
PHYS 311 FALL 2015 HWA 1. Due Wed. Oct. 14’th

On the differences between inertial and non-inertial frames of reference

1. Consider a container full of water travelling with constant acceleration
~a = aı in empty space. Using an inertial observer which is at rest in
relation to the container show that there is a pressure gradient such that
the pressure decreases along +ı.

2. A square prism bucket of side length L is half filled with a viscous fluid.
It is resting on a horizontal plane on Earth; that isthe gravitational pull
is ~g = −gk̂. The bucket starts motion with constant acceleration given
as ~a = +aı. After the transient motions of the fluid -such as oscillations
an such- is settled and a steady motion is dominant show that the surface
of the fluid is a plane and find the angle it makes with the horizontal.
Also find the critical acceleration a beyond which the fluid will spill even
during the steady motion.

Solve this problem using both an inertial frame of reference and the frame
travelling with the bucket.

3. Consider the artificial gravity example we discussed in class in relation
to inertial and non-inertial observers. There is a cylindrical space-lab in
space where no other objects are present. Choose the center of the cylinder
axis as the origin of your plane coordinates with the usual choice of the
directions of ı and . The cylinder rotates with constant angular speed
w as shown. The interior and exterior of the lab is vacuum. There is
a contraption made by a spring and a ball, ignore the dimensions of the
spring and the ball.

w
R

The contraption is such that it will launch the ball towards the center with
a speed of uo relative to the contraption, the spring will remain attached
to the space-lab wall. At t=0 when the ball is fired the position of both
the spring and the ball are

~rb(0) = ~rs(0) = −R̂
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a). Argue unambiguously, using an inertial frame of reference with the
same origin, that the trajectory of the ball until it hits back the station is
given as

~rb(t) = Rwt ı̂+ (uot−R) ̂

b). Call T the time it takes for the ball to hit back the space-lab. Surely
one has ~rb(T ) · ~rb(T ) = R2. Show that

T =
2Ruo

u2o +R2w2

c). Show that with these initial conditions the trajectory of the spring
-since it is attached to the surface of the lab- is

~rs(t) = R cos

(
wt+

3π

2

)
ı̂+R sin

(
wt+

3π

2

)
̂

= R sin(wt) ı̂−R cos(wt) ̂

d). Now define the relative distance vector between the spring and the
ball as

~ρ(t) ≡ ~rb(t) − ~rs(t)

and Taylor expand it up to and including terms which are quadratic in t.

~ρ(t) ≈ zero × ı̂+

(
uot−

1

2
Rw2t2

)
̂

This mathematically looks like the solution of another system, what is
it? What must be the relations satisfied with w, R and u such that the
environment looks like a place on earth? If you are so inclined check the
parameters of the rotating space-ship in interstellar: Try to deduce its
angular speed and radius from the movie.

On special relativity we have studied so far

4. A planet 50 light year away has been discovered recently. Seven days
ago it was observed by powerful optical telescopes that a large war fleet
started its journey towards earth yet we are attacked yesterday. How is
this possible?

5. Devise a non-calculational argument to argue that there can be no length
contraction along the directions which are perpendicular to motion.

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(
ct′,
√

1 − β2Lo − vt′
)

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

now represents the synchronized clocks of the S′ frame.
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7. Consider a triangle which is at rest in an inertial frame S. The triangle is
on the z = 0 plane and its three corners are at (x = 0, y = 0), (L, 0) and
(0, L). Another inertial frame S′ moves relative to S with ~v = vı̂. Find the
shape of this triangle with respect to S′; that is find all the lengths and
the angles. Note that shape of an object has to be defined instantaneously,
that is all three corners have to be identified simultaneously in S′.

8. Consider a circle of radius R which is at rest in an inertial frame S. The
circle is on the z = 0 plane and its origin is at the origin of co-ordiantes.
Another inertial frame S′ moves relative to S with ~v = vı̂. Describe the
shape of the -obviously closed- curve in S′. If you can come up with an
argument which involves no calculation do not perform the calculation but
state it precisely.
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