
Physi
s 123 se
tion 2 CIDHomework 35 S
ore / 301. (15 pts) Consider two plane waves, both with a wavelength λ and amplitude A, whi
h are illuminating a wall.Assume that the wall de�nes the x-y plane (su
h that every point on the wall has a z 
oordinate of zero). Thetwo plane waves are traveling in the x-z plane. One of the wave ve
tors makes an angle with respe
t to the zaxis of θ/2 and the other makes an angle of −θ/2, su
h that the angle between the two wave ve
tors is θ, asshown in the �gure below(a) Write down the x, y, and z 
omponents of ~k for the two waves in terms of λ and θ.(b) Equation 8.4 in Physi
s phor Phynati
s shows that we 
an represent a plane wave with an equation of theform
ỹ = Ãei(~k·~r−ωt).Both of the plane waves have the same amplitude, but I haven't told you their overall phase. So let's writethe 
omplex amplitude of the �rst wave as Ã1 = Aeiφ1 and the 
omplex amplitude of the se
ond wave as

Ã2 = Aeiφ2 . Now write two equations of the form above to represent the two plane waves in terms of λ, ω,
t, θ, A, x, y, z, φ1, and φ2.(
) When you add the two waves together, sin
e both of the waves have the same amplitude, you should be ableto write the total wave as

ỹtotal = Aei(kz cos(θ/2)−ωt)
[

eiG
+ eiH

]where k = 2π/λ is the wavenumber (the magnitude of the wave ve
tor), and G and H are fun
tions of x,
θ, λ, φ1, and φ2. Find these two fun
tions.(d) The two interfering plane waves will make an interferen
e pattern of lines on the wall. You get bright fringeswhen G − H = 2πm, where m is an integer. Use this fa
t to �nd the distan
e between adja
ent brightfringes in terms of θ and λ. (Hint � you 
an 
he
k your answer by taking two limits in θ. In the limit as
θ = 0, the two plane waves are parallel, and you shouldn't get fringes. In this limit, the spa
ing betweenfringes should go to ∞. In the limit as θ = 180◦, we have two 
ounter-propagating waves � a standingwave. In this 
ase we expe
t fringes to be spa
ed by λ/2.)

2. (15 pts) When you worked your walk-in-lab with the Mi
helson interferometer, you probably noti
ed that whatyou saw was somewhat di�erent than what we dis
ussed in 
lass. Instead of a bright blob of light that �ashedon and o� as the path lengths 
hanged, you saw rings, like the ones pi
tured below. This is be
ause in 
lass weassumed that the waves going through the interferometer were plane waves. In fa
t, the light in a laser beamusually expands like a pie
e of a spheri
al wave (just like speakers make sound waves whi
h don't travel equallyin all dire
tions, but whi
h never-the-less 
urve and drop o� in amplitude like a spheri
al wave).



In a Mi
helson interferometer we use mirrors and a beamsplitter to 
ause one part of the expanding light wave tointerfere with another part. The mirrors and beamsplitters fold the path of the light, but if we unfold it in ourmind, it would look like the �gure below. The light traveling one path travels a longitudinal distan
e La beforehitting the s
reen, and the light traveling the other path travels a distan
e Lb.
To �gure out what the fringe pattern would look like, 
onsider a point on the s
reen a distan
e s from the 
enter.The 
ontribution from path a has traveled a distan
e of √

L2
a + s2 from the point sour
e, and the 
ontributionfrom path b has traveled a distan
e of √

L2
b + s2 from the point sour
e to rea
h this point on the s
reen. If thedi�eren
e in those two paths is equal to an integer times λ, we will get 
onstru
tive interferen
e � a brightfringe. So the equation whi
h determines where the bright maxima o

ur is

√

L2
b + s2

−

√

L2
a + s2 = mλ.This hand-waving approa
h will tell us where the bright fringes are, but not HOW bright they are (or how
lose the dark fringes really get to zero intensity). There are lots of things we've negle
ted in the above analysis,in
luding the fa
t that the wave that has traveled the longest distan
e has also spread out more � so its amplitudewon't be the same as the other wave. So now let's do a more 
omplete analysis, and see if we 
an extra
t thesame equation above from it.(a) Use equation 8.6 from Physi
s phor Phynati
s to write down a 
omplex representation for a wave at point

s on the s
reen whi
h has traveled a longitudinal distan
e La to rea
h the s
reen. Assume that the wavehas a 
omplex amplitude of B̃ at a distan
e r0 from the sour
e, and write the equation in terms of B̃ , r0,
λ, ω, t, s, and La.(b) Now do the same thing for an identi
al wave, but whi
h has traveled a longitudinal distan
e Lb.(
) Note that the amplitudes of the two waves in (a) and (b) are di�erent unless La = Lb. Draw a phasordiagram showing two 
omplex numbers with di�erent magnitudes and phases added together, and notethat no matter what the two phases are, the two waves 
an never 
ompletely 
an
el ea
h other out.(d) Note from your �gure that you get the biggest sum when the phases of the two phasors you drew in (
)di�er by 2πm where m is an integer. So to �nd where the bright fringes o

ur, write down an equationwhi
h states that the di�eren
e in phase for the wave in (a) and the wave in (b) is equal to 2πm, and showthat this is equivalent to the equation I gave you above.Extra problems I re
ommend you work (not to be turned in)- (a) If La = 10 
m and Lb = 20 
m and λ = 650 nm, what is the radius of the �rst two bright fringes in problem 2above? (b) What is m for the �rst bright fringe? (
) What is the minimum intensity rea
hed in the �rst darkfringe (it is not zero) relative to the intensity of a beam with amplitude B̃?- (a) Cal
ulate the form of the interferen
e pattern 
reated when I illuminate a foil with two small holes in it with alaser. (b) Show that the lo
ations of the interferen
e maxima are where we predi
ted them to be when we did amore simple treatment of a two-slit pattern. (
) Show that the dark fringes don't go all the way to zero.


