TABLE I

CONTINUOUS-TIME FOURIER TRANSFORM/SERIES PAIRS

Time Function

Fourier Transform

Fourier series coeffs (if periodic)

1 (o5

sin(Wt) _ W

7t K3

Wt

sinc (7)

e "u(t), Re{a} >0

te”u(t), Refa} >0

gn—1

)
4(t)

() =1

5 (t—to)

z(t) = cos (Qot)

z(t) = sin (Qot)

Zn 5 (t — nTo)

Re{a} >0

2sin(070) — oTpsine (£20)

1 (577)

1
a+72

1
(a+jQ)?
1
(a+5)™
1
276 (82)
exp (—jSto)

2768 (2 — Qo)

75 +T8(Q)

[0 (22— Qo)+ 0 (24 Qo)]
?[6(9—90)—5(94—90)]

B X (i (2 k)

X[0]=1,X[k] =0, for k #0

X[1] =1, X[k] = 0, otherwise

X[ =X[-1] =3

2
X[k] =0, otherwise
n=-x[-1 =4
X[k] =0, otherwise
X[k] = T%,Vk



TABLE I
FOURIER TRANSFORM PROPERTIES

Property Mathematical Description
z(t) = X ()
y(t) =Y (&)

Linearity az(t) + by(t) <= aX (jQ) + bY (j2), where a and b are constants
Time shifting z(t—to), to€R <= e IHX(Q)

Frequency shifting eIt (1) <= X (5(Q — Q))

Conjugation z*(t) <= X" (—jQ)

Time Reversal z(—t) <= X (—jQ)

Time scaling a(at) <= X (£2), a is a constant

Convolution in the time domain z(t)xy(t) = X ([ Y ()

Multiplication in the time domain z()y(t) <= 5= [, X (GO)Y (j(2—0) db = 5= X (§2) = Y (jQ2)
Differentiation in the time domain La(t) < jOX(jQ)

Integration in the time domain f:oo z(7) dT <= j%X(jQ) + 71X (50)6(2)

X(jQ) = X*(—jQ)
Re{X(jO)} = Re{X(~j)}
Conjugate Symmetry for Real Signals z(t) real <= ¢ Im{X ()} = -Im{X(—jQ)}
X (G| = X (=)
IX(jQ) = —ZX(~j9)

Symmetry for Real and Even Signals z(t) real and even <= X (jQ) real and even
Symmetry for Real and Odd Signals z(t) real and odd <= X (j2) purely imaginary and odd

Even-Odd Decomposition for Real Signals ie Eg z g\(lif:jrf{{;(g)}},;%) rree;lll:j§;jf§((‘(7§£}
Parseval’s Theorem [ lz@®)Pdt = 5= [, 1X(5Q)d2

Duality If z(t) < X (59) then X (jt) < 27z (—jQ)



TABLE I
DISCRETE-TIME FOURIER TRANSFORM PAIRS

Sequence Fourier Transform
o[n] 1
d[n — no] e~ dwmo
1 (—oco<n<oo) >k 2mo(w + 27k)
a"uln] (la| <1) T
u[n] 71761,jw + >, mé(w + 27k)
(n+1a™u[n] (la] <1) m
™ sin +1
- ssi:ﬁ;;n )u[n] (|T| < 1) 1—2rcoswpel-7“+r2e_12“’
sinwen X (ejw) — 17 |w| < We,
™ 07 we < |w| S 7T
1, 0<n< M, sinfw(M+1)/2] _—jwM/2
zln] = { 0, otherwise T osin(w/2) ¢
giwon Dok 2md(w — wo + 27k)
cos(won + ¢) > [me7?8(w — wo + 27k) + e TIPS (w + wo + 27k)]
TABLE II
DISCRETE-TIME FOURIER TRANSFORM THEOREMS
Sequence Fourier Transform
z[n] X (e
yln] Y (%)
az[n] + by[n] aX (e7*) +bY (¢7%)
z[n —nq] (ng an integer) e U X (&)
edwon X (ej(w*wo))
z[—n] X (e77%)
LoX(ed®
] o)
z[n]  y[n] X (7)Y (e7)
z[n]y[n] i fjﬂ X (eje) Y (ej(“_a)) dé

(periodic convolution)

Parseval’s theorem:
i iwy 2
Xz = o [T X ()] dw

S alnly ) = g [T, X () Y* () dw



TABLE 1II

DISCRETE FOURIER SERIES PROPERTIES

Periodic Sequence

DFS Coefficients

(Period N) (Period N)
Z[n] X k] periodic with period N
Z1[n], T2[n] X1 [k], X2[k] periodic with period N

a1 [n] + bia[n]
Xn]

Z[n —m]

& K Fn)

ZZ;(I) Z1[m]Z2[n — m] (periodic convolution)

T 1 [n] %2 [n]

The following properties apply only when z[n] is real

Symmetry properties

Ze[n] = % (Z[n] + Z[—n])

(Z[n] — z[-n])

=

Zo[n] =

aX1[k] + bX[k]
NZ[—Fk] (Duality)
e IR X (K]
X[k -1

X1 [k] X2[K]

N Sisy' X1l Xa[k — 1]
(periodic convolution)

X*[-H

X[k = X*[-K
Re{X[K]} = Re{X[~H]}
Im{X[K]} = —Im{X[~k]}
| X[k]] = | XK
£LX[k] = —4X|K]

Re{X[k]}

JIm{X[K]}



TABLE I

LAPLACE TRANSFORMS OF ELEMENTARY FUNCTIONS

Time Function Transform  ROC

3(t) 1 All s

u(t) 1 Re{s} >0
—u(—t) 1 Re{s} <0

n—1
(;71)!114(15) sin Re{S} >0
n—1
_ (tnil)!u(ft) = Re{s} <0
e~ *u(t) Sia Re{s} > —a
—e %ty(—t) S Re{s} < —a
n-1 _,

(;71)16 fu(t) 7(5;&)" Re{s} > —a
—%e_mu(—t) W Re{s} < —a
§(t — To) e 5o All s

[cos (Qot)] u(t) ez Re{s} >0

0
[sin (Qot)] u(t) % Re{s} >0
S 0

[e—at CcOs (Qot)] U(t) (s-l»i;;izoi{—% RG{S} > —«
[e—at sin (Qotﬂ U(t) (‘94—;;734-(][2) RE{S} > —«
un(t) £ d:;fff) s" All s

U—n(t) 2 w(t) ... xu(t) + Re{s} >0

—_——

n times, « denotes convolution



TABLE I
PROPERTIES OF LAPLACE TRANSFORM

Property Signal Laplace Transform ROC
z(t) X(s) R
X1 (t) X1 (S) Rl
IQ(t) XQ(S) RQ
Linearity az1(t) + bra(t) aXi(s)+bXa(s) Atleast Ri() Rz
Time shifting x (t —to) e~ X (s) R
Shifting in s-domain etz (t) X (s — s0) Shifted version of R (i.e. s in

the ROC if s — sg is in R)

Time scaling z(at) X (2) Scaled ROC (i.e. s is in the
ROC if  is in R)

Conjugation z*(t) X*(s") R

Convolution 21 (t) * x2(t) X1(s)Y (s) At least Ry [ R2

Differentiation in the time domain % (t) sX(s) At least R

Differentiation in the s-domain —tx(t) L X(s) R

Integration in the time domain ffoo z(7) dr 1X(s) At least R(N{Re{s} > 0}

Initial- and Final-Value Theorems
If 2(t) = 0 for ¢t < 0 and x(¢) contains no impulses or higher-order singularities at ¢ = 0, then
2(07) = lims 00 X (8).
If z(t) =0 for ¢ < 0 and z(t) has a finite limit as ¢ — oo, then
lim; 00 z(t) = lims— sX ().





