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Dear Fellow Pilot,


This book describes the practical efforts you must make to achieve vision restoration from 20/70 (-1.0 Diopters) to normal.  I am reluctant to claim that more than this is achievable.  We all go through the 20/40 to 20/70 stage in the process of becoming myopic.  It makes a great deal of sense to understand the critical either-or decision you must make at this point.  Eye-professionals are obligated to supply you with sufficient information so that you will understand the consequences of choosing the wrong approach.  Your eyes belong to you and you will be stuck with the consequences if you choose the minus-lens method.  It is very difficult to reverse nearsightedness that has been made worse by a minus lens.  Our responsibility is to help you and your children understand and use the proper method. Our goal is to supply the supporting rationale for prevention before the situation gets out of hand.


Since the publication of the first edition, I have seen a friend recover from 20/320 (-4.5 diopters) of nearsightedness -- as reported in this book.  You will find out the extent of your own recovery by actually implementing the preventive approach described in this book.

THE FIRST STEP:  Copy the eye chart from the back of this book, or obtain a copy from www.i-see.org.  Xerox the chart so that you will have additional eye charts for your use.  Now tape them on a wall so you can read the chart at 20 feet.  If you find 20 feet too difficult, read the chart at 10 feet, and multiply the line by two.  (In other words, if you read the 20/20 line at 10 feet, your vision is actually 20 x 2 = 40, or 20/40.)  With both eyes read the lowest line possible.  Write the line down with the date for future reference.  You must read 4 out of 5 characters to pass the line.  Now check each eye individually.  If you are less than 20/100 with both eyes, recovery may be difficult.  If you are at 20/40 or 20/30, recovery could be achieved in a matter of months or even weeks.  Now read the book.


This book concerns itself with scientific proof of the dynamic behavior of the eye.  However, the only proof you are interested in, is your own ability to get yourself out of nearsightedness (i.e., to change your focal state from 20/70 to 20/20).  When you achieve this, you will have demonstrated the most important fact about myopia to yourself -- that prevention works when you carry out the process in a consistent, logical manner.  May successful results attend your efforts!

Otis Brown

Foreword


Ophthalmologists, optometrists and research workers are responsible for the second opinion presented in this book, that nearsightedness (myopia) is as much, if not greatly more, due to environment (and avoidable) than heredity (unavoidable).


The essence of avoiding myopia is using a plus lens (a mild magnifying glass, as in reading glasses required by older people) before the eye becomes seriously nearsighted.


If the approach advocated in this book is to work properly,  you must take full responsibility to develop a clear understanding of the normal eye's behavior.  In addition, you must personally implement the practical method of prevention.


In this situation we can only offer the student of science an accurate picture of existing practices, as well as an education about the fundamental behavioral characteristic of the normal eye.  This approach will put you in full control of your visual welfare.


The author has demonstrated a depth of understanding of the problems and limits that occur in existing health practice.  With good judgment, and personal effort, it is highly probable that you can avoid nearsightedness.


Paul E. Romano  M.D., M.S.O.


Professor of Ophthalmology,


University of Florida, Gainesville
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INTRODUCTION

It is better to light one candle than to curse the darkness.


The Christophers


It is a pleasure to produce the Ebook edition of this book.  While many scientists are convinced as to the accuracy of the facts presented in this book, we could not be certain that pilots of less experience could get the proper insight, work with the plus lens, and ultimately clear their distance vision to normal.  


This book details the practical efforts that you must make in order to achieve vision restoration from 20/50 to 20/20.  I cannot claim that more than this is achievable, although Dr. Stirling Colgate states that he was able to recover from 20/80.  You will find out the extent of your own recovery by actually implementing the preventative procedure described in this book.

IS THIS BOOK FOR YOU?


This book is designed for use by two groups of individuals;  the research scientist who is willing to develop a thorough understanding of the fundamental behavior characteristic of the normal eye, and the person, for example a would-be pilot, entering a four-year academic institution, who wishes to be visually qualified upon graduation.  It is also of interest to parents of school-age children.


It is possible to avoid nearsightedness.  Recovery from nearsightedness has been successfully accomplished, for example by Stirling Colgate, a scientist who developed a clear understanding of the normal eye's behavior.  It is, however, almost impossible to recover from anything more than a slight amount of nearsightedness.  Because of the difficulties of recovery, it is important that you clearly understand the scientific basis for this alternative approach. 


This alternative has been developed over the past three decades by the eye care profession and is currently practiced by twenty percent of the profession.  The practice requires the use of a plus-lens (bifocal) for children who are slightly nearsighted.  This development (of the second-opinion) encourages us to look more deeply into scientific experiments that resolve the normal eye's behavior.

THE FIRST STEP

The eye chart is in the back of this book.  Xerox the chart so that you have additional charts for your use.  Now tape them on a wall so you can read the chart at 20 feet.  With both eyes read the lowest line possible.  Write the value down.  You must read 4 out of 5 characters to "pass" the line.  Now check each eye individually.  If you are less than 20/70 with both eyes, recovery will be difficult.  If you are at 20/30 or 20/40, recovery could be achieved in a matter of weeks.

SEQUENCE OF PRESENTATION


This book explores three major scientific subjects:

1.
What practical steps must you take to avoid nearsightedness?  (Chapter One to Three)  Is the method effective?  (Chapter Eleven)

2.
How does the normal eye behave when it is actually tested?  (Chapters Four to Seven)

3.
Why must the eye function as a dynamic system, rather than as a passive system?  (Chapters Eight to Ten)


This book will help you understand how the normal eye behaves under direct experimental control.  After you understand this behavior, you can then begin to devise a strategy to successfully avoid nearsightedness.

EXPERIMENTAL VERIFICATION OF THE EYE'S BEHAVIOR


This book is based on directly-obtained experimental data.  The facts clearly define the behavior characteristics of all normal eyes.


When the normal eye is placed in a confined visual environment, or wears a negative lens, (such as is currently being prescribed for nearsightedness) the normal eye will change its focal state in a negative direction.  When the normal eye is placed in an open environment, or wears a plus lens, the focal state of the eye will change in a positive direction -- thus achieving successful myopia avoidance.  Both theoretical analysis and direct experimental testing has confirmed this fundamental behavior characteristic of the eye.  (The plus and minus lenses will be thoroughly discussed later in this book.)


The concept of the eye's behavior presented in this book is technical in nature.  However, I feel that most readers will be able to understand most of the analysis.  A detailed understanding requires a engineering background.  If you develop this insight, you will be able understand the nature of the normal eye's behavior.  The student of science will eventually be able to do this.  For this reason I have not excessively simplified the scientific presentation.


If you will make the appropriate effort to understand the eye's behavior, you will eventually be rewarded by your own successful effort to defeat nearsightedness.

A SCIENTIFIC APPROACH


The outlook of this book follows the English (Scientific) Royal Society's Motto, "Nullus in Verba", which has been best translated as, "Take nobody's word for it;  see for yourself."  The first step in learning to make a scientific judgment is to learn to make your own decisions, based on your own measurements.


Your eyes belong to you, and you must control your own visual future.  The only way to make a responsible decision is by being cognizant of your focal state.  With this knowledge you can act effectively to control the behavior of your eyes. 

THE EYE CHART


A standard eye chart is included in the back of the book.  You should use this chart to confirm your current focal status.  A reading of 20/60 or 20/70 is not disastrous.  You should, however, take this situation as a warning and consider the alternative.  Even if you read the chart at 20/20, there is no guarantee that after four years of study and close work you will graduate with 20/20.  At the United States Naval Academy approximately 30 percent of the entering class are disqualified from flying due to failure to read the 20/20 line upon graduation!

THE EXPLICIT RECOMMENDATIONS OF THE EYE PROFESSION


Because ophthalmologists are aware of existing experimental studies, they have  strongly suggested that prevention is the best solution for the problem of nearsightedness.  Unfortunately, this recommendation has never been effectively presented and acted upon.  Although the correct solution is known, the methodology of prevention has never been implemented.


There is direct testimony as to the effectiveness of the use of a positive (plus) lens to control the negative focal state of the normal eye.  Many children and adults can help themselves if the principles in this book are properly understood and applied.

A PERSONAL NOTE BY DR. STIRLING COLGATE


Dr. Stirling Colgate, a research scientist with the Los Alamos National Laboratory, correctly deduced the behavior of the normal eye, and began using a plus 2.5 diopter lens to reverse the effect of a confined environment on his eyes.  By doing this, he successfully recovered from a slight amount of myopia.


"Fortunately, I understood most of this for myself when I was studying biology and physics when I was 14.  I first started to become nearsighted at 13 to 14.  As soon as I noticed it, I immediately acted upon it by buying a pair of reading (farsightedness) glasses, (positive lenses), at the dime store.  I used these for reading.  A positive lens substitutes for further contraction of the ciliary muscle;  thereby allowing the eye focus to remain in the relaxed state of infinity when reading a book up close.  Within several weeks my eyesight had returned to normal -- relaxed state of focus at infinity."


"Since I am a physicist I am not dependent upon optometry or ophthalmology for my professional peer group.  I have managed my own eyesight all during my life (now 63).  I have undertaken to try to explain this because I believe that the condition of myopia (and then having to wear nearsighted glasses for life) is totally unnecessary for the majority of the human race.  I believe that the condition of progressive myopia is a grotesque and needless distortion of human physiology, created by our intellectual environment of reading and continued because of our collective denial of that very intellect." 

CONCLUSION


If a fourteen-year-old can figure out how to act effectively to avoid myopia then you should be able to duplicate his successful preventive effort.


This book contains a detailed scientific and engineering assessment of the normal eye's behavior.  If you wish to develop a complete understanding of eye's behavior under testable conditions, then review Chapters Four through Ten.  The previous discussions about problems of the eye have been qualitative.  A qualitative statement is very difficult to test in a scientific sense, and often has imbedded bias and assumptions.  These arguments (about the cause of the defective eye) have not led to a clear understanding of the normal eye's behavior.  To encompass a full and accurate understanding of the eye it is necessary to develop a precise quantitative model of the eye's behavior.


It is always difficult to develop a book that advocates change in existing medical practices.  However, if we are ever to come to grips with a major scientific problem, we must be willing to generate criticism of existing practices so that at least a few of us will have the opportunity to effectively defeat the problem of nearsightedness.


This book applies only to nearsightedness that is preventable.  You should consult with an ophthalmologist or optometrist if you think that the blur at a distance is a result of a diseased condition such as detached retina, glaucoma, etc.  After you are assured your problem has to do only with the refractive state of your eyes, you should proceed with the preventive approach recommended in this book.
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CHAPTER I

WHO IS RESPONSIBLE?

There are no hopeless situations.  There are only men who have grown hopeless about them.


Anonymous

INTRODUCTION


It is difficult for us to change our habits of thought and practice, even when they lead to unhappy consequences.  Very few of us will accept an uncommon proposal if that proposal involves the use of a preventive lens on the (almost) normal eye.

LEARNING TO TAKE MAJOR RESPONSIBILITY

FOR YOUR OWN WELFARE


You must eventually decide how worthwhile maintaining normal 20/20 vision (focal state 0.0 to +1.5 diopters) is to you.  If a plus lens is thrust upon you and you do not understand the reasons why you must use the lens, it is unlikely that you will persist in the effort long enough to achieve the desired result.


Only you can know how much effort you have actually put into your plus lens use.  It is you who must verify that your eyes were 20/40 when you started using the lens and that your eyes have changed in value from 20/40 to 20/20 after several months of intensive plus lens use.

HOW DO WE ACCURATELY REPRESENT

THE NORMAL EYE'S BEHAVIOR?


Up to the 1960's there was no high quality experimental data available by which one could judge the normal eye's behavior.  For the last 25 years, increasingly better quality experimental data has been presented which does establish the fundamental behavior characteristic of the eye.  To my knowledge, this information has never been made clearly and consistently available to the layman who has a compelling desire to avoid myopia.  Such a person, with proper assistance, is most likely to make effective use of the recommended approach described in this book.


The analysis in the book concerns only nearsightedness that results from the fundamental behavioral characteristic of the normal eye.  Since most nearsightedness is of this type, major emphasis is placed on the study and resolution of the normal eye's behavior.

PREVENTION IS DIFFICULT


We should learn from the man who successfully defeated the myopia situation.  Dr. Stirling Colgate details his struggle and success with the problem in the following paragraphs.


"Science has progressed to understanding this mechanism of slow adaptation of the relaxed focal length (focal state) of the eye to its average focal environment.  A significant number (several dozen) professional people in ophthalmology and related disciplines have empirically and intuitively come to the same conclusions (that nearsightedness is preventable) and unsuccessfully attempted, even with the dedication of a lifetime, to reverse the orthodox view of solely genetically determined eye focus."


"Many individuals in the ophthalmology profession have not yet recognized a mechanism of slow adaptation of the relaxed focal length (focal state) of the eye to its mean focal environment for various reasons.  Among these reasons are:"

1.
"There is a long-standing orthodox view that all focal states are hereditary and therefore nothing affects focus after conception."

2.
"The public demands instantaneous sharp vision; i.e.  Johnny can't read the black board and I won't stand for any nonsense about getting glasses that make it still fuzzier -- even temporarily."

3.
"The scientific understanding of the (normal) eye's development is not yet widely published, so there is always an excuse to ignore it."

4.
"There have been many non-scientific books about sight-without-glasses that have not logically argued the reasons, not given the physics background, nor have they discussed the biological mechanism.  For example, eye exercises involve contracting the ciliary muscle, causing a nearer more myopic focus and, therefore, resulting in a negative change of focus for the eye."

5.
"If reading glasses were used at the onset of myopia, up to 90 percent of nearsightedness could be avoided.  Furthermore, reading glasses should cost no more than $5.00 to $7.00 to manufacture and sell for $10.00 to $15.00 without a prescription."

6.
"Many optometrists and even some ophthalmologists believe that myopia and wearing glasses is not such a bad thing; after all, many people want to buy glasses in order to look chic.  The very many that undergo the discomfort and expense of wearing contact lenses is an overwhelming vote to the contrary.  People would rather not be nearsighted."

7.
"Finally, social pressure of intellectual achievement is forcing the age of first reading to an earlier, even preschool age, hence causing earlier myopia, and a potential for further progression."

WHY DO SO FEW PEOPLE KNOW ABOUT THIS?


"It is perhaps worth speculating why there has not been any prior recognition by the medical and optometry professions of the approach to the management of eyesight focus.  I believe there are many additional 'reasons' but I have heard these:"

1.
"Nearsightedness is not a very severe handicap, and mostly those affected are studious anyhow and don't need distance vision."

2.
"It is not a problem for medicine and so medical doctors are not concerned."

3.
"If you don't want to be nearsighted, give up reading."

4.
"Negative lenses that correct nearsightedness are relatively cheap and easy to wear so why bother with another approach."

5.
"Glasses are a status symbol of the intellectual."

6.
"Contact lenses make nearsightedness even less of a problem."

7.
"Only recently has nearsightedness become a severe problem -- it is both more prevalent and, because of earlier onset, leads to progressive myopia."

8.
"Traditionally, medicine treats or cures the symptom and, only recently, is preventative medicine respected."

9.
"Only very recently is there a rational scientific explanation for the scientific observation of the developmental mechanism of the normal eye."


"Only the last statement is acceptable to me.  So now that there is such a scientific basis, let's get on with the solution."

HOW DR. COLGATE DEFEATED THE PROBLEM


"Now I assume that you are young, 8 to 20 years old; have recently (within months) started or gone nearsighted and don't want to go on with thicker and thicker negative lenses for distant vision.  You buy and wear positive lens reading glasses for all your reading -- or anything up close, and even for some of the rest of the time.  You might get a bit of a headache at first; if so, decide which comes first -- the headache or myopia, and adjust the use of the positive lenses accordingly.  Monitor your own mean relaxed focus, i.e., distance vision at least once a day. 


"I may or may not be average but it took me only 2 weeks when I was 14 years old to return my initial myopia (about 20/80) to normal vision, i.e., (20/20) eyesight.  (20/20 vision means that you can see at 20 feet what a "normal" person sees at 20 feet.)  Twenty feet is almost the same as infinity;  (20/80) vision is the start of myopia.  I could see at 20 feet what good eyes could see at 80 feet.  I was studious, slightly shy, introverted type -- which also included, fortunately for me, a course in physics at that age.  That is when I first understood the simple facts about lenses and optics and the absurdity of using a negative lens when I was becoming nearsighted.


"I bought my own reading glasses in the dime store.  They were plus 2.5 diopters and stronger than I needed, but they did the trick in a hurry.  If you catch the start of myopia before the lens muscle spasm leads to irreversible lengthening of the eyeball (change of focal state), then it seems that the eyesight returns to 'normal' rapidly."


"If you make up your mind what value the mean relaxed focal distance you want in life, you can manage or lead your eye to that condition.  When several times I lost my reading glasses during the war (World War II), I could not get them replaced by military optometrists because my glasses were not orthodox.  I rapidly became myopic again;  at 17 I read a lot in the Merchant Marine.  I restored my vision to 20/20 as soon as I could purchase positive lens reading glasses when I returned to the States."


"During the war there was much social pressure to get into the officers' college training programs, but 20/20 was required.  A few optometrists recognized the need and they prescribed positive lens glasses for myopic young people who desperately wanted to get into the Navy V-12 training program.  This technique worked for many who were moderately myopic.  An optometrist at Cornell was surprised that I had been doing this successfully since the age of 14."

WHAT WE SHOULD LEARN FROM DR. COLGATE

1.
Nearsightedness prevention is possible -- if the work is done properly.

2.
You must have the internal competence and desire to do the job logically and consistently, and must have a compelling personal reason to want to succeed.

3.
The effort must be conducted as soon as the situation is detected (20/40,  -1/2 diopter myopia)

4.
You must take the time to learn and understand the behavior of the normal eye.

CHAPTER II

PRACTICAL NEARSIGHTEDNESS AVOIDANCE

"I know that most men ... can seldom accept even the simplest and most obvious truth if it be such as would oblige them to admit the falsity of conclusions which they have delighted in explaining to colleagues, which they have proudly taught to others, and which they have woven, thread by thread, into the very fabric of their lives."

Leo Tolstoy

THE FACTS ABOUT THE EYE'S BEHAVIOR


Your understanding of the facts that establish the normal eye's behavior will eventually determine your success in avoiding myopia.


There are two categories of facts that must concern you.  If I tell you that there are more than one million stars in the universe, you might believe me.  If I tell you that the paint on a bench is wet, you will reach out and touch the bench.  The facts that I present must be as clear and convincing to you as wet paint on a bench.


The facts presented in this book can always be confirmed by yourself in the same manner that you would confirm that a park bench has wet paint.  If you ran your own experiments you would find that the normal eye can be driven towards nearsightedness by either a negative lens or a confined  environment.  Understanding this fact is crucial to understanding the normal eye's behavior.


The next step is to recognize that your eyes behave the way that all normal eyes behave.  By substantially changing your near environment into a "far" environment you can successfully recover from a slight amount of myopia.  This requires that you have a logical, self-disciplined mind that will go from fact recognition, to a process of implementing a solution that meets your personal needs.

THE HISTORY OF EXISTING PRACTICE


The use of a lens to deal with any and all problems of the eye began in the 14th century.  The practice of using a negative lens for nearsightedness has continued, almost unchanged, for the last 300 years.  The compelling reason for this practice is the public's demand for an instant solution, and a corresponding refusal to consider the use of an alternative approach.

A REVIEW OF THE PAST APPROACH


We should all thoughtfully evaluate the unfortunate effect of using an immediate and easy fix for the problem of nearsightedness.  This situation of a self-perpetuating mistake (produced by public need and attitude) is sometimes recognized by the students of medicine.  Dr. Perri Klass said it this way in VITAL SIGNS:

"... Sometimes the awesome weight of medical knowledge is totally off the beam.  You have to practice medicine with that in mind, with the knowledge that a hundred years or so along the road, they'll be telling stories about the medical theories of today to get a laugh of the medical students of 2085..."

And about medicines' confidence in its routines:

"... Or something so basic, so taken for granted, that no one has gotten around to questioning it.  Whatever it is, probably the medical profession is collectively doing something really dumb and really damaging, and doing it with complete good will and typical medical self-confidence."


This applies to vision.  The demand for negative lens use comes partly from the public's demand for an instant solution, (and corresponding reluctance to properly use a plus lens) and not from a scientific assessment of the behavior characteristic of the normal eye.

HOW DOES THE NORMAL EYE BEHAVE

WHEN IT IS ACTUALLY TESTED?


Much of this book concerns testing and verification of the normal eye's behavior.  This work, although absolutely essential, cannot give you immediate guidance in your effort to get yourself out of a slight amount of nearsightedness.  You should, however, read on in order to understand the following optical principles.

WHAT IS A POSITIVE LENS?


The positive lens, when properly used, will change a near environment into a "far" environment.  This is the desired objective. (Figure 1)
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Subjectively, the lens (which is a low-power magnifying glass) makes the object look slightly larger.  People have reported that the lens reduces eye-strain caused by close work.  The lens has been used for over a century for this purpose, and it is recommended and used by the eye-care profession.  The plus lens is regarded as absolutely safe for all reading.


Such a lens must have a strength of greater than +1.5 diopters if the glasses are to achieve the desired result in a reasonable period of time.

WHERE CAN I PURCHASE POSITIVE LENSES?


Because a positive lens is not a prescription lens, the glasses are sold in almost all pharmacies.  They sell for about $10 to $12, and are rated in terms of diopters and/or focal length.  A 2.0 diopter lens would be used at 20 inches, and has a focal length of 20 inches.  If you habitually read at 25 inches then you would use a 1.75 diopter lens.  The power of the lens is normally stamped on the bow of the glasses.


If you wish to determine the focal length (power) of the glasses by direct measurement, hold them up in sunlight above a flat surface.  Move the lenses up and down.  Find the distance where the sun forms the sharpest and smallest image.  Then measure the distance from lens to surface.  The focal length is the reciprocal of lens power:


Distance In Inches
Focal Power


40 Inches
1 Diopter
Weakest


20 Inches
2 Diopters


13 Inches
3 Diopters


10 Inches
4 Diopters
Strongest

HOW DO I USE THE POSITIVE LENS?


Once you select the lens that you feel is best for you, (between 1.5 to 2.5 diopters) select some reading material.  For a starting point, hold the reading material about twelve inches from your eyes.   Gradually move the print away from your eyes and note the point where the print just blurs.  This point should be your habitual reading distance.  If you habitually read closer, you will need a stronger lens.  If you read at a greater distance you need a weaker lens.  Some experimentation is in order here, and you may try several pairs of glasses before you find the right pair for yourself.  In general, stronger is better, but you will want to be comfortable with the lens you choose.


If you have never used lenses before, you will notice a slight disorientation when you read close (with the lenses on) and then look in the distance over the tops of the lenses.  This is a good indication that the lenses are having their desired effect.  The reason for this is that the lenses have placed the near work at a distance while the convergence system believes the work is close by.  This situation is normal and is part of the price one must pay to avoid nearsightedness.

UNDERSTANDING THE EYE CHART


This chart is called the Snellen eye chart.  In daylight, the normal human eye can resolve objects that are separated by about one inch at 100 yards.  This is 1 minute of angle resolution.  The typical eye chart displays letters that cover 5 minutes of angle.  To read the letters on the chart requires the ability to separate the white space from the black space.  This is the most common method of quickly determining the resolving power of the eye.  Over the past 100 years, the standard distance for this measurement was set at 20 feet with normal room illumination.  The letter size for 20 feet is 3/8 inch.  The letter size for 20/40 vision is therefore 6/8 inch, and so forth.

HOW TO READ THE EYE CHART


Reading the eye chart is straight-forward.  Place the chart at 20 feet and start reading from the bottom up.  You will find variability in your readings.  Some days you will be able to read the 20/20 line without difficulty.  Other readings will drop to 20/40 or 20/60.  As the plus lens begins to have the desired effect, you will find that you can more consistently read the 20/20 line.

THE FAA REQUIREMENT


We can use the Federal Aviation Administration's considerable experience in testing eyesight.  The requirement for the First Class Medical Certificate (Airline pilot requirement) for flying, is the ability to read four out of five characters on the 20/20 line.  You should check and double check your visual state by yourself so that you understand and trust the measurement.  Use the FAA method of measurement as the standard.  This measurement is made in a well-lighted room, with the eye chart at a distance of twenty feet.  I recommend that you set up the eye chart (in the back of the book) and check your eyes as soon as possible.

THE FAA CLASS MEDICAL VISUAL REQUIREMENTS

3rd CLASS: 
Distant vision -- at least 20/40, without correction; or if vision is poorer than 20/40, must correct to 20/40 or better with corrective lenses.

2nd CLASS: 
Distant vision -- same as 1st.

1st CLASS: 
Distant Vision -- 20/20 in each eye separately without correction or at least 20/100 in each eye separately corrected to 20/20 or better with corrective lenses.

WHAT MUST I DO IF I CANNOT READ THE 20/20 LINE?


In checking your focal status, you will determine either that you can or cannot read the 20/20 line.  If you read the 20/40 line you will still pass the state test for a driver's license.  (The 20/40 line translates into a focal state of about  -1/2 diopter.)  If as a potential military pilot you cannot read the 20/20 line your professional flying career will go on hold.


The Naval and Air Force Academy students (who are not offered the use of the plus lens) never recover from a slight amount of nearsightedness.  It is also true that the Naval and Air Force Academy will not accept you for a flying career if you have less than naked eye 20/20.  However, the Air Academy has recently relaxed its requirement, and will allow you to continue with less than 20/20. 


The airlines have changed their policies -- somewhat.  Delta categorically requires naked eye 20/20, but the other  airlines have changed their requirements from a minimum of no worse than 20/30 (focal state -0.25 Diopters), to a minimum of 20/100.  If you use a "quick fix", or negative lens, your vision will worsen, and there is a high probability that you will go below the Airline minimums, even with a waiver.  It is a situation that you should wish to avoid.


The experimental data, and the testimony of scientists and ophthalmologists, indicates that you can recover from 20/60.  It is obviously better to get out of nearsightedness.   Given the choice between a nearsighted pilot and a non-nearsighted pilot, the airline will choose the pilot who can read the 20/20 line.


The  approach recommended in this book requires that you wear the plus lens for almost all close work, and take over complete control of the situation.  This requirement may perhaps seem a burden, but you must decide -- the inconvenience of plus lens use, or the loss of your career as a professional pilot with the loss of your distance visual acuity.


If your vision is 20/60, you should persistently wear your lenses and check your eyes once a week.  You can personally determine when you can again read the 20/20 line.  It may take from three to six months to again read the 20/20 line.  Once you can read the 20/20 line you should continue using the plus lens for another two or three months.  You should continue checking your eyes at monthly intervals -- just to make sure that you will be able to pass the FAA exam when you are required to do so.


If your myopia returns (after not using the plus lens for a while) you will have to start the process again.  It is best if you control this entire process yourself.

OTHER CURRENTLY PRACTICED METHODS


While I strongly recommend that you use the simplest and least expensive approach (less that $100) to avoiding (and recovering from) nearsightedness, for sake of  completeness I will discuss two other existing practices that will produce recovery.

RADIAL KERATOTOMY (CORNEA CUTTING)


This approach involves the physical cutting of the cornea (the transparent surface of the eye).  The approach produces uncertain results, and costs approximately $ 3,000 per eye.  The Air Force will reject you if you have this done, even if you obtain 20/20 vision.

ORTHOKERATOLOGY (ORTHO-K) (CORNEA RESHAPING)


In orthokeratology, a hard contact lens of larger radius than the cornea (see  page 20) is used.  This lens is force-fit onto the eye, thus changing the shape of the cornea.  This approach costs from $1,000 to $2,000, and will produce vision restoration if your  vision is on the order of 20/80.

AM I SAFE IF I CAN READ THE 20/20 LINE?


Even if you read the 20/20 line when you enter a four-year college there is a good probability that you will fail the eye chart before graduation.  You should monitor you eyes by placing the eye chart in your room and occasionally verifying that you can easily read the 20/20 line.  When a day arrives that you cannot clearly see the 20/20 line you should initiate the plus lens procedure.  It is better to know about this method beforehand so you will not panic when you get into the situation.

WHAT IS THE PROBABILITY THAT I WILL BE

NEARSIGHTED ON GRADUATION?


For the past 50 years, the U. S. military academies have been monitoring the focal behavior of the normal eye.  They have determined that the average eye goes downhill at the rate of about -1/4 diopter per year.  If one has a focal state of zero diopters on entry, one has about a 10 percent chance of graduating with 20/20 vision.  If the focal state is +1.0 diopters one has about a 90 percent probably of graduating with 20/20 vision, although the focal status will have changed from +1.0 diopters to 0.0 diopters over the four years.

MEASUREMENTS


You could check your own focal state if you had the proper set of positive lenses to do so.  Failing this, you should find a cooperating optometrist or ophthalmologist who will check you focal status.  Make a note of this measurement.  If the value is + 1.0 diopter for each eye you will almost certainly graduate with 20/20 vision.  If the value is 0.0 diopters, you can be almost certain that without intervention you will sink below the 20/20 line during your four years of intensive work.


A number of eye-measurement approaches are used by the eye profession.  Some eye Doctors will use a small "box" with an eye chart which you look into.  Others will have you read an eye chart in a darkened room.  These different methods of measurement will produce different and  inconsistent readings.  If you are told you have 20/40 vision in a darkened room, you may find that you have 20/20 in a  well lighted room.  


If you find that you can read 20/20 line, and you have recently received negative lenses for nearsightedness, you should find an FAA medical examiner, make an appointment, read the eye chart for him, and get the "must wear negative lenses" requirement removed from your FAA license.  You should, in addition, still use the approach described in this book to insure that you never again get back into nearsightedness!

ADVICE FROM OTHER SOURCES


You will undoubtedly get advice from many sources.  Much of this advice will be confusing and contradictory.  Each group has its own vested interest.  The health profession must cater to everyone, and its procedure must work instantly on everyone.  Health professionals cannot easily sort out who will take the initiative to make the preventative effort work successfully.  Some have (privately) recommended the approach suggested in this book.

THE SCIENTIFIC COMMUNITY


For at least twenty years scientists have recognized the reason and the need for plus-lens use to prevent the occurrence of nearsightedness.  


It is impossible to impose prevention or conduct a preventative study until each individual is aware of the history of the problem as well as the nature of the probable solution.

THE MEDICAL COMMUNITY


For the past twenty years the medical and health community has consistently advocated prevention with the plus lens.


Faced with a public misconception about the use of lenses for the eye, the doctor (who must deal with the public) is forced to follow the tradition of the last 300 years -- regardless of the long-term consequences.  The health profession has recognized that the situation requires a strong personal preventative effort but is unable to persuade most individuals to consider and use the alternative approach.

CONSEQUENCES OF FACT RECOGNITION


The consequence of a careful review of the experimental data that clearly establishes the behavioral characteristic of the normal eye causes us to reject the idea that a positive or negative focal state of the eye represents any defect of the eye.  The normal eye always controls its long-term focus.  The use of a negative lens when you are on the threshold of the situation virtually guarantees that your nearsightedness will worsen and become non-recoverable. 


The only way you personally can be certain that you understand the normal eye's behavior is to perform the critical experiments yourself.  If we desire almost absolute proof that the normal eye is a dynamic system, then we must develop a mathematical concept of the eye's behavior and rigorously test that concept.

SUMMARY


This book concerns itself with two distinct and separate problems.

1.
Factual and intellectual work, now completed, which verifies the fundamental behavior characteristic of all normal eyes.

2. 
The requirement of the scientific profession to inform the would-be pilot about a reasonable approach to defeat nearsightedness.


Care for the defective eye is a responsibility that is thrust upon the health profession.  The responsibility for dealing with and judging the normal eye's performance is a scientific responsibility.  These two responsibilities are often confused.


In the past would-be pilots have become nearsighted with no intimation of a solution.  Nor has any warning been explicitly provided to these young men about the inherent danger of negative lens use.  The tragedy is not that nearsightedness develops with predictable and monotonous regularity but rather, that the would-be pilot (who would desperately like to get out of the situation) is not adequately warned and offered a practical alternative. 

CHAPTER III

THE EFFECT OF A NEGATIVE LENS

ON THE NORMAL EYE


Truth is so obscure in these times,



and falsehood so established,


That unless we love the truth



we cannot know it.


Blaise Pascal

THE HISTORICAL OPINION OF THE USE OF

A NEGATIVE AND POSITIVE LENS FOR NEARSIGHTEDNESS


Over the past eighty years, eye doctors have become increasingly suspicious of negative-lens use for nearsightedness.  While the immediate effect is instant clarity of vision, the long-term effect has been recognized to be bad.  For instance Dr. Samuel Drucker said: (3)


"The suspicion began to dawn on me slowly that among the causes of progressive myopia it might be necessary to list concave lenses themselves.  From many articles that have appeared in the past on the subject of 'Optical Poison', a familiar term a decade (1930) ago, many other optometrists appear to have the same idea."


An optometrist in Ontario (1938) says that, "...he would like to have a law established and enforced that would make it a misdemeanor for any refractionist (optometrist) to prescribe minus glasses for any child unless under very extenuating circumstances."  (3)


These are strong opinions by individuals who have had direct and prolonged experience with the use of a negative lens and the effect that this lens has on the normal eye.


Doctors, some time ago, have correctly deduced the nature of the problem and suggested the correct solution.  For example, Charles Prentice, wrote the following in 1895: (3)


"In the nomad, who is reared out of doors, and who follows such pursuits that his vision is mostly used at twenty feet and greater distances, the nerve-impulses to the ciliary (lens) muscle become established so that the easiest vision is for the far point, and in many years of such use, these impulses become more or less fixed;  while the child of a higher civilization spends his life within doors, amuses himself with toys, picture books, kindergarten amusements and learning to read."


"We will assume that such a child generally holds his book or toy 10 inches (4 diopters) from his eyes, in which case the crystalline lens requires a much greater convexity, or higher state of refraction to bring about perfect vision; and this is brought about by an increase in the ciliary nerve-impulse which changes the shape of the ciliary lens.  Through long continued use, this impulse becomes comparatively fixed, and in some instances refuses to suspend itself sufficiently to bring about distant vision again, and so myopia has set in.  The regular work of the student and those other pursuits which require the use of the eye at the near point, tend to perpetuate this condition and make it progressive."


"...Again, the important question,  'How are the advantages of a high civilization to be attained without the foregoing disadvantages?'  If the eyes are to be used at a distance of ten inches, aid them artificially by a ten inch magnifying glass; then the nerve-impulses to the ciliary muscle will be no more than if the patient were leading an outdoor life and viewing objects at twenty feet or more."


It is clear that the collective common sense of the profession has indicated the type of problem they face and the nature of the expected solution.  In the article  "Trying to Get Myopia into Focus", (1987) Dr. Theodore Grosvenor of the Houston College of Optometry, insists that persistent close work causes myopia.  He also states that;  "Once the eye has started to stretch, it may be too late to keep it from stretching.  The ultimate study would be to put reading glasses on first-graders, before anyone has developed myopia."  (4)

WHY ISN'T THE PREVENTATIVE APPROACH OFFERED?


With this type of scientific understanding of the eye's behavior, you would think that the insightful and motivated optometrist or ophthalmologist could introduce a practical and effective method of solution.  Dr. Jacob Raphaelson did exactly that in the following example -- with the following result:

THE PRINTER'S SON


"It was the year 1904 that I met a mother at a social lodge meeting.  She told me about her son's trouble with his eyes in school.  I gave her my card and told her to bring him to my office and I would fit him with a pair of spectacles."


"She said that she had no money at the time and that her husband was a printer working in another city.  She did not expect him home for the next six weeks.  I told her all this would not matter, that she should bring the boy over and I would fit him with a pair of spectacles.  I told her that she could pay for them when her husband returned home."


"She brought the boy in and I examined his eyes.  I found that his vision for distance was poor.  It was less than 20/40.  I made him a pair of plus 1.00 diopter spectacles.  She was to pay me when her husband came back home."


"In about six weeks she came back and returned the glasses to me.  She stated that her husband was provoked with her for getting the glasses.  He had  tried the boy's eyes with different prints, far and near, and had found him to have perfect vision with his naked eyes.  In fact, she said, the boy could see even better without the glasses than with them."


"I was surprised that the plus lens could produce recovery that quickly.  I could hardly believe this story.  I persuaded the mother to bring the boy back to let me check to see if he could really see well with his naked eyes.  She again brought the boy in and I checked his vision.  I found that the father was indeed right.  The boy had good eyes, with 20/20 vision and better."


"I was in a dilemma.  I did not have the nerve to say anything to the mother.  I just let her go.  How was I to prove that the boy had poor vision before he received his glasses?  And who would believe that vision could be restored by just wearing a pair of plus 1.00 glasses for a few weeks?"


"My experience with the printer's son aroused my inborn tendency for exploration.  It gave me an incentive to try to do special work on children's eyes and on vision restoration.  It also enticed me to investigate myopic (nearsighted) eyes because I was myself nearsighted."


"On the other hand, this experience was a warning to be cautious in doing such work.  For selling spectacles to persons who, supposedly, did not need them was almost a crime.  And the fitting of glasses without the advice or consent of a medical doctor to unhealthy or diseased eyes, or even to an unhealthy person who might need or be under medical attention, was, and is now, and encroachment on the medical profession."


"To shield myself against possible enmity and involvement, I took the following precautions:  First, I quit using the title 'doctor' in any form, in print or verbally.  I was to be known as a spectacle fitter and nothing more.  Second, I charged a reasonable price for the spectacles I sold but nothing extra for any special work or relief I gave.  I did not advertise about this special work.  I just did it as a matter of routine whenever or wherever I was given the opportunity."


"Thus in 1904 I became an independent researcher on the relationship of the eye's behavior to spectacles, vision, and health.  I have kept it up, and will continue to do this work as long as I continue to have the incentive and capability."


"Who would believe it?  Who would believe that by just wearing a pair of plus one (+1.00) glasses for a few weeks, that normal vision to the naked eye could be restored to children whose eyes have a negative focal state?  This was true in 1904, and it is also true now, in this decade of 1950."  (It continues to be true in this decade of 1990 -- Otis Brown)

SCIENTIFIC VERIFICATION


With such strong recognition that a negative lens has such a profound and adverse effect, you would think that it should be possible to develop scientific verification for this characteristic of the normal eye.  You would be correct.  The testing and verification is impeccable -- if we restrict our attention to the normal eye's behavior.

BASIC OPTICAL PHYSICS


In order to understand the design and behavior of the normal eye it is necessary to understand its basic optical properties.


When a light ray enters water it is refracted (bent).  The equation that describes this bending is shown below.  Water has an Index-of-Refraction of 1.33.  The normal eye has 1.38 as an over-all Index-of-Refraction.  (Figure 1)
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When light travels through a curved surface, the light rays converge on a single point.  Since an image is made up of a large number of points of light, an image will form where the light rays converge.  (Figure 2)
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The distance between the surface of the lens and the point of image formation is called the focal length.

Focal Power =  (Refractive Index) / (Focal Length)


By using this equation it is possible to analyze the basic optical properties of the eye.  The approximate dimensions of the eye have been established.  The radius of the cornea is 0.66 centimeters, the index of refraction is 1.38, and the length of the eye is 2.4 centimeters.  By using these numbers we can calculate the focal power of the normal eye.  (For reasons of clarity, I have not included the effect of the internal lens.  A more detailed analysis can be found in Reference 1.)

Focal Power = 1.38 / .024 Meters

Focal Power = 57 Diopters

THE NORMAL EYE


The eye has an internal lens which controls the short-term focal state of the eye.  The lens is controlled by blur sensed at the surface of the retina.  This information is "fed back" to lens position so that sharp focus can be maintained.  (Figure 3)
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As objects are moved from distance to near, blur is produced at the retina.  In response to this, the lens is thinned or thickened repeatedly under neurological/muscular control, thus maintaining sharp focus on the retina.  (Figure 4)
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As we move objects from far to near, the focal change required of the eye increases drastically.  Thus the focal change required for an object at 1 yard is 1 diopter.  At 20 inches the increase in power is 2 diopters, and at 10 inches the increase is 4 diopters.


The normal eye has a second system which is responsible for controlling its long-term focal state.  This system controls both the power (curvature) of the cornea and the relative length of the eye.  (Figure 5)
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The normal eye feeds information from the accommodation system to the long-term control system to maintain highly accurate focus.  The focal state of the eye is almost a direct replica of its visual environment.  By direct experimental means it has been determined that the focal state of the normal eye is equal to its visual environment, offset by about +1.5 diopters.


Whenever the average value of accommodation is shifted by a "delta", the focal status of the normal eye will change, (over a period of months) by the same quantitative amount.  This statement has been effectively proven over the last thirty years by thorough experimental techniques.  (2)


As the previous discussions have demonstrated, the eye functions as a camera.  We should not, however, jump to the conclusion that it is therefore a rigid box camera.  It is a sophisticated camera that controls its long-term focus by a "feedback" process.  We can use an analog computer to accurately represent this fundamental behavior characteristic of the eye.  (Figure 6)
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THIS OPERATIONAL AMPLIFIER WILL ACCURATELY REPRODUCE THE FUNDAMENTAL BEHAVIOR CHARACTERISTIC OF THE NORMAL EYE


The above representation of the normal eye is experimentally valid.  When the normal eye is actually tested, it always shows the following two major behavior characteristics.  (2)

1.
When a strong negative change is made in your visual environment, your normal eyes will change their focal state as shown below.  (Figure 7)
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2.
The eye will also show a similar response to a strong positive change in its environment.  There is -- and this is important -- a limit to the amount by which you can change your visual environment in a positive direction. (Figure 8)
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The conclusion, that the eye is dynamic and behaves as expected, has been reached by a number of scientists.  Dr. Peter Greene (5), Dr. Antonio Medina (6), and Dr. Josh Wallman (7) have published papers analyzing various aspects of the time-constant behavior of the normal eye.

CONCLUSION


Perhaps the best assessment of the difficulties and opportunities of nearsightedness prevention was made by Charles Prentice in 1895.  How many more years will it take us to understand and respond intelligently to the wisdom in his words?


"It is common and natural to cling to a belief in things and methods that have long been established, and in which leading men and authors concur; and, if the results of such following are universally perfect, more cannot be desired.  But, when they fall far short of satisfaction, we are warranted and even impelled to search outside of established authority for the aid that it fails to give; otherwise, science and art would never advance."


Charles Prentice
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CHAPTER IV

A NEARSIGHTEDNESS COMPUTER


The formulation of a problem is often far more essential than its solution, which may be a matter of mathematical or experimental skill.  To raise new questions, new possibilities, to regard old problems from a new angle, requires creative imagination and marks real advances in science.


Albert Einstein

COMPARING TWO CONCEPTS OF THE EYE'S BEHAVIOR


This work is intended to clarify the fundamental behavior characteristic of the normal eye.  The two theories involved are derived from "Treatise on Physiological Optics" written by Dr. Herman Helmholtz in 1864.  Although an excellent optical theory, the Helmholtz theory is not clear about the fundamental behavior characteristic of the normal eye, as to whether the eye is absolutely passive or dynamic in its fundamental behavior characteristic.  The data available in the 1860's was not sufficiently accurate to resolve the question.  In the 1990's we should be able to resolve the question by concentrating on two concepts;  a Helmholtz-passive and a Helmholtz-dynamic model.  Clearly all normal eyes, at least, behave one way or the other.


There has been an immense concentration on the defective eye and correspondingly little interest in establishing the fundamental behavior characteristic of the normal eye.


Dr. Francis Young, over a period of thirty years, has been able to establish the fact that the normal eye tracks its average visual environment with 0.97 as the correlation coefficient.  When you make a slight shift in your average visual environment, the normal eye makes a corresponding focal state shift by the same quantitative amount.  There are many other indications that, whenever the normal eye is correctly tested, it will always show this fundamental (bi-directional focal control) behavior characteristic.


The analog computer presented in this chapter is a prototype.  Later chapters further refine the concept that develops from this type of analysis of the normal eye's behavior.

ESTABLISHING A MATHEMATICAL MODEL


The eye is known to be a complex of feedback control elements. The subject of nearsightedness suggests the question, "How does the normal eye control its long-term growth?".  Work done by Dr. Lawrence Stark (1) and others has shown that short-term focus (accommodation) is by feedback control.  The process by which the eye grows and controls its focus is a dynamic (closed loop) system.  It is impossible to model the normal eye's long-term focusing ability in terms of a heredity (passive) system.


Let us establish a model for the long-term growth of the eye.  Stability is not a problem, and our choice shall be a first order system.  The transfer function (developed from electrical and control theory engineering) will accurately represent the eye's controlled growth.  (Below) (2) 

1 / (TAU  s + 1 )


The input to this function is the average value of accommodation of the eye.  The equation is implemented by the operational amplifier.  (Figure 1)
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When we build a model we must choose the independent variable and the controlled variable.  For the sake of simplicity, we will choose to build a model in which the long-term focal state of the eye is the controlled variable.  (Figures 2 and 3)
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The author's estimate of the normal eye's time-constant is three months.  This parameter is a function of the youthfulness of the individual.  (3) Thus, for a child or adolescent, the time-constant is three to four months, while in a young adult, this parameter is more likely to be on the order of five months.  (A direct test for the normal eye's time-constant will cause a change of focal state in the normal eye.)


Two additional elements must be included to make our model accurately represent the major facts known about the eye's long-term behavior:

1.
The eye has an offset of about 1.5 diopters.  This fact is represented by applying a DC offset to the operational amplifier. (This offset is a characteristic of all normal eyes.) (Figure 4) 

2.
In our mechanical model of the eye, the fact that the short-term focus controls the long-term focus will occasionally produce a negative (blurred) focal state for the eye -- if the eye is maintained in a severely confined visual environment.  In our electrical model, this is represented by a diode which inhibits proper feedback for control of the eye's focus.  (Figure 4)


Time scaling is accomplished by the 5,000 micro-farad capacitor and the 10,000 ohm resistor.  The time relation chosen is one minute equals one year.  Thus, the time-constant of the computer is 20 seconds real time, or four months simulated time.


The offset (DC voltage) applied to the second operational amplifier causes a +1.5 volt offset at the output of the operational amplifier. This represents the +1.5 diopter (average) offset that is observed for the normal primate eye.


This completes the construction of the eye's long-term behavior computer.  Space does not permit a more extensive discussion of the computer's development.  It is the survivor of many less accurate models.  Initially, it was found impossible to model the eye's ordinary growth in terms of a Helmholtz-passive, or heredity model. The prime concern was to keep the model as simple as possible, consistent with the maximum number of facts known about the normal eye's development.

TESTING THE MODEL


There are several standard methods used to test a normal biological system in order to establish it as a neurological control systems, e.g., impulse, step, and ramp functions.  These tests and corresponding responses are well known to electrical and mechanical engineers.  The major difficulty in checking a growth system is the length of time taken for results to occur.  By computer simulation of the normal eye's behavior, test conditions can be applied and results obtained within minutes, rather than months.  This is the major advantages of computer simulation of a physiological process.


By design and necessity, the normal eye is going to function correctly from birth to maturity -- by adjusting its focal state to the average visual environment.  We can confirm this basic focal-setting process by changing the average visual environment of the eye.  This is shown by the tendency of men, working in the close quarters of missile launch facilities, to develop a negative focal state (myopia) related to their length of service.  (4) A step input applied to the computer will produce this same effect.  Developing more systematic and quantitative thinking beyond the close work test, we can use a concave lens to artificially create a confined visual environment.  In terms of refraction, this lens will move all objects closer to the eye.  Applying a negative lens (negative voltage) to our computer produces a change of focal state of the normal eye after several months.
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THE EYE AS A CAMERA:

A STATIC CONCEPT VS. A DYNAMIC CONCEPT


The eye can be visualized as a static box camera.  In this concept, the front-to-back distance is fixed.  If the distance from the cornea to the retina is too great, as a fault of heredity, the eye is nearsighted.  This concept simply ignores the necessary dynamic qualities of the normal human eye.  The converse of a static camera is a dynamic (cybernetic) model.


From birth to maturity, the eye increases in size by about thirty percent.  During this period, the eye's length and cornea shape is continually controlled by the average value of accommodation, thereby maintaining a high level of focal accuracy.  The accuracy is estimated to be better than one percent of the total focal power of the normal eye.  Only a sophisticated (closed loop) system could cope successfully with such a dynamic process.  A study of the literature will substantiate this long-term focal control behavior, not only in animals but in man.  (5) (6)

THEORY EVALUATION


To evaluate two theories, we must consider their predictive capabilities.  This requires that the two possible theories yield full quantitative predictions that can be checked against reality by actual test.  A decision between the two competing theories can thereby be made.  A Helmholtz-heredity theory that yields no qualitative or quantitative predictions and is not consistent with the facts already known about the eye's performance, is nothing more than a sterile tautology.


There are three major requirements of a theory in physical science.  They are:  (7)

1.
A theory generally serves to correlate many separate facts in a logical and more easily grasped structure of thought.

2.
A theory or hypothesis, whether general or limited, is expected to suggest new relations.

3.
A theory must yield predictions of specific observable phenomena and provide for the solution of practical problems.


The computer was constructed in compliance with the first two requirements.  There is a whole range of predictions to be drawn from the computer.  Among the more important are these:

1.
With proper supervision it is possible to prevent nearsightedness by the use of a convex (positive) lens.

2.
A concave (minus) lens will encourage an incipient case of nearsightedness to worsen.

3.
Wearing a concave lens on a normal eye will cause nearsightedness.


A prediction that can decide between the heredity model and the feedback model is this:  It is possible to take any child and intentionally change his focal state by the use of a concave (negative) lens.  Clearly, if we can do this, the Helmholtz-heredity theory is not valid as it concerns the fundamental behavior characteristic of the normal eye.


"In the last century, in Russia, minus (concave) glasses were sometimes used to evade military conscription.  A few months before the appearance for army examination, the conscript went to an optical doctor and got a pair of strong minus glasses which he wore steadily until prior to the examination.  He was then sure that he would be rejected on account of his vision.  The minus glasses has changed the focal status of his eyes and made his distant vision very poor." (8)


If anyone doubts this result, the experiment can be repeated. In the model this result is expected.  If heredity controls the long-term growth, the above result would not occur.  The definitive test between the Helmholtz-passive theory and the Helmholtz-dynamic theory would be to repeat, under controlled conditions, the above uncontrolled test as it pertains to the fundamental behavior characteristic of the normal eye.
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CHAPTER V

PHYSIOLOGICAL MODELING:

THE LONG-TERM GROWTH OF THE EYE


Science is the attempt to make the chaotic diversity of our sense-experience correspond to a logically uniform system of thought.


Albert Einstein

A THOUGHT-EXPERIMENT ANALYSIS OF THE EYE'S BEHAVIOR


It is important that we conduct a thought experiment before we commit ourselves to doing a full scale measurement study of the normal eye's behavior.  If the eye is identified as normal, we can then presume that it is continuously adjusting its long-term focus by a dynamic control process.


We will exclude the defective eye from the present analysis.  In this chapter I will present a conceptual scheme for the normal eye's behavior and in the next chapter the actual factual data that confirms this specific behavior of the normal eye.  The equation developed from this analysis is an order of magnitude more accurate than the Helmholtz-heredity theory in its power to predict experimental results. 

A CONTROL SYSTEM ANALYSIS


The short-term (accommodation) control of the eye is accurate and effective.  It is likely that this (averaged) signal is made available to the long-term growth control of the eye for correct positioning of the retina relative to the accommodation system.  This is the thesis of this presentation. (1)  A feedback control circuit will insure that the retina is adjusted to the average visual environment of the eye.  (Figure 1)

The Laplace transform of the eye's growth control system is: 

1/ (TAU s + 1)

TAU = Eye's Time-Constant, Approximately 100 days 

Applying a step input to this transfer function results in: 

OUTPUT  =  INPUT   *    TRANSFER FUNCTION
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V(s) = [ V(s) / s ]   *   [ 1 / (TAU s + 1) ]

Translating this function into the time domain gives: 

V ( out ) = V ( in ) * [ 1 -  EXP ( - t / TAU ) ]


Establishing initial conditions, we find that the equation for the normal eye's behavior has a physiological offset of about 1.5 diopters.

Focus = Offset + Accommodation + Step Input * [ 1 - EXP ( - t / TAU ) ]

Where:

Focus  =
The focal state of the normal eye.

Offset =
The difference between the average value of accommodation and the focal state of the normal eye -- considered over a period of months.  (For a population of normal eyes the value is +1.5 diopters.)

Accommo-

dation  =
Normal accommodation.  By design, the accommodation system's focal state is almost an exact replica of the visual environment.  The system is blur-driven and has a time-constant of about 1/4 of a second.

Step-

Input =
The step-input represents a sharp quantitative change in the average value of accommodation. 

EXP   =
Exponential function. 

- t / TAU 

e    =
EXP ( - t / TAU )

e   =
2.718

t  =
Time, in days after the step change is induced in the average visual environment. 

TAU  =
The time-constant of a normal eye.  All normal eyes have a time-constant.  (The typical value for the normal eye is 100 days)


Does this equation represent the fundamental long-term focal behavior of the normal eye?  Only a direct factual test will confirm the accuracy of this equation.  To verify this, we will subject the human eye to a fundamental experiment.


The primary technique for the evaluation of two theories in science is to compare their predictive capabilities.  The theories must be stated in mathematical terms, and must yield quantitative predictions.  Both the Helmholtz-passive and Helmholtz-dynamic theory of the normal eye's behavior meet this requirement.  Both theories yield explicit numerical predictions that can be checked against reality by actual test.  The theory that yields the most accurate prediction becomes the controlling theory, and will be relied on for further analysis.


The first question is this:  Does the equation predict the focal control characteristic of the normal human eye; day after day, year after year?  Using 231 days as the value for time, and - 0.9 diopters (estimated) as the average value of accommodation, we find that the normal eye sets its long-term focus to + 0.6 diopters.  Actual measurement of monkeys shows that their eyes have a focal status of + 0.57 diopters when their eyes are maintained in an open visual environment. (2)  The transfer function correctly describes and predicts this dynamic behavior characteristic of the normal eye in an open environment.  This is the first test of any theory that characterizes the normal eye's long-term behavior.

A STEP INPUT


If we can make a sudden shift in the eye's visual input, we can check the difference between these two theories of the eye's long-term behavior.  A negative lens may be used to achieve this goal. 


The negative lens causes parallel rays of light (from infinity) to be diverged, causing the accommodation mechanism to adjust as though the object is much closer.  All objects closer than infinity will be moved correspondingly closer to the eye.  (Figure 2)

A CONCEPTUAL TEST TO DETERMINE

THE NORMAL EYE'S BEHAVIOR


In order to test these two Helmholtz theories of vision we will subject them to a hypothetical test.  We will select 100 children (eight years of age) and verify that they have normal vision.  (A positive focal state of + 0.6 diopters.)

 
Fifty of these children will wear a - 1.2 diopter lens (33 inch focal length).  The other fifty children will be the control group. The focal state of the normal eye will be measured at seven day intervals.  A FORTRAN generated graph, using the numerical predictions of the Helmholtz-passive and Helmholtz-dynamic theories are shown in figure 3.

FOCAL STATE PREDICTION FOR THE CONTROL GROUP

The "delta" accommodation is zero diopters for the control group. 

Focus = Offset + Accommodation + Delta * [ 1 - EXP ( -t / TAU ) ]

Focus = ( 1.5 D ) + ( - 0.9 ) +  ( 0 ) * [ 1 - EXP ( - 231 / 100 ) ] 

Focus = + 0.60 Diopters, after 231 Days.

FOCAL STATE PREDICTION FOR THE TEST GROUP 

The "delta" accommodation is - 1.2 diopters for the test group.

Focus = ( 1.5 ) + ( - 0.9 ) + ( -1.2 ) * [ 1 - EXP ( - 231 / 100 ) ]

Focus =  - 0.48 Diopters, after 231 Days. 

Figure 3  A TEST OF TWO THEORIES: HEREDITY VS. FEEDBACK CONTROL

PREDICTED            STEP CHANGE    = -1.2 D

FOCAL                TIME CONSTANT  = 100 DAYS

STATUS:              F = FEEDBACK H = HEREDITY  L = STEP INPUT

DAYS FEED  HERE-

INTO BACK  DITY

TEST                   DIOPTERS NEARSIGHTED     POSITIVE FOCUS

                   -1.0  -.8  -.6  -.4  -.2   .0   .2   .4   .6

----  ----  ----     .........................................

   0   .60   .60               L <-----------------------<<  F

   7   .52   .60               L      Step Change 1.2 D    F H

  14   .44   .60               L      (Negative Lens)    F   H

  21   .37   .60               L              .        F     H

  28   .31   .60               L              .       F      H

  35   .25   .60               L              .     F        H

  42   .19   .60               L              .    F         H

  49   .14   .60               L              .  F           H

  56   .09   .60               L              . F            H

  63   .04   .60               L              .F             H

  70   .00   .60               L              F              H

  77  -.04   .60               L             F.              H

  84  -.08   .60               L            F .              H

  91  -.12   .60               L           F  .              H

  98  -.15   .60               L          F   .              H

 105  -.18   .60               L         F    .              H

 112  -.21   .60               L         F    .              H

 119  -.23   .60               L        F     .              H

 126  -.26   .60               L       F <-----<< Test       H

 133  -.28   .60               L       F      .   Group      H

 140  -.30   .60               L      F       .              H

 147  -.32   .60               L      F       .              H

 154  -.34   .60               L     F        .              H

 161  -.36   .60               L     F        .              H

 168  -.38   .60               L    F         .              H

 175  -.39   .60               L    F         .              H

 182  -.41   .60               L    F         .              H

 189  -.42   .60               L   F    Control >>-------->  H

 196  -.43   .60               L   F    Group .              H

 203  -.44   .60               L   F          .              H

 210  -.45   .60               L   F          .              H

 217  -.46   .60               L  F           .              H

 224  -.47   .60               L  F           .              H

 231  -.48   .60               L  F           .              H

                      ........................................

                   -1.0  -.8  -.6  -.4  -.2   .0   .2   .4   .6


Actual testing will help us choose between these two concepts of the normal eye's behavior.  If the test group does not show a change in its focal state, the passive theory of the normal eye's behavior will be confirmed.  If the test group demonstrates a change, the dynamic concept for the normal eye's behavior will be confirmed.

CONCLUSION


After 231 days the conceptual test of the normal eye's behavior was terminated.  The test need not be carried to this extent to demonstrate the greater predictive accuracy of the dynamic theory.  Since the heredity of the control group is identical to the heredity of the test group, both groups should continue to maintain their positive focal state, if the Helmholtz-passive theory is correct.


In this thought experiment, the fifty children who wore a -1.2 diopter lens have undergone a -1.14 diopter net change in their normal eye's focal state, while the control group continues to maintain their + 0.6 diopter focal state.  The conclusion is that the Helmholtz-dynamic theory is an order of magnitude more accurate than the heredity theory in representing the fundamental behavior characteristic of the normal eye.


The Helmholtz-dynamic theory leads to an exact mathematical analysis and representation of the performance of the eye. (3)  The Helmholtz-heredity theory produces inaccurate predictions about the long-term behavior of the normal eye.


There is a logical continuum between an accommodation (feedback) control system and a long-term focusing (feedback) system. There is a sharp logical break between a precisely accurate accommodation system and a Helmholtz-heredity theory of the normal eye's behavior. 
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CHAPTER VI

THE RESPONSE OF A DYNAMIC EYE

TO A CONFINED VISUAL ENVIRONMENT

"It seems that the human mind has first to construct forms independently before we can find them in things.  Kepler's marvelous achievement is a particularly fine example of the truth that knowledge cannot spring from experience alone, but only from the comparison of the inventions of the mind with observed fact."


Albert Einstein

A CRITICAL EXPERIMENT THAT DEFINES THE EYE'S BEHAVIOR


Critical experiments are those experiments that allow us to choose between two major versions of factual truth.  Without this check of physical reality, we can never determine the behavioral characteristic of the normal eye.  The concept that the normal eye is a rigid system is potentially a valid concept -- until we actually make measurements of the impact that a confined environment has focal state of the normal eye.  When we make the measurements, we find that the Helmholtz-passive theory is not accurate in accounting for the experimental data.

THE EXISTENCE OF A DYNAMIC CONTROL SYSTEM IS REQUIRED FOR ACCURATE FOCUS


The normal human and primate eye maintain a high degree of focal accuracy while major optical components change in an unpredictable manner. (1)  The equation, developed from a dynamic model that is capable of accounting for this degree of accuracy, also predicts that the eye's focal status will display a time-constant effect to a step change in its visual environment. (2) (3)  The predictions of this theory are compared on a qualitative and semi-quantitative basis with a Helmholtz-passive theory of the normal eye's behavior.

A THEORETICAL PREDICTION


While such a test cannot be carried out on humans, monkeys can be subjected to a step-change in their visual environment. (4) The following equation predicts the eye's focal status as a function of time: 

Focus = Offset + Accommodation + Delta * [1 - EXP( -t/TAU ) ]


The required values are the average value of accommodation before and after the start of the test. 


The time-constant, TAU, has an approximate value of 100 days for pigtail macaque monkeys.  The physiological offset is a measurable characteristic of the human and primate eye.  It has an approximate value of +1.5 diopters.  Further experiment and measurement will be required to establish greater accuracy for these fundamental constants of the normal eye's behavior.


The average value of accommodation is determined by the visual environment of the eye.  For instance, if a monkey is kept in a hooded visual environment of 20 inches, his environment will have a minimum value of -2 diopters.  If he spends 50 percent of his time looking at 20 inches (-2 diopters), and the other 50 percent of his time looking at 12 inches (-3.2 diopters), his average value of accommodation will be -2.6 diopters.  Alternatively, if he spends 100 percent of his time looking at 15 inches (-2.6 Diopters), his visual environment will be -2.6 Diopters.


By this technique of quantitative estimation, and by actual observational measurements, we can establish the average value of accommodation for monkeys kept in various visual environments.  The following values are preliminary estimates:

ACCOMMODATION STATUS FOR POPULATIONS OF MONKEYS


WILD
CAGED
HOODED


- 0.8 Diopters
-1.8 Diopters
- 2.6 Diopters 


If monkeys in a caged visual environment are placed in a hooded environment, their eyes will experience a step-change of: 

1.8 - 2.6  =  - 0.8  Diopters

Before the start of the test the focal status is:  (At t = 0 ) 

Focus = 1.5 + (-1.8) + (0) * [ 1 - EXP ( - 0 / 100 ) ]

Focus = -0.3 Diopters

After 294 days their focal status will be: 

Focus = 1.5 + (-1.8) + (-0.8) * [1 -  EXP ( - 294 / 100 ) ]

Focus = - 1.1 Diopters

DR. YOUNG'S EXPERIMENT


Dr. Young used Macaca Nemestrina (Pigtail) monkeys in his test.  The monkeys were placed in a chair with their heads situated so their maximum visual distance was limited.  The hoods were not more than 20 inches from the eyes of the monkeys at the furthest point, and averaged around 14 inches.


Nine adolescent animals were selected and a control group was maintained.  Their refractive status was measured at two week intervals.  The experiment was continued for eleven months.  The measured mean focal status for these monkeys is shown on the FORTRAN generated graph.  Three monkeys were removed from the test after four months due to pregnancy and sickness.


The refractive characteristics of the control group did not exhibit the time-constant effect demonstrated by the monkeys subjected to a step change in their visual environment. (Figure 1) 

(FIGURE  1)    THIS GRAPH SHOWS THE PREDICTIONS OF TWO THEORIES

DAYS FEED- MEAS-               DIOPTERS NEARSIGHTED

INTO BACK  URED   -1.1 -1.0  -.9  -.8  -.7  -.6  -.5  -.4  -.3  -.2  -.1

TEST                ...................................................

   0  -.33  -.33     <-----------------------------------<< M      

   7  -.38                 Accommodation Delta           F  H      

  14  -.43  -.40           - 0.8 Diopters             F M   H      

  21  -.48                                          F       H      

  28  -.53  -.48                                  F M       H      

  35  -.57                                      F           H      

  42  -.60  -.60                              M             H      

  49  -.64                                  F               H      

  56  -.67  -.71                         MF                 H      

  63  -.70            Measured (M)       F                  H      

  70  -.73  -.78      Status >>--->   M F                   H      

  77  -.76                            F                     H      

  84  -.78  -.83                   M F                      H      

  91  -.81                          F                       H      

  98  -.83  -.87                 M F                        H      

 105  -.85                       F                          H      

 112  -.87  -.90               M F                          H      

 119  -.89                      F                           H      

 126  -.90  -.95             M F                            H      

 133  -.92                    F                             H      

 140  -.93 -1.00          M  F                              H      

 147  -.95                   F      Test Group (F)          H      

 154  -.96 -1.05        M   F <-----<< Prediction           H      

 161  -.97                 F                                H      

 168  -.98 -1.10     M     F                                H      

 175  -.99                F                                 H      

 182 -1.00 -1.08      M   F                                 H      

 189 -1.01                F                                 H      

 196 -1.02 -1.06       M F          Control Group (H)       H      

 203 -1.02               F          Prediction >>-------->  H      

 210 -1.03 -1.07      M F                                   H      

 217 -1.04              F                                   H      

 224 -1.04 -1.08      M F                                   H      

 231 -1.05             F                                    H      

 238 -1.06 -1.09     M F                                    H      

 245 -1.06             F                                    H      

 252 -1.07 -1.10     M F                                    H      

 259 -1.07             F                                    H      

 266 -1.07 -1.10     MF                                     H      

 273 -1.08            F                                     H      

 280 -1.08 -1.10     MF                                     H      

 287 -1.08            F                                     H      

 294 -1.09 -1.10     MF                                     H      

                     ...................................................

                  -1.1 -1.0  -.9  -.8  -.7  -.6  -.5  -.4  -.3  -.2  -.1

TWO THEORIES OF FOCAL GROWTH


There are two fundamental theories of how the normal eye sets its focus while growing.  One theory can be described as a Helmholtz-heredity theory of the eye's focal growth.  This theory states that the cause of nearsightedness is purely genetic in origin, and asserts that the visual environment has no effect on the focal state of the normal eye.  This is a passive theory of the normal eye's behavior.


For this experiment the prediction of this theory is that there should be no change in the focal status of monkeys who experience a delta in their visual environment, since their genetic characteristic is not altered by the experimental situation.  Alternatively, the prediction of this theory is that no difference in focal status should develop between the normal eyes of the test group relative to the control group.


A dynamic (feedback control) theory states that the eye continuously servos, or sets its focus based on the eye's average value of accommodation.  This theory predicts that there will be a time-constant response to a delta in the eye's value of accommodation. 


The best way to choose between these two competing theories is to compare their predictions on a qualitative and semi-quantitative basis.  On a qualitative basis the dynamic theory predicts a net change in focal state of the test group relative to the control group.  The passive theory predicts no change.  The passive theory can not be put in a form which will yield quantitative predictions for the eye's focal status as a function of time, and for that reason cannot be compared on a quantitative basis.

THE FOCAL GROWTH TRANSFER FUNCTION


The Laplace transfer function for the long-term focal control behavior of the normal eye is:  (2)

1/ (TAU s + 1 )

The impulse (perturbation) time response of this function is:  (5) 

Focus = Offset + Accommodation - Impulse * EXP (-t/TAU )


This time-domain equation represents the basic underlying dynamic behavior characteristic of the normal eye when it is subjected to a sudden change in its accommodation status.

FOCAL STATUS MEASUREMENT


If the estimated value of accommodation ( - .8 Diopters) for a population of wild monkeys is used in the impulse equation, the result is: 

Focus = 1.5 + ( -.8 ) - ( 0 ) * EXP ( - t / TAU ) 

Focus = + 0.7 Diopters


The plus indicates that the normal eyes of these monkeys have a normal (positive) focal state.  The focal status of the normal eye (hyperopia) is measured with a plus lens.  The measurement for the normal eye's focal status is made with the individual reading the eye chart at 20/20.  Increasingly stronger positive lenses are placed in front of the eye until a lens strong enough to blur the 20/20 line is obtained.  This lens strength is the specific value for the focal state of the normal eye.


A positive focal state (sometimes called hyperopia) is the condition of the normal eye.  If the eye is placed in a confined visual environment, the eye will gradually change its focal status in a negative direction.  When the normal eye changes its focal state to a minus value the eye is said to be nearsighted.  This result is observed in populations of Naval students.  (6)

FOCAL STATE CORRELATION TO THE SNELLEN EYE CHART


Initially, the monkeys in this experiment were, on the average, slightly nearsighted.  Their eyes were 20/25 at the start of the test and became more myopic (20/80) at the end of the test.  Wild monkeys have 20/20 vision with an average focal state of +0.7 diopters.

THE CORRELATION COEFFICIENT DATA AND CALCULATION

(See Fortran graph for data.)

Unexplained Variation
=
0.07227 

Explained Variation
=
1.23809 

Total Variation
=
1.31037

Correlation Coefficient
=
0.97203
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This data, which represents the fundamental behavior characteristic of the normal eye, correlates with the equation: 

Focus = Offset + Accommodation + Delta * [1 - EXP(-t/TAU ) ]

STUDENTS "T" CALCULATION

FOR THE CORRELATION COEFFICIENT


Was the correlation coefficient from this experiment accidental?  Did Dr. Young randomly obtain 0.972 for the monkeys in the test when the actual population correlation coefficient was zero?  This assertion can be checked by use of the students "t" distribution:


r

t   =  ------------------------ 

          ___________________

         / 

        /     1  -  r^2

    \  /     ---------

     \/       n  -  2

Where:

n  =  23 (Number of measurements made)

r = 0.97 (Correlation coefficient from the experiment)

for     v = 21   (Degrees of freedom = 23 - 2)

t    = 3.819 (Value for 99.9 percent confidence limit)

.001 

t =    0.97   /  SQRT  [   (  1 - 0.97^2 
)      /    ( 23 - 2 )  ]

t  =   18.28 


Since  18.28 exceeds 3.819 (the 99.9 percent confidence limit) we can reject the idea that the Helmholtz-passive concept is correct.  There is a very high correlation between the average value of accommodation and the focal state of the normal eye. 

THE REPEATABILITY OF THIS EXPERIMENT TO OBTAIN

THE SAME CORRELATION COEFFICIENT

The Range of Possible Values for the Correlation Coefficient


If the experiment is repeated 100 times, will we get the same correlation coefficient?  What is the range of correlation coefficients that we can expect from the large population of normal eyed individuals?


If from a bivariate population with a correlation coefficient, RHO, all samples of size n are taken, then: 

         Z     -   m

         (r)        (RHO)

z  =   -----------------

              Sigma 

Where:



Z(r)   = 0.5 * ln [ (1 +   r) / (1 -   r) ]



m(RHO) = 0.5 * ln [ (1 + RHO) / (1 - RHO) ]



Sigma = 1 / Square Root (n - 3)



z = Abscissa for area under probability curve 

Values: 



r = 0.97



Z(r) = 2.092



n = 23 



Sigma = 0.2236 



Z = +/-  2.58 for 99 percent confidence



Area = 1.0 - 2 * ( 0.495 )  = .01

By rearranging the equation: 



m(RHO)  =  Z(r)  +/- (Sigma *  z) 

using values:  r = 0.97,   n = 23,   z = +/- 2.58 



m(RHO)  =  2.092  +/-  0.57688 

Using look-up tables: 

m(RHO) = 2.6688 and therefore the upper limit for RHO is 0.99 

m(RHO) = 1.5151 and therefore the lower limit for RHO is 0.90 


In other words, given the results of this experiment, we can conclude that it is virtually certain that the large-scale population coefficient will lie between 0.90 and 0.99 for all primate eyes.


There is a very high correlation between the normal eye's accommodation system and the focal state of the normal eye.  The concept that the normal eye behaves as a (dynamic) neurological control system is strongly supported by direct factual data.  The concept that the normal eye is passive in its behavioral characteristic is rejected by direct factual data.


These statistical tests are standard and conclusively demonstrate the truth that the normal eye DOES NOT obey the Helmholtz-passive model for the normal eye's behavior.  It is very unlikely that future experiments will support the Helmholtz-passive model of the normal eye's behavior.

CONCLUSIONS


There are two powerful conceptual tools available for dealing with difficult servo problems -- analysis and synthesis.  Since it is almost impossible to gain access to the accommodation system (that controls the eye's long-term focus), an indirect approach is required to establish the fundamental behavior characteristic of the normal human eye. 


An indirect approach results in the development of mathematical models.  By constructing two reasonable physiological models for the normal eye's behavior, we can develop two sets of theoretical predictions.  We can then decide, on the basis of direct experimentation, which model is more fully confirmed by the available experimental evidence. 


An analysis of the focal design requirements of the normal eye demonstrates that each eye must maintain a dynamic accuracy of better than 1.5 percent while growing to maintain normal vision.  (5) 


In synthesis, we develop a dynamic design which will account for the maximum number of facts known about the normal eye's focal setting action.  Since the human body relies on feedback control principles in its design -- accommodation, temperature, and pH levels -- we find it appropriate to apply this concept to the eye's focal behavior.  The opposite suggestion, that the normal eye ignores the accommodation signal while growing, leads to a theory that is incapable of accurate quantitative predictions. 


This analysis/synthesis approach points to an equation that accurately predicts the dynamic behavior of the human and primate eye.  The equation can support a procedure that will be effective in preventing nearsightedness, if the eye's dynamic behavior is understood, and the preventative procedure is assiduously carried out.


Accuracy and stability of the normal eye's behavior can be understood by modeling the eye as a servomechanism.  An eye with this type of control system will exhibit a time-constant effect if subjected to a step-change in the eye's visual environment.  In this experiment a "brute force" change was induced in the average visual environment.  A time-constant response was measured in the eye's focal status.  The theory which is compared to this concept is a Helmholtz-passive theory of the eye's focal behavior.


The dynamic analysis leads to a general equation for the long-term behavior of the normal eye.  On the basis of this experiment we suggest that the dynamic (cybernetic) model is strengthened.


As with most mathematical models, certain effects (e.g., noise and perturbations in the system) have not been included.  These effects will be assessed and represented in later chapters.  Our experience, however, indicates that this model is very accurate with respect to other dynamic tests that have established the normal eye's behavioral characteristic.


In the absence of any other experimentally confirmed equation we can tentatively conclude that this test confirms the accuracy of this equation -- within the limits imposed by the experimental data that is available to us. 
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CHAPTER VII

A PREDICTIVE MATHEMATICAL MODEL

FOR THE EYE'S FOCAL STATUS


Science consists in grouping facts so that general laws or conclusions may be drawn from them.


Charles Darwin

A CONTROL EQUATION FOR THE NORMAL EYE


Our first task is to first define the design equation for the normal eye and to verify the equation by experimental testing.  The mathematical model presented in this chapter is a theoretical study of the way in which the normal eye sustains focal accuracy in the presence of focal perturbations and noise.


To obtain clarity of understanding, we have postulated two types of control for the normal eye;  genetic and dynamic.  To assist our study and understanding we designed, on paper, an automatically focused camera which would have the identical focal control characteristic as the normal eye. 


This is, in essence, a black-box technique which we shall use to establish the design equation for the normal eye.  We use this approach since we are unable to gain direct access to the device.  In choosing our model, we recognize the need for dynamic control to obtain the required accuracy.


The interest of this concept is to develop the ability predict the results of all experimental tests (both theoretical and practical) that we could perform on the normal eye.  A further goal is to provide a logical approach for achieving sustained normal vision (a positive focal state) through a technique derived from an accurate understanding of the normal eye.


The problem of the normal eye's negative focal state (myopia) can be seen from two perspectives.  The difference between the two theories concerns the way in which the experimental evidence is interpreted.  From the traditional perspective, the eye stretches out of shape due to a hereditary defect in the eye's structure.  (Thus, the concept that nearsightedness is a defect of the eye.)  It is a coincidence that this development occurs while the individual is in a reading (confined) environment.  From a dynamic point of view, the normal eye tracks the average value of accommodation and will servo towards, and into, myopia if nothing is done to neutralize the near environment. 


The model is presented as the most accurate we can develop.  In the previous chapter we have demonstrated very explicit confirmation for this behavioral characteristic of the eye.  The model is clear, consistent and accurate with most of the experimental evidence that has been collected.  This chapter is indirectly critical of the traditional approach; but only to the extent that it provokes more serious thought about the myopia problem, and the means available to bring about an end to the situation.


Because the normal eye is sophisticated in its design and operational characteristics, the engineering requirement for focal accuracy suggest that the normal eye sets its long-term focus by a dynamic process.  The mechanism that maintains the eye's focal status consists of two separate systems.  The first system is a blur-driven mechanism that regulates the focal power of the lens for maximum image sharpness.  This accommodation system has a time constant of 1/4 second. (1) 


The second system, which is responsible for controlling the eye's long-term focus, has a time-constant of 100 days.  In a normal visual environment the eye's focal status will be from 0 to +2 diopters.  This active system functions to overcome the inevitable perturbations that occur within the eye's optics.  (2)  The long-term system has a tracking probable error of 1/10 diopters.  (3) 


Since the focus of a dynamic eye is "slaved" to the average value of accommodation, shifts in the accommodation signal will result in corresponding shifts in the eye's focal status.  This predictable consequence of the design has been experimentally verified. (4) 

THE EYE'S FOCAL TRANSFER FUNCTION


Servo systems are "slave" systems that are defined by their transfer function.  We have tentatively established the fact that the normal eye's behavior obeys the following transfer function: (5) 

1 / ( TAU s + 1 )

The normal eye's response to a step function is found by:

System's 

Response = [ (Step Function) / (s) ]  * [ 1 / (TAU s + 1) ] 

The eye's time domain response to this step function is:

Focus = Offset + Accommodation + Delta * [1 - EXP(- t / TAU ) ]


This equation has been verified by applying a step function to the visual environment of monkeys (previous chapter) and by then measuring the resulting focal status change at two-week intervals for a year. 


A servo system will exhibit a response to noise (perturbations) that exists within the control loop.  These random focal changes will cause the system to initiate corrective shifts in the eye's focal status.  The eye's time domain response to an impulse perturbation is: 

Focus = Offset + Accommodation - Perturbation * EXP ( - t / TAU ) 


These two equations predict the eye's response to two idealized inputs.  They do not yield explicit predictions if the eye's visual environment is changing by significant amounts.

A PIECE-WISE TIME DOMAIN EQUATION


We may obtain a piece-wise (iterative) equation for the 1/(TAU s + 1) transfer function by reviewing a block diagram of the eye's focal control system.  (See Figure 1) 

The input for this system is the command signal:  (Equation 1)

Commanded Focal Status = Offset + Accommodation (Daily Average) 

The error signal is:  (Equation 2)

Error 

Signal = Commanded Focal Status - The eye's Actual Focal Status 

Since the actuator has a very slow velocity constant (K), the amount of error correction achieved in one day is given by: (Equation 3) 
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Using this equation, we may calculate the effect of each day's value of accommodation on the eye's focal status: (Equation 4) 

Updated 

Focal 

Status   = Yesterday's Focal Status + Focal State Change 

Including the effects of random perturbations, the equation becomes; (Combining equations 1, 2, 3  and 4) (Equation 5)

Updated 

Focus = [ (Offset + Accommodation-Focus) / TAU  ] + Focus - Perturbation 


For clarity of analysis in this chapter we will set the perturbation level of the eye to zero diopters.  In a normal eye, focal noise and measurement errors produces a measured tracking error of 1/10 diopters.  (3)


The equation allows the prediction of the eye's focal status on a continuing basis.  Due to the long time-constant of the system, each day's average value of accommodation will have a very small effect on the focal status of the normal eye.


The piece-wise equation provides an alternative method for solving the 1/(TAU s + 1) transfer function.  The input for the equation is the signal that is obtained from the accommodation system which is identical to your visual environment.

EQUATION VERIFICATION


The piece-wise equation, in this form, predicts the same results that were obtained for a step function change in accommodation (previous chapter) and an impulse perturbation on the eye's focal status. 

THE HEREDITARY OFFSET


The hereditary offset is a latent constant of vision.  (Figure 2)  If a group of individuals have a constant visual environment of -0.5 diopters, their eyes will show a range of focal status values of from zero to two diopters.  The mean hereditary offset for the group is +1.5 diopters.


If the average visual environment is changed from -0.5 diopters to -1.5 diopters, the focal status of all individuals will change towards a negative focal state (myopia), as predicted by the equation.

THE AVERAGE VALUE OF ACCOMMODATION


The controlling variable for this equation is the eye's value of accommodation.  The focal settings of the lens is determined by information decoded at the surface of the retina.  The visual environment may be calculated by the use of the equation:

VISUAL 

ENVIRONMENT  =
- 1  /
(OBJECT DISTANCE)

(In Diopters)

(In Meters)


A visual object moved inwards from infinity to one meter constitutes an environment change of - 1.0 diopters.  Under this circumstance, the accommodation system will servo the lens by + 1.0 diopters to again achieve sharp focus at the surface of the retina. 


The average value of accommodation can be determined if an individual's environment is known on a daily basis.   If the individual spends eight hours outdoors ( 0 diopters) and eight hours reading (-3.0 diopters) his average visual environment will be -1.5 diopters. 

A NORMAL PHYSIOLOGICAL SYSTEM


This equation was developed to explain the high level of focal accuracy that is measured in the normal human and primate eye.


We know of few qualitative, and no quantitative theories that can explain focal accuracy of 1/10 diopters for the normal eye.  In the absence of any other focal control equation that can provide a logical explanation for such precision, we tentatively propose that this equation and model accurately represents the normal eye's behavior.


Many theories have been developed to explain myopia (as a defect of the eye).  Most of these theories suggest a failure mode in genetics, convergence, or mechanical structure that ultimately results in nearsightedness. We feel it is premature to discuss these theories until we have a clear understanding of the fundamental behavioral characteristic of the normal eye.  We will, therefore, examine the design limitation of a normal feedback controlled eye. 

NORMAL-EYE MYOPIA


We may define two major environments for this system. 

1.
A normal visual environment of from -0.2 diopters to - 0.5 diopters. 

2.
A confined visual environment of from -1.5 diopters to -2.0 diopters. 


If an individual with a hereditary offset of + 1.0 diopters uses his eyes in an open environment for a long time, his focal status will be approximately defined by the equation: 

Focus = Offset + Accommodation - Perturbation * EXP(-t/TAU )

Using typical values:

Focus = + 1.0  + (-.5) - 0 * EXP( - t  / TAU ) 

Focus = + .5 Diopters 

This individual will have 20/20 vision with a positive focal state (hyperopic) of + 0.5 diopters. 


This generalized analysis has been confirmed by measurements made by Dr. Young on adult "hunting" Eskimos. (6) 


If this individual maintains his eyes in a confined visual environment, his eyes will show a slow ramp into myopia.  After two or three hundred days his focal status will be: 

Focus = +1.0 + (-1.5) - (0) * EXP ( - t  / TAU ) 

Focus = - 0.5 diopters 


The same individual, who had 20/20 vision in a normal visual environment, now has 20/40 vision with a focal status of - 0.5 diopters. 


A prolonged confined environment violates a design constraint of the human and primate eye.  We will define nearsightedness that develops in this way as servo-myopia.  This is entirely normal behavior for a normal eye.

A DESIGN LIMITATION


This analysis suggests that the normal eye will avoid servoing into nearsightedness if the eye is maintained in an "open" visual environment.  Obviously this goal conflicts with the requirement that we spend prolonged hours at close work for the ten to twenty years that we spend in school. 


The effect of a confined environment can be neutralized by the use of a convex (plus) lens.  A convex lens is a converging lens. Parallel rays of light (from infinity) are brought to a point by this lens.


The converse relationship is true.  Diverging rays of light from a nearby object will be made parallel by the use of a convex lens.  If reading is done at the focal point of the lens, the value of accommodation will be 0 diopters, rather than -2.0 diopters without the lens.  (Figure 3) 

THE VISUAL ENVIRONMENT OF COLLEGE STUDENTS:

A HYPOTHETICAL MODEL


As we enter higher academic institutions, our visual environment gradually shifts to a more negative value.  We can characterize this increased "near" environment by the following ramp function.  (Figure 4)

A = m t + b

Where: 

A  = 
Accommodation (daily average value) from the start of the freshman year. 

m  =
- .001 diopters / day (Estimated) 

t  =
time in days 

b  =
- 1.0 diopters 

The Laplace transform of a unit ramp is:

1  /
s ^2

Applying this ramp to the eye's transfer function produces: 

System's

Response    =  [ m / s ^2 ]  *  [ 1 / ( TAU s + 1 )  ]

The eye's time domain response to a ramp function is: 

Focus    =  Offset Accommodation (Initial Value) 

(Ramp)      + Accommodation * TAU [( t / TAU) - 1 + EXP(- t / TAU )]

HISTORICAL FOCAL STATUS VS. CHANGE PRODUCED

BY A PLUS LENS


After two hundred days, this equation predicts that the eye will show the same linear slope as the accommodation ramp.  We can logically expect that the eyes of college students will show a gradual movement towards, and eventually, into myopia when a linear ramp is applied to their accommodation system. 


How close does this scenario match the actual situation?  In a study of the cadets at West Point, Dr. Gmelin determined that freshmen with 20/20 vision and 0 diopters focal state would, after four years, develop 20/80 vision with -1.3 diopters of myopia.  (7) A similar study was conducted at the United States Naval Academy by Dr. Hayden. This study showed an approximately linear change in focal status towards myopia in the eyes of almost all the normal eyed midshipmen. (8)
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MYOPIA PREVENTION


We have plotted the historical development of myopia as a function of time. (Figure 5)  The dynamic theory explicitly states that the eyes of the midshipmen move into nearsightedness due to their increasingly confined visual environment.  Their focal status change is in the right direction and proper magnitude to suggest quantitative verification for this dynamic model of the normal eye's long-term behavior. 


If their myopia is a result of normal servoing action, a major means of changing this situation would be to use a convex lens for all close work.  Use of this lens would substantially alter their visual environment from an estimated value of -1.5 diopters, to a more reasonable figure of -0.4 diopters.


The graph shows the eye's predicted accommodation status as a result of the use of a plus lens.  Their resulting focal status was calculated by the use of the equation developed in the previous chapters.

THE HUMAN EYE'S DYNAMIC RESPONSE

(TIME-CONSTANT)


It is difficult to estimate the exact value for the normal eye's time-constant.  Dr. Young's work with pigtail macaque monkeys has shown that their eyes have a time-constant of 100 days.  Pigtail monkeys weigh 16-28 pounds and grow to maturity in 4-6 years.  Since the human is both heavier and matures at a much slower rate, we can expect that the time-constant of the adolescent human eye will be considerably slower. On a preliminary basis we estimate that the specific value is from 100 to 200 days.

CONCLUSION


Work done during the past twenty years has demonstrated that the accommodation system is a superb example of a physiological control system.  It is a complex, sophisticated, and accurate system.  We can logically expect that the normal eye will show equal competence in the design of its long-term control system. 


The process of building a mathematical model of a physiological system necessarily implies the idealization of that system.  Models are not tested in a vacuum.  The development of a Helmholtz-dynamic model suggests an opposite model which we will call a Helmholtz-passive theory of the normal eye's behavior.


Heredity is a fundamental constant in both of these theories. There is disagreement on how this factor establishes the eye's long-term focus. 

Figure 5        THE EYE'S DYNAMIC RESPONSE TO A CONVEX LENS

        ACCOM LONG- HISTO-         A = ACCOMMODATION  

        MODA  TERM  RICAL          F = CALCULATED FOCAL DATA

        TION  FOCUS FOCUS          H = HISTORICAL DATA

  DAYS  DIOP  DIOP  DIOP          -1.0       -.5       0.0       +.5

        TERS  TERS  TERS   ........................................

   -84 -1.10   .10   .28          A                     . F   H    

   -70 -1.10   .09   .27          A                     . F  H     

   -56 -1.15   .08   .26         A                      . F  H     

   -42 -1.15   .07   .24         A                      .F   H     

   -28 -1.20   .06   .23        A                       .F   H     

   -14 -1.20   .05   .21        A                       .F  H      

     0  -.40   .04   .20        >>------------->A       .F  H  

    14  -.40   .06   .19          Step Input    A       .F  H      

    28  -.40   .09   .17        (Plus Lens Use) A       . FH       

    42  -.40   .11   .16                        A       . FH       

    56  -.40   .13   .14                        A       .  H       

    70  -.40   .16   .13                        A       .  H       

    84  -.40   .18   .12                        A       . H F  Helmholtz

    98  -.40   .20   .10        The Average     A       . H F  Dynamic

   112  -.40   .22   .09        Value of        A       . H F  Response

   126  -.40   .23   .07        Accommodation   A       .H   F <------<<

   140  -.40   .25   .06        >>------------> A       .H   F     

   154  -.40   .27   .05                        A       .H   F     

   168  -.40   .28   .03                        A       .H    F    

   182  -.40   .30   .02                        A       H     F    

   196  -.40   .31   .00                        A       H     F   

   210  -.40   .33  -.01                        A       H      F  

   224  -.40   .34  -.02                        A       H      F  

   238  -.40   .35  -.04                        A      H.      F  

   252  -.40   .36  -.05                        A      H.      F  

   266  -.40   .37  -.07    Helmholtz Passive   A      H.      F  

   280  -.40   .38  -.08    Predicted Response  A     H .       F 

   294  -.40   .39  -.09    >>----------------------> H .       F 

   308  -.40   .40  -.11                        A     H .       F 

   322  -.40   .41  -.12                        A     H .       F 

   336  -.40   .42  -.14                        A    H  .       F 

   350  -.40   .43  -.15                        A    H  .        F 

   364  -.40   .44  -.16                        A    H  .        F 

   378  -.40   .45  -.18                        A   H   .        F 

   392  -.40   .45  -.19                        A   H   .        F 

   406  -.40   .46  -.21                        A   H   .        F 

   420  -.40   .47  -.22                        A   H   .        F 

   434  -.40   .47  -.23                        A  H    .        F 

                          .........................................

                        -1.5      -1.0       -.5       0.0       +.5

                             DIOPTERS:  NEGATIVE           POSITIVE


Actual myopia prevention is a very difficult task to accomplish; however, we have been able to demonstrate that effective myopia prevention is a reasonable expectation, provided the convex lens is assiduously and intelligently used for all close work. 


The belief that this approach will work is reflected in current eye care practices.  About twenty percent of the profession will use the plus lens (bifocal) to deal with the problem of incipient myopia. 

The experimental data shows two facts: 

1.
It is possible to stop a negative change in the normal eye's focal state with a convex lens. 

2.
It is very difficult to get the eye to change in a positive direction, and that such a change would be at a rate not exceeding about + 3/4 diopters per year.


If one is willing to make the scientific and physical commitments necessary to be part of a nearsightedness avoidance effort, there is a high probability the effort will be completely successful.

REFERENCES

1.
Campbell, F. W.,  Robinson, J.G.  DYNAMICS OF ACCOMMODATION RESPONSES OF THE HUMAN EYE.  J. Physiol.,  151:258-295  London 1960 

2.
Brown, O. Young, F.  THE RESPONSE OF A SERVO CONTROLLED EYE TO FOCAL PERTURBATIONS,  The 2nd Annual Conference of the IEEE EMBS pp. 6.7.1 - 6.7.4  1980 

3.
Brown, O.  Young, F.  Berger, R.  MEASURING THE EYE'S FOCAL ACCURACY:  A HEURISTIC APPROACH,  The 3rd Annual Conference of the IEEE EMBS  1981 

4.
Brown, O. Young, F.  THE RESPONSE OF A SERVO CONTROLLED EYE TO A CONFINED VISUAL ENVIRONMENT,  The 18th Annual Rocky Mountain Bioengineering Symposium  pp.  41-44  1981 

5.
Brown O., Berger R.,  A NEARSIGHTEDNESS COMPUTER,  Proceedings of the Annual New England bioengineering Conference  pp. 343-346 1979 

6.
Young, F.  THE TRANSMISSION OF REFRACTIVE ERRORS WITHIN ESKIMO FAMILIES,  American. J. Optometry. and Arch. Am. Acad. Optometry.,  49(9): 676-685,  1969 

7.
Gmelin, R. T.  MYOPIA AT WEST POINT:  PAST AND PRESENT, Military Medicine  141(8)  542-3  Aug.  1976 

8. Hayden, R.  DEVELOPMENT AND PREVENTION OF MYOPIA AT THE UNITED STATES NAVAL ACADEMY,  Archives of Ophthalmology,  Volume 25,  #4 April  1941

CHAPTER VIII

A CONCEPTUAL MODEL FOR TONIC ACCOMMODATION


The significant problems we have cannot be solved at the same level of thinking we were at when we created them.

Albert Einstein

BLANK FIELD ACCOMMODATION


The earlier chapters point to the need for a more complete model of the normal eye's behavior.  In this chapter we will bring all the system components together.


The normal eye needs an accurate lens control system.  The existence of optical dead-band, or depth-of-field, causes a non-linearity in the operation of an automatically focused camera.  The lens muscles display a noise signal which produces a back-and-forth motion in the lens across the optical dead-band.  The computer developed in this chapter predicts the eye's focal status as a function of depth-of-focus, perturbations in the muscles, and the eye's environment.

TONIC ACCOMMODATION


The focal status of the lens is controlled by blur, as long as the retina can sense blur.  When the eye is in darkness, the lens is driven to a neurological "standby", or tonic accommodation position.  This conceptual model yields focal status predictions for tonic accommodation as a function of time and the individual's visual environment. 

EYE RESOLUTION


A camera or eye can be limited in resolution by diffraction effects caused by a small aperture, or by granularity effects due to the response characteristics of the film or retina.  Less than an aperture of about 2 mm, the normal human eye's resolution is limited by diffraction effects. 


In daylight, the human eye has a resolution of about 1 to 2 minutes of arc.  In darkness, the human eye can resolve stars that are separated by between 3 to 5 minutes of arc.

DEPTH-OF-FOCUS


Because of granularity effects of the retina, we can change the focal power of the eye's lens without changing the sharpness of the image formed on the retina.  This range of focal status values is called the depth-of-focus.  Specific values are calculated by the following equation:  (Encyclopedia Britannica, Optics, 1970)

FG = d  *  I  /  a

Where:



FG  =  Depth-of-focus
I  =  focal length 



d  =  Blur circle

a  =  aperture diameter


The depth of focus is inversely proportional to the diameter of the aperture.  With an aperture of 8 mm, the human eye has a depth-of-focus of +/- .15 diopters.  In sunlight the iris will have an aperture of approximately 2 mm, which gives us a calculated value for depth-of-focus of +/- .6 diopters. 

[image: image21.png]ABlock Diagram of the Accommodation and Long-Term Focal Control System

Noize - 021 002
Faens  Day

!

Noize - 021 002
Faiens  Day

}

T o Foed
oo o
e | T2 00w
Ik
e {
Ve [ — o {
N i '
e = ' ourn
oy e
; P
: worer | [ T :
; e o Spon ;
— [P0 o] s (5wl BB | Lo
L

Focal Sute Fesdback

Figur 1




A BLOCK DIAGRAM OF THE ACCOMMODATION SYSTEM


The accommodation system is shown within the dotted lines in Figures 1 and 2.  Figure 2 shows the analog computer for accommodation.


 The light rays that pass through the lens ultimately produce blur on the retina.  The blur is sensed;  this then generates a neurological signal which changes the focal status of the lens.  The lens is the summing point for the input signal versus the feedback signal.  This is the essential definition of a servo-control system. 

ANALOG COMPUTER IMPLEMENTATION


The visual environment is simulated by making one volt equal to one diopter.  The accommodation system is implemented by using four operational amplifiers.

1.
The error detector amplifier compares the feedback signal (from the retina) with the input visual (environment).  An output signal is produced which is proportional to the image blur. 

2.
The dead-band operational amplifier duplicates the retina's inability to sense blur while the image is within the dead-band. 

3.
Motor Simulation.  This amplifier changes the neurological signal into movement by controlling muscles and ligaments attached to the eye's lens. 
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4.
Optical stop simulation.  This is implemented by use of a buffer amplifier whose output state (voltage) is proportional to the focal state of the eye.  This limit simulates the measurement of the optical state of the eye. 

DEAD-BAND SIMULATION


A silicon diode has a knee of 0.6 volts.  By using two back-to-back diodes in conjunction with an operational amplifier, we can simulate the effect of dead-band in a servo system.  With this simulation there will be no output from the amplifier until the input exceeds +/- .6 volts. 

THE LENS PLANT RESPONSE


Previous studies have shown that the plant (lens support muscles and ligaments) has a 1/(TAU s + 1) transfer function.  We are using an operational amplifier with a gain of ten, and a time-constant of 1/3 second to simulate the muscle-ligament dynamics. 

NOISE IN ELECTRONIC SERVO SYSTEMS


There are numerous sources of noise in a mechanical servo system.  The development of these random perturbations are due to thermal effects, noise in the amplifier, and back-lash in the gears.  This mechanical system produces a signal which is continually perturbated about the desired, or command signal.  This is called control system jitter.


The output position of a noisy servo system can be described by a statistical distribution in terms of frequency spectrum, mean, and root-mean-square values.  Systems are normally designed to minimize the effect of noise.  Paradoxically, a designer can intentionally use the existing noise in a system to produce a scanning motion in the lens and thereby minimize the effect of dead-band on the output of a control system. 


Noise will always exist in a physiological control system, and the output position of these systems can be measured as random perturbations around the mean of the command signal.  If the input visual environment is constant, the output signal will be exclusively due to the effects of measurement errors and internal noise in the system. 

NOISE SIMULATION


Dr. A. Suzumura has determined that the noise in the muscles has a characteristic frequency spectrum of from 1/4 to 4 hertz. (1)  The output of the analog computer shows a noise signature which is close to the dynamic noise characteristics of the human eye.

THE SYSTEM'S DYNAMIC RESPONSE


Blur control can only occur as noise drives the lens beyond the threshold of the optical dead-band.  A recording of the eye's focal status is shown in Figure 3.  The eye's focal status never rests and must be described by a statistical-distribution, with the skirts extending beyond the edge of the optical dead-band, as show on Figure 4. 


The focal status of the lens is equal to the diopter value of the environment.  The standard deviation of this distribution will be perhaps +/- 0.6 diopters.  Recent measurements, made by Dr. R. Yamaji using an infrared optometer, have shown servo noise response characteristics of the human eye which are similar to the voltage output of the analog computer.  (2) 
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A BLOCK DIAGRAM FOR DYNAMIC LONG-TERM CONTROL


Based on Dr. Francis Young's experimental data, we show a block diagram that obtains its control from the accommodation signal. (3)  Since the stop-to-stop lens travel is ultimately limited by the optical state of the eye, the block diagram shows the long-term system controlling the physical stop position of the lens of the eye, as shown in Figure 1.

MEASURING THE EYE'S FOCAL STATUS


The limiting effect caused by the eye's optical state (or length) can be simulated in the analog computer by using an operational amplifier with a diode in the feedback path, as shown in Figure 2.  As long as the lens voltage is above the reference value (linear region), the output will be a replica of the input.  When the input exceeds the reference value, the output will remain clamped at the reference voltage, thus simulating the measurement of the optical length of the eye.

THE TONIC ACCOMMODATION SYSTEM


When the eye is in darkness, the retina is unable to sense blur.  The eye (accommodation system) will then select an alternate source for the reference signal.  Under tonic accommodation control the lens is not part of the feedback loop.  The status of the tonic control can be determined by measuring the focal status of the eye with an infrared optometer.  A block diagram of the tonic accommodation control system is shown in Figure 5.

CONCLUSIONS


This model for the normal eye's focal status was constructed on the principle of using the smallest number of physiologically justifiable elements that still give a reasonably precise fit to the experimental data (as the data concerns the normal eye's behavior).  The model presented is probably the simplest model that can be built that can accurately describe the behavior of the tonic and long-term focal control characteristics of the eye. 

[image: image25.png]The Tonic Accommodation System

Tonic NOISE:

Reference 470174 %SI(IESAL

signal HERTZ O
= DELAY = MUSCLES LENS -

MUSCLE SPINDLE FEEDBACK

Figure 5





REFERENCES

1.
Suzumura, A., "ACCOMMODATION IN MYOPIA", Proceedings of the Second International Conference on Myopia, Prefecture Hall, Yokohama, Japan, pp.  55-67, May 1980 

2.
Yamaji, R., "TREATMENT OF ACQUIRED MYOPIA (PSEUDOMYOPIA)", ibid., pp. 91-100 

3.
Young, F., "THE EFFECT OF RESTRICTED VISUAL SPACE ON THE PRIMATE EYE", American Journal of Ophthalmology, Vol.  52, Part II, Nov.  1961

CHAPTER IX

THE RESPONSE OF A DYNAMIC EYE

TO FOCAL PERTURBATIONS

Physical concepts are free creations of the human mind, and are not, however it may seem -- uniquely determined by the external world.  In our endeavor to understand reality we are somewhat like a man trying to understand the mechanism of a closed watch.  He sees the face and the moving hands, even hears it ticking, but he has no way of opening the case.  If he is ingenious he may form some picture of the mechanism which could be responsible for all the things he observes, but he may never be quite sure his picture is the only one which could explain his observations.  He will never be able to compare his picture the real mechanism and he cannot even imagine the possibility of the meaning of such a comparison.


Albert Einstein

THE CHARACTERISTIC RESPONSE OF THE EYE TO UNIT-STEP DISPLACEMENTS


In the previous chapter we developed a very accurate equation that duplicates the eye's behavior.  The eye needs a very high level of tracking accuracy;  using very basic data, we can estimate that the eye tracks its environment with a probable-error of better than 0.57 diopters.


Detailed measurements made by Dr. Francis Young show major changes in the optical components of the growing human and primate eye.  Paradoxically, the eye maintains an over-all focal accuracy of better than one percent of its total power.  The eye maintains this accuracy (relative to its visual environment) even though individual optical components are changing in an unpredictable manner.


Dr. Lawrence Stark's work has demonstrated high level accuracy for the accommodation (lens/retina) neurological system.  This chapter extends his work by developing a perturbation (growth) control equation that accurately predicts the eye's response to step-change disturbances.

LENS POWER CHANGE AS A FUNCTION OF TIME


The lens of the human eye undergoes a focal power change of about 20 percent over a period of ten years.  Without reference to feedback control concepts, a systems engineer will be hard pressed to explain focal accuracies of one percent for the normal eye, while major optical components are changing by 20 percent.


A graph of this focal change, and other optical parameter changes have been published by Dr. Francis Young and Dr. George A. Leary.  (1) (See Figure 1)
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A FOCAL BEHAVIOR EQUATION


As previously developed, the transfer function for the long-term growth of the eye is:  (2) 

1/ (TAU s + 1)

Where:   TAU = 100 Days.  (The eye's time-constant)

When a step-function is applied to this transfer function, the resulting equation is:

System's Response = [ Step Input / s ]  * [ 1 / (TAU s + 1 ) ]

The time response of this function is:  (3) 

Focus = Offset + Accommodation + Step Input * [1 - EXP ( - t / TAU)]
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If a perturbation occurs within the control loop, it will cause not only a step-input to the system, but an immediate perturbation in the focal setting of the eye: 

System's Response = [ Perturbation ] * [ 1 / ( TAU s + 1 ) ]

The standard response for an impulse perturbation is: 

Focus = Offset + Accommodation - Perturbation * EXP ( - t / TAU )

INITIAL VALUES FOR THE STANDARD CASE

Let's examine the equation as applied to wild monkey's eyes.

Perturbation = 0 diopters
Offset =  +1.5 diopters

Time = 300 days
TAU = 100 Days

Accommodation (Average) =  - 0.9 diopters

Focus = Offset + Accommodation - Perturbation * EXP ( - t / TAU ) 

Focus = 1.5 + ( -0.9 ) - ( 0 ) * EXP ( -300/100 )

Focus = + 0.6 Diopters


This result corresponds to +0.577 diopters mean value, obtained from measurements of a large number of wild (open-pen) monkey's normal eyes.

A NEGATIVE IMPULSE


Now, consider the eye's response to a - 0.5 diopters change in the focal power of the cornea.  (This change could be induced by use of a -0.5 diopter contact lens)  Prior to the perturbation, the focal status was + 0.6 diopters.  Immediately after the perturbation:  (At  t = 0 ) 
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Focus = Offset + Accommodation - Perturbation *  EXP ( - t / TAU )

Focus = 1.5 + (-.9) - (-.5)  * EXP ( - 0 / 100 ) 

Focus =  +1.1 diopters

After 300 days, the focal status will be:

Focus = 1.5 + (-.9) - (-.5)  *  EXP ( - 300 / 100 )

Focus = + 0.625 or approximately + 0.6 diopters


The eye's focal control system has returned the eye to the focal status that existed before the -0.5 diopter perturbation occurred.

A POSITIVE IMPULSE


In a similar vein, we can predict the eye's response to a + 0.5 diopter perturbation.  (Simulated by use of a  +0.5 diopter contact lens.)  
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Focus = 1.5 + (-.9) - ( +.5) *  EXP ( - 300 / 100 )

Focus = + 0.575 or approximately + 0.6 diopter

(If the +0.5 contact lens is now removed, the eye's focal status will be +1.0 diopters.)


Obviously, the human eye is not subject to only a single perturbation.  We can, nevertheless, deduce the control action of the normal eye by studying the response of the eye to such idealized disturbances.

THE EYE'S FOCAL RESPONSE TO NOISE


In actual fact, the eye is subject to continuous perturbations (noise) while growing.  This noise tends to randomize the eyes' focal status.  The control action of the normal eye works to overcome this randomness, exercising control over the appropriate optical components (corneal radius, length) to ensure accurate focus.  A study of monkeys' eyes demonstrates that, with a steady state visual environment, their normal eyes maintain a focal accuracy of better than 1.0 percent.

A STATISTICAL PROFILE OF WILD MONKEYS' EYES


The graph on the following page presents two computer-generated statistical distributions for wild, or "open pen" monkeys' eyes.  The focal status histogram was obtained from measurements made by Dr. Young on 375 monkeys.  The accommodation histogram is the estimated average value of accommodation for all the monkeys.  Some monkeys will spend more time looking at close objects, and will have an average value of accommodation of perhaps - 1.2 diopters (and corresponding focal state of + 0.3 diopters), while other monkeys will spend more time looking at distant objects and will have an average value of accommodation of perhaps - 0.6 diopters (and a corresponding focal state of + 1.1 diopters).  The preliminary mean value for the 375 monkeys is -0.9 diopters (producing an over-all focal status of +0.6 diopters.)  (See Figure 2)

CONCLUSIONS


If the normal primate eye is to achieve a high level of focal accuracy in the presence of continuous perturbations, the author has concluded that the eye must employ dynamic control to set its focus.  This chapter presents a high performance model that provides a focal control mechanism that is, as far as we can determine, consistent with all the physical evidence pertaining to the normal eye's behavior.


The model evolved as a result of a long investigation in which many preliminary approaches were discarded because they led to inconsistencies.  It is clear that the number of approaches that can satisfy the evidence is limited.  An electrical engineer, when faced with similar engineering requirements for focal precision, will develop this type of design to meet the accuracy requirements of the eye.


The philosophy of this chapter has been to study the focal control process of the normal eye by treating it as a design problem.   The procedure followed is to develop a system model with the focal performance capability comparable to the normal primate eye.


Measurements on individual optical components of the eye are exacting, and it is difficult to say which optical component causes a specific problem.  The researcher can be aided by an engineering approach to this complex system, since the eye is an intricate data-processing system.  The primary neurological process is controlling a dynamic (100 day time-constant) focal system on a microscopic level.


It should be remembered that there are several major optical components of focus, any of which can dramatically affect the focal state of the normal human eye.  While the eye is growing, these components are continually changing in value.

Figure 2
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When a physiologist experiments on this complicated data processing operation, he is in the same position as a technician who is presented with a computer system that determines rocket guidance.  He is then told to make measurements on the individual components of the device until he determines which component establishes the tracking accuracy of the system.  Actually, the physiologist is in a more difficult position because so much of the data processing of the eye is at the molecular level, almost beyond the reach of his instruments.


The mathematical systems concepts used in automatic control evolved out of necessity, as it became apparent that modern servo systems could not be understood by studying the characteristics of their individual components.  This truth applies just as strongly to complex processes encountered in biological-optical systems.  The electronics engineer can establish a solid mathematical foundation for an analysis that will accurately predict the normal eye's focal control response.


The same equation that precisely anticipates the normal eye's perturbation control also predicts that nearsightedness can be avoided.  In addition, the equation can give conceptual and practical guidance to a successful nearsightedness avoidance effort.


There are other more sophisticated means of determining the eye's tracking accuracy, and these techniques will be developed in the next chapter.

APPENDIX

Focal Accuracy:  The eye is about 2.4 cm in length.  The eye must have a focal power of 57 diopters to focus light on the retina.  The focal status histogram for normal eyes has a standard deviation of .843 diopters, and a probable error of .843 X .674 = .568 diopters.  We may, therefore, specify that the eye has a tracking probable error of .568/57 or approximately one percent of its total focal power.  This is the worst-case value.  For a number of reasons, we should expect that the tracking accuracy of the normal eye will be considerably better than one percent.  In the next chapter we will provide an analysis that demonstrates that the actual tracking probable-error is on the order of 1/10 diopters.
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CHAPTER X

MEASURING THE EYE'S FOCAL ACCURACY:

A CONCEPTUAL APPROACH

The task of science is both to extend the range of our experience and to reduce it to order, and this task presents various aspects inseparably connected with one another.  Only by experience itself do we come to recognize those laws that grant us a comprehensive view of the diversity of phenomena.  As our knowledge becomes wider, we must even be prepared therefore, to expect alterations in our point-of-view that are best suited for the ordering of experience.


Niels Bohr

A NUMERICAL MEASUREMENT OF THE EYE'S ACCURACY


The normal human and primate eye maintain long-term focal accuracy in the presence of focal perturbations.  It is difficult to measure the magnitude of the perturbations and the effectiveness of the consequent dynamic response.  By making reasonable assumptions based on a physiological model, we can obtain a more accurate numerical value for the eye's focal accuracy. 

A FOCAL CONTROL EQUATION


Previous experiments have demonstrated that the normal eye sets its long-term focus by a dynamic process. (1) The time response of the eye to a focal perturbation in the eye's optical system is given by:  (2) 

Focus = Offset + Accommodation - Perturbation *  EXP ( - t / TAU ) 


While the equation can account for the eye's response, it cannot yield a direct measure of the eye's focal accuracy.  As previously established, the eye must overcome continuous micro-perturbations while growing to maintain accurate focus.  What experimental technique can we employ to measure the magnitude of the perturbations in the eye's focal positioning mechanism?

A LONG-TERM DYNAMIC SYSTEM


There is experimental evidence which suggests that each eye sets its long-term focus independently of the other eye. (3)  Making use of this evidence we may model the left and right eye as two independently tracking mechanisms.


Each eye uses its own accommodation signal to drive the long-term focal setting system. (4)  Short-term, the eyes are cross-linked in vergence and accommodation. (5) In this model, each eye has irreducible noise in the actuator, which appears as perturbations in the focal status of the eye.  (See Figure 1) 
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THE NOISE RESPONSE OF THE EYE'S SERVO


The function, 1/(TAU s + 1), for the eye's behavior has a time-constant of 100 days.  The offset of the normal eye has a value of +1.5 diopters.  A Bode graph of this transfer function is shown on Figure 2.  The high frequency components of noise will be attenuated, and the eye's focal status will change very slowly on a day-to-day basis. 

THE EYE'S LONG-TERM FREQUENCY RESPONSE PLOT


The closed loop frequency response shows a break point at 100 days, and a frequency roll-off of -6 DB/Octave.  This transfer function can be modeled by an analog computer.  (See Figures 2 and 3) 
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THE AVERAGE ENVIRONMENT


It is difficult to completely measure the average visual environment on a day-to-day, month-by-month basis.  We cannot directly measure the amount by which the eye's focus is perturbated away from its commanded (visual environment) position, if we cannot accurately measure the visual environment.  We must find an alternative approach to check the eye's tracking accuracy which will obviate the need for a precisely measured environment.


Three reasonable assumptions that must be made in order to obtain a statistical specification of the eye's RMS (Root Mean Square) focal noise are: 

1.
The visual environment of the left eye is identical to that of the right.  (This is true for all normal eyes) 

2.
The hereditary offset of the left eye is identical to that of the right.  (Both eyes have the same heredity component.)

3.
The noise in the eye's focal control system ergodic.  (This is highly probable for perturbations in all normal eyes.)

PERFECT TRACKING ACCURACY


If the eye's control system were perfect, you would find the focal setting of the left eye identical to the right.  The extent to which this is not the case will give us a means to determine the eye's tracking accuracy. 

A DIFFERENTIAL FOCAL STATUS EQUATION


Because we cannot control the eye's average visual environment, we cannot easily measure the perturbations that occur in each eye.  We can, however, measure the differential focal status developed between the left and right eye.  This technique is based on the statistical principle that the squares of noise sources may be added algebraically.  (6) 

Differential ^2   =   Left Eye ^2   +   Right Eye ^2


The same factors that produce perturbations in the left and right eye are equivalent for both eyes, assuming the underlying noise process is ergodic, which is highly probable for all normal eyes. We, therefore, combine the noise in the left and the right eye:

Differential ^2   =   2  *  Individual ^2

Taking the square root of both sides: 

Differential  *  0.707   =   RMS noise in each eye


Using the equation in this form will allow us to measure the differential focal status of one individual over a period of months.  This sequence of measurements will give us a continuing accounting of the eye's tracking accuracy, even though the average visual environment is changing.  Measurement of noise by this technique is called a time-series measurement of a stationary random process.

A REPRESENTATIVE NOISE PROGRAM


In order to demonstrate how the changing focal status of the left and right eye generates a third (differential) noise statistic, we programmed a FORTRAN random number generator to simulate the noise in the left and right eye.  The program then calculates the differential measurement by subtracting the left eye's focal status from the right eye's focal status.  The three noise measurements are plotted on a weekly basis.  (See Figure 4) 

Differential ^2   =  Left ^2      +     Right ^2

( .213) ^2    =  ( .151) ^2     +    ( .151) ^2


The individual noise values in the program that actually produced the differential noise statistic are: 

Left = 0.124  diopters
Right =  0.174  diopters


The average of these two numbers is 0.149 diopters RMS.  Our estimate, calculated from the differential value, is .151 diopters RMS.

THE ENSEMBLE DIFFERENTIAL MEASUREMENT


"In dealing with stationary random processes, it is usually assumed that Time Averages  are equivalent to Ensemble Averages.  This is the so-called ergodic hypothesis of statistical mechanics." (7) 

A DIRECT DIFFERENTIAL MEASUREMENT


Dr.  Berger carried out the required ensemble differential measurement during the course of his normal eye examinations. Because we are interested in the noise level in the normal eye, patients with normal vision were chosen for the statistical sample. 

Figure 4:  A CONCEPTUAL NOISE MODEL FOR THE LEFT AND RIGHT EYE

(USE CORRECTED GRAPH, SEE FIRST EDITION OF THIS BOOK)

                       XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

      FOCAL STATUS:           LEFT EYE          X          RIGHT EYE    

      LEFT  RIGHT DIFF.       DIOPTERS          X          DIOPTERS     

TIME  EYE   EYE   (R-L)         +.5      +1     X    .0       +.5      

WEEK  DIOP. DIOP. DIOP .........................X......................

   1   .50   .50   .00           L                             R  

   2   .34   .47   .13        L  .                            R.     

   3   .42   .40  -.02         L .                           R .    

   4   .50   .25  -.25           L                        R    .     

   5   .35   .21  -.14        L  .                       R     .      

   6   .38   .12  -.26         L .                     R       .      

   7   .47   .12  -.34          L.                     R       .     

   8   .34   .12  -.22        L  .                     R       .        

   9   .31   .37   .06       L   .                          R  .        

  10   .59   .41  -.17           . L                         R .        

  11   .44   .43  -.01          L.                            R. 

  12   .65   .45  -.20           .  L                         R.        

  13   .64   .49  -.15           .  L                          R        

  14   .55   .41  -.14           .L                          R .        

  15   .45   .16  -.29          L.                      R      .        

  16   .48   .16  -.32           L                      R      . 

  17   .37   .11  -.26        L  .                     R       .        

  18   .52   .19  -.33           L                       R     .        

  19   .58   .11  -.47           . L                   R       .        

  20   .54   .29  -.26           .L                        R   .  

  21   .70   .42  -.28           .   L                       R .      

  22   .64   .31  -.34           .  L                      R   .       

  23   .67   .35  -.32           .  L                       R  .        

  24   .69   .19  -.49           .   L                   R     .        

  25   .67   .32  -.35           .  L                      R   .        

  26   .61   .28  -.33           . L                       R   .        

  27   .64   .42  -.22           .  L                        R .   

  28   .43   .20  -.23          L.                       R     .      

  29   .36   .59   .23        L  .                             . R 

  30   .49   .59   .10           L                             . R   

  31   .57   .70   .14           .L                            .   R   

  32   .49   .70   .21           L                             .   R   

  33   .64   .69   .04           .  L                          .   R  

  34   .69   .61  -.08           .   L                         . R  

  35   .61   .40  -.21           . L                         R . 

  36   .55   .18  -.37           .L                      R     .       

  37   .65   .20  -.45           .  L                    R     .       

  38   .65   .16  -.49           .  L                   R      .       

  39   .70   .09  -.61           .   L                 R       .       

                      .................................................

SUMMARY OF RMS RESULTS FROM THE ABOVE GRAPH

LEFT = .124
DIOPTERS
RIGHT = .174
DIOPT.
DIFF. = .211
DIOPT.

NOISE`
RMS
NOISE
RMS
NOISE
RMS


(NOT PLOTTED)


The following focal states (Table 1, below) shows the focal status of individuals, selected at random, from the age of 5 to 25.  The RMS value is calculated from the differential measurement. 

TABLE 1:  THE DIFFERENTIAL FOCAL STATUS OF INDIVIDUALS

SELECTED AT RANDOM



ID
OD
AGE
RIGHT
LEFT
DIFFERENCE 


1.
SJ
RB
14
.75
.50
.25 


2.
JB
RB
19
.50
.12
.38 


3.
RM
RB
20
.50
.50
.00 


4.
AS
RB
11
.00
.00
.00 


5.
MA
RB
16
.62
.75
-.13


6.
ST
RB
22
.12
.12
.00 


7.
BT
RB
12
1.25
1.12
.13 


8.
RV
RB
16
.00
.25
-.25 


9.
MT
RB
18
.25
.62
-.37 


10.
YM
RB
13
1.00
1.00
.00 


11.
SV
RB
19
.50
.50
.00 


12.
TH
RB
17
.75
.50
.25 


13.
CR
RB
20
.25
.25
.00 


14.
NC
RB
12
1.25
1.50
-.25 


15.
BS
RB
14
.62 
.62
.00 


16.
SH
RB
13
.25
.62
-.37 


17.
HR
RB
15
.75
.75
.00 


18.
RC
RB
20
.50
.13
.37 


19.
DD
RB
18
.25
.50
-.25 


20.
FR
RB
23
.50
.62
-.12

DIFFERENTIAL FOCAL STATE    =   0.213 DIOPTERS RMS


The ensemble differential measurement for this group of individuals is 0.213 diopters RMS.  The differential equation allows the calculation of the a noise level in each individual eye of: 

DIFFERENTIAL * .707 = INDIVIDUAL EYE NOISE

(.213) * .707 = .151 Diopters RMS

FOCAL ACCURACY

The probable error is obtained by multiplying .674 by the RMS value. 

EYE NOISE * .674 = PROBABLE ERROR

(.151) * .674 =  0.10 DIOPTERS


In a positioning servo, we would predict that the actual position would be within 0.1 diopters of the command position 50 percent of the time.  The eye is about 2.44 cm in length and must have a focal power of 57 diopters in order to focus light on the retina.  In terms of percent, the eye has a tracking probable error of:  0.10/57 = 0.17 percent.

DYNAMIC CONTROL VERIFICATION


The eye tracks its environment with a probable error of 0.1 diopters.  What are the experimental implications of a control system with this degree of accuracy? 

1.
Visual environment shifts of 0.1 diopters will be partially masked by the internal optical perturbations of the eye. 

2.
Substantial perturbation shifts of greater than +/- 0.4 diopters will produce a time constant response in the focal status of the human and primate eye.  (This effect has been documented in a prior experimental and theoretical study.) (8) (1)

CONCLUSIONS


Previous experiments lead us to believe that the normal eye sets its long-term focus by a dynamic process. Physiological systems are complex and contain parameters which are not always clearly defined nor easily measured.  We, therefore, have had to make assumptions and simplification in order to make the long-term behavior of the normal eye intelligible to ourselves and others. 


There are major experimental difficulties involved in attempting to directly measure the accuracy with which the normal eye tracks its visual environment.  A physiological model of the eye's behavior implies a certain level of tracking accuracy.  By making use of the fact that each eye tracks the same visual environment we may, by an indirect approach, determine the eye's focal accuracy. 


This chapter requires insight into the fundamental behavior of an optical system in the presence of perturbations.  Further, a knowledge of statistics is required.  By using these specialized but essential analytic techniques it is possible to establish the basic tracking accuracy of the normal eye.  This would be very difficult to do by direct experimentation.


We believe that the eye is sophisticated in its design and must employ feedback (dynamic) control principles to overcome the inevitable perturbations that occur to it as it grows.  Only in this way can the eye achieve a high order of focal precision.
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CHAPTER XI

BUT DOES IT WORK?


Thinking is easy,


Acting is difficult, 


and to put one's thoughts into action


is the most difficult thing in the world.


Goethe


Men live by their routines;  and when these are called into question, they lose all power of normal judgment.  They will listen to nothing save the echo of their own voices;  all else becomes dangerous thoughts. 


Harold Laski 

EFFECTIVE RECOVERY AND PREVENTION


The previous chapters have demonstrated, by test, that the eye is dynamic.  The eye will change its focal state in a negative direction if placed in a confined environment, and will move in a positive direction (although more slowly) if placed in an open environment.  It would be difficult to believe in the opposite possibility concerning the eye's behavior.


Logic, reason and science cannot prevail, until you look at the situation yourself.  You must decide that you are willing to make the appropriate commitment to restore your vision to normal.  You can achieve what other students, pilots and engineers have accomplished as described in the following letters.

A PROFESSIONAL PILOT RETURNS HIS VISION TO 20/20


Brian Severson was in an engineering college when he began to get into nearsightedness.  In previous years Brian observed his brother become seriously nearsighted when he used a negative lens. He had received no information on prevention from the eye doctors he consulted.  By his own understanding and perseverance, and some conversations with me, he returned his vision to normal as he describes in the following two letters.

LETTER #1 FROM BRIAN SEVERSON

JULY 26, 1990


Hi!  I went out and bought a pair of +1.75 diopter reading glasses, and two days later my vision improved from 20/70 - 20/80 to 20/50 at an exam today.  The Doctor wanted to sell me $500.00 worth of (Band-aid) lenses.  What a ripoff! 


Please rush me your book.  I enjoyed talking to your wife.  I will keep you posted on my improvements.  Someday when I get a real job that pays more than $10,000/year I will call and chat with you. 

Thanks again,  Brian Severson 

P.S.
I have a 1st class physical soon and need to improve my vision before then, or send $156 to my eye doctor for one replacement contact! 

LETTER #2 FROM BRIAN SEVERSON

APRIL 10, 1991


I'm sorry I have not taken the time to write or call you until now.  On December 4, 1990, I passed a FAA 1st Class Physical and, under much less than ideal conditions, read 20/15 on the eye chart!


Thank you  for all you have done to help me.  I have at least 15 pilots and friends now wearing reading glasses.  I am one-quarter through the rough draft on my vision book, and I am slowly making progress.


Is it still O.K. for me to plagiarize (with credit, of course) from your book?  If so, please reply in writing with permission.

Thanks & God bless,

Brian Severson

YOU MUST TAKE CONTROL


From Jacob Raphaelson's experience with, "The Printer's Son", (Chapter 3), it has become clear that you must understand the bad results that occur when you use the negative lens.  More than this, Jacob's analysis demonstrated that even a completely dedicated eye doctor can not overcome the popular misconceptions that exists in the public's mind about eye doctors and the use of the preventive lens.  


I made a major effort to help my niece and nephew.  They developed a clear understanding of the problem of nearsightedness and the type or solution that could be expected.  I believe that providing them with a "fighting chance" to defeat the problem is better than providing no chance at all.  Both used the plus lens and retained clear distant vision without prescription lenses.  They understood that it would take long-term commitment to achieve the desired result.  I asked my nephew to write a short note to describe his own effort and outcome as he worked to maintain clear distant vision through college.  

FOUR YEARS OF COLLEGE WEARING A PLUS LENS


February 19, 1990 

Dear Uncle, 


Thank you very much for the book, "How to Avoid Nearsightedness".  I got it yesterday after I came back from the weekend.  I am looking forward to reading it soon, but for now I have a great deal of school work to read. 


I would imagine you'll be pleased to have me tell you that one of the first things I did after opening your book was to check my eyes with the eye chart.  I am able to read the 20/20 line on the eye-chart.  I have been using my drug store plus lenses most of the time now.  I have always passed the driver's license eye test.


I use these glasses nearly 100 percent of the time when I read text books and use them for about 70 percent of the total reading I do.  I started using them as much as possible again because, at the end of last semester my sight was pretty bad (I didn't check them on a chart).  I am lucky to have an uncle who showed me back in eighth grade that I could prevent my nearsightedness.  


One thing college has taught me is to listen to others and then use or adapt methods to work for me.  In the last few years I have had a great deal more reading work to do.  If I don't use the magnifying lenses I notice fairly quickly that my sight starts to deteriorate.  Then I realize it's time to do something to stop that process.  


At the moment, I am wearing the magnifying lens because I know what it does for my vision.  Thanks for taking the time to tell me how to avoid a situation, wearing glasses at all times for the rest of my life, that I would find unpleasant, and for sending me a copy of your book so I can learn more in-depth about the methods I am using.


Keith B.

AN ENGINEER'S UNEXPECTED SUCCESS


Perhaps the most surprising and encouraging result to be achieved was accomplished by accident.  Because of my long-term experience with the experimental data, I knew that recovery -- on the average -- would be slow.  Anyone who attempts to use the plus lens wants to succeed.  It makes sense to help people who have gotten into about 20/80.  Any improvement will get you to 20/50, which passes the FAA 3rd class flying license.  Recovery, if you are worse than 20/100, is difficult but possible.  To present all the facts including surprising results, I asked Dennis to write a letter describing his efforts and ultimate result.

VISION RESTORATION:  THE EFFECT THAT A POSITIVE

LENS HAD ON MY DISTANT VISION

Dennis Romich,
July 21, 1992


My distance vision had been poor for many years.  I had overheard Otis Brown discussing nearsightedness, and his suggested technique for restoring the myopic eye to normal.  Without telling Otis, I decided to attempt to use the plus lens, and see what would happen, since the approach seemed reasonable and much safer than any other method.


I obtained a plus lens at a local store without a prescription.  The lens was a +1.5 diopter lens and is commonly sold as a reading glass for people who have lost their near vision.


I had become nearsighted in grade school and was prescribed minus lenses which I dutifully wore all day long.  As the years went by, my vision worsened, and the Doctor would prescribe stronger minus lens.  My distance vision without prescription lenses was very bad through high school, college, and graduate school.  The last professional check (Ophthalmologist) showed that my prescription was -4.5 diopters (Right eye) and -4.25 diopters (Left eye).  This is approximately 20/320 vision using the Snellen eye chart.  In some states, I would be classed as legally blind without my glasses.


As I wore the plus-lens and did not wear the minus lens,  I noticed that my distance vision began to clear.  After several weeks, I purchased Otis' book, and checked my eyes against the eye chart.  They were 20/30, which means I will pass the standard driver's license criteria of 20/40 or better without prescription lenses.


Otis was surprised at this effect of the plus lens.  He stated that most individuals could return their vision from 20/70 to 20/20, but he felt that returning vision from 20/320 to 20/30 was hard to believe.  Since I have done it successfully, I have no doubt that other individuals who have a similar problem could obtain similar results using Otis' recommended method of vision restoration.


I am a registered professional engineer, and have a Master's degree in both Engineering and Business Administration.

YOUR MOTIVATION IS CRUCIAL IN ORDER TO DEFEAT MYOPIA


It is clear that an intelligent, motivated pilot or student can use the plus lens for close work, check his eyes against the eye chart, and clear his vision back to normal.


What is the opinion of this situation within the eye profession?  Opinions vary, as shown in the following exchange in the Washington Post newspaper.

IS IT TRUE THAT THE EYE DOES NOT CHANGE ITS FOCAL STATE WHEN PLACED IN A CONFINED ENVIRONMENT?

Myths About Problems With Poor Eyesight   [Special to the Washington Post, 9/11/91]

Dr. Jay Siwek

Q.  
My family likes to watch TV at night with the rest of the room lights off.  But a friend told me that watching TV in the dark is harmful to your eyes.  Is this true?

A.  
You can't harm your eyes by watching television in the dark.  Neither can you damage them by reading, working or studying in dim light.  Those are some of the many myths about why eyesight deteriorates.


Another folk belief is that "using your eyes too much" will harm vision.  That's nonsense.  Your eyes were made to see with and, barring some medical problem, they don't wear out from use.


Some people also believe that looking at objects close-up will impair vision, especially if done for long periods of time.  Not true.  Again, vision doesn't deteriorate from fine use.  It's easy to see how some of these myths came about.  In days past, before doctors knew about eye diseases like glaucoma, cataracts and macular degeneration, people looked for some explanation whenever someone lost their vision.  Glaucoma is increased pressure in the eye, and cataracts are a clouding of the lens of the eye.  Macular degeneration is a condition where the center of the field of vision deteriorates.


Often, blindness or low vision was blamed on someone's work, such as writing or reading by candlelight or on simply using one's eyes too much.


Common eye diseases frequently struck people who did fine work with their eyes, leading to the belief that there was some connection between the two.  People tended to ignore the many examples of people who didn't develop any problem with their eyesight or of all the people who lost their vision for no apparent reason.


As people age, they sometimes have trouble focusing on fine print that's too close to their eyes, a condition called presbyopia.  But scientific studies don't show any link between the way you ordinarily use your eyes and harming your vision.  So, you and your family don't have to worry about watching TV in the dark.

IS IT TRUE THAT THE EYE DOES CHANGE ITS FOCAL STATE WHEN PLACED IN A CONFINED ENVIRONMENT?

The Health Profession's Response to,  "Problems With Poor Vision"

Dr. Robert Levy


I must strongly disagree with at least one "myth" about poor vision Dr.  Jay Siwek mentions [Consultation, 9/11/91].  He says doing close work does not harm your eyes and then goes on to talk about three sight-threatening diseases.  While it is true that close work does not cause the kinds of blindness that glaucoma, cataracts and macular degeneration do, such fine focusing for extended periods can cause nearsightedness, a far more common occurrence.


Day after day, year after year, I see patients who get more and more nearsighted from doing close work, particularly if they have been wearing a distance prescription while doing their close work.  The vicious cycle is that you read and do your homework, become nearsighted, get distance [negative lens] glasses and when you go back to read and do your homework you become more nearsighted.


People who take their glasses off to read (if they can) or who wear bifocals [plus lenses] to reduce the prescription for near focusing show a much slower progression into nearsightedness than those who read with distance glasses on.  One study of an Eskimo village being taught to read showed that after two generations of reading, virtually none of the grandparents' generation needed distance glasses, about half of the parents' generation did and virtually all of the children's generation did.  This is the best example of reading and close work causing nearsightedness.

A COURAGEOUS EYE DOCTOR DOCUMENTS THE SECONDARY EFFECT OF USING A NEGATIVE LENS

*      *      *      *

EYESTRAIN - ITS CAUSES, CONSEQUENCES AND TREATMENT

By Dr. Maurice Brumer, Frankston, 3199, Australia


. . . A succession of practicing optometrists have followed Fournet [a pioneer in the use of the plus lens] to this day, all convinced of this major shortcoming [use of a negative lens] in eye care.  They have all been successfully ignored or treated as cranks and heretics, and the issue has remained at this level for 90 years.  The clarion cry of the eye care professions has been "show us proof of the relationship of eyestrain and eye disease".  I will now demonstrate that no shortage of this proof exists.  


At the 1973 annual meeting of the American Academy of Optometry, a paper entitled, "Bifocal Control of Myopia", was presented by Francis Young, Director of the Primate Research Center at Washington State University, and Kenneth Oakley, an ophthalmologist from Bend, Oregon.  Their study found that the effects of properly fitted bifocals (eye strain reducing glasses) on young myopes are to drop the rate of progression of this condition from an average of about one half a diopter per year to about on fortieth of a diopter per year.  This study involved control and experimental subjects who were matched for age, sex, initial refractive error and duration of wearing bifocals so that most of the possible causes of failure to achieve results with bifocals were controlled.  

THE BIFOCAL (PLUS LENS) STUDY


There was a significant number of subjects, 226 in the bifocal group and 192 in the control group, to assure that the results were consistent and effective over time.  The effect of the bifocal was uniformly to reduce the rate of progression even in children who had already achieved as much as 4 or 5 diopters of myopia before they were fitted with bifocals.  In other words, the control group moved into myopia at a rate 20 times faster than the bifocal (plus lens) group.  The implications of such results are obvious and sinister when it is considered that myopia is the third largest cause of blindness in western society.  

SERIOUS COMPLICATIONS DEVELOP FROM USING A MINUS LENS


The visual disability in high myopia is usually considerable.  I am including this description of the condition as felt by its victims so that you may put yourself in their situation: 


"Apart from the visual incapacity, the high myope is not usually comfortable in the use of his eyes.  When corrected, the small, sharply defined and bright images are annoying; much use of the eyes brings about a feeling of strain and fatigue.  The degenerated and liquefied vitreous gives rise to a multitude of "muscae volitantes" and floating opacities, and these, throwing abnormally large images upon the retina owing to its backward displacement, cause a great deal of distress and anxiety to the patient although their actual significance is small.  Most of these patients are naturally anxious.  Their disability is obvious and may have excited sympathy.  The memory of admonitions to care for the eyes lingers into adult life.  Thus matters tend to progress slowly and relentlessly, the patient all the while never using his eyes with comfort or without anxiety until finally no useful vision may remain or until the occurrence of a sudden calamity such as a gross macular lesion, a hemorrhage of a retinal detachment brings about a more dramatic crisis." (I thank Sir Stewart Duke-Elder for this description).  


The complications of myopia are numerous and grave, frequently resulting in blindness.  The degenerative changes appear typically in adult life after the myopia has been fully established for some years.  

The complications are: 

A.
Choroidal thrombosis and hemorrhage. 

B.
Vitreous opacity, always present in some degree in high myopia, this condition may suddenly increase to become a serious complication.  

C.
Retinal detachment is the most dreaded and one of the most common complications of myopia, occurring with considerable frequency in all degrees of the defect but showing a progressively greater tendency, the higher the myopia.

D.
Simple glaucoma is a further complication of high myopia, occurring in the higher degrees after mid-life. 

THESE PROBLEMS COULD HAVE BEEN PREVENTED


Few of these people faced with the prospect of blindness in old age realize that their problems actually began in childhood when they were fitted with their first pair of corrective [negative] lenses by someone who was probably unconcerned about the tragic, long-term results of that action.  Few of these people realize how their situation became more precarious each time their glasses were strengthened and nothing was said about prevention.  Now, when it is too late for prevention, they find themselves in the hands of surgeons who are making their living from someone else's mistakes by trying to patch up steadily deteriorating retinas.  The patient has become a lifelong victim of ignorance and exploitation.  

THE EYE CHANGES FROM A POSITIVE STATE TO A NEGATIVE STATE AS A RESULT OF CLOSE WORK


The cause of myopia is further clearly indicated in a study of 1200 Eskimos in Barrow, Alaska, published in the American Journal of Optometry in September, 1969, which showed that in one generation of the Eskimo population had moved from no myopia to approximately 65% myopia among the offspring, and that neither the grandparents nor parents over 40 had any myopia.  


Thus the first generation between grandparents and parents was similar in that myopia was nonexistent, but in the second generation between the parents and their children, suddenly myopia occurs in a surprisingly high number of children.  As a matter of fact, of 53 offspring who were in their early 20's, 88% had myopia.  Such a sudden and great degree of change cannot readily be accounted for on the basis of heredity, especially when there has been no identifiable force which could have brought about this obviously considerable mutation in the genetic composition of the offspring.  


The obvious difference between the parents and the children is the amount of near work which is currently being done by the children.  About the time of the second World War, the white man intruded into their lives, requiring the development of education among a population which was uneducated and illiterate.  The Eskimo has become an avid reader because of his environment.  While he spends a great deal of time out-of-doors in the warmer, daylight summer months, he spends relatively little time out-of-doors in the cold, dark winter months.  

A MASSIVE BODY OF EVIDENCE SHOWS THAT THE EYE CHANGES ITS FOCAL STATE TO MATCH ITS VISUAL ENVIRONMENT


In presenting these studies, I would emphasize that these represent only a small (even if spectacular) part of the evidence available today which demonstrates the blindness and suffering caused by present-day eye care.  While continuing to ignore a massive body of evidence, the eye care professions continue to ask to be shown proof that myopia results from excessive close work and that the prescription of corrective lenses causes the myopia to increase more rapidly that it otherwise should.  It is assumed from the start that the burden of proof is on us and that we are expected to raise money and conduct endless studies that will somehow convince everyone that we are right.  In many cases, this is like trying to convince a tobacco company executive that smoking causes lung cancer.  No amount of testing will convince those people who prefer to believe what pleases them most or what is more lucrative to them. . . . 


[Dr. Brumer reviewed an exchange of letters with a Dr. Lender (a university optometrist) concerning disagreement about the fundamental behavior characteristic of the eye under experimental test conditions.]


. . . These letters represent a desperate attempt to cover up a tragic and horrible situation.  They mislead the public and, significantly, the parliament of my country.  They have been unsuccessful in their purpose, however, and the question now lies on notice in the parliament in Canberra to the Minister of Health for Dr.  Klugman (opposition spokesman for health) asking him to appoint an inquiry into the matters I have raised.  

THE EYE PROFESSION RESISTS CHANGE -- TO YOUR DETRIMENT


The eye care professions have resisted change irrationally and fearfully, unwilling to admit that what has gone on before [the use of a negative lens] has been wrong and harmful, and by doing so they have unleashed on the public they serve a cataract of horror.  This continued situation is a tragedy for the public and a disgrace for optometry.  While it is understandable that optometrists will not find it easy to admit that what they have been doing is wrong and harmful, especially for those academic university optometrists responsible for the education of our graduates, to preserve the current horrors to protect our professional prestige and privilege is an abdication of our responsibilities, ethics and morality.  I can make no apology for causing embarrassment to my professional colleagues.  The interests of the public are paramount and must be served.  The purpose of this paper is to direct the future to end the disgrace of the past. 

*      *      *      *

REMARKS ON DR. MAURICE BRUMER'S PAPER


Dr.  Brumer had previously been denied permission to present his paper at the August, 1977 Australian and New Zealand Association for the Advancement of Science (ANZAAS) Congress because it was too critical of the prevailing method of eye care.  The above paper is of interest because of Dr. Maurice Brumer's scientific and ethical commitment to: 

1.  
Coming to grips with nearsightedness.  (i.e., The fundamental behavior characteristic of the eye.)

2.  
The reaction of other members of his profession.  (Extremely critical -- without clear scientific justification.)

3.  
The reaction of the public to Dr. Brumer's effort to come to grips with the situation.   (Nonexistent -- because the public was not clearly informed.)

4.  
The fact that this understanding (that the plus lens works) existed in 1977, and since then, nothing further has been done to provide pilots with the high quality information they need so that they can take the steps that are necessary to preserve their distant vision for life.

THE INTERNATIONAL MYOPIA PREVENTION ASSOCIATION

From,  "THE MYOPIA MYTH",  by Donald Rehm


In 1974 Donald Rehm established an organization to help parents understand and take steps to help their children avoid myopia.  He prepared a book that clarifies the various preventive methods available for myopia -- and the reaction of most of the profession to his efforts.  Donald describes his effort to persuade the profession to provide you with exact knowledge of the eye so that you might capably choose between these mutually exclusive alternatives.


" . . .  Since the organizations in the eye care field were telling the public nothing about the true cause of myopia, the idea of forming an organization devoted solely to myopia began to seem more and more necessary.  The final decision about forming a myopia prevention organization was made at the 1974 Annual Congress of the American Optometric Association in Washington, D. C. "


"An important part of such meetings takes place on a large floor where booths can be rented to exhibit optical goods, hand out literature, etc.  I rented a booth to give out literature on the latest research on myopia and ways of preventing it.  I found that the booth was for the most part ignored by most of the optometrists, although an adjoining booth, where the tinting of eyeglasses was being demonstrated, was usually crowded. "


"It was obvious that the people to whom we must go with our vision problems were more interested in tinting lenses than in saving sight.  They were ignoring everything that had to do with myopia prevention.  It was quite clear that pleading with the members of the eye care professions to change their ways was not going to succeed.  They would have to be forced to change, and this would occur only after the public was well informed about the real causes and solutions to the problem of myopia."


"In 1974, I therefore formed a nonprofit, tax-exempt Pennsylvania corporation, the International Myopia Prevention Association.  One of the first tasks I undertook was the publication of a twelve page booklet, The Prevention of Acquired Myopia.  This booklet, which was meant for distribution to the public, contained information on the real cause of myopia and what methods were available to prevent it.  No booklet of this type had ever been published previously.  In the booklet, I also stated the aims of the new organization:

1. 
To work for the widespread acceptance of the concept, now supported by numerous studies and research, that acquired myopia is caused by excessive close work and is not an inherited condition.

2. 
To inform the public, in an impartial manner, about the various methods available for preventing and controlling myopia.

3. 
To promote periodic testing of the vision of children so that the potential and beginning myopes can be found early when treatment is most effective.

4. 
To promote the use of proper reading habits and adequate lighting in schools, homes and offices.

5. 
To maintain a register of eye care practitioners who are interested in myopia prevention and skilled in its techniques.  *

6. 
To assist the public in coming into contact with these practitioners.  *

7. 
To issue a periodic publication to provide a summary of activities and new knowledge in this field.

8. 
To maintain an advisory board of scientists, researchers, educators, optometrists and ophthalmologists who are involved with the myopia problem and can advise on the activities of the association.

9.
To solicit contributions to carry on educational and scientific activities related to myopia prevention."  *


"As the formation of IMPA was announced in various optometric journals (it was ignored by the medical journals), I began to receive letters from doctors around the country expressing their interest in the new organization.  The response was greater than I had anticipated and indicated clearly that there did exist an unfilled need for leadership in the area. . . "

*
In a later publication Donald Rehm sadly concluded,  "We no longer try to maintain a list of prevention minded eye doctors since there are so few of them."  

WHERE CAN I OBTAIN DONALD REHM'S BOOK?

The International Myopia Prevention Association: www.myopia.org

The book, "The Myopia Myth -- The Truth About Nearsightedness and How To Prevent It", will undermine all that you have been led to believe about nearsightedness.  Writing in matter-of-fact language and using some fifty simple, clearly marked diagrams, Donald Rehm presents a comprehensive over-view of just about everything you might want to know about myopia:  prevailing myths about the subject (propagated, in large part, by your own eye doctor), real and fictitious causes of the problem, proper and improper methods of treatment, and how to know if your eye doctor is really helping you. 

AN EXCESSIVELY STRONG PRESCRIPTION?


I have retyped this letter from the original and changed the names.  Jeanie's daughter started out (at age six) with 20/50.  She received a strong minus lens -- even though 20/50 is acceptable for most children.  After years of receiving minus lenses stronger than necessary, she received a lens increase from -6.0 to -10.0 diopters.  Jeanie's suspicion and response is described in the following paragraphs.

JEANIE BRAVE'S LETTER:  Here are copies of my daughter's eye records and prescriptions.  You will never know how grateful I am for you and Mr. Severson.  When I stop and think of what could have happened to Shanna had I not found you -- my blood starts to boil.  I have come to realize that people never question eye doctors as they do medical doctors.  We are all at their mercy and do not even know it.  You have my permission to give my telephone number to anyone who you feel needs it. 


Check-up before school -- Shanna received the new contacts on August 5.  She puts in -10.0 Diopter and is able to see -- she says one mile down the road.  I immediately told her to take them out.  After begging my optometrist to please give me information to stabilize her vision, he becomes EXTREMELY UPSET.  I then went to the libraries and book stores looking for information but I found only William Bates' name.  I then ordered his book.  Next I found Mr. Severson and finally you in the back of his book.  After reading your books I immediately knew I had the wrong optometrist -- so I nicely asked his assistance in obtaining a -6 Diopter lens for studying.  The doctor reluctantly gave them to Shanna, telling us to use them for STUDYING ONLY.  I then confirmed the focal status of Shanna's eye's, by assisting her in checking her vision against the eye chart -- both inside and outside.

8/26/95 
20/20
-8.0 RE
-7.5 LE

8/26/95 
20/100
-6.0 RE
-6.0 LE
(Provided for reading)

8/31/95 
20/40
-6.0 RE
-6.0 LE

9/26/95
20/20
-6.0 RE
-6.0 LE


(For comparison, see the -10.0 D prescription below)


Since she was seeing so well on 9/26/95, I told her to remove her contacts and then come back outside.  Without ANYTHING on she stood 20 feet away and could focus on the 20/70 and 20/50 line for about 2 or 3 seconds -- then she said it would flash or float away.  

-10 D Prescription by Dr. Bob Smyeth, Optometrist, Dated  8/5/95:

Patient:  Shanna Brave, Birth Date, 3/2/82:   20/20  -10.0 RE  -9.5 LE.  In subsequent conversations with Jeanie, she stated that her nine year-old son was just starting into nearsightedness, and that she would do everything in her power to help her son with the proper use of the plus lens -- to avoid the catastrophic situation that had developed with her daughter.  Jeanie wondered why this knowledge is not made generally available to the parents of young children.

OTHER PUBLICATIONS

THE STRUCTURE OF SCIENTIFIC REVOLUTIONS  by Thomas S. Kuhn


Provides a fundamental discussion of scientific principles, and the development of paradigms as they support the basis for accurate scientific research.

NEUROLOGICAL CONTROL SYSTEMS  by Howard T. Milhorn


Explains the application of control theory to physiological systems. 

INTRODUCTION TO PHYSIOLOGICAL OPTICS  by J. P. C. Southhall


Provides a purely optical theory concerning the eye.  This is the standard text book with a major part of the optics derived from a treatise by Herman Helmholtz.  


Beyond this point, your own ability to make a good judgment of the situation must be your guiding light.  No one should dictate what you should or should not do.  We can only assist you in understanding the facts -- so that you may make a reasonable decision about what course of action best suits your own personal needs.

GLOSSARY

Accommodation
A blur controlled system that continuously monitors and changes the internal lens of the eye -- too provide the sharpest focus possible.

Accommodation,

Average Value
The value of accommodation that is averaged over a 16 hour day.

Analog

Computer
Generally, a simulation of a physical or physiological system, by using electronic operational amplifiers.  The computer is an analogy of the physical system being tested.  This type of computer is used when direct mathematical analysis is too cumbersome or complicated to use.

Black Box

Testing
A type of testing where it is necessary to establish a fundamental parameter of a previously untested system.  In general, you control one parameter, while monitoring the effect on the second parameter.

Scientific

Confirmation
Scientific testing in several different locations by different scientists where the same result is always obtained.  When the results are consistent (as are tests conducted to determine the fundamental behavior characteristic of the normal eye) the result  is considered to be an established fact.

Control

System
A system, generally using power amplification, designed to keep one parameter (i.e. the eye's desired focal state) within tight limits with respect to another parameter (i.e. average value of accommodation).

Corrective

Lens
A term growing out of the Helmholtz-passive concept of the eye.  It means that if a normal eye has a focal state of + 1.0 diopter then the "corrective" lens for the normal eye should be + 1.0 diopters.  In a similar vein, if a normal eye has a focal state of -1.0 diopters, the "corrective" lens should be -1.0 diopters.

Cybernetics
The study of control systems in electronic and physiological systems.  The analysis and comparison of feedback systems in man and machine.

Diopter
A unit of optical power.  A focal length of one meter (approximately on yard, or 39.4 inches).  The reciprocal of distance.  A focal length of 1/2 meter represents a focal power of 2 diopters.

Emmetropia
A focal state of exactly zero for the eye.  (Under the Helmholtz-passive concept, the only "normal" focal state of the eye.)

Experiment
The explicit steps you must take to determine a fact.  (In the case of the eye, the explicit steps you must take to determine the fundamental behavior characteristic of all normal eyes.)

Eye Acuity

Testing
The type of testing whereby you are required to read the standard Snellen eye chart at 20 feet.  (The letters are 3/8 inch tall, and your successful reading of the chart indicates 20/20 vision.)

Eye
A dynamic system (similar to a camera) that controls light rays so that they will form an image on the retina.

Facts
Explicit measurement results that can be repeated as many times as desired.  The entity to be tested, must be explicitly identified (i.e. the normal eye) to get consistent results. (You cannot run a test on the defective eye and reach a conclusion about the normal eye's behavior.)

Farsightedness

(Hyperopia)
A positive focal state of the normal eye.

Feedback

Control
A method of linking (desired) output to (controlling) input.

First Class

Medical
A Federal Aeronautics Administration (FAA) examination required of you to be fully qualified as a professional pilot.  The chief visual requirement is the ability to read the 20/20 line on the eye chart.  This represents a focal state of from 0 to +1.5 diopters.  There is a visually less stringent (20/50) 3rd class medical certificate issued by the FAA.

Focal Length
The point at which an image will form after light rays pass through a lens, provided the object is located at a considerable distance from the lens.

Focal

Measurement
The process of determining the focal length of a lens, or the focal status of the eye.

Focal Power
The ability of a lens to focus light rays.  The shorter the focal length, the greater the focal power.

Heuristic
Serving to discover or to stimulate investigation.  Assisting in the development of methods of demonstration which tend to lead a person to investigate further by himself.

Hyperopia
A positive focal state of the normal eye.  (Sometimes called "Farsightedness".  This is not a defect of the eye."

Infinity
For optical eye-testing purposes, a distance greater than 20 feet.  Rays of light are considered to be parallel when the object is located at infinity.

Magnifying

Glass
A positive lens

Mathematical

Model
A conceptual scheme developed to represent physical reality.  Mathematical models are essential to science, and are valued for their practical technical accuracy and the elegance and simplicity of their premise.

Model
A mechanical or electronic analogy of physical reality or a physical system.

Myopia
See nearsightedness

Nearsightedness
A negative focal state of the normal eye.  (As defined and established in this book.)

Negative Lens
A lens that optically moves all objects closer to the eye.  Also called a diverging lens.  A lens with a negative (or virtual) focal length.

Noise
Unwanted or undesired perturbations in a system.  Usually defined as having a broad bandwidth.

Operational

Amplifier
An amplifier specifically designed to perform some mathematical operation: (e.g., integration, differentiation, multiplication, division, addition, and subtraction.)

Ophthalmologist
A medical doctor specializing in diseases of the eye.  He is required to have four years of college, four years of medical school, two years as an intern, and board certification as an ophthalmologist.

Optometrist
A professional who has completed five years of specialized college and is licensed to prescribe lenses for refractive errors of the eye.

Paradigm
A conceptual scheme that has received broad acceptance by scientists.

Perturbation
An unexpected and abrupt change to a system in a random direction with random magnitude.

Physiological

Optics
The application of optical analysis, using Snell's law.  The analysis of image formation in the eye and the representation of the normal eye as a purely optical device.

Positioning

Control

System
A system, usually employing power amplification, designed for the sole purpose of maintaining very accurate relative position.

Positive Lens
A lens that optically moves all objects away from the eye.  A magnifying lens.  A converging lens.

Presbyopia
A situation resulting from the stiffness of the internal lens of the eye associated with old age.  Sometimes (inaccurately) called farsightedness.

Reading Glass
A magnifying glass, or positive lens.

Retina
The light sensitive surface on the back of the eye.

Science
The systematic assessment of facts.  The theoretical and experimental effort required to determine factual truth.

Servo System
A system, either mechanical or physiological, that "slaves" the output to the input.  (The normal eye continually adjusts both its corneal power and relative length to maintain accurate focus.  The focal state of the normal eye is "slaved" to its average visual environment.)

Statistical

Testing
A mathematical method of organizing experimental data to rapidly come to a reasonable conclusion about experimental (factual) reality. 

Testing
A systematic approach to confirming a physical fact concerning some defined entity.  (The normal eye is a defined entity.)

Theory
A concept developed over the years for explaining an underlying physical reality.

Thought

Experiment
A type of experiment that is designed to expose an old theory to existing knowledge in a way that isolates the root of the problem with a clarity that is unattainable in the laboratory.

Tonic

Accommodation
A normal (and usually negative) neurological focal state for the eye.  It occurs any time the retina is unable to perceive blur (which the accommodation system needs to focus properly) in its field of vision.   This is also referred to as blank-field, or dark-focus accommodation.

Transfer

Function
A mathematical function that relates the transformation of the output response to the input signal.

Verification

Process
A method of repeated testing to determine factual (experimental) truth.

Visual

Acuity
In the normal human eye, visual acuity is given as 1 minute of angle, or the ability to read 3/8 inch letters clearly at 20 feet.  Also referred to as 20/20 vision.  At night, the resolving power (i.e. separation of stars) is about 3 to 5 minutes of arc.

GETTING STARTED

Science is wisdom and skill in making accurate measurements.  Make them yourself and you will believe the results.  The first step is to establish a baseline measurement for your eyes.  Make a copy of the chart at the end of this section for your use.

Do not panic if your vision is less than 20/20.  It does take time to gradually work your way out of the situation.  That is, to change your focal status from a negative value to a positive value by wearing a plus lens.  For the most part, when you are at 20/40 you can work without wearing the minus lens.  This level of vision passes the standard legal requirement for driving a car.  In some states, the requirement is 20/40 in the better eye, and 20/70 in the “poorer” eye.

Put several charts up around the house and at work.  Be prepared to see variation on your chart.  This is completely normal.  Form an opinion of the line that you can read on the average.

Now you can begin using the plus lens for all reading.  Use a plus lens as strong as possible so that the lens just blurs your habitual reading distance.  The purpose of doing this is so that the lens will have the maximum preventive effect.  The plus lens moves the close-work out to “infinity” –- it is as though you are spending all day looking at distant objects.  Periodically push the work away to check that you are reading at the blur-point.  Then pull the work in slightly until the page “just clears” -- and then continue to read at this distance.

ADDITIONAL BACKGROUND ON THE EYE CHART


The standard of 20/20, or 3/8 inch letters at 20 feet was set by Professor Snellen.  For most people, the actual legal requirement for you is 20/40 -- or your ability to read 1.8 cm letters at 6 meters. This Snellen-DMV requirement was established as a reasonable military level of vision.  You must make certain that you can see at this level before you drive a car.  If you do not pass this level (as required by your state) you will be required to wear a minus lens for driving a car.


The health profession’s second-opinion has been the same concept that you have -- that the use of a minus lens should be restricted, and that an effort must be made to prevent the situation from developing beyond the 20/50 level.  However, you must make the decision to wear the plus correctly.  There are three possible choices you might make, if you are a student entering a four year college with 20/40 vision.

1. Do nothing, and hope your vision will clear all by itself.

2.
Change your career choice from flying to a desk job.

3.
Resolve to explore the use of the plus lens by exhaustively reviewing the experimental data before you use any lens -- plus or minus.

Your course of actions must be decided by you.  No one can help you until you decide this question based on your own judgment.

For the past 100 years optometrists have been attempting to explain this choice to you for your thoughtful review.  There are quite a few medical men who are willing to assist you after you have made this decision to use the plus lens.  But 100 percent of the responsibility and judgment must be in your mind.

MORE ABOUT NEARSIGHTEDNESS PREVENTION

Nearsightedness prevention is not easy.  As described in this book, it has been accomplished by individuals who have found in themselves the determination to use the preventive method as soon as they were less than 20/20.  In this early stage of nearsightedness, success is a high probability.

The method requires that you have a considerable amount of knowledge about the history of the problem.  This knowledge will help you define your own role and goals in working towards a solution.  I suggest you read the web sites listed on my home page, www.myopiafree.com for a more detailed analysis of this knowledge.

You must not plunge blindly into the preventive method.  Do not do anything until your have researched all aspects of the dynamic behavior of the eye, have looked intelligently at the experimental data, and have reached your own conclusion.

Engineers work to solve problems.  After a solution is produced, the idea is to concentrate your efforts to understand these results and to further enhance the initial success that others have achieved

A CASE OF NEARSIGHTEDNESS PREVENTION SUCCESS

The ophthalmologist Walter Lancaster reported that a young man who had been wearing concave (negative) lenses asked if there was any way he could pass the test for 20/20 vision.  His vision was 20/15 with minus-lens glasses on but was 20/30 without glasses.  (i.e., a focal state of approximately -1/2 diopter.)

He was given a +1.00 Diopter lens for each eye to wear constantly for three days.  When he returned his visual acuity was 20/20+ without glasses and 20/20+ with a +0.50 diopter lens and he read some letters of the 20/20 line through a +1.00 diopter lens.  In other words, his eyes had developed a protective buffer of +1.0 diopter.  (This is needed because the U.S.  Naval Academy was going to require that much buffer on entry to the academy.)

 [It is clear however, that true success, to “lock” this change will take longer-term use of the plus lens.  But an initial success of this nature is always encouraging.]

HOW TO CALCULATE THE LETTER SIZE OF THE SNELLEN CHART


From the study of optics and astronomy, it was established that the "high quality" human eye was able to resolve two stars separated by about one minute-of-arc.

Dr. Snellen* determined that there should be a simpler method of checking the eye.  He used equal-width bars separated by 1' of arc.  The effect of making letters to this standard, is that the letters are 5 minutes-of-arc high.  Once this was established, the letter size is a simple ratio of distance-to-size.  To calculate the height of the letters, it is easier to use the "Radian" angle measurement system.  Thus, 5 minutes-of-angle = 0.00145 radians (angle)

At 6.1 meters, multiply by 0.00145 = 0.0088

therefore 20/20 = 0.88 cm letters

In inches, 12 * 20 = 240 inches

240 * 0.00145 = 0.35 inches at 20 feet.

THE VISUAL STANDARD CHANGED DURING WORLD WAR I

The above 20/20 or 6/6 standard defines very sharp vision.  Most people are not required to have vision of this level.  In fact this standard was determined to be excessively high by the military, and therefore the accepted standard was changed.  During WWI, the medical department realized that a great mass of soldiers would be wearing minus glasses if the 6/6 standard were enforced.  They therefore decided to not use the 20/20 standard, and choose 20/40 as reasonable and acceptable standard for naked-eye vision.

If you are working to achieve a reasonable standard of vision I suggest with the military that you use the 20/40 standard rather than using a strong minus lens to get to 20/20.

The exception would be for driving a car at night.  This is a reasonable and practical way to meet requirement and not have your natural eyes "adapt" to the minus lens -- any more than is necessary.

REMEMBER

The 20/40 standard is measured under room illumination.  That is the legal requirement.  In darkness you will get readings of 20/70 or so -- but the DMV does not test for deep dusk conditions.  Be wise and be careful.  Strong consistent work with a plus lens can help you clear your "dusk" vision to the legal 20/40 level or better -- providing you have the motivation to do so.

*
Herman Snellen (1835-1908).  Dutch ophthalmologist, professor of ophthalmology in the University of Utrecht and director of the Netherlandic Eye Hospital.  The present standards of visual acuity were proposed by him, and his test types became the model for those now in use.
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The Snellen Eye Chart

A SCIENTIFIC STUDY OF THE EYE’S BEHAVIOR

Nearsightedness is a major debility for would-be pilots.  A senior pilot with a major airline will earn $200,000 per year.  Over a normal lifetime, a professional pilot will earn $2,000,000 dollars.  The Federal Aeronautics Administration (FAA) requires 20/20 vision (focal state zero to +1.5 diopters) to maintain this qualification.  Vision less that 20/20 (focal state less than zero diopters) will require a waiver to obtain a First Class Medical Certificate, and will deny you access to a complete career as a professional pilot.

If you wish to maintain first class qualification and are entering a four year aeronautical college, it is essential that you make a personal effort to preserve you distance vision.  This book will explain how to achieve this goal.

HOW TO AVOID NEARSIGHTEDNESS contains a detailed scientific and engineering assessment of the eye's behavior.  It is necessary to develop a complete understanding of eye's behavior under testable conditions to adequately understand myopia.  The model and experimental data developed in this book demonstrate that reading induced nearsightedness is preventable.

DID YOU KNOW THAT

o
Nearsightedness is preventable

o
The preventive procedure (in modified form) is now practiced by 25% of the eye care profession.

o
Experimental studies clearly show the effect that a confined (reading) environment has on the eye.

o
Nearsightedness is a negative focal state of the eye, rather than a organic, hereditary, or diseased condition.

o
The approach developed and used in this book was recommended for students at the U. S. Naval Academy.

o
Selected ophthalmologists and optometrists are willing to help you with prevention, provided that you understand both the difficulties and opportunities of the preventive approach, and you are willing to take ultimate long-term control of the effort.

