
Theoretical Astrophysics Homework:

2.a Special Relativity

Due: September 26

Problem 1:
Consider a spaceship that is traveling past the solar system toward a star 10 light-years away at
0.5c. A signal is emitted from Earth when the spaceship is halfway there, and therefore received
just as the spaceship reaches the star.

Draw, to scale as much as possible, a spacetime diagram in both the solar system rest frame
and a frame moving with the spaceship that shows the path of the Sun, the distant star, the
spaceship and the signal. How far does the signal travel in the frame of the spaceship? By
working back from the time the signal was received using the speed of light and the varying
distance to the solar system, what fraction of the distance to the star would the occupants of the
spaceship say that they had covered at the time, according to their coordinates, that the signal
was emitted? (That is, what is the time coordinate of the emission event in the spaceship’s
frame, and how does this compare to the time coordinate of the spaceship arriving at the star?)

You should explicitly give the coordinates in both the solar system and spaceship frames of
the following events:

• Departure of spaceship from solar system

• Arrival of spaceship at star

• Emission of signal

• Arrival of signal at star

You must also compute and show the positions of both the solar system and the distant star
at the beginning and end of the trip in both frames. Verify by comparing the distance and
time between the emission and arrival events of the light in the spaceship frame that the light is
moving at the speed of light.

Problem 2:
The highest energy cosmic ray protons have an energy of about 1020 eV. (a) What is the Lorentz
factor of such a cosmic ray proton and how much larger is its momentum than that obtained
from the classical expression p = mv?
Suppose such a cosmic ray proton creates an unstable particle with lifetime 10−8 seconds in a
collision at an altitude of 20 km and the created particle has a Lorentz factor of 104. (b) How
far does this secondary particle travel before decaying? On average, can it reach the ground?

Problem 3:
Suppose one of the jets in SS433 is at an angle of 70◦ to the line of sight and the and the jet
speed is 7.8 × 107 m/s. (a) What is the Doppler shifted frequency, ν1 of a spectral line with a
rest frame frequency of ν0, originating from the jet pointed more toward the observer? (b) What
is the Doppler shifted frequency of the same line from the opposite jet?
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Problem 4:
Radiation from a source rapidly moving in the plane of the sky is observed by a stationary
observer, who is therefore at an angle of θ1 = π/2 to the direction of source motion. (a) At
what angle, θ2 (written in terms of β = u/c), in the source reference frame is the radiation
emitted? (b) In the limit β → 1, what is angle θ2 in the source reference frame that corresponds
to θ1 = π/2?

Additional problems for AY 521

Problem 5:
We observe the Hβ line of the hydrogen Balmer Series at a wavelength of 4864 Å. (a) Look up
the rest wavelength and (b) calculate the radial velocity of the emitting object.

Problem 6:
Prove/show that, in the non-relativistic limit, the length of time, ∆t, that it takes for an object
to move at a velocity u over a distance, d, at an angle, θ, with respect to the line of sight to an
observer is seen by the observer to take a length of time, ∆tobs, that is given by

∆tobs = (1− (u/c) cos θ)∆t

Here θ = 0 is motion directly towards the observer and θ = π is directly away from the observer.
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