y ! L Z"'i % "

#

&

Content Introduction

‘-.\é“.\‘;};’.,’ :
.0
AT

e "%9&’)@'-‘.7?0,

This book is suitable for college students, high schodf‘g@%gﬁga
students, math enthusiasts interested in probability, and math
teachers in general. It consists of seven chapters, which cover
basic concepts of probability theory, random variables and
their distributions, numerical characteristics of random
variables, the law of large numbers and the central limit
theorem, population, random samples and statistics,
statistical cases, etc.

understand, focusing on calculation methods and applications.

7988957710418

The text is short and vivid, and the arguments are in-depth, = i _
which makes the book particularly readable and teachable. O - wﬁ.;g;«# . :
Therefore, this book is a unique and distinctive textbook. ® B For Any H Igh School Curriculum:
2 .
E: Including IB, A-Level, AP and more
Other book by Spring Seeds O
~+
High School Calculus: A New Perspective < G v
For Any High School Curriculum, Including IB, A-Level, AP, and More @® W ?,
by Spring Seeds : s R
= ~O= = = H ” % 4 ¥ ¥N
ISBN: 979-8-89571-040-1 n Sprlng Seeds e ,,;;::«; W
.
.,':":.' ; :
Wy & 3 “'- /4 SBN 979-8-89571-041-8 00-
o o ' ’ ) i & V m
Vi ®



High School Probability:

A New Perspective

For Any High School Curriculum,
Including IB, A-Level, AP, and More

Spring Seeds



Copyright © 2024 by Spring Seeds
All rights reserved.

Published by Spring Seeds

Print ISBN: 979-8-89571-041-8

ii



Contents

CHAPTER 1 PERMUTATION AND COMBINATION ....cccvveeireesssnnsarsressssssns 1
L1, PERMUTATION ittt e itie it eii s s s e sa e seeesaseeeaesaaeassesessaesseesseessensaenns 1
1.2, COMBINATION. .. ttttitiiieteeeseeeaitteeee et teesae e sebbassbsseessessasssantbeessessss e sansranssssens 3
L3, EXAMPLES oottt sttt ettt e st a bt s e e e e e s e et e e et e e e e e st b annbbaes 4

CHAPTER 2 BASIC CONCEPTS IN PROBABILITY THEORY ....cccvvveeeneee. 10
2.1.  RANDOM EXPERIMENT, SAMPLE SPACE AND CLASSICAL PROBABILITY ........ 10
2.2, RELATIONSHIP BETWEEN EVENTS AND CALCULATION OF EVENTS ....vvvvvuuunna. 27
2.3.  CONDITIONAL PROBABILITY AND INDEPENDENCE.....coovivtreteeeeeersresriennereneres 33
24, EXAMPLES oottt ettt a e e bt e e e e e b aabaarae s 45
2.5.  LAW OF TOTAL PROBABILITY AND BAYES' THEOREM ...cuvvvvvieeeieisieiiinnneeeenes 69

CHAPTER 3 RANDOM VARIABLES AND THEIR DISTRIBUTIONS. ...... 92

3.1.  RANDOM VARIABLES, PROBABILITY DISTRIBUTIONS OF DISCRETE RANDOM
VARIABLES ...oveeiiieiietenrrreeeeeeseeerinssasteneseeeeeesesasssnnssaesesessesessnnsreeesessenessnnssres 92

3.2. FOUR IMPORTANT PROBABILITY DISTRIBUTIONS OF DISCRETE RANDOM

VARIABLES ....oveiteivecuteteeeeeeeeteeeteeeeeeeesteesee s eenseseeessensesseeneesnseseerseensenseeneenns 98

321 (0—=1) diStribUtiON c.oeeeiiieceiiecieee et 98

3.2.2. Binomial diStribution.....cccevieievieeresiesrese e see e sie e 99

3.2.3.  Poisson distribUtion .......ccccceoveivieiiiniieciece et 106

3.2.4. Hypergeometric distribution.........ccooeviiiieeiiieiie e 110

3.3.  CUMULATIVE DISTRIBUTION FUNCTION OF RANDOM VARIABLES,

PROBABILITY DENSITY OF CONTINUOUS RANDOM VARIABLES ......ccveeenen. 120

3.3.1.  Distribution function of discrete random variables F(x) ........cceevve.. 121
3.3.2.  Cumulative distribution function F(x) of a continuous random

VarIADIE X oottt sane e e 125

3.3.3.  Probability density of continuous random variables ............ccoeevvenene 127

3.4. THREE IMPORTANT CONTINUQUS RANDOM VARIABLES......ccooeiveeiienreaennens 133

3.4.1.  Exponential diStribution ..........c.cccceiiiiininiiiiiicieeeeee e 134

3.4.2.  Uniform distribUtion .........ccoooviiiiiiiiiiiieecie et 135



3.4.3. NOrmal disStriDULION.....ccvveeeieeireeees ettt e e ertee e eesereeeesseeeessessteraesessrereeses 138
3.5.% DISTRIBUTION OF FUNCTIONS OF RANDOM VARIABLES.......ccovviiiieeeirnesinnen, 152

3.0, EXAMPLES ..ottt e ettt e e es e e e et e et et et asan s e e e rarareaeaes 160

CHAPTER 4 NUMERICAL CHARACTERISTICS OF RANDOM

VARIABLES ... iirreiininrnesiscsnnisisssrnsisesssrssssssssssssssssrssssssssrnssssss 175
4.1, MATHEMATICAL EXPECTATION ..eeeiititiiioerireereeeeeeeessseesssseeseseeeeseesesonsnnnnne 175
L VN Y 7N N L) SN 181

4.3, MATHEMATICAL EXPECTATIONS AND VARIANCES OF SOME IMPORTANT
RANDOM VARIABLES .....uvviiiiiitiiii e iiiiesssiisiesssiietessssabasesssabesaesssatesssesinnees 184
A4, EXAMPLES ..iiiiiitteieeiitetetesinreesiessnseeeessisseesssssnssessssssseeesssssessssrsssseessmssseeees 193

CHAPTER 5% THE LAW OF LARGE NUMBERS AND THE CENTRAL

LIMIT THEOREM. .............. rereereseeresrneesernnreene 208
5.1, THE LAW OF LARGE NUMBERS .....uciiiiitiiiiiiintie s ieitisiesiaiissessassaessesnnanssassnns 208
5.2, THE CENTRAL LIMIT THEOREM ....vvteeeruvrreeerireeeesesreesessrnreeessssnsessesmssesessnn 211

CHAPTER 6 POPULATION, RANDOM SAMPLES AND STATISTICS...227

6.1.  POPULATION AND RANDOM SAMPLES ...iiiiiiiuiiiisiiiiis e iiiiesesssiinressssnvanesessnn 227
6.2.  NUMERICAL CHARACTERISTICS OF POPULATION ...vvciiiiiiiiiciininesieininnseeinns 230
0.3, SAMPLE STATISTICS ©vvvievvieisteeersreerreeessssessrsssseessssssisinsssssssssssssessnsessssssesnes 232
6.4. DEFINITION OF ESTIMATE .ooiiiiiiiiiiettitieeeeeeeeeeeeeeesseeeeeeeeesesaeseesensmsnnesaeeens 233
0.5, EXAMPLES . ...uiiiiiieiiiteeeittee et ee e et ee st et e saee e sbee e beeesate s setneestaeesbaeseernseensaenanes 236
CHAPTER 7 STATISTICAL CASES ...oiierirrerincvrnreetscsrnsesssssrnssssssssssssss 241
T 0. INDEPENDENCE TEST weuteteieeteeetsieeiaieiaseseeeesesessesesssssssesesesessssesssssassmmrasssssrees 241
7.2, REGRESSION ANALYSIS coiiiiiiieieieececteteeeeeeeeeeeeeeeesssaeeeeeeeesasaessessaessnsnsesaeeees 248
ANSWERS TO EXERCISES ... crertcrrresissseressesssseesssssassssssssssssassssrassssssasass 270




Preface

Probability theory is the branch of mathematics that studies and reveals random
phenomena. It is also a core course to cultivate students' careful and rigorous
thinking and improve their mathematical skills. In the teaching of probability theory,
the study of probability concepts and principles is of special importance. It is a

necessary way to understand and master probability knowledge.

We have read and studied many textbooks on probability. We found that these
textbooks are not very specific and simple in their elaboration and explanation of the
concepts and principles of probability. Therefore, we have developed this textbook in

order to meet the needs of students to learn probability.

This textbook has been used in the teaching of IB higher level mathematics course
and has been highly praised by students. Students find the concepts and principles of
this textbook particularly clear, concrete and simple, and logic is strong. Therefore,
students find it easy to learn and master probability knowledge. Moreover, students

have also achieved very good results in the study of probability.

It can be said that this textbook has completely ended the long-term difficult state of
teaching probability theory. It makes the study of probability theory very easy. This

has been verified in the long-term teaching practice.

To make this textbook fully adaptable, it contains essential contents applicable to
different high school curricula, as well as contents marked with * that can be selected
by various high schools.
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