ECE 307 - CONVOLUTION - INVESTIGATION 24
ZERO STATE PULSE RESPONSES - PART 11

FALL 2000 A.P. FELZER

Todo "wel" on thisinvestigation you must not only get the right answers but must also do nest,
complete and concise writeups that make obvious what each problem is, how you're solving the
problem and what your answer is. Y ou also need to include drawings of all circuitsaswell as
appropriate graphs and tabl es.

The objective of thisinvestigation isto come up with agenera expression for the zero state
response of acircuit in the case when itsinput is equal to asum of pulses. We shall usethe

notation pp(t) for a pulse of area one with width D and magnitude 1/D as follows

Pp(t)
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and hp(t) for the corresponding zero state pulse response as follows
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1. To begin sketch each of the following pulsesfor D = 1/4
a po(t)

po(t —D)

po(t —2D)

Dpp(t — 2D)

3Dpp(t —2D)

2Dpp(t) + 3Dpp(t — D)
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2. Expressthe following signal x(t)

X(t)
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asasum of pulses of the form x(nD)Dpp(t —nD)
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3. Show that the zero state response of acircuit to the following input

X(t)

x(0)

D
is y(t) = x(0)Dhp(t). Hint - expressthe input as x(t) = x(0)Dpp(t)

4. Expressacircuit's zero state response to each of the following inputsin terms of hp(t)
a po(t)
b. pp(t-D)
C. pp(t—2D)
d. 2pp(t—2D)
e. pp(t—D) + 2pp(t —2D)

5. Supposethat the input to agiven circuit isasum of pulses asfollows

Xp(t)
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with pulse magnitudes x(0), x(D), x(2D), x(3D), x(4D)

a. Write out an expression for xp(t) as a sum of pulses x(nD)Dpp(t — nD)
b. Make use of your result in part () to express

yD(t) = Zero state response of the circuit to x(t)

as asum of terms of the form x(nD)Dhp(t —nD).
c. Show that your expression in part (b) can be expressed as the following sum

¥o(t) = & X(nD)hy t - ND)D

which werefer to asaconvolution sum. It tellsusthat the zero state response at time t
is- by superposition - equal to the sum of the responses to the pulses that add up to xp(t)

d. Make use of your result in part (c) to obtain an expression for yp(5D)
e. Make use of your result in part (d) to calculate yp(5D) for D =0.5 and the following

values of x(nD) and Dhp(nD). Put the results of your calculationsin a Table

x(0) =2, x(D) =1, x(2D) =3, x(3D) =2, x(4D) =1, x(5D) =0
hp(D) =4, hp(2D) =2, hp(3D) =1, hp(4D) = 0.5, hp(5D) = 0.2
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6. Make use of the convolution sum to find the step response at t = 5D of acircuit with apulse

response as follows
hp(t)
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when D = 0.5. Find hp(0), hp(D), hp(2D), hp(3D) and hp(4D) and then draw and make use of
graphs like those in Problem (6).

7. Now suppose we have an input x(t) that is ageneral sum of pulses asfollows
X(t) = x(0)Dpp(t) + x(D)Dpp(t — D) + x(2D)Dpp(t —2D) + - - - + x(ND)Dpp(t —nD)

a. Expressthe zero state response yp(t) asasumwitha S
b. What do you think happens to pp(t), hp(t) and the summation for yp(t) asD® 0O

8. Now sketch each of the following as functions of t. Note that you may find it helpful in parts
(c)—(f) to sketch each factor separately and then multiply them together.

a xi(t)=u(t -3 d. xg4(t) =2exp(t) u-t)
b. xo(t) =u(3-1) e Xs(t)=2exp(-1+1t)u(l-t)
c. X3(t) =2exp(-t) u(t) f. Xg(t) =2exp(-1+t)u(d-t) u(t)



