Summer 1994 (HL)
2. kB, Yilches

THIRD MIDTERM
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Please «do not forget to write yuur name!!!! This second midterm consists ot
4 problems with smseveral gdections and/or ruescions. It may bhe worked cut in
any orde: . Partial credit will be gawven in mest of the problems. The sooolug

for this test is summarized in the last payge. Flease write clearly.
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(9) a! The picture above shows o normal eye, which can read a book at the
"normal” near point of 25 cm. Asdume that the eye 12 exactly 2 cm long.
Cal¢ulate the feoral length ol the eye when ir 1s looking at the book 14 the
picture,
(::) bl Locate the focal point {or peints; in the picture abave, and uaaing ray
tracing tind the image of the vook formed by the eyce {you may use just
the arrow)
C:) c) Now imagine a porson wno is far saignted, which can only see clearly
ocbjerts further away than 50 cm, If the book 15 still placed 25 cm o an frent
i the eye, where 15 the .image of the bpook f[ormed (inside the eye or behind
the retinal? Write a short line explaining your choice.
{ ﬁ) Ay Colcoculate the puwer ¢f the corrective lenses whincn would allow the peraon
>f part (v] above o read the Dook, wWwith thoe posk still 25 em ia tront of
the eyes, Allow ¢ cm for the eyco to corrective glasses distance,
{ 6) e}l To the sakcteh below, add the corrective leny and find the image Lormed by
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PROBLEM 3 ( J 3 points) @

In a lecture demenstration light of 500 nm wavelength (in air) is reflected
[rom a thin soap fllm of index of refraction 1.25, Lhe reflected light
being fecused onto a screen saveral meters away. The image formed on the

screen lacks like Lhe gircle drawn below, where the dark regions o
correspond fto no light being reflected in that particular direction. IW“’")!
@ a) Write a short ssntence or paragraph explaining . QE'“S
why the haottom of the image is dark.
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) Calculate the thickness of the scap film at the first bright fringe and
at the third dark fringe.



PROBLEM 4 (24 points) @

A diffraction grating with 5000 "slits" ever a 1 cm length is illuminated at
nermal incidence from a source which emits two wavelengths, 4\'= 400 nm,

and ;\2= 600 nm. A screen is placed at a distance L = 3 meters to view
the diffracted light.
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Iz #) Calculate how many "orders™ cof complete spectra (both wavelengths) ocne

could (at least in principle) ocbusecve.

. b} Calculate the distance "x"™ from the center of the screen at which Lhe
3rd order maxima for the 400 nm wavelength will occur.

@ ¢} Make a very gqualitative plot of intensity at the screen vs x for the
first Lwo orders of complete spectra (the two wavelengths).
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Prosem 4 (20 peints )
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proBLEM § (24 points)

In a popular {or unpopular?} demonstration, a sodium lamp {(yellow) illwninates

parallel pairs of windows cut in a metal sheet. The wavelength of the Na light
is about 550 nanometers., The separation between the window pairs vacies as

Na la.hh"h""“ in the picture below. Students in the classroom viewing the windows

are seatted from about 4 to 20 meters away from the demcnstration, and their
irises are about 0.4 cm diameter.
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a) Calculate the smallest distance d, that the windows in a pair can be
separated 3o that a student in the front row sees all of the windows as pairs,

and calculate the minimum diatance d¢y for a student in the last row to aea
at least one set of windows as a pair.
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b) Imagine that the wavelength emitted by the lamp illuminaring the windows
could be changed.
CS‘) bl) What can the student in the last row now see if the wavelength of the
radiation is changed to red (750 nm} and the distances between the windows
remains fixed as calculated in part a)? Write one paragraph to explain your
aAanswear.
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@ b2) What can the student in the front row now see if the wavelength of the
radiation is changed to violet (400 nm) and the diatances between the windows
remains fixed as calculated in part a)? Write cne paragraph to explain your
ANIwWer.
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Probkw 3 (27 Pom'l’S) Scrgeny
FiLancar Sur
| 4D I‘/

lec.'i‘rcms are Prnduc.td. L:>-7 ‘a FilLAamMenT (url.":{. Jero iﬂikﬁ‘e
Vﬁ\o:i“‘y). TLm/ ate oacalerated b‘f a looVelts ‘oo{gu'h‘qf d;ﬁcrmcg
o.+\¢:l %o 'Hﬂ'OuaL\ a SL\T r)‘: diaweter :D_ A Sergent (Q.:kg
in ol TV dube ) records e arcrivad of e electras . Tle
distonce betwerm the SULIT omd the ScReEEN & Lz0.3wn.

@ (og g[aow 'ﬂm"' +LQ Uque|%5ﬂ~ of ‘Hae elec'\'rms %g.‘.moé "H-\ro-u&\'\b

B 123 wio Cw .
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Lialit o{. ch.c‘n.m strikes a
M?*o.ﬁ e,le.c‘t'rod‘z ‘f; a. phebce.l[.
Whewn electroms are ewiltect , He
aameler L resis'l‘ers a cutrent

€
a) If fe mue\emsil‘t( of the imeideut Riﬁlact' i5 D50 mw, and Hie

weal Qu“di‘m of the wmetal 15 A eV, caleulate the waximum
kinetc ewnerqgy at wlickh aw elechaon cawm be ewmitted
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b) CQlc.u\a.'te. 'Hae AN W fve?&mc awnd ‘WtaX\'wnum uque\gms\—t\
needed 1o extract aw electrom s wmetal
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@ C,_) The waxiwuw \ms&ible corcenmt that can be semeraulec(
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