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①
(a) Size of sample space 151=63

You lose - $1 if none
of the dice match

pl - 1) =P (
☒= -11=5%5 = ¥

an "

your
number . Thus,

pal =P (
☒ = 1) =-⇐t =y.uwngzygey.yyyw.yi.em.gg#pC21--PCx=--z1---E-jj-It--¥

youwin53ifallthedicematchyourthumber.tt#y
p(31=P(I=3l==¥=¥gn



(b)
125/216-

'"

÷:

(c)

1 = 2161216 -

200/216 - o_0

-

% : : :



(d)

E[x⇒=f$11(¥)t( $11 /¥. )

+ ( $21 (E) + ( $31 /¥ )

=
- $ = - $0.0787



② (a)

S={ (3) , ( 1,31 , (2,31 ,
14,31 ,

( 1 , 1,31 , ( 1
,
2,31 , ( 1,4 ,

31
,
( 2 , 1,31,

( 2,431 , ( 2 , 4,31 ,
( 4 , 1,31,

(4,2/3) ,

(4) 4,31 , ooo } , ,

☐
probability

"" ' ¥.E. ÷¥÷÷¥÷÷.left .

elements

are 5 .

yy 0012,431C Each
branch is

probabilityÑ. "m

multiply
the

see÷÷÷÷E⇐÷÷
"

page



We have

P({ (3) } / = IT
P ( { (1,3131=4--4--4-2
P ( { (2,31} ) = 4- ' f- =¥z
P ( { (4,31} ) = ¥ '# = ¥2
P({ ( 1,1 ,3)3)

= f- • 4- • f- = ¥

P({ ( 1,431} )
= f- • 4- • f- = ¥

P({ (44,31} )
= f- • 4- • f- = ¥

P({ (z , 1,31} )
= f- • 4- • 4- = ¥

P({ (2,2 ,3)3)
= f- • 4- • 4- = ¥

P({ (2,4 ,31} )
= f- • 4- • f- = ¥

• : :
0

ya

&
"

and so on
. .

.



We check that P is a probability function

by showing that the
sum of P over S

is 1 .

We have

[ P( {w} / =P ({ (3)
3) + P({ (1,3131+1492,313)

+ P({ ( 4,31 } / +
P( { 11,1 , 3) 3)

WES

+ P({ (1) 2,3) }
)tP( { (1) 4,31

} )

1- P( { ( 2,1 , -3 ) }
) 1- P({ ( 2,2131 }

1- P({ (2,431 } /
1- P({ CY , 1,31 } )

1- P( {1%2,31} )tP({
( 4,431 } )

f o o o

= 4- + ¥ + ¥+4T
+ ¥+4,

+ ¥+1T, + f. + *
+ f. + Is

1- ¥3T . . .

= 4- + 3. ¥+3
? ¥+3 ? #

+ . . .

=&[ it # + + (F)
'

+ (F)
"
+ . .)



= I [ it ¥ + + (F)
'

+ (F)
"
+ . .)

=÷[¥]=÷ . (E) =it
It ✗ t ✗

' test . . . =¥if-
Thus

,

P is a probability
function

÷÷:÷÷E""""
( 2,2131 , ( 2,4 ,

31
,

( 4,1 , 31,
(4,2 , 31 ,

(4,4 , 3) }

P"H=¥+§;;;;¥s_=%%=¥=
0.140£ .

.

I 14 %



(c) B = { (3) , ( 1,31 , ( 2,31, 14,31, 11 , 1,31,
( 1,331,

(1) 4,31
,
( 2,1 , 31, ( 2,2 ,

31
,
( 2,4 , 31 , (

4
, 1,31

( 4,431, ( 4,431 }

P( B) = f- + 3 . # + 9. ¥ =
€+9

64

= = 0.578125 . . .
I 57.8%

-

(d) I = amount won
or
lost

c-☒ = ($5 ) (¥ )
+ f- $6 / (¥ )

tprbabiiityp¥ility
3 is rolled

after

3 is rolled first 3 rolls
within first

3 rolls

= $¥$,É=$¥ = $0.359

If you can play
the game many

times then you'd

expect to win on average $0.36
per game .

So good to play if you can play many
times .



③ S = { 1,2 , 3,4 }

P({ 131=-82 , P( {2 } / = £

P({331=-3 , p({ y } / = I

ÉtIbthÉÉost .
C-(E) = ( $21 plitt ($21 p(

2) + C- $1 )p(3) + f- $1 )p(4)

=($21 (F) + ($21 (E)
+ C-$1113 / + f-$1 ) (F)

g,=$(£l=$
Let a

be the amount
won or

lost when
1 is rolled

Let b
be the amount

won or
lost when 2

is rolled

Let c. be the
amount won or

lost when 3 is rolled

Let
d be the amount

won or
lost when

4 is rolled

Let I
be the amount

won or
lost

.

Then

c- (E) = a (F)
tbs / to (F)

+ d (F)

=€+É



For E[I]=O we would need

2atbt3ct2d=O& .

There are infinitely many solutions
to

this equation . For example ,
You could

have a __ $1 ,
b= $1

,
c= - $1

,
D= $0

.

-



④
There are 47=52-5

cards left in

the deck .

are
13-3=10

hearts left .
The odds

of getting
2 more

hearts is:÷.it?:::::-:-.:.::::i::::::::.
(I1=nin
(bÉ=hÉft
There are

47-10=37 non -
hearts left .

choose chqose
heart

¥,=(¥yy=Y=o☒



(c) There are
3 9-veers left and

47-3=44 non - queens
left

.

chzose chaoose
9-veen non-queen

-

(3) ( " Y ) 3.44

⇒=*=-=Il

☒
=

= 0.002775€

.

I 0.280€

or exactly
2 queens .

Add (c) and (d)
to get

1¥ + ¥ = O"= 12.491J



(f) Let ☒ = amount won or lost

ECE]=
probability You

probability
= ($500)[ you get ] + f- $20)[ don't get a]

a flush
flush

=/$5001 /¥,/ + C- $2014 - ¥,]
Impartial

=$÷~_$l+64$
This is a good bet

if you can play

the game many
times since

on
average

over many plays you
'd win $1.65 per

game .



⑤ From previous HW
,
the probability space is

S = { ( H ) , CT, HI, CT ,T , HI, ( IT ,T, HI , (T,T, T,T, Hl ,
( t.TT/T,T/ HI , ooo}

The probability tree looks like
this :

④ prob
,ghzility

Y
probability

y ,

( (%) / %) =/E)
2

probabilityi,,,• E)Elks
-

-HP

lt,IP¥§
→%t
→⇐



Let

E={ (TMT, HI , ( IT ,IT ,
HI
,
(IIIT ,T, H ) , . . .}

We want
P(E) .

You could calculate
this in two ways .

Methodtt

P(E) =P /{ (IIT, HI }) + P(
{ (IIIT, HI } ) t

. .
.

= (E)
"
+ (E)I (E)

'
+ (E)7+ . . .

= (E)
"[ + It + (III. . .]

=÷[¥]=÷[4--8
p

It ✗ +✗
7×1 . . .

= ¥if
pM¥¥p(E) = 1- p( { ( H ) , CT,

HI
,
LIT, HI } )

= 1- [It#FLIP ]

=L - E- ÷, -8--8%-2-1
= 48



Thus
,
I> (E) = I - I>(E) = 1- 'z=±g

Let ☒ be the amount won or lost .

Then

c- (E) = ($5 )P( E) + C-
$1) PCE )

= ( $51 (F)+ C- $ 1) (E)

=
- $ F- = -510.25J

The expected valve is negative
so in

the long run if you
did this

bet

many times you would expect
to

lose $0.25 per
bet

.



-⑥

Consider the following
events :

y ④

WW - event
two white balls are

chosen .
z ⑥

WB - event
one white ball

and one

black ball are chosen

Wo -
event one white

ball and one orange

ball are
chosen

BB -
event two

black balls
are

chosen

130 -
event one black ball

and one orange

hall are chosen .

00 -
event two orange

balls are
chosen

Let ☒ be the
amount won

or
lost .

Note that the
sample space of

this

experiment
has size

(4) = =

' =
"

= 7.13=91



|["""
or lost

:÷:
E [I] = C- 2) (¥ ) + C- 11 (¥, I + ( o) (

at )

+ ( l ) (¥, I t (2) f%) + ( 4 ) (
& )

= 0 -

¥



⑦ Method1-treemeth.TL
Let's draw the possibilities using

a
tree

.

r•edwin$

¥ winredᵈᵈ
•%§1ose$".¥ ¥

"

•Éʳᵈlos
Nolf The chances of

getting red on one spin É¥d1ose$@
is 18138 and of gettingn◦trediszoT)



(a) Here PIE > 0) is PC# =L )

since we can only win $1 .

Thus,

" * > " =
+ ¥+;¥;É-=%⇒☐✓

≈0.5917£top of tree
branch
of tree

leading to

leading to
win $1

win $1

lbldoakthebranchesofthetrees-EC.it
] = ($1)

- [¥ + ¥ . • ¥.]

+ 1- $11 .# ¥ .¥ᵗ¥°¥¥]

+ C- $31 - [¥ - ¥ - ¥ ]

=_$≈-$
So even though the probability

that we win is

about 59% , we
lose on average about

$0.11

per game .



⑦ meth.d2-turn.name/hod-#
Let R mean

that a red number occurred .

Let R
'

mean
that a non- red

number occured .

On one spin
of the wheel

there is an

18/38 Chance
that red

will occur

and a
2%8 chance that

red will

not occur .

Our sample
space

will be

S={ R , R'RR,
R' R' R , R'RR

's R'R'R
' }

where

R means we got
red on

first spin
and stopped ,

R'RR means
got non

-
red on

first spin ,

red on
second spin ,

and red
on
third spin,

R' R'R means get non
-
red on

first and

second spin
and red

on
third spin,

and so on .



Since the spins are independent of

each other
we get that

PCR)= 3¥

PCR'RR1=
¥ . ¥ .

= ¥8k }
win $1

pair'R1=¥¥¥s=¥% } ¥;
PCR'RR4=

¥8 ' ¥ -¥ =É
$3

PCR'R'R
')=¥ -¥ -⇒ = ¥1s }

lose

(a)

PIX> o)=¥t¥¥z=
%L¥= 0.59177

E[✗7= (1)
(¥s1tai(%¥ /

+ C- 1) (¥÷z )
(b)

+ c- 1) (34%-2)+1--31
(s%÷)

= -3%4=-0.11

So on
average you

lose $0.11
per game

even

though you
win =59%

of the
time .

Therefore this is not a winning
strategy .


