Physics 214. Midterm Exam Fall 2012

The next two questions pertain to the followmg situation:

1. A laser light beam (the wavelength is 500 nm) hits a screen with three parallel slits with equal

spacing-of-3 etywween them. Some photons pass through the slits and travel to an imaging
[ . At which angle is the first secondary maximum observed?
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3. Two waves
y = A cos(200t —10
y = A cos(200t —10x + 7/
are superposed. What is the resulting wave?

a. 2A cos(200t-10x+m/8)
. V2 A cos(200t-10x+7/8)
) N2 A cos(200t-10x)
d. 1.85 A cos(200t-10x+m/4)

€. none of these
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The next two questions pertain to the following situation:
4. What is the wavelength of a photon which has ener%aarely sufficient to extract one electron from a metal with

a work function of 5 eV.
)\ — - ~ /nyp(/hu

a. 250 nanometers —
/

b. 415 nanometers
c. 310 nanometers

M =+ KE

5. We now send in 200-nm light {§.e., each photon has more than enough energy to liberate an electron). If we
decrease the intensity: ight, what will happen to the current of the emitted electrons?

The current will decrease as I. \‘tt G/ Q ("L/%/ /) Z\ \(C‘L\ /

.) The current will decrease as 1. N\ N
c. The current will stay the same, it does not depend on the intensity of the incident li hf(( ?
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from n{ 1ncidence What is the wdvelength

L //W/%

7. Suppose the correct answer to the previous problem we @ he source is moving away from the
observer so its color is Doppler shifted to the red side of thespectrum. What is the smallest wavelength change that
could be detected using this spectrometer, assuming that now only

(Hint: what is the highest order that can be used?)

: imini; Sho ~ -
T . /V g Cl S iw %\\:{ l
l[/ \\ SM&M‘\\ b ) _ /

a. 192 nm
b. 354 nm
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L 3

8. An array of three identical loudspeakers separated by distances d is arranged as pictured. A receiver is placed at
position R far from the array. The emitters radiate waves of frequency 1 kHz with the same individual i(nte i
R. The sound speed in this air is 340 m/s. All the loudspeakers arg@;en with the same phase.

T Ord”
| X

Q
b ®
O "{D"?ﬁ[ X 2T R
s .
What is the minimym distance d such that the intensity at R is zero? (Hint: draw phasor diagram.)
% \
T . — o ~ ?664 C/v\ i (7 3
. - .68 m 5 ~ \ ?
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e. none of these / Q
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The next three questions pertain to the following situation:
Mirror 2

b zz; 5" T4 =Js CO?QTT\:EM L T

X J

A Michelso 'nterfergrﬁeter operating in \)a(cuum IS set up such that the diﬂ!ere(é\e in ar}r\n lengths is

L, — L —here A is the wavelength of the laser. Here Ll (L,) is the separation between the
and

beam splitte mirror 1 (2). The laser |nten3|ty is lo. Q(é v } - —l 4

— A
9. What is the intensity at the detecto?’> > ?
o L( §0& M
a. 1=
b. IZI(())/4 OOT I v
CeT=T2>
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o=INow suppose we insert a thin transparent slab of thickn@d4ndex_o£miracﬂgn—n—z—~
m nto arm 2 of the interferometer. How does the intensity change? Note, L, > L;. (Hint: it may
help you to sketch I(L,).)

Increases
ecreases

c. stays the same

§ﬁ Q@Sx

)()
11. If we want to make the intensity at the detector equal to the case in which the slab was absent,
how much do We need to move mirror 1 relatlvito its initial positign? __ }(T‘

Zb Sy /

Ly =L, =
bn8x(tother|ght) [/1/\% y{qé Z dl ~> % S )(\

i Z.in-l) OX (to the rlghti ~ L\ —~

(-1} Bx (to the-feft) Q%\\OD > )a[\l/
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The next two questions pertain to the following situation:
Two slits are illuminated by vertically polarized photons. A 45° polarizer is placed in front of the

polarizer is placed in front of the lower slit. I
ke
G

ﬁﬁ?lﬂjlg , N&((/\
’ H‘ z@é/’\o/ff M%
z

N = 45° polarizer H - 45° polarizer I = Vertical polarizer

12. Which of the figures shown above best illustrates the intensity pattern built up on the screen?

Note the intensity scale for the varlous\7h0|ces need not be the same.
a.

@ Yho/f/ mé: /4( —-{-/4 ]
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13. Which of the following would recover the usual 2-slit intensity pattern observed wit
polarizers in front of the slits?

/ y is such a pattern, i.e., nW be added.

b. Add a vertical polarizer in front of the vievyjng SCreer.

c. Rapidly andrandomty switch betwee

d. b or ¢ would both work.
e. none of the above.
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The next two questions pertain to the following situation:

Two slits are illuminated with 5-eV photons as well as monochromatic electrons accelerated to
0.247 eV. The interference pattern produced by the photons and electrons are viewed simultaneously
on a screen located a distance L from the slits. Note that the patterns are not drawn to the same scale
as each other

WF /mv Le—
-

)( = Q 9‘&
=2 54(9 N,

Q >
L & i
lev\ :[;)h,\xh‘ ~ \V\hh
- /5 7
AS %07?2 4L 4‘\@/

14. Calculate the number of mterference maxima produced by the electrons that lie between
m = 0 and m = 1 maxima of the interference pattern produced by the photons. < J(

{
¥ < Al W
ééo )\ e b T B}/SQ \\/O;(‘S\

e. 420
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15. You would like to image a binary star system using an optical telescope. The two stars have an
angular separation of 4.23x10” rad. The telescope uses a lens with a diameter of 1.7 m and a filter to
select a particular range of wavelengths. What is the longest wavelength light for which the two stars
can be clearly resolved?

a. There is no “longest wavelength”—the largér the wavelength, the better the resolution.
b. 515 nm

e. 620 nm ’/ﬁ /
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The resolution is defined as the minimum distance between two points on the surfage that can be
clearly resolved. (\

a. 0.027 nm
e. 4.76 nm Q[/\ (><7C — O(C YC

S~

= N (S
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17. A solar sail is a device that uses the light from the sun to accelerate a spacecraft. This type of

propulsion system relies on t omentum exchange between photons and a | sai hed to
the craft. Assuming the sail(is 10x10 m? in area and the intensity from the sup is 500 W/m? Jestimate
the change in momentum o cecraft after 30 days. In your estimate, assu e light from

the sun is always normally incident on the sail, and that the photons are completely absorbed by the
sail (in practice, a reflective sail would give an extra factor of 2 enhancement). Hint: Solve
symbolically first. ~ /—

X2 o

[ g SOfa Xy, 366
Se[od o T T2
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18. Electrons are accelerategfo 150 eV and made incident on an aperture with a 10-nm diameter.

Estimate the minimum ra se-(y-component) velocities that the electrons possess after

passing through the aperture. |‘f_

a. 1x10°m/s - X

b. 1x10°m/s

d. 1x10°m/s I

e. 0 (any electrons that actually pass through the opening do not acquire any transverse

momentum.) 3
é\ déﬁ >/ 7 G/M/ ) I, @\/
4%}/:%4@ :{'({k/i§(//27

m = Qﬁyg
/1 vy % ﬁ 4.
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The next two questions are related.

A blue laser (400 nm) is directed into a Michelson interferometer, arm 2 <t
initially with equal path lengths (each arm is 1-m long), so that all the ~=
light exits via the bottom port.

400-nm laser_, I
19. Which of the following diSplacementsoxof the right mirror arm 1

will cause none of the light to come out the bottom? Hint: Sketch

1(3%). W e getector
i 400 nm /\ SRE M 7/%2‘53

d. 150 nm )\’< 3)}@ @ é’\)(

e. 800 nm % /3\ 3/)\/ )s

lele 3;{6

20. Consider that we start in the condition that no light is coming out the bottom. As we now
decrease the reflectivity of the right mirror, what will happen to the intensity on the detector?
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. The intensity will decrease as the reflectivity decreases.
The intensity will increase as the reflectivity decreases.
c. The intensity will remain unchanged as the reflectivity decreases.
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The next six questions are related.

Consider an electron in an infinite square well, as shown here, exLending from

X = -L/2 to x = +L/2 (i.e., of width L). A
\-L/Z 0 +L/2 o

21. Which of the following describes the ground state wavefunction of the electron inside the well?
Hint: draw the wavefunction.

18 of 21 pages
(26 problems)



=
\
= h J
Physics 214. Midterm Exam Fall 2012 N

22. What wavelength of photon could excite the electron from the ground state (n = 1) to the second
excited state, assuming the total width of the well is 3 nm’?

a. 30,000 nm \@\ES tﬂhoc"\ \Fé é}

b. 3700 nm

c. 3300 nm . é | é
d. Either b or ¢ would work. El %fk —

e. None of the above
E £ o%\
7 To— k| @
\/\/\ é/é\ ~ ‘Q /SOyPV

23. (How) would the answer to the previous question change |f the electron were rep aced by am € j

(same charge -|e|, but m, = 209 m,)? E\ Q .~
he 0.8
N el

The wavelength of the exciting photon would.
& ] D T3y X Y08,
C. stay the same. @ Z \/1/ Lm\ﬁ
~ L\ - 5 \\/k 7\ g ?
( & VV\Z.Q 2 /L‘ gy -

\h/w
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24. Let P("center") be the probability that the electron is found between x = -L/10 and x = + L/10.
Compare P(“center”) if the particle 1s i the ground, excited, , OF second excited states. Hint: sketch

the solutions carefully. )KMWQ ( © ey
a. P(“Center”)ground > P(“center”)excited > P(“center’)ang excited
@P(“Center ground > P(“center’”)ong excited > P(“center’ )exmted \
C. P(“center”)ground = P(*center”)ang excited > P(*“center’)excited
d. P(“center’ )ground < P(“center”)excited < P(“center’ )an excite
e. P(“center”)ground < P(“‘center”)ang excited < P( enter
A h\} f~§)/mmﬁ rie

2/
25. If we lower the walls so this is now a finite square- weII po t|II of width L), how is

P(*center”) affected if the particle is still in the ground state?

a. P(“center”) increases @% ) Wﬁ Oxc :.LQQ( o~ 0

(“center”
C. P(“center”)4ncreases stays the same.

AN
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26. Let the electron initially be in the ground state of the well. If we perform a measurement and

localize the wavefunction of the electron in the region x = -L/10 and x = + L/10, what might we say
about the energy of the electron after the measurement?

T |
@ likely has a higher energy than it did before the measurement. —_ —
b. It likely has a lower energy than it did before the measurement. “\ Q
c. It definitely has the same energy as it did before the measurement. \ L

HP
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