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Tables for Signals and Systems
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Geometric and Arithmetic Series
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Distributions
Definition: [*_ f(2)0(" (z — wo)dz = (—1)" f (x0)
f(@)d(x — o) = fx0)d(x —xo) | f()d'(x —w0) = f(w0)d"(x — x0) — f'(0)d(x — w0)
xd(x) =0 zd'(z) = =d(x)
f(@) % 6(x — x0) = f(x — x0) f@) x 8" (x — x0) = f'(x — w0)
d(ax —xzp) = |i|5(x—%°) 6’(am—x0):ﬁ%5 (x—%0)
o(z) = 6(—x) §'(x) = =8"(—x)

Fourier Series - Continuous-variable

The fundamental period is defined as &, = 3=

Xo

Lonly if (fo(z)) = a(0) =0

Properties Transform pairs
ofo(z) + Baol) an(m) + Bbm) fole) a(m)
folz — o) a(m)e=Imeoro eikéo S(m — k)
2)eimoto alm —m 5
fo(fé(@ (a*<_m)0) fo(z) = m;wa(m)ejmsow a(m) = - Xo>fo(x)e*jm€ozdl.
fo(—2) a(—m) K Ké(m)
folaz),ifa >0 a(m) (period X{, = %) cos (k&ox) % [6(m — k) 4+ 6(m + k)]
fo(x) * go(x) Xoa(m)b(m) sin (k&ox) % [6(m — k) —d(m + k)]
fol@)go(e) a(m) « b(m) Hoa(e)= 3 11(2=kx) Bsinc (mr )
4L fo(z) Jmé&oa(m) k=0
i fo(a) (jméo)" a(m) Roa(@) = D A(=55) Agsine® (mra4;)
[ fola)da —_a(m) & )
(Jo(2).90(2)) = Xo (alm), b(m) p Ak %
Jo(z) = fi(x) (real) a(m) = a*(—m) Z §(x — kXo) = Z iméos
fo(z) = fo(—x) (even) a(m) = a(—m) h=—oo m=me
Fo(@) = — fo(—2) (odd) a(m) = —a(—m) (Poisson summation formula)
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Fourier Transform - Continuous-variable
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f(x)

Transform pairs

F(£)

Properties —_ 1 > F €j£xd —_ [ - €_j£zd.13
of(x) + Bg(x) aF (€) + BG(9) N ‘{;(;‘3 B f’mlf( :
f(z =) F(&)e 78w d(x — x0) e~ 75@0
f@)eier Fle— &) @) RGeS
/(@) F*(=¢) (). ) Asm(c ()%f)
f(==) F(=¢) 2rSNCio T
1 A(% Ssinc” (&8¢
f(ax) Tt ( ) eaxu(x),(ER>{oz} >0 . aiji B
f(x) * g(x) FEG(E) ze~“u(z), R{a} >0 (=t
f(z)g(z) iF(O * G(§) Inil,e_al‘u(x), R{a} >0 1J _
%f(l') ij(f) = ejgor QW((;X(EJ? 50)
4= f(x) (Jf):F(f) K 27K 6 ()
" f(2) g dfz(g) cos (§ox) m[0(€ — &o) + (£ + &o)]
Jo o fy)dy £ F (&) +7F(0)3(6) sin (o) 7o (5 §o) = 6(§+&o)]
(ZL’) 2’/Tf( 5) = alm ejmﬁoa: 27‘(‘ ( ) (5 mg )
(f (). (@) = 3 (F(©).G(€) Do :Zoo °
fla) = fr(@)real | F(§)=F*(=¢) S (0 kX 2 NS 506 m
f(z) = f(—x) even F(&) = F(=¢) k_z;oo ( ’ B m;m ¢ “
f(z) = —f(—z) odd F(§) = -F(=¢) o (a Z T (2= kXo Q;A Z sinc (mﬂ-XA) 5 (€ — mé)
k=—o00 m=—o00
Fourier Series - Discrete-variable
The fundamental period is defined as 2y = ]2\,’; .
Properties Transform pairs
azo(n) + Byo(n) aa(m) + b(m) zo(n) _ a(m)
xo(n —ng) a(m)e=Imomo eipton Z d(m —p—kNy)
. k=—o00
xo(n)edMSon a(m — M) zo(n) = Zm:(NO a(m)e?™0n | q(m) = NLO S o) 2o (n)e Imn
xo(—n) a(—m) cos (pQon) k=—o00
xzo(n/p) mmult. p 1 1 S m _
{O n not mult. p Ea(m) +2 k_z;oo Om +p ~ ko)
20(n) * yo(n) Noa(m)b(m) 1 i 5 (m — p— kNo)
zo(n)yo(n) Z a(k)b(k —m) sin (pQon) ) k_;ooo
E= o) N S(mp— kN
zo(n) —xo(n —1) (1 —e JmQO) (m) 2j ko_oz:oo P ’
Sore o zo(k),if a(0) =0 (1_971]_””90) a(m) K Z K& (m — kNy)
(20(n). yo(n)) = N, (a(m), b(m)) ) =S = Ny e
IO( ) IE( )real a’(m) - a’*(im) = I 1 sn(on(N-l‘%))
2N+1 (n — kN, ) N —mg
20(n) = zo(—n) even a(m) = a(—m) k;oo o ’ No 1 sin(Z52)
zo(n) = —zo(—n)odd | a(m)=—a(—m) a(n) ngTo(=m)
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Fourier Transform - Discrete-variable

Transform pairs
z(n) X(2)
z(n) = 5= o X () M | X(Q) =Y x(n)e 7"
Properties o(n) 1
X(2) = X(2 + 2) 9(n = no) eIt
az(n) + By(n) aX(Q) + BY(Q) u(n) =T Y (R 27k)
x(n —n,) X(Q)e7me - =
Jiiomn _ _
e X e 2:;0@6 (Q — Qo — 2k)
7 (n) X*(-9) Mo +1(n) i
x(—n) X(—Q) au(n), |a| <1 —
fo(z) «— a(m) DSF-VC o (n+1)a"u(n), o] <1 e
2(n) = a(—n) «— X(Q) = fo(Q) TE-vyD" 0 =T I mu(n), Jaf < 1 ﬁ
zln/p) X K 21K Z 5 (Q — 2nk)
z(n) * y(n) X(Q)Y(Q) _k=—cc
z(n)y(n) 3 X(Q) xY(Q) ™ Z 5(Q — Qo — 2nk)
z(n) —x(n —1) (1—e7) X(Q) cos (Qon) =
) - | jQ)X(QH Y S(Q+ Qo — 2mk)
S ak) e
k=—o0 + Z 5 (2 — 27k) 5 > 8(Q— Qo —2nk)
k__ix(ﬂ) sin (Qon) kz;)oo
na(n) J a0 TN 8(9+ Qo — 2k)
(z(n),y(n)) = 5= (X(Q),Y(Q)) (Parseval) _ iy
(n) = " (n) (real) X(Q) = X*(-Q) > a(m)ermeon 2 Z 5 (2 — mQp)
x(n) = z(—n) (even) X(Q) = X(-Q) e ’2’:“’"
#(n) = —(~n) (odd) X() = —X(—0) 2 S(n—kNo) vm;mé (2 = mfko)
Z H2N+1 (7’L — kNo) 27 Z Q mQO)
k=—oc0 m=—00
Laplace Transform
Properties
af(z)+ Bg(x) | aF(s)+ BG(s) Atleast Rr N Rg
flz—2x,) F(s)e 5% Rp
f(x)es® F(s—s,) Ry shifted
[ () F(s7) Rp
f(=x) F(—s) Rp reversed
f(ax) o |F( ) Rp scaled
f(z)*g(z) F(s)G(s) Atleast Rr N Rg
% sF(s) Atleast Rp
% s"F(s) Al least Rp
7 fw)dy 1F(s) Atleast Rr NR{s} >0
—zf(x) %ff) Rp
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Transform pairs
f(z) F(s) ROC
flz) = % f;)ojjj:: F(s)e**ds | F(s) = ffooo f(z)e™*%dx -
o(x) 1 Vs
oz —x,) e~ 5% Vs
50 () s" Vs
+u (+x) < R{s} 20
zu () s% R{s} >0
+ 2 (da) L R{s} =0
:tef:“”‘u (£x) Sia R{s} 2 -«
timme “u(£r) ﬁ R{s} =2 —a
cos (§ox) u (x) e R{s} >0
sin (§ox) u (x) szOES R{s} >0
e~ cos (§ox) u (x) (Hjj% R{s} > -«
e~ gin (§oz) u () (s+o§++£§ R{s} > -«
It is assumed that o € R.
z-Transform
Properties
az(n) + By(n) | aX(z)+ LY (2) Atleast Rx N Ry
z(n —ny) X(z)z7mo Rx (origin?)
x(n)elton X (ze=7%h0) Rx
RO X(Z) ol Bx
z(n)a™ X(2) la|Rx
x*(n) X*(z%) Rx
z(—n) X(1/z2) 1/Rx
z(n/p) X (") [Rx]?
x(n) * y(n) X(2)Y(2) Atleast Rx N Ry
z(n)—z(n—1) [ 1-271) X(2) Atleast Rx
Zngoo z(p) —X(2) Atleast Rx Nz > 1
nax(n) 7(1)27@) Rx
Transform pairs
x(n) X(z) ROC
z(n) = % Eﬁzl X(2)z" Mz | X(2) =0 z(n)z " -
o(n) 1 Vz
o(n —ny) z7 " Yz
u(n) 1,i—1 ‘Z| >1
—u(—n—1) T |z] <1
a™u (n) — |z| > |al
nau (n) . 21> |a
—a"u(—n —1) —Y— || < lal
—na"u(—n —1) m 2| < |al
cos (Qon) u (n) el 2| > |1
sin (Qon) u (n) % |2 > [1]
a™ cos (Qon) u (n) azzéf_éfzg(fosog&oﬂ |z| > |a]
a™sin (Qon) u (n) a2272i2;7311;10%290+1 |2 > |al

—4-



