
Physi
s 123 se
tion 2 CIDHomework 32 S
ore / 301. (4 pts) You are standing inside your room fa
ing the door, whi
h is open just a 
ra
k. You 
an't see your roommates(be
ause they are on the opposite side of the door). But you 
an still hear them talking. Not until you fully
lose the door does the sound of their voi
e vanish. If light is a wave, and sound is a wave, and neither sound orlight waves 
an penetrate your door, then why 
an you still hear them talking when you 
an't see them?2. (10 pts) Lets derive the intensity pattern for a single slit di�ra
tion. Give all answers in terms of λ (the wavelengthof light), a (the width of the slit), θ, and R (the radius of 
urvature of the 
ir
ular ar
 in the �gure below).(a) Two rays of light, one 
oming from a point at the bottom of the slit and one from a point a distan
e x fromthe bottom, travel at an angle θ relative to the normal of the slit, as shown on the left side of the �gurebelow. When the two nearly parallel rays meet at a s
reen a long distan
e away, what is the di�eren
e inthe lengths of the paths that the two rays have traveled? Hint: Draw a line from ea
h of the two points onthe slit to a 
ommon point on the s
reen. Then draw a short line between two rays to make an isos
elestriangle. In the limit as the s
reen is very far away, this short line will be perpendi
ular to the two lines.(b) What will ∆φ (the di�eren
e in the phase of the two beams at the s
reen) be?(
) In your mind, divide up the slit into tiny pie
es of equal length. Ea
h of those pie
es will 
ontribute atiny pie
e to the total os
illating ele
tri
 �eld at the point on the s
reen. Ea
h of these 
ontributions isrepresented by a ve
tor in the 
omplex plane. All of these ve
tors will have the same length, but will havedi�erent phase angles. As you add them in the 
omplex plane, you will tra
e a pie
e of a 
ir
le, as shownon the right side of the �gure below. If the phase of the 
ontribution from the bottom of the slit as 0, whatis the phase of the 
ontribution from the top of the slit? (It is labeled ∆φmax on the �gure.)(d) What is the angle γ in the �gure? Hint: In your mind, rotate the dotted lines in the �gure by 90◦.(e) The amplitude of the os
illating ele
tri
 �eld is equal to the distan
e from the origin to the end of the lastred arrow in the diagram. What is that length? Hint: Draw a line from one end of the red ar
 to the other.Then draw a line from the 
enter of the 
ir
le whi
h 
uts that line in half to make two right triangles.(f) The maximum ele
tri
 �eld amplitude in the pattern is where θ is zero. In this 
ase all of the little redve
tors would have the same phase, and would add together to form a line. This line would have the samelength as the ar
 length of the red arrows in the �gure. Knowing that a 
ir
ular ar
 has a length Rγ, whatis the ratio of the amplitude of the os
illating �eld at θ to the amplitude at θ = 0.(g) Knowing that intensity is proportional to amplitude squared, �nd the single-slit intensity pattern.

3. (4 pts) What happens to the width of the 
entral bright fringe of a single-slit interferen
e pattern if (a) I make theslit thinner, or (b) I make the wavelength of the light shorter?4. (6 pts) You are working in a forensi
s lab, and you have a human hair who's diameter you need to measure. Soyou shine light from a HeNe laser with a wavelength of 633 nm at the hair and look at the di�ra
tion pattern.



The hair a
ts like an �inverse� slit, letting all of the light through ex
ept for a narrow line of light absorbed bythe hair. The light makes a di�ra
tion pattern on a s
reen whi
h is 1 meter away from the hair. You realize thatthe resulting light �eld is just the �eld made by the laser beam with no hair blo
king it minus the �eld produ
edby a single slit the same width as the hair: E = Elaser beam − Esingle−slit . But sin
e the interferen
e pattern ismu
h bigger than the beam of laser light, Elaser beam is equal to zero and E = −Esingle−slit over most of thedi�ra
tion pattern. Of 
ourse your eye 
an't see the sign of the ele
tri
 �eld (you only see the intensity), so yousee essentially the same pattern you would see if it were a slit rather than a hair. The width of the 
entral peakon the s
reen turns out to be 5.73 mm. What is the diameter of the hair?5. (6 pts) Below is a plot of the 
al
ulated intensity in the interferen
e pattern and a 
al
ulation of an image of whatinterferen
e pattern would look like if two slits whi
h are 2 µm wide, whose 
enters are spa
ed 9 µm apart, wereilluminated by a laser with a wavelength of 660 nm. As you 
an see, there are 9 thin fringes in the 
entral�
lump� of fringes, and 4 in the 
lump to either side of the 
entral 
lump. How many fringes would there be inthe 
entral 
lump if the slits were spa
ed 15 µm apart?
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ommend you work (not to be turned in)- The book gives you an equation to �nd the angles at whi
h 
omplete destru
tive interferen
e will o

ur in a single-slit di�ra
tion pattern. In 
lass we dis
ussed a simple (but 
omplete) explanation as to why this is the 
orre
tequation. (a) Can you 
ome up with an equation for the angles at whi
h 
omplete 
onstru
tive interferen
ewill o

ur? Can you verify it with a simple explanation? (b) If you take the equation from the book for theintensity in a single slit pattern and use that to �nd where the maximums o

ur, does it agree with the equationyou 
ame up with in (a)? It turns out that it is a little more 
ompli
ated to �nd the lo
ation of maximumsthan minimums in a single-slit di�ra
tion pattern. (
) Can you 
ome up with a relation for the position of theintensity maximums using a phasor diagram?- Derive the intensity formula for a single-slit interferen
e pattern by integration: Divide up the slit into tiny pie
esof size dx. Ea
h of these tiny pie
es will produ
e a �eld dE = A sin(ωt + φ)dx at a point θ on the s
reen. (Theamplitude depends on the amount of light passing through the slit, whi
h depends on the size of dx. Therefore,the amplitude of the sine wave depends on dx.) Integrate this equation from x = −a/2 to x = a/2 to �nd thetotal ele
tri
 �eld.- (a) If the light striking a slit of width a does not strike the slit perpendi
ularly to the slit, but at some angle φ fromperpendi
ular, show that the angles at whi
h dark fringes o

ur is given by sin(θ−φ) = mλ/a. (b) Imagine thatyou shine a laser perpendi
ular to a slit and look at the di�ra
tion pattern. What will happen to the 
enter partof the di�ra
tion pattern (where θ is small) if you rotate the slit a tiny bit?- I 
an take a pie
e of glass and print a pattern on it. When I shine a laser through the glass I will get a di�ra
tionpattern. For example, if I print bla
k everywhere ex
ept for a narrow line, I will get a single-slit di�ra
tionpattern. I 
an write down a fun
tion T (x) whi
h represents the transmission of light as a fun
tion of thehorizontal position on the glass x. For example, for the single-slit pattern T (x) = 0 for x < −a/2 and for
x > a/2, and T (x) = 1 for −a/2 ≤ x ≤ a/2, where a is the thi
kness of the slit. Explain why the di�ra
tionpattern for some arbitrary transmission pattern T (x) 
an be found from the Fourier transform of T (x).- Hold a penny a few in
hes above a table and illuminate it with a light a few feet above it. Noti
e that the edges ofthe shadow are fuzzy. Is this primarily due to di�ra
tion or something else? To �nd out, move the light sour
efurther away and see what happens.


