
Physi
s 123 se
tion 2 CIDHomework 36 S
ore / 30For the problems in this assignment use a 
oordinate system with an origin at the 
enter of our �lm. Assume that the�lm is in the x − y plane, and that a ve
tor whi
h is normal to the �lm will only have a z 
omponent. Also assumethat obje
ts are pla
ed on the −z side of the �lm and viewed by pla
ing your eye on the +z side.1. (4 pts) Assume that I make a hologram with a referen
e beam whi
h is a plane wave traveling in the +z dire
tionwith a wavenumber k. At the origin, the ele
tri
 �eld from the plane wave is given by
Eref (x = y = z = 0) = R0 sin(ωt).This wave 
an be represented as a 
omplex exponential of the form

Ẽref (x, y, z) = R̃(x, y, z)eiωt.(a) What is R̃(x, y, z)? (b) Evaluate this at z = 0 to �nd R̃ in the plane of the �lm.2. (5 pts) Assume that the obje
t we want to make a hologram of is a tiny point at a lo
ation (0, 0, −L). It s
atterslight whi
h makes an ele
tri
 �eld at the origin equal to
Eobj(x = y = z = 0) = A0 sin(ωt).This wave 
an be represented with the 
omplex wave

Ẽobj(x, y, z) = Ã(x, y, z)eiωt.(a) Remembering that the intensity of light from a point sour
e falls o� as 1/r2, what is Ã(x, y, z)? (b) Evaluatethis at z = 0 to �nd Ã in the plane of the �lm.3. (3 pts) Now assume that we put a lens in the beam right before it enters the �lm whi
h fo
uses the light fromthe point sour
e to the lo
ation (0, 0, L). (a) What will Ã(x, y, z) for any point between the �lm and the pointwhere the light 
omes to a fo
us? (b) Evaluate this at z = 0 to �nd Ã in the plane of the �lm and show that itis just equal to the 
omplex 
onjugate of what we found in the last problem.4. (3 pts) (a) Show that if we use the referen
e beam from problem one to make a hologram of the point in problem2, the se
ond of the three terms in Equation 9.12 in Physi
s phor Phynati
s will generate a real image of a pointin front of the �lm. (b) How far from the �lm will the image form?5. (5 pts) Now 
onsider a referen
e beam whi
h is a plane wave traveling at an angle θ from the normal of the �lm.The wave is traveling in the y − z plane, and it's dire
tion of propagation has a negative z and a negative y
omponent. Its ele
tri
 �eld at the origin is again equal to
Eref (x = y = z = 0) = R0 sin(ωt).Now what is R̃(x, y) in the plane of the �lm?6. (4 pts) Now reverse the propagation dire
tion for the referen
e beam in problem 5, su
h that it has a +z and a +y
omponent. Find R̃(x, y) for this beam and show that it is the 
omplex 
onjugate of what we found in problem5.7. (6 pts) I make a hologram of a point sour
e at in�nity. Be
ause my point sour
e is at in�nity, the waves striking the�lm are a
tually plane waves. The waves from the obje
t hit the �lm at an angle θ and are identi
al to the wavesyou worked with in problem 5 ex
ept we will repla
e R0 with A0. I use the referen
e beam in problem 1 to makethe hologram. Cal
ulate the intensity I(x, y) that the �lm is exposed to. Assume that I(x, y) = γ|Ẽ(x, y)|2.Write this as a real fun
tion.



Extra problems I re
ommend you work (not to be turned in)- Imagine that you make a hologram of a point at a lo
ation (0, 0, −L) using a referen
e beam whi
h is not a planewave, but light 
oming from a point at lo
ation (0, 0, −Lr). When you go to look at the hologram you don'tset things up exa
tly the same way, and the referen
e beam ends up 
oming from a point at a lo
ation (0, 0,
−(Lr + δ)) where δ is small. What is the lo
ation of the virtual image that you will see?- If I make a hologram of a point sour
e using a referen
e beam whi
h is a plane wave but whi
h is not at normalin
iden
e to the �lm, the real image I get is not exa
tly a point. Show that this is true.- Note that when you illuminate the pattern in problem 7 to view the hologram, the three terms in Equation 12 willgenerate something like the referen
e beam (i.e. a plane wave traveling in the +z dire
tion), a real image at ∞(i.e. a plane wave traveling in the +y, +z dire
tion), and a virtual image at −∞ (i.e. a plane wave travelingin the −y, −z dire
tion). Take the Fourier transform of the pattern in 7 and show that it indeed has only 2non-zero terms k = 0, and k = k0 (the k = 0 term represents a wave whi
h is traveling in the z dire
tion, andthe k = k0 term represents two waves interfering at an angle to make a standing wave in the x − y plane). Find
k0. Compare this pattern to a di�ra
tion grating � what is similar and what is di�erent?- Skim 
hapter 10 in Physi
s phor Phynati
s and answer the following questions1. It is possible to �lter the light from a light bulb to a
hieve the same temporal 
oheren
e as a laser. Atypi
al laser used of atomi
 physi
s has a linewidth on the order of 10 MHz. In other words, the os
illatingele
tri
 �eld in the laser beam is not a pure sine wave, but is an in�nite sum of sine waves. If the lowestfrequen
y term in the sum whi
h has a signi�
ant amplitude is flow, then the highest frequen
y term whi
hhas a signi�
ant amplitude would be fhigh = flow + 10 MHz. A light bulb, on the other hand, generatesa signi�
ant amount of its power at all visible wavelengths. If our light bulb 
ontains signi�
ant powerfrom 400 to 650 nm, about what fra
tion of the light will be need to throw away to get the same temporal
oheren
e as a 10 MHz linewidth laser? Give your answer to 3 digits past the last 9 (for example, 0.999213or 0.99999222, et
.)2. To get the same spatial 
oheren
e as a typi
al laser, we should mask o� our light bulb and only use lightwhi
h 
omes from a spot whi
h is about one wavelength in diameter. If my light bulb has a �lament whi
his made of a round wire whi
h is 0.3 mm in diameter and 10 mm long, about what fra
tion of the lightmust we throw away in order to get the same spatial 
oheren
e as a typi
al 633 nm HeNe laser? Give youranswer to 3 digits past the last 9.3. I send a laser beam polarized verti
ally through a half-wave plate with it's fast axis rotated 15◦ from verti
al.(a) At what angle relative to the verti
al will the laser beam be polarized after traveling through the waveplate? (b) If I re�e
t the light 
oming out of the wave plate right ba
k through it again, at what anglerelative to the verti
al will the laser beam be polarized after traveling ba
k through the wave plate a se
ondtime?Imagine that I use an EOM to modulate the phase of a beam of light su
h that it's ele
tri
 �eld at agiven point is equal to

E = E0 sin ((ωt + a sin(ωrf t)) ,where ω is the frequen
y of the light before it is modulated, ωrf is the modulation frequen
y, and a is themodulation depth (the maximum phase shift that the light gets at any given time). Show that this 
an bewritten as a sum of terms of the form A sin ((ω + m · ωrf)t).


