Convolution Example #2

EXAMPLE # 2
Convoalve the following functions:
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Convolution Example #2

Choose to flip v(t) about the y-axis. Thiswill then be the convolutionat t = 0.
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The firg region of integration ist<0 for which no overlapping area exists. We congtruct atable as
follows

Time shift , t | lower limit | upper limit Areaof Overlap
Region of Overlap of integration of integration (Integrd)
t<O0 0




Convolution Example #2

For ease of viewing the "overlgp" intervals, the two functions are drawn on the same axes:
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Thefunction v(t - | ) dides over the function x(I ). The second region region of overlgp and function
to beintegrated isO £ t < 1 with the lower limit of the overlgoping area determined by x(l ) and the
upper limit t of the areais determined by v(t - | ).

Time shift , t | lower limit | upper limit Areaof Overlap
Region of Overlap of integration of integration (Integrd)
t<0 0
I upper
0 (t- I )I dl
0£t<1 0 t | lower
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Thethird region of overlgpis1 £ t < 2 as shown below. There is complete overlap of the two aress.
Three different integras must be added to yield the "overlap ared’ definedby  v(t - | ) intheregion1

£t<2.
A
1I<t<?2
1 x(1)
v(t-1)
] ] ] / ] ]
3 2 1 0 1 2 4>|
t2  t1 ot
Time shift , t | lower limit | upper limit Areaof Overlap
Region of Overlap of integration of integration (Integrd)
t<O0 0
| upper
O (- Didl
0f£t<1 0 t ! lower
| upper
0 gl -t)+2@|| dl
1£t<2 0 t-1 | lower
| upper
+ 0 (t- I )I dl
| lower
| upper
t-1 1 + 0 (t-1)(2-1)dl
| lower
1 t
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Thefourth region of overlgpis2 £t < 3. There are three limits of integration defined by the three
integrals that need to be summed to yield the "overlap area.”
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Timehift , t | lower limit | upper limit Areaof Overlap
Region of Overlap of integration of integration (Integrd)
t<O0 0
| upper
O (- Didl
0f£t<1 0 t | lower
| upper
0 gl -t)+2gl dl
1£t<2 0 t-1 | fower
| upper
+ 0 (t- I )I dl
| lower
| upper
t-1 1 + 9 (t-1)(2-1)dl
| lower
1 t
| upper
0 gl -t)+2gl dl
2£t<3 t-2 1 | lower
| upper
+ 0 4l -t)+2p2-1)d
| lower
1 t-1 e
- + 0(t-|)(2-|)d|
| lower
t-1 2
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The next regionis 3 £ t <4 with the lower and upper limitsof t - 2 and 2, repectively, with theintegra
of the areashown in the table below. For theregion t > 4, thereis no overlap so the integrd is zero.

A

3<t<4

()




Convolution Example #2

Timehift , t | lower limit | upper limit Areaof Overlap
Region of Overlap of integration of integration (Integrd)
t<O0 0
| upper
O (- Didl
0ft<1 0 t | ower
| upper
(‘) gl -t)+2gl dl
1£t<2 0 t- 1 | lower
| upper
+ é (t- [ )I dl
| lower
| upper
t-1 1 + 9 (t-1)(2-1)dl
| lower
1 t
| upper
0 gl -t)+2g| dl
2£t<3 t- 2 1 ! lower
| upper
+ 0 4l -t)+2p2-1)d
| lower
| upper
1 t-1 £ (t-1)(2-1)dl
| lower
t-1 2
| upper
O &l - t)+2y(2-1)dl
3f£t<4 t- 2 2 ! lower
t>4 0




