5.9

1. The Runge-Kutta for Systems Algorithm gives the results in the following tables.

(a)

t; Wy U1z wWay; Ug;

0.200  2.12036583  2.12500839  1.50699185  1.51158743
0.400  4.44122776  4.46511961  3.24224021  3.26598528
0.600  9.73913329  9.83235869  8.16341700  8.25629549
0.800 22.67655977 23.00263945 21.34352778 21.66887674
1.000 55.66118088 56.73748265 56.03050296 57.10536209

[ Wy; 5T Wa; Ug;

0.500 0.95671390 0.95672798 —1.08381950 —1.08383310
1.000 1.30654440 1.30655930 —0.83295364 —0.83296776
1.500 1.34416716 1.34418117 —0.56980329 —0.56981634
2.000 1.14332436 1.14333672 —0.36936318 —0.36937457

t; Wi L5 ta; Uag tWa; tha;

0.5 0.70787076 0.70828683 —1.24988663 —1.25056425 0.39884862 0.39815702
1.0 —0.33691753 —0.33650854 —3.01764179 —3.01945051 —0.29932294 —0.30116868
1.5 —2.41332734 —2.41345688 —5.405623279 —5.40844686 —0.92346873 —0.92675778
2.0 —b.89479008 —5.89590551 —8.70970537 —8.71450036 —1.32051165 —1.32544426

|

fi Wi Uli wai U2i Wi Ui

0.2 1.38165297 1.38165325 1.00800000 1.00800000 —0.61833076 —0.61833075

0.5 190753116 1.90753184 1.12500000 1.12500000 —0.09090565 —0.09090566

0.7 2.25503524 2.25503620 1.34300000 1.34000000 0.26343971 0.26343970

1.0 2.83211921 2.83212056  2.00000000  2.00000000 0.88212058 0.88212056
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5.9

2. The Runge-Kutta for Systems Algorithm gives the results in the following tables.

(a)

t wy wo Uy g
0.2 —0.80590898 0.28590898 —0.8059123490 0.2859123490
0.4 —-0.65276041 0.77276041 —0.652770464  0.772770464
0.6 —0.60003597 1.52003597 —0.600058462  1.520058462
0.8 —0.73647147 2.61647147 —0.736516212 2.616516212
1.0 —1.19444462 4.19444462 —1.194528050  4.194528050

t wq w3 Ul u2
0.2 —3.62420001 5.28560000 —3.624208274 5.285611032
0.6 —5.10631940 6.48842582 —5.106356400 6.488475200
1.0 —7.15475346  8.87300454 —7.154845484 8.87312731
1.4 —10.20540766 13.02054346 —10.20559990 13.02079987
1.8  —14.90857362 19.79809804 —14.90894239 19.79858086

i wy Wa W U1 g Uz
0.2 2.82820001 —1.36717100 1.29430535 2.828199216 —1.367172763 1.294303950
0.4 2.34715282 —1.70213314 1.35096843 2.347150799 —1.702138886 1.3509629085
0.6 1.61165492 —2.06862759 1.12031748 1.611651361 —2.068641364 1.120303523
0.8 0.68019035 —2.55506790 0.53282506 0.680185091 —2.555096786 0.532795132
1.0 —0.38623048 —3.28594071 —0.51207026 —0.386237443 —3.285006825 —0.512128574

i wy wa g U3 Uz U3
0.2 5.85399925 —6.58493690 —5.51120222 6.655197738 —6.582587700 —5.507713390
0.6 13.58890681 —2.95418927 —4.51808620 14.00287757 —2.921029767 —4.45343131
1.0 41.49825592 13.88034475 26.10907731 41.57707969 14.18586490 26.71881714
1.4 134.58778600 135.26098840 267.46411360 134.5550923 137.5527145 272.0466805
1.8 443.12659480 882.03172470 1760.52619100  443.8948036 897.3731894 1791.208540
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5.9

3. The Runge-Kutta for Systems Algorithm gives the results in the following tables.

(a)

t;

w1

i

0.200
0.500
0.700
1.000

0.00015352
0.00742968
0.03299617
0.17132224

0.00015350
0.00743027
0.03299805
0.17132880

Wi

i

1.200
1.500
1.700
2.000

0.96152437
0.77796897
0.59373369
0.27258237

0.96152583
0.77797237
0.59373830
0.27258872

t; Wy Yi

1.000  3.73162695  3.73170445
2.000 11.31424573 11.31452924
3.000 34.04395688 34.04517155

t;

Wi

wa;

1.200
1.500
1.700
2.000

0.27273759
1.08849079
2.04353207
4.36156675

0.27273791
1.08849259
2.04353642
4.36157780
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5.9

4. The Runge-Kutta for Systems Algorithm gives the results in the following tables.

(a)

t w wy y(t)
0.2 2.58096738  3.92714601 2.580977391
0.4 3.62954528  6.73995658  3.629577204
0.6 5.36685193 10.90938990 5.366926682
0.8  8.12969935 17.13695552 &.120852884
1.0 1242741665 26.46948024 12.42770981
(b)
t w wy y(t)
1.2 4.77485600  4.64248546  4.774444444
1.6 T7.11125088  6.91189139 7.110625000
2.0 10.25079116 8.75041113  10.25000000
2.4 14.09462248 10.45592060 14.09361111
2.8 18.60884185 12.10964620 18.60755102
(c)
t w wa w3 y(t)
0.2 2.98086667  0.82393333 0.46726667  2.980875497
0.6 4.16962578  5.48759308 15.03205266  4.170122771
1.0 7.89009498 14.13487020 30.45672422 7.892270823
1.4 16.74506147 32.50687231 66.24043865 16.75205379
1.8 36.77072349 72.93612397 146.58698330 36.79085705
(d)
t wy wy w3 y(t)
1.2 3.73466631  9.41446279  8.04259806  3.734666667
1.4 578071770 11.19022983 9.67114868 5.789714286
1.6  8.23100886  13.27065559 11.11173381 8.231000000
1.8  11.11645980 15.62867678 12.45708169 11.11644444
2.0 14.50002275 18.25003892 13.75001862 14.50000000
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5.9

5. To approximate the solution of the mth—order system of first-order initial-value problems
u; = filt,ui,u2,...,um), j=1,2,...,m, for a<t<bh, ujla)=a;, j=1,2,...,m

at (n + 1) equally spaced numbers in the interval [a, b];

INPUT endpoints a,b; number of equations m; integer V; initial conditions a1, ..., agy,.
OUTPUT approximations w; ; to u;(t;).

STEP 1 BSet h=(b—a)/N;
STEP 2 For j=12,...,mset wop; = ;.
STEP 3 OUTPUT (tth'w[],h W2y - ey L‘J[J’m}.
STEP 4 Fori= 1,23 do Steps 5-11.
STEPS5 For j=1,2,...,m set
kl,j - h'f_‘]' (t‘i—11 Wi—1,15--- -.-w!'.—l,m]-
STEP6 For j=1,2,...,m set
ko =hf; (tic1+ B, w1 + 3k, wisg o+ k1o, Wimim + $kim) -
STEP 7 For j=1,2,...,m set
ks =hf; (3:;—1 + -‘%1 wi—1,1 + %kzh'wi—m + %kz,zs- s Wiy m + %kz.m] .
STEP8 Forj=12,...,m set
kyj=hfi(tici +hwi—1q+ ka1, wic12+ ko, wicim + kam)-
STEP9 Forj=1,2,...,m set
Wy, 5 = Wi—1,5 + (rlﬂl,j + Q.FGQJ' + ng’j + R};J)JG.
STEP 10 Set t; = a + ih.
STEP 11 OUTPUT (;,wi 1, Wiz, .., Wim)-

STEP 12 For i =4 ,...,N do Steps 13-16.
STEP 13 Set t; — a + ih.
STEP 14 For 7 =1,2,...,m set

wg:]_;-] =wi—1.5+h [55‘)'}'(&—1?101—1,1?- ey Wim1,m) — B9fi(ti—2, wi—2.1, ..., Wi—2.m)
+ 37 fi(ti—a, wi—31,...,wi—3.m) — 9fi(ti—a, wi—a.1,.-. ,-wg-_4,m}] /24.
STEP 15For j=1,2,...,m set
wi; = wi—1; +h [ij (ti,-wt!:]l},. .. ,-wz!:];) +19f(ti—1, Wi1,15-- - Wi—1,m)

—5fi(ti—a, wi—o1,...,wi_am)+ filti—s, wi—z1,... :wi—:},m):l /24-

STEP 16 OUTPUT (t;,w;1,w;.2, ..., Wim).
STEP 17 STOP
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5.9

6. The Adams Fourth-Order Predictor-Corrector method for systems applied to the problems in

Exercise 2 gives the results in the following tables.

(a)
L
t; wi (t:) ui(ti) wa(ti) ua(ti)
0.2 —0.80590898 —0.80591235 0.28590898 0.28591235
0.4 —-0.65276394 —0.65277046 0.77276394 0.77277046
0.6 —0.60005208 —0.60005846 1.52005208 1.52005846
0.8 —-0.73651161 —0.73651621 2.61651161 2.61651621
1.0 —1.19452854 —1.19452805 4.19452854 4.19452805
(b)
[ w (t;) uy (t;) wo(t;) ug(t;)
0.2 —3.62420001 —3.62420827 5.28560000 5.28561103
0.8 —5.10631940 —5.10635640 6.48842583 6.48847520
1.0 —7.15480610 —7.15484549 8.87307476 8.87312731
1.4 —10.20556525 —10.20559990 13.02075362 13.02079987
1.8 —14.90892678 —14.90894239 19.79856900 19.79858086
(c)
[ W1(tij El(tij ‘lﬂ‘z(ti} UQ{E:‘) 'LI'J,';(tg;) ’ug(tg}
0.2 2.82820001 2.82819922 —1.36717100 —1.36717276 1.29430535 1.29430395
0.4 2.34715270 2.34715080 —1.70213589 —1.70213889 1.35096690 1.350962958
0.6 1.61165288 1.61165136 —2.06863957 —2.06864136 1.12030805 1.12030352
0.8 0.68018456 0.68018509 —2.55609734  —2.55509679 0.53279799 0.53279513
1.0 —0.38624142 —0.38623744 —3.28600244 —3.28599682 —0.51213132 —0.51212857
(d)
ti wy (t;) uy(t:) wa(t;) s (t;) wa(t;) ua(t;)
0.2 5.85399925 6.65519774 —6.58493690 —06.582587T71 —5.51120222 —5.50771339
0.8 13.58890681 14.00287756 —2.95418927 —2.92102977 —4.51808620 —4.45343131
1.0 41.45180376 41.57707970 13.61528979 14.18586491 25.57139128 26.7T1881709
1.4 134.28466702 134.55509227 132.41529876  137.55271457 261.76615143 272.04668062
1.8 441.61837376  443.89480356 860.12763808 897.37318083 1716.71350110 1791.20854020
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5.9

7. The Adams Fourth-Order Predictor-Corrector method for systems applied to the problems in
Exercise 1 gives the results in the following tables.

(a)
i w1 U1s Wa; Ug;
0.200 2.12036583 2.12500839 1.50600185 1.51158743
0.400 4.44122776  4.46511961  3.24224021  3.26598528
0.600 9.73913329 0.83235869 8.16341700 8.25620549
0.800 2252673210 23.00263945 21.20273983 21.66887674
1.000 54.81242211 56.73748265 55.20490157 57.10536209
(b)
i wy; Uy; Wy U4
0.500 0.95675505 0.95672798 —1.08385916 —1.08383310
1.000 1.30659905 1.30655930 —0.83300571 —0.83296776
1.500 1.34420613 1.34418117 —0.56983853 —0.56981634
2.000 1.14334795 1.14333672 —0.36938396 —0.36937457
(c)

(d)

ti w4 U1 wa; Uag wa; U3a;
0.5 0.70787076 0.70828683 —1.24988663 —1.25056425 0.39884862 0.39815702
1.0 —0.33691753 —0.33650854 —3.01764179 —3.01945051 —0.29932204 —0.30116868
1.5 —2.41332734 —2.41345688 —5.40523279 —5.40844686 —0.92346873 —0.9267577T8
2.0 —5.88068402 —5.89590551 —8.72213325 —8.71450036 —1.32972524 —1.32544426

fi Wi Uli wai U2i Wi Ui
0.2 1.38165297 1.38165325 1.00800000 1.00200000 —0.61833075 —0.61833075
0.5 1.90752882 1.90753184 1.12500000 1.12500000 —0.09090527 —0.09090566
0.7 2.25503040  2.25503620  1.34300000  1.34300000 0.26344040 0.26343970
1.0 2.83211032 2.83212056  2.00000000  2.00000000 0.88212163 0.88212056
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5.9

8. The approximations for the swinging pendulum problems are given in the tables:

t, 0 t, 0
1.0 —0.365003 1.0 —0.338253
20 —0.0150563 20 —0.0862680

9. The predicted number of prey, z;, and predators, x5;, are given in the following table.

|
i t; T1i Ta;

10 1.0 4393 1512
20 2.0 288 3175
30 3.0 32 2042
40 4.0 25 1258

10. The predicted number of prey, r1;, and predators, x2;, are given in the following table.

i i; Wii wa;

6 1.2 2211 11469
12 24 175 17492
18 3.6 2 19704

A stable solution 1s =1 = 8000 and zz = 4000.
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