
MATE 4072S14

Due27/01

1. Problem1of §13.2of Boas.

2. Problem7 of §13.2of Boas.

3. Problem14of §13.2of Boas.

4. Sameasproblem3of §13.2,replacingcosx by sinx.

5. In findingelementarysolutionsof thesteady-statetemperaturein thesemi-infinite rectan-
gularplate,weassumedthattheconstantof eq.(2.5)(p.622)is negative.Discusswhatwe
obtainif weassumerespectivelythattheconstantis (a)positiveor (b) zero.

6. (FinalexamS13). Let Sbethesquaregivenby 0 ≤ x ≤ 1, 0 ≤ y ≤ 1.A functionis required
to bezeroon thesidesx = 0, x = 1, y = 1, andnot identicallyzeroon thesidey = 0. Two
candidatesare:

φ(x, y) = (Acos(λx) + Bsin(λx)) ⋅ (C −ye + D ye ),

ψ(x, y) = (Acos(λy) + Bsin(λy)) ⋅ (C −xe + D xe ).

A, B, C , D areconstantnumbersandλ is a positiveconstant.Which, if any,of the two
functionsaresuitable,andarethereconditionsonthenumbersA, B, C, D, λ?Your analysis
mustberigorousandcomplete.

Due3/02

7. Problem3of §13.3.

8. Problem6 of §13.3.

9. Problem7 of § 13.3.Follow themethodwe haveusedandignorethelong-winded“hints
andcomments”,butobservethefollowing: if theeigenfunctionsareof theform X(x) = cos
(λx), which solutionsλ of X′(l ) = 0 correspondto non-zeroeigenfunctions?To compute
theFouriercoefficientsof acosineseries,referto equations(5.1)and(5.9)of chapter7.

10. Completetheexamplestartedin class:slabof thicknessl with thegiveninitial temperature
distribution,with theright faceno longerheldat °100 at timezero,but suddenlyinsulated.
Theeigenfunctionsarethosewe found,of theform sin(λnx), n ≥ 0, for thoseλn solving
cos(λ l ) = 0. Verify that theyform anorthogonalsystem,thenfind thecoefficientsof the
Fourierexpansionof u(0, x).
Addendum:theinitial distributionis u0(x) = 100x/l .

Due12/02

11. Problem1of §13.4.

12. Problem5of §13.4.



- 2 -

13. Problem11of §13.4.Update:considerthestringpinnedatx = 0 andfreeatx = l, andthe
displacementspecifiedby problem3of thetext.

14. Referto problem7of §13.4,andtakel = c = 1. Usingthed’Alembertform of thesolution
of thewaveequationutt − uxx = 0, find u(t, 0.5) at timest = 0, 1, 2, 4.

Due24/02

15. Considerthedisplacementu(t , r , θ) of a pie-shapedmembraneof radiusa andangleπ/3
whichsatisfies

utt − 2c ∆u = 0.

Determinethenaturalfrequenciesof oscillationif theboundaryconditionsare

u(t, r , 0) = 0, u(t, r , π/3) = 0, u(t, a, θ) = 0.

16. Problem3of §13.6.

Due26/02

17. The fundamentalfrequencyof the vibratingmembraneis the lowestvalueof the family
whichwedenotedby λmn. Whatis theeffecton thefundamentalfrequency,of makingthe
drumsmaller,if tensionanddensity(reflectedin thec constant)areunchanged?

Due3/03

18. If D is a boundedplanedomain,and∂D its boundary,Green’sformulastatesthat for any
twicedifferentiablefunctionsu andv,

∫D
v∆udx + ∫D

∇u ⋅ ∇vdx = ∫∂D
v(∇u) ⋅ ndσ,

wheren is the unit outwardnormal to D on ∂ D. Considerelementarysolutionsof the
vibratingmembraneproblem;thespatialfactorsatisfiestheHelmholtzequation

∆F − CF = 0,

in additionto thehomogeneousconditionF = 0 on ∂D (whereD is thediscof themem-
brane).Weassumedin ouranalysisthatC < 0.By choosingsuitablyu,v in Green’sformula,
showthatwhenC ≥ 0, theonly solutionof theHelmholtzequationisF≡0.Noteadded:one
wayto showthata functionis zero,is to showthattheintegralof its squareis zero.

19. Sequelto problem9:weassumedthattheseparationconstantin

X′′
X

= C

is nonpositive,not necessarilystrictly negative.Justify this assumptionby considering,
separately,thecasesC > 0 andC = 0. Concludethat it is indeedthecasethatoneof the
eigenfunctionscorrespondsto λ = 0.
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Due10/03

20. Problem1of §13.9.

21. Problem4 of the samesection.Replacethe factor sin( kx) by sin( 2 π kx), and modify
accordinglytheexponentialterm.

22. Problem5of §13.9.

Due17/03.Theseproblemsareto handin later,but feel freeto solvemanymoreonyourown.

23. §14.2:choosethreefrom 1–21,omitting18,19but including21.

24. (a)–(c):problems22–24of §14.2.

25. (a)-(b):choosetwo from 34–42,omitting36.

26. Problem45of §14.2.

27. (a)-(b):chooseonefrom 54–57andonefrom 58–63of §14.2

28. (a)-(b):4,5of §14.3.

29. (a):chooseoneof 8–10.(b):problem16of §14.3.

Due31/03

30. (a)-(b):choseoneof 17–20,andoneof 22–24of §14.3.

31.

(a) Integrate 1
4z − 1

overthecircle | z + 3 | = 1, counterclockwise.Recallthatthesolutions

of theequation 4z = 1 all lie onacertaincircle(which?)

(b) Evaluate∫γ

exp( 3z )
2(z − 1 − i)z

dzwhereγ consistsof | z | = 3 counterclockwise,and| z | =

1 clockwise.

32.

(a) Showthat∫γ
(z − z1

−1) (z − z2
−1) dz = 0 for anysimpleclosedpathγ enclosingthetwo

distinctpointsz1, z2 .

(b) Integrate −2z tan(πz) aroundanyellipseof foci ± i .

Due28/04

33. Chooseoneof 3–8of §14.4.

34. Chooseanotherof 3–8.

35. Chooseoneof 9–12of §14.4.
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36. Chooseanotherof 9–12.

Due30/04

37. (a)-(b):chosetwo of exercises1–9of §14.6.

38. (a)–(c):chosethreeof exercises14–35of §14.6.

39. (a)–(c): chose three correspondingto those of the previous problem, from exercis-
es14’–35’.

40. f (z) =
ize

2z(z + 21)
hasadoublepoleatz = i . Puttingf (z) =

g(z)
2(z − i)
, find theresidueof f at i

by findingthecoefficientof z − i in theTaylorexpansionof g in powersof z − i . Hint: let
z = i + t , andfind thecoefficientof t in theMcLaurinexpansionof h(t) = g(i + t) . When
multiplyingor dividingseries,youdonotneedtodetermineall termstofind thecoefficients
of low-orderterms.Furtherhint: anexpansionof −2(w − t) in powersof t is obtainedby
differentiatingtheexpansionof −1(w − t) termby term.

41. Problem37of §14.6.

Due5/05

42. Usingmethodsfrom §14.7,evaluate∫
2π

0

2sin θ
5 − 4cosθ

dθ .

43. Evaluate∫
∞

−∞
dx

4x + 16
.

44. Evaluate∫
∞

0

cos2x
4x + 13 2x + 9

dx .

45. Problem37of §14.7.

46. Problem39of §14.7.

Due7/05

47. (a)-(b):problems5,6 of §15.1.

48. (a)-(b):problems8,10of §15.1.

49. Problem14of §15.2.

50. Problem15of §15.2.

51. Problem19of §15.2.

52. (a)-(b):problems11,23of §15.3.

53. Problem21of §15.3.
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54. (a)-(b):problems19,22of §15.3.

55. (a)-(b):problems16,18of §15.3.

Due12/05

56. (a)-(b):problems7,8of §5.4.

57. Problem10of §5.4.

58. Problem21.

59. Problem22of §5.4.

60. (a)-(b):problems1,7 of §15.5.

61. (a)–(c):problems8,9,12of §15.5.

62. (a)-(b):problems2,3of §15.6.

63. Problem8 of §15.6.

64. Problem16of §15.6.

Practice

65. An urncontainsfour red,sevengreen,andtwo whiteballs.You drawaball at random,note
itscolour,andreplaceit. You repeatthesestepsfour times.Let X bethenumberof redballs
andY bethenumberof greenballs.Find:

(a) P(X ≤ 1) .

(b) P(X + Y = 2) .

66. Tossa fair coin tentimes.Let X bethenumberof heads.Show,usingancertaininequality,

thattheprobabilitythatX is within 10
3

of its meanis at least0.75.

67. A multiple-choiceexamcontains50 questions.Eachquestionhasfour choices.Find the
expectednumberof correctanswersif astudentguessestheanswersat random.

68. Problem3of §15.8.

69. Someof pbs11–20of thesamesection.

70. Problem21.

71. Problem25of §15.8.

72. Problem1of §15.10.

73. Problem3of §15.10.

74. Problems2,4,8,9 of §15.9.
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