ECE 312 HW#2


1. The convolution integral is



where  is the system impulse response and is the system input. 

Prove




given  

let  and when .  Substituting



reversing the limits removes the minus sign.



2. The input to a LTI system is  with  The impulse response of the system is



a) Use convolution to find an analytical expression for the system output response.

 

and




The integrand product terms are


























Performing the integration yields










b) Plot .
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3. Problem 6-18
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4. Problem 6-20

                  -3 to 3



5. Problem 6-25
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a = dt= -da
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()= 2[u(r)— u(r—0.35)]
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()= w(t = D]+ (2-0)[u(r—1)—u(r-2)]
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@  4y"()=2x(e)-x(r)
4n" (1) =25(r)-&'(r)

Integrate both sides twice to obtain

4h(t)=2ramp(r) - u(r) = h(r) = (1/ 2)ramp(¢) - (1/4)u(r)
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®

¥ (1) +9y(r)=-6x(z)
(1) +9h(r)=~68'(r) , Eigenvalues are +;3
Solution formis h(r)=(Ke™ + K. Jul().

Integrate once from =0 to =0 to obtain

Y

J3K, - j3K,=0

Integrate again from £=0" to #=0" to obtain

f(

h(o

s sf g o)

K +K,=-6
Solving, K,=-3 , K,=-3.
1(t)= (-3¢ -3¢ )u(r) =—6cos(x)u(r)

Check by plugging into the original equation.
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h(r)=~6cos(3¢)u(r) = b"(r) = 18sin(3¢)ur) - 6cos(3r)5(r)
=)
= 1"(r) = 18sin(3¢)8 () + 54cos(3r)u(f) - 65'()
Substituting into the original differential equation,

stcos(3u(1)-65/()+ [ -6cos(3)u(()]=-65(1)  Check.
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©  -y(0)+3y/()=3x(e)+5x"(r)
~07(r) +30(1)=38(r)+58”(r)  Eigenvalues are 0 and 3.

Solution form is h(r)= (K, + K" )u(t) + K 8(r)

Integrate once from ¢ =0 to £=0" to obtain

3K, =3 K =1

Integrate again from £=0" to #=0" to obtain

7h(0')+h(:’)ﬂujh(r)d::3m:f(0')—3nmf(0')+5§(:)756(:0')

-(k,+K,)+3K,=0
Integrate again from £=0" to #=0" to obtain

—]’n(:)m+3ﬂ'h(1)dr: y@—armu@—s@

-K,=5=K,=-5

~(K,+K,)+3K,=0=>-(1+K,)-15=0= K, =-16
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~(K,+K,)+3K,=0=~(1+K,)-15=0= K, =16
h(t)=(1-16¢")ur)-58(z)
‘The derivatives are

1)=(1-16¢")5(r) - 48¢" u(t) - 58(r)
:—155(1) 8¢ u(t)-55'(r)
(1) =-158'() - 144€™ u(r) - 48¢"6 (1) - 55 (1)

Checking by substituting into the differential equation,
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~[158()- 1446 u(r) - 88 1) - 56(1)]
+3[(1-166%)3(r) - 48" u(s) - 58(1) ] = 38(e) + 557(r)

156(1) +486(r) + 144€™ u(r) + 56" () - 458 (r) - 144€™ u(r) - 155" (1)
=36(t)+56"(z)

35(r)+ 56" (1) = 35() +56”(¢) Check.
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‘The areas of x(ar) and h(ar) are the areas of x(r) and h(r) divided by the
‘magnitude of @ because the scaling factor a does not change their heights but
compresses them in time by a. Therefore the product of the areas of x(ar) and

(ar) is smaller by a factor of a* than the product of the areas of x(r) and h(r).
‘The area of y(ar) is smaller by a factor of a than the area of y(t). Therefore the

area of ﬁy(at) is smaller by a factor of a” than the area of (). QED.
d
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