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"If I have seen further, it is by standing on the shoulders of giants." This quote encapsulates the essence of Isaac Newton’s 'Opticks,' presenting not only his groundbreaking discoveries in the field of optics but also his reverence for the intellectual traditions that preceded him. This work serves as both a testament to his monumental achievements in science and a reflection on the collaborative nature of knowledge advancement. In doing so, Newton invites readers into a world where curiosity and inquiry lead to profound insights, setting the stage for modern science as we know it today.

Ever since its publication in 1704, 'Opticks' has maintained a timeless status as a classic, weaving its way into the very fabric of scientific literature. It transcends mere discovery, acting as a critical bridge between the empirical methods of the Enlightenment and the rich philosophical inquiries of the time. Scholars and students alike continue to return to this work, not only for its scientific contributions but for its deeper explorations of light, color, and perception—making it crucial not only to physics but also to the realms of philosophy and literature.

Isaac Newton, a luminary of the Scientific Revolution, composed 'Opticks' during a period marked by profound changes in scientific thought. Written in the early 18th century, its publication marked a critical juncture in our understanding of light and optics. Newton’s meticulous observations and experiments culminated in groundbreaking findings about the nature of color, refraction, and the behavior of light, all of which laid foundational principles for future scientists. His insights into these subjects resonate through the corridors of time, continuously sparking scholarly investigations.

In 'Opticks,' Newton examines the composition of light, exploring its interaction with various materials and the phenomena of color. He proposes theories grounded in empirical evidence, advocating for a systematic approach to observation and analysis. The book is filled with experiments and diagrams that illustrate his findings, providing an accessible yet scientifically rigorous narrative. Newton’s intention was not merely to share his discoveries; he sought to cultivate an understanding of nature that could be built upon by future generations, paving the way for modern optics.

The influence of 'Opticks' extends beyond the realm of physics; it reverberates through literature and philosophy. The themes of perception, reality, and the quest for knowledge have inspired countless authors and thinkers from diverse disciplines. The inquiry into light is a metaphor for insight itself, symbolizing the pursuit of truth and understanding, making Newton’s work a rich source for literary exploration. Its resonance can be seen in the works of later writers who grappled with the implications of scientific discovery on the human condition.

Newton’s work is also an embodiment of the Enlightenment ideals of reason and empirical investigation. By prioritizing observation over conjecture, he forged a path that influenced not just the scientific method but also cultural and philosophical thought. The rationalist tradition that arose during this period took cues from Newton’s approach, leading to advancements in many fields. Thus, 'Opticks' stands as a pillar of enlightenment literature, serving as a vital reference point for understanding the interplay between science and philosophy.

The book is characterized by its methodical structure and clarity, offering readers an insightful exploration of a complex subject. Newton presents his findings through a series of optical experiments, each building upon the last to create a cohesive understanding of light. This pedagogical approach is one of the reasons the book remains a favored text in both scientific and academic circles, as it democratizes knowledge by making sophisticated concepts tangible and comprehensible.

Furthermore, the style in which Newton writes—often interspersed with thorough illustrations—imparts a sense of wonder and discovery. He crafts a narrative that captivates the imagination, inviting readers into the experimental process. This accessibility is one of the traits that has enabled 'Opticks' to endure through centuries, captivating generations intrigued by the mysteries of light and optics.

One of the pivotal themes of 'Opticks' is the exploration of the relationship between light and color. Newton’s observations revealed that white light is not homogeneous but rather a mixture of various colors, each possessing unique properties. This radical concept not only transformed the scientific understanding of light but also influenced the arts, inspiring painters and poets to reconsider how they represented color and light within their works.

The relationship between observation and theoretical deduction is another crucial theme Newton tackles in 'Opticks.' He emphasizes the importance of empirical evidence as a means of establishing truth, a concept that resonates deeply with contemporary scientific practices. By advocating for rigorous experimentation, Newton not only solidified his own theories but also encouraged a shift in the way knowledge is approached—a theme still relevant in today’s world where science drives much of societal advancement.

In his examination of phenomena such as the rainbow and diffraction, Newton raises questions about the nature of reality itself. He delves into the metaphysical implications of his findings, inviting readers to ponder deeper questions about perception and the essence of the natural world. This intersection of science and philosophy enriches the text, elevating it from a mere scientific treatise to a profound exploration of existence and the universe.

Despite being written over three centuries ago, the themes and questions raised in 'Opticks' remain strikingly relevant today. As modern society grapples with the implications of scientific and technological progress, the foundational ideas introduced by Newton encourage an ongoing inquiry into the nature of reality. Concepts about light and visibility extend into various fields, including art, psychology, and even digital media, illustrating the book's lasting imprint on diverse areas of human thought.

The pursuit of understanding through observation is a theme that resonates powerfully in our current landscape, especially in an age where misinformation can easily distort perceptions of reality. Newton’s commitment to empirical inquiry serves as a reminder of the value of critical-thinking skills in discerning truth from falsehood—a lesson that remains crucial in contemporary discourse. This back-to-basics approach to knowledge sustains the appeal of 'Opticks' in challenging times.

In exploring the qualities of light, Newton invokes a sense of awe about the natural world. This reverence for nature, coupled with an insatiable curiosity, is a quality that readers and scholars can appreciate across the ages. Inspired by Newton’s voice, future generations are encouraged to question, explore, and marvel at the beauty and complexity of the universe, an eternal motif in human literature and scientific endeavor.

As 'Opticks' unfolds, the intricate dance between theory and observation invites readers to join in the exploration. Newton’s eloquent discourse and methodical examination make complex scientific principles accessible while still rich in depth, allowing the book to serve as both an educational resource and a source of inspiration. This duality continues to be significant for current audiences who seek both knowledge and inspiration in their everyday lives.

Ultimately, the enduring legacy of 'Opticks' lies in its synthesis of science, philosophy, and art. Its themes ripple through scholarly discourse, influencing not only those directly engaged in the sciences but also artists, writers, and thinkers across the spectrum. Newton’s ability to transcend disciplinary boundaries reaffirms the relevance of his work, as it serves as a constant reminder of the interconnectedness of knowledge in our world.

In conclusion, 'Opticks' stands as a timeless work that captures the essence of scientific inquiry and the beauty of discovery. Its themes of perception, investigation, and the quest for understanding remain as alive today as they were in Newton’s time. The book continues to inspire and engage contemporary audiences, affirming its status as a classic that reflects the universal human experience of seeking knowledge and embracing the wonders of the universe.
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Opticks, published in 1704, is Isaac Newton's seminal work exploring the nature of light and color. The book marks a pivotal moment in the history of science, presenting Newton's discoveries about the properties of light through experiments with prisms. His investigation into how light interacts with materials laid the groundwork for the field of optics. The text is a reflection of Newton's meticulous scientific method, illustrating both theoretical concepts and practical experiments. Moreover, Opticks served as a challenge to the prevailing theories of light during Newton's time, which often attributed its nature to various philosophical ideas.

The central theme of Opticks is the behavior of light, and Newton opens the book with discussions on how light can be decomposed into different colors. He demonstrates that white light is not a simple entity but a mixture of various colors, which can be revealed through a prism. By shining a beam of sunlight through a glass prism, Newton shows how it separates into a spectrum, leading to a deeper understanding of color theory. This experiment underscores the transformative nature of light and establishes a fundamental principle regarding the composition of light as a combination of distinct wavelengths.

Building on the initial experiments with prisms, Newton introduces the concept of refraction, explaining how light bends when passing through different media. He delineates the relationship between the angle of incidence and the angle of refraction, which became foundational in the study of lenses and optical instruments. By developing a systematic analysis of these properties, Newton provides critical insights into how images are formed and how lenses can manipulate light. This examination of refraction contributes significantly to understanding vision and the construction of telescopes, enhancing scientific exploration during the era.

Furthermore, Newton explores the notion of color perception and its physiological implications. He posits that colors are not inherent properties of objects but arise from the interaction of light with the eye. His discussion extends into the psychology of color, considering how perception can vary based on environmental factors. This intersection of physical science and human perception marks a departure from purely empirical investigations, laying the foundation for future studies in vision and color theory. Thus, Opticks does not merely document physical experiments but also delves into philosophical inquiries about human experience.

Another significant aspect of the book involves Newton's discussion of 'corpuscular' theory, where he posits that light consists of small particles or 'corpuscles.' This idea starkly contrasts with the wave theories of light proposed by contemporaries. Newton articulates his rationale through experimental evidence, challenging the skepticism toward corpuscular theory at the time. He advocates for a particle-based understanding of light behavior, particularly in the context of reflection and refraction. This dual approach emphasizes both the particle and wave characteristics of light, a precursor to modern optics and quantum physics.

Opticks also addresses the phenomenon of diffraction, albeit briefly. Newton discusses its implications and recognition within the wider context of light studies, acknowledging instances where the behavior of light does not conform exclusively to his corpuscular theory. By doing so, he acknowledges the limitations of his framework while still applying it effectively to many optical phenomena. This engagement with diffraction indicates an early grappling with complexities surrounding light, ultimately paving the way for future theoretical advancements and a more comprehensive understanding of optics.

Additionally, the book includes Newton's reflections on the nature of scientific inquiry and the role of empirical evidence in the pursuit of knowledge. He emphasizes the importance of observation and experimentation in deriving conclusions about natural phenomena. By sharing his process and findings openly, Newton cultivates a model of scientific rigor, encouraging future scientists to adopt similar methodologies. This meta-analysis within Opticks serves as a guide, illustrating how science should progress through careful experimentation rather than merely relying on philosophical speculation.

The concluding sections of Opticks further solidify Newton's credibility as a scientist and theorist. His meticulous documentation of variables and outcomes, along with his reflections on the implications of his discoveries, culminates in a balance of empirical evidence and philosophical inquiry. The book not only presents a coherent model of light but also encapsulates the scientific spirit of inquiry that defined the Enlightenment era. Newton's work in Opticks thus continues to resonate, influencing the fields of physics and optics far beyond his time.

Overall, Opticks conveys the profound message that understanding the natural world relies on the interplay between empirical observation and theoretical construct. Newton’s analysis of light, color, and vision not only transformed the field of optics but also established fundamental principles that underpin modern physics. Through this work, he invites a deeper inquiry into the nature of reality, encouraging future generations to explore and question the principles that govern the universe.
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Opticks, published in 1704, was developed during a transformative period in English society, marked by the Scientific Revolution and the early Enlightenment. This era saw a rise in empirical research and a growing skepticism towards traditional authority, both religious and political. The book was written in England, a center of intellectual activity influenced by contemporaneous figures like John Locke and Robert Hooke. Newton's work illustrated the interdisciplinary nature of the time, as it combined philosophy, physics, and mathematics, reflecting a broader cultural shift towards individual inquiry and rational thought.

The Glorious Revolution of 1688 considerably altered the political landscape in Britain, establishing a constitutional monarchy under William and Mary. It is notable for reducing the absolute power of the monarchy and empowering parliamentary governance. In Opticks, Newton underscores Enlightenment principles—reason, empiricism, and the quest for knowledge—by establishing a methodological basis for scientific inquiry. His reliance on observation to interpret natural phenomena reflects the intellectual environment fostered by this new political stability.

The Royal Society of London, founded in 1660, became a vital institution during Newton's time, promoting scientific advancement through collaborative research and sharing of ideas. Newton was a member and later served as its president. Opticks exemplified the empirical methods championed by the Society and mirrored its ethos of investigation and discovery. The Society's rigorous standards for experimentation and peer review were crucial in shaping the scientific community, emphasizing empirical evidence over dogma.

The formation of the Whig and Tory parties in the late 17th century created a dynamic political landscape characterized by a tension between emerging democratic ideals and established aristocratic privileges. Opticks, with its assertion of observational science over speculative philosophy, reflects this tension. Newton's adherence to rigorous experimentation challenged the unfounded assumptions often held by political elites. This contention reveals an evolving public discourse around knowledge and governance.

The plague that struck England in the 1660s profoundly affected many aspects of life and influenced a shift in scientific thought. Newton's work on optics was accomplished during his years in isolation, which also inspired him to consider fundamental questions concerning light and color. His investigations serve as a poignant reminder of the resilience and quest for understanding even in times of crisis.

The establishment of the Bank of England in 1694 was a cornerstone in developing a modern financial system, facilitating commerce and industry growth. This economic evolution allowed for greater patronage of sciences and the arts, which is reflected in the intellectual curiosity of the time. Newton's endeavors resonate with this prosperous age, marked by higher literacy rates and an interest in science due in part to expanding trade networks and a rising middle class.

The Age of Exploration had far-reaching influences on several facets of society, including the scientific community. Exploration emphasized empirical observation and measurement, leading to a global understanding of nature. This quest for knowledge initiated scientific inquiries into subjects like light and color, the core elements of Opticks. Newton's meticulous observations can be seen as a continuation of this exploratory spirit.

Theological controversies surrounding scientific discoveries created tension between faith and reason. While Newton held strong religious convictions, his work sought to explain the mechanics of light without spiritual explanations, reflecting challenges faced by scholars reconciling scientific inquiry with theological doctrines.

The shift towards rationalism, influenced by philosophers like René Descartes, encouraged thinkers to seek clarity and truth through reason and empirical evidence. Newton’s philosophy aligns with this rationalist ideology, advocating for logic and evidence in intellectual discourse.

In the early 18th century, educated women began challenging societal gender norms, participating in scientific discussions despite limited formal education. Although primarily addressing scientific discourse, Opticks coincided with this rising inclusivity, suggesting that knowledge should transcend gender barriers.

The War of the Spanish Succession (1701-1714) significantly impacted British politics and society. While the war is not overtly addressed in Opticks, the intellectual climate it inspired facilitated the flourishing of Newton’s scientific inquiries.

Advancements in mechanics and instrumentation during Newton’s lifetime played a pivotal role in shaping his studies. Innovations like telescopes empowered his scientific examination, illustrating how technology facilitated deeper investigations into natural laws.

The widespread dissemination of knowledge due to the printing press transformed education and public discourse. This development allowed Opticks to reach a broader audience, fostering dialogue and debate among scholars and general readers. Newton’s contributions became pivotal elements of an evolving scientific canon.

The Scientific Revolution laid the foundation for modern science, characterized by rigorous experimentation and questioning of established norms. By embedding his theories within experimental evidence, Newton actively participated in this transformative stage.

Opticks critiques the intellectual landscape of the era, emphasizing the necessity for verifiable knowledge over dogmatic views. Newton's insistence on empirical observation challenged entrenched beliefs, advocating for independence in intellectual inquiry.

Newton’s Opticks also engages with class divides linked to power dynamics. While accessible to informed middle-class members, it emphasizes credible research and critiques societal barriers in knowledge production.

Through its exploration of light and color, Opticks critiques not only scientific inquiry practices but also broader societal injustices rooted in ignorance. By advocating rigorous experimentation, Newton promotes an inclusive vision of science as a means of achieving social and political progress.
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    Introduction
Isaac Newton (mid-17th to early 18th century) was an English mathematician, natural philosopher, and public official whose writings reshaped science and its language. His Philosophiae Naturalis Principia Mathematica presented the laws of motion and universal gravitation, offering a unified account of celestial and terrestrial phenomena. Opticks, a masterwork of experimental inquiry, investigated light, color, and method. Across mathematics he developed techniques later called calculus, and in public service he directed the English Mint. As President of the Royal Society, he shaped institutional science. Newton’s rigorous proofs, empirical caution, and sweeping synthesis established an enduring model for scientific explanation and scholarly prose.
Education and Literary Influences
Newton studied at the University of Cambridge, principally at Trinity College, during the 1660s, a period of intellectual transition. The curriculum exposed him to classical geometry and scholastic philosophy, but he quickly engaged newer works circulating among scholars. Euclid and classical mathematics grounded his technique; René Descartes’ Geometry and method of analysis broadened his toolkit. He read Galileo and Kepler on astronomy and motion, and absorbed experimental approaches associated with Robert Boyle. Isaac Barrow’s lectures in mathematics were especially formative; Barrow recognized Newton’s talent and, in the late 1660s, the Lucasian Professorship of Mathematics passed to Newton, giving him a platform for original research and teaching.
Newton’s mature writing emerged from these intertwined influences: the austere rigor of ancient geometry, the analytical ambitions of continental algebra, and the experimental philosophy championed by the early Royal Society. He preferred synthetic, diagram-driven demonstrations in the Principia, aligning with Euclid, while privately developing powerful algebraic and infinitesimal methods to guide discovery. He admired clarity and reproducibility in experiment, exemplified in his optical investigations. He acknowledged debts to predecessors—famously speaking of “standing on the shoulders of giants”—yet insisted on strict evidential standards. This combination of reverence for classical form and innovative technique defined his authorial voice and the argumentative architecture of his books.
Literary Career
Newton’s literary career began to take public shape after early optical papers drew attention within the Royal Society. The decisive turning point came when Edmund Halley encouraged him to set out a full mathematical treatment of celestial mechanics. Newton responded with the Principia, produced in the mid-1680s under intense effort and with Halley’s editorial and financial support. The work synthesized terrestrial and astronomical phenomena under universal gravitation, deriving planetary motion, tides, and trajectories from a small set of axioms and definitions. It was immediately recognized by leading savants as a monumental achievement, though its geometric style and density limited its accessibility to specialists.
In subsequent decades Newton revised and expanded the Principia, issuing later editions in the early 18th century with editorial assistance from Roger Cotes and Henry Pemberton. He clarified foundational elements—definitions, rules of reasoning, and the celebrated General Scholium—while responding to critics and extending applications. The book’s architecture blended mathematical proof with carefully delimited idealizations, displaying a disciplined avoidance of unsupported conjecture. Continental mathematicians engaged deeply with its arguments, and British readers formed a vigorous Newtonian school. While alternative dynamical frameworks persisted for a time, the Principia gradually became the touchstone for mechanics and celestial theory throughout Europe.
Opticks, published in the early 1700s, presented a contrasting literary mode: systematic experiments, crisp propositions, and detailed instrument descriptions. Building on earlier communications about prismatic dispersion and the composition of white light, Newton argued that color corresponds to immutable refrangibility. He explored reflection, refraction, and the phenomenon later called diffraction, and appended a series of “Queries” that probed open problems. The book was widely read, translated, and discussed, inspiring experimental programs well beyond optics. Its controlled style, insistence on operational clarity, and programmatic questions made it a manual for inquiry, complementing the Principia’s austere mathematical exposition.
Parallel to these masterpieces, Newton developed methods later termed fluxions and fluents, providing a calculus of change and area. Much of this work circulated in manuscripts and lecture notes, then appeared in texts such as Arithmetica Universalis and, posthumously in English, Method of Fluxions. He also produced mathematical treatises on series, quadrature, and approximation, as well as chronological and prophetic studies that reveal the breadth of his interests. A prolonged dispute over priority with Gottfried Wilhelm Leibniz, conducted across the late 17th and early 18th centuries, sharpened methodological debates and shaped public perception of British and continental mathematics.
Newton’s writings secured early election to the Royal Society and a reputation that extended across Europe. Within Britain, a circle of correspondents, editors, and patrons—astronomers, mathematicians, and natural philosophers—helped propagate Newtonian analysis and experiment. As his authority grew, he oversaw major editorial projects, guided revisions, and set agendas for research through prefaces and queries. The Principia’s later editions and the expanding readership of Opticks consolidated his standing as the central figure of the new mathematical natural philosophy. His public profile was further elevated by national service at the Mint and, in the early 18th century, by his leadership of the Royal Society.
Beliefs and Advocacy
Newton’s convictions were shaped by a profound, if unorthodox, Christianity and a belief that nature’s order reflects divine wisdom. He spent considerable time on theology and biblical chronology, producing works such as Observations upon the Prophecies of Daniel and the Apocalypse of St. John and The Chronology of Ancient Kingdoms Amended, which appeared near the end of his life or shortly after. In the Principia’s General Scholium and in Opticks’ rules and queries, he articulated an epistemic humility—preferring secure deductions from phenomena over speculative hypotheses. For Newton, disciplined inquiry and reverence for providential design were complementary commitments.
In public roles, Newton advocated for probity, standards, and method. As Warden and later Master of the Mint in the late 1690s and early 1700s, he supervised reforms associated with the recoinage, pursued counterfeiters, and strengthened monetary procedures through meticulous oversight and reporting. As President of the Royal Society, he promoted experimental philosophy, fostered publication, and defended priority claims within a framework of evidence and replication. His motto-like phrase “hypotheses non fingo,” although contextually specific, captured his broader stance: explanations must be proportioned to observed effects. These commitments informed both his administrative decisions and the didactic structure of his books.
Final Years & Legacy
In his final decades, Newton divided his attention between the Mint, the Royal Society, and the refinement of his publications. He enjoyed significant public esteem and was knighted in the early 18th century. The third edition of the Principia appeared under his supervision, and Opticks continued to spur debate through its expanding queries. He died in 1727 and was buried in Westminster Abbey, an honor reflecting national recognition. Contemporary tributes from British and continental scholars affirmed his preeminence, praising the unity he forged between mathematics and natural philosophy and noting the institutional reforms he advanced in science and finance.
Newton’s legacy is vast. Classical mechanics, celestial theory, and much of engineering rested on his principles until the 20th century, and remain foundational in many domains. His calculus methods, alongside independent continental developments, became the central language of mathematical physics. Opticks shaped experimental practice and influenced chemistry and physiology through its questions and techniques. Beyond technical achievements, Newton set a standard for argumentative rigor, evidential restraint, and the stylistic fusion of mathematics with natural inquiry. Enlightenment culture absorbed the “Newtonian” ideal as a model of reason. Today his works continue to anchor education, scholarship, and the public image of scientific explanation.
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My Design in this Book is not to explain the Properties of Light by Hypotheses[1][1q], but to propose and prove them by Reason and Experiments: In order to which I shall premise the following Definitions and Axioms.



DEFINITIONS
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DEFIN. I.
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By the Rays of Light I understand its least Parts, and those as well Successive in the same Lines, as Contemporary in several Lines. For it is manifest that Light consists of Parts, both Successive and Contemporary[2q]; because in the same place you may stop that which comes one moment, and let pass that which comes presently after; and in the same time you may stop it in any one place, and let it pass in any other. For that part of Light which is stopp'd cannot be the same with that which is let pass. The least Light or part of Light, which may be stopp'd alone without the rest of the Light, or propagated alone, or do or suffer any thing alone, which the rest of the Light doth not or suffers not, I call a Ray of Light.

DEFIN. II.
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Refrangibility[2] of the Rays of Light, is their Disposition to be refracted or turned out of their Way in passing out of one transparent Body or Medium into another. And a greater or less Refrangibility of Rays, is their Disposition to be turned more or less out of their Way in like Incidences on the same Medium. Mathematicians usually consider the Rays of Light to be Lines reaching from the luminous Body to the Body illuminated, and the refraction of those Rays to be the bending or breaking of those lines in their passing out of one Medium into another. And thus may Rays and Refractions be considered, if Light be propagated in an instant. But by an Argument taken from the Æquations of the times of the Eclipses of Jupiter's Satellites[3], it seems that Light is propagated in time, spending in its passage from the Sun to us about seven Minutes of time: And therefore I have chosen to define Rays and Refractions in such general terms as may agree to Light in both cases.
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Reflexibility of Rays, is their Disposition to be reflected or turned back into the same Medium from any other Medium upon whose Surface they fall. And Rays are more or less reflexible, which are turned back more or less easily. As if Light pass out of a Glass into Air, and by being inclined more and more to the common Surface of the Glass and Air, begins at length to be totally reflected by that Surface; those sorts of Rays which at like Incidences are reflected most copiously, or by inclining the Rays begin soonest to be totally reflected, are most reflexible.

DEFIN. IV.
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The Angle of Incidence is that Angle, which the Line described by the incident Ray contains with the Perpendicular to the reflecting or refracting Surface at the Point of Incidence.

DEFIN. V.
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The Angle of Reflexion or Refraction, is the Angle which the line described by the reflected or refracted Ray containeth with the Perpendicular to the reflecting or refracting Surface at the Point of Incidence.

DEFIN. VI.


Table of Contents



The Sines of Incidence, Reflexion, and Refraction, are the Sines of the Angles of Incidence, Reflexion, and Refraction.
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The Light whose Rays are all alike Refrangible, I call Simple, Homogeneal and Similar; and that whose Rays are some more Refrangible than others, I call Compound, Heterogeneal and Dissimilar. The former Light I call Homogeneal, not because I would affirm it so in all respects, but because the Rays which agree in Refrangibility, agree at least in all those their other Properties which I consider in the following Discourse.
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The Colours of Homogeneal Lights, I call Primary, Homogeneal and Simple; and those of Heterogeneal Lights, Heterogeneal and Compound. For these are always compounded of the colours of Homogeneal Lights; as will appear in the following Discourse.
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The Angles of Reflexion and Refraction, lie in one and the same Plane with the Angle of Incidence.

AX. II.
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The Angle of Reflexion is equal to the Angle of Incidence.

AX. III.
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If the refracted Ray be returned directly back to the Point of Incidence, it shall be refracted into the Line before described by the incident Ray.

AX. IV.
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Refraction out of the rarer Medium into the denser, is made towards the Perpendicular; that is, so that the Angle of Refraction be less than the Angle of Incidence.

AX. V.
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The Sine of Incidence is either accurately or very nearly in a given Ratio to the Sine of Refraction.

Whence if that Proportion be known in any one Inclination of the incident Ray, 'tis known in all the Inclinations, and thereby the Refraction in all cases of Incidence on the same refracting Body may be determined. Thus if the Refraction be made out of Air into Water, the Sine of Incidence of the red Light is to the Sine of its Refraction as 4 to 3. If out of Air into Glass, the Sines are as 17 to 11. In Light of other Colours the Sines have other Proportions: but the difference is so little that it need seldom be considered.

[image: ] Fig. 1

Suppose therefore, that RS [in Fig. 1.] represents the Surface of stagnating Water, and that C is the point of Incidence in which any Ray coming in the Air from A in the Line AC is reflected or refracted, and I would know whither this Ray shall go after Reflexion or Refraction: I erect upon the Surface of the Water from the point of Incidence the Perpendicular CP and produce it downwards to Q, and conclude by the first Axiom, that the Ray after Reflexion and Refraction, shall be found somewhere in the Plane of the Angle of Incidence ACP produced. I let fall therefore upon the Perpendicular CP the Sine of Incidence AD; and if the reflected Ray be desired, I produce AD to B so that DB be equal to AD, and draw CB. For this Line CB shall be the reflected Ray; the Angle of Reflexion BCP and its Sine BD being equal to the Angle and Sine of Incidence, as they ought to be by the second Axiom, But if the refracted Ray be desired, I produce AD to H, so that DH may be to AD as the Sine of Refraction to the Sine of Incidence, that is, (if the Light be red) as 3 to 4; and about the Center C and in the Plane ACP with the Radius CA describing a Circle ABE, I draw a parallel to the Perpendicular CPQ, the Line HE cutting the Circumference in E, and joining CE, this Line CE shall be the Line of the refracted Ray. For if EF be let fall perpendicularly on the Line PQ, this Line EF shall be the Sine of Refraction of the Ray CE, the Angle of Refraction being ECQ; and this Sine EF is equal to DH, and consequently in Proportion to the Sine of Incidence AD as 3 to 4.

In like manner, if there be a Prism of Glass (that is, a Glass bounded with two Equal and Parallel Triangular ends, and three plain and well polished Sides, which meet in three Parallel Lines running from the three Angles of one end to the three Angles of the other end) and if the Refraction of the Light in passing cross this Prism be desired: Let ACB [in Fig. 2.] represent a Plane cutting this Prism transversly to its three Parallel lines or edges there where the Light passeth through it, and let DE be the Ray incident upon the first side of the Prism AC where the Light goes into the Glass; and by putting the Proportion of the Sine of Incidence to the Sine of Refraction as 17 to 11 find EF the first refracted Ray. Then taking this Ray for the Incident Ray upon the second side of the Glass BC where the Light goes out, find the next refracted Ray FG by putting the Proportion of the Sine of Incidence to the Sine of Refraction as 11 to 17. For if the Sine of Incidence out of Air into Glass be to the Sine of Refraction as 17 to 11, the Sine of Incidence out of Glass into Air must on the contrary be to the Sine of Refraction as 11 to 17, by the third Axiom.

[image: ] Fig. 2.

Much after the same manner, if ACBD [in Fig. 3.] represent a Glass spherically convex on both sides (usually called a Lens, such as is a Burning-glass, or Spectacle-glass, or an Object-glass of a Telescope) and it be required to know how Light falling upon it from any lucid point Q shall be refracted, let QM represent a Ray falling upon any point M of its first spherical Surface ACB, and by erecting a Perpendicular to the Glass at the point M, find the first refracted Ray MN by the Proportion of the Sines 17 to 11. Let that Ray in going out of the Glass be incident upon N, and then find the second refracted Ray Nq by the Proportion of the Sines 11 to 17. And after the same manner may the Refraction be found when the Lens is convex on one side and plane or concave on the other, or concave on both sides.

[image: ] Fig. 3.
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Homogeneal Rays which flow from several Points of any Object, and fall perpendicularly or almost perpendicularly on any reflecting or refracting Plane or spherical Surface, shall afterwards diverge from so many other Points, or be parallel to so many other Lines, or converge to so many other Points, either accurately or without any sensible Error. And the same thing will happen, if the Rays be reflected or refracted successively by two or three or more Plane or Spherical Surfaces.

The Point from which Rays diverge or to which they converge may be called their Focus. And the Focus of the incident Rays being given, that of the reflected or refracted ones may be found by finding the Refraction of any two Rays, as above; or more readily thus.

Cas. 1. Let ACB [in Fig. 4.] be a reflecting or refracting Plane, and Q the Focus of the incident Rays, and QqC a Perpendicular to that Plane. And if this Perpendicular be produced to q, so that qC be equal to QC, the Point q shall be the Focus of the reflected Rays: Or if qC be taken on the same side of the Plane with QC, and in proportion to QC as the Sine of Incidence to the Sine of Refraction, the Point q shall be the Focus of the refracted Rays.

[image: ] Fig. 4.

Cas. 2. Let ACB [in Fig. 5.] be the reflecting Surface of any Sphere whose Centre is E. Bisect any Radius thereof, (suppose EC) in T, and if in that Radius on the same side the Point T you take the Points Q and q, so that TQ, TE, and Tq, be continual Proportionals, and the Point Q be the Focus of the incident Rays, the Point q shall be the Focus of the reflected ones.

[image: ] Fig. 5.

Cas. 3. Let ACB [in Fig. 6.] be the refracting Surface of any Sphere whose Centre is E. In any Radius thereof EC produced both ways take ET and Ct equal to one another and severally in such Proportion to that Radius as the lesser of the Sines of Incidence and Refraction hath to the difference of those Sines. And then if in the same Line you find any two Points Q and q, so that TQ be to ET as Et to tq, taking tq the contrary way from t which TQ lieth from T, and if the Point Q be the Focus of any incident Rays, the Point q shall be the Focus of the refracted ones.

[image: ] Fig. 6.

And by the same means the Focus of the Rays after two or more Reflexions or Refractions may be found.

[image: ] Fig. 7.

Cas. 4. Let ACBD [in Fig. 7.] be any refracting Lens, spherically Convex or Concave or Plane on either side, and let CD be its Axis (that is, the Line which cuts both its Surfaces perpendicularly, and passes through the Centres of the Spheres,) and in this Axis produced let F and f be the Foci of the refracted Rays found as above, when the incident Rays on both sides the Lens are parallel to the same Axis; and upon the Diameter Ff bisected in E, describe a Circle. Suppose now that any Point Q be the Focus of any incident Rays. Draw QE cutting the said Circle in T and t, and therein take tq in such proportion to tE as tE or TE hath to TQ. Let tq lie the contrary way from t which TQ doth from T, and q shall be the Focus of the refracted Rays without any sensible Error, provided the Point Q be not so remote from the Axis, nor the Lens so broad as to make any of the Rays fall too obliquely on the refracting Surfaces.[A]

And by the like Operations may the reflecting or refracting Surfaces be found when the two Foci are given, and thereby a Lens be formed, which shall make the Rays flow towards or from what Place you please.[B]

So then the Meaning of this Axiom is, that if Rays fall upon any Plane or Spherical Surface or Lens, and before their Incidence flow from or towards any Point Q, they shall after Reflexion or Refraction flow from or towards the Point q found by the foregoing Rules. And if the incident Rays flow from or towards several points Q, the reflected or refracted Rays shall flow from or towards so many other Points q found by the same Rules. Whether the reflected and refracted Rays flow from or towards the Point q is easily known by the situation of that Point. For if that Point be on the same side of the reflecting or refracting Surface or Lens with the Point Q, and the incident Rays flow from the Point Q, the reflected flow towards the Point q and the refracted from it; and if the incident Rays flow towards Q, the reflected flow from q, and the refracted towards it. And the contrary happens when q is on the other side of the Surface.
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Wherever the Rays which come from all the Points of any Object meet again in so many Points after they have been made to converge by Reflection or Refraction, there they will make a Picture of the Object upon any white Body on which they fall.

So if PR [in Fig. 3.] represent any Object without Doors, and AB be a Lens placed at a hole in the Window-shut of a dark Chamber, whereby the Rays that come from any Point Q of that Object are made to converge and meet again in the Point q; and if a Sheet of white Paper be held at q for the Light there to fall upon it, the Picture of that Object PR will appear upon the Paper in its proper shape and Colours. For as the Light which comes from the Point Q goes to the Point q, so the Light which comes from other Points P and R of the Object, will go to so many other correspondent Points p and r (as is manifest by the sixth Axiom;) so that every Point of the Object shall illuminate a correspondent Point of the Picture, and thereby make a Picture like the Object in Shape and Colour, this only excepted, that the Picture shall be inverted. And this is the Reason of that vulgar Experiment of casting the Species of Objects from abroad upon a Wall or Sheet of white Paper in a dark Room.

In like manner, when a Man views any Object PQR, [in Fig. 8.] the Light which comes from the several Points of the Object is so refracted by the transparent skins and humours of the Eye, (that is, by the outward coat EFG, called the Tunica Cornea[4], and by the crystalline humour AB which is beyond the Pupil mk) as to converge and meet again in so many Points in the bottom of the Eye, and there to paint the Picture of the Object upon that skin (called the Tunica Retina) with which the bottom of the Eye is covered. For Anatomists, when they have taken off from the bottom of the Eye that outward and most thick Coat called the Dura Mater, can then see through the thinner Coats, the Pictures of Objects lively painted thereon. And these Pictures, propagated by Motion along the Fibres of the Optick Nerves into the Brain, are the cause of Vision. For accordingly as these Pictures are perfect or imperfect, the Object is seen perfectly or imperfectly. If the Eye be tinged with any colour (as in the Disease of the Jaundice) so as to tinge the Pictures in the bottom of the Eye with that Colour, then all Objects appear tinged with the same Colour. If the Humours of the Eye by old Age decay, so as by shrinking to make the Cornea and Coat of the Crystalline Humour grow flatter than before, the Light will not be refracted enough, and for want of a sufficient Refraction will not converge to the bottom of the Eye but to some place beyond it, and by consequence paint in the bottom of the Eye a confused Picture, and according to the Indistinctness of this Picture the Object will appear confused. This is the reason of the decay of sight in old Men, and shews why their Sight is mended by Spectacles. For those Convex glasses supply the defect of plumpness in the Eye, and by increasing the Refraction make the Rays converge sooner, so as to convene distinctly at the bottom of the Eye if the Glass have a due degree of convexity. And the contrary happens in short-sighted Men whose Eyes are too plump. For the Refraction being now too great, the Rays converge and convene in the Eyes before they come at the bottom; and therefore the Picture made in the bottom and the Vision caused thereby will not be distinct, unless the Object be brought so near the Eye as that the place where the converging Rays convene may be removed to the bottom, or that the plumpness of the Eye be taken off and the Refractions diminished by a Concave-glass of a due degree of Concavity, or lastly that by Age the Eye grow flatter till it come to a due Figure: For short-sighted Men see remote Objects best in Old Age, and therefore they are accounted to have the most lasting Eyes.

[image: ] Fig. 8.
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An Object seen by Reflexion or Refraction, appears in that place from whence the Rays after their last Reflexion or Refraction diverge in falling on the Spectator's Eye.

[image: ] Fig. 9.

If the Object A [in Fig. 9.] be seen by Reflexion of a Looking-glass mn, it shall appear, not in its proper place A, but behind the Glass at a, from whence any Rays AB, AC, AD, which flow from one and the same Point of the Object, do after their Reflexion made in the Points B, C, D, diverge in going from the Glass to E, F, G, where they are incident on the Spectator's Eyes. For these Rays do make the same Picture in the bottom of the Eyes as if they had come from the Object really placed at a without the Interposition of the Looking-glass; and all Vision is made according to the place and shape of that Picture.

In like manner the Object D [in Fig. 2.] seen through a Prism, appears not in its proper place D, but is thence translated to some other place d situated in the last refracted Ray FG drawn backward from F to d.

[image: ] Fig. 10.

And so the Object Q [in Fig. 10.] seen through the Lens AB, appears at the place q from whence the Rays diverge in passing from the Lens to the Eye. Now it is to be noted, that the Image of the Object at q is so much bigger or lesser than the Object it self at Q, as the distance of the Image at q from the Lens AB is bigger or less than the distance of the Object at Q from the same Lens. And if the Object be seen through two or more such Convex or Concave-glasses, every Glass shall make a new Image, and the Object shall appear in the place of the bigness of the last Image. Which consideration unfolds the Theory of Microscopes and Telescopes. For that Theory consists in almost nothing else than the describing such Glasses as shall make the last Image of any Object as distinct and large and luminous as it can conveniently be made.

I have now given in Axioms and their Explications the sum of what hath hitherto been treated of in Opticks. For what hath been generally agreed on I content my self to assume under the notion of Principles, in order to what I have farther to write. And this may suffice for an Introduction to Readers of quick Wit and good Understanding not yet versed in Opticks: Although those who are already acquainted with this Science, and have handled Glasses, will more readily apprehend what followeth.
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[A] In our Author's Lectiones Opticæ, Part I. Sect. IV. Prop 29, 30, there is an elegant Method of determining these Foci; not only in spherical Surfaces, but likewise in any other curved Figure whatever: And in Prop. 32, 33, the same thing is done for any Ray lying out of the Axis.




[B] Ibid. Prop. 34.
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Lights which differ in Colour, differ also in Degrees of Refrangibility.

The Proof by Experiments.

Exper. 1. I took a black oblong stiff Paper terminated by Parallel Sides, and with a Perpendicular right Line drawn cross from one Side to the other, distinguished it into two equal Parts. One of these parts I painted with a red colour and the other with a blue. The Paper was very black, and the Colours intense and thickly laid on, that the Phænomenon might be more conspicuous. This Paper I view'd through a Prism of solid Glass, whose two Sides through which the Light passed to the Eye were plane and well polished, and contained an Angle of about sixty degrees; which Angle I call the refracting Angle of the Prism. And whilst I view'd it, I held it and the Prism before a Window in such manner that the Sides of the Paper were parallel to the Prism, and both those Sides and the Prism were parallel to the Horizon, and the cross Line was also parallel to it: and that the Light which fell from the Window upon the Paper made an Angle with the Paper, equal to that Angle which was made with the same Paper by the Light reflected from it to the Eye. Beyond the Prism was the Wall of the Chamber under the Window covered over with black Cloth, and the Cloth was involved in Darkness that no Light might be reflected from thence, which in passing by the Edges of the Paper to the Eye, might mingle itself with the Light of the Paper, and obscure the Phænomenon thereof. These things being thus ordered, I found that if the refracting Angle of the Prism be turned upwards, so that the Paper may seem to be lifted upwards by the Refraction, its blue half will be lifted higher by the Refraction than its red half. But if the refracting Angle of the Prism be turned downward, so that the Paper may seem to be carried lower by the Refraction, its blue half will be carried something lower thereby than its red half. Wherefore in both Cases the Light which comes from the blue half of the Paper through the Prism to the Eye, does in like Circumstances suffer a greater Refraction than the Light which comes from the red half, and by consequence is more refrangible.

Illustration. In the eleventh Figure, MN represents the Window, and DE the Paper terminated with parallel Sides DJ and HE, and by the transverse Line FG distinguished into two halfs, the one DG of an intensely blue Colour, the other FE of an intensely red. And BACcab represents the Prism whose refracting Planes ABba and ACca meet in the Edge of the refracting Angle Aa. This Edge Aa being upward, is parallel both to the Horizon, and to the Parallel-Edges of the Paper DJ and HE, and the transverse Line FG is perpendicular to the Plane of the Window. And de represents the Image of the Paper seen by Refraction upwards in such manner, that the blue half DG is carried higher to dg than the red half FE is to fe, and therefore suffers a greater Refraction. If the Edge of the refracting Angle be turned downward, the Image of the Paper will be refracted downward; suppose to δε, and the blue half will be refracted lower to δγ than the red half is to πε.

[image: ] Fig. 11.

Exper. 2. About the aforesaid Paper, whose two halfs were painted over with red and blue, and which was stiff like thin Pasteboard, I lapped several times a slender Thred of very black Silk, in such manner that the several parts of the Thred might appear upon the Colours like so many black Lines drawn over them, or like long and slender dark Shadows cast upon them. I might have drawn black Lines with a Pen, but the Threds were smaller and better defined. This Paper thus coloured and lined I set against a Wall perpendicularly to the Horizon, so that one of the Colours might stand to the Right Hand, and the other to the Left. Close before the Paper, at the Confine of the Colours below, I placed a Candle to illuminate the Paper strongly: For the Experiment was tried in the Night. The Flame of the Candle reached up to the lower edge of the Paper, or a very little higher. Then at the distance of six Feet, and one or two Inches from the Paper upon the Floor I erected a Glass Lens four Inches and a quarter broad, which might collect the Rays coming from the several Points of the Paper, and make them converge towards so many other Points at the same distance of six Feet, and one or two Inches on the other side of the Lens, and so form the Image of the coloured Paper upon a white Paper placed there, after the same manner that a Lens at a Hole in a Window casts the Images of Objects abroad upon a Sheet of white Paper in a dark Room. The aforesaid white Paper, erected perpendicular to the Horizon, and to the Rays which fell upon it from the Lens, I moved sometimes towards the Lens, sometimes from it, to find the Places where the Images of the blue and red Parts of the coloured Paper appeared most distinct. Those Places I easily knew by the Images of the black Lines which I had made by winding the Silk about the Paper. For the Images of those fine and slender Lines (which by reason of their Blackness were like Shadows on the Colours) were confused and scarce visible, unless when the Colours on either side of each Line were terminated most distinctly, Noting therefore, as diligently as I could, the Places where the Images of the red and blue halfs of the coloured Paper appeared most distinct, I found that where the red half of the Paper appeared distinct, the blue half appeared confused, so that the black Lines drawn upon it could scarce be seen; and on the contrary, where the blue half appeared most distinct, the red half appeared confused, so that the black Lines upon it were scarce visible. And between the two Places where these Images appeared distinct there was the distance of an Inch and a half; the distance of the white Paper from the Lens, when the Image of the red half of the coloured Paper appeared most distinct, being greater by an Inch and an half than the distance of the same white Paper from the Lens, when the Image of the blue half appeared most distinct. In like Incidences therefore of the blue and red upon the Lens, the blue was refracted more by the Lens than the red, so as to converge sooner by an Inch and a half, and therefore is more refrangible.

Illustration. In the twelfth Figure (p. 27), DE signifies the coloured Paper, DG the blue half, FE the red half, MN the Lens, HJ the white Paper in that Place where the red half with its black Lines appeared distinct, and hi the same Paper in that Place where the blue half appeared distinct. The Place hi was nearer to the Lens MN than the Place HJ by an Inch and an half.

Scholium. The same Things succeed, notwithstanding that some of the Circumstances be varied; as in the first Experiment when the Prism and Paper are any ways inclined to the Horizon, and in both when coloured Lines are drawn upon very black Paper. But in the Description of these Experiments, I have set down such Circumstances, by which either the Phænomenon might be render'd more conspicuous, or a Novice might more easily try them, or by which I did try them only. The same Thing, I have often done in the following Experiments: Concerning all which, this one Admonition may suffice. Now from these Experiments it follows not, that all the Light of the blue is more refrangible than all the Light of the red: For both Lights are mixed of Rays differently refrangible, so that in the red there are some Rays not less refrangible than those of the blue, and in the blue there are some Rays not more refrangible than those of the red: But these Rays, in proportion to the whole Light, are but few, and serve to diminish the Event of the Experiment, but are not able to destroy it. For, if the red and blue Colours were more dilute and weak, the distance of the Images would be less than an Inch and a half; and if they were more intense and full, that distance would be greater, as will appear hereafter. These Experiments may suffice for the Colours of Natural Bodies. For in the Colours made by the Refraction of Prisms, this Proposition will appear by the Experiments which are now to follow in the next Proposition.

PROP. II. Theor. II.
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The Light of the Sun consists of Rays differently Refrangible.

The Proof by Experiments.

[image: ] Fig. 12.

[image: ] Fig. 13.

Exper. 3.

In a very dark Chamber, at a round Hole, about one third Part of an Inch broad, made in the Shut of a Window, I placed a Glass Prism, whereby the Beam of the Sun's Light, which came in at that Hole, might be refracted upwards toward the opposite Wall of the Chamber, and there form a colour'd Image of the Sun. The Axis of the Prism (that is, the Line passing through the middle of the Prism from one end of it to the other end parallel to the edge of the Refracting Angle) was in this and the following Experiments perpendicular to the incident Rays. About this Axis I turned the Prism slowly, and saw the refracted Light on the Wall, or coloured Image of the Sun, first to descend, and then to ascend. Between the Descent and Ascent, when the Image seemed Stationary, I stopp'd the Prism, and fix'd it in that Posture, that it should be moved no more. For in that Posture the Refractions of the Light at the two Sides of the refracting Angle, that is, at the Entrance of the Rays into the Prism, and at their going out of it, were equal to one another.[C] So also in other Experiments, as often as I would have the Refractions on both sides the Prism to be equal to one another, I noted the Place where the Image of the Sun formed by the refracted Light stood still between its two contrary Motions, in the common Period of its Progress and Regress; and when the Image fell upon that Place, I made fast the Prism. And in this Posture, as the most convenient, it is to be understood that all the Prisms are placed in the following Experiments, unless where some other Posture is described. The Prism therefore being placed in this Posture, I let the refracted Light fall perpendicularly upon a Sheet of white Paper at the opposite Wall of the Chamber, and observed the Figure and Dimensions of the Solar Image formed on the Paper by that Light. This Image was Oblong and not Oval, but terminated with two Rectilinear and Parallel Sides, and two Semicircular Ends. On its Sides it was bounded pretty distinctly, but on its Ends very confusedly and indistinctly, the Light there decaying and vanishing by degrees. The Breadth of this Image answered to the Sun's Diameter, and was about two Inches and the eighth Part of an Inch, including the Penumbra. For the Image was eighteen Feet and an half distant from the Prism, and at this distance that Breadth, if diminished by the Diameter of the Hole in the Window-shut, that is by a quarter of an Inch, subtended an Angle at the Prism of about half a Degree, which is the Sun's apparent Diameter. But the Length of the Image was about ten Inches and a quarter, and the Length of the Rectilinear Sides about eight Inches; and the refracting Angle of the Prism, whereby so great a Length was made, was 64 degrees. With a less Angle the Length of the Image was less, the Breadth remaining the same. If the Prism was turned about its Axis that way which made the Rays emerge more obliquely out of the second refracting Surface of the Prism, the Image soon became an Inch or two longer, or more; and if the Prism was turned about the contrary way, so as to make the Rays fall more obliquely on the first refracting Surface, the Image soon became an Inch or two shorter. And therefore in trying this Experiment, I was as curious as I could be in placing the Prism by the above-mention'd Rule exactly in such a Posture, that the Refractions of the Rays at their Emergence out of the Prism might be equal to that at their Incidence on it. This Prism had some Veins running along within the Glass from one end to the other, which scattered some of the Sun's Light irregularly, but had no sensible Effect in increasing the Length of the coloured Spectrum. For I tried the same Experiment with other Prisms with the same Success. And particularly with a Prism which seemed free from such Veins, and whose refracting Angle was 62-1/2 Degrees, I found the Length of the Image 9-3/4 or 10 Inches at the distance of 18-1/2 Feet from the Prism, the Breadth of the Hole in the Window-shut being 1/4 of an Inch, as before. And because it is easy to commit a Mistake in placing the Prism in its due Posture, I repeated the Experiment four or five Times, and always found the Length of the Image that which is set down above. With another Prism of clearer Glass and better Polish, which seemed free from Veins, and whose refracting Angle was 63-1/2 Degrees, the Length of this Image at the same distance of 18-1/2 Feet was also about 10 Inches, or 10-1/8. Beyond these Measures for about a 1/4 or 1/3 of an Inch at either end of the Spectrum the Light of the Clouds seemed to be a little tinged with red and violet, but so very faintly, that I suspected that Tincture might either wholly, or in great Measure arise from some Rays of the Spectrum scattered irregularly by some Inequalities in the Substance and Polish of the Glass, and therefore I did not include it in these Measures. Now the different Magnitude of the hole in the Window-shut, and different thickness of the Prism where the Rays passed through it, and different inclinations of the Prism to the Horizon, made no sensible changes in the length of the Image. Neither did the different matter of the Prisms make any: for in a Vessel made of polished Plates of Glass cemented together in the shape of a Prism and filled with Water, there is the like Success of the Experiment according to the quantity of the Refraction. It is farther to be observed, that the Rays went on in right Lines from the Prism to the Image, and therefore at their very going out of the Prism had all that Inclination to one another from which the length of the Image proceeded, that is, the Inclination of more than two degrees and an half. And yet according to the Laws of Opticks vulgarly received, they could not possibly be so much inclined to one another.[D] For let EG [Fig. 13. (p. 27)] represent the Window-shut, F the hole made therein through which a beam of the Sun's Light was transmitted into the darkened Chamber, and ABC a Triangular Imaginary Plane whereby the Prism is feigned to be cut transversely through the middle of the Light. Or if you please, let ABC represent the Prism it self, looking directly towards the Spectator's Eye with its nearer end: And let XY be the Sun, MN the Paper upon
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