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o Agi&TE OTI

1 & &)
(@) 2(0) = j  X(w) dw

Qo

x(t) dt

® X0 = |




(a) x(t) = 2% f _0; X(w)e’ dw

Substituting ¢ = 0 in the preceding equation, we get

l e o]
x(0) = o j_w X(w) dw

co

) X(w) = J x(t)e 7 dt

Substituting @ = 0 in the preceding equation, we get

Qo

X(O)=j x(t) dt

—~ 00




AoKnon

o 'EoTw OTI yia To X(t) 10XUEl:

o 2xe01A0TE TO MAATOC KAl TN ¢pAacn
o Eival npayuaTtiko 1o x(t);



Auon

The magnitude of X(w) is given by
| X(w)| = VXi(w) + Xi(w),

where Xp(w) is the real part of X(w) and X{(w) is the imaginary part of X(w). It
follows that

V2, el <W,
0, |l >W

| X(w)| =




The phase of X(w) is given by

X(w)
Xp(w)

4 X(w) = tan! (

) = tan"!(1),




Auon

o To x(t) yia va eival npayuaTiko 6a
NpEmnel:

otherwise

lw| < W
otherwise
lw| < W
otherwise

o Agv €ival npayuaTiko!



o Ano Tn Bewpia (nivakac 2.1)
YVwPI(OUUE OTI TO ONMA :
\| aty(t), Re(a) > 0

‘Exel Fourier

: |
1{14-a |

o YnoAoyioTe To Fourier Tou e~¢ltl



Auon

Fle '} = Fle “u(t) + e*u(—1t))
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Example 1. Compute the Fourier series of f(t), where f(t) is the square
wave with period 27t. which is defined over one period by

—1 for — 1 <t<0
1 for0<t< '

The graph over several periods is shown below.
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Solution. Computing a Fourier series means computing its Fourier coef-
ficients. We do this using the integral formulas for the coefficients given
with Fourier’s theorem in the previous note. For convenience we repeat
the theorem here.

f(t) = i (ay cos(nt) + b, sin(nt)),

where

1 T 1 7T 1 7T )
A = — / f(t)dt, a,= p= / f(t) cosntdt, b, = p / f(t) sinntdt
J-m J—m Jom

In applying these formulas to the given square wave function, we have to
split the integrals into two pieces corresponding to where f(t) is +1 and
where it is —1. We find

1 /7 _ 0 s
n = — f(t)cos(nt)dt = (—1) - cos(nt) dt+/ (1) - cos(nt) dt
J—7T J—m J0

Thus, for n # 0:

. 0 . T
sin(nt sin(nt
o _sin(t)|"sin(n) " o

nrw o |y

and forn = 0:
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Likewise

1 T

_ 0 H
T _Hf(f) sin(nt) dt = 71—I /_n —sin(nt) dt + % ‘/0 sin(nt) dt

bﬂ

0

cos(nt) |

cos(nt)
nm

_ 1—cos(znm) _ cos(nm) —1

-7 nm o nrit nit

E(l —cos(nm)) = E(_1 —(=1D)") =

0 for n even

2 2 _ { % for n odd

We have used the simplification cosnt = (—1)" to get a nice formula for
the coefficients b,.  (Note: when you get cos n7t in these calculations it’s
always useful to make this substitution.)

This then gives the Fourier series for f(f):

f(t) = }E b, sin(nt) % (sint + %sin(?)t) + %sin(St:) 4. )
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Determine the Fourier transform of x(t) = e ““u(t)

o [X(w)]
I E0()))
o Im(X(w))
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The Fourier transform of x(t) is

X(w) = j x(t)eijt dt = J e’”gu(t)e‘«f“‘ dt

— o0

Since u(t) = 0 for t < 0, eq. (89.1-1) can be rewritten as

X(w) = Jm o ~(L/2Hie)t gy
0

_ 2
1 + 72w

It is convenient to write X(w) in terms of its real and imaginary parts:

X(w) = 2 (l—ij) _ 2 — jdo

1+ 20 \1 —j20) 1+ 4?
2 iy 4w
1 4+ 40° Jl+4w2
2
Magnitude of Xi = —_——
; @ =TT 4w

(S9.1-1)
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[TpoBANua

Compute the Fourier transform of each of the following signals:

(a) [e ™ cos wyt]u(t), a>0

(b) e ?" sin 2t

14



Auon

(a) x(t) = e ™ cos wytu(t), a>0
= e “u(t)cos(wyt)
Therefore,

X(w) = * [1(w — wy) + 70w + wp)]

1
21 & + Jw
_ 1/2 + 1/2

a + jlw — w) a+ jlo+ w)

() x(t) = e ®"'sin 2t
¥ 6

ef3|"'| 3
9 + o

9
sin 2t == Jf,[a(w — W) — 8w + w)], @ =2

Therefore,

2)l§ [6(w — wp) — 8(w + wp)]
_ s B |
T 94+ (w+ 22 9+ (0 — 2)
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[Tapadeiyparta 2uaTnNUATWY

—I-L

i(t) = %

dt
U

d?y(t) dy(t)

LC -
( dt? dt

+ RC + y(t.
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[Tapadeiyparta 2uaTnNUATWY

i/.

Ex. #2 Mechanical system

x(t) - applied force
- spring constant
- damping constant

i(t) - displacement from rest

Force Balance: 5 . .
d7y(t) dy(t)

M = z(t) — Ky(t) — D——
dt2 ! ( N} \U(_ ) dt

4
am +D g K =)

M d=y(t)

Observation: Very different physical systems may be modeled
mathematically in very similar ways. '




