)o

X(jow) = kZ_;DZﬂaké'(a) —kay)

x(t)«—E—>a, — X(jw)

L F ]




Examples

Example 4.7, p.298 of text

x(t) = coswyt = %(ej‘”ot + e~ J@ol)

X(jw) =m6(w — wy) + md(w + wy)

1
FS: a]_:a_]_:E,

y(t) = sinwyt = zij(ejwot _ eJwoty

Y(jw) = ?5((0 — W) — %5(60 + wp)

FS: a; = —a-q1 =

a, =0 else

1
YL a, =0 else

~wy

Y(jw)

Tl

— /]

X(jw)

(1)0

-——-)-—:ﬂ




4.2 Properties of Continuous-time Fourier
Transform

X(t)«—F— X(jo)

e Linearity
X(t)«—F— X (jo), y(t)«—+—Y (jo)
ax(t) + by(t)«—F—aX(jo)+ bY(jo)




Linearity (P27 of 3.0)

x(t)«2—>a,

e Linearity
X(t)«E>a,, yt)—>h
Ax(t)+ By(t)«—— Aa, +Bb,

3? —_ (al) a2; a3) “.)

5} — (b11b2'b3'"°)
AX + By = (Aa, + Bby,Aa, + Bb,, )



e TIme Shift
X(t —t,)«—F—e ' X(jo)

linear phase shift (linear in frequency) with amplitude
unchanged




X(t —t,)«—E— e g,
phase shift linear in frequency with amplitude unchanged

ap elkwo(t—to) —| p—Jjkwotog a,|e/k@ot

x(t)jé/Q:’ /\< ELE Tdo)
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Time Shift

Im




Example 4.7, p.298 of text

x(t) = coswyt = %(ej‘”ot + e~ J@ol)

X(jw) =m6(w — wy) + md(w + wy)

1
FS: a1=a_1=5,

y(t) = sinwyt = zij(ejwot _ eJwoty

Y(jw) = ?5@) — W) — %5(60 + wp)

FS: a; = —a-q1 =

a, =0 else

1
YL a, =0 else

~wy

Y(jw)

Tl

—1/j

X(jw)

(1)0

-——*—:ﬂ




Sinusoidals

F . .
cos wot @ T[6(w — wp) + §(w + wg)], L[e/¥ot + eI @ol]

F . .
sin wyt <—>? [6(w — wo) — 8(w + w)], L[ef@ot — e~J@ot)

N
n Im cos wy(t — o)

\ / sin wgyt
v A
W

Wo ‘ COS Wyt

/

x(t —ty) & e T?% - X(jw)



e Conjugation
X“(t)«—F— X*(- jo)
if x(t)real, X ( jo)conjugate symmetric
X(— jo)= X*(jw), x(t)real

even/odd properties




e Conjugation (P.32 of 3.0)

X" (t)«—=—>a’,

a, =a;, if x(t)real

[..._|_ ap + a, el @ol 4+ ]*

unigue representation



Conjugation

U_Oo ...+ vt X@(jwk)ej‘“kt + .- dw]*

Unique representation for
orthogonal bases
e Conjugation

X“(t)«—FE— X (- jo)




Even/Odd Properties

e Conjugation Property Re{} or |
X"(t)«—F— X"(- jo) }‘K
X(= jo)= X"(jo) if x(t)is real /0 —>w

X(jo) = RelX(jo)+ imix(jo)} |/

[P
Im{-} or £ -

= if x(t)is real
Re{X (- jo)} = Re{X"(jo)} = Re{X (jw)} realpartis even
Im{X (jo)} = — Im{X*(jo)}= —Im{X (= jo)} imaginary partis odd
(i) = X (jeo)e’* 5
| x (jw)| isevenbut £ x (jw)is odd



Time Reversal

f X (=jwy, @ ot X)) el Okt + oo dew = x(t)

@
= x(-0)

/

Unigue representation for
orthogonal bases

X(—t)«—F— X (- jo)




e Time Reversal (P-29 of 3.0)
X(—t)«—E—a_,

the effect of sign change for x(t) and a, are identical

unique representation for orthogonal basis



Even/Odd Properties

e X(1) both real and even
- Time Reversal
X(—t)«—E— X (- jo)
X*(jo)= X(= jo)«—E—x(-1) = x(t)«—E— X(jo)
. X(jo)is real

. X(jo) both real and even, example : cosine
e X(t) real and odd

X*(jo) = X(= jo) et x(~t) = —x(t)—E—>—X (jo)

Re{X"(jo)} = Re{X (jo)} = ~Re{X (jw)}= 0
X(jw)pureimaginary and odd, example : sine




e Differentiation/Integration

d)c(ét)< E 5 joX(jo)
[ x(edr = L X (jo) + X (j0)()

jw
dc term



e Differentiation (P.33 of 3.0)
dggt) —FS s jkana,
k
d . .
a(ake]kooot) — ilszo Q. pJkwot k
k
J - [cos wgt + j sin wyt]
Im d d
T dt l dt j
= —sinwgyt + j cos wyt
Re
d N
6 e~
| dt /\Q:[
j=el%0 d \/

|
w N R

sin wt

cos wt

—sin wt



Differentiation

d)égt)‘ E 5 joX (jo)

jw - X(jw)| = o] - |X(w)
wl | 1XGw)

_wllX (o)

-

Enhancing higher frequencies
De-emphasizing lower frequencies
Deleting DC term ( =0 for »=0)



Integration

jt x(r)d7 «——F— jla)X(ja))+7zX(jO)5(a))
h !
dc term

1 _ _—j90°
==e
j

L] 1xGo)l = 2] - 1X o)
. &
X(jw)

m—

> (W
Enhancing lower frequencies (accumulation effect)
De-emphasizing higher frequencies
(smoothing effect)
Undefined for =0




e Parseval’s Relation
[ [x®)fdt==[" | X(jo)| do
% 2 "7

total energy: energy per unit time integrated over the
time

total energy: energy per unit frequency integrated
over the frequency

J:Zaiﬁi:zbkﬁk
k

[

[A17 =) laif? = ) 1bil?
[ k



e Time/Frequency Scaling

(at) et 1 x(lmj

a

X(—t)«—F— X(- jo) (time reversal)

x(t) . X(jw)
/\/\ Nt /\/\ W
7 N7

1 v
/\,\ x(at),a > 1 WX(]E)'Q > 1

/ V t «—> w
1 .
/\/\X(at),a < 1 F (V\WX(] %),a < 1
/\, <>
N t )

See Fig. 4.11, p.296 of text



— 1nverse relationship between signal “width” 1n
time/frequency domains

x4 (t)

W /ar
Xo(t)
W/t
/W
t
— At/ Wy T/ W
X1 (jw) Xo (jw)
1 1
— W Wy 0 —W, Wo
=) (b)
x3(t)
W/
— T/ W3 T/ W . t
Xa(jw)
1
—Wg Wi w

Figure 4.11 Fourier transform pair of Figure 4.9 for several different values of W.



Single Frequency

— 1/ jwot, —jwot
COS Wyt = 5 (e/¥0t+e7/@ot)

—2wy 2w
sle o, »




e Time Scaling (P.30 of 3.0)
o - positive real number

x(cxt ) : periodic with period T/a and fundamental

frequency aw,
x(at) = > k=)
k=—o0
a, unchanged, but x(at) and each harmonic component are
different
e T
x(t)
/\\/Ql _2m
k=1 Wo = T
<T/a
NN 1
x(at) ; \]?_ x>
= B 21T B 21T
Do = 77q = o0




Data Transmission

1 1 0 1 (L) /\/\ )
»|A|«AW -

T: bit duration bandwidth

pulse W|dth

Woc%z%zr:bitrate

(required bandwidth) « (bit rate)



e Duality
X(t)«—E— X(jo)=> y(t)«—F— z(w)
2(t)«—F— 22y(— o)

— time/frequency domains are kind of “symmetric”

except for a sign change (and a factor of 27x) --- “two
domains”

See Fig. 4.17, p.310 of text



F z(w) X(jw)
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Figure 4.17 Relationship between the Fourier transform pairs of egs. (4.36)
and (4.37).



(P.10 of 4.0)

X(ja)) — ro X(t)e_j”tdt . spectrum, frequency domain
Fourier Transform

x(t) = Lr X (jw)e ™ dw : signal, time domain
27 7 Inverse Fourier Transform

Fourier Transform pair, different expressions
X(t)—F— X(jo)

very similar format to Fourier Series for periodic
signals




Signal Representation in Two Domains

Time Domain Basis Frequency Domain Basis
~ X (1) i /V\/Xﬁw)
;Ht\z’\/ 't —= )
3¢ - )1 250 = 02) iy
i >t 20 (w — woy) 1 > W

S(t _ tZ) t, ’ W32



Signal Representation in Two Domains

Time Domain Basis Frequency Domain Basis

{6(t —tg),—oo <t <o}  {2m6(w — wg), —© < wy < x}

—Jtgw
5(t—t) | ¢

0 > t <:> ‘QOAOOOOO%“‘)

e+ja)kt F 27'[5((1) —a)k)T

, > W
AP Tt — Wy




Signal Representation in Two Domains

Time Domain Basis Frequency Domain Basis

5(t —t3) / 216 (w — sz

5]

A=Nav =) bie (&
' k

l
a; = A-v; b, =A-u, (53h7)




Signal Representation in Two Domains

Time Domain Basis Frequency Domain Basis

/T=Zaif7)i A)zz:bkﬁk
©

1
(2, ) O di )

k

ZZ(‘I;;{) Uy, :Z(”di) V;

l



Signal Representation in Two Domains

Time Domain Basis z . Frequency Domain Basis
k“%k

( by % “ Z:d i
@z f_oox(t)dt @ an

=159 =159

x(t) = —jooX(jw)ejt‘”dw X(jw) = joox(t) e JOtdt
e \ - (7377)

0= [ OEDe - [ e

(& E/ 57 1T) (= B/ 57 1T)



e Duality

— If any characteristics of signals in one domain
Implies some characteristics of signals in the other
domain, the inverse Is true except for a sign change
(dual properties)

(i) eey IX(i@)
jex(t) .
_ix(t)+7zx(0)5(t)< E >jj)®x(jﬁ)dﬂ

el x(t)«—F— X (j(o — »,))

modulation property




Modulation Property

e!'x(t)«—F— X (jlo— @,))

On)
—_—

ejwot(ejwkt) — ej(wk-l'wO)t
m/— modulation:

—
o wortwg frequency translation
shift in frequency

Multiplication Property

e/ Vot . x(t) > 5= [2m8 (w — wy) * X (jw)]

= X(j(w — o))




e Convolution Property
y(t) = x(t) * h(t) «—F—Y(jo) = X(jo)H(jo)

— System Input/Output Relationship
x(t) = LEO X(jo)e'dw




Input/Output Relationship (P-5 of 3.0)

x(1) . >y(t)
_ﬂqmcf \VV/V]v/"'
e Time Domain

| 5(t) Q: h(t)
0 ¢ 0 t

o Frequency Domain

s akh-




System Characterization (P.9 of 3.0)

e Superposition Property

continuous-time

X(t) = Z akeskt — Y(t) = Z a, H (Sk )eskt
k k

discrete-time

X[n] = Zk:ak (Zk )n — y[n] = Zk:ak H (Zk )(Zk )n

each frequency component never split to other frequency
components, no convolution involved

desirable to decompose signals in terms of such
eigenfunctions



Convolution Propert , —
X(J'wE))H(Ja%) = YGoy) 1 Vi) =XGw)H(w)

X(w) HGo2) = | h() jortdr_ o

Wi\ W W1 W3
F/ HGjon) = | " h@yeontdr — [XO RO = (@) jF

x(t) A, _& rf\/\/\"/*

/\4”

1.0 1.0 a) © ®
LI S (11) roo1 ’
w1\ Wy . _ - ]
- H(jjw) = ] h(t) e™“"dt Transfer Function

Frequency Response

H(s) = | h(t) e ®'dt



e Convolution Property
y(t) = x(t) * h(t)«—~F—Y(jo) = X(jo)H(jo)
— unit impulse response h(t)
frequency response or transfer function H(jw)

h(t)«—-E— H(jo)
S(t)«—F—1

— convolution in time domain reduced to
multiplication in frequency domain

— cascade of two systems implies product of the two
frequency responses, independent of the order of the
cascade

— example: filtering of signals
See Fig. 4.20, 4.21, p.318, 319 of text




Filtering of Signals

A A A H(jo)
p(© y ("“) T

H(jw)

L
0



H(jw)

—We 0 We )
~—Stopband 4+— Passband Stopband —

Figure 4.20 Frequency response of an ideal lowpass filter.



e

T

v v
W  We

Figure 4.21 Impulse response of an ideal lowpass filter.



Realizable Lowpass Filter

() —— |H(w)l
I

h(t) L, [IH:(w)l
£H;(jw)

o

2T

/

(o —



e Differentiation/Integration (P.33 of 4.0}

dﬁm > joX (jo)
j_toox(f)dz'< P >j];0X(ja))+7zX$jO)5(a))

dc term



Integration

5(t) ”‘\ o) I 216 (w) \
0 <:> g P i I ’,//
// Duality

u(t) =f 6 (t)drt

% - 2m0(w) = md(w)

U(jw) = — +(dc term/)’
Jw N\ 1
> 1
= ]iw + 1d(w) t
t
f x (t)dt = x(t) * u(t) <—>X(ja)) : [jia) + 16 (w)]

- jin(ja)) + X (jo)d(w) m




e Multiplication Property
r(t) = s(t)p(t) «—E—>R(jo) = = [S(jo) * P(jo)

27T

dual property of the convolution property

— example: frequency-selective filtering with variable
center frequency

See Fig. 4.26, 4.27, p.326 of text

e Tables of Properties and Pairs
See Tables. 4.1, 4.2, p.328, 329 of text



Modulation Property (P53 of 4.0}

e!'x(t)«—F— X (jlo— @,))

On)
—_—

ejwot(ejwkt) — ej((‘)k-l'wO)t
% modulation:

—
o wortwg frequency translation
shift in frequency

Multiplication Property

e/ Vot . x(t) > 5= [2m8 (w — wy) * X (jw)]

= X(j(w — o))




Frequency Division Multiplexing

x1(t) s Xi(jw) X, (jw)
—T 1 A
2




X({jw)

Li1]
Y (jo)
,
Frequency response of | ——+——-
ideal lowpass filter
_(:)U wq e (o
W(je)
_(IJO LOD i3]
Fjew)
A
il
) . .
T ¥ T Figure 4.27 Spectra of the signals

(mwe —wg)  (—wg + w) in the system of Figure 4.26.



e jwct

Ideal lowpass

filter

Figure 4.26

H{jw)
1

Wq

w

tion with a complex exponential carrier.

Implementation of a bandpass filter using amplitude modula-



TABLE 4.1 PROPERTIES OF THE FOURIER TRANSFORM
Section Property Aperiodic signal Fourier transform
x(1) X(jw)
43.1 Linearity ax(t) + by(t) aX(jw) + bY(jw)
432 Time Shifting x(t = 1) e " X(jw)
436 Frequency Shifting e’ x(1) X(jlw — wg))
433 Conjugation x'(t) X'(—jw)
435 Time Reversal x(—1) X(— jw)
43.5 Time and Frequency x(at) \_l.X (!(—u )
Scaling 4 &
4.4 Convolution x(t) = y(1) X(jw)Y(jw)
4.5 Multiplication x()y(t) i'; J X(GOY((w — 6))d8
434 Differentiation in Time %x(l) JoX{(jw)
434 Integration f x(ndt j—]w-X(jw) + 7X(0)8(w)
43.6 Differentiation in tx(t) jiX(jw)
dw
Frequency
X(jw) = X'(— jw)
Ref{X(jw)} = Re{X(— jw)}
433 Conjugate Symmetry x(t) real In{X(jow)} = —9Im{X(— jw)}
for Real Signals IX(jw)| = |X(— jo)|
IX(jw) = —4X(— jw)
433 Symmetry for Real and  x(¢) real and even X(jw) real and even
Even Signals
433 Symmetry for Real and  x(7) real and odd X(jw) purely imaginary and odd
Odd Signals
x. (1) = & : Re{X (4
433 Even-Odd Decompo- xe(l) B Ov{ r.(')} Lo(t) real] . ge{ U‘_u)}
sition for Real Sig- x,(0) = 0d{x(t)} [x(t)real]  jIn{X(jw)}
nals
437 Parseval’s Relation for Aperiodic Signals

( . [x()]*dt =

l s . :’-
o | G




TABLE 4.2 BASIC FOURIER TRANSFORM PAIRS

Fourier series coefficients

Signal Fourier transform (if periodic)
- L
Z a;\(’jtw“’ 2 Z akB(r.u - kewy) g
k= kw
e/l 278w - wp) a =1
a; = 0, otherwise
COS wyl w[6(w — wy) + Sw + wy)] ::I B g : oth?t:rwisc
k= Y
a = — =1
sinwo! E,[B{w = wy) — dlw + wp)] : “ -
J ay = 0, otherwise
a“=], ak=0,k#0
x() =1 27 d(w)

this is the Fourier series representation for
any choice of T = 0

Perodic square wave

I, =T
*0) = [ 0,
and
x(t +7T) = x(1)

Ty < il =

o]~

[

o 28in kwy T, S -

A—_J k

1

kewq )

mnT[ . (kqu\ ) sin kw(|T1
—— 8SI¢ | —— | = —
™ ks ke

1

= 2 -
RZ’, 5(? = nT) —?,"I L-:_'LB (ﬂ) - ?) a; = T’ for all k
t(r)[ 1, |fl=T 2sinwT -
) 0, |f=1T @
i 1 <
sin Wi X(jw) = [ ool =W o
it 0, |w| =W
a(1) 1 —
u(r) — + THw) —
6([ - fn) e el —_
" I
¢ "ulr), Rela} = 0 - —
a+t jw
te "u(r), Refa) = 0 .,.__1___ —
’ (a+ jow)
(7',"7'] e ulr), 1 o
Rela) > 0 (a+ jw)




e Another Application Example
systems described by differential equations:

N

>a, d y
Y(jo) zakuw)k _ x(mikﬁ;bk(jw)k

)3, &X0

— closed-form solution




e \ector Space Interpretation of Fourier Transform
— generalized Parseval’s Relation

[ x()y(t)dt = ijz X(jo)Y* (jo)dae

X)) [yt)] = L-[X(jo)]- [Y (jo)

27
{X(Jw) defined on -co < w < o0}=V: a vector space

Inner-product of two vectors(signals) can be
evaluated In either the time domain or the frequency
domain

Parseval’s relation is a special case here: the
magnitude (norm) of a vector can be evaluated in
either the time domain or the frequency domain



e \ector Space Interpretation of Fourier Transform
— considering the basis signal set

{¢w(t)= el —w < w< oo}
g, (t)=e' ™ «—F—275(w — o, )

[;;k ©)- 4., )

Zlﬂ 275(@ ~ )] [2”5(50 — @, )]

= 27[6(w - @, )] [6(0 - o,

= 0,0, # o,

# 1, 0, = o,



e \ector Space Interpretation of Fourier Transform
— considering the basis signal set

similar to the vector space of continuous-time signals

— orthogonal bases but not normalized, while makes
sense considering operational definition

1 o0 . .
X(®) = 5 f X(jw)el®t da (&%)

X(jw) = f x(O)eT9tdt = [x(6)] - [po, (O] (5747)



Examples
« Example 4.8, p.299 of text

—2T -T 0 T Zr t

(a)

X(jw)
27

I ' | | I
_4m _ 2 0 21 4
T T T T

(b)

Figure 4.14 (a) Periodic impulse train; (b) its Fourier transform.



Examples

» Example 4.13, p.310 of text
— From Example 4.2

o2t Sy _ 2
x(t) =e © (]w)_1+a)2
by duality

2 F
x(t) = & 2me 2ol



Examples
» Example 4.19, p.320 of text

h(t) = e *u(t), a>0
x(t) = e Ptu(t), b >0

X(]w) = b+1ja) ! H(]w) - a+1ja)
. . 1 _ 1 1 1
Y(]w) ~ (atjw)(b+jw) b-a [a+ja) - b+ja)]

y(t) ==[e " u(t) —e P u()],b # a

b=a: Y(]a)) — (a+}w)2 =jdci) [a+1ja)]
Since —jtx(t) © % X(jw)
y(t) =te *u(t),b=a



Problem 4

12, p.336 of text

. —|t| F 2
 (a)Givene — —
F :
—|t|<_)-d [ 2 ]:— 4jw
Le Jaw | 1+w? (1+w?2)?

by differentiation in frequency domain

(b) By duality —

" (142)?

4jt F

— 2twe 1@l
(1+t2)2

At F

— j2nwe |



Problem 4.13, p.336 of text

() X(jw) =6 (w) + 6(w —m) + §(w — 5)
Is x(t) periodic ?
1 1

x(t) = —+—el™ + —e/5t
&)= 2w 2m 21

 and 5 are not integer multiples of any common fundamental

frequency
~ x(t) Not periodic

b) h(t) = u(t) —u(t — 2)
Is x(t) * h(t) periodic ?

2 sin w

H(ja))=e_j“)[ ] H(jr) =0

X(Jw)H(jw) = HG0)6(w) + H(j5)6(w — 5)
= x(t) * h(t) is periodic



Problem 4.33, p.345 of text

L y(0) + 65 y(0) + 8y(t) = 2x(t)

e (a) find impulse response

N _ Y(jw) _ 2 11
H(jw) = X(jw)  -w?+6jw+8 jwt+2 jw+4

~ h(t) = e *tu(t) — e *fu(t)

* (b) For x(t) = te ?tu(t)

. _ 1
X(](U) - (2+ja))2

CoN . . N 1/4  1)2 1 _1/4
Y(]CU)—X(](U)H(]“))_W (ja)+2)2+(ja)+2)3 Jot4

2 y(0) = ze”2u(t) — te2tu(e) + t2e 2 u(r) — ze*u(t)



Problem 4.35, p.346 of text

(@) H(]a)) - a+]a)
|H(jw)| = Va? + w?/Va? + w? =1
AH(jw) = —tan_l% — tan_l% = —2 tan‘l%
H(jw) = =1+ ——, h(t) = =6(t) + 2ae™u(t)

atjw’

(b) x(t) = cost + cosV3t, a=1
X(jw) =n[8(w—1) +8(w + 1) + §(w — V3) + 8 (w + V3)]
Hjw)=1" e_jg atw =1, Hjw)=1" e_jgn at w = V3, etc
y(t) — %[ej(t_%) + e_j(t_%) + ej(\/gt_%n) + e—j(@t—%n)]

~y(t) = cos(t —3) + cos(V3t — 5m)



Problem 4.51, p.354 of text, part (c)

« An echo system

g YO x®L oy
ke Rl
—hty— — g

h(t) = ia’ké(t — kT)

H(jo) =Y (a'e ™) = —

k=0 1 - e
G(jow)=1-ae’”



