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Arithmetic Operations and Physical Quantities
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[Abstract]

Three different physical quantities: Nature Quantities (such as a piece of space or time); Associated Quantities
(such as the dimension and duration of an object or event); and Measured Quantities (such as X number of
minutes and Y number of meters) are clearly defined and compared. Also, arithmetic operations including
addition, subtraction, multiplication and division applied on Associated Quantities (such as D/S and M;M,/R?)
and Measured Quantities (such as m/s and Kgm/s®) are interpreted. Furthermore, commutativity, associativity
and distributivity of Associated Quantities and Measured Quantities are derived.
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. Introduction

Although mathematics is not physics, it has been successfully used in many physical areas such as
calculation of physical quantities and interpretation of physical phenomena. For examples, calculation of
velocity and acceleration [1] and derivation of Newton’s Law of Universal Gravitation [2]. The meanings of the
arithmetic operations including addition, subtraction, multiplication and division [3] applied on the physical
quantities such as those of Associated Quantities M/S and M;M,/R?, and Measured Quantities m/s and Kgm/s®
are unclear, even somewhat confusion. It is the purpose of this paper to provide a clear definition and sound
interpretation to these issues.

I1. Nature Quantities and Associated Quantities
A physical quantity is the quantity of a property (such as dimension and duration) of an object or event
in the universe. In terms of mathematics, a physical quantity is the value (quantity) corresponding to a function
(property) of an element (object or event) in a domain (universe).
Nature Quantities, such as a piece of Space and Time, don’t change with anything at all, no matter of
any object or event. However, Associated Quantities, such as the Dimension and Duration of an object or event,
are properties of an object or event that are dependent on local gravitational field and aging of the universe [4].

I11. Measured Quantities
Measured Quantities are composed of two components “Amount” and “Unit Quantity” of the same
property. Amount is a real number. Unit Quantity is a specific Associated Quantity of a standard object or event.
Unit Quantities are also dependent on local gravitational field and aging of the universe [4].

V. Arithmetic Operations and Associated Quantities

In physics, arithmetic operations including Addition, Subtraction, Multiplication and Division are the
interactions between two Associated Quantities of the same or two different properties of the same or two
different objects or events.

In Addition and Subtraction, the product of the operation is the Associated Quantity of the same
property of the combined object or event. In Multiplication and Division, the product of the operation is the
Associated Quantities of the induced property generated from the two properties caused by the interactive object
or event produced from the interaction between the two objects or events.

Associated Quantities can be represented as Q(A), in which Q is the property and A is the object. For
examples, the quantity of Dimension (property Q) of an object (A) can be represented as Q(A) and the quantity
of Duration (property P) of an event (B) can be represented as P(B).

A. Addition
1. Definition of Addition
Q(A) and Q(B) are two Associated Quantities of the same property Q of two objects or events (A and B).
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Because of the intrinsic structures, Associated Quantity is proportional to the amount of object or event.
Q(mA) =mQ(A)
Accordingly, Addition is defined as follows:
Q(A) + Q(B) = Q(AYB)
Where AUB is the combined object or event of A and B.
2.  Commutativity
Q(A) and Q(B) are two Associated Quantities of the same property Q of two objects or events.
Because
AUB = BYA
Q(AyB) = Q(A) +Q(B)
Q(BYA) =Q(B) + Q(A)
Therefore,
Q(A) + Q(B) = Q(B) + Q(A)
This is called Commutativity of Addition.
3. Associativity
Q(A), Q(B) and Q(C) are three Associated Quantities of the same property Q of three objects or events.
Because
(APB)YC = A (BYC)
Q((ApB)YC) = Q(AYB) + Q(C) = (Q(A) + Q(B)) + Q(C)
Q(AY (BYC)) = Q(A) + Q(BYC) = Q(A) +(Q(B) +Q(C))
Therefore,
(Q(A) +Q(B)) + Q(C) = Q(A) + (Q(B) + Q(C))
This is called Associativity of Addition.
4. Distributivity
Q(A) and Q(B) are two Associated Quantities of the same property Q of two objects or events.
Because
Q (mA) =mQ(A)
Q(A) + Q(B) = Q(AyB)
Therefore,
m(Q(A) + Q(B)) = mQ(AYB) = Q(m(AYB)) = Q(mA Y mB) = Q(mA) + Q(mB) = mQ(A) + mQ(B)
Therefore,
m(Q(A) + Q(B)) = mQ(A) + mQ(B)
This is called Distributivity of Addition.
B. Subtraction
1. Definition of Subtraction
Q(A) and Q(B) are two Associated Quantities of the same property Q of two objects or events (A and B).
If an Associated Quantity Q (M) of the same property Q of an object or event M can satisfy the following:
Q(M) + Q(B) = Q(MyB) = Q(A)
Then Subtraction is defined as:
Q(A)-Q(B) = Q(MUyB) - Q(B) = Q(M)
2. Definition of Negative Physical Quantity
If there is an object or event N can satisfy:
Q(A)+Q(N)=0
Then the negative physical quantity -Q(A) is defined as:

-Q(A) = Q(N)
Also,
Q(A) + (-Q(A)) =0
3. Theory
If
MyB=A
Then

Q(M) +Q(B) = Q(A)

Q(A)-Q(B) =Q(M)

Also,

Q(A) + (-Q(B)) = ((M) + Q(B)) + (-Q(B)) = Q(M)

Therefore,
Q(A) - Q(B) = Q(A) + (-Q(B))
C. Multiplication
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1. Definition of Multiplication
Q(A) is the Associated Quantity of property Q of an object or event A; P(B) is the Associated Quantity of property P
of an object or event B; and QQP(ADB) is an Associated Quantity of the induced property Q®P generated from the
two properties Q and P, caused by the interactive object or event AQB produced from the interaction between the
two object or event A and B (In case of interaction, Q and P can be the same property, but A and B must be
considered as two objects or events even they are the same object or event).
Because of the intrinsic structures, Associated Quantity of the induced property is proportional to both amounts of
the objects or events.
QOP (MA®B) = m QOP(ADB)
QOP (A®NB) = n QOP(ADB)
Accordingly, Q(A) x P(B) is defined as follows:
Q(A) x P(B) = QOP(ADB)
2.  Commutativity
Q(A) is the Associated Quantity of property Q of an object or event A; P(B) is the Associated Quantity of property P
of an object or event B; and QOP(ADB) is an Associated Quantity of the induced property Q®P generated from the
two properties Q and P, caused by the interactive object or event AOB produced from the interaction between the
two object or event A and B.
Because
AOB = BOA
QOP(ADB) = QOP(BDA)
QOP(A®B) = Q(A) x P(B)
QOP (BOA) = P(B) x Q(A)
Q(A) x P(B) = P(B) x Q(A)
This is called Commutativity of Multiplication.
For examples, in case of an ideal gas A (object), POV (ADA) = P(A) x V(A) = V(A) x P(A) = nRT (Equation of ideal gas PV
= VP =nRT). Where AQA is an induced object from the interaction between object A and object A (where AQA = A).
POV is an induced property from property P (pressure) and property V (volume) of the object or event A.
Also, in case of a moving vehicle A (object), MOV(ADA) = M(A) x V(A) = V(A) x M(A) = P (Equation of momentum P =
MV =VM). Where_ MOV is an induced property from property M (mass) and property V (speed) of the object or
event A.
D. Division
1. Definition of Division
Q(A) is the Associated Quantity of property Q (such as Duration) of an object or event A. R(M) is the Associated
Quantity of property R (such as Distance) of an object or event M.
If an Associated Quantity P(B) of property P (such as Speed) of an object or event B can satisfy the following:
Q(A) x P(B) = QOP(A®B) = R(M)

Then Division is defined as:
R(M)/Q(A) = QOP(ADB)/Q(A) = P(B)

2. Definition of Inverse Physical Quantity
If there is an object or event R can satisfy:

Q(A)xP(R)=1
Then the inverse physical quantity 1/Q(A) is defined as:

1/Q(A) = P(R)
Also,

Q(A) x 1/Q(A) =1
3. Theory
If
AOB=M
Q(A) x P(B) = Q®P(A®B) = R(M)
Then
R(M)/Q(A) = P(B)
R(M)x 1/Q(A) = (Q(A) x P(B)) x 1/Q(A) = P(B)
Therefore,
R(M)/Q(A) =R(M) x 1/Q(A)

V. Arithmetic Operations and Measured Quantities
Measured Quantities mU(S) are composed of two components, m is a real number and U(S) is a Unit
Quantity. Unit Quantity is an Associated Quantity of a specific property of a standard object or event. For examples,
“meter” (m) — the quantity of dimension (property U,) of a standard ruler (object S;) can be represented as U,(S,),
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“Kilogram” (Kg) — the quantity of mass (property U,) of a standard weight (object S,) can be represented as U,(S,)
and “second”(s) — the quantity of duration (property Us) of a standard atomic clock (event S;) can be represented as
Us(Ss).
1. Addition
mU(S) and nU(S) are two Measured Quantities, where U(S) is the Unit Quantity (Associate Quantity) of a property U
of a standard object or event S, m and n are real numbers.
Because
muU(S) = U(mS)
nU(S) = U(nS)
Also,
mU(S) + nU(S) = U(mS) + U(nS) = U(mS Y nS) = U((m+n)S) = (m+n)U(S)
Therefore,
mU(S) + nU(S) = (m+n)U(S)
2. Subtraction
If
gU(S) +nU(S) = (g+n)U(S) = mU(S)
g+n=m
Then
mU(S) — nU(S) = gU(S) = (m-n)U(S)
Therefore,
mU(S) — nU(S) = (m-n)U(S)

3.  Multiplication
U,(mS;) is the Measured Quantity of property U; of an object or event mS;. U,(nS,) is the Measured Quantity of
property U, of an object or event nS,. U;DU,(S;DS,) is the Associated Quantity of an induced property U;®QU, of an
interactive object or event S;®S, between S;and S,. m and n are real numbers.
Because
mU,(S;) = Uy(mS;,)
nU,(S;) = U,(nS;)
Also,
mU4(S;) x nU,(S;) = U1(mS,) x Up(nS;) = U;OU,(mMS;DNS,) = mU; DU, (S,OnS;) = mn U;OU,(S;DS,) = mn Uy(S) x Uy(S;)
Therefore,

mU;(S1) x nU,(S;) = mn Uy(S;) x Uy(S;)
4. Division
If
hU3(S3) x nU5(S;) = hn U5(S3) x U,(S,) = hn QQ@;(SS(DSz) =mU,(S,)
Then
mU;(S1)/nU5(S;) = hn UsOU,(S;0S,)/nU,(S;) = hUs(S3)
(m/n) ((U1(S1)/U2(S,)) = (m/n)(Qg@g(samsz)/uz(sz)) = hU;(S;)
Therefore,

mU4(S1)/nU,(S;) = (m/n) (U4(S1)/U,(S,))

VI. Conclusion
Three different physical quantities: Nature Quantities (such as a piece of space or time); Associated
Quantities (such as the dimension and duration of an object or event); and Measured Quantities (such as X
number of minutes and Y number of meters) are clearly defined and compared. Also, arithmetic operations
including addition, subtraction, multiplication and division applied on Associated Quantities (such as M/S and
M;M,/R?) and Measured Quantities (such as m/s and Kgm/s?) are interpreted. Furthermore, commutativity,
associativity and distributivity of Associated Quantities and Measured Quantities are derived.

[References]

[1]. Edward T. H. Wu. “Mathematical Methodologies in Physics and Their Applications in Derivation of Velocity and Acceleration
Theories”. Pure and Applied Mathematics Journal 2015; 4(4): 147-154.

[2]. Edward T. H. Wu. “Gravitational Waves, Newton’s Law of Universal Gravitation and Coulomb’s Law of Electrical Forces
Interpreted by Particle Radiation and Interaction Theory Based on Yangton & Yington Theory”. American Journal of Modern
Physics. Vol. 5, No. 2, 2016, pp. 20-24. doi:10.11648/j.ajmp.20160502.11.

[3]. Edward T. H. Wu. “Mathematical Methodologies in Physics and Their Applications in Derivation of Velocity and Acceleration
Theories”. Pure and Applied Mathematics Journal 2015; 4(3): 75-79.

[4]. Edward T. H. Wu. "What Are the Truths of Gravity and General Relativity." IOSR Journal of Applied Physics (IOSR-JAP), 14(01),
2022, pp. 25-51.

DOI: 10.9790/4861-1403010710 www.iosrjournals.org 10 | Page



