
PHY 2060 Fall 2006 K. Ingersent

Sample Exam Questions on Special Relativity

The problems below (adapted from various sources) range from fairly easy (number 1) to
hard (number 5).

1. If an airline pilot flies 80 hours per month (in her rest frame) at 200 m/s for 25 years,
how much younger will she be than her twin brother (who works in the airport control
tower) when she retires?

2. A train of proper length L0 approaches a station at a constant speed u in the station’s
rest frame. An observer at the station observes that the front of the train passes one
end of the platform (call this event A) at the same moment as the rear of the train
passes the other end of the platform (event B). In the rest frame of the train, what is
the time interval between the events, and which event occurs first?

3. A rod of proper length L0 is at rest in a reference frame S ′. It lies in the x′y′ plane
making an angle of sin−1(3/5) with the positive x′ axis. S ′ moves with constant speed
u parallel to the positive x axis of another frame S.

(a) What is the value of u if, as measured in S, the rod is oriented at 45◦ to the x
axis?

(b) What is the length of the rod as measured in S under these conditions?

4. Boris, standing at the rear end of a railroad train, shoots an arrow toward the front of
the train. The speed of the arrow as measured by Boris is c/5. The length of the train
as measured by Boris is 150 m. Natasha, standing on the station platform, observes all
of this as the train passes by her with a velocity of 3c/5. What values does Natasha
measure for the following quantities:

(a) The length of the train?

(b) The speed of the arrow?

(c) The length of the time the arrow is in the air?

(d) The distance that the arrow travels?

5. Suppose that in frame S, a certain object has speed v =
√

v2
x + v2

y + v2
z . Show that its

speed v′ in a frame S ′ moving at constant speed u along the +x axis of S satisfies

(v′/c)2 = 1 − 1 − (u/c)2

(1 − uvx/c2)2
[1 − (v/c)2].

Assuming that u < c, show that . . .

(a) if the object’s speed in S satisfies v < c, then its speed in S ′ necessarily satisfies
v′ < c;

(b) if the object has speed v = c in S, then its speed in S ′ is necessarily v′ = c.


