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1 General
Energy/Power Signal

D Y L :
P = lim — lg(t)*|dt = average power by ¢(t) over time T (27'7)
T—0 21w J_p
E= / lg(t)%dt = total energy in g(t)
Functions f(t) and g(t) are orthogonal in interval a to b if
b
| #stnde=o
2 Fourier Series
x(t) = ap + 2 Z(an cos nwot + by, sin nwot)
n=1
27 IAL
Wy = — ag = — x(t)dt
Ty To Jo )
I 1 [T
ap = — x(t) cos nwotdt b, = —/ x(t) sin nwotdt
TO 0 TO 0
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Polar form:

x(t) = co + Z C,, cos(nwt + ¢p,)

n=1

b
Co = ap C, = CL% + b% G = — tan™! af"

n

Exponential form:

0o , 1 Ty 4
)= Y Comt Co= / 2(t)eT#onta

n=—oo

Spectrum of trignometric series exists for positive w only.

For exponential form, for real z(t), magnitude spectrum is even, phase spectrum is odd.
Magnitude spectrum -ve sign = 180° phase shift.

dc values= ag Sy Cy etc.

Even function: b,, = 0, Odd function: ag = a, =0

Sp v/s w: Amplitude spectrum
¢n v/sw: Phase spectrum

ap = Co an = (On + O—n) by, = ](Cn - C—n)

1 1
Cn: §(an_.7bn) C—n: i(an +]bn>

3 Fourier and Inverse Fourier Transforms

F(w) = /jo f(t)efjwtdt flt) = i /OO F(w)ejwtdw

2r J_ o

Fourier transform exists for f(t) if:
Energy £ = / If(t)|%dt < oo
Phase spectrum does not exist if F(w) is real. Magnitude M = |F(w)]

t
m(=)=1for — T <t <L and 0 elsewhere
T 2 2

sinmwx

sinc(z) =
T

sgn(t)=1fort>0and —1fort<0

Sampling property of unit impulse function:

/OO m(t)8(t — 7)dt = m(r)

— 00
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3.1 Properties of Fourier Transform
Linearity: ax(t) + by(t) MR aX(w)+bY (w)
Time shifting: (¢t — to) L e 99 X (w)

Frequency shifting: x(t)el“" MR X(w — wo)

drz(t
Differentiation: dgtci ) £, (Jw)" X (w)

¢
Integration: / x(t)dt RN _iX(w) +7X(0)d(w)
oo Jjw

Scaling: z(at) RN ‘1|X( )
a

Duality: X (t) NEN 2z (—w)

Convolution: z(t) * y(t) NEN X(w)Y(w)

1
a4+ jw

F7Y( ) = e “u(t)

Parseval’s theorem: / (t)]2dt = — / w)|?dw
| X (w)|* = energy density spectrum of x(t)

4 z-Transform

If z = re/ then X(z) = z{z(n)} = F{z(n)r "}

If r = 1 then z transform reduces to Fourier transform. If ROC (Region of Convergence) of ZT includes
unit circle then z(n) is FTable.

z{a"u(n)} = . :

z{—a"u(-n—-1)} =
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4.1 Properties of z-Transform
Linearity: az(n) + by(n) «= aX (z) + bY (2) ROC: Intersection
Time scaling: a,z(n) «— X(a"'2) M < z<7ry+—ar; <z<ars

Time shifting: z(n — k) < 27 *X(2)

For oo duration series ROC remains same

1 1
Time reversal: x(—n) «— X (27 !) r<z<ryer —>2>—

1 T2

Multiplication /differentiation: na(n) <= —2zX'(2)
2 *X
Division/integration: 2(n) — —/ ﬁdz
n 0z

Initial value thm: If z(n) is causal then z(0) = lim X(z)

Z2—00

Convolution: z;(n) * z2(n) < X;(2) - Xa(2)

z(n) =Y wi(k)za(n — k)
k=—oc0
k
z(n —k) <= 27X (2) + Z x(—n)z"] k>0
n=1

ROC |z| > amas = causal system
ROC |z| < amin = anticausal system

ROC includes unit circle = stable system

5 Laplace Transform

L{f0} = Fs) = | T et it

—00

L{f(t)} = F{f(t)e 2"}
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If ROC of LT includes o = 0 then f(t) is FTable.

Derivative: d
(B <= aF(s) ~ £(0)

d? L

23 [ (1) <= @®F(s) = s/(0) = f'(0)

d3 L
ﬁf(t) A

1

Integral: /f(t)dt RN ;F(s) + %f_l(O)

Time shifting: f(t — a) NEAN e “F(s)

Unit impulse: 4(t) L

1
Unit step: u(t) L2
s

L m
= —
s+n+1

. L w
smwt<—>ﬁ
s+ w

L S
coswt<—>ﬁ
S“ 4w

—at L 1

e at

s+a

Initial value: %ir% f) 5 lim sF(s)

§—00

Final value: tlim (@) 5 lim sF(s)
—00

s—0
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