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Relativistic Speed
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The Twin Paradox

A and B are 20 year old twins. A travels on a spaceship at v = 0.8¢c
to a star 20 light years* away and returns.

B, left behind on earth, says the trip takes 2:20/0.8 = 50 years.
B is 70 years old when A returns.

B also observes that A’s clock (which is identical to B’s) ticks
slowly, and records less time. If the event in question is the ticking
of A’s clock, then the 50 years calculated above is the dilated time t
(why?).

A light year, y, is the distance light travels in one year. Thus, y = (1 year)«(c). If D is a
distance expressed in light years, then the number of years it takes to travel that distance
at a speed of v is found from time = (distance) / velocity. Thus,

time in years = (distance in light years) / (velocity expressed as a fraction of c).
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ol e dilae o 8



353 PHYS - CH1 - Part5

The proper time, which in this case is amount of time recorded by a
clock in the spacecraft, is is found by solving for t:

1=t/ =y?/c?
t, =50v/1-0.8
t, = 30

According to B (who was left back on earth), A’s clock only ticked
30 years, so that A is 20 + 30 = 50 years old on return to earth.

At the end of the trip, B, left behind, is 70 years old. A, who made
the trip, is 50 years old. Can this be possible?

and it was verified experimentally in the jets-
around-the-world experiment mentioned earlier.
Dr. Abdallah M. Azzeer

Now here’s the paradox. A moving clock ticks slower. This applies
to all observers. A, on the spacecraft, sees B move away and then
come back.* A says B’s clock ticks slower. A does the calculation
presented on the last slide and concludes that at the end of the trip, B
is50and A is 70.

That’s the famous twin paradox. It would appear that each twin
rightfully claims the other aged less. Have we discovered an
example of the existence of two different, mutually exclusive
realities? it
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When you encounter a paradox like this you can be sure that
someone has pulled a fast one on you.

In this case, an unwarranted calculation was made.

Special relativity applies only to observers in inertial (non-
accelerated) reference frames. A had to accelerate (very rapidly) to
leave earth and get up to speed, and again when turning around to
head home, and a third time when landing on earth.*

A is not allowed to use the equations of special relativity! B is, and
B’s calculation is correct: A comes back 20 years younger.

If you examine the problem carefully, it’s only the turning around part that causes A trouble

What’s poor A to do? Doesn’t a moving clock tick slower? Yes, so evidently during
A’s period of extreme acceleration, B’s clock (as observed by A) would tick incredibly
fast. Isn’t A allowed to use the laws of physics? Yes, but it would have to be general

Dr. Abdallah M. Azzeer

We won’t have completely eliminated the paradox unless we can
find a description for A’s reality that agrees with B’s reality.

A, in the spacecraft, needs to reconsider the distance traveled.
During the “out” portion of the trip, A will say that the actual
distance traveled was

L=L,y1-Vv?/c? =(20W1-0.8? =12 light years,

and that the back portion was also 12 light years. 24 light years at a
speed of 0.8 c takes 30 years so A ages 30 years during the trip, and
comes back at age 50.
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B tells A “you are younger because your clock ticked slower.”

A says “I am younger because the trip covered less distance than you
thought.”

Same reality, two different descriptions.

There are a number of famous paradoxes based on relativistic
calculations. Typically, someone makes an invalid calculation
(usually on purpose, to see if they can trick you).

In another paradox, where a very fast runner tries to put a 10 meter pole in a 5 meter
barn, a paradox arises because... (I’ll let you ponder that and come back to it later).

Dr. Abdallah M. Azzeer

Time Dilation/Length Contraction: Homework Problem

A spaceship departs from earth (v = 0.995c) for a star which is 100 light-years
away. Find how long it takes to arrive there according to someone on earth (t,) and
to someone on the spaceship (t,).

v
where Ax is measured from the earth's reference frame (S frame) k

Ax 100c-yr
t; (earth)=—= 0995)(; =

For t,, remember that the spaceship sees a “contracted” distance Ax’.

1 .
——-[00] [5-= SE-ps8e

1
J1-v2/c?  \1-(0995) 1008

- Ax' 9.99c-yr
t (i) === o5~ ~[00%1]

\'

Note that someone on the ship thinks it takes only 10% of the time to reach the star
as someone from the earth believes it takes. This is why we say the clock on the
ship “runs slow” compared to the clock on the earth.
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