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In the SI system, the dimensions of physical quantities are derived from seven base dimensions corres-
ponding to the seven fundamental quantities. This document shows how it might be possible to derive the di-
mensions of all quantities from space and time only. 

 

1. Introduction 

In the SI system, seven base elements constitute the funda-
mental quantities and their dimension is not derived from an-
other one. This document shows that it seems possible to derive 
the dimension of all quantities from space and time only. For 
this, we will present an innovative method using Planck quanti-
ties' values in order to discover their dimensions. 

2. The Dimensional System 

2.1.  The Concept of Dimension 

The term dimension should be used with care as it has at least 
three distinct meanings: 

 The space-time continuum's four (4) dimensions, which are 
space, space, space and time 

 The "twilight zone" dimensions such as multiple universes 
and parallel worlds 

 The fundamental constitution of physical values based on 
the seven fundamental quantities. 

This study is related to the fundamental constitution of physi-
cal quantities and states as an initial hypothesis that the dimen-
sion of all physical quantities is derivable from space and time 
only. This means not only that the SI system's fundamental val-
ues can be reduced to two components (space and time), but also 
that the Planck quantum value of all physical quantities can be 
easily found from their new dimensional expression. This obvi-
ously offers new perspectives on the determination and usage of 
fundamental quantities. 

While this study is performed by using some chosen specific 
physical quantities such as mass, gravitational constant, Cou-
lomb constant, electric charge, etc., by knowing the relation be-
tween quantities, the initial chosen quantities could very well 
have been different. For example, we heavily use k, the Coulomb 

constant, but because we know that 1 4 ok   and 2 1 o oc µ  , 

we could easily use µ or ε in the demonstrations instead of k. On 
the same idea, only the Gravitic and the electric domains are 
mentioned and used in demonstrations. However, because all 
other quantities can be derived from these ones, adjusting the 
calculation is trivial. 

The dimensional system should also be distinguished from 
the unit system which is a totally different thing. While dimen-
sions reveal the nature and interrelation of physical quantities, 
units are abstract and related to the measure of these quantities. 

For example, a Tesla and a Weber can tell us the amount of the 
magnetic field or the magnetic flux, but nothing about their rela-
tion. On the other hand, the dimensional system will ultimately 
show us that the flux is linked to the field through the square 
meter ([Flux] = [Field] * L2). Due to the abstract nature of units, 
unit coherence does not really mean a lot, while dimensional 
coherence is an absolute prerequisite to accept a formula. 

2.2. Dimensioning Physical Quantities 

The SI system defines seven fundamental quantities whose 
dimensions are the base from which are derived the dimensions 
of all other physical quantities. These basic dimensions are: 

Name Unit Symbol 

Distance Meter L 
Mass Kilogram M 
Time Second T 
Current Ampere I 
Light Candela J 
Heat Kelvin K 
Concentration Mole N 

Table 1  Fundamental Dimensions 

Any physical quantity Q can then be dimensionally expressed 
as: 
 [Q] = LaMbTcIdJeKfNg (1) 

With exponents, “a … g”, representing the influence of each 
constituent on the final quantity and the sign of the exponent 
indicating a direct or inverse (1/x) proportionality. The notation 
[Q] means “the dimension of Q”. 

This system allows us to perform dimensional analysis based 
on the requirement that each side of an equation must be of the 
same dimension. This is why it became the mandatory tool to 
validate a formula. 

Considering that concentration (Mole) is dimensionless and 
that heat and light can be derived from energy, it means that it is 
enough to define mass and electric current in addition to space 
and time. Furthermore, once the relation between mass and elec-
tric current is known, it is only necessary to define one of them. 

3. Space-Time Derivation 

The idea to derive mass and electric current dimensions from 
space and time only is not new and J.C. Maxwell already touched 
the subject in his treatise on electromagnetism [1] when he stated  
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"… If, as in the astronomical system, the unit of mass 
is defined with respect to its attractive power, the dimen-
sions of [M] are [L3T−2]. …" 

However, we can easily demonstrate from Newton's law of 
gravitation that it is in fact G*M that dimensionally corresponds 
to L3T-2 because: 
 F = M * a = G * M2 / r2 (2) 

Then: G * M = a * r2 (3) 

This leads to: [GM] = LT-2 * L2 = L3T-2 (4) 

Maxwell did choose to assume, without further explanation, 
that the gravitational constant G is dimensionless and that [M] 
corresponds to L3T-2. However, the truth is that nothing really 
supports this assumption and the basic Cartesian product dem-
onstrates that it is invalid, as we will show later. This is the rea-
son why the SI system still uses the mass as a fundamental quan-
tity. If it was so clear and proven that [M] = L3T-2, then the BIPM 
could immediately remove the physical mass, the one located in 
Paris, from fundamental quantities (one of their objectives) or at 
least, provide new ways of determining unit mass' dimension 
and properties. In addition, there is nothing in current knowl-
edge that allow us to find the dimension of G and M separately 
without using a circular reasoning or an initial arbitrary choice. 

Concerning the electric charge, its definition is usually based 
on the mass's definition, but another difficulty arises because 
apparently two incompatible possibilities exist. The electrostatic 
version where the Coulomb's constant k is assumed dimen-
sionless and [Q] = M1/2L3/2T-1, and the electromagnetic version 
where it is [Q] = M1/2L1/2 because μ, the permeability, is then 
considered dimensionless. They are so incompatible that the first 
one incorporates time, while the other does not! Our study will 
show that one of these options is supported by numerical evi-
dence, while the other is not. 

4. The Visual Representation 

There is a way to find a correlation between the dimensions of 
quantities and space-time. We base this demonstration on a ma-
trix presenting the Cartesian product of the Planck space and 
time sets. 

Consider a matrix whose horizontal axis corresponds to 
space, while the vertical axis represents time, as illustrated: 

 
Fig. 1.  The Space-Time Matrix 

The indices of the matrix directly correspond to the exponents 
of time and space dimensions. Based on these principles, it is 
easy to locate the basic elements such as: 

 

Fig. 2.  The Basic Elements 

If we now replace distance and time by the Planck length and 
time respectively, we can then directly locate the "Planck quanti-
ties": 

 

Fig. 3.  Planck Quantities 

We then fill the cells of the matrix with a formula that reflects 
the relation between a quantity and space-time such as: 

 Qp = Lpx * Tpy  (5) 

With Qp = Planck quantity, Lp = Planck length, Tp = Planck 
time, x and y = exponents of the dimensions of Lp and Tp (or indi-
ces on the Matrix). 

 
Fig. 4.  Filling the Matrix 

This means that this matrix represents the Cartesian product, 
or all combinations, of Planck space and time sets. 

 

Fig. 5.  Cell Formula 
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Each cell being a combination of space and time, therefore 
any value defined from Planck space and time only must appear 
on this matrix. 

To validate our concept, we must find at specific locations on 
the matrix some values that we know for sure to be derived only 
from space and time. For example, we immediately recognize the 
speed of light which corresponds to Lp * Tp-1 and is consequently 
located at position [1, -1]. But we also find other elements such as 
the already mentioned [GM] = L3T-2 at location (3,-2), and be-
cause from the definition of Planck quantities, we have 

 Mp2 = hc / G (6) 

So h / Mp = G Mp / c (7) 

Then, because [GM] = L3T-2, it follows that 

 [h / Mp] = L2T-1 (8) 

Now, by multiplying both side by GMp, we also have 

 [hG] = L5T-3 (9) 

These are interesting values because we know and can prove 
that their dimension is only defined from space-time, whatever 
the dimension of their individual terms can be. So we are abso-
lutely sure they must appear on the matrix without any multipli-
cative factor and at the right place as we can see 

 

Fig. 6.  Reference Values 

We can also confirm that numerically 

 G * Mp = Lp3 * Tp-2 (10) 

and h / Mp = Lp2 * Tp-1 (11) 

and finally h * G = Lp5 * Tp-3 (12) 

This validates our base formula and it is obvious that all com-
binations based on Planck space and time will appear on such 
matrix. 

Therefore, if our hypothesis is correct concerning the fact that 
dimensions of physical quantities can be derived from space and 
time only, their "Planck value" will appear on this matrix at the 
location corresponding to their space and time dimensions. 

Now, the definite proof that Maxwell's assumption is false 
lies in the logic and mathematics behind it. By proposing [M] = 
L3T-2, Maxwell is already in the context that the dimension of 
mass can be derived from space and time only. In this context, if 

we study the Cartesian product of the space and time sets as per 
the set theory, then all physical quantities defined from the initial 
sets must be into the resulting set. By creating a matrix whose 
axis are the Planck length and time, we provide the Cartesian 
product of these two sets. The Planck mass does not show at the 
(3,-2) location (which corresponds to L3T-2), indicating that if the 
dimension of mass is derived from space time, it is not L3T-2. 
However, one could argue that the numerical value of the Planck 
mass is "hidden" behind the GM product that appears at L3T-2. 
While it is highly suspect, it is still not totally impossible that the 
result of a multiplication hides one of the terms if the other is 
dimensionless. But what about all other quantities whose space-
time dimension could then be easily determined, but are not 
found on the numerical matrix at the expected locations? Take 
for example the Dirac constant h used in the definition of all 
Planck's values. It must also appear because it can be defined 
from the mass which is, per our hypothesis, defined from space 
and time. From the definition of the Planck mass, we know that h 
= GMp2 / c, so in the Maxwell version, the Dirac constant h be-
comes 

 [h] = ML2T-1 = L5T-3 (13) 

The numerical concordance should exist and so we should have 

 h = Lp5*Tp-3 (14) 

This is obviously not the case and the same can be said for all 
Planck values. We can then say that Maxwell's assumption fails 
because the Cartesian product of the space and time sets invali-
dates it. While we correctly find the well known values such as 
GM (L3T-2), h/M (L2T-1) and hG (L5T-3) on the matrix, no known 
Planck value appear at the location predicted by the Maxwell 
assumption. 

5. The Dimension of Mass 

As previously mentioned, there is an infinity of possibilities 
for G and M and we know now that [M] = L3T-2 is false. 

This study highlighted the presence of simple multiplicative 
factors, specific to each domain, whose meaning is still unknown. 
Hopefully, these factors appear as 1eX, which is neutral in a mul-
tiplication and doesn't modify the number itself, but only the 
power exponent. Therefore, and although it could be a third ba-
sic dimension in addition to space and time, they have no influ-
ence on the two dimension matrix visual output. They however 
affect the numerical value, but do not hide them, by only chang-
ing the power exponent. Once these factors acknowledged, we 
will show that it is possible to find all Planck quantities on the 
matrix, proving that their dimensions are derivable from space 
and time only. 

Note that for a better reading, future figures will only display 
the values relevant to the discussion. 

Our basic hypothesis states that the numerical values of G 
and M must be on the matrix and our researches show that if we 
incorporate the dimensionless 1e-67 multiplicative factor, the 
numerical value of the Planck mass appears at the location [7, -7], 
which means: 

 [M] = L7T-7  (15) 
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The gravitic domain's multiplicative factors being 1e67 and 
1e-67, the constitutive formula of the Planck mass is: 

 Mp = Lp7 * Tp-7 * 1e-67 (16) 

This numerically gives: 

 2.1764e-08 = (1.6162e-35)7 * (5.3912e-44)-7 * 1e-67 (17) 

We also have a visual confirmation on the matrix (which does 
not incorporate the multiplicative factor): 

 

Fig. 7.  Planck Mass Position 

6. The Dimension of G 

We know that to comply with [GM] = L3T-2, the dimension of 
G automatically becomes: 

 [G] = M-1 L3T-2 = L-4T5 (18) 

By using the 1e67 multiplicative factor, the numerical value of 
G is then: 

 G = 6.6742e-11 = (1.6162e-35)-4 * (5.3912e-44)5 * 1e67 (19) 

This is directly confirmed on the Matrix: 

 

Fig. 8.  Gravitational Constant Position 

7. The Dimension of Force 

Quantities associated with the energetic domain (energy, 
power, momentum, action, etc.) are usually defined from mass, 
space and time. Therefore, once the position of the mass is found, 
Newton’s second law (F=ma) tells us that the dimension of Force 
becomes L8T-9, and accordingly at position [8,-9] on the Matrix 
we find the expected value of the Planck force. All other Planck 
related values from the energetic domain also appear as ex-
pected. This is also confirmed by the numerical value: 

 1.2103e44 = (1.6162e-35)8 * (5.3912e-44)-9 * 1e-67 (20) 

From the dimension of Force, it is trivial to derive the dimen-
sions of all energetic, thermic and pressuric domain elements. 

 
Fig. 9.  Energetic Domain Elements 

8. The Dimension of Electric Charge 

Electric current, seen as the expression of a flow of electric 
charges, can be derived directly from electric charge (I = Q / t). 
However, the value of the Planck electric charge does not appear 
directly on the matrix. But the presence of the square of this 
charge (3.5176e-36 C2) at location [8,-7] is a clear indication that 
the dimension of electric charge is: 

 [Q] = L4T-3.5 (21) 

Considering that for electric and magnetic domains, the 
multiplicative factors are 1e-30, 1e37, 1e7 and 1e-7, the constitu-
tive formula of the Planck charge is: 

 Qp = Lp4 * Tp-3.5 * 1e-30 (22) 

This gives the following numerical value: 

 1.8755e-18 = (1.6162e-35)4 * (5.3912e-44)-3.5 * 1e-30 (23) 

Because the time dimension exponent is not an integer, it im-
plies a non-integer dimension. To represent this on the matrix, it 
is necessary to use the square root of Planck length and time as 
bases for the axis of the matrix. Then, the exponents of space and 
time will take the values 0, 0.5, 1, 1.5 … and the electric charge 
automatically appears 

 
Fig. 10.  Electric Charge Position 

As a proof, this dimension of the electric charge must satisfy 
either the electrostatic or the electromagnetic versions. Because of 
the L2T-2 relation between μ and k, the two options are exclusive 
and cannot be both true. More precisely: 

 1 4 ok   (24) 

And 21o oµ c   (25) 

It follows that: 2 4ok µ c   (26) 

So: [k] = [μ] * L2T-2 (27) 
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We can say that if [K] = 1 then [μ] = L-2T2 and if [μ] = 1 then 
[K] = L2T-2. We strongly suggest that the electromagnetic version 
is true, so, the electrostatic is false. 

The electrostatic version is based on the unsupported as-
sumption that the Coulomb's constant is dimensionless. In fact, 
the electromagnetic expression is correct because the permeabil-
ity μ is equal to 4π* 1e-7, where the 4π term corresponds to a 
spherical integration in space, and the 1e-7 portion is the multi-
plicative factor of the quantity. Moreover, with their 1e-7 factor, 
the impedance and Coulomb's constant numerical values appear 
directly at the [1,-1] and [2,-2] positions, which confirms the par-
allel between impedance and velocity and the correspondence 
between the Coulomb's constant and the square of the speed of 
light as from eq. (27) it follows that  

 k = c2 * 1e-7 (28) 

This highlights the correspondence between c2 and k. In this 
context, the 1e-7 term is dimensionally equivalent to μ as it is the 
result of 4oµ  . As the 1e-7 factor is an arbitrary value and the 

4pi part accounts for spatial integration, it suggests that there is a 
concordance between k and c2, and so that: 

 [k] = L2T-2 (29) 

Furthermore, by using Planck values for the mass and electric 
charge, we see that Qp2 = Mp * Lp3 * Tp-2 is false, while Qp2 = Mp * 
Lp is true when introducing the dimensionless multiplicative 
factors such as: 

 3.5177e-36 = (2.1764e-08 * 1.6162e-35) * 1e7 (30) 

Also, we see that if [Q] = L4T-3.5 and [M] = L7T-7 then again 
[Q2] = ML is dimensionally verified. When the real dimension of 
the Coulomb's constant (L2T-2) is introduced into the electrostatic 
version, it then reduces to: 

 Q2 = F * r2 / k (31) 

So [Q2] = ML3T-2 / [k] (32) 

Then [Q2] = ML3T-2 * L-2T2 = ML (33) 

Similarly, working with the electron data, we also see that : 

 Qe =  (Me * Re* 1e7) 1/2 = 1.6022e-19 C (34) 

Therefore, the apparent incompatibility vanishes. The electric 
charge has only one definition and no inconsistency really exists. 

9. The Study of Units 

The study of electromagnetic units is also a clear indication 
that the electromagnetic version is correct and so that µ is dimen-
sionless. If we consider the magneto motive force, a magnetic 
potential, we know that its unit is the "Ampere turn". The "turn" 
portion is here to reflect the stacking of loops of wire and is di-
mensionless, so if we consider one loop of wire, the unit of the 
MMF is Ampere. We also know the relation between the MMF 
and the magnetic field: 

 MMF = B * l * cos(phi) (35) 

It then becomes clear that the unit of the magnetic field B, the 
Tesla, must correspond to Ampere / meter (this is known, but 

not very often used). But we also know from the relation B = µ * 
H that 

 µ = B / H (36) 
and as the unit of H, the auxiliary field, is also Ampere / meter, it 
means that 

 Unit of (µ) = (Ampere / meter) / (Ampere / meter) (37) 

As Ampere and meter units also correspond to fundamental 
dimensions, we can then safely say that µ is dimensionless. 

10. Synthesis 

All aspects of the debate around the space-time dimension 
can be summarized into a few possibilities depending on the 
initial assumptions for the dimension of mass and electric charge. 
The following table presents all possibilities regarding the pro-
posed solutions: 

 [M] = M [M] = ? [M] = L3T-2 [M] = L7T-7 

[Q
2 ]

 =
 M

L
3 T

-2
 A 

[G] = M-1L3T-2 

[Q] = M1/2L3/2T-1 

[K] = 1 
 

C 

[G] = [M]-1L3T-2 

[Q] = [M]1/2L3/2T-1 

[K] = 1 
 

E 

[G] = 1 

[Q] = L3T-2 

[K] = 1 
 

G 

[G] = L-4T5 

[Q] = L5T-4.5 

[K] = 1 
 

[Q
2 ]

 =
 M

L
 

B 

[G] = M-1L3T-2 

[Q] = M1/2L1/2 

[K] = L2T-2 
 

D 

[G] = [M]-1L3T-2 

[Q] = [M]1/2L1/2 

[K] = L2T-2 
 

F 

[G] = 1 

[Q] = L2T-1 

[K] = L2T-3 
 

H 

[G] = L-4T5 

[Q] = L4T-3.5 

[K] = L2T-2 
 

Table 2  Synthesis of All Possibilities 

As can be seen from the greyed areas, rows correspond to dif-
ferent definitions of the electric charge (electrostatic and electro-
magnetic), while columns are different definitions of the mass. 

 [M] = M 

The first column means that the mass is considered itself as a 
dimension. It represents the current situation with the SI system 
and there is no possible further reduction to space-time. While 
perfectly coherent and accurate dimensionally, it defines every-
thing with respect to the mass dimension and so, does not help 
us to find anything as it contradicts our initial hypothesis. 

  [M] = ? 

The second column eventually accepts our initial hypothesis 
but states that none of the two following proposed solutions are 
correct and so that the space-time dimension of mass is still un-
known. The second column then represents all possible other 
solutions. In other words, because we know that [GM] = L3T-2, 
then whatever is chosen for one of them, the second will have to 
be dimensionally coherent. 

If this case is true, it opens two main possibilities: 
On one hand, the mass and all other quantities are on the ma-

trix proposed by this study, but with exponents so great that it 
exceed the capacities of our tool. It could look like [M] = L3856T-
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93754 for example. Remember that we are in the case where we 
accept that the mass can be derived from space and time only, 
but that [M] = L3T-2 and [M] = L7T-7 are false. 

On the other hand, all Planck quantities could also be hidden 
in non-integer dimensions. We quickly discovered the non-
integer dimension of the electric charge thanks to the presence of 
the square of this value on the integer dimension matrix we had 
initially. But quantities could derive in fact from weird non inte-
ger dimension such as [M] = L4.38T-5.27 

In both cases, there is an infinity of possibilities … 
The first and second columns of the table are different in the 

way that 
 [G] = M-1L3T-2 (38) 

This means that the dimension of G is equal to a portion of 
mass combined with a portion of space and a portion of time. 
Mass is then considered as a fundamental constituent of any 
physical quantity, what is called a dimension. 

While in the second column 

 [G] = [M]-1L3T-2 (39) 

This means that the dimension of G is equal to a portion of 
"the dimension of mass" combined with a portion of space and a 
portion of time. The expression "the dimension of mass" is ge-
neric and does not imply that mass is in itself a dimension, as did 
the first column of the table. In this case, the dimension of mass 
could very well be derived from space and time, but in opposi-
tion to the two other proposed solutions (see below), it states that 
the space-time dimension of mass is still unknown. 

 [M] = L3T-2 and [M] = L7T-7 

The last two columns represent four different and incompati-
ble possibilities, E, F, G and H. 

As for any theory, its merit is evaluated from the demonstra-
tions showing the provability of the initial hypothesis. To sum-
marize it all, if we agree that the dimension of physical quantities 
can be derived from space-time only, then, by definition, all 
physical quantities are part of the Cartesian product of the space 
and time sets. If we build a matrix that presents the Cartesian 
product of Planck space and time sets (Lpx * Tpy, with x and y = 0 
to infinity), then all Planck values must appear on this matrix. 

Based on this reasoning, we have demonstrated that E and F, 
the Maxwell's version is mathematically impossible. We also 
showed that the second row, the electro-magnetic version, is 
supported by numerical evidence, while the electro-static version 
is not. This leaves us with H as the best possibility to represent 
reality. 

11. A Coincidence? 

Considering the intrinsic logic of the matrix, the Planck val-
ues had to appear somewhere and we see that they do. So the 
expected fact that they appear is not a coincidence, nor is the 
location where they appear as it has to be dimensionally coher-
ent. 

There is a possibility that Lp7*Tp-7 is just accidentally close to 
Mp. In this case, Mp should still be on the matrix somewhere else 
and all Planck quantities should appear at some other locations. 

Looking at the matrix, it is clear that it is not the case, so L7T-7 is 
left as the best candidate to "represent" [M].  

During this research, the matrix was extended to look for 
other locations where the Planck mass value could be found. It 
was found that the specific pattern represented by the matrix is 
repeated over and over with a step of 1e83 in values: 

 
Fig. 11.  Expanding the Matrix 

However, within this pattern, no other value that could better 
represent the Planck mass, electric charge or any other Planck 
quantity was found. 

12. Accuracy 

The CODATA value for the Planck mass being Mp = 2.176 
44(11) e-8 kg, it means, when applying the uncertainty, that the 
Planck mass is estimated between 2.17633 e-8 Kg and 2.17655 e-8 
Kg. 

On the other hand, using CODATA values Lp = 1.616 252 1e-
35 m and Tp = 5.391 24 1e-44 s, we find 

 Lp7*Tp-7 = 2,176 42 e+59 (40) 

Taking the multiplicative factor (1e-67) into account, the dis-
covered value is then absolutely compatible with the CODATA 
value as it falls perfectly into the uncertainty range. 

Based on the presented method, dimensions of all physical 
quantities were derived from space and time only in a perfectly 
numerically and dimensionally coherent system. The main 
physical quantities, their dimensional properties as well as their 
Planck values are presented in Table 3. 

This study also produced the Planck matrix in figure 12. 

Conclusion 

It was shown that by organizing Planck quantities according 
to the proposed configuration, it is possible to dimensionally 
define all physical quantities with respect to space and time. This 
perspective offers numerous possibilities related to the under-
standing and the determination of physical quantities. The elec-
tronic version of the presented matrix can be found at: 
http://www.losangeinformatique.com/physics/matrix.xls 

References 
[ 1 ] J. C. Maxwell, “A Treatise on Electricity and Magnetism”, chapter 5.



Long Beach 2010 PROCEEDINGS of the NPA  7

 

Table 3  Physical Quantities and Their Dimensions 

 
Fig. 12. - The Numeric Planck Matrix 


