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PH206 Final Spring 2000

Some constants are shown on the next page.

Write your solutions on these pages, and turn in the entire exam. If you need extra paper, just
ask.

For problems: to receive full credit for correct answers, you must show your work!

Report numerical answersto three (3) significant figures.

Score Summary (to befilled in by instructor)

Mult Choice Short Answer Problems
1. 11. 16.
2. 12. 17.
3. 13. 18.
4. 14. 19.
5. 15. 20.
6. 21.
7. 22.
8 23.
9 24,
10. 25.
Totas + + =

Score



Some Constants

7 = 3.14159

0 =5.6696x 10® W/m*K*

ks =1.38x 102 JK

R =8.315Jmol-K

A, = 6.02x 10*®* moleaules/mol

1lcd =4.184J

latm =101 KPa

monatomic ided gas. y = C/C, = 1.6667
l,=1.00x 102 W/m?

velocity of soundin air (room temp, 1atm) = 343m/s.
0°C=273.15K

€c=2.99793x 10°m/s  (Speed of light)

e =1.602x 10 C (Magnitude of charge of eledron)
m,=0.91095x 10°°kg (eledronrest masy

m.c2 = 0.511MeV

m,=1.6726x 10* kg  (protonrest masg

m,c = 938.3MeV

1eV =1.602x 10%°J

h=6.6262x 10°Js  (Planck’s constant)

% =h/2n = 1.0546% 10** Js

hc =1240€V-nm

Hhc =197.3eV-nm

8,=0.5292x 10°m (Bohr radius)

R, = 13.606eV/hc =1.0974x 10’ m™* (Rydberg constant)

Some Trig ldentiti es

cos(A+B)=cosAcosB * sinAsinB
sin(AxB)=sinAcosB * cosAsinB

SinA £ sinB = 2 sin Y{A+B) cos/AA+B)
COSA + c0SB = 2 cos/A((A+B) sinv4+(A-B)]

Some Integrals
J’sinxdx=—cosx Icosxdx=sinx
X Sin2x X Sin2x
in? =—- 2 =—+
J’S| X dx ) 1 J’cos X dx ) 1
sin’ x

J’sin X COSX dx = 5
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Multiple Choice:
(Circleyour choice)

1. A pieceof copper of massm, is heded from room temperature, T,, to ahigher temperature,
T, . If the same anount of hea were alded to a seand peceof copper, whichisasoinitialy at
room temperature but of massm,, then the final temperature of the seand peceof copper would
be

a(m,/m)T, b.(m/m,)T, C. (my/m) (T,-T)+T,

d(m/m,) (T,-T)+T, eT, f. None of the dowve

2. A brick which isway out in ouer spaceisinitially at 27°C. Thebrick isthen heaed to
327°C. Theratio o the brick’ s rate of thermal energy lossby radiation at the higher
temperature to the rate of thermal energy lossby radiation at the lower temperature is very close
to

a2 b. 4 c. 12 d. 16 e 147 f. 21,500

3. A volumeof 1 m?® of helium gasisinitially at 10K andisthen heaed to 300K. If theinitial
andfina presaure aeboth 1atm, then the final volume of the gasis

a 1m b. ¥130m* c¢.30m? d. 7900 m? e. 900m?
f. canna be determined from given data.

4. An objed is placed onthe ais of a mnwverging lens, adistance x, from thelens. If x isless
than the focd Iength of the lens, then

a. noimage will be formed.

b.ared image will beformed onthe other side of the lens.

c. ared image will beformed onthe same side of the lens.

d. avirtual image will be formed onthe other side of the lens.
e. avirtual image will be formed onthe same side of the lens.

5. Which of the following is always true for a quantity of amonatomic (ided) gas undergoing
any adiabatic process (P =presaure, V =volume, and T = temperature of gas)

a. P = constant b.V = constant c. T = constant d. PV = constant
d. P/T = constant e. V/T = constant f.PV/T = constant  g. nore of these

6. A wave onastring has an amplitude of 2.00cm, awavelength of 30.0cm and awave speal
of 10.0m/s. The wave number for thiswaveis

a. 3.00cm b.3.33m* ¢ 20.9m* d.33.3Hz e 4.78x 10°%s
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7. Unpdarized light is sent through a single polarizing shed which hasits axis horizontal. How
much intensity gets through the shed? (Assume aperfed polarizer, with noadditional |osses).

a % b. 29.3% c. 5% d. 70.®% e. 100%

8. A rocket is headed straight for the Earth with aspeed of 0.8c. The rocket emits a pulse of
monachromatic light just before it veasto avoid hitting the Earth. An astronaut on the rocket
and an olserver onthe Earth are both making acarate observations (i.e. measurements). For
which o the foll owing quantiti es will t he two olservers get the same results (within their small
experimental error)?

(Circle ALL that apply)

a. Thelength dof the rocket.

b. Therelative speal o the rocket and the Earth.
c. The spedal o the light pulse.

d. The proper length of the rocket.

e. Therocket’s kinetic energy.

f. The frequency of the light emitted.

9. Inaphaoeedric experiment, light with dfferent wavelengthsisincident onametal surface
Asaming that for al of the wavelengths used phdoeledrons are gjeded from the metal. Which
statement is true?

a. The number of phaoeledrons emitted per secondis independent of the intensity of
thelight for all the diff erent wavelengths.

b. The number of phaoeledrons emitted per seoondis equal to a cnstant times the
frequency of the light.

c. The maximum kinetic energy of the phaoeledrons emitted is equal to a mnstant
times the frequency of the light.

d. The maximum kinetic energy of the phaoeledronsis propationd to the intensity of
li ght.

e. noreof the @owe.

10. Inthelaboratory, it isoften most convenient for us to think of gammarays as particles while
microwaves are usually thought of as waves. Both are forms of light, which we know has both
particle-like and wave-like properties. Which principle or theory below can best be used to
explain why we observe gammarays to behave more li ke particles and microwaves more like
waves? (A typicd gammaray has A < 0.01 nm, while microwaves have A = 1 cm).

a. Uncertainty Principle b. Spedal Relativity c. Conservation d Energy
d. Corresponcence Principle e. Schrodinger’s Equation  f. Peter Principle
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Short Answer
Provide a short answer (1 or 2 sentences and/or appropriately |abeled diagram) for each.

11. A ideal gas undergoes an irreversible cyclic process during which it does some work, W.
After it has completed one full cycle, the temperature and entropy of the gas are unchanged
(since both only depend on initial and final states and not the path taken). How can this be
consistent with the result of the second law of thermodynamics, which says that for irreversible
processes, the total entropy of an isolated system always increases?

12. Steam engines were commonly used before internal combustion engines and gasoline were
readily available. Consider a steam engine used outdoors. Would the engine be more efficient
on acool day or on ahot day? Why?

13. A single wave pulse on astring is traveling towards -x with aspeed v. Att=0the pulseis
described by a displacement, y, given by

y =1.75sin[3 tan’(e*) + 4]
where x and y are in meters. Write the function y(x,t) which describes this wave for any time, t.
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14. There has been recent interest in the mass of an elementary particle caled aneutrino. One
theory isthat the rest mass of the neutrino is zero, just like a photon. Several competing theories
suggest the neutrino has avery small but non-zero rest mass. Show that any massless particle
which has akinetic energy, K # 0, cannot be traveling slower than the speed of light. (Hint:
assume amass, m, and speed v, thenlook at m - 0.)

15. If you hold two small flashlights near each other and shine the light from both at the same
spot on adistant wall, you do not see a diffraction pattern. Why?
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Problems
(SHOW YOUR WORK, youwill not get credit unlesswe can seehow you got your answer.)

16. A monatomic (ided) gasinitially with vdume V, =5.00x 10° m® and at a temperature of
315K and apresaure of 99.0 KPa undergoes an adiabatic expansion urtil itsfina volumeis
7.75x 10°m®. What isthe final temperature of the gas?

17. A gasistaken through the gyclic process siown, starting from point A. How much net hea
was added to the system during one complete gycle?

N c D
=)
)
5 2 > F
[l
1 B < A
1 2 3

Volume (ms)

18. An olged 2.50cm highis placeal 45.0cm to the left of a mnwverging lenswith afocd length
of 25cm. A diverging lenswith afocd length of -25.0cm is placeal 51.25cm to the right of the

converging lens. Determine the location d the final image.
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19. If 3509 of liquid nitrogen, initially at its bailing point of 77 K, all bailsand becmes gas at
77K, howv much hasthe entropy of the nitrogen changed? The latent hea of vaporization o
nitrogen is 2.01x 10° Jkg and its latent hed of fusionis 2.55x 10* Jkg.

20. A sourceof soundemitsuniformly in all diredions. An observer 4.00m from the source
measures asoundlevel of 50.0 B. What isthe arerage power level, in Waitts, of the source?

21. Inanealy particle accéerator, the dedrons were accéerated (starting from rest) through a
patential difference of 500.0 K/ (500,000V) before they hit atarget. What isthe speed of the
eledronsjust before they strike the target? (Put your value in unts of “c”).
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22. What are the momentum and energy of a photon of light with awavelength of 523 nm?

23. What is the speed of an electron with a de Broglie wavelength of 0.200 nm?
(Hint: it is much less than the speed of light).

24. An electron which is part of a certain atom undergoes a transition from an energy level,
E,=-3.45¢V to alevel with an energy E, =-6.78 eV. What is the wavelength of the light
emitted ?



PH206 Spring 2000 Page 10

25. The (time-independent) wave function of an electron is given by
Y(x) = \/? sin@sﬂg
VL L

for 0<x <L, andiszero everywhere else. What isthe probability that the electron will be found
between x, = L/2 and x, = 2L/3 ?

END



