
PHY 3101—Modern Physics—Spring 2023

Problem set 2—Due Wednesday, February 1 at 11:59 pm on Canvas. (See syllabus for the
policy on homework turned in late.) 10 points each problem.

For each problem where a numerical value is requested, first work out an equation for
the requested quantity and second put in numerical values for known quantities to get a
numerical answer. Both are required.

1. This problem is about synchronization of clocks in two frames. There are two reference

frames, each occupied by a physicist. Alice is in frame S′ which is moving to the right

at speed v = 0.6c relative to frame S. Bob is in frame S. Alice, located at the origin of

S′, has two flashlamp clocks, located at x′1 = +1 m and x′2 = −1 m. She observes that

the two lamps flash at exactly the same time. This observation indicates that the clock

are synchronized. Bob is located at the origin of frame S. According to Bob, which bulb

flashes first and by how much time difference in his frame?

2. There have been a number of proton accelerators built by physicists over the last 70 years.

The current leading accelerator is the Large Hadron Collider (at CERN, in Geneva). In

the LHC, the protons are accelerated from rest to almost (but not quite!) the speed of

light. Here, let us consider a proton that is moving that fast.

Hint : In the following, you are given v with 9 significant digits. You’ll need to carry

that precision forward as you do your numerical calculations. (If you reduce the value

of v to 4 or 6 digits, it becomes v = 1, which, we know, is not possible. When you get

a final result, for example the momentum p, report 4 digits. Make sure you find values

for the proton mass and the eV↔J conversion with at least 4 digits.

a. The proton’s speed is v = 0.999 999 991c. What is the magnitude of the momentum

p of the proton? (First an equation and then the value, in SI units.)

b. Now compute pc, the momentum multiplied by the speed of light c. (Hint : just

multiply the equation in part a by c.) Show that this can be written in terms of mc2,

the rest mass energy of the proton. Calculate the proton’s rest mass energy in MeV

(mega-electron-volt) and then calculate p, now in units of MeV/c.

c. Do a units conversion, to show that the momentum in SI units and the momentum

in MeV/c are the same.

d. Now find the total energy E (in eV) of the proton, and calculate the ratio of total

energy to rest-mass energy, E/mc2.
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3. At what speed must an object move so that its kinetic energy equals half its rest mass

energy? (Assume the object is in otherwise empty space so the potential energy, due for

example to gravity, is zero.)

4. A light source is located at point P in the diagram below. It is turned on at time t = 0

for a very short time, and then is turned off.

a. What is the time tO when the light pulse reaches the origin O?

b. At what time tA does the light reach point A, a distance x along the x-axis from the

origin?

c. The spot of light on the x-axis moves along that axis, from point O to point A, in a

time Δt = tA − tO. Show that the average speed 〈v〉 at which the spot moves from

O to A is

〈v〉 = c

(
a+

√
a2 + x2

x

)

d. Now think about what happens as x → 0. Show that 〈v〉 → ∞. Also, consider the

case where x → ∞, and show that 〈v〉 → c.

e. If the answer to part d is correct, the spot move along the x-axis at a speed much

larger than c and only slows down to c as x → ∞. Does this result contradict the

special theory of relativity? Explain your answer.
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