
ing Mathematical 
Patterns - Detection & 
Formulation 
lnducti e Approach to Recognition, 

. ....._._.,,,.----- ... n lysis and Formulations of Patterns 

. Michael A Radin 



. 
. 

� rb I b�Q38"� 
'0 /J 515??1 
f JJ b?'1J:)) 

Analyzing Mathematical 
Patterns - Detection & 
Formulation 
Inductive Approach to Recognition, 

Analysis and Formulations of Patterns 

O Q/  � U � f] ' 
mun 'tt erniJvi 2nn1 n r.J um 1 •1n?J.i\ ,,m 

CHIANG MAI UNIVERSITY LIBRARY 

Michael A Radin 
Rochester Institute of Technology, USA 

1t, World Scientific

NEW JERSEY • LONDON • SINGAPORE • BEIJING • SHANGHAI • HONG KONG • TAIPEI • CHENNAI • TOKYO 



� � Detection & Formulation 

!ry beneficial teaching, cultural

. This experience welcomed me

Lew recognition of mathematical

ion navigated me to alternative

lving specific problems. In par

;hanks to Irina Jackiva, Dmitri

isenting these unique and bene-
1 experiences.

)&niil Timchenko, a high school

tified several mistakes while he

amples and the end of chapter

I (lf chapter exercises are more

of challenge levels.

>arents Alexander and Shulamit

)ks, for their support with the
g me to continue writing future

1is will be one of many books

Contents 

Preface 

About the Author 

Acknowledgments 

V 

vii 

lX 

1. Introduction to Patterns 1 

1.1 Geometrical Arrangements 4 

1.2 Piecewise Functions . . . . 7 

1.3 Analytical Formulations . . 13 
1.3.1 Geometric Sequences and Paper Folding 17 

1.4 Recursive Sequences . . . . . . . . 18 

1.4.1 Summation-type Sequences 19 
1.4.2 The Fibonacci Sequence . 21 

1.4.3 Product-Type Sequences . 23 

1.5 Piece-wise Sequences . . . . . . 25 

1.6 Periodic Cycles . . . . . . . . . . 27 

1.6.1 Shapes of Periodic Cycles 30 

1. 7 Exercises . . . . . . . . . 32 

2. Geometrical Configurations 37 

2.1 Patterns at Same Scale .

2.1.1 Piecewise Functions . .  

2.1.2 Geometrical Structures 

2.2 Patterns at Different Scales . .  

2.2.1 Diminishing Geometrical Patterns 

xi 

39 

41 

45 

49 

51 



x11 Analyzing Mathematical Patterns - Detection & Formulation

2.3 Alternating and Piecewise Patterns . . . 
2.3.1 Alternating Geometrical Patterns . 

2.4 Summation of Areas 
2.5 Exercises ............... . 

3. Sequences, Products and Summations

3.1 Linear Sequences . . . . . . . 
3.2 Quadratic Sequences . . . . . 
3.3 Summation-Type Sequences 
3.4 Geometric Sequences . . . 
3.5 Product-Type Sequences . . 

3.5.1 Factorial-type Sequences . 
3.6 Alternating and Piecewise Sequences 
3. 7 Exercises . . . . . . . . . . . . . . . 

4. Summations and Proof by Induction

4.1 Linear and Geometric Summations . 
4.2 Proof by Induction 
4.3 Exercises ....... . 

5. Traits of Pascal's Triangle

5.1 Horizontal Identities .......... . 
5.1.1 Additional Horizontal Identities . 

5.2 Diagonal Identities . 
5.3 Binomial Expansion 
5.4 Exercises .... 

6. Recursive Relations

6.1 Formulating a Recursive Relation 
6.2 Obtaining an Explicit Solution . 
6.3 Non-Autonomous Recursive Sequences 

6.3.1 Additive Form of Eq. (6.28) ... 
6.3.2 Multiplicative Form of Eq. (6.28) 
6.3.3 Additive and Multiplicative Form 

of Eq. (6.28) 
6.4 Exercises 

7. Periodic Traits

7.1 Autonomous Recursive Sequences
7.2 Multiplicative Form of Eq. (7.1) 

6 1
6 3  
67 

7 0

93 

97 
99 
100 
102 
104 
106 
108 
111 

113 

113 
116 
12 1 

123 

127 
13 1 
13 4 
138 
14 0 

143 

14 3 
148 
15 2 
15 3 
157 

159 
16 0 

165 

167 
. 168 



is - Detection 8 Formulation 

e Patterns ... 
3trical Patterns . 

11mmations 

.ces 
.

uences. 
e Sequences 

[nduction 

mmations. 

ital Identities . 

Relation .. . 
lution .... . 
ive Sequences 
�q. (6.28 ) ... 
n of Eq. (6.28 ) 
,iplicative Form 

equences 
q_. (7.1)

61 
63 
67 
7 0  

93 

9 7  
9 9

100 
102 
104 
106 
108 
111 

113 

113 
. 116 
. 121 

123 

127 
131 
134 
138 
140 

143 

143 
148 
152 
153 
157 

159 
160 

165 

167 
. 168 

Contents 

7.3 Additive Form of Eq. (7.1) ...... .

7.3.1 Special Case of Additive Form of 

Eq. (7.1) .......... . 

7.3.2 {bn }�=O is an Odd-Ordered Periodic

Sequence ............. . 

7.3.3 {bn}�=O is an Even-Ordered Periodic

Sequence ............... . 

7.4 Additive and Multiplicative Forms of Eq. (7.1)

7.4.1 {an }�=O and {bn
}�=O are the Same

Period . . . . . . . . . . . . . . . 

7.4.2 { an}�=O and {bn}�=O are Different

Periods ..... . 

7.5 Special Case of Eq. (7.1) .. 

7.6 Exercises .......... . 

8. Answers to Chapter Exercises

8.1 Answers to Chapter 1 Exercises 

8.2 Answers to Chapter 2 Exercises 

8.3 Answers to Chapter 3 Exercises 

8.4 Answers to Chapter 4 Exercises 

8.5 Answers to Chapter 5 Exercises 

8.6 Answers to Chapter 6 Exercises 

8.7 Answers to Chapter 7 Exercises 

9. Appendices

9 .1 Right Triangles . 

9.2 Isosceles Triangle 

9.3 Equilateral Triangle 

9.4 Area of F igures 
9.5 Patterns (Sequences ) 

9.6 Alternating Patterns (Sequences ) 

9.7 Summation Properties. 

9.8 F inite Summations 

9.9 Laws of Exponents. 

9 .10 Factoring M ethods . 

9.11 Binomial Expansion 

Bibliography 

Index 

xiii 

17 5 

18 0 

18 1 

18 6 
18 9 

18 9 

19 5 
19 7 
201 

205 

. 205 

. 207 

. 211 

. 212 

. 212 

. 213 

. 215 

219 

. 219 

. 221 

. 222 

. 223 

. 225 
226 
226 
227 
228 
228 
229 

231 

233 


	20231124111722612_0001
	20231124111742639_0001
	20231124111804616_0001
	20231124111829149_0001
	20231124111844583_0001

