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,>,#@,$&D&%+,&#,C,7%"<@&;=&7&$">C*,&#(*,&D&"%&7CC,7#$&%;&$+7#,&-"#,:%&C#;C,#%",$&=7>"*"7#&

%;&:*7$$":7*&,:;<;>":$E&"<:*(-"<@&C#;-(:%";<E&:;<$(>C%";<E&7<-&,H("*")#"(>5&I+"$&C7C,#&

J7$&7<&"<B,$%"@7%";<&"<%;&J+,%+,#&%+,&>7%+,>7%":7*&C#"<:"C*,$&),+"<-&K%+,&>7#F,%L&D&

F<;J<&7$&>7#@"<7*"$>&D&"$&7<&7$C,:%&;#&>7<"=,$%7%";<&;=&7&=#7:%7*&@,;>,%#A&;#&7%%#7:%;#5&

I;%7*&7<-&>7#@"<7*&7#,7$&M7$$(>,-&%;&$%7<-&=;#&(%"*"%AN&7<-&%+,&:;$%&;=&C#;-(:%";<&J,#,&

@#7C+,-&7$&%+,&=#7:%7*&@#,J&7<-&:;>C7#,- &%;&7&:*7$$":7*&"<%,#C#,%7%";<&;=&-">"<"$+"<@&

>7#@"<7*&(%"*"%A&%+,;#AE&7<-&%+,&>7#F,%&$(CC*A&7<-&-,>7<- 5&'O8&7<-&'OP&J7$&7*$;&

:7*:(*7%,-&7<-&7<7*A$,-&J"%+&#,$C,:%&%;&M"%,#7%";<N&%">,&7<-&-,:7A5&&Q%&J7$&=;(<-&%+,&

=#7:%7*&7%%#7:%;#&-,>;<$%#7%,$&C#;C,#%",$&7<-&),$%&>;-,*$&:*7$$":7*&,:;<;>":&%+,;#A&

7<-&=#;>&%+"$&"%&J7$&-,-(:,-&%+,&>7#F,%&"$&7&=#7:%7*&7%%#7:%;#&C+,<;>,<;<&J+,#,&7**&

C#;C,#%",$&7#,&"<,R%#":7)*A&*"<F,-5&I+, &=#7:%7*E&7%&,H("*")#"(>E&7CC,7#$&%;&),&7&

:;<B,#@,<%&D&S,%7&=(<:%";<&D&$,#",$E&7)*,&%;&),&-,$:#"),-&)A&!;(#",#& 7<7*A$"$E&7<-&

"<B;*B,$&'"E&!"#$E&/E&7<-&0&M;=&O(*,#L$&"-,<%"%AN&"<&;<,&>;-,* 5&Q%&7*$;&-,>;<$%#7%,- &@#;J%+E&

-,B,*;C>,<%E&,B;*(%";<&7<-&P7AL$&T7J&D&C#;-(:%";<&),=;#,&:;<$(>C%";<5&Q<$"@+%$&=#;>&

%+,&=#7:%7*&;<&F<;J*,-@,&7<-&F<;J"<@&7#,&7*$;&#,B,7*,-E&J"%+&">C*":7%";<$&;<&%+,&
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1 /IJ=KE?CJ/KI  

I+,&>7#@"<7*&7CC#;7:+&;=&,:;<;>":$&"$&%+,&=;(<-7%";<&;=&:*7$$":7*&,:;<;>":$ X&"%&=;#>$&

%+,&K$(CC*AY-,>7<-L&=#7>,J;#F&%+7%&=(<-7>,<%7*&%;&;(#&(<-,#$%7<-"<@&;=&K>7#F,%$L&D&

;=&7**&%AC,$&7<-&$:7*,$&M>7:#;&7<-&>":#;N&7<-&"$&-,$:#"),-&7<-&C#,$,<%,-&"<&7**&

,*,>,<%7#A&,:;<;>":$&%,R%);;F$5&Q%&=;:($,$&;<&%+,&,R%#7&;=&7&$,*,:%&B7#"7)*,&=#;>&

7<;%+,#&(<"%&;=&;(%C(%E&7<-&-,7*$&J"%+&,:;<;>":&KC#;)*,>$L&$(##;(<-"<@&C#;-(:%";<&

7<-&:;<$(>C%";<&;=&%+"<@$&7<-&-,="<,$&B7*(,&7<-&C#":,$&;=&%+,$,&K%+"<@$L&%+#;(@+&%+,&

,H("*")#"(>&;=&%+,&%J;5&&

G$&:;<B"<:"<@&7$&>7#@"<7*&,:;<;>":$&"$&D&7<-&"%$&#7>"=":7%";<$&D&"%&;=%,<&-;,$&<;%&$"%&

J,**&J"%+&@,<,#7*&$;:",%A&7$&7&K$;*"-L&,RC*7<7%";<&;=&#,7*"%AE&7<-&"$&7*>;$%&7*J7A$&>,%&

J"%+&#,$"$%7<:,&J+,#,&"%&%,$%$&K;(#L&>;#7*"%A5&!;#&%+"$&#,7$;<&"%&"$&%;%7**A&#,Z,:%,-&)A&

=#;>&%+,&$;&:7**,-&K<7%(#7*&$:",<:,$LE&7<-&%+;$,&;<&J+7%&"$&%,#>,-&%+,&,R%#,>,&*,=%E&

J+,#,&%+,A&$,,&"%&7$&7&$;>, &F"<-&;=&+(>7<&:#,7%";<&7<-&$;>,%+"<@&%;&),&:;<%#;**,-5&

97#F,%&*,7-&K:7C"%7*"$>L&"$&7$$(>,-&J#;<@E&7<-&$;&>7#F,%$&7<-&>7#@"<7*"$>&>($%&),&

J#;<@[&7<-&$;&@;B,#<>,<%$&;=&%+"$&%+"<F"<@&$+;(* -&"<%,#B,<,&"<&7&$A$%,>&D&;=%,<&J"%+&

-"#,&:;<$,H(,<:,$ 5&P,C7#7%,&7<-&C7#7**,*&%;&%+,&>7#@"<7*&#,B;*(%";<&7&>7%+,>7%":7*&

@,;>,%#A&J7$&-,B,*;C"<@&%+7%&"$&,H(7**A&$7"-&%;&K),$%&-,$:#"),&#,7*"%ALE&"%&"$&=#7:%7*&

@,;>,%#A5&&&

I+"$&"<B,$%"@7%";<&C#,$,<%,-&7<-&%,$%,- &J+,%+,#&%+"$&D&<;J &>;-,#< &D&@,;>,%#A&

>7%:+,$&:*7$$":7*&>7#@"<7*&,:;<;>":$&D&7<-&"=&$;&(<"=A"<@&,:;<;>":&%+,;#A&J"%+&;(#&

#,7*"%A5&&I+,&+AC;%+,$"$&),"<@&#,7*"%A&D&7$&-,$:#"),-&)A&K:*7$$":7*L&>7#@"<7*&,:;<;>":$&D&

"$&7<&7$C,:%&;=&K%+,&M@,;>,%#A&;=&7N&=#7:%7*L5&&I+,&"<%7<@")*,&>7#@"<7*&K>7#F,%L&"$&7<&

7:%(7*&D#,7*&D&@,;>,%#A5&6A&%+,&=#7:%7*E&, :;<;>":&%+,;#A&"$&#,7*&7<-&B7*"-E&7<-&%+#;(@+&

%+,&=#7:%7*&#,7*"%A&J"**&),&(<"=",-&J"%+&C#;)*,>$&7$$;:"7%,-&J"%+&C+A$":$X&%+,&K$%7<-7#-&
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>;-,*L&D&<7>,*A&M$>7**&$:7*,N&H(7<%(>&>,:+7<":$&7<-&M*7#@,&$:7*,N&:;$>;*;@A 5&I+,&

=#7:%7*&"$&7&J"<-;J&;<&#,7*"%A5&&

!;#&%+"$&+AC;%+,$"$&%;&),&$;E&%+,&=#7:%7*&J"**&+7B,&%;&-,>;<$%#7%,&7**&=,7%(#,$&C#;C;$,-&D&

7**&=;(<-&"<&7&@,<,#7*&,:;<;>":$&%,R%);;F&D&"<:*(-"<@X&-">"<"$+"<@&(%"*"%A&J"%+&7<&

,RC;<,<%"7*&=(<:%";<E&%;%7*&(%"*"%AE&C#;-(:%";<E&7<-&C#;-(:%";<&:;$%E&,H("*")#"(>E&7<-&

=;(<-7%";<7*&:;<:,C%$&;=&,*7$%":"%A5&&

LAL :2#*%#6-'

!#7:%7*$&7#,&-,$:#"),- &7$&,>,#@,<%&;)Z,:%$&%+7%&-,B,*;C&7<-&@#;J&J"%+&"%,#7%";<5&Q<&

#,7*"%A&,R7>C*,$&7#,&=;(<-&"<&%+,&$+7C,&;=&:*;(-$&7<-&%#,,$5&&!#7:%7*$&C;$$,$$&7&C#;C,#%A&

;=&$:7*,2"<B7#"7<:,&D&"=&B",J,-&=#;>&7&="R,-&C;$"%";<&D&#,@(*7#&"##,@(*7#"%A&M$7>,&)(%&

-"==,#,<%N&7%&7**&$:7*,$E&7<-&7#,&:*7$$":7**A&-,>;<$%#7%,-&)A&%+,&;#"@"<7*&97<-,*)#;%&P,%&

]0^E&7<-&>;#,&$">C*A&)A&%+,&V;:+&P<;J=*7F,&M!"@(#,&0E&G&7<-&6&#,$C,:%"B,*AN5&&!#7:%7*$&

C;"<%&%;&7&-(7*"%A&;=&%+,&C#,-":%7)*,&7<-&%+,&(<C#,-":%7)*,E&%+,&;#-,#&7<-&%+,&:+7;$5&&

&

Figure 1. (Classical) Fractals. (A) The boundary of the Mandelbrot set; (B) The Koch Snowflake fractal from 

iteration 0 to 3. Reference: (A) [2]; (B) [3]. 



_&

I+,&:*7$$":7*&=#7:%7*&$+7C,&D&7$&-,>;<$%#7%,-&"<&%+,&V;:+&P<;J=*7F,&D&,>,#@,$&7$&7&

#,$(*%&;=&%+,&"%,#7%";<&;=&7&$">C*,&#(*,X&%+,&#,C,7%"<@&%+,&C#;:,$$&;=&7--"<@&%#"7<@*,$&"<&

%+,&:7$,&;=&%+,&V;:+&P<;J=*7F,5&&

I;&"<B,$%"@7%,&%+,&>7#@"<7*&C#;C,#%",$&;=&=#7:%7*&7%%#7:%;#E&%+,&=#7:%7*&V;:+&P<;J=*7F,&

J7$&:+;$,<&=;#&"%$&M(<#,7*"$%":&)(%N&($,=(*&H(7<%"%7%"B,&C#;C,#%A&;=&#,@(*7#&#,@(*7#"%A&

M$7>,&)(%&$7>,N&7%&7**&$:7*,$5&&G**&%#"7<@*,$&"<&%+,&V;:+&$<;J=*7F,&7#,&7$$(>,- &%+,&

$7>,E&$;&J,&:7<&-;&>7%+$&J"%+&%+,"#&7#,7$&D&J+"*,&>7"<%7"<"<@&%+,&=#7:%7*&,>,#@,<%&

C#;C,#%",$5&Q<&7<&(*%">7%,&,R7>C*,&;=&K:,%,#"$&C7#")($L&%+,&V;:+&P<;J=*7F,&"$&),$%&7)*,&

%;&H(7<%"=A&J +7%&"$&K"##,@(*7#L&;<&=#7:%7*$E&)A&"$;*7%"<@&;(%&%+,$,&K:+7;%":L&"##,@(*7#"%",$&5&&

1.1.1 Vertical and Horizontal Fractal Perspectives 

I+,&=#7:%7*&>7A&),&B",J,-&=#;>&%J;&C,#$C,:%"B,$X&+;#"S;<%7*&D&=#;>&7&="R,-&;)$,#B7%";<&

C;"<%&,"%+,#&J"%+"<&;=&;(%$"-,&%+,&=#7:%7*[&7<-&;#&B,#%":7*&D&7&C,#$C,:%"B,&*;;F"<@&;#&

KS;;>"<@L&"<%;&%+,&=#7:%7*&;)Z,:%&M7$&-,>;<$%#7%,-&)A&7&=#7:%7*&S;;>N5&I+,$,&+;#"S;<%7*&

;#&B,#%":7*&C,#$C,:%"B,$&7*"@<&J"%+&%+,&-,="<"%";<&;=&%+,&=#7:%7*&$7>,&)(%&-"==,#,<%&7%&7**&

$:7*,$5&̀;#"S;<%7*&"$&%+,&7$$(>C%";<E&$:;C,&7<-&#7%";<7*&;=&%+"$&,R7>"<7%";<&7<-&#,=,#$&

%;&%+,&-"==,#,<%&MB7#",%AN&;=&;)$,#B,-&;)Z,:%$&M%#"7<@*,&)"%$N&7%&%+,&="R,-&;#&:(##,<%&

;)$,#B7%";<&C;"<%&M;#&$:7*,N5&Q%&C;"<%$&%;&:*7$$":7*&D&-">"<"$+"<@&(%"*"%A&D&%+,;#A5&I+,&

B,#%":7*&=#7:%7*&C,#$C,:%"B,&"$&%;&K=#7:%7*2S;;>L&"<%;&%+,&$,%5&`,#,&%+,&$7>,&C7%%,#<&M;#&

#(*,N&J"**&),&;)$,#B,-& 7%&7**&$:7*,$5&6A&S;;>"<@&"<%;&%+,&$,%E&,:;<;>":&:;<:,C%$&;=&

: ;<$(>C%";<E&C#;-(:%";<E&;#&:;>C,% "%";<&>7A&),&#,7$;<,-&;#&;)$,#B,-&%;&,R"$%&7%&7**&

$:7*,$&;=&7<&;#@7<"$>X&=#;>&$:7*,$&;=&%+,&:,**&D&%+#;(@+&%;&%+,&$:7*,&;=&%+,&@*;)7*&,:;*;@A&

;#&,:;<;>A5&&
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LAM (#27,$#6'8$#6<-,- '

I +,&:;<:,C%&;=&>7#@"<7*&#,=,#$&%;&%+,&:+7<@,&;=&7&B7#"7)*,&(<"%&7=%,#&7&:+7<@,&"<&7<;%+,#&

B7#"7)*,E&7<-&"$&-,$:#"),-&"<&7**&,*,>,<%7#A&,:;<;>":$&%,R%);;F5&&97#@"<7*"$>&+7$&"%$&

;#"@"<&J"%+&%+,&$;*(%";<&%+,&P%5&',%,#$)(#@&'7#7-;R&;=&J+":+&);%+&T,;<+7#-&O(*,#&7<-&

87<",*&6,#<;(**"&;==,#,-&$;*(%";<$5&&

1.2.1 Marginal Utility  

I+,&=(<-7>,<%7*&>7#@"<7*&>;-,*&"$&%+,&:;<$(>C%";<&97#@"<7*&a%"*"%A&>;-,*&$+;J<&"<&

="@(#,&.&),*;JX&J+,#,&%+,&I;%7*&a%"*"%A&MIaN&"$&%+,&$(>&;=&7**&%+,&97#@"<7*&M,R%#7N&a%"*,$5&

b+,< &C*;%%,-&;<&7&@#7C+&%+,&<,@7%"B,&$*;C"<@&>7#@"<7*&(%"*"%A&M9aN&:(#B,&-">"<"$+,$&7$&

%+,&Ia&:(#B,&"<:#,7$,$&7%&7&-,:#,7$"<@&#7%,&J"%+&#,$C,:%&%;&H(7<%"%A&:;<$(>,- 5&b+,<&

%+,&Ia&-,:#,7$,$ E&"%&=;**;J$&%+,&9a&@;,$&<,@7%"B,5&I+"$&<,@7%"B,&(%"*"%A&J"**&),&%,$%,-&

J"%+&%+,&C;%,<%"7*&;=&),"<@&#,"<%,#C#,%,-5&&

&

Figure 2. Marginal and Total Utility Model. Total Utility rises (to a limit) at a decreasing rate as the 

Marginal Utility diminishes (converges). The marginal utility goes negative where the total is decreasing [4]. 

b+"*,&%+,&P%5&',%,#$)(#@&C7#7-;RL$&$;*(%";<&"$&$7"-&%;&),&%+,&;#"@"<&=;#&>7#@"<7*&(%"*"%A&

%+,;#AE&"%&"$&"%$&C7#7**,*&7<-&:;<%,>C;#7#A&C#;)*,>&K%+,&67$,*&'#;)*,>L&M7%%,>C%,-&)A&

6,#<;(**"L$&7<-&="<7**A&$;*B,-&)A&+"$&:;**,7@(,&O(*,#N&%+7%&"$&;=&"<%,#,$%&"<&%+"$&



c&

"<B,$%"@7%";<5&I+,&@,;>,%#":&$,#",$&C#,$,<%,-&"<&%+,&67$,*&'#;)*,>&J"%+&*">"%$&7<-&

:;<B,#@,<:, &7<-&"%$&$;*(%";<&J"%+&'"&+7$&-"#,:%&$">"*7#"%",$&"<&=#7:%7*&,>,#@,<:,5&8;,$&

%+,&=#7:%7*&;==,#&"<$"@+%&"<%;&%+,&67$,*&C#;)*,>&7<-&%+,&;::(##,<:,&;=&'"&"<&$%7%"$%":7*&D&

<;#>7*&-"$%#")(%";<&D&,H(7%";<$U&&&&&&&

1.2.2 Marginal Analysis, and the (Koch Snowflake) Fractal  

Q<&%+"$&"<B,$%"@7%";<&>7#@"<7*&7<7*A$"$&;=&%+,&@#;J%+&;=&%+,&-,B,*;C>,<%&;=&%+,&V;:+&

P<;J=*7F,&=#7:%7*&7%%#7:%;#&J7$&(<-,#%7F,<[&%;&%,$%&J+,%+,#&%+,&=#7:%7*&-,>;<$%#7%,$&

>7#@"<7*&(%"*"%A&M;#&),<,="%N&%+,&7#,7&;=&%+,&%#"7<@*,&J7$&$()$%"%(%,-&=;#&(%"*"%AE&7<-&

%+,<&7<7*A$,-&7$&%+,&7#,7&:+7<@,- &7$&%+,&=#7:%7*&@#,J&M7<-&-,B,*;C,-N5&&

1.2.3 Supply and Demand Curves  

I +, &C;$"%"B,&$*;C"<@&>7#@"<7*&:;$%&M9dN&:(#B,&D&%+,&,R%#7&:;$%&=#;>&7<;%+,#&(<"%&

C#;-(:,- &D&-,#"B,$&7<-&$(CC*A&:(#B,&7<-&%+,&9a&:(#B,&-,#"B,$&%+,&-;J<J7#-&$*;C"<@&

-,>7<-&:(#B,5&&I ;@,%+,#E&J+,#,&);%+&:(#B,$&"<%,#$,:%&D&7$&$+;J<&"<&="@(#,&.&D&%+,A&

-,="<,&%+,&K>7#F,%&:*,7#"<@L&C#":,5&&

'

Figure 3. Classical Economics Supply and Demand Model. Price and Quantity of good x. The 

market equilibrium price is assumed to be where supply is equal to demand.  
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I+"$&"<%,#$,:%&"$&7*$;&F<;J<&7$&%+,&,H("*")#"(>&C#":,5&G%&%+,&,H("*")#"(>&

C#":,E&:;<$(>,#&7<-&C#;-(:,#&$(#C*($&M%+,&:;>>(<"%A&$(#C*($N&"$&

>7R">"$,-5&&

M ()%+13- '

I ;&:#,7%,&7&H(7<%"%7%"B,&-7%7&$,#",$&;=&%+,&=#7:%7*&7%%#7:%;#&%+,&:*7$$":7*&V;:+&$<;J=*7F, &

=#7:%7*&J7$&($,-5&&G&$C#,7-$+, ,%&>;-,*&J7$&-,B,*;C,- &%;&%#7:,&7#,7&,RC7<$";<&J"%+&

"%,#7%";<&]\^ 5&&

05 d;<$(>C%";<&a%"*"%A&7<-&e)$,#B7%";<E&&

.5 C#;-(:%";<&M:;$%N&7<-E&&

W5 T;#,<S&-"$%#")(%";<E&7<-&

35 , *7$%":"%A&M;=&-,>7<-N5&

MAL 8--"&9%,1$-'#$3'?$,%-'10'()#-"2) '

2.1.1 Units 

Q%&$+;(*-&),&<;%,-&"<&%+"$&$:7*,&"<B7#"7<%&>;-,*&%+,#,&"$&<;%&$%7<-7#-&;#&="R,-&$:7*,&;=&

>,7$(#,>,<%5&I;&7--#,$$&%+,&$:7*,&"<B7#"7<:,&;=&%+,&=#7:%7*E&7#,7&7<-&*,<@%+$&7#,&

>,7$(#,-&"<&:,<%">,%#,$E&J#"%%,<&7$&!" 5&&

2.1.2 Iteration Time and Quantities  

Q%,#7%";<&"$&-"#,:%*A&#,*7%,-&%;&%">,&7<-&J7$&7$$(>,-&%;&"%,#7%";<&%">,5&I+,&H(7<%"%A&;=&

%#"7<@*,&M)"%$N&J7$&-"#,:%*A&#,*7%,-&%;&"%,#7%";<&%">,&M#N5&&

2.1.3 Price 



0/ &

G$&C#":,&"$&7$$(>,-&%;&),&%+,&B7*(,&7$$"@<,-&%;&7&M>7#@"<7*N&(<"%&;=&(%"*"%A&"<&:*7$$":7*&

, :;<;>":$X &"<&%+"$&>;-,*&C#":,&"$&7$$(>,-&,H(7*&%;&%+,&7#,7&;=&%+,&M>7#@"<7*N&%#"7<@*,&

)"%5&&&

MAM 41*+'F$1506#N)'C1$-"&9%,1$ 'O(#27,$#6 P'8$#6<-,-'J#B6)' '

I+,&=;**;J"<@&>,%+;-&#,=,#$&%;&%+,&>;-,*&-,B,*;C,-&"<&%+,&$C#,7-$+,,%&>;-,*&

M#,=,#,<:,&%7)&0&>7#@"<7*&=#7:%7*N5&G&%7)*,&;=&0W&:;*(><$&J7$&:#,7%,-&7<-&@#7C+$&

C#;-(:,-&=#;>&%+,&#,$(*%$5&I+,&=;**;J"<@&7#,&%+,&>,%+;-$&($,-&%;&:7*:(*7%,&,7:+&

:;*(><5 &

2.2.1 Column 1, Iteration Number  

I+,&>;-,*&J7$&"%,#7%,-&%;&%+,&0\%+&"%,#7%";<&M!%&N5&

2.2.2 Column 2, Triangle Base Length 

I+,&$"-,&*,<@%+&M$N&;=&,7:+&$(::,$$"B,&$>7**&%#"7<@*,&"$&0YW&;=&%+;$,&"<&%+,&C#,B";($&

"%,#7%";<5&I+,&"<"%"7*&$&J7$&$,%&%;&05\04_10.c1__01W'( 5&

2.2.3 Column 3, Quantity of Triangles 

I +, &H(7<%"%A&%#"7<@*,$&M;=&%+,&C#,B";($&"%,#7%";<N&"$&>(*%"C*",-&)A&3&7%&,7:+&"%,#7%";<&

%">,5&

2.2.4 Column 4, Total Quantity of Triangles 

I+,&H(7<%"%A&;=&%#"7<@*,$&M:;*(><&WN&J7$&%;%7**,-E&7%&,7:+&"%,#7%";<5&

2.2.5 Column 5, Individual Triangle Area  

G#,7&M! N&J 7$&:7*:(*7%,-&=#;>&%+,&=;**;J"<@&=;#>(*7&M0N&

& M0N&

& &&&&&&&&&&&&&&&&&&&&&&&&&&

A =
l 2 3

4
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I +,&7#,7&;=&%+,&="#$%&%#"7<@*,&M"#N&J7$&7CC#;R">7%,-&%;&7<&7#)"%#7#A&7#,7&;=&0//&'( 2. 5&&

2.2.6 Column 6, Individual Triangle Total Area 

G%&,7:+&"%,#7%";<2%">,&%+,&7#,7&;=&"<-"B"-(7*&%#"7<@*,$&M:;*(><&\N&J7$&%;%7**,-5&

2.2.7 Column 7, Marginal Area  

I+"$&"$&%+,&7--"%";<7*&;#&,R%#7&7#,7&M97#@"<7*&G#,7N&7--,-&%;&%+,&%;%7*&7#,7&;=&%+,&V;:+&

$<;J=*7F,&7%&,7:+&"%,#7%";<5&Q%&"$&%+,&H(7<%"%A&;=&%#"7<@*,$&7%&,7:+&"%,#7%";<&>(*%"C*",-&)A&

%+,&7#,7&;=&%+,&#,$C,:%"B,&"<-"B"-(7*&%#"7<@*,5&&

2.2.8 Column 8, Total Area 

I+"$&"$&%+,&:(>(*7%"B,&%;%7*&7#,7&;=&%+,&$<;J=*7F,&7$&"%&"%,#7%,$5&Q%&"$&:7*:(*7%,-&)A&

$(>>"<@&%+,&>7#@"<7*&7#,7$&"<&:;*(><&1&7%&,7:+&"%,#7%";<&%">,5&

2.2.9 Column 9, Individual Marginal Cost  

I+,&>7#@"<7*&:;$%&J7$&7$$(>,-&%;&),&%+,&#,:"C#;:7*&%;&%+,&9G&:;*(><&_ 5&I+"$&=",*-&"$&

:7*:(*7%,-&)A&="<-"<@&%+,&#,:"C#;:7*&;=&:;*(>< 5&

2.2.10 Column 10, Marginal Cost 

I+,&>7#@"<7*&:;$%&:(#B,&-,$: #"),$&D&)A&%+,&"<:#,7$,&H(7<%"%A&;=&%#"7<@*,$&C#;-(:,- &7$&

%+,&=#7:%7*&"%,#7%,$&D&%+,&:;$%&%;&C#;-(:,&%+,&=#7:%7*&D&"5,5&%+,&,<,#@A&7<-&%">,&$C,<%&7%&

,7:+&7--"%";<7*&"%,#7%";<&%">,5&f7%+,#&%+7<&-,B,*;C&7&C#;-(:%";<&,H(7%";<E&J+":+&"$&

C;$$")*,E&%+,&#,:"C#;:7*&;=&%+,&97#@"<7*&G#,7&J7$&($,-&)A&7$$(>"<@&%+,#,&"$&7&-"#,:%&

#,*7%";<$+"C&),%J,,<&%+,&7#,7&C#;-(:,-E&7<-&"<B,#$,*AE&%+,&:;$%&%;&C#;-(:,&%+,&7#,75&

e%+,#&=7:%;#$&$(:+&7%&%,:+<;*;@A&;=&>,7<$&;=&C#;-(:%";<&7#,&7$$(>,-&g&/5&&

2.2.11 Column 11, MA Ð MC 

I+"$&"$&%;&:7*:(*7%,&%+,&7#,7&;=&%+,&$<;J=*7F,E&%+,&K:;<$(>,#&$(#C*($5&';$"%"B,&<(>),#$&

J,#,&$(>>,-5& &



0. &

2.2.12 Column 12, Total Cost 

I+,&%;%7*&:;$%&MIdN&"$&:7*:(*7%,-&)A&$(>>"<@&%+,&>7#@"<7*&:;$%&7%&,7:+&"%,#7%";<5&

2.2.13 Column 13, TC-TA 

Id 2IG&"$&:7*:(*7%,-&)A&$()%#7:%"<@&%;%7*&:;$%$&=#;>&%;%7*&7#,75&&

MAQ D213"*%,1$''

I;&-,>;<$%#7%,&@#;J%+&7<-&C#;-(:%";<&%+,&=#7:%7*&>($%&),&"<B,#%,-X&%+,&<,J&%#"7<@*,&

)"%$&J,#,&7$$(>,-&%;&#,>7"<&:;<$%7<%5&9,%+;-$&;=&%+"$&C#;-(:%";<&C,#$C,:%"B,&;=&%+,&

=#7:%7*&+7B,&),,<&C()*"$+,-&"<&%J;&C#,B";($&C7C,#$&7<-&#,$(*%$&+7B,&">C*":7%";<$&;<&

;(#&(<-,#$%7<-"<@&;=&%+,&7::,*,#7%"<@&,RC7<$";<&;=&%+,&:;$>;$E&"<:;>,&MT;#,<SN&

-"$%#")(%";<&7<-&C*7<%$5&&&&

MAR @6#-%,*,%<''

d*7$$":7*&,:;<;>":$&,*7$%":"%A&D&$,<$"%"B"%A&;=&7&B7#"7)*,&%;&7&:+7<@,&"<&7<;%+,#&B7#"7)*,&

D&J 7$&:7*:(*7%,-&;<&%+,&=#7:%7*&)A&($,&;=&$%7<-7#-&=;#>(*7E&7<-&-,$:#"),-&7$&7&:+7<@,&"<&

7#,7&%;&7&:+7<@,&"<&"%,#7%";<&%">,&M;#&H(7<%"%A&;=&%#"7<@*,$N5&&

2.4.1 Standard Equation 

&

&

M. N&

b+,#,&'&#,C#,$,<%$&%+,&G#,7&7<-&h&%+,&H(7<%"%A&;=&%#"7<@*,&7%&,7:+&#,$C,:%"B,&"%,#7%";<&

%">,5&&

2.4.2 Arc Method 



0W&

&

&

MWN&

&

2.4.3 Mid Price.   

&

&

M3N&

Q =@F?HJF''

f ,$(*%$&;=&%+,&%;%7*&,RC,#">,<%&7#,&)#;F,<&"<%;&W&$,:%";<$X&&

05 d;<$(>C%";<&7<-&e)$,#B7%";<E&&

.5 C#;-(:%";<&M:;$%NE&7<-&&

W5 , *7$%":"%A5&

I+,&#,$(*%$&:7<&),&=;(<-&;<&%+,&$C#,7-$+,,%&>;-,* &]\^ 5&!"@(#,$&3&%;&_&$+;J&@#7C+":7**A&

%+,&I;%7*&G#,7E&97#@"<7*&G#,7&7<-&d;$%&7<-&OH("*")#"(>5&

QAL C1$-"&9%,1$ 'O?%,6,%<P'#$3'KB-)2>#%,1$'

3.1.1 Total Area (TA) and Marginal Area (MA ) 

I+,&V;:+&$<;J=*7F,&=#7:%7*&IG &:(#B,&),@(<&J"%+&7<&7#,7&B7*(,&;=&0//&'( 2. &&7%&"%,#7%";<&

/&7<-&%+,#,7=%,#&"<:#,7$,-&D&:;<B,#@,-&D&%;&7&*">"%&;=&0_/ &'( 2. 5&

&
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Figure 4. Composite Fractal Equilibrium: TA, MA and MC. As the (Koch Snowflake) fractal iterates: the total 

area increased from an arbitrary value of 100 to a limit approximating 160; and the ÔmarginalÕ area decreased 

(was convergent) from an arbitrary value of 100 towards Ð but never reaching Ð 0. The cost of product increased 

by the reciprocal of the Area. The shape equilibrium of the fractal was reached where the MC was equal to the 

MA Ð at around iteration-time (i) 5.  cm = centimetres. 

I+,&9G &:(#B, &J7$&-;J<J7#-&$*;C"<@&7<-&:;<B,#@,<%E&),@"<<"<@&J"%+&7<-&7#,7&B7*(,&;=&

0// &'( SME&7%&"%,#7%";<&%">,&/ E&-,:#,7$"<@&,RC;<,<%"7**A&7<-&7CC#;R">7%"<@E&)(%&<,B,#&

#,7:+"<@&/ 5&&

!"@(#,&\ &$+;J$&%+,&V;:+&$<;J=*7F,&=#7:%7*&9G&:(#B,&=(<:%";<[&"%&"$&-,$:#"),-&)A&%+,&

=;**;J"<@&,H(7%";<X&

A&g&035c0\,
-/5c00R M\ N&

J+,#,&A&"$&%+,&G#,7&7<-&i&%+,&"%,#7%";<&%">,&M#,*7%"<@&-"#,:%*AN&%;&%+,&H(7<%"%A&;=&

%#"7<@*,&)"%$5&&&
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Figure 5 Fractal Equilibrium – close-up. As the (Koch Snowflake) fractal iterates shape equilibrium (the 

intersect) is reached where the MC is equal to the MA, at approximately iteration 5 and area of 1. i = iteration 

time; cm = centimetres. 

G&*;@2*;@&-"7@#7>&;=&%+,&-7%7$,%&J7$&C#;-(:,-&M$,,&7CC,<-"R&!"@(#,&0/ N&7<-&-,$:#"),-&

7$&&

A&g&c050_cR2/5\4.  M_N 

&

3.1.2 Marginal Cost (MC)  

I+,&9d &:(#B,&"<&="@(#,&3&),@7<&=#;>&7&B7*(,&<,7#&%;&/&7<-&"<:#,7$,-&,RC;<,<%"7**A5&

!#;>&="@(#,&\&%+,&=#7:%7*&9d&:(#B,&=(<:%";<&"$&-,$:#"),-&)AX&

A&g&/5/_1\,/5c0/4R M1N&

&I+,&$7>,&=(<:%";<&J7$&J#"%%,<&7$&7&*;@2*; @&M$,,&7CC,<-"R&!"@(#,&cNX&&

A&g&/5/0.WR/5\40c  McN 

3.1.3 MA and MC Equilibrium  
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!"@(#,&\ &$+;J $&%+,&9G&7<-&%+,&9d&:(#B,$&%;@,%+,#X&%+,A&"<%,#$,:%";<&7%&7CC#;R">7%,*A&

\ &"%,#7%";<&%">,$E&J+,#,&%+,&G#,7&"$&,H(7*&%;&0&!" %&5&Q%,#7%";<&"$&-"$:#,%,X&%+,#,&"$&<;&

"%,#7%";<&\5&W5&G<&,RC*7<7%";<&%;&J+A&,H("*")#"(>&"$&<;%&,R7:%*A&7%&"%,#7%";<&\&>7A),&

=;(<-&"<&%+,&<(>),#$X&7%&"%,#7%";<&\E&%+,&:;$%&7#,7&7<-&7#,7&"$&<;%&,R7:%*A&05&&

3.1.4 Total Area (TA) and Total Cost (TC) 

!"@(#,&3&),*;J&$+;J$&%+,&J8' T'JC&"$&>7R">"$,-&7%&7&B7*(,&;=&0\c&!" %&&7%&"%,#7%";<&%">,&

\5&&&

&

Figure 6 Total Cost and Total Area. The difference between the rising TA and its inverse, the TC, is maximised 

at 5 iterations. i = iteration time; cm = metres.  

QAM @6#-%,*,%<'

f,$(*%$&=;#&KC#":,&,*7$%":"%A&;=&-,>7<-L&7#,&7$&=;**;J$5&&

3.2.1 Standard Elasticity Equation 

I+,&-,<;>"<7%;#&J7$&:;<$%7<%&;B,#&7**&"%,#7%";<&%">,$&7%&205.\ E&7<-&%+,&<(>,#7%;#&

:;<$%7<%&7%&WE&J"%+&7&#,$(*%"<@&,*7$%":"%A&;=&2.535&&&&

3.2.2 Arc Method and Mid Price  
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'O 8&B7*(,$&:7*:(*7%,-&)A&%+,&7#:&7<-&>"-&C#":,&>,%+;-$&J,#,&205W.&7<-&2\53&

#,$C,:%"B,*A5&&

& &
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R E/FC?FF/KIF '

b+"*, &%+"$&7<7*A$"$&;=&%+,&MV;:+&P<;J=*7F,N&=#7:%7*&7%%#7:%;#&"$&-"#,:%,-&7%&:*7$$":7*&

,:;<;>":$ E&-(,&%;&%+,&(<"B,#$7*"%A&;=&%+,&=#7:%7*&"%&>7A&"%&7*$;&+7B,&-"#,:%&">C*":7%";<$&

;< &,C"$%,>;*;@":7*&MF<;J*,-@,&7<-&"<=;#>7%";<N&$%(-",$&7<-&C;$$")"*"%A&;(#&

(<-,#$%7<-"<@&;=&%+,&C+A$":7*&J;#*-E&"<:*(-"<@&H(7<%(>&>,:+7<":$5&V,,C"<@&J"%+&%+,&

>7"<&7">&;=&%+"$&"<B,$%"@7%";<E&">C*":7%";<$&%;&>7#@"<7*&,:;<;>":$&J"**&="#$%&),&

-"$:($$,-E&=;**;J,-&)A&D&;#&;=%,<&"<%,#%J"<,-&J"%+"<&D&;%+,#&"<$"@+%$5&j($%&*"F,&%+,&

=#7:%7*&"%$,*=E&%+,&"<$"@+%$&-,B,*;C,-&+,#,&7#,&<;%&7%&7**&K*"<,7#L&)(%&:;>C*,RX&$;E&%+,&;#-,#&

;#&=*;J&;=&"<$"@+%$&"$&-"==":(*%&>7A&<;%&),&"<&*"<,E&)(%&%+,A&J"**&),&:;B,#,-5&&

I+"$&"<B,$%"@7%";<&:;>C*,>,<%$&C#,B";($&$%(-",$&;<&%+,&)A&%+,&7(%+;#&;<&;%+,#&7$C,:%$&

;=&%+,&=#7:%7*X&

05 %+,&=#7:%7*&J7$&"<B,#%,-&%;&>,7$(#,&;)$,#B7%";<$&=#;>&="R,-&C;$"%";<&J"%+"<&7&

=#7:%7*[&%+"$&#,B,7*,-&C;"<%$&#,:,-,&,RC;<,<%"7**A&7<-&"<$"@+%$&J,#,&C;"<%,-&%;&

@#;J%+&7<-&;)$,#B7%";<$&;=&%+,&d;$>;$E&C*7<%&M%#,,N&@#;J%+&7<-&%;&,:;<;>":$&

%+,&"<:#,7$,&"<&B7*(,&;=&7&@;;-&J"%+&#,$C,:%&%;&%">,&]_^&7<-&]1 [̂&&

.5 7<-&7#,7&-"$%#")(%";<&;=&%+,&=#7:%7*&;==,#"<@&7&C;$$")*,&,RC*7<7%";<&%;&%+,&T;#,<S&

-"$%#")(%";<&]c^5&&

I+"$&"<B,$%"@7%";<&*,7-$&>,&"<%;&7<&,R7>"<7%";<&;=&%+,&"$;*7%,-&=#7:%7*&D&7*#,7-A&"%&+7$&

),,<&K$,,<L&%;&+7B,&$">"*7#"%",$&%;&%+,&J7A&H(7<%(>&>,:+7<":7*&$A$%,>$&7#,&-,$:#"),-5&&

G$&%#"B"7*&7$&%+"$&>7A&$;(<-[&,B,<&7$&Q&J#"%,&%+"$&J;#F &Q&7>&7J7#,&Q&7>&KC#;-(:"<@L&

$;>,%+"<@&=;#&>A&#,7-,#$&%;&K:;<$(>, L[&J+,<&"%,#7%,-&%+,A&J"**&KF<;JL&D&%+"$&"$&7&=#7:%7*5&&
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RAL C)%)2,-'D#2,B"-'T':2#*%#6'/-16#%,1$'

d,%,#"$&'7#")($&D&%+,&+;*-"<@&;=&7**&;%+,#&%+"<@$&:;<$%7<%&D&"$&7&:,<%#7*&7$$(>C%";<&

),+"<-&,:;<;>":&>;-,*$&7<-&7<7*A$"$E&7<-&"<-,,-& D&7#@(7)*A&D&7**&$:",<:,5&&T7J$&

-,#"B,-&=#;>&%+"$&>,%+;- &7#,&:7**,-&:,%,#"$&C7#")($&*7J$5&Q%&"$&7<&7$$(>C%";<&%+7%&

7**;J$&$:",<%"$%$&%;&$%(-A&%+,&C7%%,#<&;=&%+,&;)Z,:%&"<&H(,$%";<X&J"%+;(%&"%E&%+,&k:7($,k&%;&

%+,&k,==,:%k&J;(*-&<;%&),&-"$:,#<")*,&2&;#&J;(*-&),&:;<=($,-&"<&%+,&k:+7;$k&;=&=7:%;#$5&

I+,&=#7:%7*&"<&"$;*7%";<&-,>;<$%#7%,$&%+"$&:,%,#"$&C7#")($&"$&7&C#;C,#%A&;=&#,7*"%AX&"=&%+,#,&

7#,&<;&;%+,#&=7:%;#$&M;#E&;%+,#&=#7:%7*$N&"<&%+,&">7@,&D&J"%+&"<:*(-"<@&%+,&V;:+&

P<;J=*7F,&=#7:%7*&D&%+,&"$;*7%";<&*,7-$&%;&7&C#;)*,>&;=&<;&$:7*,&;#&F<;J<&C;$"%";<X&

"%&*,7B,$&%+,&;)$,#B,#&*;$%E&;#&<;%&7)*,&%;&F<;J 5&&Q<&#,7*"%AE&%+"$&:,%,#"$&C7#")($&:7<&),&

=;(<-&"<&*;:7%";<$&;#&$"%(7%";<$&J+,#,&%+,#,&7#,&<;&#,=,#,<:,&C;"<%$X&<;&-"$:,#<")*,&

$:7*,E&7<-&J+,#,&;<,&=,,*$&*"%,#7**A&*;$%5&I+ ,&),$%&,R7>C*,&"<&,:;<;>":$ &>7A), &%+,&

:;<:,C%&;=&%#7-,&7<-&,R:+7<@,X&%+,A&7#,&(<"B,#$7*E&;)$,#B,-&7%&%+,&>":#;:,**(*7#E&,B,<&

%+,&>;*,:(*7#E&%;&7**&>7:#;&*,B,*$&;=&*"B,5&I+,&:;<:,C%&"$&%+,&$7>,&)(%&"$&-"==,#,<%X&"%&"$&

;<*A&J+,<&%+,&$:7*,&"$&#,B,7*,-E&%+,&-"==,#,<:,&"$&#,B,7*,-5&&&

Q&J"**&#,%(#<&%;&%+"$&7<-&-"$:($$&"%&=(#%+,#&(<-,#&%+,&F<;J*,-@,&$,:%";<&\&),*;J5&&

RAM (#27,$#6'@*1$1&,*- '

b"%+;(%&%+,&($,&;=&7<A&7#)"%#7#A&<(>),#$ &7$&C#,$,<%,-&"<&,*,>,<%7#A&,:;<;>":$&

%,R%);;F$&%;&>;-,*&>7#@"<7*&%+,;#A&M;%+,#&%+7<&%+,&"<"%"7*&$,%&7#)"%#7#A&#,=,#,<:,&7#,7&D&

7<-&%+,&(<"%&;=&>,7$(#,&($,- 'M:> 2. N&$,%&"<&%+,&>;-,* N&%+"$&=#7:%7*&>;-,*&-,>;<$%#7%,$&

>7<A&:*7$$":7*&,:;<;>":$&=(<-7>,<%7*$5&'

4.2.1 Total Utility and Diminishing Utility Demonstration  



./ &

I+,&=#7:%7*&"$&%+,&C,#=,:%&-,>;<$%#7%";<&;=&-">"<"$+"<@&>7#@"<7*&(%"*"%A5&&Q<&!"@(#,&.&J,&

:7<&$,,E&"<&7::;#-7<:,&J"%+&>7#@"<7*&%+,;#AX&%+,&%;%7*&7#,7&;=&%+,&MV;:+&P<;J=*7F,N&

=#7:%7*&"<:#,7$,$&D&7%&7&-,:#,7$"<@&#7%,&D&7=%,#&"%,#7%";<E&J+"*,&%+,&>7#@"<7*&7#,7&;=&%+,&

=#7:%7*&-">"<"$+,$5&d;<B,#$,*AE&"%&>7A&<;J &),&"<%,#C#,%,-&%+,&>;-,* &-">"<"$+"<@&

>7#@"<7*&(%"*"%A&"$&7&C,#=,:%&-,>;<$%#7%";<&;=&%+,&M(<"B,#$7*N&=#7:%7*&7<-&),$%&-,$:#"),-&

)A&=#7:%7*&@,;>,%#A5&OR7>C*,$&7#,&%#(*A&(<"B,#$7*&;=&%+"$&C+,<;>,<;<[&"%&>7A),&>;#,&

"<%,#,$%"<@&"-,<%"=A"<@&J+,#,&"%&-;,$&<;%5&G<-&"%&7CC*",$&%;&B7*(,X&%+,&="#$%&;=&7<A%+"<@&

J"**&:;>>7<- &%+,&+"@+,$%&B7*(,&D&7**&,*$,&),"<@&,H(7*[&%+,#,&7=%,#&%+,&B7*(,&-">"<"$+,$5&&

OR7>C*,$&;=&+"@+&B7*(,&C*7:,-&;<&%+,&="#$%&>7A),&%+,&="#$%&%;&J7*F&;<&%+,&>;;<[&%+,&="#$%&

#;:F&$%7#$[&:*7$$":&7"#:#7=%&D&:*7$$":&7<A%+"<@[&%+,&$C,:"7*&C;$"%";<$&;=&C"*;%$&,%:5&I+,$,&

,R7>C*,$&J"**&7*J7A$&+;*-&B7*(,&;B,#&%+,"#&=;**;J,#$5&&Q<&7::;#-7<:,E&7$&%+,&H(7<%"%A&

"<:#,7$,$E&%+,&B7*(,&;=&7**&%+,&7);B,&-">"<"$+5&I+,&Q<%,#<,%&+7$&%;-7AE&7%&%+,&%">,&;=&

J#"%"<@E&"<:#,7$,-&%+,&H(7<%"%A&;=&"<=;#>7%";<E&7<-&:;<$,H(,<%*A&%+,#,&"$&7&C#;*"=,#7%";<&

;=&"<=;#>7%";<&D&"<=;#>7%";<&%+7%&J7$&;<:,&;=&@#,7%&B7*(,E&+7$&<;J&),:;>,&#7%+,#&

%#"B"7*5&&

8(,&%;&%+,&:;<%"<(;($&KB,#%":7*L&<7%(#,&;=&%+,&=#7:%7*&M=#7:%7*&S;;>"<@X&<;%&7--#,$$,-&

-"#,:%*A&"<&%+"$&C7C,#NE&7**&,B,<%$&M$(:+&7$&%+,&>;;<&*7<-"<@&=;#&,R7>C*,N&+7B,&

-,B,*;C,-&7<-&,B;*B,-&=#;>&,7#*",#&),@"<<"<@$[&%+,A&7#,&<;%&$%7<-7*;<,&,B,<%$&;#&

;)Z,:%$E&%+,A&+7B,&:;>C*,R"%A5&I+,A&7#,&7&:;<%"<(7%";<&;=&7&"<="<"%,&MC#;-(:%";<N&

C#;:,$$5&G<-&)A&%+"$E&%+,#,&J"**&),&>;#,&K,R:"%"<@L&,B,<%$&%;&:;>,&D&)(%&<;<,&*"F,&%+,&

="#$%5&&

I+"$&>;-,*&$+;J$&C#":,$&M%+,&B7*(,&7$$"@<,-&%;&%+,&>7#@"<7*&7#,7&B7*(,N&#7<@"<@&=#;>&

7<&7#)"%#7#A&B7*(,&;=&0//E&-,:#,7$"<@&%;J7#-$&/X&"%&"$&7$A>C%;%":5&I+,&9G&:(#B,&$+;J$&7&

$(C,#C;$"%";<&;=&7**&7#,7$X&"%&"$&7<&7#,7&M;#&)"%N&C;$$")"*"%A&:(#B,&$+;J"<@&7$$(>"<@E&Z($%&



.0 &

7$&J"%+&:*7$$":7*&,:;<;>":$E&7**&;%+,#&B7#"7)*,$&7==,:%"<@&%+,&9G&;#&9a&7#,&+,*-&:;<$%7<%&

M:,%,#"$&C7#")($N5&&`,#,&7#,7&#,C#,$,<%$&%+,&C#":,5&l;%J"%+$%7<-"<@&%+,&C;$$")"*"%A&;=&

m,) *,<&@;;-$E&n"==,<&@;;-$&7<-&%+,&*"F,&J+,#,&%+,&*7J&;=&-,>7<-&"$&:;<%#7-":%,-E&%+"$&

=#7:%7*&-,#"B,-&-;J<J7#-&$*;C"<@&9G&:(#B,&$+;J$&%+,&*7J&;=&-,>7<-&"$&"<,R%#":7)*A&

*"<F,-&%;&7&>7#F,%&$%#(:%(#,&7<-&"$&7<&7$C,:%&;=&7&=#7:%7*&@,;>,%#A5&Q=&)"%$&;#&C#":,$&J,#,&

%+,&$7>,&$"S,E&%+,&=#7:%7*&J;(*-&<;%&,>,#@,5&&&&&&

4.2.2 Consumption and the Demand Curve 

I+,&<,@7%"B,&$*;C"<@&9G&:(#B,&-,>;<$%#7%,$&%+,&:*7$$":7*&,:;<;>":$&-,>7<-&:(#B,&

7<-&%+,&#,*7%";<$+"C&),%J,,<&C#":,&7<-&H(7<%"%A&-,>7<-,-5&I+,&-,>7<-&:(#B,&>7A&

<;J&),&,RC*7"<,-&)A&%+,&=#7:%7*E&7<-&"<%,#C#,%,-&7$&;<,&7$C,:%&;=&7&=#7:%7*&C+,<;>,<;<5&&

Q<&7::;#-7<:,&J"%+&>7#@"<7*&%+,;#A&%+"$&K-,>7<-&:(#B,L&"$&7<&,RC;<,<%"7*&=(<:%";<5&

b+,<&:;<B,#%,-&%;&7&*"<,7#&*;@2*;@&=(<:%";<&M$,,&,H(7%";<&_N&%+,&=(<:%";<&:7<&),&

-,$:#"),-& "<&%+,&%#7-"%";<7*&=;#>X&&

! E U'#'S'BD' M4N&

J +,#,&! E&"$&%+,&H(7<%"%A&-,>7<-,-&;=&@;;-&R[&#&"$&%+,&R27R"$&"<%,#:,C%[&B&%+,&$*;C,&;=&

%+,&:(#B,[&7<-&D&%+,&C#":,&;=&@;;-&R5&l;%":,&%+,&9G&:(#B,&"$&7$A>C%;%":E&"%&-;,$&<;%&:(%&

%+,&R2&7R"$&MP,,&7CC,<-"R&="@(#,&0/N5&&

I+,&K<;<2C#":,&-,%,#>"<7<%$&;=&-,>7<-L&D&"<:;>,E&%+,&C#":,$&;=&$()$%"%(%,$&7<-&

:;>C*,>,<%$&7<-&$;&;<&D&7#,&7**&%#;C"$>$&%;&%+,&#,7*&=#7:%7*&$%#(:%(#,5&&

4.2.3 ÔMarginalÕ History and the Basel Problem 

I+,&:;<B,#@,<%&9G&:(#B,E&7<-&%+,&IG&:(#B,&"<:#,7$"<@&%;&7&*">"%&>7%:+,$ &+;J &7&o,%7&

=(<:%";<&MC;J,#&;#&o"C=L$&*7JN&"$&-,$:#"),-5&6A&%+"$&=#7:%7*&-,>;<$%#7%";<E&%+"$&"$&<;&

:;"<:"-,<:,5&I+, &=#7:%7*&7%%#7:%;#&"$&7&o,%7&=(<:%";<&7<-&"$&%+($&-,$:#")"<@&(%"*"%A&%+,;#A5&&



.. &

I+,&>7%+,>7%":$&;=&%+,&(%"*"%A&"$&$7"-&%;&+7B,&"%$&),@"<<"<@&J"%+&87<",*&6,#<;(**"L$&

$;*(%";<&%;&%+,&P%5&',%,#$)(#@&C7#7-;RX&%+"$&>7A&),&$;E&)(%&Q&$(@@,$%&"%&"$&%+,&$;;<&*7%,#&

K67$,*&C#;)*,>L&%+7%&),$%&-,$:#"),$&%+,&@,;>,%#A&;=&>7#@"<7*&(%"*"%A5&&Q%$&7--,-&$(>$E&

@,;>,%#":&$,H(,<:,&D&J"%+&:;<B,#@,<%&7<-&*">"%&D&>;- , *$&;(#&(<-,#$%7<-"<@&;=&&

K>7#@"<7*L&7<-&%;%7*&(%"*"%A5&I+,&67$,*&C#;)*,>L$&*">"%&D&;#&$;*(%";<&D&7<-&:;<B,#@,<%&

C#;C,#%",$&$+7#,&7&#,>7#F7)*,&#,$,>)*7<:, &%;&%+,&*">"%&M05_N&7<-&:;<B,#@,<%&

C#;C,#%",$&;=&%+,&MV;:+&$<;J=*7F,N&=#7:%7*&7%%#7:%;#5&87<",*&6,#<;(**"&;#"@"<7**A&%+;(@+%&

%+,&67$,*&$;*(%";<&%;&),&05_&)A&%+,&,H(7%";<X&&

0
!
!
 !5& M0/ N&

&&T,;<+7#-&O(*,#&:;(<%,-&%+"$&J"%+&J+7%&"$&$7"-&%;&),&;<,&;=&%+,&>;$%&#,>7#F7)*,&

$;*(%";<$&"<&>7%+,>7%":7*&+"$%;#AX&

! !

!
&

M00N&

&J"%+&7&*">"%&,H(7*&%;&05_3&M.$=N5&&

4.2.4 Pi (π) 

b+"*,&O(*,#L$&$;*(%";<&"$&@#,7%,#&%+7<&%+,&*">"%&B7*(,&;=&%+,&V;:+&=#7:%7*&M"%&"$&:*;$,NE&

%+,#,&"$&7<&"<%,#,$%"<@&"<$"@+%&=#;>&%+,&,>,#@,<:, &;=&%+,&=#7:%7*&%+7%&>7A&$+,-&*"@+%&;<&

J+ 7%&"%&"$&%+7%&>7F,$&%+,&O(*,#&$;*(%";<&$;&#,>7#F7)*, X&%+,&O(*,#L$&$;*(%";<&+7$&π&J"%+"<&

"%E&7<-&%+,&=#7:%7*&-,>;<$%#7%,$&π&5&'"&-,$:#"),$ &:A:*,$&7<-&#;%7%"<@&;#&$C"#7**"<@&

C#;C7@7%";<X&%+,&=#7:%7*&:7<&7*$;&),&$+;J<&%;&$C"#7*&7$&"%&C#;C7@7%,$5&!(**&-"$:($$";<&;=&

%+"$&"<$"@+%&"$&;(%$"-,&%+,&$:;C,&;=&%+"$&"<B,$%"@7%";<E&)(%&"%&>($%&),&>,<%";<,-5&&

I +,&MV;:+&$<;J=*7F,N&=#7:%7*E&7$&$+;J<&"<&7CC,<-"R&="@(#,&00&GE6E&7<-&d&7<-&]4^&

C#;C7@7%,$&7$&7&$C"#7*&D&"%&#;%7%,$&7$&"%&-">"<"$+,$&7<-&:;<B,#@,$5&&!#;>& %+"$&C#;C,#%A&;=&



.W&

%+,&=#7:%7*E&"%&>7A&<;%&), &7&:;"<:"-,<:, &%+,&=7%+,#L$&;=&(%"*"%A&%+,;#A&-,$:#"),-&%+,&67$,*&

:;<B ,#@,<:,&="<-"<@&! &J"%+"<&"%5&&I +,&=#7:%7*&D&7$&-,>;<$%#7%,-&+,#,&D&"$&$+;J<&%;&

C#;C7@7%,&J"%+&#;%7%";<&;#&$C"#7**"<@E&-,$:#"),-&;<*A&)A&πX&%+"$&J;(*-&$(@@,$%&%+,A&7#,&

;<,&7<-&%+,&$7>,5&6A&=(**&$+7C,&,>,#@,<:,&M,H("*")#"(>N&)"%$&+7B,&#;%7%,-Y$C"#7**,-&

%+#;(@+&.𝜋&;#&W_/; 5&Q=&J,&*;;F&7%&7<&7*%,#<7%"B,&=#7:%7*&$%#(:%(#,E&%+,&%#,,[&%+,&

-"$%#")(%";<&;=&)#7<:+&$"S,&M7$$(>"<@&<;&"##,@(*7#"%A&;=&)#7<:+,$&7$&7$$(>,-&J"%+&

%#"7<@*,$&;<&%+,&V;:+&$<;J=*7F,N&;=&7&=(**A&-,B,*;C,-&%#,,&+7$&D&=#;>&%+,&%#(<F&%;&%+,&

$>7**,$%&;)$,#B7)*,&D&7&-"$%#")(%";<&%+7%&<;%&;<*A&#,$,>)*,$&%+,&9GY9aY-,>7<-&

:(#B,E&)(%&"$&7*$;&#;%7%,$5&&I+,&K=7%+,#$L&J,#, &D&(<),F<;J<&%;&%+,>$,*B,$E&"<&%+,"#&%">,&D&

-,$:#")"<@&%+,&=#7:%7*5&&

4.2.5 EulerÕs Identity Fractal Conjunction 

I+,&=#7:%7*&>7A&@"B,&:#,-,<:,&%;&O(*,#L$&Q-,<%"%A&

𝑒!! ! ! ! ! & M0.N&

&D&$7"-&%;&),&%+,&>;$%&K),7(%"=(*L&,H(7%";<&"<&>7%+,>7%":$&]0/^ &5&Q&:;<Z,:%(#,&O(*,#L$&

"-,<%"%A&,R"$%$&7$&7$C,:%&;=&7&(<"B,#$7*&=#7:%7*&@,;>,%#A5&&&&

P+7C,&,H("*")#"(>&;=&%+,&=#7:%7*&"$&#,7:+,-&J+,#,&%+,&9G&"$&,H(7*&%;&0E&7<-&J+,#,&%+,&

9G&D&9d &M7<-&%+,&>7#@"<7*&:;>>(<"%A&$(#C*($N&g&/5&I;&7:+",B,&%+"$&,H("*")#"(>E&

%#"7<@*,&)"%$&#;%7%,-E&M7$&-,>;<$%#7%,-N&"<B;F"<@&π&&D&7<-&%+,&C;$$")*,&($,&;=&:;>C*,R&

<(>),#$ &D&">7@"<7#A&<(>),#$E&!)#O(*,#L$&<(>),#&K$L&"$&-,#"B,-&($"<@&:;<B,#@,<%&$,#",$&

$">"*7#&%;&%+7%&($,-&%+,&=#7:%7*5&Q&-;&<;%&%+"<F&%+,&;::(##,<:,&;=&%+,$,&=(<-7>,<%7*&

:;<$%7<%$&7%&=#7:%7*&,H("*")#"(>&"$&7&:;"<:"-,<:, E&7<-&$+;(*-&),&=(#%+,#&"<B,$%"@7%,-5&Q=&

%#(,E&"%&J"**&+7B,&$"@<"=":7<:,$&;<&%+,&(<"B,#$7*"%A&;=&>7%+,>7%":$5&&

4.2.6 Normal Distributio n Equation 



.3 &

!(#%+,#&%;&%+"$&)(%&#,*7%,-X&π&7*$;&$+;J$&(C&"<&$%7%"$%":7*&7<7*A$"$E&<7>,*A&%+,&K<;#>7*&

-"$%#")(%";<&,H(7%";<L5&I+"$&π&>7A&7*$;&),&,RC*7"<,-&)A&,R7>"<"<@&%+,&#;%7%";<7*&

-,B,*;C>,<%&%+,&=#7:%7*5&Q=&%+,&=(**A&-,B,*;C,-&=#7:%7*&"$&7$$(>,-&%;&),&7%&$+7C,&

,H("*")#"(> &D&%+,&K$<;J=*7F,L&+7$&=;#>,-&D&)A&7#;(<-&\&;#&_&"%,#7%";<$&M7$&

-,>;<$%#7%,-N[&"%&+7$&:;>,&%;&%+"$&,H("*")#"(> &)A&#;%7%";<7*Y$C"#7*&C#;C7@7%";<5&Q=&J,&

7$$(>,&7&=(**&C;C(*7%";<&;=&)"%$&+7$&),,<&C#;-(:,-&"<&%+,$,&\&;#&_&"%,#7%";<$&%+,A&7<-&

C7#%":(*7#*A&%+,"#&;#",<%7%";<&+7B,&$C"#7**,-&%;&),&%+,#,&"<&%+"$&C#;:,$$5&&G@7"<E&%+"$&

=#7:%7*&@,;>,%#A&>7A&7::;(<%&=;#&πL$&C#,$,<:,&D&J"%+"<&K,B,#A%+"<@L&;#&C;C(*7%";<5&I+"$&

:*7">&>7A&<;%&),&:;<:*($"B,&7$&"%&"$&7$$(>,- &"<&%+"$&>;-,*&7**&%#"7<@*,&)"%$&7#,&"-,<%":7*E&

)(%&J+7%&"=&D&7$&"<&#,7*"%A&7<-&J"%+&K<7%(#7*L&%#,,&=#7:%7*&$%#(:%(#,$&D&,B,#A&)"%&"$&

"<%#"<$":7**A&-"==,#,<%&=;#>&;<,&;%+,#&)A&"%$&:;>C*,R&<7%(#,E&%+,<&%+,&-"$%#")(%";<&J"**&

7#@(7)*A&=;#>&7&),**&$+7C,-&:(#B,&M"=&>,7$(#"<@&J"%+&7&-,C,<-,<%&B7#"7)*,E&$"S,&=;#&

,R7>C*,N5&&&

4.2.7 Fourier Transform and the Demand Curve 

Q=&%+,&H(7<%"%A&;=&)"%$&C,#&"%,#7%";<&%">,&"$&(<-,#$%;;-&%;&),&%+,&=#,H(,<:A&;=&)"%$E&7<-&

%+,&7#,7&;=&)"%$&%+,&7>C*"%(-,E&"%&>7A&),&"<=,##,-&%+,&9G&:(#B,&"$&7&!7$%&!;(#",#&

I#7<$=;#>&M!!IN&;=&%+,&V;:+&$<;J=*7F,&D&7&:;>C#,$$,-&$(>>7#A&;=&7**&%+,&7:%"B"%A&"<&

%+,&M=#7:%7*N&$A$%,>5&Q=&$;E&%+"$&-"$:;B,#A&>7A&;==,#&"<$"@+%$&%;&%+,&!!I&7<-&7**&"%$&

7CC*":7%";<$&D&"<:*(-"<@&J"%+&7%;>":&C+A$":$&M$,,&),*;JN5&&Q%&7*$;&">C*",$&,B,#A&=#7:%7*&

7%%#7:%;#E&=#;>&%#,,$&%;&J7B,$&7<-&:*;(-$E&>7A&),&-,$:#"),-&7$&7&!;(#",#&I#7<$=;#>E&

7<-&7*$;&,B,#A&>7#F,%E&7%&7<A&$:7*,X&%+,&:;>C*,%,&=#7:%7*&7%%#7:%;#&"$&%+,#,=;#,&7&C,#=,:%&

,R7>C*,&;=&7&!;(#",#&I#7<$=;#>&D&7&#7<@,&;=&)"%&=#,H(,<:",$&C,#&"%,#7%";<&%">,E&7**&"<&

;<,&K$(C,#C;$"%";<L5&Q=&7**&C#":,$&"<&7&>7#F,%&7<-&7**&H(7<%"%",$&J,#,&7<7*A$,-&)A&!!IE&%+,&

:;<B,#@,<%&C7%%,#<&J;(*-&#,C,7%5&&&
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4.2.8 Insights into Quantum Mechanics 

I;&=;#>&7<&9a&M9GN&:(#B,&=#;>&7<&,>,#@,<%&=#7:%7*&">C*",$&)"%$&7#,&$C"#7**"<@&7$&"%&

"%,#7%,$&M$,,&35053&7);B,NE&%+"$&">C*",$&7&J7B,X&7&$(C,#C;$"%";<&$%7<-"<@&J7B,&;=&

-"==,#,<%&=#,H(,<:",$&7%&-"==,#,<%&7>C*"%(-,$&M;#&J7B,*,<@%+$N5&I+,&-,>7<-&:(#B,&"$&7&

C;$$")"*"%",$&:(#B,&;=&7**&C#":,$&7<-&H(7<%"%",$[&)(%&"%&,H(7**A&-,$:#"),$&C;$"%";<$&;<&7&

$"<($;"-7*&J7B, &D&%+#;(@+&M"%,#7%";<N&%">,&D&7)*,&%;&),&J#"%%,<&)A&%+,&$7>,&,H(7%";<$&

7$&($,-&%;&-,$:#"),&H(7<%(>&>,:+7<":$&D&<7>,*A&%+,&O(*,#&!;#>(*7&M),*;JN5&!;#&%+"$&

#,7$;<E&%+,&O(*,#&,H(7%";<&"$&7#@(,-&)A&*,7-"<@&H(7<%(>&$:",<%"$%&f":+7#-&!,A<>7<&%;&

),&K%+,&>;$%&#,>7#F7)*,&=;#>(*7&"<&>7%+,>7%":$L5&&

! !" ! !!"# ! ! ! !!"# ! ' M0WN&

I+#;(@+&%+,&=#7:%7*E&%+,&:;<:,C%&;=&>7#@"<7*"$>&"$&7&-"#,:%&J"<-;J&"<%;&

,*,:%#;>7@<,%"$>&7<-&H(7<%(>&J;#*-X&J+,#, &)"%$&MC7#%":*,$N&7<-&J7B,$&;=&-"==,#,<%&

=#,H(,<:A&7#,&"<&M(<;)$,#B,-N&$(C,#C;$"%";<E&J"%+&<;<2*;:7%";<&(<%"*&K;)$,#B,-L5&&

4.2.9 Demand Curve as the de Broglie Wave Function 

6A&%+,&-,&6#;@*",&J7B,&=(<:%";<&M7<-&H(7<%(>&>,:+7<":$N&7**&%+"<@$&7#,&$7"-&%;&

MKJ,"#-*ALN&+7B,&7&J7B,&=(<:%";<&D&),&-,$:#"),-&7$&);%+&7&J7 B,&7<-&7&C7#%":*,5&`,#,&"<&

%+"$&"<B,$%"@7%";<E&)A&%+,&=#7:%7*&%+,&H(7<%(>&J;#*-&7<-&K,:;<;>":L&#,7*"%A&7:%&7$&;<,&

7<-&%+,&$7>,5&!#;>&%+"$&Q&:*7">&%+,&7<$J,#&%;&%+"$&KJ,"#-L&H(7<%(>&:;<(<-#(>&"$&%+7%&

%+,A&7#,&);%+&7$C,:%$&;=&%+,&=#7:%7*&@,;>,%#A5&&&

I+,&-,&6#;@*",&J7B,&=(<:%";<&;=&H(7<%(>&>,:+7<":$&"$&-"#,:%*A&7F"<&%;&D&"=&<;%&)A&

-,="<"%";<E&%+7%&$7>,&7$&D&%+,&9a&:(#B,5&Q%&"$&-,$:#"),-&)A&%+,&,H(7%";<&

! !
!
!

&
M0WN&



._ &

J+,#,&! &"$&%+,&J7B,*,<@%+E&! &"$&'*7<:FL$&:;<$%7<%E&7<-&C&%+,&>;>,<%(>&;=&7&C+;%;<&

C7#%":*,&M7&)"%N5&8#7J<&;<&7&-"7@#7>E&! &7@7"<$%&*E&%+,&-;J<J7#-&$*;C"<@&K-,>7<-&:(#B,L&

*"F,&:(#B,&"$&#,B,7*,-5&I+, &#,$,>)*7<:,&"$&@"B,<&:#,-,<:,&J+,<&%+,!! &"$&:;>C7#,-&%;&

%+,&C#":,&;#&(%"*"%AE&7<-&%+,&*&M>;>,<%(>N&%+,&B,*;:"%A&;#&=#,H(,<:A&#,*7%,-&%;&%+,&

H(7<%"%A&-,>7<-,-5&Q%&"$&7&$%#,%:+E&)(%&%+#;(@+&%+,&=#7:%7*&);%+&7#,&#,B,7*,-&7<-&%+,&

#,*7%";<$+"C&%+,&:#(R&;=&%+"$&"<B,$%"@7%";<X&"%&$+;(*-&7%&*,7$%&;C,<&=(#%+,#&"<B,$%"@7%";<5&&

4.2.10 Negative Marginal Utility Misattributed  

!;#&%+,&6,#<;(**"&O(*,#&67$,*&C#;)*,>&>;-,*&%;&),&%+,&=(<-7>,<%7*&>;-,*&;=&a%"*"%A&

%+,;#AE&>7#@"<7*&(%"*"%A&>($%&),&:;<B,#@,<%E&7<-&<;%&@;&<,@7%"B,&7$&-,$:#"),-&"<&:(##,<%&

>;-,*$5&I+"$&C#;)*,>&"$&7--#,$$,-&)A&%+,&=#7:%7*&)A&"<&"<:;#C;#7%"<@&C#;-(:%";<&:;$%5&

G$&%+,&=#7:%7*&$+;J$&($&C#;-(:%";<&7<-&:;<$(>C%";< &),"<@&$">(*%7<,;($&M%+"$&J"**&),&

-,B,*;C,-&* 7%,#&"<&%+,&-"$:($$";<$NE&%+,&"<:#,7$"<@&9d&7=%,#&=#7:%7*&,H("*")#"(>&M@#,,<&

"<&!"@5&WN&"$&7)*, &%;&7::;(<%&=;#&%+,&:*7">,-&k<,@7%"B,&>7#@"<7*&(%"*"%Ak5&G$&:;<$(>C%";<&

;#&"%,#7%";<&"<:#,7$,$E&%+,&:;$%&;=&C#;-(:%";<&"<:#,7$,$E&%;&7&:;$%&B7*(,&@#,7%,#&%+7<&%+,&

>7#@"<7*&(%"*"%A5&97#@"<7*&(%"*"%A&-;,$&<;%&<,,-&%;&@;&<,@7%"B,E&7$&%+,#,&"$&<,B,#&

:;<$(>C%";<&J"%+;(%&C#;-(:%";<5&&

4.2.11 MA and TA and the ÔDiamond WaterÕ Paradox 

G%&,7#*A&"%,#7%";<&%">,$&%+,&9G&"$&+"@+&J+"*,&%+,&IG&"$&*;J[&7$&%+,&=#7:%7*&-,B,*;C$&%+,&

IG&"<:#,7$,$&7<-&"$&>7R">"$,-&J+,#,&%+,&9G&"$&<,7#&"%$&*;J,$%5&I+"$&"$&"<&%;%7*&

7::;#-7<:,&J"%+&>7#@"<7*&%+,;#A&7<-&$(CC;#%$&%+,&-"7>;<-&J7%,#&C7#7-;R5&&

4.2.12 The Long Tail; Pareto 80-20 Rule 

I+,&-;J<J7#-&$*;C"<@&9G&:(#B,&"$&C;%,<%"7**A&"<="<"%,&"<&$"S,E&7<-&"$&$:7*,&"<B7#"7<%X&"%&

J"**&<;%&:+7<@,&"%$&$+7C,&7%&7<A&"%,#7%";<&%">,5&&I+,&9G&:(#B,&"$&7&KC;J,#&*7JL&:(#B,&7<-&

-,>;<$%#7%,$&'7#,%;L$&Lc/ D./&#(*,X&c/p&;=&%+,&$+7C,&"$&,RC,#",<:,-&J"%+&;<&;<*A&./p&



.1 &

;=&%+,&"%,#7%";<$5&6A&"%,#7%";<&%">,&3&;#&\E&%+,&$+7C,&+7$&:+7<@,-&7<-&=;#>,- &>;$%&

<;%":,7)*A&%;&%+,&;)$,#B,#[&%+,#,&7=%,#&,R%#7&"%,#7%";<$&-;&<;%&:+7<@,&%+,&$+7C,&;=&%+,&

,>,#@,-&M$<;J=*7F,N&;)Z,:%5&I+,&:(#B,&$+;J$&%+,&"<="<"%,&C;$"%";<$&;=&%#"7<@*,$[&"%&"$&7&

$(C,#C;$"%";<&:(#B,5&&Q%&"$&%+,&C,#=,:%&-,>;<$%#7%";<&;=&%+,&*;<@&%7"*&-,>7<-&:(#B,5&&

RAQ D213"*%,1$'C1-%'#$3'F"996<'

b+"*,&%+,&$<;J=*7F,&"$&:;<$(>,-E&"%&"$&7%&%+,&$7>,&%">,&D&$">(*%7<,;($*A&D&C#;-(:,-5&

I+,&=#7:%7*E&;<&"%$&;J<E&J"%+;(%&;)$,#B7%";<E&-,>;<$%#7%,$&C#;-(:%";<5&I+,&V;:+&

$<;J=*7F,&=#7:%7*&"$&7<&,>,#@,<%&;)Z,:%&C#;-(:,-&)A&%+,&"%,#7%";<&;=&7&#(*,&M7--"<@&

%#"7<@*,&)"%,$&%;&%+,&,7#*",#&%#"7<@*,&)"%,$N&7$&-,$:#"),-&"<&%+,&>,%+;-$5&&6A&"%,#7%";<&

%">,&3&;#&\&7&V;:+&$<;J=*7F,&=#7:%7*&7CC,7#$&:;>C*,%, &%;&%+,&;)$,#B,#&M7$&-,$:#"),-&)A&

:;<$(>C%";<&"<&%+,&$,:%";<&7);B,N[&=#;>&%+"$&"%,#7%";<&%">,&%+,&:;$%&;=&C#;-(:%";<&M%+,&

9d&"<&="@(#,&.N&"<:#,7$,&7<-&%+,&:(#B,&#"$,$5&I+,&9d&:(#B,&>,7$(#,$&%+,&:;$%&

C#;-(:%";< &;=&7<&,R%#7&"%,#7%";<&"<&%,#>$&;=&:> 2. &$&C,#&"%,#7%";<&%">,&M;#&<(>),#&;=&

%#"7<@*,$N[&"<&:*7$$":7*&,:;<;>":$&%+"$&:;$%&"$&#,-(:,-&%;&%+,&;CC;#%(<"%A&:;$%&D&%+,&:;$%&

;=&<,R%&),$%&7*%,#<7%"B,$E&7<-&"%&:7<&,H(7**A&7#@(,-&%;&),&#,*,B7<%&%;&=#7:%7*&C#;-(:%";<5&

I+,&9d&"<:#,7$,$&,RC;<,<%"7**AX&%+"$&"$&:;<$"$%,<%&J"%+&-,#"B7%";<&;=&%+,&:*7$$":7*&

,:;<;>": &M$+;#%&#(<N&$(CC*A&:(#B,[&7<-&J+,<&C*;%%,-&;<&7&*"<,7#&*;@2*;@&-"7@#7>&;=&%+,&

=(<:%";<&M,H(7%";<&cN&:7<&<;J&),&J#"%%,<&"<&%+,&%#7-"%";<7*&&

h$ g&:&q&-' & M03N&

J+,#,&! -&"$&%+,&H(7<%"%A&$(CC*",-&;=&%+,&@;;-[&*&"$&%+,&R27R"$&"<%,#:,C%[&3&"$&%+,&$*;C,[&

7<- 'D&%+,&C#":,&;=&@;;-&R5&MP,,&7CC,<-"R&="@(#,&0/N&

4.3.1 Technology and Other Production Factors 



.c &

I+,&C#;-(:%";<&;(%C(%&;=&%#"7<@*,&)"%$&-,C,<-$&;<&%+,&%,:+<;*;@A&($,-&M7<-&;%+,#&

=7:%;#$&$(:+&7$&,-(:7%";<&;=&%+,&C#;-(:,#N[&=#;>&7&%+":F&C,<&%;&7&%+"<&C,<&%;&-#7JE&;#&

=#;>&=#,,+7<-&%;&7<&,*,:%#;<":&:;>C(%,#5&b+,<&%,:+<;*;@A&"$&($,-E&>;#,&"%,#7%";<&:7<&

),&7:+",B,-[&%+,&;)$,#B,#&J"**&),&7)*,&%;&*;;F&"<%;&%+,&=#7:%7*&$,%&D&)A&>,7<$&;=&=#7:%7*&

S;;>5&&I+,$,&;%+,#&K<;<2C#":,&-,%,#>"<7<%$&;=&$(CC*AL&7#,&7**&%#;C"$>$&%;&%+,&#,7*&

$%#(:%(#,5&&

G<A;<,&7%%,>C%"<@&%;&-#7J&%+,&$<;J=*7F,&=#7:%7*&)A&+7<-&7<-&C,<&M%,:+<;*;@AN&>7A&-;&

$;&,7$"*A&%;&7#;(<-&%+,&3%+&"%,#7%";<2%">,E&%+,#,7=%,#&%+,&7:%"B"%A&),:;>,$&-"==":(*%&D&%+,&

-,%7"*&J"**&<;%&),&$,,<E&7<-&%+,&:;$%E&>,7$(#,-&"<&%">,&%7F,<E&+"@+5&&

I+,&C#;-(:%";<&;=&I,:+<;*;@ A&"$&7&=#7:%7*&C+,<;>,<;<&;#&;)Z,:%&;=&"%$&;J<[&"%&J"**&+7B,&

-,B,*;C,-&%+#;(@+&%">,&7<-&"%$&,R"$%,<:,&=,,-)7:F$&;<&%+,&;#"@"<7*&=#7:%7*5&Q%&*;J,#$&%+,&

:;$%&;=&C#;-(:%";<E&>7F"<@&"%&,7$",#&%;&C#;-(:,5&&&

4.3.2 Production and the Market Structure Market Structure Ð Monopoly to Competition 

I+,&,>,#@,<:,&;=&%+,&=#7:%7*&-,>;<$%#7%,$&%+,&>7#F,%&$%#(:%(#,&M7$&$+;J<&),*;J&"<&

="@(#,&cN&J"%+&>;<;C;*A&C#":"<@&7<-&C;J,#&7%&,7#*A&"%,#7%";<2%">,$[&7<-&7&:;>C,%"%"B,&

C#":,&7<-&C;J,#&7%&$+7C,&,H("*")#"(>5&&

RAR :2#*%#6'OF+#9)P'@V",6,B2,"&' T'F,&"6%#$)1"-'D213"*%,1$'#$3'C1$-"&9%,1$ '

P;&=7#&Q&+7B,&$+;J<&C#;-(:%";<&7<-&:;<$(>C%";<&;=&%+,&=#7:%7*&7#,&"<,R%#":7)*A&*"<F,-&

%;&;<,&7<;%+,#5&&I+,&$">(*%7<,;($&-">"<"$+"<@&;=&7#,7&7*;<@&J"%+&7--"%";<7*&C#;-(:%";<&

:;$%&MJ"%+&"%,#7%";<2%">,N&J"**&)7*7<:,&;#&),&,H(7*&7%&D&7<-&7#;(<- &D&\&"%,#7%";<$X&%+"$&

"<%,#$,:%";<&>7A),&#,=,##,-&%;&7$&=#7:%7*&;#&;)Z,:%&,H("*")#"(>&7<-&$+;J<&:*,7#*A&"<&

!"@(#,&W&7);B,5&&G%&%+"$&C;"<%&%+,&,>,#@,<%&$<;J=*7F,&$%#(:%(#,&+7$&=;#>,-E&7<-&%;&%+,&

;)$,#B,#&"$&:;>C*,%,5&G<A&>;#,&"%,#7%";<$&;=&%+,&=(<:%";<&J"**&<;%&7--&>;#,&-,%7"*&%;&%+,&



.4 &

$+7C,[&:;<B,#$,*A&*,$$&"%,#7%";<&J"**&-">"<"$+&%+,&$+7C,&M>;#,&;<&%+"$&J+,<&-"$:($$"<@&

F<;J*,-@,&7<-&%+,&=#7:%7*N5&I+,&$+7C,&7%&7<&"%,#7%";<&%">,$&*,$$&%+7<&%+,&,H("*")#"(>&

"%,#7%";<&%">,&J"**&),&*,$$&%+7<&%+,&,H("*")#"(>&$+7C,&D&7%&%+"$&C;"<%&>;#,&:7<&),&@7"<,-&

J"%+&>;#,&"%,#7%";<$5&d;<B,#$,*AE&7%&"%,#7%";<&%">,$&@#,7%,#&%+7<&"%,#7%";<&,H("*")#"(>E&

<;J&>;#,&$+7C,&-,%7"*&:7<&),&-,="<,-&)A&7<&;)$,#B,#E&7<-&>;#,&"%,#7%";<&:;>,&7%&7<&

,RC;<,<%"7**A&"<:#,7$"<@&&M;CC;#%(<"%AN&:;$%&M"<&%,#>$&;=&%">,N5&&&

!#7:%7*&,H("*")#"(>&"$&%7F,<&=#;>&7&$%7%":&;)$,#B7%";<&C;"<%E&;(%$"-,&%+,&=#7:%7*&D&;#&

=#;>&J"%+"<&%+,&=#7:%7*&*;;F"<@&=;#J7#-X&"%&"$&7&+;#"S;<%7*&B",J5&&

4.4.1 Fractal Zoom 

I+,&,H("*")#"(>&"$&7&#,*7%"B,&,H("*")#"(>X&=(#%+,#&C#;)"<@&D&;#&S;;>"<@&D&J"**&(<:;B,#&

>;#,&-,%7"*[&$;&%+,&;)$,#B7%";<&"$&-A<7>":&#7%+,#&%+7<&$%7%":5&Q>C;#%7<%*AE&"=&%+,#,&"$&

S;;>"<@E&%+,&$7>,&M)(%&-"==,#,<%N&$+7C,&J"**&),&;)$,#B,-5&o;;>"<@&"$&7&B,#%":7*&

C,#$C,:%"B,5&&

I+"$&=#7:%7*&,H("*")#"(>&"$&%+,&:;>C*,%,&$A>>,%#A[&%+,&$(C,#C;$"%";<&;=&7&#(*,E&7<-&J,&

;)$,#B,&%+"$&"<&7**&;)Z,:%$&"<&;(#&#,7*"%AE&);%+&%7<@")*A&7<-&"<%7<@")*A5&&I#,,$&7<-&

>7#F,%$&7$&,R7>C*,$5&

4.4.2 Seven ±  2  

!#;>&7&="R,-&B",JC;"<%X&7**&=#7:%7*$&Mk7%%#7:%;#$kN&=;#>&%+,"#&$+7C,&M7#,&7%&=#7:%7*&

,H("*")#"(>N&7%&7<-&7#;(<-&1&±. &"%,#7%";<$5&G<A&>;#,&"%,#7%";<$&%+7<&%+"$&J"**&"<:(#&+"@+&

7&:;$%E&7<-&<;&,R%#7&),<,="%5&I+,&\&"%,#7%";<$&%;&-,B,*;C&%+,&=#7:%7*&V;:+&$<;J=*7F,&"<&

="@(#,&\&M7);B,N[&%+,&C;"<%&J+,#,&%+,&9G&7<-&:;$%&9d&"<%,#$,:%&:;##,$C;<- $&

J"%+&J+,#,&%+,&$+7C,&;=&%+,&$<;J=*7F,&"$&=(**A&-,B,*;C,-5&&

I+"$E&Q&),*",B,E&"$&7&-,>;<$%#7%";<&;=&%+,&&rI+,&>7@":7*&<(>),#&$,B,<E&C*($&;#&>"<($&



W/&

%J;X&$;>,&*">"%$&;<&;(#&:7C7:"%A&=;#&C#;:,$$"<@&"<=;#>7%";<s&="#$%&C;$"%,-&)A&9"**,#&"<&

04\c&]00^5&&

I+"$&<(>),#&:7<&7*$;&;)$,#B,-&%+#;(@+;(%&;(#&#,7*"%AX&=#;>&7<A&$%7<-C;"<%E&%+,#,&J"**&

),&7#;(<-&3E\E_E1E;#&c&*,B,*$&;=&C#;%#($";<5&!;#&,R7>C*,E&=#;>&J+,#,&Q&7>&J#"%"<@E&Q&:7<&

$,,&;(%&>A&J"<-;J&J+,#,&%+,#,&"$&7&C7#F&7<-&$;>,&)("*-"<@$[&I+,&)("*-"<@&"$&%+,&="#$%&

C#;%#($";<E&%+,<&%+,#,&"$&7&:+"><,A&;<&%+,&)("*-"<@E&%+,<&7&)#":F&;<&%+,&:+"><,AE&%+,<&

%+,#,&"$&D&Q&:7<&Z($%&$,,&D&7<&":":*, &M"%&"$&J"<%,#NX&3&*,B,*$&"<&%;%7*5&&&

P">"*7#*AE&;<&7&%#,,&"=&A;(&=;**;J&%+,&)#7<:+,$&;(%&=#;>&%+,&%#(<F&;=&%+,&%#,,E&(<%"*&"%&

="#$%&=;#F$E&%+,<&=;**;J&%+7%&)#7<:+&(<%"*&"%&=;#F$&7@7"<E&7<-&%+,<&@;&;<&#,C,7%"<@E&

=;**;J"<@&%+,&k="#$%k&)#7<:+&;<&%+,&)#7<:+E&(<%"*&A;(&:7<<;%&$,,&7<A&>;#,&)#7<:+,$E&A;(&

J"**&="<-&A;(&:7<&;<*A&=;#F&1&±&.&%">,$5&

Q%,#7%";<&\&"$&%+,&;C%">7*&;#&C,#=,:%&B",J"<@&"%,#7%";<&;=&%+,&M=#7:%7*N&V;:+&P<;J=*7F,&D&

=#;>&%+,&B",J,#L$&C,#$C,:%"B,5&Q&),*",B,&"%&"$&7*$;&%+,&<(>),#&;=&"%,#7%";<$E&;#&=,,-)7:Fk$E&

%;&@7"<&>7#F,%&,H("*")#"(>5&

P+7C,&,H("*")#"(>&>7A&7*$;&+7B,&$"@<"=":7<:,&J"%+&K_&-,@#,,$&;=&$,C7#7%";<L&),%J,,< &

F<;J"<@&,B,#A);-A&"<&%+,&J;#*-5&Q&+7B,&+,7#-&%+7%&"<&#,7*"%A&"%&"$&7#;(<-&3&),=;#,&%+,&

*"<F&,<-$&7<-&=7-,$&7J7A5&

4.4.3 Fractal Paradigm and Field 

I +,&"%,#7%";<&%">,&K/&%;&=#7:%7*&,H("*")#"(>&"%,#7%";<&%">,&D&1&±&.&D&"%,#7%";<&%">,$&>7A&

), &:;<$"-,#,-& 7&=#7:%7*&C7#7-"@>X&7&%">,&=#;>&7&="R,-&C;$"%";<&J+,#,&<;&>;#,&

"<=;#>7%";<&:7<&),&;)$,#B,-&),A;<-&%+"$&#7<@,&J"%+&:(##,<%&%,:+<;*;@A&D&%;&@;&),A;<-&

7&=#7:%7*&C7#7-"@>&;<,&>($%&S;;>&"<%;&%+,&$,%5&G<&">C*":7%";<&;=&%+"$&"%,#7%";<&

"<=;#>7%";<&KC7#7-"@>L&"$&%+,&$:7*,&;=&%+,&=",*-&),%J,,<&%+,&*7#@,$%&7<-&$>7**,$%5&b"%+&



W0&

#,$C,:%&%;&7<&;)$,#B7%";<&7%&%+,&$>7**,$%&)"%&$"S,&M1&"%,#7%";<$NE&%+,&*7#@,$%&)"%&$"S,&"$&

,R%#,>,*A&*7#@,X&%+,&$>7**,$%&)"%&$"S,&"$&$;>,&44p&;=&%+,&*7#@,$%&)"%&$"S,[&7<-&:;<B,#$,*A&

%;&%+,&*7#@,$%E&%+,&$>7**,$%&"$&,R%#,>,*A&$>7**5&I+"$&*7#@,&K=",*-L&$"S,&$:7*,&:7<&),&

:7*:(*7%,-&M"$&;(%$"-,&%+,&$:;C,&;=&%+"$&$%(-AN&7<-&>7A&;==,#&"<$"@+%E&7*;<@&J"%+&%+,&

7);B,&H(7<%(>&"<$"@+%$E&%;&T;#-&O#<,$%&f(%+,#=;#-L$&,>C%A&7%;>&D&J+":+&"$&-,$:#"),-&

%;&),&445444444444p&,>C%A&),%J,,<&%+,&;(%,#&,*,: %#;<$&7<-&%+,&"<%,#&<(:*,($ 5&&b"%+&

#,$C,:%&%;&%+,&;%+,#&H(7<%(>&"<$"@+%$&"<=,##,-&=#;>&%+,&=#7:%7*E&%+"$&7%;>":&=",*-&$"S,&;=&

%+,&=#7:%7*&>7%:+,$&%+,&7%;>":&C#;)*,>E&7<-&%+"$&K-,>7<-$L&=(#%+,#&#,$,7#:+5&&&&&

I+"$&C#;C,#%A&;=&%+,&=#7:%7*&"$&"<,R%#":7)*,&*"<F,-&%;&7**&;%+,#&C#;C,#%",$&;=&%+,&=#7:%7*&D&

<7>,*A&:+7<@,&%+#;(@+&%">,&D&,B;*(%";<5&I+,&,7:+&<,J&C7#7-"@>E&%+,&$7>,&J"**&),&

,RC,#",<:,-E&)(%&%+,#,&J"**&),&-"==,#,<:,5&&&&

RAW D2,*) 'E)%)2&,$#%,1$'

Q<&:*7$$":7*&,:;<;>":$E&%+,&>7#F,%2:*,7#"<@&C#":,&"$&-,="<,-&7$&),"<@&J+ ,#,&K$(CC*A&"$&

,H(7*&%;&-,>7<-LX&%+"$&=#7:%7*&>;-,* &-,>;<$%#7%,$&D&7<-&-,#"B,$&D&%+"$&,H("*")#"(>&

C#":,5&I+,&=#7:%7*&7*#,7-A&-,$:#"),$&%+,&),+7B";(#&;=&C#":,$&%+#;(@+&%">,&D&J+,#,&

>7#F,%&C#":,$&7#,&J,**&(<-,#$%;;-&%;&),&=#7:%7*&]0^&D&%+,&"<%,#C#,%7%";<&C#;C;$,-&"<&%+"$&

C7C,#&$(@@,$%$&%+,&-,%,#>"<7%";<&;=&C#":,&"%$,*=&"$&7*$;&=#7:%7*&7<-&97<-,*)#;%L$&="<-"<@$&

7<-&%+,$,&7#,&"<,R%#":7)*,&5&&&

RAX /$06#%,1$'

IJ;&"<$"@+%$&>7A&),&%7F,<&=#;>&%+,&=#7:%7*&;<&%+,&%;C":&;=&C#":,&"<=*7%";<[&%+,&*7:F&;=&

#,C,%"%";<&;=&7&:;<:,C%&;=&K"<=*7%";<L&"<&<7%(#,[&7<-E&-,="<"%";<$&;=&7&=#7:%7*&K:;7$%*"<,L&

#,$,>)*,& "<=*7%";<&-,="<"%";<$5&&



W.&

O:;<;>": &C#"<:"C*,$&7#,&$+7#,-&J"%+&%+,&<7%(#7*&$:",<:,&)";*;@A[&=;#&,R7>C*,E&"<:;>, E&

C#;-(:%";<E&:;<$(>C%";<E&$,*,:%";<&,%:5&D&"%&"$&"<%,#,$%"<@&%+7%&%+,#,&"$&<;&:;<:,C%&;=&

MC#":,N&"<=*7%";<&"<&<7%(#,5&Q<=*7%";<&D&"%&7CC,7#$&D&%;&),&K,B,#AJ+,#,&7<-&7*J7A$L&7&

:(*%(#7*&C+,<;>,<;<&7*;<,5&Q<&7&:(*%(#7*&:;<%,R%&%+,#,&7#,&>7<A&,R7>C*,$&;=&"<=*7%";<E&

7**&C;"<%"<@&%;&7&-,B7*("<@&;=&%+,&C#"<:"C*,&;)Z,:%5&!;#&,R7>C*,E&7--"<@&$%7#$&%;&+;%,*&

#7%"<@$X&"<:#,7$"<@&%+,&$%7<-7#-&\&$%7#&%;&7&1&$%7#5&&'#;-(:%&"<=*7%";<&>7A&),&J+,<&7&

M:;$>,%":N&:+7<@,&"$&>7-,&%;&7&@;;-&D&J"%+&<;&<,J&"<<;B7%";<&7--,-&D&7<-&%+($&#,$(*%&

"<&%+,&-,B7*("<@&;=&%+,&M$7>,N&C#,B";($&@;;-5&&&

G&F,A&C#;C,#%A&;=&%+,&=#7:%7*&;)Z,:%&;#&7%%#7:%;#&"$&"%$&"<="<"%,&);(<-7#A5&I+,&:*7">&"$&

>7-,& D&)7$,-&;<&%+"$&C#;C,#%A&D&7**&;)Z,:%$&+7B,&7&K=#7:%7*&-">,<$";<L&7<-&%+"$&"$&

:*7$$":7**A&#,B,7*,-&J"%+&%+,&>,7$(#,>,<%&;=&%+,&:;7$%*"<,&;=&7<&"$*7<-5&I+,&=#7:%7*&

7#@(>,<%&$7A$&%+,&*,<@%+&;=&7&:;7$%&-,C,<-$&;<&%+,&*,<@%+&%+,&>,7$(#"<@&"<$%#(>,<%X&

%+,&$+;#%,#&%+,&"<$%#(>,<%&%+,&*;<@,#&%+,&:;7$%5&Q&:*7">&%+"$&C#;C,#%A&7<-&"$*7<-&

7CC*":7%";<&"$&J+7%&C#":,&"<=*7%";<&"$&7*$;X&J+,#,&%+,&>,7$(#"<@&"<$%#(>,<%&"$&7&

:(##,<:A E&7<-&%+,&:;7$%*"<,&%+,&;)Z,:%&D&;#&%+,&@;;-&;#&$,#B":, &"<&H(,$%";<5&G$&%+,&

:(##,<:A&"$&-,)7$,-&M#,$(*%"<@&"<&7&$+;#%,#&>,7$(#"<@&"<$%#(>,<%N&%+,&KC#":,L&B7*(,&;=&

%+,&@;;-&"<&H(,$%";<&"$&K"<=*7%,-L&D&,B,<&"=&%+,&@;;-&"<&H(,$%";<&+7$&<;%&:+7<@,-&7%&7**5&&&&

RAY F#<G-'H#5'

I+,&=#7:%7*&-"#,:%*A&-,>;<$%#7%,$&P7AL$&*7J&D&C#;-(:%";<&:;>,$& ), =;#,&:;<$(>C%";<5&

I+,&=#7:%7*&J7$&="#$%&C#;-(:,-E&7<-&%+,<&B",J,-&;#&:;<$(>,-5&&I+"$&"$&7&*7J &;=&%+,&

=#7:%7*X&%+,&:;<B,#$,&:7<<;%&),&%#(,X&;<,&:7<<;%&B",J&%+,&:+7<@,$&J"%+;(%&%+,&:+7<@,$&

="#$%&),"<@&C#;-(:,-5&&I+"$&;)$,#B7%";<&;=&%+,&=#7:%7*&"$&(<"B,#$7*&%;&7**&;)Z,:%$&7<-&J"**&

),&#,%(#<,-&%;&"<&#,=,#,<:,&%;&F<;J*,-@,&7<-&%+,&-"$%"<:%";<&),%J,,<&%+,&$:",<:,&7<-&

%+,&7#%$&"<&$,:%";<&\ 5&&



WW&

RAZ J2#3)'#$3'@[*+#$7) '

G$&%+,&K$<;J=*7F,L&"$&C#;-(:,-E&"%&>7A&D&"<&C#"<:"C*,&D&),&%#7-,-&;#&,R:+7<@,-&J"%+&7&

:;<$(>,#& D&7&K:;<$(>,#L&,R%,#<7*&%;&%+,&>;-,*&"<&H(,$%";<5&b"%+;(%&%+"$&%#7<$7:%";<&

%+,#,&J"**&),&;<*A&C#;-(:%";<&;<&"%$&;J<5&Q=&%+"$&%#7<$7:%";<&%7F,$&C*7:,E&%+,&>;#,&%+7%&"$&

C#;-(:,-&M"%,#7%,-N&%+,&>;#,&%+,&:;<$(>,#&),<,="%$&7$&%+,&="#$%&"%,#7%";<&"$&B7*(,-&

#,*7%"B,*A&+"@+&:;>C7#,-&%;&%+;$,&%+,#,7=%,#5&I+"$&#,*7%";<$+"C&"$&C#">7*&7<-&(<"B,#$7*&

7<-&>A&@"B,&"<$"@+%&"<%;&%+,&,:;<;>A&;=&*"=,&"%$,*=X&C#">;#-"7*&*"=,&>7A&+7B,&),@(<&;<&

%+,$,&C#"<:"C*,$&D&C#;-(:%";<&=;**;J,-&)A&:;<$(>C%";<5&&

RA\ ;215%+.'E)>)61 9&)$%.'@>16"%,1$.'#$3'F"-%#,$#B,6,%<'''

P">(*%7<,;($&J"%+&C#;-(:%";<X&7$&%+,&H(7<%"%A&%#"7<@*,&)"%$&"<:#,7$,&J"%+&"%,#7%";<&

%">,E&$;&%+,&$<;J=*7F,&-,B,*;C$5&n#;J%+&7<-&-,B,*;C>,<%&7#,&"<,R%#":7)*A&*"<F,-&7<-&

7#,&7<&7$C,:%&;=&=#7:%7*&C#;-(:%";<5&&

4.9.1 Growth  

I+"$&$<;J=*7F,&$%#(:%(#,&7%&,H("*")#"(>&-;,$&<;%&-,>;<$%#7%,&@#;J%+&)(%&;<*A&

$%#(:%(#,X&$A$%,>$&-;&<;%&+7B,&7:%"B"%A&7%&%+,&*7#@,$%&"%,#7%";<&/&)"%&$"S,&="#$%E&"<&=7:%&"%&"$&

%+,&:;>C*,%,&;CC;$"%,E&%+,A&@#;J&=#;>&%+,&<,J*A&7--,-&)"%$5&&I;&-,>;<$%#7%,&7<-&

-,$:#" ),&@#;J%+&%+,&=;:($&"$&C*7:,-&;<&%+,&<,J*A&7--,-&)"%$E&7<-&%;&$+;J&%+"$&=#7:%7*&

>($%&),&"<B,#%,-5&&G$&7&)"%&"$&7--,-&M;#&%+,&$C,:"=":&H(7<%"%A&;=&)"%$&=;#&7<A&"%,#7%";<&

%">,N&%+,&C#,B";($&)"%&$"S,&>($%&,RC7<-&;#&@#;J&"<&$"S,E&%+"$&"$&@#;J%+&7<-&"%&"$&

,RC;<,<%"7*5&Q&+7B,&%,#>,-&%+"$&=#7:%$C7<$";<E&7<-&"<&>A&C#,B";($&C7C,#$&]_^&&Q&C;$"%,-&

-7#F&,<,#@A&7<-&%+,&@#;J%+&;=&C*7<%$&>7A&),&),$%&-,$:#"),-&)A&%+"$&=#7:%$C7<$";<5&&

G<&">C;#%7<%&"<$"@+%&"$&%7F,<&=#;>&$+7C,&,H("*")#"(>&"$&%+,#,&7#,&*">"%$&%;&@#;J%+&D&

%;%7*&7#,7&;=&%+,&=#7:%7*&"$&="<"%,&7<-&J"**&@#;J&7%&7&-,:#,7$"<@&#7%,5&&

4.9.2 Development  



W3&

8,B,*;C>,<%&"$&#,*7%,-&%;&%+,&:;>C*,R"%A&;=&%+,&=#7:%7*&$%#(:%(#,5&I+,&"%,#7%"<@&=#7:%7*&

-,>;<$%#7%,$&%+,&-(7*"%A&;=&@#;J%+&7<-&-,B,*;C>,<%[&%+,A&7#,&"<,R%#":7)*A&*"<F,- 5&!;#&

,R7>C*,E&7$&7&=#7:%7*&%#,,&@#;J$E&$;&"%&-,B,*;C$5&&

4.9.3 Evolution  

G&=#7:%7*&-,>;<$%#7%,$&:+7<@,&;B,#&%">,E&7<-&$;&-,>;<$%#7%,$&,B;*(%";<&D&%+,&:+7<@,&

;#&-,B,*;C>,<%&;=&7<&;)Z,:%&;B,#&%">,5&OB;*(%";<&"$&-,>;<$%#7%,-&"<&%+,&=#7:%7*&D&)A&

S;;>"<@&M"<%;&%">,N&7<-&;)$,#B"<@&K-"==,#,<%L&M;#&"##,@(*7#N&;=&%+,&K$7>,L&M;#&#,@(*7#N&

$+7C,&M;#&;)Z,:%N5&OB;*(%";<&"$&7&(<"B,#$7*&%;&%+,&=#7:%7*E&7<-&"<-,,-E&%7F,<&=#;>&J+7%E&

J,&:7<&;)$,#B,&%+,&(<"B,#$,&"%$,*=&7CC,7#$&%;&),&,B;*B"<@5&I+,&=;$$"*&#,:;#-&"$&7&#,:;#-&

;=&K*"B"<@L&%+"<@$&%+#;(@+&%">,5&&OB;*(%";<&7<-&-,B,*;C>,<%&7#,&%+,&$7>,&C#"<:"C*,E&7<-&

>7A&J,**&),&"<-"$%"<@("$+7)*,&=#;>&,7:+&;%+,#&J"%+;(%&7&M%">,N&$:7*,&#,=,#,<:,5&I+,&

%#,,E&),:;>,$&%+,&%#,,&;=&*"=,5&Q%&"$&k<,$%,-k&-,B,*;C>,<%&D&J"%+"<&,B;*(%";<5&

I+,&=;$$"*&#,:;#-&%#7:,$E&;#&#,:;#-$&%+,$,&:+7<@,$&%+#;(@+&%">,&D&%+,&=;$$"*&#,:;#-&"$&"<&

=7:%&7 =#7:%7*&#,:;#-X&&k:7%7*;@("<@k&%+,&"<="<"%A&;=&Mk+!,,$-$./ kN&:;>)"<7%";<$5&

Q%&"$&+7$&),,<&">C*",-&)A&>7<A&*,7-"< @&)";*;@"$%k$E&7<-&>7%+,>7%":"7<$&k%+7%&,B;*(%";<&

+7$&M;=%,<N&=;(<-&=#7:%7*&J7A$LE&;#&K+7$&($,-&=#7:%7*&J7A$k5&I+"$&"$&%;%7**A&>"$*,7-"<@5&

OB;*(%";<&"$&7&C#;C,#%A&;=&%+,&=#7:%7*E&7<-&C7#%&;=&%+,&@,;>,%#A5&OB;*(%";<&"$&7*J7A$E&7<-&

,B,#AJ+,#,E&=#7:%7*5&&OB;*(%";<&:7<&),&;)$,#B,-&"<&%+,&=#7:%7*&7<-&"$&7&:;#,&:;>C;<,<%&

;=&%+,&>,:+7<":$&;=&%+,&=#7:%7*E&7$&7&(<"B,#$7*&#,C,7%"<@&C7%%,#<&;#&7*@;#"%+>5&Q<&

C#"<:"C*,E&7$&%+,&=#7:%7*&"$&"<="<"%,&$;&%;&"$&,B;*(%";<5&

8,B,*;C>,<%&>7A&),&$,,<&7$&7&k$+;#%&#(<kE&;#&$+;#%2%,#>&;)$,#B7%";<[&=;#&,R7>C*,&%+,&

-,B,*;C>,<%&;#&,>,#@,<:,&;=&7<&,:;<;>A&;#&7&C,#$;<&D&-,>;<$%#7%,-&=#;>&)A&%+,&

=#7:%7*&=#;>&"%,#7%";<&%">,&/&%;&=#7:%7*&,H("*")#"(>&2&"%,#7%";<&_5&&

OB;*(%";<&>7A&),&$,,<&7$&7&*;<@&#(<&;)$,#B7%";<E&%#7:"<@&k-,B,*;C>,<%k&;=&%+,&;)Z,:%E&



W\&

%+,&%#,,E&%+#;(@+&M@#,7%,#N&%">,E&7<-&"$&),$%&-,>;<$%#7%,-&)A&%+,&=#7:%7*&

S;;>5 &&OB;*(%";<&$+;J$&%+,&k:+7;$k&%+,&:;>C*,R"%A&;#&%+,&"<=*(,<:,$&;<&%+,&k-,B,*;C,-k&

;)Z,:%5&&

G#,&%+,#,&*">"%$&%;&,B;*(%";<&"<&%+,&$7>,&J7A&%+,#,&7#,&*">"%$&%;&@#;J%+U &t,$ E&7<-&<;5&Q<&

%+,&$7>,&J7A&7$&%+,#,&7#,&*">"%$&%;&M=#7:%7*N&@#;J%+&7<-&-,B,*;C>,<%E&%+,&;)Z,:%&J"**&

,B;*B,&%;&7&=;#>,-&$+7C,[&)(%&<;E&),:7($,&%+,#,&J"**&7*J7A$&),&:+7<@,E&7<&"<="<"%A&;=&

:+7<@,$E&7<-&<,B,#&;<,&;)Z,:%&%+,&$7>,5&

I+,&V;:+&$<;J=*7F,&=#7:%7*&-;,$&<;%&$+;J&,B;*(%";<&7$&%+,&%#"7<@*,&)"%$&7#,&7**&7<-&

"<="<"%,*A&"-,<%":7*[&+;J,B,#E&"=&7&:+7<@,&J7$&>7-,&%;&7&)"%&D&7&#,-&-;%&7--,-E&7$&

-,>;<$%#7%,-&"<&%+,&7CC,<-"R&="@(#,&00&D&7<-&"%,#7%,-&,B;*(%";<&"$&-,>;<$%#7%,-E&7<-&

"$&7&J7B,&C+,<;>,<;<&D&C(*$"<@&%+#;(@+&%">,5&&&

4.9.4 Sustainability  

P($%7"<7)"*"%A&"$&@,<,#7**A&-,="<,-&7$&K(0!./0!.!.1#/2$ #$.3!-4.($./#4-#/2$#$'4.4(5#

/4+05#6!/247/#'4(*-4(!8!.1#,7/7-$#1$.$-0/!4.895&I+,&=#7:%7*$&>7A&-,>;<$%#7%,&

$($%7"<7)"*"%A[&)(%&,H(7**A&;#&:;<B,#$,*AE&"%&-;,$&<;%&7<-&#,B,7*$&"%&"$&">C;$$")*,&D&

<;%+"<@&:7<&),&>7"<%7"<,-&"<="<"%(>5&

I;&#,B,7*&+;J&%+,&=#7:%7*&;==,#$&"<$"@+%&K$($%7"<7)"*"%AL&J,&<,,-&%;&-"$%"<@("$+&),%J,,< &

%+,&K$7>,L&7<-&%+,&K-"==,#,<%L&"<&%+,&=#7:%7*&-,="<"%";<5&

I+,&k$7>,k&;#&%+,&k#,@(*7#k&C7#%&;=&%+,&=#7:%7*&-,="<"%";<&$(@@,$%$&%+7%&*0//$-.8" #-7:$8"#0.+#

;.46:$+1$ #7**&#,C,7%E&7%&7**&$:7*,$[&%+"$&C7#%&"$&$($%7"<7)*,&;#&:;<$%7<%5&I+"$&=,7%(#,&;=&

=#7:%7*$&"$&,RC*7"<,-&)A&8/-0.1$#0//-0'/4-8 #=;(<- &"<&%+,&$%(-A&;=&:+7;$&7<-&=#7:%7*$&D&"%&"$&

%+,&#,C,7%"<@&;=&7&#(*,&;#&*7J5&&

I +,&k$7>,k&:;>C;<,<%&"$&#,B,7*,-&J"%+"<&%+,&$%(-A&;=&)";*;@A&"<&%+,&=;#>&;=&&

k,B;*(%";<7#A&:;<B,#@,<:,k&;#&k7<7*;@;($&$%#(:%(#,$LX&7<-&%+,&),$%&,R7>C*,&>7A&),&



W_&

J"<@,-&=*"@+%&D&J+,#,&"%&"$&#,C,7%,-&%+#;(@+&%">,X&%+,&k-"==,#,<%k&#,C#,$,<%$&%+,&>7<A&

=;#>$&;=&=*"@+%X&%+,&>7>>7*E&#,C%"*,2)"#-E&;#&"<$,:%5&I +, #,&7CC,7#$&%;&),&7&&K*"<,&;=&

=#7:%"*"%AL&J+,#, &=*"@+%&)A&%+,&J"<@E&#,C,7%$&7%&7**&$:7*,$&%+#;(@+&%">,5&I;-7AE&J,&:7<&7--&

%+,&+(>7<&-,B,*;C,-&7"#:#7=%&J"<@&%;&%+"$&@#;(CE&7<-&J"%+&%+"$&%+,&>7<A&%AC,$&;=&

+(>7<&J"<@5&&G<;%+,#&,R7>C*,&;=&$($%7"<7)*,&C7%%,#<$&:7<&),&=;(<-&J"%+&%+,&C*7<%$X&

J;;-A&$%,7>,-&C*7<%$&D&J+7 %&J,&%,#>&7&%#,,&D&%+,A&+7B,&#,C,7%,-&"<&7**&%+,&

,B;*(%";<7#A&C+A*(>5&&

I+, &k-"==,#,<%k&;#&k"##,@(*7#k&C7#%&;=&%+,&-,="<"%";<&7**(-,$&%;&:+7<@,E&#;(@+<,$$&7<-&

(<$($%7"<7)*,5&Q%&7**(-,$&%;&,B;*(%";<E&;#&:+7<@,&;B,#&%">,&D&;=&%+,&K$7>, L5&I+"$&

:;>C;<,<%&C7#%&;=&%+,&=#7:%7*&-,="<"%";<&-;,$&<;%&-,>;<$%#7%,&$($%7"<7)"*"%A&D&%+,#,&"$&

:;<$%7<%&M"##,@(*7#"%AN&:+7<@,5'I;&+7B,&,B;*(%";<E&%+,#,&>($%&),&,R%"<:%";<E&%+,#,&>($%&

),&:+7<@,&D&J+,%+,#&KJ,L&*"F,&"%&;#&<;%5&I+"$&K*7JL&;#&=(<:%";<&J,&:7**&,B;*(%";<&J"**&

<,B,#&),: ;>,&,R%"<:%&(<%"*&*"=,&),:;>,&,R%"<:%[&7<-&$;E&"<&%+"$&#,$C,:%&"$&$($%7"<7)*,X&&

RAL] C1$-"&)2.'D213"*)2.'#$3'C1&&"$,%<'F"296"- '

d;<$(>,#&$(#C*($&:7<&),&-,>;<$%#7%,-&)A&%+,&=#7:%7*X&"%&"$&%+,&7#,7&(<-,#&%+,&9G&:(#B,&

7<-&-,$:#"),-&)A&O(*,#&67$,*&$;*(%";<&=;#>(*7&0/&7);B,5&&I+,&'#;-(:,#&P(#C*($ &"$&%+,&

7#,7&7);B,&%+,&9d&:(#B,E&7<-&%+,&:;>>(<"%A&$(#C*($&"$&,H(7*&%;&M7CC#;R">7%,*AN&%+,&

67$,*&$;*(%";<&D&0_/&> 2. &>"<($&%+,&9dE&7&B7*(,&;=&0\1&> 2. 5&I+"$&$+;J$&$+7C,&

,H("*")#"(> &"$&7:+",B,-&),=;#,&%+,&M:;$%&;=&%+,N&*">"%5&d;> >(<"%A&$(#C*($&"$&>7R">"$,-&

7%&$+7C,&,H("*")#"(>&;#&J+,#,&7#,7&;=&%+,&$<;J=*7F,&;)Z,:%&"$&7%&"%$&>7R">(>&=#;>&%+,&

C,#$C,:%"B,&;=&7<&;)$,#B,#5&&

4.10.1 Intervention  

j($%&7$&J"%+&:*7$$":7*&,:;<;>":&%+,;#AX&7<A&"<%,#B,<%";<&M7&C#":,&>"<">(>&;#&

>7R">(>N&J"**&*">"%&,"%+,#&%+,&C#;-(:%";<&;#&:;<$(>C%";<&;=&%+,&=#7:%7*&:#,7%"<@&



W1&

$(#C*($,$&7<-&$+;#%7@,$5&d;<$,H(,<:,$&;=&$(:+&"<%,#B,<%";<&7#,&,B"-,<%&"<&>7#F,%$E&)(%&

>7A),&7*$;&"<&F<;J*,-@,&"$$(,$&7*$;5&&&

4.10.2 Golden Ratio? 

I+,&#7%";&;=&;#"@"<7*&7#,7&M0//&> 2.N&;=&%+,&V;:+&P<;J=*7F,&%;&="<7*&,>,#@,<%&7#,7&"$&

05_X05&I+"$&#7%";&"$&:*;$,&%;E&)(%&<;%&,R7:%*AE&%+,&@;*-,<&#7%";5&&

4.10.3 TA-TC 

Q%&"$&7*$;&<;%,-X&7%&,H("*")#"(>E&IG2Id&"$&>7R">"$,-&D&7$&$+;J<&"<&="@(#,&_5&&

RALL :2#*%#6'@6#-%,*,%<''

I+,&=#7:%7*&-,>;<$%#7%,$&,*7$%":"%AE&7<-&;==,#$&7<&;#"@"<&%;&%+"$&>,7$(#,&7<-&%+,&=#7:%7*&

#,B,7*$&"%&%;&),&7&C#;C,#%A&;=&7**&<7%(#,5&8"$:($$"<@&%+,&-"==,#,<%&:;,==":",<%&B7*(,$&;=&%+,&

V;:+&$<;J=*7F,&=#7:%7*&:7*:(*7%,-&"<&%+"$&,R7>"<7%";<E&=#;>&%+,&-"==,#,<%&:7*:(*7%";<&

>,%+;-$E&"$&<;%&%+,&$:;C,&;#&%;C":&;=&%+"$&C7C,#[&+;J,B,#E&%+,&:7*:(*7%,-&:;,==":",<%$&

#,B,7*&7&:;<$%7<%&,*7$%":"%A&="@(#,E&7<-&%+"$&"$&:;<$"$%,<%&J"%+&$%7<-7#-&%+,;#A5&&

4.11.1 Demand Curve Elasticity 

G$&%+,&9G&:(#B,&M%+,&-,>7<-&:(#B,N&"$&7<&,RC;<,<%"7*&:(#B,E&"%&+7$&7&:;<$%7<%&C#":,&

,*7$%":"%A&;=&-,>7<-&M'O 8N5&e<&7&*;@2*;@&-"7@#7>E&($"<@&%+,&$7>,&,RC;<,<%"7*&-7%7E&%+,&

:(#B,&),:;>,$&7&*"<,7#&:(#B,X&%+,&'O8&7*;<@&"%$&*,<@%+&B7#",$&=#;>&"<="<"%A&M;#&+"@+N&7%&

"%$&(CC,#>;$%&,<-E&%;&/&7%&"%$&*;J,#>;$%&,<-5&&&I+"$&:+7<@,&"<&,*7$%":"%A&;=&%+,&=#7:%7*&

7%%#7:%;#&$(@@,$%$&7&(<"B,#$7*&C7%%,#<E&<;%&=;#&;<*A&,:;<;>" :&>;-,*$&)(%&=;#&7**&

F<;J*,-@, 5&I+,#,&"$&K$,<$"%"B"%AL&M,*7$%":N&$+7C,&M7#,7N&%;&:+7<@,&7%&,7#*A&"%,#7%";<&

%">,$E&7<-&"<$,<$"%"B"%A&M"<,*7$%":N&7%&*7%,#&"%,#7%";<&%">,$5&&I+,&#,7$;<&%+,&,*7$%":"%A&"$&

*7#@,$%&7%&*;J&"%,#7%";<$&>7A&),&-(,&%;&%+,&+"@+,$%E&>;$%&;(%$%7<-"<@E&>7#@"<7*&G#,7&;#&

(%"*"%A&),=;#,&"%,#7%";<&3&;#&\5&G%&,7#*A&"%,#7%";<$&%+,&:+7<@,&"$&<;%":,7)*,E&%+,&>7#@"<7*&

(%"*"%A&"$&$">"*7#&7<-&+"@+E&7<;%+,#&"%,#7%";<&+7$&$">"*7#&+"@+&(%"*"%A[&:;<B,#$,*A&7%&*7%,#&
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"%,#7%";<$&%+,&,R%#7&(%"*"%A&"$&*;JE&"<,*7$%":5&I+"$&,*7$%":"%A&:+7<@,&J"%+&%">,&"$&#,*7%,-&

"<,R%#":7)*A&*"<F,-&%;&%+,&=#7:%7*&@#;J%+5&&

4.11.2 Price Elasticity of Supply 

G$&J"%+&%+,&*;@2*;@&9G&:(#B,E&7&*;@2*;@&:(#B,&;=&%+,&9d&:(#B,&J"**&C#;-(:,&7&*"<,7#&

: (#B,5&I+,&$+7C,&,*7$%":"%A&"<&D&%,#>$&;=&%">,&D&"$&,*7$%":&7%&%+,&*;J,#&D&,7#*A&"%,#7%";<&D&

,<-&;=&%+,&:(#B,E&7<-&:;<B,#$,*A&"<:#,7$,$&%+#;(@+&%;&"<,*7$%":&7%&"%$&(CC,#&,<-&D&*7%,#&

"%,#7%";<5&O7#*A&"<&%+,&=#7:%7*&-,B,*;C>,<%&"%&"$&,7$A&%;&C#;-(:,&M,*7$%":N&D&%+,&C#;-(:,#&

"$&#,$C;<$"B,[&7<-&:;<B,#$,*AE&"%&"$&"<:#,7$"<@*A&-"==":(*%&D&%+,&C#;-(:,#&*,$$&#,$C;<$"B,&

D&J"%+&%">,5&&&&

4.11.3 The Product Life Cycle  

I+,&C#;-(:%&*"=,&:A:*,&=;**;J$&=#7:%7*&@,;>,%#A5&&G%&,7#*A&$%7@,$&%+,&C#;-(:%&"$&(<"H(,&

J"%+&+"@+&B7*(,&M)"%&$"S,N&+"@+&>7#@"<7*&(%"*"%A&7<-&+"@+&,*7$%":"%AX&7$&%+,&=#7:%7*&$+7C,&

,>,#@,$&%+,&)"%&$"S,&-,:#,7$,$E&%+,&>7#@"<7*&(%"*"%A&-,:#,7$,$&7<-&%+,&,*7$%":"%A&

-,:#,7$,$5&&&

4.11.4 Elasticity and the ÔProductÕ Life Cycle and Knowledge 

Q<&:;<%,R%&%;&7&C#;-(:%&M;#&F<;J*,-@,N&*"=,&:A:*,E&,7#*A&"%,#7%";<&%">,$&C,#%7"<&%;&,7#*A&

$%7@,$&;=&C#;-(:%";<&7<-&:;<$(>C%";<E&7<-&7#,&,*7$%":&D&7<;%+,#&"%,#7%";<&+7$&+"@+&

>7#@"<7*&(%"*"%A&;#&),<,="%&D&7<-&*7%,#&$%7@,$&:;<B,#$,*A&7#,&"<,*7$%":E&K);#"<@L&J"%+&*;J&

M>7#@"<7*N&B7*(,[&7<;%+,#&"%,#7%";<&J"**&<;%&:+7<@,&%+,&,RC,#",<:,5&&I+"$&"<%,#C#,%7%";<&

"$&:;<%#7#A&%;&$%7<-7#-&#,=,#,<:,$&J"%+&,7#*A&$%7@,$&7#,&$7"-&%;&),&"<,*7$%":&"<&-,>7<-&

]0.^ 5&&

RALM J2#3)'#$3'@[*+#$7) '

G$&%+,&K$<;J=*7F,L&"$&C#;-(:,-E&"%&>7A&D&"<&C#"<:"C*,&D&), &%#7-,-&;#&,R:+7<@,-&J"%+&7&

:;<$(>,# &D&7&K:;<$(>,#L&,R%,#<7*&%;&%+,&>;-,*&"<&H(,$%";<5&b"%+;(%&%+"$&%#7<$7:%";<&
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%+,#,&J"**&),&;<*A&C#;-(:%";<&;<&"%$&;J<5&Q=&%+"$&%#7<$7:%";<&%7F,$&C*7:,E&%+,&>;#,&%+7%&"$&

C#;-(:,-&M"%,#7%,-N&%+,&>;#,&%+,&:;<$(>,#&),<,="%$&7$&%+,&="#$%&"%,#7%";<&"$&B7*(,-&

#,*7%"B,*A&+"@+&:;>C7#,-&%;&%+;$,&%+,#,7=%,#5&I+"$&#,*7%";<$+"C&"$&C#">7*&7<-&(<"B,#$7*&

7<-&>A&@"B,&"<$"@+%&"<%;&%+,&,:;<;>A&;=&*"=,&"%$,*=X&C#">;#-"7*&*"=,&>7A&+7B,&),@(<&;<&

%+,$,&C#"<:"C*,$&D&C#;-(:%";<&=;**;J,-&)A&:;<$(>C%";<5&&

RALQ F+12%'="$'H1$7'="$'

I+,&=#7:%7*&>7A&-,>;<$%#7%,&%+,&,:;<;>": &P+;#%&f(<&7<-&%+,&T;<@&f(<5 I+,&

-,B,*;C> ,<%&7<-&@#;J%+&;=&%+,&=#7:%7*X&=#;>&"%,#7%";<&0&%;&%+,&,H("*")#"(>&"%,#7%";<&

>7A),&$,,<&7$&%+,&=#7:%7*&P+;#%&f(<5&I+,&P+;#%&f(<&"$&%+,&,==,:%&;=&%+,&#(*,E&%+,&

)#7<:+"<@&;#&%+,&7--"<@&;=&%#"7<@*,$5 I+,&T;<@&f(<&"$&%+,&,<-&$%7%,E&%+,&

%;%7*&K$(C,#C;$"%";<L&;=&7**&%+,&"<="<"%,&C;$$")"*"%",$&;=&%+,&#(*,5& 

RALR (,*21 S(#*21 'E,-%,$*%,1$'

!#7:%7*&$:7*,&"<B7#"7<:,&"$&,B"-,<%&"<&%+,&$(CC*A&7<-&-,>7<-&-"7@#7>$&-#7J<5&&

I+"$&"$&7&C#;C,#%A&;=&%+,&=#7:%7*X&=#;>&7&-"$%7<:,E&J"%+;(%&*;;F"<@&7%&%+,&*7),*$&7<-&$(:+E&

%+,&>;-,*$&*;;F&%+,&$7>,5&8;J<J7#-&$*;C"<@&-,>7<-E&M7<-&);%+&=;#&>(:+&%+,&

#,7$;<$NE&7<-&(CJ7#-&$*;C"<@&$(CC*A[&C#":,&7<-&;(%C(%&;<&%+,&7R"$5&

I+,&C#;C,#%A&;=&<;%&),"<@&7)*,&%;&-"$:,#<&$:7*,&;=&%+,&=#7:%7*&;)Z,:%&D&J +,<&B",J"<@&7&

=#7:%7*&"<&"$;*7%";<&D&;==,#$&-"#,:%&"<$"@+%&%;&%+,&>7:#;&7<-&%+,&>":#;5&Q<&7&C,#=,:%&=#7:%7*&

%+,#,&$+;(*-&),&<;&-"==,#,<:,5&I+,&#,$(*%7<%&@#,7%,#&=#7:%7*&:*,7#*A&C;"<%$&%;&%+,&>7:#;E&

7<-&%+,&$,*=2$">"*7#&=#7:%7*&$+7C,$&D&J"%+"<&%+"$&@#,7%,#&$+7C,&D&%+,&>":#;5&&G%&7**&$:7*,$&

%+,&#(*,&%;&:#,7%,&%+"$&$+7C,&"$&%+,&$7>,5&&

!#;>& 7&-,=,#,<%&C,#$C,:%"B,E&%+,&K$7>,L&D&=#;> &%+,&=#7:%7*&-,="<"%";<&k$7>,k&)(%&

k-"==,#,<%k&7%&7**&$:7*,$&D&>7A&C;"<%&%;&%+,&>7%+,>7%":7*&#(*,&%+7%&"$&#,C,7%,-[&7<-&%+,&
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K-"==,#,<%L&%;&%+,&>7<A&-"==,#,<%&,R7>C*,$&;=&$+7C,$&:#,7%,-&=#;>&%+"$&#(*,5&I;&+,*C&

,RC*7"<&%+,&J;#-&%#,,&J"**&),&($,-&7$&7<&,R7>C*,X&7&%#,,&"$&%+,&K$7>,L&)(%&"%&">C*",$&

%+,#,&7#,&>7<A&%#,,$&D&>7<A&%AC,$&7<-&$C,:",$&D&7<&K"<="<"%AL&;=&%#,,$5&&I+,$,&K$7>,L&

#(*,$&"<&,:;<;>":$ &D&J,7*%+E&%#7-,E&$,*,:%";<E&#,C#;-(:%";<E&7<-&$C,:"7*"$7%";<&KI #7-,&

7<-&,R:+7<@,L&7#,&C#,$,<%&<;%&;<*A&"<&:*7$$":7*&,:;<;>":$&)(%&7*$;&"<&:,**(*7#&)";*;@A&

]0WÊ&7<-&,B,<&:+,>"$%#A&%+,;#A5&I+"$&"$&%#(,&"<&%+,&;%+,#&<7%(#7*&$:",<:,$&C+A$":$E&=;#&

,R7>C*,E&J+,#,&%+,&$7>,&7#,&">>(%7)*, E&$:7*,&"<B7#"7<%E&$:",<%"=":&*7J$5&

Q=&%+,&:;>C*,%,&$+7C,&"$&%+,&>7:#;&"$&>7-,&(C&;=&%+,$,&#(*,$E&7<-&%+,&>":#;&7<-&%+,&

>7:#;&7#,&:;<<,:%,-&"<,R%#":7)*A&%+#;(@+&%+,$,&#(*, $X&&7**&#(*,$&;=&%+,&>":#;&>($%&),&

C#,$,<%&"<&%+,&>7:#;5&Q=&%+"$&"$&<;%&%#(,E&7<-&%+,&K%+#,7-&;=&=#7:%7*"%AL&"$&)#;F,<E&"%&>7A&

:;(<%&7$&=7*$"=":7%";<5&G$&7<&,R7>C*,X&"=&de.&"$&:*7">,-&%;&:+7<@,&:*">7%,&"<&%+,&>7:#;E&"%&

$+;(*-&%;;&:+7<@,&J,7%+,#&"<&%+,&>":#;5&I+,#,&"$&<;&*"%,#7%(#,&;<&J+,%+,#&d/ . &:+7<@,$&

J,7%+,#5&&

4.14.1 Defining Science 

I +,&C#;:,$$&;=&-"$:,#<"<@&%+,$,&$:7*,&"<B7#"7<%&(<"B,#$7*&#(*, $&M;#&*7J$N&"$&F<;J<&7$&

$:",<:, [&7<-&"$&J#"%%,<&"<&%+,&=;#>&;=&>7%+,>7%":$5&&&&

RALW :2#*%#6'E)*#< '

Q=&%+,&,>,#@,<:,&"$&KC*7A,-L&"<&#,B,#$,E&%+,&=#7:%7*&-,>;<$%#7%,$&-,:7AX&=#;>&7&:;>C*,R&

;)Z,:%&%;&7&$">C*,&;)Z,:%&J"%+&#,$C,:%&%;&%">,5&G$&%">,&C7$$,-&%+,&-,%7"*&J"**&-">"<"$+&

7<-&*,7B,&%+,&;#"@"<7*&:;#,&%#"7<@*,&)"%5&!#7:%7*&-,:7A&"$&%+,&#,B,#$,&;=&=#7:%7*&

-,B, *;C>,<%E&7<-&"$&7*$;&*;@7#"%+>":5&Q<&%+,&-"7@#7>&),*;J&M="@(#,&1N&%+"$&-,:7A&"$&

-"$C*7A,-5&&
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Figure 7 Fractal Decay Demonstration. From iteration 0 to 5 the fractal develops and grows; conversely the 

fractal decays from iteration 5 to 0.  ElasticityÕs and marginal costs and benefits reverse in reflection through a 

line of symmetry (the point of decay).  
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4.15.1 Observed (Demand) Decay 

G$&"%,#7%";<&%">,&C7$$,-&%+,&=#7:%7*&J"**&-,:7A&"=&%+,&=#7:%7*&-"$:;<%"<(,$&%;&@#;J&7<-&

-,B,*;C &*;$"<@&"%$&-,%7"*&7%&="#$%&D&%+,&>7#@"<7*&),<,="%&:(#B, &M7<-&9d&:(#B,N&"$&#,*7%"B,*A&

"<,*7$%":&7%&%+,$,&<,7#&$+7C,&,H("*")#"(>&"%,#7%";<$5&&b"%+&-,:7AE&%+,&KB7*(,L&;#&$"S,&;=&

%+,&>7#@"<7*&%#"7<@*,&)"%&M>7#@"<7*&),<,="%N&"<:#,7$,$&J"%+&%">,&D&7&#,B,#$,&;=&%+,&

-">"<"$+"<@&(%"*"%A&D&J+"*,&%+,&%;%7*&7#,7&MIGN&-,:#,7$,$5&G%&%+,&),@"<<"<@&;=&%+,&-,:7A&

%+,&:+7<@,&"$&"<,*7$%":&J"%+&#,$C,:%&%;&%">,&7<-&7#,7E&7<-&,*7$%":&7$&%">,&C#;@#,$$,$5&I;&

;)$,#B,#$E&%+"$&#,$(*%$&"<&*7#@,#&7<-&*7#@,#&B7*(,&;=&%+"<@$&C7$%&D&7$&%">,&C7$$,$&D&7<-&

:;(C*,-&J"%+&,*7$%":"%AL$E&%+,&$,<$"%"B"%A&;=&:+7<@,&"<:#,7$,$&J"%+&%">,5&&

4.15.2 Decay- Cost 

!#;>&7&C#;-(:%";<&:;$%&C,#$C,:%"B,E&%+,&-,:7A"<@&>7#@"<7*&:;$%&MC#":,N&"$&*7#@,$%&7%&

),@"<<"<@&%">,&;=&%+,&-,:7A&M7%&$+7C,&,H("*")#"(>N&7<-&-,:#,7$,$&J"%+&%">,5&I+,&

,*7$%":"%A&;=&%+,&9d&7$&$+7C,&,H("*")#"(>&"$&"<"%"7**A&"<,*7$%":E&7<-&"<:#,7$,$&%;&,*7$%":&7$&

%">,&C7$$,$5&I+"$&>7A&),&"<%,#C#,%,-&7$&%+,&KC7"<L&;=&%+,&:+7<@,5&&I+,&-,:7A&:;$%&"$&

*7#@,$%&)(%&"<,*7$%":&M"<$,<$"%"B,Y&(<:+7<@"<@N&:*;$,$%&%;&%+,&),@"<<"<@&%">,&7<-&>;#,&

,*7$%":&M$,<$"%"B,N&7$&"%,#7%";<&%">,&C7$$,$5&&&

4.15.3 Half -life 

I+,&-,: 7A"<@&=#7:%7*&-,>;<$%#7%,$&MT;#-&f(%+,#=;#-L$N&#7-";7:%"B,&+7*=2*"=,X&%+,&-,:7A&

;=&-,%7"*&"$&7<&,RC;<,<%"7*&=(<:%";<5&G<-&;--*A&$">"*7#&%;&f(%+,#=;#-L$&7%;>":&

-"$:;B,#",$E&%+,&=#7:%7*&$<;J=*7F,&"$&%#7<$>(%,-&D&-,:7A,-& D&%;&7&$"<@*,$&%#"7<@*,&)"%5&&

RALX /%)2#%,1$S%,&)'

P;>,%+"<@&>($%&),&$7"-&7);(%&%+,&F,A&>,:+7<"$>&%;&%+,&=#7:%7*&,>,#@,<:,X&%+,&#,@(*7#&

K),7%L&;#&"%,#7%";<&;=&-"$:#,%,&K)"%$L&=;#>"<@&7<&;)Z,:%&7<-&C#;C7@7%"<@&7$&7&J7B,5&I +"$&

),7%&D&%+,&C#;-(:%";<&;=&KC7#%":*,$L&D&"$&+;J&*"@+%&"$&,RC*7"<,-&J+,#,&C+;%;<$&7#,&
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,RC*7"<,-&%;&C#;C7@7%,&D&7$&7&J7B,&D&7%&*"@+%&$C,,-5&I+"$&C#;:,$$&>7A&;==,#&"<$"@+%&"<%;&

%">,5&!(#%+,#&-"$:($$";<&"$&),A;<-&%+"$&"<B,$%"@7%";<E&)(%&>($%&),&7--#,$$,-5&&

G*$;&%+"$&C#;C,#%A&>7A&;==,#&"<$"@+%&%;&%+,&#,@(*7#"%A&;=&@,<,&>(%7%";<$&"<&%+,&@,<;>,&

M%+,&@,<,%":&:*;:FN&D&7**;J"<@&($&%;&-7%,&)A&@,<,%":&>(%7%";<$&>7A&7*$;&),&,RC*7"<,-&)A&

=#7:%7*&"%,#7%";<5&&

4.16.1 Perception of Time 

G$&%+,&=#7:%7*&"%,#7%,$&%+#;(@+&%">,E&7%&,7#*A&"%,#7%";<$&:+7<@,$&%;&%+,&$+7C,&7#,&%+,&

@#,7%,$%E&%+"$&>7A&,RC*7"<&+;J&%">,&"$&C,#:,"B,-&%;&#(<&=7$%&=;#&A;(<@,#&7@,&@#;(C$&%+7<&

=;#&%+;$,&;*-,#&D&@"B,<&;(%&C,#:,C%";<&;=&%">,&"$&"<=*(,<:,-&)A&:+7<@,$5&&&

RALY /$012&#%,1$^'D)20)*%'#$3'8-<&&)%2,*'/$012&#%,1$'''

!"@(#,&c&),*;J&$+;J$ &%+,&-,B,*;C>,< %&;=&%+,&=#7:%7*&V;:+&P<;J=*7F,X&$+7C,&

,H("*")#"(>&M',#=,:%&V<;J*,-@,N[&)(%&7)$;*(%,&"<=;#>7%";<&"$&<;%&-,>;<$%#7%,-E&7$&%+,&

=#7:%7*&"$&K"<="<"%,L5&I+"$&"<$"@+%&7*;<,&@"B,$&J,"@+%&%;&K%;&>;#,&J,&-"$:;B,#E&%+,&>;#,&

H(,$%";<$&7#,&;C,<,-L5&',#=,:%&V<;J*,-@,E&;#&KC,#=,:%&"<=;#>7%";<k&"$&7:+",B,-&;<*A&

J"%+&=#,,E&;C,<E&:;>C,%"%"B,E&;#&(<;)$%#(:%,-&=,,-)7:F&D&%+"$&"$&:;<$"$%,<%&J"%+&j;$,C+&

'#",$%*,AL$&,7#*A&J;#F&;<&(%"*"%7#"7<"$>&"<&%+,&014/L$&&

G<A&;)$%#(:%";<&%;&k"%,#7%";<k&"<&7:+",B"<@&%+"$&,H("*")#"(>&D&-(,&%;&J+7%&>7A&

) , &%,#>,-&7&F<;J*,-@,&>;<;C;*A&D&J"**&C#;-(:,&7<&"<:;>C*,%,&=#7:%7*&$+7C,&M7$&$+;J<&

"<&%+,&(CC,#&C7<,*&;=&%+,&-"7@#7>NE&">C,#=,:%&F<;J*,-@,E&;#&7$A>>,%#":&

"<=;#>7%";<5&',#=,:%&$+7C,E&MC,#=,:%&F<;J*,-@,N&"$&7:+",B,-&J"%+&;C,<E&7<-&:;>C,%"%"B,&

(<;)$%#(:%,-&=,,-)7:F5&

&
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Figure 8. Koch Snowflake Fractal Imperfect Information, Knowledge Monopoly Demonstration. Shape 

equilibrium is meet where marginal cost is equal to marginal benefit.  Knowledge monopoly with where iteration 

is restricted: this will result in Ôknowledge profitsÕ.  

RALZ ?$,012&,%#2,#$,-&'#$3'%+)':2#*%#6'

<2$#;$5#/4#/2$#*08/#'0.#=$#,47.+#!.#/2$#*-$8$./)#

Q&+7B,&7&$%#;<@&"<%,#,$%&"<&@,;@#7C+A&7<-&@,;*;@A&7<-&"%&J7$&+,#,&J+,#,&Q&="#$%&#,7-&;=&

`(%%;<L$&(<"=;#>"%AE&Q&$;;<&=;(<-&D&7=%,#&%,7:+"<@&-,B,*;C>,<%&,:;<;>":$&D&%+7%&%+"$&

C#"<:"C*,&>7A),&(<"B,#$7*E&7<-&>7A&#,B,7*&"%$,*=&"<&,:;<;>":$5&&

I+,&*7J&;=&(<"=;#>"%7#"7<"$>&#,B,7*$&"%$,*=&"<&%+,&=#7:%7*5&I;&-,$:#"),&7&=#7:%7*E&;<,&

J;(*-&,B,<%(7**A&:;B,#&%+,&C#"<:"C*,E&;<*A&"<$%,7-&;=&#,7-"<@&7$&7);B,&D&%+,&F,A&%+,&

C7$%&:7<&),&=;(<-&"<&%+,&C#,$,<%&D&"%&J;(*-&#,7-X&%+,&F,A&%;&%+,&C#,$,<%&M$:7*,N&:7<&),&

=;(<-&"<&%+,&$>7**&$:7*,&D&;#&:;<B,#$,*A&%+,&*7#@,&$:7*,E&7$$(>"<@&:,%,#"$&C7#")($&
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7CC#;7:+E&M+;*-"<@&7**&,*$,&:;<$%7<%&;#&=#;S,<N5&

Q<&%+,&%#,,&=#7:%7*&),*;JE&%+,&<,J&MC#,$,<%N&:#;$$&$,:%";<&*"<,&)2)&J"**&$+7#,&%+,&$7>,E&

M)(%&-"==,#,<%N&C7%%,#<&7$&%+,&,7#*",#Y;*-,#&MC7$%N&:#;$$&$,:%";<&*"<,&7275&P:7*,&"$&%+,&;<*A&

-"==,#,<:,E&);%+&"<&%">,&M7@,NE&7<-&$"S,5&

 

&Figure 9. Uniformitarianism and the Fractal (Tree). The key to the past is in the present; the key to the past 

scale - cross section a-a - is in the present (new) scale b-b.   

a<"=;#>"%7#"7<"$>&"$&7<;%+,#&"<$"@+%&7<-&C#;C,#%A&;=&%+,&=#7:%7*&D&%+,&$7>,&)(%&

-"==,#,<%&D&7%&7**&$:7*,$5&

!;#&,R7>C*,&;#&7CC*":7%";<&>7A),&"=&A;(&J7<%&%;&F<;J&+;J&A;(&J,#,&7$&7&:+"*-E&7**&A;(&

<,,-&-;& "$&$,,&%+,&:+"*-#,<&7#;(<-&($[&%+,&$7>,&>7A&),&$7"-&=;#&@#;J"<@&;*-5&I+"$&>7A&

$;(<-&;)B";($E&)(%&"%&>7A&),&;<*A&;)B";($&),:7($,&;==&%+,&=#7:%7*&<7%(#,&;=&%+,&

(<"B,#$,5&&

4.18.1 Application  in Economics 

Q=&A;(&J7<%&%;&F<;J&+;J&"%&>7A&+7B,&),,<&%;&*"B,&"<&%+,&C7$%&M$;:"7*2,:;<;>":7**A&

$C,7F"<@N&D&$7A&%+,&>"--*,&7@,$&D&7**&J,&<,,- &-;&"$&$,7#:+&7&:;(<%#A&"<&%+,&C#,$,<%&%+7%&
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"$&-,B,*;C"<@E&7<-&%+7%&+7$&C;B,#%A5&Q<&7<A&$A$%,>&;<,&J;(*-&<;%&+7B,&%;&="<-&7<;%+,#&

:;(<%#A&%;&-,>;<$%#7%,&%+"$E&"%&$+;(*-&),&,B"-,<%&,B,#AJ+,#,X&&,B,#A&M+,7*%+AN&$A$%,>&

+7$&-"B,#$"%A&D&#":+&7<-&C;;#E&A;(<@&7<-&;*-5&&

G&=#7:%7*&%+"<F,#&$+;(*- &$,,&%+,&:+"*-&D&"<&%+,&="#$%&7CC*":7%";<&D&7<-&%+,&-,B,*;C"<@&

:;(<%#A&D&"<&%+,&$,:;<-&D&7$&%+,&$7>,5&

W /$-,7+ %-'%1'4$156)37)'

Q=&J,&7$$(>,&%+,&$<;J=*7F,&;)Z,:%&$%7<-$&=;#&F<;J*,-@,&7<-&"-,7$E&%+,&=#7:%7*&

-,>;<$%#7%,$&%+,&,>,#@,<:,&;=&F<;J*,-@,&D&J+,#, &"<=;#>7%";<&"$&#,C#,$,<%,-&7$&%+,&

%#"7<@*,$&)"%$&>7F"<@&(C&%+,&$<;J=*7F,5&G%&%+,&=;#,>;$%E&7)$;*(%,&F<;J*,-@,&"$&

( <7:+",B7)*,&D&7$&%+,&=#7:%7*&"%,#7%";<2%">,E&7<-&%+($&"<=;#>7%";<&"$&"<="<"%,[&)(%&"%&"$&

:*,7#E&%+7%&7&$+7C,&;=&KF<;J*,-@,L&"$&$;;<&=;#>,-&;#&,>,#@,-5&

5.1.1 Perspectives Ð Polarities  

I+,&=;**;J"<@&"$&;<,&;=&%+,&>;$%&">C;#%7<%&"<$"@+%$&=#;>&%+,&=#7:%7*E&7<-&$%,>$&=#;>&%+,&

H(,$%";<X&KJ+7%&:;>,$&="#$%E&:;<$(>C%";<&;#&C#;-(:%";<UL&I+"$&"$&<;%&;<*A&7<&,:;<;>":$&

H(,$%";<[&)(%E&"<-"#,:%*A&7&H(,$%";<&;=&F<;J*,-@,&7<-&%#(%+5&I+,&=#7:%7*&$+,- $&"<$"@+%&;<&

#,7*"%A&7<-&;==,#$&7<&,RC*7<7%";<&%;&%+,&;#"@"<&;=&*"=,5&`;J,B,#E&%+,&7<$J,#&J"**&7*J7A$&

:;>,&"<&%+,&=;#>&;=&%J;&C,#$C,:%"B,$E&"<&C;*7#"%",$5&&

5.1.2 Consumption Ð Observation  

I+,&K:;<$(>C%";<&$"-,L&#,=,#$&%;&%+,&;)$,#B"<@&7<-&,<Z;A"<@&D&;#&<;%&D&;=&%+,&,>,#@,<%&

;)Z,:%5&Q%&#,=,#$&%;&%+,&),7(%AE&%+,&7,$%+,%":$&;=&%+,&,>,#@,<%&$<;J=*7F,5&Q%&"$&7<&

"<%,#C#,%7%";<5&Q%&"$&B;"-&;=&7<A&%">,&;#&+"$%;#A5&Q<&7::;#-7<:,&J"%+&%+,&(<-,#$%7<-"<@&;=&

%+,&9G&7<-&IG&:(#B,$E&="@(#,&.&7);B,E&,B,#A&"%,#7%";<&7--$&%;&%+,&">7@,5&Q%&+7$&<;&

<;%";<&;=&C#;-(:%";<E&;)$,#B7%";<&D&%+,&"%,#7%";<&;=&7&$">C*,&#(*,&;#&7*@;#"%+>5&G<&
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,RC*7<7%";<&;=&%+,&;)Z,:%&J"**&),&,R%,#<7*&%;&%+,&C#;-(:%";<&#(*,[&"%&J"**&),&"@<;#7<%&;=&

%+,&#(*,&7<-&>7A&:;>,&"<&%+,&=;#>&;=&7<&">7@,E&;#&7&-,$:#"C%";<5&&&Q%&>7A),&%+7%&%+"$&

C,#$C,:%"B,&;=&%+,&C;*7#"%A&"$&%+,&K"<-(:%"B,L&$"-,5&V<;J*,-@,&"$&@7"<,-&=#;>&@7%+,#"<@&

=7:%$E&,R%#7&=7:%$&%;&)("*-&(C&7&@,<,#7*&C":%(#,5&&&

5.1.3 Production Explanation- Understanding 

'#;-(:%";<&#,=,#$&%;&%+,&#(*,&;=&C#;-(:%";<&;=&%+,&,>,#@,<%&;)Z,:%[&+;J&"$&"%&%+,&;)Z,:%&

C#;-(:,-U&&I+,&,RC*7<7%";<&;=&%+,&C#;-(:%";<&"$&%+,&"%,#7%";<&;=&7&$">C*,&#(*,5&I+"$&

$">C*,&#(*,&>7A),&$,,<&7$&7&@,<,#7*&#(*,E&7<-&=(#%+,#E&7=%,#&$%(-A"<@&7<-&C#;B"<@&)A&

"%,#7%";<E&-,="<,-&7$&7&D&(<"B,#$7*&7%&7<A&$:7*,&D&*7J&J"%+;(%&J+":+E&<;&,>,#@,<%&;)Z,:%&

J"**&),&C#;-(:,-5&b"%+&7<-&,RC*7<7%";<E&7&*7J&;#&7*@;#"%+>E&%+,&;)Z,:%&>7A&),&7)*,&%;&),&

#,C#;-(:,-5&I+"$&"$&<;%&C;$$")*,&=#;>&7&:;<$(>C%";<&;)$,#B7%";<5&&

G$&%+"$&$"-,&"$&%+,&C;*7#"%A&;=&:;<$(>C%";<E&"%&=;**;J$&%+"$&C#;-(:%";<&$"-,&>($%&),&%+,&

K-,-(:%"B,L&C,#$C,:%"B,E&J+,#,&7&@,<,#7*&#(*,E&;#&:;-,&"$&"-,<%"=",-&%;&,RC*7"<&%+,&;)Z,:%5&&

5.1.4 Equilibrium  

P+7C,&,H("*")#"(>&"$&%+,&$">(*%7<,;($&>,,%"<@&;=&);%+&%+,&:;<$(>C%";<&7<-&

C#;-(:%";<5&ORC*7<7%";<&"$&,H(7*&%;&;)$,#B7%";<5&6A&"%,#7%"<@E&($"<@E&$%(-A"<@E&

#,$,7#:+"<@E&7<-&,RC,#",<:"<@E&%+,&=#7:%7*&#,7:+,$&J+7%&>7A&),&%,#>,-&$+7C,E&

F<;J*,-@,E&;#&=#7:%7*&,H("*")#"(>5&I+"$&"$&%+,&$+7C,&B",J,-&=#;>&7<&;)$,#B,#&;(%$"-,E&

7<-&<;%&J"%+"<E&%+,&=#7:%7*5&!#7:%7*&,H("*")#"(>&"$&#,7:+,-&7%&;#&7#;(<-&\&C*($&;#&>"<($&

.&"%,#7%";<$&D&)(%&%+"$&"$&-,C,<-,<%&;<&7&<(>),#&;=&=7:%;#$&"<:*(-"<@&%+,&-"$%7<:,&

),%J,,<&%+,&;)$,#B,#&7<-&%+,&=#7:%7*5&

G$&"=&)A&*7JE&%+;(@+&%+,$,&-"==,#,<%&C,#$C,:%"B,$&D&C#;-(:%";<&7<-&:;<$(>C%";<&D&

7CC,7#&%;&),&$">(*%7<,;($E&7<-&,H(7*&7%&,H("*")#"(>E&%+,A&7#,&H("%,&$,C7#7%,&%;&;<,&

7<;%+,#5&I#(%+&"$&=;(<-&J+,<&%+,&%J;&7#,&$">(*%7<,;($*A&"<&,H("*")#"(>5&I;&#,"%,#7%,E&
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%+,&=#7:%7*&:7<&),&;)$,#B,-&D&:;<$(>,-[&J+"*,&7%&%+,&$7>,&%">,&+7B,&"%$&C#;-(:%";<&

,RC*7"<,-E&)(%&;<*A&;<,&;=&%+,$,&C,#$C,:%"B,$&"$&%#(,5&b+,<&7%%,>C%"<@&%;&,RC*7"<&%+,&

;)Z,:%E&;<*A&;<,&%#(,5&b+,<&,RC,#",<:"<@&%+,&;)Z,:%E&;<*A&;<,&C,#$C,:%"B,&"$&%#(,5&&

5.1.5 Duality  

OB,#A&C#;C,#%A&;=&%+,&=#7:%7*&"$&:;(C*,-&J"%+&7&-(7*&;CC;$"%,E&;#&$A>>,%#A5&&

I +"$&),@"<$&J"%+&%+, &=(<-7>,<%7*&-,="<"%";<X&$7>,&)(%&-"==,#,<%&7%&7**&$:7*,$5&&KP7>,L&M;#&

#,@(*7#N&:;>C;<,<%&"$&J+7%&"$&F<;J<&7$&7&#(*,&D&7<-&%+($&%+"$&"$&%+,&)7$"$&;=&O(:*"-"7<&

>7%+,>7%":$[&%+,&K-"==,#,<%L&M;#&"##,@(*7#N&:;>C;<,<%&"$&%+,&:+7;$&D&%+,&-"B,#$"%A&;=&%+,&

#(*,5&&n#;J%+&7<-&-,B,*;C>,<%E&C#;-(:%";<&7<-&:;<$(>C%";<E&$(CC*A&7<-&-,>7<-E&7<-&

$;&;<5&&

I+"$&-(7*"%A&"<$"@+%&*,7-$&%;&7&=(<-7>,<%7*&C#;C,#%A&;=&%+,&=#7:%7*&%+7%&"$&),A;<-&%+,&

$:;C,&;=&%+"$&K:*7$$":7*L&#,7*"%A&)7$,-&"<B,$%"@7%";<E&"%&"$&%+,&V"#$%"&'&)*+#$,*#6 &*"F,&

),+7B";(#&;=&%+,&"$;*7%,-&=#7:%7*5&I+,$,&>7<A&"<$"@+%$&J"**&),&7--#,$$,-&"<&7<;%+,#&

C7C,#5&&

5.1.6 On Ceteris Paribus and Knowledge 

Q%&"$&"<&"<%7<@")*,&7#,7&;=&KF<;J*,-@,&:*7">$L&J+,#,&%+"$&C#;)*,>&;=&>;<;%;<":&$:7*,&

"<B7#"7<:,&;=&%+,&=#7:%7*&"$&>;$%&,B"-,<%X&-"$:,#<"<@&%#(%+&J+,<&%+,#,&"$&<;%+"<@&K%;&@;&

;<LE&;<*A&7&C7%%,#<5&&I+;(@+&=#;>&%+,&#,C,7%"<@&;=&%+,&C7%%,#<E&%+,&#,C,7%"<@&7%&7**&$:7*,$[&

7**&*;;F"<@&%+,&$7>,E&)(%&J"%+&%+"$&%+,#,&J"**&7*J7A$&%+,&C;*7#"%A&),%J,,<&7,$%+,%":&

:;<$(>C%";<&B",J&7<-&%+,&*;@":E&$:",<%"=":&C#;-(:%";<&B",J5&&

I+,&%7F,7J7A&=#;>&%+"$&"$&;<*A&%+,&C#;-(:%"B,&$"-,&@"B,$&%+,&%#(%+&D&"%&J"**&7**;J&

7::(#7%,&C#,-":%";<&7<-&#,C#;-(:%";<&;=&%+,&;)$,#B7%";<&;#&C7%%,#<[&7<-&"%&+7$&%;&),&
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(<-,#$%;;-E&7**&F<;J*,-@,&"$&=#7:%7*E&"%&J"**&#,C,7%E&7<-&"=&"%&-;,$&<;%E&%+,#,&>7A),&

$;>,%+"<@&J#;<@&J"%+&%+,&:*7">5&&

WAM /$-,7+%'%1'F*,)$*)'

Q=&F<;J*,-@,&=;**;J$&7&=#7:%7*&$%#(:%(#,E&;<,&:7<&,RC,:%&);%+&7&C#;-(:%";<&$"-,E&7<-&7&

:;<$(>C%";<&$"-,&;=&"%5&d*7">7<%$&;=&F<;J*,-@,&J"**&%7F,&;<,&;=&%+,$,&$"-,$&"<&%+,&7">&;=&

%#(%+E&)(%&>7A&),&(<7J7#,&J+":+&$"-,&%+,A&+7B,X&%+,A&>7A&,7$"*A&:;<=($,&%+,&%J;&

C,#$C,:%"B,$5&G&$:",<%"=":&7CC#;7:+&"$&>;$%&:,#%7"<*A&7&C#;-(:%";<&$"-, &,RC*7<7%";<&7<-&

%+,&-,>7<- &$(##,7*"$>5&a<*,$$&%+,"#&:*7">&#,C,7%$&;#&"%,#7%,$&D&$;&7$&%;&),&$,,<&

(<"B,#$7**A&7%&7**&$:7*,$&D&7<-&7)*,&%;&),&J#"%%,<&>7%+,>7%":7**A&7$&7<&,H(7%";<&Z($%&7$&

%+,&C#;-(:%";<&;=&%+,&V;:+&$<;J=*7F,E&%+,&:*7">&>7A&),&>"$%7F,<&=;#&7<&;)$,#B7%";<&

:;<$(>C%";<&C,#$C,:%"B,5&OB,<&%7*F"<@&7);(%&%+,&=#7:%7*&"%$,*=&$%7<-$&7$&7<&,R7>C*,E&

$;>,&$,,&%+,&=#7:%7*&+7B"<@&>,7<"<@&%;&%+,&(<"B,#$,[&%+"$&"$&$">"*7#&%;&H(7<%(>&

>,:+7<":$X&J+"*,&;%+,#$&J"**&$,,&;<*A&%+,&@,;>,%#AE&7<-&%7F,&<;&>,7<"<@&=#;>&"%5&I+,&

K;)$,#B7%";<L&C,#$C,:%"B,&"$&;C,<&%;&"<%,#C#,%7%";<&7<-&%;&-,)7%,&D&"%&J"**&),&$()Z,:%"B,&

7<-&>7A&*,7-&;<,&;<&%+,&%#7"*&;=&%#(%+[&J+"*,&%+,&$:",<%"=":&C#;-(:%";<&C,#$C,:%"B,&

;)Z,:%"B,&:*,7<&;=&;C"<";<&7<-&:;>C*A&J"%+&#,7$;<5&I+,&$"@<"=":7<:,&;=&%+"$&"<$"@+%&>7A&

7--#,$$ &%+,&J;#F&;=&'#;=,$$;#&G*7<&9($@#7B,&]03^&;<&$(##,7*"$>&J+,#,&M7$&"%&7CC,7#$&

=#;>&7&=#7:%7*&7<7*A$"$N&F<;J*,-@,&>7A&),&>;<;C;*"$,-&)A&%+,&;)$,#B7%";<&$"-,&J+,<&

,RC*7"<"<@5&I+,$,&@#;(C$&J"**&:*7">&K7**&%+,&$:",<:,&"$&@;;-&=;#&"$&$7B"<@&%+,&

C+,<;>,<;<L[&%+,"#&:*7">$&J"**&),&C7#7$"%":&;<&%+,&KC#;-(:%";<L&;#&$:",<%"=":L&7CC#;7:+&

7<-&J"**&;==,#&<;&,RC*7<7%";<&;<&"$&;J<5&I+,"#&:*7">$&J"**&;=%,<&),&,R%#7;#-"<7#A5&

I+,&:*7$$":&,R7>C*,&;=&%+"$&$:",<%"=":&C;*7#"%A&"$&%+,&d;C,#<":7<&7<-&G#"$%;%,*"7<&

7CC#;7:+,$&%;&%+,&+,*";:,<%#":&7<-&@,;:,<%#":&"<%,#C#,%7%";<$&;=&$;*7#&$A$%,>5&&I+,#,&"$&

;<*A&;<,&,RC*7<7%";<&%+7%&="%$&7&C#;-(:%";<&C,#$C,:%"B,&7<-&%+"$&"$&%+,&d;C,#<":7<&
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`,*";:,<%#":[&7**&;%+,#&C,#$C,:%"B,$E&7=%,#&%+,&7"-&;=&%,*,$:;C,&%,:+<;*;@AE&J,#,&>,#,&

@(,$$,$E&7<-&J#;<@5&&9;-,#<&C;*7#"%",$&7#,&H(7<%(>&>,:+7<":$&7<-&);;F$&*"F,&KI+,&

P,:#,%L&D&J+,#,&H(7<%(>&>,:+7<":$&"$&"<%,#C#,%,-&%;&+7B,&$;>,&K>,7<"<@L[&

,<B"#;<>,<%7*"$>&7<-&>7<>7-,&:*">7%,&:+7<@,&B$5&<7%(#7*&:*">7%,&:+7<@,[&87#J"<&B$5&

:#,7%";<"$>[&7<-&;=&:;(#$,&V,A<,$"7<&B$5&d*7$$":7*&O:;<;>":$5&b"%+&7**&%+,$,&"$$(,$&J,&

$,,&D&7%&*,7$%&D&%J;&C,#$C,:%"B,$E&);%+&7%&;--$&J"%+&,7:+&;%+,#5&I+,&%#(%+&J"**&),&=;(<-&

"<&7&=#7:%7*&C#;-(:%";<&C,#$C,:%"B,5&I,$%7>,<%&%;&%+"$&"$&%+,&@,;:,<%#":2+,*";:,<%#":&

-,)7%,&J+,#,&+,*";:,<%#":&J;<&;B,#&7$&7&(<"B,#$7*&%#(%+5&&b+"*,&%+,&P(<&7CC,7#$&%;&

>;B,E&"%&"$&"<&=7:%&%+,&C*7<,%E&%+,&O7#%+&%+7%&"$&>;B"<@5&&

X C1$*6"-,1$- '

!#; >&%+"$&7<7*A$"$&;=&%+,&#,@(*7#&MV;:+&P<;J=*7F,N&=#7:%7*&"%&+7$&),,<&$+;J<&D&7<-&"%&

:7<&<;J&),&"<=,##,-&D&"<%7<@")*,&,:;<;>":&),+7B";(#&F<;J<&7$&>7#@"<7*&,:;<;>":$&"$&

7<&7$C,:%&;=&=#7:%7*&@,;>,%#A&7<-&:7<&),&),$%&-,$:#"),-&7<-&(<-,#$%;;-&)A&$%(-A"<@&

7<-&7<7*A$"<@&%+,&=#7:%7*5&I+,&=#7:%7*&-,>;<$%#7%,$&>7<A&;=&%+,&>7"<&C#"<:"C*,$&;=&
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Figure 10. Log. –log. (Linear) Koch Snowflake Fractal Equilibrium.   

Table 1. Arc and Point Price Elasticity. 
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Figure 11 Fractal Spiral with Emergence.  A shows the transverse wave propagation of a Ôred dotÕ on a fractal 

Koch Snowflake to iteration (i) 6, and to superposition infinity (∞) . B shows the rotational aspect of the triangle 

bits and the respective bit size; rotating clockwise through 360o . C shows the Sin wave produced at each 

iteration-time Ð assuming bit size remains constant: the real is a logarithmic sinusoidal.   
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