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FOURIER TRANSFORMS



Question 1

Write the Fourier transforms pair.



Solution 1

The Fourier transform of f(x) Is defined by,

F[f(x)] = F(s) = \/Zn — [ f(x) eis*dx
The inverse Fourier transform of F(s)
Is defined by
f(x) = \/Zn f_ F(s) e *ds
The Fourier transform F(s) of f(x) and the inverse

Fourier transform f(x) = F~1{F(s)} are jointly
called Fourier transform pair




Question 2

Find the Fourier sine transform of f(x) = e®, a >0



Solution 2

The Fourier sine transform of f(x) is
001 = |2 [} fGo)sinsx dx
= \/2 fooo e “sinsx dx

1

b
a?+b? ]

=[] [since f,” e"**sinbx dx =



Question 3

Find the Fourier Cosine transform of ea  x >0.



Solution 3

The Fourier Cosine transform of f(x) is,

F [f(X)] = \/% fOOO f(x)cossx dx
= \/% fooo e cossx dx
=

] [since [, e"**cosbx dx—azzbz]

sz+a2



Question 4

If F(s) Is the Fourier transform of f(x),
show that F[f(x-a)] = e'as F(s)



Solutio

n4

W.K.T, F[f(X)]= %

[°. F(x)es* dx

= F[f(x-a)] = %_n [© flx— a)els* dx
Putx-a=y,dx=dy
When X = -o0, y = -0
When x =00, y =00

- F[f(x-2)] = m [, F3)els0+ dy

FOO

mJ
- €e

ias

lsyf(y) elaS dy
L% e f(y) dy

F[f(x-a)] = e'® F(s)



Question 5

Find Fourier cosine transform of e-2x



Solution 5

W.K.t F_[f(x)] =

\

\

VT[

2

= fooo f(x)cossx dx

2

-
2 2

w —
J, e **cossx dx

T I:sz+4:I

[since fooo e cossx dx = ——— ]

s2+q?



Question 6

If F(s) Is the Fourier transforms of f(x),
show that the Fourier transform of e'@f(x) is F(s+a)



Solution 6

Fleiax f(x) ] = % [7 el f(x)e's* dx

= — [, F(x)e!+O% dx |
Fle'& f(x) ] = F(s+a)



Question 7

State Parseval’s identity for Fourier transform



Solution 7

If f(X) 1s a given function defined in (-o0, 0),
then it satisfies the identity,

2 1 f@|2 dx= [ |F(s)|? ds

Where F(s) Is the Fourier transform of f(x).



Question 8

State Fourier Integral Theorem.



Solution 8

If f(x) Is piecewise continuous, has piecewise
continuous derivatives in every finite interval
In (—o0, c0) and absolutely integrable In
(—o0, 00), then

f(x) = i fOOO ffooo f(t)cos[s(x —t)]dt ds



Question 9

If F[f(X)] = F(s), then find F[f(x) cos ax]



Solution 9

FIf(x)cosax] = F[f(x)(e!® + e~ias)]

= % |F(f(x)e') + F(f(x)e~ies)]
[Since If F[f(x)] = f(s), then F|e™"f(x)| = f(s+a)]
= f(s+a) + f(s-a)

FIf(x)cosax] =2 [ f(s+a) + f(s-a) ]



Question10

State Iinversion theorem for a
complex Fourier transform.



Solution 10

If F(s) denote the complex Fourier
transform of f(x), then the inverse
Fourier transform is

f(x) = %ﬂ [© F[s] e"s* ds



Question 11

If F(s) Is the Fourier transform of f(x),
find the Fourier transform of f(ax)
where a > 0.



W.k.t

~[T(x).

F[f(ax);

Sol

ution 11

__1
~ V2m !
1

F_Oooo f(x)e—isx dx

:\/T_n-J

r_oooo flax)e * dx

Putax =y, adx =dy, dx =

a

When X = -0, y = -0
When x=0,y=o

FIf@x)] = 5= [ o fe e
=1L ® fe @ ay

-1
=~ F(

—isy

~)



Question 12

State the convolution theorem for
Fourier transform.



Solution 12

The Fourier transform of the convolution of two functions
IS the product of their Fourier transforms .

(ie) if F[f(x)] =F(s) and F[g(x)] =G(s) , then

Flf(x) x g(x)] = F(s). G(s)



Question 13

Find the Fourier transform of
ikx b
£0x) = { el™ a<x<
(X) 0O x<aandx > Db



Solution 13

Wkt F[f(x)]= \/ﬁ f_ f(x)e "* dx

an elkx —isx dx

‘F f e
l(k—s)x
= V2m [l(k —5)

— 1 l(k s)b _  _i(k—s)a
i(k—s)\/ﬁ [e € ]

i(k—s)x dx

b




Question 14

Find the Fourier sine transform of 1/x



W.k.t

Solution 14

01 = |2 [} fo)sinsx dx




Question 15

Write down the Fourier cosine
transform pair formulae.




Solution 15

2 o
001 = (2 [y f(x)cossx dx

FL F [f(X)]] = \E fooo F.(f(x))cossx dx



Question 16

If F, (s) be the Fourier cosine transform of
f(x), then prove that

F. [f(x) cosax] = [F (s+a) + F(s-a)



Solution 16

We know that F[f(x)] = \/% fOOO f(x)cossx dx
F.[f(X) cosax] = \/% fooo f(x)cosax cossx dx
= % \/% fooo f(x).2cosax cossx dx
= %\/% fooo f(x).{cos(s + a)x + cos(s — a)x} dx

= %\E fooo f(x) cos(s +a)x dx + % % fooo f(x)cos(s —a)x dx

F[f(x) cosax] = - [F(s+a) + F(s-a) ]



Questionl/

State the Fourier transforms of the
derivatives of a function.



Solution 17

F[d”(f(x))] = (—is)"F(s)

dxn




Question18

Find the Fourier sine transform
of e™.



Solution 18

We know that
FIF)] = \f [® f(x)sinsx dx

F.[e™] = —f e *sinsx dx

N7

2 s

\| T s%+1

b
a’+ bz]

[since [,” e **sinbx dx =



Question 19

Find the Fourier cosine transform of
x , 0<x<m

W={ o, %>n



Solution 19

We know that F_[f(x)] = \/% ) O°° f(x)cossx dx

COSSTT 1 ]

= —_O+ o 2

120 cossn—l]
m | s%




Question 20

State the shifting properties on
Fourier transform



Solution 20

() If F|f(x)] = F(s),then
F[f(x-a)] =e '*SF (s)

() If Flf(x)] = F(s), then
F[e‘i“xf(x)]: F(s + a)




Fourier Transform will be
updated
then and there......



