
either those who speak or those who hear them, that they are but the covers of 
ignorance, and hindrance of true knowledge. * * * 

The booksellers, preparing for the fourth edition of my Essay, gave me notice 
of it, that I might, if I had leisure, make any additions or alterations I should 
think fit. Whereu~on I thought it convenient to advertise the reader, that besides - 
several corrections I had made here and there, there was one alteration which 
it was necessary to mention, because it ran through the whole book, and is of 
consequence to be rightly understood. What I thereupon said, was this:- 

"Clear and distinct ideas" are terms which, though familiar and frequent in 
men's mouths, I have reason to think everyone who uses does not perfectly 
understand. And possibly it is but here and there one who gives himself the 
trouble to consider them so far as to know what he himself or others precisely 
mean by them. I have therefore, in most places, chose to put "determinate" 
or "determined." instead of "clear" and "distinct." as more likelv to direct 
men's thoughts to my meaning in this matter. By those denominations, I mean 
some object in the mind, and consequently determined, i.e., such as it is there 
seen and perceived to be. This, I think, may fitly be called a "determinate" or 
"determined" idea, when such as it is at any time objectively in the mind, and 
so determined there, it is annexed, and without variation determined, to a 
name or articulate sound which is to be steadily the sign of that very same 
object of the mind, or determinate idea. 

To  explain this a little more particularly: By "determinate," when applied to 
a simple idea, I mean that simple appearance which the mind has in its view, 
or perceives in itself, when that idea is said to be in it. By "determined," when 
applied to a complex idea, I mean such an one as consists of a determinate 
number of certain simple or less complex ideas, joined in such a proportion 
and situation as the mind has before its view, and sees in itself, when that idea 
is present in it, or should be present in it, when a man gives a name to it. I say 
"should be"; because it is not everyone, nor perhaps anyone, who is so careful 
of his language as to use no word till he views in his mind the precise deter- 
mined idea which he resolves to make it the sign of. The want of this is the 
cause of no small obscuritv and confusion in men's thoughts and discourses. 
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I know there are not words enough in any language to answer all the variety 
of ideas that enter into men's discourses and reasonings. But this hinders not - 
but that when anyone uses any term, he may have in his mind a determined 
idea which he makes it the sign of, and to which he should keep it steadily 
annexed during that present discourse. Where he does not or cannot do this, 
he in vain  ret tends to clear or distinct ideas: it is   lain his are not so: and 
therefore there can be expected nothing but obscurity and confusion, where 
such terms are made use of which have not such a ~recise determination. 

Upon this ground I have thought "determined ideas" a way of speaking less 
liable to mistake than "clear and distinct"; and where men have got such deter- 
mined ideas of all that they reason, inquire, or argue about, they will find a 
great part of their doubts and disputes at an end; the greatest part of the ques- 
tions and controversies that perplex mankind depending on the doubtful and 
uncertain use ofwords, or'(which is the same) indetermined ideas, which they 
are made to stand for. I have made choice of these terms to signify, 1. Some 
immediate object of the mind, which it perceives and has before it, distinct 
from the sound it uses as a sign of it. 2. That this idea, thus determined, i.e., 

which the mind has in itself, and knows and sees there, be determined without 
any change to that name, and that name determined to that precise idea. If 
men had such determined ideas in their inquiries and discourses, they wodd 
both discern how far their own inquiries and discourses went, and avoid the 
greatest part of the disputes and wranglings they have with others. 

* * * 
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SIR ISAAC NEWTON 
1642- 1727 

Isaac Newton was the posthumous son of a Lincolnshire farmer; as a boy, he 
invented machines, as an undergraduate he was making discover~es in optics and 
mathematics, and in 1667-aged barely twenty-five-he was elected a fellow of 
Trinity College, Cambridge It would be generous to describe ~ntellectual life in 
Restoration unlverslt~es as "torpid," and Newton got little in the way of stimulus 
from his colleagues Even the Royal Society, after an ~nitial burst of activity In the 
1660s, sank during the latter part of the century into lethargy and triv~al~ty. But 
Newton was a man whose mind worked incessantly and at the very highest level of 
insight; apart from particular discoveries in the fields of mathematics, physics, and 
astronomy, he generated an entire cosmology, which was supplanted only In the 
twent~eth century by the work of Einstein. The importance of Newton's thought 
cannot be described or even indicated here: Interested readers should refer to a 
sultable history of philosophy or scientific thought, or to a biography. 

Much of Newton's scientific work was reported in Latin, still the language of 
International scholarship; but when he chose, the great thinker could express him- 
self in notably lucid and trenchant English. The earliest of his important experi- 
ments, hav~ng to do w ~ t h  light and color, were reported in a letter to the Royal 
Society, which appeared in the society's journal, dated February 19, 1672. The 
experiments and reasoning are described in language of perfect clarity; and when, 
as the last word of hls summary, he drops a very heavy word indeed, he clinches 
the point like a carpenter nail~ng shut a box. 

In point of fact, not all Newton's conclusions in the Letter have held absolutely 
solid. But for a young man just five years out of college, his command of a rigorous 
expenmental method is extraordinary. We are, evidently, in a world d~ametrically 
d~fferent from that of Sir Thomas Browne, who also thought himself a man of 
sclence. 

From A Letter of Mr. Isaac Newton, Professor of the 
Mathematics in the University of Cambridge, Containing 

His New Theory about Light and Colors 
Sent by the Author to the Publisher from Cambridge, Febr. 6, 1672, in 

order to Be Communicated to the Royal Society 

Sir, 
To perform my late promise to you, I shall without further ceremony acquaint 

you that in the beginning of the year 1666 (at which tlme I applied myself to 



the grinding of optic glasses of other figures than spherical) I procured me a 
triangular glass prism to try therewith the celebrated phenomena of colors. 
And in order thereto having darkened my chamber and made a small hole in 
my window-shuts to let in a convenient quantity ofthe sun's light, I placed my 
prlsm at his entrance that it might be thereby refracted to the opposite wall. It 
was at first a very pleasing divertissement to view the vivid and intense colors 
produced thereby; but after a while, applying myself to consider them more 
circumspectly, I became surprised to see them in an oblong form, which 
according to the received laws of refraction I expected should have been cir- 
cular. 

They were terminated at the sides with straight lines, but at the ends the 
decay of light was so gradual that it was difficult to determine justly what was 
their figure; yet they seemed semicircular. 

Comparing the length of this colored spectrum with its breadth, I found it 
about five times greater, a disproportion so extravagant that it excited me to a 
more than ordinary curiosity of examining from whence it might proceed. I 
could scarce think that the various thickness of the glass or the termination 
with shadow or darkness could have any influence on light to produce such an 
effect; yet I thought it not amiss first to examine those circumstances, and so 
tried what would happen by transmitting light through parts of the glass of 
divers thicknesses, or through holes in the window of divers bignesses, or by : 
setting the prism without, so that the light might pass through it and be refracted 

. 

before it was terminated by the hole. But I found none of those circumstances 
material. The fashion of the colors was in all these cases the same. 

Then I suspected whether by any unevenness in the glass or other contingent 
irregularity these colors might be thus dilated. And to try thls, I took another 
prism like the former and so placed it that the light, passing through them 
both, might be refracted contrary ways, and so by the latter returned into that 
course from which the former had diverted it. For by this means I thought the 
regular effects of the first prism would be destroyed by the second prism but 
the irregular ones more augmented by the multiplicity of refractions. The event 
was that the light which by the first prism was diffused into an oblong form 
was by the second reduced into an orbicular one with as much regularity as 
when it dld not at all pass through them. So that, whatever was the cause of 
that length, ' h a s  not any contingent irregularity.' 

The gradual removal of these suspicions at length led me to the experi- 
mentum c r u ~ i s , ~  which was this: I took two boards, and placed one of them 
close behind the prism 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 incident3 light to pass through. Then I placed another prism 
behind this second board so that the light, trajected through both the boards, 
might pass through that also, and be again refracted before it arrived at the 

I .  Newton goes on to describe several experiments and prism. 
calculations by which he disposed of alternative theo- 2. Crucial experiment, turning point. 
r i c j t h a t  rays coming from different parts of the sun 3. From Latin incidere, to fall into or onto. Newton 
caused the diffusion of light into an oblong, or that the uses it of light striking an obstacle. 
rays of light traveled in cuwed paths after leaving the 

wall. This done, I took the first prism in my hand, and turned it to and fro 
slowly about itsaxis, 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 prism 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 prism was made did in the second 
prism suffer a refraction considerably greater than the llght tending to the other, 
end. And so the true cause of the length of that image was detected to be no 
other than that light consists of rays differently refrangible, which, without any 
respect to a difference in thelr incidence, were, according to their degrees of 
refrangibility, transmitted towards divers parts of the wall.4 

b d b  

I shall now proceed to acquaint you with another more notable difformity 
in its rays, wherein the origin of colors is unfolded: concerning which I shall 
lay down the doctrine first and then for its examination give you an instance 
or two of the experiments, as a specimen of the rest. 

The doctrine you will find comprehended and illustrated in the following 
propositions. 

1. As the rays of light differ in degrees of refrangibility, so they also differ in 
their disposition to exhibit this or that particular color. Colors are not qualifi- 
cations of lieht. derlved from refractions or reflections of natural bodies (as 'tis 

u ,  

generally believed), but original and connate properties which in divers rays 
are divers. Some rays are disposed to exhibit a led color and no other; some a 
yellow and no other, some a green and no other, and so of the rest. Nor are 
there only rays proper and particular to the more eminent colors, but even to 
all their intermediate gradations. 

2. To the same degree of refrangibility ever belongs the same color, and to 
the same color ever belongs the same degree of refrangibility. The least refran- 
gible rays are all disposed to exhibit a red color, and contrarily those rays which 
are dis~osed to exhibit a red color are all the least refraneible. So the most u 

refrangible rays are all disposed to exhlbit a deep violet color, and contrarily 
those which are apt to exhibit such a violet color are all the most refrangible. 
And so to all the intermediate,colors in a continued series belong intermediate - 
degrees of refrangibility. And this analogy 'twixt colors and refrangibility is very 
precise and strict; the rays always either exactly agreeing in both or proportion- 
ally disagreeing in both. 

3. The species of color and degree of refrangibility proper to any particular 
sort of rays is not mutable by refraction nor by reflection from natural bodies 
nor by any other cause that I could yet observe. When any one sort of rays 
hath been well parted from those of other kinds, it hath afterwards obstinately 
retained its color. notwithstandine mv utmost endeavors to chanee it. I have 
refracted it with prisms and reflecyed It,with..bodies which in dayight weie of 
other colors; I have :intercepted it with the colored--film of air interceding two 
compressed plates of glass; transmitted it through colored mediums and through 
mediums irradiated with other sorts of rays, and :diversely terminated it; and 
yet could never produce.any new color outof  it. :It would by contracting or 

, . .  

4. At this point Newton digresses to a discussion of the his experiments were interrupted for two years by the 
optical consequences of his view of light (especially for plaguc; but at last he returns to some further and even 
the improvement of telescopes), adding in passing that more important characteristics of light. 



dilating become more brisk or faint and by the loss of many rays in some cases 
very obscure and dark; but I could never see it changed in specie.' 
4. Yet seeming transmutations of colors may be made, where there is any 

mixture of divers sorts of rays. For in such mixtures, the component colors 
appear not, but by their mutual allaying each other constitute a middling color. 
And therefore if by refraction or any other of the aforesaid causes the difform 
rays latent in such a mixture be separated, there shall emerge colors different 
from the color of the composition. Which colors are not new generated, but 
only made apparent by being parted; for if they be again entirely mixed and 
blended together, they will again compose that color which they did before 
separation. And for the same reason, transmutations made by the convening 
of divers colors are not real; for when the difform rays are again severed, they 
will exhibit the very same colors which they did before they entered the com- 
position-as you see blue and yellow powders when finely mixed appear to the 
naked eye green, and yet the colors of the component corpuscles are not thereby 
transmuted, but only blended. For, when viewed with a good microscope, 
they still appear blue and yellow interspersedly. 

5. There are therefore two sorts of colors: the one original and simple, the 
other compounded of these. The original or primary colors are red, yellow, 
green, blue, and a violet-purple, together with orange, indigo, and an indefi- 
nite variety of intermediate graduations. 

6. The same colors in specie with these primary ones may be also produced 
by composition. For a mixture of yellow and blue makes green; of red and 
yellow makes orange; of orange and yellowish green makes yellow. And in 
general if any two colors be mixed which, in the series of those generated by 
the prism, are not too far distant one from another, they by their mutual alloy 
compound that color whi.ch in the said series appeareth in the mid-way between 
them. But those which are situated at too great a distance, do not so. Orange 
and indigo produce not the intermediate green, nor scarlet and green the inter- 
mediate vellow. 

7. But the most surprising and wonderful composition was that ofwhiteness. 
There is no one sort of ravs which alone can exhibit this. 'Tis ever com- 
pounded, and to its composition are requisite all the aforesaid primary colors,. 
mixed in a due proportion. I have often with admiration beheld that, all the 
colors of the prism being made to converge and thereby to be again mixed as 
they were in the light before it was incident upon the prism, reproduced light, 
entirely and perfectly white, and not at all sensibly differing from a direct light 
of the sun, unless when the glasses I used were not sufficiently clear; for then 
they would a little incline it to their color. 

8. Hence therefore it comes to pass that whiteness is the usual color of light, 
for light is a confused aggregate of rays endued with all sorts of colors, as they 
are promiscuously darted from the various parts of luminous bodies. And of 
such a confused aggregate, as I said, is generated whiteness, if there be a due 
proportion of the ingredients; but if any one predominate, the light must incline 
to that color, as it happens in the blue flame of brimstone, the yellow flame of 
a candle, and the various colors of the fixed stars. 

9. These things considered, the manner how colors are produced by the 
prism is evident. For of the rays constituting the incident light, since those 

5 .  In kind. 

which differ in color proportionally differ in refrangibility, they by their unequal 
refractions must be severed and dispersed into an oblong form in an orderly 
succession from the least refracted scarlet to the most refracted violet. And for 
the same reason it is that objects, when looked upon through a prism, appear 
colored. For the difform rays, by their unequal refractions, are made to diverge 
towards several parts of the retina, and there express the images of things col- 
ored, as in the former case they did the sun's image upon a wall. And by this 
inequality of refractions they become not only colored, but also very confused 
and indistinct. 

10. Why the colors of the rainbow appear in falling drops of rain is also 
from hence evident. For those drops which refract the rays disposed to appear 
purple in greatest quantity to the spectator's eye, refract the rays of other sorts 
so much less as to make them pass beside it;6 and such are the drops on the 
inside of the primary bow and on the outside of the secondary or exterior one. 
So those drops which refract in greatest plenty the rays apt to appear red toward 
the spectator's eye, refract those of other sorts so much more as to make them 
pass beside it; and such are the drops on the exterior part of the primary and 
interior part of the secondary bow. 

13. I might add more instances of this nature, but I shall conclude with this 
general one, that the colors of all natural bodies have no other origin than this, 
that they are variously qualified to reflect one sort of light in greater plenty 
than another. And this I have experimented in a dark room by illuminating 
those bodies with uncom~ounded lieht ofdivers colors. For bv that means anv 
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body may be made to appear of any color. They have there no appropriate 
color, but ever appear of the color of the light cast upon them, but yet with 
this difference, that they are most brisk and vivid in the light of their own 
daylight color. Minium7 appeareth there of any color illdifferently with which 
'tis illustrated, but yet most luminous in red, and so Bise8 appeareth indiffer- 
ently of any color with which 'tis illustrated, but yet most luminous in blue. 
And therefore minium reflecteth rays of any color, but most copiously those 
endued with red; and consequently when illustrated with daylight, that is, with 
all sorts of rays promiscuously blended, those qualified with red shall abound 
most in the reflected light, and by their prevalence cause it to appear of that 
color. And for the same reason bise, reflecting blue most copiously, shall appear 
blue by the excess of those rays in its reflected light; and the like of other 
bodies. And that this is the entire and adequate cause of their colors is mani- 
fest, because they have no power to change or alter the colors of any sort of 
rays incident apart, but put on all colors indifferently with which they are 
enlightened. 

These things being so, it can no longer be disputed whether there be colors 
in the dark, nor whether they be the qualities of the objects we see, no, nor 
perhaps whether light be a body. For since colors are the qualities of light, 
having its rays for their entire and immediate subject, how can we think those 
rays qualities also, unless one quality may be the subject of and sustain another- 
which in effect is to call it substance. We should not know bodies for sub- 

6. I.e. ,  disappear alongside it. 
7. Red lead. 

8. Azurite blue. 



stances were it not for their sensible qualities, and the principal of those being 
now found due to something else, we have as good reason to believe that to be 
a substance also.9 

Besides, who ever thought any quality to be a heterogeneous aggregate, such 
as light is discovered to be? But to  determine more absolutely what light is, 
after what manner refracted, and by what modes or actions it produceth in our 
minds the phantasms of colors, is not so easy. And I shall not mingle conjec- 

. , tures with certainties. . . . .  
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9. I.e,, the only way we know bodies are;substances is. , light, not body; ourconclusion can perfectly wellbe 
that our senses perceive their qualities'. The chief of that light is a form of substance, as well as body, and 
these qualities, color, is  no^ kno\iin to bea quality of . thit'we know it to'be so thioligh' its qua?ty; color.' 
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The Restoration and the 
Eighteenth Centurlr 

- 

1660 Charles I1 restored to the Engl~sh throne. 
1688-89: The Glorious Revolution deposition of James I1 and acces- 

s~on of William of Orange. 
1700: Death of John Dryden 
1707: Act of Unlon unites Scotland and England, which thus become 

"Great Brita~n." 
1714: Rule by house of Hanover beglns with accession of George I. 
1744-45: Deaths of Alexander Pope and Jonathan Swift. 
1784: Death of Samuel Johnson. 

Thc England to which Charles Stuart returned in 1660 was a nation tl~vidcd ag~inst  
itself, exhausted by twenty years of civ~l wars and revolution. Early in Charles's 
reign, the people were visited by two frightfitl calamities that sccmcd to the super- 
strt~ous to be the work of a divine Providcncc outraged by rchcllion and regicide: 
the plague of 1665, ravaging the country, carried off over sc\)cnty thousand souls 
In London alone, and in September 1666, a fire that raged for foitr days destroyed 
a large part of the City (more than thirteen thousand houses), Icav~ng about two- 
thuds ofthe population homeless. Yet thc nation rose from its ashcs, in the century 
that followed, to become an empire. Within two decades of the king's return, the 
Royal Navy had defeated the navy of Holland, England's greatest marit~me and 
commercial rival, and in a series of wars fought between 1689 and 1763 against 
France, the British acquired dominions that strctched around thc world, from Canada 
in the west to lndla in the east. Internally, nlorcovcr, thc 11ation bccame wholc 
again. The Glorious Revolution of 1688-89 cstablishcd a rulc of law, and thc Act 
of U n ~ o n  of 1707, a political alliance, under which England was transformed into 
Great Britain in fact as well as name-a largcr country to wh~ch pcoplc of widely 
differing backgrounds and origins felt they owcd allcgiancc. Many of the great 
British writers of the eighteenth century, like Jonathan Swift, Edmund Burke, 
Richard Sheridan, and Oliver Goldsmith, came from Ircland; many. like James 
Thomson, James Boswell, and David Hume, camc from Scotland. Strcngthcncd 
from without and from within, Great Britain was ablc to cndurc thc loss of hcr 
thirteen American colonies and to enter thc final strugglc with Rc\,olut~ouar!. ant1 
Napoleonic France as a world power. 

RELIGION AND POLITICS 

Charles came home to the almost universal satisfaction of h ~ s  subjects, for after the 
abdication of Richard Cromwell in 1659 the country had seemed at the brink of 
chaos, and Britons were eager to belleve that the king would bring order, peace; 
freedom under law, and a spirit of m~ldness back into the national life. But no 


