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Frequency Response

input output
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CTFS and CTF

Continuous Time Fourier Series

1 d —Jnw, - nw,t
Cn=?fox(t)e] " dt = x(t) =) C, e"

n=0
Continuous Time Fourier Transform
+00 . 1 + 00 . w
X(jw) = f_oox(t) e /'dt = x(t) = S f_wX<](U> e dw
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From CTFS to CTF

Continuous Time Fourier Series

T . % _
%f pX(t)e ™ dt e x(1) = 2 C, e’
n=0

“ T

_ TV e =S¢ et 2T Lo

= —Of r X dt %1, (1) 20 n © 2 T,
+T,/2 . 1 =z ; 21T

C, T, = xp (t) e "™ dt xp(t) = — C,T,e "™ .
lez T T, 21Tt nZ:;‘) 0 TO
: 2T
T, » o CT, » X(jow) x; — x(t) w== - dw

Continuous Time Fourier Transform

X(w) = [Txl) e dr e x(0) = o= [ X(jw) e dw
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CTFT of Time Domain Impulse

Continuous Time Fourier Transform x(t) = A5(¢) ‘¢ X(jw) = 4

X(jw) = [ xt) e d X(jw) = [ 48(1)e7"ds

1 + o0 . W 400
W) = g [ AU e de W) = 5[ Ao
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CTFT of Frequency Domain Impulse

Continuous Time Fourier Transform X(jw) = 21 d(w) @ x(¢) = 1

® ; 1 i +jwt
x(t) = ﬁfth(jw)e”‘”dw x(t) = EL%TS((D)@ 7' d w

+o0 . +©
X(jw) = f_oox(t) e’dt ;
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CTFS of Impulse Train

Continuous Time Fourier Series

n=0
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CTFT of Impulse Train

Continuous Time Fourier Transform p(t) = >, 8(t—nT)

to - too +oo  +oo
= [ Y s(t—nT)edt = | Z " e dy

= Tif: et gy

& (2 X(jw) = [ x(t) e’ dr
= (Tr §(w—nw,) JW) = J_ X
nm—oo \ I
+ 0
p(t) = %ftw > (2“)6((0—11(0) et Z f+ S(w—nw,) e’ dw
T n=—© TS n=-—oo
L jinou S 1 o N
Z = Z 6(t—nT,) x(t) = ;I_wX(]w)ej dw
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Other Convention

Continuous Time Fourier Transform {unitary, angular frequency}

X(jw) = e’ dt =

ﬁfﬁiw
+00

x(t) = T X(jw) e dw

Continuous Time Fourier Transform {non-unitary, angular frequency}

X(jw) = 1- f: e /®'dt =
x(t) = 1 +OOX(](D) e’"'dw
2T ¢
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CTFT of Impulse

00 . ] +00 ©
X(jw) = [ x(t) e’ dr m x(t) = 5= [ X(jw) e dw
x(r) = 4blr) XGw) = [ o) e ar
A = +fwé(t) 00
; x(t) = 98(z) X(jo)=1 -
‘ . . - _fwé(t) dt = 1
x(1) = 5= | 2m(w) e do X(jw) = 278(w)
o +j0¢ A
— _{Oé(w)e dw x(1)=1 L X(jo) = 278(0)
= f d(w)dw = 1 > | >
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CTFT of Sinusoid

X(w) = [“x(0) e x(0) = == [T X(jw) e dw
— oo 210 Y 7
x(t) = %T 218(w — m,) e’ d o X(jw) = 2nd(w — w,)

—0o0

+o0

= f d(w—w,) e”’™ dw

- +o0
= e+jw°tf S(w)dw

+Jjwyt

= COsSW,t + jsinw,?
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CTFT of Periodic Signals

‘ 2na,
A general formula for the CTFT )
of any periodic function 5 2na., “12ma, 5
for which a CTFS exists ta 3T T +7[a3
Period L
271t —3ws —2m, —, w, 2w, 3o,
0w, = —
T, = o, =7
Fourier Series Expansion Fourier Transform
® 0 +o0
+jkwt o e
2, a.e’ X(jo) = Zakfe]kstejtdt
k=—o0 koo g
IS0 +o0
Fourier Series Coefficients _ Z a, f e—j(w—kwx)t dt
| wy k=—wn o
—]ku)t
= — X dt
“ T }[/2 = Z 2n a; d(o — ko)
k=—w

2A CTFT 14 Young Won Lim

6/1/11



CTFT of Impulse Train

A general formula for the CTFT

of any periodic function
for which a CTFS exists

Period
T, m o =

Fourier Series Expansion

+o00
Z +jkw,t
a, e

k=—c0

Fourier Series Coefficients

+7T./2

T
—]kmt
f x dt
-T2
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N
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Fourier Transform

0
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N

- ¥ (ZT—“) Sl —ko,)

k:—oo Ky
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