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(b) We will rewrite the previously obtained equation in the following way

c nv vyl
v () ()
Now the second factor is approximated according to (1 + 1) =~ 1 + az for
r<l

u:£(1+ﬂ) (1,1):5(1,1 m_n

AT U T TR T e T e T

Keeping only the terms that are linear in v we obtain

which we needed to show.
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We need to find the speed of the spaceship A in the frame of the spaceship
B which means that we have to transform the velocity components of the
spaceship A from the Earths frame to the frame of the spaceship B and we
o that according to Lorentz transformations for velocity components tht
are given by (1.28) and (1.20). Notice that B is moving in y direction with
respect to Earth so the y component v4, will transform according to the
equation (1.28). We also use the convention that = and y axes directions
correspond to 2/ and y' axes directions in the frame of the spaceship B and
use vp; = u, = 0.90cand 14, = 0.

vy/1-5 000c/i - COBE _000VIT0OP

Ve = [Ty Ry .50 T

.90¢.

The speed is found simply as

oy = \[v], + v}, = c/0.302+0.002 = 0.98¢.
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The professor sends the second signal after some time 7" in her frame. At
that moment, the spaceship is at the distance of vT" away from the Earth.
Since light is faster than the spaceship, the signal closes this distance at
relative speed of ¢ — v (as measured in the Earth’s frame) so there is an
additional time interval

that takes the signal to reach the spaceship as scen from the Earth. The
total time that passes from the start of the exam to the moment the light
signal reaches the spaceship is

Ti=T+At=T+T.

This time interval is connected to the proper time interval Ty by the time
dilation formula so we have
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(a) The proper length and the length measured by Liz are related by length
contraction formula. (1.10) from the book

This yields

=625m.
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(b) To find this, we will calculate the relative speed of one rocket with
respect to the other. Since it doesnt matter, we will find the speed of the
second rocket in the frame of the first one (eq. (1.28) in the book)

—0.600¢ — 0.800c|
1 OWe 0600

Now, the length of the first ship in the frame of the second one is

v =yl 0.946¢.

=
Ly = Lyy/1- 5 =833 my/1- 0046 =27.0 m.
E
The length of the second ship in the frame of the first one is

=
po\[1- 5 = 625 my/T— 00467 =203 m.

=
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(¢) Liz sees that they simply approach at relative speed of 0.800c+0.600c =
1400 yieding

. 25210%m o
T400-3.00 105 m/s _ oo min
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(d) In the frame of the first rocket, by the time dilation formula ({1.9) in
the book where the proper time is the one in the frame of the rocket), we

have
= :* =100 miny/T— 0.8002 = 60 min.
v
() Similarly, in the frame of the second rocket

2= - — 100 miny/T— 0.600% = 80 min.

.




image14.png
(f) Since both times are les
time to evacuate

than 90 min, bothof the crews will have enough
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(a) In this orbit, the gravitational force acting on the satelite is equal to the
centrifugal force

where w = 27/T is the angular velocity, T is the period of rotation, m is
the mass of the satelite and M/ is the mass of the Earth. This yields

which yields

e

= 26600 km.
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(b) The speed of the satelite is the length of the orbit divided by the period:

2R 2726600000 m
Y= = AT 300058 603 — oo m/s
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(¢) The proper period of these oscillations (Le. the period in the frame of
the satelite) is T, = 1/f,, f, = 1575.42 Hz. By the time dilaton formula
(1.9) in the book, the period on Earth is

Te =T,

which ields, since [ = 1/Tg

Here we have used the fact that v < ¢ so /T — 12/2
the mmerical values we get

fe—fp ___(3880m/s? L1019,
T 3300 108 mygE — 0841070

— v?/2¢% Using
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(d) The gravitational potential at the surface of the Earth is equal to

m)
Ug =622,
FT " Re

where R = 6370 km is the mean radius of the Earth. The potential at the

orbit of the satelite is M
v, -Gl

Using the formula given in the problem we obtain
Af _Up-U, _GM _1)_ GM
7T e = H,_- R) ™ @RR; Ry R Re) =
_ 6671071 Nm®/kg? -5.95-10% kg
0.00-10" m?/s2-6.37-10° m - 26.6- 10° m

+20.2-10° m = 5.28- 1071
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(e) Since both fractional changes are small, the total fractional change i
their sum yielding the total
Af

= =528 10710 - 1.67- 1070 = 4.44- 107,
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(a) Equating the gravitational and the centrifugal force we find that the
radius of the orbit is 26600 km.

(b) Dividing the length of the orbit by the period we find that the speed of
the satelite is 3880 m/s.

(c) Using the time dilation formula we find that the fractional change in the

frequency due to the effect of time dilation is —0.84- 1010,

(d) Using the formula for gravitational potential and the formila given in

the problem we find that the additional fractional change in frequency is

5.28- 10710,

(e) Using previous results we find that the total fractional change in frequency
4.44.10-10
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(a) The observer in the ship will measure the same heart rate of 70 bpm
since his relative velocity with respect to the astronaut is 0.

(b) Let T, be the average time between two heartbeats in the system as
measured by astronaut in her own system (proper time). Then, as measured
from Earth, this will be

So we get

= f,7/T—0.902 = 70 bpm - 0.44
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(a) This observer would measure 70 bpm. (b) Using time dilation we obtain
f =31 bpm.
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a) The mirror will reciewe a different frequency due to the relativistic
doppler effect. Thercfore:

Since the mirror is moving towards the camera. The camera will receive
different frequency than the mirror reflected due to relativistic doppler
effect. Thercfore:

I

If we plug our first equation into this one, we obtain:

R

c—uve—v

i
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b) The beat frequency can be expresse

Jocat = fe =

If we plug in the expression for the frequency the camera received |, we
obtain:

frat = S
= fow = S -
= fiow = f(EEEET
= =1

We know that the frequency can be expressed

c

=3

If we plug that into our expression we obtain:

¢
fuat = 5

c

= foeat = 3
1

= fa =3

Therefore:
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c) We've proven the equation for b) so let’s use it to solve c).

v
S = 2

20f

= fica

2-30 2.10-10° Hz

= foeat =

= foeat

) Lets use our expression for the beat frequency and solve for v.

v

ft =
o e
T

Let's just plug in 5Hz and negative 5 Hz see how much it will affect the

speed.
Socarc
2f
5Hz-3.108 2
R 2 (B 1

= av=|=0075 2
B

Av=+
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(a) We use the fact that the speed oflight with respect to the moving frame
that moves together with the water is

Now we use the inverse velocity transformation (1.30) from the book and
we put v, = u and v/,

Wt

which

what we needed to show




