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The numerical value of any measurement outcome is mapped by any function of 

the observer’s choosing onto integers and fractions of a denomination of the 

observer’s choosing. Measurement outcomes that are closely related in the mind 

of the observer result in symmetrically related integers and fractions. From the 

totality of measurements, the observer apprehends a self-consistent reality ruled 

by theories believed by the observer. 

1 Introduction 

Expressed in units of the observer’s choosing, measurement outcomes assume numerical values,  , 

equal to integer, half-integer, quarter-integer etc powers of π, π/2 and e, integer powers being 

favoured:      ,           and       [1]. That is, the functions                 , 

                   and            map   onto three numbers:               ;    

             ; and         , each of which takes a value equal to an integer, half-integer, 

quarter-integer etc. 

First, we investigate whether measurement outcomes, when expressed in units of the observer’s 

choosing, assume numerical values equal to integer, half-integer, quarter-integer etc powers of any 

base of the observer’s choosing. Second, we investigate whether measurement outcomes, when 

expressed in units of the observer’s choosing, assume numerical values that map by way of any 

function of the observer’s choosing onto integers, half-integers, quarter-integers etc. Third, we 

investigate whether measurement outcomes assume numerical values that map onto integers and 

fractions of a denomination chosen by the observer. 

Two arbitrarily-chosen functions    and    are applied to the numerical value a of each measurement 

outcome to produce two numbers    and    (         and         ) which are plotted one 

against the other. For each set of measurements a rough idea of the maximum values of the two 

numbers enables the observer to choose suitable major units for the graph. The minor units are chosen 

before calculating the precise values of    and   . Using two functions generates special locations on 

the graphs, called intersections, where    and    both take near-integer values. 

2 Distances and lengths 

For the measurements considered in this section we apply the functions                     and 

                    to the numerical value   of a distance or length measured in metres to 

produce the numbers                  and                 , i.e.           and   
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       . The bases 2.2 and 3.3 have been chosen arbitrarily. Progressively smaller distance and length 

scales are considered. 

Values of    and    have first been calculated for the measured distances from Earth of the Large 

Magellanic Cloud (LMC: 179,000 lyr; 1.693 × 10
21

 m), the Small Magellanic Cloud (SMC: 

210,000 lyr; 1.987 × 10
21

 m) and the Canis Major Dwarf Galaxy (CMD: 25,000 lyr; 2.365 × 10
20

 m), 

the latter being the nearest galaxy to the Milky Way. Distances in light years (lyr) have been taken 

from [2]. The numbers    and    calculated for the three galaxies are plotted one against the other in 

Figure 1. The markers lie on a straight line since    and    are in constant ratio. The value of    for 

the LMC equals 62. The values of    for the two Magellanic Clouds are arranged symmetrically 

about the number 41 at the intersection (62, 41). The value of    for the CMD is equal to a half-

integer (59.5). 

 

Figure 1: Values of    and    calculated from the distances d (in metres) from Earth 

of the Large Magellanic Cloud (LMC, 179,000 lyr), the Small Magellanic Cloud 

(SMC, 210,000 lyr) and the Canis Major Dwarf (CMD, 25,000 lyr), where    

              and                 , i,e.           and          . 
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One star has been considered: Proxima Centauri, the nearest star to Earth at a distance of 4.25 lyr 

(4.02 × 10
16

 m). We see in Figure 2 that the value of    is approximately equal to a half-integer 

(48.5), the point (       being located at the intersection (48.5, 32). 

 

Figure 2: Values of    and    calculated from the distance d 

(in metres) from Earth of Proxima Centauri (4.25 lyr), where 

                 and                 . 

 

Values of    and    have been calculated for the distance by air from London (LHR) to New York 

(JFK, 5555 km) and then for the distance by air from LHR to San Francisco (SFO, 8638 km). The air 

distances have been taken from [3]. The value of    for LHR - JFK equals 13, as shown in Figure 3. 

The point (       for LHR - SFO lies on the intersection (20.25, 13.375). 

 

Figure 3: Values of    and    calculated from the distances d (in metres) 

by air from London (LHR) to New York (JFK, 5555 km) and from LHR 

to San Francisco (SFO, 8638 km), where                  and 
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The value of    for the Marathon (42.195 km) equals a half-integer (13.5), as shown in Figure 4. The 

point (       is located at the intersection (13.5, 9). 

 

Figure 4: Values of    and    calculated from the length l (in 

metres) of the Marathon (42.195 km), where                  

and                 . 

 

The point (       for the foot (0.3048 m) lies on the intersection (-1.5, -1), as shown in Figure 5. 

 

Figure 5: Values of    and    calculated from the length l (in 

metres) of the foot (0.3048 m), where                  and 
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The value of    for the Bohr radius (5.292 × 10
-11

 m), an important length-scale in this project [4], 

equals -30, as shown in Figure 6. The point (       is located at the intersection (-30, -20). 

 
Figure 6: Values of    and    calculated from the length    

(in metres) of the Bohr radius (5.292 × 10
-11

 m), where 

                  and                  . 

The values of    calculated for the two different values of proton RMS charge radius (0.8751(61) fm 

[5] and 0.8414(19) fm [6]) resulting from different methods of measurement are arranged 

symmetrically about an integer (-44), as shown in Figure 7. The two points (       are located at the 

intersection (-44, -29). 

 
Figure 7: Values of    and    calculated from two values (in 

metres) of the proton radius    (0.8414 fm and 0.8751 fm), where 

                  and                  .  
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3 Redshifts of Type Ia Supernovae 

An analysis has been made of the redshifts   of the Type Ia supernovae listed in [7]. For the first three 

supernovae listed, four different pairs of functions have been applied to the data in turn. 

First, the functions             and             have been applied to the data, resulting in the 

numbers          and         . The units selected for the graph were 1000 on both axes. The 

points (        align with the ‘levels’ of the graph, as shown in Figure 8. The point (       for 

CLA10Cal is located at the intersection (4000, 6000). 

 

Figure 8: Values of    and    calculated from the redshifts   of the 

Type Ia supernovae CLA10Cal (   1.800), CLF11Ves (   1.206) 

and CLH11Tra (   1.520), where          and         . 
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Two different functions were then applied to the same data:                and       

        . The numbers    and    now take fractional values, as shown in Figure 9. 

 

Figure 9: Values of    and    calculated from the redshifts   of the 

Type Ia supernovae CLA10Cal (   1.800), CLF11Ves (   1.206) and 

CLH11Tra (   1.520), where             and            . 
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Two different functions again were applied to the same data:          and         . For each 

value of  , either    or    takes a fractional value of low denomination, i.e. 2 or 4, as shown in 

Figure 10. 

 

Figure 10: Values of    and    calculated from the redshifts   of the 

Type Ia supernovae CLA10Cal (   1.800), CLF11Ves (   1.206) and 

CLH11Tra (   1.520), where       and      . 
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Two different functions once again were applied to the same data:            and           . 

For each value of   either    or    takes a fractional value of low denomination, i.e. 2 or 8, as shown 

in Figure 11. 

 

Figure 11: Values of    and    calculated from the redshifts   of the 

Type Ia supernovae CLA10Cal (   1.800), CLF11Ves (   1.206) and 

CLH11Tra (   1.520), where         and        . 

 

  

0 

0.5 

1 

1.5 

2 

2.5 

3 

3.5 

4 

0 0.5 1 1.5 2 2.5 3 

n3 

n1 

CLA10Cal 

CLH11Tra 

CLF11Ves 



10 
 

The redshifts of the second three Type Ia supernovae were next analysed. The functions applied to the 

data were:             and            . The major units selected for the graph are 10 and 5; the 

minor units are 2.5 and 1.25. The values of    and    lie on or close to the major and minor levels of 

the graph, as shown in Figure 12. 

 

Figure 12: Values of    and    calculated from the redshifts   of the 

Type Ia supernovae CLP12Get (   1.700), COS12Car (   1.540) and 

EGS11Oba (   1.409), where          and         . 
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The redshifts of the (four) Type Ia supernovae with the three largest redshifts were next analysed. The 

functions              and              have been applied to the data. The numbers    take 

integer or half-integer values, as shown in Figure 13. The points (  ,   ) for CLA10Cal and 

GND13Sto, for which the redshifts are of equal value, lie on the intersection (6, 8). 

 

Figure 13: Values of    and    calculated from the redshifts   of the 

Type Ia supernovae GND12Col (   2.260), UDS10Wil (   1.914), 

CLA10Cal (   1.800) and GND13Sto (   1.800), where           

and          . 

  

7 

8 

9 

10 

11 

5.5 6 6.5 7 7.5 8 

n2 

n1 

GND12Col 

UDS10Wil 

CLA10Cal 

GND13Sto 



12 
 

Finally, the two Type Ia supernovae with the largest redshifts and the two supernovae with the 

smallest redshifts were examined. The functions applied to the data were:             and       

     . The points (  ,   ) for the two supernovae with the largest redshifts lie on levels (    55 and 

    65) either side of a major level (    60), i.e. in a symmetrical configuration, as shown in 

Figure 14. The points (  ,   ) for the two supernovae with the smallest redshifts are arranged 

symmetrically about a major level (    30). 

 

Figure 14: Values of    and    calculated from the redshifts   of the 

Type Ia supernovae GND12Col (   2.260), UDS10Wil (   1.914), 

GND13Gar (   1.070) and GND13Jay (z = 1.030), where          

and         . 

 

4 Random numbers 

Three numbers N – only three numbers – between 0 and 100 (71.8188, 50.0911 and 41.3966) were 

produced using the Excel RAND function. The functions applied to the numbers were:       

      and             . Major units of 1000 and 5000 were used for the graphs. The point 

(  ,   ) for    50.0911 lies on a major level at an intersection of major levels, as shown in Figure 

15. The point (  ,   ) for    71.8188 lies on a major half-level. The point (  ,   ) for    41.3966 

lies on a minor level adjacent to an intersection of major levels. 
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Figure 15: Values of    and    calculated from three random 

numbers   (71.8188, 50.0911 and 41.3966), where          and 

         . 
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5 Mean orbital velocities of the planets 

The mean orbital velocities of the planets [8] were examined. The functions applied to the data were: 

            and            , where   is the numerical value of the mean orbital velocity, which 

was measured in units of km.s
-1

. The major and minor units of the graph have been chosen as 1 and 

1/7 on both axes. The numbers    and    align with integer levels and seventh-integer sub-levels, as 

shown in Figure 16. 

 

Figure 16: Values of    and    calculated from the numerical values   of 

the mean orbital velocities, measured in km.s
-1

, of the solar system planets, 

where          and         . The sub-levels shown are of seventh-

integer value. 
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6 The source total mass in black hole mergers 

For the measurements considered in this section we apply the functions                     and 

                   , i.e.           and          , where M is the numerical value of the 

source total mass, which was measured in stellar masses   , of a black hole merger event observed 

by LIGO and Virgo during the first half of the third observing run [9]. The bases 1.5 and 2.5 have 

been chosen arbitrarily. Five events have been analysed: the first three events; the event with the 

largest total mass; and the (black hole - black hole) event with the smallest total mass. For the graph 

the major and minor units have been chosen as 1 and 1/7 on both axes, as in Section 5. The numbers 

   and    align with integer levels and seventh-integer sub-levels, as shown in Figure 17. 

 

 

Figure 17: Values of    and    calculated from the source total masses M, in solar 

masses   , of five black hole mergers observed by LIGO and Virgo during the first 

half of the third observing run, where                  and                 . 

The sub-levels shown are of seventh-integer value. 
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7 Meson masses 

For the measurements considered in this section we apply the functions:                     and 

                   , i.e.           and          , where m is the numerical value of a 

meson mass measured in units of MeV. The same functions were applied to distances and lengths in 

Section 2. The following mesons have been selected for analysis:    ,   , , , , ' and   . The 

major and minor units of the graph have been chosen to be 1 and 1/7 on both axes as in Sections 5 

and 6. The numbers    and    align with integer levels and seventh-integer sub-levels, as shown in 

Figure 18. 

 

Figure 18: Values of    and    calculated from meson masses m in MeV [10], where    

              and                 . The sub-levels shown are of seventh-integer value. 
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the measurement outcome which maps it onto a rational number: an integer or a fraction of a 

denomination chosen by the observer. Mapping to rational numbers is possible since measurement 

outcomes are subjective to the observer [1, 11, 12]. Integer values suggest a fit to the theory. When 

several quantities constituting a set are measured the mappings are more likely to be to fractions 

although integers are favoured first. If powers of 2 are chosen as the denomination of the fractions, 

half-integers are favoured second, quarter-integers are favoured third and so on. Choosing powers of 2 

as the denominations of the fractions spaces the integers and fractions optimally. When two quantities 

are closely related in the mind of the observer the numerical values of measurement outcomes often 

map onto symmetrically related numbers. The symmetry may be about a principal level (integer) or 

sub-level (fraction). In this paper all four examples of closely related quantities (Figures 1, 7 and 14) 

result in symmetry about principal levels. 

The observer can interpret measurement outcomes in accordance with more than one theory. The 

observer may choose to believe the theory whose functions most commonly map the numerical values 

of measurement outcomes onto integers. From the totality of measurements the observer apprehends a 

self-consistent reality ruled by theories believed by the observer. 
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