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Chapter 1

Introduction, Summary of results and

lookup table

1.1 Introduction

This report gives the result of running a number of partial differential equations in Mathe-
matica and Maple. This is work in progress as more PDE’s are being added.

The following are the systems used
1. Mathematica 14.2.1 (64 bit).
2. Maple 2025 (64 bit)

The following are plain text files of the current collection of the PDE’s used in this report.

(Mathematica, PDE IN CAS_problems.txt|

(Maple PDE IN_ CAS_problems.txt|

10 minutes real time is used as the time limit to complete a problem. If CAS does not finish
within this time limit, a failed score is given.

All possible options, assumptions and HINTS are tried to obtain a solution. The command
DSolve is used in Mathematica and the command pdsolve in Maple.

In this version, all results are automatically simplified. This is done to reduce the size of the
final solution.

It is possible I missed some option, assumption or HINT, which could help make the CAS
able to solve a given PDE now marked as unsolved. Will correct such a case if found.

Most of the solutions returned are not verified. If a CAS returns a solution, it is assumed to
be correct and that the problem was solved by the CAS.

These problems were collected from textbooks such as
1. Richard Haberman applied partial differential equations, 5th edition
2. David J Logan applied Partial differential equations.

3. Partial differential equations and boundary value problems with Maple by George A.
Articolo, 2nd ed.

4. Handbook of first order partial differential equations (HFOPDE), Volume 1, by Polyanin,
Zaitsev, Moussiaux (2002).

5. Handbook of nonlinear partial differential equations (HNPDE), by Polyanin, Zaitsev
(2004).


Mathematica_PDE_IN_CAS_problems.txt
Maple_PDE_IN_CAS_problems.txt
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6. Nonlinear Partial Differential Equations by Lokenath Debnath, 3rd edition. (2012).
7. Introduction to Partial Differential Equations by Peter J. Olver, Springer. (2014).
PDE’s from other text books will be added with time.

Some problems were also collected from Maple and Mathematica help pages, documentation
and technical forums.

Some of these problems I solved by hand. I have tried to verify that all hand solutions are
correct by verifying them using Maple’s pdetest (). Will add more hand solutions in the
future in order to compare with the computer solution.

The following are some PDF files used to collect some problems from

1. |PDE_and BC_during december_ 2018.pdf]
2. What_is New_after Maple 2018.pdf|

3. |Integral 'Transforms_ revamped_Oct_2019.pdf
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1.2 Results

The current number of partial differential equations in this report is [ 2012 ].

Mathematica solved | 1541 | and Maple solved [ 1805 |.

Table 1.1: Percentage solved by each CAS for all problems

Mathematica Maple
76.59% 89.71%

Table 1.2: Pecentage of solved by each CAS broken down by each chapter

chapter name Number of Problems Mathematica
Miscellaneous PDE’s 149 77.85%
Parabolic PDE’s (Diffusion) 130 93.08%
Elliptic PDE’s (Laplace, Poisson, Helmholtz) 53 75.47%
Hyperbolic PDE’s (Wave) 83 91.57%
Handbook of first order partial differential equations 1585 74.89%
Handbook of nonlinear partial differential equations 12 8.33%

Table 1.3: Percentage of failed due to time out among all problems that could not be solved

Mathematica Maple
3.18% 7.73%

Table 1.4: Total real time used to solve all problems

Mathematica Maple
8.44 (hours) 5.31 (hours)

Table 1.5: Average real time used to solve one problem

Mathematica Maple
15.103 (sec)  9.494 (sec)

List of problems not solved by Maple nor by Mathematica [172] (8.55%)

32} 48, [57, [TT9, 126, [131], 135} [136} (137, [2T4 [272, 277} 278, [279, 307, 317, [318} [319} 320}, B2T}
322} 323} 324} [325], [332, [36T}, [362, 403, 413} 54} 455} (456} 458} (474} [438] (489 492, [508, [516)
520} [521], 523, [526), [528, [530}, [p31}, [043, [649}, [657), [559, [56T}, [564, 567}, [600} 620} 622} (623} [627),
628, [629} 650}, 672}, [678], [695], [698, [71T}, [712, [719, [720}, [723), 724, [735), 736}, [746}, [747} [748} [757,
[758, [760, [761], [766}, [768, [770, 771, [772, [775, [776} [777, [779} [780} [783} [784} [785), [786}, [787, [T91}
[802} 803, 808}, B13}, 816, [B2T], [822, [823, [824] [825, [826), (827, [831}, [832} 833}, 834} B35}, 836, [B37,
838, 839} [840}, (841}, [1029] [1057, [1058, [1T72} T179, 1194} 1366, 1377 1378 1333} [1385), [1336],
(1387, 1413 1416}, 1417} [T421] [T424] [T428| [1429, 1450} 1451} 1452} [1453, [1457, [1462, 1463,
[1558], 1574} [1577] L1578} [1628] [1629} 1632} 1726} 1736} 1748, 1749, [1800, [1906, 1907, 1914,
(19135}, [T916], 1918, [1960}, [200T}, 2003, 2008, 2009, (2010}, [201T}, [2012]

List of problems solved by Maple but not by Mathematica [299] (14.86%)

(16, [34, [67, (100, [T0T}, [102} [T03), [104} [105}, [107, [108, [T16}, [117} [TT8) [120} [T2T}, 124} [T27, [128, [130,
(132} 133} 138} 140} [157, [174, [204, [230, 310, 326} 359, 370} (408, (429} (439} (440}, 449, 450}, 453,
(57, @59, 460, (464 [466), (469, [48T], 482, [485), [436), [490} 493} 494} 499} [504} [505, [506}, [507, [518,
BI9; 522} 523} 527} [529; [632, [637], [042, [B5T), [554, [558, [565, (570} 573} 574} 577} [578} [579} [533
597}, 592} 593}, [598, [599; [60T], [606}, [612, [618}, (625, (634, [635), (644, (646, [647} 652} [658} [661], [662,
663, 664, 673}, 675}, 676}, 677, [679, [683, [696}, (697, (699, [700, [70T}, [702}, [707} [709} [710} [72T], [722,

Maple
91.28%
84.62%
77.36%
87.95%
90.85%
41.67%
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(731, [733}, [743} [745], [753, [755, [756), [759, [763), [769, [774} [778} [782}, [738} [790} [792, [793, [795, [796)
[800} [801], [803), [80€], 07, {809, [810}, [B1T}, [812, 813, [814, [817, [818, [8T9, [820} 829} B30} 873}, [834,
885, [994, [1004, [I0T8, [T0TY, [1036}, [1037, [T065, [1066), 1107, [1178) 1180}, 1181}, 1195, 1210} 1211,
1234, 1235, 1262} 1352} 1374} [T390} 1410} 1414} 1420} 1422} 1423, 1425, [1436} 1437, 1441}
[1447], 1454} [T453), 1456}, 1459, [T461], 1469, (1430} 1431, 1436} 1487, [1490, [1492, 1493, [1507,
[1518, 1558, [1559} [1563} [L566} L5795} [L576} 1608, 1618, 1630, 1643, 1650, [1655, 1664, 1667
(1671, 1678}, 1634} 1639} 1695} 1699, [1700} 1703} 1704, 1709, 1711}, 1714, 1719, 1720, 1727,
[I729, [I730}, [I731], [I732}, [T733} [I737, 1738, 1740}, 1742} 1744}, 1745, 1746} 1747, 1779, 1783,
[L789, [I791], [T799, [I801], [I803, [I809, [1814} [1818, [1820} 1824} [1826} 1835, [1836} 1840, 1844,
(1847, 1853, [1858, [1863} 1867} [I868, [I871} 1872} 1874} 1877, [1878, [1830), [I883, 1884, [1888,
(1889, (1898, 1899} [1900} 1901, 1902} [T905} 1909, 1911} 1913} 1917, 1931, [T938, 1948, 1958,
(1963}, 1964} 1966, 1969, 1970, 1999, 2004} 2005}, (2006}, [2007]

List of problems solved by Mathematica but not by Maple [35] (1.74%)

6T}, (86}, [94}, [95} 166} (169} (70} (194} 203} 213}, 226}, 265}, 267} 268} 269} 270}, 271}, 275}, 276, [300,
393, 399, 409, (410, (41T}, 412} 487, [563, [765} [T208, [1380, 1384} [1409} 1904} 1924

List of problems not solved by Mathematica [471] (23.41%)

16, 32} 34, @8, [57, [67} [100} 10T}, [102, [T03), 104} [103} [107, [108, 116} 117, 18], 119, [T20, [T21}
(124} 126}, [127], 128 [130}, [131}, [132, 133 [135), 136} (137} (138} [140} (157} [174} 204} [214} [230} 272,
277, 278, 279} [307, 310}, B17, 318, 319}, 320, 321}, [322} 323}, 324} 323, [326], [332, [359, [36T}, [362,
370}, (403, (408, 413, 429, {39, 440, 449, 450, @53} 454} 455} @56}, 57], (458 (459, 460, 464, [466),
(469, 74} [A31], (482 [485], [486), [488, 489, 490, [492} 493} 494} 499, [504} [505), [506}, [507, [508, [516,
BI8, 519} 520} [521], [522] 523 [625], [626}, [527), [528, [529, (530}, [531T}, 532} 537} 542} [543} [549} [551],
554} 557} [558, [559} [561], [564} [565}, [67), [670}, 573, [574, [577, [578, 579} 583} (591}, [592} [593}, [598,
[599; [600} [601], (606, 612} 618, [620}, [622, [623), (625, (627, (628, [629, [634}, [635}, (644}, 646, [647}, [0,
652} [658, 661, 662} [663}, [664} [672, [673, [675), (676 (677, (678, [679, 683}, [695} 696}, 697}, 698}, [699
[700}, [701], [702, [707, [709, [710, [71T}, [712, [719, [720} [721], [722} [723} [724} [731], [733, [735, [736}, [743)
(745}, [746), [747], [748, [753, [755, [756), [757 [758, [759, 760, [761], [763} [766}, [768] [769, [770, [T71}, [T72,
(774, [773}, [776}, [777, [778, [T79, [780}, [782, [783), [784], [785), [786}, [787} [788}, [790} [791], [792, [793, [795,
[796}, {800}, [B01T], {802, [803, [805, [806}, (807, [808, [809, (810} 811}, 812} B13} 814} [815], 816}, [817, [818,
819} 820} 821, 822}, 823 [824} [825, [826), [827), [829, [830}, [831}, [832}, [833), (834}, 835}, 836}, B37}, 838,
839, (840, [41], 875, (884 [885], [994} [1004} [T018, [T0TY, [T029, 1036, 1037, 1057 [T058, [1065], 1068,
(1107, 1172} [T178, [I179} [T180} [T181] 1194} 1195} 1210} 1211} 1234} 1235} 1262, 1352, 1366,
(1374}, [1377], 1378} 1333} [T335} 1386} (1387} [1390} 1410} 1413} 1414} 1416} 1417, 1420, 142T]
(1422, 1423 1424} 1425}, 1428, [T429] (1436} 1437, 1441}, 1447, [1450, [145T), [1452} [1453, 1454,
(1455, 1456, 1457}, 1459} [T461], 1462} (1463} (1469, (1430, 1431}, [1486} [1487, [1490, 1492, 1493,
[1507, 1518} 1555}, 1558, [L559} [L563} (1566} 1574, 1575} 1576} 1577, 1578, [1608, 1618, 1628,
[1629, 1630} 1632} 1648, [1650} [T655} 1664} 1667, 1671} 1678, 1684, [1689, [1695, 1699, 1700,
[[703] [T704; [T709, [T711], [T714} [T719} [T720} 1726} 1727, 1729, 1730, 1731} [1732} 1733, 1736}
[L737, [I738, [T740} [T742} [T744} [T745} 1746} 1747, 1748, 1749, 1779, 1783} [1789, 1791, 1799,
(1800}, 1801], [T803, [T809, [I814} [I818, [1820} (1824} [1826} 1835} 1836} 1840, [1844, [1847, [I853,
(1858, 1863} 1867} 1868, 1871}, 1872} [I874} 1877, 1873, [1830} 1883, [1884, [I888), [1889, 1898,
(1899, 1900}, [T901], 1902} [T905} 1906} 1907, 1909, 1911} 1913} 1914} 1915, [I916}, 1917, 1918,
(1931, 1938, 1948, 1958, [T960} 1963} 1964} 1966} 1969, 1970, 1999, [200T}, [2003, [2004, 2005,
[20086], (2007, [2008, [2009, [2010;, [2011], [2012]

List of problems not solved by Maple [207] (10.29%)

32, B8, [57, 6T}, [36} (94 95}, (119} (126, (131}, [135} [136}, (137, (166}, (169, 170} 194, [203} 213, [214} 226}
263, 267}, 268} 269} [270}, [27T}, [272, [275), [276), [277, 278} 279} [300} [307}, [317], [318}, [319}, [320}, [32T}
322} 323} 324} [325], [332, [36T}, [362, 393, 399, 403} 409} A10} @11} @12} 413] (454, 455, 456, 458,
(74, [A437, [A38] (489, [492, [508, [16}, [520, [521}, (525}, (526}, [528} 530} [531], [543}, [549} [557, [559, [6T}
563} [564; 567}, [600} [620}, [622, [623), [627], (628 [629, (650, (672, [678, [695)}, 698} [711], [712} [719} [720,
(723} [724} [735), [736, [746}, [747, [748, [757, [758, [760), [76T], [765)}, [766}, [768} [770} [771, [772, [T75, [T76)
[777, [779} [780}, [783, [784} [785, [786}, [787, [79T}, [802} (803} 808, B15} 816}, [B2T], [822, [823, [824, [825,
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826, [827, (831}, [832, [833, [834}, 35}, 836}, B37} 838} [839, (840, [841}, (1029, [T057} [T058, [T172} T179,
[1194; [T208, 1366}, (1377}, [[378} [T380} [1383} [1384} [1385)}, 1386} [1387, [1409, [1413, 1416, 1417,
(1421, 1424 [T428, [1429} [T450} [T451} (1452} 1453} 1457, 1462} 1463, [I555} [I574, [I577, [I578,
[1628, 1629, 1632} [T726}, [T736}, [T748, 1749} (1800} 1904} 1906} 1907, 1914, [I915, 1916, 1918,
(1924} 1960, [200T}, [2003), [2008, [2009, 2010} [2011], 2012

List of problems that are hand solved [195] (9.69%)

(L 2 B} B B 6} [7) B, O} 10} [L1} [12} [13} [14}, [L5, 16}, [I'7, [T8} [19} [20} [24), [26), [27), 28, 29, [30), [7C), [7T]
[72, [73} [74} [75}, [76} [77, [78} [79) [80} [8T}, ©T}, [92} [109} [150} (151}, [T52, [153} [154} [L55), (156}, (157 [T58,
(159, [160} 161}, 162, 163 164, [166, 168, 17T, 72} [I75} [I76} [T77} [I78} [180} 181}, (183, [184, [185,
(191}, 194} 195}, (198, [199, [200}, [20T}, [202, [203), [206}, [207} 208} 209} 210} 213} 214} 215, [216, [217],
218, 219} 220}, 221}, [222, [223, [224] [225), [226), [227, [228, 229} 232} 234}, 235}, [236], [237, [247], [252,
253}, 258, 259, 262, [263, [264, [267), [268), [269, [270} 27T, 272} 274} [275], [280], [281], [282, [287], [289,
290}, 291], 292, 306, [307, [309, 310, 12, B15} 326} 328} 332} 333} [334} [335], [336}, [337, [342, [347]
348, 349} 352, 353, [354}, [355,, [356}, 357, 358, 359, [363, 364} 365}, [372}, [373] [382, [387, [388, [390),
3971, 392, 394, [395], [396}, [397} (40T}, 404, 406}, 09}, 410} 1T} T2} 4T3} {418 [420] (422} (423, 424
[A25), [426), [427, [428), [1367), (1368, 1369} (1370} [1514} [I515], [T584 [1585]

List of problems that are animated [60] (2.98%)

2, B, & [} 6} [7, B, [¥ [0} 151}, 152, 154, 159, 16T} [163, [I76} 18T, (191} 199} (202, [208, [209, [210},
219} 222} 227], 229, [235, [237, [259, [263), [264, [268, [269} [271], 272} 274} 275}, [334} [335, [336}, [349,
354} 356} 357, 358, [363, [372, [373, [382, [387, [388, [390} 391}, 395}, [396} 397, 406, 1T}, 12|
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1.3 Result lookup table

10

11

12

13

14

15

1.3.1 Miscellaneous PDE’s
Table 1.6: Miscellaneous PDE’s breakdown of results. Time in seconds
PDE description Mathematica Maple hand | ani-
solved? mated?
result time | result time
\General first or Transport equation u;+u; =0 \/ 0.031 \/ 0.097 Yes
=
\General first or Transport equation u; — 3u, = / 0.005 \/ 0.128 Yes Yes
dex 0 IC u(0,z) = e . Peter
Olver textbook, 2.2.2 (a)
\General first ort Transport equation u; + 2ug, = v 0.006 v 0.125 Yes  Yes
dex 0 IC u(-1,2) = 5. Peter
Olver textbook, 2.2.2 (b)
\General first or! Transport equation wu; + ug + e 0.004 v 0.149 Yes  Yes
deq tu=0IC u(0,z) = arctan(z).
Peter Olver textbook, 2.2.2 (c)
\General first ort Transport equation w; — 4du, + e 0.004 v 0.161 Yes  Yes
deq u=0IC u(0,z) = H-% Peter
Olver textbook, 2.2.2 (d)
\General first ort Transport equation u; + 2ug = Ve 0.046 v 0.21  Yes  Yes
dex sinz IC u(0,z) = sinz. Peter
Olver textbook, 2.2.5
\General first or! Transport equation v 0.012 v 0.228 Yes  Yes
deq u + H%uw = 0 IC
u(z,0) m Peter
Olver textbook, page 27
\General first or Transport equation us — zu, = \/ 0.005 \/ 0.215 Yes Yes
dex 0 IC u(z,0) = . Pe
ter Olver textbook, problem
2.2.17
[General first or] Transport equation u; + (1 — ¢ 0.048 v 029 Yes  Yes
dex 2t)uy = 0 IC u(z,0) = ﬁ
Peter Olver textbook, problem
2.2.29
\General first or! Transport equation e 0.008 v 0.275 Yes  Yes
dex ur + ﬁuw 0 IC
u(z,0) = ez®+12z
[General first o} 3u, + 5uy = = v 0.005 v 0.113 Yes
fex
\General first. or} zuy + yu, = —4xyu and v 0.019 v 0.241 Yes
der] u(z,0) = e
General first or] ¢ +uz = 0 and u(z,0) =sinz v 0122 v 0.384 Yes
der] and u(0,t) =0
General first or]  wi+cu, = 0and u(z,0) =2 v 0.005 v 0.128 Yes
=
General first or] (Haberman 12.2.2) w; — 3wy, = ¢ 0.005 v 0.141 Yes
dex 0 and w(z,0) = cosx

Continued on next page



16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

Lokenath Debnath
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Table 1.6 — Miscellaneous PDE’s. Continued from previous page
PDE description Mathematica Maple hand | ani-
solved? mated?
result time @ result time
General first or]  (Haberman 12.2.4) w; + cw, = X 175 0.418 Yes
deq 0 and w(z,0) = f(z) and Solution
w(0,t) = h(t) con-
tains
unre-
solved
in-
vlaplace
calls
General first or] (Haberman 12.25 (a)) wy + ¢ 0.057 v 0.169 Yes
et cwz = €** and w(z,0) = f(z)
General first or] (Haberman 12.2.5 (d)) w; + v 0392 v 0.281 Yes
deq] 3tw, = w(z,t) and w(z,0) =
f(z)
General first or]  2ug + 5uy = u?(z,y) + 1 v 0.087 v 0.214 Yes
=
\General first ort  Clairaut equation zu, + yuy + Ve 0.041 v 0.224 Yes
der 3((uz)? + (uy)*) =0
|General firstor] ~ Clairaut equation. zu, +yuy + v 0.009 v/ 0.829
der] T((uz)? + (uy)?) = 0 with
u(z,0) = (1 —2?)
\General first ort ~ Clairaut equation. v = zug + e 0034 v 0.067
deq] Yuy + sin(ug + uy)
\General first ort Recover a function from its gra- e 0.045 v 0.267
dex dient vector
(General firstorl  of, — f, = &5 f2 e 0034 v 0.174 Yes
=
General first ot} £, + (£,)2 = f(@,y,2) + 2 v 0.067 v 0.627
=
|General first or]  ug + yuy = u (Example 3.5.1 v/ 0.017 v 0.104 Yes
deq] in Lokenath Debnath)
General first orl  zu, +yu, = nu Example 352 v 0.013 v 0.105 Yes
et in Lokenath Debnath
\General first or! ~ z2u, + y?u, = (¢ + y)u Exam- v 0.069 v 0.153  Yes
dex ple 3.5.3 in Lokenath Debnath
|General firstorl  (y — 2)ug + (2 — 2)uy + (x — v 9.864 v 4.685 Yes
deq y)u, = 0 (Example 3.5.4 in Lo-
kenath Debnath)
General firstor!  u(z +y)us +u(z —y)u, =22+ v 0.257 v 0.858 Yes
dex y? (Example 3.5.5 in Lokenath
Debnath)
General first orl  uy — u, = 1 with u(z,0) = ¢ 0.006 v 0.11
dex z? Example 3.5.6 in Lokenath
Debnath
\General first or! ~ yu, + zu, = u with u(z,0) = X 1.238 X 0.589
deq 23 and u(0,y) = y> Example
3.5.8 in Lokenath Debnath
General first orl  zu + yuy = e withu =0 v 0.105 v/ 0.16
dex on y = z? Example 3.5.10 in

Continued on next page
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Table 1.6 — Miscellaneous PDE’s. Continued from previous page

PDE

description

ut + uug, = x with u(z,0) =
f(z) Example 3.5.11 in Loke-
nath Debnath.

uy = 0 Problem 3.3(a) Loke-
nath Debnath

aug + buy = 0 Problem 3.3(b)
Lokenath Debnath

Uz + yuy = 0 Problem 3.3(c)
Lokenath Debnath

(1 + z2)u; + u, = 0 Problem
3.3(d) Lokenath Debnath
2zyus + (22 + y*)u, = 0 Prob-
lem 3.3(e) Lokenath Debnath
(y+u)uz+yuy = x—y Problem
3.3(f) Lokenath Debnath

y?uy — zyu, = z(u — 2y) Prob-
lem 3.3(g) Lokenath Debnath
YUy — 2u; = 1 Problem 3.3(h)
Lokenath Debnath

uy + 2zy*u, = 0 Problem 3.4
Lokenath Debnath

3ug + 2uy = 0 with u(z,0) =
sin z. Problem 3.5(a) Lokenath
Debnath

Yyuz + zuy = 0 with »(0,y) =
e~¥”. Problem 3.5(b) Lokenath
Debnath

Tuz + Yyuy = 2zy with u = 2
on y = 2. Problem 3.5(c) Lo-
kenath Debnath

Uz + zuy = 0 with u(0,y) =
siny. Problem 3.5(d) Lokenath
Debnath

YUz + zuy = zy with v(0,y) =
e, u(z,0) = e~". Problem
3.5(e) Lokenath Debnath

uy + zuy = (y — 12?)? with
u(0,y) = €Y. Problem 3.5(f)
Lokenath Debnath

Tuz + Yuy = u + 1 with u =
z? on y = 22 Problem 3.5(g)
Lokenath Debnath

Uy — uty = u? + (z+y)? with
u(z,0) = 1 Problem 3.5(h) Lo-
kenath Debnath

zug + (z + y)uy = v+ 1 with
u(z,0) = x2 Problem 3.5(i) Lo-
kenath Debnath

Uz + Yuy + 2u, = 0 Problem
3.8(a) .Lokenath Debnath

Mathematica
result time
X 2.793
v 0.004
v 0.007
v 0.021
v 0.009
v 0.073
v 7.176
v 0.07
v 0.014
v 0.048
v 0.004
v 0.017
v 0.011
v 0.006
X 2.921
v 0.008
v 0.014
v 0.031
v 0.021
v 0.023

Maple hand | ani-
solved? mated?

result time

v 0.517
v 0.07

v 0.155
v 0.238
v 0.198
v 0.373
v 0.912
v 0.421
v 0.202
v 0.22

v 0.195
v 0.492
v 0.179
v 0.237
X 0.812
v 0.314
v 0.179
v 0.417
v 0.402
v 0.17

Continued on next page
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Table 1.6 — Miscellaneous PDE’s. Continued from previous page

PDE

description

2uy + y2uy + 2(z + y)u, =0
Problem 3.8(b) Lokenath Deb-
nath

z(y—2)uz +y(z—x)uy +2(x —
y)u, = 0 Problem 3.8(c) Loke-
nath Debnath
yzuy—zzuyt+zy(zi+y?)u, =0
Problem 3.8(d) Lokenath Deb-
nath

o(y® — 2*)us + y(2® — y?)uy +
z(z?> — y*)u, = 0 Problem
3.8(e) Lokenath Debnath

Uy + Uy = y with w(0,y) = y?
Problem 3.9(a) Lokenath Deb-
nath

Uz +zuy =y with u(1l,y) =2y
Problem 3.9(b) Lokenath Deb-
nath

(ug + uy)? — u? = 0. Problem
3.10 Lokenath Debnath

(y + w)ugy + yuy = z — y with
u(z,1) = 1+ z. Problem 3.11
Lokenath Debnath

2zuy + (x + 1)uy = y with
u(1,y) = 2y. Problem 3.14(d)
Lokenath Debnath

Tuz + yuy = z2 + y? with
u(z,1) = z2. Problem 3.14(e)
Lokenath Debnath

v’u; + (zy)uy = =z with
u(z,1) = x2. Problem 3.14(f)
Lokenath Debnath

Tuz + Yuy = xy with u = %
at y = z. Problem 3.14(g) Lo-
kenath Debnath

Up + uuy = 1 with u(0,y) =
ay. Problem 3.16(a) Lokenath
Debnath

(y+ wuy + (z +w)uy = z +
y. Problem 3.17(a) Lokenath
Debnath

zu(u? + zy)uy, — yu(u® +
zy)uy, = z. Problem 3.17(b)
Lokenath Debnath
(z+y)ug+(r—y)uy = 0. Prob-
lem 3.17(c) Lokenath Debnath
YUy — Tuy = e* with u(0,y) =
¥ -1

YUz — TUy = €Y

Mathematica Maple hand | ani-
solved? mated?

result time | result time

v 0.051 v 0.307

v 0.023 v 1.173

v 0.058 v 0.379

X 3591 X 0.457

v 0.006 v 0.219

v 0.007 v 0.189

v 0.009 0.189

v 1471 X 1.484

v 0022 v 0.297

v 0022 v 0.28

v 0.023 v 0.387

v 0016 v 0.178

v 0051 v 0.275

X 230.268v 1.62

v 0037 v 0.28

v 0.039 v 0.947

v 0.099 v 0.634 Yes
v 0.048 v 0.503 Yes

Continued on next page
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CHAPTER 1. INTRODUCTION, SUMMARY OF RESULTS AND LOOKUP TABLE 10
Table 1.6 — Miscellaneous PDE’s. Continued from previous page
PDE description Mathematica Maple hand | ani-
solved? mated?
result time result time
General first or]  w; + zug = 0 with u(z,0) = z2. v 0.011 v 0.377 Yes
@ Math 5587
General first or]  w; + tuy = 0 with u(z,0) =e* ¢ 0.018 v 0.457 Yes
Hex
|General first o] 2u, + 3u, = 1 v 0.009 v/ 0.162 Yes
e
General first or}  zuy — tuy =0 v 0.019 v 0.334 Yes
=
(General first o] wtu, = Owithu(z,1) = 12; v/ 0.007 v 0.206 Yes
et
General first or}  ugu, = 1 v 0.004 v/ 0.152  Yes
g
General firstor! wyu, = u with u(z,0) = v 1279 v 0.436 Yes
dex 0,u(0,y) =0
[Solved by facl ugg + Ugt — 6ug = 0 v 0.027 v 0.325 Yes
Solved by fac} sy — gt — 12ug = 0 Ve 0.013 v 0.491 Yes
|Solved by fac-l Ugpr — Uzt — AU = 0 \/ 0.014 \/ 2.669 Yes
v 5 -
Solved by facl wy — 2ugt — 3uee = 0 with ¢ 0.014 v 2.492
w(0,z) = 2%, uy(z,0) = €
on
Schrodinger | e 0.406 v 0.879
PDH Ihfy=—L21f,,
0 L EEEE— L
f=0 f=0
Logan textbook, page 30
Schrodinger | e 0.306 v 3.28
@ glz,y) = \/y§($i11(2ﬁf) sin(7y) + sin(7z) sin(27y))
1 f=0 J
=0 |f(z,9,0) = g(=,y) F=0
f=0 I °
Ife= -V (z,9)
In a square, zero potential
ISchrodinger | \/ 0.42 \/ 1.514
f(z,2) = =350 + 155z — 2222 + a3
P8 o o

Continued on next page
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Table 1.6 — Miscellaneous PDE’s. Continued from previous page

PDE description Mathematica Maple hand | ani-
solved? mated?
result time result time
Schrodinger | v 0.008 X 1.974
PDH No 1.C. Trivial
Ify = —fou + 222 f(2,1) solu-
—o0o <z <00,t>0 tion.
From Mathematica help pages Maple
does
not
support
oo in
bound-
ary
condi-
tions
[Schrodinger | v 30.775 v 1.25
PDH f(2,0) = Az(a — z)
4—6_L&_>
Ihfy =~ foe
—oo <z <00,t>0
David Griffiths, page 47
Schrodinger | Ve 0325 v 0.796
@ f(2,0) = Az(a — )
D SEE L S
Ihf, = —%fmo+ V() f(,1)
—o0o <z <00,t>0
David Griffiths, page 47
Schrodinger | v 0.307 v 3.898
@ g(z,y) = \/E(Sin(%f)sin(mﬁ + sin(7) sin(37y))
1 f=0 J
1=0 w0 =g,
F=o [ 7
Infi = =32V (w,y)
In a square
Beam PDE Beam PDE gy + tpzae =0 v 2485 v 0.386
Burger’s PDE|  Inviscid Burgers ug +uuy =0 v 003 v 0.215 Yes
Implicit
solution
Burger's PDE|  Inviscid Burgers with L.C. ug + ¢ 001 v 0.26  Yes
uuy = 0 and u(z,0) = w%q
Burger’s PDE|  u; + utty = ftigg v 0.020 v 0.267
Burger's PDE|  u; + utig + pttgs with IC v 11.242 X 0.621
Burger’s PDE|  u; 4+ uug + pug, IC as UnitBox \/ 23.532 X 0.46
Black Scholed classic Black Scholes model v 5177 0.786
PDH from finance, European call
version
Black Scholes Boundary value problem for v 1.849 v 1.307
PDH the Black Scholes equation
|K0rteweg— | Uger + Ut — Bul, =0 \/ 0.029 \/ 0.165
deV P D
Uz + YUy = 0 with u(z,0) = v 8.326 v 2.058
0, uy(z,0) = 2

Continued on next page
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Table 1.6 — Miscellaneous PDE’s. Continued from previous page

# PDE description Mathematica Maple hand | ani-
solved? mated?
result time result time
100  [Tricomi PDE| gy + Tty =0 X 0.011 v 1.035
101 [Keldysh equal gy + tyy =0 X 0.007 v/ 1.319
102 [Euler-Poisson-] ugs + uyy + Zuy =0 X 0.00 v 0.31
Darboux— 1
103 [Euler-Poisson-| gy — gy + Zup =0 X 0.009 v/ 0.515
Darboux 1
pquation)
104  [Euler-Poisson-| wi — wpw — 2up = 0 with X 2679 v 2.225
Darboux 1 wu(z,0) = 0,u(x,0) = g(x)
105 [Chaplygin's | wgp + 2y tyy + vuy = 0 X 0.037 v 0.82
106 |Cauchy Rie} Cauchy Riemann PDE with v 0.005 v 0.185
Prescribe the values of u and
v on the z axis
107 |Cauchy  Riel Cauchy Riemann PDE With X 0.003 \/ 0.225
ann extra term on right side
108 [Hamilton- | Hamilton-Jacobi type PDE X 0.041 v 0.342
| p1 PDE]
109 [Airy PDE g + Uggg = O v 0012 v 0.235 Yes
110 [Nonlinear | Bateman-Burgers u; + uu; = v 0.026 v 0.165
PDETS Vioa
111 [Nonlinear | Benjamin Bona Mahony wu; + \/ 0.032 \/ 0.18
@ Ug +UU+ T — Uggt = 0
112  [Nonlinear | Benjamin Ono w + Hugy + ¢ 0.023 v 0.162
@ uty =0
113 [Nonlinear | Born Infeld (1 — w)ug + v 0.013 v 0.222
PDE’Y 2uztitiz — (14 u2)uy = 0
114 [Nonlinear | Boussinesq s — tgs — Ugzze — V. 0.042 v 0.178
PDE’ 3(u?)zz =0
115 [Nonlinear | Boussinesq type ug — Ugy — v 0.037 v 0.211
@ 2a(uuw)x - Buxxtt =0
116 [Nonlinear | Buckmaster u; = (u%)gp + X 0.082 v 0.446
PDE’§ (u3)g Answer
in
terms of
RootOf.
117 [Nonlinear | Camassa Holm wu; + 2kuy — X 0.134 v 1.537
PDE’Y Ugzt + SUUy = 2Uglzy + UlUgrs Answer
in
terms of
RootOf.

118 [Nonlinear | Chaffee Infante u = uge + X 0.091 v 0.25
PDE’Y Au?—u)=0

119 [Nonlinear | Clarke. (6, —ve?),, = X 0.012 X 0.055
PDES (0 =€),

Continued on next page
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Table 1.6 — Miscellaneous PDE’s. Continued from previous page

# PDE description Mathematica Maple hand | ani-
solved? mated?

result time result time
120 [Nonlinear | Degasperis Procesi u; — uggt + X 0132 v 0.593
@ duuy = 3urUs T + Ulgrs But
still has
unre-
solved
ODE’s
in
solution
121 [Nonlinear | Dym equation u = wduges X 0.074 v 0.66
@ has
RootOf
122 |[Nonlinear | Estevez Mansfield Clarkson \/ 0.035 \/ 0.2
@ Utyyy + B Uy Uyt + B Uyy Ut + Ut =
0
123 [Nonlinear | Fisher's uy = u(l—u) +uey v 0.043 v 0.22
PDE’
124 [Nonlinear | Hunter Saxton (u; 4 uug)), = X 0.051 v 0.331
PDE’ (uz)? with
RootOf
125 [Nonlinear | Kadomtsev Petviashvili v/ 0.068 v 0.251
@ (Ut + uuy + €2U:pxw)x + Auyy =
0
126 [Nonlinear | Klein Gordon uzg+uyy+ P = X 0.008 X 0.073
PDET 0
127 [Nonlinear | Klein Gordon ze +uyy+u? = X 018 v 0.828
PDETY 0
128 [Nonlinear | Khokhlov Zabolotskaya, gz — X 0.063 v 0.772
PDE’S (utiz)z = Uyy
129 [Nonlinear | Korteweg de Vries (KdV) u; + v 0.028 v/ 0.36
PDE’§ (ug)3 + 6uu, =0
130 [Nonlinear | Lin Tsien 2uey + tigtips —uyy = X 0.075 v 0.524
PDET 0
131 [Nonlinear | Liouville tgy + uyy + € =0 X 0.007 X 0.103
PDE
132 [Nonlinear ] Plateau (1 + u2)ug, X 0.042 v 0.434
PDE' 2ty Yoy + (1+ U3 )uyy =0
133 [Nonlinear | Rayleigh uy — uze = e(us—ul) X 0.074 v 0.52
@ Has
RootOf
134 [Nonlinear Sawada Kotera u; + 45u%u, + v 0.078 v 0.397
|PDE73 15U Uurr + 15Uz +Usrzer = 0
135 [Nonlinear | Sine Gordon ¢y —¢pp+sing = X 0.009 X 0.088
PDET 0
136 [Nonlinear | Sinh Gordon ug = sinhu X 0.007 X 0.154
PDET
137 [Nonlinear | Sinh Poisson ugy + uy + X 0.007 X 0.083
@ sinhu =0
138 [Nonlinear Thomas equation ugzy + oug + X 0.061 v 0.951
PDE’S Buy + vuzuy =0

Continued on next page
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Table 1.6 — Miscellaneous PDE’s. Continued from previous page

# PDE description Mathematica Maple hand | ani-
solved? mated?

result time result time

139 [Nonlinear | phi equation ¢y — ¢us — ¢ + ¢ 0.041 v 0.303
PDETY ¢ =0

140 [more miscellal SS.y + 5,8, =1 X 0.042 v 0.256
freouy

141  [more miscellal  up, + ugg = 0 Ve 22.869 v 0.87
[reouy

142 lmore miscellal uzy + yuyy = 0 v 8.205 v 2.664
freous

143  [more miscellal u; + tiger =0 v 0176 v 2.595
[reouy

144 [more miscellal gy = sin(z) sin(y) v 2243 v 0.603
freony

145 [more miscellal w; = Wy g, + Wayey + Wogay V. 1214 v 0.858
freouy

146 |more miscella] Linear PDE, initial conditions v/ 1592 v 0.706
[reouy att =1y

147  imore miscellal second order in time, Linear e 1011 v 1.607
[reous PDE, initial conditions at ¢ =

to

148  [more miscellal Einstein-Weiner u; = —fuy + ¢ 0.031 v 0.566
preors Dz

149  |more miscellat Using integral transforms. v 38.845 v/ 2.009
freony

1.3.2 Parabolic PDE’s (Diffusion)

Table 1.7: Parabolic PDE’s (Diffusion) breakdown of results. Time in seconds

# PDE description Mathematica Maple hand | ani-
solved? mated?

result time result time
150  [Diffusion in 1D v 92.535 v 1.555 Yes
Finite do- 0 u(z,0) = f(x)
main (bar), u-—o Uy = Kige =0
Both ends  General initial conditions
homogeneous
BC
151  [Diffusion in 1D v 25.196 v/ 0.827 Yes  Yes
Finite do- u(z,0) = 100
main (bar), :8 U = o5l ulzoo
Both ends Specific initial condition
homogeneous
BC
152  [Diffusion in 1D v 29.404 v/ 0912 Yes  Yes
Finite do- 2(1— )
: DOe——o
e e o
homogeneous = IC u=z(1 —x)
BC

Continued on next page
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Table 1.7 — Parabolic PDE’s (Diffusion). Continued from previous page

# PDE description Mathematica Maple hand | ani-
solved? mated?

result time result time
153  [Diffusion in 1D e 0.055 v 2.379  Yes
Finite dO— 6 5111(9'%)
. 06— o]
main (bar), W0 vy — ks "o
Both ends
h Haberman 2.3.3 (a)
omogeneous
BC
154 [Diffusion in 1D| Ve 44575 1.102 Yes  Yes
F. .t d = T xr
e © u(z,0) = { 0—g 200§2 z<§2400

main (bar),

Both ends S AN
homogeneous 0 10
BC u=0 Ut = Uz u=0

IC hat function

155  [Diffusion in 1D v 0802 v 2.872 Yes

Finite do- 3sin T — gin 212
. 0e o ],
main  (bar), ., _¢ . e 0
Both ends
b Haberman 2.3.3 (b)
omogeneous
BC
156 [Diffusion in 1D)| v 93.233 v/ 3.454 Yes
Finite do- . 2 cos 222 . but handled
main (bar), ,—o up = Kugy w=0 m = 3 n = 3
Both ends Haberman 2.3.3 (c) should case
homogeneous be spe- cor-
BC cial rectly.
case
157  [Diffusion in 1D| X 600. 4.566 Yes
Finite do- 1 o<az<ik (Timed
. u(ac,O):{ 9 L<I<ZL
main (bar), = out)
Both ends I
homogeneous Qe o
BC u=20 U = ktpy u =

Haberman 2.3.3 (d)
158  [Diffusion in 1D v 46.186 v 0.837 Yes

Finite do- f(z)
. -1 1
main B2t g b u
0 ends
homogeneous domain from -1 to +1
BC
159  [Diffusion in 1D v 92.384 v/ 0.848 Yes  Yes
Finite do- 1— 22
; -1 1
e ke
homogeneous  domain from -1 to +1
BC
160 [Diffusion in 1D v 98.212 v/ 1.603 Yes
Finite do- u(z,0) = f(x)
. Qo————— o[
Ea‘lﬁ (bafl)’ u=0 U =kug +QT) wu=0
ot ends
homo ene01111s with source that depends on
BC & space only (general case)

Continued on next page
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Table 1.7 — Parabolic PDE’s (Diffusion). Continued from previous page
# PDE description Mathematica Maple hand | ani-
solved? mated?
result time | result time
161  [Diffusion in 1D] v 85.342 v/ 1.725 Yes  Yes
Finite do- u(z,0) =z(5 — )
. De— " o5
maln (bar), w=0 U= j5Use+T u=0
Both ends .
with source that depends on
homogeneous .
space only (special case)
BC
162 [Diffusion in 1D| v 19.174 v 231 Yes
Finite do- u(z,0) = f(x)
. Qo— oL
mam (bar), u=0 U= kg +Qz,1) u=0
Both ends .
with source that depends on
homogeneous ]
BC space and time (general case)
163 [Diffusion in 1D v 9591 v/ 2.87 Yes | Yes
Finite do- . u(z,0) = z(7 -~ 2)
main (bar), w=0 up = kg, + e sin(3x) u=0
Both ends with source that depends on
homogeneous  space and time (special case)
BC
164 [Diffusion in 1D] v 26.572 v/ 1.604 Yes
Finite do- 0 0
[ T
main (bar), u=0 w=tumttmr-z) 49
Both ends Math 4567 Exam
homogeneous
BC
165 [Diffusion in 1D v 61.128 v/ 4.249
Finite do- 0 f(z) .
main (bar), w=0 Ut=Fkuz+Q(z,1) -0
Both ends With source
homogeneous
BC
166  [Diffusion in 1D] v 2.824 X 600.  Yes
Finite do- 0 ¢ (5sin(mz) + 9sin(2ma) + 2sin(37x)) (Tlmed
main (bar), “7° = e e u="0 out)
Both ends special initial condition
homogeneous
BC
167 [Diffusion in 1D| v 25.661 v 2.084
Finite do- ) f(=) b
main (bar), w=0 w=2 U trUy 4 =0
Both ends  Diffusion Reaction and Euler-
homogeneous Cauchy Sturm-Liouville
BC
168  [Diffusion in 1D v 152.625 0.882 Yes
Finite do- 0 u(z,0) = 1 X
main (bar), w—0 U= gz tTU =0
Both ends  piffusion  Reaction. Using
homogeneous growth form reaction term
BC

Continued on next page
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Table 1.7 — Parabolic PDE’s (Diffusion). Continued from previous page

# PDE description Mathematica Maple hand | ani-
solved? mated?

result time result time
169 [Diffusion in 1D v 3.143 X 2.02
Finite do- 0 ul@,0) =1 1
main (bar), w=0 =Tt + gull = {5) u=0
Both ends Diffusion Reaction, using logis-
homogeneous tic form for reaction term
BC
170 [Diffusion in 1D v 5429 X 2.654
Finite do- 0 L |
. b ) u=20 ur = ﬁ“u + ﬁ“ + ﬁuz - T)oo“s u=0
gla;i ( az > Diffusion Reaction, using
© ®RES " Alece form for reaction term
homogeneous
BC
171  Diffusion in 1D v 93.624 v/ 1432 Yes
Finite do- f(x)
. 0 L
main (bar),  ,_ w—kum—ou u=0
Both ends a>0
homogeneous  Diffusion Reaction. Haberman
BC 2.3.8
172 [Diffusion in 1D v 93.128 v/ 1.382 Yes
Finite do- 0 f(x) .
main (bar), ,_o W =Um—u .
Both ends Diffusion Reaction
homogeneous
BC
173 [Diffusion in 1D v 0438 v 1.442
Finite do- sin(2mx) — sin(4nx)
main  (bar), u=0 (W =100u—u
Both ends  Diffusion Reaction
homogeneous
BC
174 [Diffusion in 1D X 40.745 v 1.184
Finite do- u(z, 0) = sin(z)
L 4 7T
main  (bar), u=0 =AU g
Both ends  Diffusion Reaction
homogeneous
BC
175 [Diffusion in 1D v 32.546 v/ 1.909 Yes
Finite do- 0 u(@,0) = f(x) I
main (bar), w=0 = uw=kugtau, u=0
Both ends a>0
homogeneous Diffusion convection (general
BC case)
176 [Diffusion in 1D v 92.464 v/ 1.702 Yes  Yes
Finite do- 0 u(z,0) = sin(x)
Y
main (bar), w=0 = w =t +5u, u=0
Both ends  Diffusion convection (special
homogeneous case)
BC

Continued on next page
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177

178

179

180

181

182

183

184

Table 1.7 — Parabolic PDE’s (Diffusion). Continued from previous page

PDE

Diffasion i 10

Finite do-
main (bar),
Both ends
homogeneous
BC

Diffusion in 1D|
Finite do-
main (bar),
Both ends
homogeneous
BC

Diffusion in 1D
Finite do-
main (bar),
Both ends
homogeneous
BC

Diffusion in 1D
Finite do-
main (bar),
Both ends
homogeneous
BC

Diffusion in 1D
Finite do-
main (bar),
Both ends
homogeneous
BC

Diffusion in 1D
Finite do-
main (bar),
Both ends
homogeneous
BC

Finite do-
main (bar),
Both ends
homogeneous
BC

Finite do-
main (bar),
Both ends
homogeneous
BC

description
0 OLOL
U, =0 U = kg, u=0

Haberman 2.4.2 (general case)

T
0 ’#’L
u=0 Uy = kg, Uy =0

Left end zero, right end insu-
lated, no source

’u,(x, 0) =T
De—m————— o],
Uy =0 Uy = ktlgy w=0
(insulated)

One end insulated

f(=)

Oe———— o]

uz =0 Uy = kgy Uy =0

Haberman 2.3.7 (general case)

u(z,0) =z

0 e *5
u, =0

— 1
Uy = 0 Uy = ﬁuzz

specific case

Uy =0

Both ends insulated, no source

6 + 4 cos(222) ol
Uy =0

Uy =0 ut = ktlgy

Haberman 2.4.1 (b) (special
case)

Mathematica Maple hand | ani-
solved? mated?

result time | result time

v 31.546 v/ 1.676 Yes

v 26.574 v 1.663 Yes

v 32.074 v 1.793

v 31.743 v 1.363 Yes

v 23.593 v 1.061 Yes  Yes

2149

32.954 v

32.144 v/

4.548

1.324 Yes

3.016 Yes

Continued on next page
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192

Table 1.7 — Parabolic PDE’s (Diffusion). Continued from previous page

PDE

Diffasion i 10

Finite do-
main (bar),
Both ends
homogeneous
BC

Diffusion in 1D|
Finite do-
main (bar),
Both ends
homogeneous
BC

Diffusion in 1D
Finite do-
main (bar),
Both ends
homogeneous
BC

Diffusion in 1D
Finite do-
main (bar),
Both ends
homogeneous
BC

Diffusion in 1D
Finite do-
main (bar),
Both ends
homogeneous
BC

Diffusion in 1D
Finite do-
main (bar),
Both ends
homogeneous
BC

Diffusion in 1D|
Finite do-
main (bar),
Both ends
homogeneous
BC

Diffusion in 1D
Finite do-
main (bar),
Both ends
homogeneous
BC

description

—2sin(ZTE
.. .,
uy =0 up = Kgy Uy =0

Haberman 2.4.1 (c) (special
case)

—3cos(8rz
0. (*%) ol
Uy = 0 U = kumm Uy = 0
Haberman 2.4.1 (d)
z +x
0 2 o1
Uy =0 Ut = 13Use Uy =0
both ends insulated
1_
0 = o1
up =0 Ut = Klgg Uy +u =0
convection heat loss
0e ? ol
U =0 ur = kuge + cos(wt) Uy =0

Pinchover and Rubinstein 6.25

o /() ;
U =0 up = kuge + e sirl(z%‘”) Uy =0
external source
u(z,0) ==z
0 e .7
UJ:O utzkuza:_ﬁu UI:O
B8>0

Diffusion Reaction (general
case)

3cos(42mz)

Ut = 13Uzs +g(l’:t) :LT =0

g(x,t) = % cos(17nx)

Uy =0

Pinchover and Rubinstein 6.23

Mathematica Maple hand | ani-
solved? mated?

result time | result time

v 32.008 v 3414 Yes

v 31.543 v 2.665

v 61.651 v 9.144

v 2423 0.936

v 58.454 3.591

v 43.316 v 9.488

v 91.889 v 0.86 Yes  Yes
v 95.055 v 3.445

Continued on next page
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196

197
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200

Table 1.7 — Parabolic PDE’s (Diffusion). Continued from previous page

PDE

Diffasion i 10

Finite do-
main (bar),
Both ends
homogeneous
BC

Diffusion in 1D|
Finite do-
main (bar),
Both ends
homogeneous
BC

Diffusion in 1D
Finite do-
main (bar),
Both ends
homogeneous
BC

Diffusion in 1D
Finite do-
main (bar),
Both ends
homogeneous
BC

Diffusion in 1D
Finite do-
main (bar),
Both ends
homogeneous
BC

Diffusion in 1D
Finite domain
(bar), left end
homogeneous,
right end not

Diffasion o 10

Finite domain
(bar), left end
homogeneous,

right end not

Diffusion i 10

Finite domain
(bar), left end
homogeneous,

right end not

description

m cos(2x)

0
Uy =0 Ut = Uy + g(x, 1)

g(z,t) = tcos(2001x)

Uz =0

Pinchover and Rubinstein 6.21

Inz

1
Uy =0

b
_ 2
Up = T Ugy + Ty Uy +hu =0

Diffusion Reaction.

Cauchy Sturm-Liouville

/()

0 o1
u=0 Ut = Klge Uy +hu=0
h >0
convection heat loss
T
0 f(@) I
Up+u=0 U =FKupy uz+u=0
Mixed BC
0 f@)
U =0 up = ktgg + sin(222) Uy =0
Haberman 8.2.1 (f)
N COEY R
Uz =0 us = ku u="T

left end insulated (general

case)
u(z,0) =
0 0%5
Uy =0 Ut = 1og Uz u =10

left end insulated (special case)

u(z,0) = f(x)
(e —
u=20 ut:kufbw u="7Ty

right end nonhomogeneous BC

(general case)

Euler-

Mathematica

Maple hand | ani-
solved? mated?
result time | result time
v 93.818 v 1.96
v 32.677 X 600. Yes
(Timed
out)
v 2.286 v 1.516 Yes
v 3138 v 2.919
v 93.203 v 2.519
v 33.038 v/ 1.873 Yes
v 20.289 v 1.226 Yes  Yes
v 95.03 v 1.502 Yes

Continued on next page
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202

203

204

205

206
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209

Table 1.7 — Parabolic PDE’s (Diffusion). Continued from previous page

PDE

Diffusion in 1D
Finite domain
(bar), left end
homogeneous,
right end not

Diffusion in 1D]
Finite domain
(bar), left end
homogeneous,
right end not

Diffusion in 1D
Finite domain
(bar), left end
homogeneous,
right end not

Diffusion i 10

Finite domain
(bar), left end
homogeneous,

right end not

Diffusion in 10|
Finite domain
(bar), left end
homogeneous,
right end not

Diffusion in 1D
Finite domain
(bar), left end
homogeneous,

right end not

Diffusion in 1D
Finite domain
(bar), right end
homogeneous,
left end not

Diffusion in 1D
Finite domain
(bar), right end
homogeneous,
left end not

Diffusion in 1D]
Finite domain
(bar), right end
homogeneous,
left end not

description
0 - e 100
u=0 Ut = 10Uz u =100

right end nonhomogeneous BC
(special case)

1 r=1
u(w, 0) = { 0 otherwise
0e ° 1

uw=0 Ut = Ugy u=1

right end nonhomogeneous BC,
special case

0
0 o1
Uy +hu =0 ut = klgn u=1
h>0

convection heat loss

0e émz +x ol
Uz =0 ut = 13Uqe g =1
nonhomogeneous BC
0
Oe o
u=20 Ut = Ugy Uy = A
nonhomogeneous BC
rf(r
0 | (r) .
u=0 up = Kty u = ap(t)
nonhomogeneous BC
u(z,0) =0
L
Uy = A(t) Ut = ktizg u=0

left end BC depends on time
(general case)

u(z,0) =0
0 . 5

Uy = € Ut = 1o Uzz u=0

left end BC depends on time
(special case)

u(z,0) =0

5

ug = sin(t) Uy = o5 Uz u=0

left end BC depends on time
(special case)

Mathematica

Maple hand | ani-
solved? mated?

time | result time
0.009 v 1.289 Yes
14.619 v 094 Yes  Yes
7353 X 600. Yes

(Timed

out)
1.798 2.14
62.389 v 0.99
54.29 v 3.592 Yes
65.521 v 3.611 Yes
64.923 v 2.507 Yes  Yes
65.993 v 9.413 Yes  Yes

Continued on next page
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Table 1.7 — Parabolic PDE’s (Diffusion). Continued from previous page
# PDE description Mathematica Maple hand | ani-
solved? mated?
result time result time
210 ' [Diffusion in 1DI v 154.843 2.947 Yes  Yes
Finite domain 0 u(z,0) =0 _
(bar), right end u=1 U =kug +e *sin(5z) y=o0
homogeneous, = Haberman 8.3.6 (special case)
left end not
211  [Diffusion in 1D| v 24.685 v/ 1.381
Finite domain 0 0 .
(bar), right end =~ u=t e = taa u=0
homogeneous, = BC depends on time (special
left end not case)
212 [Diffusion in 1D v 4048 v 4.277
Finite domain I f(@) I
(bar), Periodic u-Lt) =u(Lt) U= kg,
BC (=L, 1) = ua(L,t) periodic B.C.
Periodic BC (general case). IC
given
213 [Diffusion in 1D| v 0.011 X 0.62  Yes
Finite domain I :?(Tm) v — b ™
(bar), Periodic = w.(-m1)=u.(m.1) periodic B.C.
BC Periodic BC (general case). No
IC given
214 [Diffusion in 1D| X 0.022 X 0.801 Yes
Finite domain wlm) :;?m) v —u "
(bar), Periodic Ua(—7,1) = ua(m,t) periodic B.C.
BC Periodic BC (general case).
Damped heat PDE. No IC
given
215  [Diffusion in 1D| v 93.33 v 1.871 Yes
Finite domain u(z,0) = f(x)
(bar),  Both O el
ends nonho-
mogeneous both ends non-homogeneous
BC BC (general case)
216  [Diffusion in 1D) v 27.836 v/ 1.088 Yes
Finite domain 0 u(z,0) =0
(bar), Both o0 . ulz 50
ends nonho-
mogeneous non-homogeneous BC (special
BC case)
217  [Diffusion in 1D| v 92.982 v/ 1.029 Yes
Finite domain u(z,0) = 60z — 5022 + 10
(bar), Both 3: 10 up = %uw 11‘:120
ends  nonho- ' A, i00168.4.1 (special case)
mogeneous
BC
218 [Diffusion in 1D| v 103.13 v/ 1.961 Yes

Finite domain

(bar), Both
ends nonho-
mogeneous

BC

u(z,0) = f(z)

Oe—m o]

u=2A Uy = kg, +Q(l) u=~hB

With source that depends on
space only (general case)

Continued on next page
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Table 1.7 — Parabolic PDE’s (Diffusion). Continued from previous page

# PDE description Mathematica Maple hand | ani-
solved? mated?

result time | result time
219 [Diffusion in 1DI v 154771/ 1155 Yes  Yes
Finite domain u(z,0) = 60 — 2z
0e * 30
(bar), Both u=20 U= kugs+ {5 w =50
ends nonho- With source that depends on
mogeneous space only (special case)
BC
220  [Diffusion in 1D v 48597 v/ 2457 Yes
Finite domain 0. u(@,0) = f(z) .,
(bar), Both  w=4 w=ku+Q(zt) 4—5
ends  nonho- yith source that depends on
mogeneous space and time only (general
BC case)
221  [Diffusion in 1D| v 86.706 v 3.557 Yes
Finite domain u(z,0) = f(z)
(bar), Both .- A?t)' ek, ae B(t)
ends nonho- Bty ends depend on time
mogeneous (general case)
BC
222  [Diffusion in 1D| v 96.834 v/ 2.968 Yes  Yes
Finite domain 0 wz0) == )
(bar), Both u = sin(t) U = fglae u = 2cos(t)
ends nonho- Both ends depend on time (spe-
mogeneous cial case)
BC
223 [Diffusion in 1D) v 64.258 v/ 2.66 Yes
Finite domain 0 sin .
(bar),  Both  w=1 @ =t uy = —1
ends nonho- poth ends nonhomogeneous
mogeneous
BC
224  [Diffusion in 1D| v 34.809 v/ 2.049 Yes
Finite domain f(x)
Oo——— @[
(bar), Both e A U =FKug  u =B
ends nonho-
Haberman 8.2.1 (a) (general
mogeneous
BC case)
225  [Diffusion in 1D) v 103. v 1771 Yes
Finite domain 0 f(@) .
(bar), Both wu=A U =kug +k w=B
ends  nonho- Haberman 8.2.1 (d) (general
mogeneous solution)
BC
226 ' [Diffusion in 1D| v 128.677X 600.  Yes
Finite domain 0. @0 =f@) . (Timed
(bar), Both wu=A(t) Ut =Fkugs + Q) w=B() out)
ends  nonho- Both ends depend on time with
mogeneous source that depends on space
BC only (general solution)

Continued on next page
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Table 1.7 — Parabolic PDE’s (Diffusion). Continued from previous page

PDE

Diffasion i 10

Finite domain

(bar), Both
ends nonho-
mogeneous

BC

Diffasion 10

Finite domain

(bar), Both
ends nonho-
mogeneous

BC

Diffosion o 10)

Finite domain

(bar), Both
ends nonho-
mogeneous

BC

Diffasion i 10

Finite domain

(bar), Both
ends nonho-
mogeneous

BC

Difosion 10

Finite domain

(bar), Both
ends nonho-
mogeneous

BC

Diffasion i 10

Finite domain

(bar), Both
ends nonho-
mogeneous

BC

Diffasion 10

Finite domain

(bar), Both
ends nonho-
mogeneous

BC

Difosion o 10

Semi-infinite
domain

description

u(z,0) =z
Ut = Tlouz

0

u = sin(t)

2
z + T u=2cos(t)

Both ends depend on time with

source that depends on space
only (special case)

u(@,0) = f(z)
up = kg + Q(z,t)

u = A(t) u = B(t)

Both ends depend on time with

source that depends on time
and space (general solution)

z,0) =z
0 u(z,0) =z

u = sin(t)

U = T5tar + xte"' cOS(t)  w=2cos(t)

Both ends depend on time with
source present (special case)

1+ cos(2x)
Uy = Uge + 1+ x cos(t)

0

Uz = sin(t)

Uy = sin(t)

Pinchover and Rubinstein 6.17

60 — 20z
0 T
tsint  Up = KlUgy + T _ tcost

Uy =

nonhomogeneous BC

0 f(x)
up = A(t) W= Uez + Q1)

Haberman 8.2.2. (a)

us = B(t)

— 2 5z
4:(31 + 4;1, +5

0

u=5  w= g+t

Articolo 8.4.3

Uy +u =10

u(z,0) =0
Jo———————px
u=A Ut :ku:rx

left end constant (general case)

Mathematica Maple hand | ani-
solved? mated?

result time | result time

v 163.229v" 3.857 Yes  Yes
v 69.729 v/ 334  Yes

v 171.10%/ 6.242 Yes  Yes
X 15.807 v 2.019

v 169.105v 4.05

v 94.926 v 3.335 Yes

v 4935 2.803

v 60.028 v 0.711 Yes

Continued on next page
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Table 1.7 — Parabolic PDE’s (Diffusion). Continued from previous page
# PDE description Mathematica Maple hand | ani-
solved? mated?
result time result time
235 [Diffusion in 1D| e 37.776 0.7  Yes  Yes
Semi-infinite 0 u(z,0) = 0 It fail if
domain =60 Ut = 5lUes >0 assump-
tion
left end constant (special case) ., <
is given.
A bug
236 [Diffusion in 1D| e 0454 v 0.969 Yes
Semi-infinite 0
. Jo——————— oo
domain u=f(t) U = Ugy
Logan p. 76. Left end general
function of time (general case)
237 [Diffusion in 1D| v 30.759 v/ 1.326 Yes  Yes
Semi-infinite u(z,0) =0
. 0 ————F——»00
domaln u = Sin(t) Ut = 79Uz
Left end function of time (spe-
cial case)
238 [Diffusion in 1D| v 60.023 v 0.432
Semi-infinite 0
domain 0 o0
u=1 uy = kgy
nonhomogeneous BC
239  Diffusion in 1D v 1415 v 0.692
Semi-infinite u(z, to) = 10 due to
. —Tpe— " 0O
domain w=0 ur=tu, IC/BC
not zero
x > |zol|,t > |to]
I.C. not zero
240 [Diffusion in 1D| v 60.051 v 0.402
Semi-infinite N
4 . De—  po
omain w=p U= Ktgg
z>0,t>0
nonhomogeneous BC
241 [Diffusion in 1D| e 60.045 v 1.57
Semi-infinite cosz
De— " »x
domain u=1 Ut = Ugy
z>0,t>0
nonhomogeneous BC
242 [Diffusion in 1D v 60.026 v 0.877
Semi-infinite 0
Oe————— p X
domain W=t up = kg r
nonhomogeneous B.C.
243  [Diffusion in 1D| e 31.526 v 0.918

Semi-infinite
domain

0._%»00
2 4

Uz =0 Uy = kUgy

Unit triangle I.C.

Continued on next page
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Table 1.7 — Parabolic PDE’s (Diffusion). Continued from previous page

PDE

Diffasion i 10

Semi-infinite
domain

Diffasion o 101

Semi-infinite
domain

Difosion o 10

Semi-infinite
domain

Diffosion o 10)

Infinite domain

Diffasion 1D

Infinite domain

Diffasion i 10

Infinite domain

Difosion 10

Infinite domain

Diffasion w10

Infinite domain

Diffasion o 101

Infinite domain

Difosion o 10

Infinite domain

Diffosion 10

Infinite domain

description

(,t0) = 10~
0 zo w(z,to) = 10e o

IC.notatt=0

u(z,0) = f(z)

e p 0

u=0 Ut = Ugy — Ug

Diffusion with advection
u(z,0) =z +1
Jo—  p X

ur =0 Uy = Uza

Practice exam problem

Inverse exponential I.C.

T
— X t— P X

U = 12Ugy + ug sin(t)

Advection term

Ut = kg
No source

sin x

X 44— ——Pp X
0

Ut = Kge +m

constant as source

No I.C. specified

Up = gy — 1

piecewise 1.C.

Practice exam problem

Mathematica

Maple hand | ani-
solved? mated?

result time | result time

v 5311 0.87

v 2249 1.263

v 60.043 v 0.65

v 2122 v 0.617 Yes

v 042 0.583

v 0118 v 0.745

v 1.365 v 1.123

v 30.401 v/ 0.722

v 0.004 v 021  Yes

v 84.545 v 0.953 Yes

due to

i.c. not

at zero

v 20.868 v 0.553

Continued on next page



CHAPTER 1. INTRODUCTION, SUMMARY OF RESULTS AND LOOKUP TABLE 27

Table 1.7 — Parabolic PDE’s (Diffusion). Continued from previous page

# PDE description Mathematica Maple hand | ani-
solved? mated?

result time | result time

255  [Diffusion in 2D| v 3215 v 1.801

Cartesian coor- Yy

dinates (Rect- t u=0

angle, Square) !

u=0|u=15V?u(@,y), — o
0 u=0 T
Att=0,u=2z(1—2)(1—y)y
No source

256  [Diffusion in 2D| v 7154 2.337

Cartesian coor- Y solve for u(z,y,t)

dinates (Rect- 1“ y =0

angle, Square)

1
Uy = 0fur = 35 V2u—

u=20 1 >

Att=0,u=(1-2%)(1-Ly)y

Internal source term
257  [Diffusion in 2D| v 5.044 v 3.939
Cartesian coor- Y solve for u(z,y,t)
dinates (Rect- u=0
angle, Square)

Articolo 6.6.3
958  [Diffusion in 2D| v 0819 v 6.217 Yes

Polar coordi- Solve for u(r, ) Cant
k O0<r<L,t>0 b Jar diti
nates (dlSk, 15 (iu(l)( ary conditions) get
sector, annu- (insulated) series
lus) L solution
u(r,0) = f(r)

(initial conditions)

no 6 dependency, insulated
(General solution)

259  [Diffusion in 2D| v 2137 2.874 Yes  Yes

Polar coordi- Solve for u(r,t) Do not
) 0<r<li>0 ditions
nates (dlSk, (boundary conditions) under-
U =0
sector, annu- (insulated) stand
1

lus) Maple

solution

u(r,0) = 2r —r?
(initial conditions)

no 0 dependency, insulated
(Specific solution)
Continued on next page
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Table 1.7 — Parabolic PDE’s (Diffusion). Continued from previous page

PDE

Diffasion i 2D)

Polar coordi-
nates (disk,
sector, annu-
lus)
Diffusion in 2Dl
Polar coordi-
nates (disk,
sector, annu-
lus)
Diffusion in 2Dl
Polar coordi-
nates (disk,
sector, annu-
lus)
Diffusion in 2Dl
Polar coordi-
nates (disk,
sector, annu-
lus)

description

Solve for u(r,t)
0<r<L,t>0

boundary conditions.
Newton’s law of cooling

(0 degree outside)

‘ -

(r,0)
mmal condmons)

no # dependency

Solve for u(r,t)
O<r<1,t>0

u(r,0)=1—r

no 6 dependency

Solve for u(r, t)
0<r<a,t>0

ut = k(u'rr + %ur) + f(Ty t)

Haberman 8.3.5 (General solu-

tion)

Solve for u(r,t)

0<r<a,t>

ut = k(urr + %ur) + sin(¢)

Where k = ﬁ

Specific example of the above

Mathematica Maple hand | ani-
solved? mated?

result time result time

v 0232 v 1.7

Ve 1152 v 0.739

e 105.809¢" 111 Yes

v

325

1.269 Yes Yes

Continued on next page
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Table 1.7 — Parabolic PDE’s (Diffusion). Continued from previous page
# PDE description Mathematica Maple hand | ani-
solved? mated?
result time | result time

264 [Diffusion in 2D| v 2718 v 1.146 Yes  Yes

Polar coordi-

Solve for u(r,t)

nates  (disk, 0<r<a,t>0
sector, annu-
u=20
lus)
a=2

ut = k(urr + %ur) + rte”?
Where k = %

100

Specific example of the above

265  [Diffusion in 2D| v 3.368 X 0.758

Polar coordi- Solve for wu(r,0,t)
. 0<r<1,0<0<3,t>0
nates (disk, 2
_ P u(1,60,t) =0
sector, annu %u(p 2 4) =0
lus) 1
u(r,0,t) =0

LC. u(r,0,0) = (r — r®)sin6

i 1 1
ut = g5 (urr + $ur + 73 o)

Articolo 6.9.1
266  [Diffusion in 2D| v 349 10.656

Polar  coordi- Solve for u(r,0,t)
. 0<r<1,0<0<mt>0
(disk,

nates
Y _
sector, annu- Se(1,0,t) =0

lus)

— l

u(r,m,t) =0 wu(r,0,t) =0
1.C. u(r,0,0) = (r — g)sine

1 1 1
ut = 5z (Urr + S Ur + 73 U0)

Articolo 6.9.2
267 [Diffusion in 2D| v 239.203X 0.305 Yes

i1- Solve for u(r,0,t)
Polar COOI’dl 0<r<a0<f<2m,t>0
nates (disk, (a,0,4) = 9(6)

(boundary conditions)

sector, annu-
a
lus)
1.C. u(r,0,0) = f(r,0)

ur = k(urr + %ur + I_%ugg)

Haberman 8.2.5 with 6 depen-
dency (General case)

268  [Diffusion in 2D| v 6.781 X 0.815 Yes  Yes

1- Solve for u(r, 6,t)
Polar COOI‘dl 0<r<1,0<0<2m,t>0
nates (disk, (10,6 =0

(boundary conditions)

sector, annu-
1
lus)

1.C. u(r,0,0) = 1 — 2
ut = k(urr + %u,. + T%ugg)

With 6 dependency (Specific
example)

Continued on next page
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Table 1.7 — Parabolic PDE’s (Diffusion). Continued from previous page
# PDE description Mathematica Maple hand | ani-
solved? mated?
result time result time
269 [Diffusion in 2D| v 7919 X 0.866 Yes  Yes
Polar coordi- , Sibren
nates  (disk, cu(1,0.0) =0
(boundary conditions)
sector, annu- )
lus)
LC. u(r,0,0) = (r — r%)sin6
up = k(urr + Lur + rugg)
With 6 dependency (specific
example)
270  [Diffusion in 2D v 2.886 X 1.843 Yes
Polar  coordi- Solve for u(r,6,t)
nates (disk, O<r<L-rm<O<mt>0
sector, annu- ~ur(L,0,t) =0
(Insulated)
lus)
L
1.C. u(r,0,0) = f(r,0)
ut = k(urr + %UT + T%ueg)
Insulated with 6 dependency
(General solution)
271  [Diffusion in 2D| v 11.87 X 1.838 Yes  Yes
Polar coordi- Solve for u(r,,t)
nates (disk, O0<r<l,—m<f0<mt>0
~ur(1,0,t) =0
sector, annu- (Insulated)
lus) 1
1.C. u(r, 6,0) = (2r — r2) cos O sin 0
U = Urpr + e + Zrtigy
Insulated with 6 dependency
(Specific example)
272 [Diffusion in 2Dl X 600. X 1.901 Yes  Yes
Polar coordi- Solve for u(r, 6, t) (Timed
nates (disk, 0<r<l,-7<0<mt>0 out)
L~ ur(1,0,t) =0
SeCtOI', annu- (Insulated)
lus)

1.C. u(r,6,0) = (2Lr — 72)0 sin §eo3?

1 1
Ut = Urr + 2Ur + 73U

Insulated with 6 dependency
(Specific example)

Continued on next page
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273

274

275

276

277

Table 1.7 — Parabolic PDE’s (Diffusion). Continued from previous page

PDE

Diffusion i a0

Spherical coor-
dinates

Diffosion o3l

Cylinderical co-
ordinates

iffosion 103D

Cylinderical co-
ordinates

iffusion o 30

Cylinderical co-
ordinates

Difosion 03D

Cylinderical co-
ordinates

description

solve for u = (r,t)

_ 1
ut—;

u(l,t) =t

(ru)p,

No angle dependencies

u=0 u =k (um. + %u, + u“)

(top side)

u=0
(bottom side)

Haberman 7.

u, =0

(top side)

u, =0

(bottom side)

u=u(r,z,t)

Initial conditions u(r, z,0) = f(r, 2)

(No 6 dependency)

9.4 (a)

u =k (Uw + %u, + uu)

Initial conditions u(r, z,0) = f(r, z)

(No 6 dependency)

Haberman 7.9.4 (b)

u=u(r,z,1t)

u=0 u =k (urr + %u, + u”)

(top side)

w="0

(bottom side)

Initial conditions u(r, z,0) = f(r, 2)

(No 6 dependency)

Haberman 7.9.4 (c)

ur = k(upr + fur + oo + tz)

u=0
(top side) } u=0
(back side)
| -
I
|
u=0 ya RE H

(this side) : u=0
N
i (this side)
(EA

u=0
(bottom side)

a

1.C. u(r,0,2,0) = f(r,0,z2)

Haberman 7.9.3 (a)

Mathematica

result time

e 61.011 v/

v 1.743

4.68

e 2.333 X

X 0.015 X

Maple

hand

ani-

solved? mated?

time
0.525

solved
Laplace

9.997 Yes

4.181 Yes

6.657

1.047

Yes

Yes

Continued on next page
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Table 1.7 — Parabolic PDE’s (Diffusion). Continued from previous page

# PDE description Mathematica Maple hand | ani-
solved? mated?

result time @ result time
278  [Diffusion in 3D) X 0.00 X 1.136
Cylinderical co- e = klury + Sy + Lugo +us)
u, =0
ordinates (top side) - Uy =
> (back side)
I
I
up =0 ya ’: z H
(this side) : “ ug =0
L R %lis side)
@ 2
a
u, =0 )
(bottom side) LC. u(r,0,2,0) = f(r,0,z)
Haberman 7.9.3 (b)
279 [Diffusion in 3D X 0.012 X 1.143
Cylinderical co- e = ke + Ly + Sugy + 1)
u=0
ordinates (top side) > ur =0
=) (back side)
I
I
u=0 ’: z H
(this side) : up =0
N
[ (this side)
7‘0 ’\
a
u=0 /
(bottom side) 1.C.u(r,0,2,0) = f(r,0,2)

Haberman 7.9.3 (c)

1.3.3 Elliptic PDE’s (Laplace, Poisson, Helmholtz)

Table 1.8: Elliptic PDE’s (Laplace, Poisson, Helmholtz) breakdown of results. Time in seconds

+# PDE description Mathematica, Maple hand | ani-
solved? mated?
result time result time
280 e 1441 v 93.392 Yes
Cartesian coor- y
dinates gl u=0

u=0|Vu(z,y) =0u=0
u=f(z) L
Rectangle, 3 edges zero, but-

tom edge not

281 e 16 1.217 Yes
Cartesian coor- A
dinates 1 u=0 \

Rectangle, 3 edges zero, right
edge not
Continued on next page
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#

282

283

284

285

286

287

Table 1.8 — Elliptic PDE’s (Laplace, Poisson, Helmholtz). Continued from previous page

PDE

Laplace in 2D

Cartesian coor-
dinates

Laplace in 2D

Cartesian coor-
dinates

Laplace in 2D

Cartesian coor-
dinates

Laplace in 2D

Cartesian coor-
dinates

Laplace in 2D

Cartesian coor-
dinates

Laplace in 2D

Cartesian coor-
dinates

description

5(x —¢)

Rectangle, 3 edges zero, but-

tom edge has impulse

<

H u= f(z)

e = 0| Vu(z,y) =0/ 3% =0

\
=)

T

u=20 L

solve for u(zx,y)

Haberman 2.5.1 (a)

I u=0

9 = g(y)| Vu(z,y) =0[%% =0

xT

u=0 L
Haberman 2.5.1 (b)

u=20

Y
H
gu =0 | Vu(z,y) = 0|2 = g(y)
T

u =0 L
Haberman 2.5.1 (c)

Y
H u =20
u=g(y) | Vu(z,y) =0ju=0
Ju=0 L

Haberman 2.5.1 (d)

u=f(x)
Viu(z,y) =0|u =0

u __

Haberman 2.5.1 (e)

Mathematica

Maple hand | ani-
solved? mated?
result time | result time
v 391 v 9.684 Yes
v 0857 v 92.092
v 0893 v 922.111
v 3512 v 922.17
v 317 34.579
v 14.115 v 921.461 Yes

Continued on next page
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Table 1.8 — Elliptic PDE’s (Laplace, Poisson, Helmholtz). Continued from previous page

Mathematica

# PDE description

result

v

288 | |Laplace in 2D

Cartesian coor-
dinates 5

Y w = UnitTriangle(2z — 1)

u=0 Vzu(z,y):O u=0

x

u = UnitTriangle(2z — 1)
Unit triangle B.C.

289 | |Laplace in 2D

Cartesian coor- y 00
dinates f
|
|

u=0 L

Top edge at infinity

290 [Laplace in 2D

Cartesian coor- Y 0
dinates “
|
|

u=0 |V2u(e,y) =0 u= A

X
u=0 L
Top edge at infinity
291 |Laplace in 2D
Cartesian coor- y
dinates u=9
— . —» 0
u=0 V2u(z,y) =0
X
u=A
Right edge at infinity
292 [Laplace in 2D
Cartesian coor- y
dinates Lu=e
—— =
u=0 V2u(z,y) =0
X

u=20
Right edge at infinity

293 [Laplace in 2D

Cartesian coor- y

dinates 1 u = f(x)
. _» 00
u=0 V2u(z,y) =0
X

u=20

Right edge at infinity

v

Maple hand | ani-
solved? mated?

time result time
0.728 v 1.904
3233 v 1.632 Yes
2.288 v 1.606 Yes
2.789 v 1.651 Yes
89.049 v/ 6.302 Yes

1.348 ¢ 3.834

Continued on next page
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Table 1.8 — Elliptic PDE’s (Laplace, Poisson, Helmholtz). Continued from previous page

# PDE description Mathematica Maple hand | ani-
solved? mated?

result time result time
294 Laplace PDE in 2D Cartes- e 0.047 v 0.429
Cartesian coor- sian with boundary condition
dinates as Dirac function
295 v 51 3.404
Cartesian coor- Y o~ sinh()
dinates m
u=0 u = sinh(r) cos(y)
Viu(z,y) = 0
w=sin(z) T

One side homogeneous

296 [Laplace in 2D v 4281 0.585

Cartesian coor- Y
dinates 0
|
|

In right half plane

297  [Laplace in 2D v 4281 v 9.229

Cartesian coor- y
dinates a—t=0
—— —p»
u = siny V2u(z,y) = 0
X
u=20

Right edge at infinity

298  [Laplace in 2D v 1.507 0.633

Cartesian coor- Y
dinates

—oco <z <oo,y>0

Dirichlet problem Upper half
299 [Laplace in 2D v 5029 v 0.705

Cartesian coor- i/

dinates
u = sinc(y) V2u(z,y) =0
.

x

b o< y<oo,x>0
Right half-plane

300 [Laplace in 2D v 92.86 X 2.852

Cartesian coor- !{ y>0,2>0

— 1
___R

u =

dinates "

I S
(—2)2+3

First quadrant
Continued on next page
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#

301

302

303

304

305

Table 1.8 — Elliptic PDE’s (Laplace, Poisson, Helmholtz). Continued from previous page

PDE description Mathematica Maple
result time @ result time
e 5277 0.894
Cartesian coor- Y used
dinates V2u(z,y) = 0 con-
B0 — vert(sol,Int).

y>0,—00 < x <00

Neumann problem upper half-

plane
Laplace in 2D v 2117 v 1.228
Cartesian coor-
Y u=0
dinates 92
u=0 =0
V2u(z,y) =0 “
T

u=xz2(1-x) 1

Dirichlet problem in a rectan-

gle
Laplace in 2D v 5131 v/ 1.376
Cartesian coor- y u=h()
dinates b /

Vzu( ,y) =0

7/0 7oo<$<oo,0x<y<b
Strip in upper half

Laplace in 2D v 4392 v 2.306

Cartesian coor-
dinates " \

u = sin(y) --=

in Rectangle, right edge at in-
finity
Laplace in 2D v 2417 v 0.649

Polar  coordi- 1 1
Upr + ;UT + T_Quee =0

Ur = f(@)

nates

Laplace PDE inside quarter
disk, Neumann BC at edge

hand @ ani-
solved? mated?

Continued on next page
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Table 1.8 — Elliptic PDE’s (Laplace, Poisson, Helmholtz). Continued from previous page
# PDE description Mathematica Maple hand | ani-
solved? mated?
result time | result time

306 [Laplace in 2D v 2707 2.883 Yes

Polar coordi-
nates

1 1
Urr + ;Ur + TTUHG =0

r=4and u=z*at boundary
of disk

307 [Laplace in 2D X 04 X 04  Yes

Polar coordi-

nates
Upr + %U/r + T%'U/OQ =0
r =1 and u, = x at boundary
of disk
308 [Laplace in 2D v 0.356 v 1.209
Polar coordi- u(a,0) = £(0)
nates
Uprr + %ur + TLQUQG =0
Laplace inside disk. General so-
lution
309 [Laplace in 2D v 3399 v 1.845 Yes
Polar coordi- u(1,0) = %cos@ - %cos 30

nates //7‘\/
[ AL

\ V2u(r,0) =0/

N4

Laplace inside disk. Specific
boundary conditions

310 [Laplace in 2D X 3001 v 0.751 Yes

Polar coordi- Solve for u(r, 6)
0<r<1L,0<0<5,t>0

u(lve) = f(e)

nates

1
u(r,0) =0
V2u(r,0) =0
Upr + %Uv‘ + 7%2“96 =0
Haberman 2.5.5 (c)
Continued on next page
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Table 1.8 — Elliptic PDE’s (Laplace, Poisson, Helmholtz). Continued from previous page
# PDE description Mathematica Maple hand | ani-
solved? mated?
result time | result time

311 [Laplace in 2D v 1397 v 0.683

Polar coordi- Solve for u(r, 6)
O<r<l,o<b<m
nates

V2u(r,0) =0 u(1,0) =0
T
1
u(r,m) =0 u(r,0) =0
Upp + %ur + T%ueg =0

semi-circle
312 Ve 632 70.728 Yes
Polar coordi-
nates

Haberman 2.5.8 (b)
313 v 1.168 v/ 1.572
Polar  coordi-
nates

Circular annulus

314  [Laplace in 2D v 4.008 v 1.229

Polar coordi- solve for u(r, ) outside disk
nates T

Outside a disk

315 [Laplace in 2D v 3021 v 1.928 Yes

Polar coordi- u(1,8) = L cos — L cos 36
o
nates s N\
V2u(r,0) =0

/ r \
{" ‘ outside the disk
\ /

Outside a disk
316 In a sphere v 0.056 v 0.693
Spherical coor-
dinates
Continued on next page
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Table 1.8 — Elliptic PDE’s (Laplace, Poisson, Helmholtz). Continued from previous page

# PDE description Mathematica Maple hand | ani-
solved? mated?

result time result time
317 X 0.014 X 0.628
Cylinderical co- we U + Lu, + Lugg +us. =0
ordinates (top side)

u= f(r,0)
(bottom side)

Haberman 7.9.1 (a)

318 [Laplace in 3D X 0012 X 0.642

Cylinderical co- Urr + FUp + Trugp + 1uze =0

u=0

ordinates (top side)

(side)

u= f(r)sin(76)

(bottom side)
Haberman 7.9.1 (b)

319 [Laplace in 3D X 0.013 X 0.698

Cylinderical co- u = f(r).cos(30) Upp + %ur + r%usg +u,, =0
(top side)

ordinates

u=0
(bottom side)

Haberman 7.9.1 (c)

320 [Laplace in 3D X 0.012 X 0.692

Cylinderical co- =0 Urr o e+ o + s = 0
(top side)

ordinates

u, = f(r)sin(30)

(bottom side)
Haberman 7.9.1 (d)

321 [Laplace in 3D X 0.016 X 0.712

Cylinderical co- v =0 ey + e 5oy s =0
. (top side)
ordinates
u, =0 H
(side)

(bottom side)

Haberman 7.9.1 (e)
Continued on next page
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Table 1.8 — Elliptic PDE’s (Laplace, Poisson, Helmholtz). Continued from previous page
# PDE description Mathematica Maple hand | ani-
solved? mated?
time result time
322 [Laplace in 3D 0.012 X 0.802
Cylinderical co- u= ) " Fr o+ irtog s = 0
ordinates (top side) w=0
(back side)
H
u =0
(front side)\/ o J’
(bottom side)
Haberman 7.9.2 (a)
323 | |Laplace in 3D 0.013 X 4.903
Cylinderical co- oo et runt e +us =0
ordinates (top side) w=g(0,2)
(back side)
o H
u=0
(front side) >~—
LT e~
(bottom side)
Haberman 7.9.2 (b)
324 [Laplace in 3D 0.016 X 4.587
Cylinderical co- w—g et e tuss =0
ordinates (top side) up = 9(0.2)
- (back side)
H
ug =0
(front side) >~—
S
v 09 y 0=0 a
(bottom side)
Haberman 7.9.2 (c)
325 [Laplace in 3D 0.011 X 0.773
Cylinderical co- wop Ut sl s =0
. (top side) w—
ordinates %/“ ok side)
H
u=0
ug = f(r,z)
(this half) ~— 1] N (this half)
B -
I / a
(bottom side)
Haberman 7.9.2 (d)
326 [Poisson in 2D 0.014 v 6.977 Yes
Cartesian coor- Yy
dinates b w=0
=20, _
u=20
a X
—b
u=20
All boundaries at zero
327  [Poisson in 2D 1232 v 0.258
Cartesian coor- Y
dinates 2 w=—7+1lz +2°
u:lfy3 Ugz + Uyy = 6z — 6y u:][)gfy-?

x
u=1+1lz +a3 4

Dirichlet problem in a rectan-

gle

Continued on next page
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Table 1.8 — Elliptic PDE’s (Laplace, Poisson, Helmholtz). Continued from previous page

# PDE description Mathematica Maple hand | ani-
solved? mated?

result time result time
328  [Poisson in 2D e 30.674 v/ 0.107 Yes
Cartesian coor- y
dinates
X
Uge + Uyy = 6By
-0 <Tr <o
—00 <y < 00
Poisson PDE in whole 2D
plane
329 [Helmholtz inl e 62.649 v 2.399
724D) Yy
Cartesian coor- 9 w=0
dinates Uz + Uyy = —Bu
u=0 u=0
xr

A
1 3 4
u = Unit Triangle

In rectangle

330 [Helmholtz inl v 0.005 v 0.255

2D y why? It
Cartesian coor- On the whole plane solved
dinates Uz + Uyy = —Bu earlier
x with
BC?

On whole plane

331 [Helmholtz inl v 61.781 v 2.916
D Y
Cartesian coor-

u =0

dinates T

uw=1 uwx"’“yy:ku u=20

k>0
x
u=20 ™
Reduced Helmholtz Inside
square
332 [Helmholtz in| Chain reaction PDE X 0.003 X 0.707 Yes
g0 trivial
Spherical coor- solution

dinates
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1.3.4 Hyperbolic PDE’s (Wave)

#

333

334

335

336

337

338

Table 1.9: Hyperbolic PDE’s (Wave) breakdown of results. Time in seconds

PDE

[Wave PDE _inl
m
Finite length
string

Wave PDE inl
D
Finite

string

length

Wave PDE _inl
D
Finite

string

length

[Wave PDE inl
D
Finite

string

length

Wave PDE _inl
D
Finite

string

length

[Wave PDE in
m
Finite length
string

description
u(z,0) = f(x)
e ug(x, 0) T g(x) ol
u=~0 Utt = C Uz u=2~0
(Fixed) (Fixed)

General solution for both ends
fixed. Domain is 0...L

u(z,0) =0

82(10 — z)?
uL(an):W

Qe— 10
u=0 Uty = dga u=0

(Fixed) (Fixed)

both ends fixed, inital position
zero (special case)

8x(10 — z)2
u(@,0) = (1000 )
ut(z,0) =0
Oe 10
u=0 Utt = Uga u=20
(Fixed) (Fixed)

both ends fixed, inital velocity
zero (special case)

u(xz,0) =0
u(2,0) = sin®(z)

—T e
L mmme—— ]

u=0 Uttt = CQwa u=0

(Fixed) (Fixed)
both ends fixed but domain
is —m...m. zero intial position,
non zero initial velocity

u(z,0) = d(x)
ut(z,0) =0
—1 R .1
u=0 Utt = Uga u=0
(Fixed) (Fixed)

both ends fixed but domain is
—1...1. intial position is an im-
pulse, zero initial velocity

(No initial conditions)
0 — L
u=0 Uty = € Uga u=0

(fixed end) (fixed end)

Logan book, page 28. Both
ends fixed

Mathematica Maple hand  ani-
solved? mated?

result time | result time

v 56.56 v 2.944 Yes

v 1.922 1.158 Yes  Yes
v 1518 ¢ 1.221 Yes  Yes
v 130.55 v ATT  Yes | Yes
v 0426 v 1.542 Yes

v 0617 v 0.476

Continued on next page
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Table 1.9 — Hyperbolic PDE’s (Wave). Continued from previous page
# PDE description Mathematica Maple hand | ani-
solved? mated?
result time result time
339 [Wave PDE in v 114.736¢" 0.92
D u(z,0) =0
Finite length 0 u(z,0) =1
. o — 0T
Strlng u = O Utt = Ugz — U u = O
non-zero initial velocity. Both
ends fixed
340 [Wave PDE in e 13.944 v 1.034
u(x,0) =0
[EF] . % (2,0)=0
Finite length w(0,8) =0 U = ugs + p(x,1) u7(r7r., t)=0
Stl‘ing (fixed end) (fixed end)
Logan book page 149)
341 [Wave PDE in e 15.499 v 5.109
u(z,0) = f(z)
[D;l . 0 % (2,0)=0 .
Finite length w(0,8) =0 Ut = Cttze + Qx,t)  u(L,t) =0
Stl‘ing (fixed end) (fixed end)
Haberman 8.5.2 (a)
342 [Wave PDE in v 79.383 v/ 4.204 Yes
u(z,0) = f(z)
m 0 2 (2,0)=0 L
Finite length w(0,8) =0 e = Puzs + g(x) cos(wt) w(L,t) =0
(fixed end) (fixed end)
strin
& Haberman 8.5.2 (b)
343 [Wave PDE in v 142,574/ 1.571
v(x,0) = f(z)
m b B0 =) )
Finite length (0,6 =0 Uit = Vo o(1,) =0
t . (fixed end) (fixed end)
strin
& Both I.C. not zero
344 [Wave PDE in v 65.392 v/ 3.524
o(,0) = f(2)
1D . 2 (2,0) = g(x)
Finite length w(0,6) = 0 st = iy + 1 u(L,t) =0
(fixed end) (fixed end)
tri .
string With constant source
345 [Wave PDE in v 8322 v 2.791
u(z,0) =0
[D;l . 0 9 (2,0) =0
Finite length wO0,8) =0 U= CCUpr + AT y(L,t) =0
string (fixed end) (fixed end)
Logan page 213
346 [Wave PDE in v 128.95 v 1.691
m u(x,0) = f()
. o % (2,0)=0 .
Finite length w(0,8) = 0wy +2up = gy u(m,t) =0
String (fixed end) (fixed end)
Telegraphy PDE
347 [Wave PDE in v 94.668 v 2.861 Yes
u(e,0) = f(z)
m bue o) 2o Due to
Finite length W0.0=0 wmiu—cun  amn—o | adding
(Fixed) (Fixed)
string dispersion term disper-
Dispersion term present (gen- sion
eral case) term
348 [Wave PDE in v 175.105¢ 4.205 Yes
u(z,0) = sin®(z)
IND)] Ber 0y 0 Due to
Finite length u(0,t) :Uﬂ Ut + 72U = gy (z;](rrlf) :1)[) adding
(fixed end) xed end
string dispersion term disper-
Dispersion term present sion
term

Continued on next page
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Table 1.9 — Hyperbolic PDE’s (Wave). Continued from previous page
# PDE description Mathematica Maple hand | ani-
solved? mated?
result time @ result time

349 [Wave PDE inl v 105.105¢ 1.926 Yes  Yes

x—4 4<x<hH
m w(@,0)==1¢ 6—x 5<z<6 Due tO
o . 0 otherwise .
Finite length o -0 . adding
string don=0 et @u=u w109 0 disper-
dispersion term sion
Dispersion term present (spe- term
cific case)
350 [Wave PDE inl v 11029 4.448
IHD)] u(w,0) = sin®(z) But Handled
Ou
.. GU(z,0) =0
Oodt—c s =
Finite length P e —— "m0 sum n 2
string (fixed end) (fixed end) should case
non-zero initial position not cor-
include rectly
n=2
351 [Wave PDE inl v 17.787 v 4.07
m u(z,0) =0
Fini ] h 0 %(r 0)=1 .
inite  lengt W01 =0 g = iz + 20 u(Lt) =0
Stl’il’lg (fixed end) (fixed end)

With source

352 [Wave PDE inl v 25.165 v 4.099 Yes

m u(z,0) = f(z)

du(y () =
Finite length 0 o1 (#:0) = 9(z) I
string (gffijl;f U = Cas BU(L 1) =0

(free end)

Right end free (general case)

353 [Wave PDE inl v 11.492 v 348  Yes

m u(z,0) = f(z)

0 %(r()) =0

Finite length 5
u(0,¢) =0 Utt = € Uza %(L,t):()

String (fixed end) (freo ond)

Right end free, zero initial ve-
locity (general case)

354 [Wave PDE inl v 70.972 v 1.686 Yes  Yes

m o { 12h
3 -
Finite length us(2,0) = 0
0 3
strin u=0 e = 16 Uy =0
& (Fixed) (Free)

Right end free, zero initial ve-
locity (special case)

355 [Wave PDE inl v 43742 5.961 Yes

m u(z,0) = f(x)
. . i (2,0)=0
Finite length 0 L
. u((),.t) =0 uy+bu = Puge %(L,t) -0
string (Fixed) (Frec)

damping term
Right end free, zero initial ve-
locity, damping present (gen-
eral case)
Continued on next page
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356

357

358

359

360

361

362

Table 1.9 — Hyperbolic PDE’s (Wave). Continued from previous page

PDE

[Wave PDE inl
D
Finite

string

length

[Wave PDE inl
D
Finite

string

length

[Wave PDE inl
D
Finite

string

length

[Wave PDE inl
D
Finite

string

length

[Wave PDE inl
D

Finite
string
[Wave PDE inl
D

Finite

string

length

length

[Wave PDE inl
m
Finite

string

length

description Mathematica

result time

v

96.738 v

1
oy - § 1T O<z<1
u(z,0) { ?—n 1<z <3
% (2,0) =0
0
u(0,8) = 0wy + Fup = uge
(Fixed)

3
u(3,4)=0
(Free)

Right end free, zero initial ve-
locity, damping present (spe-
cial case, underdamped)

v

96.689 v

0
u(0.8) =0 uy + Fup = Pigs
(Fixed)

3
Su(3,t)=0
(Free)

Right end free, zero initial ve-
locity, damping present (spe-
cial case, critical damped)

v

98.121 v

1
_J 1g” O<z<l1
% (2,0) =0
0
u(0,8) = 0wy + Fup = uga
(Fixed)

3
u(3,4)=0
(Free)

Right end free, zero initial ve-
locity, damping present (spe-
cial case, over damped)

X 3486 v
)G

u=0 Du(y gy =
(fixed end) e U= Uy +2¢ 7 (x — 2?4 5 1) 5 (L) =0

(free end)

I.C. at different times, right
end free, with source

72.812 v
u(z,0) =0
2(2,0) =0

w(0,8) =0 uy = gy + (1 + 1)z
(fixed end)

u(m, t) = sin(t)
(oscillating end)

Right end oscillates

X 194 X

Ut = Ugy

o u(—m,t) = u(m,t)
Periodic BC (7, 0) = g (. 1)

Perioidic B.C.

X 249 X

rc, u@0)=0
ug(z,0) =1

Uit = Uz

Mixed B.C. u(0,t) = uy(7,t)

Mixed B.C.

result

hand
solved? mated?

ani-

Maple

time

2.967 Yes Yes

3.183 Yes Yes

3.162 Yes Yes

29.077 Yes

3.504

0.419

0.372

Continued on next page
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Table 1.9 — Hyperbolic PDE’s (Wave). Continued from previous page
# PDE description Mathematica Maple hand | ani-
solved? mated?
result time result time
363 [Wave PDE in v 63.273 v/ 3.765 Yes  Yes
m Lo, u(x,0) =0
F' . 1 h 0 u(2,0) =0 L
inite lengt X TR L C
string (Fixed)
Left end fixed, right end non-
homogeneous Neumann BC.
Zero initial conditions
364 [Wave PDE in v 8161 v 0.394 Yes
D] u(,0) = f(x)
.. . u(z,0) =0
Semi-infinite 0 e
. u(0,t) =0 Uy = Uy
domain (Fixed) 50450
Left end fixed, (general case)
365 [Wave PDE in v 2799 v 1.048 Yes
m u(x,0) = sin®(z) (7 <z < 2m)
.. . Qu (. 0) =0
Semi-infinite 0e—2
. w(0,8) =0  wuy = gy
domain (fixed end) 55 0.4 0
Left end fixed with specific ini-
tial position
366 [Wave PDE in v 4677 0.399
D u(z,0) =0
Ou —
Semi-infinite 0 a@0=0
. u(0,t) =0 Uy = Py — ¢
domain (fixed end)
Logan page 115, left end fixed
with source
367 [Wave PDE in v 1.304 v 0.411
m l;(‘[* 0) =0
Semi-infinite 20 =0 -
. u(0,1) = g(t) Uty = gy
domain (moving end) z>0,6>0
Left moving boundary condi-
tion
368 [Wave PDE in v 15.944 v 0.817
[HD)] u(z,0) = sin®(z)
.. . Q(3,0)=1—e 10
Semi-infinite 00" S
. 2u(0,¢) =1 Uy = CUgy
domain (moving end) z>0,t>0
moving Left end
369 [Wave PDE in v 7.006 v/ 0.386
D)} u(z, 1) = e~ @=6)? 4 o=(a+6)*
.. . %—“(m, 1) = %
Semi-infinite oo 2
2u(0,t) =1 Uy = Ugy
domain (moving end) z>0,t>0
IC.att=1
370 [Wave PDE in X 77.586 v 0.422
m u(z,0) = e
Semi-infinite 9u(z,0) =0
domain 0 ---
1 Ut = luzz
2u(l,) =1 010
(moving end) z>0t>
BC.atz=1

Continued on next page
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Table 1.9 — Hyperbolic PDE’s (Wave). Continued from previous page
# PDE description Mathematica Maple hand | ani-
solved? mated?
result time result time
371 [Wave PDE in v 8515 v 0.31
D) g(IsU) = f(=)
Semi-infinite ve " =0 e
. 204y =0 Ut =CUsy
domain (Fres)
Left end free. zero initial veloc-
ity (general solution)
372 [Wave PDE in v 3773 v 0431 Yes  Yes
1 4<z2<5
.~ .. . w(,0) :{ 0 otherwise
Semi-infinite 2 (2,0) = 0
domain ) 0 — o=
52(0,t)=0 Uty = C Ugy
(Free)
Left end free. zero initial veloc-
ity (Special solution)
373 [Wave PDE in v 3599 v 0.385 Yes  Yes
m weo-{} 15258
Semi-infinite 2(2,0) = 0
domain I =
u(0,t) =0 Utt = C Uz
(Fixed)
Left end fixed. zero initial ve-
locity (Special solution)
374 [Wave PDE in v 9.447 v 0.391
m u(z,0) =0
9u (1,0) = g(x
Semi-infinite 0 ot (00 = 9() s
. 20y =0 Ut =CUpy
domain (o)
Left end free. zero initial posi-
tion (general solution)
375 [Wave PDE in v 30.77 v 0.409
D ulz.0) = J @
Semi-infinite 0 W(I’(T) o s
. 2u(0,0)=0 U=l
domain (Fros)
Left end free. Non zero initial
position and velocity (general
solution)
376 [Wave PDE in v 1403 v 0.286
D u(z,0) =0
Semi-infinite o 5t (@,0) =2° o
domain %(0, )y=0 U= gy + f(xv t)
(free end) 2z >0,t>0
Left end free with source
377 [Wave PDE in v 0.022 v 0.229
1 u(z,0) = f(z)
Infinite domain o ui(2,0) = g(x)
Ut = Ugy

General case. uy = ugz; with

u(z,0) = f(z), us(x,0) = g(z)

Continued on next page
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Table 1.9 — Hyperbolic PDE’s (Wave). Continued from previous page
# PDE description Mathematica Maple hand | ani-
solved? mated?
result time | result time
378 [Wave PDE inl v 0.006 v 0.286
D No I.C. given
Infinite domain -

0
— 2
Ut + Uzt = C Ugy

—oo <z <o0,t>0

General case. No IC given. us:+
_ 2
Ugt = C Ugy

379 [Wave PDE inl

v 011
m

0.775
u(z, 1) = g(x)
Infinite domain u (. ]

Uy = gy + f(z,t)
—oo < x <00,t>0

U = Cugy + f(z,t), IC at
t=1lu(z,1) =g(z),u(z,1) =

h(z)
380 [Wave PDE in|

v 0.004 v/ 0.161
m u(z,0) = e’
Infinite domain u(z,0) = 1
s _
Utt = Uz
—oo <z <oo,t>0

No source. uy = Uz, with
u(x,O) = 6_x2,’u,t($(;,0) =1

381 [Wave PDE inl

e 0011 v
m

0.218
u(z,0) = sinx — %
Infinite domain 5 e’
5i(x,0) =0
)
Ut = Ugy + M
—oo <z <o0,t>0
With source term. uy = gy +
m
382 [Wave PDE in v 0.020 v 0.175 Yes  Yes
D No I.C. given
Infinite domain - .
U + 6U + Ugygy =0
—oo < x <00,t>0
non-linear (Solitons)
ut + 6u(x, t)ugy + Ugzy =0
383 [Wave PDE in v 0.004 v 0.206
D No I.C. given

Infinite domain

0

Utt :Summ+uzt_ 1
—oco <z <oo,t>0

Inhomogeneous PDE 3ug,
Ut + Uzt = 1

Continued on next page
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Table 1.9 — Hyperbolic PDE’s (Wave). Continued from previous page

# PDE description Mathematica Maple hand | ani-
solved? mated?
result time result time
384 [Wave PDE in v 0511 v 0.225
D) ut(z,0) = cos(z)
Infinite domain u(w,0) = sin(z)
—Xt— X
Utt = Ugy
Practice exam problem Math
5587
385 [Wave PDE in v 0.003 v 0.169
1ED) ut(z,0) =2
Infinite domain u(z,0) = z?
— Xt X
Utt = Ugy
Practice exam problem Math
5587
386 [Wave PDE inl v 7104 v 0.236
m w(x,0) = 22
Infinite domain u(z,0) =0
—Xt—— XX
Uttt = Ugx
Practice exam problem Math
5587
387 [Wave PDE inl v 0.003 v 0.141 Yes  Yes
IND) ut(z,0) =0
Infinite domain u(z,0) = 175
—X———  p X
Uty = Ugy
zero initial velocity
388 [Wave PDE in v 0.004 v 0.323 Yes  Yes
N D) u(x,0) :‘O
Infinite domain u(i 0) = sin(z) _:Tr sesT
zero initial velocity
380 [Wave PDE in v 0.099 v 0.239
m u(z,0) = sin(z)
Infinite domain u(x,0) = —2ze™"
—X—— X0
Ut = Ugy
General case uy = Uz, with
u(z,0) = sinz,ui(z,0) =
—2ge~%
390 [Wave PDE in v 0.003 v 0.185 Yes  Yes
[D w(z,0) =0 .
Inﬁnite domain _uiz 0)=1for1 <z <2and ;zro otherwise
General case. uy = uz; dAlem-
bert solution, box function as
initial position
391 [Wave PDE in v 1.786 v 0.253 Yes  Yes

(HD)]
Infinite domain

uy(z,0) = sinz
u(x,0) = cosz
— Xt X
Ut = 4y, + cost
Uy = 4ugy + cos(t) dAlem-
bert solution with u(z,0) =
sin z, ut(z,0) = cosx

Continued on next page
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392

393

394

395

396

397

Table 1.9 — Hyperbolic PDE’s (Wave). Continued from previous page

PDE

[Wave PDE_inl
m
Infinite domain

[Wave PDE inl
m
Infinite domain
[Wave PDE inl
(D)
Cartesian coor-

dinates

[Wave PDE inl
28]

Cartesian coor-
dinates

2D
Cartesian coor-

dinates

(D)
Cartesian coor-
dinates

description

ut(z,0) =0
u(z,0) =d(z —a)
— e p X0

Ut = 02

up = C*ugy; dAlembert so-
lution with u(z,0) = é(x —

a),ut(z,0) =0

system of 2 inhomogeneous
linear hyperbolic system with

uxm

constant coefficients

Mathematica

ot?

'Y

Pu(z,yt) o (Ozu 8211>

T

u = 0 on all boundaries
Rectangular membrane. Fixed
on all edges, General solution

r=1L

Y (fixed edge)

=0
2 v N

u =10
(fixed edge}

u(x,y,0) = xcosy
% (2,y,0) =0

u=0
(fixed edge)
l—

u=0/

T

1

(fixed edge)

we = ()2 V2u(z, y)

10

Rectangular membrane. Fixed
on all edges, zero velocity. Spe-

cific example

w=0
3 =0

u=0
(fixed edge)

v (fixed edge)

u = (3)°Vu(z,y)

All 4 edges fixed, zero initial
velocity, Specific example

Y (fixed edge)

=0
3 u \

approximaton of

u=0

§ in middle of
rectrangle

/
(fixed edge) ] u(@,9,0) = £(,y) u=0

B (2,,0) =0

(fixed edge)
L

u=0/f
(fixed edge)

u = (3)°Vu(,
All 4 edges fixed, zero initial ve-
locity, Specific example, delta

in center

2

)

Maple hand | ani-
solved? mated?
time result time
81.489 v/ 0.18  Yes
0211 X 0.396

1341

58.092 Yes

0204

2.216 Yes Yes

32.485 v 234 Yes  Yes

8.380 v

4.691 Yes Yes

Continued on next page
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Table 1.9 — Hyperbolic PDE’s (Wave). Continued from previous page

# PDE description Mathematica Maple
result time result time
398 [Wave PDE in e 4849 v 2.317
24D f@,y) = f5(@ —2?)(2y —v?)
. v (fixed edge) h
Cartesian coor- , u=0, j
. I
dinates /
u=0 p /
(fixed cdgc)\‘ 2 u=0
u(z,y,0) = f(z7y) | (fixed edge)
St (2,9,0) =0
u=0/ 17
(fixed edge)
e = V2u(z,y)
All 4 edges fixed
399 [Wave PDE in v 21.957 X 0.247
m v (fixed edge)
u= 0\
Cartesian coor- H
dinates
w0 u(e,y,0) = flz.y) | uw=0
(fixed edge)\‘ %(1, ¥,0)=0 ‘(/ﬁxed edge)
w=0/ v
(fixed edge)
uy = *V2u(z,y) + Q(x,y,1)
All edges fixed (Haberman
8.5.5 (a)
400 [Wave PDE inl v 5353 v 2.994
74D H
u=0
Cartesian coor- | (fixed edge)
i du u _
dinates 5 =0 Jute.0) =sytn—p) 02 =0
(free edge) %(z, ¥,0) =0 (free edge)
pyp— T
(fixed edge)
w = 3V2u(z,y)
2 edgs fixed, 2 free, zero initial
velocity
401 [Wave PDE inl v 1.003 v/ 174.896Yes
v (fixed edge)
D) 1o 0\%
Cartesian coor-
dinates u=0
(fixed edge} u=0
u(z,,0) = f(z, 1) ‘(/ﬁxed edge)
S (2,y,0) =0
=0/ L °
(fixed edge)
uy = AV3u(z,y)
All 4 edges fixed, zero initial
velocity, general solution
402 [Wave PDE inl v 68 6.113
y
A fl@y) =21 - 1a)(1 - dy)y
Cartesian coor- (free Cdg8> i
. oz = :
dinates 1 \ i
g ou __
uw=0 u(z,y,0) =0 // ‘/W
(fixed edge) %(z,y,o) = f(z,y) (free edge)

u=0/ °
(fixed edge)

ugt + %ut = %Vzu(z,y)

damping

With damping

solved? mated?

Continued on next page
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Table 1.9 — Hyperbolic PDE’s (Wave). Continued from previous page
# PDE description Mathematica Maple hand | ani-
solved? mated?
result time result time
403 [Wave PDE in| X 0321 X 0.208
(D)
Cartesian coor-  u,, — 2sinzug, —|cos® zu,, — coszu, =0
dinates
404 [Wave PDE inl v 32.335 v/ 0.592 Yes
24D Has
Polar coordi- unre-
nates solved
In-
vlaplace
calls
uy = (U + 1uy)
no 6 dependency, fixed bound-
ary, general case
405 [Wave PDE inl v 30.194 v/ 84.162
24D Has
Polar coordi- unre-
nates solved
In-
vlaplace
calls
no 6 dependency. Specific ex-
ample. Both initial conditions
not zero
406 [Wave PDE inl v 20.785 v 1.841 Yes  Yes
24D Has
Polar coordi- unre-
nates solved
In-
vlaplace
calls.
How
to get
series
solu-
tion?
no 6 dependency. Specific ex-
ample. Both initial conditions
not zero
407 [Wave PDE inl no 6 dependency. Using v 3323 v 1.446

(D)
Polar coordi-

nates

integral transforms.

Source

present. Specific example

Continued on next page
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Table 1.9 — Hyperbolic PDE’s (Wave). Continued from previous page
# PDE description Mathematica Maple hand | ani-

solved? mated?

result time result time
408 [Wave PDE in no 6 dependency. Using X 2032 v 0.544
2D integral transforms. Source
Polar coordi- present. Specific example
nates
409 [Wave PDE il v 6.547 X 1.552 Yes
2D
Polar coordi-
nates
up = A (tpp + 2u, + Juge)
0 dependency, fixed on edges,
general solution
410 [Wave PDE inl v 3125 X 1.579 Yes
A u(a,0,t) =0
Polar coordi-
nates ,
u(r,0,0) = f(r,0)
2u(r,0,0) =0
g = AV2u(r, 0)
0 dependency, fixed on edges,
zero initial velocity, general so-
lution
411 [Wave PDE inl v 15.046 X 0.828 Yes  Yes
AD w(1,0,t) =0
Polar coordi-
nates

0 dependency, fixed on edges,
zero initial velocity, specific ex-
ample

Continued on next page
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Table 1.9 — Hyperbolic PDE’s (Wave). Continued from previous page
# PDE description Mathematica Maple hand | ani-
solved? mated?

result time result time
412 [Wave PDE inl v 5509 X 0.872 Yes  Yes
24D u(1,0,t) =0
Polar coordi-
nates
ue (1,6,0) { ng oicfhgrii;e
# dependency, fixed on edges,
zero initial position, specific ex-
ample
413 [Wave PDE inl X 0.034 X 0.244 Yes
2D u(a,0,t) =0
Polar coordi- w(r6,0) = £(r,6)
nateS u (r,0,0) =0
we = V3u(r, 0) + Q(r,0,t) ‘
0 dependency, fixed on edges,
zero initial position with in-
ternal source (Haberman 8.5.5.
(b)
414 [Wave PDE inl v 0.031 v 1.414
BO
Spherical coor-
dinates
No I.C. no B.C.
415 [Wave PDE inl v 0.004 v 0.558
BO

Cylindrical co- 2
ordinates Uttt = Veu

—

- 7 B
(whole 3D)

No I.C. no B.C.
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1.3.5 Handbook of first order partial differential equations

Table 1.10: Handbook of first order partial differential equations breakdown of results. Time
in seconds

416
417
418
419
420
421
422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

chapter 2

2.1

chapter
2.1

chapter
2.1

chapter 2
2.1

chapter
2.1

chapter
2.1

chapter
2.2

chapter
2.2

chapter
2.2

chapter
2.2

chapter

chapter

chapter

o o o
& DO DO DO

chapter
2.2

chapter
2.2
chapter
2.2
chapter
2.2

chapter
2.2

description

problem number 1
problem number 2
problem number 3
problem number 4
problem number 5
problem number 6

problem number 1

problem number 2

problem number 3

problem number 4

problem number 5

problem number 6

problem number 7

problem number 8

problem number 1

problem number 2

problem number 3

problem number 4

problem number 5

problem number 6

problem number 7

problem number 8

problem number 9

problem number 10

problem number 11

problem number 12

Mathematica

result

N X X S N N N SN SN N SN N X N SN N SN SN SN SASNASANAN

time

0.009
0.008
0.016
0.013
0.029
0.033
0.009

0.012

0.073

0.021

0.02

0.033

0.046

1.862

0.009

0.114

0.129

0.397

0.456

0.384

0.376

0.385

0.227

0.166

0.213

0.596

Maple

result

N N N SN SN SN SN S SN SN SN N SN SN N N SN SN SN SSASANNANS

time

0.099
0.078
0.098
0.102
0.135
0.167
0.109

0.126

0.162

0.127

0.261

0.383

2.017

0.987

0.088

0.303

0.171

0.351

0.455

0.336

0.339

0.404

0.375

0.24

0.263

0.478

hand ani-
solved? mated?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Continued on next page
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#

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

g

DE

i

chapter
2.2

chapter
2.2

chapter
2.2

chapter
2.2

chapter
2.2

chapter
2.2

chapter
2.2

chapter
2.2

chapter
2.2

chapter
2.2

chapter
2.2

chapter

chapter

chapter

o o [\
DO DO & B

chapter

N
[\)

<)
U‘ .
)
(@]
ct+
@
=1
[\)

N
o

l

chapter
2.2

chapter
2.2

o [
N o
(@)
+
[¢]
=
[\&) DN

description

problem number 13

problem number 14

problem number 15

problem number 16

problem number 17

problem number 18

problem number 19

problem number 20

problem number 21

problem number 22

problem number 23

problem number 24

problem number 25

problem number 26

problem number 27

problem number 28

problem number 29

problem number 30

problem number 31, Hesse’s

equation

Mathematica Maple hand | ani-
solved? mated?

result time | result time
v 0.082 v 0.128
v 0209 v 0.427
v 035 0.32
v 0673 v 0.514
v 0735 v 0.493
v 0233 v 0.264
v 0.346 v 0.283
X 0245 v 0.499
X 0214 v 0.869
v 0.376 v 0.506
v 0.376 v 0.492
X 0314 v 0.479
X 600. X 993.234
(Timed
out)
X 219.879X 16.483
X 101.409X 1.129
X 0673 v 0.229

solution

con-

tains

RootOf
X 102.224X 1.055
X 0.385 v 0.314
X 5154 190.241

Continued on next page
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#

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

PDE

2.3

i

chapter
2.3

chapter
2.3

chapter
2.3

chapter
2.3

i

chapter
2.3

!

chapter
2.3

chapter
2.3

chapter
2.3

i!

i

chapter
2.4
chapter
2.4
chapter
2.4
chapter
2.4
chapter
2.4

!

chapter
2.4
chapter 2
2.4

chapter
2.5

ii

description

problem number 1

problem number 2

problem number 3

problem number 4

problem number 5

problem number 6

problem number 7

problem number 8

problem number 9

problem number 1

problem number 2

problem number 3

problem number 4

problem number 5

problem number 6

problem number 7

problem number 1

Mathematica
result time
v 0.638
But it

can’t

solve it

when

assum-

ing

b > 0
which is
strange.

v 0.255
v 0.237
X 0.368
v 1.108
X 0.351
v 0.184
v 0.206
X 600.
(Timed

out)

v 0.081
v 0.391
v 0.288
v 0.583
X 0.68
v 1.808
v 3.855
v 0.113

Maple
result time
v 0.594
v 0.325
v 0.906
v 0.614
v 0.228
Answer
con-
tains
RootOf
v 0.222
Answer
con-
tains
RootOf
v 0.367
v 0.352
v 0.123
v 0.149
v 0.516
v 0.505
v 0.492
X 600.
(Timed
out)

v 0.579
v 5.917
v 0.252

hand @ ani-
solved? mated?

Continued on next page
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#

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

g

DE

i

chapter
2.5

chapter
2.5
chapter
2.5
chapter
2.5
chapter
2.5
chapter
2.5
chapter
2.5
chapter
2.5
chapter
2.5
chapter
2.5
chapter

chapter

chapter

ol Sl Sl
DO B DO

i

chapter
2.5
chapter
2.5
chapter
2.5
chapter 2
2.5
chapter
2.5
chapter
2.5
chapter
2.5
chapter
2.5
chapter
2.5
chapter
2.5

description

problem number 2

problem number 3

problem number 4

problem number 5

problem number 6

problem number 7

problem number 8

problem number 9

problem number 10

problem number 11

problem number 12

problem number 13

problem number 14

problem number 15

problem number 16

problem number 17

problem number 18

problem number 19

problem number 20

problem number 21

problem number 22

problem number 23

problem number 24

Mathematica Maple hand | ani-
solved? mated?

result time | result time
v 0296 v 0.53
v 1671 v 0.296
v 0926 v 0.877
X 1.478 0.68
X 1362 v 1.052
v 052 0.301
v 1.992 1.167
X 2032 v 0.96
X 3278 v 1.676
v 26.396 X 4.524
X 26.123 X 4.009
X 35.946 X 4.983
X 0737 0.302

Solution

con-

tains

RootOf
v 1.736 2.096
X 56.194 X 26.865
X 1618 v 0.922
X 1.805 v 1.114
v 0.706 v 1.815
v 0269 v 0.329
v 0537 0.394
v 0555 v 0.338
X 25.519 v 0.441
v 0373 v 0.344

Continued on next page



CHAPTER 1. INTRODUCTION, SUMMARY OF RESULTS AND LOOKUP TABLE 59

Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

# PDE description Mathematica Maple hand | ani-
solved? mated?
result time result time
501 problem number 25 \/ 0.835 \/ 0.376
2.5
502 problem number 26 \/ 1.345 \/ 0.367
2.5
503 problem number 27 v 0529 v 0.593
2.5
504 problem number 28 X 0.945 0.317
2.5 Solution
con-
tains
RootOf
505 problem number 29 X 0.9 \/ 0.365
2.5 Solution
con-
tains
RootOf
506 problem number 30 X 1614 v 1.197
2.5
507 problem number 31 X 10.08 v/ 1.58
2.5
508 problem number 32 X 99.617 X 23.164
2.5
509 problem number 33 v 0.679 v 0.499
2.5
510 problem number 34 e 0.459 v 0.368
2.5
511 problem number 35 v 0209 v 0.414
2.5
512 problem number 36 \/ 0.72 \/ 0.587
2.5
513 problem number 37 v 3315 v 0.725
2.5
514 problem number 38 / 2.375 \/ 0.49
2.5
515 problem number 39 Ve 0.286 v 0.439
2.5
516 problem number 40 X 118.987X 24.492
2.5
517 problem number 41 V4 1475 0.587
2.5
518 problem number 42 X 2.664 v 0.783
2.5
519 problem number 43 X 10.899 v/ 2.501
2.5
520 problem number 44 X 29.626 X 9.363
2.5
521 problem number 45 X 28.566 X 11.776
2.5
522 problem number 46 X 8.843 v 4.284
2.5

Continued on next page
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#

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

g

DE

i

chapter
2.5

chapter
2.5

chapter

i

1< B
o |5 | o
(@)

+
@
=
N [\ B

chapter
2.5
chapter

chapter

chapter

o o o
) ) ) )

chapter
2.5

l

chapter
2.5

i

chapter
3.1

chapter
3.1
chapter
3.1
chapter
3.1
chapter
3.1
chapter
3.1
chapter
3.1

chapter
3.1

i

chapter
3.1
chapter
3.1
chapter
3.1
chapter
3.2
chapter
3.2

description

problem number 47

problem number 48

problem number 49

problem number 50

problem number 51

problem number 52

problem number 53

problem number 54

problem number 55

problem number 56

problem number 1

problem number 2

problem number 3

problem number 4

problem number 5

problem number 6

problem number 7

problem number 8

problem number 9

problem number 10

problem number 11

problem number 1

problem number 2

Mathematica Maple hand | ani-
solved? mated?
result time | result time
X 1.556 v 0.303
v 2.048 v 1.003
X 895 X 7.112
X 175.31 X 5.536
X 1.686 v 0.407
X 3208 X 2.657
X 1.694 ¢ 0.945
X 1.661 X 2.519
X 600. X 4.637
(Timed
out)
X 600. v 1.285
(Timed
out)
v 0.098 v 0.168
v 0015 v 0.153
v 0.198 v 0.81
v 0.748 v 0.587
X 1111 0.665
v 0.158 v 0.289
v 0328 v 0.192
v 0412 v 0.982
Has
RootOf
v 0.326 v 0.408
X 0.709 v 1.048
X 2.031 X 2.345
v 0641 v 0.566
v 1192 v 0.505

Continued on next page



CHAPTER 1.

INTRODUCTION, SUMMARY OF RESULTS AND LOOKUP TABLE 61

#

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

g

DE

chapter

w [&] w @
SRS v (B
(@] ()

+ (=

o 2

= H

B B B B

chapter
3.2
chapter

chapter

chapter

o o [\
N & DO DO

chapter
3.2
chapter

chapter

chapter

[\ o [\
B DO DO DO

chapter
3.2
chapter
3.2
chapter
3.2
chapter
3.2
chapter

3.2

chapter

chapter

chapter

[\ [\ o
DO DO DO B

chapter
3.2
chapter
3.2
chapter
3.2
chapter
3.2
chapter
3.2

description

problem number 3

problem number 4

problem number 5

problem number 6

problem number 7

problem number 8

problem number 9

problem number 10

problem number 11

problem number 12

problem number 13

problem number 14

problem number 15

problem number 16

problem number 17

problem number 18

problem number 19

problem number 20

problem number 21

problem number 22

problem number 23

problem number 24

problem number 25

problem number 26

Mathematica Maple hand | ani-
solved? mated?

result time result time
v 0351 v 0.336
v 0413 v 0.406
v 0282 v 0.275
X 3114 X 6.303
v 0422 v 0.308
X 1.864 v 0.427
v 1.035 v 0.6
v 1194 v 0.595
X 3.667 v 0.922
v 1.947 v 0.479
v 0557 v 0.336
X 31.364 X 5.512
X 1.952 v 0.96
X 23.016 X 4.137
v 1429 v 0.889
X 26.928 X 3.621
v 0425 v 0.595
v 22.462 X 3.879
X 24.434 X 4.163
X 2.609 v 0.614
v 0878 v 0.382
X 7386 X 2.769
v 039 v 0.458
v 0477 v 0.605

Continued on next page
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#

570

571

572

573

574

575

576

77

578

579

580

581

582

583

584

585

586

587

588

589

590

591

592

Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

g

DE

i

chapter
3.2

l

chapter
3.2

chapter
3.2

chapter
3.2

chapter

i!

chapter

chapter

[\ [\ [\
& DO DO DO

chapter
3.2

chapter
3.2
chapter
3.2
chapter
4.1
chapter
4.1
chapter
4.1
chapter
4.1
chapter
4.1

chapter
4.1

chapter
4.1
chapter
4.2
chapter
4.2
chapter
4.2

chapter
4.2

chapter
4.2

chapter
4.2

description

problem number 27

problem number 28

problem number 29

problem number 30

problem number 31

problem number 32

problem number 33

problem number 34

problem number 35

problem number 36

problem number 1

problem number 2

problem number 3

problem number 4

problem number 5

problem number 6

problem number 7

problem number 1

problem number 2

problem number 3

problem number 4

problem number 5

problem number 6

Mathematica Maple hand | ani-
solved? mated?

result time | result time
X 102.439¢ 0.338

Solution

con-

tains

RootOf
v 0459 v 0.511
v 0.376 v 0.408
X 2972 0.525
X 31.411 v 7.606
v 0204 v 0.359
v 0883 v 0.399
X 1513 5.974
X 1.023 v 2.585
X 1.149 5.949
v 0.025 v 0.154
v 0.092 v 0.357
v 1.913 v 1.327
X 44.287 0.654
v 12.789 v 1.849
v 0129 v 0.468
v 0025 v 0.279
v 0.018 v 0.15
v 007 0.347
v 12.99 ¢ 1.829
v 15.661 v 1.669
X 1392 v 1.767
X 1.985 v 5.369
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#

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

g

DE

i

chapter
4.2
chapter
4.2
chapter
4.3
chapter
4.3

chapter
4.3
chapter
4.3
chapter
4.3

chapter
4.3

i

chapter
4.3

chapter
4.3
chapter
4.4
chapter
4.4
chapter
4.4

chapter
4.4
chapter
4.5
chapter
4.5
chapter
4.5
chapter
4.5

chapter
4.5

chapter
4.5

chapter
5.1
chapter
5.1
chapter
5.1

chapter
5.2

description

problem number 7

problem number 8

problem number 1

problem number 2

problem number 3

problem number 4

problem number 5

problem number 6

problem number 7

problem number 8

problem number 1

problem number 2

problem number 3

problem number 4

problem number 1

problem number 2

problem number 3

problem number 4

problem number 5

problem number 6

problem number 1

problem number 3

problem number 4

problem number 1

Mathematica Maple hand | ani-
solved? mated?
result time result time
X 69.365 v/ 1.934
v 0136 v 0.264
v 0.025 v 0.188
v 0114 v 0.167
v 1.662 v 0.999
X 62.417 v 2.921
X 178 2.171
X 3.063 X 600.
(Timed
out)

X 7759 2.356
v 0224 v 0.538
v 0.017 v 0.309
v 0125 v 0.782
v 1.614 v 1.27
X 3.077 v 1.031
v 0191 v 0.5
v 0157 v 0.575
v 1404 v 1.06
v 22.306 v 4.126
v 0127 v 0.341
X 113.481 3.481
v 0.074 v 0.283
v 2937 v 0.282
v 6.203 v 0.349
v 0197 v 0.413
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#

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

g

DE

i

chapter
5.2
chapter
5.2
chapter
5.2
chapter
5.2
chapter
5.2
chapter
5.2
chapter
5.2
chapter
5.2
chapter
5.2
chapter
5.2
chapter
5.2
chapter
5.2
chapter
5.2
chapter
5.2
chapter
5.2

chapter
5.2
chapter
5.2
chapter
5.2
chapter
5.2
chapter
5.2
chapter
5.2
chapter
5.2

chapter
6.1

description

problem number 2

problem number 3

problem number 4

problem number 5

problem number 6

problem number 7

problem number 8

problem number 9

problem number 10

problem number 11

problem number 12

problem number 13

problem number 14

problem number 15

problem number 16

problem number 17

problem number 18

problem number 19

problem number 20

problem number 21

problem number 22

problem number 23

problem number 1

Mathematica Maple hand | ani-
solved? mated?
result time result time
v 0.186 v 0.254
X 1.048 v 0.501
v 0.621 v 0.377
X 24.027 X 2.882
v 1.846 v 1.179
X 28.01 X 2.78
X 24.467 X 2.999
v 076 0.435
X 2572 v 1.222
v 0154 v 0.341
X 12.437 X 1.417
X 26.389 X 1.921
X 24.119 X 1.575
v 0475 v 0.545
v 0.406 v 0.329
v 1122 v 0.362
v 0597 v 0.574
X 3.428 v 1.397
X 3.007 v 1.524
v 0152 v 0.39
v 0504 v 0.896
v 0473 v 0.475
v 0.158 v 0.368

Continued on next page
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# PDE description Mathematica Maple hand | ani-
solved? mated?
result time | result time
640 problem number 2 e 6.856 v 0.603
6.1 contains contains
unre- unre-
solved solved
integral integral
641 problem number 3 Ve 0532 v 0.88
6.1 contains
unre-
solved
integral
642 problem number 4 e 11.938 v/ 0.854
6.1 contains
unre-
solved
integral
643 problem number 5 Ve 0.745 v 1.106
6.1
644 problem number 6 X 4328 v 0.569
6.1 contains
unre-
solved
inte-
grals
645 problem number 7 v 10.859 v/ 3.717
6.1
646 problem number 8 X 43.052 v 0.671
6.1
647 problem number 9 X 44.268 v/ 1.789
6.1
648 problem number 10 e 10.094 v/ 1.576
6.1
649 problem number 11 v 4366 v/ 6.729
6.1
650 problem number 12 X 102.215X 472.988
6.1
651 problem number 13 v 0.618 v 1.076
6.1
652 problem number 14 X 6.749 \/ 1.944
6.1
653 problem number 1 v 0.169 v 0.557
6.2 Contains
unre-
solved
integral
654 problem number 2 v 3.838 v 0.767
6.2
655 problem number 3 v 0455 v 1.982
6.2
656 problem number 4 \/ 8.388 \/ 1.018
6.2

Continued on next page
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658

659

660

661

662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

6.3

chapter
6.3

chapter
6.3

i!

chapter

chapter

chapter

o o o
w w @
B & & DO

chapter
6.3
chapter
6.3

!

i

chapter
6.3
chapter
6.3
chapter
6.3
chapter
6.3
chapter
6.3
chapter
6.3

description

problem number 5

problem number 6

problem number 7

problem number 8

problem number 9

problem number 10

problem number 11

problem number 12

problem number 1

problem number 2

problem number 3

problem number 4

problem number 5

problem number 6

problem number 7

problem number 8

problem number 9

problem number 10

problem number 11

problem number 12

problem number 13

problem number 14

Mathematica Maple hand | ani-
solved? mated?
result time result time

v 0.655 v 1.25

X 129 1.238
v 8.366 v 2.113
v 9323 v 2.064
X 89.268 v 3.003
X 5186 v 3.023
X 1382 v 6.934
X 33.916 v/ 4.159
v 0022 v 0.233
v 0.246 v 0.669
v 0478 1.106

Has

unre-

solved

inte-

grals
v 0631 v 1.229
v 30.326 v 1.431
v 1.346 1.592
v 2852 v 4.405
X 54.105 X 600.

(Timed

out)
X 95.797 v 17.314
v 0.705 v 0.733
X 30.678 v 9.367
X 8241 v 2.3
X 1.301 v 2.468
X 1498 X 600.

(Timed

out)

Continued on next page
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Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

g

# DE description Mathematica Maple hand | ani-

solved? mated?
result time result time
679  [chapter problem number 15 X 9.279 \/ 3.41
6.3

680 [chapter problem number 1 Ve 0175 v 0.81
6.4 Has
unre-

ii

solved
integral

681 problem number 2 1546 v 1.033

682 problem number 3 5.996 1.225

683  [chapter problem number 4 49.27 1.396

o oEl o B
~ e (B w5
(@) (@)

+ +

(¢} D

N N

DN [\&) [\&) [N)

684 | |chapter problem number 5 3.037 1.407

6.4

685 [chapter problem number 6
6.4

686 | |chapter problem number 7
6.4

687 | |chapter problem number 8
6.4

688 | |chapter problem number 9
6.4

689  [chapter problem number 10
6.4

690 [chapter problem number 11

0.31 0.688

!i

0.384 1.155

i

0.344 1.141

2.784 1.727

ii

2.038 2.178

0.347 0.991

691 | |chapter problem number 12 2.273 1.215

N N N NN N N N N xS SN

692 | |chapter problem number 1 0.532 1.151

N N N N N N N N N NS

N

1815 0.975

i

693  [chapter problem number 2
6.5
694 [chapter problem number 3 Ve 035 1.647
6.5 Mathematica
answer

i

is sim-
pler
25.926 X 30.902

i

695 [chapter problem number 4
6.5

696 [chapter problem number 5
6.5

697 | |chapter problem number 6
6.5

698  [chapter problem number 7
6.5

1213 1.034

!

81.561 v 1.69

X X X X

51.053 X 140.449

!

Continued on next page
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#

699

700

701

702

703

704

705

706

707

708

709

710

711

712

713

714

715

716

717

718

719

720

721

722

Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

g

DE

i

chapter
6.5
chapter
6.5
chapter
6.5
chapter
6.5
chapter
7.1

chapter
7.1

chapter
7.1
chapter
7.1
chapter
7.1

chapter
7.1
chapter
7.1
chapter
7.1
chapter
7.1
chapter
7.1
chapter
7.1
chapter
7.1

chapter
7.2
chapter
7.2
chapter
7.2
chapter
7.2
chapter
7.2

i

chapter
7.2

chapter
7.2

chapter
7.2

li

description

problem number 8

problem number 9

problem number 10

problem number 11

problem number 1

problem number 2

problem number 3

problem number 4

problem number 5

problem number 6

problem number 7

problem number 8

problem number 9

problem number 10

problem number 11

problem number 12

problem number 1

problem number 2

problem number 3

problem number 4

problem number 5

problem number 6

problem number 7

problem number 8

Mathematica Maple hand | ani-
solved? mated?
result time result time
X 25.687 v 1.442
X 25.256 v 1.364
X 2251 v 1.745
X 10.638 v/ 1.843
v 0.085 v 0.709
v 037 v 0.781
v 059 v 0.919
v 0122 v 0.916
X 1.286 v/ 1.395
v 0331 v 2.356
X 25.226 v/ 4.4
X 1.096 v 1.669
X 56.501 X 38.625
X 38.983 X 46.29
v 1.362 v 0.909
v 0547 v 1.684
v 0.087 v 0.75
v 2.989 v 0.826
v 10.768 v 0.9
v 0213 v 0.899
X 2.034 X 600.
(Timed
out)

23.822 X 9.506

34.767 v 4.753

2503 v 21.002
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#

723

724

725

726

727

728

729

730

731

732

733

734

735

736

737

738

739

740

741

742

743

744

745

746

747

Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

g

DE

l

chapter
7.2
chapter
7.2
chapter
7.2
chapter
7.2
chapter
7.3
chapter
7.3
chapter
7.3
chapter
7.3
chapter
7.3
chapter
7.3
chapter
7.3
chapter
7.3
chapter 2
7.3
chapter
7.3
chapter
7.3
chapter
7.3
chapter
7.4

chapter

chapter

chapter

~ N ~
= > >
) ) ) )

chapter
7.4

chapter

NElNEl~N[E]
NN NG~ B - (N
(@) O (@)

+ + t+
D @ l¢]
= = =
[N) [\&) DN DN

description

problem number 9

problem number 10

problem number 11

problem number 12

problem number 1

problem number 2

problem number 3

problem number 4

problem number 5

problem number 6

problem number 7

problem number 8

problem number 9

problem number 10

problem number 11

problem number 12

problem number 1

problem number 2

problem number 3

problem number 4

problem number 5

problem number 6

problem number 7

problem number 8

problem number 9

Mathematica Maple hand | ani-
solved? mated?

result time result time
X 32.209 X 36.063
X 66.149 X 45.298
v 1.798 v 0.913
v 0.735 v 1.493
v 0422 v 0.923
v 3104 v 0.924
v 13.755 v/ 1.011
v 0328 v 1.064
X 1.669 v/ 1.912
v 0824 v 1.524
X 33.362 v/ 3.534
v 0.406 v 0.752
X 31.802 X 7.102
X 39.119 X 13.042
v 0.768 v 1.008
v 0671 v 1.567
v 0.469 v 0.719
v 4599 v 0.866
v 16.578 v 1.017
v 03¢ v 1.108
X 175 3.152
v 0835 v 2.104
X 34.905 v/ 4.99
X 31.6 X 5.039
X 32.308 X 8.13
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Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

g

# DE description Mathematica Maple hand | ani-

solved? mated?
result time result time

748 problem number 10 X 38.25 X 14.767

749 problem number 11 084 v 0.611

750 | |chapter problem number 12 0.85 1.115

- NEl~E
= N N 1
(@) (@)

+ t

@ D

~ =

[\&) DN DN [N)

751 | |chapter problem number 1 0.068 0.156

8.1

752  [chapter problem number 2
8.1

753  [chapter problem number 3
8.1

754 | |chapter problem number 4
8.1

755 | |chapter problem number 5
8.1

756  [chapter problem number 6
8.1

757  |chapter problem number 7
8.1

758  [chapter problem number 8
8.1

759  [chapter problem number 9
8.1

760  [chapter problem number 10
8.1

761  [chapter problem number 11
8.1

762  [chapter problem number 12
8.1

763  [chapter problem number 13
8.1

764 | |chapter problem number 1
8.2

765 | |chapter problem number 2
8.2

766  [chapter problem number 3
8.2

767  |chapter problem number 4
8.2

768  [chapter problem number 5
8.2

769  [chapter problem number 6
8.2

770  [chapter problem number 7
8.2

771  [chapter problem number 8
8.2

772  |chapter problem number 9
8.2

i

0.254 0.281

0.498 0.423

!l

0.186 0.537

N N N SN SN N

i

22.67 1.275

0.696 v 0.588

i

22.881 X 3.283

i

26.523 X 2.957

l

0.683 v 0.537

!

31.283 X 7.924

i

28.672 X 8.239

i

0241 v 0.65

i

1.684 ¢ 0.571

l

0.805 v 0.981

!

21.575 X 2.615

i

23.278 X 3.276

l

0.266 v 0.724

i

22.719 X 4.009

l

13 v 0.533

!

26.852 X 4.649

i

28.679 X 5.072

X X X X X N\ X \ \ X \\ X X X X X X X \ X N \ N\ N

25.003 X 3.654

i
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Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

g

# DE description Mathematica Maple hand | ani-

solved? mated?
result time @ result time

773  |[chapter problem number 10 e 0201 v 0.734
8.2

774  [chapter problem number 11
8.2

775 | |chapter problem number 1
8.3

776  |chapter problem number 2
8.3

777  |chapter problem number 3
8.3

778  |[chapter problem number 1
8.4

779  [chapter problem number 2
8.4

780  [chapter problem number 3
8.4

781  [chapter problem number 4
8.4

782  [chapter problem number 1
8.5

783  [chapter problem number 2
8.5

784  |chapter problem number 3
8.5

785  [chapter problem number 4
8.5

786  [chapter problem number 5
8.5

787  [chapter problem number 1
8.6

788  [chapter problem number 2
8.6

789  [chapter problem number 3
8.6

790  [chapter problem number 4
8.6

791  [chapter problem number 5
8.6

792  [chapter problem number 6
8.6

793  [chapter problem number 7
8.6

794  |chapter problem number 8
8.6

795  [chapter problem number 9
8.6

796  [chapter problem number 10

i

0.395 v 0.82

i

31.824 X 14.565

i

36.406 X 10.252

!

35.875 X 10.867

l

21.868 v 1.345

l

21.646 X 2.801

i

22.068 X 1.761

i

0.167 v 0.408

i

23.328 v/ 2.081

l

27.481 X 13.761

i

27.987 X 13.225

i

3431 X 11.501

!

33.778 X 14.532

i

20.953 X 1.834

i

20.936 v 0.701

i

0.109 v 0.252

l

0452 v 0.63

!

21.376 X 1.464

i

0315 v 0.287

l

0692 v 0.214

i!

0.208 0.33

i

0.8 0.298

2.656

WX X O X X X X S X X X X X X X S X X X X X X X

N N N S

797 problem number 11 0.286 0.419

o [&] o
ol5 >
(@]
t+
o
H
b b

Continued on next page
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#

798

799

800

801

802

803

804

805

806

807

808

809

810

811

812

813

814

815

816

817

818

819

820

821

822

Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

g

DE

i

chapter
8.6
chapter
9.1
chapter
9.1
chapter
9.1
chapter
9.1
chapter
9.1
chapter
9.2
chapter
9.2
chapter
9.2
chapter
9.2
chapter
9.2
chapter
9.2
chapter 2
9.2
chapter
9.2
chapter
9.2
chapter 2
9.2
chapter
9.2
chapter
9.2
chapter
9.2
chapter
9.2
chapter
9.2
chapter
9.2
chapter
9.3
chapter

o [a&]©
w |5 | w
(@]
t+
o
=
b b

description

problem number 12

problem number 1

problem number 2

problem number 3

problem number 4

problem number 5

problem number 1

problem number 2

problem number 3

problem number 4

problem number 5

problem number 6

problem number 7

problem number 8

problem number 9

problem number 10

problem number 11

problem number 12

problem number 13

problem number 14

problem number 15

problem number 16

problem number 1

problem number 2

problem number 3

Mathematica Maple hand | ani-
solved? mated?
result time result time
v 21.845 v/ 1.018
v 0.067 v 0.171
X 0171 v 0.289
X 0504 v 0.548
X 1162 X 1.481
X 1317 X 2.813
v 0.308 v 0.422
X 0.073 v 0.555
X 0599 v 0.94
X 044 v 0.94
X 0.677 X 3.033
X 0374 v 0.592
X 0596 v 0.657
X 0341 v 0.806
X 0432 v 0.718
X 0.676 v 0.979
X 0542 v 0.772
X 0.753 X 2.164
X 0.888 X 1.774
X 0841 v 1.135
X 0.366 v 0.751
X 0582 v 0.751
X 1.392 v 3.586
X 1273 X 2.066
X 3.58 X 4.753

Continued on next page
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Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

g

# DE description Mathematica Maple hand | ani-

solved? mated?
result time | result time
823 [chapter problem number 4 X 1202 X 4.578
9.3
824 | |chapter problem number 5
9.3
825  [chapter problem number 6
9.3
826 | |chapter problem number 7
9.3
827 | |chapter problem number 8
9.3

828  [chapter problem number 9

il

1.228 4.411

i

9.153 3.244

8.043 3.139

li

4.247 6.753

0.068 0.321

829 | |chapter problem number 11 0.451 0.757

830  [chapter problem number 12

© © ©
@ w w
N B B &

831  [chapter problem number 13 2.643 2.798
9.3

832  [chapter problem number 14
9.3

833  [chapter problem number 15
9.3

834  [chapter problem number 16
9.3

835  [chapter problem number 17
9.3

836  [chapter problem number 18
9.3

837  [chapter problem number 19
9.3

838 | |chapter problem number 20
9.3

839  [chapter problem number 21

l

2.535 2.823

5.303 3.095

ii

5.63 3.146

l

0.857 1.996

l

X

X

X

X

v

v
1139 v 3.312
X

X

X

X

X
8.036 X 2.86
8.146 X 2.805

i

11.529 X 12.126

i

29.225 X 38.229

840  |chapter problem number 22 47 X 11.285

841 | |chapter problem number 23 2.191 17.705

SleoEleEle
Blw|s || |w
(@]
t+
[¢]
=
Wl N I N

842 Example 1 0.019 0.189

Examples

843  [chapter Example 2
Examples

844 | |chapter Example 3
Examples

845  [chapter Problem 1
2.1

846 | |chapter Problem 2
2.1

847 | |chapter Problem 3
2.1

l

0.06 0.3

0.006 0.127

i!

0.01 0.175

i

0.023 0.173

N N N NN N X X X X X X X X X X X X X O X X X X

N N NN N N X

0.032 0.227

i

Continued on next page
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#

848

849

850

851

852

853

854

855

856

857

858

859

860

861

862

863

864

865

866

867

868

869

g

DE

i

chapter
2.1

chapter
2.1
chapter
2.1
chapter
2.1
chapter
2.1
chapter
2.2
chapter
2.2
chapter
2.2
chapter
2.2
chapter
2.2

chapter
2.2

i

chapter
2.2
chapter
2.3
chapter
2.3
chapter
2.3
chapter
2.3
chapter
2.3
chapter
2.3
chapter
2.4

chapter
2.4

chapter
2.4

chapter
2.4

o

description

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Mathematica

result

v

N N N NN N N SN NS S

N N N NN SN N SN SN NS

time
0.007

0.271

0.197

0.091

0.075

0.1

0.274

0.26

0.389

0.028

0.236

0.196

0.034

0.162

0.152

0.534

0.02

0.093

0.093

0.058

0.027

0.042

Maple

result

v

N N N SN SN N SN SN NS

Contains
unre-
solved
integral
with
RootOf

v

SN N N N N N SN S NS

time
0.158

0.353

0.437

0.546

0.491

0.221

0.27

0.403

0.285

0.288

0.495

0.403

0.247

0.275

0.334

0.308

0.14

0.469

0.27

0.224

0.38

0.353

Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

hand @ ani-
solved? mated?
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Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

# PDE description Mathematica Maple hand | ani-
solved? mated?

result time result time
870 Problem 5 v 0.079 v 0.428
2.4 Result
has
unre-
solved
integral
871 Problem 6 Ve 0.087 v 0.33
24 Result
has
unre-
solved
integral
872 Problem 7 Ve 0.769 v 1.752
24 Result
has
unre-
solved
integral
873 Problem 8 e 1.388 v/ 0.682
24 Result
has
unre-
solved
integral
874 Problem 9 e 5712 v 0.769
2.4
875 Problem 10 X 1437 99.567
2.4
876 Problem 11 v 0.407 v 1.691
2.4
877 Problem 1 v 0.008 v 0.228
3.1
878 Problem 2 e 005 0.289
3.1
879 Problem 3 Ve 02 0.466
3.1
880 Problem 4 v 0236 v 0.437
3.1
881 Problem 5 Ve 0.481 v 0.51
3.1
882 Problem 6 e 0493 v 0.411
3.1
883 Problem 7 v 0629 v 0.776
3.1
884 Problem 8 X 2.705 1.83
3.1
885 Problem 9 X 1645 v 1.918
3.1
886 Problem 10 v 3.368 v 1.547
3.1

Continued on next page
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#

887

888

889

890

891

892

893

894

895

896

897

898

899

900

901

902

903

904

905

906

907

908

909

g

DE

i

chapter
3.1

chapter
3.2

chapter
3.2

chapter
3.2

chapter
3.2

chapter
3.2

chapter
3.2

chapter

chapter

chapter

o [\ [\
w w w w

chapter
3.2

chapter
3.2
chapter
4.1
chapter
4.1
chapter
4.1

chapter
4.1

i

chapter
4.1

chapter
4.2
chapter
4.2
chapter
4.2
chapter
4.2

chapter
4.2

chapter
4.3

description

Problem 11

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 9

Problem 10

Problem 11

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

Mathematica Maple hand | ani-
solved? mated?
result time result time
v 046 1.242
v 0260 v 0.298
v 0.046 v 0.449
v 0.081 v 0.406
v 0425 v 0.596
v 0.677 v 1.415
v 0.06 v 0.248
v 0.058 v 0.303
v 0.657 v 0.459
v 1123 v 1.085
v 0569 v 0.717
v 51 0.927
v 0153 v 0.391
v 0.094 v 0.346
v 0.205 v 0.386
v 21.312 v/ 4.498
Kernel
Excep-
tion
v 78.738 v 11.219
v 0135 v 0.344
v 0.089 v 0.349
v 0263 v 0.362
v 260.71v 1.637
v 87.511 v 2.426
v 0131 v 0.302

Continued on next page
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#

910

911

912

913

914

915

916

917

918

919

920

921

922

923

924

925

926

927

928

929

930

931

g

DE

i

chapter
4.3

chapter
4.3

chapter
4.3

chapter
4.3

chapter

chapter

chapter

~ ~ ~
i~ i~ ~
) ) ) )

chapter
4.4

chapter
4.4
chapter
4.5
chapter
4.5

chapter
4.5

chapter
4.5
chapter
4.5
chapter
5.1
chapter
5.1
chapter
5.1
chapter
5.1
chapter
5.1
chapter
5.1
chapter
5.2

chapter
5.2

description

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 1

Problem 2

Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

Mathematica Maple hand | ani-
solved? mated?

result time | result time
v 0.068 v 0.399
v 0.055 v 0.343
v 181.544¢/ 1.51
v 54.744 1.695
v 0118 v 0.381
v 0077 v 0.364
v 0.054 v 0.369
v 81.306 v 1.502
v 54.565 v 1.628
v 0.428 v 0.375
v 0112 v 0.454
v 1.108 v 0.348
v 0135 v 0.608
v 0116 v 0.699
v 0.098 v 0.371
v 0034 v 0.297
v 0256 v 1.217
v 0.082 v 0.553
v 0285 v 0.69
v 0611 v 18.224
v 0141 v 0.287
v 0.093 v 0.75

Result

has

unre-

solved

inte-

grals

Continued on next page
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#

932

933

934

935

936

937

938

939

940

941

942

943

944

945

946

947

948

949

950

951

g

DE

i

chapter
5.2

chapter
5.3

i

i

chapter
5.3
chapter
5.3
chapter
6.1
chapter
6.1
chapter
6.1
chapter
6.1

chapter
6.1

chapter
6.2

chapter
6.2
chapter
6.2
chapter
6.2
chapter
6.2
chapter
6.3
chapter
6.3
chapter
6.3
chapter
6.3
chapter
6.3

chapter
6.4

description

Problem 3

Problem 4

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

Mathematica Maple hand | ani-
solved? mated?

result time | result time
v 0.084 v 0.711
v 0.097 v 0.465

Result

has

unre-

solved

inte-

grals
v 0104 v 0.512
v 1168 v 1.179
v 0483 v 0.37
v 02 0.287
v 0.059 v 0.334
v 59.115 v 2.754
v 89.784 v 3.296

Result

has

unre-

solved

inte-

grals
v 0.753 v 0.173
v 0.168 v 0.195
v 0.053 v 0.181
v 69.327 v 2.083
v 46.782 3.337
v 0122 v 0.405
v 0.069 v 0.334
v 0.065 v 0.278
v 15.663 v 3.287
v 25.218 v 5.378
v 0137 v 0.359

Continued on next page
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#

952

953

954

955

956

957

958

959

960

961

962

963

964

965

966

967

968

969

970

971

972

973

974

975

g

DE

chapter

chapter

chapter

o o o
~ ~ =~
w ) ) )

chapter
6.4

chapter
6.5
chapter
6.5
chapter
6.5
chapter
6.5
chapter
6.5
chapter
6.5
chapter
7.1

chapter
7.1

chapter
7.1
chapter
7.1
chapter
7.1
chapter
7.2

chapter
7.2

chapter
7.2

chapter
7.2
chapter
7.2
chapter
7.3
chapter
7.3
chapter
7.3

chapter
7.3

description

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

Mathematica Maple hand | ani-
solved? mated?
result time result time
v 0.076 v 0.311
v 0.058 v 0.353
v 16.042 v/ 2.918
v 25.103 v/ 4.848
v 0523 v 0.316
v 0.183 v 0.311
v 1214 v 0.35
v 0152 v 1.042
v 0.358 v 0.749
v 0.101 v 0.881
v 0.778 v 0.455
v 0.728 v 0.428
v 0.106 v 0.278
v 0.106 v 2.101
v 0474 v 1.471
v 0.803 v 0.469
v 1191 v 0.344
v 0121 v 0.241
v 0.107 v 1.455
v 0.464 v 1.007
v 011 v 0.522
v 0159 v 0.315
v 0.052 v 0.26
v 013 v 4.338

Continued on next page
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#

976

977

978

979

980

981

982

983

984

985

986

987

988

989

990

991

992

993

994

995

996

997

998

999

g

DE

chapter

chapter

chapter

N N =
IN N @
w w w w

chapter
7.4
chapter

chapter

chapter

oo ~ ~
— >N =
w w w L

chapter
8.1

chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter

8.2

chapter
8.2

description

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 9

Problem 10

Problem 11

Problem 12

Problem 13

Problem 14

Problem 15

Problem 16

Problem 1

Problem 2

Mathematica

result

v

N N N N N X SOSN N N SN N N N NN NN NN N NN

time
0.399

0.081

0.147

0.055

0.13

0.385

0.008

0.023

0.052

0.038

0.027

0.044

0.129

0.134

0.126

0.091

0.27

0.392

0.458

0.44

1.07

0.064

0.03

0.02

Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

Maple hand | ani-

result

v

N N N NS NS S N SN SN N NN NN NN NN N NS

solved? mated?

time

2.489

0.367

0.22

0.175

1.009

2.387

0.207

0.277

0.372

0.489

0.434

0.334

0.269

0.257

0.132

0.165

0.331

0.31

0.565

0.437

0.513

0.177

0.159

0.171

Continued on next page
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Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

#

1000

1001

1002

1003

1004

1005

1006

1007

1008

1009

1010

1011

1012

1013

1014

1015

1016

1017

1018

1019

1020

1021

1022

1023

g

DE

i

chapter
8.2

chapter
8.2

chapter
8.2

chapter
8.2

chapter
8.2

chapter

chapter

chapter

chapter

8.3

chapter

© © ©
@ e o
w w w w

chapter

chapter

chapter

chapter

chapter

© o0 %% 1% 1% 1%
~ =~ w w w w
%) w w w w o 3%

chapter
8.4
chapter

chapter

chapter

oo oo o
=~ =~ =~
) ) ) )

chapter
8.4

chapter

I B AN
RIE[~[B|=I|B]|-
(@) (@) (@)

- + +
@ @ @
= s s
>~ [ [ [

description

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Example 1

Example 2

Example 3

Problem 1

Mathematica

result

v

X X NN N SN N N N N N N N N N XN NS

N N NS

time
0.069

0.288

0.44

0.048

0.297

0.04

0.018

0.039

0.048

0.05

0.057

0.1

0.202

0.015

0.068

0.063

0.164

0.741

0.488

0.164

0.035

0.08

0.006

0.007

Maple hand | ani-

result

v

N N N NN NSNS N N N N NN N NN NN

solved? mated?

time

0.182

0.2

0.329

0.129

0.238

0.154

0.091

0.164

0.163

0.26

0.227

0.209

0.471

0.143

0.22

0.169

0.272

0.398

0.696

0.227

Contains
RootOf

v

v
v
v

0.171

0.163

0.11

0.117

Continued on next page
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Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

#

1024

1025

1026

1027

1028

1029

1030

1031

1032

1033

1034

1035

1036

1037

1038

1039

1040

1041

1042

1043

1044

1045

1046

1047

g

DE

!

chapter
2.1

chapter
2.1

chapter
2.1

chapter
2.1

chapter
2.1

chapter
2.1

chapter
2.2

chapter
2.2

chapter

chapter

chapter

chapter

2.2

chapter

[\ N [\
i [ = =

chapter

chapter

w [\ [\
[ = = =

chapter
2.3
chapter

chapter

chapter

w w w
= = = i

chapter
2.3

chapter

N B N [E] N [E]
NS N (NG £ (N
(@) (@) (@)
+ t t+
D D D
~ H H
IS IS IS IS

description

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 1

Problem 2 case n # —1,n #

-2
Problem 2 case n = —1
Problem 2 case n = —2

Mathematica

result

v

N N N N SN SN N SN N N X X NN N N N N XN N NS

time
0.024

0.015

0.019

0.014

0.022

0.215

0.029

0.026

0.166

0.153

0.243

0.079

0.482

3.963

0.022

0.034

0.021

0.147

0.133

0.459

0.108

0.041

0.056

0.069

Maple hand | ani-

result

v

N SN N N SN SN SN SN SN SN SN SN N N N N N N XN NN N

solved? mated?

time

0.124

0.093

0.131

0.092

0.099

45.744

0.165

0.19

0.16

0.206

0.245

0.213

0.856

0.752

0.146

0.203

0.134

0.221

0.257

0.266

0.2

0.196

0.155

0.156

Continued on next page
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#

1048

1049

1050

1051

1052

1053

1054

1055

1056

1057

1058

1059

1060

1061

1062

1063

1064

1065

1066

1067

1068

1069

1070

1071

g

DE

pDE O [E] N [E] o6
N1 N - PN N -
(@) (@) (@) (@)
+ t+ t+ +
D @ le) ¢}
H H ~ _
IS I S S S

chapter
2.4

chapter

chapter

chapter

chapter

24

chapter
2.4

-~ -~ -~
I I N I

!

chapter

chapter

@ N
— =
S [ =

chapter
3.1

chapter
3.1
chapter
3.1
chapter
3.1
chapter
3.1
chapter
3.1
chapter
3.1
chapter
3.1
chapter
3.1
chapter
3.2
chapter
3.2

chapter
3.2

description

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 9

Problem 10

Problem 11

Problem 12

Problem 13

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 9

Problem 10

Problem 1

Problem 2

Problem 3

Mathematica Maple hand | ani-
solved? mated?

result time | result time
v 0025 v 0.181
v 0037 v 0.192
v 0.068 v 0.174
v 0134 v 0.165
v 107 1.613
v 0.868 v 0.549
v 4314 8.935
v 1.924 3.613
v 0734 v 1.705
X 1.009 X 600.

(Timed

out)
X 1.066 X 600.

(Timed

out)
v 0121 v 0.196
v 0113 v 0.214
v 0.185 v 0.292
v 0314 v 0.293
v 1557 v 0.42
v 0911 v 0.505
X 2.009 v 1.498
X 1.645 1.617
v 2.082 v 1.208
v 0.397 v 0.225
v 0.391 v 0.218
v 0.063 v 0.172
v 0.063 v 0.201

Continued on next page
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#

1072

1073

1074

1075

1076

1077

1078

1079

1080

1081

1082

1083

1084

1085

1086

1087

1088

1089

1090

1091

1092

1093

1094

1095

g

DE

chapter

chapter

chapter

[\ o o
N N N N

chapter
3.2

chapter
4.1

chapter
4.1

chapter
4.1

chapter
4.1

chapter
4.1

chapter
4.2

chapter
4.2

chapter
4.2

chapter
4.2

chapter
4.2

chapter
4.3

chapter
4.3

chapter
4.3

chapter
4.3

chapter
4.3

chapter
4.4

chapter

chapter

N o (BT S ET e
.U‘. 05‘-
,,pg,g; .4;93,4;

(@] (@)

t+ (=

D [¢]

= =

= [N [N N

description

Problem 4

Problem 5

Problem 6

Problem 7

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Mathematica Maple hand | ani-
solved? mated?
result time result time
v 0302 v 0.332
v 7.406 v 0.993
v 0282 v 0.518
v 0511 v 0.54
v 033 v 0.217
v 0.466 v 0.219
v 0.064 v 0.229
v 117.92/ 1.352
v 183.13 v/ 1.667
v 0352 v 0.219
v 0415 v 0.231
v 0.058 v 0.233
v 113.436¢" 1.137
v 59.977 v 1.462
v 011 v 0.276
v 0.066 v 0.266
v 0.063 v 0.266
v 78.223 v/ 1.595
v 51.715 v 1.911
v 0121 v 0.24
v 0.011 v 0.303
v 0.058 v 0.264
v 79.783 v 1.584
v 53.204 v/ 1.939

Continued on next page
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#

1096

1097

1098

1099

1100

1101

1102

1103

1104

1105

1106

1107

1108

1109

1110

1111

1112

1113

1114

1115

1116

1117

1118

1119

g

DE

!

chapter
4.5

chapter
4.5
chapter
4.5
chapter
4.5
chapter
4.5

chapter
4.5

chapter
5.1
chapter
5.1
chapter
5.1
chapter
5.1
chapter
5.1
chapter
5.1
chapter
5.2
chapter
5.2
chapter
5.2
chapter
5.2
chapter
5.2
chapter
5.2
chapter
6.1
chapter
6.1
chapter
6.1
chapter
6.1
chapter

6.1

chapter
6.2

description

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Mathematica Maple hand | ani-
solved? mated?

result time result time
v 0.408 v 0.245
v 0.108 v 0.279
v 0.003 v 0.445
v 0.05¢ v 0.38
v 0172 v 0.837
v 0474 v 0.772
v 0.085 v 0.29
v 0.036 v 0.217
v 0.078 v 0.437
v 0.265 v 0.603
v 0193 v 0.418
X 0381 v 32.919
v 0.108 v 1.772
v 01 v 0.52
v 0.099 v 0.447
v 0.087 v 0.265
v 0073 v 0.293
v 1.063 v/ 18.611
v 0.402 v 0.196
v 0.464 v 0.206
v 0.057 v 0.167
v 59.157 v 1.692
v 87.808 v/ 2.128
v 0.408 v 0.196

Continued on next page
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#

1120

1121

1122

1123

1124

1125

1126

1127

1128

1129

1130

1131

1132

1133

1134

1135

1136

1137

1138

1139

1140

1141

1142

1143

g

DE

i

chapter
6.2

chapter
6.2

chapter
6.2

chapter
6.2

chapter
6.3

chapter

chapter

chapter

chapter

chapter

chapter

chapter

6.4

chapter

o o o o o o
i~ ~ w w w w
N N N I I N N

chapter

chapter

o o o
o =~ =~
I I I I

chapter
6.5

chapter
6.5
chapter
6.5
chapter
6.5
chapter
6.5
chapter
7.1
chapter
7.1

chapter
7.1

chapter
7.1

description

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Mathematica Maple hand | ani-
solved? mated?

result time result time
v 0.766 v 0.201
v 0.058 v 0.191
v 69.019 v/ 1.294
v 45301 v/ 1.927
v 0.076 v 0.228
v 0120 v 0.281
v 0.062 v 0.254
v 16.268 v/ 1.822
v 24.709 v/ 2.201
v 0.079 v 0.252
v 0135 v 0.301
v 0.064 v 0.21
v 16.571 v/ 1.925
v 2473 v 2.347
v 0.209 v/ 0.193
v 0462 v 0.221
v 0.105 v 0.6
v 0333 v 0.625
v 0262 v 0.278
v 0152 v 0.27
v 0.847 v 0.29
v 0.646 v 0.232
v 1.818 v 0.292
v 0.107 v 4.193

Continued on next page
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#

1144

1145

1146

1147

1148

1149

1150

1151

1152

1153

1154

1155

1156

1157

1158

1159

1160

1161

1162

1163

1164

1165

1166

1167

g

DE

i

chapter
7.1

chapter
7.2

chapter
7.2

chapter
7.2

chapter
7.2

chapter
7.2

chapter
7.3

chapter
7.3

chapter
7.3

chapter
7.3

chapter
7.3

chapter
74

chapter

chapter

chapter

N N N
-~ ~ -~
IN I I N

chapter
7.4

chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter

8.1

chapter
8.1

description

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Mathematica

result

v

N SN N NN SN SN SN N N N N N NN NN NN NSNS

time
0.483

0.99

1.073

2.239

0.119

0.508

0.099

0.159

0.139

0.14

0.415

0.085

0.156

0.141

0.142

0.406

0.008

0.024

0.036

0.039

0.029

0.039

0.141

0.117

Maple hand | ani-

result

v

N N N NS NS S N SN SN N NN NN NN NN N NS

solved? mated?

time

4.063

0.283

0.255

0.276

2.567

2.496

0.443

0.407

0.368

1.959

2.133

0.485

0.344

0.406

1.817

2.083

0.167

0.169

0.184

0.271

0.214

0.178

0.322

0.298

Continued on next page
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#

1168

1169

1170

1171

1172

1173

1174

1175

1176

1177

1178

1179

1180

1181

1182

1183

1184

1185

1186

1187

1188

1189

1190

g

DE

!

chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.2
chapter
8.2
chapter
8.2
chapter
8.2

!

chapter
8.2

chapter
8.2

i

!

chapter
8.2

!

chapter
8.3

chapter
8.3

chapter

!

chapter

chapter

o0 [6] oo [&] oo o [6] oo [&] oo 00
(B e |5 w wlg|w|E]|w o
(@) (@) (@) (@)
t+ t+ + t
3 3 o 3
M H N ~
S IS IS IS IS IS S

description

Problem 9

Problem 10

Problem 11

Problem 12

Problem 13

Problem 14

Problem 15

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 1

Problem 2

Mathematica Maple hand | ani-
solved? mated?

result time | result time
v 0.154 v 0.234
v 0.083 v 0.219
v 0295 v 0.299
v 036 0.367
X 20.786 X 2.974
v 0315 v 0.445
v 0219 v 0.305
v 0022 v 0.195
v 0.019 v 0.179
v 0077 0.23
X 0102 v 0.256

contains

RootOf

20.521 X 1.751

X 0174 0.279

has

RootOf
X 0.083 v 0.258

has

RootOf
v 0.036 v 0.198
v 0013 v 0.141
v 0.036 v 0.204
v 0.093 v 0.399
v 007 0.253
v 009 0.232
v 0.051 v 0.545
v 0014 v 0.18
v 0.062 v 0.207

Continued on next page
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#

1191

1192

1193

1194

1195

1196

1197

1198

1199

1200

1201

1202

1203

1204

1205

1206

1207

1208

1209

1210

1211

1212

1213

1214

g

DE

chapter

oo oo |O oo |0 oo O oo [0

~ P S NG - S -

(@) (@) (@) (@)

+ t+ t+ +

l¢] @ le) ¢}

= H = N

o IS I IS I IS

chapter
2.1

chapter
2.1

chapter
2.1

chapter
2.1

chapter
2.1

chapter
2.1

chapter
2.1

chapter
2.1

chapter
2.2

chapter
2.2

chapter
2.2

chapter

chapter

chapter

chapter

v ] Do [ N [ N [ 0[] v 5] o
wlg|wlg|w|B|o|E] b b b o
(@) (@) (@) (@]
(= -+ - t+
S & & o
N N = H
S o ot ot o ot o ot

description

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 1

Problem 2

Problem 3

Mathematica Maple hand | ani-
solved? mated?

result time | result time
v 0.058 v 0.204
v 0.164 v 0.298
v 0735 v 0.531
X 20.753 X 9.452
X 0107 v 0.233

has

RootOf
v 0019 v 0.181
v 0022 v 0.105
v 0.046 v 0.2
v 0.035 v 0.187
v 0341 v 0.248
v 0.346 v 0.191
v 7.933 460.072
v 30.645 v 0.938
v 0151 v 0.286
v 0269 v 0.291
v 0021 v 0.221
v 0299 v 0.33
v 51.684 X 600.

(Timed

out)
v 50.131 v 7.395
X 12122 v 0.906
X 11.488 v 11.386
v 018 v 0.336
v 0292 v 0.27
v 0828 v 0.347

Continued on next page
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#

1215

1216

1217

1218

1219

1220

1221

1222

1223

1224

1225

1226

1227

1228

1229

1230

1231

1232

1233

1234

1235

1236

1237

1238

g

DE

chapter

chapter

chapter

v ] 0o ] b 5] N0 [E] N [E] 2 [B
S ~ ~ wlg|wlE|w|5|w|E
(@) (@] (@) ()

- + t+ (=

& o o 2

N ~ = =

ot ot ot ot ot ot o ot

chapter

24

chapter

chapter

chapter

chapter

chapter

chapter

> H~ H~ ~ =~ [
o o ot o o o o

chapter
2.4

chapter
2.4
chapter
3.1
chapter
3.1
chapter
3.1
chapter
3.1
chapter
3.1
chapter
3.1
chapter

3.1

chapter
3.1

description

Problem 4

Problem 5

Problem 6

Problem 7

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 9

Problem 10

Problem 11

Problem 12

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Mathematica

result

v

N N S

N N N X X SN NN N SN NN N N NN N N KN

time
0.861

0.653

0.063

1.044

0.28

0.137

0.042

0.13

0.196

0.235

0.064

0.084

1.728

0.75

2.064

0.576

0.258

0.292

0.962

2.237

1.377

3.984

0.165

0.136

Maple hand | ani-

result

v
v
v
v

solved? mated?

time

0.399

0.401

0.517

0.584

contains
RootOf

v

N N N NN NN SN N N N N NN NN NN N

0.413

0.256

0.279

0.256

0.777

0.728

0.348

0.309

3.292

6.843

3.138

2.292

0.576

0.685

0.987

2.176

2.265

2.721

0.461

0.715

Continued on next page
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#

1239

1240

1241

1242

1243

1244

1245

1246

1247

1248

1249

1250

1251

1252

1253

1254

1255

1256

1257

1258

1259

1260

1261

1262

g

DE

chapter

chapter

chapter

[\ [\ [\
o o o o

chapter
3.2

chapter
3.2
chapter
3.2
chapter
3.2
chapter
3.2
chapter
3.2
chapter
3.2
chapter
4.1

chapter
4.1

chapter
4.1
chapter
4.1
chapter
4.1
chapter
4.2

chapter
4.2

chapter
4.2

chapter
4.2
chapter
4.2
chapter
4.2
chapter
4.3

chapter
4.3

chapter
4.3

description

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 9

Problem 10

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Mathematica Maple hand | ani-
solved? mated?
result time result time
v 0.097 v 0.555
v 0.079 v 0.544
v 0.068 v 0.63
v 0335 v 1.658
v 0178 v 0.625
v 018 0.592
v 1.043 v 1.517
v 0.052 v 0.469
v 0333 v 1.325
v 0362 v 0.86
v 4417 6.066
v 93.033 v/ 1.169
v 58.609 v 4.607
v 4213 v 5.028
v 0373 v 4.921
v 4738 v 5.343
v 35.491 v/ 1.149
v 59.801 v/ 4.156
v 0.065 v 0.511
v 21 4.151
v 114 4.43
v 6.350 v 1.917
v 49.644 v 1.131
X 600. v 3.695

(Timed
out)

Continued on next page
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#

1263

1264

1265

1266

1267

1268

1269

1270

1271

1272

1273

1274

1275

1276

1277

1278

1279

1280

1281

1282

1283

1284

1285

1286

g

DE

i

chapter
4.3

chapter
4.3

chapter
4.4

chapter
4.4

chapter

chapter

chapter

~ ~ ~
i~ i~ ~
(@ (@3 [@ Ut

chapter
4.5

chapter
4.5
chapter
4.5
chapter
4.5

chapter
4.5

chapter
4.5
chapter
5.1
chapter
5.1
chapter
5.1
chapter
5.1
chapter
5.1
chapter
5.1
chapter
5.2
chapter
5.2
chapter
5.2
chapter

5.2

chapter
5.2

description

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Mathematica Maple hand | ani-
solved? mated?

result time result time
v 2.008 v 2.608
v 0813 v 3.065
v 3187 v 1.918
v 36.432 v/ 1.118
v 62.621 v/ 3.699
v 0276 v 3.123
v 021 v 3.315
v 1526 v 5.063
v 0.833 v 4.796
v 0.285 v 1.113
v 0.039 v 1.421
v 0122 v 5.109
v 021 v 3.759
v 0.076 v 0.969
v 004 v 0.636
v 0202 v 1.611
v 0424 v 0.697
v 0.094 v 113.977
v 0.064 v 90.381
v 0.169 v 0.931
v 0.05¢4 v 1.02
v 0.091 v 0.803
v 0264 v 1.078
v 0120 v 1.022

Continued on next page
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#

1287

1288

1289

1290

1291

1292

1293

1294

1295

1296

1297

1298

1299

1300

1301

1302

1303

1304

1305

1306

1307

1308

1309

1310

g

DE

i

chapter
5.2

chapter
5.2

chapter
6.1

chapter
6.1

chapter
6.1

chapter
6.1

chapter
6.1

chapter
6.1

chapter
6.1

chapter
6.2

chapter
6.2

chapter
6.2

chapter
6.2

chapter
6.2

chapter
6.2

chapter

chapter

chapter

o o o
e w w
o o ot ot

chapter
6.3

chapter
6.3
chapter
6.3
chapter
6.3
chapter
6.4

chapter
6.4

description

Problem 6

Problem 7

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 1

Problem 2

Mathematica Maple hand | ani-
solved? mated?
result time result time
v 0439 v 2.394
v 0187 v 2.554
v 0381 v 0.565
v 21.236 v/ 6.007
v 20.776 v 6.999
v 0131 v 1.012
v 0.061 v 1.252
v 0.162 v 8.69
v 0127 v 9.725
v 0.383 v 0.595
v 11.989 v/ 5.005
v 10.543 v/ 5.793
v 0124 v 1.038
v 0.053 v 1.191
v 017 v 6.841
v 0.795 v 0.866
v 180 v 2.02
v 0203 v 3.455
v 0.288 v 2.105
v 0185 v 0.929
v 0237 v 5.467
v 0195 v 6.667
v 1.793 v 0.961
v 2.118 v 2.097

Continued on next page
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#

1311

1312

1313

1314

1315

1316

1317

1318

1319

1320

1321

1322

1323

1324

1325

1326

1327

1328

1329

1330

1331

1332

1333

1334

g

DE

chapter

chapter

chapter

o o o
~ ~ =~
ot (@ ot (@3

chapter
6.4

chapter
6.4
chapter
6.5
chapter
6.5
chapter
6.5
chapter
6.5
chapter
6.5
chapter
6.5
chapter
6.5
chapter
7.1
chapter
7.1
chapter
7.1
chapter
7.1

chapter
7.1

chapter
7.2

chapter
7.2
chapter
7.2
chapter
7.2
chapter
7.2
chapter
7.3

chapter
7.3

description

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Mathematica Maple hand | ani-
solved? mated?
result time result time
v 0267 v 3.38
v 0313 v 3.159
v 0.182 v 1.019
v 0244 v 6.105
v 0193 v 8.247
v 21.748 v 5.307
v 108 5.966
v 0177 v 2.614
v 0.284 v 3.474
v 0345 v 2.135
v 0.166 v 7.503
v 0.163 v 2.543
v 0.565 v 1.275
v 0152 v 1.156
v 1206 v/ 1.233
v 0.069 v 5.362
v 0.061 v 27.023
v 0.745 v 1.007
v 0157 v 1.016
v 172 1.145
v 0.067 v 3.119
v 006 10.259
v 0322 v 2.07
v 0112 v 2.038

Continued on next page
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#

1335

1336

1337

1338

1339

1340

1341

1342

1343

1344

1345

1346

1347

1348

1349

1350

1351

1352

1353

1354

1355

1356

1357

1358

g

DE

chapter

chapter

chapter

~ =~ =
w @ @
o o o o

chapter
7.4
chapter

chapter

chapter

N ~ ~
W~ =~ =~
o o o o

chapter
7.4
chapter
8.1

chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.2
chapter
8.2
chapter

8.2

chapter
8.2

description

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 9

Problem 10

Problem 11

Problem 12

Problem 1

Problem 2

Problem 3

Problem 4

Mathematica

result

v

N N N N SN N X SN N SN N N N N N NN NN N NN

time
0.465

0.073

0.061

0.488

0.123

0.557

0.069

0.067

0.024

0.05

0.07

0.042

0.092

0.038

0.147

0.124

0.404

0.576

0.225

0.324

0.025

0.152

0.023

0.056

Maple hand | ani-

result

v

N N N NS NS S N SN SN N NN NN NN NN N NS

solved? mated?

time

6.855

3.324

3.662

1.618

41.239

5.642

3.167

3.305

0.493

0.514

0.5

0.493

0.562

0.479

0.526

0.695

1.078

1.481

1.022

0.869

0.442

0.448

0.445

0.534

Continued on next page
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#

1359

1360

1361

1362

1363

1364

1365

1366

1367

1368

1369

1370

1371

1372

1373

1374

1375

1376

1377

1378

1379

1380

1381

1382

g

DE

i

chapter
8.2

chapter
8.2

chapter
8.3

chapter
8.3

chapter
8.3

chapter

chapter

chapter

chapter
2.1
chapter
2.1
chapter
2.1
chapter
2.1
chapter
2.1

chapter
2.1

chapter
2.1
chapter
2.1
chapter
2.1
chapter
2.1
chapter
2.1
chapter
2.1
chapter
2.1
chapter
2.1
chapter
2.1
chapter
2.1

o © ©
w e o
o ot o [

description

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 9

Problem 10

Problem 11

Problem 12

Problem 13

Problem 14

Problem 15

Problem 16

Mathematica Maple

result time result time
v 0.056 v 0.531
v 0274 v 0.665
v 003 v 0.466
v 0.067 v 0.568
v 0.039 v 0.563
v 0131 v 0.691
v 036 1.107
X 20.839 X 3.134
v 0.004 v 0.263
v 0.048 v 0.274
v 0.033 v 0.366
v 0.043 v 0.804
v 0.026 v 0.399
v 0.077 v 0.814
v 0.055 v 0.645
X 0.031 v 0.388
v 0.073 v 1.833
v 0118 v 0.703
X 1204 X 3.154
X 0252 X 0.463
v 0.027 v 0.294
v 31.637 X 4.808
v 8874 v 8.058
v 9.119 v 7.344

hand @ ani-
solved? mated?

Yes

Yes

Yes

Yes

Continued on next page
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g

# DE description Mathematica Maple hand | ani-

solved? mated?
result time result time
1383 [chapter Problem 17 X 600. X 24.448
2.1 (Timed
out)
1384 |[chapter Problem 18 \/ 8.639
2.1
1385 [chapter Problem 19
2.1
1386 [chapter Problem 20
2.1
1387 [chapter Problem 21
2.1

1388  |chapter Problem 1

!

i

6.631

!

0.619 0.645

i

2.332 0.64

0.044 0.655

i

0.396 0.779

1389  |chapter Problem 2 0.246 0.724

x W N X X %
W N N X X X% X%

1390 |chapter Problem 3 600. 1.913

Timed

~~

o

=

+
~

1391 |chapter Problem 4 0.556 0.773

1392 |chapter Problem 5 0.026 0.681

1393 |chapter Problem 6 0.023 0.32

o o o o o o
o o o o =) o o

1394 |chapter Problem 7
2.2

1395 |chapter Problem 8
2.2

1396 |chapter Problem 9
2.2

1397 |chapter Problem 10
2.2

1398  |chapter Problem 11

0.019 0.346

!

0.025 0.275

i

0.133 0.343

i

0.024 0.285

0.087 0.674

1399 |chapter Problem 12 0.009 0.808

1400 |chapter Problem 13 0.023 0.355

o [\ o
o o o

1401 |chapter
2.2

1402 |chapter Problem 15
2.2

1403 |chapter Problem 16

(@)

Problem 14 0.083 0.5

i

0.032 0.962

0.024 1.033

1404 |chapter Problem 17 0.046 1.457

1405 Problem 18 0.046 0.994

N N N NN NN SN N N N N N SN N K
N N SN NN NN NN N N N N N N K

1406 Problem 19 0.041 0.672

b [] N [E] B [E]
olE|o|R | b
(@) (@]
- +
& o
= H
o o o o

Continued on next page
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#

1407

1408

1409

1410

1411

1412

1413

1414

1415

1416

1417

1418

1419

1420

1421

1422

1423

1424

1425

1426

1427

1428

1429

1430

g

DE

D [E] N [E] o [E
RS b
(@] (@) ()

+ t+ (=

o o 2

~ = =

o o o o

chapter
2.2
chapter

chapter

chapter

o [\ [\
o o o o

chapter
2.2
chapter

chapter

chapter

w [\ [\
o o o o

chapter
2.3

chapter

(o))

chapter

chapter

chapter

2.3

chapter

w @ w
o o o

chapter

chapter

@ w @
o o o o

chapter
2.3
chapter

chapter

chapter

DI N E] N [E]
B w|B|wl|E|w
(@)
+
D
=
o ol ol o

description

Problem 20

Problem 21

Problem 22

Problem 23

Problem 24

Problem 25

Problem 26

Problem 27

Problem 28

Problem 29

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 9

Problem 10

Problem 11

Problem 12

Problem 13

Problem 1

Mathematica Maple hand | ani-
solved? mated?
result time result time
v 0.020 v 0.524
v 0.03¢ v 2.355
v 0.034 X 1.904
X 0417 v 5.03
v 006 1.505
v 0.363 v 3.027
X 184.508X 2.556
X 0.667 v 1.481
v 0.268 v 2.906
X 0173 X 1.349
X 159.478X 0.471
v 0.058 v 0.274
v 003 v 0.473
X 0.022 v 4.685
X 281.942X 0.435
X 0.465 v 6.596
X 022 v 2.603
X 0115 X 2.484
X 0.022 v 1.214
v 0.037 v 1.652
v 0.303 v 3.492
X 0.038 X 2.246
X 0594 X 600.
(Timed
out)
v 154 2.365

Continued on next page
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#

1431

1432

1433

1434

1435

1436

1437

1438

1439

1440

1441

1442

1443

1444

1445

1446

1447

1448

1449

1450

1451

1452

1453

1454

g

DE

chapter

chapter

chapter

IN IN I
o o o o

chapter
2.4
chapter

chapter

chapter

I i i
o o o o

chapter
3.1
chapter
3.1
chapter
3.1
chapter
3.1
chapter
3.1
chapter
3.1
chapter
3.1
chapter
3.1
chapter
3.2

chapter
3.2

chapter
3.2
chapter
3.2
chapter
3.2
chapter
3.2
chapter
3.2

chapter
3.2

!

chapter
3.2

description

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 9

Mathematica Maple hand | ani-
solved? mated?
result time result time
v 1.969 v 1.567
v 0.713 v 0.79
v 2839 v 3.633
v 4755 2.776
v 0424 v 0.514
X 0412 v 1.818
X 0.031 v 1.094
v 0.199 v 0.147
v 0120 v 0.242
v 0176 v 0.295
X 0522 v 0.976
v 0.302 v 0.296
v 034 v 0.495
v 0.845 v 0.999
v 0.779 v 0.921
v 0437 v 0.618
X 0205 v 0.655
v 1.408 v 0.769
v 1.612 v 0.601
X 14.314 X 20.108
X 14.648 X 190.689
X 702 X 86.529
X a6 X 600.
(Timed
out)
X 1131 v 0.835

Continued on next page
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#

1455

1456

1457

1458

1459

1460

1461

1462

1463

1464

1465

1466

1467

1468

1469

1470

1471

1472

1473

1474

1475

1476

1477

1478

1479

g

DE

chapter

30 wE] wa
b BN
(@) ()

t+ (=

o 2

= =

o o o o

chapter
3.2
chapter

chapter

chapter

o o [\
o o o o

chapter
3.2
chapter
3.2

chapter
4.1
chapter
4.1
chapter
4.1
chapter
4.1

chapter
4.1

chapter
4.1
chapter
4.2
chapter
4.2
chapter
4.2

chapter
4.2

chapter
4.2

chapter
4.2
chapter
4.3
chapter
4.3
chapter
4.3

chapter
4.3

description

Problem 10

Problem 11

Problem 12

Problem 13

Problem 14

Problem 15

Problem 16

Problem 17

Problem 18

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Mathematica Maple hand | ani-
solved? mated?
result time result time
X 1713 v 0.89
X 1.366 v/ 0.721
X 25.268 X 4.21
v 0.957 v 0.519
X 0.783 v 0.768
v 1312 v 1.619
X 1.685 v 9.475
X 24.925 X 3.393
X 21.491 X 4.768
v 0.015 v 0.177
v 0114 v 0.375
v 0.149 v 0.435
v 0299 v 0.538
v 0377 v 1.628
X 0224 v 0.582
v 0.023 v 0.171
v 0.024 v 0.159
v 0.093 v 0.301
v 0124 v 0.347
v 0201 v 0.381
v 0494 v 4.422
v 0.145 v 0.962
v 0.058 v 0.174
v 04 0.975
v 1317 v 1.604

Continued on next page
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#

1480

1481

1482

1483

1484

1485

1486

1487

1488

1489

1490

1491

1492

1493

1494

1495

1496

1497

1498

1499

1500

1501

1502

1503

g

DE

i

chapter
4.3

chapter
4.3

chapter
4.4

chapter
4.4

chapter

chapter

chapter

~ ~ ~
i~ i~ ~
o o o >

chapter
4.4
chapter
4.5

chapter
4.5
chapter
4.5

chapter
4.5

chapter
4.5
chapter
4.5
chapter
5.1
chapter
5.1
chapter
5.1
chapter
5.1
chapter
5.2
chapter
5.2
chapter
5.2
chapter
5.2
chapter

5.2

chapter
5.2

description

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Mathematica

result

X

N N N N N N N SN N N X X N0 NN X XN N N X

time

1.256

0.279

0.145

0.051

0.433

1.375

11.621

0.288

0.247

0.196

0.311

1.198

0.289

0.291

0.053

0.014

0.159

0.138

0.019

0.25

0.194

0.241

0.094

0.836

Maple hand | ani-

result

v

N N N NS NS S N SN SN N NN NN NN NN N NS

solved? mated?

time

1.005

2.228

0.584

0.163

0.745

0.844

0.964

1.526

0.51

0.379

0.426

3.531

2.209

1.532

0.427

0.166

0.973

0.281

0.16

0.346

0.821

0.67

0.476

0.642

Continued on next page
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#

1504

1505

1506

1507

1508

1509

1510

1511

1512

1513

1514

1515

1516

1517

1518

1519

1520

1521

1522

1523

1524

1525

1526

1527

g

DE

!

chapter
6.1

chapter
6.1

chapter
6.1
chapter
6.1

chapter
6.1

chapter
6.2

chapter
6.2

chapter
6.2

chapter
6.2

chapter
6.2

chapter
6.3

chapter
6.3

chapter
6.3

chapter
6.3

chapter
6.3

chapter
6.4

chapter

chapter

chapter

o o o
=~ =~ ~
o o o o

chapter
6.4

chapter
6.5
chapter
6.5
chapter
6.5

chapter
6.5

description

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Mathematica Maple hand | ani-
solved? mated?

result time result time

v 0.099 v 0.556

v 0.106 v 0.649

v 0.082 v/ 3.715

X 0.193 v 1.707

v 2002 v 1.352

v 0.094 v 0.591

v 0.095 v 0.691

v 0.001 v 2.957

v 0.063 v 2.937

v 219 v 1.195
v 0134 v 0.533 Yes
v 0414 v 0.635 Yes
v 1.585 v 0.831

v 0.564 v 0.766

X 2.053 v 1.111

v 0.165 v 0.494

v 046 0.807
v 1461 v 0.866

v 0303 v 0.866

v 231 v 0.703

v 59.996 v/ 2.286

v 0.095 v 0.636

v 0.362 v 0.603

v 20.523 v 1.602

Continued on next page
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#

1528

1529

1530

1531

1532

1533

1534

1535

1536

1537

1538

1539

1540

1541

1542

1543

1544

1545

1546

1547

1548

1549

1550

1551

g

DE

!

chapter
6.5

chapter
6.5

chapter
7.1
chapter
7.1

chapter
7.1

chapter
7.1

chapter
7.1

chapter
7.2

chapter
7.2

chapter
7.2

chapter
7.2

chapter
7.2

chapter
7.3

chapter
7.3

chapter
7.3

chapter
7.3

chapter

chapter

chapter

N N =
IN i~ w
o o o o

chapter
74

chapter

chapter

co [, ]| oo ~ [O, | N
=4 R N =R
o @)
=+ =+
[} [}
= =
(@) (@) (@) (@)

description

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Mathematica

result

v

N SN N NN SN SN SN N N N N N NN NN NN NSNS

time
0.38

6.099

0.151

0.713

0.035

0.113

0.162

0.163

0.629

0.037

0.106

0.147

0.142

0.472

0.029

0.106

0.153

0.144

0.464

0.03

0.104

0.141

0.01

0.132

Maple hand | ani-

result

v

N N N NS NS S N SN SN N NN NN NN NN N NS

solved? mated?

time

0.565

2.04

0.577

0.909

0.419

1.991

0.594

0.525

0.703

0.452

3.279

0.574

0.783

1.974

0.578

1.138

0.818

0.652

37.724

0.51

1.277

0.832

0.139

0.174

Continued on next page
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#

1552

1553

1554

1555

1556

1557

1558

1559

1560

1561

1562

1563

1564

1565

1566

1567

1568

1569

1570

1571

1572

1573

1574

1575

g

DE

i

chapter
8.1

chapter
8.1

chapter
8.1
chapter
8.1

chapter
8.1

chapter
8.1

chapter
8.1

chapter
8.1

chapter
8.2

chapter
8.2

chapter
8.2

chapter
8.2

chapter
8.2

chapter
8.2

chapter
8.2

chapter

chapter

chapter

oo © ©
w @ @
o =) o o

chapter
8.3

chapter
8.3

chapter
8.3

chapter
8.3

chapter

o [&] o
w s | w
(@]
t+
o
N
o o

description

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 9

Problem 10

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 9

Mathematica Maple hand | ani-
solved? mated?

result time result time
v 007 v 0.174
v 0.205 v 0.293
v 012 v 0.194
X 0.014 X 0.641
v 1.944 v 1.371
v 0.499 v 0.373
X 0.346 v 0.582
X 0.480 v 0.725
v 0.041 v 0.14
v 0528 v 0.341
v 1.915 v 1.251
X 0.159 v 0.371
v 0.109 v 0.188
v 0131 v 0.177
X 009 v 0.348
v 0.027 v 0.151
v 0.03 v 0.171
v 0.037 v 0.158
v 0.075 v 0.175
v 0.060 v 0.204
v 0523 v 0.383
v 32474 v 0.812
X 47.593 X 187.256
X 0176 v 1.214

Continued on next page
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#

1576

1577

1578

1579

1580

1581

1582

1583

1584

1585

1586

1587

1588

1589

1590

1591

1592

1593

1594

1595

1596

1597

1598

1599

g

DE

i

chapter
8.3
chapter
8.3
chapter
8.3
chapter
2.1
chapter
2.1
chapter
2.1
chapter
2.1
chapter
2.1
chapter
2.1
chapter
2.1
chapter
2.1
chapter
2.1

chapter

chapter

chapter

) b b
~ ~ ~ ~

chapter
2.2
chapter

chapter

chapter

b b b
~ ~ ~ ~

chapter
2.2

chapter

0o 5] 0[] N [ B
wlg|w|B|w|5 |
(@] () (@)
t+ (= (=
o 2 S
H M N
~ ~ ~ ~

description

Problem 10

Problem 11

Problem 12

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 9

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 9

Problem 1

Problem 2

Problem 3

Mathematica

result

X

N N N N SN NN SN N N SN N N N NN N N N N N X ox

time
0.149

32.022

0.99

0.043

0.095

0.038

2.223

0.127

0.118

0.107

0.086

0.636

0.08

0.032

0.183

0.07

0.169

0.169

0.098

0.101

0.123

0.03

0.035

0.041

Maple hand | ani-

result

v
X
X
v

N N N NN NS SN N N SN N NN NN NN NS

solved? mated?

time

1.608

0.826

0.846

0.099

0.437

0.112

0.189

0.185

0.153 Yes

0.292 Yes

1.03

0.212

0.108

0.088

0.185

0.12

0.133

0.188

0.155

0.112

0.173

0.096

0.126

0.126

Continued on next page
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#

1600

1601

1602

1603

1604

1605

1606

1607

1608

1609

1610

1611

1612

1613

1614

1615

1616

1617

1618

1619

1620

1621

1622

1623

g

DE

chapter

chapter

chapter

i~ w 9
~ ~ ~ ~

chapter
2.4
chapter

chapter

chapter

i~ i~ ~
~ ~ ~ ~

chapter
2.4

chapter

chapter

chapter

chapter

24

chapter

~ ~ i~
~ ~ ~ ~

chapter

chapter

~ i~ i~
~ ~ ~ ~

chapter
3.1

chapter
3.1
chapter
3.1
chapter
3.1
chapter
3.1
chapter
3.1
chapter
3.1
chapter

3.1

chapter
3.2

description

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 9

Problem 10

Problem 11

Problem 12

Problem 13

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 1

Mathematica

result

v

N N N N N X SOSN N N SN N N N N XN N NN N NN

time
0.08

0.199

0.207

0.166

0.068

0.129

0.103

0.072

1.315

3.913

5.885

2.469

4.398

0.045

0.239

0.032

0.493

3.052

0.369

0.378

0.289

0.909

0.776

0.585

Maple hand | ani-

result

v

N N N NS NS S N SN SN N NN NN NN NN N NS

solved? mated?

time

0.449

0.159

0.152

0.177

0.541

0.717

0.481

1.133

1.955

2.184

3.291

2.505

3.218

0.179

0.433

0.149

0.366

1.339

0.977

0.313

0.463

0.937

0.978

0.567

Continued on next page
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#

1624

1625

1626

1627

1628

1629

1630

1631

1632

1633

1634

1635

1636

1637

1638

1639

1640

1641

1642

1643

1644

1645

1646

1647

1648

g

DE

w |0 w |0 w |0
-U‘- U‘-c‘
(ORI R R
o o O

=+ - +

[} @ @

= L] L]

~J -3 ~J -3

chapter
3.2
chapter
3.2
chapter
3.2
chapter
3.2
chapter
3.2
chapter

chapter

chapter

=~ w w
= o )
~ ~ ~ ~

chapter
4.1

chapter
4.1

chapter
4.1

chapter
4.1
chapter
4.2
chapter
4.2
chapter
4.2

chapter
4.2

chapter
4.2

chapter
4.2
chapter
4.3
chapter
4.3
chapter
4.3

chapter
4.3

! ! ! ! ! i ~ ! ! ~ ! ! ~

description

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 9

Problem 10

Problem 11

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Mathematica

result

v

XN N N N SN N N N N N N N N N N XN X xRN NS

time
0.534

0.288

0.387

0.508

14.63

5.007

4.818

1.142

7.051

1.671

0.405

0.258

1.128

0.163

0.513

0.38

0.239

1.145

0.133

0.182

0.525

0.296

4.64

0.754

0.252

Maple hand | ani-

result

v

N SN SN SN N N SN SN SN SN SN SN SN SN N N XN N X xRN NN

solved? mated?

time

0.582

0.17

0.517

10.526

27.483

610.63

30.975

0.455

16.607

1.645

0.424

1.073

0.716

0.905

499.853

0.38

1.02

0.615

0.765

0.402

289.389

0.396

3.478

0.668

103.651

Continued on next page
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#

1649

1650

1651

1652

1653

1654

1655

1656

1657

1658

1659

1660

1661

1662

1663

g

DE

!

chapter
4.3

chapter
4.3
chapter
4.3
chapter
4.4
chapter
4.4

chapter
4.4

chapter
4.4

chapter
4.4
chapter
4.4
chapter
4.5
chapter
4.5

chapter
4.5

chapter
4.5
chapter
4.5

chapter
5.1

1664

5.1

description

Problem 5

Problem 6

Problem 7

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Mathematica

result

v

N N N NN NN N X NN N N X

time
1.686

1.17

1.133

0.301

4.683

0.779

0.251

1.879

1.263

3.573

0.855

33.925

0.713

0.361

0.028

0.09

Maple
result time
v 1.509
v 0.911
v 924,542
v 0.433
v 3.478
v 0.638
v 1.276
v 0.876
v 24.752
v 2.075
v 0.654
v 1.273
v 0.664
v 0.536
v 0.189
Contains
unre-
solve
integral
because
maple
can not
inte-
grate
In"(x)

v 0.431

hand @ ani-
solved? mated?

Continued on next page
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# PDE

1665

5.1

1666

5.1

1667

5.1

1668

5.2

1669

5.2

1670

5.2

description

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Mathematica
result time
v 0.034

v 0.432

X 0.699

v 0.463

v 2.082

v 0.156

Generated
internal
€rrors
from
solve
incon-
sistent
or
redun-
dant
tran-
scen-
dental
equa-
tion

Maple

result time

v 0.208
Contains
unre-
solve
integral
because
maple
can not
inte-
grate
In"(z)

v 0.53
v 0.44

Contains
RootOf
and
unre-
solved
inte-
grals
In"(x)
v 1.318
Answer
has
unre-
solved
inte-
grals

e 1.226
Answer

has

unre-

solved

inte-

grals

v 0.636
Answer

has

unre-

solved

inte-

grals

and
RootOf

hand @ ani-
solved? mated?

Continued on next page
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#

1671

1672

1673

1674

1675

1676

1677

1678

1679

1680

1681

1682

1683

1684

1685

1686

1687

1688

1689

1690

1691

1692

1693

1694

g

DE

!

chapter
5.2

chapter
5.2

chapter
6.1
chapter
6.1

chapter
6.1

chapter
6.1

chapter
6.1

chapter
6.1

chapter
6.2

chapter
6.2

chapter
6.2

chapter
6.2

chapter
6.2

chapter
6.2

chapter
6.3

chapter

chapter

chapter

o o o
o o o
~ ~ ~ ~

chapter
6.3

chapter
6.4

chapter

!

chapter

o 6] o oE] o
P (IS P S
(@) (@)
+ +
l¢] @
N N
- - - -

description

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Mathematica Maple hand | ani-
solved? mated?
result time result time
X 0.306 v 0.434
v 2.845 v 0.638
v 0.424 v 0.447
v 0549 v 0.803
v 0.806 v 0.841
v 71.824 v 3.598
v 0.055 v 1.031
X 2262 v 3.433
v 0.469 v 0.478
v 0.636 v 0.885
v 0316 v 0.72
v 106.453% 2.996
v 2509 v 0.994
X 2192 v 3.393
v 0.774 v 0.472
v 0.486 v 0.628
v 0952 v 0.91
v 37.506 v/ 4.794
X 1544 2.306
v 0.775 v 0.566
v 0629 v 0.526
v 053 v 0.903
v 38.107 v/ 4.143
v 13.413 v/ 3.14

Continued on next page
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#

1695

1696

1697

1698

1699

1700

1701

1702

1703

1704

1705

g

DE

!

chapter
6.2

chapter
6.5
chapter
6.5
chapter
6.5

chapter
6.5

!

chapter
6.5

chapter
7.1

chapter
7.1

chapter
7.1

chapter
7.1

chapter
7.1

1706

7.1

description

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Mathematica Maple hand | ani-
solved? mated?

result time result time

X 1.563 v 2.575

0471 0.754

27.836 v 7.07

v
v 60.819 v/ 3.845
v
X

600. v 4.06

10.901 v 2.564

0187 v 0.35

1.074 0.579

187 0.98

X
v
v 2.2718 v 0.306
X
X
v

2.160 v 2.113
Generates
Solve::in-
cnst:
Incon-
sistent
or
redun-
dant
tran-
scen-
dental
equa-
tion
v 0.65¢ v 2.006
Generates
Solve::in-
cnst:
Incon-
sistent
or
redun-
dant
tran-
scen-
dental
equa-
tion

Continued on next page



CHAPTER 1.

INTRODUCTION, SUMMARY OF RESULTS AND LOOKUP TABLE 112

Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

#

1707

1708

1709

1710

1711

1712

1713

1714

1715

1716

1717

1718

1719

1720

1721

1722

1723

1724

1725

1726

g

DE

e
=
&
()
(=
@
=
~

chapter
7.2

chapter
7.2

chapter
7.2

chapter
7.2

chapter
7.3

chapter
7.3

chapter
7.3

chapter
7.3

chapter
7.3

chapter
74

chapter
7.4

chapter

chapter

chapter

~ ~ ~
i~ i~ ~
~ ~ ~ ~

chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1

description

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Mathematica

result

v

X N N N N N X XN N SN N XN N XN XX N

time
0.318

1.716

1.184

2.513

1.103

1.098

0.44

1.369

1.157

0.483

1.066

0.298

1.34

1.565

0.422

0.097

0.275

0.261

0.546

0.423

Maple hand ani-
solved? mated?
result time
v 0.345
Answer
con-
tains
unre-
solved
inte-
grals
e 0.321

0.627
3.372
0.615
0.447
0.425
0.894
1.592

1.294

v

v

v

v

v

v

v

v

v 0.397
v 0.418
v 0.797
v 37.863
v 1.274
v 0.168
v 0.167
v 0.181
v 0.445
X 0.648

Continued on next page
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#  PDE
1727
8.1
1728
8.1
1729
8.1
1730
8.1
1731
8.2
1732
8.2
1733
8.2
1734
8.2
1735
8.2
1736
8.2
1737
8.2
1738
8.2
1739
8.3

1740

8.3

1741

8.3

1742

8.3

description Mathematica Maple
result time | result time
Problem 6 X 39.631 v/ 39.499
Gives
Warn-
ing:
Incom-
plete
separa-
tion
Problem 7 v 1389 v/ 0.335
Problem 8 X 0757 0.631
Problem 9 X 1.480 0.744
Problem 1 X 037 0.193
Problem 2 X 0311 v 0.312
Problem 3 X 0484 v 0.177
Problem 4 v 2018 v 0.323
Problem 5 v 3451 v 0.764
Problem 6 X 34.9241 X 18.227
Problem 7 X 0611 v 1.026
Problem 8 X 0.308 v 1.367
Problem 1 v 0242 0.151
Kernel
mes-
sage
incon-
sistent
or
redun-
dant
tran-
scen-
dental
equa-
tion
Problem 2 X 0145 v 0.133
Problem 3 v 0342 v 0.151
Problem 4 X 0337 v 0.191

Continued on next page

ani-
solved? mated?
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#

1743

1744

1745

1746

1747

1748

1749

1750

1751

1752

1753

1754

1755

1756

1757

1758

1759

1760

1761

1762

1763

1764

1765

1766

g

DE

!

chapter
8.3

chapter
8.3

!

!

chapter
8.3

chapter
8.3
chapter
8.3
chapter

!!

chapter

o0 %0
o )
~ ~

(0]

chapter

[
—
(0.9]

chapter
2.1

chapter
2.1

chapter
2.1

chapter
2.1

chapter
2.1

chapter
2.1

chapter
2.1

chapter
2.1

chapter

chapter

chapter

chapter

2.2

chapter

[\ [\ [\
o ® (o) o

chapter

v ] 00 [ N [
(BB b
(@] (@)
t+ ct+
o o
= =
0 00 0 0

description

Problem 5

Problem 6

Problem 7

Problem 8

Problem 9

Problem 10

Problem 11

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 9

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Mathematica Maple hand | ani-
solved? mated?
result time result time
v 15.948 v/ 0.455
X 600. v 1.046
(Timed
out)
X 3.939 v 2.291
X 0402 v 1.77
X 0.386 v 2.334
X 40.058 X 0.826
X 0.258 X 0.921
v 0245 v 0.151
v 017 v 0.449
v 0225 v 0.148
v 3478 v 0.221
v 0376 v 0.157
v 0275 v 0.186
v 036 v 0.365
v 0238 v 1.048
v 158 0.213
v 0.163 v 0.14
v 0199 v 0.147
v 0.555 v 0.157
v 4385 v 0.494
v 047 0.193
v 0316 v 0.19
v 0219 v 0.174
v 028 0.127

Continued on next page
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#

1767

1768

1769

1770

1771

1772

1773

1774

1775

1776

1777

1778

1779

1780

1781

1782

1783

1784

1785

1786

1787

g

DE

chapter

chapter

chapter

w @ [\
® ® o o

chapter
2.3
chapter

chapter

chapter

=~ w w
0 o © ©

chapter
2.4

chapter
2.4

chapter
2.4

chapter
2.4

chapter
2.4

chapter
2.4

chapter

chapter

chapter

NN N IN
o 0 ® ®

chapter
2.4

chapter

Wl | w[aoldvdo] N
.U‘- U‘- U‘-
HQD "_‘QD plkg,,,[;
o o o
+ =+ -
[} [} [}
L] = L]
(0.9] (0.9] oo (0]

description

Problem 9

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 9

Problem 10

Problem 11

Problem 12

Problem 13

Problem 1

Problem 2

Mathematica

result

v

N N N N X SO N X NN NN N N N N N NS

time
0.35

0.059

0.176

0.126

0.126

0.345

0.529

0.449

0.157

0.297

0.106

0.189

2.481

7.958

11.428

4.869

7.069

0.207

0.602

0.107

0.731

Maple hand | ani-

result

v

N SN N SN SN NN S N N N N NN N NN N NS

solved? mated?

time

0.19

0.125

0.126

0.138

0.329

0.186

0.2

0.201

0.6

0.685

0.549

1.205

1.972

4.821

3.689

247

45.066

0.215

0.388

0.15

0.21

Continued on next page
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#

1788

1789

1790

1791

1792

1793

1794

1795

1796

1797

1798

1799

1800

1801

1802

1803

1804

1805

1806

PDE

3.1

!

chapter
3.1

chapter
3.1

chapter
3.1

chapter
3.1

chapter

chapter

chapter

chapter

chapter

3.2

chapter

o o o -
o o ® ® o

chapter

chapter

o o o
o o o o

chapter
3.2

chapter
3.2
chapter
3.2
chapter
3.2
chapter
4.1

chapter
4.1

description

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 9

Problem 10

Problem 11

Problem 1

Problem 2

Mathematica Maple hand | ani-
solved? mated?

result time | result time

v 6.989 v 1.372

Generates

Solve::in-

cnst:

Incon-

sistent

or

redun-

dant

tran-

scen-

dental

equa-

tion

X 2.609 v 0.888

v 0767 0.329

X 2174 0.515

v 182 1.002

v 153 v 0.812

v 19 0.961

v 1752 v 0.621

v 1.464 v 0.275

v 1.409 0.613

v 1.235 v 13.61

X 25.316 v 71.67

X 8.459 X 391.588

X 6.962 v 358.999

v 2147 0.449

X 1706 v 0.727

v 3202 v 1.668

v 0.856 v 0.471

v 21.509 v 0.469

Continued on next page
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#

1807

1808

1809

1810

1811

1812

1813

1814

1815

1816

1817

1818

1819

1820

1821

1822

1823

1824

1825

1826

1827

1828

1829

1830

g

DE

i

chapter
4.1

chapter
4.1

chapter
4.1

chapter
4.2

chapter
4.2

chapter
4.2

chapter
4.2

chapter
4.2

chapter
4.3

chapter
4.3

chapter
4.3

chapter
4.3

chapter
4.3

chapter
4.3

chapter
4.4

chapter
4.4

chapter

chapter

chapter

~ ~ ~
i~ i~ i~
o0 o) o0 o)

chapter
4.4

chapter
4.5
chapter
4.5

chapter
4.5

chapter
4.5

description

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Mathematica Maple hand | ani-
solved? mated?

result time result time
v 10.848 v/ 0.749
v 13.328 v/ 0.603
X 4.665 v 2.15
v 091 v 0.409
v 18.891 v/ 0.461
v 3.835 v 0.707
v 10.758 v 0.545
X 4841 v 1.731
v 0544 v 0.398
v 11757 v 1.656
v 131 0.681
X 0.759 v 2.108
v 3981 v 1.509
X 8.246 v 1.369
v 0.638 v 0.377
v 94.659 v 1.605
v 1109 v 0.667
X 0525 v 1.447
v 3560 v 0.928
X 6.925 v 1.4
v 20.418 v/ 2.045
v 7585 v 0.636
v 145.004/” 1.338
v 1.317 v 0.69

Continued on next page
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#

1831

1832

1833

1834

1835

1836

1837

1838

1839

1840

1841

1842

1843

1844

1845

1846

1847

1848

1849

1850

1851

1852

1853

1854

g

DE

i

chapter
4.5

chapter
5.1

chapter
5.1
chapter
5.1

chapter
5.1

chapter
5.1

chapter
5.2

chapter
5.2

chapter
5.2

chapter
5.2

chapter
5.2

chapter
6.1

chapter
6.1

chapter
6.1
chapter
6.1

chapter
6.1

chapter
6.1

chapter
6.2

chapter
6.2

chapter
6.2

chapter
6.2

chapter
6.2

chapter

oE] o
w5 | o
(@]
ot
o
=
o o

description

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 1

Mathematica Maple hand | ani-
solved? mated?
result time result time
v 077 v 0.544
v 0174 v 0.18
v 0.499 v 0.2
v 0.309 v 0.198
X 1514 v 0.331
X 0.076 v 0.483
v 1332 v 1.37
v 3714 v/ 1.203
v 2478 v 371.407
X 1.095 v 0.475
v 2564 v 0.634
v 0.980 v 0.462
v 1.03 v 0.868
X 4925 1.713
v 160.527 4.875
v 875712 v 50.671
X 1.362 v 3.157
v 0543 v 0.429
v 0692 v/ 0.921
v 0276 v 0.731
v 156.33% 4.505
v 70.232 v/ 52.962
X 136 v 2.803
v 0.751 v 0.537

Continued on next page
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#

1855

1856

1857

1858

1859

1860

1861

1862

1863

1864

1865

1866

1867

1868

1869

1870

1871

1872

1873

1874

1875

1876

1877

1878

g

DE

i

chapter
6.3

chapter
6.3

chapter
6.3

chapter
6.3

chapter

chapter

chapter

o o o
=~ =~ ~
o0 o0 o) 0

chapter
6.4

chapter
6.4
chapter
6.5
chapter
6.5
chapter
6.5
chapter
6.5
chapter
6.5
chapter
7.1
chapter
7.1

chapter
7.1

chapter
7.1

chapter
7.1
chapter
7.1
chapter
7.2
chapter
7.2

chapter
7.2

chapter
7.2

description

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Mathematica Maple hand | ani-
solved? mated?

result time result time
v 0514 v 0.663
v 0312 v 0.916
v 52.316 v/ 1.335
X 1249 v 2.027
v 0.836 v 0.523
v 0.677 v 0.597
v 0584 v 0.99
v 67.395 v/ 92.712
X 1221 v 2.336
v 0.637 v 0.809
v 154.394/ 4.551
v 116.136¢” 8.987
X 1.874 v 2.81
X 1.565 v 2.273
v 022 0.37
v 0904 v 0.31
X 0.669 v 0.552
X 0.784 v 0.884
v 1077 v 2.104
X 055 0.595
v 0.035 v 0.369
v 0731 v 0.33
X 0613 v 0.554
X 0.736 v 0.707

Continued on next page
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#

1879

1880

1881

1882

1883

1884

1885

1886

1887

1888

1889

1890

1891

1892

1893

1894

1895

1896

1897

1898

1899

1900

1901

1902

g

DE

i

chapter
7.2

chapter
7.2

chapter
7.3

chapter
7.3

chapter
7.3

chapter
7.3

chapter
7.3

chapter
74

chapter

chapter

chapter

chapter
7.4

chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.1
chapter
8.2
chapter

8.2

chapter
8.2

N ~ N
i NN I
o o o ®

description

Problem 5

Problem 6

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 9

Problem 1

Problem 2

Problem 3

Mathematica

result

v

X X X X X N NN NN N N X XN N N X XN N X

time
1.282

0.616

0.204

0.166

0.442

0.561

0.183

0.218

0.157

0.461

0.602

0.174

0.03

0.133

0.072

0.2

0.131

2.092

0.507

0.32

0.493

0.112

0.148

0.131

Maple hand | ani-

result

v

N N N NS NS S N SN SN N NN NN NN NN N NS

solved? mated?

time

3.39

0.575

0.513

0.517

0.763

1.979

1.315

0.4

0.528

0.664

37.981

1.344

0.187

0.17

0.16

0.487

0.348

1.351

0.345

0.618

0.685

0.223

0.333

0.164

Continued on next page
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#

1903

1904

1905

1906

1907

1908

1909

1910

1911

1912

1913

1914

1915

1916

1917

1918

1919

1920

1921

1922

1923

1924

1925

1926

g

DE

i

chapter
8.2
chapter
8.2
chapter
8.2
chapter
8.2
chapter
8.2
chapter
8.3
chapter
8.3
chapter
8.3
chapter
8.3

chapter

chapter

chapter

chapter

oo o © o
w w w w
® ® fo's o o

chapter
8.3
chapter
8.3
chapter
8.3
chapter
2.1
chapter
2.1
chapter
2.1
chapter
2.1

chapter
2.1

chapter
2.1

!

chapter
2.1

chapter
2.1

!

description

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 9

Problem 10

Problem 11

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Mathematica Maple hand | ani-
solved? mated?

result time | result time
v 0591 v 0.285
v 1581 X 2.548
X 0248 v 0.837
X 20.438 X 2.671
X 20.201 X 2.719
v 0.102 v 0.171
X 0.041 v 0.184
v 0.096 v 0.187
X 0.093 v 0.207
v 6.549 v 0.457
X 600. 1.051
(Timed
out)
X 47181 X 188.909
X 2023 X 2.213
X 20.209 X 2.446
X 31.743 v 0.475
X 1.039 X 1.51
v 0493 v 0.184
v 0484 v 0.777
v 0.364 v 0.175
v 0117 v 0.138
v 0193 v 0.209
v 39.122 X 600.

(Timed

out)
v 0181 v 0.314
v 0.064 v 0.269

Continued on next page
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#

1927

1928

1929

1930

1931

1932

1933

1934

1935

1936

1937

1938

1939

1940

1941

1942

1943

1944

1945

1946

1947

1948

1949

g

DE

chapter

chapter

chapter

chapter

v ] 0[] oI N E N E] N [E] e [E
b bo b b vE|v[E|NE] =B
(@) (@] (@) ()

- + t+ (=

& o o 2

M = H H

© © © © © © © © ©

chapter
2.3
chapter

chapter

chapter

chapter

w @ e w
© © © © ©

chapter
2.4
chapter

chapter

chapter

I i i
© © © ©

chapter
24

chapter

N [3] 2
NS N
(@)
+
D
~
[Ne) Ne)

chapter

©

N 3] 2 [E]
N NG (NS
(@) O
t+ +
l¢] (¢}
- -
Ne) Ne)

description

Problem 9

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 9

Problem 10

Mathematica Maple hand | ani-
solved? mated?
result time | result time
v 0.349 v 0.761
v 0431 v 0.185
v 0.143 v 0.162
v 0.356 v 0.205
X 600. v 40.492
(Timed
out)
v 0.062 v 0.181
v 004 0.19
v 0217 v 0.304
v 04 0.157
v 0196 v 0.141
v 0185 v 0.166
X 600. v 91.37
(Timed
out)
v 0.368 v 0.358
v 0.161 v 0.28
v 0121 v 0.274
v 0.186 v 1.098
v 0124 v 0.244
v 0.053 v 0.218
v 0321 v 0.43
v 17558 v 10.411
v 16.265 v 3.575
X 11.69 v 67.69
v 0.065 v 0.246

Continued on next page
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Table 1.10 — Handbook of first order partial differential equations. Continued from previous page

#

1950

1951

1952

1953

1954

1955

1956

1957

1958

1959

1960

1961

1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

g

DE

pDE O [E] N [E] o6
N1 N - PN N -
(@) (@) (@) (@)
+ t+ t+ +
D @ le) ¢}
H H ~ _
=) Ne) Ne) Ne) Ne)

chapter
3.1
chapter
3.1
chapter
3.1
chapter
3.1
chapter
3.1
chapter
3.1
chapter
3.1

!

chapter
3.2

chapter
3.2
chapter
3.2
chapter
3.2
chapter
3.2
chapter
3.2
chapter
3.2
chapter

3.2

chapter
3.2

ARETAEI[E] wE
'U"U"U"U‘
ol [0 (Bl [0 Ll [ (R
(@) (@) (@) (@)
+ + (= t+
D @ @ @
= = = =
© © © ©

description

Problem 11

Problem 12

Problem 13

Problem 14

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 6

Problem 7

Problem 8

Problem 9

Problem 10

Problem 1

Problem 2

Problem 3

Mathematica Maple hand | ani-
solved? mated?

result time | result time
v 0.128 v 0.779
v 0235 v 1.465
v 2.155 v 3.268
v 0561 v 0.604
v 0.058 v 0.184
v 0.081 v 0.192
v 0.158 v 0.184
v 0144 0.279
X 1.866 v 1.798
v 2125 v 1.361
X 44.264 X 600.

(Timed

out)
v 0073 v 0.184
v 0.088 v 0.201
X 014 0.392
X 1.766 v 3.346
v 3162 v 1777
X 1831 1.807
v 0.236 v 0.226
v 3569 v 0.53
X 600. v 1.279
(Timed
out)
X 1676 v 1.321
v 82.234 v 0.598
v 1.988 v 0.967
v 0.836 v 0.649

Continued on next page
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#

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

g

DE

i

chapter
4.1

chapter
4.1

chapter
4.2

chapter
4.2

chapter
4.2

chapter
4.2

chapter
4.2

chapter
4.3

chapter
4.3

chapter
4.3

chapter
4.3

chapter
4.3

chapter

chapter

chapter

-~ > ~
~ i~ ~
© © © ©

chapter
4.4

chapter
4.4

chapter
4.5

chapter
4.5
chapter
4.5
chapter
4.5
chapter
4.5
chapter
5.1

chapter
5.1

description

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Problem 3

Problem 4

Problem 5

Problem 1

Problem 2

Mathematica Maple hand | ani-
solved? mated?
result time result time
v 98.478 v/ 1.105
v 77222 v/ 2.502
v 74.676 v 0.52
v 1.976 v 0.968
v 089 0.591
v 91.207 v/ 0.921
v 65.618 v 2.002
v 44279 vV 0.558
v 2538 v 1.142
v 1419 v 0.662
v 119.629v" 1.078
v 110.848/" 1.244
v 15.524 v/ 0.535
v 1.961 v 3.615
v 0.443 v 0.661
v 22.205 v 1.096
v 4099 v 1.261
v 32.968 v/ 0.543
v 13.496 v/ 0.505
v 34.087 v/ 0.632
v 0381 v 0.657
v 51.445 v 2.342
v 0.063 v 0.234
v 0.067 v 0.305

Continued on next page
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Table 1.10 — Handbook of first order partial differential equations. Continued from previous page
# PDE description Mathematica Maple hand | ani-
solved? mated?
result time | result time

1998 Problem 3 e 0.087 v 0.347

5.1
1999 Problem 4 X 0.184 v 0.416

5.1
2000 Problem 5 v 0273 v 58.319

51

1.3.6 Handbook of nonlinear partial differential equations

Table 1.11: Handbook of nonlinear partial differential equations breakdown of results. Time
in seconds

# PDE description Mathematica, Maple hand | ani-
solved? mated?
result time result time
2001 Problem 1 X 0217 X 2.138
1.1
2002 Problem 2 v 0.087 v 0.259
1.1
2003 Problem 1 X 0.077 X 2.833
1.2
2004 Problem 2 X 0.084 v 0.272
1.2
2005 Problem 3 X 0.165 v 0.276
1.2
2006 Problem 4 X 0133 v 0.303
1.2
2007 Problem 5 X 0552 v 0.696
1.2
2008 Problem 1 X 0.009 X 0.067
1.3
2009 Problem 2 X 0.008 X 0.098
1.3
2010 Problem 3 X 0.016 X 0.113
1.3
2011 Problem 4 X 0.023 X 0.121
1.3
2012 Problem 1 X 0011 X 0.095

14



CHAPTER 1. INTRODUCTION, SUMMARY OF RESULTS AND LOOKUP TABLE 126




Chapter 2

Miscellaneous PDE’s

Local contents

2.1 General firstorder . . . . . . ...
2.2 Solved by factoring into two transport equations . . . . . . . .. ... ...
2.3 Schrodinger PDE . . . . . . . . . ...
24 Beam PDE . . . . . . e
25 Burger’'s PDE . . . . . . ..
2.6 Black Scholes PDE . . . . . . . . . ...
2.7 Korteweg-deVries PDE . . . . . . . ... Lo
2.8 Tricomi PDE . . . . . . . . . . . e
2.9 Keldyshequation . . . . . . . . . . .
2.10 Euler-Poisson-Darboux equation. . . . . . . .. ... ... ... .........
2.11 Chaplygin’s equation . . . . . . . . . ... L e
2.12 Cauchy Riemann PDE’s . . . . . . .. .. ... .. .. .
2.13 Hamilton-Jacobi PDE . . . . . . . . ... ... ... ... ...
2.14 Airy PDE . . . . . e e
2.15 Nonlinear PDE’s . . . . . . . . . . . e
2.16 more miscellaneous . . . . . . . . ... L. e

2.1

(General first order

Local contents

2.1.1
2.1.2

2.1.3

214

2.1.5

2.1.6

2.1.7

2.1.8

2.1.9

2.1.10

Transport equation us +u, =0 . . . . . . . . .. ...
Transport equation u; — 3u, = 0 IC u(0,z) = e~*". Peter Olver textbook, 2.2.2
(B)
Transport equation u; + 2u, = 0 IC u(—1,2) = —%5. Peter Olver textbook,
222 (D) o et
Transport equation u; + u; + 3u = 0 IC u(0,2) = arctan(z). Peter Olver
textbook, 2.2.2 (C) . . . . ..
Transport equation u; — 4u, +u = 0 IC u(0,z) = —5. Peter Olver textbook,
222 (d) o et
Transport equation u; + 2u, = sinz IC u(0,z) = sinz. Peter Olver textbook,
2.2.0 . e e e
Transport equation u; + U, = 0 IC u(z, 0) = m Peter Olver textbook,
PAge 27 . . . e e
Transport equation u; — zu, = 0 IC u(z,0) = ﬁ Peter Olver textbook,
problem 2.2.17 . . . . . L
Transport equation u; + (1 — 2t)u, = 0 IC u(z,0) = 7. Peter Olver textbook,
problem 2.2.29 . . . .. L
Transport equation u; + ﬁum =0IC u(z,0) = t120 ...

127

136

140

140]

149



CHAPTER 2. MISCELLANEOUS PDE’S 128

2111 Bug+duy =2 . . . . .. [I5T]
2.1.12 zuy +yu, = —4zyu and u(z,0) = e . . . ... 1521
2.1.13 w4+ u, =0and u(z,0) =sinz and w(0,¢) =0 . . . . . ... ... ... .. 154
2114 ug4cu, =0and u(z,0) =e™® . . .. ... 155
2.1.15 (Haberman 12.2.2) w; — 3w, =0 and w(z,0) =cosx . . . . . . . ... ... .. 156
2.1.16 (Haberman 12.2.4) w; + cw, = 0 and w(z,0) = f(z) and w(0,t) = h(t) . . . . . 158
2.1.17 (Haberman 12.2.5 (a)) w; + cw, = €*® and w(z,0) = f(z) . . . . . . ... ... 159
2.1.18 (Haberman 12.2.5 (d)) w; + 3tw, = w(z,t) and w(z,0) = f(x) . ... ... .. 160
2.1.19 2u, +5u, =u(z,y)+1 . . o 162
2.1.20 Clairaut equation zu, + yuy + 5((us)? + (uy)?) =0 . . . . ... ... ... .. 164
2.1.21 Clairaut equation. zu, + yuy, + 3((us)* + (uy)?) = 0 with u(z,0) = 1(1 — %) . 165
2.1.22 Clairaut equation. u = xu, +yu, +sin(uy +uy) . . . . . . . ... 1661
2.1.23 Recover a function from its gradient vector . . . . ... ... ... ... ... 167
2124 xf, — fo = g(—zgﬂ .................................. 167
2125 fot+ (F)2=f(z,0,2)+2 - o oo 169
2.1.26 zu, + yu, = v (Example 3.5.1 in Lokenath Debnath) . . . . . ... ... ... 1691
2.1.27 zuz + yu, = nu Example 3.5.2 in Lokenath Debnath . . . .. ... ... ... 1770)
2.1.28 z’u, + y*u, = (z + y)u Example 3.5.3 in Lokenath Debnath . . . . ... ... ivall
2.1.29 (y— 2)uy + (2 — x)uy + (x — y)u, = 0 (Example 3.5.4 in Lokenath Debnath) . [I72
2.1.30 u(z + y)u, + u(z — y)u, = z* + y* (Example 3.5.5 in Lokenath Debnath) . . . [I73]
2.1.31 u, —u, =1 with u(z,0) = z? Example 3.5.6 in Lokenath Debnath . . . . .. 1751
2.1.32 yu, + zu, = u with u(z,0) = 2z and u(0,y) = y> Example 3.5.8 in Lokenath
Debnath . . . . . . . .. . 176}
2.1.33 zu, + yu, = re~* with u = 0 on y = z? Example 3.5.10 in Lokenath Debnath [I76]
2.1.34 u; + uu, = z with u(z,0) = f(zr) Example 3.5.11 in Lokenath Debnath. . . . [I77
2.1.35 wu, =0 Problem 3.3(a) Lokenath Debnath . . . .. ... ............ 178
2.1.36 au, + bu, = 0 Problem 3.3(b) Lokenath Debnath . . . .. ... ... ..... 178
2.1.37 uy + yu, = 0 Problem 3.3(c) Lokenath Debnath . . . . .. ... ... ..... 179
2.1.38 (14 z*)u, + u, = 0 Problem 3.3(d) Lokenath Debnath . . . . . ... ..... 179
2.1.39 2zyu, + (z* + y*)u, = 0 Problem 3.3(e) Lokenath Debnath . . .. ... ... 180
2.140 (y+ u)u, +yu, = z —y Problem 3.3(f) Lokenath Debnath . . . . . . ... .. 1801
2.141 y*u, — zyu, = z(u — 2y) Problem 3.3(g) Lokenath Debnath . . . . ... ... 18T
2.1.42 yu, — zu, = 1 Problem 3.3(h) Lokenath Debnath . . . .. ... ... ..... 18T
2.1.43 u, + 2zy’u, = 0 Problem 3.4 Lokenath Debnath . . . ... .......... 182
2.1.44 3u, + 2u, = 0 with u(z,0) = sinz. Problem 3.5(a) Lokenath Debnath . . . . . 182
2.1.45 yu, + zu, = 0 with u(0,y) = e™¥". Problem 3.5(b) Lokenath Debnath . . . . . 183l
2.1.46 zu, + yu, = 22y with u = 2 on y = z%. Problem 3.5(c) Lokenath Debnath . . [I84
2.1.47 wuy + zu, = 0 with «(0,y) = siny. Problem 3.5(d) Lokenath Debnath . . . . . 184
2.1.48 yu, + zu, = zy with u(0,y) = e™¥*,u(z,0) = e *". Problem 3.5(e) Lokenath
Debnath . . . . . . . . . . e 185

2.1.49 u, + zu, = (y — 32%)? with u(0,y) = €. Problem 3.5(f) Lokenath Debnath . . [I85
2.1.50 zu, + yu, = u + 1 with u = z? on y = 2% Problem 3.5(g) Lokenath Debnath .
2.1.51 wu, — uu, = u? + (7 + y)? with u(z,0) = 1 Problem 3.5(h) Lokenath Debnath [I87
2.1.52 zu, + (z + y)uy, = u + 1 with u(z,0) = 2> Problem 3.5(i) Lokenath Debnath . [I87

2.1.53 zu, + yu, + zu, = 0 Problem 3.8(a) .Lokenath Debnath . . . . ... .. ... 1R8]
2.1.54 z’u, + y*u, + 2(z + y)u, = 0 Problem 3.8(b) Lokenath Debnath . ... ... 188
2.1.55 z(y — 2)uy + y(z — x)uy + 2(z — y)u, = 0 Problem 3.8(c) Lokenath Debnath . [I89
2.1.56 yzu, — zzu, + zy(2® + y*)u, = 0 Problem 3.8(d) Lokenath Debnath . . . . . 1901
2.1.57 z(y* — 2*)u, + y(2* — y*)u, + 2(2* — y*)u, = 0 Problem 3.8(e) Lokenath DebnathT90)
2.1.58 wu, + zu, =y with u(0,y) = y* Problem 3.9(a) Lokenath Debnath . . . . . . . 1911
2.1.59 wu, + zu, =y with u(1,y) = 2y Problem 3.9(b) Lokenath Debnath . . . . . . . 197
2.1.60 (ug + uy,)? —u? = 0. Problem 3.10 Lokenath Debnath . . . . . . ... ... .. 192

2.1.61 (y+ u)u, + yu, = z — y with u(z,1) = 1+ z. Problem 3.11 Lokenath Debnath
2.1.62 2zu, + (z + 1)u, = y with u(1,y) = 2y. Problem 3.14(d) Lokenath Debnath . [I93
2.1.63 zu, + yu, = 2 + y* with u(z, 1) = 2. Problem 3.14(e) Lokenath Debnath . . [194



CHAPTER 2. MISCELLANEOUS PDE’S

129

2.1.64
2.1.65
2.1.66
2.1.67
2.1.68
2.1.69
2.1.70
2.1.71
2.1.72
2.1.73
2.1.74
2.1.75
2.1.76
2.1.77
2.1.78

y*u, + (zy)u, = = with u(z,1) = 22. Problem 3.14(f) Lokenath Debnath . . .
Uy + yu, = vy with u = % at y = x. Problem 3.14(g) Lokenath Debnath . .
Uy + uu, = 1 with u(0,y) = ay. Problem 3.16(a) Lokenath Debnath . . . . .
(y + w)uy + (x + u)uy, = z +y. Problem 3.17(a) Lokenath Debnath . . . . .
zu(u® + zy)u, — yu(u® + zy)u, = z*. Problem 3.17(b) Lokenath Debnath . . .
(z + y)uz + (x — y)uy, = 0. Problem 3.17(c) Lokenath Debnath . . . . . . ..
yur, —zuy, =e* withu(0,y) =y —1 . . . ... . L
YUy —TUy = €Y . L . L e e
us + Uy = 0 with u(z,0) =22 Math 5587 . . . . . . .. ... ... .....
uttu, =0withu(z,0) =€ . . . . ...
2u, +3uy =1 . L.
Tus —tuy, =0 . . L e e e e e e e e
utu,=0withu(z,1) =755 . ... ...
UgUy =1 . L e
uztty = u with u(z,0) =0,u(0,y) =0. . . . . ... ... ... ...

2.1.1 Transport equation u; + u, =0

problem number 1

Taken from Mathematica Symbolic PDE document

Solve for u(z,t)

U +uy, =0

Mathematica \/

194
199}
199)
196]
1197]
197
193]
2001
202
203}
204
209}
205}
206!
207}

ClearAll["Global *"];

‘ pde =
sol =

N

Dlulx, t], {t}] + D[ulx, t], {x}] == 0;

AbsoluteTiming[TimeConstrained [DSolve[pde, ulx, t], {x, t}], 60%10]1];

{{u(z,t) = et — 2)}}

Maple v

-

chu_t ime

restart;
‘pde I=

diff(u(x, t), t) + diff(u(x, t),x) =0;

:= timelimit (60%10,CodeTools [Usage] (assign('sol',pdsolve(pde ,u(x,t)%

u(z,t) = fi(—x +1)

Hand solution

U +uy, =0

Let u = u(x(t),t). Then

du_ Qudz  ou
dt  Ordt Ot

Comparing (1) to (2) then we see that

du
E_O
@ _

(1)

(2)

(3)
(4)

) ,output="r
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(3) says that u is constant. Since no initial conditions are given, let u = F(z(0)) where F
is arbitrary function. To find z(0) we solve (4). The solution to (4) is x = x(0) + ¢. Hence
z(0) = z —t. Therefore

u(z,t) = F(z —t)

2.1.2 Transport equation u; — 3u, = 0 IC u(0,z) = e * . Peter Olver
textbook, 2.2.2 (a)

problem number 2

Added Sept 12, 2019.
Taken from Peter Olver textbook, Introduction to Partial differential equations.
Solve for u(t,z) in u; — 3uy = 0 with IC (0, ) = ™

Mathematica v

e B

ClearAll["Global *"];
'pde = D[ult, x1, {t}] -3+ Dlult, xI, {x}] == 0; |
‘ ic = ul0,x]==Exp[-x~2]; ‘
‘sol = AbsoluteTiming[TimeConstrained[DSolve[{pde,ic}, ult, x1, {t, x}], 60*10]];

{{u(t, z) — e~ G’ }}

J

Maple v

‘restart; ‘

‘pde := diff (u(t, x), t) - 3*xdiff(u(t, x),x) =0;

‘ic:=u(0,x)=exp(—x‘2); ‘

chu_time 2= timelimit(60*10,CodeTools[Usage](assign('sol',pdsolve([pde,ic],uﬁt,x))),outp

u(t,z) = e~
Hand solution

Solve

U — 3u, =0 (1)
With initial conditions u(z,0) = e=**
Solution

Let u = u(z(t) ,t). Then
du  Oudzr  Ou

& " ondt o @
Comparing (1),(2) shows that
du
il 3)
dx
el 4
Friai (4)

Eq (3) gives u = u(z(0)). Using the given initial conditions, this becomes
u = e’ (5)

Eq (4) is now used to find z(0). Soving (4) gives z = z(0) — 3t. Hence x(0) = x — 3t. Therefore
(5) becomes
2
u(z,t) = e~ (=3
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The following is an animation of the solution

(-

time

time 4.40

Figure 2.1: snap shot

Source code used for the above

(%3Dx)
padIt2[v_, f List] := AccountingForm[v, f, NumberSigns -» {"", ""}, NumberPadding » {"@", "@"}, SignPadding - True];

u[x_, t ] :=Exp[- (x+31t)”"2];
plotStyle = Directive[Orange, Specularity [White, 20]];
Manipulate[
Grid[{ {Row[{"time ", NumberForm[time, {4, 2}]}1},
{Quiet@Plot3D[u[x, t], {x, -20, 2}, {t, 0, time},
PlotRange » {All, {0, 6}, {0.1, 1}},
AxesLabel - {Style["x", 12], Style["time", 12], Style["u", 14]},
BaseStyle -» 12, PerformanceGoal » "Quality",
ImageSize - 400, PlotPoints - 40,
PlotStyle - plotStyle, Mesh - None,
ViewPoint - {-2.355, 1.645, 1.792},
Boxed - False]

3}
1

>

{{time, 0.01, "time"}, 0.01, 6, .1},
TrackedSymbols :» {time}

Figure 2.2: Source code 3D

(*2D*)
ufx_, t ] :=Exp[-(x+3t)"2];

Manipulate[
Grid [ { {Row[ {"time ", NumberForm[time, {4, 2}1}1},

{QuietePlot [u[x, time], {x, -20, 3},
PlotRange -» {All, {0, 1}},
AxesLabel » {Style["x", 12], Style["u", 14]},
BaseStyle - 12,
ImageSize - 400

1}
1

B

{{time, @, "time"}, 0, 6, .1},
TrackedSymbols :» {time}

Figure 2.3: Source code 2D
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2.1.3 Transport equation u; + 2u,; = 0 IC u(—1,7) = ;%;. Peter
Olver textbook, 2.2.2 (b)

problem number 3

Added Sept 12, 2019.
Taken from Peter Olver textbook, Introduction to Partial differential equations.
Solve for u(t,z) in u; + 2u, = 0 with IC u(—1,z) = =

Mathematica /

|ClearAll["Global *"];

'pde = Dlult, x], {t}] +2* Dlult, x], {x}] == 0;

‘ ic = ul-1,x]==x/(1+x"2);

‘sol = AbsoluteTiming[TimeConstrained[DSolve[{pde,ic}, ult, x], {t, x}], 60*10]];

u(t,z) = —2t+1—2
’ 442 — 4t(x —2) + 22 — 4z + 5

Maple v
‘restart; ‘
‘pde := diff(u(t, x), t) +2xdiff(u(t, x),x) =0; |
‘ic:=u(-1,x)=x/(1+x"2); ‘
‘ cpu_time := timelimit(60%10,CodeTools[Usage] (assign('sol',pdsolve([pde,ic] ,u¢t ,X))) ,outE
—2-2t
u(t, ) = pd
(—2—2t+z)°+1
Hand solution
Solve
U + 2u; =0
With initial conditions u(—1,7) = :3%5.
Solution
Let u = u(x(t) ,t). Then
d_u — @d_:l: + @ (2)
dt Oz dt ot

Comparing (1),(2) shows that

du

“_o 3

7 3)

dz

9 4

7 (4)

Eq (3) says that u is constant on the chataterstic lines, or v = u(z(—1)). Using the given
initial conditions, this becomes

z(=1)

u(z(t),t) = Ttz(o1)?

(5)

Eq (4) is now used to find z(—1). Soving (4) gives z = z(0) + 2¢. Hence z(—1) = z(0) — 2 or
z(0) = z(—1) + 2. Therefore

z=z(-1)+2+2¢
z(-1)=z—-2-2t
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Now that we found z(—1), we substitute it in (5), giving the solution

w(z(t), b) r—2—2t

T 14 (z—2-2t)

Alternative method. Using Lagrange-charpit method

dt dr du

1 2 0
Which implies that du = 0 or u = C;. A constant. Integrating % = %’” gives t = %x + Cy or
Co=1t— %x But C; = F(C,) always, where F' is arbitrary function. Since C; = u then

w=F(C)
"= F(t - %x) (1)

T 1
=F(-1-2
1+ 22 ( 23”)

At t = —1 the above becomes

Let —1 — 2z = z which implies z = —2(1 + z) The above can be written as
—2(1
(14 2) - F(2)
14+ (-2(1+2))
2(1+2)
Flz) = —— T2
G =~ 815

From the above then (1) can be written as

2(1+ (¢t — iz))

u(t,z) = —
4(t—%x)2+8(t—%w)+5
_ r—2t—2
482 — 4tz + 8t + 22 — 4z +5
r—2t—2

T 1+ (@—2-2t)

The following is an animation of the solution

time {j

time 0.00

-20 20 30 40

-0.5F

-1.0-

Figure 2.4: snap shot

Source code used for the above
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(%3D%)
padIt2[v_, f List] := AccountingForm[v, f, NumberSigns -» {"", ""},
NumberPadding -» {"0", "0"}, SignPadding - True];

_ xX-2t-2 .
T 14+ (x-2-21)2°
plotStyle = Directive[Orange, Specularity [White, 20]];
Manipulate[
Grid[{ {Row[ {"time ", NumberForm[time, {4, 2}13}1},

{

ufx , t 1:

QuietePlot3D[u[x, t], {x, -1, 30}, {t, @, time},
PlotRange -» {All, {@, 12}, {-.5, 1}},

BaseStyle -» 12, PerformanceGoal -» "Quality",
ImageSize - 400, PlotPoints - 75,

PlotStyle - plotStyle, Mesh - None,

ViewPoint -» {1.765, 2.0924, 1.9887}, Boxed - True]

3}
1

3
{{time, 0.1, "time"}, 0.1, 12, .1},
TrackedSymbols :» {time}

Figure 2.5: Source code 3D

AxesLabel -» {Style["x", 12], Style["time", 12], Style["u", 14]},

(%2D%)
x=-2t-2
ulx_, t.] i= ——————3
1+ (x-2-2t1)
Manipulate[

Grid[{{Row[{"time ", NumberForm[time, {4, 2}13}1},
{Quiete@Plot[u[x, time], {x, -20, 40},
PlotRange -» {All, {-1, 1}},

BaseStyle » 12,
ImageSize - 400

1}
1

3
{{time, @, "time"}, 0, 12, .1},
TrackedSymbols :» {time}

Figure 2.6: Source code 2D

AxesLabel - {Style["x", 12], Style["u", 14]},

2.1.4 Transport equation u; + u, + 3u = 0 IC u(0,z) = arctan(z).

Peter Olver textbook, 2.2.2 (c)

problem number 4

Added Sept 12, 2019.

Taken from Peter Olver textbook, Introduction to Partial differential equations.

Solve u; + u, + 3u = 0 with IC (0, z) = arctan(z).
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Mathematica v

(ClearAll ["Global *"]; \‘
‘pde = D[ult, x], {t}] + D[ult, x], {x}]+1/2%ult,x] == 0; ‘
‘ ic = u[0,x]==ArcTan[x]; ‘
Lsol = AbsoluteTiming[TimeConstrained[DSolve[{pde,ic}, ult, x], {t, x}], 60%10]]; J

{{u(t,z) = —e "/ arctan(t — z)} }

Maple v

‘restart; W

‘pde := diff(u(t, x), t) +diff(u(t, x),x) +1/2*u(t,x)=0;

‘ic:=u(0,x)=arctan(x); ‘

chu_time = timelimit(60*10,CodeTools[Usage](assign('sol',pdsolve([pde,ic],ugt,x))),outp

e+

u(t,z) = —arctan (t —x) e~
Hand solution

Solve

1
ut—l—ux+§u=0

With initial conditions u(z,0) = arctan (z).
Solution

Let u = u(z(t) ,t). Then
du  Oudr  Ou

& " osdt ot @
Comparing (1),(2) shows that
du 1
& =" ®)
dx
il (4)
Solving (3) gives
du -1
w2

In|u| = —lt +c
2
u = u(z(0)) €7
Using the given initial conditions, this becomes
u(z,t) = arctan (z(0)) ezt (5)
Now we just need to find z(0). From (4)

z=x(0)+t
z(0) =z —t
Substituting the above into (5) gives
Ly

u(z,t) = arctan (x —t)e2

The following is an animation of the solution
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time =D

time 0.06
u
1.5F

0.5

i X
-100 -50 50 100

Figure 2.7: snap shot

Source code used for the above

padIt2[v_, f List] := AccountingForm[v, f, NumberSigns - {"", ""}, NumberPadding - {"@", "0"}, SignPadding - True];
u[x_, t ] :=ArcTan[x-t] Exp[-21t];
Manipulate[
Grid[{{Row[{"time ", NumberForm[time, {4, 2}1}1},
{
Quiete@Plot[u[x, time], {x, -100, 100},
PlotRange -» { {-100, 100}, {-1.6, 1.6} },
AxeslLabel » {Style["x", 12], Style["u", 14]},
BaseStyle - 12, PerformanceGoal -» "Quality",
ImageSize - 400,
PlotStyle - Red,
GridLines - Automatic, GridLinesStyle - LightGray

1}
]

s
{{time, 0.01, "time"}, 0.01, 1.8, .05},
TrackedSymbols :» {time}

Figure 2.8: Source code

2.1.5 Transport equation u; — 4u, + u =0 IC u(0,2) = 7. Peter
Olver textbook, 2.2.2 (d)

problem number 5

Added Sept 12, 2019.
Taken from Peter Olver textbook, Introduction to Partial differential equations.
Solve u; — 4u, +u = 0 with IC u(0,z) = 75

Mathematica v

ClearAll["Global "]; |
‘pde = Dlult, x], {t}] -4*D[ult, x], {x}+ult,x] == 0; |
ic = ul0,x]==1/(1+x"2); |
‘sol = AbsoluteTiming[TimeConstrained[DSolve[{pde,ic}, ult, x], {t, x}], 60*10]]; ‘

e—t
{{“(t’x) - 16t2+8ta:+a:2+1}}
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Maple e

‘restart;
‘pde := diff(u(t, x), t) -4*diff(ut, x),x) +u(t,x)=0;
ici=u(0,x)=1/(1+x72);

‘ cpu_time := timelimit(60%10,CodeTools[Usage] (assign('sol',pdsolve([pde,ic],u
et
t.x) =
“Uh?) = fep B+ 2 + 1
Hand solution
U —4duy, +u=0 (1)
1
0) =
u(,0) 14 z2
Solution
Let u = u(z(t),t). Then
du  Oudz n ou @)
dt Ozdt Ot

Comparing (1),(2) shows that

L
dt
dz
Y
dt
Solving (3) gives

d

Wt

u

Inju|=—-t+c¢

u = u(z(0))e*

Using the given initial conditions, this becomes

1 —t
U=——"-¢€
1+ z(0)
Now we just need to find z(0). From (4)
z = —4t + z(0)
z(0) =x + 4t

Substituting the above into (5) gives

u=—->
1+ (z +4¢t)

(5)

The above is the method I prefer to solve these problems. Here are some alternative ways

Alternative approach

Let & be the characteristic variable defined such that £ = x — ct. Where characteristic lines

are given by r = zy + ct. But ¢ = —4 in this problem. Hence characteristic lines are
T =x9— 4t

And
E=x+4t

|
¢t,x))) ,outr
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Then u; — 4u, are transformed to v(t,£) as was done in part (a) (will not be repeated) which

results in
Uy — 4u, = v
Substituting the above into (1) gives (where now v is used in place of u).
ov
= -0
i +v

This is now first order ODE since it only depends on t. Therefore v' + v = 0. This is linear
in v. Hence the solution is 4 (ve/ %) = 0 or ve! = F(£) where F is arbitrary function of &.

Hence
v(t,§) = e "F(§)

Converting to u(t, z) gives
u(t,z) = e "F(x + 4t) (2)

At u(0,z) = 115 the above becomes

1
=F
1+a3 (o)
From the above then (2) can be written as
—t
u(t,z) = ———
1+ (z+4t)

An alternative approach to solve transport PDE is by using Lagrange-charpit method

dt_ _di_—du

1 4 U
Integrating % = =% gives t = —1z 4+ C; or
1
Cz =t + Z.’E
Now either % = _Td“ or —sz = _Td“ can be integrated. The choice is not important. Integrating
& — _Td“ givest = —Inu+ C; or
Ci=t+Inu

But C, = F(Cs) always, where F is arbitrary function therefore

t+1Inu=F(Cy)
t+Inu= F(t—l— ix)
Inu = F(t+ im) —t
u = e e (t+i2) (1)
At u(0,z) = 75z the above becomes

1 F(ilz
m:e (4)

F@) =k <1+1x2)

Let z = %, then z = 42. The above becomes
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From the above then (1) can be written as

u(t,z) = e_teln <W>

—t
14 (4(t+1a))’
e—t
T 14 (4t + )
The following is an animation of the solution
time {7}
time ©

X
-15
Figure 2.9: snap shot
Source code used for the above
(*3Dx)
padIt2[v_, f List] := AccountingForm[v, f, NumberSigns » {"", ""}, NumberPadding -» {"@", "0"}, SignPadding - True];
Exp[-1]
ufx_, t ] :=

1+ (4t+x)?’
plotStyle = Automatic; («Directive[Orange,Specularity[White,20]] ;%)
Manipulate[
Grid [ {{Row[{"time ", NumberForm[time, {4, 2}]1}1},
{QuietePlot3D[u[x, t]1, {x, -7, 5}, {t, @, time},
PlotRange » {{-7, 5}, {0, 2}, {0, 2}},
AxesLabel » {Style["x", 12], Style["time", 12], Style["u", 14]},
BaseStyle » 12, PerformanceGoal -» "Quality",
ImageSize - 400, PlotPoints - 30, Mesh - None,
PlotStyle - plotStyle,
ViewPoint -» {1.996, 2.148, 1.6889}]}}
1
s
{{time, 0.01, "time"}, 0.01, 2, .1},
TrackedSymbols :» {time}

Figure 2.10: Source code 3D
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(%2D*)
Exp[-T
u[X_, t_] = L]z’
1+ (4t +x)
Manipulate[

Grid[{ {Row[{"time ", NumberForm[time, {4, 2}]1}1},
{
QuietePlot[u[x, time], {x, -15, 5},
PlotRange -» {All, {O, 1}},
AxesLabel - {Style["x", 12], Style["u", 14]},
BaseStyle » 12,
ImageSize - 400

1}
1

3
{{time, @, "time"}, 0, 3.5, .1},
TrackedSymbols :» {time}

Figure 2.11: Source code 2D

2.1.6 Transport equation u; + 2u, = sinz IC u(0,z) = sinz. Peter
Olver textbook, 2.2.5

problem number 6

Added Sept 12, 2019.
Taken from Peter Olver textbook, Introduction to Partial differential equations.
Solve u; + 2u, = sinz with IC «(0,z) = sinz.

Mathematica v

e B

ClearAl1l["Global *"];
‘ pde = D[ult, x], {t}] +2«D[ult, x], {x}]== Sin[x]; ‘
‘ ic = u[0,x]==Sin[x]; ‘
Lsol = AbsoluteTiming[TimeConstrained[DSolve[{pde,ic}, ult, x1, {t, x}], 60%10]]; J

{{u(t, z) = %(—2sin(2t — &) + cos(2t — z) — cos(x))}}

Maple v

‘restart; ‘

‘pde := diff(u(t, x), t) +2«diff(u(t, x),x) =sin(x);

‘ic:=u(0,x)=sin(x); ‘

cpu_time := timelimit(60*10,CodeTools[Usage](assign('sol',pdsolve([pde,ic],u¢t,x))),outp

\

_ cos (z) cos (2t — )

u(t,z) = 5

—sin (2t — ) +
Hand solution

Solve
U + 2u, = sinz (1)

With initial conditions u(z,0) =sinz.

Solution
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Let u = u(x(t) ,t). Then
du  Oudzr  Ou

& " ondt o @
Comparing (1),(2) shows that
du .
5 = Sin z(t) (3)
dz
=2 (4)
Solving (3) gives
/ du = / sin () dt (34)
From (4)
z = 2t + z(0)

Substituting the above into (3A) gives

/du-/sm (2t + z(0)) dt

— cos (2t + z(0))

u= 5 +C (3B)
At t = 0 the above becomes
sin (z(0)) = M +C
C = sin (z(0)) + w
Hence (3B) becomes
= €08 (2;-}— z(0)) + sin (2(0)) + cos (;(O))
But z(0) = x — 2t, therefore
w(z,t) = = cos (2t2—|— x — 2t) tsin (o — 2) + cos (x2— 2t)
_ = co2s (x) b sin (o — 2%) + cos (x2— 2t)

An alternative approach to solve transport PDE is by using Lagrange-charpit method

@_dm du

1 2 sin x
dlt_ & gives dt < — 2 or x = 2t + Cy. Hence

Ci=x—-2¢
And & = 4 gives % = 1sin . Integrating gives u = 3! cosz + C. Therefore
Co=u+ % cosx
But Cy = F(C}) where F is arbitrary function. Therefore

u+ %cosx = F(z — 2t)
u(t,z) = F(z — 2t) — %cosx (1)
When t = 0, (0, z) = sin z, therefore the above becomes
sinx = F(x) — 5 COST
1

F(z) =sinz + 5 COsT

1
F(z) =sinz + 5 Cos2
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Therefore the solution (1) can now be written as

1 1
u(t,z) = (sin (x —2t) + 5 cos (x — 2t)> — 5 cosT

1 1
= sin (z — 2t) + icos(x—2t) — 5 c08T

The following is an animation of the solution

time G- @

time 20.00

Out[«J=

Figure 2.12: snap shot

Source code used for the above

In[+]:= (%*3D=%)
padIt2[v_, f List] := AccountingForm[v, f, NumberSigns -» {"", ""}
NumberPadding » {"@", "0"}, SignPadding - True];
u[x_, t ] :=Sin[x-2t]+1/2Cos[x-2t] -1/2Cos[x];
plotStyle = Directive[Orange, Specularity [White, 20]];
Manipulate[
Grid[{{Row[{"time ", NumberForm[time, {4, 2}1}1},
{
Quiet@Plot3D[u[x, t], {x, -3, 3}, {t, @, time},
PlotRange » {{-3, 3}, {0, 20}, {-2, 2}},
AxesLabel -» {Style["x", 12], Style["time", 12], Style["u", 14]},
BaseStyle - 12, PerformanceGoal -» "Quality",
ImageSize - 400, PlotPoints - 30,
PlotStyle - plotStyle,
ViewPoint » {1.996, 2.148, 1.6889}]
1}
]
El
{{time, 0.01, "time"}, 0.01, 20, .1},
TrackedSymbols :» {time}

Figure 2.13: Source code 3D
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(%2D*)
ufx ,t ] :=Sin[x-2t] +1/2Cos[x-2t]-1/2Cos[x];
Manipulate[
Grid[{ {Row[{"time ", NumberForm[time, {4, 2}]1}1},
{
Quiete@Plot[u[x, time], {x, -15, 15},
PlotRange -» {All, {-1.6, 1.6}},
AxesLabel - {Style["x", 12], Style["u", 14]},
BaseStyle » 12,
ImageSize - 400

1}
1

3
{{time, @, "time"}, 0, 15, .05},
TrackedSymbols :» {time}

Figure 2.14: Source code 2D

2.1.7 Transport equation u; + zu, = 0 IC u(z,0) = m Peter

Olver textbook, page 27

problem number 7

Added Sept 12, 2019.

Taken from Peter Olver textbook, Introduction to Partial differential equations. Example
2.4, page 27.

Solve u; + H%uz = 0 with IC u(z,0) = m

Mathematica /

‘(ClearAll ["Global *"]; \‘
'pde = D[ulx,t],t] +1/(1+x"2)*D[ulx,t],x]== 0;

‘ ic = ulx,0]==1/(1+(3+x)"2); ‘
Lsol = AbsoluteTiming[TimeConstrained[DSolve[{pde,ic}, ulx,t], {x,t}], 60*10]]; J

u(z,t) —
{’/§x3§/\/(—3t+x3—|—3x)2—|—4—3t+w3+3z+3\?’/§x<’/\/(—3t+z3+3z)2+4—3t+x3—|
Maple/
‘restart;

‘pde := diff(u(x,t), t) +1/(1+x"2)*diff (u(x,t),x) =0;
Jici=u(x,0)=1/(1+(3+x)"2); |
‘ cpu_time := timelimit(60%10,CodeTools[Usage] (assign('sol',pdsolve([pde,ic] ,u¢x,t) )) ,outg

u(z,t) =

(23 + V&b — 623t + 62* + 9t — 18x¢ + 922 + 4 — 3¢ + 3z — 12) (42 + 12z — 12t + 4v/25 — 623t
Hand solution
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Solve
Uy +

mzo
:v2+1u

With initial conditiomns u(0,z) = ——— +(ml 3
Solution

Let u = u(x(t) ,t). Then
du  Oudzr  Ou

& = ava o @
Comparing (1),(2) shows that
du
prialt 3)
dz 1
== 4
dt  22+1 )

Solving (3) gives

u = u(z(0))
1

= )
1+ (z (0) +3)° ®)
We just need to find z(0) to finish the solution. From (4)
(x2 +1)ds =dt
73
3 +z=t+C (6)
Att=0 3
z(;)) +2(0)=C
Hence (6) becomes
z3 z(0)°
§+x—t— T—I—x(O)

This is Cubic in z(0). The solution is complicated and will not be given. All what is left is
to substitute this solution back in (5) and this is what the computer did above.

The following is an animation of the solution obtained from CAS. Animation agrees with
textbook screen shots.

time

()

time 21.39

Figure 2.15: snap shot
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Source code used for the above

23
ufx_, t.] i= [2(-3t‘3x‘x3~ 44 (3?—3)(—)(’)2) ’ )/

e 13

(2 2231827341822 x4 627253 + 627314+ (3t-3x-3)% ~12.2V3 (.st‘Bx‘ﬁ‘ 4.(3:.3x_x3)2) 23 th(_“d“x;‘ 4‘(3!_3)(_)(,)2) N

3 3 3
3 2"3x(—3ro3x‘x3¢'\ 4+(3r-3x-x3)2) 2 e (-3!~3x+x’r\/4‘(3\‘-3x-x3)2) ! ~2”3'\/A¢(3t-3x-x3)2 (-3r.3x.x3m h(gr.gx.x’)l) +
23
16(-3r+3x+x’m/h(3r_3x_x3)2) );
Manipulate[

Grid[{ {Row[{"time ", NumberForm[time, {4, 2}]}1},
{
Quiet@Plot [u[x, time], {x, -15, 12},
PlotRange » {All, {0, 1.1}},
AxesLabel - {Style["x", 12], Style["u", 14]},
BaseStyle - 12,
ImageSize - 400,
PlotPoints - 40,
GridLines - Automatic,
GridLinesStyle - LightGray,
PlotStyle - Red
1
1}
1

{{time, @, "time"}, @, 100, .01},

Trackedsymbols :» {time}
1

Figure 2.16: Source code

2.1.8 Transport equation u; — zu, = 0 IC u(z,0) = 5. Peter Olver
textbook, problem 2.2.17

problem number 8

Added Sept 12, 2019.

Taken from Peter Olver textbook, Introduction to Partial differential equations. problem
2.2.17

Solve uy — zu, = 0 with IC u(z,0) =

Mathematica v

e

ClearAll["Global *"];

'pde = Dlulx,t], t] -x*D[ulx,t], x]== 0;

‘ ic = ulx,0]==1/(1+x"2);

Lsol = AbsoluteTiming[TimeConstrained[DSolve[{pde,ic}, ulx,t], {x,t}], 60*10]];

{{u(z,t)—)ﬁ}}

~—

Maple v

‘restart; ‘

‘pde := diff(u(x,t), t) -x*diff(u(x,t),x) =0;

‘ic:=u(x,0)=1/(1+x‘2); ‘

‘cpu_time = timelimit(60*10,CodeTools[Usage](assign('sol',pdsolve([pde,ic],u¢x,t))),outp

(2,8) = 5
u(z,t) = ——
’ $2€2t _|_ 1
Hand solution

Solve the initial value problem
U —xuz; =0

With initial conditions u(0,z) = ﬁ
Solution

Let u = u(x(t) ,t). Then
du Oudx Ou @)

& ozdt ot
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Comparing (1),(2) shows that

Y 3)
L @
Solving (3) gives
u = u(a(0)
- e ®)

We just need to find z(0) to finish the solution. From (4)

Injz|=—-t+C
z=x(0)e?
z(0) = ze' (6)
Substituting (6) in (5) gives
u(e(t),0) = oo
1+ z2e%

The following is an animation of the solution

time {j

Figure 2.17: snap shot

Source code used for the above



CHAPTER 2. MISCELLANEOUS PDE’S 147

(%2D*)
Manipulate[
Grid [ { {Row[{"time ", NumberForm[time, {4, 2}]1}1},
{
QuietePlot [u[x, time], {x, -5, 5},
PlotRange » {All, {0, 1.1}},
AxesLabel -» {Style["x", 12], Style["u", 14]},
BaseStyle -» 12,
ImageSize - 400, PlotStyle - Red, GridLines - Automatic,
GridLinesStyle - LightGray

1}
1

3
{{time, 0, "time"}, 0, 5, .01},
TrackedSymbols :» {time}

Figure 2.18: Source code 2D

2.1.9 Transport equation u; + (1 — 2t)u, = 0 IC u(z,0) = rlxz Peter
Olver textbook, problem 2.2.29

problem number 9

Added Sept 15, 2019.

Taken from Peter Olver textbook, Introduction to Partial differential equations. problem

2.2.29
Solve u; + (1 — 2t)u, = 0 with IC u(z,0) =

_1
1422

Mathematica v

ClearAll["Global *"]; |
'pde = D[ulx,t], t] +(1-2%t)*D[ulx,t], x]== 0;

‘ ic = ulx,0]==1/(1+x"2); ‘
‘ sol = AbsoluteTiming[TimeConstrained[DSolve[{pde,ic}, ulx,t], {x,t}], 60*10]1]; J

1
£) -
{{Mx’) t4—2ﬁ+2ﬁx+¢%—%x+x2+1}}

Maple v

‘restart; ‘

‘pde := diff(ulx,t), t) +(1-2¥%t)*diff(u(x,t),x) =0;

ici=u(x,0)=1/(1+x72); |

‘cpu_time 1= timelimit(60*10,CodeTools[Usage](assign('sol',pdsolve([pde,ic],uﬁx,t))),outp

1
(-2 +t—2z)+1

u(z,t)

Hand solution

Solve
u+(1—2t)u, =0

1

with initial conditions u(0,z) = 13-
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Solution

Let u = u(z(t) ,t). Then
du  Oudr  Ou

& " osdt ot @
Comparing (1),(2) shows that
du
pri 0 (3)
dz
X - @)
Solving (3) gives
u = u(z(0))
1
= - 5
1+ (0)? (5)

We just need to find z(0) to finish the solution. From (4)
r=t—t*+C

Att=0
z(0)=C
Hence
r=t—1t>+z(0)
r(0) =z —t+¢t
Substituting this back into (5) gives

1
14 (z —t+12)°

u(z(t) ,t) =

The following is an animation of the solution

time [}
time 6.00

u

1.0

08F

06"

0.4¢

0.2r

X
-40 -30 -20 -10 0
Figure 2.19: snap shot

Source code used for the above
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(%2D%)
padIt2[v_, f_List] := AccountingForm[v, f, NumberSigns -» {"", ""},
NumberPadding -» {"@", "@"}, SignPadding - True];
1
ufx_, t ] iz —mm
1+ (x-t+1?)?
Manipulate[
Grid[{{Row[{"time ", NumberForm[time, {3, 2}]1}1},
{
Quiete@Plot[u[x, time], {x, -40, 5},
PlotRange -» {All, {0, 1.1}},
AxesLabel - {Style["x", 12], Style["u", 14]},
BaseStyle - 12,
ImageSize - 400, PlotStyle -» Red, GridLines - Automatic,
GridLinesStyle - LightGray,
PlotPoints - 40

1}
1
3
{{time, 0, "time"}, 0, 6, .01},
TrackedSymbols :» {time}

Figure 2.20: Source code 2D

2.1.10 Transport equation u; + —u, = 0 IC u(z,0) = e

problem number 10

Added Oct 8, 2019.
Exam problem. Math 5587, fall 2019. UMN
solve for u(z,t) the PDE w; + —i—u, = 0 IC u(z,0) = ¢* 122

244

Mathematica v

23412z

‘ ClearAll["Global *"];
‘Pde = D[ulx,t], t] +1/(x"2+4)*D[ulx,t], x]== 0;
‘ ic = ulx,0]==Exp[x~3+12*x];

‘ sol = AbsoluteTiming[TimeConstrained[DSolve[{pde,ic}, ulx,t], {x,t}], 60%10]]; J

{{u(w,t) N e—3t+x3+12x}}

Maple v

restart;
pde := diff(u(x,t), t) +1/(x"2+4)*diff (u(x,t),x) =0;
ic:=u(x,0)=exp(x~3+12%x) ;

sol:=simplify(expand(sol));

cpu_time := timelimit(60%10,CodeTools[Usage] (assign('sol',pdsolve([pde,ic],u

u(x,t) — ez3—3t+12z
Hand solution
Solve 1
U+ ——u, =0
(E3+12(U.

with initial conditions u(z,0) =€

Solution

X,t))) ,outp
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Let u = u(x(t) ,t). Then
du  Oudzr  Ou

& = ava o @
Comparing (1),(2) shows that
du
priall (3)
dz 1
dt — z2+4 )
Solving (3) gives
u = u(z(0))
_ ez(0)3+12z(0) (5)

We just need to find z(0) to finish the solution. From (4)

3

% Ydz=1t4C (6)
Att=0
3
%?+M@=c

Hence (6) becomes

3 3

T ar—1+ "9 | 40)

3 3

3 z?
z(0)" = 3(3 +4z —t— 4x(0))

= 23 + 12z — 3t — 12z(0)

Substituting this back into (5) gives

u(z(t),t) = exp (z° + 12z — 3t — 122(0) + 122(0))

_ ez3+12z—3t

The following is an animation of the solution

i M
time U
time 2.25
u
10¢
8,
6,
4,
2,
‘ |
-1.0 -05 05 1.0 15 2.0
=2
Figure 2.21: snap shot
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Source code used for the above
(#2D%)
padIt2[v_, f List] := AccountingForm[v, f, NumberSigns -» {"", ""},
NumberPadding -» {"@", "0"}, SignPadding - True];
ulx_, t_] := Exp[x® +12x -3 t];
Manipulate[
Grid[ {{Row[{"time ", NumberForm[time, {3, 2}1}1},
{
Quiet@Plot [u[x, time], {x, -1, 2},
PlotRange - {{-1, 2}, {-2, 10}},
AxesLabel -» {Style["x", 12], Style["u", 14]},
BaseStyle - 12,
ImageSize - 400, PlotStyle -» Red, GridLines - Automatic,
GridLinesStyle - LightGray,
PlotPoints - 40
1
1}
1
{{time, @, "time"}, 0, 10, .01},
TrackedSymbols :» {time}
1
Figure 2.22: Source code 2D
2.1.11 3u; +du, =7
problem number 11
Taken from Mathematica help pages
Solve for u(z,y)
3uz +Suy =
Mathematica v
|ClearAll["Global *"]; |
‘ sol = AbsoluteTiming[TimeConstrained[DSolve[3*D[u[x, y], x] + 5*D[ulx, yl, y] == # ulx, yl, €

Maple v

[ ~+(o-3))

‘restart;

‘ interface (showassumed=0) ;
‘pde :=3xdiff(u(x, y), x) + 5xdiff(ulx, y), y) = x;

‘ cpu_time := timelimit(60%10,CodeTools[Usage] (assign('sol',pdsolve(pde,u(x,y) #) ,output="xr

Hand solution

Solve

Solution

u(z,y) = % + fi (_S?x +y)

3ug +duy =
U +§u =7
33

1)
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Let u = u(y(x),z). Then
du  Oudy  Ou

iz~ oyds tos @
Comparing (1),(2) shows that

du _
dr
dy _

I (4)

wWlotw| 8

Solving (3) gives

From (4)
5
y=§w+C’2
5
Csz—gx

Let Cy = F(C;) where F is arbutrary function. This gives

x? 5
_r (=2
u—"g (y 3x)

2.1.12 zu, + yu, = —4zyu and u(z,0) =e*

problem number 12

Taken from Mathematica help pages

Solve for u(z,y)
Tuy + Yu, = —4ryu

2

with initial value u(z,0) = e~

Mathematica \/

ClearAll["Global *"]; |
xxD[ulx, yl, y]l + y*D[ulx, yl, x] == -4xxxyxulx, yl; ‘

‘pde =

‘ic = ulx, 0] == Exp[-x~2];

‘sol = AbsoluteTiming[TimeConstrained[DSolve[{pde, ic}, ulx, yl, {x, y}], 60%10]];
{{u(w, y) — e_zz_yQ}}

Maple v

‘restart; ‘

‘pde := xxdiff (u(x, y), y) + yxdiff(u(x, y), x) = -d*xx*xy*xu(x, y); ‘

\ic := u(x, 0) = exp(-x72); ‘

‘ cpu_time := timelimit(60%10,CodeTools[Usage] (assign('sol',pdsolve([pde, ic], u(x, y))),c

u(z,y) =e oY

Hand solution
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Solve

Tuy + Yu, = —4ryu
with u(z,0) = e .
Solution

Let u = u(z(y) ,y). We've taken y as the independent variable for z(y) here, since the initial
conditions has y(0) in it. The PDE can be written as

Uy + %uz = —4dyu (1)
Then
d_u — %d_z + @ (2)
dy Oxdy Oy
Comparing (1),(2) shows that
du
224
2 yu 3)
der vy
= =2 4
&z (4)

Solving (3) gives

42
ln|u|=—%+C’1

U= C’le_2y2 (5)
At y = 0, using initial conditions the above becomes
6—z(0)2 — Cl

(5) becomes
u=e "0 e~

— o 2(0?-2 (5A)
All what is left is to find z(0) to finish the solution. From (4)
Y% 40, (6)

Aty=0

Hence (6) becomes

Substituting the above in (5A) gives

u(a(y) ) = &)

The following is a plot of the above solution showing the initial conditions are red line
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Figure 2.23: Solution e~*"~¥*

ulx_,y_1 := Exp[-x"2-y"2];
initialCurve = ParametricPlot3D[{x, @, Exp[-x"2]}, {X, -2, 2},
PlotStyle -> Red] ;
solution = Plot3D[u[x, y1, {X, -2, 2}, {y, -2, 2},
ColorFunction -> "TemperatureMap"];
Graphics3D[ {
Firstesolution,
FirsteinitialCurve,
Arrow[{{®, 0, 0}, {2.6, 0, 0}}],
Arrow[{{0, 0, 0}, {0, 2.8, 0}}],
Text["x", {2.7, @, 0}, {-1, @}],
Text["y", {0, 2.9, 0}, {-1, 0}]
}, SphericalRegion -> True,
Boxed - False, BaseStyle » 12,
ImageSize - 300, PlotRange - All]

Figure 2.24: Code used for the plot

2.1.13 wu; + u, =0 and u(z,0) =sinz and u(0,t) =0

problem number 13

Taken from Mathematica help pages

Solve for u(z,t)

U +uy, =0

with initial value u(z,0) = sinz and boundary value u(0,¢) =0

Mathematica /

ClearAll["Global *"];

pde = D[ulx, t], t] + D[ulx, t], x] == 0;

bc = ul0, t] == 0;

ic = ul[x, 0] == Sin[x];

sol = AbsoluteTiming[TimeConstrained[DSolve[{pde, ic, bc}, ulx, t], {x, t}], 60*1
{ule,t) = (6t~ 2) — 1)sin(t — 2)})

Maple v

restart;

pde := diff(u(x,t),t)+diff (u(x,t),x)=0;

bc := u(0,t)=0;

ic := u(x,0)=sin(x);

cpu_time := timelimit(60%*10,CodeTools[Usage] (assign('sol',pdsolve([pde,ic,bc]

u(z,t) = —sin (t — z) Heaviside (—t + )

011 ;

,ulx,t)) as
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Hand solution

Since initial and boundary conditions are given, the Laplace transform method will be used to
solve this PDE. Let U(z, s) be the Laplace transform of u(z,t). Applying Laplace transform

to the PDE gives

sU—u(w,O)%—ﬁ:O

dz
ﬂ +sU =sinzx
dx

Integrating factor is u = e/ %% = 52, Multiplying the above by p gives

%(Ue“) =e*sinz

Integrating

Ue** = /es“’ sin zdx + C

_ e**(ssinz — cos )

14 52 +C
Ulz,s) = ss1n1a:+—s(2:osx 4 Ce

Applying boundary conditions U(0, s) = 0 gives
-1

Hence

ssinx —cosx e
1+ s2 +1+s2

__ ssinz cosx e %

T 1482 1482 + 1+ s2

Uz,s) =

Applying inverse Laplace transform gives

u(z,t) = costsinz — coszsint + Heaviside (¢ — z) sin (¢ — x)
= —sin (t — z) + Heaviside (t — z) sin (¢ — z)
= (Heaviside (t — z) — 1) sin (t — )

2.1.14 1w + cu, = 0 and u(z,0) = e

problem number 14

Taken from Mathematica help pages

Solve for u(z,t)
U+ cug, =0

2

With initial conditions u(z,0) = e~

Mathematica v

‘ ClearAll["Global *"];

‘ic = ulx, 0] == Exp[-x~2];
‘pde = Dlulx, t], {t}] + c*D[ulx, t], {x}] == 0;
‘sol = AbsoluteTiming[TimeConstrained[DSolve[{pde, ic}, ulx, t], {x, t}], 60%*10]]

|
|
|
]

{ {u(x, t) — e~ } }
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Maple e

restart;

interface (showassumed=0) ;

pde := diff(u(x, t), t) + c* diff(u(x, t),x) =0;
ic := u(x,0)=exp(-x"2);

cpu_time := timelimit(60%10,CodeTools[Usage] (assign('sol',pdsolve([pde,ic],u(x,t))),outp

w(z,t) = e ()"
Hand solution

Solve

U +cuy, =0 (1)
with initial conditions u(z,0) = ™",
Solution

Let u = u(z(t) ,t). Then
du  Oudr  Ou

& ~ocdt ot @
Comparing (1),(2) shows that
du
= (3)
dz
prialc (4)
Solving (3) gives
u = u(z(0))
= ¢~ (5)
We need to find z(0). From (4)
z = ct + z(0)
z(0)=z—ct

Then (5) becomes
w(z(t),t) = e~ @)’

2.1.15 (Haberman 12.2.2) w; — 3w, = 0 and w(z,0) = cosz

problem number 15

Added Nov 25, 2018.

Problem 12.2.2 from Richard Haberman applied partial differential equations book, 5th
edition

Solve for u(z,t)
Wy — 3ww =0

With initial conditions w(z,0) = cosz.

See my HW 12, Math 322, UW Madison.
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Mathematica v

p
‘ ClearAll["Global™ *"];

‘pde = D[w[x, t], t] - 3*D[wlx, t], x] == 0; ‘

‘ic = w[x, 0] == Cos[x]; ‘

Lsol = AbsoluteTiming[TimeConstrained[DSolve[{pde, ic}, wlx, t], {x, t}], 60*10]];J
{{w(z,t) = cos(3t + z)}}

Maple v

‘restart; W

‘pde := diff (w(x,t),t)-3*diff (w(x,t),x)=0;

‘ic:=w(x,0)=cos(x); ‘

chu_time = timelimit(60*10,CodeTools[Usage](assign('sol',pdsolve([pde,ic],wﬁx,t))),outp

w(z,t) = cos (z + 3t)
Hand solution

Solve
w; — 3w, =0 (1)

With I.C. w(z,0) = cosz
Solution

Let w = w(z(t),t). Then
dw _Owdz Ow

a " owdt T ot @
Comparing (1),(2) shows that
dw
o =0 3)
dz
pri -3 (4)
Solving (3) gives
w = w(z(0))
= cos (z(0)) (5)
We need to find z(0). From (4)
z = =3t + z(0)
z(0) =z + 3t

Hence (5) becomes

w(z(t) ,t) = cos (z + 3t)
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2.1.16 (Haberman 12.2.4) w; + cw, =0 and w(z,0) = f(z) and
w(0,t) = h(t)

problem number 16

Added Nov 25, 2018.

Problem 12.2.4 from Richard Haberman applied partial differential equations book, 5th
edition

Solve for u(z,t)
w+cw, =0

With ¢ > 0. For z > 0,¢ > 0 if w(z,0) = f(z) and w(0,t) = h(?).
See my HW 12, Math 322, UW Madison.
Mathematica X

N

ClearAll["Global *"];
pde = Dlw[x, t], t] + cxD[wlx, t], x] == 0;
ic =wlx, 0] == £[x];
bc = w[0, t] == h[t];

sol = AbsoluteTiming[TimeConstrained[DSolve[{pde, ic, bc}, wlx, t], {x, t}, Assum#tions -> c .

Failed
Maple e

restart;

pde := diff(w(x,t),t)+c*xdiff(w(x,t),x)=0;

ic:=w(x,0)=f(x);

bc:=w(0,t)=h(t);

cpu_time := timelimit(60%*10,CodeTools[Usage] (assign('sol',pdsolve([pde,ic,bc]

,wilx,t)) as

Heaviside (¢ — 2) h(t — £) c— L7 (e_% [P f(_a)e*="d_a, s,t> + L7 e™% [ f(z)e* dz,s,t)

t) =
w(z 1) -
Solution contains unresolved invlaplace calls
Hand solution
ow ow
Let
w = w(z(t),t)
Hence

d_w = 8_w + a_wd_x (2)
dt ot Ox dt
Comparing given (1) and (2), we see that if we let 2 = ¢ in (2), then we obtain (1). Hence
we conclude that 22 = 0. Therefore, w(z(t), ) is constant. At ¢t = 0, we are given that

w(z(t),t) = f(2(0))  t=0 3)

We just now need to determine z(0). This is found from ‘;—f = ¢, which has the solution

z(t) = z(0) + ct . Hence z(0) = z(t) — ct. Therefore (3) becomes

w(z,t) = f(x — ct)



CHAPTER 2. MISCELLANEOUS PDE’S 159

This is valid for x > ct. We now start all over again, and look at Let
w = w(z,t(z))

Hence
dw . ow Ow dt

w0 T otas (4)

Comparing (4) and (1), we see that if we let &£ = 1 in (4), then we obtain (1). Hence we
conclude that %2 = 0. Therefore, w(z, t(z)) is constant. At z = 0, we are given that

w(z,t(z)) = h(t(0)) z=0 (5)

We just now need to determine ¢(0). This is found from g—fc = 1, which has the solution

t(z) = t(0) + Lz . Hence ¢(0) = t(x) — 1z. Therefore (5) becomes

w(z, ) = h<t _ %m)

Valid for ¢ > £ or x < ct. Therefore, the solution is

| flx—ct) zx>ct
w(z,t) = { h(t—1z) z<ct

2.1.17 (Haberman 12.2.5 (a)) w; + cw, = €*® and w(z,0) = f(z)

problem number 17

Added Nov 25, 2018.

Problem 12.2.5 (a) from Richard Haberman applied partial differential equations book, 5th
edition

Solve for u(z,t)
wi + cw, = e

With w(z,0) = f(z).
See my HW 12, Math 322, UW Madison.
Mathematica v

ClearAll["Global *"];

‘pde = D[w[x, t], t] + c*D[wlx, t], x] == Exp[2*x];
‘ic = wlx, 0] == f[x];
‘sol = AbsoluteTiming[TimeConstrained[Simplify[DSolve[{pde, ic}, wlx, t], {x, t},
2z 1— —2ct
{{w(x,t) = flx —ct) + M}}
2c
Maple v
‘restart;

‘pde := diff(w(x,t),t)+cxdiff (w(x,t),x)=exp(2*x) ;
‘ ic:=w(x,0)=f(x);
‘ cpu_time := timelimit(60%*10,CodeTools[Usage] (assign('sol',pdsolve([pde,ic],w

2f(—Ct + x) c— e—2ct+2x + e2x

w(z,t) = 5

Hand solution

|
|
|
j\ssumptions :

|
¢x,t)) assun
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Using the method of characteristics, the systems of characteristic lines are (from the PDE
itself)

dt

ds = 1 (1)
dz

E =2C (2)
du on

25 € (3)

With initial conditions at s = 0

And u(z,0) = f(x) becomes

t3 = f(t2),t1 =0 (4)
Equation (1) gives
t=s+1t
= (5)
Equation (2) gives
T =cs+1t (6)
From (5,6) solving for ¢, gives
to=x—cs
=x—ct (7)
Equation (3) gives
du = e**ds

— e2(cs+t2)ds
Integrating eotty
e2(cs+t2

2c
Using (7,4,5) in the above gives the solution

u = +t3

p2(ct+(z—ct))
2c

1
= 2—062”” + f(z —ct)

u(z,t) = + f(x —ct)

My solution is not the same as CAS, but it was verified OK using Maple pdetest.

2.1.18 (Haberman 12.2.5 (d)) w; + 3tw, = w(z,t) and w(z,0) = f(z)

problem number 18

Added Nov 25, 2018.

Problem 12.2.5 (d) from Richard Haberman applied partial differential equations book, 5th
edition

Solve for u(z, t)

wy + 3tw, = w(z, t)
with w(z,0) = f(z).
See my HW 12, Math 322, UW Madison.
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Mathematica v~
|ClearAll["Global *"]; |
‘pde = Dwlx, t], t] + 3xt*D[wlx, t], x] == wlx, t]; |
\ic = wlx, 0] == f[x]; ‘
Lsol = AbsoluteTiming[TimeConstrained[Simplify[DSolve[{pde, ic}, wlx, t]l, {x, t}]]} 60*10]] ;
3t2
{w(x, t) — e Ve (x - 7) }
3t2

{w(x, t) — Ve f <x - 7) }
Maple v
‘restart; |

‘pde i= diff(w(x,t),t)+3xtxdiff (w(x,t) ,x)=w(x,t);
‘ic:=w(x,0)=f(X);

‘ cpu_time := timelimit(60%10,CodeTools[Usage] (assign('sol',pdsolve([pde,ic],w

¢x,t))) ,outp

w(z,t) = f(—?%52 —l—a:) e

Hand solution

Solve 5 5
w w

With initial conditions w(z,0) = f(z)
Solution

Let w = w(z(t) ,t) then
dw _Owdz Ow

& " owdt ot
Comparing (1,2) shows that

dt

dz

¥

dt
Solving (3) gives

w = Cé

t

1)

(2)

3)
(4)

From initial conditions at ¢ = 0, the above becomes f(z(0)) = C. Hence the above becomes

w(z,t) = f((0)) ¢’
From (4)

T = —t*+ z(0)

z(0) =z — —t*

(5)
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Substituting the above in (5) gives

Alternative solution

Using the method of characteristics, the systems of characteristic lines are (from the PDE
itself)

dt
% 1
o (1)
dz
bl 2
7 = ot (2)
dw
v (3)

With initial conditions at s =0
t(O) = t1,$(0) = t2, ’LU(O) = t3

And w(z,0) = f(x) becomes

ts = f(t2),t1=0 4)
Equation (1) gives
t=s+ tl
= (5)
Equation (2) gives, after replacing ¢ by s from (5)
dx
E = 3s
39
r= =8+ tz (6)
2
Solving for t, gives 3
to=1x— 582 (7)

Equation (3) gives

Inw=s+1t3
w = tze’

= f(t2) €°

Using (7,5) in the above gives the solution

w(z,t) = f(:v - gt2> el

2.1.19 2u, + 5uy = vi(z,y) + 1

problem number 19

Taken from Mathematica help pages
General solution for a quasilinear first-order PDE

Solve for u(z,y)
2u, + 5u, = u?(z,y) + 1
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Mathematica v

p N
|ClearAll["Global *"]; |
'pde = 2#D[ulx, yl, x] + 5*D[ulx, yl, yl == ulx, y1°2 + 1; |
‘sol = AbsoluteTiming[TimeConstrained[Simplify[DSolve[pde, ulx, yl, {x, y}1], 60*14)]];

(EEEEE

Maple v

‘restart;
‘interface(showassumed=0);
‘pde := 2% diff(u(x, y), x) + 5xdiff(u(x, y), y) = u(x, y)°2 + 1;

‘cpu_time := timelimit (60%*10,CodeTools [Usage] (assign('sol’',pdsolve(pde, u(x, *))),output=

\‘

u(z,y) = tan =Ll s 2
7y - 2 2

Hand solution

Solve for u(z,y) in 2u, +5u, = u®+ 1. Using the Lagrange-charpit method, the characteristic

equations are
dr dy  du

2 5 wu?+1
From the first pair of equation we obtain

5dx = 2dy
br =2y + C4
Cy=5x—2y
Now we can pick the pair d—5y = u;ﬁl or d—; = ug_“H to solve for u. It does not matter which.
Using
dr  du
2 w2+l

Integrating gives
1
o = arctan (u) + Cy
1
Cy = §x — arctan (u)
C; and Cs are always related by Cy = F(C}) where F is arbitrary function. Hence
1
5%~ arctan (u) = F(5z — 2y)

1
arctan (u) = 3%~ F(5z — 2y)

u(z,y) = tan (%x (52— 2y)>
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2.1.20 Clairaut equation zu, + yu, + 3((us)? + (uy)?) =0

problem number 20

Taken from Mathematica Symbolic PDE document
nonlinear first-order PDE, the Clairaut equation
Solve for u(z,y)

1
Tug; + Yuy + 5((%)2 + (uy)?) =0

Mathematica \/

N

ClearA11["Global *"]; |
‘pde = ulx, y] == x#D[ulx, yl, {x}] + y*D[ulx, yl, {y}] + (1/2)*(D[ulx, yl, {x}]1"2 +' Dlulx, yl,
sol = AbsoluteTiming[TimeConstrained[Simplify[DSolve[pde, ulx, yl, {x, y}1], 60*1@]] ;

N\ J

{{u(x, Y) = 1z + ey + %(012 + %) }}

Maple v

e B
restart;

‘ interface(showassumed=0) ; ‘
‘pde 1= xxdiff (u(x, y), x) + y*xdiff(ulx, y),y) + 1/2 * ( diff(u(x, y), x)~2 +‘diff(u(x, y
cpu_time := timelimit(60%10,CodeTools[Usage] (assign('sol',pdsolve(pde,u(x,y) 4 'build')),c

N\ J

2 /12 +2 ¢ 2 WP —2 ¢
u(z,y) = _3_#_1—_01 In (.’IJ +vVx2+ 2_c1>+cl—%_%+_cl In <y+ 2 —2 ¢

Hand solution

Assuming the solution is u(z,y) = X(x) + Y (y). Substituting this into the PDE gives

1
zX' +yY' + 3 ((X’)2 + (Y’)2> =0
1 1
5(X')2 +zX' = —5(1/’)2 —yY’

The above is possible when each side is equal to same constant, say C;. This gives two ODE’s

1
5(X')2 +zX' =C (1)
1 !/ !/

SV +yY' =~ 2)

ODE (1) becomes
(X" +2zX' —2C; =0
— 1
X' = b + 2—a\/b2 — dac

2a
—2r 1

I—.'E:IZ\/CC2+201

For the case X' = —x + +/x2 + 2C1, the solution is

X(z) = /—x—i— V&t +2Cidx + Cy
2 z/z22+2C

— vy - - 2
=T+ 5 +C’lln<x+ z+201>+02
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For the case X' = —x — v/x2 + 2C}, the solution is

X(z) = /—x— V&t +2Cidx + Cy

2 2 2
:_%_f”—\/m;cl_clln<x+ x2—|—201>+02

Combining the above two solutions to one gives

2 /2
X(x):—%i%%icﬂn (24 V22 +201) + G (3)

ODE (2) becomes
(Y")? +2yY" + 20, = 0
Y = 2a m
— _72?/ + 5@
=—y+12 -2,

For the case Y’ = —y + v/x? — 2C, the solution is

Y(y) = /—y +Vy? = 2C1dy + C;

—y? 2 _
= L WY EE oo (y+ VP 20)) 4+ Gy

For the case Y’/ = —y — v/y? — 2C1, the solution is

Y(y) = / — VY2 +2Cdy + Cy
2

N
——5—%2q+011n(y+ \/3/2—201)4—03

Combining the above two solutions to one gives

V2 = 2C
vie)=-L 220 s oo (y+ V42— 261 ) + Gy (4)

From (3,4) the final solution is

u(z,y) = X(z) +Y(2)

2 2
:<_%ix_w2+201iclln<x+ P¥30,) + G, ( W20 4 oo (v +

:—?:l: \/z2+201:tClln(w+ x2+201>——:|:g\/ 20, + Clln<y+\/y2—201>+

Where Cy = Cy + Cs.

2.1.21 Clairaut equation. zu, + yu, + 5((us)? + (uy)?) = 0 with
u(,0) = 3(1 - 2?)

problem number 21

Taken from Mathematica Symbolic PDE document
Clairaut equation with initial value
Solve for u(z,y)
ot + gy + 3 () + (1)) = 0
With u(z,0) = (1 — z?)
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Mathematica v

N

‘{ClearAll ["Global *"]; ‘
\pde = ulx, y] == xxD[ulx, yl, {x}] + y*D[ulx, yl, {y}] + (1/2)*(D[ulx, yl, {x}]“2\+ D[ulx, y]
‘ic = ulx, 0] == (1*x(1 - x72))/2; ‘

Lsol = AbsoluteTiming[TimeConstrained[DSolve[{pde, ic}, ulx, yl, {x, y}], 60*10]];J
(0,9) = -5 +y+ -
u(z —— =
Maple v
restart;

interface(showassumed=0) ;
pde := x*diff(u(x, y), x) + yxdiff(u(x, y),y) + 1/2 * ( diff(u(x, y), x)72 + diff(u(x, y
ic := u(x,0)=1/2%(1-x72);
cpu_time := timelimit(60%10,CodeTools[Usage] (assign('sol',pdsolve([pde,ic],u(x,y))),outp

(z—y+D(x-y-1)
2
(z+y+)(z+y—1)
2

U(.’I;’,y) = -

u(x7y) =

2.1.22 Clairaut equation. u = zu; + yu, + sin(u; + uy)
problem number 22
Taken from Mathematica DSolve help pages

Another example of nonlinear Clairaut equation

Solve for u(z,y)
U = TUg + Yu, + sin(u, + uy)

Mathematica v

ClearAll["Global x"]; |
'pde = ulx, y] == x*D[ulx, y], x] + y*D[ulx, yl, y] + Sin[D[ulx, y], x] + Dlulx, yl, yI1;
‘sol = AbsoluteTiming[TimeConstrained[DSolve[pde, ulx, yl, {x, y}], 60*10]1]; J

{H{u(z,y) = a1z + coy +sin(cr + ) }}

Maple v

e A
restart;

‘ pde := u(x,y)= xxdiff (u(x,y),x)+y*diff (u(x,y),y)+sin(diff (u(x,y) ,x)+diff (u(ny) ,¥))
‘ cpu_time := timelimit(60%*10,CodeTools[Usage] (assign('sol',pdsolve(pde,u(x,y) i) ,output="xr

w(z,y) =2_c+y_cy+sin(_c; +_c)



CHAPTER 2. MISCELLANEOUS PDE’S 167

2.1.23 Recover a function from its gradient vector

problem number 23

Taken from Mathematica DSolve help pages
Solve for f(z,y)

of _ :

o — Y cos(zy) + sin(zy)
8f Y 2

3y e ¥ + x° cos(zy)

Mathematica v

‘ ClearAll["Global *"]; ‘
‘eql = D[f[x, y], x] == x*y*Cos[x*y] + Sin[x*y]; ‘
‘ eq2 = D[f[x, yl, y] == -E~(-y) + x"2%Cos [x*y]; ‘
‘ sol = AbsoluteTiming[TimeConstrained[DSolve[{eql, eq2}, f[x, yl, {x, y}], 60%10] ]J;

{{f(z,y) > zsin(zy) +e ¥ + a1 }}

Maple v

e A
restart;

‘ eql:=diff (f(x,y) ,x)=x*y*cos(x*y)+sin(x*y) ; ‘
‘ eq2:=diff (f(x,y),y)=—exp(-y)+x~2*xcos (x*y) ; ‘
‘ cpu_time := timelimit(60%10,CodeTools[Usage] (assign('sol',pdsolve({eql,eq2} ,ﬁ(x,y) )) ,out

{f(z,y) =zsin(zy) +e ¥+ 1}

2.1.24 zf,— f, = %f?

problem number 24

Taken from Maple pdsolve help pages
General solution of a first order nonlinear PDE

Solve for f(z,y)

_ g 9@)
!

Mathematica /

‘ ClearAll["Global *"]; ‘

‘pde = x*D[f[x, y1, yl - DIf[x, yl, x] == (£[x, y1~2*glx]1)/hlyl;
Lsol = AbsoluteTiming[TimeConstrained[DSolve[pde, f[x, yl, {x, y}], 60*10]]; J
1
f(:l"ay) i T g(K[1])
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Maple e

‘restart; ‘
‘pde := xxdiff (f(x,y),y)-diff (£f(x,y) ,x)=f(x,y) "2*g(x) /h(y);
‘cpu_time 1= timelimit(60*10,CodeTools[Usage](assign('sol',pdsolve(pde,f(x,y)j),output='r

1
ot A (5 )

——+5ty

f(z,y) =

Hand solution

Solve for f(z,y) inzf, — fo = Z_ f2. Using the Lagrange-charpit method, the characteristic

equations are
dy —dz  df
9(z) 2
N

dy = —xdz
2
x
y__E'i‘Cl
2
x
C’1=y+5 (1)

Using —dz = %‘%% as choice of the second pair of equations. Hence 7§ = Z((Z; dz. But from

Hy=0C — %, therefore

a g2
2 The-5)"

Integrating gives

But Cy = F(C;) where F is arbitrary function. Therefore

5k wt=r)
er(bere ) - [l
= e o)

fe 1
i e ayds = F (3 2y +47)

But C; = (2y + z?) and the above becomes

1

f(w,y) fo st_ (%(2y+x2))
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2.1.25 f.+ (f,)? = f(z,y,2) + 2

problem number 25

Taken from Maple pdsolve help pages, probem 5
Nonlinear first order PDE

Solve for f(z,y, z)
fot (£)" = f(zy,2) + 2

Mathematica /

)
| ClearAll["Global *"];

\‘

‘pde = DIf[x, y, z], x] + DIflx, y, 2, y12 == £[x, y, z] + z;
‘sol = AbsoluteTiming[TimeConstrained[DSolve[pde, f[x, y, z], {x, y, z}], 60%10]];
£ ) > 1 (e2(2)*W exp ((w_l)clggcz(z)w) - exp ((z—l)clc(fg:-)CZ(z)+y)
e 4|\ B ci(z — _
' Yy 4 1 Cl(Z) 1 Cl(z)
Maple v
‘restart; ‘

‘pde := diff(£(x,y,2),x) + (diff(f(x,y,2),y))"2 = £(x,y,2)+z; ‘
chu_time := timelimit (60%*10,CodeTools [Usage] (assign('sol’',pdsolve (pde,f(x,y,%) , 'build'))

—e¥c2 — c5((c3y + caz + ¢1) €° + ¢52)
)
Cs

f(x7 y7 z) =

2.1.26 zu, + yu, = v (Example 3.5.1 in Lokenath Debnath)

problem number 26

Added June 2, 2019.
From example 3.5.1, page 210 nonlinear pde’s by Lokenath Debnath, 3rd edition.

Solve for u(z,y)

TUy + YUy = U

Mathematica \/

ClearAll["Global *"];
x*D[ulx, yl, x] + y*D[ulx, yl, y] ==ulx, yl;
sol = AbsoluteTiming[TimeConstrained[DSolve[pde, ulx, yl, {x, y}], 60%*101]1;

N J

L) = za ()1}

‘ pde
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Maple e

‘restart;
‘pde r=x*diff (u(x,y),x)+y*diff (u(x,y),y)=u(x,y);

N

cpu_time := timelimit(60%10,CodeTools[Usage] (assign('sol',pdsolve(pde,u(x,y)

|
|
1) ,output="x

u(z,y) = f1<g) z

Hand solution

Solve
TUy + YUy = U

Using the Lagrange-charpit method

do_dy _du
r Yy u
The first pair of equations gives
z=Cy
And df = %” gives
z = Chu
Since C; = G(C}) then £ = G(%) or u= zG_l(g). Let G~! = F. Then the solution

u(z,y) = xFG)

2.1.27 zu; + yuy = nu Example 3.5.2 in Lokenath Debnath

problem number 27

Added June 2, 2019.
From example 3.5.2, page 211 nonlinear pde’s by Lokenath Debnath, 3rd edition.
Solve for u(z,y)

TUy + YUy = NU

Mathematica v

ClearAl1["Global *"];
‘pde = X*D[u[x’ Y] ) X] + y*D[u[X, y] N y] ==n*u[x’ y] :
‘ sol = AbsoluteTiming[TimeConstrained[DSolve[pde, ulx, yl, {x, y}], 60%*10]];

L) = o ()}

Maple v

‘restart;
‘pde r=x*diff (u(x,y),x)+y*diff (u(x,y),y)=n*u(x,y);

‘ cpu_time := timelimit(60%10,CodeTools[Usage] (assign('sol',pdsolve(pde,u(x,y) 1) ,output="x

u,y) = (%)

Hand solution




N\

-

‘ pde :=x"2xdiff (u(x,y),x)+y"2*diff (u(x,y),y)=(x+y)*u(x,y);
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Solve
TUgy + YUy = NU

Using the Lagrange-charpit method

dr dy du
r oy nu
The first pair of equations gives
z=Cy

And d;”” = Z—Z gives

Inz = 1lnuﬁ-C'Q
n

1
z = Cyun

" = Cgu

z
Y

u(z,y) = anG)

Since C3 = G(C}) then £~ = G(%) or u = x”G_l( ) Let G = F. Then the solution

2.1.28 z%u; + y?u, = (z + y)u Example 3.5.3 in Lokenath Debnath

problem number 28

Added June 2, 2019.

From example 3.5.3, page 211 nonlinear pde’s by Lokenath Debnath, 3rd edition.

Solve for u(z,y)

z2u, + yzuy =(z+y)u

Mathematica \/

ClearAll["Global *"];

pde = x"2#D[ulx, yl, x] + y"2+D[ulx, yl, y] ==(x+y)*ulx, yl;
sol = AbsoluteTiming[TimeConstrained[DSolve([pde, ulx, yl, {x, y}], 60%10]]1;

{{u(w,y) > ayer (i -

Maple v

1

)

restart;

chu_time := timelimit (60%10,CodeTools [Usage] (assign('sol',pdsolve(pde,u(x,y)

u(z,y) =f1(‘y+””) 2y

|
)

Yz
Hand solution

Solve

?uy +y?u, = (T +y)u

Using the Lagrange-charpit method
dr dy du

22 2 (z+y)u

) ,output="r
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The first pair of equations gives

1 1
.=y + Cy (1)
And & = (a:-cll-Z)u gives
(z ;; Y) g — %
But from (1) i =14+Cor le = % or y = 1., Lherefore the above becomes

T+
< 1;— Cl)d.’l) _ d_u
x u
(z(1+zCh) + ) du
r=—
z? (14 2Ch) u
2x+$201d . d_u

——adx =
22 + 230 U

2+ zC} dr — du
z+ 220, wu
2lnz —In(1+ Ciz) =lnu+ Cy
m—"  —lutC
nl—I—C’lx =Ihnu+ Cy
2
z
=C
1+ Gz
But C; = % — 1 hence the above becomes
2
7 :Cz’u
1+ (%—%)x
2
i :Cz’u,
1+ (“’y;z)x
2
ye —CQ’U,
y+(z—y)
yzr = Cou

Let G'=F

Where F is arbitrary function.

2.1.29 (y— 2)uy + (2 — z)uy + (z — y)u, = 0 (Example 3.5.4 in
Lokenath Debnath)

problem number 29

From example 3.5.4, page 212 nonlinear pde’s by Lokenath Debnath, 3rd edition.

First order PDE of three unknowns. Solve for u(z,y, 2)

(y — 2)us + (2 = 2)uy + (z — y)u, =0
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Mathematica v

N

p
|ClearAll["Global *"]; |
‘pde = (y - 2)*D[ulx, y, z], x] + (z - ©)*ulx, y, z], y] + x - y*lulx, y, z],
‘sol = AbsoluteTiming[TimeConstrained[DSolve[pde, ulx, y, z], {x, y, z}], 60%*10]1];

z] == 0;

{H{u(z,y,2) > alz+y+2z,—2(y +2) —y2)}}

Maple v

e R
‘restart; ‘

‘ pde :=(y-z)*diff(u(x,y,z),x)+(z-x)*diff (u(x,y,z),y)+(x-y)*diff (u(x,y,z) ,z)=0#
chu_time := timelimit (60%10,CodeTools [Usage] (assign('sol',pdsolve (pde,u(x,y,%) , 'build'))

c9 (:c2+y2+22)
u(z,y, 2) = cseqcse @Vt 2

Hand solution

Solve
(y—2)uz +(z—2)uy +(x —y)u, =0

The following method works only when the sum of the coefficients of u,, u,, u, is zero. This
is the case here. Hence we write

du=0 (1)
dr+dy+dz=(y—2)+(z—z)+(x—y) = (2)

We need one more equation which is
zdr +ydy+ydz=z(y—2)+y(z—z)+2(x—y)=0 (3)
Integrating (1,2,3) gives

u:Cl
+y’+22=0Cs

And since we know that C; = F(Cy, C3) where F' is arbitrary function, then the solution is
u(z,y,z) = F(x+y+z,x2 + 9/ +z2)

Again, the above method only worked because of the special value of the coefficients. If the
PDE was (2y — z) u, + (2 — =) uy + ( — y) u, = 0 for example, then the above method will
not work and we have to use the Lagrange-Charpit equations. But since the equations will
be coupled, this would make the solution harder.

2.1.30 u(z + y)u, + u(z — y)u, = 2° + y* (Example 3.5.5 in Lokenath
Debnath)

problem number 30

Added June 2, 2019.
From example 3.5.5, page 214 nonlinear pde’s by Lokenath Debnath, 3rd edition.
Solve for u(z,y)

w(z + y)u, + u(z —y)u, = z? 4 92

with u =0on y =2z
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Mathematica v

)
\ ClearAll["Global *"];
‘pde = ulx,yl*(x+y)*D[ulx, y], x] + ulx,yl*(x-y)*D[ulx, yl, yl ==x"2+y"2;

.
AbsoluteTiming[TimeConstrained [DSolve [{pde,ic} ,ulx, yl, {x, y}], 60*10]];J

‘ic = ul[x,2*x]==0;
Lsol =
2
{u(m,y) - —\/;\/QxQ + 3zy — 2y2}
2
{u(m,y) — \/;\/211)2 + 3zy — 2y2}
2
{u(x,y) — —\/;\/2x2 + 3zy — 2y2}
2
{u(x,y) — \/;\/2362 + 3zy — 2y2}
Maple Ve
‘restart; |

‘ pde :=u(x,y)*(x+y)*diff (u(x,y),x)+u(x,y)*(x-y)*diff (u(x,y),y)=x"2+y"2; ‘
‘ cpu_time := timelimit(60%10,CodeTools[Usage] (assign('sol',pdsolve(pde,u(x,y) *) ,output='zr

~20y ~ 1 (= )
x? — 2xy — y?

u(z,y) = —/—a? + 2zy + 4

Hand solution

Solve
u(z +y) Uz + u — y) uy = 2° +

With v = 0 on y = 2z. This solution follows the book method, but adds more details and
more steps to make it more clear.

The following method works only when we can find two equations when the sum of the
coeflicients is zero. We see that

ydz + xdy — udu = y(u(z +y)) + z(u(z — y)) —u(z® +*)
= yur + yzu + 2%u — Yru — uz?® — y2u

=0 (1)
But we need one more equation. We see that

zdz — ydy — udu = z(u(z + y)) — y(u(z — y)) — u(z2 + y2)
= uz?® + uzy — yuzr + y’u — uz® — y’u
—0 @)

Now we just Integrate (1,2). Rewriting (1) as
ydzr + zdy — udu =0

d(xy - %u2> —0 (1A)
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And rewriting (2) as
xdr — ydy —udu =0
d(%(av2 —y? - u2)> =0 (2A)

Then integrating (1A,2A) now gives
1

zy — §u2 =C (10)
%(z2 —y =) =Gy (2C)
Since u = 0 on y = 2z, then the above becomes
z(2z) = Cy
%(zz — (22)%) = C,
Or
2z = 4
—gxz =y

Or & = % = % Hence —4C; = 3C,. Using this on (1C,2C) gives

02 5(1:2
1 1
‘4(5@2 v “2)> B (y ) 2)

—2(:1:2 T u2) =3zy — gu2

3
—22% 4 2y + 2u? = 3zy — §u2
3
u? (2 + 5) = 3zy + 22% — 2°

7
§u2 = 3zy + 22% — 2°

Hence the solution is

u(z,y) = i\/; (3zy + 222 — 2y?)

2.1.31 wu, —u, =1 with u(z,0) = 2> Example 3.5.6 in Lokenath
Debnath

problem number 31

Added June 2, 2019.
From example 3.5.6, page 214 nonlinear pde’s by Lokenath Debnath, 3rd edition.
Solve for u(z,y)
Uy — Uy =1
with u(z, 0) = z?

Mathematica v

ClearAll["Global *"];

‘ pde = D [u [X N y] ’ X] -D [u [X 5 y] 0 y] ==1; ‘
‘ ic = u[x,0]==x"2; ‘
Lsol = AbsoluteTiming[TimeConstrained[DSolve[{pde,ic} ,ulx, yl, {x, y}], 60%101]; J

{{u(x,y) — 2%+ 22y + (y — 1)?/}}
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Maple e

‘restart; ‘

‘pde := diff (u(x,y),x)-diff (u(x,y),y)=1;

‘ic u(x,2)=x"2; ‘

‘cpu_time = timelimit(60*10,CodeTools[Usage](assign('sol',pdsolve([pde,ic],u¢x,y))),outp

uw@,y) = (—2+z+y)* +2—y

2.1.32  yu, + zu, = u with u(z,0) = 23 and u(0,y) = y*> Example 3.5.8
in Lokenath Debnath

problem number 32

Added June 2, 2019.
From example 3.5.8, page 216 nonlinear pde’s by Lokenath Debnath, 3rd edition.
Solve for u(z,y)

YUz + TUy = U

with with u(z,0) = z3 and u(0,y) = y?
Mathematica X

|ClearAll["Global *"];

‘pde = y*D[ulx, yl, x] +xxD[ulx, yl, y] ==ulx,y]l;
‘ ic = {ulx,0]==x"3,ul0,yl==y"3};

‘sol = AbsoluteTiming[TimeConstrained[DSolve[{pde,ic} ,ulx, yl, {x, y}], 60%101];

[ \‘

Failed
Maple X

e B
restart;

‘ pde :=yxdiff(u(x,y),x)+x*diff (u(x,y),y)=ulx,y); ‘
‘ic := u(x,0)=x"3,u(0,y)=y"3; ‘
‘ cpu_time := timelimit(60%10,CodeTools[Usage] (assign('sol',pdsolve([pde,ic] ,u¢x,y) )) ,outp

sol=()

2.1.33  zu; +yu, = ze ¥ with v =0 on y = z* Example 3.5.10 in
Lokenath Debnath

problem number 33

Added June 2, 2019.
From example 3.5.10, page 218 nonlinear pde’s by Lokenath Debnath, 3rd edition.
Solve for u(z,y)

TUz + yu, = e "

with u =0 on y = 22
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Mathematica v

‘{CleaIAll ["Global *"]; \‘
‘ pde = x*D[ulx, y], x] +y*D[ulx, yl, y] ==x*Exp[-ulx,yll; ‘
‘ ic ulx,x"2]==0; ‘
Lsol AbsoluteTiming[TimeConstrained [DSolve [{pde,ic}, ulx, yl, {x, y}], 60%10]]1; J

{{u(x,y) = log (—%+m+1>}}

Maple e

s N

‘restart;
‘pde i=x*diff (u(x,y),x)+y*diff (u(x,y),y)=x*exp(-u(x,y));
‘cpu_time = timelimit(60*10,CodeTools[Usage](assign('sol',pdsolve(pde,u(x,y)*),output='r

e =1+ (%)

2.1.34  wu; + uu, = x with u(z,0) = f(z) Example 3.5.11 in Lokenath
Debnath.

problem number 34

Added June 2, 2019.
From example 3.5.11, page 219 nonlinear pde’s by Lokenath Debnath, 3rd edition.

Solve for u(z,y)
U + Uy, =T

with u(z,0) = f(x)
Mathematica X

ClearAll["Global *"];

\‘

'pde = D[ulx, t], t] +ulx,t1*D[ulx, t], x] ==x;

‘ ic = ulx,0]==f[x];

‘sol = AbsoluteTiming[TimeConstrained[DSolve[{pde,ic}, ulx, t], {x, t}], 60*10]];
Failed

Maple v

p

‘restart;

W
‘pde := diff(u(x,t),t)+ulx,t)*diff (u(x,t) ,x)=x; ‘
‘ic = u(x,0)=f(x); ‘
‘ cpu_time := timelimit(60%10,CodeTools[Usage] (assign('sol',pdsolve([pde,ic] ,u¢x,t))) ,outg

u(z,t) = f(RootOf ((e*f(_2)+e*_Z—2€ex— f(_Z)+_2) (f(_2) +_2))) e"+RootOf ((e*f(_2Z) + ¢
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2.1.35 wu, =0 Problem 3.3(a) Lokenath Debnath
problem number 35
Added June 2, 2019.

Problem 3.3(a) nonlinear pde’s by Lokenath Debnath, 3rd edition.

Solve for u(z,y)
U, =0

Mathematica /

)
| ClearAll["Global *"];

———

‘pde = D[ulx, y], x] ==0;

‘sol = AbsoluteTiming[TimeConstrained[DSolve[pde ,ulx, yl, {x, y}], 60%10]];
Hulz,y) = a(y)}}

Maple v

‘restart;

‘pde := diff (u(x,y) ,x)=0; ‘
cpu_time := timelimit(60%10,CodeTools[Usage] (assign('sol',pdsolve(pde,u(x,y) 1) ,output="r

N

u(z,y) = fi(y)

2.1.36 au, + bu, = 0 Problem 3.3(b) Lokenath Debnath
problem number 36
Added June 2, 2019.

Problem 3.3(b) nonlinear pde’s by Lokenath Debnath, 3rd edition.

Solve for u(z,y)
aug + bu, =0

Mathematica v

ClearAll["Global x"]; |
‘pde = axD[ulx, yl, x] + bxD[ulx, yl, y] ==0; ‘
‘ sol = AbsoluteTiming[TimeConstrained[DSolve[pde ,