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There are several ways one could illustrate the applications of the
accuracy theorem. Our approach shall be based on the following six
problems:

Ly =-y y(—1) = 2.718281828459
(1,90)

@y =y y(=1) = 0.4 (4, 79-81)

(3) y' = exp(-y) y(=1) = 0.0 (5, 360)

4y =siny y(—1) = 0.705026843560 (4)

Gy =x-y y(—1) = —0.018971824750 (4)

6) y =1—sqrt (y) + cosnx y(—1) = 0.962556070550 (4)

These were selected as being representative and are taken from the
literature with only slight modifications.

The first three problems have simple analytic solutions and thus offer
an opportunity to compare the results of the Picard-Chebyshev method
to the true solution. The fourth and fifth problems also have analytic
solutions which are provided in Norton’s article (4), but these analytic
solutions are much more difficult and complicated. The sixth problem
has no finite analytical solution.

For each of these problems we shall do the following:

(1) Solve the problem using 28 terms in the Picard-Chebyshev
method withd = 2.

(2) Compute ag which will produce N-place accuracy in ag where
N is different from the accuracy of aR that was obtained in the
28-term solution.

(3) Solve the probiem using R + 3 terms and check ag for N-place
accuracy. (The use of R + 3 terms rather than R + 1 terms
assures us that truncation error will not affect our results (3, 68).

Selected delta values are shown in tabular and graphic form for each
problem. The coefficients of the series produced by doing the above are
arranged in two tables, the first of which shows the solution foré = 2
and R set arbitrarily at 27. The second shows the solution for a selected
value of R and one of the computed values of . The accuracy of ag
should be greater than or equal to the value of N which corresponds to
the delta which was used in the solution. The values which need to be
compared are enclosed in the table by two horizontal lines.

Problem 1
y = -y y(—1) = 2.718281828459
Results of Delta Iteration for R = 8
5 +
N s
5 3.595772782445 4+
6 2.533073503352 31 SaEtn
7 1.818237611597 5
8 1.321527984811
1 4
9 0.992974132835
10 0.266249922131 bt
2 3 4 5 6 7 8 9 10

Results of Picard-Chebyshev Iteration
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& = 2 R = 27 § = 1.,818.,. R =10
is ar r ar
0 2.532131755504 0 2.449351976420
1 -1,130318207985 1 -1,171295655775
2 0.271495339534 2 0.277449347777
3 -0,044336849849 3 -0.040509022276
4 0.005474240442 4 0.004042340585
5 -0,000542926312 5 -0.000292765653
6 0.000044977323 6 0.000016005658
7 -0.0000031984 36 7 -0,000000679079
8 0.000000199212 8 0,000000022825
==
-0.000000011037 9 -0,000000000617
10 0.000000000551 10 0.000000000014
Problem 2
y =y y—1) =04
Results of Delta Iteration for R = 8
N 8 5
2 7.764639685523 2 L
3 2,707620636292
a| 1.891638484579 | 3 T § = F(N)
5 1.574932007775 2 +
6 1.299565543998 1 4
7 1,064295194214 . ) .
2 3 4 5 6 71 8 9 10
Results of Picard-Chebyshev Iteration
§ = 2 R = 27 6§ = 1.574... R = 10
r ar r ay
0 1.788854382118 0 1.386573322853
1 0.683281573079 1 0,350527712160
2 0.260990337042 2 0.066505723388
3 0.099689438019 3 0.010581390045
4 0.038077977006 4 0.001486276452
5 0.014544492994 5 0.000189735157
6 0.005555501975 6 0.000022423459
7 0.002122012930 7 0.000002484639
8 0.000810536815 8 0.000000260492
9 0.000309597514 9 0.000000025747
10 0.000118255727 10 0.000000002531
4
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Problem 3 Problem 5
y' = exp (—y) y-1)=00 y =x-y y(~1) = —0.018971824750
Results of Delta Iteration for R = 8 Results of Delta Iteration forR = 6
N s 5 L N 8 s 4
4 4.366377770383 | , | 4.951959393674 |
. 3 3.854483684697
5 2.477757718250 , 1 e s 1 PR
6 1.391791146061 4 2.057951866760
2 -+
7 0.916878431466 | 2 5] 1.060429589678
8 0.349698333258 | 1 3 0.631841353289 14
9 0.289871721778 e S 7] 0.365642349412 et
) 2 3 4 5 6 7 8 9 10 2 3 4 5 6 1 8 10
Results of Picard-Chebyshev Iteration Results of Picard-Chebyshev Iteration
6§ =2 R = 27 6§ =1.391,.. R=8 AT . e e T
r ar r arp r ay = ay
0 1.247621432730 0 1.360639985137 B T, o| -1.729980428781
1 0.535898384862 1 0.597901290964 1 -0.565774570107 1 -0.806005774616
2 -0,071796769724 2 -0.070836347854 2 0.065558056960 2 0.033462705741
3 9012835257042 . L E 3| -0.012311677977 3| -0.006339482535
4| =0.002577388071 4.]...70,001438703403 4| 0.002574869425 4| 0.000201643085
5 0.000552487242 5 0.000211188353 3| 5. Bo65E97068E3 =]~ 0.DeCIEESABEERD
6| -0.000123365425 6li. 50.0000030986049 6] 0.000123750083 6] o0.000000183131
7 0,000028333428 7 0,000004526470 7 ~0.000027572206 7 -0.,000000003837
-0,000006642929 8 -0,000000656953 0.000006167271 8 0.000000000056
9 0.000001582193 9 0.000000092473 9 ~0.000001382249 9 PRIy
ol i D e 1O =01000000014208 10{  0.000000310126 10| s, eswssswsersn
Problem 4 Problem 6
y' =siny y(—=1) = 0.705026843560 'y’ = 1 - sqrt (y) + cos nx y(—1) = 0.962556070550

Results of Delta Iteration for R = 7

Results of Delta Iteration for R = 10

N 5 5 + N § s +

3 2.967528139860 s L 2| 10.664323112324 At

4 1.847133735378 3 3.076876327097

5| 1.450160842701 | | & =B a|  2.341341458739 1 Sr)

6 1.184471706612 2t 5 1.488840646665 2t

7 0.747525901063 1+ ~__ 6 1.087264432934 1 4

8 0.509896862474 N ey ;\\: N 7 0.885596343309 R P

2 3 4 5 6 7 8 9 10 2 3 4 5 6 71 8
Results of Picard-Chebyshev Iteration Results of Picard-Chebyshev Iteration
6 = 2 R = 27 § = 1,847... R=9 § = 2 R = 27 § = 1,488,.. R = 12
r ar r ap r a, r ar
0 3,141592653602 0 3,145776682772 0 1.994588224861 0 2.150480750532
1 0,.895867258385 1 0.906419146494 1 0.177079655786 )| 0.434373719737
2 -0.000000000001 2 0.013022139346 2 -0,048309625947 2 0.228176220938
3 -0.031670934242 3 -0.027966828162 31 -0.206944113248 3| =0.135011014041
4 0,000000000000 4 -0.001487294118 4 0.014789026766 4| -0.033409236910
5 0,001668508992 5 0.001091712193 5 0,031677253343 5 0.009972019386
6 -0.000000000000 6 0.000113872373 6| -0,001217395448 6 0.001546023401
7 -0,000101626744 7 -0.000043281969 7| -0.001851489116 7] -0.000367648389
8 -0,000000000000 8 ~0.000007978616 8] -0.000015381966 8{ -0.000018327785
9 0,000006711693 9 0.000001488254 9 0.000040342982 9 0,000009750956
10 -0,000000000000 10 xnnean 10 0.000017960517 10| =-0,000002586350
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