
Speculations on 
unknown images, 
spectral sources, 

and physical constants 
By B. Roy Frieden 

I n this paper, we are going to tackle a problem which, 
at first glance, appears akin to describing the sound of 
one hand clapping. This is the problem of describing in 

some way an image, when nothing is known about its 
structure. The image cannot be seen, and no prior infor
mation on its statistics are given. Al l that is known is that 
it is an array of energy flux values. Surprisingly, this quest 
will reach a definite (and positive) conclusion; it will also 
lead us along a road with numerous exits into related 
fields. Major detours will be made into spectroscopy and 
(surprisingly) cosmology. 

The state of zero prior knowledge1 is hard to define in 
any field. What does "nothingness," in this sense, mean? 
How do you define the vacuum state of information? We 
offer the following thoughts on the matter, mainly for the 
reader's amusement. As wi l l become evident, these 
thoughts are rather speculative in nature. However, we 
hope that they will provoke or excite new ideas on the 
subject. 

Based on some simple arguments of invariance related 
to fractal theory, we discuss (overly?) simple answers to 
the following questions: What histogram of occurrence 
should optical radiance values follow? How about spec
tral wavelengths or wave numbers? Why do the funda
mental physical constants appear to be logarithmically 
(and not uniformly) spaced? Does nature operate like a 
floating point computer, grinding out phenomena in equal 
numbers for each power of 10? Were the fundamental 
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constants randomly chosen? Is there an ultimate, single 
physical constant? 

First, let us consider an image that can be seen, e.g., that 
in Fig. 1 (upper left). This is a 64 X 64 array of light 
energy values called the Girl with Hat (or USC Girl by 
some). Statistically, this picture exhibits a high degree of 
correlation from point to point. Note the many regions 

FIGURE 1. Girl with Hat image in various guises. Origi
nal or object (upper left); as imaged under poor condi
tions—blurred and with high noise (upper right); MAP 
restored using no priori information (lower left); MAP 
restored using known variance of object (lower right). 
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over which neighboring points have the same value. Its 
histogram of intensities is shown in Fig. 2. This peaks near 
intensity value 130, after which it tails off rather monotonically. 

We are particularly interested in this tail region. As 
will be discussed below, it resembles a 1/x shape that is 
characteristic of unknown images. 

When partial information is given about an image, lots 
can be done to improve it. An example is in Fig. 1, where 
the Girl with Hat picture was the "ground truth" object 
(upper left), and this was blurred and imaged in such dim 
light as to form the image on the upper right. Using the 
magic of statistics (in the form of a "maximum a posterio
r i " or M A P estimation approach), the answer on the low
er left was produced.2 This erratic picture is actually maxi
mum probable to be "ground truth," given the upper right 
image as data. Since nothing else was given about the ob
ject, such as that it has a given variance or a given correla
tion length, the erratic answer has to be accepted as repre
sentative of ground truth. However, if the variance was 
given as additional data, the M A P estimate became the 
lower right picture in Fig. 1. This is indeed an improve
ment. 

So much for the tricks that can be played when statis
tics, in the form of variances, correlation, etc., are given. 
But what can be done when virtually nothing is known 
about the ground truth object? That is, the user only 
knows that the image is of something in the universe. That 
something is left unspecified. 

The M A P and many other estimation principles depend 
upon detailed knowledge of the histogram shape of the 
unknown object scene. Let us then describe the unseen 
object by its histogram of energy values. The problem re
maining is to deduce this histogram shape. 

Jeffreys' principle 

To tackle this fundamental problem, we shall use a 
method championed by statisticians H . H . Jeffreys3 , 4 and 
E. T. Jaynes5 (the latter of maximum entropy fame). A his
togram is a probability law, when an infinity of events 
(here energy values) are considered. A probability law usu
ally changes form when its random variable (here energy) 
undergoes some transformation, such as squaring, inver
sion, etc. But to the contrary, the method of invariance 
developed by Jeffreys demands that it remain the same un
der certain transformations. These are transformations 
that are to be suggested by the physics of the given prob
lem. More on this below. 

The theory of this approach is brief and simple, only 
using the rules of differential calculus. First consider a gen
eral transformation. Let x be the original random variable 
and y = f(x) be the new random variable. Then the new 

FIGURE 2. Histogram of occurrence of energy values in 
Girl with Hat object. 

probability law pY(y) is related to the old one pX(x) by the 
fact that the probability of an event x equals that of its 
corresponding value y = f(x), since, how you label the 
event is immaterial. Algebraically, 

This allows us to solve for pY(y), as 

Note the absolute value taken. Also f-1(y) is the inverse 
operation needed to get from a value y back to a value x. 

Now consider application of the invariance principle of 
Jeffreys to our problem. Quantity x or y now represents 
the light energy at a given pixel. The invariance principle 
states that the new probability law must be the same as the 
old one, or 

Plugging this into Eq. (2) gives us a functional requirement 
on the probability law, that 

where derivative y' is expressed as a function of y. Note 
that the subscript x is now unnecessary since both func
tions p(•) in Eq. (4) are the same. This gives us the final 
requirement on the probability law p(•), that it satisfy 

This is the algebraic statement of the method of invariance 
to transformation. We shall call it Jeffreys' principle. Note 
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that its solution p(•) depends entirely upon the transforma
tion f(•) present. 

Der iv ing Jeffreys' principle was relatively easy. App ly ing 
it is a little trickier since n o w the user's judgment must 
come in. We have to decide what (if any) invariances our 
energy readings y should physically obey. For example, 
should their distr ibution p(y) remain the same if they were 
all replaced by their reciprocals 1/y? M a y b e , but more on 
this below. By the way, if we are abundantly successful in 
this search, so that more than one invariance is deemed 
present, then we must hope that each leads via (5) to the 
same law p(y)! Otherwise at least one of them must be 
wrong, and we face the difficult task of deciding which 
one is. Luck i ly , this w i l l not be the case. 

An energy survey 
A n y invariances that exist are generally suggested by the 

physics of the situation. So, let us imagine that we are get
t ing ready to bui ld up a histogram of light energy values. 
First, what light sources should we choose to look at? O u r 
unknown law p(y) is supposed to describe the histogram 
of light energy values possible at one pixel in any object. 
Therefore, it also describes all objects—it is the histogram 
of detected energy values f rom all views of the Universe! 

Mic robes, oranges, your pet dog, the Constel lat ion O r i 
on , al l are to be viewed. A setup for attempting this chal
lenging task is schematically shown in F ig . 3. It consists of 
a lens and a single detector. In turn, the lens scans every 
conceivable source of light in the Universe. Its purpose is 

FIGURE 3. Collecting and registering light energy values 
over all objects in the Universe. What detector size, ex
posure time, spectral range, and energy unit should be 
used? 

merely to focus the geometrical conjugate pixel region in 
the object source upon the detector. 

Ideally, there should be no blur, since we are interested 
in the source or object statistics, and not those of blurred 
images. It is k n o w n that because of the mix ing of object 
radiance values in the blur convolut ion, the central l imit 
theorem of statistics 6 holds, and hence the image statistics 
wou ld be n o r m a l . 7 Th is wou ld hide the underlying object 
statistics we are interested in f inding. W i t h finite blur 
present, we demand that the objects included in the survey 
be spatially un i form in radiance over the extension of the 
blur spread funct ion. Th is also avoids the mix ing effect 
mentioned above. 

Does the Universe have a preferred scale size? 

Detector size must be decided upon, and here is where 
the first invariance principle comes in. Should it in fact 
matter what size the detector is? Does nature look the 
same when viewed in a coarse or in a fine manner? O r , to 
the contrary, does it have a preferred scale size? 

Th is br ings to m i n d " f r a c t a l " theory, accord ing to 
which autocorrelation functions (at least) remain invariant 
to changes of scale size. This theory, originated by B. 
Mande lb ro t , 8 is currently being widely used in the physi
cal sciences to simulate nature, since it really describes the 
way nature works . In part icular, it describes natural object 
scenes. No te , for example, h o w a spiral structure is com
mon to D N A , certain germs, watch springs, hurricane sys
tems, and galaxies! 

But fractal theory, as original ly developed, 8 applies to 
autocorrelation functions. It does not appear to address 
the issue of probabi l i ty laws. Let us, then, provide the ex
tension. We suppose that the Universe looks the same, 
even in its occurrence of energy values, regardless of scale 
(detector) size. 

This leads to the fo l lowing transformation f(x). If a de
tector is shrunk in area by a factor k, then (assuming for 
simplicity un i form i l lumination) each energy it detects wi l l 
also be reduced by factor k. Th is describes the transforma
t ion 

on energies. Hence f(x) = kx. We are now ready to use 
Jeffreys' principle (5). 

Us ing transformation (6) in principle (5), we find that 
p(y) must obey a relation 

No te that k is an arbitrary shrinkage factor. Of course p(y) 
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must be independent of k. The only p(y) that satisfies this 
requirement as well as (7), is 

where a is any constant. The reader can easily verify by 
substitution that (8) is a solution of (7). 

Other invariances, covariant nature 

Before discussing the meaning of this solution, let us 
consider other possible invariances and see where they 
lead. Aside from detector size, our apparatus must also use 
definite values of exposure time, magnification and spec
tral range, and a definite unit of energy. But note that a 
change in exposure time defines exactly the same transfor
mation (6) we used before. The same goes for a change in 
magnification, in spectral range, or in unit. Each results in 
a linear change in energy reading, providing the source is 
radiating uniformly both spatially and temporally (which 
we shall assume, for simplicity). Hence, if we postulate 
that our law p(y) must also remain invariant to changes in 
exposure time, magnification, spectral range, or energy 
unit, we again come up with the law (8) as solution! This 
is a nice confirmation of results. The invariances suggested 
by the simplest physical view of the situation all lead to the 
same law. Note in particular that space and time are being 
treated symmetrically by this approach: p(y) is invariant to 
both size change and time change. This makes the law p(y) 
"covariant," in the sense of relativity theory, a satisfying 
result. 

Physical significance of the number "one" 

However, the law (8) is not yet a probability law since 
as it stands it is not normalized. The function a/y has a 
pole at y = 0 which leads to infinite area if it is included 
within the domain of possible y (energy) values. A logical 
way to avoid this is to postulate that the law holds only 
over a finite domain 

where b is the "largest" energy observable and 1/b is the 
smallest. 

With y restricted to the range (9), the normalized law 
(8) becomes 

Note that once a numerical value of b is decided upon for 
a particular set of units, detector size and magnification, 
law (10) remains normalized for any other such set. In 
other words, the value of b does not have to be changed to 

preserve normalization. Hence, b is a well-defined con
stant (of energy). 

An interesting result is that the median y for this law 
(10) is exactly 1.0, and this is independent of b! Hence, the 
number 1.0 has some interesting physical significance. It is 
apparently the median light energy value over all possible 
sources in the Universe, regardless of detector size, magni
fication, exposure time or energy unit chosen. This is inter
esting in itself, but of further interest is that it agrees with 
intuition. Most people I have spoken with are quite willing 
to regard "one" as a representative mean or median of 
physical measurements. 

Invariance to reciprocation 

The question of invariance to reciprocation 1/x was 
raised before. It is interesting that if we substitute the 
transformation y = 1/x in Jeffreys' principle (5), we come 
up with an equation that is once again satisfied by our 
universal law (10). The reader can easily verify this. What 
does this mean? Are measurements of reciprocal energy 
somehow equivalent to direct measurements? 

An application to spectroscopy: λ vs 1/λ 

Further regarding reciprocal measurements, there is a 
sibling field to optics that commonly employs these—spec
troscopy. Some spectroscopists favor the use of spectral 
curves where wavelength is the abscissa, while others pre
fer to use reciprocal wavelength (frequency or wave-num
ber). There is a widespread feeling that both viewpoints 
are somehow "equivalent." Let us take this to be literally 
true, and use it as an equivalence in Jeffreys' principle. 
Hence, we now seek a law p(y) for the occurrence of 
wavelengths y over all possible spectral sources. We use 
Jeffreys' principle (5) and the equivalence of readings y 
and 1/y. Once again, the law (10) results! This simple law 
appears to have a wider scope of application than first 
meets the eye. 

We now can see why invariance to reciprocation should 
have been demanded for the light energies in the preceding 
section. If p(y) here represents the occurrence of a frequen
cy y, then by E = hy the law p(E) for the occurrence of an 
energy arises out of a linear transformation (6). Hence, by 
identity (4) p(E) is once again of the form (10). Invariance 
to reciprocation grows out of the spectroscopic equiva
lence of wavelength and frequency. 

Distribution of fundamental physical constants 

Finally, let us consider perhaps the most provocative ap
plication of all. The fundamental physical constants are 15 
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or so well-known numbers that cover a wide range of 
magnitudes. Examples are the speed of light c = 2.99 X 
10 1 0 , Avogadro's number 6.023 X 10 2 3 , Planck's constant 
6.63 X 1 0 - 2 7 , etc. (all in cgs units). We have suppressed 
the units for each quantity so as to emphasize its magni
tude alone. Amazingly, these constants fit the law (10) 
quite well in their size distribution.9 This comes about as 
follows. 

Table 1 shows the fundamental physical constants, as 
tabulated by Al len. 1 0 Standard cgs units are used, but as 
we shall see the units are irrelevant for our purposes. Oth
er authors regard slightly differing sets of quantities to be 
"the" fundamental constants, but these overlap one an
other; Allen's are typical. In fact, our results do not de
pend upon the particular list is used. Now, regarded as 
numbers to fill a histogram, what histogram will the fun
damental constants obey? 

If we take the logarithm of each item x in the table, we 
have close to the power of 10 for each number as data: 
+ 10, - 7 , - 2 6 , etc. (see the third column, Table 1). It will 
be useful to first find the histogram of these numbers. For 

this purpose, divide the total range ( -28, +24) into five 
equal "bins" of length (28 + 24)/5 = 10.4, for receiving 
logarithm events. These are as shown in the last five col
umns in the table. Next, tabulate by an X the bin where 
each logarithm lands. Adding these occurrences for each 
bin, we get the totals along the bottom: occurrences 3, 2, 
3, 5, and 2. Compare this with the 15 occurrences that a 
uniform law (on these log numbers) would obey: 3, 3, 3, 
3, and 3. The agreement is remarkably good, considering 
the finiteness of the set. 

We can go one step further and quantify this result. We 
can test these occurrences against the hypothesis of a uni
form probability law, using the chi-square test.6 In fact, 
this gives9 a confidence level a of 0.75, indicating good 
agreement with the hypothesis. 

Considering, then, the log-numbers to obey a uniform 
law, what law do the numbers themselves obey? This en
tails a transformation y = exp(x) from an old law pX(x) = 
constant to the new one pY(y). Using the general transfor
mation result (2), we find directly that pY(y) is once again 
of the form 1/y! 

Table 1. The Fundamental Constants8 

Quantity 

Velocity of light c 

Magnitude 

2.99 x 1010 

LOG10 

+10 
(-28,-17.6) (-17.6,-7.2) (-7.2,+3.2) (+3.2,13.6) 

X 

(13.6,24) 

Gravitational G 6.67 x 10-8 -7 X 
Planck constant h 6.63 x 10-27 -26 X 
Electronic charge e 4.80 x 10-10 -10 X 
Mass of electron m 9.11 x 10-28 -27 X 
Mass of 1 amu 1.66 x 10-24 -24 X 
Boltzmann 

constant k 1.38 x 10-16 -16 X 
Gas constant R 8.31 x 10+7 +8 X 
Joule equivalent J 4.19 x 100 0 X 
Avogadro 

number N A 6.02 x 1023 +24 X 
Loschmidt 

number n0 2.69 x 1019 +19 X 
Volume gram-

molecule 2.24 x 10+4 +4 X 
Standard 

atmosphere 1.01 x 10+6 +6 X 
Ice point 
Faraday N A e /c 

2.73 x 10+2 

9.65 x 10+3 

+2 
+4 

X 
X 

TOTALS 
3 2 3 5 2 
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It is important to note that these results are based on 
empirical evidence, i.e., the physical constants used as 
data. This gives the results a strength that theory alone 
could not provide. But, can they also be accounted for 
theoretically? The answer is yes. At least four independent 
lines of thought9 lead to the 1/y law. For brevity, only two 
will be treated here. 

We previously found a 1/y law (10) to result from the 
requirements of invariance to scale change and inversion. 
A change of scale here equates to a change in choice of 
units for the physical constants. This makes sense—a 
probability law on the physical constants p(y) should be 
invariant to changes of units, if it is to have any real mean
ing. 

We may conclude, then, that the 1/y law would have 
been empirically observed if the 15 constants in Table 1 
were expressed in any other set of units! The law is not an 
accident of the cgs units used. Conversely, had the 15 con
stants been found to obey some other law, that law would 
have changed with the choice of units. The 1/y law is very 
special in this regard. 

Further theoretical justification exists for law (10). The 
physical constants are generally defined and measured in 
relations where they occur as multiplicative factors, such 
as h in E = hv, G in F = Gm1m2/r2, etc. This means that 
they could have equally well been defined to occur in the 
denominators of these expressions. In which case, they 
would have reciprocal values to those they presently have. 
Hence, for the physical constants it indeed makes sense to 
demand invariance to reciprocation. Again, we found that 
this leads to law (10) as solution. 

We previously found that the number 1.0 has some un
usual significance among light energy values. It is the me
dian energy value over all sources. Likewise 1.0 must also 
be the median value of all the physical constants (includ
ing those yet undiscovered). Hence unity is a "halfway" 
point among fundamental measurements. The ancient 
Greeks would probably have loved this result. They be
lieved that numbers per se have physical meaning (odd 
ones male, even ones female, etc), and that the laws of 
nature could be uncovered by pure deduction. Of course, 
this is not quite our situation, since we have empirical data 
(Table 1) to draw on. In fact, of the fifteen numbers tabu
lated there, nine are greater than 1 and six are less than 1. 
The ideal ratio would have been 8:7. Hence, even this lim
ited sample shows a tendency to confirm 1 as the theoreti
cal median. 

Nature—a floating-point computer? 

We found that the known fundamental constants are 
logarithmically spaced, and that this leads to a 1/y proba

bility law on their magnitudes. Also, this logarithmic spac
ing is quite independent of choice of units, so that it is a 
real effect. Is there a known model for this effect? Does it 
follow from a simple picture of how nature works? 

First, we observe that nature seems to classify each new 
physical phenomenon according to its power of 10 alone. 
That is, each power of 10 has the same (uniform-law) ca
pacity for containing physical phenomena. Moreover, this 
capacity may be quite small, since we already observe phe
nomena sprinkled over a diverse range of powers of 10 
(Table 1). (As an aside, the elegant string theory of elemen
tary particles seems to fit well into this picture: it predicts 
particle sizes in new power-of-10 slots, setting new records 
for smallness.) 

An interesting parallel lies in the way computers repre
sent numbers. A typical number is 0.12345678E 05, 
where the 12345678 is called the "mantissa" and E 05 
represents the number 10 raised to power 5. This is in 
floating point form, where the mantissa is a fixed number 
of digits (8 in this case), regardless of the power of 10 
present. What this means is that each power of 10 has the 
same capacity for representing numbers. For the 8-digit 
numbers described above, this would be 10 8 numbers for 
each power. 

Comparing this purely numerical effect with the physi
cal effect under study, we see that we have arrived at a 
model for the effect. It is as if nature is a giant computer, 
operating in floating-point arithmetic. Each order of mag
nitude in the core memory of this computer stores the 
same number of physical phenomena. If this computer op
erates with n places of accuracy, then there are exactly 10n 

phenomena "stored" within each order of magnitude re
gion of memory. 

This model has an interesting further property. Any 
number represented in floating point form suffers the same 
relative error (due to roundoff in the last digit). Hence, if 
nature requires an uncertainty in our knowledge of any 
fundamental constant, and if this uncertainty takes the 
form of a fixed relative error, then the floating point com
puter is a simple model for accomplishing this. Ultimately, 
then the 1/y law we observe may follow from an uncer
tainty principle on the accuracy with which we can know 
the fundamental constants. 

Estimating a mean; Frieden's downward shift 

At this point, the reader might feel that these results are 
interesting, but of little import in practical matters. Let us 
consider, then, one real use of law (10). First and fore
most, it is a prior probability law, i.e., describing the situa
tion prior to seeing objective evidence about y such as 
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data. But this means that it may be used in the M A P ap
proach to estimation, discussed at Fig. 1. It will affect any 
estimate of y. For example, suppose that one value of y (a 
light energy value, or wavelength, or physical constant) is 
present, and it is measured N times. Let the measured val
ues of y be denoted, as y1,...,yN. These N samples each 
suffer from Gaussian additive noise of variance σ 2. The 
problem is to best estimate y. Call the estimate ŷ. We con
sider two possible answers ŷ, both arising from a criterion 
of maximum probability (MAP). 

If the prior probability law were flat, i.e., all values y 
were equally probable a priori, then the answer is ŷ = y, 
where y is the simple average of the N data values. On the 
other hand, if the prior probability law follows a 1/y law 
(10), then the answer is 9 

This answer is generally less than y, a consequence of the 
fact that the prior probability curve 1/y generally increases 
to the left, i.e., to smaller y values. The shift below value y 
depends upon the size of the noise σ, and the amount N of 
data present. Certainly the shift can be quite appreciable, 
particularly when the noise level is high. 

The vacuum state of uncertainty 

We have found that many different phenomena are describable 
by a 1/y probability law, when no prior informa

tion is given. What does this imply about the prior state of 
uncertainty for these phenomena? 

Notice that had the law been p(y) = constant, the un
certainty in y (as measured, for example, by the standard 
deviation a) would have been infinite. This seems at first 
to be intuitively true: with zero prior knowledge about 
something, the spread in possible values of that something 
ought to be indefinitely large. However, the previous anal
ysis has shown that p(y) was not constant for the particu
lar phenomena studied (for others, it might indeed be con
stant). This suggests that, although no explicit information 
about y was given, there must have been implicit informa
tion present. In fact, this is the case. Notice that all the 
phenomena we studied obeyed positivity: Light energy 
values, e.g., cannot go negative. Furthermore, we deduced 
properties about the phenomena that are implied by their 
basic physical nature (invariance to scale size, reciproca
tion, etc.). Hence, we have to make a distinction between 
explicit and implicit forms of prior knowledge. Although 
many phenomena suffer from zero prior explicit knowl
edge, some phenomena always provide a residuum of im
plied prior knowledge that can be put to real use. 

The state of uncertainty that results is of interest. It rep

resents a kind of "vacuum state" uncertainty, i.e., the larg
est possible uncertainty for the phenomenon. Interestingly, 
this can easily be computed by taking the first and second 
moments of law (10). Combining these gives the relative 
uncertainty 

for b large. In contrast to the median, this does depend 
upon the value b. As might be expected, it increases with 
the range (1/b, b) possible for the phenomenon y. Howev
er, the rate of increase is very slow, so slow in fact that it 
nearly is a universal constant. For example, b ought to be 
somewhere in the range 10 1 0 ≤ b ≤ 10 1 0 0 . Then by (12), 

This measures the vacuum state uncertainty quantitatively. 

The reciprocal relative error is the signal/noise ratio. We 
see from (13) that the presence of a 1/y law implies a prior 
signal/noise ratio y/σ lying in the range 

Hence, even with zero explicit prior knowledge, the pres
ence of implicit prior knowledge allows for a finite signal/ 
noise ratio to be present. The range (14) is the absolute 
vacuum level. 

Another measure of uncertainty in y is its entropy. By 
direct use of the law (10), it is found that the entropy H0 

obeys 

As with the relative uncertainty, this increases very slowly 
with b. By comparison, had p(y) been uniform over its 
range (1/b, b), the entropy would have been ln b (for b 
large). The extra logarithm in (15) shows that phenomena 
obeying a 1/y law suffer much less disorder or randomness 
than those obeying a uniform law. In fact, the slow depen
dence on b in (15) makes the vacuum entropy H0 nearly a 
universal constant. Taking b to lie somewhere in the range 
(10 1 0, 10 1 0 0 ) , we find from (15) that H 0 obeys 

This is the vacuum level of disorder for any phenomenon 
of the 1/y type. 

A cosmological connection 
But, what can these results have to do with cosmology, 

the study of the Origin of the universe and its physical con
stants? D i rac 1 1 and many other physicists have postulated 
and long sought a "best" set of physical units for express-
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Finally, the existence of a large number of 
fundamental constants seems to imply the 

existence of a large number of new 
physical phenomena to be discovered. 

ing the fundamental physical constants. For example, time 
might have the units of e 2/mc 3, lengths the units e2/mc2, 
etc. On this basis, the constants might ultimately be shown 
to relate to (say) one, or at most a few, ultra fundamental 
physical constants. This ultra set would be the basis for all 
others, and provide an elegant and unifying interpretation 
of the cosmos. However, it appears that the effects de
scribed in this paper go diametrically against this possibili
ty. For we found that the fundamental physical constants 
do obey one unifying law, but that law is a probability law 
independent of the units chosen. On this basis, any set of 
units will do; there is no "best" set. 

That the constants obey a probability law per se is of 
real interest. This implies, but does not necessarily prove, 
that the constants were formed in a random manner, i.e., 
they were chosen randomly from the 1/y law. If so, there is 
nothing sacred, for instance, about the particular value c 
= 2.99 x 10 1 0 cm/sec that we observe for the speed of 
light. It might just as well be 2.99 x 10-3 cm/sec, and 
perhaps will be that number in some future universe. 

This line of reasoning can be carried further, and per
haps incorrectly. Nevertheless, we shall proceed, with the 
hope of stimulating discussion. A probability law such as 
(10) is actually a probability density, and as such describes 
the behavior of a continuum, or infinity, of values y. 
Therefore, since the fundamental constants have been 
found to obey the law (10), this seems to imply that a 
continuum or at least a large number of fundamental con
stants exists. Then the 15 or so that are known may only 
scratch the surface. And as a corollary, any search for an 
ultra set (described above) is doomed to failure.* Finally, 
the existence of a large number of fundamental constants 

seems to imply the existence of a large number of new 
physical phenomena to be discovered. This may be good 
news for recent physics graduates. 
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*However, an alternative viewpoint is as follows. If the fundamental 
constants are randomly generated from a probability law, should they 
really be regarded as fundamental constants? Instead, should not the 
constants or parameters of the probability law itself be regarded as fun
damental? O n this basis, the ultra set consists of but one constant, the 
range parameter b! 
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