Physics 2218 Prelim 1 2

1. (15 points) Recall the following two approximations that were made in the derivation
of the water-surface-wave dispersion relation:

§(z,t) = v,(z, s(z,t)) = v,(z,0)

o [t [ e (3o) = [ty [ ()

Write down the dimensionless quantity that was assumed to be sma]] when making
these approximations,
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2. (20 points) Consider an infinite elastic string whose small-amplitude vertical () mo-
tion is described by the wave equation
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Suppose the entire string has been at rest for all times before ¢ = 0. Starting at
time ¢ = 0 a mechanism moves the point z = 0 of the string up and down in some
fashion described by the function A(t), where A(t) = 0 for ¢ < 0.

(a) Write down a formula for the amplitude of the string y(z,t) for ¢ > 0 in terms
of the function A but just in the region z > 0.
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(b) Repeat what you jl:St did, but in the region z < 0.
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3. (20 points) The air pressure! (p) in an organ pipe satisfies the wave equation

Tp_ 2P

o2 " dx?’
where z is the coordinate along the length of the organ pipe and v is the speed of
sound in air. One end of the pipe is closed, the other is open. At the open end, z = 0,

the pressure satisfies
p(0,t) =0

at all times ¢. At the closed end, z = L, the pressure satisfies

dp
—(L,t) =0
ax( 7 )
at all times ¢. The two boundary conditions limit the possible normal-mode oscilla-
tion frequencies of the pressure in the pipe. Work out the lowest three frequencies w,
expressing your answers in terms of v and L.
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'In this problem p is actually the change in pressure relative to the equilibrium atmospheric pressure.
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4. (20 points) Here is the Schrodinger equation for a particle of mass m moving in a
one-dimensional potential U(z):
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Here is a modification of the Schrodinger equation, again for a particle of mass m,
but where the potential has been replaced with the squared-magnitude of U:

+U(2)T . 1)
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(a) Give one property that equation (1) has but (2) does not.

[inecr: 1L'7

(b) Give one property that equation (2) has but (1) does not.
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5. (25 points) As we saw in lecture, there are electromagnetic “plane waves” where the
electric field has the form E = E,(z,t)y, and the function E, satisfies the wave
equation: 7L

O°E, 232E
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Consider the solution ; ( POS .\,

Ey(z,t) = f(z —ct),

3)
where f is some function of one argument. The same electromagnetic wave seen in
a moving frame, with field EL, is related to the original one by the equation

E (z',V) = By(z,t) ,

where the primed coordinates refer to the moving frame. Because the form of the
wave equation is unchanged by a Lorentz transformation, you are not surprised that

AT / ’
Ey(il?,t)—g(iﬁ _Ct):

where g is some other function of one variable.

Use the Lorentz transformation to find how f and g are related. The moving frame
is moving with speed u in the same direction as the electromagnetlc wave is moving.

(a) Since this is the last problem, we are going to guide you. Start by writing down
the Lorentz transformation of coordinates. Express the unprimed coordinates
in terms of the primed coordinates, and remember the primed frame is moving
in the same direction as the electromagnetic wave.
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(b) Substitute your formulas in (a) into the argument of f in (3).
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(c) Now tidy up your answer for (b) so the relationship between f and the function
g in the primed frame is obvious.
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