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1. Writing abalanceover aninfinitesimalcontrolvolume:
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(a) How mary termsyou needdependson the location. Very accurateanswerscan be obtainedwith lessthan 50
terms.

(b) Not shawn.

(c) At ary x = X,, thevariationin y is monotonichecauseachtermin the seriesonly depend®n sinh(nry/L). This
automaticallyimpliesthatthe minimumis aty = 0 andthe maximumisaty = W. Sincethisis trueatall x, there
areno maximaor minimain thedomain.

Thereis a theoremcalled the Maximin theoremfor harmonicfunctions(i.e. solutionsto Laplaces equation)
which hasa muchmore generalproof. You canfind this is Introduction to Partial Differential Equations with
Applications by ZachmanoglandThoe,pp. 194-196,Williams andWilkins, 1976,or any otherbook on partial
differentialequations.

(d)

o ¢ q\n+1
b=k Dl = 0y EV T (msin(omg S 2

K n & n sinh(2nm)



3. In all problemswe first remove oneinhomogeneityoy definingd =T —T,.
(a) After applyingtheall four boundaryconditionswe have:
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Separatiorof variablescanthusbe usedfor this problem.
(b) Canbreaktheproblemupinto
6= ea(X:Y) + eb(xay)
6, hasboundaryconditions
6a(0,y) = 6a(L,y) =6a(x,0)=0
ea(X7W) = eZ(X)
6, hasboundaryconditions
eb(oay) = eb(Lay) = O
eb(X7 O)
6,(x,W) =

This canclearlybe solved usingseparatiorof variables.
(c) After applyingthe bounaryconditionsatx=0, x=L andy=0, we have:
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The corvective boundaryconditioncanbewritten as:
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h(6. — 6(x,W)) = k%(x,W)
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We seethatwe cansolve for Dy by invoking the orthogonlity of sin(nrx/L). So separatiorof variablescanbe
usedsuccessfully

(d) After applyingall four boundaryconditionswe have
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We seethatthe extra sinh(nr(ax+ b) /L) termdestrgs our ability to invoke the orthogonalityof sin(nrix/L). So
we cannotuseseparatiorof variables.



