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(V=¥

f = observed frequency

f = actual frequency

v = velocity of sound waves
v_ = velocity of the observer
v_ = velocity of the source
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Fourier Transform pairs

f= J J F6ye* = arda
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Fourier Transform pairs
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Fourier Transform pairs

1 ( ( IAT—X
f=—— | [ r0)e"drda
RS
R i e )
= e " f(t)e"drt |ds
NS I N
]A[ (5)= \/;7[ J f(t)e”dt (Fourier transformation)
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Fourier Transform pairs

f=—— | [ r0)e"drda
RS
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Fourier cosine transform pairs

o [ e \
Flx)=2 | | | f()cosstdr |cos sxds
T o\ 0 y
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Fourier cosine transform pairs

\

f(x)—— j Ojo £(t)cosstdt [cos sxds
)

/ 9 > \
\/7 j \/:Jf(t) cos stdt |cossxds
o\ V7% J
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Fourier cosine transform pairs

f(x)—— j | f(t)cosstdt |cos sxds

/ 2 i \
\/7_[ —Jf(t) cos stdt |cossxds
T

V_ oo
]CC (S) — Al jf(t) cos st dt (Fourier Cosine transformation)
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Fourier cosine transform pairs

. \
(x)—— j j £(t)cosstdt [cos sxds

/

/ 2 i \
\/7 j \/:Jf(t) cos stdt |cossxds
o\ V7% J

V_oo
]2 (S) — \ — jf(t) cos st dt (Fourier Cosine transformation)
V_oo
f(X) — N — J.f (S ) COS SX ds (Inverse Fourier cos inetransformation)
0
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Fourier sine transform pairs

o [ = \
Fla)=2 || | f@)sinstdr |sin sxds
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Fourier sine transform pairs

f(x)—— j | f(t)sinstdr |sin sxds

/ 2 i \
\/7 j —J f(t)sinstdt |sinsxds
T
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Fourier sine transform pairs

f(x)—— j | f(t)sinstdr |sin sxds

/ 9 > \
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T

V_ 0o
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Fourier sine transform pairs

. \
(x)—— j j f(t)sinstdt |sin sxds

J

/ 2 i \
\/7 j \/: J f(t)sinstdt |sinsxds
o\ V7t J

V_ 0o
]CS (S ) — Al J.f(t ) sin st dt (Fourier sine transformation)

!_oo

f ()C) — .| J.f (S ) Sln SX dS (Inverse Fourier s inetransformation)

Vzs

Lecture delivered during the Teachers Enrichment Workshop held at IMSC
B, petween 26th November to 1st December 2018.



| Lecture delivered during the Teachers Enrichment Workshop held at IMSC
between 26th November to I1st December 2018.



More generally an Integral transformation is given by

pq‘ Lecture delivered during the Teachers Enrichment Workshop held at IMSC
between 26th November to I1st December 2018.



More generally an Integral transformation is given by

%)

I(f(t)=F(s)= f K (s,t) f(2)dt

! :tl

pqv | Lecture delivered during the Teachers Enrichment Workshop held at IMSC
between 26th November to I1st December 2018.



More generally an Integral transformation is given by

%)

1(f())=F(s)= | (1)dt

! :tl

e .‘ Lecture delivered during the Teachers Enrichment Workshop held at IMSC
between 26th November to I1st December 2018.



More generally an Integral transformation is given by

I1(f(t))=F(s)= tj (t)dt

! :tl

Kernal of the transformation

Lecture delivered during the Teachers Enrichment Workshop held at IMSC
between 26th November to I1st December 2018.
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! :tl

Kernal of the transformation

| t1 t2 K(s, 1) Transformation
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More generally an Integral transformation is given by

5
1(f())=F(s)= | (1)dt
t =t
Kernal of the transformation
t1 2 K(s, t) Transformation
0 o0 e Laplace
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Transform

Abel transform

Fourier transform

Ly

Fourier sine transform

on [, 00), real-valued

Fourier cosine transform

on [D, 00), real-valued

Hankel transform

Hartley transform

cos(ut) + sin(ut)

V2

cos(ut) 4 sinfut)

V2

Hemmite transform

e¥ H, (z)

Hilbert transform

1 1

mu—¢§

Jacobi transform

(1—z)® (14 x)? P2o(x)

Laguerre transform

e ™ g% LE(x)

Laplace transform

a-ul

Legendre transform

F(z)

Melliin transform

Two-sided Laplace
transform

Poisson kernel

Weierstrass transform
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1 ‘x‘<1

Find the Fouriertransformof f(x)=- |
O otherwise

we have, }\C(S) =

I 7 |
| e
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1 ‘x‘<1

Find the Fouriertransformof f(x)=- |
O otherwise

we have, }\C(S

\/ﬂ tL e dt

1 (eist \ r=1 1 ( eiS — e_is \

— /271.\15,) ) \/271'\ LS )
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Find the Fourier tmnsform of f(x)=+

we have, f( \/7 J- f@)e'dt

1 / eist \

N2\ is )

t=—

-

1 ‘x‘<1

() other wise

\/% tL e dt

/eis _e—is \

2 (sins
\FAWEEY

L
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| , X ‘x‘ <1
Find the Fouriertransformof f(x)=-

k() other wise

- 1= |
wehave, f(s)= J- f(t)e"dt 1
VT, 2 : j t e dt

B N2TT L
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| , X ‘x‘ <1
Find the Fourier tmnsform of f(x)=+

\O other wise

we have, f (5)= J- f(t)e"dt [
_[ t e dt

j. ( PR A \/7 t=—1

Ll
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| , X ‘x‘ <1
Find the Fourier tmnsform of f(x)=+

\O other wise

we have, f (5)= J- () e’”dt [
j t e dt

j. /eist\ V t——l
\/ b AN,
\/7

/ ISt \ / eist \ =t
1. — (1) — >
\ LS ) \(ZS) ),
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, , X ‘x‘ <1
Find the Fourier tmnsform of f(x)=+

\O other wise

wehave, f (5)= J- f(t) e’“dt i j o
_[ td

( PR \ V2 T,

t_l IS

/ zst\ ( ISt \tZI \
= : 97, ‘ (1) ‘ >

N2 | s \(is)zj
1 (e +e™) (e —e™)
N2 |\ s ) s° )
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1 2COS S 2isin s l 2sIn s 2COS S

N2 [\ 1S s )] N2m [U s s )

N
h'd
N
'
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r 3 . r A

1 2COS S 2isin s l 2sIn s 2COS S

N2 [\ 1S s )] N2m [U s s )

Applying the inverse transform we get,
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1 J(Zcoss) | (2isinsj\>_ i <r(2sins) (ZCOSS)L
Dzl ) U s )] er|l S s )
Applying the inverse transform we get,

(&)

l J- SINS — SCOS S

27T s°

e—isx dS

f(x)

§=—00
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1 !(ZCOSS).(%SHIS)L_ i <r(2sins) (ZCOSS)L
Dzl ) U s )] er|l S s )

Applying the inverse transform we get,

l SINS —SCOSS | _;
f(x)=— J 5 e " ds
2 S
. I ¢ (sins—scoss ) _,
Thatis, — 5 e ds = f(x)
2 )
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Find the Fourier sine & cosine transforms of f (x)

We have, z (S) = \ %]:f(t) cos st dt

\

29
X

[ o

2
—jt” cos st dt
T 0
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Find the Fourier sine & cosine transforms of f (x)

N

Wehave, f.(s)=

\E

= j £(t) cos st dt

and }:(S)Z\‘

—J.f(t) sin st dt
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29
X

!_oo

\7
\'7

—jt” cos st dt

hooo
- J.t29 sin st dt
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N

Wehave, f.(s)=

and f()

\E

= j £(t) cos st dt

—J.f(t) sin st dt

29
X

!_oo

\7
\'7

—jt” cos st dt

hooo
- J.t29 sin st dt

,/ Jt” cosst+zsmst a’t —,/ Jt” e™ dt
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Find the Fourier sine & cosine transforms of f (x) =X
AN ’_oo
Wehave, f. (S) = —Jf(t) cosst dt = —Jt” cos st dt
\z 2
and f( )= —J.f(t)smstdt =N—J.t29 sin st dt

\/7Jt29 (cos st +isin st )dt —\/7J‘t29 e dt
Substituting, ist=—_ weget, \/:jt29 ”tdt—(——) \/7J RIS 4
72:0
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Find the Fourier sine & cosine transforms of f (x) =X
AN ’_oo
Wehave, f. (S) = —Jf(t) cosst dt = —Jt” cos st dt
\z 2
and f( )= —J.f(t)smstdt =N—J.t29 sin st dt

\/7Jt29 (cos st +isin st )dt —\/7J‘t29 e dt
Substituting, ist=—_ weget, \/:jt29 ”tdt—(——) \/7J RIS 4
72:0

(2] o () o
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( VY (21
— | cosZ +isin> —T'(30)
. 2 2) \Nrms
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/
\

30 [ A

Y201
COS = + i $in — —T'(30)
= (008157r+isin157t)\‘ - '(30)
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( V201
=| cos= +isin— —T'(30)
2 2) \7&s —
. 2 1
= (COSlS7Z'+lSIIl157Z')\‘ - '(30)

\/7J‘t29 e dt = COSIS7Z'+ZSIH157Z')\/5 io '(30)
TS
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( V201
=| cos= +isin— —T'(30)
2 2) \7&s —
. 2 1
= (COSlS7Z'+lSIIl157Z')\‘ - '(30)

L f(s)+if (s \/7J‘t29 e’“dt-(coslSanmlSn)\/? io '(30)
T s

Equating the real and |mag|nary parts we get,
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30 [ A

[ Y21
=| cos= +isin— —T'(30)
= (008157r+isin157r)\‘ - '(30)

; f( )+zf \/7J‘t29 e’“dt-(coslSanmlSﬂ)\/? io '(30)
T s

Equating the real and |mag|nary parts we get,

~ cosldm |2 2 29!
= ['(30)=-—
]CC(S) S3O \/; ( ) \/; S3O
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30 [ A

[ Y21
=| cos= +isin— —T'(30)
= (008157r+isin157r)\‘ - '(30)

; f( )+zf \/7J‘t29 e’“dt-(coslSanmlSﬂ)\/? io '(30)
T s

Equating the real and |mag|nary parts we get,

~ cosldm (2 2 291 sinldxm (2
70 = Pr(a0)= 22 ana ()= 7 2 r(30)=0

\) /[N \) JU
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( Y21
=| cos= +isin— —T'(30)
= (008157r+isin157t)\‘ - '(30)

+zf \/7J‘t29 e dt = 008157t+zsm157t)\/zsio '(30)

Equating the real and |mag|nary parts we get,

~ cosldm (2 2 291 sinldxm (2
70 = Pr(a0)= 22 ana ()= 7 2 r(30)=0

\) /[N \) JU

( for n> O) Prove that

\/7_'-t”1 e dt = cosmr+zsmn7r)\/5 : F(n)
T s
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—X

Find the Fourier cosinetransform of f (x) =e

~ P 27 .
We have, ﬁ(s)zN—Jf(t)cosstdt =\J—J‘e_’ cos st dt
7[0 7[0
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Find the Fourier cosinetransform of f (x) =e

N

Wehave, f.(s)=

oo

N%If(t) cos st dt _\I

dI

—J

—X

COS St dt

Let [ =J " cos st dt then, d—S:I%( e cosst)dt

0

between 26th November to I1st December 2018.
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—X

Find the Fourier cosinetransform of f (x) =e

~ 27 27
We have. = = f(s tdt = [ e ¢ dt
e have fc(s) Nﬂ‘(’)‘f()coss \Iﬂ‘(’;e COS §
Let 1 =_[e"2 cosst dt then., ar _ j i(e‘fz cosst)dt
g ds OBS
p 2 100 2 100 2
=—\te”" sinstdt =— | sinst|—2te" |dt=—|sinst dle”’
s = el r= s e
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—X

Find the Fourier cosinetransform of f (x) =e

~ P 27
We have, ﬁ(s)zN—Jf(t)cosst dt =.|—|e" cosstdt
T T

\
Let [ =;j: e cos st dt then, f{—izljz%(etz cosst)dt

(e o) (e o] (e o]

= — _O[ te™" sin st dt = % _O[ sin st (—2te_t2 )dt = % _([ sin st d(e‘tz )

r )

= — sinst.e

Jcosste >
0

.
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2
—X

Find the Fourier cosinetransform of f (x) =e

~ P 27
We have, ﬁ(s)zN—Jf(t)cosst dt =.|—|e" cosstdt
T T

\
Let [ =;j: e cos st dt then, fl’—i:z%(etz cosst)dt

(e o) (e o] (e o]

= — _O[ te™" sin st dt = % _O[ sin st (—2te_t2 )dt = % E[ sin st d(e‘tz )

r )

= — sinst.e

Jcosste >
0

Soo 2 S
:——Je " .cosst dt :—51
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\)

- K
J.e_t cosst dt = ke *
0
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2
\)

- K
J.e_t cosst dt = ke *
0

e =
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J.e_tz cosstdt=ke *
0 oo
k= j e dt = i3
g 2
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= log [ = Flogk =log| ke *
4 N

- E
3 J.e_t cosst dt = ke *
0

Lecture delivered during the Teachers Enrichment Workshop held at IMSC
B, petween 26th November to 1st December 2018.



= log ] = Flogk=log| ke * | =>=ke *
4 S

- E
3 J.e_t cosst dt = ke *
0
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I I I
.'.d—z—il :>d—:—£ds Hence, d———_[ ds+logk

2 () s
= log [ = Flogk=log| ke * | =>[=ke *
4 C

2
\)

i s~
g J.e_t cosstdt = ke * Putting s=0we get,
0
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I I I
.'.d—z—il :>d—:—£ds Hence, d———_[ ds+logk

2 () s
= log [ = Flogk=log| ke * | =>[=ke *
4 C

2
\)

i s~
g J.e_t cosstdt = ke * Putting s=0we get,
0

e =

Therefore }i (5)=

\
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—0X

Find the Fourier sinetransform of f(x)= -
X
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. L e
Find the Fourier sinetransform of f (x) =

~ b 2 Te ™ *

We have, ﬁ(s)zN;_!f(t)sinst dr =, ﬂ! —sinst di
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: : : €
Find the Fourier sinetransform of f (x) =
~ B 2 Te ™ *
We have, j;(s)z\I;!f(t)sinst dt :\lﬂ'! t sin st dt
Let F(s) = Je_a sin st dt then,

0

| Lecture delivered during the Teachers Enrichment Workshop held at IMSC
between 26th November to I1st December 2018.



—0X

Find the Fourier sinetransform of f(x)= -

~ b 2 Te ™ *
We have, j;(s)z —Jf(t) sIn st dt = J sin st dt
N7 \Nmd ¢
Let F(s) = Je_ sinst dt then,

0

00 ([ —at \
dF(S) = J d [ ¢ sinst | dt
g os

\ ! J

ds

J e ' cos st dt
0
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1. Linearity

Flof()+Bg)=aF(f®)+PF(g®))

2. Changeof scale
F(f(at)) = éF(i) o #0
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4. Modulation
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