The associative property of convolution is proved in literature for infinite
interval. Given below it that proof, where ¢(t), y(t) and v(¢) are valid from
time —oo to oo.

U(t) * [y(t) = v(t)] (1)
/m¢@aL/my<>@f—u—Tden @)

/ / Bt y(T)olty — to — 7)drdt, (3)
Let A\ =7+1t, d\ =dt,, Whent, = —o0o, A = —oco. When ¢, = o0,

A = 00. Substitute t, = A — 7 in (3) and we get

/oo /OO B\ = )y(r)o(ts — A)drdA ()

Let n =A—171. dp = —d7. When 7 = —00, n = co. When 7 = oo,
n = —oo. Substitute 7 = A — 1 in (4) and we get

/ / Sm)y(r - n)u(ty — Ndnda (5)

/'/ Gy = n)u(ty — N)dndx (6)
/ U’w (A= m)dn] v(t; — N ™)
() * y(t)] * v(t) (3)

This is how it is done in literature.



[ want to prove the associative property of convolution where v (t), y(t)
and v(t) are valid for finite interval, that is from time 0 to ;.

Cu) [ [ vty — 1, — e at, )
/ [/

/tf /tf - Pty — t, — T)drdt, (10)

Here i am following the same steps as before. Let A = 7 +t,. d\ = dt,.
When ¢, =0, A = 7. When t, = t;, A = 7+1t;. Substitute {, = A — 7 in (10)

and we get
ty+T ty— )\—I-T
/ / (ot — Ndrd (11)

Let n=XA—7.dn=—dr. When7=0,7n= A\

When 7 =ty — A+ 7. I get stuck here because how can this be possible.

I have tried many other ways but can not get what i want. In the end i
want to see something like below which is similar to (7). The only difference
is that in the equation below, the interval is finite.

/ [/w y(A — ndn] vty — A)dA (12)
Example

I have tried one example where 1(t) = e™*, y = ¢t and v = 2 — ¢ which i
assume is valid between 0 to t¢

tr tr
Yxy = /o Y(1)y(ty — m)dr = /0 e T(ty—7)dr=e"+t;—1 (13)

t —t3
[V * y|xv = / (eT+r—1)(2—(t;—7))dr = Tf+1.5t?—3tf—3e*tf—|—3 (14)
0

3

y*v:/Ofy@f—T)v(T)dT:/Of(zf—f)@—r)m:t;—%f (15)

ty 7_3 _t3
Yx [y xv] = / et (12 E)dT = Tf +1.5t5 — 3ty — 3e™Y +3 (16)
0

It can be seen that (14) and (16) are same, which show that assosiative
property for finite intervals do work. I am not just able to prove it in general.



