Note: There will likely be only 5 and not 6 problems on the actual exam.

Practice Midterm Exam 1

1. (10) Consider the problem:
Up = Ugy + @ — a,  u(z,0) = f(x), uy(0,8) =0, u,(L,t) = 0.

For which value of « is there an equilibrium solution? You do not have to
find the equilibrium solution.

2. (10) Is the wave equation operator L(u) below linear? Prove your statement.

Ou a0t

L(U) = w — C 81‘2.
3. (15 pts) Solve the following eigenvalue problem:
d*¢
k. L, L
T2 Ap, we(-L,L)
d(f(—L) = ¢C5l(¢L)
Pn = Lw.

4. Consider the heat flow in a wire of length L, thermal diffusivity 5, modeled
by the heat equation w; = 5u,, defined for = € (0, L) and ¢t > 0, subject to the
boundary conditions u(0,t) = 0 and w(L,t) = 0.

(a) (15 pts) Solve the initial boundary value problem if the temperature is
initially

Tz

L )

Hint: Use the following trigonometric identity: sin «cos 8 = § [sin(a + 8) + sin(a — )]
to express the initial data as the sum of two sine functions.

(b) (5 pts) What is the limit as t — oo of the temperature distribution in the
wire?

u(z, 0) = sm(“Tx) cos(

(¢ ) (5 pts) Will the temperature distribution in the wire ever exceed 1 degree?
Explain.

5. (15 pts) Suppose u; = 10Uz, + 1, u(x,0) = 22, u,(0,t) = 4, u,(L,t) = 6,
where u denotes the temperature in a rod of length L = 1, with specific heat
¢ = 1 and density p = 1, and cross-sectional area A = 2. Calculate the total
thermal energy in the one-dimensional rod (as a function of time).

6. (a) (15 pts) Find the temperature distribution in a wire of length L, with
thermal diffusivity £ = 1 and insulated end-points, and with the initial temper-

ature distribution given by
2
u(z,0) = 3 + cos %x

(b) (10 pts) What is the limit as t — oo of the temperature distribution in the
wire?



L HomErRHMI. Ak 0
E){%i_@_ g g 2 Aptx = cg g[uﬁﬂxﬂﬂ Actx =

L

= CRg E(&h] —— ﬂx}] =0
0
g = hig .-%
. A
@ L(ﬂlul*ﬂmu:,)sl C,Ll[uj}+[,.LL[u:J == = [1:‘."..:-{ Vet lﬁ';f _t\)

® 4= Awsiix+ Bl x
¢ ()= A cosBXL - &%HFL—AML*EhHQF

A = 2B siiL = r:a"?
FL-— M, u=i 2. -

“t’]= -t stulAx + BIR cos UA" x
& (L) = +IX Asin G+ Bliyect T4 =
+[L “(AAs AL + BR e (O s

h=C
B> 2 A awXL=07
To hate boli cowdehious Sahsfied b $u Sawe Fuuo
E{TL: niC | H:-l.r';a.,.,j & =Ct_‘-1_'r)ﬂ
B Ger D el o
i ) o e R R Y

F:&M; =D =

> (AL =uTT, =l .-




@ (¢) wlt)= D+ cos

@ L[FL“ +G L‘-‘}

T
1
A0 gL 35 ¥ {;'Zf t@
(a) uuil L‘”‘ﬂl—{ﬁ‘ T M
|"lI ' ) = |:-
|L-!| e Ll LR "'- E.
L* ‘i_..‘l""ﬂ =
i

1 ] - i
i A ; ] = L - L ¥ 1_""\-'-1.‘G -?':-ll.. = ||I
) :.". A2 L - |i_ ‘E‘J' - T o 3 £

f
e E:h’ii Patl Tl | 4 | 7 Er{):‘ {II ! o
T[i.i*:.,_. Ve S -IJR. at Higre & neo ELE"'-‘( Rouves

L s ,1'j|_-"‘?-l|~ vt Mot I.x.-,_.-ul.'-'d Imiy pvalle “-r""
Gl g;{ Lﬂl.h-:‘-{ i-ﬂ'u._.rhw {atug -.-..f.,:.:;_r:{ L L—nmp

{:{E’Ltl._. : |_ o o il 0 . T X 1 =
l_._-dt_ {’E‘Jﬂl'l. {(C"L.{ f).l!{ )i. }'{ ‘lll,‘.c? i—j‘i ,r.-._;k

= ) (6-4)e) = 2[ vz

=%
Etk)= E’EH f .!Hij{- =2 g Cox "HELH :_-Ig_*{ﬁﬂg"c

. L?Lft
’E_r[l.«i E j

70 *at ‘5
__,,:_, ___.\(Eiﬁfrtﬂzub‘l?ﬂ__} 2 Rles

DY
2 2 2 'E‘Ji
"i':[ ) _ Czﬂ),. Qe FML Ay o 2 “1‘1
—;ff‘ E Cl;@g v A T




	MidtermExam1_Sample.pdf
	IMG_0786
	IMG_0787

