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C H A P T E R  I  

Angular Computation 

Sextant 

The Sextant in Its earliest known form consisted of divided 

circles ami compasses with simple sights* An early Greek astronomer 

of the second century after Christ* Claudius Ptolemaeus * or more com­

monly called Ptolemy* wrote a hook entitled Megale Syntax!s tes. Astron­

omies, also known hy the Arabic title Almagest. The instrument des­

cribed in this book was called the Astrolable and was used to measure 

the angular distance between stars. It was made of two concentric 

vertical circles, ihe largest and outer circle was about sixteen inch­

es in diameter with graduated arc; the central ring was movable and 

carried the two sights. 

Later the Cross Staff (Plate I) consisting of simple sight­

ing bars with cross—pieces AB and CD* each graduated to the same scale* 

was invented to be used in navigation. As one Btar would be sighted 

along the bar CP; the other bar AB would be moved perpendicularly along 

CP until tie other star could be seen at A. The length from A to CP 

was read and the aagalar distance found on a prepared table. 

The most serious defect in the Astrolable and Cross-staff was 

in taking altitudes. This imperfection was partly corrected by the 

development of the idea of reflecting the rays of light. Tycho Brahe* 

a nobleman of Penmark, was one of the first to make any important chang­

es in the Cross Staff by the use of reflection. His mala use of this 
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instrument was in measuring the altitudes of stars. Becognizing the 

inevitable errors in his instrument, he found the amounts and made 

a l l o w a n c e s  f o r  t h e m .  T h e  K i n g  o f  D e n m a r k ,  F r e d e r i c k  I I ,  h u i l t  f o r  

Tycho on the Island of Eveen an observatory where he installed many of 

the newest and best instruments to be had. Some of the best instruments 

of all time were to be found in this castle, Uranburg. Tyoho developed 

the idea of the concentric circles by placing them on a staff, strength­

e n i n g  t h e  p a r t s  a n d  u s i n g  a  m o v a b l e  r a d i u s  f o r  t h e  i n n e r  c i r c l e .  ( P l a t e  I I )  

In the year 1606, by chance, a great and very valuable discov­

ery was made by a Dutch spectacle maker, LipperSiey. He found that two 

lenses placed at some distance apart would magnify distant objects as 

readily as a single lens woald that of an object near at hand. He called 

his instrument a telescope, ^his instrument revolutionized the study of 

astronomy and was subsequently improved, making & most important math­

ematical instrument. The Sextant devised by Hevel,or Helvius, was prob­

a b l y  t h e  m o s t  p r a c t i c a l  i n s t r u m e n t  p r o d u c e d  t o  t h a t  t i m e .  ( P l a t e  I I I )  

One star would be sigited thru -Bxe stationary sight by use of AC. An­

other star would then be found by the use of the movable arm A3. The 

angular distance could then be used in finding the distance of the stars 

as in Figure 2. Later a telescope was attached at A. In 1609, Galileo 

Galilei, having learned of this invention, began the building of one for 

himself whioh attracted much attention. Later more instrument imkers 

began to use the telescope. However, Bevel's Sextant (Plate III} was 

probably first to use the telescope. 

The next important advance in the development of the telescope 
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was made "by Hook in 1685, in the use of reflectors. His contribution 

consists of two definite stages, both fully described in his published 

Posthumous WQIICSI The first haying only one mirror which reflected the 

light from one object into the telescope which was pointed at the other 

object. The second used two single reflections by means of two teles­

copes, the axis of which were the radii of the sextant. The two objects, 

to be measured could be sighted thru the telescopes and the angle could 

be found by reading the scale of the angle on the arm of the instrument. 

Newton seems to hare worked along this line but no tiling was 

known of it until 1742 when Ms works were printed by Halley in the 

Philosophical Transact ions. Hie arc of his Instrument was equal to 

one-eighth of a circle and was divided into ninety parts read as degrees. 

X "telescope was fixed on the radius of the sector. T^e object glass was 

near the center and had outside of it a mirror inclined at a forty-fiye 

degree angle to the axis of the telescope, thus intercepting half the 

light which would naturally fall on the object glass. One object is 

seen thru the telescopej a movable radius, having on it a second mirror 

close to the first, is turned around the center until the second object 

by double reflection is seen in the telescope along with the first. 

Halley is better known as "our southern Tyeho" because of his valuable • 

observations made with the sextant on the Island of St. Helena. The 

sextant i&ich he used was five and one half feet in radius. 

Before Halley'a and Newton's Plans were published, however, 

the instrument in its present form came into use. John Eadley publish­

ed Mey i731 tl*e description of an octant using dcuble reflection. 
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Two weeks later he exhibited, it. It was tried on board the Chatham" 

a government yacht, and found to be very satisfactory* (Plate IV) 

Its range of "use was limited to measuring angles up to ninety degrees. 

The octant was not generally recognized until 1757 when Captain Camp­

bell of the EngLish Navy enlarged the instrument to measure up to 120 

degrees, which is its present form* 

Thomas Godfrey, of Philadelphia, independent of Hadlqy and 

Newton, invented a sextant. In support of a claim of priority presait-

ed on January 31, 1734, at a meeting of the Boyal Society of London, 

two affidavits were read attempting to prove that one of Godfrey's quad­

rants was used about November, 1730, on board a sloop by the name of 

"Truman" on a trip to Jemaioa* Also that it was used again in August 

of the next year In a trip to New Foundland* Another statemait that is 

probably untrue was that a brother of Godfrey's sold a quadrant at 

Jamaica to a Captain or Lieutenant Hadley of the British Navy, who brought 

it to London to his brother, an instrument maker. One reason that this 

statement Is probably untrue is that Hadley was a country gentleman of 

means and an instrument maker only for pleasure. His brother, George, 

who always helped him in his laboratory was a barrister and not a member 

of the Navy. Therefore, I believe that it is more than likely that the 

sextant of America end En$.and had no connecting link as some of us 

would like to imagine. 

The theorem of the sextant may be stated as follows: The argle 

between the first and last direction of a ray which has had two reflections 

in the same plane is e&Bl to twice the angle which the reflecting surfaces 
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By the lew of reflection, 

angle x equals angle x* and angle y 

e q u a l s  a n g l e  y f .  

Angle SHE is an exterior 

angle of the triangle MHE and is equal to 

to the sum of the opposite interior 

^ sn$.e8. 

But angle SmH equals 2x 

and angle XfEE equals 2y therefore 

argle E plus 2y equals 2x or angle 

E equals 2x minus 2y or 2{x minusy) 

Angl e x equal s angLe PZffl. 

Angle y equals angie HHQ* 

therefore angle E is equal to 

2{B5H minus XEVU Similarly in tri­

angle EMQ, angle x is exterior angle 

and equal to the sum of the opposite 

interior angles. 

Angle x equals angle HC^If 

plus angle y therefore angle equals 

angle x minus angle y which is also 

equal to angle FMH minus angle MHQ*. 

Therefore angle equals jt ^Sl® 

E which is equal to angle Q. Similarly 

we could proxe that angle Q equals i 
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of angle E, therefore the angle at angle E is equal to two times the angle 

S at Q and Qf (which was to he proved}. 

In the description of the instrument which will he given by the 

use of Plate 5, D is tte vernier, AB the scale, the mirror at C is the 

index glass as it is on the arm of the vernier, the mirror H is on the 

frame and is called -the horizon glass, F and E are sets of colored glass­

es which msy be "used when looking at the sun, T is the telescope aivl 

li is a small magnifying glass, pivoted at G. Phe arc AB which is sixty 

degrees is divided into one hundred twenty e<p.al parts. 

The mirror H is only half silvered, the other half being trans­

parent. One star is sighted thru the transparent half of R and the vern­

ier D is moved along AB until the other star is reflected from the mir­

ror C into the mirror at H. As the arc is divided into many parts it 

is comparatively easy to discover the angle by reading the index at I) 

by means of K. 

Owing to the fact that the sextant can be used on a moving 

object, such as a boat, it is m essential in navigation. Phe latitude 

at sea may be determined by this instrument. The observer when using 

this instrument to obtain the altitude of the sun, sights the horizon 

thru the transparent part of H, and the vernier D is moved aL ong AB 

until the sun is reflected from the mirror C into the mirror at H. The 

sextant is a seafaring instrument, because where it is possible to have 

a stationary vertex angle as on land, it is not practical, Phe develop­

ment of instrumaats for problems on land has given us the modern transit. 
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C H A P f  E E  I I  

Logarithmic Computation 

Slide Bole 

The Slide Rule, probably the most useful of mathematical in­

strument a, owes a great deal to John Napier, Banon of Merchiston, of 

Scotland, who invented logarithms in 1614. Logarithms haTe simplified 

rapid calculation in mathematics probably mare than any other one 

thing. It was gladly received both on the Continent and in England. 

In 1620 , we have another invention which lead to the making 

of the first slide rule. Siring that year Edntnd Gunter, professor of 

astronomy in Gresham College, London, prepared the logarithmetie line 

of numbers" in which the digits from one to ten were placed on a straight 

line proportional to the logarithms of the numbers. This line, along 

with lines conta5ntogthe logarithms of the trigonometric functions, was 

placed on a ruler called "Gunter*s Scale". This scale could only be 

used by the help of compasses. Products or quotients could then be 

found by adding or subtracting distances on the scale. The history of 

the slide rule has been very difficult to trace and many authors have 

confhsed the Gonter Scale with the slide rule. S0me have thought that 

. . „. „x,+ slide rule in 1624 because of Wingate invented the first straight eagea "w rui 

his booklet published in louden in 1628 on the Constmotlon gjigrf 

tte Line of Proportion. C.Jori, the able historian, secured* reeder to 

examine this .orb. eho found timt the "lino of proportion" .a. not a 

slide rule. but merely a tabular seal, in ahloh the number, .ere giren 
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in spaces on one side of a straight line. On the other side of the 

line was found the mantissas of the oommon logarithms of these numbers. 

This instrument was merely a scale and had no sliding parts. 

Wingate was not satisfied with his rule and in 1630 he pub­

lished his book, Natural and Artificial Arithmetic, giving a description 

for his slide rule. He placed the logarithmic divisions on two rulers, 

which would slide one along the other. 

In 1632 in an article on the Circles of Proportion and the 

Horizontal Instrument published in London we find Ought red working along 

the same line. De Morgan in the Penny Cyclopaedia and in the English 

Cyclopaedia on Arts and Sciences tells us of his *>rk. This historian 

states that Oughtred showed his instrument and notes to a pupil, William 

Poster, a popular mathenatics teacher of London, who translated Ought-

red's material aid published the above named article on Circles of Pro^ 

portion and the Horizontal Instrument on the slide rule. In the year 

1633 another article simplifying addition was published. DeMorgan quotes 

from Poster's works the following extract, 

"Being in the t ime of the long vacation 1630, in 
the country, at the house of the Beverend, and my most 
worthy friend and Teacher, Sir. William Oughtred ( o os 
instruction I owe both my initiation, and whole 
in these Sciences), I upon occasion of told J*1® of 

a Baler of Numbers, Sines, and Tangents, which one hM 
bespoken to be made (such as is usually called Mr. Can­
ter's Buler) six feet long, to be used with a payre of 
beame-compasses. He answered that was a poore J^ention, 
and the performance very troublesome. But, said he; see 
ing you are taken with such mechanic all w^res of Instru­
ments, I Will show you what devises I have had by mee 
these nany yeares. And first, hee brought to mee two Bal­
ers of that sort, to be used by ^plying one to the other, 
without any compasses, aid after that hee showed mee those 
lines cast into a cirde or Blng, with another moveable 



circle upon it. I, seeing the great ezpeditenesse of both 
these wayes, Tout especially of the. latter, herein it 
farre excelleth any otter Instrujaent which had tin knowne; 
told him, I wondered that he could so many yeares conceals 
such use full inventions, not only from the world, hat 
from my selfe, to whom other parts and mysteries of Art 
he had bin so liberall. He answered, the true way to 
Art is not by Instruments, but by Heronstration; and 
that it is a preposterous course of vulgar Teachers, 
to begin with Instruments and not with the Sciences, 
and so instead of Artists to make their schollers only 
doers of tricks, and as it were Juglera* to the despitw 
of Art, loose of precious time, and betraying of willing 
anl industrious wits unto ignorance, and idlenesse. That 
the use of Instruments is iddeed excellent, if a man he 
an Artist; but contemptible, being set and opposed to Art, 
And lastly, that he meant to commend to me the skill of 
Instruments, but first he would have me well J* 
the Sciences, He also showed me many notes, and Kales tor 
the use of those circles, and of his Eoiisontall Instrument 
{which he had projected about 30 years teforejthe 
part written in Latine, all of which I obtained of Mm leave 
to translate into English, and make piblique, for theuf3®» 
and benefit of such as were studious, and lovers of the e 
excellent Sciences 

In 1638 George Barkham gave St. John*a College one of Oughtred a 

Circles of Proportion made in 1632. This instrument is inscribed with 

the names of the maker, Elias Allen, and also "that of the donor* 

"The face of the instiuraent is engraved with Ought-
red's Horizontal Instrument. The back is engraved with 
eleven Circles as described on the "Circles of Progor-. 
tion and the Horizontal Instrument". The uses of both Writ 
in Latine by Mr. W, O(u^itred).Translated into English 
and set forth f ee the publico benefit by William Poster, 
London, printed for Ellas Allen, maker of ihese and all 
other Mathematical Instruments, and are to be sold at his 
shop over against St. Client's Church without Temple-
barr** in 1632. 

"Oughtred's Circles were read by two radical pointers 
(unfortunately missing in the St. John instrument J, at­
tached to the centre of the concentric circles, each charg­
ed with a logarithmic scale. These pointers caild either 

* Cajori - Logarithmic Slide Bole 
•* The Temple-barr was an arched 
end the Strand. 

gat ewray between Fleet Street 
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more round to-g ether, united hy friction, or open tad 
shut by the application of pressure; they were, in fact 
a pair of compasses, laid flat on the circle, with their 
pivot at its centre. 

"Calling these pointers antecedent and consequent; 
to multiply A end B, the conseqient arm mat he brought 
to point to 1, and the antecedent arm then made to point 
to A. If the pointers he then moved together until the 
consequent arm points to B, the antecedent arm will 
point to the product of A and B. 

"Circles; 

"First—outside—of Sines-5° 45» to 90° (first 30* 
divided into 12 psrtsjfifrch makes 5 
there to 50° into six parts which makes lOminutes, 
to 75* into tro parts or 30 minutes after that un­
til 85* —not divided. 

"Second-Tangent 5* 45' - 45* (each degree divided 
into 12 parts or 5 minutes) 

"Third—1Tangent 45 to 8£ 15' J®-1*8' 

• T U •  i  - 2 . 3 - 4 - 5 > 6 •  
8,9,1—each divided into 100 parts. 

Wsrithma—Divided into degrees— 
"Sixth and 8minutes or 10 hundredth 
each degree ten P®1 i/ 5* Seventh from 44? 
parts . pi«s. Sixth ap to 44 
5' to 70? 

"Eighth-Tangent-from 84* - 89* 25*. 

"Ninth—Tangent—fro® ®5, t0 

During 1he later p*rt of the Seventeenth Cmtury ^ -

orked on the Slide Bole hut only » few of the c ng 
«trvevor and teacher of mathanatics, 

f real merit, Seth Partridge, » 
X the invention of *e rule with sliding 

ade the major contribution J 

• Gun tiier—Early Science in Oxford 
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parta. De Morgan says of Partridge's instrument: 

"that tte rules were separated and trade to keep to­
gether in sliding by the hand; perhaps Partridge con­
sidered the invent ion his, in right of one ruler sliding 
between two otters kept together by bits of brass. 

Leadbetter in 1755 published a book in the Eo^ Ganger in 

one section of which he discussed the so ik of Hunt and Everard, both 

having trade a real contribution in the development of the sliding 

rule. Of W. Hunt's rule he e^s: 

"Upon Hunt's Sliding Rule there is a line of aeg-
ments by which the area of the segment of a circle may 
£ I. he Show, in M. Wthmntie toxica, 
168 and 169." " 

the complete title of tile hoot glees n good description of 

the uses for his rule, as follows: 

"A Mathematical Companion, °L **£ £££j-jf^Jr^|22' 
- n7.""siidins-Rule by which many useTul and necessary 

Si * ££* -11 -T^eTtn-IS^etry, Astronomy, 
questions in Arittoe—_, >,e greedily resolved, with-
Fortification7 Malllnj^etos, gay te speeoi_y^ 
out the help"~0f Pgg or Comgass. ilii" 

Leadhetter evidently did net tn« cf Winged e and Oughtred 

.dan he a.id that Thome Seererd invented the first aide role in 1685. 

was called before parlia-
In 1696 Everard, along with other scimt , 

4- .+<**« ftf experiments of the cubical contents of ment to make demonstrations of expe 
. , +v,-+ he was consid ered an eminent author-

a. Standard bushel. *bi» shows that be was con 
in Stone's translation from the French of M. Bion's 

ity on this science. In Stone s 
. - . Uses Mathematical Instruments is found an 

Construction and Principal — — 

excellent description of ttia xule. Of it he say 
. ^mnmnly irade of Box, Exactly a "Thi, instmment 1. *0™W - 8ll_tentM of „ 

foot long, one inch broad, ana 

_ , 1fi ** - Cajori - Cajori 
* - Cajori, Slide Rule—I5 
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inch thick. It consists of Three Parts, A ***•» 
and two sn»U Scales or Sitting-Pieces to Sitte in it; 
one on one Side and the other on the other; so that when 
•both the Sliding-Pieces are drawn cat to toeir fhl 
tent the whole will "be Three feet long. 

-On the first broad Face of this Instrument we 
four lines of number,; the firet line of Nû er. con-
uists of two Badius*s, and is numbered 1,2,o,/, 
a.' l. LTtt.n £,5,4)5, etc., to 10. f t".Ll̂  ere 
olâ ed four Brass Center Pins, the first in the iirst Ead 

at 2150.42, am the third likewise at the Berne num-
beA Eton lTtta eecota Bndlue, taring H.S. set to them, . 
signifying feat the aforesaid number "present.J Wî  
Inches in a Melt Bushel: the second and the fourth center 
•Dins are set at the Number 282 on each Badius; they hare 
toe Letter 2 set to them, signifying thattheaf ore said 
Number 282 is the Cubic Inches in an Ale Gallon- the sec 
ond anl third Line of Supers toich are on the 
Piece are exactly toe same as the first Line 
They are both, for Distinction, Called B. ?toe 1 11 
black Pot, that is hard by the division 7, on the f 
Badius, having Si set after it is ̂ tdirectlyoverlJO? 
which is inscribed in ft Circle whose Diameter is 
hard by 9, often which is writ Se, is set direc y 0 ' 
which is toe Side of a square equal to toe area of a cir 
whose Piaraeter is Unity. The block Pot that is nigh *, 
i s  s e t  d i r e c t l y  o v e r  2 5 1 ,  w h i c h  i s  t o \ i C  

Inches in a Wine GaLlon. Lastly, toe black Pot by C, is 
set directly over 5.14, whito is the Circumference of a 
Circle, whose Piameter is Unity, !£• ̂ t̂h Line on the 
«rat Pace is a broken Line of Nunbers of two Radius s, 
Stared £ 10.»%.7.6,5,4,3,£.1,9.8.7,5,5,4,3̂  £. -»« 
1 is set against K.B. on the first Radius. This Line of 
Numbers hath M set to it, signifying Malt Depth. 

Many persons have givm the honor of the change in the slide 

rule to Pearson, who wrote about a Century after Everard's time. Al­

ready we have noticed in the study of Everard's slide rule that the 

logarithmic line had been inverted; the only difference in the two rules 

being that Pearson inverted the slider while Everard inverted toe line. 

The first person using the slide rule to solve numerical equa­

tions successfully was Sir Isaac Newton. The following is a translation 

* - Cajori—Log. Slide Rule 
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of a part of a letter written "by Oldenberg to Leibnitz in June, 1675* 

"Mr. Newton, with the help of logarithms f 
upon scales by placing them parallel at e*ial Us tjices 
or with the help of concentric circles graduated in the 
same WE^, finds the roots of equations. Three ru 
suffice for cables, faxr for biquadratics. In Vi 
arrangement of these rales, all the respectire co 
ients lie in the same straight line. ^ 
which line, as far removed from fee :f:Irst rule 
graduated scales are from one another, in tor , 
straight line is drawn over them, so as to agree 
the conditions conforming with the nature of^the q 
tionrin one of these tales is given the pure power of 
the reqiired root". • 

Cajori explains the method used in this manner* 

> "In proving a cubic equation 
x bx - c, three rules, 
AJB,L, logarithmically gra&uated, 
are placed parallel and equndistunt. 
Find the numerical value of b on 
the rule B; the numerical value of 
a on the Bale A and the 1 find on 
D. Arrange these three points on a 
straight line B,D,A» select E in 
this line so that BE BA. A line 
ED* passed abcw.t E until the 

- numbers B* .A1, and D' are equal 
0 to c. The B* is eqial to X' end x 

cm be found. The length of the rule 
B which extends below B is the log. b. 
We will assume that BB' log. x and it 
then follows that the rale belcwB* is 
equal to log. b log. x - log. bx. 
AA* 2 log x, then the part of 
AA* below the point A* is log. ax . ** 

Tie slide rale «»s little tecum <® «• Continent. A Geraen 

erlter b? the -« of Bller lncented »a lnetranent he celled Inetrn-

cntaeMeih^ucaa BniTerssle. He described It In » pabllcetlon which 

he broaght oat In 1696 aider the titles Peeer!,,!. Instranentl Hethes-

etlcl Pnlrerecllc. eac ntdlente QgSSlZ££2Z*°B°1 "M, ̂ £2iSQ ZlSiS. 

• - Cajori, Page 21 •* _ Cajori, Page 21 
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calculo methodo facillima invenluntur. This rule was semicircular 

in form with sliding concentric semicircles. 

Stone in his Dictionary of 1743 describes in detail the 

use of the early roles. Prom this article, Cagori gives the follow­

ing quotations 
"Take as many Chanter*s Lines, (upon narrow rules) 

all of the same Length, sliding in Dove-tail Cavities, 
made in a hroad oblong Piece of wood, or Metal, as 
the Equation whose Boots you want the Dimensions of, 
having a Slider carrying a Thread or Hair backward or 
forwards at rigit angles over all these Lines, and let 
these Gunter's consist of two sin£e ones, aid a dcuble, 
triple, quadruple, ettf., one fitted to them; that is, 
let there be a fixed single one a top, and the first 
sliding one next that, let be a single one, equal 
each number from 1 to 10. Let the second sli<li»| °n 

be a double Line of Numbers, numbered 1,2,3,4,b,b,^ ,o, 
9. to 10. in the Kiddleand from 1 in the middle to 
1,2,3,etc., to 10, at the End. Let the third sliding 
one be a triple Line of Numbers, numbered 1,2,3,4,5 6, 
7,8,9,1, and again 2,3,4, etc., to 10, and again 2,3,4 
etc., to 100 at the End. The distance from 1 to 1, to 
10, aid 10 to 100 being the same, let the fourth sliding 
o n e  b e  n u m b e r e d  1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 1 ;  a n d  a g a  ,  ,  ,  e  c . t  
to 10; end again 2,3,4, etc., to 100; and 
etc. to 1000. The distance from 1 to 1, 1 to 10, 10 bo 
100, 'and 100 to 1000, being the same, and so on. 

"This being done take the Coefficient prefixed to 
the single value of the Unknown Quantity upon the fixed 
singLe Line of Nunfoers; the Coefficient of the Square 
of the Unknown Quantity, upon the double Line of Numbers; 
the Coefficient of the Biquadxate of the Unknown Quantity, 
upon the qwhuple Line of Numbers, and so on. And the 
Coefficient of toe cube of the unknown Quantity upon the 
triple line of numbers; toe Coefficient of the first or 
highest term (being always Unity J take upon that Line of 
Mors expressed by its Dimension that is, if a square upon 
toe double Line; a Cube, upon the Triple Line, etc. I sqy, 
then this is done, slide all toese Lines of Numbers so, that 
these Coefficients be ell in a right line directly over one 
Letter" Mers 111 tM3 414.il. 
Thread or Hair in s u c h  manner, that the Sum of all the Mombers 
u p o n  t h e  f i x e d  s i n g l e  L i n e ,  t o e  d o u b l e  L i n e ,  t o e  t r i p l e  L i n e ,  e t c . ,  
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which the Thread or Hair cuts^ he eqial to the Known Term 
of the Equation, which may he readily enough done with a 
little practice; and then the number under the Thread 
upon that Line of Numbers of the same hame with the 
highest Power of the unknown Quantity of the Elation, will 
he the pore Power of the unknown Quantity, whose Boot may he 
had hy bringing Unity on the Single Sliding-Line directly 
over Unity upon fcis Line. After this, if you divide the 
Equation hy this Root, you will have mother, one Dimension 
less:and thus you may proceed to find a Root of this last 
equation; which done, if it he divided hy this last Root, 
you will get an Equation two Dimensions less, and hy 
Repetition of the Operation you will get a third Root, 
and so fourth, fifth, etc., if the given Equation has so 
many and if any of the intermediate Tema are wanting, 
the Gunter's express** hy the Dimensions of those Terms, 
must he omitted." * 

Everard's Rule was undoubtedly the most commonly used at 

that time; siaoe then many twrsons tare made very important modifications. 

Charles teadbetter folly desoiihes his alterations in his srticles in 

the Royal Cauger of 1755. Bvererd's rule had t«o sliders, to which 

Lendbetter added a third, narrower than either of the other two aliders, 

.hid. he placed between the other two roles. This slider contained a 

line of nui&ers of double radius. 

nr. J. Tare made other weiy important cimnges in the rule .. 

fellows; The length of one foot had only one radius of the line of 

, j iwatipr this vEkins dividing 
numbers and the two si friers wo iked g > 

power twice as high 83 Everard s Rule. 

John Bohertson, nt one time Librarian of the Boyal Society of 

London, improved Center's scale for the purpose of navigation. One of 

the most interesting of his changes was the "runner" or "index". Be 

«s probably the first to smhn any practical ose of this runner even 

* - Cajori, peg® 27 
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though others he-d some knowledge of It. Many eminent authorities hold 

that the runner had not "been used successfully earlier than the nineteenth 

century. 

George Adaa3, manufacturer of mechanical instruments Ibr Xing 

George III, designed the spiral role, in 1748, whieh contained ten spiral 

windings. This tyPe of rule has teen probably one of the most popular 

up to the present time. 

William Nicholson, Editor of Nichoisnn's Journal, is easily the 

leading figure in slide rule evolution produced in the eighteenth century. 

Hia discoveries were not fUlly appreciated until nearly a c«tory later 

when his improvements received a more cordial reception. Of all the diff­

erent types planned by him, he gave the Spiral Bale the preferred place. 

The Slide Bule did not come into its own until about 1881 when 

it appears to be in general use in mathematical calculation. It was dur­

ing this year that Edwin Thacher patented his Cylindrical Slide Bule. 

Since that time interest has steadily increased, particularly in Americ 

Probably the most popular and satisfactory slide rule in g 

eral use today is the one designed by Mannheim, a French Army o 

about 1850, which is the straight slide rule with runner. While 

runner had been invented in England aboit two hundred years earlie 

country was much slower to adopt its use than France, Italy and Germany. 

The upper scale on the rule and the upper scale on the slide 

are identical, each'having a double graduation from 1 bo 
• .v. mi, are also marked 

scale on the slide and the lower scale on 

identically, both having a single graduation from 1 to 10, 
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The near future Is very likely to witness several very import­

ant improvements to conform with the criticisms of a number of eminent 

mathematical scholars to give the Slide Rule a more general use. 



c  H i P T E E  I I I  

ARITHMETIC C012HJTATI0N 

The methods and forms of rapid arithmetic calculation have 

had a very interesting development. There are two general types; 

mechanical forms, and the development of tables. In connection with 

the staty of Calculation, ft knowledge of the origin of figures may he 

desirable. 
Before the method of making marks for records was discovered, 

the fingers served both for numerals and as a means of expressing them. 

One was represented by the use of the first finger; two by the use of 

two fingers; three by the use of three fingers, and so on, up to fiTe. 

Similarly one could count up to ten by the use of both hands. Thus it 

was comparatively simple to count to ten but hard to count hi^ier num­

bers, At first this was overcome by using two men, one to count the 

units up to ten on his fingers, and the other to c«nt these groups of 

ten, hater the method became more complex, raking it possible to count 

as high as nine thousand. 

Another comparatively early method of computation was the use 

of stones. This method was very similar to that of finger reckoning. 

As in counting by the use of one man, the stones up to ten waild be 

placed in one pile to represent the tens place, thus they weald get 

their hundreds and even much higier places. This was probably the 

earliest method of counting armies, cattle, slaves, etc. The tally 

stick was also used in Tery much the same method, or by catting notches 

in one stick for the tens, in another for the hundreds, and so on. 
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A method used in the south today, that of the Knotted cord, 

night he mentioned. Probably the first record is .here .e read cf it 

being used in China in the sixth century B.C. Knots .ere tied cn the 

strings fencing the sac plan as that of *. telly sticks and the 

stones. It .as not only used for receding numbers but also to give 

the dates. Even as late as 1671 .e find it being used in India in 

taking the census. The knots .ere on four colors of cord| the black 

to signify a sen, red, a somen, .bite, a bey, sad yellc, a girl. 

Another very good example of this method of counting is the rosary of 

to-dayt each head of which represents a prayer. 
j- ~ a„v,a.i wnfuri aioiuc the same idea as that Methods of recording developed aiong 

of omnting. One line stood for rns finger. t. lines for t» fingers, 

three lines for three fingers, fonr lines for fonr fingers, and some 

distinctive character for five fingers. 

The Babylonian numerals from 1 to 10 are: 
v *•" 

i. • 6- """ 
i/v 

7. 
vw ** 

8. 
2. • 

3. 
Sr"' 9. 

» t/ Jva'af-
c 10 a 5. • K 

The Chinese numerals from 1 to 10 are: 

4. f2^ 8- "* 

6. -p-— 9. -h 

6. T{- 10. -< 

7. t 

1. * 

2. -= 

3« —TL 
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The Sankrist of India numerals from 1 to 10 are: 

1. ? 6- £-

2. 3  7 -

3. J? *• ̂  

4. y  9 - ^  
5.Jf 10* ° 

The Maya scale i# 20. Their minerals are: 

1. C - 6, 11. 16. 

2. " « 7. J-L 12. 
* « 17. ==• 

3. • * * 8. 
t « * 13, 

t * • 18. 

4. . . . i 9. 14. 
. - • • 19 . "S 

5. —- 10. ^r 15. 20. « 

The Egyptian numerals ares 
100. 9 

U  / 6. m  
l i t  11. I A  100. 9 

2. // 7. < ! > '  
1  1 1  12. n / i  200. 7 9 

V  

5. /// 8. f a '  
( ! ' (  20. / l  A  1000. A 

4. 

5, 

H f t  

f t !  
( f  

9. 

10. 

t f  
f l  t  
f t  9  

/? 

40. 

70. 

A  
n  i  

/ }  n i  

ioooo. C. 

he oldest form of Greek notation ist 

1. n  7. h f  13. N  19. ^ 

2. & 8. 14. ~£~ 2 0 .  y  

3, h  9, / 15. 0  a. fl/ 

4. 4 10. K  16. H  22. X 

5. £T 11. 4 17. T  23. 

6. < 12. M  18. r 24. i/L 
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The characters for the Roman Numerals ares 

U ^ 100. C 

5. 1/ 500. J) 

10. / 1,000. n 

50. L 

Of these I, II, III, I1II, are clearly of primitive character. Of 

the rest I is the earliest and is probably I orossed. C stands for 

centum and M for mille. L and N are thaight to represent the upper 

halves of the early symbols for C and H. 

These systems, as can easily ha seen, .ere unsulted to pur­

poses of calculation, therefore it ess necessary to use some form of 

mechanical ecmpatation. The earliest knoTO Instrument of calculation 

is -the Abacus. The date of its origin is not knot®, hut it wis pruh-

ahly used ty the Egyptians as esrly as 460 BO. The earliest mesnlng 

for the term abacus was a table entered rtth sand. In its simplest 

form, hie abacus is made of a .oodeu board wltir a number of grouse, 

cut In It, or a table oosered »ith sand in .him grosses are made ,1th 

the fingers. As many oointers or pebbles as there we units are put 

on the first groose, as mmy on the second a. there ere ten., and so 

on. In order to odd, for each object a pebble is placed on the first 

. +WP are ten pebbles there, they ere taken off end grooves as soon as there are ven 
ms there are ten on the seoond one put on the second groove) as soo 

* .nd one put on the third grooves and so on. groove, they are taken off ana one p 
., . i +. M A  need. such as the dust abacus 

There were many fonns in which it 



•31-

^ the counter abacus. * -a l»*er made with a ^er of parallel 

wires or strings, aa in the Axtee Qoljua or Chinese Swan- Pg, or *» 

counter abacus. Beads disks or cetera acre strung on the tire., 

one line standing for unity, the next for tena. and so on. 

The Ohineae S.en-Pan was probably uaed aa early aa 1000 B.O. 

The instruments varied in width, some having few and others ny 

the more numerous the roda with their accompanying heada, the grea 

their capacity. The aire moat generally uaed had fifteen roda. The 

hisreat number that could he run up on each an instrument eaa 

999,999,999,999,999. (Figure I, Plate 6) illustrates one with seven 

strings. 
We find a great deal of improvement eade in the Bussian 

Tachotil (Figure II, Plate 6). The wires are set in a rectangular 

frame ami nine or tm head, are permanently threaded on each aire which 

is somewhat longer than is necessary to hold them. As amny head, as 

there are units, tena, humlred, etc., were pushed to the upper part of 

tt. frame and coold easily he read. It was possible to odd. subtract, 

multiply ami divide by tire use of this instruct. 

The old methods, as finger reckoning, .use of tally sticks, 

snd the abacus, ware used until the development of coonters. later 

these counters bora numbers, md were attached to rods, disks and 

cylinders, which could be moved to indicate the desired results. An 

example of *is type was a set of rods invented by Hapier in 1617. The 

rods were rectangular slips of bone, -rod, metal or cardboard, each of 

which were divided by cross lines into nine little s,chares, usually 
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about three inches long and one-third of an inch across. In the top 

square one of the digLts was engraved, and the results of multiplying 

it by 2,3,4,5,6,7,8, end 9 were respectively entered in the eight 

lower squares, Figure 3, Hate 6, shows ten sach rods side hy side. 

When the number is greater than 9 the number in tens place is placed 

in the upper part of the square. The seventh slip is shown in Figure 

4, Plate 6. For an example, we nay multiply 2985 by 317. The rods 

headed by 2, 9, 8, 5, are thken out and put side by side as shewn in 

Figure 5, Plate S* First multiply 2985 by 7 as: 

2905 
7 

35 
56 

63 
14 
20895 

However, on the seventh line of the Figure 5, Plate 6, we f 

n^.r, 1S» .ad 43S5. If « -d «t~ " 

find: 

1653 
4355 

" 20895 

„ , i s »i theo 111 the toll"lng 
Thus we can multiply by 7, 1» 

order: 2305 
20895 ft 
2985 ft 

8955 ft 
956245 

, ,614 « * iW°"t7 "m"' 
Hcrer.r, in «« Kapler, Bare. 

4,4- ihat of logarithms oy 
the entire trend of thought, 

n*. fheory is a# followt 
of I^erchiston, Sootland. 
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p» 

U>» Q * ——... —S * 

TS is the strHigit line of definite length; T'S* extends to the right 

indefinitely. The moving points P and P* start from T and T* -with 

equal speed. P* continues at the same speed "but P is retarded so 

that its distance is always proportional to its distance from S. Whcx 

P is at the position Q the logarithm of QS is represented "by 12ie length 

T»q« 0n the other line. There is one very noticahle peculiarity in 

ffapier»s Logarithms. This logarithm increases as the numbers decrease 

end any numbers exceeding TS have negative logarithms. The difference 

between Napier*s logarithms and of ifoe logarithms to the base "e" may 

be expressed by the following formula: 
7 7 Nap. Log. y* equals 10 nat. log. 10 

y 
In 1620 Ganther made a "line of numbers" which lead directly 

to the making and development of the slide rule. {Chapter II) 

Many attempts have been s&de to perform calculations mechan­

ically. Napier*s rods succeeded in multiplication. Others have tried 

to perform the four operations by machinery alone. 

In 1642 Blaise Pascal, the French philosopher, produced a 

model which while far from perfect came very near the desired aid. Bis 

' machine was constructed on the principal of wheels aide by side on the 

same axis, sad upon the circumferences of each were marked the first nine 

numerals. These wheels were so arranged that one biro of the first 

wheel caused the next i&eel to go through a tenth of a revolution, and 
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so on* 

In 1820, •&.© French net hematic! an, K, Thomas de Colmar, invent­

ed the first practical machine for rapid and accurate addition, multi­

plication. subtraction and division* Multiplication was accomplished by 

repeated addition. The machine was operated by means of a number of 

pointers, and a crank* 

In 1822 Charles Babbage, an Englishman, evidently ignorant 

of the Frenchman's invention because of his dfesire-to keep the discovery 

a secret from the rest of Vxe mathematical world, produced a machine 

about ike sise of a small square piano, which had sufficient merit to 

attract the attention of ihe EngLish Government, which in 1823, began 

supplying funds for the advancement of this work. For tei years a 

large amount of money was expended but the instrument was never com 

pleted. Parliament finally refused any further grants. This instrument 

could work logarithms, but could not perform arithmetical operations. 

From that time on many instruments have been constructed for jurely 

commercial pirpoaes. 

It was only in recent years, in fact, only since the adoption 

of depress able keys, that successful machines for rapid calculation have 

been devised. There were several different machines utilising keys 

previous to the experimmt of Dorr E. Felt of Chicago, who. commencing 

in 1884, developed what is the present Comptometer. 

Previous to Felt's experiment, Frank S, Baldwin, secured a 

patent on a sachine that was a forerunner of a line of succesful modern 

calculating machines, including those of the Monroe Calculating Machine 
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Company and with soma variations, tine Brunevlga end other uachinee of 

the Qdhner type. 
The first known depresaahle key, crank-operating nachine 

made to add columns of figures atd to print numerical Item. a. they 

were added wae patented In the United State. In 1885 and In England 

in 1893, hy Henry Pottin, a Frenchman. 

In 1888 William Seward Burrough patented a tachlne somewhat 

similar to the design of Baldwin, which wae designed to she. only the 

final results of the calculation, later another patent was token on 

hy him to combine the recording of numerical items and totals in one 

machine. These early Burroughs Machines were the foundation of the 

American Arithmometer Company, the name of which was later clanged to 

the Burroughs Adding Machine Compmy, 
The first cmsbined typewriter end adding machine was patented 

in 1888 hy A. C. Ludlum. 
The first mchine to apply the multiplication table and thna 

employ multiplication directly, was invented hy B. Bailee, a Frenchman, 

in 1889 and waB the forerunner of the present day "Billionaire 

ed in 1892 "by Otto Stfelger of Switzerland. 
It is stated that in 1898 there were only five hundred calcul­

ating machines in use in the entire world, hut from then on the market­

ing possibilities encouraged development of the smny make, of machines 

on -the market today• 
Present day adding machines are divided into three gener 

types: listing, or those machines which print a record of items and 
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totalsj non-ilsting, or those machines having no printing mechanism? 

computing, or non-listing machines designed for high speed cal-

culation« 

Subtraction is accomplished by addition, the same as in 

multiplication and division. Nearly all makes of adding machines 

have on their key tops the complementary numbers, ^hese are small 

digits located beside the large numbers used for addition. Their 

relation to the large digit is such that a total of the two numbers 

on each key is nine. For an example, suppose we were to wibtraot 

£7 from 83. We would first add 83 into the nachine end then press the 

keys mrked in large figures 73 (the oomplement of 27} thus giving a 

number of 156. When the co-digit seros (large figure $, small figure 

0) are set up on the keys left of the other numbers toe one is trans­

ferred all the way across the key-hoard, either to the last column or 

entirely oat of the machine. Thus we might have a number such as 

100056. When the subtraction operation is repeated the procedure be­

comes division. Suppose for example that we wished to divide 3 into 

15. We would first add 15 into the machine and then press the key 

marked 7, the complement of 3. After adding 7 five times we get 50 

which shows to at 5 is one-fifth of 15. Thus: 

15 
_7 co-digit for 3 
22 
_? 
29 
jr 
36 
J_ 
43 
J_ 
50 
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Hialtiplication is repeated addition. For example to multiply 3 times 

4 we would add 3 four tiroes* 

Aa these adding and calculating machines are large it is rery 

difficult to more them from place to place. Bowerer, the Computer 

Manufacturing Company of San Francisco is making a aaall machine which 

is fire inches in diameter. The Boss Rapid Computer, by an arrangement 

of scales, can multiply and diride hut as in the slide rule it does not 

add. It is operated "by the -turning of tw> dials. 

toother instrument that WMK COM unier the head of mechanical 

arittostie computation is that of the cash register invented ty Jemea 

Bitty of Dayton, Ohio, in 1879. His original machine mas developed from 

. revolution cointer on a steamship engine. Eomever, the credit for the 

development of this instrument to its present form is due to John H. 

Patterson, the founder of the totionsl Cash Begi.ter Cc^ny- *r. 

Patterson mas attracted to the value of Bltty's register end in 1882 

he purchased tmo at fifty dollars each for use In the store of a mine 

of vhieh he ma. the proprietor. These registers, designed to record 

sales ty punching hole, in a mil of paper, did not have any adding 

mechanism. The paper roll me. divided into coin-. corresponding to 

the key denomination, tod to find the totals of a transaction it ma. 

necessary to add the numter of holes punched in each column of the paper 

tod multiply it ay the denomination of the column. 

Hr. Bitty sold his husine.s to the founder, of the H.tional 

. m a  a .  „  r ^ • h ^ n  T h e  f i r s t  a d d i n g  r e g i s t e r ,  l a t e r  
Manufacturing Company of Payton, • 

, i wi i L&tdr ishsu more stock 
called the detail adder, maa rods in 1883. 



issued, John Patterson cad his brother "bought 50 shares. From then on 

the company made a great deal of progress and was later named the 

National Cash Register Company. From then until 1924 over two million 

registers had been sold. The original function of the cash register 

was to prevent dishonesty among clerks. This is still one of the 

functions, bat the principal use is for keeping business records accur­

ately. 

The Detail Adder is a non-printing register having counters 

connected with each key so that the totals for each key is recorded 

sepmfcely. For example, four depressions of the 5/ k^y would be shown 

on the counter for that key as 20^, also four depressions of the 10/ 

key would be recorded on the counter for that key as 4Cj^( etc. The 

Total Adder is the present form of registers. The totals of sales are 

carried and added. These machines may be equipped with or without 

resetting devices. The Tjed-up Counter is impossible to be cleared 

for "the adding wheels can not be turned back to zero. The totals of 

one d^*s sales can only be found by subtracting the totals for the 

day before from the present fetal. The only way of resetting this 

type would necessitate taking the machine apart. The Free Counter 

type my be reset at any time desired. There are many types of reset­

ting devices but the most common is by the use of a key. 

A comparatively new device is that of the Combination Regis­

ter invented about 1919. It is made of an adding machine, mounted on 

a cash drawer cabinet, and having a means of automatically opening the 
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cash drawer as each sale is registered. Beside the economy of tine by 

the combination of the adding machine and cash register -there is the 

added advantage of the printed detailed record slip. All instruments 

are designed to prevent dishonesty by enforcing registration of each 

transaction. They are egiipped with locks to prevent the taking or 

seeing of totals by an unauthorized person. Another advantage is that 

the adding machine may be removed from the cash drawer when needed for 

adding purposes. The machine may be cleared when it is to be used for 

simple adding machine work. 

Another comparatively new development in the field of mech­

anical arithmetical computation is that of the Bookkeeping Machine. 

The method U9ed in the machine follows the established rules, for example, 

an old debit balance, plus a debit or minus a credit, equals a new 

balance. In the first operation the printing point is at the old 

balance column. The old balance i3 set up on the keyboard and when the 

motor bar is depressed the aiaoant is imprinted and added in the counter. 

The carriage then moves automatically to the next, or debit column. The 

amount of debit is then set up on the keyboard, the motor bar pressed, 

printing the amount in the debit column, and adding it to the old balance 

on the counter. Then the amount of credit is set up and printed, then 

the subtracting device causes the amount to be subtracted out of the . 

counter, the remainder being the new balance. This new balance my then 

be printed in its column which clears the counter. This may be illustrat­

ed by the accompanying drawings: 
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The development of tables for rapid calculation has made 

equal progress with that of the mechanical instruments. The tables 

of height, weight and age had a very interesting evolution and have 

been published after & most careful and scientific investigation by 

such authorities as Br. Bird T. Baldwin of the University of Iowa 

and Dr. Thomas D. ^ood of Columbia University, whose studies have 

extended over a period of years. The tables of height, weight and age 

produced by these scientists have been revised and simplified by Mrs. 

Louise McCain Ross, a graduate of the University of California and the 

University of California Hospital, who, UBing their findings as a basis 

has devised a much more usable set of measurements, and are presented 

here as an example of pioneering In the field of present day problems. 

{Plate 7) Her system has been accepted by the San Diego City Schools 

for use in physical education and health work in all the city schools. 

The following are a few of the rules prepared hy Mrs. Boss for the use 

of these tabless 

1. height the child without shoes, sweater or coat. 

2. Have him stead before the chart, good posture, 
no shoes. Obtain height, using the central col­
umn. of figures. 

3. Find the age—nearest birthday. 

4. For Boys—use columns to the left of central column. 

5. For Girls—use the columns to the right. 

6. Opposite each inch will be fcund the normal weight 
for that height and. age. 

7. Where the weigrt is not given directly—estimate by 
striking an averagebetween the twi nearest figures. 
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8. Becord ell measurements at once—giving the child 
necessary instructions at the time of weighing or 
holding over such children as need it, for special 
instructions. 

Mrs.- Boss has also made mother interesting contribution in 

the matter of age, weight and height in devising a table (Plate 8} for 

the finding of the percentage of gain or los3 in weigit. For example, 

suppose & child with the normal weight of 105 and the actual weight 

of 115 has been measured. In order to find the percentage of gain, 

first turn the pointer ta 105 on the outer circle and since 10 is the 

difference between the actual and normal wei^t, find 10 on the pointer 

and then read the percentage on the inner circle opposite 10. Percent­

ages are figured on the normal weight rather than on the actual weight. 

Tables for use in mathoaties have also been devised. Prob­

ably one of the most outstanding of which is Dr. A. L. Crelle's Calcu-

lating Table ^diich consists of the products of every tro numbers from 

1 to 1,000 and their application to the multiplication and division of 

all numbers over 1,000. 

The Engineers Manual, by Belph 0. Hudson and Joseph Lipfca, 

giving the principal formulas and tables of Mechanics, Mathematics, 

Beat, Electricity and Hydraulics may he cited as a gpod example of some 

of the many collections of tables in use today. The purely mathematical 

section of this book has been published separately in ft much smaller 

and more usable edition under the name of the Mathematical Manual. This 

manual contains the following* the common logarithms} numbers from 1 

to 1,000 with their squares, cubes, square roots} recipricals, circum­

ferences, and circular areas; degrees to radians; natural sines, cosines, 
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atxi tengents; common logarithms of sines, cosines and tangents; hyper 

bolic sines, cosines, and tangents; Talues of the functions cz and 

c~x; decimal equivalents of fractions; and the length of arc, length 

of chord, height of sgment and area of segment subtending an angle 

in a circle of Badius (B)» 
These types of tables have contributed largely to the simpli­

fication of mathematical calculations. And while their development is 

not as apparent as that of ihe mechanical deviees yet ihey represent 

undoubtedly some of the greatest of the contrihulfcons to the science 

of mathematics. 
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C O N C L T J S  I O N  

Mathematics, the oldest science, is the mother of all 

sciences. All scientific research aid development, either direct­

ly or indirectly, owes its standing to the products of raftthemat-

ical accuracy. Each person having any part in the developmeit of 

a mathematical instrument has heen wcrking first of all for accur­

acy and simplicity in the result and in the instrument itself. It 

was not always possible to produce an instrument that wt*xld work 

with sufficient exactness, because many times atmospheric and other 

conditions have made it impossible for even the most accurate cal­

culator to get a true register. As in the case of Tycho Brahe, the 

scientist must find the percentages of error and make allowances for 

them, which generally entails a great an cunt of mathematical calcula­

tions. After the instruments were perfected to a gpod state of pre­

cision, the desire fbr the simplification of the mathematical pro­

cesses have received greater attention. This, along with the desire 

for time saving appliances, seen to have an important place in the 

making of up-to-date instruments. Undoubtedly, the science of math­

ematics is still in its infancy and is destined to continue to be one 

of the major factors of all progress. 
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