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Explain what you are doing. Computer printouts without explanations [ 2 3
2nd formulas seattered over a page without clear logical order will be
ignored (zero creditl) It is YOUR, respomsibility to demonstrate that you 50| / 25| / |
have mastered the materia] of this claw. Check ALL results with availzble computer softwarel

1.a. Use separation of varizbles and Fourier expansions to solve the (PDE) ux
0< z <7 and 0 < £, with boundary conditions (BULBC2) u(0, ) = ufr, 1
(BCB) ui(z,0) = 0 for all 0 < z < m, and

iz in the domain

forall 20,

o [nthis erercive: Eplanation may be kept very
% Short The amphasis ir to demonsirate that you

(B09 w(m0)={ 3-c # 3<z<T o caleulate cfectively. Simplify only ar far av
<,  neadod 50 fhat eg. a finite Fourier approzimation
= may be evaluated, plotted, or animated caily.

b. VWite out explicitly 2 ith order Fourier approximation of the solution u(z, )
(with explicit mumerical vahues for the Fourier coeffcients).

c. Sketeh the graph of u(z, &) (an a function of ) for several values of &, €. &
You may use a Fourier approzimation like in b. in place of the ezact solution.

d. What physical phenomen. / objects are modeled by this (PDE) and (BCk)?
Is (BO4)  reavonable boundary condition (that is eaxily created in an experimental set-up)?
(E&. “how many fingers does it take” to produce theve (BOR)? — Explain howl)

‘Bomus: Graphically demonstrate how the sohution u(z, ) can be considered the superposition of
o traveling waves ~ . sketch theoe two ax functions of z for several values of .

2.a. Claify the (PDE) 1 — s =0 s hyperbolic, elliptic or parabolic.

b. I thin a linear partial cifferential equation? Why?
‘What does the superposition principle mean in this context?

. Briefly describe 2 physical phenomenon modeled by the (PDE).
Explain — in terms of your physical scenario, e.g. understandable by first-year caleulus students
~ why the model uses 1 — tz; = 0 2nd ot 14+ s = 0.

d. Cortinuing with this physical example, what do the boundary conditions (BC12) u(0,1) =
(L, )= 0 2nd (BOIY) (0, §) = we(L, £) = 0, repectively, mean in practical terms?

3. Comider the two-dimensionl wave equation (PDE) uy = tiz; + tgy on the square § given by
0<z<m0<y< 7 with boundary conditions (BOLBC2) u(z,0, ) = u(z, , 1) = 0 for
0<z <0< tand (BO3BOY) u(0,4,0 =ulr,y, ) =Oforall 0 Sy <m, 0< ¢

2. Find all vahues of (m,n, &) for which wmas(z, y, ) = sinmz sinny cost is 2 solution of (FDE)
together with the boundary conditions (BUL)-(BOS). Carefully explain how each of (PDE)
and the (BCx) places constraints on which of m, , znd k, respectively.

b. Verify directly that (or use theory to explain why) w = con/5¢ (2sinz sin 9y — 3sin2z siny).
is 2 solution of (PDE) with (BOL) - (BCA).

¢. Calculate and skebch the nodzl lnes of this sohutéon w(z, v, ) from part b, i.e. find all points
(,) in the square § mch that w(z,g,t) = 0 for all £> 0.

Hink The identity sina = 2rin @ cosc: might be helpful.





