
Recap 1: Probability axioms

1. Nonnegativity: P (A)  0

2. Normalisation: P (Ω) = 1

3. Additivity: if A ∩B = ∅, then P (A ∪B) = P (A) + P (B)

Extended version of Axiom 3 - countable additivity axiom:

If a sequence of events A1, A2, A3, · · · are disjoint, then

P (A1 ∪A2 ∪A3 ∪ · · · ) = P (A1) + P (A2) + P (A3) + · · ·
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Recap 2: Discrete/Continuous Uniform Law

Ω = { HHHH, HHHT, HHTH, HTHH,

THHH, HHTT, HTHT, THHT,

THTH, TTHH, HTTH, TTTH,

TTHT, THTT, HTTT, TTTT }

A = { HHHH, TTTT }

P (A) = ratio of counts =
|A|
|Ω| =

2

16

0

1 x

1
y

Ω = {(x, y) |x2 + y2  1}

A = { (x, y) |x+ y  1 }

P (A) = ratio of area =
3
4 · π · 12 + 1

2

π · 12
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Conditional probability

Team a Team b

vs

vs

vs

A = { Team a wins }
P (A) = ?

B = { key players from Team a injured }
Konwing B, P (A) = ?
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LK-99 Room Temperature Ambient Pressure Superconductivity
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Conditional probability

Conditional probabilities are just like normal probabilities in

a different universe or sample space.
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Conditional probability

Sample space (Ω)

A

B

P (A|B) = the probability of A, given
that B has occurred

P (A|B) =
P (A ∩B)

P (B)
,P (B) ∕= 0

P (B|A) =
P (A ∩B)

P (A)
,P (A) ∕= 0

P (A ∩B) = P (B)P (A|B)

= P (A)P (B|A)
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Conditional version of the axioms

A

B

C

Sample space (Ω)
Conditional version of probability axioms:

1. Conditional nonnegativity: P (A|C)  0

2. Conditional normalisation: P (Ω|C) = 1

3. Conditional additivity:

If A ∩B |C = ∅, then

P (A ∪B |C) = P (A|C) + P (B|C)

6/9



Example 1

Experiment: flipping a fair coin three times.

Sample space Ω: { HHH, HHT, HTH, THH, HTT, THT, TTH, TTT }

A = { the first flip is H }
B = { the second flip is T }
C = { exactly two Hs }

P (B|A) = ?

P (C|B) = ?
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Example 2

Experiment: using a virus detection kit on a person

- It is known that there are 0.5% people in general that carry the virus V . A company

has a kit to detect this specific virus. It is known that if a person does carry the virus,

there are 99% of the chance that the kit will show a positive result; if a person does

not carry the virus, there are 98% of the chance that the kit will show a negative result.

A = { the person carries the virus }
B = { the test result is positive }

P (A ∩B) = ?

P (B) = ?

P (A|B) = ?
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The False Positive Puzzle

“Getting the goat” in the Finance and economics

section from the Feb 20th 1999 edition of The

Economist magazine
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