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SOLUTION 16.31.
In order to compute the area beneath v(t- t)h(t) seven regions will be considered: t<0, 0£t<1,
1£t<2,2£t<3,3£t<4,4£t<5and5£t.

Step 1: t<0. For tinthisregion v(t- t)h(t)=0 for all t. Hence
y(t)=v(t)* h(t)=0 for t<O.

Step2: 0£t<1. Inthiscase v(t- t)h(t)=v0" hO for 0£1 £t and is zero otherwise. Therefore the
areabeneath v(t - t)h(r) equals
yt)=v(t)*h(t)=v0” h0" t for 0£t<1.

Step 3: 1E£t<2. For tinthisregion we have

ivl” h0, O0£t£t-1
V0" ho, t-1<t<1
v(t-r)h(r)=_:_vo, hL 1£7<t
fo, otherwise
Therefore the area beneath v(t - t)h(tr) equals

y(t)=v(t)* h(f)=vl" hO" [(t- 1)- 0] +vO~ hO" [1- (t- 1)]+v0" hl" (t- 1)=
=t" (v1" hO- vO" hO+v0" hl)- v1” h0+2" vO" hO- vO™ hl,forl£t<2

Step 4: 2 £t < 3. Inthiscase
ivl” ho, t-2<1<1
V1 hl 1£t£t-1
v(t- t)h(r)=iv0" hl, t-1<t<2
V0" h2, 2£1<t
10, otherwise
Hence for 2£t< 3,
y(t) = v(t) * h(t) =
=vl” h0" [1- (t- 2)]+v1” h1" [(t- 1)- +Vv0" h1 [2- (t- 1)]+v0" h2" (t- 2)=
=t (vl hO+vl” hl- vO" h1+v0" h2)+3  v1” h0- 2" v1" h1+3" vO" hl- 2" vO" h2
Step5: 3£t< 4. Inthiscase
_‘|_v1’ hl t-2<t<2
. i h2, 2£t£t-1
v(t- 1) (t)—_:_vo, h2 t-1<t<3
fo, otherwise
Hence, for 3£t< 4,
y(t)=v(t)* h(t) =
=vl” hl" [2- (t- 2)]+v1” h2" [(t- 1)- 2] +v0" h2" [3- (t- 1) =
=t" (-vl” h1+vl” h2- v0" h2)+4" v1” hl- 3" v1" h2+4" vO" h2

Step 6: 4£1<5. Inthiscasev(t- T)h(t)=vl" h2 for t- 2 <t < 3andiszero otherwise. Therefore
y(t)=v(t)* h(t)=vl" h2" [3- (t- 2)]=vl" h2" (5- t) for 4£t<5.
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Step 7: 5£t. For tinthisregion v(t- t)h(t)=0 for al t. Hence
yt)=v(t)* h(t)=0for 5£ t.

Insum,
iv0’ ho” t, 0£t<1
£t" (vL” hO- vO" h0+v0" hl)- v1* hO+2 vO’ h0- vO hi, 1£t<2
ft” (-v1” hO+v1” hl- vO" h1+v0" h2)+3" v1" h0- 2" v1” h1+3" vO" hl- 2" vO" h2, 2£t<3
t) =
YO =1 (W7 h+vt h2- V07 h2)+47 v hi- 37 h2+4° vO' ha, 3Et<4
:::vl' h2” (5- 1), 4£1<5
10, otherwise
Hence,

y1 =y =v0" h0=6
yo=y(2)=v0" hl1+vl” h0O=8
y3=y(3)=v0" h2+vl hl=-6
Ya=Y(4)=v1l" h2=4

(b) Using the expressionsof p(x) and q(x) it follows that
pX)” q(x)=x>" (vO" h0)+x2" (vO" hl+vl h0)+x” (vO° hO+vl hl)+vl h2
We observe that the coefficientsof p(x)~ q(x) areexactly yq, Yo, Y3 and y,, respectively. Therefore
r(x) = p(x) " a(x).

SOLUTION 16.32.
(8 Thispart will be solved using the techniques of convolution algebra. Therefore we can write f3(t) as

fat)= 1,0 Do+ 19t
3= 1 7O 27(0
Where the superscript (-1) means integration and the superscript (1) means differentiation. From figure
P16.32 we observe that
fa®) = 4{u() - u(t- 4)]

Hence

VM) = 4t - - Hut- 4)]=
=4r(®- r(t- 4)

By inspection, from the same figure, we have

t0(t) = 4[5 (t) - 25(t- 2) +25(t- 4) - 2(t- 6) +5(t- )]
Using the sifting property of the deltafunction fa(t) can be computed as follows

fat)={4[r(t)- r(t- )]} {4[6(t)- 25(t- 2)+25(t- 4)- 28(t- 6)+5(t- 8)[} =
=16[r(t)- 2r(t- 2)+r(t- 4)- r(t- 8)+2r(t- 10)- r(t- 12)]
A pictureof fa(t) issketched in the next figure.
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(b) Using the techniques of problem 16.31 and considering the time step tstep = 2, the polynomials p(x) ,
g(x) and r(x) can be associated with the functions f1(t), fo(t) and
f5(t), respectively, as below:

p(x) =4x +4
q(x)= 4x3- 4x% +4x- 4
r(x) = 32x% - 32

We need to verify that the equality
P(x) >q(x) xstep = r(x)

holds. The equality indeed holds because
p(X) >q(x) xstep = 32(x +D)(x>- x2+ x- 1) = 32(x* - 1)=r(x).

Theresults obtained in part (a) and part (b) coincide.

SOLUTION 16.33.
(8 Using the techniques of convolution algebra f3(t) can be written as

t30)= £, * 1,01

Where the superscript (-1) means integration and the superscript (1) means differentiation. From figure
P16.33 we observe that
fi®)=Zut+1)- ut- 4)

Therefore
(0 =4+ Dut+D- (t- Hu(t- 4)]=
=4[r(t+1)- r(t- 4)]=g()

By inspection, from the same figure, we have
£0(t) = 45(t)- 85(t- 2)+65(t- 4)- 25(t- 6)

Using the sifting property of the deltafunction fa(t) can be computed as follows

fa(t) = 49(t)- 8g(t- 2) +6g(t- 4)- 29(t- 6)
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Thisisplotted in MATLAB asfollows:

>>t=-2:0.01:14;

>> g = 2% (t+1). ¥ u(t+1)-2* (t-4).* u(t-4);

>> gl =4*q;

>> g2 = -8*%( 2*(t-1).*u(t-1)-2* (t-6).* u(t-6) );
>> g3 = 6*( 2* (t-3).* u(t-3)-2* (t-8).* u(t-8) );
>> g4 = -2*%( 2* (t-5).* u(t-5)-2* (t-10).* u(t-10) );
>> {3 = gl+g2+g3+g4;

>> plot(t,f3);

>> grid;

A pictureof fa(t) issketched in the next figure.
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(b) To account for the fact that f;(t)is nonzero for negative t the following formula (see problem 16.22)
ft)* f20)=[ fat- D* f20)]io4

will be used to compute fs(t). Using adightly modified version of the code of problem 16.31, we have

>>f1=[2,22 2, 2];

>>f2=14,4,-4,-4,2,2];

>>T=1;

>>taep=T,;

>> {3 = tstep* conv(f1,f2);

>>f3=[0f30];

>>t = -Litstep:tstep* (Iength(f1)+length(f2))-1;
>> plot(t,f3)

>> grid
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The results of parts (a) and (b) coincide.

SOLUTION 16.34. This problem is solved using the techniques of the convolution algebra with the
graphical method left to the student.

f3(t) = 0 * £ =[ RO Y+ [Lo]®

where the superscript (-1) meansintegration and the superscript (1) means differentiation. By inspection,

(0] = atu(t)- 4t- B)ut - 6) = o(t)
and

[ £,0] = 4d(t) - 8d(t- 2)+8d(t - 6)- 4d(t- 8)
Hence the response say y(t) satisfies
fa(t) = 4g(t) - 8g(t- 2) +8g(t- 6)- 4g(t - 8)

Thisisplottedin MATLAB asfollows:
»t=0:.05:20:;

»g = 4*t .* u(t) - 4*(t-6) .*u(t-6);

»g1=4*g;

»Qg2 = -8*(4*(t-2) .* u(t-2) - 4*(t-8) .*u(t-8));
»Qg3 = 8% (4* (1-6) .* u(t-6) - 4*(t-12) .*u(t-12));
»g4 = -4* (4*(t-8) .* u(t-8) - 4*(t-14) .*u(t-14));
»f3 = gl+g2+93+94;

»plot(t,f3)

»grid
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(b) Using the code of problem 31, we have

»1=[4 4 4],
»2=[4 -4 -4 4],
»T =2,

»step =T,

»3=[0 conv(fLf2)*tstep O];

»t = 0: tstep : tstep* (Iength(fl) + length(f2));
»plot(t,f3)

»grid
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The results of parts (a) and (b) coincide.

SOLUTION 16.35.
(& Inorder to compute the areabeneath fy(t- t)xf;(t) four regionswill be considered: t<0, 0£1t<1,
1£t<2,and 2 £ t.
Step 1: t<0. Here fi(t- t)xfy(x)=0 foral t. Hence
f3t) = fi(t)* f1(t)= 0 for t<O.

Step 2: 0£t<1. Inthiscase fy(t- T)xfi(tr)=1for O£t £t and is zero otherwise. Therefore the area
beneath fy(t- t)xfi(tr) equals
f3(t)=t for O£ t<1.

Step 3: 1£t<2. Inthiscase fi(t- t)xfi(r)=1for t- 1<t <1 andis zero otherwise. Therefore the
areabeneath f1(t- t)xfy(r) equals
f3(t)=1- (t-1)=2-tfor1Et<2.

Step 4: 2£t. Here fy(t- t)xf1(r)=0foral t. Hence

f3(t) = f1(t)* f()=0for2 £t.
In sum,
it, 0£t<1

fat)=12- 1, 1E£1<2
{0, otherwise
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(b) In order to compute the area beneath fy(t - t)xf,(t) four regionswill be considered: t<0, O£ t<1,
1£t<2,and 2£ t.
Step 1: t<0. Here fi(t- t)xfy(r) =0 for al T. Hence

f4(t)= 1 (t)* fo(t) =0 for t<O.

Step 2: 0£ t<1. Inthiscase fi(t- t)*fy(t) =t for O£t £t and iszero otherwise. Therefore the area
beneath f1(t- t)%fy(t) equals

f4(t)= 0.5t> for O£ t<1.

Step 3: 1£t<2. For t in this region fi(t- t)xfy(t) =1 for t- 1<t <1 and is zero otherwise.
Therefore the area beneath f1(t- t)%f,(t) equals

f,(t)=05- 0.5t% for 1£ t<2.
Step 4: 2 £ t. Here fq(t- t)*fy(t) =0 for al T. Hence

f4(t)= fL(t)* fi()=0for2 £ t.

In sum,
10.5t2, 0£t<1
f4(t)=}o.5- 05t%, 1£t<?2
%O, otherwise

(c) Inorder to compute the areabeneath f,(t- t) xf,(t) four regionswill be considered: t<0, O£ t<1,
1£t<2,and 2£ t.

Step 1: t<0. Here fy(t- t) xfy(r)=0 forall t. Hence
fg(t) = fo(t)* fo(t)=0 for t<O.

Step2: 0£t<1. Inthiscase fy(t- 1) *fo(r)=(t- t)r for O£ 1 £t and is zero otherwise. Therefore
the areabeneath fo(t- 1) %f,(t) equals

t
t
fe(t) = (Yt- )tdr =|-0.3333t> + 0.5t . =0.1667t> for 0 £ t <1.
0

Step 3: 1£t<2. For tinthisregion fy(t- t)*fy(t)=(t- t)r for t- 1<t <1 andiszero otherwise.
Therefore the area beneath fo(t- 1) xfo(t) equals

1
1
fe(t)= O(t- T)udt =[-0.3333c3 + 0.5t 2 )
t-1
=.0.1667t3 +t- 0.6667 for 1Et<2.

Step 4: 2 £t. Here fy(t- 1) xfo(r)=0 for al T. Hence
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fe(t) = fo(t)* fo(f)= 0 for2 £ .

In sum,
10.1667t> 0£t<1
fg(t) = ]| 0.1667t> +t- 0.6667, 1£t<2
%0, otherwise

SOLUTION 16.36.
In order to compute the area beneath f1(t- t)xf,(t) fiveregionswill be considered: t<0, O£ t<1,
1£t<2,2£t<3and 3£t.

Step 1: t<0. Here fi(t- t)xfy(tr) =0 for al T. Hence
fa(t)= f(t)* fo(t) =0 for t<O.

Step 2: 0£t<1. Inthiscase fi(t- t)xfy(t) =1 for O£t £ t and iszero otherwise. Therefore the area
beneath fy(t- t)xfy(t) equals

f5(t) = 0.5t% for O£ t<1.

Step 3: 1E£t<2. For tinthisregion

iT, t- 1<t <1
fi(t- T)xfo(t) =121, 1ETEL
{O, otherwise

Therefore the area beneath f1(t- t)%f,(t) equals

fa(t)=[0.5- 0.5(t- 1)2] +[o.5- 0.5(2- t)2
= t?+3t- 15 for 1£t<2.

Step4: 2£t< 3. For tinthisregion fy(t- t)*fy(t) =2- 7 forall t- 1<t <2. Hence
fa(t) = fo(t)* fo() =0.5- 0.5(2- )% =-0.5t2+2t- 1.5 for 2£ t< 3.

Step 5: 3£t. Here fy(t- t)xfy(t) =0 foral t. Hence
f3(t)= f1(t)* fo(t) =0 for 3£t.
In sum,
,‘:,0.5t2, 0£t<1
i-t2+3t- 15  1£t<?2
B®=1 >
i-05tc+2t-15 2£t<3
1o, otherwise

SOLUTION 16.37.
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(& In order to compute the area beneath fy(t)*f,(t- t) three regions will be considered: t<O,
Oft<2,and2£t.
Step 1: t<0. Here fi(r)xfy(t- t) =0 for al . Hence

ft)= f1(t)* fo(t) =0 for t<O.

Step2: 0£t<2. Inthiscase fi(t)xfy(t- 1) =8t for O£t £t and is zero otherwise. Therefore the
areabeneath f1(t)xfo(t- 1) equals

f5(t) = 0.5(t>8t) = 4t% for 0£ t<2.
Step 3: 2£t. For tinthisregion
18, 0£t1<2
f(t)xfp(t- 1) =116, 2£T <t

%0, otherwise
Therefore the area beneath f1(t) xf,(t- ) equals

fo(t) = 16+16(t- 2) =16(t- 1) for 2 £ t.

In sum,
142, 0£t<?2
f5(t) = }16(t- 1), 2£t
%0, otherwise

A pictureof fa(t) issketched in the next figure.
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(b) From figure P16.37 we observe that
fo(t) = 2tu(t) - 2(t- 2u(t- 2)

From table 13.1 and the time shift property of the Laplace transform it follows that

A9 =3 (- <)
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4
Fa(8) =3
By the convolution theorem

F3(9) = R (9)F2(9
Therefore

8 )
F3(9) :?,(1- e 23)
Taking the inverse Laplace transform yields
_ 42 2
f3(t) = 4t7u(t) - 4(t- 2)7u(t- 2)

The results of parts (a) and (b) coincide.

SOLUTION 16.38.
(@ Inorder to compute the areabeneath fy(t- t)xfy(t) Six regionswill be considered: t<0, 0£t<2,

2£1<6,6£t<8,8£t<10,and10£ t.
Step 1: t<0. Here fi(t- t)xfy(r) =0 for al . Hence

fa(t) = fy(t)* fo(t) =0 for t<O.

Step2: 0£t<2. Inthiscase fi(t- t)*fy(t) =8(t- ) for O£ 1 £t and is zero otherwise. Therefore
the area beneath fy(t)*f,(t- T) equals

f5(t) = 0.5(t>8t) = 4t% for 0£ t<2.

Step 3:2£ t<6. For tinthisregion

116, 0Oft<t-2
fit- T)xfo(x) =1 8(t- 7), t- 2E7 <t
%0, otherwise

Therefore the area beneath f1(t- t)%f,(t) equals
f3(t)=16+16(t- 2) =16(t- 1) for 2£ t<6.
Step4: 6 £1<8. Fortinthisregion
116, Of£t<t-2
o f 18(t- 1), t-2£1<6
- X =
1(t- ) xfa(7) -:--8(t— 1), BET <t
fo, otherwise

Therefore, for 6 £ t <8, the areabeneath f1(t - t)*xf,(t) equals

8(t- 6)°U 8(t- 6)°
u_
2 g 2

é
fa(t) = 16(t - 2)+ &6-
6
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= -8(t- 6)° +16t- 16=-8t>+112t- 304
Step 5: 8 £ t<10. For tinthisregion

116, O£1<6

1_16, 6ET<t-2
fa(t - ©)xfo(t) :'E'S(t‘ 1), t-2£1<8

fo, otherwise

Therefore, for 8 £ t <10, theareabeneath f;(t- t)xf,(t) equals

é - 8)2u
f3(t)=96- 16(t - 8) - é16- w@: 4t% - 80t + 464
e ¢!
Step 6: 10 £t. For tinthisregion
116, O£1<6

fit- t)fp(t) ={-16, 6£1<8
%O, otherwise

Therefore,
f3(t)=96- 32=64 for 10 £ t.
In sum,
i0, t<O
: a2, 0£t<?2
{16t- 16, 2£t<6

fa(t) =1
3(0) (- 8t2 +112t- 304, 6E£t<8
14t- 80t+464, BE£1<10

164, 10£ t
A pictureof fa(t) issketched in the next figure.
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(b) From figure P16.38 we observe that
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fa(t) = 4[u(t) - ut- 6)]- 4[u(t- B)u- (t- 8)]
=4u(t) - 8u(t- 6) +4u(t- 8)
From table 13.1 and the time shift property of the Laplace transform it follows that
FZ(S)Zi: ) 26-65+ﬂe—85
From problem 16.37 we have that
2 -2
A9 =51 e

By the convolution theorem

F3(9) = R (9)F2(9
Therefore

8 8 _25 16 -5 24 _gs 8 _10s
Fa(s) =—=- —e - —e +—e - —e
3() 53 S3 S3 S3 S3

Taking the inverse Laplace transform yields

fot) = 4t2u(t) - 4(t- 2)%u(t- 2)- 8(t- 6)%u(t- 6)
+12(t - 8)°u(t - 8)- 4(t- 10)%u(t- 10)

The results of parts (@) and (b) coincide.

SOLUTION 16.39.
p(t) * q(t) will be computed using the techniques of convolution agebra. Therefore we can write

) *at) = pt Yy * P

where the superscript (- 1) means integration and the superscript (1)means differentiation. By inspection

p(t) = (t+A)[ u(t +4) - u()] + (- t+[u(t) - u(t- 4)] +4u(t- 4)- ut- 8)]=
= (t+4)u(t +4) + (- 2t)u(t) + tu(t - 4) - 4u(t- 8)

Therefore,
pC D)= 0.5t + 4)2 u(t + 4) - t2u(t) + (0.5t> - B)u(t- 4)- (4t- 32)u(t- 8)

By inspection we also have
a¥ ()= 43(1)

By the sifting property of the deltafunction it follows that

p(H* gty =4p"D(H =
= 2(t+4)2u(t + 4) - 4t2u(t) +2(t% - 16)u(t - 4) - 16(t- 8)u(t- 8).

SOLUTION 16.40.
(@) First observe that
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h(t) = 0.1u(t- 0.1) +0.2u(t- 0.2) + 0.2u(t - 0.3)+0.2u(t- 0.4) +0.2u(t- 0.5) +
+0.1u(t- 0.6)- 0.1u(t- 1)- 0.2u(t- 1.3)- 0.2u(t- 1.5)-
-0.2u(t- 1.7)- 0.2u(t- 2)- 0.1ut- 2.2)
Dueto thefact that h(t) isalinear combination of terms of the type Ku(t- T), the convolution of h(t)
and v, (t) reducesto alinear combination of terms of the following type: [Klu(t)]* [Kzu(t- T)]. Using
the definition of the convolution, the previous convolution product is computed below

¥
[Kau®]* [Kou(t- T)]| =KK2 Qu@)u(t- T - T)dt =
-¥

y 0, t<T
3 “ I t-T
0 1
I 0
10, t<T

= = KyKo(t- T)u(t- T
fkiko(t- Ty, Tet~ Kakelt- Tut-T)

Therefore vy (t) isalinear combination of functions of type K.Ko(t- T)u(t- T),

Vout (t) = h(t) *vip () =
=10(t- 0.1)u(t- 0.1)+20(t- 0.2)u(t- 0.2) +20(t - 0.3)u(t- 0.3)+20(t- 0.4)u(t- 0.4) +
+20(t - 0.5)u(t- 0.5) +10(t- 0.6)u(t - 0.6)- 10(t - 1)u(t- 1)- 20(t - 1.3)u(t- 1.3)-
_20(t- 15)u(t- 1.5)- 20(t- L.7)u(t- 1.7)- 20(t- 2)u(t- 2)- 10(t- 2.2)u(t- 2.2)

Att=0s
Vout (0)=0 V.
Att=0.5s
Vout (0.5)=16 V.
Att=1s
Vout )= 65 V.
Att=15s

Vout (1.5)= 106 V.

(b) Inthis case vy (t) will be computed using the techniques of the convolution algebra. Hence we have
Your 0 = vin(9* () =vi, D0 * P )
=[50t2u(t)]*[0.16(t- 0.1)+0.25(t- 0.2) +0.25(t - 0.3) +0.25(t- 0.4) +
+0.25(t- 0.5) +0.15(t- 0.6)- 0.15(t- 1)- 0.25(t- 1.3)-
-0.25(t- 1.5)- 0.28(t- 1.7)- 0.25(t- 2)- 0.15(t- 2.2)]

Using the sifting property of deltafunction it follows that

V(1) =5(t - 0.1)%u(t- 0.1) +10(t - 0.2)%u(t- 0.2) +10(t - 0.3)%u(t- 0.3) +
+10(t - 0.4)%u(t- 0.4) +10(t- 0.5)%u(t - 0.5)+5(t- 0.6)%u(t- 0.6)-

- 5(t- 1)%u(t- 1)- 10(t- 1.3)%u(t- 1.3)- 10(t - 1.5)%u(t- 1.5)-
- 10(t- 1.7)%u(t- 1.7)- 10(t- 2)%u(t- 2)- 5(t- 2.2)%u(t- 2.2) V.
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Att=1s
Vout ()= 22.25 V.

(c) From the expression of v, (t)obtained in part (a) we observe that v, (t) does not change after
t=2.2s. Thereforeit issufficient to compute v, (t)for t £ 2.2s. Hence vi,, (t) can be considered to be
equal to

Vi (1) =200[u(t) - u(t- 2.2)] V.
Using the code of problem 16.31 we have

>>vin = 100* ones(1,22);

>>h=1[0,0.1,0.3,050.7,091,1,11,09090.9,0.7,0.7,05,05,0.3,0.3, ...
...0.3,0.1, 0.1];

>>T=0.1,

>>tdep=T,;

>>y = tstep* conv(vin,h);

>>y=[0yQ];

>> t = O:tstep:tstep* (Iength(h)+length(vin));

% After t = 2.2svout(t) does not change

>>t = t(L:length(h)+1);

>>y = y(L:length(h)+1);

>> plot(t,y)

>> grid

A picture of y(t) issketched in the next figure.
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Using the previous MATLAB code wethe values of y(t) at the specified instants of time are:
Att=0s
y(0)=0V
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At t=05s
y(0.5)=16 V
Att=1s
y(1)= 65V
At t=15s
y(1.5)= 106 V

The results of parts (a) and (c) coincide.

SOLUTION 16.41.
Using the MATLAB code of problem 16.31 we have:

>>vin=[1];

>>h=[9,-6,3,-2;

>>T=1;

>>tstep =T,

>>y = tstep* conv(vin,h);

>>y=[0y0];

>> t = O:tstep:tstep* (Iength(h)+length(vin));
>> plot(t,y)

>> grid

The breakpoints in y(t) of the above figure are [9, -6, 3 —2] as expected because the polynomia
associated with vi, (t) isthe constant 1 and the polynomial associated with h(t) is the polynomial

9x3 - 6x +3x- 2, asit can be observed from figure P16.41.
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SOLUTION 16.42.
(a) Let vyt 40(t) denote the response that has been obtained in problem 16.40, part (a), to the input

100u(t) .
The expression of Vgt 40(t) is (see problem 16.40, part (a)):

Vout 40(t) = h(t) * [100u(t)] =
=10(t- 0.1)u(t - 0.1)+20(t - 0.2)u(t- 0.2) +20(t - 0.3)u(t- 0.3)+20(t- 0.4)u(t- 0.4) +
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+20(t - 0.5)u(t- 0.5) +10(t - 0.6)u(t- 0.6)- 10(t - u(t - 1)- 20(t - 1.3)u(t- 1.3)-
- 20(t- 1.5)u(t- 1.5)- 20(t - 1.7)u(t- 1.7)- 20(t- 2)u(t- 2)- 10(t- 2.2)u(t- 2.2)

Using the distributive property of the convolution product and the time invariance property it follows that
Vout (1) = h(t) * iy (1) = h(t) * [100u(t) - 200u(t - 0.2)] =
= h(t) *[100u(t)] - h(t) * [100u(t- 0.2)] =
= Vout,40(t) - Vout,40(t- 0.2)

Using the above expression of Vi 40(t) wehave:
Vout ,40(0) =0V and vy '40(- 0.2 =0V,
Vout 40(0.5) =16V and Vgt 40(0.3) = 4V,
Vout,40(1) =65V and Vout,40(0-8) =45V,
Vout 40(1.5) =106 V and vigy; 40(1.3)= 92V.

Att=0s
Vout (0) = Vout 40(0) - Vout 40(- 0.2)=0 V.
At t=0.5s
Vout (0-5) = Vout 40(0.5) - Vout,40(0-3) =12 V.
Att=1s
Vout (D) = Vout 40(D) - Vout,40(0.8)=20 V.
Att=1.5s

Vout (1.5)= Vout,40(1-5)- Vout 40(1.3) =14 V.

(b) Inthis case v (t) will be computed using the techniques of convolution algebra.
We have

Vour () = Yin(® * h() =v§ V0 * D 1)

where the superscript (-1) means integration and the superscript (1) means differentiation.
From figure P16.42 observe that

Vi () =200t[u(t) - u(t- 0.5)] +100(1- t)[u(t- 0.5)- u(t- 1) =
= 100tu(t) +100(1- 2t)u(t - 0.5)+100(t - L)u(t- 1)
Therefore

v D (1) =50t%u(t) + (- 200t2 +100t - 25)u(t- 0.5)+ (50t2 - 100t +50)ut - 1) = g(t)

By the sifting property of the delta function we have

Vour 0 = v P * hO ) = gy * h @ 1)

= g(t) *[0.15(t- 0.1)+0.25(t- 0.2) +0.25(t- 0.3)+0.25(t- 0.4) +
+0.25(t- 0.5) +0.15(t- 0.6)- 0.15(t- 1)- 0.28(t- 1.3)-

-0.25(t- 1.5)- 0.25(t- 1.7)- 0.25(t- 2)- 0.15(t- 2.2)]=
=0.1g(t- 0.1)+0.2g(t- 0.2) +0.2g(t- 0.3)+0.2g(t- 0.4) +
+0.29(t- 0.5) +0.1g(t- 0.6)- 0.1g(t- 1)- 0.2g(t- 1.3)-
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- 0.2g(t - 1.5)- 0.2g(t- 1.7)- 0.2¢(t- 2)- 0.1g(t - 2.2)

Thevalues of v (t) at the specified instants of time can be computed using MATLAB. Theresultsare:
Vout (0) = 0V
Vout (0.5) = 2.2V
Vout () =17.85V
Vout (1.5)= 23.3V.

SOLUTION 16.43.

Using the techniques of convolution algebrawe have
* Y O\ PR ()
Vout (1) = h(®) *vin () = hE D) v (1)
where the superscript (-1) means integration and the superscript (1) means differentiation.
We have

hCD) =2(1- & Mu()
and

v () =8(9- 8(t- 1)
Using the sifting property of the delta function it follows that
Vout (0 = [201- € Y] [3() - 8- )] =

=21- € 2Yu()- 2(1- e A Dyyt- 1)
A picture of Vg (t)is sketched in the next figure.

SOLUTION 16.44.
(8) Fromtable 13.1 it follows that the Laplace transform of vi, (t) is

vig=t L. L L +2
MY 7 s s+1 s+2 gs+1)(s+2)
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And the Laplace transform of v (t) is

(9=t 21,1 _ 42
out s s+l (s+1)2 S*+2 g(s+1)%(s+2)

Therefore the transfer function of the circuit is

_Vour(8) _ 1

MOV 51

A smple RC circuit that represents this transfer function isa series RC circuit with R=1IW and C=1F.
Vout (t) 1S represented by the capacitor voltage and Vi, (t) is the source voltage.

(b) Theimpulse response of the circuit is
ht)= L [H(9]=L"

AN

é 1l u_ -t
gm_aze u(t).

(¢) Assuming zero initial conditionswe have
Vout (0= Vin(0* 1O =viP(0* WD) =50 *[@- & Huv] = - & Hu(p V.

(d) Using the techniques of convolution agebra the zero-state response can be computed as
Vout (1) = vin (9 * h() = v (©) * h 2()
where the superscript (2) means double differentiation and the superscript (-2) means double integration.
First, from figure P16.44, observe that
W =[ut- D- ut- 2] +[u(t- - utt- 4]
Therefore
vi(t) =8(t- 1)- 8(t- 2)+5(t- 3)- 8(t- 4)

h¢2 (t) iscomputed as the integral of h¢ 1)(t).

t t t
2= ohtVr)dr = O e Hu@)dr = (L € ¥)dr = (t+e - Du(t)
-¥ -¥ 0

The zero-state response can now be computed

Vour )= V2 ) * hE A =
=[3(t- 1)- 8(t- 2)+5(t- 3)- 3(t- 4)]*[(t+e't ; 1)u(t)]

By the sifting property of the deltafunction it follows that

Vout (t) = (t- 2+e (t'l))u(t- 1)- (t- 3+e (t'z))u(t- 2)
Ht- 2+ Eue- 9- (t- 5+ Cut- 4 v.
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SOLUTION 16.45.
Using the techniques of the convolution algebrawe have

yt)=f(®*g®=f@w*g" 2
t
9" D(t)=n? §eosr)dt = sin(et)u(t)
:

where

and

t
g (1) =n2 Qsin(nt)dr = [1- cosirt)]u(t)

0
Differentiating f(t) twiceleadsto

F@)=-8(t)+25(t- 1)- 25(t- 3)+8(t- 4)
Therefore
y)=tOw* g2y =
=[-8(t) + 25(t- 1)- 25(t- 3)+8(t- 4)]* {[1- cos(mt)]u(n)}

Using the sifting property of the delta function it follows that

y(t) = -[1- cos(nt)]u(t) + 2{1- cogr(t- D] u(t- 1)
-2{1- cogrn(t- 3)put- 3)+{1- cogr(t- 4J}u(t- 4)

Simplifying the expression of y(t) yields
y(t) = - [1- cos(mt)] {u(t) - u(t- 4] +2>{L+costm)]{u(t- 1)- ut- 3.

A picture of y(t) issketched in the next figure.
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SOLUTION 16.46.
(8 By the current division formula

2

Cs S
lc(8) = —— Xin(9 =—5—AHin
¢9= 1 in(9 = 27 *in(d

The transfer function of the circuit can be computed as below

Ve _lc@®Zc@_ s 1__s
lin(9 lin(9 +1S 2+1

(b) Theimpulse response is computed as the inverse Laplace transform of the transfer function

H(9 =

h(t)= L™ '[H(9] = cos(t)u(t).
() Assuming zero initid conditionsit follows, by the impul se response theorem, that

Vout (t) = in () * h(t)

Using the techniques of the convolution algebrawe have

Vour = i2 () * A )

By inspection

i =[u) - ut- 2m)] +[ut- 4m)- u(t- 6m)]
Therefore

i) =8(1)- 8(t- 2n)+8(t- 4n)- 3(t- 6m)
And

t
hCD(t) = Geos(t)dr = sin(t)u(t)

Hence °

t
ht2t)= Qsin@)dr =[1- cos(t)]u(t)
.

Using the sifting property of the delta function we have

Vour 1) =[3(t) - (t- 21) +8(t- 4m)- 8(t- &m)] *{[1- cos(t)]u(t}
=[1- cos(t)]u(t) - [1- cos(t - 2r)]u(t - 2r)

+1- cos(t- 4n)]u(t- 4n)- [1- cos(t- 6r)]u(t- 6r)

=[1- cos(t)] {u(t) - u(t- 2r) + u(t- 4m)- u(t- 6m)]
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(d) A pictureof vg (t) issketched in the next figure.

SOLUTION 16.47.
(8 The step response, vyt (t), is computed using the convol ution algebra techniques.
We have

Vout (1) = h(®) *vin () = NV * v V1)
From figure P16.47 observe that

h(t)=2u(t)- u(t- - 2u(t- 2)- u(t- )+ ut- 5)+2u(t- 6)+ Ut- 7)- 2u(t- 8)

Differentiating we have

hD ()= 25(1) - S(t- 1)- 25(t- 2)- 5(t- 3)+8(t- 5)+25(t- 6) +8(t- 7)- 25(t- 8)

Since
. i i Vil"l (t) = U(t),
by integration it follows that

-1
v& D0 = tu).
Using the sifting property of the delta function it follows that

Your = P ) * v D (0
=[25(t)- 8(t- 1)- B(t- 2)- 5(t- 3)+5(t- 5)+25(t- 6)+5(t- 7)- 25(t- 8)] * [tu(t)]
= 2tu(t) - (t- Du(t- 1)- 2(t- 2u(t- 2)- (t- u(t- 3)+

+(t- B)u(t- 5)+2(t- B)u(t- 6) +(t- 7)u(t- 7)- 2(t- 8)u(t- 8)V.

A picture of the step response is sketched in the next figure.
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(b) Using the convolution algebra techniques we have

Vout (1) = h(®) *vin ® = NP * v (1)
For computing v, ™ (t) we have

it
i pe‘dr, t<0
t I 0) , .-
- N - e, t<O0
V69 = O uCr)de =¥ -]
5 i 0 i1, OEt
i 0edt, O£t
T-¥

Using the sifting property of the delta function it follows that

Vour =0 v D (9 =
= [25()- 8(t- 1)- B(t- 2)- 8(t- 3)+5(t- 5)+25(t- 6)+(t- 7)- 2B(t- 8)]*[\4<r;1>(t)]=
=250 viy V- - 25 V(- 2)- v Vit 9+
wi - 5+ 2§t ) +vG D (t- 7)- 2§ V- 8) v
Using the expression of vi(,] 1)(t) computed above it follows that

Vout (7.5) =0.7869V,
Vout (6.5) = 1.1603V,
Vout (5.5) = 0.2720V,
Vout (0.5) = 0.8848V.

SOLUTION 16.48.
First observe, from figure P16.48(a), that

h(t) = (1- t){u®- u(t- 1] =
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= (2 tu(t)- (1- tu(t- 2).
Using the convol ution algebratechniquesit follows that the step response y(t) is
y®=v()*h()=v ) *ht Dy =

=8(t)* ht Y =ht V)
where
t t

hCD) = O tua)dt - O(L- t)u(t- Ddt =
-¥ -¥

:[1: - 0.512]; xu(t) - [1:- 0_51-2];><u(t- D=

= (t- 0.5t2)u(t)- (t- 0.5t%- 0.5)ut- 1).

Hence the step responseis

y(t)= (t- 0.5t2)u(t) - (t- 0.5t%- 0.5)u(t- 1).
Let y"(t) denote the zero-state response to the input v(t).
From figure P16.48(b) we observe that

v(t)=u(t) +u(t- 1)- 2u(t- 2).
Using the distributive property of the convolution it follows that
y*(t) =h(t)* v(p =
= h(t) *[u(t) + u(t- 1)- 2u(t- 2)] =
= h(t)* u(t) +h(t) * u(t- 1)- 2xh(t)* u(t- 2).

o o ~y(®) = h(t)* u(t)
by the linearity and time invariance propertiesit follows that

y () = y(O) +y(t- - 2y(t- 2) =
= (t- 0.5t2)u(t) + (t- Du(t- 1)+
HL5t%- 8t+12)u(t- 2)+ (0.5t - 3t+4)u(t- 3).

Dueto the fact that

SOLUTION 16.49.
(&) By thevoltage division formulait follows that

1
__Cs _ 1
Vout(9) = 72— Ajn(9) = —=— ¥jn(9)
_1 + LS LCSZ +1
Cs
Therefore the transfer functionis
H(S) — VOUt (S) _ 1

Vin(9 " LCs?+1
Taking the inverse Laplace transform yields
é71_ u
1€ 1 u 1 & Jic¥Y 1 =1 0
h(t)=L 1= L "é———=—u= sin t=u(t) .
O gl Tic 62, L JLC  &JLC 2
e LCa
(b) The step response is computed as the convolution of the impul se response and the step function.

Vout (1) = h(t) * u(t)

Using the techniques of the convolution algebrait follows that
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Vout (1= D) * u (1)
where the superscript (-1) means integration and the superscript (1) means differentiation.
Taking theintegral of h(t) we have

t .
WD) = Qe sin Ou(t)dt—
_¥§7Lc %§7L

é N
= u(t)xg COS%7L_C TBQ 00%7— t guxu(t)
Vou ()= MlMV mm—
|el COS%U_C LJ"U(% d(t)=

= g cos‘%m tagxu(t) V.

(c) We denote by vgut (t) the output to the rectangular pulse in figure P16.49(b).
Observe, from figure P16.49(b), that

1
Vin (9 = F{u() - u(t- )] V.
By linearity and time invariance it follows that
1
Vgut (t)= T ’{Vout (t) - Vou (t- T)]
where vt (t) is the step response obtained in part (b). Therefore

Therefore

T _ 1 € ] el 0 el ] 9@ i
Vout (t)—mL—Cgl CO! CtgHXU(t) TL_C-e COS%VE'[ 2n.gld><u(t 21/ LC)

:mlﬁel COS%UE tgu§>{U(t)- u(t- 2n\/L_C]

A picture of vgut (t), for L=1H and C = 1F , is sketched in the next figure.
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SOLUTION 16.50.
The impulse response of the configuration in the figure P16.50 is

h(t) = hy (8) * [ha(t) + ha(8)] * ha(t)
Dueto thefact that hy(t) = 25(t), the sifting property of the delta function can be applied and it follows
that

h(t) = 2% (t) * [a(t) + hg(t)]

Using the techniques of the convolution agebrawe can further write

h(t) = 2500 (1) * [ () + ha()] € P =
()= 2+ (1) * [n§ Do)+ n§ Vo)
We have
hP (1) = uD(t)=58(t)
t
h$ V() = 26 u)de = u(t) >{ e ]; =(1- & 2 Ju)

-¥

t

h$ D= dse () = u(t)>{- 2% 41]:) =2(1- e uqt)

¥

Substituting the expressions of hl( 1)(t) : hg 1)(t) and h:(; 1)(t) in the expression of h(t), and using the
sifting property of the delta function we have

h(t) = 2(1- e'Zt)u(t) +4(1- e"”)u(t).

A picture of h(t) is sketched in the next figure.
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SOLUTION 16.51.
Observefirst that hy(t), hs(t) and hu(t) have the same expressions asin the problem 16.50. In problem
16.50 the following convolution has been computed

u(t)* [Pa(t) + ha(®)] * ha () = 2(1- e 2t)u(t) +4(1- e 4t)u(t)
Using the time shift property of the convolution (see problem 16.22, part (a)) it follows that
Wt 2)*[hp() + ha®)] * hy 0 = 2[1- €2 D)u(t- 2)+4(1- €4 2)ut- 2)

Using the above expressions and the distributive property of the convolution it follows that the overall
impul se response can be computed as below

h(t) = hy (t) * [ha(t) + ha(®)] * ha(t)=[u(t) - u(t- 2)]* [a(t) + ()] * ha()
= u(t) * [ ho(t) + hg(®)] * ha(t) - u(t- 2)*[ha(t) + ha()]* ha () =

=qf1- & 2uy+ 41- € “uw- 21- X 2)u- 2+ 41 e D)ugt- 2).

A picture of h(t) is sketched in the next figure.



1/25/02 P16-28 © R. A. DeCarlo, P. M. Lin

.ﬂ. -
h(t)

SOLUTION 16.52.
The overall impulse response of the configurationis

h(t) = hy (t) * [ha(t) + ha(D)] * hy(t)

Using the distributive property of the convolution we have

h(t) = hy (£) * ha(t) * ha (£) + by (1) * hg(t) * ha (1)
Replacing the expressions for hy(t) and hg(t), and using the sifting property of the delta function it

follows that
h(t) = 2> () * 5() * hy (1) - 220 (O *8(t- 2)* hy (1)
= 2xn (1) * hy(t) - 2>{hl(t) * h4(t)]t:t- 2

Using the techniques of the convolution algebrait follows that

() * ha(t) = hD(t)* h§ V)

where the superscript (1) means differentiation and the superscript (-1) means integration.
We have
0 =uPm =50
and
t

t
h$ V() = O2e u(r)dr = 2u(t)ce ok = 2u(t)[- e‘T]:) = 2(1- & Hue
Therefore ¥ °
M ha() =50 * 200 & Huw] = 21- & Hu(y
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Replacing the above expression into the expression of h(t) it followsthat
h(t) = 4(1- € Hu(t)- 4[(1- e't)u(t)]t_t_2=4(1— e Hu(y - 4[1- e (t'z)]u(t- 2).

A picture of h(t) issketched in the next picture.
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SOLUTION 16.53.
(& Theoveral impulse response of the configuration in figure P16.53 is

h(t) =[P () + ha(t)]* ha(t)
By the distributive property of convolution it follows that
h(t) = hy (t) * h(t) + ho(t) * ha(t) = 8(t) * cos(nt)u(t) + &(t - 1)* cos(mt)u(t)
By the sifting property of the deltafunction it follows that
h(t) = cosrtyu(t) + codm (t - D]u(t- 1).

A picture of h(t) issketched in the next figure.
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rT

(b) Theresponse y(t) iscomputed as
y(t) = h(t) * u(t) = {cos(mt)u(t) + codr (t- ]u(t- 1} * u(t)
Using the distributive property and the time shift property of convolution(see problem 16.22, part (a) ) we

have
y(t) = [cos(rt)u(t)] * u(t) +{codr (t- Lu(t- 1} * u(t) =
=[cosrt) u(t)] * u(t) +{[costnt) u(®)] * u(t)},—,_,

Using the techniques of convolution algebra, the convolution cos(ret) u(t) * u(t) is computed as

[cos(rt)u(®)] * u(t) =[cosrtyu®] P+ uBet)

where the superscript (-1) means integration and the superscript (1) means differentiation.
We have
t

[Cos(nt)u(t)]( D= Ocos(m)u(r)dt = u(t)Cpos(nt )dt =u(t) = [Sm( m)]o _ Sln(TCt) u(t).
Therefore ¥ 0
[cos(t)u(t)] * u(t) = gs”f“) (t)H*S(t)— Sn@)

Hence the step responseis
v =30y« SUEE D] gy Sy gy,

SOLUTION 16.54.
(8 The overall impulse response of the configuration in figure P16.53 is
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h(t) = [u(t) + ha()] * (1)
By the distributive property of convolution it follows that
h(t) = hy (t) * ha(t) + ho(t) * hg(t) = 8(t) * cos(mt)u(t) + 8 (t - 3) * cos(mt)u(t)
By the sifting property of the deltafunction it follows that
h(t) = cos(rt)u(t) + cogm(t - 3)u(t- 3).

A picture of h(t) is sketched in the next figure.

15 , - ; - .

[
-

(b) Theresponse y(t) is computed as
y(t)=h(t)* u(t) = {costmt)u(t) + codn(t- 3u(t- 3} * u)
Using the distributive property and the time shift property of convolution(see problem 16.22, part (a) we

have
y(t) =[cos(mt)u()] * u(t) +{codr (t- u(t- 3} * u(t)
=[cosrt)u(t)] * u(t) +{[cosmt) u®)] * u(®)} -, 5

Using the techniques of convolution algebra, the convolution cos(ret) u(t) * u(t) is computed as
[cos(mt)u(t)] * u) = [cos(rtyu(®] "+ uD)
where the superscript (-1) meansintegration and the superscript (1) means differentiation. We have

t t .
[cos(rt)u(®)] € 2 = eostrr)u(r)dr = u(t)Gpos(nt )dt :u(t)El[si )]ty = 30 g
-¥ 0

T

Therefore
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ésl n(m)

. . n(m>
[cos(rt)u(t)] * u(t) = o (t)EI §(t)=——

u(t)

Hence the step responseis

sin) | 0+ sinn(t- 3)]
T T

()= ut- 3 = 220y - ue- 3.

SOLUTION 16.55.
(8 The overall impulse response of the configuration in figure P16.55 is

h(t) = [ hu(®) +ha(t) + ha(t) +hy (8)] * hs(8)
By the distributive property of convolution it follows that

h(t) = hy (t) * hs(t) + ha(t) * hs(t) +ha(t) * hs(t) + hy(t) * hs(t) =
=9(t) * cos(mt)u(t) + d(t - 1)* cos(mt)u(t) -
-0(t- 3)* cos(mt)u(t) - o(t- 4) * cos(mt)u(t)

By the sifting property of the deltafunction it follows that
h(t) = cosrt)u(t) + codr (t - D]u(t- 1)-
- codn(t- 3)u(t- 3)- codn(t- 4)]u(t- 4).

A picture of h(t) is sketched in the next figure.

15 I T T T 1

i i i i i
1
045

hith g

' H H H
.|:|_5--.JI--.. - .-_.-.:.-.--. - --.JI.--.--E._---..

-1.5

(b) Theresponse y(t) iscomputed as

y(t) = h(t) * u(t) = {cos(mt)u(t) + codr (t- L)]ut- 1)
- codn(t- 3)u(t- 3)- codn(t- 4)]ult- 4)}* u(t)
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Using the distributive property and the time shift property of convolution (see problem 16.22, part (a)) we

have
y(t) = [cos(rt)u(t)] * u(t) +{codm (t- L)]u(t- 1)} * u(t)-
-{codn(t- u(t- 3} * u(®)- {codr(t- MHlu(t- H} *ut)=
=[cosut) u(t)] * u(t) +{[costnt) u(®)] * u(t)},—,_; -
-{[cosmt)u()] * u(} -, 5- {[cosimu()] * u®}, -, ,

Using the techniques of convolution algebra, the convolution cos(rt) u(t) * u(t) is computed as
[cos(rt)u(t)] * u(t) = [costrtyu()] Y * u®(t)

where the superscript (-1) meansintegration and the superscript (1) means differentiation. We have

t

[Cos(m)u(t)]( D Ocos(m)u(r)d*c = u(t)Cpos(nt)dt u(t) [Sm( m)]o _ Sln(TCt) u(t).
-¥ 0
Therefore
Joos(rtyu(] * ) = £ ut5(0) = 20 ugy

Hence the step responseis

y(t) = %(nt) Sr{n(t 1) u(t- 1)- Mua_ 3)- MUG_ 4)
= S”;Em)[u(t)- u(t- 1)+ u(t- 3)- u(t- 4)].

SOLUTION 16.56.
(8 By definition

¥
h(t)* f(t)= Qh(t- t)f(t)dr
-¥
By making a change of variable
T =t-71
we have
¥ ¥
ht)* f(t)= QhGD f(t- tdry = O f(t- T)h(ry)dry
-¥ -¥
By definition
¥
f()*ht)= O f(t- t)h(r)dr
-¥

From the above expressions we observe that
h(t)* f(t)= f(t)* h(t)

because Tand t4 are only variables of integration.
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(b) Using the definition of convolution we have

¢ oo ¥ e i
8y -¥t8¥ b
¥ 1¥ i
= 01 O[h() f(t- T4 - T)g(ty)|drydr
-¥T-¥ b

Changing the order of integration we have

¥ 1 §¥
[h(t)* F()] * o) = c‘)%h(r)?c‘)f(t- T1- T)g(rl)dn%df
-¥ ¥

By the definition of the convolution we have

¥
f()*gt) = Of(t- 6)g@)de
Therefore ¥
¥
[f(®)* o)~ = O F(t- 6- 7)g(6)do
Hence ¥
¥
[h()* £(0]* o0 = O{h@{F(0* a(D] oo}
-¥
By the definition of the convolution product we have
¥
h(t)*[ (0 90] = O{hE){f()* g)]oy. .ok
-¥

Therefore
[h()* £ ()] * o)) = h() *[ F @) * g(t)].

Thus the associative property of convolution is proved.

SOLUTION 16.57.
We have

¥
f)*h()=a fd- KT)
k=0

For some nonnegative k, the Laplace transform of f(t)o(t- KT) is

L[ f ()8 (t- KT)] = f(KT)e T
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by the sifting property of the deltafunction. Therefore we have

2 ¥ u ¥
a f(H8(t- kT)i== § f(KT)e X7
=0 H k=0

> (D> (D

L[ f(Hh®)] =L

™

sT

Using the notation z= €~ wehave

¥
L[ fh®]= & f(kT)z .

k=0
SOLUTION 16.58.
(a) By the voltage divison formulawe have
1
Vour (9 = —S5 M (9
R+—
Cs
Therefore the transfer function of the circuit is
1
Vout (9) Cs 1 1
H — ~out = S_ — = .
=39 =+ L CRs+l 2s+1
Cs
Taking the inverse Laplace transform yields
elu
_-16 1 o__ 1% o U . o5
h(t)—L 825+1H__L gEH—O.Se U(t).
é 20

(b) By the impulse response theorem it follows that
Vout (1) = h(t) * v (1) =
:[O.Se'O'Stu(t)]*[S(t) +3(t- 1) +8(t- 2)+..]

Using the sifting property of the delta function it follows that
Vout (1) = 0.5 92ty + 0,56 5 Dyt~ 1)+ 056 0y - 2)+... v

Thereforefor 0<t<1

Vout (1) = 0.56 22ty

because only wt) isnonzerofor 0<t<1.

(c) From the expression of v, (t) obtained in the part (b) it follows that
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Vout (t) = 056" 9% 4056 03Dy for 1<t <2
because only u(t) and ut- 1) arenonzerofor 1<t<2.

(d) For tintheinterva (4,5), only W), u(t- 1), W(t- 2), u(t- 3) and ut- 4) are nonzero. Therefore
Vi () = 056705t 4 0,567 051 4 0 57 05(t-2) 4 57 05(t-3) 4 57 05t-4) /.

The above expression can be written as

4 2 3 4\
Vot (t) = 0.5€¢" 05(t-4¢ | (e- 0.5) + (e- 0.5) + (e- 0.5) + (e- 0.5) HV-
€ ¥

0.5 we have

-0. 5
oo e -5
1- (e‘ 0.5)5
o5

(e) Using the sum formulafor geometric serieswith A = e

Vout (1) = 0.5 05(t-4)

Therefore
Vout (1) = 8.6189x¢ 2ty

(f) Using the expression of v, (t) obtained in part (b) it followsthat, for n<t<n+1,

Vout () = 056 05t 4050 05D 4 0 5g7 05(-2) | 4 g5 051 =

- 05 0.5(t-n)§ +(e- 0.5) +(e'0'5)2+...+(e' 0.5)”§V_

Using the sum formulafor geometric series we have

n+l
1- (e‘ 0.5)
X/,

1. 05

Vout () = 0.5¢ 030

-05\"*1
(g) Forlarge n, (e ) @0. Therefore, for large n we have
-05(t-n),, 05
Vout (1) @e WVfor n<t<n+1.
- e .

A picture of vy (), for large n, is sketched in the next figure.
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" iy

SOLUTION 16.59.
By the impul se response theorem we have

Vout ()= h(O) * v () = [o.se' O'Stu(t)] *[3() +8(t+1)+5(t+2) +...] V.
Using the sifting property of the delta function it follows that

Vout () = 0.5 92tut) + 0,56 2+ Dyt +1) + 0.5 O+ Ayt +2) + .. v

For 0 <t wehave

Vout (t) - 0,56- 0.5t + O_&- O.5(t+1) + 0_56- O.5(t+2) + . =
7 2 N
=05 0% §1+ (e’ 0'5) + (e’ 0'5) +§ V.

Using the sum formulafor geometric series( for n =¥ ) we have

- 0.5t

1
Vout (t)=0.5e W V for0<t.

Simplifying the expression of v, (t) it follows that

0.5t

Vout () =1.2707xe "V for 0 < t.

SOLUTION 16.60. First we plot for reader convenience v;,(t) and its staircase approximeation.
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vin and its Staircase Approximation
2.8 T T T T T T T T T

2.6 8

2.4} -

221 4

1.8} .

1.6} .

1.4} -

1.2} .

The transfer function of the circuit of figure 16.58 is H(s) = inwhich case

2s+1
h(t) = 0.5e" 0'5tu(t). Because we only want the output for 0O £t £ 2, weonly need h(t) for O£t £ 2 s.
Hence we need to generate staircase approximations to both v;,, (t) and h(t) as follows:
t=0:0.05:2
vin = exp(t .A2) .* (u(t) - u(t - 1));
h=0.5*exp( - 0.5*t) .* (u(t) - u(t - 2));
T=0.05;
tstep =T,
y =[0 conv(vin,h)*tstep O];
t = O:tstep:tstep* (length(vin)+length(h));
% For plotting through time 2 swe set
t=t(1:41);
y = y(1:42);
plot(t,y)
grid
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Convolution of vin and h
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