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4-8 {(;-10)2<4}-{8<g<12}

P{(x - 10)% < 4} = G(12 - 10) - G(8 - 10) = 0.954

_ (x-lO)2
2 £ (x) 1 2
£(x|(x - 10)° < 4} = = e
i P8 < x <12} 4 gsu/zm
for 8 < x < 12 and zero otherwise
4-9
f {
1t
4-¢~4 ) xe |
—> =y,
0 c x 0 X
F(x) = (1 - e “®)y(x-c) F(x) = (1 - e®%)s(x-c) + e **y(x-c)

4-10 (a) P(1<x<2}=60) - CE) = 0.1499

_ G(1) - 6(0.5) _ 0.1499
1 - G(0.5) ~ 0.3085

[

L]

= 0.4857

(b) P{1 < > 1}

]

<

because {1 <

t
|A

2, x> 1} = {1 <x<2)

4-11

If §(tl) <x
then

t, <y =G(x)

—> i

|

|

i
|

x 1

x=G (y) = H(y) Hence,

P{x < x} = P{ti <yl =y =06(x)
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Z=X/Y
X
Fz(z) =P{Z <z} =Py <z}

- /:O/Zz Ixy (z,y)dz dy
(use Eq. (6-60))

fz(2) :/ nyY(yzyy)dy:/ yey<z+1)a§y:/ e+
0 0 0
—(1+z)y 7% oo
— __Q_.__w__ 1 (H—z)y
{y-(Hz)L +(r+2) /O e dy

e~ (+2)y 1
= (1~1m) L(Hz)h - (14}z)§ Ulz)

Z =min (X,Y)

Fz(z) = P{min (X,Y) <z}
=1-P{Z>2Y >z}
=1—[1-Fx(2)][1 - Fy(z)]
= Fx(2) + Fy(z) = Fx(z) Fy(2)

(see Eq. (6-81))

f2(2) = fx(2) + fr(2) = Fx(2) v (2) = fx(2) Fy (2).

We have
Fulz) = fl2) == U ()
so that Z
Fy(z) = /O e~dr = (1 — e ) U(z) = Fy(2)
fz(z) =le?+e*=2(1—e?)e*U(2)
=2e*[1—-14¢e*U(2)
= 2¢~% U(z) ~ Exponential (2).
(f)

Z =max(X,Y)
Fz(z) =P{max(X,Y) <z} =P{X <zY <z}
= P{X <z} P{Y < z} = Fx(2) Fy(z)

fz2(2) = Fx(2) fy(2) + fx(2) Fy(2)
=e*(l—e*)+e*(1—e?)
=2 (1—-e*)U(z)
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6-17 (a) 1If z = 2x+3y then E{z} = 0 oi = 40}2(+90}2,=52
Hence, 2z is N(O;/S_Z-)

(b) If z=x/y, then from (6-63) with 0, =0_=2, r=0

1 "2
1

arc tan z f (z) = —
T(l+2z")

1
FZ(Z) = -2— +

El

by

i

S
NJ;- - -
v

-1 /L
WX K3 f-)(j
fzw(z,w) - 'I%r fxy(x,y) X =w 'y = z/w

The function fzw(z,w) is different from zero in the shaded areas

shown. Hence, with wz - 22' sz

o -ty [
z 11'(:2 M V1 - zZ]wl
> 2. 2.,.2 2,2
- l2 J e—(z +s)/2a gs = _1_ o2 /2a
ma® J a’2w
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6.45 (a) Let
Z =min(X,)Y), W=X-Y

P{Z =k, W =m}

=P{min(X,)Y)=kX-Y =m}
=P{(min(X,Y)=kEX-Y=mNX>YUX <Y)}

=PV =k X-Y=mX>Y}+P{X=kX—-Y=mX<Y}
—P{X=m+kY=kX>YV}+PIX=kY =k-mX <Y}

Note that k£ > 0, and m takes both positive, zero and negative values.
Hence

PIX=k+mY =kX>Y}, k>0, m>I(

P{Z =k, W =m} :{ P X=kEY=k—-mX <Y}, k>0, m<(

p**™pgk, k>0, m>0
pg"pg"™", k>0, m<0

P{Z =k, W =m} = p*¢*+Iml, k=0,1,2,---, m=0,%1,£2,---
Also
P{Z=k} =Y~ P{Z=kW=m}
= p2g? Z::_Ooqiml = p2q2k (1 + 22::1 qm)
:p%%<y+%>:pu+mfﬁ k=0,1,2,--
and

P{W=m} =3 " P{Z=kW=m}

- o0 .
— pzq[ml ZkZOQQk

__ D m) " —
‘T¢6¢’ m = 0,+1, +2,
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7-5 (a) The joeint density f(x,y) has circular symmetry because

f(x,y) = J £(/xs + y2 + z¢) dz

depends only on x2 + y2. The same holds for f(x,z) and f(y,z).

And since the RVs x,y, and z are independent, they must be normal
[see(6-29)].

(b) From (a) it follows that the RVs Yx’gy’yz are N(0; vkT/m).

With 02 = kT/m and n = 3 it follows from (7-62)-(7-63) and (5-25) that

’_ 3 2
f (v)= -21'33-—3 v2 e 'Pv /2kT U(v)
v k™ T™

n
E(v} - 2\/‘% E(y™"} = 13-+ 20+ 1))

7-6 From Prob.6-52: y = ax+b, z = cy+d, hence,
= = + P
z A£¢+ B n, Anx B c on

E{(z- nz) (x - nx} = E{A(x - nx) (x - nx)} = Ao: =00,

7-7 1t follows from (6-241) with gl(x) = X, gz(y) = y if we replace all
densities with conditional densities assuming ;53.

Download full file from buklibry.com

98



https://buklibry.com/download/solutions-manual-of-probability-random-variables-and-stochastic-processes-by-papoulis-pillai-4th-edition/

9-50
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This 1s the discrete-time version of theorem (9-162). From (9-163)
Ez{(x[n+m+1] - §[n+m])x[n]} sE{lf[n+m+1] - §[n+m]}2}E{|§[n]|2}

(R{m+1] - Rla])? <2(R{0] - R{1DR[0] = 0

Hence, R{m+1] = R[m] for any m.

We shall show that

2
2 BHL - ri01 <ri2) <ri0) (1)

The covariance matrix of the RVs :_g[n], x[n+1], and x[n+2] is non-

negative [see (7-29)]:

R[0O]  R[1]  R[2]
R[1]  R[0] R[1]| >0
R{2] R[1]  R[O]

This yields
2
RI0JR®[2] - 2 RZ[1]R(2] - R>[0] +2R[0IR?[1] <O
The above is a quadratic in R[2] with roots

R[0] and -R[0] +2 RZ[IJ/R [o]

Since it is nonpositive,R[2] must be between the roots as in (i)

If x[n] = Aejm-ﬁ’T then

o
- f
'Rx[m] = AZE{ej (m+n)@Te jngT} = A2 J ejmwr f(w)dw
.

But [see (9-194) ] 5

R(m] = i% J sx(m)ej“‘“’Tdm
g
hence, Azf(w) = Sx(w)/Zo

148



https://buklibry.com/download/solutions-manual-of-probability-random-variables-and-stochastic-processes-by-papoulis-pillai-4th-edition/

From Prob, 10-10 it follows with g(x) = x that H(x,x) = H(x).

14-11
And since [see (14-103)] H(x,x) = H(§|§) + H(x) we conclude that
H(x|x) = 0. From Prob. 14-3 it follows that
n(z,fh.:) = H(A - Axle) =HA: A) + H(Ayle "A)
- H(Ayle) = H(y|x)
because Ax -Ax = Ax and H(Ax -Ax) = H(’f'f) =0,
14-12 E{x_} = 0 E{x’} = 5 E{y } = 0

2, % .72k _ 2 ,_20 I N
E{y } =] 277 Elx ) E{x y } = E{x} =5
k=0
(a) From (14-95),(14-84), and (15-86) with uu =5, a0 =20/3,
and u12=5

H(x) = 2nv10me H(y) = tnv40me/3 H(x,Y) = lnlO'né//i-
I(x,y) = &n2

(b) The process y(t) is the output of the system

L(z) = —2—— t -1
1-0052

with input x . Since H(x) = H(x) and [see (12A-1)

il{r' J 1n|L(ej¢)|d¢ = tng =0
-
(14-133) yields H(y) = ﬁ(g‘:) = H(x) = &nv10we.
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