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Fourier Series

f(x) = a, + Y, (a, cosnx + b, sinnx)

n=1

1 +7 ( )d

a = 5 __f(x)dx

a = lJ'HTf()c)(:os nxdx n=1, 2, ..
-’T —TT

b = lJ.J_HTf(x)sin nxdx n =1, 2, ..

-’T T
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Trigonometric Orthogonality

1A Fourier

cosnx cosmx dx = 0 (n #m)
sinnx sinmxdx = 0 (n #m)
sinnx cosmx dx = 0
f(x)
dy
an
b

a, + >, (a, cosnx + b, sinnx)

n=1

1 +7

21T

% f: f(x) cos nx dx

1 rn f(x) sin nx dx
1T —TT

f(x) dx

-

n
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Any Period p = 2L

g(v) = a, + Y, (a,cosnv + b, sinnv)

n=1

1 +1r ( )d
CIO — 21T _ﬂ_g V V
1 +7
a, = — _gvjcosnvdv n =1, 2, ..
b, = %ft:g(v) sinmnvdv n =1, 2, ..
= kx %
Y f(x) = a, + D, |a, cosnTTrx + b, sin 1" x
v: 2T x: 2L "=t
1 +L
k = /L a, = ﬂf—Lf(X) dx
1 +L
v=%x an=ff_Lf(x)cosmedx n =1, 2,
1 +L
i o= T g b, = ff_Lf(x) sin dx n=1, 2,
L
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Time and Frequency

f(x) = a, + Q. l|a, cosx + b, sin . x
n=1 L L
1 +L

a, = if_Lf(X) dx
L

a = %J';f(x)cos X dx n=1,2, ..
L

b, = %J'lf(x)sin IMXdx n=1,2, ..

Continuous Time Periodic Signal x(t)

x(t) = a, + D la, coszgnt + b, sin=2ly
2L = T =
1 nT
a, = ?on(t)dt
T
a, = 2 x(t) cos 2mnt dd n =1, 2,
T T o T
T
b, = £l x(t) si 2mnt g =1, 2,
T * T
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Harmonic Frquency

resolution frequency f, (thesmallest frequency)

n—th harmonic frequency f, = nf, = n%

a, cos(n2mfyt) + b, sin(n2mf,t)]

1 nT
ay = = | o x(t) dt
2 nT
a, = Tuox(t) cos (n2mf,t)dt n =1, 2, ..
2 (T .
b, = T |  X(t)sin(n2mfot)dt n =1, 2, ..
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Radial Frequency

lienar frequency f
angluar (radial) frequency w = 27f

x(t) = a, + Z a, cos(nwyt) + b, sin(nw,t)|
1 T
a = = | L x(t) dt
2 T
a, = = | ,x(t) cos (nwyt)dt n =1, 2, ..
2 T :
b, = 7 | , X(t)sin (nwgt)dt n =1, 2, ..
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Euler Equation (1)

jwt

e’ = coswt + jsinwt a, cos(nw,t) + b, sin(nw,t)
e’ = coswt — jsinwt = a, 1 (e e " + b, i (et — eI
2 2]
_ 1 . jnw,t 1 . —Jjnwgt
ejwt+e—jwt - E(an_.]bn)e + E(an-i_.]bn)e
coswt = 5 1 . 1 '
— 5 <an _ an) jnw,t + 5 (an + an) —jnw,t
. ejwt - e_jwt _ jnw,t jnw,t
sinwt = : = A,e + B,
2]
x(t) = A, + D |A, " + B, e "
n=1
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Euler Equation (2)

1
: 1,
a, = %fox(t) cos (nw,t) dt Ay = 7 (a, = jb,)
1
T —_ .
b = %fox(t) sin (nw,t)dt ~ Bn = 5 (@, jb)
1 T
A = ?fox(t)(cos (newyt) — jsin (nw,t)) dt
1 T
B = ?fox(t)(cos (nw,t) + jsin (nw,t)) dt
T —jnw
A, = %fox(t)e e
T .
B, = — [, x(t) e de
X(t) — AO 4+ Z An +jnw,t 4+ Bn e—jnwot) Z An +jnw,t 4+ Bn e—jnwot
n=1 n=0
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Complex Fourier Series
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