
MATH 180A (Lecture A00)

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

Week 2:

homework 1 (due Friday, January 20)

Today: Consequences of the 
axioms of probability

Next: ASV 1.3-1.4

w



Infinite sample space
Iff

,

then we need a different notion of uniform

probability measure
.

Example A random number is chosen in co
,1J.

(
a)

What is the probability that 20.6it is

(
b)

What is the probability that-I is

(
R,

F
,

P
)

:
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If2=
la,b],

then take



Infinite sample space

An archery target is a disk

50 cm in diameter

A blue disk is 25 cm in diameter

A red disk is 5 cm in diameter

Given that
you

hit the target( randomly), what are
the chances of hitting the blue disk

?

The red disk
?

I =target, PCA
)

=
,

J=

General rule
:



Decompositions
Example A fair is 5 times

.

What isdie rolled

the probability that you get at least stimes
?

one

A -sat least 3 3=ones

P(
A)

=

Consider A
, exactly

..

Howmany ways
?

ones3
i

)

2)



Decompositions
Example A fair is J times

.

What isdie rolled

the probability that you get at least one double ?
A ={some number comes up

at least twice
}

Ak ={K comes up at least two times
}

A =A, UA
2

UA
3UA4

UA5 UA
6

can further decompose .We

A ,=APUAPUAIUATUAT, Aj
=

I comes up exactlyj timess

:

Easy solution:



Intersections AUB
and unions ANB

A C A A
A 3 3

sz sz sz

sometimes we have to take intersections into account.

Notation
:

AUB
=sall

outcomes in either A or Bor both
}

AMB=sall outcomes in both A and B
}=AB

A
AUB

=ABUABUAB

B

ABC Aß ACB



principle of inclusion l exclusion

the probability of a union can be computed by adding
the probabilities

,

then subtracting off the intersection
overcounted

.

If you
have more sets

, you
have to

keep going and re
-add

back in over
-subtracted

pieces etc ...
C

A B



principle of inclusion l exclusion

Example Among students enrolled in MATH 180A

%o are60 Math majors
20% are Physics majors
5 % are majoring in both Math and Physics

A is chosen randomly from the class
,

student

What is the probability that this student is neither

a Math major nor a physics major?
A={ Mathy

B
={ Physicss
C

={neithers



Monotonicity
If AEB

,

then

Indeed
,

P(B)=

A
I

B
In particular , PLAUB)=M SPLAS

,

PCBJax

PLAnB)4min{
PLA),

PLBJ
}

Useful tools

PCAS +PLAY): levents and their complements
)

ACB implies PCAJEPIB
)

Monotonicityy
PLAUB ): PCAS

+PCB)-PLAB)

(inclusion-exclusion)



conditional probability
Your friend rolls two fairdiceWhat
is the probability the sum is s

0.

2 = A =

P
(A)

=

Example 2 your friend rolls two fair dice and

tells you
that the sum that came up is a two

digit number . What is the probability that the sum is io
?



conditional probability
If we know that the event

A

B happened B

keep the same R and I sz

define new probability on 2.5) thattakesp

into accont the additionalinformation

-

--

. Let BEF satisfy PLB )s0. Then for all AEF
the conditional probability of A given B is defined as



conditional probability

If PCB
)30,

then the conditional probability PGIB)
satisfies all the properties of probability :
axioms of probability

,

probability of the complement ,

monotonicity , inclusion - exclusion ...

Remark If 2 is finite and P is uniform
,

then

P(AIB):

Example Roll two fair dice. A =Isum is 10}.

B =ssum is a two -digit numbers



Examples
An urn contains 4 red ball and

Żoo 6 blue balls
.

Three ball aresampled
What is thewithout replacement.

probability that exactly two are red
?

suppose we know a priori that at least one red ball

is sampled . What is the conditional probability of A ?



Multiplication rule

3y definition PLBIA ): PCAT
=
)

PLANBACFor ANBNC : ):

Example An urn contains 4 red ball and

6 blue balls
.

ball are sampledTwo s

2
o

What is thewithout replacement.

probability that are red
?

both


