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In[1]:= 1/T*Integrate[-4*t-T,{t,-T/2,0}]+

1/T*Integrate[4*t-T,{t,0,T/2}]        
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Ex.
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2/T*Integrate[Sin[2*Pi*t/T]*Sin[2*Pi*k*t/T],{t,0,T}]+
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Out[12]= 0

X
k
0

Ex. sine wave

! 

x(t) = sin
2"

T0

t

# 

$ 
% 

& 

' 
( 0 ) t < T0

How it works

0 0.5 1

1

0

1
1

1

sin ..2 !
t

T

10 t! 

X
0

= 0

! 

X
k

=
1e

" #
2 k =1

0 k >1

$ 
% 
& 

! 

x(t) = cos 2"f
0
t # "

2( )

! 

x(t) = A
0

+ Ak

k=1

"

# cos 2$kf
0
t + %k( ) = X

0
+ Re Xk

k=1

"

# e
j 2$kf0t

& 
' 
( 

) 
* 
+ 

! 

x(t) = sin 2"f0t( )

! 

x(t) = sin
2"

T0

t

# 

$ 
% 

& 

' 
( 0 ) t < T0

Ex. sine wave

! 

x(t) = sin
2"

T0

t

# 

$ 
% 

& 

' 
( 0 ) t < T0

How it works

0 0.5 1

1

0

1
1

1

sin ..2 !
t

T

10 t

! 

X
0

= 0

! 

X
k

=
1e

" #
2 k =1

0 k = 2,3,…

$ 
% 
& 

! 

x(t) = A
0

+ Ak

k=1

"

# cos 2$kf
0
t + %k( ) = X

0
+ Re Xk

k=1

"

# e
j 2$kf0t

& 
' 
( 

) 
* 
+ 

! 

x(t) = sin 2"f0t( )

! 

x(t) = Z
0

+ Zk

k=1

"

#
e
j 2$kf0t + e

% j2$kf0t

2

& 

' 
( 

) 

* 
+ 

! 

Z
0

= 0

! 

Z
k

=
X
k

2
=

1

2
e
" #
2
k

k = ±1

0 k = ±2,±3…

$ 

% 
& 

' & 

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

! 

x(t) = cos 2"f
0
t # "

2( )

! 

Xk =
2

T
0

Acos
2"

T
0

mt
# 

$ 
% 

& 

' 
( e

) j 2"kt
T
0dt

0

T0

*

! 

Xk =
A if m = k

0 if m " k

# 
$ 
% 

Harmonic sinusoid



! 

Xk =
2

T
0

Ak

k=1

"

# cos 2$kf
0
t( )

% 

& 
' 

( 

) 
* e

+ j2$kt
T
0dt

0

T0

,

! 

Xk =
2

T
0

A
1
cos 2"f

0
t( ) + A

2
cos 2"2 f

0
t( ) + A

3
cos 2" 3 f

0
t( ) +…[ ]e

# j2"kt
T
0dt

0

T0

$

! 

Xk =
2

T
0

A
1
cos 2"f

0
t( )e

# j 2"kt
T
0dt

0

T0

$ +
2

T
0

A
2
cos 2"2 f

0
t( )e

# j 2"kt
T
0dt

0

T0

$ +
2

T
0

A
3
cos 2"3 f

0
t( )e

# j2"kt
T
0dt

0

T0

$ +…

  

! 

A
1

if k=1

0 if k"1

1 2 4 3 4 

  

! 

A
2

if k= 2

0 if k"2

1 2 4 3 4 

  

! 

A
3

if k= 3

0 if k"3

1 2 4 3 4 

! 

X
k

= A
k

Sum of harmonic sinusoids
Clipped Sinewave

0 2 4 6

1

0

1
1

1

x t

.2 !0 t

! 

Xk =

1 if Asin 2"f
0
t( ) >1

#1 if Asin 2"f
0
t( ) <1

Asin 2"f
0
t( ) otherwise

$ 

% 
& 

' 
& 

! 

A = 2

! 

T
0

=
1

f
0

= 2

Xo 0

Xk .
2

T
d

0

T1

t..A sin ..2 !
t

T
e

.....1j 2 ! k
1

T
t

.
2

T
d

T1

T2

te

.....1j 2 ! k
1

T
t

.
2

T
d

T2

T3

t..A sin ..2 !
t

T
e

.....1j 2 ! k
1

T
t

.
2

T
d

T3

T4

t.1 e

.....1j 2 ! k
1

T
t

.
2

T
d

T4

T

t..A sin ..2 !
t

T
e

.....1j 2 ! k
1

T
t

Clipped Sinewave

0 1 2 3 4 5 6 7
2

1

0

1

2
2

2

Re Y t

.2 sin t

Re .Xk 1 e
.1j t

Re .Xk 3 e
.3j t

Re .Xk 5 e
.5j t

6.2831850 t
-10 -8 -6 -4 -2 0 2 4 6 8 10
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

amp

phase

-10 -8 -6 -4 -2 0 2 4 6 8 10
-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

Clipping adds harmonics

which distorts the pure tone.
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