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Abstract
The Pythagorean theorem is a fundamental concept in mathematics that is often used to solve various geometric problems.
In physics studies, especially in relativistic momentum analysis, the application of this theorem can be a fast and effective
solution. This article explores the application of the Pythagorean theorem in the context of relativistic momentum, where
the speed and energy of objects approach the speed of light. By exploiting the quadratic relationship between the
components of the relativistic momentum and energy vectors, the Pythagorean theorem allows for simpler and more
efficient calculations. This research identifies the relationship between the Pythagorean theorem equation and the
relativistic momentum equation through several steps. The first step involves calculating the Pythagorean theorem
equation. The second step is to calculate Einstein's special relativity equations. The final step is to analyze the relationship
between the two equations. In this case, the relativistic and Pythagorean momentum equations have similarities and one

of the formulas can be used.
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INTRODUCTION

The theory of relativity comes from the
word relative, which means showing
something that is relative or the opposite of
absolute. The Theory of Relativity was
developed by scientist Albert Einstein in 1905
for special relativity and in 1916 for general
relativity. The emergence of the theory of
Relativity was due to the consequences of the
absence of a universal reference frame. Albert
Einsein developed the Special Theory of
Relativity which analyzes universal reference
frames which are reference frames that move
at a constant speed with respect to other frames
[1].

Based on research conducted by [2], the
application of the Pythagorean method to solve
special relativity problems is as a fast and
simple solution to solve Einstein's special
relativity problem which is obtained from the
relationship  between the equations in
Einstein's special theory of relativity and the
equations in the Pythagorean theorem. The
Pythagorean method solution for solving
Einstein's special relativity problem is
Einstein's special relativity problem which
previously had many equations so that the
solution took a long time and was quite
difficult to do, so by using the Pythagorean
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method Einstein's special relativity problem
can be done quickly and easily [3].

The results of other research [4] show that
by using the Pythagorean method and several
mathematical equations, Einstein's special
relativity problems relating to relativistic mass,
length contraction and time expansion can be
solved easily and quickly. The application of
the Pythagorean method in solving Einstein's
special relativity problems also has a
significant effect on learning outcomes [5]. In
Korkmaz's research [6], the Pythagorean
method can be used for length contraction,
time expansion, and mass concepts, but has not
been used to solve relativistic momentum.
Therefore, this research discusses the
application of the Pythagorean theorem as a
quick solution in solving relativistic
momentum problems.

According to [7]. Classical physics
defines momentum as a particle that has a mass
of m and is moving with a speed of v.
However, momentum in classical physics has
limitations, namely that it cannot be used when
objects move at speeds close to the speed of
light or what is usually called relativistic
momentum. This can happen because in
classical mechanics when an object moves at a
speed much less than the speed of light then the
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amount of momentum before and after the
collision will have the same value, whereas in
relativistic momentum this does not apply
because in relativistic momentum the
relativistic mass is used so that the amount of
momentum before and after the collision the
value will not be the same [8].

The Pythagorean theorem is one of the
basic concepts in mathematics, especially in
the field of geometry. This theorem is named
after the ancient Greek philosopher and
mathematician, Pythagoras. The Pythagorean
Theorem states that in a right triangle, the
square of the length of the hypotenuse (the
hypotenuse opposite the right angle) is equal to
the sum of the squares of the lengths of the two
legs of the sides that form the right angle [9].

The Pythagorean Theorem has many
practical applications in various fields such as
engineering, architecture, physics, and even
art. For example, in building engineering, this
theorem is used to ensure that building angles
are truly right-angled. In addition, this theorem
also forms the basis for further concepts in
mathematics, including trigonometry and
vector analysis [. Pythagoras and his students
in the group known as the Pythagoreans also
believed that numbers had mystical meaning,
and this theorem became one of the pillars in
their understanding of the relationship between
numbers and geometric shapes [10].

Relativistic momentum is a concept
introduced in the special theory of relativity by
Albert Einstein. In classical physics,
momentum is calculated as the product of an
object's mass and velocity. However, as the
speed of the object approaches the speed of
light, this definition is no longer accurate and
must be modified to include relativistic effects.
The relativistic factor known as the Lorentz
factor takes into account the increase in the
relative mass of an object as its speed
approaches the speed of light [11]. This means
that relativistic momentum depends not only
on mass and speed, but also on the speed of the
object relative to the speed of light. In the four-
dimensional energy-momentum space, the
relationship between the total energy,
momentum and rest mass of an object can be
likened to the relationship between the sides of
a triangle in the Pythagorean Theorem [12].
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The total energy of a particle in relativity is the
combination of its kinetic energy and its rest
energy, which together form a more complex
relationship than that found in classical
physics[13].

RESEARCH METHOD

This research identifies the relationship
between the Pythagorean theorem equation
and the relativistic momentum equation
through several steps. The first step involves
calculating the Pythagorean theorem equation.
The second step is to calculate Einstein's
special relativity equations. The final step is to
analyze the relationship between the two
equations to find out how they are related to
each other. The calculation steps for the
Pythagorean theorem equation and relativistic
momentum are as follows:
1. Pythagorean Theorem Equation:

Figure 1. Pythagorean triangle

0

a

In the Pythagorean identity the angles
in the triangle can be defined as:

sin@ =

ol Q

cosf =

C

The Pythagorean Theorem states that
the square of the length of the
hypotenuse is equal to the sum of the
squares of the height of a right triangle
and its base. The Pythagorean theorem
can also be obtained from the
trigonometric  relationship between
sine 0 and cosine 0 with the following
equation:

sin?6 + cos? 6 = 1
a2 b\>
(' (2) =
C C
2. Relativistic Momentum Equation:
The relativistic mass equation is
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m

J1—v%/c?
So the relativistic momentum equation
becomes
p=m'v
m

b =—F—7—F—
J1—v?/c?
po

mv
p= J1-v2%/c? orp _ J1-v?/c?
Where v is the speed of the particle, m
is the mass of the object when it is at

4

m =

()

rest [14].

3. The relationship  between the
Pythagorean theorem and relativistic
momentum:

p0

P=—F—7
J1-—v2/c?
p* = P
1—v2%/c?
02
1—v?/c? = I;—Z

p0? v?

1= F + C_Z

It turns out that the above equation is
identical to the Pythagorean identity

a2 b\?2
&) =
C C
So the relativistic momentum

equation using the Pythagorean
identity can be written as

pONZ  v\2 B
() +@) =1
RESULTS AND

RESEARCH
DISCUSSION

The following are the results of the
analysis of the Pythagorean Theorem equation
with the relativistic momentum equation.
When analyzing the time dilation equation,
analysis can be done by connecting the time
dilation equation with the Pythagorean
equation. This equation is obtained by
determining the variables of the time dilation
equation with the Pythagorean theorem
expression variables, namely PO= a, v=b, delta
P and ¢ = c. In the same length contraction
equation, the same thing is determined, namely
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assuming the length contraction equation
variable with the Pythagorean theorem
equation  variable.After  connecting the
Pythagorean identity equation with the
relativistic momentum equation, it turns out
that both have similarities, such as:

Table 1. Similarities between the two

No. P Identitas Pi Gamb Gamb:

Momentum Identitas Momentum

Relativistik Pitagora Relativistik
s

0 )

B @ - | (&) =1 i .

a po

Based on the results of the analysis of
the Pythagorean theorem equation with
Einstein's special relativity equation. When
analyzing the time dilation equation, analysis
can be carried out by connecting the time
dilation equation with relativistic momentum

pO\? v\ 2
<p ) * (c) =1
and the Pythagorean ldentity, it can be
seen that relativistic and Pythagorean
momentum have similarities in these
equations. If it is depicted it will be seen in the
table. With this, the relativistic and
Pythagorean momentum equations have
similarities and one of the formulas can be
used. The results in this research prove that the
relativistic momentum equation and the
Pythagorean identity are the same and have

a\? b\2
been proven.(;) +(Z) =1
The following is an example of a

relativistic momentum problem and its
solution using the Pythagorean theorem:

An electron with a rest mass of 9.1 x 10-31 kg
moves at a speed of 0.8 c. Calculate the value
of the relativistic momentum! [15].

Solution:

Calculate using the usual equation:
p0 mOv

P i U fiovje

~9,1x10731(0,8¢)
NG
_ 7,28¢ x 10731
N T
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7,28¢ x 10731
P=""06
p=12,13x 10731
p=12,13 x 10731 (3 x 108)
p = 36,39 x 107 23kgm/s
Calculate usingPythagorean equation:

@ +(2) =1

(7,28 X 10—31>2 0,8¢\ 2
s
p C
53¢ X 10762
p—z +(0,64) =1

53¢ x 10762
X )=036
p

53¢ x 10762 5
— ) =p
0,36

147,21c x 10762 = p?

12,13c¢x 10731 =p

3639 x10723 =p
CONCLUSION

Based on the results of the analysis of

Einstein's special relativity equation, a new
equation has been obtained. After analysis, it
shows that the relativistic momentum equation
and the Pythagorean theorem have the same
form. The similarity in the form of the equation
can make the Pythagorean theorem a simple
solution to solving relativistic momentum
problems.
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