
Professor R. Ramesh's Midterm 1: Monday, O
tober 4 20051 Problem 1A mi
rowave sour
e emits pulses of 20 GHz radiation, with ea
h pulse lasting 1.0ns. A paraboli
re
e
tor (R = 6:0
m) is used to fo
us these into a parallel beam of radiation (see �gure). Theaverage power of ea
h pulse is 25kW.a) What is the wavelength of these mi
rowaves?b) What is the total energy 
ontained in ea
h pulse?
) Compute the average energy density inside ea
h pulse.d) Determine the amplitude of the ele
tri
 and magneti
 �elds in these mi
rowaves.e) If this pulsed beam strikes an absorbing surfa
e, 
ompute the for
e exerted on the surfa
eduring the 1.0ns duration of ea
h pulse.Three points ea
h, all or nothing, with the following ex
eptions:a) � = 
f = 1:50
mb) U = P ��t = (2:5� 103W )(10�9s) = 25:0� 10�6J
) uav = UV ol = 25�10�6J�(0:06)2(3�108m=s)(10�9s) = 7:37� 10�3J=m3 2/3 for miss-ing p2d) Em =p2Uav=�0 = 4:08� 104V=mBm = Em=
 = 1:36� 10�4Te) F = pA = ( 
uav
 )A = 8:33� 10�5NPoints may be dedu
ted for missing units.
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2 Problem 2A light ray is in
ident on a prism and refra
ted at the surfa
e A (see �gure). Let � represent theapex angle of the prism, and n its index of refra
tion. Find in terms of n and � the smallest angleof in
iden
e that will allow light to be transmitted through side B.
We see that �2 + � = �=2, and �3 + � = �=2, so �2 + �3 + � + � = �. Also from the �gure wesee �+ � + � = �, therefore � = �2 + �3. 5 pointsApplying Snell's law at the �rst and se
ond refra
ting surfa
es, we �nd:�2 = sin�1(sin�1n ) 2 points�3 = sin�1(sin�4n ) 2 pointsThe limiting 
ase for light to be transmitted is that �4 ! �=2. In this 
ase, we have:�3 = sin�1( 1n )Re
alling that sin(a+ b) = sina
osb+ sinb
osa,sin(�2) = sin(�� �3) = sin(�)
os(�3)� sin(�3)
os(�):= sin(�)p1� sin2(�3)� sin(�3)
os(�)= sin(�)r1� 1n2 � 1n
os(�)Then sin(�1) = nsin(�2)= n"sin(�)r1� 1n2 � 1n
os(�)# 6 points�1 = sin�1[pn2 � 1 sin�� 
os�℄
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3 Problem 3Lens 1 in the �gure is 
onverging with a fo
al length 22
m. An obje
t is pla
ed 32
m to its left.Lens 2, whi
h is diverging with a fo
al length 57
m, lies 41 
m to the right of lens 1. Des
ribe theposition, orientation and magni�
ation of the �nal image. Draw a ray diagram and 
ompare to your
al
ulated result.
2 points forea
h image.Generally, points are given for the se
ond image if it is 
onsistent with the �rst. The diagramshould show relevant features su
h as opti
 axis and fo
al points, and the standard rays used.Using the lens equation, with f1 = +22
m (
onverging), o1 = +32
m (real):1o1+ 1i1 = 1f11i1 = 1+22
m � 1+32
m= 1+70:4
mSo i1 = 70:4
m to the right of lens 1. Sin
e the lenses are only separated by 41
m, the image of 2 pointsthe �rst lens makes a virtual obje
t for the se
ond lens at o2 = 41
m� 70:4
m = �29:4
m. 2 points1o2+ 1i2 = 1f21i2 = 1�57
m � 1�29:4
m= 1+60:7
m 3 pointsSo the �nal image is real, 60.7
m to the right of the se
ond lens. The total magni�
ation is foundby applying the magni�
ation formula twi
e:M = m1 �m2= �� i1o1��� i2o2�= �� 70:432
m��� 60:7
m�29:4
m�= �4:5 2 pointsAnd the image is real and inverted, as shown in the diagram.
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4 Problem 4The phenomena of total internal re
e
tion 
an be used to measure the index of refra
tion of amaterial via Pfund's method, as follows. A slab of thi
kness t is painted on one side to serve asa s
reen. A small hole s
raped in the paint serves as a sour
e of light. Rays striking the oppositesurfa
e will emerge if the angle is less than 
riti
al. Thus on the painted s
reen there will be a dark
ir
le of diameter d, and outside of this a bright halo.a) Derive a formula for n in terms of d and t.b) What is the diameter of the dark 
ir
le if n = 1:52 and t = 0:600
m?
) If white lights is used, the 
riti
al angle depends on 
olor 
aused by dispersion. Is the inner edgeof the halo tinged red or violet? Explain.
a) The dark 
ir
le is formed be
ause light hitting the 
lear surfa
e will es
ape if the in
identangle is less than �
. The 
ondition for total internal re
e
tion is: 4 pointsnairsin(�=2) = nmaterialsin(�
)or sin�
 = 1nmFrom the diagram, tan�
 = d=4t or: 4 ptssin�
 = d=4pt2 + (d=4)2Then 2 ptsn = p(4t)2+d2db) Rearranging gives: 2 pts given if
onsistent withpart adn = p(4t)2 + d2d2n2 = 16t2 + d2d2(n2 � 1) = 16t2d = 4tpn2 � 1 = 4 � 0:600
mp1:522 � 1 = 2:10
m
) See Gian
oli page 825 for des
ription of prisms and dispersion. Light of shorter wavelengths isrefra
ted more strongly than light of longer wavelenth, therefore �
 is smaller for violet, and 
loser 3 ptsto �=2 for red. A smaller �
 results in a smaller ring and violet will be on the inside.
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5 Problem 5Light falls normally on a soap bubble and is re
e
ted ba
k. If the bubble's walls have a thi
kness tand index of refra
tion n, express the 
ondition for 
onstru
tive interferen
e of the re
e
ted light interms of the in
ident wavelength �; n; t. If t = 400nm and n = 1:3, what 
olor or 
olors will interfere
onstru
tively?a) The interferen
e pattern arises due to a phase di�eren
e between the light re
e
ted from thefront and ba
k surfa
es of the bubble. If the phase di�eren
e is (2m� 1)� for some integer m, thenthere is destru
tive interferen
e (no light seen), while if the phase di�eren
e is 2m� there will be abright spot.The ray dire
tly re
e
ted pi
ks up a phase �1 = � be
ause the index of refra
tion of soap ishigher than that of air.The ray re
e
ting o� the ba
k surfa
e pi
ks up a phase due only to the extra path length traveled.Fra
tions of a wavelength traveled will give fra
tions of 2� as :�22� = 2t�n = 2tn�Thus, the 
ondition for 
onstru
tive interferen
e is:�� = 2� 2tn� � � = 2m�4tn = (2m� 1)�; m = 1; 2; 3; : : : 12 ptsb) To �nd the 
olors appearing, we invert the expression above to isolate �:� = 4nt2m� 1 = 4(1:3)(400nm)2m� 1 � 2100nm2m� 1For the values m = 1 through 4, the wavelengths obtained are:� = 2080nm; 693nm; 416nm; 300nmOnly red (693 nm) and blue (416 nm) are part of the visible spe
trum. 3 pts
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6 Problem 6In a 2-slit experiment a pie
e of glass with an index of refra
tion n and thi
kness L is pla
ed in frontof the upper slit.a) Des
ribe qualitatively what happened to the interferen
e pattern.b) Given that the result for the 2-slit pattern without the glass is given by: I� = I0
os2(�dsin(�)� ),(where d is the distan
e between the slits and � is the usual angle as measured from the 
enter),give an expression for the intensity of light at points on a s
reen as a fun
tion of n, L, �.
) Write down an expression for values of � that lo
ate the interferen
e maxima. Compare to resultsof part b.a) The addition of the glass 
auses one of the rays to pi
k up an extra (
onstant) phase, 
ausing 3 ptsthe whole pattern to shiftwithout 
hanging the separation between su

essive maxima . -1 if wrong.Be
ause the glass is in front of the upper slit, the pattern will shift upwards. 1ptb) The usual phase is Æold = 2�� d sin �The new phase is simply Ænew = Æold � (n� 1)L2�� 2 ptsThe intensity pattern will then be:I(�) = I0 
os2�Ænew2 � or I0 
os2 �Æ +��new2 � 4 ptsI(�) = I0 
os2 ��� (d sin � + (n� 1)L)�
) Condition for 
onstru
tive interferen
e is :Ænew = 2�m; m = 0; 1; 2; : : : 4 ptsd sin �� � (n� 1)L� = 2�m 2 pts1 point partial 
redit if using Ænew = 2�� (dsin� � nL), full 
redit if using L
os� instead of LTo lo
ated the interferen
e maxima, solve for theta: 1 ptsin � = �m� (n� 1)Ld 2 pts for using
orre
t Ænew
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