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The Description of the Wonderful Canon of Logarithms,
and the use of which not only in Trigonometry, but also in all
Mathematical Calculations, most fully and easily explained in the most
expeditious manner.

By the author and discoverer

John Napier.
Baron of Merchiston, etc. Scotland.

[Preliminary dedicatory material not included. ]

ON THE AMAZING CANON OF LOGARITHMS.

Preface.

Since nothing is more tedious, fellow mathematicians, in the practice of the
mathematical arts, than the great delays suffered in the tedium of lengthy
multiplications and divisions, the finding of ratios, and in the extraction of square and
cube roots— and in which not only is there the time delay to be considered, but also the
annoyance of the many slippery errors that can arise: | had therefore been turning
over in my mind, by what sure and expeditious art, I might be able to improve upon
these said difficulties. In the end after much thought, finally I have found an amazing
way of shortening the proceedings, and perhaps the manner in which the method arose
will be set out elsewhere: truly, concerning all these matters, there could be nothing
more useful than the method that I have found. For all the numbers associated with
the multiplications, and divisions of numbers, and with the long arduous tasks of
extracting square and cube roots are themselves rejected from the work, and in their
place other numbers are substituted, which perform the tasks of these rejected by
means of addition, subtraction, and division by two or three only. Since indeed the
secret is best made common to all, as all good things are, then it is a pleasant task to set
out the method for the public use of mathematicians. Thus, students of mathematics,
accept and freely enjoy this work that has been produced by my benevolence Farewell.

ON LOGARITHMS.
By which all the sines, tangents, and secants,
are set out for you from great labour and prolixity;
And which this little table of Logarithms, gentle reader,
Gives to you all at once, without great labour.

[The original translator of Napier's Demonstratio, Edward Wright, made fundamental
contributions to the art of navigation, and in 1610 published a book : Certain errors in
Navigation detected and corrected. He was reputedly a lecturer in navigation at Gresham
College around this time. See, Vol. 17 of the Encyclopadia Britannica, 9th Ed., p. 254.
He undertook to translate Napier's work, as it obviously had application to navigation, but
unfortunately died before the translation was published; this was done by his son, with
the help of Henry Briggs, who was the Professor of Geometry there at that time.]
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BOOK 1.

Chapter 1.
Concerning Definitions.

A line is said to increase uniformly, when the point describing it progresses through
equal intervals in equal moments or intervals of time.

Timeintervals § 2 3 4 3 6 7 8& 9 10 11 12
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There is a point A, from which a line can be drawn by the flow [i.e. regular motion] of
another point B, and hence in the first moment [or interval of time] B flows from A to C.
In the second moment, from C to D. In the third moment from D to E; and thus
henceforth indefinitely, describing the line A C D E F etc. by the equal intervals AC, CD,
DE, EF, and with the rest equal successively, and described in equal intervals of time.
This line can be said to increase equally by the definition treated above.

From this it is necessary that equally differing quantities are produced by equally
differing increments of time.

Since in the above figure, in a single moment B has progressed from A to C, and in
three moments from A to E. Thus in six moments, B has progressed from A to H, and in
eight moments from A to K. Moreover, the differences of these moments of time, one and
three, and of the other six and eight, obviously are equal to two. Thus also, as above,
there are equal differences of these quantities, AC and AE, CE ; and of these AH and AK,

HK

A line is said to decrease proportionally in becoming shorter, when the point
describing the line in equal moments of time, continually cuts off segments in the same
ratio to the length of the line left, from which they are being cut off.
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For example. Let the line of the whole sine aw be required to be diminished
proportionally: the point by its running motion diminishing that in the ratio . Finally the
ratio of the individual segments to the lines from which they are cut shall be as QR to QS
[lower diagram ; the original text has q.r to g.s.]. Whereby QS is cut in the same ratio by
the point R (by VI.10 Eucl.) as aw [a, o in the original, which we have changed as with
the rest] is cut by vy, and thus B, crossing from a to y in the first moment cuts ay from aw,
with the line or the sine yo remaining . Moreover from this length yo, B cuts a similar
section in the ratio QR to QS in the next moment of time, which is yd, with the sine 6w
remaining. From which hence in the third moment, the segment do is cut in the same
ratio B by &, with the remaining line or sine em. From which similarly for a fourth
moment, the segment € is cut (by the flow ), with the remaining sine {®. From this (o,
in the fifth moment the segment {n is cut in the same ratio  [p. 3] with the remaining
sine o , and thus henceforth indefinitely. Thus I say here that the line of the whole sine
(from the first definition) is to decrease proportionally to the sine nw, or to any other final
segment in which B stops, and thus for the others.

[Another number line is constructed with an indefinite number of segments, the length
of each segment of which is in a fixed ratio less than one to the preceding segment, and
the first segment has length one. The line is called the whole sine as the sines of the arcs
or angles between zero and 90° are to be displayed upon it in the tables; it can be thought
of as a line of length 10,000,000 units, which is the number of subdivisions chosen by
Napier for his tables. How these numbers are obtained is the task of the Constructio.]

Hence by decreasing in equal time intervals, it is necessary that the lines are left in
the same ratio of proportionality.

Which indeed is the proportion of the above sines that are continually made shorter,
am, Yo, 00, o, (o, no, 1w, Ko, &c. and of the segments of the cuts of these ay, 9, d¢, C,
n, nt, K, & kKA. By necessity also the proportions of the sines of the remainders,
obviously yo, 6o, o, (o, no, 1, Ko, & Ao, [are to remain in the same proportion], as is
apparent from Euclid V.19. & VIL.11.

Surd magnitudes, or quantities that cannot be described by numbers, are said to be
defined by numbers that are nearby, that are a little greater than the surd, but which
are not different from the true values of the surds by as much as one unit [in the final
place].

So that the semi-diameter or the rational whole sine shall be the number 10,000,000.
The sine of 45 degrees is the square root taken from the square 50,000,000,000,000,
which is a surd or unexplainable number , and which is included between the smaller
limit 7071067 and the larger limit 7071068. And thus from either or these, the number
does not differ by one. Therefore that surd sine of 45 can be said to be defined and
explained by the nearest numbers, which are the whole numbers 7071067 and 7071068,
and which are defined with the fractions ignored. And indeed with fractions of unity
removed from the magnitudes of the numbers no sensible error emerges.
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Def. 4. Motions are synchronous that are made together and in the same lengths of time.
As in the above since B shall be moved from A to C in the same time in which 3 is
moved from a to y; the lines AC and ay will be said to be described by a synchronous
motion.

Def. 5. & postulate.
When some motion can be given that is either slower or faster, by necessity it follows
that for any motion, some other motion can be given at an equal speed (that we define
to be neither slower nor faster).

Def. 6. Hence the Logarithm of any sine is the number that very nearly defines the line that
has increased equally, in the same time that the line for the sine of the whole has
decreased proportionally into that sine, and with each motion understood to be
synchronous, and starting with the same speeds.

[p.4.]
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[The 'very nearly' phrase indicates that very short time intervals are preferred for
increased accuracy, and hence we are dealing with the first order finite difference
equivalent of a differential equation, which indicates an intuitive understanding by Napier
both of the limiting process and of instantaneous rates of change.]

An example:

As an example, both the above diagrams are repeated, and B is moved everywhere
with the same equal velocity always, or with a velocity equal to that with which 3
initially moves when it is at a. Then in the first moment B proceeds from A to C, and in
the same time P proceeds from a to y, proportionally : the number defining AC is the
logarithm of the line or the sine, yo. Then in the second moment of time, B is moved
from C to D, and in the same moment 3 has moved proportionally from y to 6 , and the
number defining AD is the logarithm of the sine dw. Thus in the third moment, B
proceeds uniformly from D to E, and in the same interval § has moved proportionally
from 6 to €, and AE is the number defining the logarithm of the sine ew. Likewise in the
fourth interval, B proceeds to F, and B to {, and the number AF is the logarithm of the
sine {w. And likewise by keeping the same order, the number AG is the logarithm of the
sine o (from the definition handed down from above); AH is the log. of 1w; Al the log.
of the sine Kw; AK the log.of the sine Aw, and so on indefinitely.



Cor.

John Napier’s MIRIFICI LOGARITHMORUM CANONIS DESCRIPTIO 5
LIBER I (Translated and annotated by lan Bruce.)

Thus the logarithm of the whole sine 10000000 is zero or 0: and as a consequence,
the sines of numbers greater than the whole sine have logarithms less than zero.

Indeed since it is apparent from the definition that with the sines decreasing from the
whole sine, the logarithms increase from zero; therefore, on the other hand, for numbers
(that we still call sines) increasing to the whole sine, obviously to 10000000, by
necessity the logarithms have decreased to 0 or nothing. And as a consequence of
numbers that increase beyond the total sine 10000000, (which are now called secants or
tangents, and which are no longer called sines), the logarithms are less than zero. [p. 5.]

Thus the logarithms of sines, which are always greater than zero, we call abundant,

and either the sign +, or nothing at all is written down before the number. Moreover,
the logarithms less than zero we call defective, and note down before such numbers the
sign —.

[Thus, positive and negative numbers are accepted; this was unusual at the time but
necessary. Viete, for example, only found the positive roots of equations, and did not
attach a meaning to negative roots, usually. In this translation we use the usual terms
positive and negative numbers rather than the more expressive terms bountiful, abundant,
deficient, etc., to express them, and which Napier was amused to use. ]

A Caution.

There is indeed the freedom from the start to have assigned zero or 0 to the logarithm
of any sine : but it is better to have applied it to the total sine before the rest; since at any
later time it will produce the least trouble for us in the addition and subtraction of this
logarithm which is used most often in any calculation. Indeed as the remainder of the
sines of numbers less than the total sine are used less frequently : therefore the logarithms
of these we put as positive [abundant]; truly the rest are considered as negative
[defective]: although there is the choice to make them otherwise initially.

[The use of the term total sine occurs simply because in Napier's Tables, the numbers
in proportion from 0 to 10,000,000 are related to sines; they can of course refer to
quantities of any kind involved in calculations. We note that these tables proceed from
known defined logarithms to the ratios of the proportional lengths that need to be
calculated. ]
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CH. II.

Concerning the Propositions of Logarithms.
The logarithms of proportional quantities or numbers are equally spaced.

On account of the proportionality of the sines, obviously yo to €, is in the same
proportion as 1® to Aw, of which the respective logarithms are the numbers defining AC,
AE, AG, & AK (as is apparent from Def. 6.); moreover the difference of AC and AE is
CE : and the difference of AH and AK is HK. But from Def. 1, and its Corollary, CE and
HK are equal : therefore the logarithms of the sines mentioned above are equidistant; and
thus the same is true for everything in proportion.

For logarithms have acquired these properties [here called affections] and conditions
[here called symptoms, or things that fall together; these words were not used exclusively
in Napier's day as now to express human feelings or the state of one's health, as people
were then in closer touch with the original Latin or Greek words, from which the English
words arose] from the manner in which they have originated, and it is necessary that
quantities derived from them keep these properties. For from their generation and
development they have been imbued with this condition or affection, and this law is
prescribed for them, in order that they shall be equidistant [p. 6.], when the sines or
amounts of these are in proportion (since from the definition of logarithms, and from the
motion of these it is apparent, and in the construction of logarithms, when it shall become
more apparent) ; hence the logarithms of proportional quantities are equidistant.

With the logarithms of three numbers in proportion, the third is equal to twice the
second diminished by the first.

Since, by Prop.1, the difference of the logarithms of the first and the second is equal to
the difference of the logarithms of the second and the third, that is, the second less the
first is equal to the third minus the second : Thus, by adding the second to both, the side
of the equation comes about that twice the second or double the second less the first is
equal to the third, that was to be approved.

Of the logarithms of three numbers in proportion, double the second or mean is
equal to the sum of the extremes.

From Prop. 2. preceding, double the second less the first is equal to the third. To both
sides of the equation add the first, then it arises that twice the second is equal to the sum
of the first and the third, that is to the sum of the extremes. Q. e. d.

Of the logarithms of four numbers in proportion, the sum of the second and the
third minus the first is equal to the fourth.

Since by Prop.1, from the logarithms of four numbers in proportion, the second minus
the first is equal to the fourth minus the third, and to both sides of the equation, add the
third, then the second and the third less the first is equal to the fourth. Q. e. d.
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Of the logarithms of four numbers in proportion, the sum of the middle numbers
(obviously of the second and the third) is equal to the sum of the extremes, clearly the
first and the fourth.

By the preceding Prop.4, the second and the third minus the first is equal to fourth :
and to both sides of the equality add the first, and the equality becomes the second plus
the third is equal to the fourth plus the first. Q. e. d.

Of the logarithms of four proportional numbers, the triple of either middle number
is equal to the sum of the furthest extreme and the double of the nearer number.

By the second Prop., double the second or mean less the first is equal to the third : and
by the third Prop., double this, that is, [p. 7] four times the second less twice the first, is
equal to the sum of their extremes, clearly the fourth plus the second. Now if from each
side of the equality you take away the second, it becomes the triple of the second less the
double of the first is equal to fourth; again to this equality of the sides add the double of
the first, and there arises the triple of the second that is equal to the fourth plus double the
first: which we had undertaken to show.

[These propositions show how the multiplication and division of numbers in proportion
can be replaced by the addition and subtraction of their logarithms.]

Notes.

Up to this point we have explained the origin and properties of logarithms : truly there
is a need for the explanation of the places where they are to be used in a calculation, or in
an arithmetical method [such as extracting roots]. But since in the first place we have
presented the whole canon of logarithms and their sines of the quadrant to the individual
minutes, thus we will pass over the explanation of the construction of the logarithms to a
time more suited, and so we hurry to these tables, in order that we may have a first
experience of the usefulness of logarithms, the other matters may be more pleasing to
tackle after this, or perhaps may be less displeasing by being suppressed in silence.
Indeed I await the judgment and censure of the learned men concerning these tables,
before advancing the rest to be published, perhaps rashly, to be examined in the light of
envious disparagement.

CH. 111.
Comprising a Description of the Table of Logarithms, and of its Seven
Columns.

The first column expresses the arcs increasing from 0 to 45 degrees: and it is
understood that also it expresses the remaining parts of these arcs in the semicircle.

Moreover column seven expresses the arcs from the quadrant [i. e. 90°] decreasing
to 45 degrees : and it is understood that it also expresses the remaining parts of these
arcs in the semicircle.

Thus the arcs of the other column are the complementary arcs from the
corresponding regions of the angles. [p.8]
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4. And in the first column the smaller acute angle of any plane right-angled triangles
are expressed.

5. Moreover in the seventh column, the larger acute angle of any plane right-angled

triangles are put in place from the corresponding region of the angle in the first

column.
In the second column there are the sines of the arcs of the first column.
And these are the sines for which the smaller leg is subtending the smaller angle of
the right-angled triangle, the base or hypotenuse of which is the total sine.
In the sixth column there are the sines of the arcs of the seventh column.
And these are the sines of the larger leg subtending the larger angle of the same
right-angled triangle, of which clearly the hypotenuse is the total sine.

10. Thus for every right-angled plane triangle there is an equiangular and similar
triangle in the corresponding row of the table, composed from the total sine, and wih
the sines in the second and sixth columns.

11. The third column contains the logarithms of the sines of the arcs on the left-hand
side.

12.  Which are the logarithms of the proportion of the shorter side of the right-angles
triangle with the same hypotenuse.

13. And likewise these are the logarithms of the sines of the complementary arcs on the
right-hand column, which we call antilogarithms. [This is not the modern meaning of
the term antilogarithm.]

14.  The fifth column contains the logarithms of the sines of the right-hand arcs.

15.  Which are the logarithms of the proportion of the greater leg of the right-angled
triangles with the same hypotenuse.

16. Likewise, these are the antilogarithms of the sines of the left-hand arcs, or the
logarithms of the complementary angles.

17.  And finally the fourth or middle column contains the differences between the
logarithms of the third and fifth columns. Thus this column is two-fold, and can be
considered to be positive or negative.

18. The positive differences are those which arise from the subtraction of the logarithms
of the fifth column from those of the third column.

19. The negative differences are those which arise from the subtraction of the
logarithms of the third column from those of the fifth column : and which hence are
less than zero.

20. The positive differences are called the differentials of the numbers of the left-hand
arcs.

21. And these are the logarithms of the proportion of the shorter leg of the right-angled
triangle to the longer leg of the same. [p. 9]

22. And likewise they are the logarithms of the tangents of the left-hand arcs.

23. Moreover the negative differences are called the differentials of numbers of the
right-hand arcs.

24. And they are the logarithms of the proportion of the longer leg of the right-angled
triangle to the shorter leg of the same.

25. And likewise they are the logarithms of the tangents of the right-hand arcs.

~No

© ®
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26. Also every left-hand arc, to the remaining semicircle, is called the arc of the
complement of the arcs of the right-hand sines, logarithms, and negative differentials.

27.  And on the other hand, every right-hand arc, to the semicircle of the remainder, is
called the arc of the complement of the left-hand arcs of the sines, logarithms, and
positive differentials.

Notes.

28. Here itis to be noted, if you have made the logarithms of the third column negative
(obviously prefixed by the — sign, )then they make the logarithms of the hypotenuses,
or of the secants of the arcs or the right-hand seventh column. [Recall that since the
logarithm of whole sine is zero, forming the secant inverts the sign of the right-hand
logarithm of the complementary angle. Likewise there is an inversion in the following
sections.]

29. And these also become the logarithms of the proportion of the hypotenuse of the
right-angled triangle to the shorter leg.

30. And if you make the logarithms of the fifth column negative, they make the
logarithms of the hypotenuses or of the secants of the left-hand first column negative.

31. These also become the logarithms of the proportion of the hypotenuse of a right-
angled triangle to the larger side of the same. Truly for a knowledge of the right-
angled triangles to be compared, only the sines, and the arcs and logarithms of these
with the differentials are required : but for spherical right-angled triangles, without the
sines, only the arcs, and the logarithms and differentials are sufficient : thus we have
excluded the hypotenuses or secants, and the ratios that follow from the table : just as
we wish to ignore the sines themselves in spherical triangles. Nevertheless we will show
you as we proceed that it is possible, if it should please you, for all these to be put into
use readily enough in the rectilinear use, but truly with spherical triangles minimally.

[p. 10.]

CH. IV.
Considering the uses of the tables, and of the numbers in the tables.

Section. 1.  The logarithms of sines, tangents, and secants found precisely in their tables are to
be given with the same precision.

By sections 11 and14 of Ch. 3, for a given sine found in the second or in the seventh
column of our table, the logarithm of this is found on the same line in the third or fifth
column. Therefore the logarithms of the sines of the tables are obtained exactly.
Moreover, from the numbers found in these tables for the tangents or secants, the arcs can
be found. Truly with the arcs known, the logarithms of the tangents or their differences
with the sign, can be shown from the middle column our table, by Sections 22 and 25.
And the logarithms of the secants inverted in columns three and five, yet with the sign —
put in front of these, by Sections 28 and 30. Therefore the logarithms of sines, tangents,
and secants of the table can be found.
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[These values are corrected, rather than Napier’s values, which are in error in the last few
places; note that the sines of angles greater than 45 degrees proceed from the right hand
side of the tables upwards.]

Examples of sines.

Degree
44
min. Sine Logarithm Differential +/- Logarithm Sine min.
0 6946584 3643351 349137 3294214 7193398 60

...Degree 45
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The sine is 6946584. I seek the logarithm. I can find that sine precisely in the second
column corresponding to the arc 44 degrees and 0 minutes, and in the third column of the
same line standing at 3643349, there is the logarithm of the sine that I sought.

Degree
43
min. Sine Logarithm Differential +/- Logarithm Sine min.
50 6925630 3673561 407356 3266205 7213574 10
...Degree 46
Likewise, the sine is 7213574, and the logarithm is sought. Here the sine is found that
corresponds to the arc 46 degrees and 10 minutes, and nearby to this is 3266204, the
logarithm sought of this number.
Examples of tangents.

The logarithm of the tangent 2186448 is sought. The arc 12 degrees and 20 minutes
corresponds to this tangent and the corresponding logarithm sought lies in the middle
column of our table, or the positive difference 15203064.

Degree
12
min. Sine Logarithm Differential +/- Logarithm Sine min.
20 2135988 15436559 15203069 233490 9769215 40
Likewise if you seek the logarithm of the tangent 4573629, you hit it in the table of
tangents the arc of which is 77 degrees and 40 minutes; and the same difference of this
arc in our table, however negative, is obviously — 15203064. [p. 11.]
| 20 | 2135988 | 15436559 | 15203069 | 233490 | 9769215 | 40
...Degree 77

Examples of secants.

To the secant 18118009, there corresponds in the table of secants of arcs, 56 degrees
and 30 minutes, and it is agreed that — 5943212 is the negative reciprocal for this arc in
our table, the logarithm of the secant 18118009. Thus for the secant 13118337 you find
the logarithm — 2714255, and for the secant 3960592 you strike the logarithm —
3336533. [For secants, a right-angles triangle is taken with the side adjacent to the angle
set to the value 10,000,000, which as we know, has the logarithm zero. Hence the log of
the secant is the negative of the log of the complementary angle.]
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Degree
33
min. Sine Logarithm Differential +/- Logarithm Sine min.
30 5519370 5943214 4126626 1816588 8338858 30

Degree 56

To estimate the logarithms of given numbers of sines, tangents, and secants not
found in tables.

For a given number similar to a value in the tables, if it has be given as the original
number x 10, x 100, % 1000, x 10000, x 100000, or x 100000, then you can look in the
second or in the sixth column of our tables; or if you prefer, in the tables of tangents or of
secants: and the arc of this number is noted. Indeed the logarithm of this number may be
elicited from our table, and is that you seek, yet bear in mind either by remembering the
number of places noted to be expressed, or the number of figures to be multiplied by. For
example if the logarithm of the number 137 is sought, and which is not found in the
tables : then you will find among the sines the numbers 14544, 136714 and 1371564, and
among the tangents 13705046, and among the secants truly the number13703048, which
is the most alike of all to the given number, provided the final or right-most five figures
are understood to be erased. Hence the logarithm (by the preceding section, or by sections
28 and 30 of Ch.3) of the secant 13703048 , of the arc 43 degrees and 8 minutes is
sought, and — 3150332 is found, which is taken for the logarithm of the given number
137. Also, it is to be taken into account, by having recorded or by remembering, that the
final five figures are still to be taken away, expressly marked out in this manner : —
3150332 — 00000. [We can think of this as being like the modern index notation
x 107, but bear in mind that 5 digits must be cut from the number to which the log.
corresponds.] Similarly if the above expression of the logarithm of the number 137 is
sought through the tangent 13705046, from the arc 53 degrees and 53 minutes of that
tangent, the logarithm — 3151790 of that tangent 13705046 is found in the middle
column (by sect. 25), which since it exceeds the given 137, five places or figures, thus —
3151790 — 00000 is the logarithm of the given number 137. Yet this exact logarithm is
as much less than the true value, by as much as the number 13705046 is different [p. 12.]
from the number 13700000, or to the other given for x 100000 [the secant]; but this error

surpasses the number by 1(5)83(6)0

the number 137 from the above sine 3705046 , this logarithm (by this section and sect.11
of Ch.3.) is taken to be 19866327— 0000. Nor should the + sign appear from the
operation, when the number represented by the given figures, of the quantity required,
exceeds the sine of a number of figures similar to that, since this rarely happens; [in
modern terms we have an exponential decay, with the sought numbers on the y-axis, and
their logarithms along the x-axis; usually, the number for which the logarithm is sought is
larger than those taken from the table, and hence an amount has to be taken from the
logarithm to find the more accurate value of the logarithm; occasionally, however, a
logarithm that is too small arises, corresponding to a sine in the tables that is too large,
and in this case, an amount has to be added on to the logarithm for better agreement.] For,

parts of unity. If finally you should seek the logarithm of
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if the logarithm of the number or the discrete quantity 232702 is sought, you will find the
sine 23271 in the table, of all numbers the most similar to this number, but one digit short
for the required figure. Therefore by finding the logarithm of this in the table (by section
11. Ch. 3), which is 60631284, with one cipher being put in place with the + sign, and
60631284 + 0 is made the estimate for the logarithm of the number sought 232702. But
the best way of estimating all the logarithms is that by which they have been made :
concerning that more elsewhere.
. Hence, as the logarithms in the above first section are presented simple and pure:
thus in the preceding section with zeros put in place, the logarithms have emerged
impure.

The logarithms of the same sign to be added, that is the sum of both with the
common sign to be shown.

For by adding — 56312 to — 73495 there comes about — 129807. Likewise by
adding 4216 to + 5392, 9608 is produced. Thus 3219 —00 to 4360 —000 makes 7579
—00000.

When logarithms of opposite signs are added, it is the difference of these with the
sign of the larger number that is to be shown.

For by adding — 210 to 332, + 122 is produced. Likewise by adding—210 to + 192 —
18 is produced. Thus —210 + 000 added to 332 — 00 gives 122 + 0. Likewise —210.
— 000 to 192 + 00 gives —18 — 0.

Of two logarithms, the one negative and the other properly called the positive of
that: since both the number and the ciphers are common or the same : truly they have
all the positive or contrary negative sign within.

As the positive number is 56312, so the negative number is — 56312. Likewise the
positive number is 56312 — 00, and the negative is — 56312 + 00. Thus the positive
number is 56312 + 00, the negative is — 56312 — 00.

To subtract a positive number is to add the negative of this number. [p. 13.]
For to subtract the positive number 56312 from — 73495 will be the same, when the
negative of that number, which (by 6) is — 56312 is added to the same, — 73495, and
they make (set out by 4.) — 129807. Thus to subtract 56312 + 00 from — 73495 — 00
is the same as adding — 56312 + 00 to — 73495 — 00, which becomes (by 4. & 5.
preceding) — 129807— 00000.

. Tosubtract a negative number is to add the positive of this number.

For to subtract the negative number — 4216 from + 5392 is the same as to add 4216 to
5392, and (by 4) 9608 is made. Thus it is the same to subtract — 4216 + 00 from 5392 +
0, since by addition they make (by 4 above) — 129807. Thus to subtract 56312 from —
73495 — 00 is the same as to add 4216. — 00 to 4216. + 00, and 9608 — 0 is produced.

9. The logarithm of any number can be increased or diminished as far as to hold
the original value by adding or subtracting one the following logarithms, 23025842 + 0
or 46051684 + 00, or 69077527 + 000, or 92103369 + 0000, or 115129211 + 00000,
which I can save with the initial value for the number. In short with no significant
difference. [These are multiples of the first logarithm, which corresponds to multiplying
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the original number by 0.1 a number of times, thus decreasing or increasing the number
of significant figures by one, each time this is done; Napier's tables gives e the value
2.71828288267020 ; the underlined places are in error. Thus, one presumes for the first
time in the history of mathematics, a set of numbers had emerged from which one could
calculate e.

Thus, using the true values, the last two places are in error above :

power of ten Napier logarithm

1.0000000000E+06 2.3025850930E+07
1.0000000000E+05 4.6051701860E+07
1.0000000000E+04 6.9077552790E+07
1.0000000000E+03 9.2103403720E+07

1.0000000000E+02

1.1512925465E+08

1.0000000000E+01

1.3815510558E+08

1.0000000000E+00

1.6118095651E+08

It is a feature of the exponential function that a change in the argument gives rise to the
same fractional change in the function whereever it occurs, and vice versa : thus, for the
function to drop to a tenth of its initial value, the argument of the exponential must
increase by 2.3025850930E+07 Thus the idea of half-life in radioactivity, etc, where it
does not matter what the initial magnitude is, it always decreases by the same fraction in
the same time interval. Hence, to find the logarithm of some number with less than 7
places, add the appropriate number of zeros to give the number 7 figures, then find the
logarithm of the number closest to this in the tables, and finally take the logarithm
corresponding to the power of ten added on.]

For let the logarithm be 39156 — 0, if to which you have added one of these
logarithm, as for example 23025842 + 0, then the logarithm becomes 23064998 for a
larger number, but with the same value again which is 39156 — 0. And if the quantity
or the value of this number, of this logarithm 39156 — 0 (by the following sections 12
and13 of this section) is 9960920, from which you take the furthest final figure, as — 0
noted, and it becomes 996092. But the value of the number corresponding to this
logarithm 23064998 (by sections 12 and 13 of this) is also 996092. The same as before.
[Essentially, we are moving backwards and forwards through the tables, losing or picking
up extra digits as we go.|

An example of diminishing the logarithm.

Let the logarithm to be diminished be 25451769, from which if you take 23025842 +
0, then 2425927 — 0 is left of the value of the previous 25451769. For the value of the
number that corresponds to the pure and simple logarithm 2425927 is ten times the value
of the other of these logarithms [p. 14]. Therefore the values are in turn equal [In the
sense that the significa