
(1)(1)

>  >  

>  >  

>  >  

(3)(3)
>  >  

>  >  

(2)(2)

>  >  

>  >  
r e s t a r t ;
xe1:=(mu-1)/(2*mu)+sqrt((mu+1)^2-4*mu/R0)/(2*mu);

xe2:=(mu-1)/ (2*mu)-sqrt((mu+1)^2-4*mu/R0)/(2*mu);

mu:=2;

w i t h ( p l o t s ) :
p1 :=p lo t (xe1 ,R0=0 . .3 ) ;

p2 :=p lo t (xe2 ,R0=0 . .3 ) ;



>  >  d i s p l a y ( { p 1 , p 2 } ) ;
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r e s t a r t ;
# L e t ' s  s i m u l a t e  t h e  s y s t e m  w i t h  R 0 < 1 ,  b u t  l a r g e r  t h e n  8 / 9 .   I n  
t h i s  r a n g e  i f  t h e  i n i t i a l  n u m b e r  o f  i n f e c t e d  i s  l a r g e  e n o u g h ,  w e  
wi l l  have  an  endemic  s ta te .
e q 1 : = d i f f ( S ( t ) , t ) = b * N - l a m b d a * ( 1 + n u * I I ( t ) ) / N * S ( t ) * I I ( t ) + G a m m a * R ( t )
- b * S ( t ) ;

e q 2 : = d i f f ( I I ( t ) , t ) = l a m b d a * ( 1 + n u * I I ( t ) ) * I I ( t ) * S ( t ) / N - a l p h a * I I ( t ) -
b * I I ( t ) ;

e q 3 : = d i f f ( R ( t ) , t ) = a l p h a * I I ( t ) - G a m m a * R ( t ) - b * R ( t ) ;

b : = 0 ;

a lpha:=2;
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(20)(20)

Gamma:=1;

lambda:=16/9+.01;

n u : = . 1 ;

N:=60;

R0:=lambda/(b+alpha);

epsilon:=alpha/(b+Gamma);

e ta :=a lpha / (b+a lpha) ;

mu:=nu*N/(1+epsilon);

#  T h e  c r i t i c a l  v a l u e  o f  x  ( i t  i s  t h e  s c a l e d  n u m b e r  o f  i n f e t e d )
xc:=(mu-1) / (2*mu)-1/(2*mu)*sqrt( (mu+1)^2-4*mu/R0);

#  T h e  c r i t i c a l  n u m b e r  o f  i n f r e c t e d  ( n o t  s c a l e d )
Ic :=xc*N / (1+eps i lon ) ;

s o l 1 : = d s o l v e ( { e q 1 , e q 2 , e q 3 , S ( 0 ) = 5 6 , I I ( 0 ) = 4 , R ( 0 ) = 0 } , { S ( t ) , I I ( t ) , R
( t ) } , n u m e r i c ) ;

s o l 2 : = d s o l v e ( { e q 1 , e q 2 , e q 3 , S ( 0 ) = 5 8 , I I ( 0 ) = 2 , R ( 0 ) = 0 } , { S ( t ) , I I ( t ) , R
( t ) } , n u m e r i c ) ;

w i t h ( p l o t s ) :
p 1 : = o d e p l o t ( s o l 1 , [ t , S ( t ) ] , t = 0 . . 2 0 , c o l o r = ' g r e e n ' ) ;



>  >  

(9)(9)
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p 2 : = o d e p l o t ( s o l 1 , [ t , I I ( t ) ] , t = 0 . . 2 0 , c o l o r = ' r e d ' ) ;



(9)(9)

>  >  

>  >  

p 3 : = o d e p l o t ( s o l 1 , [ t , R ( t ) ] , t = 0 . . 2 0 , c o l o r = ' b l u e ' ) ;



(9)(9)

>  >  
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p 4 : = o d e p l o t ( s o l 2 , [ t , S ( t ) ] , t = 0 . . 2 0 , c o l o r = ' g r e e n ' ) ;



(9)(9)
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>  >  p 5 : = o d e p l o t ( s o l 2 , [ t , I I ( t ) ] , t = 0 . . 2 0 , c o l o r = ' r e d ' ) ;



>  >  
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p 6 : = o d e p l o t ( s o l 2 , [ t , R ( t ) ] , t = 0 . . 2 0 , c o l o r = ' b l u e ' ) ;
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>  >  d i s p l a y ( { p 1 , p 2 , p 3 } ) ;
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>  >  d i s p l a y ( { p 4 , p 5 , p 6 } ) ;
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d i s p l a y ( { p 2 , p 5 } ) ;
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# Here I  wi l l  show how a smal l  change in R0 can have a big change
in  the  magni tude  o f  the  so lu t ion
#
r e s t a r t ;
#  I  w i l l  u s e d  t h e  s c a l e d  s y s t e m  a s  i t  i s  e a s i e r  t o  s e e  w h a t  i s  
happening i f  R0 is  a  parameter
e q 1 : = d i f f ( x ( t ) , t ) = R 0 * ( 1 + c h i * x ( t ) ) * ( 1 - ( x ( t ) + y ( t ) ) / ( 1 + e p s i l o n ) ) * x
( t ) - x ( t ) ;

e q 2 : = d i f f ( y ( t ) , t ) = e t a * ( x ( t ) - y ( t ) / e p s i l o n ) ;

ch i :=2 :eps i lon :=1 :e ta :=1 :
#  F i r s t  I  p i c k  R 0  v e r y  c l o s e  t o  1  b u t  u n d e r  1 .
R0:= .99;

#  T h i s  i s  t h e  c r i t i c a l  v a l u e  o f  i n f e c t e d .   W e  m u s t  s t a r t  w i t h  a n  
i n i t i a l  v a l u e  b e l o w  t h i s .
x c : = ( c h i - 1 ) / ( 2 * c h i ) - s q r t ( ( c h i + 1 ) ^ 2 - 4 * c h i / R 0 ) / ( 2 * c h i ) ;
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s o l : = d s o l v e ( { e q 1 , e q 2 , x ( 0 ) = 0 . 0 1 , y ( 0 ) = 0 } , { x ( t ) , y ( t ) } , n u m e r i c ) ;

w i t h ( p l o t s ) :
o d e p l o t ( s o l , t = 0 . . 1 0 0 0 ) ;

#  Now I  make  a  very  smal l  change to  R0  and leave  the  rest  o f  the  
system the same
R0:=1.01;

s o l 1 : = d s o l v e ( { e q 1 , e q 2 , x ( 0 ) = 0 . 0 1 , y ( 0 ) = 0 } , { x ( t ) , y ( t ) } , n u m e r i c ) ;

o d e p l o t ( s o l 1 , t = 0 . . 1 0 0 0 ) ;
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#  Remember  that  x  is  the  sca led  number  o f  in fec ted  ind iv idua ls .   
With this  very smal l  change in parameters,  we jump from 0
#  t o  a  r e l a t i v e l y  l a r g e  n u m b e r  o f  i n f e c t e d .


