
KAKIst 2014-2014. Homework Assignment 1. Due Friday Oct 10’th.

1. One dimensional motion under constant force.

Let us assume that we are given that a particle of mass m moves in one
dimension under the influence of a constant force given as ~F = f ı̂ with
f > 0 in a given frame S. In what follows it is beneficial to use the
dimensionless quantity θ ≡ ft/mc.

• Show that this force is relativistically invariant -only because we con-
fine the space to have one dimensions-.

• Find the relativistic momentum of the particle as a function of θ in
a given inertial frame assuming it starts the motion at rest.

• From this infer the velocity as a function of θ.

• From this infer the posistion as a fucntion of θ assuming that the
initial position is xo.

• From the above infer the acceleration of the particle defined as ~a ≡
d~v/dt.

• Plot the position, velocity and acceleration in terms of θ.

• Perform a Taylor series expansion around θ ≈ 0 and keep only the
first non-trivial terms in the above.

• Study the limits of these kinematical quantities as θ →∞.

2. Consider a force field such that ~F = 0 for x ≤ 0 and ~F = −f ı̂ for x ≥ 0.
Assume that a particle of mass m and velocity ~v = uı̂ with u > 0 is
incident from the left for a given inertial frame S.

• How far does the particle penetrate the non-zero force region in this
frame S?

• How long it takes for the particle to exit the non-zero force region in
this frame S?

• How long does it take to leave the region in the particles frame -
that is what the proper time duration between entry and exit of the
particle for the region with non-zero force ?

3. Go back to problem with 1 with the same initial conditions for the particle
of mass m. Assume that as the particle starts to move at t = 0 from x =o

a laser blast is fired towards the right from x = 0. Is it possible that the
particle does not get hit in finite time in the frame S? If so what is the
conditions on the parameters given?

4. Repeat problem 2 with a massless particle. Hint: Equations of motion are
the same in terms of ~F , ~p and E, but now we only have E = c|~p|.

5. Consider a force field ~F = f ı̂ with f > 0. But now assume the motion is
confined to a plane and that the particle starts at the origin with ~v(0) = vô
with vo > 0.

• Show that the velocity along the ̂ direction decreases in time.

• Find the velocity vector for all times.
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• Find the acceleration vector for all times.

• Find the trajectory equation y(x).

6. Assume that a particle of mass m is under the influence of a vector field
~F = α~v × k̂. The initial position is the origin and the initial velocity is
~v(0) = v0̂. Find the position, velocity and acceleration vectors for all
times. Describe the geometry of the orbit. Does the geometry of the orbit
depend on the initial conditions? Contrast with the Newtonian solution
for the same force field.

7. Solve Brown Chapter 3 Problems 1,4 and 5. Remember that the metric
is different that the one we have used so far and do not make unjustified
assumptions about the functions in 4.

8. Devise a problem using the ideas we have discussed so far, not too simple
not overly complicated.
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