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1. He was a French-born mathematician who
pioneered the development of analytic

geometry and the theory of probability.

Royal Society

Newton Leibniz

3. He is famed for predicting the day of his own
death. He found that he was sleeping 15
minutes longer each night and summing

the arithmetic progression, calculated that
he would die on the day that he slept for 24

hours. He was right!
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1. must be absolutely
Integrable over a period.

2. must be of bounded variation In
any given bounded interval.

3. must have a finite number
of discontinuities In any given
bounded interval, and the

discontinuities cannot be infinite.

Equivalently, the function

1. must be single valued and finite in

any period interval

2. must be a piece wise continuous

and must have utmost a finite
number of discontinuities in any

one period

3. has utmost a finite number of

extremums in any of the period

interval.
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the Fourier series converges and is given by,

C;) | ian cosnt+ibn sinnt=%(f(t+)+f(t_))
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C;) | ian cosnt+ibn sinnt:l(f(t+)+f(f))

2

FET) =x—Im st £(x) (Right limit)
f@7) =x—">1 f(x) (Leftlimit)

where, <
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5. Cos(nm) =(—1)" 6. Sin(nr) =

7. Cos(2n + 1)% — (0 8. Sin(2n+ 1)— = (=1)"
To evaluate J f(x).e(x)dx

1. Arrangethe function f(x).g(x) inthe ILATE order
2. Letu=f(x) & v= Jg(x)dx
3. Use the By Parts formula judvzu.v — J.v.du

Extending this we get, the Ju dv=uv—u'v,+u"v, —
Leibnitz’s Rule

Where, “suffix “ denote the integration and “super fix dashes” denote the
integration
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Expansion 1 Find the Fourier series of the function

f(x)=x—x" in (-m,T)

a, ~ o,
Let, f(x)= ?0+ Ean cosnx + an SN nx
1 1

aO %_[r(x—xz)dx
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4} —j(x—x2) cosnx dx
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Expansion 1 Find the Fourier series of the function

f(x)=x—x" in (-m,T)

a, ~ o,
Let, f(x)= ?0+ Ean cosnx + an SN nx
1 1

aO %_[r(x—xz)dx

171'

4} —j(x—x2) cosnx dx
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= [@j : i((—l)nﬂiz)cosnx+i((—l)n“%)sinnx

1 n 1 n
we get,
71'2\ - n+1 4
o= 5 2
oo (_1)n+1 71_2
— = —
nz:f n’ 12
IROTRE N N Y &
22 3 42T 12
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Observe that the Fourier representation of the given function

differs with an interval.
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Hence. f(1)= a, 2 Z (cosnt)

2 T n—odd n-nZ
Thatis, f(t)=

D |

(cos(2n — 1)t \

(2n—1)°

. J
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Hence, f(t)=— —2 Z (COST)

2 1w =\ Tn

Thatis, f(t)=

Thatis, f(t)=" -2

2

between 26th November to I1st December 2018.

:

. 2i< cos2n—1)t
2 me| (2n-1)
i cOoS3t CcosSt
COSt 32 I 52

\
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Hence, f(t)=— —2 Z (COST)

2 1w =\ Tn

Thatis, f(t)=

2

That is, f(t)=72[

Input interpretation:

plot

2 1
- [cos(t) + — cos(3 t)+cos(5 t))
bl 3

M A

Plots:

3.0

2.0
(t from -6.6 to 6.6)

0.;
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:

. 2i< cos2n—1)t
2 | (2n-1)
i cOoS3t CcosSt
COSt 32 I 52

\




Hence, f(t)=— —2 Z (COST)

2 1w =\ Tn

Thatis, f(t)=

2

ﬂ%nm,fay:Zf

Input interpretation:

plot

2 1
- [cos(t) + — cos(3 t)+cos(5 t))
bl 3

M A

Plots:

FEEEEmEEEEE N
u m

(t from -6.6 to 6.6)

4 I EEEEEEEEEERN

=
=

between 26th November to I1st December 2018.
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-

COS?

\

T 2
2 7rjz’<

n=

.

COS 3¢

cos(2n — 1)t \

(2n—1)°

CcOS S5t

32

52
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Expansion 5 Find the Fourier series of the function
f@t)=tsint ,te(0,2r)

Let, f(t)zcg Y a,cosnt+ Y b, sinnt
1 1
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Expansion 5 Find the Fourier series of the function
f@t)=tsint ,te(0,2r)

Let, f(t):‘;) Y a,cosnt+ Y b, sinnt
1 1

1 21
—Jt.sintdt
2 0

1 2
- j t.sint.cosntdt
7 0

2
1 .
— J t.sint.costdt
T 0

1 27
- j t.sint.sinntdt
7 0

1 2w
- J. t.sint.sintdt
T 0
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Expansion 5 Find the Fourier series of the function
f@t)=tsint ,te(0,2r)

Let, f(t):‘;) Y a,cosnt+ Y b, sinnt
1 1

1 21
—Jt.sintdt
2 0

1 2
- J t.sint.cosntdt
7 0

2
1 .
— J t.sint.costdt
T 0

1 27
- J. t.sint.sinntdt
7 0

1 2w
- J. t.sint.sintdt
T 0
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Expansion 5 Find the Fourier series of the function
f@t)=tsint ,te(0,27)

Let, f(t):‘;) Y a,cosnt+ Y b, sinnt
1

1 21
—Jt.sintdt
T

- J t.sint.cosntdt

- J t.sint.costdt

- J. t.sint.sinntdt

1 . .
- J. t.sint.sintdt
T

1 t
L 1.SInt = —1+7zsmt—5008t+22(cosnl)
n —
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1 cos nt
tsmt——1+7rsmt—§cost+22( j

n=2 _1
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1 cos nt
tsmt——1+7zsmt—§cost+22( )

n=2 _1

\llowing the limit ast tends to “ pi “ we get,
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1 cosnt
. 1.8INnt = —1+7rsmt——cost+22

\llowing the limit ast tends to “ pi “ we get,

L, (=1)
O=—14+—+2
2 nz:;‘nz—l
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1 cosnt
. 1.8INnt = —1+7rs1nt——cost+22

\llowing the limit ast tends to “ pi “ we get,

R e
- (<) 1 Ot
=217,

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



1 cosnt
. 1.8INnt = —1+7rsmt——cost+22

\llowing the limit ast tends to “ pi “ we get,

R e
- (<) 1 Ot
=217,

1 1 1 1 1

That is, | ... = —
1.3 24 34 45 4
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Expansion 6 Prove that the Fourier series of the function

(

0 - <t<(

HOES

\sint O<t<rm
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Expansion 6 Prove that the Fourier series of the function

(

0 - <t<(

HOES

\sint O<t<rm

sin ¢ 22/00821%\
2 m<\4n* -1/

|
s, f(1)= . |
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Expansion 6 Prove that the Fourier series of the function

(

0 - <t<(

HOES

\sint O<t<rm

sin ¢ 2§/cos2nt\
2 m<\4n* -1/

|
s, f(1)= . |

and hence show that,

1111 1
13 35 57 79 7 4
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Suppose f(x) is a periodic function defined on an interval
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Change of interval

Suppose f(x) is a periodic function defined on an interval [Oc, o+ 2(:]
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Change of interval

Suppose f(x) is a periodic function defined on an interval [Oc , O+ 2(:]

TX CcW
let w=—— or x=

C JU
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Change of interval

Suppose f(x) is a periodic function defined on an interval [Oc , O+ 2(:]

Lethﬂor x=ﬂ Now, f(X)Zf - ZF(W)(SCW:
C T JU
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Change of interval

Suppose f(x) is a periodic function defined on an interval [Oc , O+ 2(:]

T CW \
Let w="" or x="— Now, f(x)=f(—) = F(w) (Say
C T JU
+2
Ifxz(x,thenwzﬂ:zﬁ; x=0(+26,thenw=ﬂ(a C)::,B+27t
C C

and hence xe(a, a+2c)=>we(f, B

27)
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Change of interval

Suppose f(x) is a periodic function defined on an interval [Oc , O+ 2(:]

T CW \
Let w="" or x="— Now, f(x)=f(—) = F(w) (Say
C T JU
+ 2
Ifxz(x,thenwzﬂ:zﬁ; x=0(+26,thenw=ﬂ(a C)::,B+27t
C C

and hence xe(oc, o 2(:) :>we(,3, B 271')

o0

a =
Therefore, F(w) = a, cos nw b, sin nw
fore, F(w)=— 21‘, zl‘,
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Where,
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Where,
f+2n 1 a+2c

w=—| fwdw=-| fx) d

7[,5 ¢ J,
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Where,
f+2n 1 a+2c

w=—| fwdw=-| fx) d

ﬂﬂ ¢ J,

1 p+2n 1 a+2c —
a, = —J' fw).Cos(nw) dw = —J fw). COS<—> dx

B C C
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Where,

1 p+2n 1 a+2c
ao=—J fow) dw=—j fx) dx

U B C

1 p+2n 1 a+2c —
a, = —J' fw).Cos(nw) dw = —J fw). Cos(—) dx

B C C

p+2r a+2c
b, = lj fw) . Sin(nw) dw = lJ fw). Sin<@> dx

B C C
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ODD and Even functions

e A function is an odd function if it is symmetric w.r.to the

origin.
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e A function is an odd function if it is symmetric w.r.to the

origin.

e A function is an even function if it is symmetric w.r.to

the y -axis.
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ODD and Even functions

e A function is an odd function if it is symmetric w.r.to the

origin.

e A function is an even function if it is symmetric w.r.to

the y -axis.

e Extending ,a given function In a half interval, to a full
interval as an odd function or even function we get a

Fourier series respectively consists of Sine series and

cosine series only.
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Half range series
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Suppose a f(x) function is defined in an interval , say ( 0, c)
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Suppose a f(x) function is defined in an interval , say ( 0, c)
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Fourier Sine series

Suppose a f(x) function is defined in an interval , say ( 0, ¢)
We extend this function to the interval (-c,0) as an odd function
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Fourier Sine series

Suppose a f(x) function is defined in an interval , say ( 0, c)

We extend this function to the interval (-c,0) as an odd function
The Fourier series of this extended function g(x) in the full

interval ( -c, c) is called the Fourier sine series given by
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Fourier Sine series

Suppose a f(x) function is defined in an interval , say ( 0, c)

We extend this function to the interval (-c,0) as an odd function
The Fourier series of this extended function g(x) in the full

interval ( -c, c) is called the Fourier sine series given by

f(:x):i.;bn sin (@)

C

with b =2 [ f(t)sin( @) dt
C 0

C
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Fourier Cosine series

Suppose a f(x) function is defined in an interval , say ( 0, c)
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Fourier Cosine series

Suppose a f(x) function is defined in an interval , say ( 0, c¢)
We extend this function to the interval (-c,0) as an even function

—~~
-
S

~—

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



Fourier Cosine series

Suppose a f(x) function is defined in an interval , say ( 0, ¢)
We extend this function to the interval (-c,0) as an even function

—~~
-
S

~—

m Lecture delivered during the Teachers Enrichment Workshop held at IMSC
s _,  between 26th November to Ist December 2018.



Fourier Cosine series

Suppose a f(x) function is defined in an interval , say ( 0, ¢)
We extend this function to the interval (-c,0) as an even function

|
S
-
—
—~~
-
S
~—

m Lecture delivered during the Teachers Enrichment Workshop held at IMSC
s _,  between 26th November to Ist December 2018.



Fourier Cosine series

Suppose a f(x) function is defined in an interval , say ( 0, ¢)
We extend this function to the interval (-c,0) as an even function
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Fourier Cosine series

Suppose a f(x) function is defined in an interval , say ( 0, c)

We extend this function to the interval (-c,0) as an even function
The Fourier series of this extended function g(x) in the full

interval ( -c, c¢) is called the Fourier Cosine series given by
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Fourier Cosine series

Suppose a f(x) function is defined in an interval , say ( 0, c)

We extend this function to the interval (-c,0) as an even function
The Fourier series of this extended function g(x) in the full

interval ( -c, c¢) is called the Fourier Cosine series given by
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Find the Fourier Sine and Cosine series of the function

f(x) = (x-1), xe(O,l)

0.5 1.0 1.5 2.0

Find the Fourier Sine series of the function
f(x) = x(w-x), x€ [0,71']

4

and hence show that i(i):ﬂ— &i I :n_6
Snt) 90 T H(2n-1)" 960
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Parseval’'s formula
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Parseval’s formula
We have, f(x):a—0+$an COS( @)+$bn o (@j

2 C -
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Parseval’s formula

Hence. [ £(x)] = £(x)+ S, £(x cas( ) Sb.f(s sm(nﬂxj

1 C
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Parseval’s formula

Hence. [ £(x)] = £(x)+ S, £(x cas( ) Sb.f(s sm(nﬂxj

C
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Parseval’s formula
We have. f(x):a—°+$an COS( @)+$bn . (@j

2 C C

Hence, [ f(x)] =% f(x)+ian f(x)c()s( nm) - b, f(x) sin (@j
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The energy of the signal given by the function f(x) is

The root mean square value of f(x) defined in an interv
a,b)is
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The energy of the signal given by the function f(x) is

(1 ¢ . )2 (2 = \
Energy{f(x)}z ! (f(x)) dx | = [{ :E(an2+bn2) -
N ) VL2 5 )

The root mean square value of f(x) defined in an interv
a,b)is
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The energy of the signal given by the function f(x) is

(1 ¢ . )2 (2 = \
Energy{f(x)}z ! (f(x)) dx | = [{ IE(an2+bn2) -
N ) VL2 5 )

The root mean square value of f(x) defined in an interv
a,b)is

RMS{ f(x)}= \b aﬂf
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Using the mean value we can compute the the Fourier
coefficients as follows:
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Using the mean value we can compute the the Fourier
coefficients as follows:

1

1 T 2T
a, = ;j_nf(t) dt = ZXEJO £(t) dt

— Z[mean valueof f(t)in (0,271']
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Using the mean value we can compute the the Fourier
coefficients as follows:

1 ¢ |
aozgj‘_nf(t)dt:ZXEJ £(t) dt
— Z[mean valueof f(t)in (0,271']
=lJ.ﬂ f(t)cosnt dt=2><ij f(t)cosnt dt
T Y- 27T 90

= Z[mean valueof f(t)cosntin (0,271']
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Using the mean value we can compute the the Fourier
coefficients as follows:

1

|
aozgj‘_nf(t)dt:ZXEJ £(t) dt

— Z[mean valueof f(t)in (0,271']

1 ¢ 1
:—j f(t)cosnt dt=2><—J f(t)cosnt dt
T Y-n 27 Y0

= Z[mean valueof f(t)cosntin (0,271']

1 o
:—J. f(¢)sinnt dt=2><iJ. f(¢)sinnt dt
T Y- 21 Y0

— Z[mean valueof f(t)sinntin (0,271']
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