Period of a Discrete Sinusoid

Discrete Sinusoid w/ evenly divisible frequency

y[n] = sin(2" #%#n)
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Period of Sum of Sinusoids

Perlod of Sum of Sinusolds
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ComplexConversions
catesan —> polar polaa  —>  cartesian
s=atjb s=/a? + b2e %) sre! s=rcos’ + jrsin”
ComplexArithmetic
Addition cartesian (a+ib)+(a,+jb,)=(a +a,)+j(b +b,)
Subtraction cartesian (a+ijb)" (a,+iby) =(a" &) +j(b," b,)
Multiplication polar riejei . rzejez =nhe J(61+02)
el i
Division polar 2= = 2el(u#)
e’ o,
Powers polar (rej")n =rnel
Root | n—g=rel N
oo poier ;: S/n ;erl/nej("/n+2M</n) k=12..n"1




ComplexConversions Representations of Sinusoids

catesan —>  polar polaam —  cartesian Acoq2"kf t + #,) Re{ Ae’?T +#} Ael” # e +2e"/°i 29t
34 j4=/3 1 422 _5i097 26l _ 2cost + j2sing =1+ j+/3 =Re Ae’ ¢/} _x ..(ejm +e$im)
2
- j2s
ComplexArithmetic - Rq Xe }
Addition cartesian (1+j2)+(3+j4)=(4+6) Sum multiple cosines same frequency
. . L _ o P Acos(2 it +#) = R Ae? ) =§ Rd A g%
Subtraction cartesian (1+ 12) (3+ J4) :( 2 ]2) s ( k) El E{Ak } 1%1 e{Ak }
$n '
g g (£ # in7# - "k 2*ft

Multiplication polar 5e/% "eelt = 5neel 549 - 308/ % ‘%fe[ Ae }%e
Division polar 10e!% 2 5l = (Lé))ej'(%$%) —2el'% Ex. 3cog2" 40t +5) #1cog2" 4()(#%)'+2c05(I2" 400+7%)
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Powers polar 3el'"% s _ 33 " j"(%) - 27 J'"(%) *g wil e
e € R&gejz#leje+2e32e12 Ao,
, 70 /
Roots polar 7 =64=64e'° f Ref5234¢/" e}
. . . B 4e| 2" /3
7= 64Y3ei(0/3+2°KI3) — gai(27kI3) 5.234c0{ 2740 +1.545
multiply cosines of different frequency Composite signals (waveform synthesis)

X(t)=A + E AkCOS(Z”kfot + ¢k) =X,+R E xkejanfOt}
Acodos) Acodo +9)
$pi'it 4 Mt il art) o I o)
Al&e te Az&e te
% 2 % 2

') decompose a periodic signal x(t) into asum of a series of
( sinusoids - the Fourier series.
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ex.
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0 & even

$i"1r€j(" ot +#) + e$j"1re$j(" 2z+#))

Note: The sum of periodic functions is periodic.
(e j(u)11+mz/+¢) + e—j((uzl—wlﬁ-q)) + ej(wzt—u)ll +¢) + e—j(mll-*-ruzﬁrp))

f, =25Hz



Composite signals (waveform synthesis)

X(t) = A, + i A cos(zn-kfot + (pk) =X, +R i Xkejanfot}

Composite signals (waveform synthesis)
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& 0 k ever ¥ o k ever % 0 K ever
k=1 k=3
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Fourier Series

For a given signal, how do we fin{, = A e/
for each k ?

Fourier Analysis

X(t)=A, + i A COS{anfOt + q)k) =X,+R i Xkejanfot}
kel

k=1
where
1y
111
Xo = ? x(tdt fo.fundamental frequency
00 T, = l/f()

== $x(t)e Tt

Fourier Series
X(t)=t O<t<T, & )
x(t) = Ay +# A, cof28kf,t + %) = X, + Ré(# X /250
+

k=1 k=1
X, =2
2
2 To " j2ske
X, == $e “Teat
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Xk 20( " 2k2 ) ek 211 ng e 2jk — (eIl jQ#)k
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Fourier Series
x(t)=t 0" t<T,

X(t) = A, + i A, coianfot + ¢k) =X,+R i XkejZfrkfot}
k=1

k=1
To ooy 00 T T T
X, == " x(t)dt
TO o LOUZ'
W 1e" 1T e
I "‘tdt—__ =—_0 __0 Do 001 0 00 00
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Mathematica:
athena%add math
athena%math
In[1]:=1/T*Integrateft,{t,0,T}] I
out[1]:=T/2 X, =2 $e()e " Vodr
TO 0
Fourier Series
M athematica:

In[2]:= 2/T*Integrate{t* Exp[-I1* 2* P*k*UT] {t0,T}] X~ $tez

21 kPi
(-1+E -2 KkPI)T)
Out[2]=
@2hkpPi 2 2
2E k Pi
e7% -1
In[3]:= Simplify[%,Element[k,Integers]] o i =k
I T
Out[3]: — X, = jL=LeJE

k Pi T



Fourier Series
x(t)=t 0" t<T, & )
X(t) = A, +# A cos(28kf t + 9g) = X, + Re'( H# X, e
+

T k=1 k=1
X =2
f,:fundamental frequency
xk:%ej% T, =11,

#
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Fourier Series:Square Wave

0" t<T,/2

$1
X(t) =%
&l T, /2" t<T, N o
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0 t

1 K4 T
X, == "1dt+— "#1dt
00 0 Tof

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

x(t)=t 0<t<T,
X(t)= A+ Y A cof2akft +¢,) = X, + Re{
k=1

E XkejZJ:kfot}

k=1
T
X, =2
)
X, = Eej%
Ttk
T, wT .
X(t) = Eo + glicos(anfot +12)
T, T T,
X(t) = E" + ;Ocos(Zﬂfot +2)+ icos{ZnZ fot+2)+K
004 004 T
L Defined between 0<t<0.04
Periodic with period 0.04
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Fourier Series:Square Wave
YL T, .
2 " jara 2 " jasa
X, == Pe Todt+= $1e ' odt
00 0 Tof

In[2]:=2/T*Integrate[Exp[-I*2*Pi*k*t/T],{t,0, T/2}]+
2[T*Integrate[- Exp[-I*2*Pi*k*t/T],{t,T/2,T}]
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$1 0"1<T,/2
x() =%
&l T,/2" t<T,

X, =0

$ 4 $4 40 1 oug
X =% )1 < 0dd X =%

& 0 Kk ever & 0  k ever

X(t) = A, + i A, cos(ZJzkfot + ¢k) =X, + Re{i Xkejanfot}

k=1 “

x(1) = +C042"fot # 3) + 5-Coq2" 3f 1 # 7) +K
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