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Abstract. Physicists have employed various approaches to solve the “paradox” and
offered a consistent conclusion that the traveller twin is younger than the homebody
twin. However, some authors attribute the cause of differential aging to acceleration,
while others believe that acceleration should not be regarded as the source of differential
aging, but frame switch is. So far there is no agreement on this issue. Actually,
acceleration and frame switch should not be regarded as the source of differential aging.
The author will introduce a thought experiment in which two very long spacecraft are
moving in opposite directions at a speed close to the speed of light to discuss the real
cause of differential aging. The author found that the real cause of differential aging in
the twin “paradox” is because of the asymmetry of destination choice. People always
choose their destinations in the universe rather than in spacecraft. The destinations
are always stationary relative to the homebody twin and moving relative to the
traveller twin. Once we choose a destination in a reference frame, the distance is
the proper length in this reference frame, but the distance will contract in another
moving reference frame, thus the recording time will be shorter.
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1. Introduction

There are thousands of articles discussing and explaining the twin “paradox” since Paul
Langevin first posed the twin “paradox” in 1911. Langevin described a scenario in
which the traveler twin leaves the Earth for a distant star at a speed close to the speed
of light and returns in the same manner being younger than the homebody twin on
the Earth; On the other hand, according to the relativity of motion, from the traveler
twin’s perspective, the homebody twin leaves the spacecraft for a long distance travel
and returns should being younger than the traveler twin. Who is younger? This is so
called the “twin paradox”.

The physicists have employed various approaches, such as space-time diagram [1]-
2], special relativity [3]-[10], acceleration and gravity calculus [11]-[20], radar time [21],
circular [22], and Doppler effect [23]-[24], etc., to solve the “paradox” and offered a
consistent conclusion that the traveler twin is younger than the homebody twin on the
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Earth. However, some authors attribute the cause of differential aging to acceleration
(11, 12, 14, 15, 17, 20, 21], while others believe that accelerations should not be regarded
as the source of differential aging, but frame switch is [1, 9, 18]. So far there is no
agreement on this issue.

As John B Kogut says, “we never have to consider acceleration” (p.35) [1]. One
imagines the triplets that, one stays on Earth, other two twins, one outward-going
and one inward-coming, who pass each other and synchronize their clocks at the point
corresponding to “turnaround” of a single traveler twin. In this version, physical
acceleration of the traveler twin plays no direct role. Actually, the frame switch also
should not be regarded as the cause of differential aging. As we will discuss below, the
homebody twin can send an assistant to the distant star and synchronize their clocks in
advance, then measure the time of the single trip of the traveler twin. When the traveler
twin reaches the star, the traveler twin and the assistant of the homebody twin will send
signals each other to notice the time recorded by their own clocks. This can avoid the
effect of acceleration and frame switch, but the differential aging still arises. The traveler
twin is younger than the homebody twin. Therefore, we should not attribute the cause
of differential aging to acceleration and frame switch.

In view of above issues, the previous explanations were often criticized [25, 26].
Clearly explaining the twin "paradox” is not only to solve the ”paradox”, but also to
deeply understand the relativity of time and space and apply it correctly to quantum
physics [27] and spaceflight. In this paper, the author will introduce a thought
experiment to show how the differential aging occurs, explain what is the real cause
of differential aging, discuss when the age difference is accumulated, and emphasize
that the relativity of space-time between the twins still holds.

2. Two long spacecrafts are moving in the opposite directions at a speed
close to the speed of light

We consider a thought experiment that the two long spacecrafts AB and A’ B’ are moving
in the opposite directions at a speed close to the speed of light v in the inertial reference
frame E. Two identical spacecrafts are equipped with the same light clocks. Similar to
the examples introduced in most textbooks, the light is reflected between the mirrors
on the top and bottom of the train. Laser sensor devices are installed on each prow and
stern of the spacecraft. When two laser sensor devices are close, the devices can record
and sound alarms. The two long spacecrafts AB and A’B’ have same proper length L.
As shown in fig. 1, the two spacecrafts pass the point O in the opposite directions in the
inertial reference frame E with same uniform speed v, but on the different close parallel
trajectories. When the prows A and A’ of the spacecrafts pass the point O (called the
event PP), the observers of two spacecrafts start to record their time and synchronize
all own clocks in their spacecrafts using Einstein’s method.

Now some observers stand in the reference frame E to observe the two spacecrafts
and calculate the time when the prows and sterns of two spacecrafts are aligned. The
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Figure 1. Two spacecrafts AB and A’B’ move in the opposite direction with same
speed v in reference frame E.
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Figure 2. The prows and sterns of the two spacecrafts are aligned at a certain moment.

event in which the prow of one spacecraft reaches the stern of another spacecraft is called

event “PS”. The event in which the stern of one spacecraft passes the prow of another

spacecraft is called event “SP”. Of cause, they can align at a moment because they have

same length as shown in fig. 2. This means that the two events A’B alignment (PS or

SP) and B’A alignment (SP or PS) can occur simultaneously in the reference frame E.
In the reference frame E, the spacecraft AB and A’B’ have same length,

AB = A'B' = L\/1 —v?/c2. (1)
The prows and sterns of the two spacecrafts are aligned at the time

AB 1 AB 1  Ly1—v?/c?
Tpg=".== i ) (2)

2 v 2 v 2v
At this moment, the laser sensor devices on both ends of the two spacecrafts will sound
alarms at the same time.

Next we calculate what the observers in the spacecraft AB observe (Fig. 3). They
found the spacecraft A’B’ passed by the spacecraft AB with the speed u,

_ (—v) —w _ W ‘ )
1 —(—v)v/c? 1+v%/c?

Now there are two scenarios to observe the spacecraft A’B’. First, the prow A’ of
the spacecraft A’B’ moves from the prow A (event PP) to the stern B (event PS) of
the spacecraft AB. We call this scenario as “PP-PS” (Prow Prow then Prow Stern);
Second, the observers record the time from the moment of the prow A’ passing the prow

u
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Figure 3. The prow A’ is reaching the stern B after passing the prow A.
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Figure 4. The prow A is reaching the stern B’ after passing the prow A’.

A (event PP) to the moment of the stern B’ passing the prow A (event SP). We call this
scenario as “PP-SP” (Prow Prow then Stern Prow). In the first scenario, the moving
distance is L. The time is

Tpp_pg = L/u (4)
While in the second scenario, the moving distance is
0= L\/1—u?/c% (5)

thus the time is

l
Tpp-sp=—=
U

Ly\/1—u?/c? (©)
u

From the formulas (Eq. 4) and (Eq. 6), we know that the time Tpp_pg in the scenario
PP-PS is longer than the time Tpp_gp in the scenario PP-SP. Actually, in the scenario
PP-PS, before the prow A’ reaches the stern B, the stern B’ has already passed the
prow A, while in the scenario PP-SP, after the stern B’ has passed the prow A, the
prow A’ has not reached the stern B. This means that, in the spacecraft AB, the two
events of the prow A’ reaching the stern B (event PS) and the stern B’ passing the prow
A (event SP) are not simultaneous anymore.

The same scenarios will happen in the spacecraft A’B’ (Fig. 4) when observing the
spacecraft AB, because the motions of the spacecraft AB and the spacecraft A’B’ are
exactly symmetric.

Doing the same calculations, we know that the time 75 p_pg is longer than the Time

bp_gp (Adding an apostrophe after T denotes the time is recorded in the spacecraft
A'B).

From the above discussion, we find that the recording time in the scenario PP-PS

is always longer than that in the scenario PP-SP. The differential has to do with which
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scenario we choose to measure or which final recording point in time we choose after
the two prows of the spacecraft have passed. Note that the “recording point in time”
or “recording time point” is the position and time of an event used to record a process.
If choosing the recording point in time A’B as the final recording point in time, at
this moment, the prow A’ reaches the stern B, namely the event PS occurs, thus the
clocks in the spacecraft AB record a longer time than the ones in the spacecraft A’'B’.
That is because the observers in the spacecraft AB are in the scenario PP-PS, while the
observers in the spacecraft A’B’ are in the scenario PP-SP. We say the time is dilated
in the spacecraft A’B’. In turn, if choosing the recording point in time AB’ as the final
recording point in time, at this moment, the prow A reaches the stern B’, namely the
event PS occurs. For a similar reason, the clocks in the spacecraft A’B’ record a longer
time (PP-PS) than the ones in the spacecraft AB (PP-SP). We say the time in the
spacecraft AB is dilated.

Now we check the light clocks equipped in both spacecrafts. Just like the description
in the textbooks, the observers on the spacecrafts find that the other party’s light path
from bottom to top and from top to bottom is not perpendicular to the spacecraft, but
an oblique line, while the light path is perpendicular to the spacecraft on their own
spacecraft. The light clocks in their own spacecraft have no change, but are dilated
when observing from the other party’s spacecraft.

Therefore, we have the following conclusions: First, the uniform rectilinear motion
is relativistic. Second, the inertial reference frames are equal and symmetric. Third, the
time and space (length) are relativistic between the inertial reference frames. Fourth, the
clocks in the inertial reference frames have no change in mechanism. Fifth, the choice of
the final recording point in time (PS or SP) in the two spacecrafts is exactly the opposite,
because the scenario is exactly the opposite (PP-PS or PP-SP). The scenario PP-PS
in one spacecraft (the final recording point in time is PS) presents another scenario
PP-SP (the final recording point in time is SP) in another spacecraft. In other words, a
process (two events) presents a different scenario in each frame of reference that moves
with each other. Sixth, shorter or longer of the time recorded by the clocks in the two
spacecrafts depends on the choice of the final recording point in time, PS or SP, after
the first recording point in time (PP) has been chosen.

3. On the twin “paradox”

We apply above thought experiment and the conclusions to twin “paradox”. Since the
differential aging will still occur without acceleration and frame switch, acceleration or
frame switch should not be regarded as the real cause of differential aging. There are
no harm to imagine the traveler twin’s round trip as two single trips back and forth.
In the twin “paradox” scenario, the Earth and the distant star can be considered
as an inertial reference frame and the spacecraft is another inertial reference frame. The
Earth-star system can be imagined as a spacecraft whose prow is the Earth and its stern
is the distant star, while the traveler twin in the spacecraft is just seen as the prow of
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a long spacecraft because the spacecraft is commonly very short comparing with their
traveling distance. The homebody twin can send an assistant to the distant star in
advance and then they synchronize their clocks. The traveler twin takes off from the
Earth and undergoes a short accelerating period, and then starts his/her journey with
a fixed speed for a long time cruise to the distant star. Once the traveler twin reaches
the star, the traveler twin and the assistant of the homebody twin will send signals each
other to notice the time recorded by their own clocks. The homebody twin and his/her
assistant observe the traveler twin moves from the Earth to the star. This scenario
is PP-PS. Whereas, the traveler twin find the Earth-star system passes by him/her
from the Earth (prow) to the star (stern). The final recording point in time is the
moment of the star (stern) passing the traveler twin because the star has been chosen
in advance as the destination. For traveler twin, the scenario is PP-SP. Therefore, the
homebody twin and his/her assistant record a longer time than the traveler twin does.
The traveler twin’s time has dilated or the traveler twin is younger than the homebody
twin. When the traveler twin returns back, the traveler twin’s scenario is still PP-SP and
the homebody twin’s scenario is still PP-PS. Therefore, the traveler twin also is younger
than the homebody twin. After traveling forward and returning back, the traveler twin
will be younger than the homebody twin.

4. What is the real cause of differential aging?

From the above description, we find that the traveler twin travels back and forth in
universe is always in the scenario PP-SP, it is impossible to be in the scenario PP-PS.
For spaceflight, people always move in the Earth-star reference system and chooses the
destinations in the Earth-star reference system, not in the spacecraft. This means that
there is asymmetry in the choice of destinations, because the destinations (the stars)
are always stationary relative to the homebody twin (the earth) and moving relative
to the traveler twin (spacecraft). Therefore the traveler twin can only record a shorter
time and is younger than the homebody twin. If the proper length of the spacecraft is
very long which is equal to the distance (proper length) from the Earth to the distant
star, the traveler twin standing on the prow of the spacecraft and his/her assistant
standing on the stern of the spacecraft observe the Earth passing by the traveler twin
(the prow of the very long spacecraft) to his/her assistant (the stern of the very long
spacecraft), and they choose the moment when the Earth reaches the stern of the very
long spacecraft as the final recording point in time. Now the destination (the stern) is
stationary relative to the traveler twin and moves relative to the homebody twin (the
Earth). In this scenario, the traveler twin is in the scenario PP-PS, while the homebody
twin is in the scenario PP-SP. Thus the traveler twin and his/her assistant also can
observe that the homebody twin is younger than themselves. Note, in this scenario,
before the Earth reaches the stern (the traveler’s assistant is staying there) of the very
long spacecraft, the traveler twin has passed the distant star.

In regard to the reference frames, during the periods of cruise, the twins both
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are in the inertial reference frame and in equal status. If comparing the light clocks
equipped in the each reference system frame, both observers will find the other party’s
clock is slower because the light path is different. The space-time properties of an
inertial reference frame do not change just because it has ever been accelerated. Their
space-times are still relativistic. Comparing the time of a process in mutually moving
reference frames is to compare the interval between two recording time points of the
process. The choice of recording points in time is very important, because it determines
the scenario of the process (PP-PS or PP-SP). For example, on the light path of the
light clock in the textbooks, if the recording points in time are chosen in the train, the
light path is perpendicular to the train, but if choosing on the Earth, the light path
is oblique lines. The clocks record shorter or longer time depending on how to choose
the recording points in time. Regarding the twin “paradox”, the final recording points
in time we choose is the moment when the traveler twin reaches the distant star, and
the distant star is stationary in the Earth-star system, rather than in the spacecraft. In
this way, it makes the traveler twin only in the scenario PP-SP. We see that the reason
for this situation is that once we choose a destination in a reference frame, the distance
between the starting point and the destination is proper length, but the distance will
contract in another moving reference frame, So that the recording time is shorter.

Regarding the role of acceleration, if one wants to calculate the traveling time in
more detail, one can consider the acceleration and the differential aging can be expressed
in Minkowski space—time as a function of the acceleration and speed [12]-[18], but it does
not affect our main conclusion.

5. Summary

The real cause of differential aging in the twin “paradox” is because of the asymmetry
of destination choice. The destinations (the stars) are always stationary relative to the
homebody twin (the earth) and move relative to the traveler twin (spacecraft). Once a
destination is chosen in a reference frame, the distance between the starting point and
the destination is proper length in the reference frame, but the distance will contract
in another moving reference frame, so that the recording time is shorter. Therefore the
traveler twin can only record a shorter time and is younger than the homebody twin.
For spaceflight, the traveler twin has no choice but to be in the scenario PP-SP, because
people always choose the destinations in the universe or in the Earth-star reference
frame, but cannot choose their destinations in the spacecraft. In this sense, there is a
superior reference frame in our universe. We know that the stars in the universe can
form a special reference frame. In this reference frame, any moving clock (or person) will
be dilated (or younger ) and any distance traveled will be contracted, but this does not
imply that the space-time between the inertial reference frames is not relativistic. Even
though we choose the stars or the background of microwave as an absolute rest frame,
the special principle of relativity is still correct. The temporal and spatial characteristics
of an inertial reference frame will not change just because it has ever been accelerated.
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The time dilation and the length contraction are true for both mutually moving reference
frames. The space-time is still relativistic. The time recorded by the clock relies on not
only the speed of reference frame, but also the choice of final recording points in time
(or the destinations). Generally speaking, comparing the time recorded by the clocks in
two mutually moving reference frames is to compare the time records of a process, while
the process presents different scenario in each reference frame, thus the time recorded
by the clocks is different. However, the clocks in each inertial reference frame have
no change in mechanism. The age difference of the twins is accumulated during whole
traveling periods including the accelerating, cruising, and decelerating periods.
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