
MATH 180A (Lecture A00)

mathweb.ucsd.edu/~ynemish/teaching/180a

Week 3:

homework 2 (due Sunday, January 29)

Midterm 1 (Wednesday, February 1, lectures 1-8)

5 homework extension days per student per quarter

Today: Random variables

Next: ASV 3.2
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Independence for more than two events

A collectionAi
, Az ...Anof events is

mutually independent if for any subcollection
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,
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suppose that A and B are independent . Aand C are

independent
,

B and Care independent
. Are A, B.C

mutually independent?



important example
Toss a coin

A
={

there is exactly one tail inthe first two tossess

B
=)

there is exactly one tails in the last two tosses
}

C
={

there is exactly one tails in the first and last tossess

A
=ŞCHıT,+),

CT
.H,

+)} B
={CT,

HIT
),

(+,T
.H)S

C ={ CH
.+,

T), (T.+. H
)}

PLA) = * =
I

PIBJPICS

PLANB
)=5-E=PCBAC)=PCANC),

PLANBNC)=0



🎲

🎲
🎲

🎲

🎲

🎲 🎲

Random variables

(2,
F,P)-probability

space

Def A measurableto
)

function XIZaIR is called

a random variable
.

s
EXEBSEWER

:XIWIEB}

CR levent
)

X For any
BCIR we can

PIXEB
)

define

IR

Example Toss a coin
.R =SHiTS. Define XIRTIR



probability distribution

Def Let X be a random variable
.

The probability
distribution of X is the collection of probabilities

Remark

Examples 1) Coin toss:R
=SH.,T

3,

XIH
)=1,

XIT)=O

( fair coin
)

2) Roll a die :R
={

112,3,4.5,6
h.

For
any KILG.



probability distribution

3) Roll a die twice
:

22=
ECiij):i .jø $1,2.-. 63}

Define P(
S=2)

= 56 P(S =7)=
€
36

P(S =3 ) =
5

6 P(S = 8) = I
36

P(S = 4) = 536 P(S = g
)

=
*
36

P[S =5) = *6 P (S = 10)= 3 36

PCS =6) = 50 PIS
=1)

=

=
36

P( S = 12) = 56



probability distribution

4) Choosing a point from unit disk uniformly at random

I ={WEIR: dist(
o,w)

=13
a :

@
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For any rco,

For any r3l.

For ocrel
,

PCXer)=any



probability distribution

If (2. F.P) is a probability space, and XIZAIR
is a random variable

,

we can define a probability
measure

Mx
on IR given , for any ACIR , by

We call Mx the probability distribution or law ofX.)
5) Toss a fair coin 4 times

.

R
-ŞCXiXziXsXu)eŞHiTss

uniformons If ACIR does not contain
one of these numbers

,

then
PCCX

1,X2,X3,

X
4))

=

Enough to know



probability distribution

Toss a fair coin 4 times
.

LetX=number of tails
.

Xeş
0lızı3u}

k o l 2 3 G

Px(k)=PCX=k)
Pxlk)

ò i i } à

More generally , if X= then

PxCk)=PCX=k)t
We call this distribution



probability distribution

4) Choos point from unit disk uniformly atrandon

X (w)= dist(
o,w)

8

2=

PCX
<r)

rorooarss"
ir 3l

What can we say about PIXEA
)

for other sets AcIR
?

TakeA
=10.3,0.43.

?



Discrete and continuous random variables

Discrete
:

There are finitely for countably
) many

possible outcomes{
ki,kaiks

... } for X

Mx is described by the probability mass function

In this case
, by the laws of probability

Continuous
. For any

real number telR
,

Mx is captured by understanding PLXEr) as a function ofr
for example ,



Cum lative Distribution Function(CDFY

For any random variable X
,

define

FxC1=PCX4 r
) k i z 3

Example Bin
(3,

2)X ~ Px (k) š § § 8

.....
i.iitit--

FxIr )

o : ¿ } r



properties of the CDF FxCr )= PIXEr
)

4) Monotone increasing:
(2) lim Fx

(r)=o,

lim
rito

FxCr
)=1

rs-o

(3) The function Fx is right -continuous:
Jim FxC

+)=Fx1r)

tirt

Corollary : If X is a continuous random variable
,

Fx is a

Example shoot an arrow at a circular target of
radius t hoos point from unit disk uniformly atrando

FxCr )+
0,r

:0pe,ofra
,r1

{
o

ie



Cumulative distribution function(
CDF)

Summary : For any random variable X
,

FxCr
)=PCXEr)

4) Monotone increasing: Sat = FxCS )= FxCt
)

(z] lim Fx
(r)=o,

lim
pata

FxIr
)=1

ri-o

(3) ight
-continuous:

imir ,FxHt)=FxIr)R

Discrete random variable continuous random variable

inite or countable setoffor each real numbert, PIX
=t)

=O

values with tist
?...

PCX
=jD0

Because (1) and (3) this implies
and Z PCX

=tj)

=1 that Fx is continuous
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