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1 Identify the type(s) of each ODE by checking the appropriate boxes. Leave the other
boxes blank (points taken off for incorrect checks). If you have identified an ODE as
separable, do not check “exact” as well, in spite of the fact that “separable” implies
“exact”. DO NOT SOLVE THE EQUATIONS. '
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2. (a) What does it mean to “solve the eigenvalue problem for a given square maftrix
A”?.
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(b) Write down a partial differential equation in the independent variables z and y

such that u = ™ cosy is one of its solutions.
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(c) Write down a function that you can characterize as a right traveling wave and
state what the speed of the wave is. i
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(d) In a diffusion process, let u(z, t) stand for concentration and f(z,t) stand for flux.
Write down the eqliation for the flux law.
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EXTRA credit: Write down the mass conservation law and combine it with the
flux law to derive the diffusion (heat) equation.
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3. (a) Calculate the coefficients of the expansion of the function f(x) = z as a linear
superposition of the basis functions ¥,(z) = sin(nz) in the interval 0 < z < 7.
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“(b) Write down the eigenvalue problem that has the above basis as its set of eigenfune-
tions. Be complete in posing the problem but do not solve it. '




4. Solve the following eigenvalue problem:

'l,b(O) =Y - 'ﬁ[)mW): 0.
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5. You are given the initial-boundary problem for the forced diffusion equation in the
interval 0 < z <,

& - U = Ugz + co:s(gl:c)e‘t, O<z<m,

™~ T with boundary conditions - jﬁ}ﬁ J =& % FC ¥, + CL?%, ey

T e uz(0,t) = 0 and yg(m,t) =0 |

w § and initial condition
X u(z,0) = 1+ cos(2ffa).

& (a) Determine the solution u(z, ).

:5 (b) Calculate the limit of the solution as time tends to positive infinity.
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. {a) Verify that the function u(x,t) = f(z— at) + g(z +at), where f and g are arbitrary
functions, satisfies the wave equation wuy; — a®ug, = 0.
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(b) Find the solution of the initial value problem of the wave equation on the full line

—00 < T <00
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Uy — QU = 0, —00 <z < 00,
with initial conditions . e
0)=——, ,0) = 0.
u(z,0) = -, w(z,0)
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(c) Draw the graph of the initial data
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