
Twliaya  8.1-8.5  7”wya9=!2  IVP’S  iklwua?iialtii

(A)  y’ = (y/t, - 2, y(l) = 2; h = 0.1

Cwakaamk473:  y(t)  : Zt(l-ln t)l

(B)  y’ = (l/Z)r(y/t)t(t/y)l,  ~(1,  = 3; h = 0.2

CWabaafAubi%S:  y(t) = t2 t 8tl

icj y' = y""' , yto) = 1; h = 0.2

cwa~aa~k~aiuw79:  y(t) = (t t 2)'/41

8 . 1  -49aida4il  y(t)‘s ?U (A)-(C) kX4akPaB889  IVP’s  kiXWn?i

8.1(A)  yftJ = 2t(l  - In t,

= 2t - 2t In  t

t = 1, yil, = 2Cl)Cl - In  1)  =  2

y’(t) =  2  - 2Lt  d(ln t)/dt  t  In  t  dt/dtl

= 2 - 2[t(l/t) t In  tl

=2-2-21nt

= -2 In  t . . . (1)

unu y w"aa 2t - 2t In  t 1u

Y’ = y/t - 2

= (2t - 2t In  t)/t - 2

=2-21nt-2

OR 205 (H)

8.1(B)  y(t)  = (ta t 8t )

t = 1, y(l) = Cl t 8(1

y'(t) = (1/2)ft2

= c1/2)(t2

= -2 In  t (2). . . j

<1/Z,

1 <1/Z> = 3

t 8t

t 8t

=  (2t t  8)/2(t2

= (t t 4,/ct2 t

‘-“” d(t2 t Bt)/dt

‘--1’21(2t  t 8,

8t) ““’ . . . (1)
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LL?lU  y  i?8 ctz t  at) <l/-l' 2u

y' = (1/2)~(y/t~t(t/y)l

=  (1/2)c(ta  t  8t)c1’Z’/t  t  t/ct2 t  8t)c1’2)l

=  (l/Z)C(t’  t  8t)tt21/t(t2  t  8t)““’

=  (Zt= t  13t!/2t(t2 t  8t,“‘=’

= (t t  4)/(t2  t  8t)‘*“’ . ..(2.

8.1(C) y(t) = (t t 2j2/4

t = 0, y(O)  = (0 t 2)‘/4  = 1

y’(t) = Czct t 2!1/4  = !t, t 2)/2 . ..(l)

IIn’  y i?8 ct. t 21Z/4 Tld y' = Y("='

=  C(t t  2~2/41”‘2’

= (t  t 2)/2 . ..czr

%im9888~aa~:  y,,, = y, t  h  fitd,yj), j =  O , . . . ,  n - l

8.2(A)  (a) Ci) y ’ = y/t - 2 = f(t,,y,

j = 0: y,

j = 1: y,

1 1 8

f(t,,Yj) = y,/t, - 2

y(l)  = 2, h = 0.1 (t, = I, y, = 2,

Y, + 0 . 1  f(t,,Y,) = 2 t O.lC(Z/l)  - 21 = 2 z Y(l.1)

Y, + 0 . 1  f(t,,yI) = 2 t O.lC(2/1.1) - 21

= 1.9818182 k ~(1.2)
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8.2(A)  ia! <ii)  h  = 0.1/2  = 0 . 0 5

to = 1, t1 = 1.05, te = 1.1, t3 = 1.15, t4 = 1.2

j = 0: y , = y, t  0.05f!to,y,’  =  2  t  O.O5C!Z/l)  - 2 1 = 2 x Y(1.05)

j = 1: y, = y, t O.OSf(t,,y,) =  2  t  0.05C!2/1.05~  - 21

= 1 . 9 9 5 2 3 8 1  65 Y(l.1)

j =  2 :  y,  =  y,  t  0.05flte,ye~

= 1.9952381 t 0.05L(1.9952381/1.1~  - 21

z 1.9859307 ::  ytl.15,

j = 3 :  y,  =  y, t  0.05f(to,y,)

= 1 . 9 8 5 9 3 0 7  t  0.05(1.9859307/1.15  - 2,

= 1.9722756 ::  y(1.2)

8.2(A)  rh) ; t = 1.1 : ytO.05) LmProvsd = Z(1.99523811  - 2

= 1.9904762
d
?l  t = 1.2 : yi0.05)  ,mp,-o”ed q 2YCO.05)  - YiO.1)

= Zt1.9722756,-1.9818182

= 1.962733

8.2(B)  (a) (il y ’  =  Cl/Z)E(y/t)t~t/y)l,  y(l)  =  3 ;  h  =  0 . 2

f(tj,y,’  =  (1/2)C(yd/tjl  t  (tJ/yj)l

t, = 1, y, = 3

t, = 1, t, = 1.2, tz = 1.4

j = 0: y, = y,  t  0.2{~1/2~C(y,/to) t  !to/yo)ll

= 3 t  0.2{[!3/1)  t  !1/3!1/2)

= 3.3333333 * yc1.2,

j = 1: y,  = y1 t  o.2{(1/2)C<yl/tII  t  !tl/yI,l>

= 3.3333333 t 0.2ICi3.3333333/1.2~t!1.2/3.3333333)3/2)

= 3.647111 * ~(1.4,
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8.2(B) (a) (ii, h  = 0.2/Z = 0 . 1

to = 1, tz  = 1.1, te = 1.2, t3 = 1.3, t4 = 1.4

j=O:y  =yI 0 + 0.1{‘1/2!C(3/1,  t  11/3)3>  = 3 .1666666

j = 1: y, = y, + 0.1~(1/2)c~y,/l.l~  t (l.l/Y,)l)

= 3.3279744 3:  Yil.2)

j = 2: y, = y, + 0.1t(l/Z)C(y,11.2)  t  t1.2/y,)l>  = 3 .4846689

j = 3: y, = y, + 0.1t(112)c~y,11.3)  t  (1.3/Y311) = 3 .6373477

E yc1.4,

8.?.(B)  cb) ;: t = 1.2 : Y(O.10) ImrPt-avod = 2YlO.l)  - YCO.2)

= 2<3.3279744!-3.3333333

= 3.3226155

it =  1 . 4 : y(o.10) *mG.rD”.ad = Zy(O.1)  - Y(O.2)

= 2(3.6373477)-3.647111

= 3.6275844

8.2(C) (a)  i)  y’ = y”‘*’  , y(O)  = 1; h = 0.2

t,  = 0, y, = 1

to = 0, t, = 0.2, tz  = 0.4

j = 0 :  y, =  y, t  0.2(y,)c1’z’  = 1 t  0.2t1~“‘2’  =  1 . 2  s ~(0.2)

j = 1: y, = y, t o.2(y,Y2  = 1.2 t 0.2(1.2r~“2’

= 1 .419089 c Y(O.4)

6.2(C) (8)  i i )  h  =  0 .1

t,  = 0,  t* = 0.1, te = 0.2, t,  = 0.3, t, = 0.4

j =  0 :  y, =  y, t  O.~(Y~~‘~‘~’  = 1 t  o.1(14f1’z’  = 1.1

j = 1: y 2 =  y ,  t  0.1(y,Y2  = 1 .1  t  o.111.1,~1’2’

= 1.2048808 c ~(0.2)

j = 2: y, =  y, t  0.10$-’ = 1.2048808 t 0.1i1.2048808)~1’2’

= 1.3146478

j =  3 :  y, =  y, t  O.lfy,~‘*‘z’ = 1.3146478 t 0.1(1.3146478)‘1’z’

OR 205(H) = 1.4293058 i: ~(0.4)
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8.2(c) (b) d t  =  0 . 2  :  ~(0.1)~~~~~~~~ = 2ytO.l)  - y(O.2)

= 2(1.2048808)-1.2

= 1.2097616

i t = 0 . 4 : y(O.1) = -tlnPr0u.d 2YfO.l) YiO.2)

= 2(1.4293058)-1.419089

= 1.4395226

ii0es~n~Laa~iu~ude.Y:  y,,,  = y, + h  %.e

ml+  CD*., =  fd t  (h/Z,Cf, t  fyflJ

f  =  f(t,,y)

ft = afit,y)/at

fy = af(t,y)/ay

8.3(A)  f = (y/t) - 2 = yt--’  - 2, f, = -yt-‘,  fs = l/t

Y 3+1 = y, t h cf, t (h/2,Cft  t fyfld>

= y,th~C~y,/t~~-2lt~h/2~C-y~t~-zt~l/tj)l!Y~/t~~-2ll~

=  y, t  hC(yj/tji  - 2  - ih/td)l

(i) h = 0.1

j = 0: y, =  y,  t  hC(yo/t,)  - 2  - (h/to)1

=  2  t  (O.l)C(2/1) - 2  - (O.l/l~l

= 2 t (O.l)(-0.1)  = 2 - 0.01 = 1.99 x yi

(ii)  h =  0 . 0 5

j = 0: y,  = y, t  hc(y,/t,)  - 2  - (h/to,1

=  2  t  (O.O5ICc2/1) - 2  - (0.05/1)1

=  2  t  (0.05)!-0.05)  =  1 . 9 9 7 5  x y(lt

1.
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j = 1:  y
e = y ,  t  hC(y,/tl!  - 2  - (h/t,,]

= 1 . 9 9 7 5  t  (0.05)c(1.9975/1.1~  - 2  - ~0.05/1.1Jl

= 1.9660226 x ~(1.1)

Richardson’s improvement,

i t = 1.1: yio.05i *mPro"ed z C4yiO.05i  - y(O.1!1/3

= C4i1.9860228)  - 1.993/3

= 1.9649706

8.3(C) f -- yc"2' , ft = 0 , fv = yc-1’z’,2

Y .i+1 = 9, + h  If3 t  (h/2,cft  t  fyflj)

= P, t h{yJ’*“’ t  (h/2,Co  t  (1/2,yJ'-*/='  yj'-'l}

= Y, t hryj”‘P’  t h/41

= y j + hyd “‘=’ t haI4

Ci) h = 0.2

j = 0: y, = y, t hyoci”’ t h2/4

= 1 t o.2!1Jc1'z'  t (o.2,2/4

= 1 + 0.2 + 0.01 = 1.21 x y(o.2)

(ii) b = 0.1

j = 0: y, = y, t hy il’z’  t h’/4

= 1 t o.lql,c-)  t (0.1j2/4

: 1 t 0.1 t 0.0025 = 1.1025

j = 1: y, = y, t l~y,‘~‘~’  t h2/4

= 1.1025 t (0.1)(1.1025)c1'2'  t (0.1)=/4

= 1.21 2 Y(O.2)

Richardson’s improvement

ii t = 0.2: yio.lIlmProvad = L4yiO.l)  - .y(o.2~1/3

= C4c1.21)  - 1.211/3  = 1.21
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(i) h = 0.1

j = 0: p 1 = y,, t h{CyO t (yOh/2t,l  - hl/ct,,  t h/21  - 2;

=  2  t  (O.l,~C2+(2,io.lr/2~1,  -O.ll/Cl  t  lO.1,/21  - 2:

= 2 t  (O.l)Ct2/1.05!  - 2 1  = 1.990,1762  R yil.1)

(ii) h = 0.05  . t, = 1,  t,> = 1.05

j 1 0: y =1 y, “0t h{Cv  t iyOh/2tO)  - hl/~.t,~  t h/21  - 2)

= 2t~0.05~IC2+l2~r0.05!/2111  - 0.051/~1t~0.05,/23 - 21

= 2  t  ~0.05~C~2/1.025,  - 2 1  -: 1 . 9 9 7 5 6 1

j = 1: y 2 = y, t hICpl t  (gIh/2t,,  - hl/Ct,  t  h / 2 1  - 21

9 z : 1.997561t~0.05~iC1.997561t~1.997561~0.~5~/~~1.05~!-~~.05~~/

C l . 0 5  t ,0.05/2)1  - 21

= 1 .997561 t  ~0.05~C(1.9951219/1.075!  - 23

= 1 .997561 t  t -0 .0072036)  = 1 .9903574 ;: ~(1.11

Richardson’s improvement (n = 2)

;f  t = 1.1 : yco.05, ImPr-ouod = I4ytO.05,  - g!o.1!1/3

= 14i1.99035741  - 1.99047621/3

= 1 .9903178
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8.3lC1  y,,,  = yd  t hCyI  t (l/Z,hy ‘l’=’  ‘l”’J I

!ij h = 0.2

j = 0: y, = y,  t  CO.Z,Cy,  t  ~1/2~hy,‘1’2’l”‘2’

=  1  t  !O.ZrCl  t  il/2)!0.2)ill”‘e’  ‘l”’1

= 1  t  !o.2~~1.11~1’2’  = 1 . 2 0 9 7 6 1 7  x yc1.21

!iil h : 0 . 1

j  = 0 :  y, =  y,  t  !O.l~[y~  t  il/2~hyc”‘“’  (1’2’1

: 1 t iO.l~Cl t 11/2~!0.1r!l,~1’n’  1 (1’p’

= 1 t i0.11,3.05,‘1’2’  1 . 1 0 2 4 6 9 5.-

j 1:

yz 1.10246!)5  t  ;0.11C1.1024695  t  i1/2~~0.1~1.1024695~1/2)1~1’~~

I. 1024695 t 0. 1073(;:*4  = 1. 2099,389 6: 1.2 1$1

R i c h a r d s o n ’ s  impl.ovemunt !n 2,

; I. 1 . 2 :  j,‘O.li tmP#-l>“rd = C4.Vj10.11 - yJ10.211/x

: 1411.2099383~  - 1.20976171/3

1.209397:3

%Yilailklair:  y 4 + 1 = y ., + rh/zlIf.,  t fft,  t h,yJ  t hf 11J

L . I  + 1 T Y, t  ih/2ji!,vd/tj,  - 2  t  rydthl  iv /t.l  - 2,l/Ct thl - 2)
“.+  J .I

7 Y, i th/2,iiyd/td)  t CydthllyJ/tdl  - ?I1/Ctdthl  - 4)
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Ii) h = 0.1, lSO  = 1, tI = 1.1

j = 0: y, = yotc!0.11/21{(2/lltr2tr0.114!2/i~  - 2biClt0.11  - 4)

= 2  t  C!O.lr/21C-2  t  (2/1.1)1  =  1 . 9 9 0 9 0 9 1  :: yil.1)

tii) h : O-05.,  to = 1, tI = 1.05, te = 1.1

j = 0: y, = 2  t  r~0.05~/2i~~2/i~tr2t~o.o~~~~2/i~-z~~~cito.o5~  -41

= 2  t  C~O.O5r/21C-2 t  (2/1.05!1  = 1 .9976191

j = 1:

YE =~,tc~,0.05~/2~~~y,/l.o5~t~~~to.o5~~y~~~.o5~-2~~r.~.~~5to.o5~  - 4 1

= 1 .9976191 t  C(O.O5’/21(-0.2859204)

= 1.997fjl!Jl  - 0 . 0 0 7 1 4 8  = 1 . 3 9 0 4 7 1 1  :i pl.l.1)

Richardsw’s  improvement In  : 2 1

ii t = 1.1: y, ‘O.05,  Impr”“ed = C4YJ(0.05,  - Yj(0.1)1/3

q C4!1.9904711!  - 1.99090911/3

= 1 .9903251

8.5(C)  ydtl =  y, t  (h/2,ty,-“’  t  CyA  t hyJ- ‘l”‘>1

(ij  h = 0.2, ii0 = 0, t, : 0.2

j =  0 :  y, = y,,  t  fo.2/2)i~~"'~'  t  cyo  + (o.2,~~'~'~'  ‘l’z’j1

= 1  t  (O.l,Cl  t  ~1.2~~1’2’1

= 1 .2095445 x yt0.21

!iiJ h = 0.1, t,, = 0, t, = 0.1, te = 0.2

j =  0 :  Y,  =  y,,  t  (0.1/2){~,'~'~'  t  cyo  t  (~.l)~,~~‘~’  <1’2)}1

= 1 t (O.l/2!Cl  t (1.1)(1’2’1  = 1.1024404

j =  1:  9,  =  y, t  (o.1/2){yI’1’2’  t  cyl t  (0.1)~~
<1/z> <l/Z,

1 1

= 1.2098807 s ~(0.2)
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Richardson's improvement (n = 2)
d
n t 7 0.2: ~~(0.1~ ImPrmvad = C4Y,(O.l)  - Y,(O.2)1/3

= C4(1.2098807)  - 1.20954451/3

= 1.2099927

INPUT TO,TF,YO  UNIT 5?  con
1 2 2

1NPUT  # STEPS NPRINT 10 I

T
1.000
1.100
1.200
1 . 300
I.400
1.500
1.600
1.700
1.800
1.900
2.000

Y
.2000000D+01
.1990318DtOl
.1962429DtOl
.1917854DtOl
.1857879DtOl
.1783607DtOl
1695990DtOl

:1595866DtOl
.1483971DtOl
.1360958DtOl
.1227414DtOlStop  - Program terminated,
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INPUT TO,TF,YO  WIT 5? con
1 3 3

INPUT # STEPS NPRINT 10 1

Output for Problem 8.6b
T Y

1.000 .3000000D+01
1.200 ,3322651DtOl
1.400 .3627674DtOl
1.600 .3919187DtOl
1.800 .4200004D+01
2.000 .447214ODtOl
2.200 .4737092DtOl
2.400 .4996003DtOl
2.600 .5249767DtOl
2.800 .5499096DtOl
3.000 . 5744568DtOlStop - Program terminated.

INPUT TO,TF,YO UNIT 5? con
0 2 1

INPUT # STEPS NPRINT 10 1

T Y
. 000 .1OOOOOODtO1
.200 .121OOOODtO1
.400 .1439999DtOl
,600 .1689999DtOl
.Eioo .1959999Dt01

1.000 .2249998DtOl
1.200 .2559998DtOl
1.400 .2889998DtOl
1.600 .3239998DtOl
1.800 .3609997DtOl
2.000 .3999997DtOlStop  - Program terminated.

OR 205 (H) 1 2 7



INPUT N, TO ,TF ,NPRINT UNIT 5?  con
1 1 2 1

INPUT 1 COMPONENTS OF YO 2

INTEGRATING FROM 1.0000 TO 2.0000, PRINTING EVERY 1 STEPS

J T H ------ye---->
0 1.0000 .1000000Et00  .2000000E+01
1 1:lOOO .10?0000E+OO  :19903183+01
2 1.4279 .32793463+00  .18385243+01
3 1.8308 .40291323+00  .1447175E+Ol
4 2.0000 . 1691521EtOO  . 1227408EtOlStop  - Program terminated.

INPUT N, TO ,TF ,NPRINT UNIT 5? con
1 1 3 1

INPUT 1 COMPONENTS OF YO 3

INTEGRATING FROM 1.0000 TO 3.0000, PRINTING EVERY 1 STEPS

J T H -----ye---->
0 1.0000 .20000OOEt00 .3000000E+01
1 1.2000 .2000000E+00 .3322650EtOl
2 2.0000 .8000000E+00 .4472165EtOl
3 3.0000 . 1000000E+01 .5744604EtOlStop  - Program terminated.
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INPUT N, TO ,TF ,NPRINT UNIT 5? con
1 0 2 1

INPUT 1 COMPONENTS OF YO 1

INTEGRATING FROM .OOOO TO 2.0000, PRINTING EVERY 1 STEPS

J T H ------y----->
0 .oooo .2000000EtOO  .1000000Et01
1 .2000 .2000000Et00  .1210000Et01
2 I .oooo .8000000EtOO .2250006EtOl
3 2.0000 . 1000000Et01 .4000017Et01Stop  - Program terminated.

OR 205  (H) 129


