What is light? What is color?

An Exercise in Scientific Discovery and Debate

by

Nancy Stowe

Objective:

During this curriculum module the students will:

1. Learn how to develop an historical perspective, particularly in preparation for evaluating 17th century optics.

2. Develop and defend a theory through analysis of experimental observations by replicating two of Isaac Newton’s well-known experiments on light and color. 

3. Analyze the viewpoint of Newton’s critics and the role of debate in scientific development.

For the first prism activity (Lesson 2), the students will not be provided with Newton’s observations or interpretation until after they, themselves, have made their own conclusions.  To eliminate bias as much as possible, yet at the same time, provide the students with the necessary tools for interpretation, this module should follow lessons on reflection and refraction.  However, the students should still be as green as possible in regards to the nature of light and color.

Lesson 1

Developing Historical Perspective

“What is light?” and “What is Color?” are very old ‘burning’ questions. They may not initially appear to you as very ‘burning,’ but imagine yourself in the 17th century.  You are sitting one evening, in the dark since electricity does not exist (teacher turns out lights in the classroom), and the only means by which you can see, is through the light provided by a small burning candle (teacher lights a candle in the front of the classroom).

1. Do you have a car?

2. Do you have a t.v. and dvd player?

3. Do you have a stereo?

4. Do you have a telephone?

5. Do you have people with whom to converse?

6. What might come up as a topic of conversation in this situation?
(“What is light?” perhaps?)

In this context, can you imagine the nature of light seeming more interesting now?  And for that matter, why do you see white, yellow, red, and orange in the flame?  --  or any colors at all?

Break into groups of 2 or 3 for 5 minutes, and hypothesize on the following questions for 5-10 minutes.  Be prepared to share your answers with the class.

1. What is light?

2. What is color?

3. What is colored light?

Each group will then present their ideas to the rest of the class.

Role Playing of Historicial Figures who made Contributions in Optics
Teacher passes out slips of paper, each with the name of an historical figure and an example of what they might have said regarding their theories on light and color, and/or how we see light and color. In groups of 2 or 3, students create a visual demonstrating their assigned theory.  Costumes or props are optional.

---------------------------------------------------------------------------------------------------------

Plato (427-347 B.C.)

We are able to see due to ocular beams (or rays) streaming from the eye meet with something that emanates from an object (Lovell 2).

---------------------------------------------------------------------------------------------------------

Aristotle (384-323 B.C.)

Even though I have studied under Plato, I believe that vision arises when particles emitted from an object enter the pupil of the eye. I also believe that the colors of the rainbow are attributed to reflection of sunlight from drops of rain (Lovell 3).

I believe that that light arises when fire is present in a transparent medium such as air or water (darkness occurs when fire is absent) and that color is visible only in light. The colors of bodies originate from the fire and the transparent contained within them (Shapiro2).

---------------------------------------------------------------------------------------------------------

Seneca (4 B.C to A.D. 65)

I observed white light dispersed by a prism, and I deduce that the colors observed are fictitious (Lovell 3).

---------------------------------------------------------------------------------------------------------

Ptolemy (Alexandria, c A.D. 150)

In my book, Optics, I suggest that the eye emits rays similar to those described by Plato. However, I believe that the rays are continuous rather than consisting of minute particles.  I have also studied reflection and refraction and have showed that the incident ray, the reflected ray, and the normal to the reflecting surface all lie in the same plane (Lovell 4).

---------------------------------------------------------------------------------------------------------

Al-Kindi (Baghdad, 813-873)

I disagree with Plato’s assertion that vision is accomplished by the expulsion of ocular beams from the eye because ocular beams are but mathematical abstractions which are incapable of acting physically or physiologically. I believe that vision takes place by means of rays to the eye, emanating from an object, which promote a physical reaction upon the eye (Lovell 5)

---------------------------------------------------------------------------------------------------------

Haitham (Basra, 965-1038)

I am known by many as the greatest authority on optics in the Middle Ages.  I wrote an entire Treatise on Optics, a compilation of my extensive optical researches.  For example, I have shown that the apparent sizes of objects viewed at a distance are best explained by rays of light emitted from the object than by ocular beam, as Plato hypothesized.  I have also studied reflection and refraction at length and invented the pinhole camera (Lovell 8).

---------------------------------------------------------------------------------------------------------

Now nearing the 17th century – When optical inquiry really blossomed:

---------------------------------------------------------------------------------------------------------

Willebrord Snell (Holland, 1580-1626) 
I have determined the exact relationship between the angle of incidence and the angle of refraction. This enables natural philosophers, such as myself, to predict the direction a ray of light would take in various media (Snell’s Law: sin i/sin r = constant)

---------------------------------------------------------------------------------------------------------

Galileo (Florence, 1564-1642)

I have made great discoveries through observations made with the refractive telescope.  Did you know that the moon has a mountainous surface and that Jupiter has 4 moons?  

---------------------------------------------------------------------------------------------------------

Johohannes Kepler (1571-1630)

I believe that there is light within colored bodies (Shapiro2). 

Light rays are propagated from every point of an illuminated object in every available direction. When an eye is placed in the path of such rays, the pupil admits a circular cross section of the light into its interior. This light is refracted by the lens of the eye so that all the rays coming from any given point on the object converge on a single point of the retina (Sepper 9).

---------------------------------------------------------------------------------------------------------

Rene Descartes (France, 1596-1650)

I believe that light consists of particles which are accelerated along the normal to the surface when entering a denser medium (Lovell 26).

I also believe that light originates in the pressure or impulse exerted by a luminous body on the second kind of matter.  This pressure is transmitted outward instantaneously--that is, with infinite speed (Sepper-Appendix A).

---------------------------------------------------------------------------------------------------------

Robert Boyle (Ireland, 1627-1691)

I, among others, believe color to be a modification of light(Shapiro2).

---------------------------------------------------------------------------------------------------------

Christiaan Huygens (Holland, 1629-1687)

Light is a vibratory motion in the ether spreading out from a source and inducing the sensation of light when received by the eye (Lowell 34).

---------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------

Robert Hooke - (England, 1635-1703)
I believe that light consists of an undulatory motion, and that the vibrations might be perpendicular to the direction of propagation (Lovell 30).  And furthermore, white light is a “pulse or motion” and color is but a disturbance of that (Lovell 34).

---------------------------------------------------------------------------------------------------------

Discussion:

Do you believe any of these theories?  Those of the most famous?  Of the most recent? 

What kind of information would you need to convince you?

(discussion may lead to experimental evidence)

---------------------------------------------------------------------------------------------------------

Along came Isaac Newton  (England, 1642-1726)

Along came Isaac Newton, born the in a small town in east central England in1642, the same year that Galileo died.  After receiving his bachelor’s degree in 1665, Newton had acquired a firm command of contemporary optics through his studies of the works of his predecessors such as, Boyle, Descartes, and Hooke.  He rejected the idea of hypothesis and was interested in creating experiments to test theories (Sepper 15-16).

Newton began serious work in the field of optics in about 1663, He began to get involved in grinding lenses and the construction and performance refractive telescopes, which had recently been invented by a Dutch eyeglass maker named Lippershey (MEH 13.11). Desiring to remove the chromatic aberration (coloration from the images see through refractive telescopes), at the beginning of 1666 (age 23) he bought a glass prism 

“to try therewith the celebrated phenomena of colours.  And in order thereto having darkened my chamber, and made a small hole in my window-shuts, to let in a convenient quantity of the Sun’s light, I placed my Prisme at his entrance, that it might be thereby refracted to the opposite wall.” (Newton1 3076)

……..let us finish the story ourselves by taking the role of Newton and trying to discover what he saw, what he thought it meant, and what further questions may have arisen…..

Lesson 2

Light and Prism Activity

(Activity conducted in groups of 2-3 students)

Introduction

You are Isaac Newton, a young “natural philosopher” studying at Trinity College in Cambridge, England in 1666. You are interested in learning about light and colors, and particularly on how to remove chromatic aberration from the image produced by refractive telescopes. On a sunny day, you make a hole in your window shutter, allowing just one beam of sunlight to enter the room and turn off the lights.  You then take a glass prism and placed it in the sunbeam. 

Materials

1.  Halogen light source (to act as sunlight)

2.  Cardboard with slit (to act as Newton’s window shutters)

3.  Prism

4.  White Paper (to act as the wall in Newton’s room)

Purpose:

In this experiment, we will not only replicate Isaac Newton’s experiment, but we will try to use what we observe to draw some conclusions or hypothesis, or note any further questions which may arise.  Then we will compare our observations and interpretation to that of Newton.
Procedure:  

1. Predict what type of image will be created with the arrangement described by Newton.
Use your knowledge of refraction through glass, and make a diagram in your notebook of the set up and predicted behavior of the light rays, including reasons for your prediction.  

2. Set up the materials in the same manner Newton did and test your prediction.  Alter your arrangement slightly by tinkering with the angle the prism is held and the distance between each object in your experiment.

3. Record and make a diagram of the image you have created, including the colors, shape, position of the prism, angle of incidence, and the distance between all of the objects in the setup. 

Analysis

Answer the following questions and be prepared to explain your reasoning:

1. What was your final experimental setup?

2. Did you observe any colors in your image? Which ones?

3. What is the shape of the image?

4. Did your observations exactly match your prediction?  If not, hypothesize on how you think the your image was created? (Remember that rays of light are refracted in glass).

5. Put yourself now in Newton’s shoes, those of a natural philosopher. What further questions arise? Can you think of any other experiment that may give you some answers?

Prepare a written report and come to Lesson 3 prepared to share your findings.

Lesson 3

Discussion of Light and Prism Activity

and

Introduction to Crucial Experiment)

Discussion of Light and Prism Activity

Each small group informally reads from their report from Lesson 2, including their initial prediction and the answers to their Analysis Questions.

What Newton Observed

Now we can compare our observations with what Newton saw when he placed a prism in a beam of sunlight coming through the hole.  He claimed to have seen an elongated patch of multi-colored light on the opposite wall. Newton called this a spectrum and noted the colors – red, orange, yellow, green, blue, indigo, and violet.

Teacher notes any groups in the class who also observed an elongation, or an oval, and reviews their experimental setup.  The teacher should demonstrate this, displaying the image on the screen.

Repeat regarding the spectrum of colors.

There had been many others who experimented with the creating spectrums with prisms but Newton was the first to draw attention to the elongation of the spectral image.  He claimed that he was able to see the elongation because he observed the spectral image about 20 feet from the prism and therefore was able to see a fully colored elongated image of the sun.  All of his predecessors had observed the image just a few feet away, before the beam dispersed, and therefore only saw a round white image with colors only on the edges (Shapiro 69)

Did any group view their image at such a distance?  What did they observe?

What could cause the elongation?

Teacher makes note of any ideas.

Up to the time that Newton started his optical experiments, it was believed by most well-known natural philosophers that colors are created through some modification of pure sunlight that is produced when it is refracted or reflected, such as a mixture with shadow or darkness, or a condensation.

If this modification theory were true, would you expect a circle or an oval?

Why?

If the whole circular beam of white light is refracted in one kind of glass, would you expect the same circle to appear on the screen, maybe just bigger?

Does this give you any clues as to what white light really is?

Can anyone think of something else we could experimentally try to give us any further information? 

If someone has an idea, teacher tries in front of classroom, if possible.

Newton’s Thoughts

Observing that the length of the colored spectrum was many times greater than its breadth, Newton became very curious as to the nature of white light.

Is it possible that white light is not pure?  But this is what all of his predecessors and very experienced colleagues had always accepted to be true.  If you were Newton, would you dare to suggest otherwise?

Maybe…just maybe….ordinary white light is really a mixture of rays of a variety of colors and that the elongation of the spectrum is the result of different colors of light being refracted by different amounts.

Teacher draws a picture on the black board of the colored rays being differently refracted through a prism or shows a prepared overhead.

This idea led Newton to try a few more experiments.  He finally arrived at one which he believed discovered some real truths about light. He called it his “Experimentum Crucis,” or his “Crucial Experiment.’

Teacher has class read the following text:

“I took two boards, and placed one of them close behind the Prisme at the window so that the light might pass through a small hole, made in it for the purpose, and fall on the other board, which I placed at about 12 feet distance, having first made a small hole in it also, for some of that incident light to pass through.  Then I placed another Prisme behind this second board, so that the light, trajected (passed) through both the boards, might pass through that also, and be again refracted before it arrived at the wall.  This done, I took the first Prisme in my hand, and turned it to and fro slowly about its Axis, so much as to make the several parts of the Image, cast on the second board, successively pass through the hole in it, that I might observe to what places on the wall the second Prisme would refract them. And I saw by the variation of those places, that the light, tending to that end of the Image, towards which the refraction of the first Prisme was made, did in the second Prisme suffer a Refraction considerably greater then the light tending to the other end. And so the true cause of the length of that Image was detected to be no other, then that Light consists of Rays differently refrangible, which, without any respect to a difference in their incidence, were, according to their degrees of refrangibility, transmitted towards divers parts of the wall.” (Newton1 3978-3079) 

Students pair up to discuss the text from Isaac Newton, and do their best to draw a diagram of the “Crucial Experiment,” including the paths of the light rays.  They should write a few sentences on what they believe Newton was trying to accomplish, what his conclusion was, and why he came to this conclusion (in their own words).  

One or two groups can draw their diagrams on the blackboard and teacher leads class discussion and modifies the diagram until the class is in agreement.  Afterwards, show a figure of the experiment and fill in any holes in the students’ conclusion:
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Fig. 14. The experimentum crucis. Boards B1By’ and BoB’ are fixed in place, as is prism 2; Prism 1 can be rotated to allow different
parts of the spectrum VR to fall on the aperture Ay in board BBy’ When violet light passes through Ay, it is refracted toward region Vv’
On screen S8’ whereas red is less refracted, toward R’. Since the two boards and the second prism are fixed rigidly in place, the angle

of incidence on Prism 2 does not vary; any difference in the position of the image on the screen is therefore due to a difference in the
refraction of the beam in prism 2.




Source:  (Sepper 36)

Figure 1:  Newton’s Crucial Experiment

In Newton’s own words, “To the same degree of Refrangibility ever belongs the same colour, and to the same colour ever belongs the same degree of Refrangibility.  The least Refrangible Rays are all disposed to exhibit a Red colour, and contrarily those Rays, which are disposed to exhibit a Red colour, are all the least refrangible…” (Newton1 3081)

In other words, Newton concludes that the colors displayed in the spectrum are simple, while sunlight, or white light, is compound and consists of a mixture of innumerable spectral colors.  Colors are therefore not created by refraction of sunlight in a glass prism, as believed by the modificationists, but they have been in the light all along.  Refraction only separates the different colors by bending each one a different amount according to their distinct index of refraction (Shapiro 65).

Pause for class reaction

Since no loud ‘ooooo-ing’ or ‘ahhhing’ is being heard from the class, we will have to take a moment to recapture the historical perspective of the 17th century.  This concept may not appear very radical to you now, but it was indeed very radical in the 17th century.

Imagine you are counterpart of Newton.  You work at another, maybe competing college.  Ever since your first physics class on optics, you were told that white light, or sunlight, was considered simple, pure, and homogeneous.  And since then, every experiment you have undertaken has fit perfectly well with this theory.  You may even have published papers or books incorporating the modificationist theory.  Now a young Isaac Newton comes along and claims that white light is a compound of all colors.  For others to accept his theory, he would have to convince them to abandon an established and fundamental idea about nature (Shapiro 65)

To make matters worse for the modificationists, the ‘crucial experiment’ also showed that the “separated” light (violet light) cannot be changed, or modified, again by further experiments.  This raises even more problems for the modificationist theory since it claims that all light is essentially alike, that there is a unique index of refraction for it, and that any beam behaves the same way as any other.  The crucial experiment shows that there are different kinds of light that behave differently, and that once one kind is isolated it cannot be changed into another kind (Sepper 53).

In 1672, Newton described his experiments to the Royal Society in London in the form of a letter.  It was received with great skepticism by not only the members of the Society, but many others as well.  It was the subject of great controversy, consisting of many letters back and forth between Newton and all of his critics.

Among Newton’s chief critics were people who were regarded as leading figures in natural philosophy in the seventeenth century.  They attempted to replicate Newton’s ‘crucial experiment,’ but many were unsuccessful.  In letters, they would explain their problems to Newton, and Newton would write back and explain to them their mistakes, i.e. used the wrong kind of prism, the experimental setup was not correct, etc.

Now that we have briefly walked in the shoes of Newton, in the next lesson we will put ourselves in the shoes of the members of the Royal Society.

Lesson 4

Laboratory Activity

“Experimentum Crucis”

Introduction


You are a member of the Royal Society and a ‘modificationist.’  You have always ‘known’ colors to be some modification of pure sunlight that is produced when it is refracted or reflected.  You, a distinguished, well-established, well-known, and well-respected natural philosopher, are unable to easily accept an opposing theory from a younger, less experienced ‘natural philosopher’ who asserts that such a long-held belief is simply wrong. You need to try the ‘crucial experiment’ for yourself.

Note:

· It takes practice to reproduce the experiment, and it may take several tries and require some ‘tinkering around’ with the equipment to get the same results that Newton did.  You may even notice some information may seem missing.

· The purpose of the two fixed holes is to ensure that the unequal refraction of the different colored rays does not arise from a difference in the angle of incidence.

· The function of the second prism in these experiments is to test the effect of the first prism by seeing whether it further decomposes the beam (Shapiro 76).

· Newton let the light pass through the prisms at ‘minimum deviation,’ so that it is symmetrical to the incidence and emergent beams.

Teacher should note that possibly few, if anyone, will get this experiment to work the way Newton did, but neither did many of the experienced and knowledgeable members of the Royal Society.  The analysis of why it did not work like it did for Newton is just as interesting. 

Purpose

The purpose of this experiment is to recreate Newton’s crucial experiment and to make a judgment as to whether you agree with Newton’s conclusion that white light is compound in nature, and consists of a mixture of spectral colors.

Materials

· One halogen light source

· Three pieces of cardboard with small holes, two of which are covered in white paper to act as screens

· Tape or clamps to hold cardboard in place

· Two prisms

· White paper or screen, without a slit.

Procedure

1. Read again Newton’s description of his ‘crucial experiment’ from Lesson 3.

2. Let light pass through a prism as shown in Figure 1 so that a spectrum is projected onto one of the white screens with a small hole.  Fiddle with the position and angle of the prism until only violet passes through the hole.

3.  After passing through second hole, the violet rays of light should be refracted through the second prism with the same angle of incidence.

4. You may have to tinker quite a bit with the position of the prisms until it appears that you have isolated a single color.  Take notes on positions of the prisms and what you observe.  

5. Choose the best or most interesting results you observed, and make a diagram of the experimental setup, including the rays of light, as best you can.

Analysis and Conclusion

1. Comment on whether your results were similar or different from Newton’s.

2. Comment on precision and level of accuracy in the experiment

3. What difficulties did you encounter? How did you resolve them?

4. What questions might you have for Newton, either on the experiment itself or his interpretation?

5. Would you interpret the results any differently than Newton?

6. Is your interpretation a hypothesis or are you certain of your results?

7. If your experiment worked, and you agree with Newton’s interpretation, write him a short letter letting him know that he is brilliant and how he has succeeded converted you over from the ‘modificationist’ viewpoint, even though you are a much more experienced and respected natural philosopher. 

8. If your experiment you observed something different than Newton, or results which you interpreted differently than Newton, write a paragraph to Newton explaining that the experiment doesn’t work and why you still believe in the modification of light.  You may also request some clarification on certain aspects.

Lesson 5

Individual groups present the results of their ‘Crucial Experiments’ and read their short letters to the class.  Tally up those agreeing and those disagreeing with Newton and look for any other similarities or differences in group presentations. 

Newton received many letters after the other natural philosophers tried to replicate his experiment.

Among Newton’s chief critics were people who were regarded as leading figures in natural philosophy in the seventeenth century.  Christiaan Huygens, Robert Hooke, and Ignace Pardies (1636-1673).  Virtually all of them admitted that his doctrine was ingenious and interesting, but they raised some experimental points that they thought needed resolution.  They also often offered alternative hypotheses.

They corresponded through letters, but let us divide up and role play a fictitious scenario that might have taken place if they all had been in the same room:

Hooke:
The colored rays were produced by the prism, by modifying the white light. Once produced, they clearly maintained their color and specific refrangibility. I have conducted other experiments where one could produce colors without refraction, indicating that color has other sources than white light (Allchin 1)

Newton:
Nonsense.  My ‘crucial experiment’ clearly shows that white light is not homogeneous, and the distinct kinds, or colors, of rays can be separated out.

Huygens:
I object to your tone and claims of certainty! We are not accustomed to this impolite form of etiquette!” (Sepper 51)

Newton:
I am simply unable to waiver regarding the established truths I have uncovered through years of experimentation

Hooke:
You cannot base your conclusion on a single experiment, a ‘crucial experiment (Allchin 1)

Newton:
Why not?  A single black swan shows the falsity of “All swans are white.”  Since the “separated” light obtained experimentally cannot be changed by further experiments, it must be basic, and ultimate constituent of light (Sepper 53-55)

Pardies:
But it seems to me that according to the common and received laws of dioptrics, the figure ought to be not round but oblong.  I can prove through mathematics that when the sun’s divergent rays fall on the prism very obliquely, they will emerge from the other face as elongated, as you observed (Shapiro 72).

Newton:
I am terribly sorry, but the Reverent Father is mistaken, for you put the refractions by the different sides of the prism as unequal as possible, where I used equal angle of incidence in my experiment.  In the symmetrical position, the image would indeed by circular (Shapiro 72).

Algarotti:
I have tried and tried, but it is simply impossible to replicate your results from the ‘crucial experiment’ (Shapiro 63)

Newton:
The glass prisms you are finding in Italy are simply too flawed with bubbles and other imperfections.  You need to try again with good quality British prisms (Shapiro 63).

Hooke:
I succeeded in seeing the same phenomenon as you in your ‘crucial experiment but I have a quite different interpretation.  White light is a simple pulse front that produced different colors depending on the front’s orientation with respect to the direction of travel; refraction changes this orientation in white light so that colors appear.(Sepper 52)

Newton:
But then why are not pulses corresponding to red, green, blue, and so forth further modified by additional refractions? Furthermore, all known pulses (like water and sound waves) go around corners, whereas light, which forms distinct shadows, does not (Sepper 52)
The ‘crucial experiment’ has also led me to believe that light behaves as if it consists of a large number of very small bodies, or particles (Newton 3085).  

Huygens:
A wave theory of light can account for the results equally well. 

Newton:
Rubbish!  I am tired and weary of these ridiculous critiques!  I refuse to answer any more letters regarding light and color!  I am just going to work on something else for the next 3 decades! Maybe I will go develop the laws of motion or something—anything to avoid this waste of my time!

Newton was, indeed, irritated and discouraged by the long, drawn-out disputes over his theory of white light and color. He reached the point where he threatened to keep future work to himself.  For almost three decades he worked on other things, including the problems of motion that led to the publication in 1687 of the Principia (Mathematical Principles of Natural Philosophy). It provided fundamental principles and laws governing the motion of bodies subject to forces.

It was not until 1704, after Hooke’s death, and 32 years after his 1672 letter to the Royal Society, when he was ready to present the first edition of the Opticks,, a book that more than any other established the theoretical experimental, and technical foundations of modern optics and color science.  This book included experiments and observations that had not been part of the 1672 letter, in hopes that it would have more success in persuading his critics (Sepper 59).

Discussion on the Role of Debate in the Development of Science

Students get in groups of 3-4 and try to answer the following question:

Is debate and criticism beneficial or an obstacle to scientific development? 

Each group presents their answer to the rest of the class for discussion.

Possible ideas brought up in group discussion:

· The debate inspired Newton, as well as his critics to work harder at refining and clarifying their theories.

· On the other hand, if it weren’t for Newton’s courageous and insistent efforts, and his willingness to stand nearly alone against many high ranking critics, his theories could possibly have never become such an integral part in the development of optics.  Indeed, his theories on color and light, including that light was made up of particles, not waves, dominated throughout the 18th century.

· There will always continue to be opportunity for disputes over the “facts,” the methods we use to attain them, and the interpretations we apply.

· The scientists of today, like the ‘natural philosophers of the 17th century, are continually questioning the theories, methods, and interpretations of other scientists.  However most of us do not realize this since we limit our sources of scientific information to introductory textbooks (Sepper 58).

Discussion on Overall Impression of Newton as a Scientist

Discussion Questions:

1. How do you think people in 300 years in the future will view our scientific theories of today? Would you hope that they would try to understand our perspective or assume that we just have more primitive minds?

2. Now that you have learned a bit about Isaac Newton, how would you judge him as a scientist?  Do you base your opinion on whether he was right or wrong, or on how he interpreted the evidence he was able to observe with the material resources he had available to him?

It can be tempting to judge scientific developments of the past based on what we ‘know’ today.  To truly appreciate the scientists of the past, and to truly understand how science has developed, it is important to take the time to develop an historical perspective, to a time even before the events in question took place.
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