Period of a Discrete Sinusoid
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Period of Sum of Sinusoids
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Complex Conversions
cartesian —* polar polar —> cartesian
s=a+ijb s =g + bre (%) s=rel® S=rcos” + jrsin”
Complex Arithmetic
Addition cartesian (a+jb)+(a,+ jb,)=(a +a,)+j(b+h,)
Subtraction cartesian (a,+ jb) - (a, + jb,) = (a, - a,) + j(b, - b,)
Multiplication polar rleff’n ‘e 0> _ rre J(6,+6,)
e .-
Division polar 1 o= 1g! (61-02)
e r,
e\ N f
Powers polar (reJ ) =r"eh
Roots polar " =g=rel? ~
§= S/n =e;.l/nej(6/n+2nk/n) k=12..n-1




Complex Conversions

cartesian —* polar polar

I cartesian

34 4= /32 +4ze.i-atan(%) = 510977 zei‘% =2COS%+ j25in%=l+ JWE

Complex Arithmetic

(1+j2)+(3+j4)=(4+j6)

Addition cartesian

Subtraction cartesian (1 + ]2) _ (3 + j4) = (_2 - ]2)

Multiplication polar 56t 6el T =562 577 2 308/ %

Division polar 10e’? +5¢'% = (%)ej'(%f%) =2¢”%

Powers polar (381%)3 =133 el(% _ 27ej'(37”)

Roots polar 72 =64=64¢"° j .
7= 6413i(0/372°%/3) = 4ai(27%13) 4:/(4””)

multiply cosines of different frequency
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Representations of Sinusoids

ACOS(Zﬂkfot + (j)k) Re{ Aej2’7”¢} A€j¢ . (E/Znﬂ +26—j2nfr )
:Re{AeMJejZf;ﬂ} :X'(ejm*ze’im)
= Rqujz’*f’}

Sum multiple cosines same frequency
n

iAk cos(2ft + ¢) = iRe{ Akezzmaak} - ERG{ Ake¢ke2”“}
- ?# Re{A,e” }%ez*f”

%1

Ex.  3cos(2w40¢ + %)~ 1cos(2740¢ - )+ 2cos( 2401 + %)

Re{se%ejzmml —b_I%e/Z”AO' . Ze%ejzmwz

Re{(3ej% _1e6'e . Ze%)eﬂ”‘“"}
Re{5.234e”54562”4ﬂ'}

5.234coq 2740 +1.545

Composite signals (waveform synthesis)

X(t) = A + E Acos(27kf t + ¢ ) = X, + Re{z xkeertkfot}
P

k=1

decompose a periodic signal x(t) into a sum of a series of
sinusoids - the Fourier series.

Note: The sum of periodic functions is periodic.
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Composite signals (waveform synthesis)

x(r)= A, + EAk cos(2nkf,t + ¢, ) = X, + Re{z Xkejz”kf"'}
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Composite signals (waveform synthesis)
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Composite signals (waveform synthesis)

xX(t) = Ay + Y, A cos(2kf,t + §,) = X, + Re{z Xkeﬂ"kfv’}
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Fourier Series

For a given signal, how do we find X, = Akem
for each k ?

Fourier Analysis

x(t) = Ag+ Y, A, COL2kf ot + §,) = X, + Re{z Xkeﬂ”%’}
k=1

k=1
where
X - _f x(t)dt fe:fundamental frequency
T T, =1/,

= f x(te gt

Fourier Series
x()=t 0=st<T )
& )
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Fourier Series
x()=t O0=st<T,

x(1)= Ay + EA cod2kfyt + ¢,) = X, + Re{z
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To 2% 2
=iftdt=it— =LTL=L
T % T, 2 0 T, 2 2
Mathematica:
athena%add math
athena%math

In[1]:=1/T*Integrate[t,{t,0,T}]
Out[1]:=T/2

Fourier Series

Mathematica:

In[2]:= 2/T*Integrate[t*Exp[-[*2*Pi*k*t/T],{t,0,T}] X« —*ffe
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Fourier Series
x()=t 0st<T,
X(t) = A+ Y Acos(2akfyt + ) = X, + Re{

k=1

E xkej2:zkfot}

k=1

X, =2
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Fourier Series:Square Wave
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In[1]:=1/T*Integrate[1,{t,0,T/2}]+ 1/T*Integrate[-1,{t,T/2,T}]
Out[1]:=0
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Fourier Series

XD=t 0s1<T, )
x(1)= A, + EAk cos(27kf,t + ¢,) = X, + Re{z XkejZJrkfoz}
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Fourier Series:Square Wave
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In[2]:=2/T*Integrate[ Exp[-1*2*Pi*k*t/T],{t,0,T/2} ]+
2/T*Integrate[- Exp[-1*2*Pi*k*t/T],{t,T/2,T}]
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