Chapter 2

Analyzing Continuous-Time Systems
in the Time Domain

2.1.

y1 (1) =Sys{x1 (0} = |x1 (D] +x1 ()
y2 (1) = Sys{x2 (1)} = | x2 ()] + X2 (1)
Using x (f) = a; x1 (£) + a2 x (£) as input we obtain
y (@) =Sys{a1 x1 () + @z x2 (1)}
=y x1 (8) + @z x2 (0)] + @y X3 (£) + @2 X2 (1)
Zayy1(6) +az y2 (1)
The system is not linear.
Sys{x1(t-D}=|x1t-D|+x1t-1)=y1(t-7)
The system is time-invariant.

b.
y1(8) =Sys{x1 (O} = tx (1)

2 (1) =Sys{x2 (D)} = t x2.(1)
Using x (t) = a; x1 (1) + a2 x2 (t) as input we obtain
y (1) =Sys{ai x1 (1) + az x2 (1)}
=t a1 x1 () + a2 x2 (1)]
=aytx (1) +aztxp(1)
=a1 )1 (D) +az )2 (1)

The system is linear.
Sys{x1(t—-D)}=tx; (t—1) #y1 (t—1)

The system is not time-invariant.

c.
y1(0) =Sys{x1 (D} =e " x1 (1)
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y2(8) =Sys{xz ()} =™ " x2 (1)
Using x (t) = a; x1 (1) + a2 x2 (t) as input we obtain
y (1) =Sys{ay x1 (1) + az x2 (1)}
=~ [a1x1 (1) + a2 x2 (1)]
=aje 'x; (D +aze 'x,(0)
=ay )1 (D) +azy2(1)

The system is linear.
Sys{xi(t-T)}=e "X (t-T) £y (t-T)

The system is not time-invariant.

d. t
y1(8) =Sys{x; (1)} = / x1(A) dA

t

y2 (1) = Sys{xz (1)} = / X2 (A) dA

Using x (f) = a; x1 (£) + a2 x (f) as input we obtain

y (1) =Sys{a x1 (1) + a2 x2 (1)}

t
2/ [a1x1 (/1)+C¥2X2(/1)] dal

t t
=0c1/ xl(ﬂt)d/1+a2/ X2 (1) dA

(e o] —00

=a1 Y1 (D) +az y2 (1)
The system is linear.

t
Sys{x; (t—1)} :/ x1(A-1)dA

Lety = A — 1. It follows that dy = dA. Substituting these into the integral and adjusting the limits yields

-7
Sys{xl(t—r)}:/ x(y)dy=na-1
—0o0
The system is time-invariant.

e.
t
y1(t)=Sy3{x1(t)}=/ x1 (D) dA
-1

t
yz(t)=Sy8{xz(t)}:/ X2 (1) dA
-1
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Using x (f) = a; x1 (f) + a2 x (£) as input we obtain
y () =Sys{a1 x1 () + az x2 (1)}

t
2/ [a1x1 (/1)+(X2X2(/1)] A
-1

t t
=a1/ x1(A) d/1+a2/ X2 (L) dA
-1 -1

=a1 )1 (B) +az y2(8)

The system is linear.
t
Sys{xi (t—1)} = / x1A=1)dA
-1
Let y = A — 1. It follows that dy = dA. Substituting these into the integral and adjusting the limits yields
-7
Sys{xl(t—r)}:/ x1(y)dy=y-1)
t—-7-1

The system is time-invariant.

f.
t
y1 () =Sys{x; (O} =(t+1) / x1 (A) dA

t
yg(t)=Sys{xz(t)}=(t+1)/ X2 (1) dA
Using x (t) = a; x1 (1) + a2 x2 (t) as input we obtain

y () =Sys{ay x1 () + @z x2 (1)}

t
=(t+1)/ [a1x1 (/1)-%-(12)62(/1)]61/1

t t
= (t+1)/ X1 ) d/1+a2 (t+ 1)/ X2 (A) dl

=a 1 (D) +azy2 (1)

The system is linear.
t
Sys{x1 (t—-1)} =(r+1) / x1(A—-1)dA
—00
Let y = A — 1. It follows that dy = dA. Substituting these into the integral and adjusting the limits yields

-1
Sys{xl(t—r)}z(t+1)/ x1(y)dy#n -1

The system is not time-invariant.
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2.2,
a.
w(t) =3x(1)
y@)=w({-2)=3x(t-2)
b.

w(t)=x(t-2)
y@)=83w()=3x(t-2)

Input-output relationship of the system does not change when the order of the two subsystems is
changed.

2.3.

a. Using the first configuration:
w(t) =3x(1)
y@)=tw(()=3tx(1)
Using the second configuration:
w(t) =tx(1)
y@)=3w(t)=3tx (1)

Input-output relationship of the system does not change when the order of the two subsystems is
changed.

b.  Using the first configuration:
w (1) =3x(1)
y@)=w@)+5=3x()+5
Using the second configuration:
w()=x()+5
JO=3w()=3[x(®)+5]=3x(1)+15

Input-output relationship of the system changes when the order of the two subsystems is changed.

2.4.
Writing the KVL around the loop on the left yields

x(O)=R[i(O+ic@®)]+y®
=Rirp()+Ric()+y(¥)
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Recognizing that
dvc(t) _ . dy(t)

ic(t)=C =C
el =g, dr
we have
. dy (1)
x(f)=Rip()+RC T +y(1)
Differentiating both sides of this result and recognizing that
dig (1)
1) = =L
y(@) =vr () T

we get

dx () _,diL(®) d’y(@) dy(

RC
dt ar az ' dr
R d’y(t) dy(®
=—y(H)+RC
Ly()Jr T,
Thus the differential equation for the circuit is
d*y@) 1 dym 1 1 dx(t
y()+_y_()+_y(t):_ x (1)
dr> RC dt LC RC dt

Initial conditions are found through
y(0)=vc(0)=2

and
riy0+rc P8 L 0=x0 = PO -1 o-lio-Lxo
L ar |, 7T at |- rc?V ™Y T Re
2 1 1
e 20)
RC C RC

2.5. Let the currents of the two capacitors be i1 (£) and i, (). Begin by writing the nodal equations for
the circuit:

vy () — x (1) w0 (1) = v2(1)

1 () =0
R, R +11 ()
v2(f)—v1 (1) .
_— =0
R +1i2(1)
Using the relationships
3 Lo A1) .o dv() dy(@)
vO=y@®, nM=CG a7 and i (1) =G a7 =G a7

nodal equations become

v (1) —x (1) N v (1) -y (1) i duv, (1) —0
R Ry dt

yO-vin  dy®

Ry TG dr

(P2.5.1)

0 (P2.5.2)
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Next, let us solve for v; (¢) from Eqn. (P2.5.2)
dy (1)

V1) =y () + Ry

and differentiate both sides to obtain

dvi () dy(1) d*y (1)
= R
dr ar T RC—n

Substituting the last two results into Eqn. ((P2.5.1) and simplifying the differential equation obtained
yields

d’y (1) dy (1)
R1R2C1C2#+ [Rl (C1+C2)+R2C2] Zt +y () =x(1)
The initial conditions are
dy(t) 1

y0=120)=2V and

at |0 RaG [v1(0) - v2 (0)]

2.6.

Let w (¢) be the number of encounters between prey and predators at time ¢:

w()=Kx()y@)

The growth rate of prey is
dx(t
Z(r ) —Ax(0-Cw
=Ax()-Cx(1) y (1)
The growth rate of predators is
dy(t)
=-By®)+Dwlt
T y(@®+Dw(r)

=—By®)+Dx(1) y()

The differential equations derived form a nonlinear system.

2.7.
Using Eqn. (2.57) with 5 = 0 yields the solution

t
y (1) =e_4ty(0)+/ e D (1) dt
0
t
=e~ 4 y(0) +4/ ey de
0

t
=e Y y0)+4e / etTdt
0

=e My +1-e



a ym=l-et, =20
b. yw=1+4e?*, =0
c. ym=1, t=0

d. yw=1-2e*, =20

e. y=1-4e*, =20

2.8.

a.

t
y (1) =e ¥ (—1)+e_4t/ e u(r) dr
0

t
=e ¥ (—1)+e_4t/ e dr
0

b. .
y()=e?! (2)+e‘2f/ e 2 u-u@E-5)]dr
0
If 0 < t <5 then
t
y (1) :2e_2t+2e_2t/ ¥ dr
0
2t

=l+e

If t > 5, then

5
y(t)=2e % +2e7 / e’Tdr
0

= [e041] e
Therefore, the complete solution is
" 1+e72t, 0<t<5
)=
Y [e0+1] 2!, t>5

C.

t
y (1) =e > (0.5) +e‘5t/ 3e°76 (1) dt
0

=05e ' +3e%' =355 >0
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t

y() =e> (—4) + e / "3t u(r) dr
0

t
=—4e %" +3¢7% / e’ dr
0
Using Eqn. (B.16) from Appendix B.2 we get

t
1
/ e dr=— [5te® - +1]
o 25

and
(t)—gt 3 97 5, >0
Y 5 25 25 ’
e.
t
(1) =€_t(—1)+e_t/ e 2e 2 u(r) dr
0
t
:—e_t+2e_’/ e Tdr
0
—e '-2e7%, >0
2.9.

a. Characteristic equation is
s?+35+2=0 =  (s+1)(s+2)=0

The solutions of the characteristic equation are s; = —1 and s, = —2. The homogeneous solution is in
the form

yt)=cre ' +cre?t, t=0

In order to satisfy the initial conditions we need
y0)=c1+c2=3
and

dy (1)
dr |-

=—C— 2 Cr = 0
which can be solved to yield ¢; = 6 and ¢, = —3. The homogeneous solution is

y(=6e'-3e2, =0

b. Characteristic equation is

s?+45+43=0 =  (s+1)(s+3)=0 =  s§,=-1,-3
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The solutions of the characteristic equation are s; = —1 and s, = —3. The homogeneous solution is in
the form

yt)=cre +cre3t, t=0

In order to satisfy the initial conditions we need
y0)=c1+tcp=-2
and

dy (1)
dt |,—o

=-—C— 3 Cr = 1
which can be solved to yield ¢; = —=5/2 and ¢, = 1/2. The homogeneous solution is

5 1
y(t)z—ie_t+5e_3t, t=0

C. Characteristic equation is
$2=1=0 =  (s+1)(s+2)=0

The solutions of the characteristic equation are s; = 1 and s, = —1. The homogeneous solution is in the
form
yt)=cre'+c e, t=0

In order to satisfy the initial conditions we need
y(O) =c1+c=1
and

dy (1)
dat |i=o

=C1—C=-2

which can be solved to yield ¢; = —1/2 and ¢, = 3/2. The homogeneous solution is

1, 3 _,
y(t)z—ie +E€ , tr=0

d. Characteristic equation is
S +65°+65+2=0 =  (s+1)(s+2)(s+3)=0

The solutions of the characteristic equation are s; = —1, s» = -2 and s3 = —3. The homogeneous
solution is in the form

y)=cre ' +ce? + e, t=0

In order to satisfy the initial conditions we need
y(O) =c1+cr+c3=2

dy (1)

=—Cc1—-2¢c—-3c3=-1
dr |, 1 2 3
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and
d*y (o)

ar? |-

which can be solved to yield ¢; =4, ¢c; = -3 and c3 = 1. The homogeneous solution is

=c1+4c+9c3=1

y()=4e'=3e 2 +e3, =0

2.10.

a. The characteristic equation is
2 _ . . _
s +3=0 = (s+]\/§)(s—]\/?_>)—0
Therefore the homogeneous solution is in the form
y(t):d1COS(\/§[)+dZSin(\/§t) , t=0

Coefficients d; and d, are determined through the initial conditions.

y0)=d; =2
M =-V3d, sin(\/gt)+\/§d2 cos(\/gt)
dt
dy(t) = \/§d2 =0 = dz =0
dt |-

Therefore
y(t)chos(\/gt) , =0

b. The characteristic equation is

$+25+2=0 =  (s+D*+1=0 =  (s+1+j)(s+1-j)=0
Therefore the homogeneous solution is in the form
y()=die 'cos(t)+dye 'sin(r) =0

Coefficients d; and d, are determined through the initial conditions.

y0)=dy=-2
% =e '(dy—dy) cos(t)+e ! (—dy —db) sin ()
dy(t
_V() =d2—d1=—1 = d2—1+d1=—3
dt |-

Therefore
y()=-2e "cos(t)—3e 'sin(t) , =0



C. The characteristic equation is

s +45+13=0 =  (s+2°+9=0 =  (s+2+j3)(s+2-j3)=0
Therefore the homogeneous solution is in the form
y(®)=dy e cos@t)+dye?'sin(31), =0

Coefficients d; and d, are determined through the initial conditions.

y0) =d =5
dy(t
Z—(t) =e 2! (=2d, +3dy) cos(31) + e~ *! (=3dy —3dy) sin (1)
dy (1) 2 10
=-2d;1+3d>,=0 do=—-—dy=—
ar oo 1toaz = 2=gzh =73
Therefore
-2t 10 5 .
y()=5e cos(3t)+?e sin (31) , t=0

d. The characteristic equation is

S +3s°+45+2=0 =  (s+D)(s+1+j)(s+1-j)=0
Therefore the homogeneous solution is in the form
y(t)=cre "+dye ' cos(t)+dse "sin(r) , t=0

The derivatives are

dy(t
Z(t = —cre” "+ (ds—dy) e cos (1) + (—d3 — dp) e " sin (1)

and

azy(t
dytg ) _ cre”!—2dze™" cos (1) +2d, e sin ()

Imposing the initial conditions yields
y(O) =Cl+d2 =1

dy(1)
=—c1—dy+d3=0
ar oo c1—az+tas
and P2
y (1)
=c1—2d3=-2
A2 o (9] 3

Coefficient values are c; =0, d» = 1 and d3 = 1. The homogeneous solution is

y(@) =e fcos(t)+e sin(r) , =0
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2.11.
a. The characteristic equation is
$+25+1=0 =  (s+1)*=0
Therefore the homogeneous solution is in the form
yt)=cre "+cyte", =0

Coefficients c; and ¢, are determined through the initial conditions.

y@)=c=1
dy(1) -t -t -t
=- + —ct
dr ce (X4 cole
dy (1)
= - + =0 =1
dr o C1 +C2 = C2
Therefore
y=e+te™", t=0

b. The characteristic equation is

$+752+16s+12=0 =  (s+2%(s+3)=0
Therefore the homogeneous solution is in the form
3t

y=cie 2 +crte? +cze 3, t=0

Coefficients ¢, ¢» and c3 are determined through the initial conditions.

yO) =ci+ez=1 P2.11.1)
dy(t
Z—(t):—che_2t+cze_2t—202te_Zt—303e_3t
dy(t
25) 21+ —305= -2 (P2.11.2)
r=0
d’y(t
dytg ) =dcie 2 -2ce7% —2c e +ac te > +9cge7 3
d*y (0
P 0:401—4cz+903:1 (P2.11.3)
t=

Solving Eqns. (P2.11.1), (P2.11.2) and (P2.11.3) for the coefficients leads to
=4, c=-3, c3=-3,

Therefore
y(t)=4e 2 -3re7 2" -3e73, =0



C. The characteristic equation is

S +6s7+125+8=0 =  (s+2)°=0
Therefore the homogeneous solution is in the form
2t

y)=cre? +crte? +c3t?e? =0

Coefficients ¢y, ¢, and c3 are determined through the initial conditions.

y0)=c=-1
dy(t
%:—che_2t+02e_2t—202te‘2t+203te_2’—203t2e_2t
ay(t
_V() =-2c1+c2=0 = crp=2c1=-2
dt IIO
d’y (1) Yy "y "y Y "y 2t —2¢ 2 -2
pTE =4cie “"—2ce “"—2ce “"H+4cyte “T+2c3e T —4cgte T —4c3te “T+4c3tce
d®y (1)
=4c;—-4cr+2c3=1
az | 1 2 3

Solving Eqns. (P2.11.1), (P2.11.2) and (P2.11.3) for the coefficients leads to
012—1, 022—2, 032—1.5;,

Therefore
y()=—e ' +-2te 2 -15e73", =0
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(P2.11.4)

(P2.11.5)

t

(P2.11.6)

2.12.

The particular solution is in the form
Yp= kit+ko

Since it must satisfy the differential equation, we have
ki+4 [kit+ky] =4t
which leads to coefficient values k; = 1 and k, = —1/4. The characteristic equation is
s+4=0
Therefore the homogeneous solution is in the form
yh=cre, t=0
and the total solution is in the form

1
y(t)zcle_4t+t—z, t=0
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The total solution must satisfy the initial conditions.

0)=c L 0 = = !
yl)=a i 1=
Therefore
1, 1
H=-e*+r-=
v 4 4
1 —4t
=t—=[1-e*], =0
4
2.13.
a. The particular solution is in the form
Yp=ki
Since it must satisfy the differential equation, we have
4k =1 = k= !
1= 1=y
The characteristic equation is
s+4=0
Therefore the homogeneous solution is in the form
yr(t)=cre ™", t=0
and the total solution is in the form
1
y(t):cle“”+Z , =0
The total solution must satisfy the initial condition.
(0) + ! 1 => >
=C —_ = — Cl=——
y 177 1 1
Therefore
y(t)z—§ et t=0
4 ' -
b. The particular solution is in the form
Vp = k1 8in (21) + ko cos (21) + k3 cos (1) + k4 sin (7) (P2.13.1)
The particular solution must satisfy the differential equation.
dyp (1) . .
oy =2k;cos(2t)—2ky sin(2t) — k3 sin (t) + k4 cos (1) (P2.13.2)
Using Eqns. (P2.13.1) and (P2.13.2) in the differential equation we have
dyp (1) . :
o T2y = [2k1+2kz] cos(28) + [2 k1 —2 k2] sin (1) + [2 ks + ka] cos (£) + [ — k3 +2 k4] sin (1)

=2sin(2¢t) +4 cos(t)



which leads to the set of equations

2k +2ky =0
2k —2ky =2
2 k3 + IC4 =4
—]Cg +2ks =0
and can be solved to yield
1 1 8 4
k:_) k—__, k——, ky=-
1=3 2 5 3535 1=
The characteristic equation is
$s+2=0
Therefore the homogeneous solution is in the form
yh(=cre?,  t=0
and the total solution is in the form
PV 1 8 4
y({@)=cre “"+=sin(2t) — - cos(2t) + = cos(¢) + = sin(?) , t=0
2 2 5 5
The total solution must satisfy the initial condition.
0 =c ! + 6. 2 = € =
y=amy 5= "7 10
Therefore
()= S e 2l 4 E sin (21) - E cos (21) + 8 cos () + 2 sin (f) t=0
V=10 2 2 5 5 ’ -

C. The particular solution is in the form
Yp= kit+ko

The particular solution must satisfy the differential equation.
ki+5[kit+k] =3t
We obtain the set of equations
5k =3

k1+5ky =0

The coefficients of the particular solution are k; = 3/5 and k, = —3/25. The characteristic equation is
$+5=0

Therefore the homogeneous solution is in the form

yr(t)=cre", =0

35
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and the total solution is in the form

3 3
y(t)zcle_5t+gt—£, =0

The total solution must satisfy the initial condition.

0)=c 3 =—4 = c] = 7
yEI=aTos T 1= 7%
Therefore
()= I 51,3, 3 t=0
T 5' 25 T
d. The particular solution is in the form
yp=hie (P2.13.1)

The particular solution must satisfy the differential equation.

—2kie? +kje?t—2e72 (P2.13.1)

which leads to k; = —2. The characteristic equation is
s+1=0
Therefore the homogeneous solution is in the form
yh()=cre’’, t=0
and the total solution is in the form
y()=cret—2e72t, t=0
The total solution must satisfy the initial condition.
y0)=c-2=-1 =3 c1=1

Therefore
y=e -2, =0

2.14.

a. The particular solution is in the form
Yp= ks

Since it must satisfy the differential equation, we have k; = 1/2. The characteristic equation is
?+35+2=0 =  (s+1)(s+2)=0
Therefore the homogeneous solution is in the form

yh(t)=cre T+cre?t, =0



and the total solution is in the form
-t -2t 1
y()=cre "+cre +5, r=0

The total solution must satisfy the initial conditions.

1 5
y(O):c1+cz+E:3 = cl+02:§

dy (1) -t -2t
=— ~2
dr cre Ccre
dy(t
y() 2—01—20220
dt |i=o

The coefficients are found as ¢; =5 and ¢; = —5/2. Therefore
5 1
H=5e -2 +_ t=0
y(@) 2 2
b. The particular solution is in the form
Yp= kit+k

The particular solution must satisfy the differential equation.

dyp(t) —k
dt !
1 1
4k1+3(k1t+k2):t+1 = klzg, kg——§
The characteristic equation is
P +45+3=0 =  (s+1)(s+3)=0
Therefore the homogeneous solution is in the form
yh=cre ' +ce3, 20
and the total solution is in the form
y(t):cle_t+02e_3t+lt—l t=0
39’ B
The total solution must satisfy the initial conditions.
0 =c+c 1—2 = c+c—19
yl)=ca+ac 9~ 1+0="g
dy(1) -t 3¢, 1
=—c1e —3ce "+ =
dt ! 2 3
dy (1) 1 1
=—C1-3c+=-=0 = —c1—3c=—--
ar | 1 2t 3 1 2 3
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The coefficients are found as ¢; = 3 and ¢, = —8/9. Therefore

y(t):3e_t—§e_3‘+lt—l t=0
9 39’7 -
C. The particular solution is in the form
Y=k

Since it must satisfy the differential equation, we have k; = 1/3. The characteristic equation is
2, q_ ; . _
s"+3=0 = (s+]\/§)(s—]\/§)—0
Therefore the homogeneous solution is in the form
yh(t)zdlcos(\/gt)+d2sin(\/§t) , t=0
and the total solution is in the form
. 1
y(t)zdlcos(\/§t)+d2s1n(\/§t)+§, t=0
The total solution must satisfy the initial conditions.

1
yO=di+s=1 = di=:

% =-V3d, sin(\/gt)+\/§d2 COS(\/gt)

dy(t) =\/§d2=0 = dzZO
dt IIO
Therefore 5 )
y(t):gcos(\/gt)+§, t=0

d. The particular solution is in the form
t

Yo=Kk e ?
Since it must satisfy the differential equation, we have
dkre? -4k e+ ket =2
leading to k; = 1. The characteristic equation is
$+2s+1=0 =  (s+1)’=0
Therefore the homogeneous solution is in the form
yn(t)=cre ‘+cytet, t=0
and the total solution is in the form

y)=cre l+cote +e?t, =0
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The total solution must satisfy the initial conditions.

y0)=c+1=1 = c1=0

dy(t
y (@) ——cqeltel—cret-2e7%
dt
dy (1)
=—Cc+c-2=0 = =2
TR 1+C2 2
Therefore
y®=2te'+e 2, t=0

2.15. Using the intermediate variable w (f) we have

dzw(t)+4dw(t)
dt?

+3w(t)=x(1)

and the output signal y (¢) is computed as

dw (1)

y()= —2w/(t)

Using the output equation, the initial conditions can be expressed as

dw (1)
y0) = —— -2w0)=-2 (P2.15.1)
at |s=o
and p P2 p
y(0) w(t) w (1)
_ = — - =1 P2.15.2
dt ;=9 dar? |- dat |;=o ( :

The second derivative in Eqn. (P2.15.2) can be resolved as

dw @) =- dw(#) -3 w(0)+x(0)
d tz =0 B d t =0
which can be used in Eqn. (P2.15.2) to yield
dw (1)
-6 -3w(0)=1 (P2.15.3)
dt =0

where we have assumed that x (0) = 0. To simplify the notation, let

_dw(1)

=— and b=w(0)

t=0
so that the Eqns. (P2.15.1) and (P2.15.3) become
a-2b=-2

—-6a-3b=1
with the solutions
g dw (1)

=-8/15 and b=w(0)=11/15
dr ;=
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A

—8/15 11/15
o (f) —> lﬁ&_,m_.l?&_pi y (1)

t=20

2.16. a.
x (t) —(+ J dt [ dt y (1)
—4
13
b.
1
V- '\6
x (t) —(+ [ dt [ dt [ dt {>3 + y(t)
—3
P
N /I_2
C.
1
D>
A
x (t) — [ dt [ dt [ dt {>2 + y (1)
—6

AN
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2.17.
a.
w (1) =hy (1) * x(2)
y(@) =h (1) * w (1)
=hy (1) * [hy (1) * x (1)
=[h2 () % ha (0)] % x (1)
Therefore
heq (1) = hy (£) * hy (1) = hy (1) * hy (1)
b.
heq (1) = /OOH(T—O.S) [(t—7-0.5)dr
Since -
ME-05)= { (1), 2;1;;711%
and
17091 o herwise

the convolution integral can be written as follows:

1<0: (=0
t
0<t<l: mmwhi/(D(DdT:t
0

1
1<t<2: heq(t)Z/ W Mdr=2—-t¢
-1

£>2:  heq()=0

The signal he,(t)

The equivalent impulse response is

t, O<r<l1
heq()=1{ 2-1, 1<t<?2

0, otherwise

Amplitude

w(t):/ hh(@u(t—1)dr

(e9]
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Since
1, T<t

u(t_ﬂ:{ 0 T>1

the convolution integral can be written as

¢
w (1) :/ h(v)dt

o0
and can be evaluated as

r<0: w()=0

t
O0<t<l: w(t):/(l)drzt
0

1
t>1: w(t):/(l)drzl
0

The signal w(t)

The signal w () is

g

0, r<0 =

e

wt) =< t, 0<t<l1 a
1, r>1

Similarly
00 t
y (@) =/ heqg (T) u(t—7) dt =/ heq (7) dt

(e9]

which can be evaluated as

1<0: y(@) =0

¢ 2
O0<t<l: y(t):/ 7dTr = —
0 2
1 t 12
1<t<2: y(t):/ TdT+/ (Z—T)dT:—?+2t—1
0 1

1 2
t>2: y(t):/ Td‘l'+/ 2-1)dr=1
0 1



63

The signal y(t)

The response of the system is
1L
0, t<0 , 08F
12 e
E, O<t<l1 % 04l
y (1) =1 2 = 02l :
_?+2t_1’ l<t<2 0 TP |
—0.2 . i . . .
1, t>2 22 —1 0 1 2 3 4

2.18.
a.
y1(8) =hy (1) * x (1)
Y2 (£) =ha (1) * x (1)
Y@ =y1(0)+y2(1)
=hy () * x (1) + ha (1) * x (1)
=[h1 (6) + ha ()] * x (1)
Therefore
heq (1) = hy () + ha (1)
b.
The signal he, (t)
1k
Req ()= (€' =73 u(p) g
<
—0.5 ‘ : ‘ ‘ ‘ ‘
-2 -1 0 1 2 3 4 5
t (sec)
c.
y @) =/ hi(t) u(t—1)dr
Since

) T<t
u(t—r):{o T>1
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the convolution integral can be written as
t t
yl(t)z/ h () dT:/ e Tdr=1-¢e", =0
—00 —00
Similarly for y» (f) we obtain
t t 1
Vo (1) :/ hy (1) drz/ —e¥dr=—-[1-¢3], 20
—0o0 —00 3
and the output signal is

N un

3

2 1
y@) =y (O +y(6) = 3¢ +5e

The signal y; (¢) The signal ys (t)

Amplitude

Amplitude

Amplitude

2.19.

y1(0) = hy (1) = x(1)
w(t)=hy () * x(1)
¥3(8) = hg (1) * w (2) = hy (1) * hg (1) * x (1)



The output signal is

y@) =y @) +y2(8)
= [hy (2) + ho (£) * hg ()] * x (1)

and the equivalent impulse response is

Req () = hy (£) + ha (2) * h3 (1)

b. Carrying out convolution operation we obtain

hy (1) * hy () = hy (t—2) = e 22 y (1 —2)

and the equivalent impulse response is

C.

Amplitude

heg=e"u@+e 2 ur-2)
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heg (t)
1}
% 0.5
<
—-0.5 . i . . . .
-2 —1 0 1 2 3 4 5
t (sec)
i@ =u@)«h (6)=[1-e"Ju@
wt)=u(t)*xhy(t)=u(t-2)
Yo =w@®)*hg(0)=[1-e 2] u-2)
y=[1-eJum+[1-e 22 uir-2)
y1 (1) w (t)
1}
% 0.5}
—0.5 : : : : : ‘ —0.5 :
— —1 0 1 2 3 4 5 -2 —1 0 1
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Y2 (1) y(t)
1L
(] Q
5 g
< o <
—0.5 -0.5
-2 -1 0 1 2 3 4 5 -2 -1 0 1 2 3 4 5
t (sec) t (sec)
2.20.

a.

y1(8) =hy (1) = x (1)

w (L) =hy (t) * x (1)

Y3 () = hg (1) * w (1) = ha (1) * h3 () * x (1)

Va (8) = hy (1) % w (1) = hy (1) * hy (1) * x (1)
The output signal is

Y@ =y1(0)+y3(0) + ya(2)

= [hy () + ha (£) % h3 () + o (£) * hy ()] * x (1)

and the equivalent impulse response is

heq () = hy (1) + ho (£) * hs (£) + ha (1) * hy (1)

b. Carrying out convolution operations we obtain

t, 0<t<l1
ho () *hg(t)=< 2-t, 1<t<2 = ho(t)*hs(t)=A(t—-1)
0, otherwise

and
ho(D*ha(D=u(t-1)-u@-2) =  hy(®)*hy(5)=T(r—1.5)

The equivalent impulse response is

heg(t)=e " u()+A(t—1)+ 11 (- 1.5)

nW=u@®*rh®O=(1-e"u®



t, 0<t<l
w)=u)xhy(t)=1 1, t=1
, otherwise
212, 0<t<l
—£212+2t-1, 1<t<2
3@ =w(t)* hz(t)= 1, r>2
0, otherwise

ya()=hs()*xw@®=w-1)
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w (1)
1t
g )
: 2
;| g
< ~ 0
—0.5 " i . .
-2 -1 0 1 2 3 4 5
t (sec)
Ya (1)
! |
‘;‘f; i‘; 0.5}
E Z 5
g g :
= < 0 ]
—0.5 ‘ ‘ s —0.5 :
-2 -1 1 2 3 4 5 -2 -1 0 1 2 3 4 5
t (sec) t (sec)
2.21.
[e.0]
y (@) =Sy5{x(t)}:/ h@@) x(t-1)dr
—00
dx (1)
Let w(f) = .

dat

Sys {

dx(t)
dt

}zSys{w(t)}zf h@) w(t-1)dr
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dy@) d o
T —dt[/_ooh(r)x(t 7)dTt

*d
_/_ E[h(r)x(t—r)]dr

(e.0]

o d
_/_Ooh(r)%[X(t—T)]dT

=/ h(t) w(t-1) deSys{

(e o]

dx(t)}
dt

2.22,
a. x*6(0)= [ x@)6(t-1)dr=x(1)

b. xW=*6(t-1t)= [T x(0)5(t—ty—7)dTr=x(t 1))

c.
x()*xu(t-2) =/ x@Mut-2-1)dt

(00]
Since
1, T<t-2
t—2-1)=
u( R {0, T>1-2

the convolution integral can be written as

=2
x(t)*u(t—Z):/ x(1)dr

(e.0]

o0
x(t)*u(t—to)=/ xMut-ty—-1)dTt
—00
Since
_ 1, T<Il—1
u(t_tO_T)_{ 0, T>t—1

the convolution integral can be written as

t—1
x(t)*u(t—to)=/ x(r)dr

(e 9]

t—-n\ [ t—ty—T
x(t)*l’[( T )_/_Oox(r)l'l(iT )d‘[

1, t—to—T/2<t<t—1ty+T/2
0, otherwise

Since
t—ty—1)= {

the convolution integral can be written as

f— t() t—to+T/2
x(t)*H( ):/ x(r)dt
T t

—1—=T/2
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2.23.

y(t)z/ h(t) x(t—-1)drt

(e 9]

=/ [ -6 -] x(t—1)dr

(e o]

:/ 5(T)x(t—r)dr—/ (-1 x(t—-1)dT

o0 —00

y(t)=z(t)—z(t-1)

Using the sifting property of the unit-impulse
function, we have

Amplitude

y@=x(t)—x(-1)

2.24.

y (1) :/ h(t)x(t—-1)dT

(e.0]

—/ [6(T)+056(1—-1)+0356(1-2)+0.26(1-3)] x(t—1) dr

:/ 5(T)x(t—r)dr+0.5/ o(r-Dx(t—-1)dr
+0.3/ 6(1—2)x(t—1)d1+0.2/ 0(T-3)x(t—-1)dT

y(t)

Using the sifting property of the unit-impulse
function, we have

Amplitude

y@)=x®)+0.5x(t-1)+0.3x(t—-2)+0.2x(t—-3)
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2.25.
@) =| Y. 6(t—-nTy|*x(0)
:/ Z OS(t—nTy)| x(t—-1)dt

Changing the order of integration and summation yields
(o] o0
=) S(r-nTy) x(t—1)dt
n=-ooJ —oco
Using the sifting property of the unit-impulse function on each integral leads to the result
[e 0]
=) x@-nTydr

n=-00

which is clearly a periodic extension of the signal x ().

2.26.
a. -~ -
y()= / u) e 2Nyt -1 dir= / e 2Ny (t-1) dA
—00 0
Casel: t<0
y®=0
Case?2: t=0
t
/e_z(t_’udﬂtzl(l—e_m)
0 2
b. . .
y() = / u (M) [e‘“‘”—e—z“—m] u(t—A) di = / [e_(t_’u—e_z(t_’u u(t—2A) dA
oo 0
Casel: t<0
y(@) =0
Case?2: t=0
t
1
y(0) =/ [e‘”‘” —e‘z(t_’”] dl=1-e'—=(1-e™%)
0 2
c. m m
y(t) = / ud-2) e 2Ny -1 dr= / e 20Nyt - Q) dA
—00 2
Casel: t<2
y(@) =0
Case?2: =2

r
/ e 2= g = 1 (1- e—2(t—2))
2 2
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d.
00 2
y(t)z/ [u) —ud-2)] e 2Ny -2 d/lz/ e 2Nyt -1 dA
-0 0
Casel: <0
y®=0
Case?2: 0=<t<?2
/te_z(t_,l) dA = 1 (1 _e—2t)
0 2
Case3: =2
2
/ 20N gy = 1 (e*-1)e7?
0 2
e. m m
y(t)z/ e ru) e 2N y -2 d/1=/ e 2y (t— 1) dA
—00 0
Casel: <0
y®=0
Case?2: t=0
t
y(t) :/ e_2t+/1dA: e—t_e—Zt
0
2.27.
a.
y() = II 1 u(t—-2A1)dA= ult—-2A1)da
—00 0
Casel: t<0
y®=0
Case?2: 0<t<4
t
y(t)=/ Mdr=t
0
Case3: >4
4
y(t):/ (1) dA=4
0
b.
©an[A2) —e-n Y =)
y() = 31 e e u(t-A)dr= | 3e u(t—2A)da
—00 0
Casel: <0
y®=0
Case2: 0<t<4

t
y(©) :/ 3e " Mar=3(1-¢7")
0
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Case3: >4
4
y(@ =/ 3¢ " Mar=3e"(e*-1)
0
c. 4
*® _(A=-2 t—-A-2 t—-A-2
s [l [ (4o
oo 4 4 0 4
Casel: t<0
y(@) =0
Case?2: 0<t<4
t
J/(f)=/ Mdr=t
0
Case3: 4=<t<8
4
y(t):/ 1 dA=8-t
t—4
Case4: t>8
¥y =0
d. \
© _(A-2 -A- —A-
y(r):/ H()L )n(t 3)611:/ n(t 3)d/1
oo 4 6 0 6
Casel: t<0
y@)=0
Case2: 0<t<4
t
J/(t)=/ Ddr=t
0
Case3: 4<t<6
4
J/(t)=/ 1) dA=4
0
Case4: 6=<1t<10
4
y(t)=/ 1da=10-t¢
-6
Case5: t>10
y(@) =0
2.28. -
y(t)=x(t)*h(t)=/ x@) h(t-1)dT

Since x (t) = 0 outside the interval t; < t < f,, the convolution integral can be written as

1]
y(t)=x(t)*h(t):/ x(M)h(-1)dt
h
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The nonzero range of the signal % () is specified to be #3 < t < 1.
h(f)=0 exceptfor t3<t<ty

and
h(t—1)=0 exceptfor 5<t—-17<1ty

Equivalently
h(t—1)=0 exceptfor t—t4<7<t—13

For the integrand to be nonzero, we need
r—t3>1rl and =1t <1t

which can also be expressed as
h+i<t<irt+1ly

Therefore
Is=10H+13 and =0l +1y

2.29.

Using the convolution integral, the output signal is

y(t)z/ h(A) x(t—A) dA

(e 9]

First, let us assume that | (#)| < oo for all £, and we can select the input signal to be x () = h* (—t) so that

y(t)z/ h(A) h* (A—1) dA

(e

At t =0 the output signal is

y(0)=/ h(?l)h*(/l)dﬂtz/ |h (V)| dr

/ |[h)| da

does not converge, then neither does the integral

If the integral

¥(0) =/ |[R)[* dA

If the assumption |/ (#)| < co is not valid, then there is at least one value of ¢ for which £ (¢) is infinitely
large. In that case choosing the input signal to be x (#) =  (¢) leads to the output signal

y@)=h(

which is also infinitely large for at least one value of .
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2.30.
a. Lettheinput signal to the system be x; (1).
Y1) =Sys{x1 (O} = x1 () + a1 x1 (E—T1) + a2 X1 (£ —T2)
Similarly, if the input signal is x; ()
Y2 (1) =Sys{x2 ()} = x2 (1) + @1 X2 (£ —T1) + A2 X2 (£ —T2)
The response of the system to the input signal x () = B1 x1 () + B2 X2 (¢) is

Sys{B1x1 () + P2 x2 ()} = P1 [x1 () + a1 X1 (1 —T1) + A2 x1 (E—T2)| + P2 [X2 () + a1 X2 (£ —T1) + A2 X2 (£ —T2) ]

=P1y1(O)+B2y2 (1)
The system is linear.
b.  Theresponseto x; (t— a) is
Sys{xi(t—a)}=xi(t—-a)+ax1(t-T1-a)+a2x1 (t—T2—a) =y, (t—a)
The system is time-invariant.
C. The system is causal provided that 7; >0 and 7, > 0.

d. The system is stable provided that a;, a, < co.

2.31.

a. Letx(t)=0(1).
1, t>0

t
h(t)=Sys{d (1)} = / o) dA= { 0 otherwise

Therefore
h(t)=u(r)

Since h (t) = 0 for ¢ <0, the system is causal. However, since £ (¢) is not absolute summable, the system
is not stable.

b. Let x(1) =6 (1).
1, 0<t<T

t

Therefore

h(t)ZH(t_T/Z)

Since h (t) =0 for t < 0, the system is causal. Also, since h (f) is absolute summable, the system is stable.

C. Letx(t)=06(1).
1, -T<t<T

t+T
h(t)=SYS{5(l‘)}=/t_T o (A) ‘M:{ 0, otherwise
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Therefore

r
h(t) _H(ﬁ)

Since £ (t) has nonzero values for some t < 0, the system is not causal. It is stable, however, since £ (¢) is
absolute summable.

2.32.

a.
X = @(t) exp(—t).*cos(2xt).*(t>=0);
t = [-1:0.01:5];

b. Compute and graph w (¢):

w=@(t) 3xx(t);
plot(t,w(t));
axis([—-1,5,-1,4]);
title ('w(t)’);
xlabel ('t (sec)’);
ylabel (' Amplitude’);
grid;

Compute and graph y (#):

y = @(t) w(t-2);
plot(t,y(t));
axis([-1,5,-1,4]);
title ('y(t)’);
xlabel ('t (sec)’);
ylabel (' Amplitude’);
grid;

C. Compute and graph w (#):

wbar = @(t) x(t-2);
plot(t,wbar(t));
axis([—-1,5,—-1,4]);
title ("wbar(t) ’);
xlabel ('t (sec)’);
ylabel (' Amplitude’);
grid;

Compute and graph j (#):

ybar = @(t) 3xwbar(t);
plot(t,ybar(t));
axis([-1,5,-1,4]);
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title ('ybar(t)’);
xlabel ('t (sec)’);
ylabel (' Amplitude’);
grid;

2.33.

Create an anonymous function to compute the signal x (#):

X
t

@(t) exp(—t).xcos(2xt).*(t>=0);
[-1:0.01:5];

a. Compute and graph w (?):

w=@(t) 3xx(t);
plot(t,w(t));
axis([—-1,5,-2,4]);
title ('w(t)’);
xlabel ('t (sec)’);
ylabel (' Amplitude’);
grid;

Compute and graph y (#):

y =@(t) t.xw(t);
plot(t,y(t));
axis([-1,5,—-2,4]);
title ('y(t)’);
xlabel ('t (sec)’);
ylabel (' Amplitude’);
grid;

Compute and graph w ():

wbar = @(t) t.xx(t);
plot(t,wbar(t));
axis([—-1,5,-2,4]);
title ("wbar(t)’);
xlabel ('t (sec)’);
ylabel (' Amplitude’);
grid;

Compute and graph j (#):

ybar = @(t) 3+xwbar(t);
plot(t,ybar(t));
axis([-1,5,—-2,4]);
title ('ybar(t)’);
xlabel ('t (sec)’);
ylabel (' Amplitude’);
grid;



b. Compute and graph w (¢):

w=@(t) 3xx(t);
plot(t,w(t));
axis([—-1,5,-1,20]);
title ("w(t)’);
xlabel ('t (sec)’);
ylabel (' Amplitude’);
grid;

Compute and graph y (#):

y = @(t) w(t)+5;
plot(t,y(t));
axis([—-1,5,-1,20]);
title ('y(t)’);
xlabel ('t (sec)’);
ylabel (' Amplitude’);
grid;

Compute and graph w (#):

wbar = @(t) x(t)+5;
plot(t,wbar(t));
axis([-1,5,-1,20]);
title ('wbar(t)’);
xlabel ('t (sec)’);
ylabel (' Amplitude’);
grid;

Compute and graph j (#):

ybar = @(t) 3+xwbar(t);
plot (t,ybar(t));
axis([-1,5,-1,20]);
title ('ybar(t)’);
xlabel ('t (sec)’);
ylabel (' Amplitude’);
grid;

2.34.
a.

t = [0:0.001:2];

% Compute the exact solution

y = 0.25-1.25«exp(—4x*t);

% Compute the approximate solution using Euler method
Ts = 1/40;
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C.

CHAPTER 2. ANALYZING CONTINUOUS-TIME SYSTEMS IN THE TIME DOMAIN

t2 = [0:Ts:2];
yhat = zeros(size(t2));
yvhat(1) = -1; % Initial value

for k=1:length(yhat)-1,
g = —4xyhat(k)+1;
yvhat(k+1) = yhat(k)+Ts*g; % Eqn. (2.185)

end;

% Graph exact and approximate solutions
clf;

plot(t,y,’ -’ ,t2,yhat,’'r.’); grid;

title ('Exact and approximate solutions’);

xlabel ('Time (sec)’);

ylabel (' Amplitude’);

legend (' Exact solution’,’Approximate solution’,...
"Location’, ’SouthEast ’);

t = [0:0.001:10];
% Compute the exact solution
y = (I+exp(—2#t)).*((t>=0)&(t<5))...
+(exp(10)+1)+exp(—2+t).*(t>=5);
% Compute the approximate solution using Euler method
Ts = 1/20;
t2 = [0:Ts:10];
yhat = zeros(size(t2));
yvhat(1l) = 2; % Initial value
for k=1:length(yhat)-1,
if ((k-1)*Ts<5),
g = —2xyhat(k)+2;

else
g = —2xyhat(k);

end;

yhat(k+1) = yhat(k)+Ts*g; % Eqn. (2.185)
end;
% Graph exact and approximate solutions
clf;
plot(t,y,’ -’ ,t2,yhat, ’'r.’); grid;

title ('Exact and approximate solutions’);

xlabel ('Time (sec)’);

ylabel (' Amplitude’);

legend (' Exact solution’, Approximate solution’,...
"Location’, 'NorthEast’);

t = [0:0.001:2];

% Compute the exact solution

y = 3.5%xexp(—5#t);

% Compute the approximate solution using Euler method
Ts = 1/50;

t2 = [0:Ts:2];



e.

yhat = zeros(size(t2));
vhat(1) = 0.5; % Initial value
for k=1:length(yhat)-1,

if (k==1),
g = —5xyhat(k)+3/Ts; % Approximate unit impulse with rectangle
% that has a width of Ts and area of 1.
else
g = —b5xyhat(k);
end;
yhat(k+1) = yhat(k)+Ts*g; % Eqn. (2.185)
end;
% Graph exact and approximate solutions
clf;
plot(t,y,’ -’ ,t2,yhat, ’'r.’); grid;

title ('Exact and approximate solutions’);

xlabel ('Time (sec)’);

ylabel (' Amplitude’);

legend (' Exact solution’, Approximate solution’,...
"Location’, 'NorthEast’);

t = [0:0.001:2];
% Compute the exact solution
y = 0.6xt-0.12-3.88xexp(—5+t);
% Compute the approximate solution using Euler method
Ts = 1/50;
t2 = [0:Ts:2];
yhat = zeros(size(t2));
vhat(l) = —-4; % Initial value
for k=1:length(yhat)-1,
x = (k=1)%Ts;
g = —5+yhat(k)+3*x;
yhat(k+1) = yhat(k)+Ts*g; % Eqn. (2.185)

end;

% Graph exact and approximate solutions
clf;

plot(t,y,’-’,t2,yhat,’'r.’); grid;

title ('Exact and approximate solutions’);

xlabel ('Time (sec)’);

ylabel (' Amplitude’);

legend (' Exact solution’, Approximate solution’,...
"Location’, ’SouthEast ’);

t = [0:0.001:2];

% Compute the exact solution

y = exp(—t)—-2xexp(—2+t);

% Compute the approximate solution using Euler method
Ts = 1/10;

t2 = [0:Ts:2];
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yhat = zeros(size(t2));
yvhat(l) = -1; % Initial value
for k=1:length(yhat)-1,
x = exp(—2x(k—1)=Ts);
g = —yhat (k) +2xx;
yvhat(k+1) = yhat(k)+Ts*g; % Eqn. (2.185)

end;

% Graph exact and approximate solutions
clf;

plot(t,y,’ -’ ,t2,yhat,’'r.’); grid;

title ('Exact and approximate solutions’);

xlabel ('Time (sec)’);

ylabel (' Amplitude’);

legend (' Exact solution’,’Approximate solution’,...
"Location’, 'SouthEast ’);

2.35.

a.

t = [0:0.001:2];

% Compute the exact solution

y = 0.25-1.25«exp(—4x*t);

% Compute the approximate solution using Euler method

Ts = 1/40;
t2 = [0:Ts:2];
ga = @(t,yhat) —4xyhat+1;

[t2,yhat] = ode45(ga,t2,—-1);

% Graph exact and approximate solutions

clf;

plot(t,y, -’ ,t2,yhat,’'r.’); grid;

title ('Exact and approximate solutions’);

xlabel ('Time (sec)’);

ylabel (' Amplitude’);

legend (' Exact solution’, Approximate solution’,...
"Location’, ’SouthEast ’);

t = [0:0.001:10];

% Compute the exact solution

y = (I+exp(—2#t)).*((t>=0)&(t<5))...
+(exp(10)+1)*exp(—2+t).*(t>=5);

% Compute the approximate solution using Euler method

Ts = 1/20;
t2 = [0:Ts:10];
gb = @(t,yhat) —2sxyhat+2*((t>=0)&(t<=5));

[t2,yhat] = ode45(gb,t2,2);

% Graph exact and approximate solutions
clf;

plot(t,y, -’ ,t2,yhat,’'r.’); grid;



C.

e.

title ('Exact and approximate solutions’);

xlabel ('Time (sec)’);

ylabel (' Amplitude’);

legend(’Exact solution’,’Approximate solution’,...
"Location’, 'NorthEast’);

t = [0:0.001:2];

% Compute the exact solution

y = 3.5%xexp(—5#t);

% Compute the approximate solution using Euler method

Ts = 1/50;

t2 [0:Ts:2];

gc = @(t,yhat) —5+yhat+3/Ts*(t==0);

[t2,yhat] = ode45(gc,t2,3.5);

% Graph exact and approximate solutions

clf;

plot(t,y,’ -’ ,t2,yhat, ’'r.’); grid;

title ('Exact and approximate solutions’);

xlabel ('Time (sec)’);

ylabel (' Amplitude’);

legend (' Exact solution’, ’Approximate solution’,...
"Location’, 'NorthEast’);

t = [0:0.001:2];

% Compute the exact solution

y = 0.6xt-0.12-3.88xexp(—5+t);

% Compute the approximate solution using Euler method

Ts = 1/50;

t2 [0:Ts:2];

gd = @(t,yhat) —5*yhat+3#t.*(t>=0);

[t2,yhat] = ode45(gd,t2,—-4);

% Graph exact and approximate solutions

clf;

plot(t,y,’-’,t2,yhat,’'r.’); grid;

title ('Exact and approximate solutions’);

xlabel ('Time (sec)’);

ylabel (' Amplitude’);

legend (' Exact solution’,’Approximate solution’,...
"Location’, ’SouthEast ’);

t = [0:0.001:2];

% Compute the exact solution

y = exp(—t)—-2xexp(—2+t);

% Compute the approximate solution using Euler method
Ts = 1/10;
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t2 [0:Ts:2];

ge = @(t,yhat) —yhat+2+exp(—2+t).*(t>=0);

[t2,yhat] = ode45(ge,t2,—-1);

% Graph exact and approximate solutions

clf;

plot(t,y, -’ ,t2,yhat, 'r.’); grid;

title ('Exact and approximate solutions’);

xlabel ('Time (sec)’);

ylabel (' Amplitude’);

legend (' Exact solution’, ’Approximate solution’,...
"Location’, ’SouthEast ’);

2.36.
a. The unit-ramp function can be expressed with an anonymous function as

Xr = @(t) t.x(t>=0);

b. The unit-ramp response of the circuit is

4t

u(er)

1) =|t 1+1e‘
Jribh= 4 4

and can be expressed with an anonymous function as

yr = @(t) (t—0.25+0.25%exp(—4+t)).*(t>=0);

C. The input signal can be expressed using unit-ramp functions as
x(M=rt-1D)-r(t-1)-r(t-2)+r(t-3)

which can be produced with MATLAB statements

t = [-1:0.001:5];

inp = xr(t)-xr(t-1)—-xr(t-2)+xr(t-3);
d. The response of the circuit to the signal x () is

yO =y, =Dy, t=-1D =y, (t=2)+y, (£ -3)

and can be computed in MATLAB using

t = [-1:0.001:5];

out = yr(t)-yr(t—-1-yr(t-2)+yr(t-3);

€. The input and the output signals can be graphed with the following statements:



plot(t,inp,’b’,t,out,’'r’);
title ('x(t) and y(t)’);
xlabel ('t (sec)’);
ylabel (' Amplitude’);
legend('x(t)’,’y(t)’);
axis([-1,5,-0.2,1.2]);
grid;
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2.37.
a. Theinput signal can be expressed as
x()=r(t-1)-2u(t-1)+r(t-2)—-r(t-3)

b. The unit-step response of the circuit is

yu®=[1-eu@
The unit-ramp response of the circuit is

4t

yr(t)= u(r)

1 1 _
f-~+-e
4 4

The output signal y (f) can be computed through the following statements:

xu = @(t) 1x(t>=0);

Xr @(t) t.=(t>=0);

yu = @(t) (1—-exp(—4xt)).*(t>=0);

yr @(t) (0.25+exp(—4*t)+t—0.25).x(t>=0);

t = [-1:0.001:5];

inp = xr(t)—-xr(t—1)—2sxu(t—1)+xr(t-2)—xr(t-3);
out = yr(t)-yr(t—-1)—2+yu(t—-1)+yr(t-2)—yr(t-3);

C. Use the following statements to graph the input and the output signals:

plot(t,inp,’b’,t,out,’'r’);
axis([-1,5,-1.2,1.2]);
title ('x(t) and y(t)’);
xlabel ('t (sec)’);
ylabel (’ Amplitude’);
legend('x(t)’, y(t)’);
grid;
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2.38.

X @(t) ss_tri(t—1);
t=1[1-1:0.01:5];

y X(t)—-x(t—-1);
plot(t,y);
axis([-1,5,-1.2,1.2]);
title ('y(t)=x(t)-x(t-1)");
xlabel ('t (sec)’);
ylabel (' Amplitude’);

grid;
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2.39.

X @(t) exp(—t).*(t>=0);

t=1[1-1:0.01:7];

y = X(t)+0.5*x(t—-1)+0.3*x(t—2)+0.2+x(t -3);
plot(t,y);

axis([-1,7,-0.2,1.2]);

title ('y(t)’);

xlabel ('t (sec)’);

ylabel (' Amplitude’);

grid;
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