Solution to Homework 1
in TMS115 Probability and Stochastic Processes, Q. 1,

2004 /2005

Problem 1. Denote

A; = {the relay chosen is manufactured by plant i}, i=1,2,3.

Thus
Let

C = {the relay chosen is defective}
We have

P{C|A:} =0.02, P{C|Ay} =0.05, P{C|A3} =0.01.
a) By the total probability formula,
3
P{C} =) P{C|A;}P{A;} = 0.027.
i=1
b) We have to find

_ P{C|A}P{A,}

= (0.444.
P{C] !

P{ASIC} =1—-P{Ay)|C} =1
Problem 2. Let X denote the number of bits until the third error occurs

e X ~ Negative Binomial (0.1, 3).

a) P{X =10} = (7)0.97-0.1> = 0.172
b) The random variable X has a presentation

X=X+ X0+ X3, X;~ Geometric (0.1).

1
Since F[X;] = 1= 10, we have F[X] = 3 % 10 = 30.



Problem 3. Denote
E[Xz] = M4, VCLT(XZ) - Oz'Qa 1= 1a 25 PX1,Xs = P-
Since X; and X, are jointly normal, X; — X5 is a normal r. v. with

E[X, — Xo] = 1 — pa, Var(Xy — X3) = 07 — 2p0109 + 05.

Thus

X — X, — — Ay —
P{X1>X2}=P{X1—X2>O}:P{ 12 2~ (m N22)> 2(Ml 12) 2}

\/‘71 — 2p0103 + 03 \/‘71 — 2po103 + 0
:Q( M2 — M2 )

\/0% — 2p0109 + 02

Problem 4. Let X be the number of students which attend the program.
We assume that the accepted students decide independently whether to come or

45 1
not, and that the probability for anyone to come is p = 35 = 3° In this way,
X ~ Bin(135,1/3). By the CLT,
39 — 45
l%XZ4MzF{X>%}%Q( ): — Q(L.1) = 0.864.

V/135-1/3-2/3

Problem 5. Let X = X; + X,+...4+ Xy be the total number of bits generated
by the combined source. X is a normal random variable with expected value
m, = Nm and variance 02 = No?.

a)

PLoss = P{X > T} = /oo fX(iE)diE
T

o (x —myg)
= / ( 5 )da:
ma+toa V 27‘-0_0, 20—

/too\/z_wexp(—%>du
Q(1).

b) We have

v _[X-T if X-T>0
Loss = 0, if X—-T<0.



Then

o

E[X10ss) = /T (x = T)fx(x)dx

= /00 zfx(z)de — TP{X > m, +to,}

Ma+toq
1 o v
N \/—2_71'/ (0ay + ma)e” 7 dy — (mq + toa)Q(?)
t

- \72“_@—32 —t0,Q(t) = \/\Z_‘je—f — tVNoQ(t).
Yi§ T

Note that when t — 0o we obtain E[X[,ss] — 0, as expected.

c) We need to keep

2
E[Xp] e —tV/NoQ(t)
c= =

My Nm

implying
emvV'N _ e /2

o V2T

—1Q(t).

This equation can be solved for ¢ by using approximations numerical methods.



