PHYS 342 (Spring 2025) Test 1, V1 Name:

Multiple choice (5 pts each) — circle the correct answers.

1. Sagitarrius A* is a black hole with mass 4.3 x 10° solar masses while Messier 108 is a
black hole with mass 2.4 x 107 solar masses. What is the diameter of Sagitarrius A*
relative to Messier 1087 HWK2 prob 5

(a) 5.6x larger (V2) (b) 5.6x smaller (V1) (c) 31x larger
(d) 31x smaller (e) 174x larger (f) 174x smaller

2. Light from a laser with wavelength A and intensity 1 xJ/m? has 3.2 x 10® photons per
second go through an area of 1 cm?. For a laser with the same intensity but wavelength
A/10, how many photons go through an area of 1 cm?? HWKS prob 5

(a) 3.2 x 107 photons per second (V1)
(b) 3.2 x 10® photons per second
(c) 3.2 x 10° photons per second (V2)

3. You have found two solutions of Schrodinger’s equation, ¥, (x,t) and Wo(x,t). Which
one is also a possible solution? HWKS5 prob J

(a) U(z,t) = C1Vy(x,t) + CoWs(z,t) where Cy and Cy don’t depend on x or ¢

(b) ¥(z,t) = Cy(x)Vy(z,t) + Co(x)Vs(z,t) where Cy and Cy must depend on x

(c) U(x,t) = Ci(t)Vy(x,t) + Co(t)Va(x,t) where C; and Cy must depend on ¢

(d) U(z,t) = Ci(x,t)Vy(x,t) + Co(z,t)Wa(x,t) where Cy and Cy must depend on z
and t

4. A beam of photons with an energy of 6.78 eV is incident on aluminum and absorbed.
Will electrons be ejected? If yes, give their maximum kinetic energy. HWK/ prob 1

(a) no (b) yes, 4.50 eV (c) yes, 2.70 eV (V1)
(d) yes, 2.08 (V2) eV (e) yes, 6.78 eV (f) yes, 10.86 eV

5. Astronauts leave earth and travel to a star 4 light-years away and immediately come
back. The space ship they were in traveled at 0.8 ¢. How much did the astronauts
age? HWK1 prob 2

(a) less than 10 years
(b) 10 years

(¢) more than 10 years

6. You measure that 2 galaxies are moving away from the Milky Way. The first moves
away with speed 10" m/s and the second moves away with speed 2 x 107 m/s. The
distance to the second galaxy is HWKS prob 1

(a) roughly 1/2 the distance to the first. (V2)
(b) roughly the same distance to the first.
(c) roughly 2 times the distance to the first. (V1)




Problems: Show all work to receive full credit.
Fundamental constants (e, h, masses, etc) are top of the equation page.

10 pts 1. A star with radius 9.0 x 10® m radiates light like an ideal thermal source at a temperature
of 7200 K. a) Keeping the temperature fixed, how would the rate that energy is radiated
change if the radius changes to 7.7 x 108 m? b) Keeping the radius fixed, how would
the rate that energy is radiated change if the temperature increases to 8100 K? HWK/
prob 3

a) The rate that light is radiated from an ideal thermal source is propor-
tional to the surface area. The surface area of a sphere is proportional
to R?. b) The rate that light is radiated from an ideal thermal source is
proportional to 7.

7.7 x 10%) 8100 *

a) ratio <9.0 > 108> 0.73 b) ratio (7200) 60 (V1)
7.1x 10%) 8800 *

a) ratio <9.5 . 108> 0.56 b) ratio (6400) 3.57 (V1)

10 pts 2. A spaceship is traveling directly at you at a speed of 0.500 c¢. They fire at you a proton
beam. You measure the protons in the beam to have a speed of 0.950 ¢. a) What is
the speed of the protons as measured by the creatures on the spaceship? b) In firing

one proton, what is the change in momentum of the spaceship as measured by you?
a) HWK1 prob 3, b) HWKZ2 prob 1

a) Use the velocity addition formula or the Lorentz transformation formula.
Using the latter with v, the velocity of the proton and u the velocity of the
space ship. b) The momentum change of the space ship is opposite the
momentum change of the proton where the initial speed of the proton is
the speed of the ship, Ap = —(ps — p;).

0.950 — 0.500
- — 0.857
) Ve = 0050 X 0.500° ¢
0.95 0.5
b)Ap = —M,,.oiC — = —2.465M,,,c = 1.235x107 8 kgm/s (V1
e = pre gmfs VD
0.910 — 0.600
a) v, c=0.683 ¢

=~ 720.910 x 0.600

0.91 0.6
b)Ap = —M,,c ( —— - m) = —1.445 My, pc = 7239107 kg m/s  (V2)



10 pts 3. A type of Kaon with mass 497.611 MeV /c? decays into two identical Pions (the mass

of one Pion is 134.977 MeV /c?). If the Kaon is initially at rest, what speed does each
Pion have? HWK2 prob 2

This is a conservation of momentum and energy problem. Because the Kaon
is initially at rest, the sum of the Pions’ momenta must be 0. Because
the pions have the same mass, they must have the same velocity. For

conservation of energy, the total energy before is the Kaon rest energy.
The total energy after is 2x the total energy of one Pion.

— \/1—(1)7r/c)2:2]\/[7r — 1)7r:c\/1—(2M7r/]\/[K)2

Mk

e = /1 — (2 x 134.977/497.611)2 = 0.840 ¢ (V1)

vr = /1 — (2 x 139.570/497.611) = 0.828 ¢ (V'2)

10 pts 4. An electron travels in a region with no forces. It has speed of 3.0 x 10° m/s. Determine

the electron’s wavelength and frequency. Chap/4 notes pg 1

The wavelength of an object with mass is A = h/p and its frequency is

f = E/h. Because the speed of the electron is non relativistic, use p = mv
and E = (1/2)mv?.

B 6.63 x 10~34
" 9.11 x 10731 x 3.0 x 106

9.11 x 1073 x (3.0 x 106)?
= Hz=6.18 x 10"° H Vi1
2 % 6.63 x 103 ? % ¢ (VD)

m =243 x 1079 m

B 6.63 x 10~34
" 9.11 x 10731 x 2.0 x 106

9.11 x 1073 x (2.0 x 10%)?
= Hz=275x 10" H V2
2 % 6.63 x 1031 ? % : (V2)

m=2364x10"""m

f



15pts 5. Light with a wavelength of 633 nm and intensity of 1.30 W/m? is incident on a spherical
microparticle. Assume the light travels in the 4+y-direction and the microparticle is in
space with no other interactions. The radius of the microparticle is 4.5 x 107% m and it
has a density of 1800 kg/m?. Assume that all of the photons that hit the microparticle
are absorbed. a) Does the mass of the microparticle increase with time? If so, what is
the rate of change of the mass (give your answer in kg/s). b) Does the microparticle
accelerate? If so, give the acceleration vector. HWKS prob 4

a) This is a conservation of energy question. The rate that the microparticle
absorbs energy from the light beam is I x 7R?. The microparticle gets very
little kinetic energy from the light so this energy must go into increasing the
rest mass: c?2AM/At = I x 7R?. In the answers below there is less than one
proton mass added to the microparticle each second (another comparison:
the mass changes by about a part per 10 each second)

AM 1. 45 x 107%)?
_ 180X mx (5 X 0T ) o 019 % 10-% kg/s (V1)

At (3 x 108)2
AM 240 x 7 % (3.6 x 107)? o

= =1. 1 2
A B x 1077 kg/s 09 x 107" kg/s (V2)

b) This is a conservation of momentum question. The rate that the mi-
croparticle absorbs momentum from the beam is I x 7R*/c using the mo-
mentum of light with energy F is p = F/c. This must be the rate of change
of the microparticle momentum so the total momentum of light plus mi-
croparticle doesn’t change. To get the rate of change of velocity (this is
acceleration), divide the rate of change of momentum by the mass of the
microparticle. The mass of the microparticle is its density times volume.

4 ‘
M = g7r(4.5 x 107%)? x 1800 kg = 6.87 x 107'% kg

~130x 7 x (45x107°)2 m

_ —rm. . .
3% 105 x 6.87 x 10-18 52~ 01X 1070 5 inthe 4 direction (V1)

4
M = g7r(3.6 x 1079) x 1600 kg = 3.13 x 107*% kg

2.40 x ™ x (3.6 x 107%)2 m em. o
= 510 x 313 x 10-18 g2 — 04X 107" — in the 4z direction (V1)



15 pts

6. An electron experiences a potential energy which is U(z) = 0 for zp < < xy and

U(x) = oo for © < xg or © > xy. The xp,xy are constants. a) What are the allowed
wavelengths for the electron? b) What are the allowed momenta? ¢) If you don’t have
to worry about relativity, what are the allowed energies? d) If you do have to worry
about relativity, what are the allowed energies? e) For the nonrelativistic case, the
electron starts in the Hth state then emits a photon and ends in the 4th state. What
is the frequency of the photon? HWKJ5 prob2

a) There must be an integer number of (1/2) wavelengths from z, to zy
meaning n\,/2 = (zy — x9). The combination z; — zy comes up a lot so
define it to be Az = z; — 2y The allowed wavelengths are \, = 2Axz/n with
n=1,23,...

b) The allowed momenta from de Broglie is p, = h/\, = nh/(2Az) with
n=1,2.3,..

c) If you don’t have to worry about relativity, you can use the F = p?/(2M,..)
to get the allowed energies as E, = n?h*/(8My..Az?) with n=1,2,3, ...

d) If you do have to worry about relativity, then use the relativistic energy
expression. You can do it by giving either the allowed total energy or the
allowed kinetic energy. For the allowed total energy, E? = c2[p? + (Me.c)?]
to get E? = *[(nh/[2A1])? + (Meeec)?] with n=1,2,3, ...

e) To conserve energy, the energy of the photon, ¥ = hf, must equal the
energy decrease of the electron. This means f = (E5 — E;)/h. For the
nonrelativistic case this is f = 9h/(8 M. Az?).






g=98012

Moo = 911 x 103 kg M
1.60 x 107 J =1 eV

‘/sph = %77'3

Galilean relativity

Einstein’s
postulates

Time dilation

Length contraction

X=x—utV,=v, —u

(1) The laws of physics are the
same in all inertial frames. (2)
The speed of light has the same
value ¢ in all inertial frames.
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(At = proper time)
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In an isolated system of

particles, the total momentum
and the relativistic total energy

remain constant.

t=1/,/6mGp

t = /3/32xGp,

 1.5x1019§12.K
Ir= 172

f = 0.42eFo/kT
Ep z Ep

<[ () +2(8) +2
3H?

|y
0.97 x 107 kg/m’
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c=3.00x10% 2
Mopuon = 1.88 x 1072 kg
Work functions: Na 2.28 eV, Al 4.08 eV, Cu 4.70 eV
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Double-slit
maxima

Bragg’s law for
X-ray diffraction
Energy of photon
Maximum kinetic
cnergy of
photoelectrons

Cutoff
wavelength

Stefan’s law
Wicen's
displacement law

rAD

yn=nd n=0,1,2,3,...

2dsind =nd n=1,2,3,---

Ao = he/d

I=ocT*
Apax T = 2.8978 x 10~ m-K

De Broglie wavelength A = h/p

Single slit diffraction  asin® =nd n=1,2,3,...
Classical AxAL ~ g2
position-wavelength

uncertainty

Classical frequency- AfAL~ ¢

time uncertainty

Heisenberg position-  AxAp_~h

momentum uncertainty

Heisenberg AEAL ~ h

energy-time uncertainty

Time-independent 2 P
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equation 2m dx?
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Normalization T2 o) P dx = 1

condition
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Constant potential
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