Appendix I

1. Human Emmetropia Data

Different species have different degrees of overlap and coupling, i.e. linked focusing, between the visual fields of the left and right eyes. For instance, birds have more-or-less independent focusing of the left L(t) and right R(t) eyes, so we expect the Coupling Ratio  CR = 0.0 to 0.5, whereas primates have considerable visual field overlap, so a  CR  in the range  0.5  <  CR  <  1.0 is expected, Figure 6 and Table 1.  

 The Coupling Ratio CR is directly related to the cross-product term, when computing statistical averages of fluctuating sums and differences. For example, average sum <R+L> and difference <R-L> of the accommodation of the Left L(t) and Right R(t) eyes is:

 
Eq. A-1
    RMS Difference < R – L >

 
 
< (L - R)^2 >  =  <L^2> - 2 * CP * <L*R>  +  <R^2>

 
 
< 0.0444 > = <0.123> - 2*CP <0.219> + < 0.129

 
RMS = sqr (< (R-L)^2> )  =  +/- 0.213 D, CP =  +0.88
 
Eq.  A-2
    RMS Summation < R + L >

 
 
< (L+R)^2>  =  <L^2>  +  2 * CP * <L*R>  +  <R^2>

 
 
<0.458> = <0.123> + 2 * CP *<0.219> + <0.129>


 
RMS =  sqr( < (R+L)^2 > ) = +/- 0.677 D, CP =  +0.88

Note that for CP = 0 ,  i.e. zero coupling between the left and right eyes, typical of birds, the SUM and DIFFERENCE  Eqs. A-1 and A-2 produce the same result, because the cross-product term -2*CP*<L*R> disappears:

 
Eqs. A-3     
< (L - R)^2 >  =  <L^2>   +  <R^2>  
( difference RMS )


 
  
 < (L + R)^2>  =  <L^2>   +   <R^2>   
( summation RMS  )

Computer results for developing chicks indicate CP = 0.5 with the emmetropia data of Coletta, et al. [28].  Results shown in Figure 6 and Appendix Table 1 indicate +/- RMS fluctuations of +/- 0.351 D and +/- 0.359 D for Right and Left eyes. 
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4. Nomenclature

R(t) = refractive state [diopters] at time t [yrs.]

TAU = τ = exponential time constant ~ 100 days 

CR = left-right coupling ratio, 0.0 < CR < 1.0 (App. I)

RMS = sqr [ < (L-R)^2 >  ]

dR = refractive state fluctuations ~ +/- 0.1 to +/- 0.3 diopt.

< f(t) > = <average value> over time T = (1/T) ∫  f(t) dt

Appendix Table 1:  Refractive State Data.  (L = OS [ diopt.], R = OD [ diopt.],  t = age [yrs.]).
	Age
	R(t)
	L(t)
	(R -L)
	(L-R)^2   
	R - <R>        
	L -<L>
	R^2
	L^2
	(R + L)^2
	L * R



	14
	0.75
	0.50
	0.25
	0.063
	0.22
	-00.05
	0.0484
	0.0025
	0.0289
	-00.00012


	19
	0.50
	0.12
	0.38
	0.144
	-00.03
	-00.43
	0.0009
	0.185
	0.217
	0.00017

	20
	0.50
	0.50
	0.00
	0
	-00.03
	-00.05
	0.0009
	0.0025
	0.0064
	0.0015

	11
	0.00
	0.00
	0.00
	0
	-00.53
	-00.55
	0.281
	0.301
	10.17
	0.292

	16
	0.62
	0.75
	-0.13
	017
	0.09
	0.20
	0.0081
	0.04
	0.0841
	0.018

	22
	0.12
	0.12
	0.00
	0
	-00.41
	-00.43
	0.168
	0.185
	0.706
	0.176

	12
	10.25
	10.12
	0.13
	0.017
	0.72
	0.57
	0.518
	0.325
	10.66
	0.410

	16
	0.00
	0.25
	-0.25
	0.063
	-00.03
	-00.30
	0.0009
	0.09
	0.109
	0.009

	18
	0.25
	0.62
	-0.37
	0.143
	-00.28
	0.07
	0.0784
	0.0049
	0.0441
	-00.0196

	13
	10.00
	10.00
	0.00
	0
	0.47
	0.45
	0.221
	0.203
	0.846
	0.216

	19
	0.50
	0.50
	0.00
	0
	-00.03
	-00.05
	0.0009
	0.0025
	0.0064
	0.0015

	17
	0.75
	0.50
	0.25
	0.063
	0.22
	-00.05
	0.0484
	0.0025
	0.0289
	-00.011

	20
	0.25
	0.25
	0.00
	0
	-00.28
	-00.30
	0.0784
	0.09
	0.336
	0.084

	12
	10.25
	10.50
	-0.25
	0.063
	0.72
	0.95
	0.518
	0.903
	20.79
	0.684

	14
	0.62
	0.62
	0.00
	0
	0.09
	0.07
	0.0081
	0.0049
	0.0256
	00.0063

	13
	0.25
	0.62
	-0.37
	0.143
	-00.28
	0.07
	0.0784
	0.0049
	0.0441
	-00.0198

	15
	0.75
	0.75
	0.00
	0
	0.22
	0.20
	0484
	0.04
	0.176
	0.044

	20
	0.50
	0.13
	0.37
	0.143
	-00.03
	-00.42
	0.0009
	176
	0.203
	0.013

	18
	0.25
	0.50
	-0.25
	0.063
	-00.28
	-00.05
	0.0784
	0.0025
	0.109
	0.014

	23
	0.50
	0.62
	-0.12
	0.016
	-00.03
	0.07
	0.0009
	0.0049
	0.0016
	-00.0021



Results:

< Aver0. >   <+00.53>   <+00.55>    - - - - -      <0.0455> 
 <00.0>
      <00.0>      <0.123>     <0.129>      <0.458>     <0.0959>

+/- RMS     - - - - -      - - - - -       - - - - -   +/- 00.213 D    - - - - -       - - - - -     +/- 00.35 D   +/-00.36 D  - - - - - 
- - - - -.
