- e -3
taasaniIuwnNnmaunn 8

i3naga 8.1-8.5 azhasly IVP’s ﬁﬁwnuaﬁﬁéa?ﬂﬁ

(M Yy =yt - 2, y(1y = 2; h =01
[HALARAUNUATY: Y(b) = 2t(1-1n &)1

(B) Yy = (I/)y[y/tr+t/yl, yt1r = 3; h = 0.2
[HalaABEuNBATI: y(t) = t° ¢ 8t

=y, yim =1, h=02

TWALAARUAUATY: (b = (b t 2)°/4)

8 . 1 AqudA9I1Y(L)’s M (A)-(C) RawaiaaBzad IVP’s Miwuati
B.1¢a) yitr = 2L(1 « 1n 1)
=2t-2t Int
t=1, yi1)y = 241l « In1) = 2
yltry = 2 -2rt d(ln t)/dt t 1n t dt/dt]
= 2 - 2[t(1/t) t 1n tl
=2-2-2Mht
=2t Lo (D
unk y @78 2t - 2t Int w
y? =yt « 2
= (2t -2t In tr/t - 2
—2-21nt -2
=-2 int ceah2)

(1/2)

8.1(B) y(t)» = (t° t Bt

t-1, yr=c1t s(1® =3

(-1/72)

dt® t at)sdt
(2t t 8)

(172
}

= (2t t By/2(t% + Bt

vty = (/) (8% t o8t

~-1/2)

= (/2 k"t et

= (L o+ or/t” t st (D
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MUYy A28 (L°t Bt

t =

(1/2)

Tu

Yo = (U/2)L(y/ b+t ]

(/i t s et bttt )

(1/2)

(1720t t Btr+t 1/t t® t 8t

(26 t stasot b t sty

=tt /et st e (2
8.1(C) y(t) = (bt 2774
0 ¥y =(0t =1
¥IOLY = [2(t t 22178 = (4t 2)/2 EY
c1r23

nw y 28 (b t 2774 Tu y

<rrs2)

[t t 2)7/4)

(L t2)/2 el (2

w [y ¢ 4 .
8.2 (a) aMWTU (A)-(C) ¢i¥ITmavasgLaadLuan,

(i) 2 h-steps Ldanﬂﬁﬁ t =t  +2h
(i1) 4 (h/2)-steps \iwamife & - L + 2h
(by AMlTzum yit, + b waz y(b_ + 2h) MEan () suduiuwiat
113809808 a9 HuAainEuiuNile (dufa E(h/2) ~ Ech)/2)
51Lﬁuﬁﬁﬂé11?01ﬁ§ﬁiﬂa€%ﬂ1%ﬁﬁu Lﬁawﬂdﬂﬂizuﬂmﬁgnﬂ¥uu§au§1
209 yit, + 2h) LALARYTIET IR ML IE S ud
IWraveamiaai: ¥ = y, t h fit,,y),i= 0,.., n-I

J+1

g.2ipy (A (bry ' =yt « 2 = ft,y

N &
1

118

Qe
]
-
I

ft,y,) =y, /8, -2
yarr = 2, h =01 ¢t =1,y =2

=y, +0.1 fet ,y =2 t0,10(2/D - 21 = 2 » y(1.1)

1y, =y, +0.1 f(t,,y =2t 0.10(2/1.1) - 2

= 1.9818182 «~ y(1.2)
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8.2(A) (&) (ii) h =0.1/2-0.05
ty = 1L t, = 105 t, = 11, t = 115 {, = 12

iz 0y, =y, to0.05{(t ,y =2t 0.050(2/1) ~21 = 2 » y(1.05)

J= Loy, =y, +0.05f¢t ,y )= 2 t 0.050(2/1.05) -21
=1.9952381 = y(1.1»
i=20y,=y,t 0.05f(tﬂ,_y?_3

4

1.9952381 t 0.05{(1.9952381/1.1» - 21
= 1.9859307 #~ y(1.15)

I=3: ¥, = §y,t 0.05f(t _,y)
= 1.9859307 t 0.05(1.9859307/1.15 - &)

= 1.9722756 = y{1.2)

_ ! ,
B.2(Ay iy nt = 11 : §(0.05)

2(1.9952381) - ¢

imProved

1.9904762

d
nt=- 12 : yi0.05

o

2y(0.05) = yi(0D.1)

improved

2(1.9722756:-1.9818182

= 1.962733
8.2(B) (a) (i) y' = (1/DEy/tH+(t/y)1, y(1r = 3; h = 0.2
ft,,y,) = (/DO /L vt 7y )]
b, =1, y, =3
b, = 1, t, = 12, t, = 14

i 0y, syt 0.2UM/DTy bt (b sy D)
SRt 0.240(3/1) t (1/311/2)

= 3.3333333 & y(1.2)

iz Ly, =yt 0.20/DINy /Lot (b sy oD
= 3.3333333 t 0.2{((3.3333333/1.2)+(1.2/3.3333333)3/2)

= 3.647111 % y(1.4)
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8.2(B) (a) (iiy h =p.2/2-0.1

b, =1, 6, =11, &, =12 t, = 13, t, = 14

o e 3

J =0y, = ¥o 1 0.1{c1/2,0¢3/10 t (1/311) = 3.1666666

jor Ly, =y, b 0.1/ 0y /1.t (1.1/y 0]}
= 3.3279744 x yi1.2)
¥y, =¥, t 0.1/ 0y, /1.2) t (1.2/y,)1} = 3.4846689
Yo = ¥, 0.1/ 0y /1030 t (1.3/y )1} = 3.6373477
royil.
= 2y(0.1) - y(0.2)

2(3.3279744)-3.3333333

]
B.2(B) (byn t = 1.2 ¢ y(0.1O

impProved

1

3.3226155

nt = 1.4: y(0.10) 2y9(0.1) « y(0.2)

tmProvad

2(3.8373477)-3.647111

= 3.6275844
8.2(Cr (a) vy’ = ¥y = 1; h =02
t, =0 ¥,=1
t, = 0. t, =02 t, =04
200y, = yot 0.2y M gt 0oz = 1.2+ y00,2)
i= Ly, =y to.2p " =12 toziy Y

= 1.419089 & ¥{(0Q.4)

8.2(C) ¢a) ii) h = 0.1
b, = 0, t, = 01, t, = 02, t, = 03, t, =04

(4]
Cx/2) 1/2)

§= 00y, = vy, t 024y =1t p9,1(1» = 1.1
=Ly, =y tootypT 11t oarn
= 1.2048808 & y(0.2)
j=20y, =y, t 0.1y 7" = 12048808 t 0.101,2048808) """’
= 1.3146478
Q=3 y,= oy, t 0.1ty 7% = 13146478 t 0.101.3146478) 7%
OR 205 (H) = 1.4293058 * y(0.4)
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8.2(C) (b) ﬁ t = 0.2 : y0.1

29(0.1) - y(0.2)

imProved

2(1.2048808)-1.2

1.2097616

Mtz 0.4 y(0.1)

2y(0.1) - yi0.2)

imProved

2(1.4293058)~1.419088

= 1.4395226

& X Lo, of { o a 4 o
8.3 A7MTU (A)-(C) WTHITVAVINALABTAUALADY L WANY

4
(i» 1 h-step twaune t = t_ + h

o

"
[
-+
=

. 4 =
(ii) 2 (h/2y-steps Lwauwiny t

« al [ o a
WaginalaaTauALRaY: ¥,,, = ¥, + h @

T.e
Taaf @, , = f, t (wof t f f1;
f = ft,m
£, = af (t,y) /8t
£, = 8f(t,y)/8y
8.3(A) f = (yit) - 2 = yt = 2 f = -yt 77, £, = 1/t
Y,p0 = ¥, thAf, v/ t £ f1))
=y, +thiley 7t )-23+¢h/2) 0=y b7 +(1/b DLy, /b )-211)
= ¥, t hity,/t,) -2 -<h/t )]
(i h = 01

j=o0y, = y, t hi(y /t,)=2 =(h/t )]
= 2 t (0.1L(2/1) =2 = (0.1/1)]
= 2 t (0.1)(-0.1) = 2 = 001 = 199 & y(L 1)
(ii) h = 0.05

i=0wy,=y,t higy/tH-2 =-<h/t)]

= 2 t (D.050¢2/1) - 2 - (0.05/1)1

=2t (0,05)(-0,05)

1.9975 & y(1»
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[
i
[y
]
(v}
H

y, t hliy /t.»=2 -(h/t )]
1.9975 t (0.05)0(1,9975/1.1) =2 = (0.05/1.1)]

1

1.9660226 = y(1.1)

1

Richardson’'s improvement,

4
nt=11: yiD.05) = [4y(0.05) - y(0.1)1/3

imProved

= [4(1.9860228) = 1.991/3

= 1.9649706

sz

B.3(CY f —— y

(-1/2)

f =0.f =y /2

t ¥

Yyeq T ¥, 4+ h Af, t (WDIf_t £ 01

=v, thiy, """t vmo t asy, VP y, T
=y, t hly, 7%t b4l
=v, + hy, """ 4 n®s4
¢1) h 0.2
§20 oy, =y, thy, " thse
=1t 0.2¢H " v 0.2
=1 +0.2 +0.01 =1.21 = y(0.2)
(ii» h = 0.1
=0y, =y, thy Tt
=1t 0.1(L Mt 0.
=1 t 0.1 t 0.0025 = 1.1025
=Ly, =y thy Tt na
= 1.1025 t (0.1)¢1.1025 "% © 0.1 /4
S 1.21 & y(0.2)
Richardson’s  improvement
ﬁ t = 0.2: y0.1) = {4y00.1) - y(D.2:1/3

imProved

= [44(1.21) - 1.213/3 = 1.21
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o L M o fd o w
8.4 @1TU (A)-(C) g 1a 8.3 ﬁﬂWiuQﬁnaqaaaLaainﬂiuﬂgquan

(Modified Euler method)

EY. | (d o v i
1ﬁna4aaalaainﬂsuu§dua1 ¥, =Y, 4 h ftt,J t+ h/z, y, + hf /2
8.4(A) 'y, ., =y, + hily, + (1/2:hiy /t, - 2)1/0t, + h/21 - 2}

=y, + hily, + (y h/2t ;- W1/t + h/21 - 23

=y, t hily, + (y,hr2t_ 1 - h1/Ct_ t h/2} - 2
2t (D DAER2H(2)(0.1)/201) <0.13/01 t ¢0.1)/2] - 2}

=2t (0.1YE(2/1.05) - 2 1 =1.99804762 « vil.1)

(i) h = 0.05 . t, =1, t, = 1.05

=0y, = v, t hily, t (y hs2t » = W1/ttt h/21 - 2)
2400.05){024¢2)(0.05y/2(1 = 0.0531/014{0.05:/27 - 2}
2t (0.05'[0¢2/1.025) -21 = 1.997561

i=Ly) =y, thity, t (yhs2t -hi/lt t h/21 -2

V., x 1.9975614(0.05){01.997561+4(1.9975610(0.05)/2(1.05)»-10.05+1/

v e

Cl.05 +¢0.05/2)1 - 2}
= 1.997561 t (D.05)0(1.9951219/1.075) -~ 23

= 1.997561 t t-0.0072036) = 1.9903574 # y(1.1!

Richardson’s improvement (n = 2)

d ‘ _ ] . .
Al 1l yi0.05), o= [4yi0.05 - y(0.111/3

[4¢1.9803574) - 1.998047621/3

= 1.9903178
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; - v . {1/2) (1s2)
8.3¢Cr ¥v,,, = ¥, t hiv t (1/2)hy |
(ij» h = 0.2
i = o yl sy, t (0.21’[)"0 t (l/EPhyO(l/ZJJ(ilzj

= 1 t (.01t (/0.0 F B

{1/2)

=1t (D.2yi1.10 =1.2097617 =& y¥¢1.2»

(llzf (1/2)

j =0y, =y, t 0.y t (172 hy_

sa) (1/2)

=1t (0.1001 t(1/2v0.1i D R
1t (0.11.050 7% 1.1024695
i I:
v, 1.1024695 t  70.1[1.1024695 t  (1/2)(0.1)1.1024645° " 7%71<*"®’

. 1024695 + 0. 10746494 = 1. 2099,389 y:.1.2

Richardson’s igprovement (n 2

o5
f b 1.2: 'ydifo.]y'lmpruved = ['-4"]_1"0'1' - }'J'IO.Z']/.‘:C

£471,2099389 - 1.20876171/3

1.2089879
5 49151 . NI SR A a . *
B.S5 @90 Ay -cCo ANNIING BL 3 dTuddnasd oy (Huen’s method:
.
ATy

gtr DYt th/2elE o et t hyy ot hf )

Ve 8, T (WZAUY b -2t DY b (v /6= 201718 +hT - 2)

Sy, (h/ZJ{(yJ/tJ) t [yd+hf(ydltdl - 2']/[td+h] - 4}
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y AL00 D /21402710 402400 10 002/ 1) ~ 23 10140.11 = 4}

2 t Cip.1y/21f-2t¢ (2/71.101 = 1.9909091

4

yili.1)

£ 1, t, = 105 t, = 11

y, =2 t C(0.05/2104(2/1v+E24(D.05)002/1)~-2)1/0140.05] -4}

2 t £(0.,05/210-2 t (2/1.05»]

= 1.9976191

1:

Y, =y, 000,050 /214y /1.05)+0y +0.05(7y /1.05)-2:/11.0540.05] -41

1.9976191 t [(D.05:/21(-0.2859%204)

= 1.9976191 « 0.007148

=1.3904711 % yi1.1)

Richardson’s improvement (n = 2 ¢

4 _ i
nobos 11y 0,05 = D4y, (D.05) -y (0.1)1/3
. T401.9904711) - 1.99090911/3
= 1.9903251
B.5(Ch ¥ +1_ b_‘t (h/ZHyJ(“mt [yd+hydc1/12) (1/2)}
(ir h =02, t, =0, t :0.2
. ) ~ | C1/2) (172 C1/2)
i= 0: y, =y, t (0.2/0y, t [y +(D.2)y, !
-1t (0.0t (1.2t
= 1.2095445 & y(0.2»
(ii) h = 01, t, = 0, t, = 01, t, = 0.2
j= 00y, =y, t /Dy, Tty t 0.y, e
=1t .1/201t (1.1 *"*71 = 1.1024404
P= 1ty = oyt oy, eyt oany TP
= 1.2098807 » y(0.2)
oRrR 205 {H)
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R chardson's inprovenent (n = 2)

<
nt=0.2: § (0.1} C4y,(0.1) - y,€0.2)1/3

imProved

£4(1.2098807) - 1.20054451/3
= 1.2099927

bl ° ' o d
8.6 &MMTYU (A)-(C) AN 2 h-steps na4 RK4 QQLﬂ?EULﬁHUﬁQﬁNHNHSWﬂ

a ot ' a4 o d,v aadd
Lo + h NuURIa8IILaBIIUNTAIINITAU !

8.6(A) 31nn111?1ﬂ1un1unwvwﬂa%un1u%@L?znﬂﬁﬁugﬁu RK4 (Tu#inta 8.2C)
TasvU3nu FTEST tudsidu FTEST i FTEST = w/T - 2.0
uanwséaTﬂzuniuaa

INPUT TO,TF,YO UINT 57 con
122

INPUT # STEPS NPRINT 10 |

T Y
1.000 . 2000000D+01

1.100 .1990318D+01

1. 200 .1962429D+01

1.300 .1917854D+01

1.400 .1857879D+01

1.500 . 1783607D+01

1.600 .1695390D+01

1.700 . 15956866D+01

1.800 .1483971D+01

1.900 .1360958D+01

2.000 .1227414D+01Stop - Program termnated,
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Y] rs , Vs o
B.6(B) qwnn111ﬂ1ﬂ1un1un1&1waiunﬁu?qL?ﬂﬂ?ﬁﬁuzﬁu RK4 (Tunq2a B8.20)

<4 f &
Taatianw FTEST qudentu FTEST Uw  FTEST = (Y/T + T/Y)/2.0

WARITISTUTUATHAD

I NPUT TO,TF,YO UNIT 5? con

133

INPUT # STEPS NPRINT 10 1

Qutput for Problem 8.6b

T Y
1. 000 .3000000D+01
1. 200 .3322651D+01
1.400 .3627674D+01
1. 600 .3919187D+01
1.800 .4200004D+01
2.000 .4472140D+01
2. 200 .4737092D+01
2. 400 .4996003D+01
2. 600 .5249767D+01
2.800 .5499096D+01
3.000

.5744568D+01Stop - Program term nated.

Y} £ " LY} PYRREY)
§.8(C) awnnw1151U1un1uﬂﬁuﬁwﬂ1unﬁu?¢L?ﬂnﬁﬁ%uzﬁu RK4 (Tu#nna B.20)

<
TagLUany FTEST Tuilen¥u FTEST i FTEST - SQRT(Y)

< @
#an11I9Tdsunguna

INPUT TQTF, YO INT 57 con

021

INPUT # STEPS NPRINT 10 1

T
. 000
.200
400
.600
.800

1.000

1.200

1.400

1.600

1.800

2.000

OR 205 (H)

Y

.1000000D+01
.1210000D+01
.1439999D+01
.1689999D+01
.1959999D+01
.2249998D+01

.2559998D+01
.2889998D+01
.3239998D+01
. 3609997D+01

.3999997D+01Stop

- Program term nated.
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8.7 dm¥u (A)-(C) 91 2 h-steps 789 RKF4 TaE1Y Rmax = h° uazan
« f 1-4 Y [ 4 o dow
h 390 (A)-(C) ISLUTILINAUAITINUHLKETN t_ + h NUATAAISLARINUNTA

aad
INNATAU ]

B.7(A) ﬂﬂnnﬂ11?Tﬂ1un1uﬂﬂuwwa4uniuﬁqL?anﬂﬁ?uzﬁu RKF4 (ufiada B.20)
o
TeatUdms Fe1) uduiiu BVALF iy F(D = Y(O/T - 2

N 4
WANTTISTUTHNTHAD

INPUT N TO ,TF ,NPRINT UINT 5? con
1121

INPUT 1 COVPONENTS OF YO 2

INTEGRATING FROM 1.0000 TO 2.0000, PRNTMNG EVERY 1 STEPS

T H e Y-m—-- >
1.0000 .1000000E+00  .2000000E+01
1.1000 . 1000000E+00 . 1990318E+01

1. 4279 +3279346E+00 . 1838524E+01
1.8308  .4029132E+00  .1447175E+01 _
2.0000 . 1691521E+00 . 1227408E+01Stop - Program term nated.

AN O

I " w v
8.7(B) 11nn11131ﬂinn1uﬂ1uwwa1un1uiqL?aﬂiﬁﬁugﬁu RKF4 (Tu¥27a B.20)
o
TaaLlaay F(D 1uﬁuzﬁu EVALF (i F(1) = (Y(1)/T + T/¥(1))/2
Nan179TUTunTuAE

INUT N TO ,7F ,NPRNT INT 52 con
1131

INPUT 1 COMPONENTS OF YO 3
INTEGRATING FROM 1.0000 TO 3.0000, PRNMNG EVERY 1 STEPS

T o Yoo >
1. 0000 . 2000000E+00 . 3000000E+01
1.2000  .2000000E+00 .3322650E+01
2.0000 .8000000E+00 .4472165E+01
3. 0000 .1000000E+01  .5744604E+01Stop - Program term nated.

WO
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w e " Ve o v
B.7(( QWﬂﬂw11ﬁ1ﬂ1unﬁunwuﬂwaiun3u?qL?an1ﬂﬁugﬁu REF4 (Tuunma 8.20)
o =4
TABLUARY F(1) 1uﬂu§ﬁu EVALF 1l F(1) = SQRT(Y(1))

. )
WAN1T) 3TN THAD

INPUT N TO ,TF ,NPRNT UINT 57 con
1021

INPUT 1 COMPONENTS OF YO 1
INTEGRATING FROM  .0000 TO 2.0000, PRINTING EVERY 1 STEPS

T H - Y----- >

.0000 .2000000E+00 . 1000000E+01

. 2000 . 2000000E+00 .1210000E+01

| .0000 .B000000E+00  .2250006E+01
2.0000 . 1000000E+01  .4000017E+01Stop - Program term nated.

OO — O
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