
PHYS 48R FALL 2014 HWA 1. Due Friday Oct 24’th

1. Cosmic muons have been observed on laboratories at ground level with
rather high energy. Say, from this it is evident that they must have been
created on the topmost layer of the atmosphere where cosmic particles hit
air molecules. However the numerics of the process obey h >> vτ where
h is the height of the atmosphere as measured form the lab and τ is the
half life of the muons measured after stopping them again in the lab. Find
a way out of this dilemma in such a way that the reasoning makes sense
both from the laboratory frame and the frame that moves together with
the muon after it is created on the upper atmosphere -assume after this
the muon travels radially down with a constant speed.

2. A new civilization is detected on a distant planet. By using a very pow-
erful optical telescope it is observed that at stardate ”blah” a large fleet
departs the planet and comes towards the earth. Yet after one week of this
observation earth is attacked by the same fleet. Explain how this might
happen.

3. Consider two events separated by a time-like interval. Let ∆x and ∆t are
the co-ordinate differences of these events in a frame S. It is also given
that these events are on the trajectory of a particle that has constant
velocity. So the velocity of the particle in S is u = ∆x/∆t. Find u′, the
velocity with respect to another frame S′ that moves with respect to S
with a velocity v = βc. What is u′ if u = ±c?

4. Consider a particle that moves along a trajectory x(t) in a frame S such
that u(t) = dx/dt < c for all times and that at t = 0 the particle starts
x = 0 and returns to the origin for the first time at t = T . Show that the

proper time along such trajectories τ [x(t)] =
∫ T

0
dt
√

1 − u2/c2 is largest
for x(t) = 0.

5. Consider a particle that moves -with respect to an inertial frame S- along a
1D trajectory (t(s), x(s)) which is nothing but a continuously parametrized
list of events that are time-like separated with respect to the invariant
quantity -proper time-. We have shown that the derivative of this objects
with respect to s are given as (cΓ, uΓ) where u is the instantaneous velocity
and Γ = 1/

√
1 − u2/c2. We have also shown that this collection of 2-tuples

transform like the co-ordinates of an event under Lorentz transformations.
On the other hand via the relativity principle in a frame S′ this derivative
will read (cΓ′, u′Γ′) where u′ is the velocity in the frame S′. Now use
Lorentz transformations to connect (cΓ′, u′Γ′) to (cΓ, uΓ) assuming that
S′ has relative velocity ~v = vı̂ with respect to S. From this find u′(u, v).
Check that this is the same as the velocity transformation you found
previously.

6. Consider a rod that is a rest in a frame S. Thus the two ends of the
rod have life-lines given as (ct, 0) and (ct, Lo) in this frame. Now con-
sider a frame S′ that moves with respect to S with velocity ~v = vı̂.
Show that the life-lines of the two ends can be written as (ct′,−vt′) and
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(
ct′,
√

1 − β2Lo − vt′
)

for the left and right ends respectively, where t′ is

now represents the synchronized clocks of the S′ frame. Can this approach
be generalized to study general geometrical objects?

7. In two space time dimensions consider a rod at rest of length Lo with one
end at the origin and making an angle θo with the x axis. Now consider
another observer S′ moving with respect to S with a velocity ~v = vı̂. Find
the length L of the rod and the angle θ it makes with the horizontal in S′.

8. Consider a circle of radius R situated at the center of S. Show that the
object is a moving ellipse in another frame S′ that has relative velocity
~v = vı̂. Where are the focal points located?

9. Consider a right angled triangle in S such that the hypotenuse is along
the x axis. If S′ has relative velocity ~v = vı̂ is this a right angled triangle?

10. Consider the Minkowski diagram that you were given.

• Put a random point on the graph to describe an event E. It should
not be on any axis, line or curve provided on the diagram. Now
measure with a ruler the co-ordinates of this event with restpect to
the two inertial observers’ axis, (ct, x) and (ct′, x′). Use these and
the Lorentz transformations to infer β of the diagram.

• Using a copy of the diagram study the length contraction. In partic-
ular show that either frame measures the other’s rod to be shorter.

• Using a copy of the diagram study the time dilation. In particular
show that either frame measures the other’s clock to run slower.

• Put an event E1 on the origin and another one E2 on (ct = c1, x = 0).
Now consider all physical paths -where the tangent of the curve is
always in accord with u < c- that the motion begins with E1 and
ends with E2 -crossing x = 0 only once ; at the beginning and at
the end. Show that the Euclidean distance of a path on the graph
is minimal for largest proper time for the path and conversely the
largest euclidean distance give the minimal proper time.
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