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4. (text problem 4.68 p. 221)

We have the lifetime of chip 1 L; ~ N(20000, 5000), while that of chip
2 is Ly ~ N(22000,1000). Our target lifetime is Ly, so we wish to
compare L, and Ly in terms of the probability that the lifetime is at
least 24000; i.e. we declare chip 1 is superior if

P[Ly > Ly| > P|Ly > Ly]

otherwise we declare chip 2 is superior. If the target lifetime Ly =
20000, we find

P[Ly > 20000] = 1— P[Ly < 20000]

(20000 — 20000)
—_ 1 -
® ( 5000

1
= 1-0(0)=Q(0) =3,
andP[Ly > 20000] = 1— P[Ly < 20000]
_ | _ g (20000 — 22000)
1000
= 1-0(-2)=3(2) =1-Q(2) = 0.9772

Therefore chip 2 is superior in this case. Now let the target lifetime
Ly = 22000, we find similarly

P[Ly > 22000] = 1— P[L; < 22000]
B (20000 — 22000)
= 1-2 ( 5000
= 1-0(—04)=1-Q(0.4) ~ 0.6554,
andP(Ly > 22000] = 1 — P[Ly < 20000]
_ g ( (22000 — 22000)
1000
- 1-B(0) = 2
— -

Therefore chip 1 is superior in this case.
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(text problem 3.39 p. 134) We have that a successful transmission
happens when only one of the two transmitters send. If T;(t) is the
event that transmitter 4 transmits at time ¢, then the probability of a
successful transmission at time ¢ is
— - - — 1
PITy N Te) + P|T P15 = P[Ty|P[Ty] + PTL|P[15) = 5
When X = k, we have the first successful transmission at time ¢ = k.
This can only occur if the first k — 1 transmissions fail, followed by the
success at t = k. Therefore,

px(k) = P[X = k] = (1 - %)k (é) - @L

We can then compute the mean of X as

S SYVEANEE B
E[X]—;kpx(k)~;k(§> = aoy =2

a. Knowing that the first transmission failed, we now consider the
conditional distribution of X given that X > 1, i.e. we find
px(k|X > 1) = P[X = k|X > 1]. Since we assume X > 1,
we have P[X = 1] = 0. However, for k > 1, we have that X =k
when after the first failed transmission, k — 2 more transmissions
fail followed by the first success. Therefore,

(k|X>1)—{O’ kel
o L=y =0)" k>

We then find the conditional expected value of X,

0 00 1\ *1
BIXIX > 1) =Y kpx(HX >1) = Yk (i)

k=1

et l=k-1) = S (+1) (%)l

= FX]|+1=

Therefore, we have proved the identity.



b. Given that the first transmission succeeded, we know with as-
surance that the first successful transmission occurred at ¢ = 1.
Therefore, X = 1 with probability 1. In this case B[X|X = 1] = 1.

c. We have
E[X] = E[X|X > P[X > 1]+ E[X|X = 1|P[X =1].

Since P[X =1} = px(1) = 1, then P[X > 1] =1-P[X =1] = 5
Thus,
E[X]=3/2+1/2=2

d. We first have that
E[X?X = 1] = B[1*] = 1.
We then have that
Var[X|X =1 = E[X?X =1 - (E[X|X =1])’ =1-1=0.

This makes sense, since X is a constant, given that X = 1.
Now, given that the first transmission fails, X > 1 so that

s.9] O 1 k-1
E[X?|X > 1] = 2 X — N
P> 1= X > 1) = D (5)

k=2

Therefore,
Var[X|X > 1] = E[X?)X > 1] - (E[X]X > 1])* =11~ 3" =2.
We have, now, that
E[X? = E[X%X =1|P[X = 1]+ E[X*|X > 1|P[X > 1] = (1)5 + (11)
= Var[X] = E[X? - (E[X])’=6—4=2.
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