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Density functions are nonnegative andIfadx 1

Important facts

P X x Ifxcadt O

P x EX ex Dx fadt I fix Ox

Fx x P X ex L Edt

Fx x fed



Cal 1 1 fix dx C 4 2 7 dx

2 2 3
3 É

8 4 o Ec CHI
b P X 1 f fix dx f C 4 2 2 dx

3 2 2 3
3 É

3 8 Y 2 3

3 f E 3 IT

Fy ly PLY Ey
P 2X Ey
P X L

Fx E



fy y Fy ly day Fx E

Fx E E

ffxct

II.fionTnELXJ
ItfxcadtELg

x Ig it fx Adt
Useful formula

ifxisygYYY.fifad



Special case

lfRCX EO.IR 3thenELX3
n
Plx

nLELXJ

IxfIx dx x 2x dx

So 2
2 dx 3

3 I

Ee Ja

Var X E X EXT

ELX 3 by Expl Za

E x2 1 x2 fix dx



fix 2x dx 2 3 dx

XIII L

Varix E EP

I 4

m

fx x
t if ocxel

O O W

X Unit aid means X has density

fix rt if a xp

O O W



ExplI X unit Fnd EX and Var x

E lx f xfx x dx

fyex f BI
if a xp

O OW

E lx S x Fa dx

EET
Var x E X ELM

ELX 1 x fx x dx



Ix dx

ft É

EE YE.Y

BgBIVarcxs
5t5I Et

Btg
5 248

2

45 426 42238
648

2

BELIE IBID



fx on
to if o x lo

O OW

a PIX 3 fxlx dx

to dx 432

b P X 6 fxcadx

to dx

10 p 3 ex 8 Syfy x dx to dx

8



X of min after 7 00 that
the passenger arrives 7 00 7 7 30

sixX v Unit 0,30

a A He waits less than 5 minutes

for a bus
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b B He waits more than 10min
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Often use Z for a standard normal r V
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For concreteness assume baby was born

on Oct 17 290thday of the year
The 50thday of the year is Feb

19th

T Defendants an 1st Feb 19th

I Defendant is the father

G Baby was conceived before
Jan1st or

m.itEsIIpmoacaays
X N 270,100

G X 2903U X2 240

They T.pk
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Official question PCG
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I 2 0.9772 0.9987

2 1 9759
hewas thefather beforelearning

he

wasoutoftown and PCG 22.4

after learning he wasout
oftown

Whatdoesyourgut tellyou

But what does this have to do with
P ECT
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odds he's thefather
before learning

he was

out oftown

odds he's the
father

after learning
he was

out of town

Intuitively we expect off IT to be a lot

smaller that OCF

PCT n G I F PCT I F PCGITIF
T and I implies G

P Tn GIF P GIF P TI F n G

So P TIF PIG F PCT IF n G

Plug into top equ

O FIT OCF PEIFF PCGIF



If F there's no reason he couldn't be out

of town at that time

If Fn G there's no reason he couldn't be out

of town at that time

So we mightexpect P TIF nG P TIE

O FIT E OCF PIG IF

Knowing only F and not T the probability

of Co shouldn't change PCG F PCG

O FIT OCF Eazy

Let's try some numbers to see what

happens Suppose we were 98 certain

he's the father before learning he was
out

of town So PCF 0.98 Then

what is PC FIT



OCF PIE 82 49

O FIT I 0.02410457 1.1809

Off IT PEETH

1 1809 Effy
1 1809 1.1809PC FIT PCF T

PCFIT LEG 254

After learning he was out of town our

certainty that he's the
father drops

from 98 to 54

Does this match your intuition

from earlier
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Often need a continuity correction
Will see

this in examples
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Normal approx

µ np 40 E 20

02 np 1 p 40 t t IO

x Into Zenon
X I 20 To Z

First attempt

PlX 207 I P 20 To Z 20

P 2 0 0 bl Z is cont

Bad approximation

X is discrete so

X 20 E 19.5 E X E 20.5 Usethis

continuity
correction

P X 20 I P 20 To Z E 19.5 20.5

P 19.5 20 To Z 120.5

PC 0.5 Z To Z 10.5

PC Ero E Z E
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I 2 I 0.16 1

I 260.5636 1

1 1272 I
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Could use computing software to

evaluate this to four decimal places

According to the textbook

it's 0.1254



X of students that attend

X Bi nom 450 0.3

P X 150721
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P X 150 PLZ s EET
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2 I I 1.59

2 1 0 9441

10.05597

X of people in sample that are in

favor of outlawing cigarettes

X Binom n 0.52

P I 0.5

µ n p 0.52 n

02 n p 1 p
0.52 0 48 n 0 2496 n



0 10.24961

X Into Egg
0 52 n 10.2496 2

n odd n 2kt l

P In 0.5 P X k cont

IP 0.52 n 10.249672 0.5
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I 0.045

a n n I 0.04T I 013 10.55177



h n lol I 10.04Toi 0.4071 0.6554

c n 1001 0.04Fool I 1.2772 0.8980

Final question

10.04 rn 70.95 n

1.64 I 0.9495 bestwe
can do the table

I 1 65 0.9505 y
wigabbenniorbaccurate

Need 0.04 rn 1.65 with
a computer

or

byusingIFEprolation

n 8 4
1701.5625

So need n 1

5iggExponentialdist

X Exp x means X has density

fix
te if x o

O O W
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PX EAt
E X I Var x

Time between events in a Poisson process has

exponential dist

Memoryless property

P X Stt IX t PIX s

I Think of X as the lifetime of something
time O is its birth time X is its death

X length of otherperson's call min

X Exp to
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Use PIX t é't when X Exp x
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X lifetimeofbattery miles

EX 10000

t of miles already on the battery

Pl

what'stheprobability we
we've already gone can make it 5000 more
t miles and the miles

battery'snotdeadyet

as X Exp X

EX I 10000 x Toooo

P X 5000 t t I X St P X 5000
Lemonyless property

e
sooo



b X has dist function F

The most we can say is

PIX 5000 t X t

Pl x
sogÉ

xt

HY
i

Need to know both F and t to get
a numericalanswer

Hazardrates
Let X be a r r that's always positive

Think of it as the lifetime of something

X is not necessarily exponential



X has density f and dist fume F

Define

xa ff
hazardrateoff

Maing

P XE Ct tot X I PIGGEE
Ia f folds

It foot Xhot

Can recover dist fun from hazard rate

Fat
l e t

sds if y o

O O W

OF
pysp jfas.to

If Xlt X is a const func then X Exp x



X lifetime of a particular smoker years
Y lifetime of a particular nonsmoker years
Xx t 2Xy t

P X s t I X t probability that the smoker

of age t survives an
additional s years

P Y s t I Y t probability that the nonsmoker

of age t survives an
additional s years

P Y Stt I Y t IP X s t I X t

Itisintersect

P Y set ly A PCYEE.tt

PYIII



Ply t exp Staycusda

P Y set exp ftX cusda

exp foxy u du fitdy u du

afraid exp Ethyla da

P Y t
Go
P Y set Y t exp S thycusda

and

P X set X t exp S taxcusda

with
exp Sfax cus d

exp Sitayou d

P Y set Y t



P Y set I Y A jP X sttIXT

So the nonsmoker's chance of survival is

not double the smoker's It's the

square root of the smoker's

E g if the smoker had a 50

chance of survival the nonsmoker has

a F I 0.707 70.7 chance of survival

If the smoker's death rate were 3 x the

nonsmoker's we'd use cube root and

so on

HW A 57,314,718,11 13,17121 22,25 26

29 31 32,37 39
36 38


