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Generic Syllabus: EGN 5422 or EEL 6935 ENGINEERING APPLICATIONS OF PARTIAL DIFFERENTIAL EQUATIONS

The 5000- and 6000-level sections are identical in content, but the 6000-level section is graded at a higher standard. Contact
the Electrical Engineering Department if you wish to enroll in a 6000-level section.

Instructor: Prof. A. D. (Dave) Snider, ENB 246A, 813-974-4785, FAX: 813/974-5250 snider@usf.edu

Office hours (see Blackboard)

Text: Partial Differential Equations: Sources and Solutions, A. D. Snider, Dover Publications, Mineola NY, 2006, ISBN 0-486-
45340-5, required. NOTE: Computer access (PC) is also required.

Catalog Description: Power series solutions for ordinary differential equations, Sturm-Liouville theory, special functions.
Separation of variables for partial differential equations. Green's functions. Use of USFKAD software.

Course Prerequisites: MAP 2302 Differential Equations (solution methods for first order nonlinear and higher order linear
equations)

The lectures can be viewed (by anyone at any time) at
http://netcast.usf.edu/browse.php?page=Classes/engineering/snider/PartialDiffEqgs

However, there is an error in the listings: there is NO movie "Lecture 48 3D
Examples'. Simply skip it.

Welcome to my classes, USF students!

You're taking a "web-only" class from me. That means you won't see me live; you'll watch lectures | taped in the past, on the
course materials. | will be available in my office for consultation a few hours per week, and we can Skype. I'll answer your
emails promptly, unless they are addressed in the syllabus or at the course web site in Blackboard, https://my.usf.edu. This site
contains class announcements, documents, old and current exams, assignments, etc.

Think about this: you're taking a course from a professor whom you'll hardly ever see. So you don't have much chance for an
"A" unless you

(1) buy the textbook and

(2) follow the web procedures precisely.

Be sure to read this long-winded syllabus entirely. Then print it out and stick it in the back of your textbook for future
reference.

You may have misgivings about non-live lectures. Let me relate a few observations that | have made over the past years with
this process.

First of all, this procedure has proved quite successful - to my surprise. | was leery about it at first, but | soon found out that the
average student performance on tests was slightly better than it had been before, when | was lecturing live. | think the reasons
for this are as follows:



1. You will never need to miss a lecture due to illness, conflicting appointments, being out of town, or simply being tired. The
lectures are at the web site all semester long, 24/7.

2. You can re-watch any lecture, or part of a lecture, as many times as you need.

3. If you need to take a break (no student has ever fallen asleep during my lectures, of course!!!), you can stop the playback and
resume when you return.

The lectures are numbered in order (except for lecture 51, Numerics, which can be watched anytime after you have mastered
the software and before you attempt the takehome). They were taped during different semesters, so you will have to figure out
the right pace to get you through them during the time allotted in your current semester. If you can't do this, please drop my
class and re-take MTH 101, paying particular attention to the lessons on ratio and proportion.

Any administrative instructions that | give in the lectures are probably out of date. Consult your email and Blackboard weekly
for updates from me on assignments, test dates, and procedures in general.

Now let me take one paragraph to try to talk you out of taking this course. Partial differential equations is a very difficult
subject. In my book and lectures | have tried to make it as simple as possible; but still EGN 5422 is the hardest course | teach.
Only about 50-60% of the students who take it make an A; you need to be very good at mathematics to achieve an A. Don't take
this course if you can't afford a B on your transcript; if you need to know the subject, consider auditing the course for non-credit.

Be sure to read the document on accurate calculations. Remember these tips in all your classes. Instructions for using MATLAB
to perform the integrations for the takehome assignment are covered in this document.

Lecture notes replicating everything that appears on the blackboard during the lectures can be
purchased from

> Pro-Copy

> 5219 E. Fowler Ave.

> Tampa, FI 33617

> procopyl@aol.com<mailto:procopyl@aol.com>

> (813) 988-5900

They can also be downloaded from Blackboard. (Ignore notes in the .xbk format.) If you download, print

out the lecture notes before you watch the lecture, and have them in front of you.

The software USFKAD can be downloaded from Blackboard. LaTeX software is required to run USFKAD. LaTeX (the
MiKTeX package) is available at www.miktex.org . Download LaTeX during the first week and read the notes at Blackboard for
installing it. Experience has shown that if you wait until midsemester to start working with LaTeX, you will sabotage any chance
of success in this course. Test your installation by trying to open and read the article CompPhys4.tex .

Requirements and Assessment:

1. Each student must email Prof. Snider with the following data: Last name: First name: Class: EGN 5422, by

(see Blackboard). | will not acknowledge these emails individually. In one week you will receive an
acknowledgement, by email, from me (Dr. Snider) that you are in his class email address list; if you do not receive this
acknowledgement, email me again — until | acknowledge receipt. Thereafter each student is liable for all email notices
concerning the class from Prof. Snider. Students who wish to use different email boxes should email this data from each box.
Do not use one email box to request mail to a different box.



2. Each student must sign a copy of the final page of this syllabus as indicated below and submit it to Dr. Snider by (see
Blackboard). You are not officially enrolled in the class until you have turned in a signed syllabus. Postal-mail a hard copy to Dr.
A D Snider, Dept. of Electrical Engineering, University of South Florida, 4202 East Fowler Avenue ENB 118, Tampa FL 33620; or
put a copy in my EE Department mailbox. Email is not acceptable. | will not acknowledge receipt of these syllabi
individually, but they can be regenerated later in the semester if a problem arises.

3. Certain homework problems will be recommended to the students, but not graded. You should regard the old tests as a
prime source of homework problems; work them during the semester as the particular topic is covered in the lectures. Once
you have mastered the USFKAD software, you can use it to confirm your answers.

4. A midterm examination (time and place to be arranged, based on section 5.2 only) and a final will be given. Note that
answers to all the problems in Section 5.2 are given in Blackboard's "Course Documents" A time and place on the Tampa
campus will be arranged for these tests, but they can be taken at remote sites and more convenient times (within limits) if a
proctor agreement is worked out; I'll notify you.

Additionally a takehome test, based lecture #51 "Numerics," will be assigned. The takehome is heavily computational and will
be computer graded with no partial credit, but you will be allowed four attempts (with, however, different numerical
parameters each time). You will submit your answers by email to the TA, who will shortly respond with your score, a tabulation
of your incorrect answers, and the correct answers for the parameters you used. Your first attempt is assessed at (only) 5%, the
second at 55%, the third at 20%, and the fourth at 20%. Each attempt has a deadline. If you miss a deadline, your subsequent
submission will also count as the missed submission. If you stop submitting at any time, your last submission will count for the
subsequent ones. The takehome tests will be available at Blackboard, and they contain more detailed instructions.

Time permitting, you will be asked to present an oral defense of your takehome and exam solutions.
Your final grade will be a weighted average of the midterm (20%), the takehome (40%), and the final (40%).

| recommend that you take a timed midterm and a timed final from Blackboard for practice. These tests are open-book, closed
notes; you are not permitted to bring old tests to the exams. (I'm not trying to be tough; experience has shown that old tests
are counterproductive rather than helpful.)

5. An "incomplete" grade will be awarded if either the email, syllabus signoff, midterm, takehome, or final are not submitted.
Incompletes can be made up following USF policies; you are on your own to figure out these policies. However you need to
know that | am retired, and only work as an adjunct faculty, so | cannot guarantee my availability after the semester is over. If
you need a flexible, cooperative professor instead of a cranky old curmudgeon, you are advised to take another class.

Please mail a copy of this page to Dr. Snider.
Academic Dishonesty - It is not acceptable to copy, plagiarize or otherwise make use of the work of others in completing

homework, project, exam or other course assignments. The minimum penalty for doing so is an automatic zero on the assignment
and an "F" in the course. | have read the syllabus for EGN 5422, Spring 2011, and agree to abide by its schedule and terms.

Print name: Sign name:



Accurate calculations and evaluation of integrals using MATLAB.

Tips on calculating:

Some tests in this course require a lot of calculation. Here are some pointers that you may not
have picked up yet:
1. If you require a certain number of significant digits in a final answer, you must maintain more digits in
the intermediate calculations. For instance consider the addition 1/3 + 1/3 = 2/3. The three-significant-
digit expression for the answer, 2/3, is .667 . But if you first round the addends to three significant digits
you get .333 +.333 =.666, which is not correct to 3 digits. A good rule of thumb is to retain at least two
more digits than required, in all intermediate calculations.

2. Always introduce symbols (letters) when you evaluate a formula, especially on a calculator. For
instance suppose you wanted to add 436 and 578 on a calculator. The worst way to do it is to enter 436,
press enter, press +, enter 578, press enter, and press =. Because: suppose you get an answer you know
is wrong, like -23. You don't know whether you entered the 436 wrong, or the 578, or the + sign. You
have to reenter all the data again. The smart way is to let A equal 436, let B equal 578, and call for A+B.
If the answer is absurd, you can recall A, B, and the formula; and you can correct only the one that's
wrong. This is particularly significant when you're dealing with high-digit numbers, and complicated
formulas that may require parentheses.

Remember these tips in all your classes.

3. To add an infinite series. Unless you know a lot about the series, there is no sure way to tell when you
have achieved a specified accuracy. Here's what conservative engineers do in practice:

Add up a selected number of terms - 5, 10, whatever. Then double the number of terms and add
again. Compare the second total to the first; if they agree to within the prescribed accuracy, you're
probably OK. (Naturally, take the second total as your answer.) If the required accuracy is expressed as a
percentage, the difference between the two totals must be less than the specified percentage of the
final total.

If they don't agree sufficiently well, double the number of terms and add again, and so on until you
get agreement in two consecutive sums, to within the specified accuracy.

If you can't get agreement with your resources, you're going to need a professional mathematician.



4. Note: if you don't know MATLAB, you still should be able to use it to evaluate integrals; just open it
(click on the MATLAB icon) and notice how functions are entered into the "@" statements below -
multiplication, sines, exponentials, division, CORRECT NUMBER OF PARENTHESES.

5678
2x+1
|. One-dimensional integrals. To integrate I [e_2XZ cos(4x+7)— 5 1dx :
1234 (X+3)"(x+1)(x+2)

in MATLAB type

format long (Enter)
a=2 (Enter)

b=4 (Enter)

c=7 (Enter)

d=2 (Enter)

e=1 (Enter)

f=3 (Enter)

g=1 (Enter)

h=2 (Enter)
lower=1.234 (Enter)
upper=5.678 (Enter)

accuracy = 1le-8 (Enter) (Of course you may want more or less accuracy.)

Now enter the formula for the integrand, REGARDING THE VARIABLE OF INTEGRATION (x) AS A MATRIX.
That means inserting the period mark (.) in front of all multiplication signs *, division signs /, and
exponentiation carats » involving x.

integrand=@(x)(exp(-a*x.22).*cos(b.*x+c) - (d.*x+e)./((x+f).A2.*(x+g).*(x+h))) (Enter)



(You'll probably get some typo error message here; retype carefully, counting parentheses and inserting
dots. An error message like

"??? Error using ==> mtimes

Inner matrix dimensions must agree."

means you left out some dots. An error message like

" Error: Expression or statement is incorrect--possibly unbalanced (, {, or [."

usually means your parentheses are wrong. If you change the values of any of the parameters, reenter
the integrand=@... statement.) Now type

Q=quadl(integrand, lower, upper, accuracy) (Enter)

| got an answer of Q =-0.037041299610442 .



57
Il. Two-dimensional integrals. To integrate I _[ (u? +uv)dvdu :
4%

in MATLAB type

format long (Enter)

lowerv=6 (Enter)

upperv=7 (Enter)

loweru=4 (Enter)

upperu=5 (Enter)

accuracy = le-8 (Enter)
integrand=@(u,v)(u.*2+u.*v) (Enter)

Q= dblquad(integrand, loweru,upperu,lowerv,upperv, accuracy, @quadl) (Enter)

I got Q = 49.583333333333329

lll. Three-dimensional integrals. To integrate

N Sy O

ﬁuvwdwdvdu :
46

in MATLAB type

format long (Enter)
loww=6 (Enter)

highw=7 (Enter)



lowv=4 (Enter)

highv=5 (Enter)

lowu=2 (Enter)

highu=3 (Enter)

accuracy = le-8 (Enter)

integrand=@(u,v,w)(u.*v.*w) (Enter)

Q= triplequad(integrand, lowu,highu,lowv,highv,loww,highw,accuracy, @quadl) (Enter)

| got Q =73.124999999999986 .

To be conservative, try out your code with integrands that you can do by hand, to check.



Some Solutions
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Assignments. Don't hand in.

1. One solution of the equation

y" -4y =sin x

is -0.2 sin x . Use shifted cosh and sinh to find a solution meeting the initial conditions y(3) =2,y'(3)=1.

Hand in your answer on one sheet of paper.

Answer

y(x) =[2 + .2 sin 3] cosh 2(x-3) + 0.5 [1 + .2 cos 3] sinh 2(x-3) - .2 sin X

or 2.0282 cosh 2(x-3) + .401 sinh 2(x-3) - .2 sin X

If you got

2.0105 cosh 2(x-3) + .599 sinh 2(x-3) - .2 sin x ,

you used degrees, not radians.



2. Page 15, # 1]a,b,c,e,f], #2
Page 30 #10[a,b,c]

Page 82 #2

3. Use the software to solve

Example 1, p. 311
Example 1, p. 311, with the Neumann conditions changed to Dirichlet conditions

Laplace's equation in a square, homogen. Dirichlet on the left and bottom, homog. Neumann on the right,
nonhomog. Dirichlet on the top.

Example 1, p. 333

4. #1 on page 303. (This equation is not included in USFKAD.)

For those of you who are curious about the nonexistence of a steady state solution to the Neumann
problem, it is discussed at length in #10, page 304. It can be really nasty in engineering situations!

5. Page 315:1 and 3

Page 303: 4.



Readings for EGN 5422, from PDEs: Sources and Solutions by A D Snider

Readings to Go with the Lectures
Jan 6 (Week 1A): 1.1

Jan 8 (Week 1B): 1.1

Jan 13 (Week 2A): 1.2

Jan 15 (Week 2B): 2.2, 2.3; also Nagel, Saff, and Snider, Fundamentals of DEs, "Qualitative
Considerations for Variable-Coefficient and Nonlinear Equations"

Jan 20 (Week 3A): 2.4, 2.5
Jan 22 (Week 3B): 2.5, 3.1-3.4
Jan27:35,4.3

Jan 29:4.3

Feb 3:4.3-4.5

Feb 5: 4.6

Feb 10: 5.1

Feb 12: 5.2

Feb 24:5.2,5.3

Feb 26: 5.3

Mar 2: 6.1

Mar 4:6.2

Mar 16: 6.3

Mar 18: 6.2, 6.3

Mar 23: 6.3

Mar 25: 6.3, 6.4

Mar 30: 6.4

Aprl:7.1



Apr6:7.2
Apr8:7.3
Apr13:1.3,1.4,8.1,8.2

Apr 15: 8.2



Template for solutions to Laplace's equation in a square, in 2 dimensions.

[a; cosh kx + a;, sinh kx] x [d; cos ky + d; sin ky]
+
[by + byx] % [e1 + e,y]
+

[c1 cos kx + ¢, sin kx] x [f; cosh ky + f; sinh ky]



Isotherms
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Answers for Section 5.2
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Some Fourier Demo Sites

http://www.math.ethz.ch/~lanford/MMP/Fourier/demo3.html

http://www.falstad.com/fourier/

http://www.jhu.edu/~signals/fourier2/

http://www.math.ubc.ca/~feldman/demos/demo3.html

http://homepages.gac.edu/~huber/fourier/



Some Solutions from Chapters 7 and 8, via USFKAD
page 439

\IJ:\I11+\IIQ+\IJ?,+\IJ4+\II5+\IJ6

Uy =3, S, OSRyysink.z 1,(2; /K2 + K2) Alky, k)
where

Ky =
K, =

2r 3w
ST

N ©
Ny

)
3
) ) 7

X -z if /K2 + K2 =0;
me(25 (/65 + K2) =4 .
Y sinh /w2 + £2(X — ) otherwise.

A(ky, k) = fOY dy fOZ dz cos kyy N, sink,z % MW fo=0(y, 2)
otherwise

N, — {
1 : 2 2 _ -
v S if \/ry + K2 =0;
Vei+e2 T ) —— L otherwise.
sinh /ng—l—nZX

P

if Ky = 0;

==

Uy =3, Y. sinkgrsink,z cosh/k2 + k2(Y —y) A(kg, K2)

where

Alkg, k) = ¥ do [ dz sin kg, % sin K,z % M\/W fy=o(z, 2)

L otherwise.
\/n%+ng sinh \/n%+n§Y

0 if \/k2 + K2 = 0;
M K2+K/2:{

U3 =3, X, Silkpwcos kyy n(2; (/K2 + K2) Alkg, ky)


snider
Text Box
Some Solutions from Chapters 7 and 8, via USFKAD
                page 439


& 21 3w
H:L‘_Xaxaxa'
_ T 2 3w
K;y_oa?a?a?a'

Z—z if \/k2 4+ K2 = 0;
no(25 (/K2 + K2) =q — Y
sinh \/k2 + K2(Z — z)  otherwise.
Ay, ky) = [¥ do [} dy sin ko 2 coskyy N, M\/m foo(z,y)

1 0
N, =!{ % if K, —-0,
v v otherwise
% if \/k2 4+ K2 =0;
M = 1 .Y
VK2 ———  otherwise.

sinh /k2+K27

Uy =X, S, €OS Kyysin k.2 0, (x5 (/K2 + K2) A(ky, k-)
where

Ky =
K, =

2r 3w
ST

NI
Ny

)
3
Z

x if \/Kk2 + K2 =0;
Ne (T /K2 + K2) = . ’
sinh /K2 + kZx  otherwise.

A(ky, k) = fOY dy fOZ dz cos kyy Ny, sink,z % MW Jo=x(y, 2)

Y

PO

1 0.
N, =¥ if Ky —.0,
Y = otherwise
L ; 2 2 _
v = if /Ky + k2 =0,
\/KEHK2 — L otherwise.

sinh /K2 +k2X

Us =3, Y, sinkgwsink,z cosh /K2 + K2y A(kg, K.)

where

— @™ 21 37
K/ZL‘_X7X7X7
— T 2r 37
K;z_Zazaza-

Aty k2) = J§¢ do [ dz sink,x 2 sink,z 2 M\/W fy=v(z, 2)



v 0 if \/k2 4+ K2 =0;
— 1 .
\/ K2 4K2 otherwise.
’ \/K%Jrn% sinh \/n%+n%Y

g =Y, D, i KT COS Kyy 1, (25 /K2 + K2) Alky, Fy)

where

m 2m 3w
Ke = x>, XX
— T 2m 3w
K;y_oa?a?a?a'

e [ 2 )
) = z it \/k3 + Ky =05
v sinh /K2 4+ k22 otherwise.

Akg, ky) = [ do [y dy sink,x £ coskyy N, M\/m foez(z,y)

1. .
N ¥ if Ky = 0;
oy v otherwise
1 ; 2 2 _
v oz if \/K3 + Ky =0,
VEi+s2 T ) ——L_— otherwise.

sinh 4 /K2 -l—ngZ



Ipage 444

\I/:\Ijl—F\IIQ—i—\I/g

U =0 o T €5 Ty (Krgr) 1.(2; Kirg) AlKg, Krig)
where
for each value of kg, k.9 = Irg. =l where
{Jko.s,.} are the positive roots of Jy, (jxp.x,,) =0

Z — 2z if K,.9 = 0;
e (2 Firg) = sinh kr9(Z — z) otherwise.
A(Kg, Krp) = d9f dr 6_“‘39" 1 J, (m oT)T

X My, o fo=0(0,7)

b2J"‘0+1 (]”0 ’K’T:G)

M,

Kr:g —

_{ % ifﬁ;r:G:O;

1 .
Y otherwise.

\IIZ ng —00 Em:g eingﬂ Jﬁe(HTZQT) 77z(2, K/T‘ZQ) A(Hg, /’ir:G)
where

for each value of kg, k.9 = Ir =l where

{Jko .0 are the positive roots of Ji, (jupk.,) =0

( ) z if K. = 0;
2 Kpg) = : }
2425 For: smh krp2 Otherwise.
A(Kg, Krp) = d9f dr 6_“‘39" 1 = J (m oT)T
X e
b2J;<;9+1 (]"‘0”% .0 H" :0 fz ( )
% if Ky.g = 0,
]\4-,i .0 — 1 .
v ———  otherwise.
sinh k.. Z


snider
Text Box
page 444


Uy =3 k. e sin K,z 0, (1, kg, kg, k) A(Kg, k)
where

_ m™ 2 3w
HZ—7,7,7,...
1if kg = kg, k, = 0;
ne(r, kg, Ko, K,) = § 7 if K9 # 0 and kg, K, = 0; otherwise
L., (Ko, k.T)

A(kg, k) = [Z7 df [7 dz e=0? o= Sink.z 2 N, frop(0, 2)

1 if kg = Ky, k, = 0;
N, =( b=" if kg # 0 and Ky, k, = 0;
L if kg # 0 and Ky, Kk, # 0.

Liep (g ,k2b)



\Ill - Zliz fﬂoo d'k';r:Z Sin HZZ [Ki’ir:z (sz)ji’ir:z (F';ZT) - Iiﬁr:z (h;zb)Kiﬁr:z (K/Z/r)]
X 770(9; "'fr:z) A(HZa Hr:z)

where
_ 7w 27 3w
Ke = 2y Zre--
0 if K., =0
779(9; h;r:z) — "E ’

sinh x,.,0 otherwise.
A(Hza h;r:z) - fOZ dz f(;) dr sin K,z %
X [Ki"f/r:z (K/Zb)‘[iﬁr:z (K;ZT) - Iiﬁr:z (K;Zb) Kil‘ér:z (K/Zr)]%

2Kp:z Sinh Kp.
X Wz‘lin,.:z(lﬂzb)‘z Mﬁr:z foze(Z,T)

L if Kpey = 0,
M’ir:z = { © 1 !

e e Otherwise.
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\IJI - Z?io anzfz Yvﬁm(¢a 0) Té Alm

where

Alm = foﬂ sin ¢d¢ f[)27r do YZn(qsa 9) Mr fr:b(ea ¢)
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[page 453 |

U= \Ijsteady state T \Ijtransient

\Ilsteady state — Wy + Wy + \113 + v,

Uy =, sinkyy me(w5ky) Alky)
where
_ m™ 2m 37
liy—?,?,?,...
(25 5y) = X—=z if Ky = 0;
AT Fy) = ginh ky(X —x) otherwise.

A(ry) = Jo dy sinkyy 2 My, foeo(y)

<=

M, — { 1 if Ky :‘0;

Y
Snb Ry X otherwise.

\IIZ - an sin RgX ny(y; h;w) A(Hl’)
where

_ 37
KRy = Y

><|>1
><|=1

if Kk, = 0;
smh Iim (Y —y) otherwise.
= [¥ dv sink,x £ My, fy—o(z)

i if kK, = 0;
Mn :{Yl .

xr
SEhAY otherwise.

Uy = 3y, sinkyy no(w; k) A(ky)
where

—_@m 2m 3w
Ry = 3,55
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(w3 5,) = x if Ky = 0;
T\ Fy) =\ sinh kyx  otherwise.
Ary) = Jo dy sinkyy 2 My, foex(y)

1 .
= if Ky =0,
My, = { 1 otherwise.

sinh ky X

\Il4 - an sin RgX ny(ya /’iw) A(’%I)

where
— @™ 21 37
Kx p— X’ X’ X DI
y (Y ko) = { sinh k,y  otherwise.

A(ky) = f§¥ do sink,z 2 My, fy—y(z)

L if kK, =0,
Mnm:{yl .

m otherwise.

: —(k24+kK2)t
Wiransient = Yop, 2, SN KL TSI KyY € (k3 +hy) A(Ky, ky)
where

K m 2m 3w
T = X0 X0 X0
K, — & 2m 3m
YT Y Yo v
2 2
Ay, ky) = I da f) dy Sin ko 5 sin kY +

X [\11(1‘, Y; 0) - \Ilsteady state]
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U= \Ijsteady state T \Ijtransient

\Ilsteady state — v,y

_ X
\Ill - Yfa::X
where

. .2
\Ijtransient - an SIN KX € il A(H:L‘)

where
_ @ 2% 37w
K;:B_Y7Y7Y7"'

Ak,) = fOX dz sin k,x %
X [\IJ(‘T; 0) - \Ijsteady state]
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page 457

U= \Ijsteady state T \Ijtransient

\Ilsteady state — v,y

U=, Yi(,0) rf Ay,

where

Aém = foﬂ sin ¢d¢ f027r dp }/Z;n(qﬁa 9) Mr fr:b(ga ¢)

\Ijtransient — Zz}io Zé — Z;o:1 Yvﬁm(¢a 9) jﬁ(Hﬁ,pr) 67&3:” Alm(/{/l:r)
where

Kke,p = Su,p/b andsy,, is the pth positive zero of jj.
Apn(Fy) = fg singde f027r do fob r?dr Y (6, 0) ]e(/fe,pr) W

Jiy1

X [\11(97 ¢7 r; 0) - \Ilsteady state]
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[page 459 Fig 6

U= \Ijsteady state T \Ijtransient

\Ilsteady state = 0

_ [ —K2t
\Iltransient - f[] d"'f:c COSKgzT € * A(Kx)
where

A(ky) = [5° dx cos kzx %
X [\IJ(‘T; 0) - \Ijsteady state]
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page 459 Fig 7

U= \Ijsteady state T \Ijtransient

\Ilsteady state — v,y

— [© : —k2t
\I'transient — f[] d/ﬁx SIN KT € ¢ A(I{m)
where

A(ky) = o7 dx sinkgx %
X [\IJ(‘T; 0) - \Ijsteady state]
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[page 464 |

U= \Ijsteady state T \Ijtransient

\Ilsteady state — v,y
\Iltransient = \Iltransient #1 + \Iltransient #2

_ X
¥y = Yf:c:X
where

\Ijtransient #1 — an sin KX COS K,It A(HI)

where
_m T 37
Fe = X X, X0

A(kg) = [¥ dzx sin g, %

N

X [\IJ(‘T; 0) - \Ijsteady state]

— ; sin kgt
Ui ansient #2 — an SIN Kz X n—zz A(Hm)

where
_m 27 37
Ke = XXX
_ X : 2
A(ky) = [y do sin k.o
0V (x;0)
ot


snider
Text Box
page 464


page 467

U= \Ijsteady state T \Ijtransient

\Ilsteady state = 0
\Iltransient = \Iltransient #1 + \Iltransient #2

_ 2 . 2 4 2
Wiransient #1 = 2ory 2o, dor, COS Kz COS KyY COS K,z COS (/K2 + K2 + K2t A(kg, iy, k)

where

_ T 2 37w
H:L‘_OafaYaYa'
— T 2n 3w
K;y_oa?aya??a'
— w27 3w
KJZ—O,E,7,—...

[N

fOX dx fOY dy fOZ dz cos kyx Ny, coskyy N, cosk,z N,

A(/ﬁ;m Ry, Hz)
X [\I/(l‘, Y, %3 O) - \Ilsteady state]

1 —0-

N — X if Ky = 0,
fia 2 otherwi

<  otherwise

[ —0-

N =¥ if K, = 0;
Ky 2 th ;

v otherwise

[ —_ 0

N -7 if K, = 0;
e 2 otherwi

~  otherwise

sin /w2 +KZ+rK2t
Uiransient #2 = Lk, 2o, 2un. COS Kall COS Kyl COS K22 ——rmmmtms A(Ka, Ky, z)
T Yy z

where

_ T 2m 3w
I{:IJ_Oa?)YaYa'
_ T 2 3w
Hy_oa?avava'
2 3w
k,=0,%,Z 2, ...
ANANA
A = [Nde [Y dy [ d N, N, N,
(Kg biys k) = [ dx Jy dy [§ dz coskyx Ny, coskyy Ny, cosk,z Ny,
0¥ (z,y,2;0)
X bl iadt)
ot
% if kK, = 0;
Nlﬁm — 92 .
% otherwise
% if Ky = 0;
Nlﬁ — 2 .
v v otherwise
% if K, =0;
N[‘;,N - P] .
z ~  otherwise
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page 470

U= \Ijsteady state T \Ijtransient

\Ilsteady state = 0
\Iltransient = \Iltransient #1 + \Iltransient #2

_ - - 2 | 2 | .2
Wiransient #1 = 2or, 2o, dor, S KT SIN Ky Y COS K,z €OS (/K2 + K2 + K2t A(kg, Ky, k)

where

& 21 3w
Hm_Xaxaxa
K, — L 2m 3w
y_Y’Y’ZYé'
k,=0,7,7,7

™
E, 7, Zo
X Y 7z : :
=[5 dz [y dyf; dz sink,x £ sinkyy 2 cosk,z Ny,
X [\I/(l', Y, %3 O) - \Ilsteady state]

TR —_0

N -7 if K, =0;
7| £ otherwi

- otherwise

. . sin \/k2+K2+K2L
\Iltransient #2 — an Zny an SIN Kz T S1N Hyy COS Kzz \/m A(Hﬂm Hya ’%Z)
T y z

where

_ 7w 27 3w
Kg = X' X X0
K, — L 2Zm 3w
yTY Yy

_ s T T
52_07277775---

Uox % z : 2 o 2
Alkg, Ky, 65,) = o da [y dy [ dz sink,x 5 sinkyy 5 cos k2 Ny,
w  9¥(z.y,20)
ot

if k, =0;
otherwise

=
I
NIANES


snider
Text Box
page 470


page 471

U= \Ijsteady state T \Ijtransient

\Ilsteady state = 0
\Iltransient = \Iltransient #1 + \Iltransient #2

— 00 ; ; (LPF 2 2 2
Wiransient #1 = 2ory 2on, [ oo Ahz SIN KT SN Ky €% 08 \[K2 + K2 + K2t A(Ky, Ky, K2)

where

_ m 2w 3w

Fe =X X1 x>

K, — L 2m 3w

YT Y Yy

ARy, by k2) = [ da [y dy [°°, dz sin sz 2 sinkyy 2 e =2 L
zy Ky Kz 0 0 ) - al vy vy o

X [\I/(l‘, Y, %3 O) - \Ilsteady state]

o - > foo d . . SRyt sin \/k2+K2+K2L A( )
transient #£2 — K Koy J—o0 Rz S KX SN KyY € 4\/m Ry Ry, Kz
z i z

where

—_ @m 21 3m
Ke = X X X
K, — L 2Zm 3w
YT Y Yy
Alkg, Ky, k,) = X da [ dy [, dz sink,x 2 sink,y 2 e =2 L
o) Ky, Kz) = Jo 0 WJ-o al X vy pr
«  9¥(z.y.20)
ot
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page 474

U= \Ijsteady state T \Ijtransient

\Ilsteady state = 0
\Iltransient = \Iltransient #1 + \Iltransient #2

_ roo 00 o) KT LUK K22 2 2 2
Wiransient #1 = [ oo dliz [Zo disy [25, di, €2 et €2 cos /K2 + K2 + K2t A(Ky, Ky, Kz)

where

A(Bg, Ky, 52) =[5 dx [°% dy [2 dz e ™o L eimvy L gimez L

X [\I/(l‘, Y, %3 O) - \Ilsteady state]

. . . in < /r2 42142
U ansi = [ dry [ dky [, dk, e"et el ginz TV g ey
transient #2 — 00 T J_00 yJ—o00 z \/W Ty vy vz

where

_ roo 00 00 —ikzr 1 —ikyy 1 _—ik,z 1
A(“xaﬁyaﬁz) - f—oo dl‘ f—oo dyf—oo dZ € ‘ 27 € Y 2T € 2w
AV (x,y,2;0)

x ot
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page 476

U= \Ijsteady state T \Ijtransient

\Ilsteady state = 0
\Iltransient = \Iltransient #1 + \Iltransient #2

\Iltransient#l — Z,Z.;:foo ffooo d’{z ang em.gﬂ eiz? Jﬁo (lﬁr;g’l“)

2
cos /K2y + K2t A(Krg, Ko, K)

where

for each value of kg, k.9 = ]”"% where
{Jko .0 are the positive roots of Ji, (jupk.,) =0

A(Kpg, K, 15,) = [T dO [ 2dz J2 dr e—ine? =€ 2 S (Kpgr)T
X

b2Jﬁ9+12(]’H€,K}T:0)

X [\I/(T, 9) 2 O) - \Ijsteady state]

\Iltransient#Z = Z?;:foo ffooo dk, an:e eirel ginzz J,%, (/‘f,r:g’r‘)
sin 4 /nz_ +r2t
2'9 D) A(”r:ﬂaﬁﬂaﬁz)
\/ KrntkZ

where

for each value of kg, k.9 = ]”"% where
{Jko.r,} are the pZOSitive roots obf Jro Urgrrg) =0
2 00 —ikg0 1 _—ikzz 1
A(Krp, Koy K2) = o dﬁffoOZdz Jo dre7e% o em "2 o ] (KrgT)T
>< 75 5 . 97 - N
b2Jﬁ9+12(]I‘io,K}T:0)
o¥(r,0,z;0)

x ot
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page 477

U= \Ijsteady state T \Ijtransient

\Ilsteady state = 0
\Iltransient = \Iltransient #1 + \Iltransient #2

\Iltransient #1 = ZI:.;:*OO ffooo dﬁz Z'ﬁr;e eingﬂ einzz [Yﬁo (Hrzﬂa) ‘]I‘ag (K/T‘:er)_‘]lio (K/T:tga/)Yﬁo (HT:HT)]

X
COS l€2 + l€2t A(H Ko, K )
r:0 z r:0y v, vz

where

for each value of kg, {4} are the positive roots of
Yng(ﬁr:GQ)Jng (Krzﬂb) - ‘]I‘ag (KT:GG)YRQ (Krzﬂb) =0

(J_., may replace Yy, if k4 is not an integer )

Aty 0, 52) = J27d0 [, d [! dr =500 L emines L

X [Ylﬁe (’%Tﬁa) Jne (KT:GT) - Jlilg (HT:QU/)YW (HT:QT)]T Nn
X [\IJ(T, 97 Z5 0) - \Ijsteady state]

7:6

2 nf:ejgo (Kp.gb)

m
2 J3, (Krga)—J3, (Kriob)

N,

Kr:g —

\Iltransient #2 — Z,:.;:foo ffooo dfiz ZKT:G 6m09 6inzz [YNG (/‘ir;ea) Jne (HT;QT)—J,%, (/‘ir:ga)yﬁe (/ﬁ}r:g’r‘)]

X
sin /K2 ,+k3t
Tgﬁi A(/‘ir:ea Ko, Hz)

where

for each value of kg, {4} are the positive roots of
Yi, (K@) Jiy (Krigb) — Jiy (Kr0a) Y, (Kr:00) =0
(J_x, may replace Y, if kg is not an integer )
A(Kpg, kg, k2) = [27dO [ dz [0 dr e~ie0 o TR o
X Yy (Kr:0a) Ty (Kro7) — Ty (Kr:00) Y, (Kr07) |1 Nig

7:6
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oO¥(r,0,z;0)
ot

2 ”3:9‘]3‘9 (Kr0b)

n—
2 J'%G (nr:ga)fJ,%G (Kkr.0b)

N

Kr.0 =



page 478

U= \Ijsteady state T \Ijtransient

\Ilsteady state = 0
\Iltransient = \Iltransient #1 + \Iltransient #2

\Iltransient #1 — Z?i[) Ze ) E;ozl YVZm(¢, 9) jz(lﬁe,pr) COS ’{Z:rt AZm(’W:r)
where

Ke,p = S1,p/b andsy , is the pth positive zero of j,.
Apn(Ker) = [T singde [o7 dO [ 2 dr Y, (6,0)  je(ke,pr) m

X [\11(97 ¢7 r; 0) - \Ilsteady state]

\Iltransient#Z — Zz}io Zé — Z;o:1 Yvﬂm(¢> 9) jﬂ(’%,pr) %’i Aém(’W:r)
where

Kke,p = Su,p/b andsy,, is the pth positive zero of jj.
Ap(ker) = [ sing d [§™ dO g 1 dr Y, (6,0)  jelkepr)

29 (0,¢,750)
at

2
b3j£2+1(sl,p)

X
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page 514

\I/:\II1+\IIQ+\113+\I/4+\II5

Uy =X, sinkyy 1:(2; Ky) Alky)

where
— @ 2m 3w
Ky = 3,5 T

(w5 1y) = X —x if K, = 0;
Tl Fy) =\ sinh ky(X —x) otherwise.
A(ky) = on dy sin kyy % M,, fe=0(y)

1 : — 0
< if K, = 0;

Mn - 1 :
Y
b X otherwise.

\112 Zn Sln RgT Uy(y, Hm) A(“x)
where

— 3r
Rz = Y

<
><|=1

if kK, = 0;
smh Iim (Y —y) otherwise.
= [ dv sink,x £ M, fy—o(z)

1 if Kk, = 0;
Mn :{Yl .

xr
P otherwise.

Uy = 3., sinkyy n.(x;5 k) A(ky)

where
— @ 2m 3w
Ky = 3,5 T

sinh k,x  otherwise.

A(“y) = on dy sin KyY % Mny fa::X(y)

x if K, =0;
Ny (25 ky) = { : Y
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4 if Ky =0,

M, =¢ X 4 .
m otherwise.

\Il4 - an sin RgX ny(ya /’iw) A(’%I)

where
_ @ 2w 3w
K/:L‘_Y7Y7Y7”'
My (Y ko) = { sinh k,y otherwise.

1 if k, =0,

M, =< Y .
K —L _ otherwise.
sinh k.Y

Uy =3, X, S0 kL2 sin kyy A(kz, Ky)

where
n 2r 3w
I{:I:_Y7Y7Y7
K, — L 2m 3w
Yy Yy >yt

_ X Y : 2 : 2 finterior(x y)
Ak, ky) =[5 dx [§ dy sink,z 5 sinkyy 5 zpier



\Ijl — Z;i[) an:—é Z;i1 Yvﬁm(¢a 9) jﬁ(’iﬁ,pr) Alm(’iﬁ:r)
where

Kke,p = Su,p/b andsy,, is the pth positive zero of jj.
Aém(’@i:r) _ foﬂ sin ¢ d¢ f027r do f()b r2dr Yé}kn(ﬁb, 0) jﬁ(Hﬁ,pr) - 2 finterio;(0a¢’T)

741 (52,0) Ky
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page 527

\I/:\Ijl—F\IIQ

Uy = n.(7;5) A(s)

where
x if s =0;

Na(23 5) = sinh sz  otherwise.
A(s) = Mg Fr—x(s)

L if s =0,
Ms:{ Xl

SnhsX otherwise.

Uy =3, sink,x A(ky; s)

where
_ 7w 2 3«
K)x—f,y,y,...
RS ¢ . 2
A(kg; 8) = Jg dx sink,r £

% \Il(:v,t:())—l—s%—‘f(x,tzo)
K2+s2
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\Pl - 7’]17(.%',0)) A(w)

where
€T lf W = 0;

Mo (2;w) = sinwz otherwise.
A(W) = Mw Fa:zX(w)

L )
% if w=0,
M., { L otherwise.

sinwX
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Uy =3, coskyt A(ky;s)

where
_ T 2 3w
K)x—o,y,y,y,...
. X U (z,t=0)
A(kg;s) = [ dx coskzx Ny, o

R 0.
N, = S if Ky —.0,
< otherwise
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page 531

\I/:\Ijl—F\IJQ

U =Y ok, e"0Y sin K,z 0. (1, K, \/ K2 + 5) A(s; Ko, k)

where

2 3w

_ T
Kk_?’?’?""

Lif kg = /K2 +5=0;
nr(r, kg, \/K2 +5) = 1 if kg # 0 and /K2 + s = 0; otherwise
I, (\/K2 + s1)

A(s; kg, k) = OZW do fOZ dz e *e? i sin K,z % N, Fr—p(s;2,0)

1 if kg = /K245 = 0;
N, ={ b"e if kg #0 and (/K2 4+ s =0;

1 : 2
(/e if kg # 0 and /K2 + s # 0.

\112 = zj:—oo Enz Zli,.:g emgG sin K2 ‘]K,g (KT:GT) A(’W:Ga Ko Kz; S)

where

_ m 27 3w
KZ—E’?’?""

for each value of kg, k.9 = ]”"% where
{Jko .+ are the p0821t1ve roZots Ofb Jro (17,.,%,%:0)1 =0 ,
vy _ .
Ay, Koy k23 8) = Jo" dO [y dz [, dr e o~ sink,z 5 Jg, (Kpor)r
2

X 55—
b2Jﬁ9+12(]l‘io,K}T:0)

Finterior (T,Q,Z;S)*}*\I’(T,Q,Z,tio)
X K2 4+K2Z4s
r:0 z
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page 534

\I/:\Ijl—F\IIQ

Uy =3, X, coskyycos kyz cosh /K2 + k2 + s2x A(s; ky, K-)

where
2

)
2
)

Ry
Rz

N[N
N|E<|y

0,
0,

NELSE]

Y A
A(S; Ky, K?z) = fO dy fO dz cos KyY Nl-ey COS KzZ an M\/W Fx:X(S; Y, Z)

1 i

N v ik, =0;
Ky — 2 :

+ otherwise

1 )

N - if Kk, = 0;
Kz 2 :

> otherwise

0 if (/K2 + K2 + 5% = 0;

M = .
\/ K3 +EZ+s? L otherwise.
\/554—53—1—32 sinh \/I‘C§+I‘C%+S2X

Wy =3, Xk, Dk, COS Ky COS KyY COS K2 Ak, Ky, K25 8)

where
— T 2 37
Kg = 'YX XY X0
— T 21 3w
K;y_oa?aya?’?w
_ w2 37w
Hz_oafafafa'

X Y z
Jo dz [y dy[5 dz coskyx N, coskyy N, cosk.z N,
U (2,y,2,t=0)+5 ZL (2,y,2,6=0)

A(Ky, Ky, K23 S)

. n%-l—n%—l—n%-i—s?
N -l x if kK, = 0;
fia 2 otherwi
<  otherwise
1 - _ 0.
N =¥ if K, = 0;
Ky 2 th ;
+ otherwise
N - % if kK, = 0;
271 2 otherwi
~  otherwise
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page 554

\I/:\Ijl—F\IIQ

. . _ 2 2 2
Uy =3, X, sinfzxsink,y eV Rt A (s Ky Ky)

where

A(8; Ky, ky) = fOX dx fOY dy sin K,z

2
X

. 2
sin K,y 3

Fz:O(S; z, y)

Uy =30, 2k, Jo° dksin kyxsin kyysin k,2 A(Kg, Ky, Kz S)

where

Alig, by, K25 8) = [ da [ dy [° dz sin k,a 2

. 2 .
SIN Ky Y v SIN K, Z

U(2,y,2,t=0)+s L (2,y,2,t=0)

21 24 k2452
Kz tRy+tR;+s

2
m
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page 557

. . —q 22 4.2
Uy =3, Xk, sinkgasinkyy e VTS Aw; Ky, ky)

where

Aw; Ky, ky) = fOX dx fOY dy sin K,z % sin K,y % F.—o(w;z,y)
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Uy = 20 S Yo (6, 0) B (wr) A(w; £, m)

where

A(w; £,m) = [T singde [7™ dO Y, (¢,0) Fr_o(w; 0, p)

_r
hf) (wa)


snider
Text Box
page 562




