1. (a) [5 points] Is u; + zuy = 0 linear? Either way, prove that your claim is true.
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(c) [5 points] Show that u(z,y) = 9z° + 6zy + y* is a solution to the PDE u, — 3z, = 0.
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(d) [5 points] Show that if ui, ug, ..., u, are all solutions to L(u) = 0, then v =
cjuy + -+ + cpuy, is also a solution for any choice of constants ¢;, for all i.
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2. (a) (12 points] Find the general solution for 3u; +4u, = 0. If we add in the condition that
oL

u(z,0) = e~ 4is the resulting ? Explain how this examples illustrates

why the PDE is refered to as a “simple transport equation”, and give the transport
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3. Consider the PDE
Uggy — dugy — dttyy, =0

(a) [6 points] Classify the PDE as either elliptic, hyperbolic, or parabolic.

(b) [14 points| Choose a change of variables and use it to see the PDE as one of the wave

equation/heat equation/Laplace’s equation in terms of those new variables.
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4. (a) [7 points] Suppose that there is a function u(z,t) such that u; = 3uz; and that:
u(z,0) =1-z  uy(0,t) =0  u(l,t)=l0

Describe fully one physical situation that could be modeled by this IBVP, and be
sure to include what u(z,t) represents as part of this description. 4 gf
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(b) [8 points| Assuming the time-dependent setup from part (a), can the physical system
come to a steady state solution? If so, what is it and how is the result interpreted in
the physical application? Does it match your physical intuition of the situation? If
it cannot come to steady-state, why not?
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5. [20 points] Choose one:

(a) Derive the wave equation from first principles. Include explanation for steps AND all

assumptions made.

OR
(b) Derive the diffusion equation from first principles. Include explanation for steps AND

all assumptions made.

Wast eguaop’ h Foxists <loshi G
F Deppe ue ma.?wab‘}{g 16le elas r_m&}wbmfwyw

Asingte gplane (tramsmacdy ondy) smch the amplitvete of ¥he
Vl'bwb‘on n Ak? m,tﬁ Lot wlxt) wdl}r{W/fW"me aa‘pal‘./'l’,’ﬁ'w\

et f{x,b)umW)‘m?ﬂ&efﬁv@dpo&mxmdbw'ﬁ.
ke 1S Seriva s daric > e Jension m‘ﬂh«w&m%b%

Tlxe)= IT] <I, ustxt)>

P S b also abwayp Targent
V1 sbrexily he by g *

I S0 S0y,
fﬁ mz,,&w ?’Jh Vilnodons ae smatd <> tfxzk;lmaﬁ

Lo 2 1.2 T a PN, )TN udns>
Sitee Hore & o Vibyod en }%M%) e ot

z‘aco in de ¥ divechen ﬂLroR:Mij t’/"}w)'»b et
e — g, en mkym befmesn C’)(,.Y,7J

Snee Ha e QM%&%O‘*%M&%MM

q -l
IT (0,62l = I T tx, .49l = 0
= magrainole o e bong'om

1 LN
Y_uz%f/dawm by, 135 fho Sapms d%/ﬁﬁ;w
° W&\lf})ﬁ?) Sihee %71/}

- e ants .
Lot TPt 2 bt Ti i .

Wﬁmmm;v&mm X,
o L4, %,] i T"x(%.*) - Tux(x,,t) = [F%" dx

Aiffrintsarg wrt. X, gico:
T e (%,4) = P Uy, (6,6 ) .
¥ atihacy = Uk = Uex Fratlnt jor Vg =€ Unx bl Xt uath c-—:f?f,



Tm 10)
wmidormn A Aahe of gt Lo loprrocinatls by
Sufpouwe hort O- o g S e
e ol GDC‘Mu) withan
WWY? i A Apet mome solly due 75
) some anbstonee ppoppersle _ i
’FMGEM ’f th bl o casaaliie { "%m) at posihen ¥, e
o b of e patbidfance .

Thn Yo hial mssaofvésm bedweon %, ¥ K, w

X )
M) = f U ) dx. G ey
68
Tﬁ&& h\lkﬁ)flcfwff’#dmﬁwxp‘fﬁ) ‘;oaﬁthvJ)W'ﬁ‘)
Y
at M (x¢)dx | = Ont)dx
it ), #tvom) = | %

a een X t+X
Tﬁinb‘ra ms;uﬂ?,mm@ o WW'/ mass b J'\
Com chompt 5 \f sone of & ciffuses ;o @t vyt an ond, (6 X, or X ;)
53 : 5 -
EU'S Law Sams Jhat The rﬂiﬂvjr oifpusion a pemt ;o,pfaymsmﬁ
o Y comc. gradiont o Sk Poirt | so He rat ot Mpioh mass sill croes
tach ord is propotimsl) b v ot et nd.
= - ,?uss '
Tﬁﬂ-(m 4100$SIP€£ (o) él," 5 a;.t‘ @ s
% X
O Do oy .
Xp X,
OQ,‘:“M©J ‘;muswﬁ-.mgﬁ, “f'xu
A hass insidte o Inereas ’3) . Tﬁu's

thet end .o, ae boae
Mast ot %, , we have U (X, £) < 0 M‘Mnmdgﬁ'wdfgj. Corti Bt
o % By fchs lany Theae "’/-Mrmu(\mg:

Ay

i A, (4, 4) — Rty (%, %)



In /ﬂx/mwﬂm,mm

ﬁ—%: Mx{/ﬂ,t)-"kﬂx(xmt). {Z)

Pubting (1) amd (2) foyethon  ime St

X
U (o t)dx = ki O, 4) — Kty (%, £)

A

and dlﬂmé%my wrt. X

4 % 0,4 = ku (X, £) .

Sinct x,ﬁm’ww #y = Kty ﬁvwmt//

W —




