 Multiplication

CT, non-periodic -
y()=x(0)z(t)«——Y(jo) = X(jo)*Z(jo)

DT, non-periodic

V= Anlen]« 25 Y (") = L X ()8 Z(e™)

—

Periodic convolution:

CT, periodic
y(t) = x(8)z(t) <=L 5 Y[k] = X[k]* Z[k]

DT, periodic
yln] = x[n]z[n]« 222N 5 ¥ k] = X[k]®Z[k]

X[k]®Z[k] = zM.HhsN? —m]




+Scaling  x(at) > 5 X(j(@/a))

_u-.o_o_"". z(€) = ,x\m&\xmu St
Z(w) = m ()< A
e oat g A

dt- dr ﬁﬂ x> dl

LSS | -

- )T
JEY id&&g AT
- A\%
— ..._\J ” de&@«ﬂ&s:






mm& .
E Find x(t) if X(/iw | )
() if X(j v.@\ai%:k

We know s(z) = mA&SI%QSV =

H+\8
— Time scaling: 2(t) = s(31) L Ty 7(jw) = m. 1
31+ j(o/ —
(1) = 32 ~ e
. o v(t) =3z(t+2) =3s(3(t + 2)) < ,_
— Time shift: ) =35(3( ) A 1+ j(@/3)
20 .
() s ;2 ﬁ e W
—Differentiation: do 1+ %1 T

Thus, x(¢) =t (?)
=3tz(t+ 2) \
=3ts(3(¢ +2))
=31e "Dy (3(1 + 2))

/(\\

Note: u(3(t+2))=u(t+2). Thus, x(t) =3te” " Pyu3(t + 2))




« Parseval’s relationship:

- 2
Energy of CT, non - periodicsignal x(¢¥): W. = é_ x(t)| dt

°c0

x(1) = rk (jo)e "™ da )X Ox(0)dr

W= ._H HQ%MW ._.IM X (jw)e™ &&&“Tﬂ

— .pl.._.a N*Q%v@s aSWE&V&
27T I o0

2g = L[ _Nc.a:w%
27 I |
Note:a)| X (jw) [ energyspectrum

b) Energy in time domain = energy in freq. domain



e DTFT: M_HT& ? = 1 _NQE:M&D

— Nﬁ |

e DTFS: MNMM_ x[n] _NuMu X E,_M

e FS: %_.oﬂ_ié dt = WCWE ?

k=00

o in?
Determine E_= % n” (W)

— ()’




* Time-bandwidth c._,oa:ﬂ

Compression in time domain = expansion in frequency domain

Bandwidth: The extent of the signal’s significant contents. It is in
general a vague definition as “significant” is not mathematically defined.

In practice, definitions of bandwidth include

— absolute bandwidth

— X% bandwidth

— first-null bandwidth.
If we define

T, =

lﬂ&nmas\&m

/ JI> - fenl
" r\\ , 2 B ) A--
[ Ppe) at |
Pam— RMS duration of an energy signal
._‘IS‘HQV_ dt
o ) , U2
_ o*|X (o) do
— - RMS bandwidth, then
.—IS_NA\QV~ &8%
i P {-
T,B. >1/2

R



* Duality

Zsin (gl
X(jv) = 2sin (¥l )
x(t) Ld
1 ”
FT |
———
! S, N, £ —
~-T 0 T e C 0 < fl\n\/







4
Find X(jw) if x(r) u;\.%\\ | 1+ jt

Weknow f(¢) = T:S = H. w F(jo)
\ I+ jo
v o \l )

Duality F(jt) = : 52 () =

4

—

E| Find x(2) if M) .
X o)




X(jo)=u(w)

X(t)=u(t)«=— .H +§%A+%VHNQAEQVWV
jo
1
(1) = | —— + 76 (—(#1)) |—
(¢) il& (— .
-1
L1
NNS,+ (¢)
e DTFS: | Al XIk]

rN‘T\L ¢ DIFS27/N v%ilx&
\HT\LA R VNAQEV
, X[ )« x—k]
e DTFT and FS do not stay in their own class!

e DTFT and FS: <




