
PHYS 342 (Spring 2023) Test 1, V1 Name:

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

1. Alice travels past you at 0.866 c. You measure that it takes 2 seconds as measured by
your clock for her clock to advance by 1 second. Alice measures that it takes

(a) 1 second by her clock for your clock to advance by 2 seconds.
(b) 4 seconds by her clock for your clock to advance by 2 second. Chap 2 slides pg 8
(c) 2 seconds by her clock for your clock to advance by 2 second.
(d) none of the above.

2. A perfectly black sphere of radius 1 m emits 1 W of light when it is at a temperature
of 34.4 K. What happens when the temperature is raised?

(a) it emits more than 1 W of light. (V1) I = σT 4 inspired from Chp 3 slides pg 11
(b) it emits less than 1 W of light. (V2)
(c) it emits 1 W of light.

3. When C60 molecules go through a pair of holes at a speed of 220 m/s, they make an
interference pattern on a screen with peaks separated by 24 µm. If the only thing that
changes is the speed of the molecules to 110 m/s, the peaks will be separated by

(a) 12 µm. (V2) λ = h/(mv) yn = nλD/d from HWK 5 prob 3
(b) 24 µm.
(c) 48 µm. (V1)

4. The diameter of a nucleus is 10× 10−15 m. Suppose you want to study the diffraction
of photons by nuclei. What energy of photons would you choose? λ ∼ R E = hc/λ

(a) 4× 10−11 J (V1) (b) 4× 10−14 J (c) 4× 10−17 J (V2)
(d) 4× 10−20 J (e) 4× 10−23 J (f) 4× 10−26 J

5. For an object of mass M and charge q that can only move in one dimension, what are
the units of Ψ?

(a) meter
(b) 1/kilogram
(c) Coulomb
(d) 1/

√
meter Chap 5 slides pg 3

(e) none of the above

6. One of the pieces of evidence for the existence of dark matter is

(a) galaxies rotate faster than expected based on the amount of visible matter. from
HWK 3 prob 2

(b) galaxies rotate more slowly than expected based on the amount of visible matter.
(c) neither. The rotation of galaxies is not relevant.



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

1.10 pts For an electron, Ψ(x, 0) = iAx(L − x) for 0 < x < L and is otherwise equal to 0. a)
Determine A. (If there are math steps you can’t do, just define it to be some parameter
and move on. Most of the credit will be for correct concepts.) b) Roughly, what is the
uncertainty in the momentum? a) is from HWK 6 prob 4 and b) is from HWK 6 prob
1

This problem was the same on the two versions. a) To find A, you need to
normalize the wave function:∫ ∞

−∞
|Ψ(x, 0)|dx = 1

= A2
∫ L

0
x2(L2 − 2Lx+ x2)dx = A2

(
1

3
x3L2 − 2

4
x4L+

1

5
x5
)
|L0 = A2L5/30

A =
√
30/L5

b) For this you can use the Heisenberg position-momentum uncertainty
∆px ∼ h̄/∆x. Any reasonable value for ∆x is OK. It needs to be less than or
equal to L and roughly greater than L/2: ∆px ∼ h̄/L.

2.10 pts A photon with a wavelength of 2.10 × 10−14 m is traveling in the +x-direction. It
hits an initially stationary muon and the photon goes in the +y-direction. a) What is
the final wavelength of the photon? b) What is the momentum vector of the muon?
HWK 4 prob 4

This is a Compton scattering problem but the photon scatters from a muon,
not an electron. This means that in the Compton equation you need to use
the mass of the muon: h/(Mµc) = 1.18× 10−14 m. In both versions, the angle
is 90◦.

a) λ′ = 2.10× 10−14 m+ 1.18× 10−14 m = 3.28× 10−14m (V 1)

a) λ′ = 1.80× 10−14 m+ 1.18× 10−14 m = 2.98× 10−14m (V 2)

Use conservation of momentum for b). The muon momentum in +x must
be the initial photon momentum and the momentum in −y must be the
final photon momentum.

px =
6.63× 10−34 J s

2.10× 10−14 m
= 3.16× 10−20 kg

m

s
py = −6.63× 10−34 J s

3.28× 10−14 m
= −2.02× 10−20 kg

m

s
(V 1)

px =
6.63× 10−34 J s

1.80× 10−14 m
= 3.68× 10−20 kg

m

s
py = −6.63× 10−34 J s

2.98× 10−14 m
= −2.22× 10−20 kg

m

s
(V 2)



3.10 pts Astronauts journey to a star that is 10.0 light-years from earth. (A light-year is the
distance light travels in 1 year.) They travel there and back at a speed of 0.80 c. a)
How long does the trip take as measured by someone who stayed on earth? b) How
much do the astronauts age over the trip? HWK 1 prob 2

For part a), you just need to divide the total distance of the trip by how
fast the astronaut travels.

t =
20 yr c

0.8 c
= 25.0 yr (V 1) t =

24 yr c

0.75 c
= 32.0 yr (V 2)

For part b), you need to account for time dilation. The astronaut ages more

slowly by the factor of
√
1− v2/c2.

age = 25 yr
√
1− 0.82 = 15.0 yrs (V 1) age = 32 yr

√
1− 0..752 = 21.2 yrs (V 2)

4.10 pts In 1960, Pound and Rebka sent λ = 8.63× 10−11 m photons vertically upward 22.5 m
in a lab at Harvard. What was the change in frequency of these photons? Make sure
to be clear whether the frequency increased, decreased, or remained the same. HWK
2 prob 4

This problem was the same on the two versions. This is a problem about
the gravitational frequency change (red shift): ∆f = fgH/c2. Because the
photon is going up, the frequency will decrease. The frequency can be
found from f = c/λ.

∆f = −3.00× 108 m/s

8.63× 10−11 m

9.8m
s2

22.5 m

(3.00× 108 m/s)2
= −8520 Hz



5.15 pts Light with an intensity of 1.30 W/m2 and wavelength 450 nm is incident normal on
solid Na. Electrons are ejected from the Na. a) What is the minimum wavelength of
the electrons ejected? b) If the Na surface is a square with edge length 1.90 cm and
all of the incident light is absorbed, what is the maximum rate that the electrons are
ejected? For the last question, the answer should be a number per second. a) HWK 4
prob 1 with HWK 5 prob 4 and b) HWK 3 prob 5

For part a), the basic idea is that the photo-electric effect will determine the
maximum kinetic energy: Kmax = (hc/λ)−ϕ with ϕ the work function. From
the maximum kinetic energy, you can compute the minimum de Broglie by
using p =

√
2 m K and λ = h/p.

Kmax =
4.14× 10−15 eV s 3× 108 m/s

450× 10−9 m
−2.28 eV = 2.76−2.28 eV = 0.48 eV = 7.68×10−20 J

p =
√
2 × 9.11× 10−31 kg 7.68× 10−20 J = 3.74× 10−25 kg m/s

λ =
6.63× 10−34 J s

3.74× 10−25 kg m/s
= 1.77× 10−9 m = 1.77 nm (V 1)

Kmax =
4.14× 10−15 eV s 3× 108 m/s

210× 10−9 m
−4.70 eV = 5.91−4.70 eV = 1.21 eV = 1.94×10−19 J

p =
√
2 × 9.11× 10−31 kg 1.94× 10−19 J = 5.95× 10−25 kg m/s

λ =
6.63× 10−34 J s

5.95× 10−25 kg m/s
= 1.12× 10−9 m = 1.12 nm (V 2)

The idea for part b) is that at most every photon that hits the material
will be absorbed and eject an electron. For b), you need to figure out the
rate that photons hit the material. The rate that light energy enters the
material is the intensity times the area: P = I A. The rate that photons
hit the material is the rate that energy enters divided by the energy of 1
photon.

P = 1.30
W

m2
(1.9×10−2 m)2 = 4.69×10−4 J

s
E =

6.63× 10−34 J s 3× 108 m/s

450× 10−9 m
= 4.42×10−19 J

max rate =
4.69× 10−4 J

s

4.42× 10−19 J
= 1.06× 1015 electrons/sec

P = 1.60
W

m2
(1.4×10−2 m)2 = 3.14×10−4 J

s
E =

6.63× 10−34 J s 3× 108 m/s

210× 10−9 m
= 9.47×10−19 J

max rate =
3.14× 10−4 J

s

9.47× 10−19 J
= 3.32× 1014 electrons/sec



6.15 pts A wejy is a fundamental particle with mass 2.34 kg. In your lab, you measure a wejy
traveling at a speed of 0.888 c. It hits a stationary wejy and converts to a nugy. The
nugy is moving at a speed vn. a) What is the mass of the nugy? b) What is the speed
of the nugy? HWK 2 prob 2

Before saying how to work the problem, note that conservation of mass is
not a thing.

For this problem, you need to use conservation of momentum and conserva-

tion of energy. Before the collision, the momentum is p0 = mwvw/
√
1− (vw/c)2

and the energy is E0 = mwc
2 +mwc

2/
√
1− (vw/c)2 (the first term is from the

stationary wejy and the second is from the moving one). After the colli-
sion the momentum and energy is only from the moving nugy. This gives

pn = mnvn/
√
1− (vn/c)2 and En = mnc

2/
√
1− (vn/c)2. The conservation of mo-

mentum and energy mean pn = p0 and En = E0 which give two equations for
two unknowns: vn and mn. If you do the ratio, you get vn/c = (cpn)/En. Once
you have vn/c you can solve for mn using either the energy or momentum

equation. I used the energy equation: mn = (En/c
2)
√
1− (vn/c)2.

p0 = 2.34 kg 0.888 c/
√
1− 0.8882 = 4.519 kg c

E0 = 2.34 kg

(
1 +

1√
1− 0.8882

)
c2 = 7.429 kg c2

vn
c

=
4.519 kg c2

7.429 kg c2
= 0.608 mn = 7.429 kg

√
1− 0.6082 = 5.90 kg (V 1)

p0 = 1.23 kg 0.777 c/
√
1− 0.7772 = 1.518 kg c

E0 = 1.23 kg

(
1 +

1√
1− 0.7772

)
c2 = 3.184 kg c2

vn
c

=
1.518 kg c2

3.184 kg c2
= 0.477 mn = 3.184 kg

√
1− 0.4772 = 2.80 kg (V 2)





g = 9.80 m
s2

h = 6.63×10−34 J s = 4.14×10−15 eV s h̄ = h
2π

c = 3.00×108 m
s

Melec = 9.11× 10−31 kg Mprot = 1.67× 10−27 kg Mmuon = 1.88× 10−28 kg

1.60× 10−19 J = 1 eV Work functions: Na 2.28 eV, Al 4.08 eV, Cu 4.70 eV




