Property Time Domain Frequency Domain
Linearity axi(n+ ax(n aXi(Q)+ ax(Q)
Translation X n—no e/ X( Q)
Modulation oy X(Q—-Q(o
Time Reversal X — X(—)(
Conjugation XN XH(—)(
Downsampling X MA i 1/|//—1X Q—2Trk
Upsampling M) X(n) X(/l//Q(
Convolution x1 %x0( 1) )(1<{Q)X2(Q(
Multiplication x1(n)xe( A 2_ -, X1(0) X%(Q —6) ab
Freq.-Domain Diff. . I EEIX(Q(
Accumulation S e = XK S X(Q) + TX(*Y ( Qo= __ O(Q —211A(
Property
Periodicity X(Q) = X(Q+ 2

Parsevals Relation  ~y  _ [XM7n)[= 2 %T{Zn IX(Q)? aQ

Version: 2016-01-25



Pair X/ X(Q(
1 A 1
2 1 2Ty 5o O(Q — 21K
2k
3 U S Y Yo TO(Q — 271K
Q
4 aun,la<1 P
Q
5  —au-n-1),la>1 S5
—132
6 alnl, |a| <1 2—1acésaQ+ &
7 cosQon T Yeo_= 10(Q —Qo —211A) + O(Q + Qo —21A(
8 sinQon /Tr""z%,o_Z 10(Q+ Qo —21A) —0(Q — Qo —21TA(
9 )cosQon) U e+ IS, - 16(Q —21k— Qo) + §(Q —2mk+ Q(o
e
10 )sinQon) U et T = 16(Q — 21k~ Qo) ~(Q —2mk+ Qf(o
11 EsncBn0< B<m g, o rect 2K
1 if |/7| <a sn(Q[a+ 1
12 XrF sin(Q/(g[

0 otherwise
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@ Recall the definition of the Fourier transform X of the sequence X

X(Q= ( Z X n)en
,‘PO—:
@ Forallinteger K we have that

X(Q+ MTh= ( Z )((/7) e—j(Q+ 2Tk N

[P

h

)(( /7) e J(Qr 21Thr(

@ Thus, the Fourier transform X of the sequence xis always 21-per/odlc.
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o Ifxi(r) <= X1(Q) and x(n) <= X(Q), then

axi(n+ ax(n < aXxi(Q)+ aX(Q«

where & and & are arbitrary complex constants.

@ This is known as the of the Fourier transform.
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o IfX(n) <= X(Q), then
X(n—r) ¥ €/ X(Q

where /b is an arbitrary integer.
@ This is known as the translation (or time-domain shifting) property of
the Fourier transform.



o IfX(n) <= X(Q), then
&0y n) <= X(Q —Q«

where Qg is an arbitrary real constant.

@ This is known as the modulation (or frequency-domain shifting)
property of the Fourier transform.



@ IfX(r) <= X(Q), then
X(—) —= X(—(

@ This is known as the time-reversal property of the Fourier transform.



@ IfX(r) <= X(Q), then
xX(n) <= X(—Q.(

@ This is known as the conjugation property of the Fourier transform.



@ IfX(r) <= X(Q), then

M-1
)((/|///7—> QLFT( 1 Z X Q=2nk
M M
k=0

@ This is known as the downsampling property of the Fourier transform.



@ IfX(r) <= X(Q), then
NMXr) —= X(MQ.(

@ This is known as the upsampling property of the Fourier transform.



o Ifxi(r) <= X1(Q) and x(n) <= X(Q), then
X k(N < X(Q)X(Q.(

@ This i1s known as the
of the Fourier transform.

@ In other words, a convolution in the time domain becomes a multiplication in
the frequency domain.

@ This suggests that the Fourier transform can be used to avoid having to
deal with convolution operations.

Version: 2016-01-25



o Ifxa(n) <= X1(Q) and x(r) <= X2(Q), then

}

x(n)xe(n—=1 5 , X1(9) X(Q —0) ab.

@ This is known as the

of the Fourier transform.

@ Do not forget the factor of %Tin the above formula!

@ This property of the Fourier transform is often tedious to apply (in the
forward direction) as it turns a multiplication into a convolution.
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o IfX(n) <= X(Q), then
() <= JEX(Q.(

@ This is known as the frequency-domain differentiation property of the
Fourier transform.



o IfXr) <= X(Q), then

L DTFT e/Q *°
sz_z AR == gnTX(Q) + 1IX((0 kb.z; O(Q — 21Tk (

@ This is known as the accumulation (or time-domain accumulation)
property of the Fourier transform.



o IfxXn) <= X(Q), then

o }
T M= 2 L IXQP

o= 2
)i.e., the energy of xand energy of Xare equal up to a factor of 2m).
@ This is known as

@ Since energy is often a quantity of great significance in engineering
applications, it is extremely helpful to know that the Fourier transform

preserves enerqgy (up to a scale factor.(
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