








2.3

2.3.1

We look for 
ars going through a 
he
kpoint on I-5. Assume that n 
ars are approa
h-

ing, and that the arrival time of ea
h 
ar is distributed a

ording to an exponential

distribution with parameter λ = 5, all being independent of ea
h other.

1. What is the the probability that one 
ar or more will go through over a time

span t?

2. * What is the probability that all n 
ars will have gone through by time t?

Solutions

1. As usual, it is easier to 
ompute P [Nt ≥ 1] = 1 − P [Nt = 0]. Given n


ars, that will be 1− e−5nt

2. That asks for the maximum of the arrival times to be less than t:
(

1− e−5t
)n

2.3.2

Assume now that the �ow of 
ars at our 
he
kpoint follows a Poisson pro
ess whose

rate depends on the time of the day, as follows: over a 10 hour period, starting at

t = 0, taken as Midnight, time measured in hours)

λ =

{

λ1 = 10 0 ≤ t < 5

λ2 = 120 5 ≤ t < 10

1. What is the probability of no 
ar passing the 
he
kpoint between Midnight and

5 a.m.?

2. What is the average (expe
ted) number of 
ars passing in the �rst 5 hours? What

is the average number of 
ars passing in the 10 hours under 
onsideration?

3. * What is the probability of no 
ars passing between 4 a.m. and 6 a.m.?

4. * What is the probability of exa
tly one 
ar passing between 4 a.m. and 6 a.m.?

5. * Let T be the time the �rst 
ar passes the 
he
kpoint after Midnight. Set

T = ∞ (a symboli
 value), if no 
ar appears in the 10 hours. What is the

distribution of T ?

1



2

Hint: For question 5, 
onsider that we should 
onsider that T 
ould be less than 5, or more

than 5 and less than 10, or more than 10. These three 
ases o

ur, depending on

whether or not no 
ar appears in the �rst 5 hours, and if none did, whether or not

no 
ar appeared in the following 5 hours. If you go for FT (t), or equivalent, you will

want to 
onsider separately the 
ases when t ≤ 5, 5 < t ≤ 10, t > 10 whi
h would be

equivalent, in our notation, to t = ∞.

Solutions:

1. e−5λ1 = e−5·10 = e−50 ≈ 1.9287× 10−22

2. It's 5 · 10 = 50 for the �rst, and 5 · 10 + 5 · 120 = 650 for the se
ond

3. No 
ars have to 
ome in the �rst hour, and in the se
ond hour: e−λ1e−λ2 =
e−10 · e−120 = e−130 ≈ 3.4811× 10−57

4. There are only two disjoint possibilities: {N1 = 1, N2 = 0} and {N1 = 0, N2 = 1}.
The probability is thus

10e−10 · e−120 + e−10 · 120e−120 = 130 · e−130 ≈ 4.5254 · 10−55

5. Consider various possible values for t, in P [T ≤ t], or P [T > t]:

(a) 0 ≤ t < 5: P [T > t] = e−λ1t

(b) 5 ≤ t < 10: P [T > t] = P [T > 5, T − 5 > t− 5] = P [T > 5]P [T − 5 >

t− 5] = e−5λ1e−λ2(t−5) = e−50+600−120t = e550−120t

(
) t > 10 a
tually is not an a

eptable value, sin
e after 10, we �jump�

to ∞: P [T = ∞] = e−5λ1−120λ2 = e−130


