Important Equations

General Functions

deat
dt

at

=dae
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a _la
fetdt—ae’

e’ =coswt + jsinwt (Euler’s Identity)

Jjot +e—jwt

coswt = Re{ ej“”} _¢ 5

Ev{x(t)}= x(t)+2x(— t)
x(t)= Ev{()}+ 0d ()}
o()= {°°’ t=0 fa(t)=1

0, t=0
1, t>0
u(t)= 0, t<0

indeterminate, t=0
x(t)* h(t) = [ x(z)h(t - v)de
E-= f:|x(t)|2dt

0=2(-1,)  0,=-T

0

1 2
P= FOj;o|x(t)| dt

Fourier Series

o

x(t)= E ae’
=%

x)—ta, yl)F—0,

Ax(¢)+ By(t )<L Aa, + Bb,

Jjot - jot

4

sinwt =Im{ ej“”} =¢ >
J

oaf(}- 210

8[n]= {1, n=0

0, n=0

u[n]= {1, t=0

0,t<0

x[n]*h[n]= ix[k] h[n-k] (Convolution)

k=—o

E = n§x|x[n]|2

£ (Energy)
x[n]= x[n - NO] (Periodic)

1 2
P=— \E p
N, - NO|>x[n]| (Power)

1 .
a, =— (x(t e """ dt
T Tf
a, =a_, forreal x(t)

x(— t)$ a,
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x(at)eLsa,, a>0

dX(t) Fs 1
” Jkaw,a, f x (¢ Wt <L ko, a,
x(t-1)Ls ey,
x(t)y(t)$ E anbk—n
— f |x(t)| dt = E|ak| (Parseval's Relation)
T, 7, K==
s N s 1

x(t)=1 L g, =1 x(t)=n=zm8(t—nTO)<F—> a, =Fo
()= coslkayt) <L a, = % =% x(0)= sin(kayt) <L a, = _%', a -
Fourier Transform

— 1 " Jot _ e - jot
) [xlh o Xo)= [
x(t)"L— X () X(@)=X"(-w) forreal x()
Ax(t)+ By(t )L AX (w)+ BY (w) (1)t x(-w)
x(at)<—F—>lX(2) a>0

a \a
H) o) fru—— 1 (o)
j
x(t-1)L—se’" X ()
1

()= -X)¥ (o) x(e)s y(O)"—X () (@)

EZ}O‘x (t) ‘2 dt = %}O‘X (a)) ‘2 dw (Parseval's Relation)
-0 Jr -0

X(a))= EZﬂaké(w - kw, )
k= (relation of Fourier Transform to Fourier Series)

N |~
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x(t)=1 <L X(w)=270(w) x(t)=0() <~ X(w)=1
x(t)=cos(w) <L X(w)=m0(w-w, )+ 79w +w,)
x(t)=sin(w?) <= X(0)=-jnd(w-w )+ jro(w+w,)

1 |t| <T

F X((,U)= 28111(607—1)
0 |t| > T w

x<r>={

) sinztA
sincA =

TA

Complex Impedance

1
Zo=—— Z, = joL Zp=R
joC
) 1 Z7
Z.=7 +Z7, (series Z, = =172 arallel
s 1 5 ( ) P 1 Z+7, (p )
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Laplace Transform

s=0+ jw
X(s)=f:x(t)e"”dt

Ax, (t)+ Bx, (t)<#> AX, (s)+ BX, (s)

x(e)shl)—— X () (s)

dx (t)

7 ——sX (s)

x(t)=e ult) <t x(s)= -

x(t)=0() <t x(s)=1

N CZk t M Cik t
S0 7095 0y
Partial Fractions

c, cl(s+b)+cz(s+a)

X(s)- (Sila)+ (s (s+aXs+b)

+b)=

Geometric Series

Infinite:

for |a| <1, ia” =

n=0

-a

x(t)— py m]mX(S)e”ds
7 jJo-i

x(t-1,)—L—=e™x(s)

(i), a>0
a

[xOdr——2x()

x(at)é lX
a

) e x6)-
x()=0(-1) <= X(s)=e™

k
b.s

OPQ“" 0op < US‘}‘QW\

a,s" x(€) G(s :)—>8(t\
0 £
\Feeé\oo\c\;
G
() = ——
eﬂ""rt"o{os@ﬁ O‘,S‘P%SM |+ &) 66)
¢, =[X(s)(s+a)] ., = [Cl(” b)+cy(s+ a)}

(s+b)

Finite:

for any «,
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Discrete Time Fourier Series

x[n]= x[n + N] assume o, = Nw, =27 a, =a,,y
, 1 i
x[n]= Zakeﬂ“”"’ a,=— Y x[n]e
k= N) N n=<N>
o
w=e N w =1
0 0
w’ w’ W w? w’ W’
1 2 - -
w' oW w . w’ owlow?
-1 0 -2 -4
F = WO W2 w4 F =N w w w

Discrete Time Fourier Transform

assume o, =2m X (a)) =X (a) + 2J‘L’)

x[n]=$jf)((w)ejw”dw X(w)= Ex[n] e "

x[n - n, ]é e X (w)

Sampling and Aliasing

For x(t) sampled at w, ... <— (Nyquist frequency) to avoid aliasing.
Z Transform

z=re’ X(z)= nz_wx[n] z" x[n]= % X(z)z""dz
dn]<—=—1 x[n-n,|«===z"X(2) a'u[n]<—=— <




