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Two evenly-matched baseball teams

are playing in the World Series, so The probability that the MNational League team wins
that, for any one game, each team has 50% 4 straight games is (0 514 = 0.0625

probability of winning. The series is over as soon
as one team wins fowr games.

Likewise, the probability that the American League
team wins 4 straight games is 0.0625

Thus, the probability that either the ML or AL team

What s the probability that the wins 4 straight games is 2x0.0625 =0.125

SEITES 15 OVer it exaciiy four games 7

8
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. - Solution
The maximum aumber of games

PEGUIET L 5eries i selEn,
What 75 Lhe probaioifil)l that aif
SEVER FENES Je reqiired’?

A seventh game is required if, after playing 6
games, the National League team (& therefore

the AL team as well) has won 3 games.

The number of wins by the NL team when six games
have been played will have the binomial distribution
with n=6, p=0.5

(__sotution )
Cosion ) .
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< Frobatiiie et
SEVENT GIHTIES FE
n= 6, p= 0.5 : reguired!

Binonial Distripution that is the probability or throwing
g 7 al least Iwice n five

throws of g standard paie of ice 7
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Bernoulli/Poisson Exercises

There are Bx6=36 different outcomes
when throwing the dice.

Six of these give a count of 7:

L)L T B B B
HiIIEINID

The number of 7's rolled in 5 throws of the dice

will have Ainamial distribution, with n=5, p= 2~ =L

36 6
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Opinion polls can often give erroneous
results when a small sample is taken,
Suppose that 60% of the population of a town are
opposed to a certain action, and that the others are
for it. If five people are asked for their opinion,
what is the probability that this small poll will

show the majority favor the action (contrary to
fact)?
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Tial 135, e probsbilii )y
ol e is gapraxinaiedlr
FEE

Binomial Distribution §

Pix<2]l=
0.3177

n= 5, p= 0.6
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| Binomial Distributlon g

Fie probabilille et 2 or
e 3wl Be Frow is
0.19625

n= 5, p= 0.166667

Prxl
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Let ¥ =# of opinions opposed to the action,
Then ¥ has Ainemiz/ distribution with n=5, p=0.6

What is P{x<2.5},ie.,
P{x is less than half of opinions polled}?

f (i)(O.G)X(OA)S'X

==
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A swimming pool builder guarantees
completion of work within 30
working days. Wwhen properly scheduled, the work
requires only 17 working days. He maintainsa 13
day margin to allow for delays due to rain.

Curing the month of August, records show that there
is a 10% chance of rain each day. For every day

of rain, work will be suspended for one zdditional
day. Under these circumstances, find the probability
that the builder will not  be able to meet the deadline.

(sotution )
(_sotution ) ko @
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In a radio quiz show, the listeners
are invited to call in answers. The
first caller to give the correct answer wins the
prize. It has been noted that generally only 15%
of the callers have correct answers,

® /0 g Llnicdl quils Show, wihal 15 Lhe probaiifill
that the eighth caller wins lhe prize?

® gl s fhe probabilil e gl the prize qoes ta one
af"dhe first five calfers?

® gl jo the sxpecied number of caliers nesged Lo

win the prize 7 Ao
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Bernoulli/Poisson Exercises

Let T =caller # of first winner

Then Ty has the geemelric distribution, with
parameter p=0.15 (or, eguivalentiy, the
FPascal Gisiribulion wilh paramelers =7, p=.75

E(T) = Jﬁ 201/ -6 B667 Expecied & of callers

15 s Lo g winnar
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Pascal Cumulative Distributlon Function §

[

PiXs=x}

L15000000
L27750000
L38587500

LGH629460

.h S
LB7942291
L72750947
L76838305
LB0312560
LB3265676
LB5775824
L87909451
LB9723033
L91264578

k=1, p= 0.15

Node whan k=7, Ihisis the
Gearmeliie sttt ion!

o]
o]
o]
0
[i]

P{T<51= 055629

Frobabilille Lst winner
Is SOy sl 5 osilens

el e et
LT G0 0 > (O 0 00 =] O 7 s L B
slslalelelelelelels

Assume that the applications arrive according to
a Poisson process, with arrival rate A =2/day.

What 75 the smalilest number ol agls | such hat

PiN < 5)= 3 A e

w=0 R

<02 7
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[T \

The number of cars passing over a toll bridge
during the time interval 10 am. to 11 am.is
240, The cars pass individually at random.

What 75 Lhe probaoifill thal nol more than &
CECE Wil pASSs Guring the T-minuie indervial
From FOa5 fo JO0Es am. 7

G Comm)
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| Pascal Distributicn E

Node whan k=7, Ihisis the

k=1, p= 0.15

|
o
=

Gearmeliie sttt ion!

Plergnih calier wins the prize ) =
PIT,=81=(1-p)’p = (0.85)7(0.15)
= 0.048086,

i.e., approximately SR

|
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el e et
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An advertisement for sales clerks is placed in a
newspaper by a department store. Based on
previous experience, the store expects applications
to arrive randomly at an average rate of 2/day,
for as long as the ad runs.

How fong should ihe ad run, e store wanis Lo
quaraniee with BGF ceriainil thal it will receive
Fi feast SIx gopficalions?

G Come)
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If the ad is run for only

L P(N:< 5) 3 days, then & applications
5| 0.44567964 are expected, but there is

4| 019123606 | anout 45% probability of

o | 0.06708596 fewer than 6!

6| 0.02034103 | gopep days are required

7| 000553205 | in grder that the probability
. . of receiving £ /east 6

° ° applications is at least 98%

(77 wiich case 1E witl be nesriv Q9557
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Assume that the arrivals form a
Poisson process, with arrival rate
A =240/hr. = 4/minute.

4 M 4
PNy < 4)= 3 M e (00183 15638)S 4
w=0 A #=0 X!
o
- 062883694
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Bernoulli/Poisson Exercises

Seaton's neighborhood grocery store experiences
a demand for "Heat-N-Eat Steak” frozen dinners
at the rate of & per 14-hour day. The store
owner wants to be 99% certain that he does not
run out of these dinners.

Wial /s the feasi number of dinners that e should

CHOCN L0 MFINEFIn LS fevel, assuning that the
FEIENT PG F PRisson process ¢

P
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Polgsson Cumulative Distrlbution Function E

Hean: 8 Pix<x}

To be 99% certain
. of avoiding a shortage,
1397498 the store should
30550704 stock at least 15
dinners!

L69254734
LT1662426
L81588579
LBB807600
L93620280
96581930
L98274301
L99176AEB90
L99628198

ooooooooooo0o

PR e e e
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# of defective items found in the sample
of size n

Then N, has the Biremiz/ distribution with
n=50, and p =0.01

P{Nn=x}=(:)px(1—p)”'x

— P{Nso=01=1(0.01°0.99)%°
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P{Nso =0} = 0.60653066
{Errar.

Poisson Dist'n

NN i Vil

- 2E0500507
=000/ 55458,
gopraximatells 02557

Prxl

LBOG53066
L30326533
L07581633
LOLZ263606
L001579561
L00016795

(L WNRY T )
[=T=YaYat=Tal

0 12 3 4 5

Sum of probabllities over the above range is 0.9990934
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While it may be gquestionable whether the demand
process is in fact Peisson, let's make that
assumption.

Y H
P{PJ]4 < »;} = z: EEE}—-G_

#=0 !

4
M= (3.354627x1074) 3 8

#=0 !

@0.Bricker, UT. of Towa, 1998

A sampling inspection plan calls for the inspection
of 50 items out of a lot of 1000 items. If there
are no defective items in the sample, the lot is
accepted. Otherwise it is rejected.

@ ol of” TE dereciive ilems s received, wihal is
Lhe probaiilil o Lhal i wili be socenied?

@0.Bricker, UT. of Towa, 1998

Binomial Distribution [

n= 50, p= 0.01

P{Nso =01 = 0.60500607

= 00003007\ oF Focepiing
the lat

Prxl

LBOS00607
L30555862
L07561804
01222110
.00145048
L00013479

(L WNRY T )
[=T=YaYat=Tal

0 1

Sum of probabilities over the
above range is (0.999080
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A carnival ride, having six seats,
lasts for five minutes. Persons
wishing to ride arrive according to
a Poisson process, with arrival rate
2/minute,

Sunpose thal @ ride Clicle hFs just begun, and there
Fe 0 PErsons wailing, Whal 15 Lhe probaiiiil - that
the next ride will be riled to capacilye 7

G Come)
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Bernoulli/Poisson Exercises

Assume that the arrivals of persons
who wish to ride form a Poisson
process, with arrival rate A= 2/minute.

Then My has the Paissen distribution:

P(N, = 1 = A
E(Nt) =t

The probability that, during the next five minutes,
6 or more persons arrive is P{Ng26]} = 1-P[N;<3}

@0.Bricker, UT. of Towa, 1998

Suppose that there are 4
customers already waiting,

the last of which arrived 20
seconds ago. You hope to ride
on the next cycle, which begins
in 2 minutes, but vou must first
put vour coat in a nearby locker, which will take

1 minute.

What 75 Lhe probaoifill thal \ou will be able o
ride i Lhe next clcle ?

Qo

@0.Bricker, UT. of Towa, 1998

Polgsson Cumulative Distrlbution Function E

Hean: 2 = At (A=2/min, t=1min.])
¥| PiX=xd Pidxxt The probgorlil v that
o Lo B. 0.86466472 P Fewer afber
o= odi )
VY ELYLE . T Y) SR e ",
3| 0.85712348 0.14287654 e ?f{flgdﬁﬁ fﬁg
e nextd miniite is

ool F1E
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Polgsson Cumulative Distrlbution Function g

Mean: 10 =— At (A=2/min, t=5min.)

2 | pemes: P P probabilil - Ll
0 | 0.00004540 0.99993450 e next ride is 1iiied
2| 000276940 0.00723060 to capacil)e /s oves

3| 0.01033605 ©0.985663095 QT

4 | 0.02925269 it

5 | 0.06708596 ( 0.03201404

6 | 0.13014142 .

7 | 0.22022065 0.77977935

8 | 0.33281968 0.66718032

9 | 0.45792071 0.54207020

10 | 0.58303975 0.41696025
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You will be able Lo ride in the next
cycle if, during the next minute while
wvou are gone, no more than 1 person arrives for the
ride.

! 1 b
p{N]ﬁ 1}22 e-2=e—zz (23
®=0 : vy} e

- 0.1353353 (%_T+21—:)
=0.1353353 (1 + 2)

=0.40600585
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L= 4/minute

X= 1/minute

Eastbound traffic on [-80 and the Dubugue Street
entrance ramp form Poisson processes, with rates
as shown. Counters #1 & #2 have been placed Lo
measure the traffic before & after the ramp,
respectively.

o
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Solution E

L= 4/minute

X= 1/minute

What is the probadiflity that
exgcllle S0 veticles cross counter # T Guring
& S=nwinute nlerval P

4
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The number of vehicles passing counter #1
during a S-minute interval with have the

Foisson distribution, with mean value At =20,
where A=4/minute and t=5 minutes.
ET ¢ X L
p{Nt =xl=""¢
w1
1.048576%10° -9

20
P{Ng =20} = 20_¢-20 = Xx2.06115x10

201 2.4329x10'°

=(0.088835
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Mean: 20 <At (A=4/min, t=5min)

Poisson Cumulative Distribution Functicn E Mean: 20

x|  Px] The probabiit s that exactiy £| Pi=i Pixzal
15 | 0.05164885 20 vehicles pass counter #1 ig §§%§§%%§§ §§§%éz§§§
171 5-975%5320 5 less than 5F 13 | 0.06A12764 0.93387236
L | IS
: :
[T it | cqes e
22| 507821362 18| 0.38142195 0.61857305
| 3 Lo ey ot
25 | 004458765 21 | 0.64369765 0.35630235
22 | 0.72061134 0,27938866
23| 078749282 0.21250718
24 [ 0.84322738 0.15677262
25 | 0.88781503 0.11218497
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, ) Solution E
L=4/minute
Ty = time until next car passes counter #2
has an exponreniial distribution with
parameter A=({ X+ 2'J)= S/minute.
. . L
Wwhat is the praéab;/fty that . CDF P(Ti<t)-F(t)-1-e
e nextd \weficie fo pass counier FE grries
ey N 2 - bl
quring he next 15 seconds | F(0.25) = P{T, < 0.25} = 1 - ¢-5(029)

=0.713495203

Qo 1 minute = 15 sec.
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Solution E

Tio =time of arrival of 10M vehicle
has the £rfanrg (or Gamma) distribution.

L= 4/minute

PlTp<2=7
What s the probability that This can be found by computing
The time uniil 10 vehicles pass counter #7 P{Ns 2 10}

is fess than 2 minutes ? . . .
where N, = * arrivals at time 2 has the Poisson

distribution
@0 . Bricker, U. of Iowa, 1992 @0 . Bricker, U. of Iowa, 1992
P{N,2 10} =1 -P{Ny< 9} Example Ina trl“ansmllssmn llme, there is a
fault in the insulation every 2.5
| Polsson Cumulative Distrlibution Function E miles, on the average.
fean: 10 x  PiXsxi Pixex}
— ~ What 75 Lhe probabilill of having 2 1aulls in less
0 0.00004540 O, 90008440 - . -
1 0.00049940 0.99950060 han & mifes -
2 0.00276940 0, 90F723060
3 0.01033605 O.98966395
4 0,02925269 0,97074731
5 0.06708596 0,93201404 —
6 0.,13014142 0,896985858
70.22022065  0,77977935
8 0.33281968 Q,6H710
9 0,457092071 (0.
10 0.58303975 T
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Bernoulli/Poisson Exercises

The random variable
Te = location of the k™ fault
has the &-£r/7gng distribution with parameter,
L= l/o5 miles = 0.4/mile
PIT, <6} =PiNg 22} =1 -PiNg <1}
where
My = # faults in length x miles
has the Farsson distribution.

@0.Bricker, UT. of Towa, 1998
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Polgsson Cumulative Distrlbution Function §

Hean: 2.5

PiXs=x}

L0B208500
L28729750
.64381312
L75757613
L89117802
LAET9TE9A
L98581269

Pi=x}

ses VUL LD D [ by
jslelelelelele]

p{N522}= 1 _p{NE‘ﬁ]}
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