Zill Differential Equations 9e Chapter 13 Form A

10.

11.

12.

13.
14.

15.
16.
17.
18.

19.
20.

. Write % in terms of polar coordinates?
. Write %, expressed in terms of polar coordinates?

. Write down the Laplacian of u(r,#) in polar coordinates.

20%u 3%u

. Consider the problem r“57 + r% + 552 = 0; u(c,0) = f(6). Describe a physical

situation having this as a mathematical model.

. In the previous problem, separate variables using u(r,0) = R(r)©(6). What are the

resulting differential equations and boundary conditions?

. In the previous problem, what are the solutions of the eigenvalue problem. Is the

eigenvalue problem a regular Sturm-Liouville problem?

In the three previous problems, what are the product solutions?

. In the previous four problems, what is the infinite series solution of the problem

2 2
r20d +rt + I = 0; u(c,0) = f(6)?

. What is the solution of the problem r?R” 4+ rR' + AR = 0, R(0) = 0, R(1) = 0? Is

this a regular Sturm-Liouville problem?

Write down the problem for the radial vibrations of a circular membrane of radius c,
clamped along its circumference, with an initial displacement of f(r) and an initial
velocity of zero.

In the previous problem, separate variables with u(r,t) = R(r)T(t). What are the
resulting differential equations and boundary/initial conditions?

In the previous problem, what are the solutions of the eigenvalue problem? Is the
problem a regular Sturm-Liouville problem?

In the previous three problems, what are the product solutions?

In the previous four problems, What is the infinite series solution of the problem for the
radial vibrations of a circular membrane of radius ¢, clamped along its circumference,
with an initial displacement of f(r) and an initial velocity of zero?

Write down the relationships between Cartesian and spherical coordinates.

In the previous problem, what is %

—, where 7 is the distance from the origin?

Write down the Laplacian of u(r, ¢, €) in spherical coordinates.

The steady—state temperature distribution in a sphere of radius c is given by Laplace’s
equation in spherical coordinates. Assume that the temperature on the boundary is
a given function, f(6). Separate variables, using u(r,0) = R(r)©(#). What are the
resulting differential equations and boundary conditions for R and ©7

In the previous problem, what are the solutions of the eigenvalue problem?

In the previous three problems, what is the infinite series solution of the original
problem?
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or __

5 = cosf

ou __ ou sin Ou
9z = costg — =55

9%u 10u 1 92%u
oz Tror T2 0g2

Steady—state temperature distribution in a circular plate of radius ¢ with specified
temperature, f, along the boundary

r?R" +rR' — AR = 0, R(0) is bounded, ©" + A0 = 0, ©(0) = ©(27)

A =n?% O = ¢, cos(nb) + d, sin(nf), n =0,1,2,..., no it is not regular
u=cifn=0,u=r"(c,cos(nb) + dysin(nb)) if n =1,2,3,...
u=co+ 2 ™ (cn cos(nb) + dy, sin(nh)), where co = [Z7 f(0)d/(27),

(0) cos(nB)db/(c"r),
(0) sin(nb)do /(")

= J3 f
dy = 3" f
R = 0; no, it is not regular

a%% + %%) = %; u(0,t) is bounded, u(e,t) = 0; u(r,0) = f(r), u(r,0) =0
rR" 4+ R + MR = 0; R(0) is bounded, R(c) = 0; 7" + X\a®*T = 0; T'(0) = 0
A=22/c% R= Jo(znr/c), n =1,2,3,..., where Jy(2,,) = 0; no it is not regular
u = Jo(znr/c) cos(znat/c)

u=> 021 anJo(z,r/c)cos(zpat/c), where a, = 2focTJo(znr/c)f(r)dr/(c2le(zn))

r = rcos¢sing, y = rsingsind, z = rcosf, > = 22 + % + 22, tang = y/x,
cost = z/\/a? + y? + 22

or __ :
5= = cos¢sind

%u 2 Ju 1 93u 1 9%u cot 6 Ou
oz T ror T imanZgor T o T 2 o0

r?R" 4+ 2rR' — AR = 0, sin 90" 4 cos #©’ + Asin #O = 0, O© is bounded for all §
A=n(n+1), ©=PF,(cosf), n=1,2,3,...
u =311 apr"Py(cos ), where a, = (2n + 1) [ f(0)Py(cos 0)sin0df/(2c")



Zill Differential Equations 9e Chapter 13 Form B

10.

11.

12.

13.

14.

15.
16.
17.

18.

19.
20.

. Write g—;’ in terms of polar coordinates?
. Write g—;‘ in terms of polar coordinates?

. Consider the problem 7“2% + r% + % =0, u(1,0) =0, u(2,0) = f(0), u(r,0) =0,

u(r,m/2) = 0. Describe a physical situation having this as a mathematical model.

. In the previous problem, separate variables using u(r,0) = R(r)©(6). What are the

resulting differential equations and boundary conditions?

. In the previous problem, what are the solutions of the eigenvalue problem. Is the

eigenvalue problem a regular Sturm-Liouville problem?

. In the three previous problems, what are the product solutions?

In the previous four problems, what is the infinite series solution of the problem
2 2
P20 0 u(1,0) = 0, u(2,60) = f(0); u(r,0) = 0, u(r,7/2) = 07

. Write down the two dimensional heat equation in polar coordinates.

. What is the solution of the problem r?R” 4+ rR' + AR = 0, R(1) = 0, R(2) = 0? Is

this a regular Sturm-Liouville problem?

Write down the problem for the steady—state temperature in a circular cylinder of
radius 1 and height 4, with a temperature of zero at z = 0 and at »r = 1, and a
constant temperature, ug, at z = 4.

In the previous problem, separate variables with u(r,z) = R(r)Z(z). What are the
resulting differential equations and boundary conditions?

In the previous problem, what are the solutions of the eigenvalue problem? Is the
problem a regular Sturm-Liouville problem?

In the previous three problems, what are the product solutions?

In the previous four problems, What is the infinite series solution of the problem for
the steady—state temperature in a circular cylinder of radius 1 and height 4, with a
temperature of zero at z = 0 and at » = 1, and a constant temperature, ug, at z = 47

Write down the relationships between Cartesian and spherical coordinates.
Write g—; in terms of spherical coordinates?

Consider the steady-state temperature distribution, u(r,#), in a uniform spherical
mass of radius 5 with the temperature given as a function, f(f) on the boundary.
Write down the boundary value problem that models this situation.

In the previous problem, separate variables, using u(r, ) = R(r)©(#). What are the
resulting differential equations and boundary conditions?

In the previous problem, what are the solutions of the eigenvalue problem?

In the previous three problems, what is the infinite series solution of the problem
for the steady—state temperature distribution, u(r,6), in a uniform spherical mass of
radius 5 with the temperature given as a function, f(6) on the boundary?



ANSWER KEY
Zill Differential Equations 9e¢ Chapter 13 Form B

1.

2.

10.
11.
12.
13.
14.

15.

16.

17.
18.

19.
20.

or __ _:
a—y-sm@

ou __ 3 ou cos 6 Ou
Gy = sinbF: + =5

Steady—state temperature distribution in a quarter circular annulus of inner radius 1
and outer radius 2 with zero temperature at r = 1, ¢ = 0, and § = 7/2, and fixed
temperature f(0) at r = 2

rR’"+rR —AR=0,R(1)=0,0"+ X0 =0, 0(0) =0, 0(7/2) =0

A =4n?, © =sin(2nd), n = 1,2,3,...; yes, it is regular

u = (r’ — r=2") sin(2n0)

u =300 ey (r?™ — r=2")sin(2n), where ¢, = 4f(;r/2 f(0)sin(2n0)do /(2% — 272"))
A= (nm/In2)?, R=sin(nmlnr/In2), n=1,2,3,..., yes, it is regular

% + %% + % =0, u(l,2) =0, u(r,0) =0, u(0, 2) is bounded, u(r,4) = ug

rR"+ R + ArR =0, R(0) is bounded, R(1) =0, Z” — AZ =0, Z(0) =0

A=22, R= Jo(znr), n = 1,2,3,..., where Jy(2,,) = 0; no, it is not regular.

u = Jo(z,r) sinh(z,2)

u =3y 021 cpdo(znr)sinh(z,2), where ¢, = ug fol rJo(znr)dr/(sinh(4z,) fol TJg(znr)dr)

T = rcos¢sing, y = rsingsind, z = rcosf, > = 22 + % + 22, tang = y/x,
cosf = z/\/x? + y? + 22

or o .
= sin ¢ sin 0

2 2
B e b 050 = S0

r?R" 4+ 2rR' — AR = 0; R(0) is bounded; sin(#)©" + cos(8)©’ + Asin(6)O© = 0; O is
bounded everywhere

A=n(n+1), ©=PF,(cosb), n=1,2,3,...
u =1 apr"Py(cos ), where a, = (2n+ 1) [ f(0)Py(cos 0)sin0df/(5"2)
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1. In changing from Cartesian to polar coordinates, % is

Select the correct answer.

2. In changing from Cartesian to polar coordinates, % is

Select the correct answer.

(a) sin 9% + cos 9%/7"

(b) sin@% — cos 9%/7“

(c)
)
)

ou : du
cos OE — sin 0% /r
(d

(e

3. The Laplacian in polar coordinates is

ou ou
cos 05 + cos 0% /7

: ou ou
sin 0% + cos 055

Select the correct answer.

92u 1 Ou 10%u
(a) 5 +29r T ro
92u 1 Ou 1 9%u
(b) 5% + 7 5r + 7292
92u 1 Ou 1 9%u
(©) 5% — ror + 72500
92u 1 Ou 1 9%u
(d) 5% + 79 — 2502
(e) Pu _ 19u _ 1 %u
or? r Or r2 002

4. Consider the steady—state temperature distribution in a circular disc of radius ¢ cen-
tered at the origin, with temperature given as a function, f(6) on the boundary. The
mathematical model of this situation is

Select the correct answer.

d2u

(a) Cu 10wy L0 _( y(c,g) = f(0)
(b) G# + 75 — 5 = 0, u(c.0) = f(0)
(c) G — 315 — =% =0, ule,0) = f(0)
(d) S+ L2u 4+ 100 — 0, u(c,0) = f(9)
(e) Zu 4 10uy Lo — 0 uc,f) = f(6)
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5. In the previous problem, separate variables using u(r,6) = R(r)©(6). The resulting
problems are

Select the correct answer.

(a) ’R"+rR —AR=0,0" — X0 =0, O() = 6( + 27)
(b) R’ +rR +AR=0,0" +X0 =0, O(0) = O(0 + 2n)
(c) R’ +rR' —AR=0,0"+X0 =0, O(0) = (0 + 2n)
(d) R’ +rR' —AR=0,0"+X0=0,0(0) =00+ )
(e) R’ +rR +AR=0,0"+20=0,0(0) =060+ )

6. In the previous problem, the solution of the eigenvalue problem is

Select the correct answer.

(a) A=mn, © =c,cos(nb) +dysin(nh), n=0,1,2,...
(b) A =n? © = ¢, cos(nf) + d, sin(nf), n =0,1,2,...
(c) A=n?% © = ¢, cos(nf) + d,, sin(nf), n = 1,2,3,...
(d) A=n? , R=r",n=0,1,2,...

(e) A=n, R=1",n=0,1,2,.

7. In the three previous problems, the product solutions are

Select the correct answer.

(a) up = (anr™ + bpr=")(cy cos(nb) + dy sin(nh)), n =0,1,2,. ..
(b) up = r"(cy cos(nb) + dy sin(nb)), n =1,2,3,...

(¢) up =r"(cycos(nb) + dpsin(nd)), n =0,1,2,...

(d) up, = 7"(cpe™ 4+ dpe ™), n =0,1,2,...

() up = 1r"(cpne™ +dpe ™), n=1,2,3,...

8. In the previous four problems, the infinite series solution of the original problem is
u=Ag+ Y ;2 1m"(A, cos(nb) + By sin(nh)) where

Select all that apply.

(a) Ao = J5" f(0)d0/(2m)

(b) A, = f(H) sin(n®)do /(")
(c) Ay f(H) cos(nf)df /(")
(d) Bn f(@) sin(n@)dd/(c"m)
(e) B, f(H) cos(n@)df /(")
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9. The solution of 7?R” +rR'+ AR =0, R(0) =0, R(1) =0 is

Select the correct answer.

(a) A=nm sin(nmlnr)
(b) A=(n ) R =sin(nmlnr)
(c) A=(n ) R =sin(nmlnr) + cos(nmInr)
(d) A =nm, R=sin(nmlnr) — cos(nmlnr)
)

(e) none of the above

10. Consider the steady—state temperature distribution in a circular cylinder of radius 2
and height 3, with zero temperature at » = 2 and at z = 3 and a temperature of 10
at z = 0. The mathematical model for this problem is

Select the correct answer.

a

(a) Zu 4 10w Py _( 4y (2,2) =0, u(r,3) = 0, u(r,0) = 10
(b
(

) or2 r or 022

2 2
) &% — 1 Fu—0, u(2,2) =0,u(r,3) =0, u(r,0) =10
(c) %_%%Jr%:o u(2,2) =0, u(r,3) =0, u(r,0) = 10
)
)

d
(e

11. In the previous problem, after separating variables, the resulting problems are

Pup 10wy Py y(2,2) =0, u(r,3) = 0, u(r,0) = 10

%4—%%—#% =0,u(2,2) =0, u(r,3) =0, u(r,0) = 10

Select the correct answer.

(a) rR" — R'+ ArR =0, R(0) is bounded, R(2) = 0, 3)=0
(b) rR"+ R' — A\rR =0, R(0) is bounded, R(2) = 0, 3)=0
(¢) TR" — R' — AR =0, R(0) is bounded, R(2) =0, Z" —AZ =0, Z(3) =0
(d) rR"+ R' + ArR =0, R(0) is bounded, R(2) = 0, 3)=0
(e) rR"+ R '+ XrR =0, R(0) is bounded, R(2) = 0, (3)=0

12. In the previous problem, the solution of the eigenvalue problem is

Select the correct answer.

(a) X = 22/4, where Jo(z,) = 0; R = Jo(2,7/2)
(b) A= 22, where Jo(2,) = 0; R = Jo(zn7)

(c) A= n7r/9 Z = cos(nmz/3)

(d) A =n27%/9, Z = cos(nrz/3)

(e) A =n27%/9, Z = sin(nrz/3)
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13. In the previous three problems, the product solutions are

Select the correct answer.

) u = Jo(nnr/3)cos(nmz/3)

) u = Jo(n%n?r/9) cos(nmz/3)
(¢) u = Jo(n®x%r/9)sin(nnz/3)

) u = Jo(zn7r)cosh(z,(z — 3))

) u = Jo(znr/2)sinh(z,(z — 3)/2)

14. In the previous four problems, the infinite series solution is (for certain values of the
constants)

Select the correct answer.

(a) u=>3 2 cpJo(nmr/3) cos(nmz/3)

(b) u =3, cpJo(n?nr/9) cos(nrz/3)

(c) u=>322, cpJo(n?n?r/9)sin(nrz/3)

(d) uw=">20"1 cndo(znr/2)sinh(z,(z — 3)/2)
() u=>370"1cnJo(znr)cosh(zp(z — 3))

15. The relationships between Cartesian and spherical coordinates are
Select all that apply.
(a) 72 = 2% + o2
(b) tane = y/a
(¢) x =rcos¢psind
(d)
(¢)
or

16. When changing from Cartesian to spherical coordinates, 5~ =

Yy = 1 COS ¢ cos 0

=rcosf

Select the correct answer.
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17. When changing from Cartesian to spherical coordinates, % =

Select the correct answer.

)

) sin¢/(rsin @)
(¢) —cos¢/(rsinf)

) cos ¢/(r cosb)

) sin¢/(r cos @)

18. In the problem ‘3273 + %% + r%% + CC;EG% = 0, separate variables, using u(r,0) =

R(r)©(0). The resulting problems for R and © are

Select the correct answer.

a) r +2rR" + =0, 1s bounded; sin ~+ cos + Asin =0,

2R" +2rR' + AR = 0, R(0) is bounded; sin(#)©” 6)0' + Asin(6)© =0, ©
is bounded on [0, 7.

(b) 7?R" +2rR' — AR = 0, R(0) is bounded; sin(§)0” + cos(§)®’ + Asin(6)© = 0, ©
is bounded on [0, 7].

(c) 2R’ +2rR' — AR = 0, R(0) is bounded; sin(#)©” + cos(#)®’ — Asin(§)© = 0, ©
is bounded on [0, 7.

(d) 7?R" —2rR' — AR = 0, R(0) is bounded; sin(§)0"” + cos(§)®’ + Asin(6)© = 0, ©
is bounded on [0, 7].

(e) T2R" +2rR' — AR = 0, R(0) is bounded; sin(#)©” — cos(#)©®’ + Asin(§)© = 0, ©
is bounded on [0, 7.

19. In the previous problem, the solution of the eigenvalue problem is

Select the correct answer.

(a) A=n(n+1), R=r"n=1,23,

(b) A=n(n—-1), R=r",n=1,2,3,...

(¢c) A=n(n—-1), © =P,(cosf),n=1,2,3,...
(d) A\=n(n+1),© = P,(cosh),n=1,2,3,...
(e) A=n(n+1), ® = P,(sinf),n=1,2,3,...

20. In the previous two problems, the product solutions are

Select the correct answer.

(a) u=r"P,(cosb)

(b) u=1r""P,(cosf)

(¢) u=1r"P,(sinf)

(d) u=r7r""P,(sinf)
)
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2. ¢

10. d
11. d
12. a
13. e
14. d
15. b, c, e
16. b
17. a
18. b
19. d
20. a
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1. In changing from Cartesian to polar coordinates, g—; is

Select the correct answer.

2. In changing from Cartesian to polar coordinates, g—;‘ is

Select the correct answer.

(a) cos 9% — sin 9%/7"
(b) cos 0% + cos 9%/7“
(c) sin 9% + cos 9%
(d) sin 0% + cos 9%/7“
(e) sinﬁ% — cos 9%/7"
3. Consider the steady—state temperature distribution in a half circular disc of radius ¢
centered at the origin, with temperature given as a function, f(€) on the boundary

r = ¢ and zero on the boundaries § = 0 and § = m. The mathematical model of this
situation is

Select the correct answer.

(a) 10w LOu 0 y(c,d) = £(9), u(r,0) =0, u(r,7) =0
(b) Pu 4 L9u _ 19 — 0 y(c,0) = f(6), u(r,0) = 0, u(r,m) =0
(c) Ly 10w 10% _( y(c,0) = f(6), u(r,0) = 0, u(r,7) =0
(d) w4 Lou 1% — g y(c,0) = f(6), u(r,0) = 0, u(r,m) =0
(e) P4 10u 4 10% o y(c,0) = f(6), u(r,0) = 0, u(r,7) =0

4. In the previous problem, separate variables using u(r,6) = R(r)©(6). The resulting
problems are

Select the correct answer.

(a) " +rR —1m*AR=0,0"+X0=0,0(0) =0, O(1) =0
) R'+rR +r*AR=0,0"+X0=0,0(0) =0, O(1r) =0
(c) PR"+rR' —AR=0,0"—-20=0,0(0)=0,0(r) =0
(d) R’ +rR' +AR=0,0"+X0=0,0(0) =0, O(7) =0
(e) R’ +rR' —AR=10,0"+)X0=0,0(0)=0,0(7)=0
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5. In the previous problem, the solution of the eigenvalue problem is

Select the correct answer.

=n2, R=r",n=0,1,2,.
:n7R—T‘ n—012

a) A
) A
) A=mn, © = ¢, cos(nb) +dns1n(n€)7 n=0,1,2,...
) A
) A

(

(b
(c
(d
(e

6. In the three previous problems, the product solutions are

=n2 O =d,sin(nf), n =1,2,3,...
=n2 O =c,cos(nf), n=0,1,2,...

Select the correct answer.

n=1"(cpe™ +dpe ™), n=0,1,2,...

() tn =
(b)) wp = 1"(cpe™ 4+ dpe ™), n=1,2,3,...

(¢) up = r"(cycos(nb) + dp, sin(nh)), n =0,1,2,...
(

d
() u, =7r"sin(nf), n =1,2,3,...

up =71"cos(nb), n=0,1,2,...

)
)
)
)
)

7. In the previous four problems, the infinite series solution of the original problem is
u =y o2 r"(Ay cos(nbl) + By, sin(nf)) where

Select all that apply.

(a) A f(H) cos(nf)df /(")
(b) By, f(H) sin(n®)do /(")
(¢) B, f(H) cos(n@)df /(")
(d) Ap =
(e) B,=0
8. The two dimensional wave equation in polar coordinates is
Select the correct answer.
2 2 2
(@) o (5~ 15 + 5t = ¥
2 2 2
() o (5% + 3538 - 5ot = Gt
2 2 2
(©) (Gt + 35 + ) = 5t
(@ o (5 + B 5+ 158) = 5t
(©) (5t - % + 1 5) = 5t
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9. The solution of 7?R” +rR'+ AR =0, R(1) =0, R(2) =0 is

Select the correct answer.

(a) A=nn/In2, R =sin(nmlnr/In2)
(b) A= (n7/In2)?, R =sin(nwlnr/In?2)
(¢) A= (n7/In2)2, R = cos(nwlnr/In?2)
(d) A=nn/In2, R=cos(nwlnr/In2)
(e) none of the above

10. Consider the vibrations of a circular membrane of radius 2, clamped along the cir-
cumference, with an initial displacement of 1 — sin(7r/2) and an initial velocity of
zero. The mathematical model for this situation is

Select the correct answer.

(a) 24+ 128 = 24 w(2,1) =0, u(r,0) = 1 — sin(wr/2), uy(r,0) = 0
2 2 .
(b) 9% — 190 = B4 w(2,1) = 0, u(r,0) = 1 — sin(wr/2), u(r,0) = 0
(c) w4 10u — _Du y(2,1) = 0, u(r,0) = 1 — sin(nr/2), uy(r,0) = 0
2 .
(d) % - %2% = %, u(2,t) =0, u(r,0) = 1 —sin(7r/2), us(r,0) =0
(e) % + 7’%% — %, w(2,t) =0, u(r,0) =1 —sin(nr/2), u(r,0) =0

11. In the previous problem, separate variables using u(r,t) = R(r)T(t). The resulting
problems are

Select the correct answer.

(a) rR"+ R'+rAR =0, R(0) is bounded, R(2) =0, T — AT =0, T'(0)
(b) rR" + R +rAR =0, R(0) is bounded, R(2) =0, 7" + X\T' =0, T"(0)
(c) rR"+ R —rAR =0, R(0) is bounded, R(2) =0, 7" + \T =0, T’(O)
(d) *R” + R'+ AR = 0, R(0) is bounded, R(2) = 0, T" + AT = 0, T'(0)
(e) rR"+ R '+ AR =0, R(0) is bounded, R(2) =0, 7" — XT' =0, T'(0) =

0
0
0

~— —

12. In the previous problem, the solution of the eigenvalue problem is

Select the correct answer.

=nm, T = a, cos(nnt) + by, sin(nnt)
b

(a) A
(b) A
(c) X\ =22/4, where Jo(z,) =0, R = Jo(2,7/2)
(d) A
) A

=n 772 T = a, cos(nmt) + by, sin(nmt)

d) A= zn/Q where Jy(z,) =0, R = Jo(2,7/2)
(e =, where Jo(2n) =0, R = Jo(zn7)
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13. In the previous three problems, the product solutions are

Select the correct answer.

zn7/2)(ar, cos(znt/2) + by sin(zpt/2))
2T /2)ay cos(zpt/2)
2T /2)by, sin(z,t/2)

nwr)by, sin(nmt)
)

=28 22
: : g 8 g
I
Aﬁéﬂﬁ

nwr)a, cos(nmt)

14. In the previous four problems, the infinite series solution of the original problem is
(for certain values of the constants a, and b,)

Select the correct answer.

=021 anJo(znr/2) cos(znt/2)
=302 1 bpJo(znr/2) sin(z,t/2)
= >0 1 bpJo(nmr) sin(nmt)
= >0° 1 apJo(nmr) cos(nmt)

) co
= >0 Jo(znr/2)(ay cos(nmt) + by, sin(nnt))

15. The equations relating Cartesian and spherical coordinates include

Select all that apply.

(a) y =rcos¢cosb
(b) x =rcos¢psind
(c) 7=+ y? + 22
(d) z=rcosf
(e) tan¢ =y/x

16. In changing from Cartesian to spherical coordinates, % becomes

Select the correct answer.
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17. In separating variables, using u(r,0) = R(r)©(0), in the equation 2 BTQ 442 g:f + T%‘g%‘ +

C‘;—EG% = 0, the resulting equation for R is

Select the correct answer.

a) 2R"+2rR' — AR =0

(a)

b) 2R’ —2rR' — AR =0

(

(¢) TR"+2rR' — ArR =0

(d) rR” + 2R — MR =0
)

(e) R’ —2rR' — A\rR=0

18. Using the separation of the previous problem, the equation for © becomes

Select the correct answer.

cos(0)0” — sin(§)©’ 4+ Asin()© =0
in(0)0” — cos(6)0®" + Asin(h)© =0

wn

)
)
(c) sin(0)O” + cos(9)O" + Asin(6)© =0
)
)

19. In the previous problem, if we also require that © be bounded everywhere, the solution
of the eigenvalue problem is

Select the correct answer.

(a) A=n(n+1), ©® = P,(sinf), n=1,2,3,
(b) A=n(n—-1), © =sin(nd), n =1,2,3,
(¢c) A=n(n—-1), © =cos(nd),n=1,2,3
(d) A=n(n+1), © =P,(cosf),n=1,2,3,
() A=n(n—1), © =P,(sinf),n=1,2,3,.

20. In the previous three problems, the solution for R is

Select the correct answer.

(a) R

(b) R !

(c) R=c1r" + cor 7t
(d) R=c1r" + cor™tt
(e) R=cyr" + cor™ !



ANSWER KEY
Zill Differential Equations 9e¢ Chapter 13 Form D

1. a

2.d

10. a
11. b
12. ¢
13. b
14. a
15. b, d, e
16. ¢
17. a
18. ¢
19. d
20. ¢
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00
ox

g—;‘ in terms of polar coordinates?

. Write in terms of polar coordinates?
. Write
. Write down the Laplacian of u(r,#) in polar coordinates.

. Consider the steady—state temperature distribution in a half circular

annular disc with

1 <r <2 0<60 < m, with zero temperature on the curved boundaries » = 1 and

r = 2, zero temperature on the boundary 6 = 0, and a given temperature, f(r),

the boundary # = 7. The mathematical model of this situation is

Select the correct answer.

on

(a) Qu 10wy LOu () 4(1,0) =0, u(2,0) =0, u(r,0) = 0, u(r,7) = f(r)
(b) Puq Lou 1% g y(1,0) =0, u(2,60) = 0, u(r,0) = 0, u(r, ) = f(r)
(c) Zu —10uy 100w — 0 4(1,0) =0, u(2,0) = 0, u(r,0) = 0, u(r,7) = f(r)
(d) w4 L0 100 g y(1,0) =0, u(2,6) = 0, u(r,0) = 0, u(r, ) = f(r)
(e) Ty —10u_ 10— 4(1,0) =0, u(2,0) = 0, u(r,0) = 0, u(r,7) = f(r)

5. In the previous problem, separate variables using u(r, )
problems are

Select the correct answer.

AR =0, R(1

R(2) =0, 8" — X0 = 0, O(0)
R(2) =0, 8" — X0 = 0, O(0)

(a) MR"+rR — (
( (
"+ X0 =0, 0(0) =0, O(n)
(
(

) (1)
b) P?R" 4+ rR' + AR =0, R(1)
(c) R"4+rR' + AR =0, R(1)
(d) (1)

) (1)

d) R +rR —r2AR =0, R(1
(e) R"+rR +r’AR =0, R(1

0
R(2) =0, ©" + 6 =0, O(0)
0" + X0 =0, ©(0) = 0, O(r)

0,
0,
0,
0,
0,

6. In the previous problem, the solution of the eigenvalue problem is

Select the correct answer.

(a) A=mn, © =c,cos(nb) + d,sin(nh), n =0,1,2,...
(b) A=n?% © =d,sin(nf), n=1,2,3,...

(c) A=n% O =c,cos(nb), n=0,1,2,...

(d) A= (n7/In2)?, R =sin(nrlnr/In2), n =1,2,3,...
() A=(nm/In2), R=sin(nmlnr/In2), n=1,2,3,...

= R(r)©(0). The resulting

0
0
0
0
0
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7. In the three previous problems, the product solutions are

Select the correct answer.

Uy, = r"(cy cos(nb) + dy sin(nh)), n =0,1,2,. ..
Uy, = r"(dpsin(nh)), n =1,2,3,...
"(¢pcos(nb)), n=0,1,2,...

Uy = Sin

(nmlnr/In2)cosh(nmf/In2), n=1,2,3,...
— sin(

)
)
C) Up =T
)
) nmlnr/In2)sinh(nmd/In2), n=1,2,3,...
8. In the results of previous four problems, the infinite series solution of the problem
for the steady—state temperature distribution in a half circular annular disc with
1 <r <2 0<6<m, with zero temperature on the curved boundaries » = 1 and
r = 2, zero temperature on the boundary # = 0, and a given temperature, f(r), on
the boundary 6 = 7 is (for certain values of the constants ¢, and d,,)

Select all that apply.

(a) u=">3 724 cpr™(cy cos(nb) + dy, sin(nh))

(b) u =021 cpr™(dysin(nb))

() u=730"1cyr(cycos(nb))

(d) u=>72"dysin(nmlnr/In2)cosh(nrf/In2)
(e) u=7 02 dysin(nmlnr/In2)sinh(nrd/In2)

9. What is the solution of the problem ©” + X0 = 0, ©(0) = ©(0+ 2m)? Is this a regular
Sturm-Liouville problem?

10. Write down the relationships between Cartesian and spherical coordinates.

or
ox

12. For spherical coordinates, what is %?

11. For spherical coordinates, what is

13. The mathematical model for steady—state temperature distribution, u(r, z), in a cylin-
der of radius 3 and height 5, with zero temperature at z = 0 and r = 3 and with a
given constant temperature ug on the side z =5 is

Select the correct answer.

(a) Zu 4 10u 4 U y(r,0) = 0, u(3,2) = 0, u(r,5) = u
(b) %—k%%—i—%zo u(r,0) =0, u(3,z) =0, u(r,5) = ug
(©) B8+ 124 L8 =0, u(n0) = 0.u(3,2) = 0, u(r.5) =
(d) Fu —10uy Lo — 0 y(r,0) =0, u(3,2) =0, u(r,5) = ug
(€) 24— 10uy Bu — (), u(r,0) = 0, u(3,2) = 0, u(r,5) = ug
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14. In the previous problem, separate variables, using u(r, z) = R(r)Z(z). The resulting
problems for R and Z are (including the condition that R(0) is bounded)

Select the correct answer.

Z(5) = uo

(@) rR" + R —AR=0, R(3) = 0, Z" — A\Z = 0, Z(0)
(b) rR" + R' = AR =0, R(3) = 0, Z" — \Z = 0, Z(0)
() TR+ R+ A\rR=0, R(3) = 0, Z" —\Z = 0, Z(O)
(d) rR" + R'+ A\rR =0, R(3) = 0, Z" + A\Z — 0, Z(0)
(e) rRF+ R —XMrR=0,R(3)=0,Z"+XZ =0, Z(0)

0,
0,
0,

Z(5) = ug

15. In the previous problem, the solution of the eigenvalue problem is

Select the correct answer.

) A= (n7/5)%, Z = cos(nrwz/5), n=1,2,3,...
) A= (nm/5)%, Z =sin(nrz/5), n =1,2,3,...
(¢) A=nn/5, Z =sin(nrz/5), n=1,2,3,...
(d) A=2,/3, R= Jo(znr/3), n =1,2,3,..., where Jy(z,) =0
) A= (2,/3)%, R= Jo(2,7/3), n =1,2,3,..., where Jo(2,) =0

16. In the previous three problems, the product solutions are

Select the correct answer.

(a) u = Jo(2n7/3)cosh(z,z/3)
(b) w= Jo(z,7/3)sinh(z,2/3)
(¢) u= Jo(nmr/5)cos(nmz/5)
(d) w= Jy(nmr/5)sin(nrz/5)
(e) u= Jo(nnr/3)cos(nmrz/5)

17. Write down the infinite series solution for the previous four problems.
18. Write down the Laplacian of a function u(r, ¢,6) in spherical coordinates.

19. If the function u in spherical coordinates is independent of 6, what are the equations
resulting from the separation of variables, using u(r, ¢) = R(r)®(¢)?

20. If the function u in spherical coordinates is independent of ¢, what are the equations
resulting from the separation of variables, using u(r,8) = R(r)®(6)?



ANSWER KEY
Zill Differential Equations 9e¢ Chapter 13 Form E

1. % = —sinf/r

ou __ : ou cos 0 Ju
2. a—y—SIDHW—F—T 90

B G 15+

4. a

5. b

6. d

7. e

8. e

9. A =n2, 0 = ¢ cos(nf) + casin(nh), n =0,1,2,...; no, it is not regular

10. * = rsinficosp, y = rsinfsing, z = rcosf, r> = 22 + y? + 22, tang = y/x,

cosf = z/\/22 +y2 + 22
11. % = sin # cos ¢
12. % =0
13. a
14. ¢
15. e
16. b
17w =371 cnJo(znr/3) sinh(z,2/3), where ¢, = ug fg rJo(znr/3)dr/(sinh(52,/3) f(? rJo?(znr/3)dr)
18. Uy + 2up /7 + ugg /(12 sin 0) + ugg /1% + cot Qug/r?
19. Not possible, because of the 1/sin?# term multiplying Ugg

20. r2R" 4+ 2rR' — AR =0, sin 00" + cos #O©’ + AsinfO = 0
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1. In changing from Cartesian to polar coordinates, g—g is

Select the correct answer.

2. In changing from Cartesian to polar coordinates, g—;‘ is

Select the correct answer.

(a) COSH% - 5129%
(b) cos 0% + Cofg%
(c) sin 9% + cos 9%
(d) singde — cosfu
(e) sinﬁ% + CO:G%

3. The Laplacian in polar coordinates is

Select the correct answer.

9%u 1 Ou 10%u
(a) 5 +2gr T ro
92u 1 Ou 1 9%u
(b) 5% — 7 5r + 72592
92u 1 Ou 1 9%u
() 5% + o — 258
92u 1 Ou 1 9%u
(d) 5% + 75 + 2502
(e) Pu _ 19u _ 1 %u
or? r Or r2 002

4. Consider the problem 7“2% + r% + % =0; u(c,0) = f(0), u(r,0) =0, u(r,7) = 0.
Describe a physical situation having this as a mathematical model.

5. In the previous problem, separate variables using u(r,0) = R(r)©(f). What are the
resulting differential equations and boundary conditions?

6. In the previous problem, what are the solutions of the eigenvalue problem? Is the
eigenvalue problem a regular Sturm-Liouville problem?

7. In the three previous problems, what are the product solutions?

8. In the previous four problems, what is the infinite series solution of the problem
2 2
r?08 4 Qe 4 S8 — 0; u(c,0) = f(0), u(r,0) =0, u(r,7) = 0?
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9. The two dimensional heat equation in polar coordinates is

10.

11.
12.
13.
14.

Select the correct answer.

() k(G + 35+ w8 = 5
(b) k(5% — 158 + gt ) = 5
() k(5 + 15 — ) = B
(@ k(5 + 5+ 158) = &
() k(5 -5+ 158) = 5

The solution of 7?R” 4+ rR' + AR = 0, R(0) =0, R(1) =0 is

Select the correct answer.

(a) A=mnm, R=sin(nrlnr)

(b) A = (n7)?, R=sin(nwlnr)

(¢) A= (n7)?, R=sin(nwlnr) + cos(nmlnr)
(d) A =nm, R =sin(nrlnr) — cos(nmlnr)
(e) none of the above

Write down the relationships between Cartesian and spherical coordinates.

In changing from Cartesian to spherical coordinates, what is %?

In changing from Cartesian to spherical coordinates, what is %?

The two-dimensional wave equation in polar coordinates is

Select the correct answer

(a) o (5% — 150 + B ) = 52
(b) o® (4 + 23 + L %4) = 2
(c) a (Z + 29+ 1004) = 2
(@) 0 (G - 5+ H5) = 5
() o (5% + 150 + B 5t) = B¢

15. Consider the wave equation from the previous problem, but consider the case where

u is independent of . Separate variables, using u(r,t) = R(r)T'(t). The resulting
equations for R and 1" are

Select the correct answer

PR+ rR +AR=0,T"+a’ T =0
PR+ rR —AR=0,T"+a’ T =0
rR'+R —MR=0,T"+a’ T =0
rR'+R +MR=0,T"+a’T =0
a’XT =0

(a)
(b)
(c)
(d)
() TR"+ R +MR=0,T"—



Zill Differential Equations 9e Chapter 13 Form F

16. In the previous problem, assume that R satisfies the boundary conditions R(0) is
bounded, R(1) = 0. The solution of the resulting eigenvalue problem is

Select the correct answer

= zn, R = Jo(znr), n=1,2,3,..., where Jy(z,) =0
=22, R= Jo(z,7), n = 1,2,3, ..., where Jy(z,) =0
(nm)?, R= Jo(nmr), n=1,2,3,...
=nm, R=Jy(nwr),n=1,2,3,...
n®, R=Jy(nr),n=1,2,3,...

17. In the previous two problems, the product solutions are

Select the correct answer

zpr) sin(azpt)
2 1) cos(azpt)
znT)(an cos(azpt) + by, sin(az,t))

nmr)(ay, cos(anmt) + by, sin(anmt))

o~ o~ o~ o~ o~

nr)(a, cos(ant) + by, sin(ant))

18. Write down the three-dimensional wave equation for u(r, ¢,0,t) in spherical coordi-
nates.

19. In the previous problem, assume that the function w is independent of ¢ and §. What
are the equations that result from separation of variables using u(r,t) = R(r)T'(t)?

20. What is the solution of the eigenvalue problem rR” + R+ A\rR = 0, R(0) is bounded,
R(1) =07



ANSWER KEY
Zill Differential Equations 9e¢ Chapter 13 Form F

1.

2.

10.

11.

12.
13.
14.
15.
16.
17.
18.

19.

20.

C
(&

d

Steady—state temperature distribution in a half circular plate of radius ¢, with zero
temperature on the diameter and a given temperature, f(6) on the curved side

?R" +rR — AR = 0, R(0) is bounded, ©" + X0 =0, ©(0) =0, O(7) =0
A=n2 0 =sin(nf), n=1,2,3,...; yes, it is regular
u = r"sin(nd)

u =302 apr"sin(nb), where a, =2 [ f(0) sin(nd)do/(c"r)

a

e

r = rcos¢sing, y = rsingsinfd, z = rcosf, > = 22 + % + 22, tang = y/x,
cosf = z/\/22 +y2 + 22

% = cos ¢cosf/r

% = —sin¢/(rsinf)
e

d

2 (0%u 20u 1 9%u 1 9%u cotf ou) _ d%u
a (WJFFWJF,JSM@@TWW—?WJF P m)— o

rR"+ 2R + MR =0,T"+a’ T =0

A=22, R= Jo(znr), n =1,2,3,..., where Jy(2,,) =0
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1. Write g—z in terms of polar coordinates?

2. Write % in terms of polar coordinates?

3. Consider the steady—state temperature distribution in a quarter of a circular disc of
radius ¢ centered at the origin, with temperature given as a function, f(f) on the
boundary r = ¢ and zero on the boundaries § = 0 and 6 = 7/2. The mathematical
model of this situation is

Select the correct answer.

(a) 24+ Lo L 100 — 0 u(c,0) = £(0), u(r,0) = 0, u(r,7/2) =0
(b) 4 10uy Lo — 0 u(c,§) = f(B), u(r,0) =0, u(r,7/2) =0
(c) Zu —L10uy L0 — 0 u(c,§) = f(6), u(r,0) =0, u(r,7/2) =0
(d) o4 Lo L% g y(c,0) = f(6), u(r,0) = 0, u(r,7/2) =0
(e) Tu 10w 10% _ y(c,0) = f(6), u(r,0) = 0, u(r,7/2) =0

4. In the previous problem, separate variables using u(r, ¢
problems are (including the conditions: R(0) is bounded,

~—

R(r @(9) The resulting
(r/2) = 0)

CL
@ |l
=
||

@ -

Select the correct answer.

(a) R"+rR' —1?AR=0,0"+X0=0
(b) R"+rR +7r’AR=0,0"+ X0 =0
(c) r’R"+rR' —AR=0,0"-)0 =0
(d) r’R"+rR' —AR=0,0"+ X0 =0
(e) r’R"+rR' +AR=0,0"+)0 =0

5. In the previous problem, the solution of the eigenvalue problem is

Select the correct answer.

(a) A =2n, © = ¢, cos(2nh) + d,, sin(2nh), n =0,1,2,...
(b) /\:4n , © =d,sin(2nh), n=1,2,3, ...
(c) A=4n% © —cncos(QnH), n=0,1,2,...
(d) X = 4n? R: " n=0,1,2,...
) A=2n

(e

6. In the three previous problems, the product solutions are

L R=r2n=0,1,2,...

Select the correct answer.

(a) up = 12" (cpe®™ + dpe29), n=0,1,2,...

(1) up = 12 (cpe? 4+ dpe=9), n =1,2,3,...

(c) up = 2”(cn cos(2n6) + d,, sin(2nf)), n =0,1,2, ...
(d) up =1r?"cos(2nf), n =0,1,2,...

(e) u, =r?"sin(2nd), n =1,2,3,...
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7. In the previous four problems, the infinite series solution of the original problem is
u =30, r?"(A, cos(2nd) + B, sin(2nd)) where

Select all that apply.
(a) A
(b) Bn =0
() Bn =47 £(0)sin(2n)do /(> )
(d) By =4[5 £(0) cos(2n0)d /(> )
(€) Ap =4 [T £(0)cos(2n0)do/(c>"r)

8. Write down the two dimensional heat equation in polar coordinates.

9. What is the solution of the problem ©” + A0 = 0, ©(0) = 0, O(7) = 0?7 Is this a
regular Sturm-Liouville problem?

10. Write down the relationships between Cartesian and spherical coordinates.

909
oy *

12. In changing from Cartesian to spherical coordinates, what is g—i?

11. In changing from Cartesian to spherical coordinates, what is

13. Consider the equation ‘3273 + %% + %2% + ‘3%9% = 0. This might represent

Select the correct answer

steady—state temperature in a circular plate
b

)

) steady-state temperature in a circular cylinder
c) steady-state temperature in a sphere
)
)

(a
(

(
(d

(e) none of the above

a vibrating circular cylinder

14. In the previous problem, separation of variables using u(r,0) = R(r)©(6) results in

Select the correct answer

(a) ?R" 4+ 2rR' + AR = 0, sin(0)©" + cos(0)©’ + \sin(0)O© = 0
(b) TR +2rR — AR = 0, sin(0)©” + cos(0)©’ + Asin(6)O© = 0
(c) ?R" —2rR' + AR = 0, sin(0)©” + cos(0)O' + Asin(6)© = 0
(d) m?R" —2rR' — AR = 0, sin(0)©” + cos(#)O' + Asin(6)© = 0
(e) TR" 4+ 2R — AR =0, sin()©” + cos(0)©’ + Asin(6)© = 0
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15. In the previous problem, the restriction on © is that © is bounded everywhere. The
solution of this eigenvalue problem is

Select the correct answer

) A =n2r?, O =sin(nnd), n=1,2,3,...
) A=n? 0 =sin(nd), n=1,2,3,...
(¢) A=mn, O =sin(nf),n=1,2,3,...
) A=n(n+1), ©=P,(cosb), n=1,2,3,...
) A=n? 0 = P,(cosh),n=1,2,3,...

16. Consider the problem %—I—%% = %, u(0,t) =0, u(2,t) =0, u(r,0) = f(r), %(r, 0) =
(

0. Verify that the left hand side can be written as %623 ) and simplify by using the

substitution v = ru.

17. In the previous problem, separate variables using v(r,t) = R(r)T(t). What are the
resulting problems for R and 77

18. In the previous problem, what are the solutions of the eigenvalue problem?
19. In the previous three problems, what are the product solutions?

20. Ir21 the previou25 four problems, what is the infinite series solution of the problem
G+ 20 =G u(0.t) =0, u(2,t) = 0, u(r,0) = f(r), F(r,0) = 07



ANSWER KEY
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1. 99— cosf/r

dy
% = COSQ% - sin@‘g—g/r
b
d
b

6. e
7. a,c
02 19 1 9%u) _ 0
8. k(a—,é“rm—?Jrﬁa—eg)—a—?
9. A =n? 0 =sin(nd), n =1,2,3,...; yes, it is regular

10. * = rsinficosp, y = rsinfsing, z = rcosf, r> = 22 + y* + 22, tang = y/x,

cos = z/\/x? + y? + 22
11. g—z = cosfsing/r
12. g—i = cos ¢/(rsinf)
13. ¢

14.

o o

15.

102 _ 10 ouy _ 1 (Ju ou Pu\ _ J%u 20u 0%v _ 9%
16. 1250ru) =12 (w+r8) =L (P + 3 +r58) =54 + 2%, S = 5

S =

17. "+ AR =0, R(0) =0, R(2) =0, 7"+ AXT =0, T'(0) =0
18. A= (n7/2)%, R =sin(n7r/2), n =1,2,3,...
19. u = sin(nnr/2) cos(nwt/2)

20. uw =02 cpsin(nnr/2) cos(nnt/2), where ¢, = f02 f(r)sin(nmr/2)dr
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1. In changing from Cartesian to polar coordinates, % is

Select the correct answer.

) sin@
) cos@
c) cosf/r
) sin@/r
) —sinf/r

2. In changing from Cartesian to polar coordinates, % is

Select the correct answer.

u

S
QI

ou cos
a) cosfg: +

(
(b
(

S
Q
SIS

r
sin

)

) r o0
) sin@% + cos 9%
)

)

ou
cos HW —
(c
d

(e) sin 0% +

cosf Ou

: ou
sinf%g; —

n 3
>
Q>|®QJ
SIS

Q

O

<

3. Consider the problem r22°% 4 72t 4 — 0 4(1,0) = 0, u(2,0) = 0, u(r,0) = 0,

or?
u(r,m/2) = f(r). Describe a physical situation having this as a mathematical model.

4. In the previous problem, separate variables using u(r,f) = R(r)©(#). What are the
resulting problems?

5. In the previous problem, what are the solutions of the eigenvalue problem. Is the
eigenvalue problem a regular Sturm-Liouville problem?

6. In the three previous problems, what are the product solutions?

7. In the previous four problems, what is the infinite series solution of the original prob-
lem?

8. The solution of r?R" + rR' + AR =0, R(1) =0, R(3) =0 is

Select the correct answer.

(a) A=nn/In3, R = cos(nmlnr/In3)
(b) A=nn/In3, R =sin(nmlnr/In3)
(¢) A= (n7/In3)?, R =sin(nwlnr/In3)
(d) A= (n7/In3)2, R = cos(nwlnr/In3)
(e) none of the above

9. Write down the relationships between Cartesian and spherical coordinates.

10. Write % in terms of spherical coordinates?

11. Write % in terms of spherical coordinates?



Zill Differential Equations 9e Chapter 13 Form H

12. Consider the steady—state temperature in a circular cylinder of radius 2 and height 3,
with zero temperature at r = 2, temperature of 20 at z = 3, and which is insulated
at z = 0. The mathematical model for the temperature, u(r, z), is (including: «(0, z)
is bounded, u(2,t) = 0, u(r,3) = 20)

Select the correct answer

(a) S% + 25 + 94 =0, 34(r0) =0
(b) 5% + 198 = 54, 34(r,0) =

() 5% + 198 = 2%, u(r,0) =

(d) Zu 4 10w 4 Pu— y(r,0) =
() 5%+ %5 = 5% 80 =

13. In the previous problem, after separating variables using u(r,z) = R(r)Z(z), the
resulting problems are

Select the correct answer

(a) rR" + R — ArR = 0, R(0) is bounded, R(2) = 0, Z" + \Z = 0, Z'(0) = 0,

Z(3)=0
(b) r2R" + rR' — AR = 0, R(0) is bounded, R(2) = 0, Z" + A\Z = 0, Z'(0) = 0,
Z(3) =0

(c) r?R" 4+ rR' 4+ AR =0, R(0) is bounded, R(2) =0, Z" +X\Z =0, Z(3) =0
(d) rR" 4+ R'+ AR =0, R(0) is bounded, R(2) =0, Z" —A\Z =0, Z'(0) =0
() TR" + R + ArR = 0, R(0) is bounded, R(2) = 0, Z”" + A\Z = 0, Z'(0) = 0,
Z(3)=0
14. The solution of the eigenvalue problem of the previous problem is

Select the correct answer

) A=nn/3, Z = cos(nrz/3), n=1,2,3,...

) A=nn/3, Z =sin(nrz/3), n=1,2,3,...

) A=2,/2, R = Jo(z,7/2), where Jo(z,) =0, n=1,2,3,...
) A= 22, R = Jo(zn7), where Jo(z,) =0, n =1,2,3,...

) A=22/4, R = Jo(2,7/2), where Jo(z,) =0, n=1,2,3,...

15. Product solutions of the previous three problems are

Select the correct answer

(a) u= Jo(2nr/2)sinh(z,2/2)
(b) uw = Jo(zn7/2) cosh(z,2/2)
(c) u = Jo(n?x%r/9) cos(nnz/3)
(d) uw= Jy(nmr/3)sin(nrz/3)
(e) u= Jy(nmr/3)cos(nrz/3)
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16. The infinite series solution of the previous four problems is (for certain values of the
constants ¢;,)

Select the correct answer

(a) u=">2 cpdo((nm/3)%r) cos(nmrz/3)
(b) w=">30"1 cnJo(znr/2)sinh(z,2/2)
() u=>310"1cndo(znr/2) cosh(z,2/2)
(d) =230 cpJo(nmr/3)sin(nrz/3)
(e) u=>ro> 1an0(n7rr/3) cos(nmz/3)

17. Write down the Laplacian of u in cylindrical coordinates.
18. Write down the Laplacian of u in spherical coordinates.

19. What difficulty would you encounter if you were to try to solve Laplace’s equation in
spherical coordinates for a function which depends only on r and ¢ and is independent
of 07

20. What is the solution of sin(8)©” + cos(0)©’ + Asin(6)© = 0, © is bounded on [0, 7]?



ANSWER KEY
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1.

2.

10.
11.
12.
13.
14.
15.
16.
17.

18.

19.

20.

e
b

Steady—state temperature distribution in a quarter circular annulus between r = 1
and r = 2, with zero temperature on r = 1, r = 2, and 8 = 0, and temperature of f
on f =m/2

2R 4+ 1R+ AR=0, R(1) =0, R(2) =0, 0" — A0 =0, ©(0) =0

A= (n7/In2)? R=sin(nrlnr/In2), n=1,2,3,...
u = sin(nmInr/In 2) sinh(nmd/1n 2)

u=> ", cpsin(nminr/In2)sinh(nmd/In2), where
cn = [Lrf(r)sin(nrInr/In2)dr/(sinh(nr?/(21n2)) [{ rsin?(nxnr/In 2)dr)

C

T = rsinfcos¢, y = rsinfsing, z = rcosf, > = 22 + y% + 22, tang = y/x,
cos = z/\/x? + y? + 22
%z—sin@/r

9¢ _
5, =0

a
d
e
b
¢

02y 1 Ou 1 9%u 02y
aztror trzoee T 922

d%u 2 Ou 1 8%u 1 9%u cot 6 Ou
oz T ror T imanZgor T o T2 o0

0 appears in the coefficient of g%%

A=n(n+1), ®=PF,(cosf), n=1,2,3,...



