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Check G: witl MATLAR :

clear, clc

a =
syms a0 al
n =9; %number of desired terms 0 “ al - Xz
%al locate space - array to hold coefficients —a 0 q2 -2 X
a = sym(zeros(n,2)); a
% initialize first entries for the for loop 0 ) 43 - X
a(l,:) =10 aij; a0 7}
a(2,:) = [-a0 0]; 5 0 49‘ — X
% 1 Tndex gets coefficient for x~i i
for i = 3:n o 4 G — XS'
aCi,:) = -a(i-2,:)/3i-1); 8 S
end _G ¢
a % display coefficients 15 ¢ 2 X
a, 7
w4, X
Ay
05 ¢ 4 =7 X
(O— 1

wi) G977 X
(<)
Erom (4), y(o)= 1, %0)= 6
Y, (R =Zx + (other Terms in x) . y,/(o)=0
Y?l (x)= 1 Eg—xz * (67%(7’ Ferms in x) >/2’(O) = |

WE},;)'ZZ(O\= - | #0

|
O |

>/(()(‘> ! )[2(7(3 7("”"”' G ][un/mmrnvla/ui",;- SJ/MVL/O,,,S'
(o)
= —l‘)n “ h ., - 2n+
From (4\) y,(x);z_—(wzn)(! ) 2 | (X) Z é I(),, x2nt]

—




[et y: Zﬁn (x-1)
7<7"- (X’/H)\/ = Zéf’,‘ (x—zym + Zan(xﬂn
=9 N=g

o , s / +/ SA/I% )‘n0/<><
T n
- Z&n(xﬁl)n t 40 + z&m-)‘-l (X‘/)
N=o n=o
oo
+]
* 4yt ZU (a,, + ) ()"
. o n— D n-
B Z n4, (x-1) = a, * Z na, (x-1)
Nn=i N=2

=4, t Z (VHZ)Q,HZ (»(V))/)H

6

/N z n-2
>l = 2 V/(n—/)&,, (3(~I>
Nz 2
xy” = (%) +/3y” =
7 )
=2 n—1 -2
g”'(lm/)ﬁy, (7(~/> + Z_ n(n-/>q,,) (><~/>
s J Slux¥{ ;r\/—(x /"'Z/ Ufl¥( 0(4% /s1 (I‘c/\m

ntl

= 2 (re2)nr)e (x-]) +2¢ 4 > nl-D)a (x-1)" %
n=>o n+2 2 n=3 N



N+l

Z(Vr/l)(nf/)QMz()( /) * 24,\4— nzo(m3)4(}’l7{+z>4 ,S(y />
S t /hﬂ(&;&

N+l

= la, t ? [(n+3)(”42)4n+3*("”z)(””>%fz](x”)

Nn=d

'.x/’lfy’ 7f(q+q+2a)

2 ((mﬂ‘)(nﬂ)dmg * (mz)(mt)&mz + (mz) Gty * 4,1,)%](7( /)
R_ (omé ne.
P

= (242 * ql+ﬁ t E [(V\TS (Mrﬂﬁm.g r (VHZ74‘}’H'2 N ](X“/)

n-=

#

. ><7”fy # x\/ =0 =)

(1) 4, = - (4:t1,) , and
2
o

(142) G, ay ¥ Gos, + G, LN 20
(nt3)(n+1)

ney -

()
Mﬁ’f ”7/]’7[/4/3 ylo o/o YLZC (‘M/ow/awlms.
QD anC/ G, arc /'no/f/ormp/MVl. To /"V;/'VL/&//Z%,

5‘(7L — [40 Oj, 4, =[0 5{1]) 41: [—2_“ —%]



SAH{f V_/vt l'hD/fX 5/00\/14 Yo writc ﬂ.f Ve Currenct fc/a(f/'alq

PN
S G, = — (n-1) Gyt Gyy t G,z 23
N (n-1)

/\AJV( Vhat WATLAB vedors ae /-st/) 30 G,f[@ 0J

1

/orsm,‘ st (ov»o/w‘( Gy oul $1dc /00/0, 4s
Lz 18 Aefined Fren a,

clear, clc
syms a0 al
n = 6; %number of desired terms
%al locate space - array to hold coefficients
a = sym(zeros(n,2));
% initialize first entries for the for loop
a(l1,:) = [0 a1];
a(2,:) = [-a0/2 -al/2];
1 = 3; %use [a0 0] for a(0,:) outside loop
a(3,:) = -@i-H)™2)*a(i-1,:) + a(i-2,:) + [a0 0H/(i*(i-1));
%1 index gets coefficient for (x=D)*i
for 1 = 4:n
a(i,:) = -((@i-D™2)*a(i-1,:) + a(i-2,:) + ai-3,))/(*(i-1));
end
a % display coefficients

a = 1

0 a 4,"" (X")

2
5 3| 4 > (x1)

3
T 5| Gg o (x0)

o
-5 el ay a(x*l)
f—; % —»C\( /)

13ay, a
"0 8 4 “7(3( ’)

7/(><>- 4+ 4, (-1 ¢ (75 I 2 2)6e)
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7 ?W&x . ‘3)<7 L“Z 3n4,,,><n :‘?Sna,,x"
n=y nN=¢

N=o0 = 6

o)
7/ N Z‘ V\(H-/)ann’z
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n=1-wo¢
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()
V1!

[3(” +2)(n Tl)ﬁh_,z - (Vh‘/)qqu Z X

=0

3

- (Z‘ X'Z)/I/" §><7/’ 7’ =0 =

3ntd(ntr)a,, ~(ur) 4, =0 , 1N =0

Or, Unez = (nt1) 4y 020
3(n+2)
- L - 2
42 22 Jo 43 T334
Gy = 5 4~ 13 . Ge= 4 ¢ =24 4
! 3.4 2 3% 2.9 ’ J 35 3 3% 3§ 7
<
R (35 4 G Lgp= 1L b
33.2-4.¢ 3-7 3%.3.57
an - /'3.{"'(2’1'7) 40 a - 24}.4.(2‘1‘) 41
3” .2.4.0”(‘21«1) Nl 3‘1- 3§77 (Z#)

Made 140 (2) = 20)26)20~ @) = 2" (n1)

. QM = -3¢ - (z,,ﬂéo Gy, 0= 2 () G,
3".27(n!) 37135 (Zn )]
Nz n 2



2 S ¢ 7
* 4 [ X4 X 1 X 1t =X ¢
! ? 135 f9s
) 2 [ 4 s A
S A SRR S -l S
>ﬁ (/><) /4 29 3/3;2
3 f s 16 7
x) = X t >% F — % SV B
>/2. ( 4 (3§ 94S
&/m/} MVIATLAL
clear, clc a =
syms a0 al x y(xX) y1(x) y2(x)
Nterms = 8; %number of desired terms 0 4 4,'—9 X
%allocate space - array to hold coefficients ag
a = sym(zeros(Nterms,2)); 6 v Crz - X
% initialize first entries for the for loop ay
a(l,:) = [0 al]; 0 -
a(2.:) = [a0/6 0]; C S Sndie
% n_index gets coefficient for x~n o 0 — X“
for n = 3:Nterms 24 al/-
a(n,:) = ((n-D/@B*n))*a(n-2,:); 8 a,
end 0 133 ar 7 X
a % display coefficients 5
y(x) = a0 + al*x; “h o 4, = X
for n = 2:Nterms 432 _ 6 7
g YOO Y00+ @@, Dran, 2y xn; R
y(x) 35 ay ‘ ! XXI
y1(0) = subs(y(),[a0 ail.[1 oD 563 Gg¢ =~
y2(x) = subs(y(x),[a0 al],[0 1]) ‘
ans =
35apx® 16a,x’ Sayx® 8ayxX agx* 2a x° a0x2+_ N
10368 ' 945 ' 432 ' 135 ' 24 9 g mtT
yi(x) =
358 50, 2
10368 432 24 6
y2(x) =

19124-§li4-2ii+-x
945 135




(€)
From (8) | y(0)=1, y,(6)=0
Y, (0= 3%t (oTher fopms i1 x) . y/(0) = 0
Vo G) = 1 F 3 (obler fonme inx) "y (0)=]
IR AIOE

= [ #0

o |
/l (f), YZ(X> 7(0rw1 a [uﬂo/irm<n/ﬁ/5f7l 07f 50/MVL1'0‘75.
é

From (6),
QZ'I - [-3< - (Zy,‘/)go 42’1_” = 2 (n’) Q
3".27(n!) 37135 (Zn )]
N>l n 2|
) [-:3-S(n-1) 24
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D
Yy (%) = R A CEA Ve
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(@)

/et y=> < é? G, %" = a_t j? &%

(& N=

~

o= o0
y' =2 nax™ ) xy's 2 na,x"
n=1i n=i
/ = n-2 =
‘ - "
>/ = Zlm(m_Ognx - ,)Z (M+2)(’H‘I>C(h_fl7(

VH’Z

= Zaz 7 ? /nrz)(h-rlyq
n=|

Z)/ U 7(7/ + 7 =
(?’qz 7 340> Z [Z(Ml)(nﬂ)am tna, + 3a, ]X

< (n+3)4

Zy’# xy' Sy =0 =

(1) ¥4, +Sa, =0

(2) 2020ty # (113, <O =
But () /s (2) with ne0

Gy = - (123) 4, | n=o
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(3)

Ly = - __;jl_ 4q 4., <
2 22 o 3
- 2
by = - S g, - (—/2 35 4, 4 :
2-4.3 2 l-2-3-4
) 155 (z00)
G = (/ (<35 (Lat ‘s qth -

o 27 (2a) !

L/S’.VMB /W/? TLA/Z &Vlo/usz'hi 41/) =

clear, clc

syms a0 al x y(x) y1(X) y2(x)

Nterms = 8; %number of desired terms
%allocate space - array to hold coefficients
a = sym(zeros(Nterms,2));

% initialize first entries for the for lToop
% note a(0,:) = [a0 0], but MATLAB 1-based
a(l,:) = [0 al];

a(2,:) = [-3*a0/4 0];

% n index gets coefficient for x™n

for n = 3:Nterms

a(n,:) -((n+)/(2*n*(n=-1)))*a(n-2,:);

end
a % display coefficients
a0 + al*x; % initialize

y(x)

for n = 2:Nterms
y(x) = y(x) + (@a(n,l)+a(n,2))*x™n;

end
y(x)
yl(x) = subs(y(x),[a0 al],[1 O0])
y2(x) = subs(y(x),[a0 al],[0 1])
ans =
3a0x8_a1x7_7a9x6 a; x° 5a0x4_a1x3_3aﬂx2+ 4
2048 210 384 ' 20 32 3 3 TatTd
yl(x) =
3 _7a0, 5at 342
2048 384 32 4
y2(x) =
_x_7+x_5_x_3+x
21 2 3

U
2-3-2

G,

254 2" 2345

(1) 246 (2nr)

zﬂi-l (2‘,‘*1).’

4

- [V)-H) 4”—2 )n23
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1

0 a] 4I - e
N

_E 0 0»2 = X
3

0 _% 63 — X
Sao 7‘

3 0 4«1. =2 X
ag g-
5 | Ay T
_700 — 6
m 0 Ac X
o -l e, X!
210 7 g

3&0 q - X

2048 0 f
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A—/so) 2’7[é(2m1-23 = 200 2(2>~Z/3>“'2(m71>ZZ’H'(nH)‘.
= (02 ) s (D (! (et )

2 - —
2" (2a41) - (2n+D !

S N (zZn) 2
_ - ntl). An
7' (7(> ) ;o 7"0}.’)(2”)?7(

- G NN T ) e Yo
\/26(\ - Z (2n+1) X

N=o

)

= n
Z(V/ 7/‘— Z Gp (7<'7~) > 4 * f a, (x-2)" L]
Nz o o n=

LD
r .
y =2 na, (x-2)" xt1= (x-2)¢3
Nn={



o 9
=2 na,(x2)" ¢ 3a,+ 2 3(am)a o (x-2)
n=| ’T /TM /
Wy ite out [st term

+ Z [Z(MI)Q”H + nqn] (x—zy1 2]
}, Z n(n—/)a (x-2)"" Z_ (n+2)(n+1) 2 (x—Z)n

26, + 2 (ne2)(nin4,,, (x-2) 3]

N 1T
write out )<t term

./_(x_,./)),’-/—-g?, = £ rom f/f,[ﬂ)[S}

Z/’
(44,430,430,) 2 L20rtdne ),y ¢ 36ea, , nar 30, Jx-2)
= (fay t 34,4 30, ) + ,,z 223104, ,* Sty # (nr )4, | o)’
- . 27 + ()({/Byl 427 =6 =/
() ¥4, + 34,34 =0
() 2(n12(ns))a,,, + 3(n+a,,, * (ne3)a, = O Lzl

/\/OVLC V’Aﬁvé fov n=2, (2) 4ecomes (/7.

2(”1‘2)(’I+I>GM1"‘ g(nu)qm, t (yHS’)ﬂh =0, Nz20




()
4., &/lo/ G, ar /'na/c/zm/rnf-

-_—

aq

nt2

[

- g(}wf) qn“ 4 (mg)an
2 (nt2)(n+1)

Mﬁk@ MATLAR, 34,'7(7‘ /mo/(x Fovan

-—

a

7

-

- B(M-l) G"-l - (MH)G,,_Z
2n(n-y)

]

clear, clc
syms a0 al x y(x) y1l(x) y2(x)
Nterms = 5; %number of desired terms
%allocate space - array to hold coefficients
a = sym(zeros(Nterms,2));
% initialize first entries for the for loop
% note a(0,:) = [a0 0], but MATLAB 1-based
a(l,:) = [0 ai];
a(2,:) [-3*a0/4 -3*al/4];
%-n—index -gets coefficient for (x=2)~n
for n = 3:Nterms

a(n,:) = (-3*(n-1*a(n-1,:) - (n+tl)*a(n-2,:))/(2*n*(n-1));
end
a % display coefficients
y(xX) =a0 + al*(x-2); % initialize
for n = 2:Nterms

y(x) = y(x) + (a(n,1)+a(n,2))*(x-2)"n;
end
y()
y1(x)
y2(x)

0

3aq

- -
3ag
KR
dy
64

640

subs(y(x),[a0 al}],[1 O])
subs(y(x),[a0 al],[0 11)

ans =

3a
—(x—=12)2 0
ag—(x ) ( 7

3a1

4

300 al
=S Tx

90]
64

39 [

* 640

)+(,vc—2)3 (

(x—=2)*_39 (x-2)°
64 640

do
) +(x—2)* (a

+1

-

yl(x) =
3 (x=2)3

8

y2(x) =

3 (x—2)2+(x—2)3+9 (x=2)*_ 31 (x—2)5_2
4 24 64 640

3 (x=2)*
4

+

X —

9(11

39 dgy 31 a;
640

~ (A
~F

\Yg

a d,"ﬁ (X-Z)'
3a 2
Tl 41 - (X"‘Z)
a 5
ﬁ 43 - (X—Z\

q
o Q ¢ = (X—Z)

Ky
Lo = (x2)

31&]

640) +a (x=2)



— 3 * 3 '
V(<) = [ - % X-2) 4 F(x-2)" + Z;(x—z)u+

7/1(X) = (X-z) - ‘3()(-2)24- ZJ:’L ()(-2)3 3 EZ (X_Q)q,,_-.

()
From (O, y,@) =/ ,(2) = 0
g, (x) = =3 (x2) 4 (oHey ferms i x-3) .y (@)= 0
0 () 7 1 = 2Ge2) + (obher terms in o). =y ()=
- W[/, v 1(2) - )1 o/ 40

o |

Py \/: (7() N )/7_(X> ;[Or‘m a ﬁuv)o'/amcn?éa/st%dﬁ 50/@/762:»5.

()
/a leéfrw MaYL ﬁ//m’(ﬂf




(2

40
Nt 2

7

Mt 2

ad =

7 ? 4

L/S/'ﬂg /MATZA‘/@ Cmc/ USI'VMS GZ—

clear, clc

syms a0 al x y(xX) yi1(x) y2(x)

Nterms = 6; %number of desired terms

X0 = 0; %the ordinary point

%allocate space - array to hold coefficients

a = sym(zeros(Nterms,2));

% initialize Tirst entries Tor the for Toop

% note a(0,:) = [a0 0], but MATLAB 1l-based

a(1,:) = [0 a1];

a(2,:) = [a0/2 0];

% ni1ndex gets coefficient for x™n

for n = 3:Nterms
a(n, ) =a(n-2,:)/n;

end

a; % display coefficients

y(x) = a0 + al*(x-x0); % initialize

for n = 2:Nterms % build y(x) from coeffs
yo) =y + (a(n,1)+a(n,2))*(x-x0)"n;

end
y(x)
ans =
6 5 4 3 2
dp X ap X dg X ap x ap X
a3 15+ 3 + 3 + 3 +a1x+ag
. _ G, > aq.
..y(X\—ﬁo+d,X+E—x+3X

\/(0) =) = 4 = 2 \///o)=/

(6’13 Ffﬂm #3, TA( V< uvvence ff/a?zl'm/l ) S

a4,
> V=2
- G
2
’ t fzx‘/+ﬁ s
' /S"X
= 4’/:/



7(x)=1+)<+)<1{—2<_ pX

()
&/ﬁlﬂj /77471/4(/3 - F'f'SYL/m’ f'a): (ao/( S/'n«,,'/ar fo (4),
Z{/VL now) 5«457[/')[M7L( (/(S/'Mzs Cro = \/(0>| G, - )//(0>

clear, clc

syms a0 al x y(x) p(x) y4(x) y5(x)

Nterms = 6; %number of desired terms

X0 = 0; %the ordinary point

%allocate space - array to hold coefficients

a = sym(zeros(Nterms,2));

% initialize Tirst entries fTor the for Toop

% note a(0,:) = [a0 0], but MATLAB l1l-based

a(1,:) = [0 a1];

a(2,:) = [a0/2 0];

% n—index gets coefficient for x”n

for n = 3:Nterms
a(n, ) =a(n-2,:)/n;

end

a; % display coefficients

y(x) = a0 + al*(x-x0); % initialize

for n = 2:Nterms % build y(x) from coeffs
yo) =y + (a(n,1)+a(n,2))*(x-x0)"n;

en
p(x) = subs(y(xX),[x-x0 a0 al],[x 2 1])
% MATLAB coeffs display in descending order p(x) =
% So make in ascending order 6 5 4 3
c = Fliplr(coeffs(p(x), “All%)) i T R T o o
y4(x) = 0; y5(x) = O; 24 15 4 3
for n = 1:4

ya4(x) = ya(x) + c(n)*x~(n-1); €=
end
Y40 (21 1llii)
y5(X) = y4(x) + c(B)*x(4) 3 4 15 24
figure
hold on
grid on
% x, y limits obtained by trial-and-error Px ,
axis([-1.1 1.1 0 6]); ?+x +x+2
Tfplot(y4(x)) -
fplot(y50)) y5(x) =
xlabel “x°, ylabel "y*
title "Solution to y" - xy"" -y = 0° 3
legend("y4() ", "y50) ") §+§+x2+x+2

[a—y

ans =



Solutiontoy" -xy'-y =10

y4(x)
y5(x)

(¢)

/0/0715 §Ylaf7L fo O/e/c«r]L a;fvérr‘ [X/ > 6.75
. Use /x/(0.7

ﬁ;m/m H ] fecurreact fe/avl/'mq 1S &)'Hz: - 4,
N F)
dy 4,,: "4, Nz 2 G, — "4,
n-1

L/S;I’)X /W/ILTZA’/Z) ano/ /707['}.”3 7(0>=40 N 7/(0):4,




clear, clc
syms—a0—-al-—x—y)pOe)—y40)—y50x)
Nterms = 5; %number of desired terms
X0-=-0;  %the ordinary point
%allocate space - array to hold coefficients
a = sym(zeros(Nterms,2));
% initialize first entries for the for loop
% note a(0,:) = [a0 O], but MATLAB 1-based
a(l1,:) = [0 al];
a(2,:) = [-a0 0];
% n index gets coefficient for x™n
for n = 3:Nterms
a(n,:) = -a(n-2,:)/(n-1);
end
a; % display coefficients
y(x) = a0 + al*(x-x0); % initialize
for n = 2:Nterms % burtdy(x) from coeffs
y(x) = y(x) + (a(n,1)+a(n,2))*(x-x0)"n;
end

y(x);
yO = 4; % initial conditions
dy0o = -1;
pCx) = subs(y(x),[x=x0 a0 al]l,[x y0 dyO])
% MATLAB coeffs display in descending order
% So make in ascending order
c = Tliplr(coeffs(p(x), “All"))
v4(x) = 0; y5(x) = 0; % build y4(x), y5(x)
for n = 1:4
y4(x) = ya(x) + c(n)*x*(n-1);
end

y4(x)

Y50 = ya4(x) + c(5)*x™(4)

figure

hold on

grid on

%X,y Hmitsobtained by trtal=and=error
axis([-1.1 1.1 0 6]);
fplot(y4(x))
fplot(y5(x))

xlabel “"x°, ylabel "y
title "Solution to y" - xy"" -y = 0"
legend("y40) ", "y50) ")

(4) .. y(X)—’ d-x -9 +3%

@) y#OQ: 4—(‘4y1J§x

7§(X)= 4—X-4¥1+£x

2

3

+

+ I X X 4 x4+ 4
3 2
(4—1—41i_
2 3

/O/oVL 24 Vlrsz /)qic) ;rgm a!m/z Coa/c-



Solutiontoy" -xy' -y =0
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45
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() Plots starl to s¢porst Sor Ix] 0.5

x| <o0.%

n=o
, 0
I -
)/ = E— Vl(n-l>&n><” A
n:-2
(oA s
(/-X))'” = Z_M(n-/)qnxmz - Zlfl/n-/)anx"—}
n=y2 Nn=2



o) “ = "
= 2 (a1t by, X = 2 (ne)(n) dy X
NnN=o0

N=1
“sh 'HW’S imdicts T

Z(VITZ)(VH’I ? (n1)(n) Gy X

<. works ;‘0;" nN=0

VH"Z

= i [(mfz)(h ’L’)C"m‘z- (hv‘l)(n)é?nﬂ]xn [—33
n=yo0
3 (/—x)),/,+)<7' -y - From f_/})fﬂ)[ﬂ
}? e 106, ,, ~(nt)n)4,,, +na, -a, [F%
=

] V\Zo [(an)(”“) qlmtz E ("“)(")mh-ﬂ £ (V'—Da" ]X

G-y + Xy =y =0 =
(n+z)(nw)qm2-(nﬂ)(n)ﬂlm, +(m—{>a,‘ =0 ,nzp

Or, G,, = 2 q, -~ (n1) g N0
] Nt £ moo =
N+ " (mrz)(m-/)

Or, 4, = N-2q , (n-3) Gy gz 2
4 nin-1)

o
G, = 2%



clear, clc

syms a0 al X y(xX) p(xX) v4(x) y5(x)

Nterms = 5; %number of desired terms
X0—="0; %the ordinary point

%allocate space - array to hold coefficients
a = sym(zeros(Nterms,2));

% initialize first entries for the for loop
% note -a(0,:) = fa0 0}, but MATLAB l-based
a(l,:) = [0 al];

a(2,:) = [a0/2 0];

% n index gets coefficient for x™n

for n = 3:Nterms

a(n,:) = ((n-2)/n)*a(n-1,:) - ((n-3)/(n*(n-1)))*a(n-2,:);
end

a; % display coefficients

y(x) = a0 + al*(x-x0); % initialize

for n = 2:Nterms % build y(xX) from coeffs
y(x) = y(x) + (a(n,1)+a(n,2))*(x-x0)"n;

end

y(x); o o
y0O==3; % initial conditions
dy0 = 2;

p(x) = subs(y(x), [x-x0-a0-al]},[x y0 dyo])
% MATLAB coeffs display in descending order
%-So-make in-ascending-order
c = Fliplr(coeffs(p(x), “All"))
ya(x) = 0; y5(x) = 0; % build y4(x), y5()
for n = 1:4
y4(x) = ya(x) + c(n)*x~(n-1);
end

y4(x)

y5(x) = y4(x) + c(5)*x"(4)

figure

hold on

grid on

% X, y Timits obtained by trial-and-error
axis([-1.1 1.1 -7 -2]);

fplot(y4(x))
fplot(ys(x))
xtabel“x", ylabel "y
title "Solution to (1-xX)y" + xy"" -y = 0"
legend("y4(x) ", "y5(x)", "Location®, "southeast®)

_i_ﬁ—ﬁ—%§+ma3 -“ y/y); ”z f2K-§X
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Solution to (1-x)y" + xy' -y =0
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/8.

(@) Using 1= x5, (x*=1)= (x=1)(x11) = #Cfe2) =A2r2¢
() = ¥l oy oy amd v 0= Y(E)
%x) Y(t+1), oy ;é cnd Y (X =y

o x

J

)/ 1 [27// r (jzf'z,f'))/"—o

/¢y y = Z ant"
(+ +2]‘>7 - Za 27 ?Za p
o0 oo
— Zﬁn_th * E_; Zan—//{_n
Nn=12 e Wri'te out Isf term, combine
- 2401 r Z (an—yf' an-/>/7lh [)z
n=2

7/:?,”%/"' A%y Z””"”'Z(M Na, 1" [2]

n=2

y":_i V)/n-/)&njh-l Z-(mz)(m;) Z/n
Nz 2

a/r/r‘e out First 2 ferms

= 2a, + ba b + 2 (edne)amm £ [3]
n=2



Loyt e Can)y - From L3, [23,13]
[2a, + (za, €4 )4 *

2 [(Mz)(nu) lps (n~1)&n_, G, , t a4, }/fn
n=1

= [Z 4, + (24‘,1‘-!43)]] + mz—l[(ml)(n,_,)qmz *(Vl+l>ﬁ“_,f~ d”_zzj_n
3 y/{_}_ I.'Zy/i_(/{_lf_l/f)/ =0 =
(/» ZGZ =0 ,or G, 0

(Z> Z@o’LéCrg -0, o 43: _)_7(4,0

(23 (MfZ)(n-{r)qm_z 1 (n-u)an_, G,y 0, N2

4;442 = - qi’l-l = 47)"1 \ n z Z
Nn+2 (m+2)(n+l)
Ory Qp= = dy.3 — 4d,., , n=s  [4]
n n(n-1)
! _ ~ -1 __ 9 _ 4
WTR ay=0) qg > T5 4, Ay 7 2

A/OM/ usc NVIATLAL us/'n\g [4] 4%

peclurrence rela to .



clear, clc a =
syms a0 al t y(t) yl(t) y2(t)
Nterms = 8; %number of desired terms
t0 = 0; % the ordinary point 0 2
%allocate space - array to hold coefficients Gz 4
a = sym(zeros(Nterms,2)); _
% initialize first entries for the for loop
% note a(0,:) = [a0 0], but MATLAB 1l1-based 7
a(1,:) = [0 a1]; -5 7| ag =
a(2,:) = [0 0O];
a(3,:) [-a073 0];
a(4,:) = [-a0/12 -al/4]; 0 =55
%—n—index gets coeffFictent for (t-t0)~n 4
for n = 5:Nterms 4o 0 46 —9,29'
a(n,:) = -a(n-3,:)/n - a(n-4,:)/(n*(n-1)); 18

c o
=
i
J
‘&P\

w8
<o
Q
W
4
S
w

=
=
RS

end
5
a_ % display coefficients D2 a1 q- -1
y(t) = a0 + al*(t-t0); % initialize 252 28 ¢
for n = 2:Nterms apg  3a 45,, —"f
g y(t) = y(t) + (a(n,1)+a(n,2))*(t-t0)"n; 672 280
en

y(t)
y1(t)
y2(t)

subs(y(t),[a0 al],[1 O])
subs(y(t),[a0 al],[0 1])

ans =

dy 3 ay g 5 ay ay 7 dpy tﬁ a IS dpy 23] dy IS
4+ )t )+ -\ A2 t
Gﬁ2+2a9 'F(%2+2%) IR T\ e 3 et
yi(t) =
8 7 6 4 3
L oSt v
672 252 18 12 3
y2(t) =
E L (O
280 28 20 4

+1

+1

/\/&W SMésylz'/MyL/'///j X = for t in )'/(/f) anq/yz/f),

4 4 (
\/1()<>: /—é()(~l> ”F;(X—/) -/—/'{;(x—/> + ...

s 7
}’;(X> = (x-1) = 2D - 5 (x-1) o (x-1) + ...




(%)

= (cri)x-1) = (%=1 +2)(x=7) = (x-7)" + 2(x-1)
\/"+ (x-/)ly' ; (xz—/>/ -
y " v (x- )7 + [(X ) +7_(><))Z)'

Lt ys

1 M?;

G (x ‘/)
0

A

[(x D+ 2(x- /)])/ Z a,, (% /)W2 a ?an(x-/)n

Nn=o
/511:[1" rnolex / writc ot |t Ferm
>~ ‘) o
- n¢
= Z 4. ,(x—/) 24 (x-1) t 2'24,, (x-1)

Za, (x-1) + Z[Zq 4, A=) L]

41

1t

oA

y 2 na, (x-N"" (x-)y' = 2 na, (x-)" [2]
n=|

n =i

D

y' = 2 a0, (x-)" = 2 (i, (i)
n=o

-

VUV‘I'V[/'Vlﬁ ouf {Sf' ferm

= 2a, ¢+ 2 (nedd(nd,,, (x-1)"

n+

[
- 242 B ;o (1?7‘3)(”7‘2\4},”3 (x-/) Wite out Ist teem



Zaytdalio) + 2 Gred(ni)gy (o)™ L8]

Y (’4'017[ - ()y = From [1],[21[5]
ZQ°(X—/>42C2"443(X"I)+
Z [(V'13>(VHZ)Q“‘-S rha, 1 an "‘ﬁh_,}()('-/)nf-/

Nzl

= Jg, + /2c0+éa3> (x-)) + V‘Z’:[&mﬂ)(mz)dmg *(nrd)a, + qn_’]()“;sw
. >, t (x-/)zyl F (x2~/>y =0 =7

(/5 la, =0

(2) L, + Loz = 0

(3) (413 n+2) dops ¢ (n12)G. *+ 4, =0 =]

O}’] az=0)q3:—§’qo L. e
Nn+3 (14+3)(n+2>
_ ~_ 1 - N
0;’) 42_0) 6{3\ ch) dhﬁ _Qi? = 4}1—4 \ ”"ﬁt
Z n(n-1)
Or, =" s By, n=2T
n V)(p.-l)




7—4/'5 1S 7LZ( CKaCYL Same récarrence rf/q fin as n (4)

—

resault os YLAT Samc

&/§imB MATLAR ¢ corpolorafe,

clear, clc

syms a0 al x y(xX) y1(x) y2(x)

Nterms = 8; %number of desired terms

X0 = 1; % the ordinary point

%allocate space - array to hold coefficients
a = sym(zeros(Nterms,2));

% anitialtze first entries for the for toop
% note a(0,:) = [a0 0], but MATLAB 1l1-based

a(l,:) = [0 al];

a(2,:) = [0 0Q];

a(3,:) = [-a0/3 0];
a(4,:) = [-a0/12 -al/4];

% n_index gets coefficient for (xX=x0)"n
for n = 5:Nterms
a(n,:) = -a(n-3,:)/n - a(n-4,:)/(n*(n-1));
end
a % display coefficients
y(x) = a0 + al*(x-x0); % initialize
for n = 2:Nterms
yo) = y(x) + (a(n,1)+a(n,2))*(x-x0)"n;

end
y(x)
y1(x) = subs(y(x),[a0 al],[1 O]
y2(X) = subs(y(x),[a0 al1],[0 1D)

ans =

5 3
ap— (x=1)* (“—”+“—’) +(x=1) (ﬂ+“—') +(x=1)8 (”“ + “1) +a (x=1)—

12 4 252 ' 28 672 ' 280

yl(x) =

. . 4 ] 3 . 7 g

=D x=D' =D S x=D", (k=D

18 12 3 252 672

y2(x) =

x_{.\'—1)4_{,\'—1)54_(«\'—[)?_‘_3(.1;—1)5_

4 20 28 280

a, a,—»(x—;)’

0
2
0o 0 Gy = (x-1)
_aD -—
3 0 Gz = (x-1)
AI
dy ay -
~ A gy =X )
c
0 _% qs-"‘) (X"l)
(4
d G, > (X—I)
18 >
Sap @ G, (x-1)
252 28 g
a 3o | G e (x-1)
672 280
ag (x—=1) ay (x=1)°% a, (x—1)
3 s 20

. 3 LA ¢
SN ENER 1 I A CS) I A CE M.

S p vi
VZ(K) - (X—I)*;%(X"/)q- Z-;(x-/) + Z-g()(ﬁ) oo




/(.

. - (—D*
E?UGVZIOV] /0 1S, ﬂn=azf(+1=mal, k=1,2,3, ... (10)
6/:l/r Vl : (n+2)(n—|—l)an+2 +a,=0, n=0,1,2,3, .... (8)
() fe. O
- = = (=7 R
/Ldr [ /) azkf/ ag Z ; 4/ - Zl

0/5/'/13 (%), /(/A(z/; n=l, (3(2)d; + 4,=0 9=
(/0) is truc fer K=
() Suppose (10) s fruc Jor K > 1.
Consider k+1: G

20 F1 allﬂg

/27 (ﬂ, A/Aez/, V= 2K+l nt2= 24+ 5.

% -0

(z(ﬂ rz)(zlm #/) QZMZ t 4y \

oY, 42/@3 T Gy L]
(2k 1 3)( 2K+2)

@/ &%Mm/mzl'wﬂ, (/0> (s druc fw K=>1 so
IL/:af G = (”)k 4,

STy

501457[/‘9[&7//%63 f/v/.S mts LI,



QZ/HZ = - (—/)/( G, = (-1)

(2413)2k52) (L k+1)! (2k+3)]

This /s (/O) bor K+l

- Truc Sor K>1 =7 fruc for K/

(1) 4 (1) =2 (/0) frut for all K 2/

i,
N~

5

Sn+z
G, 2-’5---(3n+2)(3n1-3) xgn
23 (3u-1)(3n)
2:3--(31-1)(30) (30 +1)(3n +2)(30 43)

/
G+ +2) (30t 3) }

an+l = /Xs/ /I.VVI

nN— o=

|
Gae1)(31n12)(1n¢3)

1

=0

2 3""(314—/)(%)/



7—%15 /S VL)’MG ;or c,// X .
Y/(X) Cm’lt/frjrs 7£or q// X.

“n

(2) For s (%) / Gye)

Int Y
< X * 3 (B3n)But)
3.4 (3,,,+3)(3n+z(> x 3n+

_ /ﬁ// 3-q - (3u)3041) j

14 “'(?m\[&q +1)(3r,+2>(3n-)33(§n 1“/)

/<5 |
(3nt2)(3n+3)(3n +4)
/,M,) l ah{-/} - {Xs/ /,'m ( ) =6
N =30 an NI o> (3n+2)(341§3/3n+4>

T/Il's is fruc $ov all X .
yl(X\ Cwu/c\/gcs Fw &// X




[ ¥

> >
[ ¢ = a, X Y RV A Na, x”
7L y Nn=o 1 \/ Nn=o nZ/<r’1.f't ot 18T term
o~
= Qa, + 2 g x [13
h=/

Zxy'= 2 Zna x 27

nz=l

==
/ n-|
)/ = jnanx
n =

1

— 7
)/" = 2 //)(n—/)&m)(’4 = 7(/412)(14”)4”42 x"
n=2 N=o

write out [sT term

= Zag, t ,IZ,(”“X“*’MMX" [2]
>///—2x‘>i,+ ﬂ7:
(ﬂ&a u Zq) t72 [(Mﬂ)(h-l-l)é’,,u ~2na, tAa, Ix”
n=i
= (6t 20)1 2 [idmn)a, s+ (1-20)a, ]

y"*2><7/—)>1 -8 =7
(1) NGy + 2a, =0



v

(2) (n+2) (ne1)) ,,, + (A-2n)a, =0,

Gppp = ~(A2n) g, , 72
(ut) (nt1)

@uf 7"4[5 a/§0 M/oVks ifoy N=0, §A/'7C7L /‘no/ex

Vzo iwl X Ay = - (}\ -2447’-4)&”_2 , nz2
nn-1)

é/s( NATLA L (Ué( v for A as can't 1’7/r A invs /h472/48>

clear, clc
syms a0 al x v y(X) yl(xX) y2(x) % v = lambda
Nterms = 8; %number of desired terms
X0 = 0; % the ordinary point
%al locate space - array to hold coefficients
a = sym(zeros(Nterms,2));
% initialize first entries for the for loop
% note a(0,:) = [a0 0], but MATLAB 1-based
a(l,:) = [0 al];
a(2,:) = [-v*a0/72 0];
% n index gets coefficient for (x-x0)"n
for n—= 3:Nterms

a(n,:) = -((v-2*n+4)/(n*(n-1)))*a(n-2,:);
end
a; % display of coefficients
y(x) = a0 + al*(x=x0); % initialize
for n = 2:Nterms

yO) =y + (a(n,1)+a(n,2))*(x-x0)"n;

323);
y1(x) = subs(y(x),[a0 al],[1 O]
y2(x) = subs(y(x),[a0 al],[0 1])
y1l(x) =
(573 ms) Gt Gy GE) e v E) e
2 2 2
y2(x) =



7_[:< YZKVVV)S V(,'—g é> N (3”2’%) (n y((;a
ﬂnO/ (%/’"3’ ) , (izo/%) (n )’1(70 /C/mVL.

VI(5-3) L v (v-4) - vive)
2 > 7 Y

(L,f>_ V-9
o)t s
}’r(x): | - Z,)SL b Vr-4) L vlee)(v-g) k6
2/ ¢! 6!
Y- = V-2 _y2 v 3. vt _ VL
AR v . V2o Tr0o T zZg T T g
__V_g_ V=ro /=10
>R 42~ 7(

v, (%) = x - (v=2)* + (v2)(v-0) > - (-2 )v-6)(v-16) .’
3/ <! 7!

/ZV{V‘YL)IM(B gack Vlo A

>/,(><)—’ [ - /\Xl G E I Y ) ¢ O x

—_—

2! ¢! ¢!

yz(x) =~ x-(-2)53 ¢ (D-6) «F - (A-2a-9)(A-10) x4
3! s/ 2!




Or

Y (<) = 33(—0" A-9) =~ La=¢nda] X7
n=j (ZVI)’

A
yz()(3 = X f E(‘O” -2)(A- g) - ()\‘ZZf'(h-/)'f]> XZ;«.-}/
n=i (2/4 +i>./

/\/ovze )//(O\ :/7 72[0525
7'/(X) - ‘AX t (07%0‘ ch‘rms N X), . y”{()) =0
>/2/ (X) = |+ (>)"2>)<Lr (07%,,, 716,,,,; n x). )’2’ (O> :_/
L

~Whyy o= (1 o)<l o

O 1

>/r (x) \ yl/x3 ,[(,,W, O {L{V}Oé,m(,ﬂla/ﬁffﬂc So/u%)'onS-

)

A/o/e y,(ﬂ Aag A8 i s
fummav//'m Sr‘//./s. /fmr /\’— 0, L/,g/, , 7‘4<

561147mm//‘07/1 Serszs A//'// errnq/'ha% arw/ éCCome



zfzhl'v/c.
5/"14/‘/01’60 for yl(x) NA/'CZ Aas (A-2)CA-EV(A-) -~
for 2= 2,¢0,.
Mg/'”és \/,(7‘) 4’10/ yl(X) Fronm éf\,
A=0: 7/ (x) 1_1—

2

4 2>
Ned:o y ()= 1= 56 = - 2y

2 g(4) 2
A= 8o oy 0= A T e - £

m—

N=2: yzfx)l X

- _ ¢ = Z 3
A= L fz(@‘x'zfx = K3

- , - & 3 §(4) _ 4,3 4 <
>[ [0 >/1(X)— X—g}-x + _g_! XS- - X 3 X +/5><

/\/OV[L’ Since 7’(><\: 4, 7,(X\) r 4, 72(70) t"ac4
fo/ymom)'a//‘ﬂ dedermintd M/ﬂ Mf y mu//yo//tavt/'t/f

KOHSVlam‘lL? 4, ovr a, .
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For n=002,..,5 : N=0,24.(8. 70
S From (4), The /ao//nowrfé/s, cither y(x) or
Yo (), arc ofdancel, o gett The cocficient
of ¥, 1k Zz‘ﬁlwv‘/awm of Fhe pokynsimicd,
fo be 27 multiphy y(x) or ¥, (x) From
«) 47 an a/gfr%r,'a/c com stany
M) om0, e d=0  yod= ] = x°
coctficient of X s 2°=/
S k) =

W6 - nel= A2 00= X

X s ¢/,< AzSZesf/)ou/uf, S wanf Z’:Z as
Coefticient. - Z}’JX>= H.G6) = 2x

/-/2(70 L onE2L 2 NEY yl(x)s /-2x*

V=2 = Z":éf , S0 ?l as (ocﬁ/'ci'(mVLo; Xl
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(), ) = (i<>: -2+ X

e

3

/713/><>2 n=3=>2=6.".. 7/2(7()1 X'j?;x

V)-‘-Ez? 2»1: 8;) - ga( (mf;(/'c,‘m/ p)r X

/Z/Z(X)= /vlg&)’— /Zx—gxs

/vlgz/ﬂ L nEd = A= §. Y, (X) = - YT L
Vlzﬁl’” l"—’ /C) /6 as Cacgyr/'c/'rnll' [W x7

‘ /Zy,(x>=/v4f(7<> = (2- 4852 F 16RT

———— ———

/—/g(x\ L nESD Q=/o. Loy, (x) = R %x3+/§_xy

n=5= 2h:32, .. 32 as CarH/'CI'rnf gor XS

C32(B) v ) = At = 120% - 160x" ¢ 5255

—

5/1(0) =0 , So sin(x) solns e initia| valac.



;/—y17 ViI-sn’(3 =7 cos®(x) = s (x) ) L=x=?
)

y <) = cos(x) oy =Ty For 2 2xc<
(4)

/?/ 57uqr/hi, (WS/'%W /yl)zr /’7, or

(7’)1* 72— [ =0
Lcrf Y= Z G X"

(ZG?‘Xi ) Zcx)

LvAe;’t C, = Gpa, + G G +... t 4.4,

¢, = 4,4, F 4,4 = 24,4,

(G ~ 49,491 44, + 4,49, - G’ 4 26,4

(3 = Ggh,+ 4,6 + 4.4, + 44, = 24,65+ )ga,
Cy T Ayd, t 9 t q,4, t 4,% + 4,4

= 4, *ZGQ,L 2445




3

- yz(x) = 47+ (24,6)% + (6740 246) % + (26,4, + 24,45) X

1 (g 4 26,0, + za,an" to
Y (x) = Zné%n - Z(m‘/)@“x"
(zo(hu)qm,x) Z(mha ) Zo/)(
mc A, = lontan ([ a] + [ne[za,]e o m&%,]
n 0 n-i l 6

2

&

)]

50, d,
Jd

ﬂ/z - (343>(4,> r (4,>(Zdz>f (4,)(345) = Zga,+ Lo 2
dy = (Faula) + (eg)(24) t (26)045) + (a)(4ay)
= fad4 + (2 aya;

”/4 = (g‘fg’y‘.) + <447)(2‘fz) * (343V343> "/Zaz >[‘/a7>+
CRISTA

V1

26,6, + 4,(24) * Y44,

-~

f

= /Oél A t /6 aydy + ?437‘
. / % 2 2 5
. /}/ ) - 4 F [44|42>x +(24,41*44.43) X 4 (Yc,,é,f* 12 424'3>2<

1 “Oa,qs t(Ca, by t 74;) X .



By /7’\2 t yl-/ =
(4,z+401-/) *(9‘4,&2 42404,)( +(Za,4z+éa,4gf&,z424,>4‘,>><l
+ (§a,6,t 124,44 lg,a ¢+ 24,42)><3 £
(y’)l+ )/2~/ =0, onof y/o) =0 (initval rondditran)
and \//(o) = [, since \/': 7/7-—/7
(0) Gy =0 (from y(o)=o)
(1) 6, =) Urem y@=1) = a'+a]=0

A (roW‘U) _0 {'row (a)
CZ) GZC;/ Gz {-2404/ =0 .. é/az =0, 4, =0
- o ,

/’0 //\ - -
(3) Lo, +Cagagt 45+ 26,4,50  ov fagt]=0, G5= "7

(0}

o, or ¥ay=0, 44=0

N

A 20 Z
(7) YG,Gz,z * /241431‘2404; 144
jwwmﬁf/ N

4, = O a, = (




L/ft /W/M/M Yo ¢om 1rm o bolc (a/Cu/ayl/Ws.

syms n a(n) x
f = a(n)*x™n;

df = (n+l)*a(n+1)*x™n;
st = symsum(¥,n,0,4)
sdf =symsum(df,n,0,3)
s = sdf*2 + st2 - 1;
p = collect(s,x)

c = coeffs(p,x, "all");
I = length(c);

c(h

c(l-1)

c(1=-2)

c(1-3)

subs(c(l), [a(0),a(1)], [0,1D)
subs(c(l-1), [a(0),a(1)], [0,1])

%
%
%
%
%
%
%
%

%
%
%
%

n-th term of F(x)

n-th term of *(X)

summation terms of f(x) to x™M
summation terms of " (X) to x™3

(y )2 + y?2 - 1: add the terms
coltect terms i1n polynomial form

"All" gives coeffs in descending order
number—of -terms

constant term

coeff of x

coeff of x°2

coeff of x"3

% use a0 = 0, al =1 to

% simplify above expressions

subs(c(1-2), [a(0),a(1)], [0,1])
subs(c(1-3), [a(0),a(1)], [0,1D

constant

sf = ald)x*+a3)x*+a(2) ¥*+a(l) x+al0)

sdf = 4a(4)x* +3a(3) x> +2a2)x+a(l)

ans =

a(0)2+a(1)*-1
ans = 2a(0)a(l)+4a(l)a(2)

2a(0)a(2)+6al(l)a(3)+all)>+4a(2)?

2a(0)a(3)+2a(l)a(2)+8a(l)al(d)+12a(2) a(3)

4a(2)
6a3)+4a2)*+1

2a(2)+8ald)+12a(2) a(3)

—
6

X ans =
C'Ol’lf'fanf ans = 0

x{ ans =

2

)( ans =

7(5 ans =

é/az - O y G5 =0
Lag t 1 =0, ay

3?4:0) Gy -0

2
Y(X)= A7 GR # &K + Gx t.. "
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7% 24
y(o) = 4, =0
// (b) = [ = 4 /
(X N A X7+X9
J X= 50 5% 7 2ag " ey

(//s,'mS MATLAR.

clear, clc

syms X y(x)

y(X) = X; % Don"t plot this

figure

hold on

grid on

for n = 1:6
y(x) = y(XxX) + (D)™ (2*n+1))/((2™n)*factorial(n));
fplot(y(>), [-1.5,1.5])

end

xlabel "x°, ylabel "y*©

title "y +xy" "+ 2y =0, y(0)=0,y="(0)=1

legend("n=1", "n=2", "n=3", "n=4%, "n=5", "n=67", ...

"Location®, “northwest®, “NumColumns®, 2)




y" + xy' + 2y = 0, y(0)=0, y'(0)=1

08
n=1 n=4 el
| n=2 n=5 .
0.6 Bes e s ~
04 | / \
0.2} \
\\ \\
> 0 —‘\ "\\
\ \
% \
02t \ \
A \ 7
-06 ‘ e
e
0.8 1 1 I I I |
-1.5 -1 -0.5 0 0.5 1 1.5

[ e vly Zanx 7 Zn(m /)d,,,

N=o

(4/ ><1>>/ %7(1/) 1)& X - fh(n-/)d,,x

n=2 n=2
n(n)) =0 fu n=o |

=0 o=
h
= E 9’(&.+2>(MH)0" X - ? M(m—/)& Xh
NnN<o 12 N=y n

A
= /)Z:o [ﬁz(hfl)(nfﬂawz' /T(M—/)&,)KK”

. (L/'X2>7”* Z[’f(mz(mrﬁ%ﬂ n(n- />4 24,,]?(

-Niniz = ~(M~2}(m+1>

J [&’ (ﬂ"2>(ﬂ+/>4'm1 - (Vl-l)(m-f'/>4y,] X

NnN=o



. : (4“7(1)7//* 27’ =0 = 4(Mf2)(7|+/>6('n+2 - (//]-7_)(“4.04“ =

ﬁf) 0”']’2 = (M—2> qtq \ nZ=0
dln+2)
A, * iqo Gy = — [ g,
§-2 3
Gy = 0 dg 7 —dGg = -1 4
7 -3 q’:;{' /
& 68’7(7/07 Gb) &7 - 3 4'5_ = -3 q,
%) 43.3.505
q? = _i q7 - —3 { Ci’
d 7 7‘7’_3 §79
. G = - ’ 22
o 21+l a, YL

4y 7 (ln#)(Zn H)

g 7
: 7[X>:40+4’>(-ﬁ2x2"j’_7<5‘4,(x - X 1—>
# 4-3 44’*.3-5' 43.3-_7

\/[07‘— O = g, =0 \/'(03=/ = g, =/

S K ]
EC I S SN S
4.3 %1.3_5‘ z,z3 €7 G‘n(zn—:)(ZnH)
f_ an-'

‘7‘ (2n-DN2asl)




Vsuﬁcj AT LA,

clear, clc
syms x y(x)
y(x) = x;
figure
hold on
grid on
xmin = =-3.0; xmax = 3.0;
fplot(y(x), [xmin, xmax])
for n = 1:5
yO) = yx) - (x*(2*n+1))/((4"n)*(2*n-1)*(2*n+1));
fplot(y(x), [xmin, xmax])
end
xlabel “x°, ylabel “y*
title '(4—xA2)y + 2y =0, y(O) 0, y- (0)
legend("y=x", "n=1", "n=2", "n=3", "n=4", "n=5",
-Location®, “south" )

(4-x?)y" + 2y = 0, y(0)=0, y'(0)=1

3 3 3 3 3
nowomounonn

b wWwNN =X

w
N
jy
X O r
-
N
w

/L’)’OVV) 7S W/'7/4 /(:/\



y)=1 = 4.1 yh-o

- q g‘
YO X X
clear, clc
syms X y(x)
ygx) = 1;
f|gure
hold on
grid on
xmin = —3-0; xmax = 3-0;
fplot(y(x), [xmin, xmax])
a=1;
for n = 1:5

a = —a/((4*n-1)*4*n);
yO) = y(x) + a*x~(4*n);
fplot(y(x), [xmin, xmax])
end
xlabel “x*, ylabel "y-
title "y" + x"2y = 0, y(0)=1, y""(0)=0"
legend("y=1", "n=1", "n=2", "n=3", "n=4-,

"Location®, "south®)

y" +x%y = 0, y(0)=1, y'(0)=0

"n=5T e

3323 3 3<
T T
abhON ==

=7 .G, =0

» 4n
-)) x

2 4.7.00...(714-/)(‘/17)
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pre) oo
Xy'= 2 na,x" = 2 na, X
nzy n=0
h = -2 = -
(/-x\y - Z/’)(n—/)d,, XM - Z n(n-1) 4, xn /
n=2 n=2 (4
JSL,‘HM«/” s y S?;w(u

D
= Z(h+2)(ﬁ+/>aml7<h - ? (n+/>(n)4,,,*,><n
n= "l Nand =0, ths

endfire term s Zero

(n 74,>(M}4M;{"
o

(&Y

= M
= Z (Vn‘2>(ﬂf'/\) S .

n-=o0

S Ny

- Z_ [(V)fl)(ﬂ f/)ann_ - (n H)(M)QMH] XM

=0

["X)7“ # Xy Z/ =

Zo [(h 12)(n+1) /. [n*/)(nmml b ng, ~2a, X X

= Z [(VH'l)(VH“/)d””_— (y,*/)(y,)q‘q“ + (”-l)ﬁh]xh

.. (/—X);II t ><7’— / = =7

(VHl)(m‘l)am,_‘(n%/)(n)é’(nH t (n-20G, =0, nzo

?



A
o

I a’}fl = -—ﬂ—— am/ - ﬂqn y /]
nt2 (n+2)(N+1)

L. -1 1 23
y T 263 T [%tnf 4o ts% T gy’3

N
)N

UQ( MATZ/M)? 7[0 KM/MY/C 7L4e Q; ('a(;'){/‘fl'en%f.
/\/OV/* for )’(ﬁ): by 1 G X 4 4z><2f~~~, 7(0)'—0 > 4, =0,
and y (=1 =7 &=

clear, clc

syms a0 al x y(x) T(x)

Nterms = 8; %number of desired terms

X0 ="0; % the ordinary point

%allocate space - array to hold coefficients

a = sym(zeros(Nterms,?2));

y(x) = sym(zeros(Nterms+1,1)); % MATLAB likes to preallocate
f(x) = sym(zeros(Nterms+1,1)); % for these expanding polys

% initialize first entries for the for toop 3 =
% note a(0,:) = [a0 0], but MATLAB is 1l-based p
a(l,:) = [0 al]: 0 a — %
a(2,:) = [a0 0];
% n index gets coefficient for (x-x0)"n ag 0 —S 7(2
for n = 3:Nterms

a(n,:) = ((h-2)/n)*a(n-1,:) - ((n-4)/(n*(n-1)))*a(n-2,:); ay a
end = 5 — X
a % display coefficients
figure % prepare to plot Y
hold on % ) -9 X
grid on 6 12
xmin = -2.0; xmax = 2.0; S—
y(x) = a0 + al*(x-x0); % initialize 4o @ — X
for n = 2:Nterms 12 24

y(xX) = y(xX) + (a(n,D+a(n,2))*(x-x0)"n; % build y(x)

() = subs(y(x),[a0 al],[0 11); % y(0)=0, y"(0)=1 2 ay a ¢

fplot(f(x), [xmin, xmax]) a5 a3 - X
end
xlabel ~"x", ylabel "y~ 13a, 134 s !
title “(I=X)y" + Xy*= =2y = 0, y(0)=0, y " (0)=1" - X
legend("n=2", "n=3", "n=4", ... 504 1008 g

"n=5", "n=6", "n=7", "n=8", __. - -
"Location”, "north®, “NumColumns®, 2) 163ay) 163a, =X

y(x) = subs(y(x),[a0 al]l,[0 11) % show Ffinal result 10080 20160



y(x) =
163x8+13x7+x6+x5+x‘4+x3

Z+ - 4+ 4+ +x
20160 1008 45 24 12 6

(1-x)y" +xy' -2y = 0, y(0)=0, y'(0)=1

10
n=2 n=6
n=3 n=7
8r n=4 n=8
n=5

-2 -1.5 -1 -0.5 0 0.5 1 1.5

N=2 means )/(ﬂ‘— G, t G, x +qz><1 =
Since 00=~0 anq/ 0’2—_40:0'

3
X

n=3 . y(X% X+ 5



5.3 Series Solutions Near an Ordinary Point, Part II

BU(X) = ~XEX) -LX) | =1, gla=¢
FUx) = g0 - x ) - F¥) = 281 - x g W)
#Y0) = ) - ) 1 1) - 4 )
= -3 47(x) - x #£"(x)
L fN: 0 - gl = -/
g (0) = -2(0) ~v = 0
//")(o) = 3(-1)-0 -3

—

}D/ﬂ(x\ - - (L;{) #x) - 3n(3) 769
x?—

[ el MATLAR oo a// TA< (W/uvla(?‘/'mog:



clear, clc
syms—x—ph(x)

phl = diff(ph,x,1)

ph2 = (=(A+x)/x"2)*phl - (3*log(xX)/x"2)*ph

ph3 = collect(diff(ph2,x,1), [ph, phl, diff(ph,x,2)])

ph4 = collect(diff(ph3,x,1), [ph, phl, diff(ph,x,2), diff(ph,x,3)])

ph_ 1 = 2; phl 1 = 0;

% ph2_1(x) = ph2(1) should be a constant function

ph2_1 = subs(ph2, [x,ph(x),ph1(x)], [1,ph_1,ph1_11)

% ph3_1(x) = ph3(1) should be a constant function

ph3_1 = subs(ph3, X, ph(x),ph1(x),diff(ph,x,;2)T, [1,ph_1,phl_1,ph2_1])

% ph4_1(x) = ph4(1) should be a constant function

ph4_1 = subs(ph4, [x,ph(X),phl(x),diff(ph,x,2),diff(ph,x,3)], [1,ph-1,phl 1,ph2 1,ph3 1P

phi(x) =

a
9 bh
55 P (x)

ph2(x) =

d
(x+ 1)5; ph(x)

_3log(x) ph(x) _
x? x?

ph3(x) =

(6 log(x) 3 ) ph(x) + (2 (41 3logn) 1 ) 2 phix) + (_x;l_) 2 phix)

pha(x) =

15 181 121 6 1 2\ o0 4 | 31 2\ 1\ &
(_——;%(x)) ph(x) + ( og(x) 6 (x+ )—_) 9 ph(x) + ( (et 1) _ 3log(x) —F) & phix)+ (—” )f ph(x)

X4 X X X 2 X

X X

1
<

ph2_1(x)

1
|
(=]

ph3_1(x)

pha_1(x) = 42

Since 6 was ot iginelly given in o Sormale, nedd
Fo ase c/#ﬂ%,x,z) for £ cnd c/{ﬁ(/ol)x)Z)
for §7(x) when comstructing J6) and 4.

From MATLAB, 4’0, ¢"()=-¢, ¢ ) =12

————



7//: - XZ)/'_ (S/'/)(vc))7, 5o ¢h(><) B} —xz¢l(x3 ST ¢/(%>
0{”0/ ¢/O>= Ay ) ¢/(O>=Q,
A%o{in use MATLABL ,

clear, clc
syms x ph(x) a0 al

phl = diff(ph,x,1)

ph2 = -(x*2)*phl - sin(X)*ph

ph3 = collect(diff(ph2,x,1), [ph, phl, diff(ph,x,2)])

ph4 = collect(diff(ph3,x,1), [ph, phl, diff(ph,x,2), diff(ph,x,3)])

ph 0 = a0; phl 0 = al;

% ph2_0(x) = ph2(0) should be a constant function

ph2_0 = subs(ph2, [x,ph(x),ph1(x)], [0,ph_0,phl_0])

% ph3_0(x) = ph3(0) should be a constant function

ph3_0 = subs(ph3, [x,ph(x),phl(x),diff(ph,x,2)], [0,ph_0,phl 0,ph2_0])

% ph4_0(x) = ph4(0) should be a constant function

ph4_0 = subs(ph4, [x,ph(x),phl(x),diff(ph,x,2),diff(ph,x,3)], [0,ph_0,phl 0,ph2_0,ph3 0])

phi(x) =

d
2 ph
5 P (x)

ph2(x) =
—ph(x) sin(x) — x> 2 ph(x)
dx
ph3(x) =

(—cos(x)) ph(x) + (=2 x — sin(x)) a% ph(x) + (—x2) aa_; ph(x)

pha(x) =
. A Ay 0 Cd e 02 2 0
sin(x) ph(x) + (=2 cos(x) —2) == ph(x) + (—4 x — sin(x)) = ph(x) + (—x*) = ph(x)
ox ox2 ox3
ph2_e(x) = 0
ph3_e(x) = —agy
ph4a_a(x) = —4 a




Q/X) :4/} (/X)-— [X arl &naéy//‘c ][UV 0//)(-
/(X):/ [515 no Zrro. .. f’aa//;(s a]c (‘M?V(rcj‘rnc-(

}’W 7<0”0 omo/xéfﬁ/ 1'5 - o < X < 0

X7’7—7<—3 = (X‘Z)(x f/y , FeroS gre x=3,-/

171
//x)’—;{%;’ﬁ mmo/ ?()d: X*-2x-3 ayc arm/\/v[/‘c

adout X, = 5[,’4)().
X =4 [4-8]~/, /d;/
Xo=-d: [-4-(D =3, p=3

><O=O.‘/-/~o/=/] /o—_/

-_—

MSc MAT L AL Yo I}no/zr/os (‘)‘S" x +[/ =0



clear, clc
syms X
solve(x"3 + 1 == 0)

;Kb =

%

O : V(%L*(

B =) |o-en)= 0=l

=2 Doy =Vs o p= 73

A

(4)

()

/6()5/. /)/}C)Z 0, 9(70”/; 0%&/7/71/'6 I(ch// X /0:7_0

/(X>:‘/. /0 /7*)52, 7/7(>= 0, qna///eré For q//X- -',/0=¢-’>

F6x)=1 .'./(x) =

<, ?(70: “/, ﬁnaéﬂz/(. }rmfa//X, /gi



i)
/=1, PR)= K, olx) ==, &'mq/y?[/'c for all . Pz e
)
PR, pR=0, 50x) = K'x°, analylyc for all x. . o= oo
§)
PR)= 1%, 2ero of x=1 . ol = T i
cralobic ol x,z0  |o-il=] pl
)
AX)= [\ pCA= %, 500) 22, anahtic forall . - p=o
)
POx) = X has 2ere af x=0. p()= % 15 analylic
ot Xp=l) §00= %=/ s cnelylre af w, =1
[ /- o/=/7 /Oi
(K)
Px) = 3-x° has zews at- x= =73






z ﬂo

) -
)/ = 2 nin-t)anX | x5y =2 ntn)a = 2 neea, x
N=2=2 n=2 nN=o

'- (/—XZ> Zn(h />4,, - Z Vl(l’l“/)qu
N=2 N=0

o ‘// Shi £ ind<x
A
= Z(n-/z)f/qﬂ)ﬁnﬂ)( — ZV’(”'"O%X”
N=o N =o

= Z [(r)—fZ)(V\‘l'/) Gpig ™ n(n-/)éy,] <"

(/~><2>\/ - XY 7‘-0(1)/ =

— "hiqn

-

e
2 [ tidnta,,, - n(n)a, - na, + <%0 X"

=G

3

ll

% [/an\(l/H/)qmz - (mi—of)qn j()(m

Nn=>~o

y

(nrzYmﬂ)qmz - (ml—m)q,, =0 n =0

Or, Ansx ~ (//’—K> y n=0
(VHQ)("?D
= 2
dri Qm = (n-2) - oz = 2
nin-1)
- 2 (/ux")

X _
c’Z = 7 C,o C{s - 3 -2 a,



( : )4 = (32—»2')(1»«»(1)q

- ZZ-%L)% - - (2234, Ge =
¢-3 $:3-2:1 ° s S S ¢-3-2./
¢ (i——) “y (VL) G,= (5 (524), :(fz-x‘)(sfx)(/-x?
6-S £S-432-/ 7€ ) £-8 4.3.2-] K
aln = [(2%—2) "0()’:(... (91{&2)(22—o(1>0(2 40 ] n =2 2
2n)!
2
Rynr) [(Zm~/> Kl} (3% 4 (/ ,<>
(Zn+1)!
7’(X> =
Z 2. 22\ 2
4, [/-%x _ (2544 < - _an) <] ()< 27
2! o ! o (2n)! ..
TQI[X y (l-XZ Xg + M) 51_ [[Zh /) A ] (1=3) 2t
3 g/ ‘ (zni1)! L T]
y(x) = _”i 2_ (2 *)v‘ _ [(2,,.-2)2-’3]---(21—«2)5 2,
5 e TG X
yz()() = X t (I';j)xg + .t [(Zn ~/)Z-o<z]--~(/- o<2> X2m+l+
— ) (ln 1"!T.l

_ +
/,_/ &< Fevos 67( /’)( ere i’/, So 0/5.%%?/'—4 7Cr&m




% =0 To nearest 2evs i< [,

Y (0) = [, y2(0)>o

7,’(><): - K% A (oV‘Z(,rfowrs nx) . WOEL
7 () = 1 (oTher powess inx) oy (0)=]
Wl vy, (o= o
Y, (%), Y, (x) form o fundamental sct of selutions.

= | #0 |

(4)

(1) TF & s M/a/, T han Phere 1S a/ds/v’iuf
/V;{zjuf K s 2K-1=o . . (2k-)) =
As 5/0“/” n @) all terms of 7/2(x)
witl power of xZK”) KSRt Aave

[(ZK~/>ZF0<2-] as ¢ ylf'/VVl /'l/’ f%(/'}/ (ot F1[l'£ren7[§1

i

and so will 4( 2evo. /1(><) 'S a fonive

2k- _ =

Suw WIV4 il’m?/zsl”ﬂau/(f dp X = X



(2) 1f 4« /s even, Mm Fheve /s a/as/v’/l/c
/m‘(jm Est 2-A et p=Kel
) 2/0=2/<12) 50 Z/)-2= 2K = ok.
. For evmm /05/'7‘,\/1 integer Fhere s a
/ods/‘fm ;nhgw Z/o-l = K. A Shown i (4),
all Ferms ol Y, (x) A//'M/)oww of ><2’07 X2/0+,2~(vl(',)
have [(2p-2)"~ "] asaderm in thay
cot$ficients cnd so will le 2ero.
7,(><> 'S o dinte sum witl 6frq7/rs¢
/o&wn’ )(2/0‘1-’ XO(
() Q) mean 3/f/em /os/'/,’w integer w, There s
a/O/nm,'a/ solutiom witl irmfr& pawcr X
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clear, clc

% call below function for coefficients
b = DispCoeffs(1,0) % for yl(x)

¢ = DispCoeffs(0,1) % For y2()

function a = DispCoeffs(al, al)
syms X y(x)

% compute all the derivatives
dyl =-difF(y;x; 1)

dy2 = -sin(xX)*y; % from equation of problem
dy3 = diff(dy2,x,l);
dy4 = diff(dy3,x,1);
dy5 = diff(dy4,x,1);
dy6 = diff(dy5,%x,;1);
dy7 = diff(dy6,x,1);
dy8 = diff(dy7,x,1);

% use initial conditions a0, al
% evaluate all derivatives at x = 0 to get a()*n!
dy20- =subs(dy2, [x,;y(x),dy1 ()],
[0,a0,al]);
dy30 = subs(dy3, [x,y(x),dyl(),diff(y,x,2)],
[0,a0,al1,dy20]);
dy40 = subs(dy4, [x,y(x),dyl(x),diff(y,x,2),diff(y,x,3)],
[0,a0,a1,dy20,dy30]);
dy50 = subs(dy5, [x,y(x),dyl(x),diff(y,x,2),diff(y,x,3),diff(y,x,4)],
[0,a0,al1,dy20,dy30,dy40]);
dy60 = subs(dy6, [x,y(x),dyl(x),diff(y,x,2),diff(y,x,3),
diff(y,x,4),diff(y,x,5)],
[0,a0,a1,dy20,dy30,dy40,dy50]);
dy70 = subs(dy7,[x, y(x) dyl(x) diff(y,x,2),diff(y,x,3), .
diff(y,x,4),diff(y,x,5), dlff(y X,6)],
[0,a0,al1,dy20,dy30,dy40,dy50, dy60])
dy80 = subs(dys8, [x, y(x) dyl(x),diff(y,x,2),diff(y,x,3), ..
diff(y,x,;4),diff(y,x,5), dlff(y X,6),
diff(y,.x,7)], -
[0,a0,al,dy20,dy30, dy40 dy50, dy60 dy70]D);
% compute the coefficients a()
a2 = dy20/factorial(2);

a3 = dy30/factorial(3);

a4 = dy40/factorial(4);

a5 = dy50/factorial(5);

a6 = dy60/factorial(6);

a7 = dy70/factorial(7);

a8 = dy80/factorial(8);

a = [a0 al a2 a3 a4 a5 a6 a7 a8]";
end
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clear, clc
syms x n a(n) al
Nterms = 8; %number of desired terms

f = ((-D™)*>x~(2*n+l)/fFactorial (2*n+l);
s = symsum(f,n,0,Nterms); % sin(xX)
= a0 + symsum(a(n)*x™n,n,1,Nterms); % y(x)

y

h d2y = y"(X)
d2y = symsum((n+2)*(n+1)*a(n+2)*x™n,n,0,Nterms);
% Ffrom diff eq, compute series up to Nterms

p = taylor(d2y + s*y,x,"Order”,Nterms);

% Tnitial conditions for yl1(x)

y1l = subs(p,[a0 a(1)], [1 O0]);

cl = coeffs(yl,"All™);

cl®™ % display in column format

%—initial conditions for-y2(x)

subs(p,[a0 a(1)], [0 11);

coeffs(y2, AlLY);

% display in column format

§1y’ V%{ (a{ﬁf/'m.fmls fo G
Ms,‘,,g Cl for 7,/)«) a/w/

(2 fey }’1(%)

ans =
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120
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Usc MATLAR and /st mcf/o/m( 29 glove.

Aere y

clear,

/1

clc

+ xe’xy =0, oy \/U[x)‘— -xe_x)/(x>

% call below function for coefficients
ispCoeffs(1,0) % for yl(x)
ispCoeffs(0,1) % for y2(x)

b
C

D
D

function a = DispCoeffs(al, al)

syms x y(x)
% compute all the derivatives

dy8 =

% use

dy20 =
dy30
dy40
dy50
dy60

dy70

dy80

a2 =
a3
a4
ab
ab
a7
a8

diff(y,x,1);

=x*exp(~ x)*y, % from equation of problem

diff(dy2,x,1);
diff(dy3,x,1);
diff(dy4,x,1);
diff(dy5,x,1);
diff(dy6,x,1);
diff(dy7,x,1);

initial conditions a0, al
% evaluate all derivatives at x = 0 to get a(Q)*n!

subs(dy2, [x,y(x),dy1(x)],

[0.a0,al]);

subs(dy3, [x,y(X),dyl(x),diff(y,x,2)],

[0,a0,al,dy20]);

subs(dy4, [X,y(X),dyl(x),diff(y,x,2),diff(y,x,3)],

[0,a0,al,dy20,dy30]);

subs(dy5, [X,y(X),dy1(x),diff(y,x,2),diff(y,x,3),diff(y,x,4)],

[0,a0,al,dy20,dy30,dy40]);

subs(dy6, [x,y(X),dyl(x),diff(y,x,2),diff(y,x,3),

diff(y,x,4),diff(y,x,5)]1,

[0,a0,al,dy20,dy30,dy40,dy50]);

subs(dy7, [X, y(x) dyl(x),diff(y,x,2),diff(y,x,3),

diFF(y,x.4),diff(y,x.5),diff(y,x,6)],

[0,a0,al,dy20,dy30,dy40,dy50, dy60])

subs(dy8, [x, y(x) dy1 (), difF(y,x,2),diff(y,%x,3),

diff(y,x.4),diff(y,x.5),diff(y,x,6),
diff(y,x,7)], ---

[0,a0,al,dy20, dy30,dy40,dy50,dy60,dy70]);
% compute the coefficients a()

dy20/factorial (2);
dy30/factorial(3);

dy40/factorial(4);
dy50/factorial(b);
dy60/factorial(6);
dy70/factorial(7);
dy80/factorial(8);

a = [a0 al a2 a3 a4 a5 a6 a7 a8]"

end
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Use MATLAE, st method of #5 alove, Lut recoded

i

7('0 5/700() 1.00/(70;“3 oic' ;&{VI(}Z/'&W$. 7 =

clear, clc
% call below function for coefficients

n =8; % do for 8 terms of x™n
b = DispCoeffs(1,0,n) % for yl(x)
Cc = DispCoeffs(0,1,n) % Tor y2(x)

function a = DispCoeffs(y_0, dy 0, Nterms)
% Series solution of 2nd order linear diff eq
 y 0 =y(@)
% dy_ 0=y (0
% Nterms = highest order of x™n desired
% just change dy(2) below from problem
syms X y(x)
% create array of symbolic terms, "s" is a dummy
%  then assign derivatives to the terms
dy = sym("s",[1 Nterms]);
% compute all y derivatives based on y"
%  from equation of problem, store in dy()
dy(2) = -x*sec(X)*diff(y,x,1) + 2*sec(X)*y;
for i = 3:Nterms
dy(i) = diff(dy(i-1),x,1);
end

% create symbolic array of terms, will assign
% values of the derivatives at x=0 to terms
dy0 = sym("s”",[1 Nterms]);
%-use—initial conditions y 0, dy 0 to evaluate
% all y derivatives at x = 0 to get a(D*n!
% store in dy0() array
% preallocate memory for arrays in ""subs™ command
Aold = sym(zeros(1,Nterms+1)); % will contain "search for"™ values
Anew = sym(zeros(l,Nterms+1)); % will contain replacemnt values
Aold(1:2) = [x,Y]; % intialize before "for" loop
Anew(1:2) = [0,y _0];
dy0(1) = dy O0;
for i = 2:Nterms
Aold(i+l) = diff(y,x,i=1);
Anew(i+1) = dy0(i-1);
% Evaluate derivatives derived from y", dy(i), at x=0
% by replacing symbolic derivative functions with
%  their values at x=0. Store value in array dy0oQ
dy0(1) = subs(dy(i), Aold, Anew);
end

% compute the Taylor coefficients, assign to symbolic array
a = sym("a", [1 Nterms]);
a(l) = dy 0;
for i = 2:Nterms
a(i) = dyo(i)/factorial(i);
end
a = [y 0, a]*; % expand array to include y_0O

end
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K=2: \/,(x): /'3x27.‘. 7/’(/)=~2 F,0x) = yé;)
A5 Y )T x- 35 . O “% £ (x) = 7:2)
Aot ) T =0 KX e § frog = 1
x =< 72(X) T - ’.gXS . Z?/xs— . (N - /S’ pl)= 14 ‘/z(x\
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clear, clc
syms X
PO 1;
= sym("P",[1 5]);

P(l) = X;

P(2) = -1/2 + (3/2)*x"2;

P(3) = (-372)*x + (6/2)*x"3;

P(4) = 3/8 - (15/4)*x"2 + (35/8)*x"4;

P(5) = (15/8)*x = (35/4)*x"3 + (63/8)*x"5;
fplot(PO)

hold on

grid on

xhim([-1 1])
yllm([ 1.1 1.1D
for i = 1:5
folot(P(i))
vpa(solve(P(1)==0,x))
end
xlabel "x", ylabel "P(xX)"
title("Legendre Polynomials PO, P1,-——P5%)
legend("PO","P1","P2","P3","P4","P5","Location”, "south®, ...
"NumColumns® ,2)

ans = 0.0
Legendre Polynomials P0,P1,...P5

—{15??350269]8962576450914878050196)
0.57735026918962576450914878050196

0
( —0.77459666924148337703585307995648 l
0.77459666924148337703585307995648

P(x)

—0.86113631159405257522394648889281
0.33998104358485626480266575910324

(U 33998104358485626480266575910324
0.86113631159405257522394648889281

ans =

—0.90617984593866399279762687829939
0.53846931010568309103631442070021
0.90617984593866399279762687829939

0
[ —0.53846931010568309103631442070021
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5.4 Euler Equations; Regular Singular Points

In each of Problems 1 through 8, determine the general solution of the
given differential equation that is valid in any interval not including
the singular point.

Lef Y= X X (DX Tt e 257 20, o
Lot s 4 +2}-—o) Lo 3r 12 = (rr2)ra)=0
- . -1 -2
2 7: C, X 4 ¢ X

1

Let - (el 7'7 r(xe)) /I - ) (xt)
/Xr/>r[r(r-/7 t Sr i 73/? = 0

3

Pt etz =0, r= 211 4-4(3) -;\—;’

2

£

y = C,/><v‘/l—3 + ¢, [x+1]

(Sz.h(c fa[mi 97(,(0}’( fOOVl§) ﬂceo/aZSO/ufr |/a/u<s>.
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2
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[ e /=xf - x"[r(r-/)-r r11=0,
r°-2r+/ =0, (f‘/>z=0» V=1,

y: C, X + CZK/V,/XI

)

[ Y Y= x" Xf[r(r-I)v‘ér '/];O
’ [ ’S’I7Zs’+é<:-_§r_ﬁ:?

r +Sr —/:0}
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rf-6r r7 =0, (r-3) 0, r=323

3 3
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clear, clc

syms X
f = 2*x~(3/2) - x~(-1);

fplot(f)

grid on

xlabel "x", ylabel "y~

title("y = 2xX"(M3N/R27N) = xXN(N-NHT)
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- ’—7< [C FaS(Z/r\x\ 71625:'/4(2/;4)03
- [ ¢, xj,m[z/nx) (¢ (05(2/%)]
/(;\)——"[CH)] [O*ZF "_-[*Z‘"S

-~ (2) .
. _7__{202:—3,(2- [

- X—i [Z cos (2 /n(x)) = §llﬂ (2 /Vz(x)y]

() Using MATLAB

clear, clc

syms X

f = x™(-172)*(2*cos(2*1og(x)) - sin(2*1og(x)));

fplot(T)

grid on

xlabel "x", ylabel "y~

title(C'y = x~(="1~/7"2™N)y*(2*cos(2*tog(x)) = sin(2*tog(x))) ™)
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y = x""2(2"cos(2*log(x)) - sin(2'log(x)) y = x“)(2cos(2"log(x)) - sin(2"log(x)))
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clear, clc

syms X

= 2*x"2 - 7*(x™2)*log(abs(x));
fplot(f,[-3 0D

grid on

xlabel "x", ylabel "y*©

titleCy = 2x22 —7(x22)log(abs(G)) ™)

y = 2x? - 7(x?)log(abs(x)) B
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() 1298 ye o uxi

>/—‘>0 oS Xx—=0 ) 1 [~Vi-ts >0, ov />M
=44 <], = foso
o gpand fo  0opd

- - yqo as X—20 /'7[ 0</J><Jt/

(Z> /:4/5 m//é"ﬁlt /: /x/é [C,+ Cz/m(xl]

y—avo as X=20 It [im {xl'i/nlxl

X—~=0

Mslmz L‘/J(%I.%a/; cule [ /x/é‘/u i) = i [n(x]
X=2¢0 X0 }X,_-:'
[
_ . — 1
— ///’V) JTI-% - _Z_’ /In/. [XIZ =0
X0 zI% X% ¢

>/—?O as X0 {—{ /5_;_;"/
B I<4p o A>3
y = /X/i[C, COS(/A/n/X[> F G, S/'n(/t/nlxl)j
Where = e~

2
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Sinee ¢ cos(/a/,,,;xz)Jr & s (pln ) 2 (e + 1e,)
e, /7/ 4 /X/%(/c,/?'/czo
7~?O aS X =) 7{V)’/$>Zzl‘

(), ), (3) = 7/-»0 as X=0 /(} ﬂ >0

[ e YL)/—)( oo X" [reees) -Zj’—o)rz- r-2=0r-2)(r+1)=06
..\/~C>< FOX 71; 2¢, % - G
7/(1) TGt =] ; 3<,-/+3r) c, =

[t &
3
] 2=y
SC =271, G ° 3

- _ | 4 2 _ ’/_
ys () xt e (253) ]

as x—=0 7/ will 4 !(wna/co/ ¥ Z =
gW'Yl/th lﬂ‘o/ d¥ V%ﬂ >{ 7Lfer.
Ly=2
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[+ >/=><r XP[/‘(;&/\M(V‘ */L]=O
RSN, P \(x-z)_fm

(2)
(0) (- 98 >0
. =% Yae)*- 44 =% Y- %
-y Gl N =

(t.1) (-« >0
Y=o bl s T4 = (1-x)2>(o<~;)2-7/5
= 44 >0, o f2o
b X< a,,.y//g >0 flen y=o as x=o
(L2) =g
=0 and y =g lX]

11 76
+ ¢, ¢l

y will vot =0 (f « =/

(/.33 [-X <0
x| T
X 2

— o« 0 x-=0



. 7 w/‘// Ma¥/’>o /.7[ x >
/'7( o < | amdﬁ>o amd (”('/)1‘6;5>0 , }l—voasx~>o

(2) (x-) =45 =0
.' E ¢, x| =, ¢, x|
2.1) |-« <0
Then x| 0s antoundid ws x—0
1% <0 can? e trac
2.2) 1-5=0
Then Y=t Glulxl oy o as
-0 cant L e
(2.3) (-« 50
SR AR A PR
Using (' Hoprlal rule, lim 1l il -

X0

: : [~
[RCE. A S P Mk !
X0 {XI > X0 ( 1>{X/ * R0  Ka constant



_. /"ﬁ « < | ama/ (o(*/)’i 7[/5=6\ ﬂrw )/"?O as x70
(A
K<| =7 («-1) 20 = 450, or s >c

/'ﬁ A< ‘”"”/ﬁ >0 amC/ (o(-’)z-ﬁl/ko\ Y70 as XG0

(3> (x-1) - 7/5 <()

| =X

—

: >/:- l%l = [(, (08(/4 /nhd)ﬁ" CZ 5/'V|(/M/nlx)>]

@4 ert //1 = )/;[ ‘(K-/)L
2,
7—90 Gs x—o <t [~<X >0, gy K <]

/Zu/ <[ =2 (O(-/)2>O, So §Z/$>(o(-1)7\=7/,2>o
. /']( K <] &ﬂc/ zé >0 and (K"/)z’y/d<0})/—va as x»o

(()’(ﬂ, (?\ =) /’)i X < | amo//t>0} ﬂrn 7/40 as X =0

@)
/\/OVZK 50/017‘/'&715 YLO (ﬂ\ arc MC/M/{O/, SO exam/nNt
C'QC/\ SYé(f /'ﬂ [a) V’O ;VIC/MO/( (0(,{}40/(0/ SO/MV[/WS,



() &001-%4 >0

- =%, Ve ))*- s =% Y- 7
7Gx TGl =
(1.1) |-x >0

T/H firs{ ferm = 0 as x—0

II | -o£ > 7/(0(-/)7—- 9[/5) ‘7'41 2;«\0/ Ferm =0 as x>0
. (,-o<31>(,<—/>7— 6% = >0

_TF [ —of = Va'/)q'?//S) Yme )’—%(Z as X—=0
(I—K>2—= (o(-l)L‘ 7/5 ’ onol 50/6 =0
f?c °<</ m/w//>20) as )(—57017//'8 {auma/w/

(1.2) [-x=0

15 -76
t ¢, ¢l

<0 end y =g Il
)/%00 G485 X =06 L(/Z(y, 527!0

(am;[ /av( A:/W,\g//g <0



(/-3> [ - X <0
& - &= "= 14
. (x/ -
. (';,,,,IVL Agyc X >/ 7[9—;/ / 7/0 {< 4ouno/<0/
,-. /-f X <[ &Mo//SEO ano/ (o(—l)—{él/g >0, )/ IS 40(014[«0/

as X—=> 0

—= « ,f x-0

(2) G-1) - ﬁ/ﬁ =0
.' \/: c,/xl%( f Cz(xfl
2.0) |- <0
Then <7 /5 wndowndod a5 x—0
klso, 4= (<) >0, 0 /b >0,
s> anef B30 cant dc fruc
(2:2) 1-x =0
Then y=¢ Colnlxl o ys0o gs xv0
A[s0, (~x=0 = B=0.
ey amJ/sro cant {e frue



(2.3) (-a >0
BVENN Y = ¢, Il fx]
The 7{irs7[ Ferm —30 as x~20
From @) (2.3), Tle sccond ferm ofso —0
Also from @)(2.3), pay: vl

CFa<t ond f30 and (o(—l)l—‘//>=o\//s Counded as x»o
Nofe if o(</am0//5’0) (hen (k-1)" 7%% 0
(3) -1)- 4 <0
= X1 o8 (pn i) by Sin ()]

év/;f/f = VML
(3.1) 1-x >0

As in G | \/—$O as X0 conol &< q/sc

n/lwms/5>0 - X< aﬂ«//5 0 = y=0

Sy= g cosCy lnl)* & sin (u lnlx)



Ayl < el vla] and so /s Lomded

/‘//Lz K=/ <2 ~14<0 =2 />0

. /)C0(=/aw/%>0))//5 oundco
(3.3) 1~ <0

7LAC 7L(rm '/_o(f/ Causcs )/400 aS X710
(x|

M

A/so) (-« <g =7 (o<—/>z>0) SO ﬁm,
Cam’f 4@% > 0;40/%?0
<] ano/ﬁ >0 amo/ (x-/)?—-f[/é <0 :72//'8 !oum/f/

A=< [ Omo//j) >0 alf‘ﬁ/ (a<~l>1‘ 7//> g = ){ (S gounofé’c/

@MYL A= anJ% S = (x-/)z—ﬁ%>0

5um;ma/)/ )fm/ (é>
o< ano//d 20, Vhen / 'S bounded G5 X~ 0
[? A =] "”'0//’ >0, 7%rm //‘5 4umo/f¢/43 X =0




(<)
/:—mf /x/r\-%O as x —> N, WmﬂYLf<o

(1) () - {5 >0

(=2 J@H}l-?’é = Yiw-'- 74

7:C7,><'2 TGl :
(//) (- 20

/x’m ¢, (><{r—9oo . Cany /al/c X <[

X— 0
(/_ Z) (—L =

lm CIx] > 50 o« F |

X 64

(/.3) /- <O

r

/“_f ~ Ve -4 <o so //m & [xl 2 o
2

xFoo

For I« +7/a<*/)1'5‘/5 <0, Hew,

V)95 < x=| =5 (£-1)" g < («-1)

=/ %>O
P EY amJ/f>>O ano/d(-/)l-?‘/wo, My =0

X=> o0



@.1) 1- >0
)/__; 2 a8 X=>.o . (;14’;/ Zm/c << |
(2.2) (-x =0

'. >/: C,f*(z/m/x/7§o >/~—7,0g5 X —7 0
R N
(23) (-x <0

| ==
C /5(/ ~ >0 g¢s X —= 0

-

é/SI}’)g é/v//l/{a/s ru/c ;144 C[x[ //X] =

XA

G im /n/x/ = C, lim /% —

xo  [x|% xvos () [x15

k /;M /X(Eﬁ( =0 ) £ « (‘avysvcany‘—

X0
/\/OVZC [~ <O =) 71/52(0<_/)L>0 =7 ﬁ>0
.- IZ£K>/awc/ﬁ>O an&/(«/ 7[/5 0 //h/,>/~0

X200



(3) (p(v)l' ﬁ//é <0

=X

—

: >/: l></ = [C’, (05(/{4 /n,Xl)f' CZ 5;14(/01/41/)())]

@Acmﬂz @L;g—_/f
QZ].Q ¢, ros(/,/n/x/) t Cy 5in (/t/n Ix) 05ci/lates
Letween (el ]c,])
B.1) -« <0
/K/r—g O 80 ¥y=0 as X7
Mode 1-a <o = (x-/)l> 0 so ?Z/6>(o<“/)2>0 =
A0, L ks ono/ﬁ>o, NG
@ﬂ | ~X =0
As alove, Y sscillates as x— o0
X E
(3.3) [~ >0

(=
T e a5 ke 5oy e

- (an’/ Aal/ﬁ K<L |



/F X >/ an;//s >0 ano/(x-/)l—ﬁ% <o, 7‘40,, [in, y =0
D), @), (3) =

/‘f X > ano/ﬁ>0 Vch /*‘70 A8 K3 D

(d)
For c[xl” fo bc boundd as x= = wont r=o
(1) @«-/)2—4//5 >0

«, Vla-))'- 4 = Yo'~ 7t

2 2 + CZ,X} 2

(

y = G lxl
AS 54%!/14 fn (<) a!ow) F A</, Then )/—17,49

AsS KX == .

[- X <O . 71-4(1/1 CZ{XIT’ﬁO GS X T oo

—X - 2_
= rm:

(WS/'&‘/KV Yerm C,{X/

_7—7f [~ ¥ }(o(—/)"-y/g >0, 7/ .0 //Mq ¢, }x]f:oo

X D oo

TF I + V48 =0 Tl Jim ¢, %7 ¢,

X

J/—-Y' | - A~ fV(A—/)l‘fﬂ <0)7"Zr,1 s <,/></r20

X0



/&/o;/¢ /fxfm £0 = mix~/
ang sinece m 20 () 1 = ()
=7 0 < %6 or f20

L ks land 20 wnd o) - 9420, theq as x =,
)/ ['s «!Ooma/ca(

(2) (x-1) - 74 =0

. = G Ixl = + ¢, 1] = L ]x]

As shown in @) adove, cand have =/ So.
)l Aoe This meams 8- e0 = g
As shoun in (<) (23) /f a1 anr///é—w) 4/517:0

/\./07£z . I';' 4 >/ anc/% -0, Ca/llf Aau/( (o<-1>1—§1/5=0'.
K>/ an/ﬁ =0 =2 (‘0’)’10/1'{/'0’}4 6)07 é) \{f/o‘ﬂ).

.: >/:- {)</ [(‘, (05(/(4 /V;,X[B t CZ S/'m (/M/HIX)>]

Q/Af/‘c Y VML
z



//'m C,(‘os(/(/m/x/)f ¢y 5o (pul Ix) oscillates
o etween (el ]c,])
B.1) 1-x<0
Ix]" = 0 s Y20 as X7
Note 1-a <0 = (1) >0 so %> -1)">0 =
A0, o ks ono//>>o, X
Alote: o >] and 570 =2 (i) =98 >0, 0 cant
Nave condi{ion (3), and so musy
have conditron (1).
(3.2) (-« =9
Y= ¢ cosCulnlxl) t G, $in (o y 1)
Syl E Tl 1G] for ol x
s ey y s ounde]
Mote x=1 = ~4h<0 =2 /5 >0

/.760(=/l /)>Ol awo/ (K-/>2'7/5 <0,/ (s Zoom/@/

/\jov[f o&=[1ﬁ >0 = Cv(-l\)z‘?z/f) <0 Q/A/‘CA 1‘5 (3-2)



(3.3) [-X >0
(x/r—? * as X T, .. (mft(gaw X</

/-1( X > [ ﬂﬁa//é>0 ano/ (x—/)z—‘]%<0, A'm 7 =0

X2,

() (), R\ =7

/‘f o > anJﬁ 20 , 7—4614 7/ RS ocmo/m/as X = 5

1.1C A= ﬁnO//>>O, 7461/; 7/ /S 400«1/:0/(0/01& X7 2=

(e)
This is the intorsction of (&) and (o)
OF Z(d)ﬁ (X =< and fo20) or (4= ano/mﬂ
(/) {x,/g; (x>0 and f 20) or (= / ano/ﬁM)g

E 50(,/4: X =/ amq/ﬁ>o;
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Gl'l/m \/: 7<f 1S o SO/uf/'om.

\/=

/

_ r-z
rx" I) y"—‘ r o (r-nNx

xly"fmxy’n47=>8[raﬁ)+xr7ﬂ]=o

r(r-1)r =<y 1A= (i) oo

[

/gu{_ r o /6/01'43/(0/7/0# =7 }’5_(3%_—’) =2 2r+m=/ EZZ

/\/Mt/ 57/054 7: I/(X) Xr S a So/uy[/'m

. !
/

- r /[7’. )
)/ "V x t rvx

vx"r oryx’!

=1l

/
try x

-1 2

Fr(r) v x

) -l -
=Xy 20 X orar-X TN

2 1"

Ky

2 oy 2y
x TV 4 20X
1 P<Xr-//]/
\4’\/[21
/‘-[-Z // y‘.i.

) r
v+ r(r-1) XV



- X'%/Xl\/”f X]/,) =0 Since x>0, x" #0

2 /
xv'txv =0, or v’ o !
v ~

Imlf@rav‘/mr} ) [ (V) = = [n(x) 1 C, ¢ a comstant

c

or U= 7/:—’ ) comS fanl < €
j__wYLwSVo,yL;‘hrj Cf‘}&ll‘ln, V[X> = k//m (X> t kz

7 - v %' 2 K ) (=) F K, X"
gltnCC Xr wesS a/r’(om/y & SO/UY/lm’i, an fVlO/;denO/fn?L

So/w‘/-mq (s = x /M(X)

/K/ovlt W[Kw, X /m(ﬁ)] = x 70

5;/ P eos(pinx) = 27 cos (plnx) = X sinl o) [5]

X

_p—/_ )(AS/VI(/I/{/V))(» = )\ XZ’ISI.V)(/{/HX) 4 XA COS(/M /qu)[%]

A % :
: Xj (os(,u/nﬂ xks;h(/u Inx)
- X-1 .
7\78,(05(///1’#3 A X Sw;(,a/nx)
= X}\ 51‘1/) (/‘/MKB [{;T + X?\Cos (/,f/m(>[/—g]
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2/ - 221
- AK ,COS(M/’IX>S’”’)(/1/VIX) + /f/(XA(OSl(/u/nx>

/Can(c J cos™ t sin* =)
- >\K (05(/(/‘/”\7()5/1/)(/4/”K> T M X 6/'/42(/4 /mc)
2 x=|

= ux

(6) Stondard formation: y'+ ) 45y =0
3 2
//.M/) X(ZTQ) - _23 //'W/] X (Z) =0

X710 X0

/g07% //W)/)[S Gre I{MIY/f =) X=0 4 f(ju/a/ S/}')ﬁU/o!V/)o/Hf
(4\17/)/—2‘&% Xy = 2 G, %"

N=0

o= o o°
7’: mZ //)a,,x"—/ = ?(m/)anﬂxn - c,{ # Z(rlf))dm"xn
N: o n=/

=

p—4

- 4, 1 Z(H*ﬁﬂ( _X

n=o

n+|
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< ntl
BQ', + Z [Z(an)(n+l>qml + S(mrz)sz + 6(,4])( *
n=o

LD

- .

- 36'11 + ZEHTZ)(Z’ITS-‘)qnfl +Gn]xm =0
Nn=o

G, =0 Ona/ (”lfﬂﬁmf\amzf—qn =0

- - &
2PN "
M 2)(2mr€)

42 = - Y 03: - 4 _ 0
z2-s 2
4?‘_:—@2 - ﬁo 48,-:—6?5 :.O

4.7 2459 e
Z, = — Q4 _ - 4Gg,
(13 2465903

4 ¢
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7%( onte 50/0/7[/'71/7 anéx a/e/cn/s M &4, arm/ /5

a Nom 2 ctro So/uyé/'ma fw 4, + O .

(a\ §7Lano/afo/ Foym: )/ + 2_><7 - Yy~ 0

Z x>

/' _é> _ 3 l+% /
v X (Q,Q - 2 /VVI X ( = —Z
X—20 X=20

/307% //'M/fs are 7C)'VII‘)Z< =7 X =0 15 a f(ja/a:f Sz'njw/o,f/ainf
(é> [t / Zam(

D )
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= 40 L (00f4,>7< 1 2{ [&VH'I t 4,,,) X
n e
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T8 SRR A SR TSN S
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. 5%7/: Sa, t 2 Xnw)a,,, X
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2%17/” = Z/ Z(n+)n a,,, X
m'—_-

2><2>//’ + 3><7/I~(/»‘><>7r (qu—a )- [4 +c.>>< *
Z[Z(wﬂ)n Ry T 30 G, ~(Gps1 ™ G >]7<

Za) #2h 3“43 /
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e

50-6, =0 andd 4,+6, =0 =7 4,70 and 4,=0
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21 tShtl
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For €)= 5%, Jef u(ecd) = y(x)
50, {or (xam//f, F YR = 20 b, (hen y(@)= S
s6 ule@)-ul($)=5 | almzul(@)m203)+)
So U= XA Mo ubd 4y, b
u(;ﬁ)r y(x)

Ug/‘mg V’Ar C’Aa/lh VM/C) ancl u.Sl'l/eré- z'msﬁao/of fl

:7/]: dulew) - de - c/a(_iz>__ _c-"i([z_

du 4.
de I~ Je ' F



(2( L/a _ € c/ >( @"> = 2¢0 ¢ ¢fu”

. /(X)yll" Qﬁ)yt 1 ﬁ(x))/‘ ) !cromrs
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)
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€20 nof an oro/;'har//oome)' (e, ome of Fhe adove
cocfficients for u' and v does rot have Comvergent
Ta//mf CX/ans/'oMS at ¢ =0, but bo?h o5 He
foflowing do (€ #imes Yhe first, € fimes the second):

€ [2/”(@')— é(év} and ()
PE) | ¢ c?

e L)

Led €3 %, ulet) = ul$)= y(x)
Here, Pl)=1 G(x)=0, P(x)~ I
P Q)0 p02)-]
l \//' ty =0 Lecomes
|

3
u"+ 26w v Luco, oy u"i Zu's Hu=o
é
6'—)

. 7 + ;
/\/flﬂfr & Noy ¢4 1S &Vla//y’/‘c mL C =0



¢ 0 /'s & 5/‘ﬁju/q—f /d}y{yl.
6(§>: 2 1S ama/yy[/c al e=0
/
But € (&)= & 15 not

: A =0 oy )(:aD [\S an ,‘/‘f(juA,r Sl\Mju/:ff fo‘/rnYL.
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A
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E =0 or X= A /'S & /.rfrju/&/ §/hjg/af /00,';7yL
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or Tr St =Ly
) M z /4 "‘ZS—O/ -0

/\/OVL mm/fwar/ als //’/’h e - 02
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[ (<) [x»" fy, —y[] + 2\/1’ toxs" rg'os
S

_ = _ﬁi nx”
/"/»’074/1 )//(X> . V)Zo(h,>z , o Dt
= 2 n-/ = 2(nt/)
_ " ; n
27! i nZI (nt)* - ? CITINESS

7—4f D/(V[/O//WIHIVL 07(' S(K) I'S 7%( Samie Qs 7’,()() “S]Ini

Z[’\/] = 7(7/” 4 yl_y’ A/A(if 7/: ,'Z':ognxl’#hN FW
LLsS, Sef v=0 and 4, =0 Sinee §= iénxn
. L/SIIVIS [7,] | ﬁno/ SfVL)z/'/li r=0 ana/

ffmfmgz»f/hg go =0

)



[ [s( = f [Cnt1)(n) 4, +(nti) 4,,”, ‘4,7]7()

nti

f Tl 4]

- From [ZZ Zy' v L[s] = p =2
(VH’/) e
Z [(”7‘0 !m; b ]x = [ICm;)f]l

_ Z(n-*l) _
4 = én—[mz , n20,4,=0

(n+1)?

) n (nt)?
1/)2
MS/V)% M/'Il/AA'/Z)
clear, clc be = o
b0 = 0; ans =
NumTerms = 5; %up to b5 )
b = zeros(NumTerms,1); , _;/4
b_last = bO; . 11/108
for n = 1:NumTerms ' 4/553
b(n) = (b_last - (2*n/((factorial(n))"2))) /7 (n"2); ' -1/3153
b_last = b(n);
end

b0
rats(b) % display as fractions
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5(x) = Ix R R
2 3
YO0 = L Xt X K
Y
- 32 2 Y
Yy (<) = B0 () = 2xm K- e Kom o Xim

for 7“44» Soke of (am/a/fi'enfﬁ, Use MATLAR to fom/dufe

-—
-—

4s

7y

%an(r) , whete a, (r)

[(rsn)(r +n-

)

D (ridXrsn) ]

So that yz()() /S Trom efuarl/'w; (17) /'y the fext.

o0
= yi(x) Inx + x" Za,’z(rl)x”, x> 0,

n=1

Here, x" = x": |

clear, clc
syms r

ans =

o]

(17)

NumTerms = 4; % degree x4 a
a = sym("a", [NumTerms, 1]) I 3
s = 1; a 1
for n = 1:NumTerms 2
s = s*(r+n)"2; a 1L
a(n) = diff(1/s,r,1); 3 108
end a 25
subs(a,r,0) 4 315G
= s
> ) < 3 2 o 3 2 g
X = % -nx T X - X Tt
X "l 4;4 (V\ 2 7- /Og 3,{_{(
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V;//o;/ ew/amsfmq 7£c/y 2% (S 2X

S0 ﬂ,——O \ /)I?Z)/Z:/g:,,_/nzoiy]zz

T;//ﬁ €f/an/‘m 7(mf 6X ex .S
3
K‘((/fxf' 2-(2—2\-1 2%‘""%1—)

2 3 I
6wt O+ Sx TR OF 2 r... n20

S0 ?ozoz ’éw?z=£77z=g774:/7'“
0{5//43 7(/(7&)" R )737(75:;2‘;6%%

Z(Yé 7 ZQ P\ M) Z[)/z: X27'/+ x(></)/><>)7'+x27(x>/
Ff&’m Z[7(,1—0 qno/ /((f>= '”('”~1>+/ﬂ6r+70= /‘(f—/)

Since = 9,70, We Ge v

n—I1

F(r4+ma,+ Y a((r+)pas+ais) =0, n=1. (8)
k=0
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sice FOr)=r(r-1)

[6)
/) = / q, = - kZﬂ,QK [(r‘-fk>/0,_k t+ 7’_/(] : - ﬁo (fﬁf-?lj
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= -4,(artg)  p-2 g6

(r+Hr

- (2+6) = -4 4.1, r=]
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\

n=2: - —Zo y &ﬁlk)/pz-/( t 7z-K]

Cre)(r41)

:—.[4‘0(’/\”2 4 723 t A, [(r‘*l)ﬁ 1-7)]
(r+2)(rtl)
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(ri2)(r+i) =t 9=
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/I§ 7%4 Con/)/u%ﬂr'[/'mas are SIYLYZMS moye If}/jy/a/l/co/)

US ¢ WMATIAL .

clear, clc
syms a0 r s sn frn

ans =

NumTerms = 4; —4
pO = 0; qO0 = 0O; % preload values of p(n), q(n) 17
p=1[2000]; 3
q=1[66 3 1]; 47
a = sym("a", [NumTerms,1]); % create symbolic array —=
for n = 1:NumTerms 12

s = 0; % initialize sum 191

for k = 0:(n=1) % code for sigma from k=0 to n=1 120

if k == 0 %MATLAB is 1l-based, so a(0) not valid
sn = a0*(r*p(n) + q(n));
else
sn = a(k)*((r+k)*p(n-k)+q(n-k));
end
S =S + sn;
end
frn = (r+n)*(r+n-1) + pO0*(r+n) + qO;
a(n) = -s/frn;
end
% display coefficients a(n), using a0 =1, r = 1
subs(a,[a0 r]1,[1 1D

/ 191
q{:-ﬁ[)allj)é%- /2\14’7‘/7_0

~
R
~

[ S A

— Jj
= 1 (1-9x 1 G = 555 ¢ e’

y(x?z - It /_,7><3 fi_"x?-; /i’x{w--
’ 3 /2 /2.6

Fw )/2/><> ) Cam’f ust a!m/t mcf[)an/ Wésfff‘uv‘/'nﬁ /=0 )

a S F(;rm)’ (rrh5(rv‘m-/>, SO {W r=0,

F(rin) = nn-), so for nz[, Flri)=0



Thi's crrates diyision §/ Zero.
L Lo V() = 4y, () hx) + X (1 < Cm")
= Ay, ()t (/fnZ:,c,nx\
ﬁ/lo/ subst, dute ylfx) | N Xy"+ 2><7/+é<7>/ = 0
MS/'mg Lfy] =Xy r 2><y'+ 5€x7; R 2(’,,)("
So Y, < ay, ) + S
DALy s L [ay ko] = L[S
= ax[y, ]+ 2ax[y, o] ¢ bac*ly mx] + LI5]
= o [y hed e 2/ () (4)]
$2ax [y hey 1 1 ()]
*6ae [y (O + L[ST
: 4[><y, b 2xy, Léey]/n/x) =ally ]O/ («) =0
t Zay # 2ay = s [[5]
21y, 0= 2ay, + 2ay, - e L[s]=0
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,[—rdlq/] &(Zavc) \/li X - %(2 AR,

3
Use MATIAR Yo oy e accunte

clear, clc
syms a n x yl c
NumTerms = 5;

% compute -a*(Qyl® + 2yl - yl1l/x%x)

ay = [1, -4, 17/3, -47/12, 191/120];

yl = 0;

for n = 1:NumTerms % create yl(x)
yl =yl + ay(n)*x"n;

end

% needthe simplify(yl/x) to makea polynomial

pa = -a*(2*diff(yl,x,1) + 2*yl - simplify(yl/x));
[coef a, ta] = coeffs(pa,x, “All");

coef _a", ta" % display vertically

% now compute L[S]

% create symbolic array for S(x)
c = sym("c", [1, NumTerms]);
S=1;

for n = 1:NumTerms
S =S + c(n)*xX™n;
end
S1 = diff(S,x,1);
S2 = diff(5,x%,2);
e6 = taylor(6*exp(x), "Order®, NumTerms);

ps = X*S2 + 2*X*S1 + e6*S; % L[y] = xy™ + 2xy" + 6ey
[coefs, ts] = coeffs(ps,x, All");
coefs™, ts™ % display vertically

ans =
ans =

Cs
_191a ans = q

60 /xj %'F('j
_T19a
120 x4 §+¢-4+3<-5
193a 3 o
12 X I‘+('_‘+3r'4+f)r’5
2 .
_62_& X (_Ii+c-3+3<'_\+6('4+l()c‘5
X |
10a ci3et6ci+14c+2005+2
. \ 1

3o +6e+ 123+ 12¢4+ 1

6('|+IUI‘.'1+6(';+3
- 4 - P 3
a(27; f27, Z?) 8¢, +2¢,+6
e 6

2
L [s7]

pE———

- 47 )(9 4 /_z/ )<{+
/2 /120

c am/qua y[;'aw S.

ans =

N
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TA/'g (‘ou/o/ a/So Zr Dé?lw/'qfo/ {/ 714///}73 c//c

{/'VVI:')L aq = /I'/’Vl (V\/‘l) QN(V‘) : /ylzr() Vyp=0
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God N=l, Fean 1i-ry=N=1-0=/
l

I
n..
Erom atove, 4,= -5

n . 4/< [(rfk\/on-k ! ?n—k]

Cren)(r+n-1)

6
Q } Ql - __Z: a/([(l’fk>/)[—/< r 71—-/<:( :“Qo/r‘/ﬁl+?l\

N 0
“ Cre0)(r) rr+)

S Lm v = lm o -a(rpig)] _ -dq

"o r—o r(v+tr
ﬁ:’ww a!m/f] ﬁo=/ ano/ ?I;é
0 fim ora s -(06) = - C

r— 0
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FW r\Cc{M//f) fiaﬂY//'Mi fa(fj/'c/cmvzs 7(0\/ {l.e Xh fcwms,
QMO/ o{s/'n3 = -G,
X §c, t 2c, = -C¢

2

X beop + /0 + Leg = 119

X 5¢+ e, + et i2ey = -/_gs’

With eacl addiiiomel guation, an add bl
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G curalt es wations, more termrs o v, (xX) neeol to £,
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fosz/fl?nz/s Can {r Ca/Cu/QYZw/ an/ymzfjrf' YL/e.
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answer i Fhe Zack of Me Fexd. et C= [
&m/ reate ar/a/ A ron /[s] o

//4

AC= B- Xt cobere Xea=| 5| | the

('6’”5/07;{3 Lu/a) [l- Co{)‘f/'(/r.nils /‘h Z[SS Gr)’c}/.

MS(' /?]A 7_1/4/3 YLo 50/1/( fZ( 5/"’”‘4/7[&/!{05/5 fﬁm;//‘fﬂs.

clear, clc ans = —
syms a n x yl ¢ ans =
NumTerms = 5; _191a 5
60 /x
% compute -a*(Qyl" + 2yl - yl/Xx) 779
ay = [1, -4, 17/3, -47/12, 191/120}; % y1(x) coeffs - 120“ X
yl = 0O;
for n = 1:NumTerms % create yl(x) 193 a .?C3
yl = y1 + ay(n)*x"n; -
end )
% need the simplify(yl/x) to make a polynomial _6la X
pa = —a*(@*diff(yl,x,1) + 2*yl - simplify(yl/x)); 3
[coef_a, ta] = coeffs(pa,x, "All"); X
coef_a", ta" % display vertically 10a \ |
—d
% now compute L[S]
% create symbolic array for S(x) z\ ( ' _ 7,
c = sym("c”, [1, NumTerms]); -qQ 271 + 27, -
S =1;
for n = 1:NumTerms ans =
S =S + c(n)*™”"n;
end C5
S1 = diff(S,x,1); T ans =
S2 = diff(5,x,2);
e6 = taylor(6*exp(x), "Order®, NumTerms); Cy 9
PS = X*S2 + 2*x*S1 + €6*S; % L[y] = xy'' + 2xy* + 6ey 776 X
[coefs, ts] = coeffs(ps,x, "All"); 8
coefs®, ts™ % display vertically 03+C 3¢ X
T 5
% solve for c(n) coefficients c2 -> c5, setting c1 =0 JC7
v-=-subs(coef_a, a, -6)"; % evaluate using a = -6 C2+ +3e,+6
B = v(2:(end-1)) % just the x terms: drop a assignment FTaTITO6 x0
C =c(,2:end)" % c2 -> c5 g
% create A from coefs array of L[S] to x5, with c1 = 0 9 X
A = [3, 6, 14’ 20;--- Z+C2+3C3+6C4+]6C5
6, 12,12, 0;--- ' x4
10, 6, 0, O;--.
» 6, 0, 03 +3e+ 603+ 14e,+ 2005+ =
2,70, 0, 0]; R R
% coefs array has some constants - subtract off
Xtra = [1/4, 1, 3’ 6]-; 3C1+6C2+1203+]2C4+1 )
hoate = B 6+ 100, 460,43 o
A*C 8C1+2CQ+6 X
C = A\(B - Xtra) 6 1

L[s]j



y,(¢) = =L,

¢ 3e,+ 603+ 1dey+20cs % % -33 =
c3 6+ 12034+ 12¢ 0; 449 ¢
¢y 21062+3()c; 4 _13_3 = /f\(ﬁ-x#q) 6 2
’ 119
Cs 2¢, iﬁ) —66 K_7 —% 07
37147
AxC / (/:)7 - X tra 00| <8
' S 4 449 ¢ 1$7% ¢4
- 5()(): /7‘ Z-C,Ix = /'§§X1+ 2’)( - 2¢X t .
n=i
MS‘/ﬁhj C{’—-O)
ya9 g 187% ¢4
(x)/n(ﬁ’f [ =337 + —~ X - e Xt

Ffam aéooe‘

VZ:/.‘ C(

TV‘/ C/VIOYZH’ m(?Z&J: Cn(fz):ﬂ%[(f—F2>dn(r>]/f:fz

n-I
-2
K=o
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aloreny ot 9,1 nzl
(y\d—M)(qu-/)

0
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oy
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= () (-2) - (-20200)

(ri1) ™ r =0
D20 - Y
(
MS( /7///47—1/4'/3 7Lo (‘am/(/v[( ﬂ// 7"4\’_ CVI
clear, clc
syms a0 r s sn frn
r2 = 0; % specify r2
NumTerms = 4;
pO = 0; qO0 = O; % preload values of p(n), q(n)
p=12000];
q=1[6631];
a = sym(Ta", [NumTerms,1]); % create recurrence relation
for n = 1:NumTerms
s = 0; % anitialize sum
for k = 0:(n-1) % code for sigma from k=0 to n-1
if k==0 %MATLAB iIs 1-based, soa(0) not vaklid
sn = a0*(r*p(n) + q(n));
else
sn = a(k)*((r+k)*p(n-k)+q(n-k));
end
S = s + sn;
end
frn = (r+n)*(r+n-1) + pO0*(r+n) + qO;
a(n) = -s/frn;
end
c = sym("c", [1, NumTerms])
for n = 1:NumTerms
f = simplify((r-r2)*a(n));
% take derivative of (r-r2)*a(n), evaluate at r = r2
c(n) = subs{diff(f,r,1),[a0, r],[1, r2]); % set a0 =1, r = r2
end
C
c = (Cl Cy C3 C4) . q }1
SX) =1+ 2 cax
n-=1
€= - 2 /9’- 3 ég7 %
_a0 195 _657 i - + T . —
(4 497?) /'/‘VK 7 7x ZX y)(
2 175 3 (s7 ¢4
Y;(K> SN ICTCIANAR SR A E TS s
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()
S tandoyd Forvm : \//'1 (L)y=0 [i1
[irm X(o) % 0 i XZ(;/() =0, !OVZZ finite

X—>o XDoa

X220 IS a r_cg;/a_r :/'wju/ar /omy‘.
¢)
From (a) fz0, 9 =0

B r(.r-bfﬁr rg = rlri)=0 = v =1 r=0

@

fov, =

MM/V/I'/O//l.hj [[—1 47 Xz ; le/,+ X\/ =0
x/(x)‘-o) X7(><)
MS/I’!S 7(/(70‘ /0,, y X 7(70 = :Z:o‘?nx"}
frfi AT
7020 71:/ 92:?5;7‘2‘;0



[t \/,(x) - xqzqnx" = qu zt "
L {\/K = >q7~7 [ L x(x/}(*\)))ll # XL7(;c>7
Frmm ZEY,K:O qno/ /((f>= '”("‘~/>+/ﬂ6r+70= /‘(f—/)
Since po= gm0 . L Flrnl* (rtn)rin-1)

A/SO, us:’mj é7uav‘/'m/) (¢) From The fext:

n—1

F(r—l—n)an + Zak((r+k)pn—k +qn—k) == 07 n= 1. (8)
k=0

n-/

We gt a2 2 alonp  +9,,]

=0
Crtn)(r+n-1)

, N =]

n-l
- -2 a |
Qh s K In-x e Since all

) =0
(rin)(Vin-1) /

a = ‘407} N'(/)(Q =

1
(rt1)(r) 20 2

[ h Qlﬂ o+ (4) ,—72 44

=/
)
= 0o
2

r=1

MS( MAT L AR fw &// f/r /m/auvzav‘/'ws



clear, clc

syms a0 r s sn frn ans =

rl =1; % specify rl 1 —
NumTerms = 4; % compute to x™4 3 - d(
pO = 0; qO0 = O; % preload values of p(n), q(n) 1
p =100 0 0]; 1 -4
qg=1[1000]; 2
a = sym("a", [NumTerms,1]); % create symbolic array _ 1
for n = 1:NumTerms T2z | = 613
s = 0; % initialize sum |
for kK = 0:(n-1) % code for sigma from k=0 to n-1 5830 /) - [~
if Kk ==0 %MATLAB is 1l-based, so a(0) not valid 1
sn = a0*(r*p(n) + q(n));
else
sn = a(k)*((r+k)*p(n-k)+q(n-k));
end
S = s + sn;
end
frn = (r+n)*(r+n-1) + pO0*(r+n) + qO;
a(n) = -s/frn;
end
subs(a,[a0 r],[1 r1]) % display coefficients a(n)
o
. _ ”; Z‘ n _ § V)')‘" .
- 7(%)— X Gn X = Gy X usmj r,=/ Gy =/
! n=o Nn=o !
‘ §
) A ) 3 Y
VACRI S S S
! /44 2§50
S/ r, =/, X°=
-}
n
Y, () = Gy, [n(x) + 1 + Z ¢ X
Nn=l

as= /zMn V\ﬂtl(f\ = /le V‘[’J’o?']z /1.l/p, L:'

=6 Foso  LreT sy NI = 9=
C” : 0% [V‘ “n (HX r=0 ] q’l (P>: —goéi/([(”k)pﬂ-ﬁ?"*]

(rin)(ren-)

é/s/n@ MATLAL, (M/M/f Sov p=l do =t




clear, clc
syms a0 r s sn frn
r2 = 0; % specify r2
NumTerms = 4;
pO = 0; q0 = 0O; % preload values of p(n), q(n)
p = [0 00 0];
q=1[1000];
a = sym("a", [NumTerms,1]); % create recurrence relation
for n = 1:NumTerms
s = 0; % initialize sum
for kK = 0:(n-1) % code for sigma from k=0 to n-1
if k == 0 %MVATLAB is l-based, so a(0) not valid
sn = a0*(r*p(n) + q(n));
else
sn = a(k)y*((r+k)*p(n-k)+q(n-k));
end
S = S+ Sn;
end
frn = (r+n)*(r+n-1) + pO0*(r+n) + qO;
a(n) = -s/frn;

c = sym("c”, [1, NumTerms])
for n = 1:NumTerms
% simplify needed so common factors can be canceled, which
% avoids a division by zero error
f = simplify((r-r2)*a(n));
% take derivative of (r-r2)*a(n), evaluate at r = r2
c(n) = subs(diff(f,r,1),[a0, r],[1, r2]); % set a0 =1, r = r2

3 3 47 ¥
)’-JX): ')/,(X) /nfx) t [ F x—gL)Cl*/jS;X —7%—5,>< -

The answiv in The back of Vhe book wses The metthod
ot Swfsfz'y‘uyzmﬁ Y (x) 'nto ><7/"+)/ =0, and
en fm/mffg Fhe €, cocfficients o 1+:Z;c”x”
!/ zfml,‘hj cocfSicieats o similar X7 fepms.

/{’rj“sl'jy)/'r)j ¢,=0 ’f‘A-(V) j,'(/zg 7%{ 500%5’ Cozﬂlcz'mfs.



/77/éP77[_/Q-ﬁ§ 5196{{ C/{EH'VES Y#A'NS VD1ZZV2204/1;S Shnow) é{e,/;éd.

clear, clc

syms a n x yl c

NumTerms = 5; % yl was evaluated to x"5

% compute -a*(2yl® - yl1l/X%)

ay = [1, -1/2, 1/12, -1/144, 1/2880];

yl = 0;

for n = 1:NumTerms % create yl(x)
yl =yl + ay(n)*x™n;

end

% needthe simphify(yl/x) to makea polynomial

pa = -a*(2*diff(yl,x,1) - simplity(yl/x));

[coef a, ta] = coeffs(pa,x,  "All");

coef _a", ta" % display vertically

% yl(x) coeffs

% now compute L[S]
% create symbolic array for S(x)
c = sym("c", [1, NumTerms]);
S =1;
% compute to x™ since -a*(2yl" - yl/x) is degree 4
for n = 1:NumTerms-1

S =S + c(n)*"™n;
end
S2 = diff(S,x,2);
ps = x*S2 + S; % L[y] = xy" + vy
[coefs, ts] = coeffs(ps,x, "All");
coefs™, ts™ % display vertically

% solve for c(n) coefficients c2 -> c4, setting cl =0
v-=-subs(coef_a, a, -1)"; % evaluate using a = -1

B = v(2:(end-1)) % just the x terms: drop a assignment
C

c(1,2:end-1)" % c2 -> c4

=
Inmo ni

c;+12¢4
C2+6C3

iaﬂano

reate A from coefs array of L[S] to x4, with c1 =0
A [0, 1, 12;...
1, 6, O;.
2, 0, 0];
% A*C = B
A*C
C = A\B
B =
. (Of](fs ;rgm C = ans
Rz (27’_ Y,) <
Bl “alth ot g C%,
12 L(Sfrl Q- -/ ca
3 {
2
C =
_3 =
3 = C2
7 =
36 CS
35 =

ans =

320
ans =

Ia
144 X
_Sa x
1 2

3a
2 *
1

Co(;fS ;r0h1

NGRS

ans =

Cy A
c3+12¢y 3
c+60c5 ¥
ci+2c x

1 1

Cacffs

$= |+ ;ilfhx"

A+ C St’Jvé)ij
=0

<

C=4\5



Vo0 = - Q) 1 - Ea ot 2R

Thus ce shoun in thic prollem and in # 10 alove,
o differrny answer is odtuined /Q/o(-n /15 0 e
method wsed  Homever. $he differcnt resits

b Y le) only dhffic by o constant multyl B
7, (). This can & séoww as tollous -

Led y,(2 and 2 00) Lo e clfferent resuld
LIy 320 and 2Ly =0 o Ly ptl=o
But Lly =0, 50 /f 55 some constant, 570,
LIsy$=0. .~ Lf(yl~72"3-57,}:o

BBut (yy=y) subtrocts the form containing fn(x).
CG,-%) s J'uvaa/awcr SCriTs, @ 13 S Y, (<)
C Frem eguating corfficients, (}/z-yz”'> ‘s jusf 4
Constant muldiple of y,(x). - Y, dors ot
ntroduce o 3ol ,'W/c/m/m/ solution.
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(a)

(L)

(¢)

Standard form: 7’”* [S'c@:}f {“"jf")]y =

//'W‘ x[s/‘n(yx)]: /,',,h S/h(x): /i Cos(A) _ )

—_—

z’mlo;fa/s' rele
//'1/1/' o2 [_ ras(ﬂ] _ =/
X0 x>

; .. goVL4 /jm//s )[1'/)/.7/( =2 X =0 a /e;u/ou’ S/.n

X0 X*

Frovm (q\l /)O:/ 6 = "

2 )
V(w/)#/aorr?o =ro-(=0, il T

0

ju/q r/)a,'nf

/ / /7<)
Frov () X/(ﬂ =X [S*%@] =

X
“olx) = X[ 2 - s (%)
Xfx ) X*
3 'Y 7
5{V)()C): X=X ¢ X X 4+
X! s 7/



[t ‘/, (%) = Xq Zzeéy,xn = 24,,, zt "
- 2 ! =
L{7]~ PQ7 + )((x/)(x\))y +X7()¢>7
Prmm 1[7(,1:(5 qno/ /'/(r>= '”("‘#)7‘/““1“70: fz‘/;
Since f=l, 420/ . Flrn) - (r+n) -1

A/SO’ MSl'hj 470{617[/'0\/) (f) Fr‘am 7%( VZ{XYIZ

n—1

F(r+n)a,_l + Zak((r+k)pn—k +qu1—k) :0= n = 1. (8)
k=0

;/,-/
We 3\”‘ G, = ~ ZO@ f(wk)/{,_K - ?ﬂ_,(]

(ren)> -1 /

Msllﬂj MAT2 AR b\/llfé 4 bove valuts for Pry 9



clear, clc

syms a0 r s sn frn

r1 =1; % specify ril

NumTerms = 4; % compute to x™M

pO = 1; g0 = -1; % preload values of p(n),—g(n)

p=1[0 -1/6 0 1/120];

qg = [0 1/2 0 -1/24];

a = sym("a", [NumTerms,1]); % create symbolic array
for n = 1:NumTerms

s = 0; % initialize sum
for k = 0:(n-1) % code for sigma from k=0 to n-1
if k == 0 %MATLAB is 1-based, so a(0) not valid

sn = a0*(r*p(n) + q(n));

else
sn = a(k)*((r+k)y*p(n-k)+qn-k)); e s
end 0 = 4}
S = s + sn; _
end -1 -4
frn = (r+n)*(r+n-1) + p0*(r+n) + qoO; 24 2
a(n) = =s/frn; 0 = q
end | 3
subs(a,[a0 r],[1 r1]) % display coefficients a(n) =0 - 6;7
ad:
n _ {2 3 / ¢ .
Z by X 7 | 40 =5, X 10"+ 754 % e USing b=/
n=o
o°
! (’ n) TS / <
= = - = + — +...
Y, (x0= ) (2 a,x7) = X X e

Foy yz(x), (am’y‘ ust G,(r) Sinee fov r= -/, (erz-/
éC(‘U'VV)t’S d 7(07’ N :2, So 3(% %'V/'S/'ma 47 0.

v

ro-ry = 1-C¢N=2 soN=12, 'S
72(><>= ﬁ\/:(X) (%) + X' /'L;, C”xn]

a = //‘Vln (r'ﬁ)a,\,(‘/) = ip (/“f/> aZ(r)
r-=r, V= -

Ffm” q!m/() N’Iv% N=Z, ﬂ/\/-/( - @—k ! ?N—k "k




|
amc/ QZ(M = - ZDQK [(NKVZ_K+ 72%]
(r+2>2—/

2 PR 4%L 290 P
= -4, [r/2 + 7“2] - 4, [(rf/)/’ 7 7‘]
(ri2)" -]

= -[-Fi] . 3
r*e4de +3 [ (r4D(r+3)

-: 7 = //fﬁzq <’V‘4 /> ( y\-jZ.) - /;>¢7 r-3 _ - L
r-=-l 6(r+1)(r+3) V= -| 6(r+3) S

/\/0W ust MATLAR o (om/amrlc Cy = 5’%( [(rf/)qn(r)] }Y‘:‘I

clear, clc
syms a0 r s sn frn
r2 = -1; % specify r2
NumTerms = 4;
p0 = 1; g0 = -1; % preload values of p(n), q(n)
[0 -1/6 0 1/120];
[0 1/2 O -1/24];
sym("a", [NumTerms,1]); % create recurrence relation
n = 1:NumTerms
s = 0; % initialize sum
for k = 0:(n-1) % code for sigma from k=0 to n-1
if Kk ==0 %VATLAB is 1-based, so a(0) not valid
sn = a0*(r*p(n) + q(n));
else
sn = a(k)*((r+k)*p(n-k)+q(n-k));
end
S = s + sn;
end
frn = (r+n)*(r+n-1) + pO0*(r+n) + qO;
a(n) = _S/frn; c = (Cl Cy C3 C4)
end
c = sym(C°c®, [1, NumTerms])
for n = 1:NumTerms
% simplify needed so common factors can be canceled, which
% avoids a division by zero error
T = simplify((r-r2)*a(n));
% take derivative of (r-r2)*a(n), evaluate at r = r2 ¢
c(n) = subs(diff(f,r,1),[a0, r],[1, r2]); % set a0 =1, r r2 (0
end

=h
o
=

_ 31)
1440

.
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T o2 ~
XZ(H— chx")lxl(/ +'5f;<1_ 307,
Nn=|

l ¢ /

(4) Svlana/q;fo{ Form-’ )/"+ BT y o+ . =9

7(2/ /'S a Sl.nju/w /)oiV!YL aS /14(/5 =0

Consider i O<r)  — e . E/
X3/ 2 nt) x>, Yx
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M//\I'yle . (XN/)L),,‘ ~ (X*) (Xf) 7/ > (X”O / =0

2 /n (X>

MS'«‘.’ WATLAK 710 3rVL series a)" f(%), f/x).‘

clear, clc
syms X . 3 4 5
= (x- * - x_ (=12 (=13 _19(x=1* 3(x—=17°_1
8: ?):‘Bigktg%(())()) ST S 70 30 3
taylor(p,x,1) _

taylor(qg,x,1)

ep =D (=D (x=D* _19(x=1°_4
2 12 24 720

Wode g = Gerhy g

z 3
- X/(K>: 5/ 4 (_7‘;_’> - (i’> p (51) - /7 (x~l)¥
7 24 Yy r4 4o

g /7

[—f PP 3 /yj Z 24 98 r4v0

Xzf[7<>: (X“/) + (_ﬁ:/)z- (_&23 + (\?("_’)y-f

Z (2 24

[70 fi T2 s 743: [O / 2/ 72/ 2—1*3
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clear, clc

syms a0 r s sn frn

rl = 1/72; % specify rl

NumTerms = 4; % compute to x™M

pO0 = 1/2; q0 = O; % preload values of p(n), q(nh)

p = [1/74 -1/24 1/48 -19/1440];
q=[11/2 -1712 1/25];
a = sym("a", [NumTerms,1]); % create symbolic array
for n = 1:NumTerms
s = 0; % initialize sum
for k = 0:(n=1) % code for sigma from k=0 to n=1
if Kk == 0 %MATLAB is 1-based, so a(0) not valid
sn-=-a0*(r*p(n) + q()); ans =
else
sn- = a(k)*((r+k)*p(n-k)+q(n-k)); _3
end 4
S =S + sSn,; 53
end 30
frn = (r+n)*(r+n-1) + pO0*(r+n) + qO;
a(n) = -s/frn; 851
end 40320
subs(a,[a0 r],[1 r1]) % display coefficients a(n) _ 83729
9676800
\ ?a (x /)n 3( /> *S——S( 7)27‘ sy ()(-/>5+
= " [ = (X)) ey (X 79316

n=o

d 3 = Sl
TORICR NEE O R AP O

(@)
SA/rm(( //, 0() (s am// o//yf//qu/ sz x>o) L}//‘S/dch
grm X=0 vlo X=/ /‘m//,}s /ﬂ=/



(4)
Standard form: \/"+ [- (’+W/6)><] - Xy =0

X(1=x) X (1-x)

/[m X[X—(pr/&)xj( ¢ =/zc))

X0 X ([~x)

//W) X él - 0 - 0
X ~20 X(1-x

/?OVI4 /I‘WI/Y/Q are )(/'V)I'JF- o X=0 S I’t’j“éf’/’-

T ndical ?70:07//(/14 S (r=1) Y = r(r-iip) =0

B} 'P:O,/‘J’ art V‘—Ae rosts.

(4)
//'n, (x—/> [)/-(/#M/)x] = "[)’—(/fou/_gﬂ

xX=1 X (1=%)

= [txrS-) ‘—/3




//VV) (X~/ Z d/éj - < z

X1 % (1~ x)

/gofA /:I/V)/;[S G re ][/'h/-y/c. . X'—‘/ /’S /Yju/&r

IV)O/}‘CJ'Q/ P?ua?ll'aw : //‘(f'/> + (/1‘0&7‘/3-355’ =

r(r+ath-5)=6 = =0, y-a-A are rols

e ——

(¢)

4v‘ X=0, =0 /s gne voif, so X =X =/

/Y 7,(><) Z@x = 4 +A><+Zl«‘><

n=2

g o
- n-) "o_ Z n-2
ZMG"X /' N2 "l /)4,,><

- [&'—(/7‘“%/5)7(3 )/” -
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= N=
J/ SL‘VL l'nﬂ((x
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Nn=1

=ra, +[2¥6, - (14 af)a Yx+ 2 (5001000~ Crsrg)ne, | X
Nn=2

oo

x(1-x) Y, - 2 nn-Ne, x -

n=2 Nn=2

AN

n(n-)4, X

o0 )
n-]
= Zgq,X * 2 n(n-Na, X~ z—m(n-/)ﬁnxh
n=3 no
\L Skt inelex
o0

oo
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Nn=2

v,
= 242 X 1 j [V\(nf/) Dpir” Vi(n—/>qn-] XV,
n=17
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s
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n=2
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