
 

Why probability theory Results of quantum
measurements are random
Outcomes of experiments classical results in

quantum theory are random variables

forus F all subsetsof I

disjointunion ofsets

I all possible outcomes of an experiment
112,3 4,5 6

F events subsets of I
4 Of 13,123 63,1123 114,5

emptysubset 1,213,415,6
event outcome is an odd number
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probability measure I F IR

I A Ir
I XI cardinality of the set X

of elements in X

I r 1 6 the numberof all
possible outcomes

I d 0

I R I 12,34,563 1
I La I 223 11146 f
IAoutcome is odd
I 1 3 5 3 3 L

check WiAi I I Ai

I II 3 odd I 213,5
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Example: 2 coins

the resultof one coin toss can be heads H
tails T

SETHI It TH Tt

F all subsetsof I
I A YI It thecoins are fair
I HH IIGHT 14TH IK TTY 14

AnB eventthat both Aand B happen

I A A theeventthat A does nothappen

Proof ideas
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B A u B A I B I A
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Example 1: 2 coins, probability that first toss is head, given that there is at least one head

Example 2: 2 coins, probability that the second toss is tails, given that the first one is head

An B E B
1 ICANB E ICB

A HH HT

B HH HT HH
PIA B BEEB Apg 341 23
ICA I n I AIB PCA ABnot indep

A HT TT ICAI B RGIII 1Gt 4
12

B AH HT
I A 12 Aand B are independent



Example: coin tosses - total number of Heads

Example: 10 coin tosses - A = between 2 and 5 Heads

D w w length to string with letters H ort
111 210 1024
F all subsetsof R I A Er
X d IR X w Ganz ng Ki sci H
I 1 01 1114 X w o 111 nohead

II ITT T 42
I X 1 14exactly aheads4 2 etc

II 2 EXE 5 I XE 213,415

Fezapp Px 6 Px 2 Px 3 Px 4 px 5



Example: 2 coins, expectation of the number of heads

Example: 10 coins, expectation of the number of heads

also known as the mean or the average

p HH IIGHTTH

XC HH 2 EX 2 It 1 4 0 4XCLHT X TH 1 onaverage weget Heads once
X ITT O 1 when

tossing twocabs

ICA E AA

Ex É x IC xx fix 12
12 5

on average we get 5 times H if we toss a coin
no times
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var x o e E EEK
0

X E x wits prob I
X is constant

var ax E Lax EcaxD
at ex Lex a'vary



val x ae

I x e p Xo e p

X sum of n independent Bernoulli p

Example n cointosses X heads

X Xt Xt Xu

Xi 1 if ith toss is H

O if T

if coin is fair Xi are indep Bernoulli f

X Binomial v.v of param n 1 2



I X a I you get heads on the est toss

p

I x 2 II ist time youget H
is on toss2

I TH s ca p p
II x na e

p Ci p
E E x E ppe r p
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Example: 2 coins

YC TH TANTHH 3

Pyly EPxy ay

D HH H T TH Tty
X heads E 0,12g
Y Hand loss is heads has

titty
I O o I X Y o I X o and T

cant iii In Cities 4



Example: 2 coins

Example: 2 coins

I

Recall Events A and B are independent of
ICA NBL ICA PCB

X Inst coin is heads
42ndcoin istails

x 12 11 Y
II CAYLIGHT I

I I I OK
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4 2 2 1 02

E E E F

X Y indep r u I EA F ICE RIF
Gond for indep of events

For A B E IR I YEA and YEB IKEA
ICY EB

the r v X and Y are independent

reciprocal statement


