
Given y(t)=x(t) �h(t), we want y(t)=
P
k

(: : :)ejkw0t, what is (: : :)?

Consider x(t)=
P1

k=¡1
ake

jk!0t, ak is a scaler, then

y(t)=x(t) �h(t)=

 X1
k=¡1

ake
jk!0t

!
�h(t)=

X1
k=¡1

ak(ejk!0t�h(t)):

For single ejk!0t �h(t), we have

ejk!0t �h(t)=
Z
¡1

1
h(�)ejk!0(t¡�)d� = ejk!0t

Z
¡1

1
h(�)e¡jk!0�d� :

Let H(j!k)=
R
¡1
1

h(�)e¡jk!0�d� , then

y(t)=
X1
k=¡1

ak(ejk!0t�h(t))=
X1
k=¡1

akH(j!k)ejk!0t:

For a given h(t), H(j!k) is easy to calculate.

So the problem becomes: when there is a x(t), how to find its ak for each ejkw0t?

Consider multiplying x(t) by e¡jnw0t, we have

x(t)e¡jnw0t=
X1
k=¡1

ake
jkw0te¡jnw0t=

X1
k=¡1

ake
j (k¡n)w0t:

Then Z
0

T

x(t)e¡jnw0tdt=
Z
0

T X1
k=¡1

ake
j(k¡n)w0tdt=

X1
k=¡1

ak

�Z
0

T

ej (k¡n)w0tdt
�
:

For single
R
0
T
ej(k¡n)w0tdt, we have

Z
0

T

ej (k¡n)w0tdt=
Z
0

T

cos((k¡n)w0 t)dt+ j

Z
0

T

sin((k¡n)w0 t)dt=
�
T ; k=n
0; k=/ n

:

Thus, Z
0

T

x(t)e¡jnw0tdt=Tan=) an=
1
T

Z
0

T

x(t)e¡jnw0tdt=) ak=
1
T

Z
T
x(t)e¡jkw0tdt :

Now ak and H(j!k) are both computable, then we can find y(t) by
P1

k=¡1
akH(j!k)ejk!0t:

1



When x(t) is real,

ak=a¡k
� :

x(t)=
X1
k=¡1

ak e
jkw0t=a0+

X1
k=1

2jakj cos(kw0 t+ arg(ak)):

When x(t) is odd,

a¡k=
1
T

Z
¡T/2

T/2

x(t) ejk!0tdt

= 1
T

Z
T/2

¡T/2
x(¡t 0) e¡jk!0t0d(¡t 0)

= ¡1
T

Z
¡T/2

T/2

x(t 0) e¡jk!0t
0
dt 0

=¡ak:

So

Re(ak)=Re(a¡k)= 0:

When x(t) is even,

a¡k=
1
T

Z
¡T/2

T/2

x(t) ejk!0tdt

= 1
T

Z
T/2

¡T/2
x(¡t 0) e¡jk!0t0d(¡t 0)

= 1
T

Z
¡T/2

T/2

x(t 0) e¡jk!0t
0
dt0

= ak:

So

Im(ak)= Im(a¡k)= 0:

CT DT
angular freq w0= /2� T0 
0= /2�N0

FS rep of x x(t)=
X1
k=¡1

ake
jk!0t x[n] =

X1
k=¡1

ake
jk
0n

FS rep of y y(t)=
X1
k=¡1

akH(j!k)ejk!0t y[n] =
X1
k=¡1

akH(j!k)ejk
0n

FS response H(j!k)=
Z
¡1

1
h(�)e¡jk!0�d� H(j!k)=

X1
n=¡1

h[n]e¡jk
0n

coefficients of x ak=
1
T

Z
T
x(t)e¡jkw0tdt ak=

1
T

X
T

x[n]e¡jk
0n

coefficients of y bk= akH(j!k) bk=akH(j!k)

Table 1. Summary & Comparision
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