
Physi
s 123 se
tion 2 CIDHomework 15 S
ore / 301. (3 pts) Imagine a 
lothesline stret
hed a
ross your yard. It has a mass of 0.113 kg and a length of 6 m. When you�i
k the line, the pule you generate travels down the line at a speed of 19.2 m/s. When the pulse gets to the end,it is 
ompletely absorbed without re�e
tion by the �exible pole it is tied to. If you stand near the other end ofthe line and wiggle it sinusoidally for one minute with an amplitude of 10 
m at a frequen
y of 3 Hz, how mu
henergy will the �exible pole absorb?2. (3 pts) The power transmitted by light (and other ele
tro-magneti
 waves) has the same dependen
e on amplitudeas the power transmitted along a stret
hed string. If I measure the light power emitted by a laser and thenin
rease the output of the laser until the power doubles, by what fa
tor has the amplitude of the os
illatingele
tri
 �eld in the laser beam in
reased?3. (5 pts) (a) Consider the fun
tion y = Ae(x−vt)2/a2 (where A, and a are 
onstants, and v is the speed of waves onthe string). Plug this into the linear wave equation and show that it is a solution. (b) Show that y = A sin(bxt)is not a solution to the wave equation (where A and b are 
onstants). (
) By plugging things into the waveequation, show that if yA(x, t) and yB(x, t) are solutions to the wave equation, yA + 2.13yB is also a solution.4. (5 pts) Find the bulk modulus for a gas undergoing an (a) adiabati
, and (b) isothermal pro
ess in terms of γ andthe mean pressure P .5. (5 pts) (a) Use Euler's formula to �ll in the real and imaginary parts of the 
omplex numbers in the table below.(b) Plot ea
h of these points in the 
omplex plane on the graph below.
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5ei3π/26. (9 pts) Let's �nd the equation that des
ribes the longitudinal vibrations in a rod of solid material. If the wavespassing through the rod have a small amplitude, we 
an imagine that the rod is made up of tiny sli
es of massea
h 
onne
ted to the pie
es on either side of it by tiny massless springs, as shown in the �gure below.



The equilibrium length of ea
h of these springs is dx, and ea
h of the thin masses will have a mass of
m = ρV = ρAdx where A is the 
ross se
tional area of our rod. We'll label ea
h sli
e of the rod with thelo
ation x of its 
enter when it is in equilibrium (i.e. when no waves are passing through and all of thesprings are relaxed - not stret
hed or 
ompressed).(a) Find the spring 
onstant of our little springs k in terms of dx and the Young's modulus of the material.Young's modulus E is de�ned by the following equation:

E =
FL

A∆Lwhere L is the length of our rod, A is the 
ross se
tion of the rod, and ∆L is the amount the length of arod will shrink when a for
e F is applied to ea
h end. (Hint:The number of springs in a rod of length L is
L/dx, and ea
h one will 
ompress a tiny amount when the for
e is applied.)(b) If I look at the pie
e labeled x while a wave passes through, the spring to its left will be 
ompressed by anamount s(x−dx, t)−s(x, t), resulting in a for
e of Fleft = k[s(x−dx, t)−s(x, t)]. What is the for
e exertedby the spring on the right of the pie
e labeled x? (Note that if the spring on the right is 
ompressed it willresult in a for
e in the negative dire
tion - be sure to get your signs right!)(
) Remember the de�nition of a derivative:
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dxwhere the line and the subs
ript x = y means that we are evaluating the derivative at y. If we plug in yourequation for k from part (a) and apply the de�nition above, we 
an write Fleft and Fright in terms of
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.So, now do it! Find Fleft and Fright in terms of these derivatives.(d) Now add these together to �nd the total for
e on the parti
le, and set it equal to ma. Show that this isjust the one-dimensional linear wave equation and determine what v, the speed of longitudinal waves in ourrod, is equal to.Extra problems I re
ommend you work (not to be turned in)- Get someone to hold the other end of your slinky or hook it on something. Then wha
k the slinky to send a pulsedown it. Right as that pulse is re�e
ting o� of the far end, wha
k it again to make a se
ond pulse. Wat
h as thetwo pulses 
ollide. Is the approximation that your slinky is a linear medium a good one?- In Physi
s Phor Phynati
s I mentioned that you 
an write any 
omplex number as a real number times eiφ: z̃ = Aeiφ.Find A and φ for the following 
omplex numbers: 2 + 3i, −2 + i, (2 + i)/(1 + i).- The solution to the damped harmoni
 os
illator is of the form x = Ae−t/τ sin(ωt + φ). Find τ and ω as a fun
tionof m, k, and γ.- Work the same problem, only now use a solution of the form x = Ae−t/τei(ωt+φ), realizing that the true solution atany time is just the imaginary part of this.- The three dimensional wave equation is just
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.Show that any fun
tion f(~r − ~vt) is a solution to this equation where ~r = îx + ĵy + k̂z and ~v is a ve
tor in anarbitrary dire
tion with a magnitude equal to the wave velo
ity v.


