;> # OK to post hw

| > #Anne Somalwar, hw9, 10.4.2021

=>

[ > read "C:/Users/aks238/OneDrive - Rutgers University/Documents/M9.txt"
>

> #1
evalf (Orb(2-x-(1 —x),x, 0.5, 1000, 1010));
[0.5000000000, 0.5000000000, 0.5000000000, 0.5000000000, 0.5000000000, 0.5000000000,

0.5000000000, 0.5000000000, 0.5000000000, 0.5000000000, 0.5000000000,
0.5000000000 ]

[> SFP(2-x-(1 —x), x)
[0.5000000000 ]

> evalf (Orb(2.5-x-(1 —x),x,0.5,1000, 1010));
[0.6000000000, 0.6000000000, 0.6000000000, 0.6000000000, 0.6000000000, 0.6000000000,

0.6000000000, 0.6000000000, 0.6000000000, 0.6000000000, 0.6000000000,
0.6000000000 ]

=> SFP(2.5-x-(1 —x),x)

[0.6000000000 ]

> evalf (Orb(3.1-x- (1 — x), x, 0.5, 1000, 1010) );
[0.5580141245, 0.7645665203, 0.5580141245, 0.7645665203, 0.5580141245, 0.7645665203,
0.5580141245, 0.7645665203, 0.5580141245, 0.7645665203, 0.5580141245,

0.7645665203 ]
(> SFP(3.1x-(1 —x),x)

[ ]
> evalf(Orb(M,x, 0.5, 1000, 1010) j;
3+x

[1.236067977, 1.236067978, 1.236067977, 1.236067978, 1.236067977, 1.236067978,
1.236067977, 1.236067978, 1.236067977, 1.236067978, 1.236067977, 1.236067978 |

(4 + x)
3+x ,x)

> SFP(
[1.236067977]

> evalf(Orb(M,x, 0.5, 1000, 1010) );
4 +x

[0.7912878475, 0.7912878475, 0.7912878475, 0.7912878475, 0.7912878475, 0.7912878475,
0.7912878475, 0.7912878475, 0.7912878475, 0.7912878475, 0.7912878475,
0.7912878475 ]

S SFP(M’X)
4+ x

[0.791287848]
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(3+x+ xz)
44+x+2-%
[0.7351392591, 0.7351392591, 0.7351392591, 0.7351392591, 0.7351392591, 0.7351392591,

0.7351392591, 0.7351392591, 0.7351392591, 0.7351392591, 0.7351392591,

0.7351392591 ]

> evalf (Orb

x, 0.5, 1000, 1010) ];

2
> spp[ BHxtx)
4 +x+2-x
[0.7351392587 ]
>
>
> #2
>
> solve xZM,x
x+b
b1, JPtda—2b+1 b1 JBPtda—2b+1
2 2 2 2 2 2
>
>
. (x+ a)
> PR S — A,
dﬁ( x+b 7"
1 _ _Xx+a
x+b (x4 b)?
2
1 4a—2 1
> ClI = eval %,x=—£+—+\/b+ a4 b+ ;
2 2 2
2
b1 Jb+4a—2b+1
1 R 2
Cl = — 5
b1 B’+4a—2b+1 2 _
_+_+/ +4a + £+l+Jb+M 2b+ 1
2 2 2 2 2 2
: (x+a)
> d
(S
1 x+a

x+b (x4 b)?

1 24 4a—2b+1
> (C2 :Zeval[%,xz—g-l-g—\/b + a2 b+

an
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b1 b +4a—2b+1

-+
1 2 ' 2 2
C2 = -
£+L_Jb2+4a—2b+1 b 1 b t+d4a—2b+1
2 "2 2 DRI 2

> #C(a,b) is represented by C1 and C2.
> #a=1, b=2
> eval(Cl,a=1)

b3 B -2b+s
1 2 2
5 - 2
b 1 Jb—2b+5 b 1, b —2b+5
2 "2 2 DR 2
> eval(%,b=2)
1 5
I
1 22
2
3 5
3.¥5 0 (3 /5
2 2 2 2
> evalf (%)
0.1458980339
> eval(C2,a=1)
b3 ¥ -2b+5
1 22 2
2
b1 Jp—2b+5 b 1y —2b+5
2 "2 2 DR 2
> eval(%,b=2)
1_Js
1 2 2
2
3 _ 5 3 /5
22 2 2

> evalf (%)
6.854101940

> #This implies that there is one stable fixed point when a=1, b=2

> #Check against Orb:

(x+1)

OFb( gy

, X, 0.5, 1000, 1010);

[0.6180339888, 0.6180339888, 0.6180339888, 0.6180339888, 0.6180339888, 0.6180339888,

2
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(20)

ey
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0.6180339888, 0.6180339888, 0.6180339888, 0.6180339888, 0.6180339888,
0.6180339888 ]

#Check against FP

(1))

[ —1.618033988, 0.6180339880 ]

SFP(M,XJ

x+2
[0.6180339880 ]
#a=2, b=3
eval(Cl,a=2):
eval(%,b=3)
V12
1 B o 2
2
12 12
2+ — 24 N =
e
evalf (%)
0.0717967697

eval(C2,a=2)

b5 Jr-2b+9
1 2 72 2
2
b1 b -2b+9 b, 1 Jb—2b+9
2 "2 2 DRI 2
eval(%, b=3)
J12
1 T
2
J12
T )
2 2

evalf (%)
13.92820327

#This implies that there is one stable fixed point when a=2, b=3
#Check against Orb

orv[ F2) 051000, 1010 |:
x+3

[0.7320508076, 0.7320508076, 0.7320508076, 0.7320508076, 0.7320508076, 0.7320508076,

0.7320508076, 0.7320508076, 0.7320508076, 0.7320508076, 0.7320508076,
0.7320508076 ]
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> FP(M,)C)

x+3
[ —2.732050808, 0.732050808 | 33)
> SFP M’ X
x+3
[0.732050808 | (34)
>
| > #a=12, b=17
| >
| > eval(Cl,a=12):
> eval(%, b=1T7)
4
LAy
0F ’ 9
304
o LTy, )
2
> evalf (%)
0.01592760652 36)

> eval(C2,a=12)

25 Jb —2b+49

-— +
1 2 2 2
2 - ; @37
b 1 B —2b+49 b1 Jb—2b+49
-+ = - =4
2 2 2 2 2
> eval(%,b=1T7)
1 4_ N 3204
T > 9
9 [9 ECS )
2 2
> evalf (%)
62.78407147 39)
>
> #This implies that there is a stable fixed point when a=12, b=17
#Check against Orb
(x+12) )
Orb(—x IETERES 0.5, 1000, 1010 |;

[0.7177978871, 0.7177978871, 0.7177978871, 0.7177978871, 0.7177978871, 0.7177978871, (40)
0.7177978871, 0.7177978871, 0.7177978871, 0.7177978871, 0.7177978871,
0.7177978871 |

:> #Check against FP




(x+12)
Fp| =L
( x+17 7

[ —16.71779789, 0.717797888 |

SFP((”—”),xj

x+17
[0.717797888 ]
#3
solve(x =k-x-(1 —x), x)
k—1
O -
Tk
diff (k-x- (1 —x), x)
k(l—x)—kx
eval(%,x=0)
k

#1'(0) =k Since k>=1, f' (0) is never less than 1, so 0 cannot be stable.

diff (k'x-(1 —x),x) :

k—1
eval(%,xZT)

k—1
kll—— | —k+1
( k ) -

solve(—l <k(1—u) —k+1< l,k);

k
(1,3)

41

42)

43)

(44)

45)

(46)

“47)

#These are the values where the other fixed point is stable. This suggests 3 is the first bifurcation

point.

(> 0rb(2.9- x- (1 —x), x, 0.5, 1000, 1010)

[0.6551724126, 0.6551724150, 0.6551724126, 0.6551724150, 0.6551724126, 0.6551724150,
0.6551724126, 0.6551724150, 0.6551724126, 0.6551724150, 0.6551724126,

0.6551724150]

[> Orb(3.1- x- (1 — x), x, 0.5, 1000, 1010)

[0.5580141245, 0.7645665203, 0.5580141245, 0.7645665203, 0.5580141245, 0.7645665203,
0.5580141245, 0.7645665203, 0.5580141245, 0.7645665203, 0.5580141245,

(48)

49)

(30)
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0.7645665203 |

(> #S03isa bifucation point.

> #4
solve(x=k- (kx-(1 —x))- (1 — (kx-(1—x))),x)

kot JKR-2k=3 Kk 1 JK-2k=3
o k=1 2" 02 2 2 ' 2 2
ok k : k

> diff (k- (kx (1= x)) - (1 = (kx- (1= x))), %)
B (1—x) (1 —kx(1—x))—Kx(1—kx(1—x))+&x(1—x)(-k (1 —x)+kx)

koL JKF=2k=3
> Bl = eval| %,x= 2 2 i 2
ko1 JK=2k=3
ool 22 2 k1 JR=-2k-3
Bl =1 |1 p I—|5+5+ : 1
ko1 JK-2k=3
2 2 2 B Y T o I N 3
k 2 2 2 2
ko1 JKF=—2k=3
Ll JE=2k=3 |2 72 2 el kL
2 k 2 2

ko1 JK=2k=3
2 2 2 Lk JE-2k-3
k 2 2 2
[> diff (k- (k-x- (1 —x))- (1= (kx- (1 —x))).x) :
ko1 JK-2k=3
2 ' 2 2

(32)

(33)

(54)

(35)
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(37



ko1 JKF—2k-3
272" 2 k1 JKE—2k—3
— 2| et
B2:=FK|1 p I—|5+5 > 1 (58)
ko1 JK-2k=3
2 2 2 . £+i_~/k2—2k—3 |k
k 2 2 2 2
ko1 JK-2k=3
+i_,/k2—2k—3 20 2 el kLt
2 2 k 2 2

5 p k|1
ko1 JK-2k=3
22 2 k1 JR-2k-3
k 2 2 2

>
>
ko1 JE-2k=3
_ 202 2 2 kL
> solve| -1 < k|1 3 1 2+2
ko1 JK-2k=3
L NE=2k=3 2 2 2 N
2 k 2 2
LR =2k=3 | [k L JE=2k=3 ||
2 2 2 2
ko1 JK-2k=3
272 2 el kL JE=2k=3 |
k 2 2 2
ko1 JKR=2k=3 ko1 JKR=2k=3
272 2 el 22 2 L
k k 2 2
[ 12
— 2 k—
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('“‘mﬁﬂ (-6 +y7)° 3 1/E  11yT _1] [3
8 8 8 g )7

4

(1+V6+y7) |, 3(1+JE+y7)° 3 /8 177
_ + 8+ n +8+ L3 78 +78]

4

> evalf[— (1+\/§+‘/7)3 + 3(1+\/§+\/7)2 +i+ 17;!? . 172\;/7]

4

3.449489733

;> #This is the second bifurcation point.

> Orb(34-(34-x-(1—x))- (1 —(34-x(1 —x))),x,0.5,1000, 1010)

[0.4519632476, 0.4519632476, 0.4519632476, 0.4519632476, 0.4519632476, 0.4519632476,
0.4519632476, 0.4519632476, 0.4519632476, 0.4519632476, 0.4519632476,
0.4519632476 ]

=> Orb(3.5-(3.5x (1 —x))-(1 — (3.5x (1 —x))),x,0.5,1000, 1010)

[0.5008842103, 0.3828196828, 0.5008842103, 0.3828196828, 0.5008842103, 0.3828196828,
0.5008842103, 0.3828196828, 0.5008842103, 0.3828196828, 0.5008842103,
0.3828196828 ]

(39)

(60)
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