Worksheet Solutions
Math 262 » 22 September 2022

From LAsT TiMe:

7. A sequence of n independent trials are to be performed. Each trial results in a success with
probability p and a failure with probability 1 — p. What is the probability that...

(a) ...all trials result in successes?

Let A be the event 4hat  trial i results

N guccess,
n
B)’ inAé\er\Aef\c,e/ P(P\M\AZ{'\_,.(\A'\> = PQASP(AL\ P(A,J = u: }0
n foctors
(b) ...at least one trials results in a success?

n
Probabi )n"y of no successes: ?(A: AN, nen Aé) = O.— Y’X
Pmkolo;l,'#y s ot Jeast one success: 1-P(Ain-a A'n\) = 1- (l—py\

(c) ...exactly k trials result in successes?

\ Av\y Por+icular Set(ue/\Ce O-F k Successés O\V\d( 7\,’k ‘Fm(ures
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Thus,  Pleechy k swcens) = (L) p* (1pY ™
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8. If A and B are independent events with positive probability, show that they cannot be mutually
exclusive.

Given:  P(A)>0, P(E)>0, and P(AnB)=PR)P(B).

Thus P(’\r\ B\>O, so the events can occur simuHaneously/

Mear\"'\g ‘\'he, are  hot M\A‘f'uw'”y

exc |usive.

ToDAY'S WORKSHEET:

1. Consider an urn containing four balls, numbered 110, 101, 011, and 000. One ball is drawn at
random. For k = 1,2,3, let Ay be the event that the k™ digit is a 1 on the ball that is drawn.

(a) Are the events 4,, 4,, and A3 pairwise independent? Why or why not?

Yes: P(A:\=—lz for any ieil,z, 5
PAinA) =g for oy 1,5€171233
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(b) Are the events Ay, A;, and A3 mutually independent? Why or why not?

No: P(An A Ay = 0 # P(A)P(A) P(A)

2. Create an example of three events 4, B, C such that P(AN B N C) = P(A)P(B)P(C) but the events
are not mutually independent.

T»\ls i.S +(‘I‘(,ky(. TP;al'aAJ'Uror s a @[/\e, QPPFDAC,\'\.

\

P(A)=P®)=P(() = =
P()P(8)P()

Her‘e 1_3 oAe QMMF\Q:

i

P(Angnc) =%

HQ\JQ\]QI’:
P(ANR) = s # PP (E)

(0!‘& S}M”arly for ANC  and 30(,)

A)B/ ond C ace not pairuise independent, and thus  not Muh«a“)/ inole_Pe,v\deM_.

SIMULATION SOLULTIONS

There are lots of ways to implement the same simulation, so your solutions may differ from these.

3. Suppose you flip two unfair coins, one of which lands heads with probability 0.4, and the other
lands heads with probability 0.6. Estimate the probability that both land heads.

Ea, count <- O # count starts at zero
for(i in 1:10000){ # Toop 10000 times
# generate random numbers between 0 and 1
r <- runif(l)
s <- runif(l)

# if both coins are heads, then increment counter
if(r < 0.4 & s < 0.6){
count <- count + 1
b
3

print(count) # this is the number of times both coins land heads

# more concise code to solve the same problem as above
r <- runif(10000) # 10000 flips of the first coin

s <- runif(10000) # 10000 flips of the second coin
count = (r < 0.4) & (s < 0.6)

#print(count)

print(sum(count))

Day5 Page 2



. count = 3
Mothematica: Do[ J
r = RandomReal[1];
s = RandomReal[1];
If(r <©.48&s < 0.6, count +=1],
16000]
count

Exact probability:  (04)(0.6) = 024

4. Use simulation to approximate the probability that at least two sixes appear in three rolls of
standard, fair dice.

Fi, # simulate the probability that at least two sixes appears in
‘ # three rolls of a standard, fair die
c<-0
for(i in 1:10000) {
dice <- sample(1:6, 3, TRUE) # three die rolls
sixes <- sum(dice == 1) # number of ones in the rolls
if(sixes >= 2){
Cc <-c+ 1 # increment counter
}
}
print(c/10000)

Mathemoticas ;:l;nt -9

dice = RandomChoice [Range[6], 3];
sixes = Count[dice, 6];

If[sixes = 2, count +=1],

10000)]
N[count / 10000]

Exact ProLo.Lﬁ]H—yi
P(0+ least  Fuo sixes> = P(exad"y +oo s]xas\) + P(al\ three S'f><4.s>

-3(E) « &) =5 = oom

5. Suppose there are 3000 students at St. Olaf College. Estimate the probability that at least 18 students
share the same birthday.

in. # simulate the probability that at Teast 18 people out of 3000 people
‘ # have the same birthday
count <- 0
for(i in 1:10000){
bdays <- sample(1:365, 3000, TRUE)
tab <- table(bdays)
if(max(tab) >= 18){
count <- count + 1
}
}
print(count/10000)
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MO‘H\Q Ma‘H ca:

count = 8;
Do[
bdays = RandomChoice [Range[365], 3000] ;
tab = BinCounts [bdays];
If[Max[tab] = 18, count +=1],
1le000]
N[count /10000]

The exact PPOE“L;’Il+/ 's ‘}buSlq fo c(d'u-rv\}r\e_/ but 5
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0.54.



