C.1 Basic Discrete-
Time Fourier Series Pairs

Time Domain Frequency Domain
5 k), X[k] = lNil:\:[n]m““"""‘ﬂ
x[n] = %X[*le’ o N5
2
Q,= N

Period = N

(] = 1, Al=M
x 0, M<|n =N

x[n] = x[n + N]

Q,
kT{ZM + 1})

0
Nsin (k 7")

sin

o

X[k] =

x[n] = e#M"

_J1, k=p,pt N,p £ 2N,...
X[k] = {0, otherwise

x[n] = cos(pQ n)

i, k=4p,+p £ N,+p £ 2N,...
= {27 L] L] »
X[k] = {0. otherwise

x[n] = sin(pQyn)

1
Z_i’ k=p,p+ Np=*2N,...
X[k] = ;—: k=—p,—p+N,—pt2N,..

0, otherwise

1, k=0,£N,£2N,...

*[n) =1 , otherwise
*{n] = Sp wdln — pN] X(k] =
l C.2 Basic Fourier Series Pairs
Time Domain Frequency Domain
1 T
o - = 1N
x(:) - 2 X[k]e“k“"‘ X[k:[ = T£ x(t)e_" dt
k=—oe 27
PEﬂOd = T W, = ?
1L =1,  sin(kw,T,)
x(e) = {0, T, <=1/ Xk = —4—
x(2) = e X[k] = 8[k — p]

x(t) = cos(pw,t)

X[k] = 38[k — p] + 38[k + p]

x(t) = sin(pw,t)

X[k] = zl,.sue —p]- zl,.a[k +p]

x(t) = Zpoad(t — pT)

X[k] = %
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C.3 Basic Discrete-Time
Fourier Transform Pairs

jC4

Time Domain

Frequency Domain

x[n] = ﬁf:)((em)e'mdﬂ

X(e™) = i x[n]e™ ™

n==3

siu[ﬂ(ZM; 1)]

an-{i -2
sin| —
2
x[n] =au[n], |of <1 X(eM = g
x[n] = §[n] X(e®) =1
x[n] = u[n) X(eM) = = + rrpiﬁ(ﬂ - 2mp)
x[n] = ﬁsin{ Wn), O0<Wsa | X = {; I‘gljl :5 <, X(e%is2m periodic

x[n] = (n + 1)a"u[n]

1

X(e) = (1 — ae™)?

Basic Fourier Transform Pairs

Time Domain

Frequency Domain

x(t) = % L X(jw)e do

X(jw) = /:mx(t)e‘f"' dt

_ 1 . )1, lo| = W
x(t) = wt sin(W?) X(jw) = {0, otherwise
x(t) = 8(1) X(jw) = 1

x(t) =1 X(jw) = 2md(w)
x(t) = u(t) X(jw) = ;iw + m8(w)
x(t) = e™u(t), Re{a} > 0 X(jw) = 2 -:fw
x(t) = te*u(t), Re{a} >0 X(jw) = m
x(t)=e" a>0 X(jw) = ﬁ
x(t) = \/;_ﬂe"zﬂ X(jw) = e
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C.5 Fourier Transform
Pairs for Periodic Signals

Periodic Time-Domain Signal

Fourier Transform

[+ =]

S X[k]eko!

=—00

x(t) =
k

S X[k]6(w — ka,)

=—00

X(jw) = 27

x(t) = cos(w,t)

X(jw) = mé(0 — w,) + 78w + w,)

x(t) = sin(w,t)

X(jw) = =8 = w,) = =8(w + @)

x(t) = el*! X(jw) = 27é(0w — w,)
x(t) = E:C._WS(t — nT) X(jw) = Z%k_w s(m _ kz?ﬂ_)
_JL =T © 2 gin(ke
x(1) = {0, T, < |l <12 X(jw) = S Ma(‘“ ~ ka,)
x(t+ T) = x(t) k=seo

C.6 Discrete-Time Fourier
Transform Pairs for Periodic Signals

Periodic Time-Domain Signal Discrete-Time Fourier Transform
N-1 o0
x[n] = 3, X[k]e*®" X(e®) =27 3, X[k]5(Q — kQ,)
k=0 k=—cc

x[n] = cos(Qym)

X(e®) = ﬁ‘, 5(Q - Q, — k27) + 5(Q + Q, — k27)
k=—0c

x[n] = sin(,n)

X(e) =% i 5(Q - O, - k27) - 8(Q + O, — k27)

k=—cc

x[n] = ™"

X(e®) = 27 i 3(Q - Q, — k2m)
km—00

x[n] = ki&(n — kN)

k2w
-3

)

X(eM) = %kis(
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I C.7 Properties of Fourier Representations

Fourier Series

Fourier Transform x(2) e, X[k]
FT . 2
x(t) < X(jo) y(t) 2% > y[k]
Property y(t) PRE L EEN Y(jw) Period = T
Linearity ax(t) + by(t) ——— aX(jo) + bY(jw) ax(r) + by(t) <% 4X[k] + bY[k]
Time shift x(t — 1,) — s X (jw) x(t — 1,) 5% gjkunto X[ ]
Frequency shift x(t) —2— X(j(w — 7)) oot (f) 5% X[k — ko]
Scaling x(at) —2— ﬁx(%) x(at) < 22%% s X(k)
a
Differentiation i d FT . .. d Fs; .
tiI1neeren 1ation in ax(t) s juX(j) E{x(t) PR LN jkw,X[k]
Differentiation in . FT d ..
frequency —jtx(#) < > %X(;w) —
Integration/ ’ T X(jo) .
Summation /_ x(7) dr — _iw + 7X(j0)8(w) —
00 T
Convolution / X(r)y(t — 1) dr — > X(jo)Y(jw) / x(1)y(t — 7) dr —2%— TX[R]Y[K]
—c0 0
AT FT 1 ® s . ES; 0, ~
Multiplication x(t)y(t) «— —2-11—_/ X(w)Y(j(w = v))dv x(R)y(t) «———=— > X[N]Y[k - ]
—00 ==
Parseval’s ® 1 [*. . 1 (7 kel
Theorem [w [x(2)? dt = ;/_;o |X(jw)|? dw ?l () dt = kgmlx[kﬂz
T x{n] < X(e)
Duality X(jt) «—— 2mx(~w) , FS;1
X(e) — s x[—k]
FT . . ES; w,
x(t) real «— X*(jw) = X(—jw) x(t) real «——— X*[k] = X[—k]
Symmetry x(t) imaginary L, X*(jw) = —X(—jo) x(t) imaginary - L X*[k] = —X[—k]

x(t) real and even DR 2SN Im{X(jo)} = 0

x(t) real and odd T, Re{X(jw)} = 0

x(t) real and even D Im{X[k]} =0

x(#) real and odd «—2%—> Re{X[k]} = 0

(continues on next page)
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l C.7 (continued)

Discrete-Time FS
DTES; Q,

Discrete-Time FT x[n] = X[k]
DTFT p .
x[n] «—— X(¢) y[n] <2,y
Property y[#n] PRLZLLEN Y() Period = N
Linearity ax[n] + by[n] —2F 5 4X(e) + bY(e®) ax[n] + by[n] 2250 xTk] + bY[K]
Time shift x[n — n,] PZLLEEN e X (/) x[n — n,] LI, e TR X[ k]
Frequency shift e x[n] ~ DT, X(1) e*oMx[n] ~DIES, X[k — ko]
! x[n] =0, n#0,+p, £2p, £3p, ... x[n] = 0, n#0,+p, £2p, +3p, ...
Scaling
DTFT . DTES; b0,
x[pn] X(e?) xpn] =L pX [k]
Differentiation
in time - -
Differentiation . DTFT d 0
in frequency ~inx(n] EX(E’ ) -
S afi) 2L, X
Integration/ [l 1 - _
Summation =
+ 7X(%) 3 8(Q — k2m)
S
b DTFT . ; Nt s
Convolution 3 #libln = 1 X(")¥(e) *[lyln - 1] < NX[k]Y[A]
="o =
- ) N-1
Multiplication | x{nlyln] <2 — >- / XY@ D)dr | lnlyln] —2E S XYIR — 1]
- =0
Parseval’s ol 1 [7 o 1 N1 -1
Theorem n=2—-oo |x[]|* = E[w [X(eM)] a0 ﬁn=0 |x[n]* = “~ X&)
DTFT ;
x[n] «———— X() DTFS;0, 1
Duality e X[n] [—k]
X(e#) s k]
x[n] real LN X*(e®) = X(e7?) x[n] real —DTE:G, X*[k} = X[—k]
Symmetry x[n] imaginary DR BN X*(e®) = ~X(e7™) | x[n]imaginary % X*[k] = —X[—k]
x[n] real and even PRELL £ SN Im{X(e™")} =0 x[n]real and even D50, Im{X[k]} =0
DTFT DTES; (),

x[n] realand odd «————— Re{X(¢/®)} = 0

x[n]realand odd «——> Re{X[k]} = 0
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| D.1

Basic Laplace Transforms

Signal Transform
w0 =30 [ X@etds | X0 = [ stoena coc

u(t) % Re{s} > 0

tu(t) ﬁ Re{s} >0

ft-7), T=0 e for all s

e u(t) ; i . Re{s} = —a
te'u(t) ( s—+1:}3 Re{s} > —a
[cos(w;2)Ju(t) ;}; Re(s} > 0
[sin(w:)Ju(t) Tra Re{s} > 0
(67 cos(ay ) ]u(2) ? +‘;}’2"+ " Re{s} > —a
[esin(w; 1) Ju(1) P Re{s} > —a

m D.1.1 BILATERAL LAPLACE TRANSFORMS FOR SIGNALS

THAT ARE NONZERO FORt < 0

Signal Bilateral Transform ROC
d(t—171)7 <0 e forall s
—u(—t) % Re{s} <0
1
—tu(—t) 2 Re{s} <0
—e%u(—t) 1 Re{s} < —a
s+a
—te(—1) ! Re{s} < —a
(s + a)?
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| D.2 Laplace Transform Properties

Unilateral Transform Bilateral Transform ROC
x(1) —== X(s) 2(f) —=— X(s) seR,
Signal ¥(t) = ¥(s) ¥(t) Y(s) seR,
ax(t) + by(t) aX(s) + b¥(s) aX(s) + bY(s) Atleast R,NR,
- e7X(s) e
e =) if x(t — )u(t) = x(t — T)u(t — 1) eTX(s) R,
e'x(t) X(s = s,) X(s = s;) R, + Re{s,}
1. (s 1 s R,
x(at) EX(;), a=>0 EX(E) H
—x(t) i]ﬂs} %X(s) R,
%x(t} sX(s) — x(07) sX(s) At least R,
t L
f x(t) dr %/ x(r)dr + ZE? @ Atleast R, N {Re{s} > 0}
I E.1 Basic z-Transforms
Signal Transform
1 n- < -
x{n] = 5 f X(z)2" " dz X[zl = 3 xln]z ROC
8[n) 1 All z
1
>1
uln] — g
aufn] . el > lal
1 - az!
-1
az
na’"u[n S EE— lz| > |af
1-2z"'cos),
[cos(Qy7) Ju[n] 1‘— z2cosQ, + 272 |7-| >1
z 1sin 01
i 1
[sin( Q) Ju{] e | M
1 - z'rcos 0,
[ cos(€ym) Jul] 1-z"2rcos Q, + r’z32 Il > r
. Z 'rsin Q,
[ sin( Q) Ju[n] PR T —— lo| > r
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m E.1.1 BILATERAL TRANSFORMS FOR SIGNALS
THAT ARE NONZERO FOR 2 < 0

Signal Bilateral Transform ROC
1
u[-n — 1] —— 2] <1
—au[-n — 1] ! l2| < |af
1-az’!
az”!
—na"u[—n — 1] =y lz| < |al
I E.2 z-Transform Properties
Unilateral Transform Bilateral Transform ROC
x[n] <= X(z) x[n] —— X(2) zeR,
Signal y[n] <= Y(2) y(n] —— Y(z) zeR,
ax[n] + by[n] aX(z) + b¥(z) aX(z) + bY(2) Atleast R, NR,
x[n — k] See below *X(2) R,, except possibly |z] = 0,00
a"x{n] X(-E) X(i) ||R,
a a
1 1
i - «(3) R,
. X(2)Y(2)
x[n] * y[n] ifx[n] = y[n] = 0 forn <0 X(2)Y(z) Atleast R, NR,
d d R,, except possibly addition
nx[#] —zd—zX(z) _ZEX(Z} or deletion of z = 0

m E.2.1 UNILATERAL Z-TRANSFORM TIME-SHIFT PROPERTY

x[n — k] 22— x[—k] + x[~k + 1]z} +--

-+ x[-1]z7%*1 + 77kX(z) fork > 0

= —x[0)z% — x[1]zk~1 — -+ — x[k — 1]z + 2kX(2) fork >0

x[n + k] ¥——
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