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BRAJTLLE

Great words within! Yet (being blind),
A fast-closed book is all they find.
But when their fingers gain thls key,
The book is open - and they see!

- Margaret Root Garvin.

SLIDE RULE

This "figuring stick" has power.

This instrument has an abundance of speed,
It can save many en hour

Through a universal need.
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Chapter I.
Develo nt of the Slide le

The earliest means of computing were with such things
as a finger drawing in sand, hand and foot measures, shadow,
drops of water; then came such alds as the compass, suanpan,
(16,3) sbacus with its many subsequent modifications, s'choty,
soroban, "bones": and'how, we have the various modern meters.
Man's quest for finer measures of accuracy still goes on.
Shuster (16,8) points out that this total accomplishment of
civilized man, in our place-value number system, 1s the most
remarksble acievement in history and that 1t lgnot due to
one man, race, or sge but to the composite of all the best
mathematical th;nkers,f _

The principle of the slide ::2¢ 1s only a portioh of
this total composite and we shall see how soﬁe of the leading
scientists contributed their part to make the slide rule what
it is today.

Though based decimally the sllde rule did not initilate
the use of decimal fractions. Back in 1530, the first compu-
tetions with decimal fractions were made by Christian Rudolff,
About 50 years later, Stevin went further and extended the use
of decimal fractions by many illustrations and explianations.

John Napier (1550-1617), a Scottish mathematiclan,pro-
duced his system of logarithms in 1614, This was 1ike ®a bolt

had been done on the subject. Quoting Napier himself through

one of Breckenridge's manuals (le,20):

- Py 1 4 {ond alns <
Seelng therse is nothling Tigat wWe 1l bsloved 8tudents

of Mathematics) that is so troublesome to mathematical
practice, nor doth more molest and hinder calculators,
than the multiplications, divislion, square and cublical
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extractions of great numbers, which besides the

tedious expense of time are for the most part subject
to many slippery errors, I began therefore to congider
in my mind by what certain end ready art I might remove
these hindrances.
Hig "Canon of Logarithms" or Napler's "Descriptio," or Napier's
"Bones or Bods,® as sometimes calisd, ls directly responsible |
for the invention of our slide rule of today. The miraculous
powers of instruments in modern computation ié largely due to
this invention of logarithms.

Henry Briggs, in 1615, assisted his friend Johnflaplier
and, vroduced his work on Logarithms. He;,llater, coined the
term "mantissa® and suggested the word "sharacteristic, " As we
know; these two terms are today very common.

Jobst Burgl, a Swiss, in 1620 at Prag published his
works on logarithms. His study was independent of those of
both John Napler and Henry Briggs. In the same year, 1620,
Edmund Gunter designed a "Line of Numbers." This was a series
of logarithanic numbers scaled along a stralght line, with com-
putations made by a compass.

William Oughtred; in about 1622, invented circular and
linear slide rules (4,46). After Napler published his work on
logarithms, Gunter made a logarithmic scale and used a palr
of dividers for his computations instead of a sllding parallel
scale as we use today. Credit is given to the Engliishman
Oughtred (born in 1574-died 1660) for being the first to use
a double scéie and he is referred to today as the "Father
of the slide rule." His gre
about the invention of this remarkable and powerful too‘of
education. Cajlori, an outstanding author iA mathematics,
{4,48) in his excellen

rule" states:
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Oughtred's most original line of sclentlflc activity

‘1g the one least known to the present generatlon ....
The invention of the slide rule has .... been a matter
of dispute; it has been erroneously ascribed to Edmund
Gunther, Edmund Wingate, Seth Partridge and others. We
have been able to estsplish that William Oughtired was
the first inventor of slide rules, though not the flrst
to publish thereon. We shall see that Oughtred invented
slide rules about 1622 but the descriptions of his in-
struments were not put into print before 1632 and 1633.
Meanwhile one of his own pupils, Richard Delamain,who
probably invented the cilrcular slide rule independently
published a desceiption in 1630 at London, 1n a pamphlet
of 32 pages entitled Grammelogis; or the Mathepatical
"Ring .... Thus Delamdn antidates Oughtred two years in
the publication of a description of a circular slide
rule, But Oughtred had invented also a rectillnear
siide rule, a deseription of whieh asppeared in 1833. To
the invention of this Oughtred has a clear title.

Again, wishing to illustrate Oughtred's cleverness,
Cajori (4.5) points to his youth before the time of watches
and pendulum clocks?

At the age of twenty-three Oughtred invented his Eagy

Way of Delinesting Sun-Dialg by Geometry which thfough

was not published until about a half a century later,
in the first English edition of Oughtred's Clavig

Mathematicae in 1647

Cajorl further states that William Oughtred by pro-
fession was a minister of the gospel. His mathématical achieve-
ments were a product of a hobby carried on during his lelsure
time. Often, he would go through nights without sleep to
carry on his studies. He was extremely generous to others
in teaching mathematics, free of charges, and even boarding
his students for months during their studles without cost.
Many sacrifices were made on his part to help others. His
personal heglth, his finances, his social life &nd even hils

parish were neglected to pursue this interest in mathematics.
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Edmund Wingate in 1628 produced hie "Congtruction
and Rige of the Ljine of Proportion, ®

Williem Forster, a student of Oughtred, wrote
%The Circle of Porportion and the Horizontal Instrument,"
London, 1632 and 1633. In these rests the proof that Oughtred
is the inventer of the slide and circular rules.

Hartwell in 1646 simplified logarithm to such a de-
gree, he was able to introduce it to elementary arithmetic.
His introductlon madé it-possible to present Ilkis branch
of mathematics to young people on a wide scale.

Robert Bisraker in 1654 produced a slide rule
which looks like the modern type. He made it for a friend
known only as "T.W." -

Henfy Coggeshall's pamphlét, 1677, describes his
slide rule, used in measuring timber. Thig went through seven
editions, last beiﬁg in 1767. His slide rulg was very popular
and 1t was used as late as 1874 even later.

Sir Isaac Newton (1642-1727), in addition to all of
his other brilliasnt achievements in the scientific world,
contributed to the slide rule invaluably. To him goes the
credit of the first use of the indicator and solution of the
cubic equation. | '

At this point, (BAigressing from the calendar of

events related to the slide rule, )Nicholaus Saunderson,

friend (31,67) of Sir Isaac Newton and a blind mathematician,
invented the slate for the blind for their mathematlcal com-
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Newton as professor of mathemaetics at Cambridge University
upon the latter's recommendation. For these outstanding
accomplishments Saunderson was given the Doctor of Laws by
King George in 1728. {See page 8,Saunderson's Slate)

Warner in 1722 made extensive use of the cube scales
as well as the square scales.

Thomas Everard,an exclse officer, in 1755 made wider
use of the slide rule in engineering and the first appearance
of the inverted scales is attributed to him., Higpopular
book “Gauging" went through ten edltions.

William Nicholson in 1789 produced a good description
of slide rules up to that date and designed a new type of
slide rule of a spiral form. About the same time Jean B.
Clairout brougﬁt about through his experimentations a new
type of circular slide rule.

Peter M.Roget,M.D., in 1815 produced the LL (log log)
scale. For a wﬁile, this scale was forgotten until thermo-
dynamics, eiectrical and other physical calculations revived
its use. ‘

Lt .Epddee Monnheim in 1859, while making calcula-
tions for the French Artillery, invented the present form
of our slide rule which continues to bear his name - Mannheim
Slide Rule, It was Mannhéim who successfully popularized the
runner which was inveémted by Newton nearly 200 years before.
The siide itself has other scales on its reverse side and
the top horizontal edge of the body is ruled.

Edwin Thacher in 1881 devised a cylindrical type of
slide ruie, which bears his name. I is belleved to be the

most accurate of all slide rules to dste.



¥illiam Cox in 1891 produced a Duplex type of

slide rule, which is widely used todsy.

' Florian A. Cajori in 1909 wrote "The history of
the Logarithmic S1ide Rule and allied instruments." This
document 1s outetanding and &ni1hvéiaébléh€crzne?genbraiffield
pechathematlics.

The early slide rules were made of metal, bone,wood
and ivory. Some were beaufitully engraved.by hand. Most
slide rules today are made of seasoned wood, celluloid or
plastics while all tyﬁes of slide rules are engine divided
and marked. These instruments measure from 3 inches in
diameter to 6 feet ih length and weigh from 3 ounces to 50
pounds. Most of them are 10 inches in length and welght
about 4 or 5 ounces.

During the last three hundred years, the slide rule
has had varying degrees and Waves of popularity. Experts'
and speciaslists' use of it stimulated the high peaks of
demand. v

With the many slide rulees invented for varied uses
today, dozens may be found on the merket. Thelr uses meet
the needs of merchants, architects, surveyors, bullders,
chemists, engineers, machiﬁists, teachers, astronomers, nav-
igators, students, draftsmen, méthematicians, statisticians,}
and physicists.

Among the many scales on siide ruvles, we find,
A,B,C,CF,CI,CIF, D¢IF, DI, DIF, K,L,LLO, LLOO,LLI, LI.;Z, LL3,8,
St, Shl, sh2, T, Th, alsc pi scales and scales for dividing
vears into twelfths instead of tenths. OUther scaies have

been invented to facllitate calculations and conversions,
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in the offlce, laboratory and workshop. Another recent scale,
not avallable to civilians, wase made by the Ordnance Depart-
ment of the United States Army. Thls scale faéilitﬂee the com-
outing of quantltles of foods for soldiers.

In the fall of 1923, the candidate, then a freshman
at the Univereity of Texas, began various experiments with
log scales on circular, triangular, recfillnear, and square
forms. New York Point and log scales were embossed upon metal
which was‘attached to three vleces of grooved wood. This
crude rule, Cedrule (32,74) as student friends referred to
1t, supplied satisfactory answers to problems 1n physiecs and
mathematics courses taken et that time. Later, the rule
was doubled in width and length to accommodate tertlary
readings and braille supplanted New York Point. In 1925
and 1938 when attempts were made to carry on further ex-
periments with the braille slide rule et the New York Institute
for the Education of the Blind, the candidate met wilth refusals.
Dr. Paul V. West, in e statistics course, in 1933, made the
first suggestion that the brsille rule be vatented and with
his encouragement, eventually the can@}date gecured a vatent
for the first braille slide rule. (See Fig. 1. The Braillle
. Sl1ige Rule)
Although the slide rule today 1s & 1little over

300 years o0ld, this veriod of tlme encompasses the long

search by man to make

Ry E=—V.04

noke thig ingtrument more accurate and
useful, The slate, a 1little over 200 years old, 1s still
used today by the blind. Through a number of studies

(39)

-

(40,8), (30,8) and experiments concerning the slate,
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cumbersome to handle, a small area upon wﬁich the problems

may be solved, and difficult for the student to carry the

slate to and from the school. The braille slide rule had its
birth because?gbove needs. It offers ease in handling, speed
and accuracy in computatlons, and 1s easily carried to and
from clase rooms. Spesking of newer methods in arithmetlc
Illinsworth says (35,159) ".... 1f there 1s one error more

than another into which a blind teacher 1s liable to fall,

1t is the fault of over-conservativenese in methods of teachlng

(arithmetic) and a general reluctance to accept what ls new. "#*

(See page 18, The Braille Slide Rule).

Ssunderson's “first idea of a tangible ald to arithmetlc
d him to the construction of a board divided intc square
eses which he cut for himself. Each space was provided with

e
r

Sgunderson's Slate

8 1 2
j} - (o)
? ¢ b3
2]
0. (o) (o]
S) 5 4

a pinhole at esch corner, midway on each side, and in the centre,
meking nine holes in all. By means of two pins placed in verled
poaitions in these holes relative to the gsldes and centre of the
square he obtalned his nine diglts. W.en the square remained
unoccupled by pins, it revresented a nought ."* (35,86)

#A paper read at the International Congress, Paris,July 1800
by W.H.Illingsworth,then Headmaster of the Royal Blind Asylum
and School,West Craigmillar,Edinburgh.



Chapter I1I.
Ear Dev the Bra Point 8 e

The picture of two men initiating the 1dea of the slide
rule on the British Isles is simlilar to a plcture of two men
starting the brallle system for reading two hundred years later
in France. John Napier and Willlam Oughtred produced the basis
for the slide rule in the early 1600's whileCharles Barbier
(1819) and Louis Braille (about 1828) created the universally
adopted method for reading by the blind, the brallle systen.
However, the outstanding contributions in the education of the
blind actually began with the works of Saunderson, Diderot and
Hatiy.

M. Diderot, who was a physiclan to King Louis XV of
France, an author, a vhilosopher and a French encyclopedist,
wrote what is thought to be the first plece of literature,
"Essay on Blindnese,“ dealing wholly with the blind. (35,1) His
enthuslasm and rationalized writings, suggesting the poten-
tialities of the blind, brought about his imprisonment (45,159).

HeBly, of whom Illingeworth said that all (31) schools
fo>r the blind should plece his name in gold on thelr wall, 1is
the first educator of the blind. "In 1784 he induced a young
beggar, (45,160) Francois Leseuer, to be his vupll, and the

| T

-l & - 43 & L. w
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i8Xt year, the ¥Yrench FPhilan
ovened the first school for the blind," in Paris.

Hahy, in his notsble "Essay on the Education of the
Byind" (35,6), dedicated to the King of France in 1786, gives

this 1inkling of the period before his discoveries: Before our
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time various but ineffectual experiments had been tried veeol

Concerning the crudity of the instruments for the blind, he
mentiong .... "these gross and imperfect utensils es.." Valentin
Hafly was (35,4) born in 1745 and died in 1822.

In 1847 a new type of reading began to galn popularity.
In 1884, moon type, raised line for reading, was in vogue 1in

most British schooles for the bling.

Faceimile of the Moon Type

Alphsbet
A B C D E F G H 1 J
AL CIDDT 7T o1 J
K L M N o P Q R S T
U v W X Y Z
UV N> | Z

Numerals
1

2 3 4 5 6 7 8 9 0

I N N ez /2 _~ \ VM O

Invented by Dr. Willlam Moon (31,1£5), born in 1817 in England,
it 1s most frequently used by adult blind who have lost sight
in later life and who, because of hard manual work with their
hands or advanced age, have less sensitivity in their fingers.
Of Barbier and Braille, Rodenberg of the Illinois
School for Blind, has written excellent sketches (45,161)

.... Charles Barbier - an englneer and cavalry offlcer interested
in signal codes, brought forward the first system of points in
arbitrary arrangement. He grouped hls polnts in successive
"eells" along the line, each cell containing twelve possible
points arranged six high and two wide. He linvented a writing
board with grooves over which the paper could be laid and im-
pressed with a stylus. Over the paper was fixed a thin metal
plate with window-like openings to gulde the stylus to the posi-
tions of dots in the cells. arbier's gystem was exhibited at
the institution where 1ts possibilities tantsliged more than ons

imagination. It was phonetic, like shorthend, instead of al-
~hebetic: the characters were too tall for the finger tips; the

_—_——o s
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the constructions were complicated; yet here was the real
genesis of great things to be. Barbier was the father of
point reading.

Barbier's cell

Rodenberg continues:

In a 1ittle old stone hut at the foot of the stony hill or

the village of Coupvray, twenty-six miles east of Parls
beyond the Marne, Louls Brallle was born on January 4,1809.
His father was a harness-maker. At the age of three the
child blinded himself while playlng with one of his father's
awls. At the age of ten he was sent to the Parlis institution
for the young blind. At seventeen he was made a junior master
and at nineteen an instructor. .... Louls Brallle, before he
was twenty, through some inspiration of which there is no
record, designed an alphabet of the upper half of the Barbiler
cell. The braille cell, then, became three points high and
two wide., His constructions of signs were systematic in the
axtreme, though brilliant and simple. Out of the upper four
points he made ten basic characters, and from these in turn he
made thirty more by adding points from the third level, first
the lower left voint, then both lower points, and finally the
lower right point. Without going farther into this system,
suffice it to say that the arrangement of all sixty-three char-
acters nossible in the two-by-three cell was cleverly method-
jcal. In the mailn he seems to have disregarded the fact that
some of these characters are more legible than others and that
certain letters of the alphabet occur much more frequently
than others. Louls Braille used no shorthand signs, as d4id
Barbier, and would probably have objected to the contractions
or abbreviations of words now a days. By 1834 he had worked
out hls system in great detall, includlng a muslical nccation
which, in all of its essentials, remains to the present time
cavable of presenting to the blihd all varletlies of musical
composition.

He held orgen posts in churches of Paris, being a musiclan

of considerable asbillity. It is sald that he was permitted
to teach his point system to only a few pupnils after hours.
All his life he was without robust heslth. His death occurred
in 1852, two years before his system wae offlicilally establlished
in the institution where for a quarter of a century his genlus
had worked so modestly and so effectively.

Brailleisg cell

®. R. Armitage was born (35,91) in Tilgate Hall,
Suesex in 1824. He has been referred to as the "Great Mission-

ary of Braille" and his work with his organized body, the
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British and Foreign Blind Assoclatlon of 1868, was outstanding.

It 15 interesting to note another parallel occurtring
in St. Louis,Missourl. Washington Universlity was the first
educational institution to require its engineers to use the
slide rule (1880): while Dr. Simon Poolak of the newly opened
Missouri School for the Blind was the first leader to adopt
braille (31,158) point in America, (1859).

William Walt during 1859-1863 performed hlis experi-
mentes and for many subsequent years, as director (31,135) of
the New York Institute, influenced mocst schools to adopt the
New York Point. This system utilized voints two high and four
wide. However, some confusion still exists as to the origlna-
tion of this systemt* whether he was the inventor or hls pre-
decessor, Dr., John D. Russ, first director of the New York

Ingtitute for the Education of the blind, which opened in 185Z.

New York Point
Alphabet

k 1 m n o] D o] r 8 t
u v w X y z
Numerals

1l 2 ) 4 5 6 7 8 9 0

Number sign ...
o Example, 1 9 4 4

e e g L) .
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The Americen Association of Inetructors of the Blind
was organized in 1871 and the international congress of tesachers
of the bBlind first met in 1873 in Vienna.

Joel W. Smith, in 1878, introduced s system called the
American Brallle,

The American Braille

Alphabet

k l m n o) o} q r 8 t
u v W x y Y4

. e » e 0 . LI ) r
Numersals

]

Number sign .

Example, . 1 9 4 4

. [ . LR ] e o

Frank H.Hall, Superintendent of the Illinoie School
for Blind, between 18380 and 1892 experimented upon and finally
invented the brsillle typewriter. Thls achievement was and still
is recognized as remarkable.

In 1905, a vigorous group, after ten years of notable
work, becsme known as the Americen Aseociation of Workers for

th2 Blind. Thelir contlnued good work led to the proposal of
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thelr own Standard Dot about 1915. This system contalned ele-
ments of both orthodox braille and New York Point. 1In 1905,
the British produced another system, the Reviged Brsille, which
had three grades: grade one included words spelled in full,
without contraction; grade two employed a few contractions;
while grade three consisted of highly contracted and condemmed
wordg., Later, the Americans selected a part of grade two which
was then known as grade one and a half.

H.Randolph Latimer, Principal of the Maryland School
for the Blind, a blind man himgelf, originated the idea of the
American Foundation for the Blind, and with M. C. Migel, helped
to establish the Foundation in 1921. Robert B.Irwin, also
blind, made many contributions to the field of the handicapped
and while with the foundation, led the way for the final adoption
of the present Standard Eng)ish Braille. Thig was a compromise,
settled in London (36,137) July 1932, between the British Revised

Braille and the American grade one and a half.
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Upon this card | BRAILLE ALPHABET AND NUMERALS
! USED BY THE BLIND

1s found the pr.int’ ................................................................................................
. Close your eyes and read this
with your fingers

equivalent to the
breille numergls and

alphabet

Number .
Si8n1234567890

e

()u?” I

The Braille System is comprised of signs forined by the
use of all the possible combinations of 6 dots numbered

and arranged thus 1004
2005
L L

i Letters made capital by prefixing dot 6. The first ten let-
i ters, preceded by the number sign, represent numbers.
Punctuation marks are formed in the lower part of cell.

AMERICAN FOUNDATION FOR THE BLIND. IncC.
15 WEST 16T7H STREET
NEW YORK, M. Y.

The elimb to the final international adovtion of
11e sg the standard resding for the blind has been

Brallle voint has survived the many systems because of

15,

slow,

four

chief advantages: 1t can be easlly read and written by the

blind and it can be most effectively adopted to music and

mathematics (45,173)

Among others who contributed immeasursbly were Plerre

Villey, who wrote the invaluabiz book “The World of the Blind; ¥

Dr. Howe Edward E. Allen; and such publishers as Amerlcan Printing
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House for the Blind, Loulsville, under whose directlon
Director A. C. Ellis produces the brailled Reader's Digest;
Howe Memorial Press, Boston; Matilda Ziegler Magazine,
Monsey, New York; National Braille Press, Boston; London Daily
Mail's weekly editions; National Institute for Blind of Londons
and the American Foundation for the Blind, New York City, of
which Helga Lende is Librarian.

In 1920, a few schools for the biind used the dicta-
phone ss & part of their educatlonal program. George F.
Myers, with his experiments in the late twentles, and Robert
Irwin, with his research work in the early thirties, both
btlind andnow at the Foundation, led to the present Talking
Book for the Blind (45,172). Rodenberg,however, belleves
that the Talking Book, valuable as it 1s, willl not supplant
braille in the clesssroom. Similarly, it 1s not expected
that the braille slide rule will completely replace the

slate or the geometry and trigonometry cushlons.
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Chapter III
Re B s R

The braille slide rule has for an object to provide
a slide rule for use of the sightless or persons of defectlve
vision. (See next page)

The study and practice of mathematlcal calculation
presents particular difficulty when the worker 1is handicapped
by impsired vision or total blindness and yet mathematics as
a subjlect of study with the abstract reasoning requlred is of
particular value in the education of the sightless.

The braille slide rule is so constructed that it can
be used by one depending entirgly upon the sense of touch 1n
manipulating and in readlng the scales. All necesssry lines
are indicated by markings in relief, and in the prefefred em-
bodiment guide lines in relief are provided to avoid confusion
between the markings on the different scales.

The nature and objects of the instrument will be better
understood from a description of an illustrative embodiment
for the purposes of which description reference should be had
to the accompanying drawing forming a part of and in which -

Figure 1. 1s a plan view of a brallle sllde rule and -
respectively,
on the lines 2 - 2, 3 - 3, and 4 - 4 of Fig.l.

| The slide rule shown for the purposes of 1lllustrating
the principles'compriees a base 5 formed with a slide-way 6 to
receive a slide 7. The base and slide carry the four scales 4,
B, C, D, as 1s usual in sllide rules of a certaln type. These
scales are marked in relief whereby the blind person can read

them by the sense of touch. The two adjacent scales A and B
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are simllar. They are positioned along contiguous edges of

the slide and base. Simllarly, along two other cohtliguous

edges are provided the two simllar scales C and D. These scales
as here shown are logarithmic as in the common slide rule. Also,
the scales A and B provide two sets of numbers 1 to 10, or they
may be considered as providing the numbers 1 to 100, whereas the
scales C and D each provide one set of numbers 1 to 10. Furthermors
as in the common slide rule the scales A and D on the one hand,
and the scales B and C on the other hand are positioned opposite
each other to facillitate reading of squares and square roots.
Lines corresponding to the logarithmically positioned numbers are
indicated by properly selected dots or rows of dots in rellef for
convenient reading by the finger.

The most effective spacing of dots for reading by trained
fingers has been determined from experience in the use of brallle,
and the brallle standard svacing 1s adopted here. As indlicated in
Fig.1l, the line positions corresponding to the primary numbers
1,2,3,etc. are indlcated not only by the lines of three dots,
as indicated at 10, but also by the dot or groups of dots, as
at 11, which groups of dots are braille for 1,2, 3, etc. The in-
termedlate positions between 1 and 2 and 3 corresvonding to sec-
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each indicated by two dots with or without groups of dotse which
are brallle for the numbers. Similarly; the intermedlate tertliary
numbers are represented by single dots with or without braille
numbers. Special commonly used numbers may be added. For example,
9 1is indicated on scales A and B by sultable dots.

Obviourl

v, if there 1la no proviasion for geparstin

gcales,. for example the Cang D scales, there is always the pca-
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sibility that in some meltion of the slide an inaccuracy in read-
Aing may occur. In order to avoid such misreading, a line of di-
vision detectable by touch 1s preferably provided between the A
and B scales and between the C and D ecales. In the preferred
embodiment illustrated, the object 1s accomplished by »roviding
ribs 12 and 13 which separate the respective scales. As shown,
these ribs are formed on the base rather than on thz silde.
Accurate reading ls facillitated by a slidable T-square
or finger-guide 15 bevelled at 16 to provide transverse finger-
gulding edges 17. Culde-tongues 18,19 slidably engage grooves
20, 21 &n the base and maintaln the finger-guide in pesition with
the edges 17 above but close to the dot projections for conven-
tent reading. Py the use of the guide 15 not only are the adja-
cent scales easily read in correct correlatlon, but all four
scales as well, as in the reading of squares and square roots,
A gpring 22 at one side of the slide avplies a slight tension
to hold the guide aquarely against one sl de of the base and malin-
tain it in correct voeition. The tongue 19 is preferably short,
go that the finger-gulde can bte readily removed from the base by
oressure apvlied to the opusite side to free the tongue 19 from
its groove and then lifting the guide from the base.

' Upon examination of the braille siide ruls the student
will find that 1t consists of three parts: the body, the slide,
and the runner. Sometimes these three parts are called by other
namee. For inatance, the body 1s referred to as the rule or
ruler, the slide is sometimes called the slider, and the runner

is often called the indicator or the cursor. (See Fig.l,page 18)
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Except for the inverted CI scale, these
scales resd from left to right and are numbered in
braille figures 1,2,3,4,5,6,7,8,8 and 10, This
number 1 on the left end of the slide rule is known
as the left index, and the number 1 on the right end,
the right index.

These numbers, called primary or main numbers,
decrease in space from left to right. This marking 1s
unlike the foot rule which has equal spaces between its
primary numbers. Between any tws prlmary numbers on
the D scale of the braille glide rule, the space 1s
divided into the secondary parts which also decrease
from left to right. Similarly, the space between
two secondary numbers is divided into ten tertiary
parts, as 1s clearly seen between the primary
numbers 1 and 2. The space here is large enough-
to mark the smallest gradations, but the space
between 8 and 1 is so small that the tertiary
marks are not seen. Therefore, the student must
always read, batween 1 and 2, three flgures and

estimate the fourth figure in all his answers,and read be-
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tween 2 and 9 inclusive, two figures and eétimate the third
figure 1in all his answers,

The scales C and D are identical and run the full
length of the braille slide rule as one unit. A and B
scales are ldentical but have two units of 1 to 10 for the
full length of the braille slide rule. These units will be
referred to as the ¥t unit and the right unit. These two
valrs of scales enable one to compute the squares and the square
root of & number, locate 9 on the A scele. Placing the runner
over it and following downward to the D scele, the answer 3 is
found. To square 12 vplace runner over 12 on D scale and fol-
low upward to A scale. Reading from left to right the answer
1s read 144, One (1) is at the index, fourth secondary figure
to the right ls the first 4. and the second tertlary mark to
the right of 1t 1s the other 4 ef the answer 144, On the left
unit of the A and B scales (just to the right of the orimary
numberal 3) is found the Greek letter 7/ , vpronounced “"oie,"
It 1s the constant ratio of the diameter and circumference
of all circles and 1ts value is 3.1416. Just teo the ieft of
the »rimary numberal 8 on the right unit of these scales, 1s
found another speclal marking. This value 1g 0,7854 or one
fourth 1, or % -7, or'lg, These two markings make the
readings eesier, !

The CI or C-Inverse or reciorocal scale is equal in
length to C and D scales. It is read from the right to the
left index.

K scale, under D, reads from left to right, but has 3
units of 1 to 1C in the entire length of the braille slide rule.

This scale facilitates computing of cubes and cube roots. Thus,
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place the edge of the runner over 2 on the D scale. Follow
downward to the K scale and read the answer 9. To cube 5 on
the D scale, place the runner over 5 and read the answer 125
directly under 1t in the third unit of the K scale. This read-
ing, 125, 1s also composed of a primary, secondary and tertlary
number,

Accuracy in reading the braille slide rule 1s of orime
importance, and this hablt of accuracy should be achleved filrst.
Typils achlevement oroduces speed automatically. With trainlng
and practice on the brasille slide rule, confldence in the in-
_strument will be gained. Accuracy should not be sacrificed
for the sake of speed in reading, for faulty reading soon
brings about discouragement and loss of confidence in the in-

strument. The heart of all training and oractice 1s in the
readins of the scales correctly. Esch line reoresents some
number which is to be read accurately. The highest obteimable
gccuracy of the braille slide rule 1s roughly 1 part in 2000
and even with human error, this instrument offers a wide margln
of safety for all oractical purposes.

The scales of the brallle slide rule are accurately
engine-divided according to the logarithms ~f the numbers they
renresent. Since these scales are arranged in a geometric series
they decrease in distance as the numbers nroceed to the right.
If, then, two varts of these scales are added toéether, the sum
of these varts reoresents the oroduct of the number indicated
by these oarts. For examvle, if we add one part of the foot
rule to another nart of the foot rule, we shall obtaln the sun

of these varts because the foot rule 1s arranged'in an arlthmet-

To wem ~AA
+1 we& atu one part of the

jcal series of equal distances.
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brallle slide rule to another part, we shall obtaln the
product because the brallle slide rule is arranged in a
geometrical serles of decreasing dlstances as we nroceed to
the right. In using these scales, we must think only of
figures with which we are dealing, not logarithms. This
ease of handlingrbne of the great advantages of the brallle
slide rule.

Estimating beforehand, evenpefore touching the brellle
slide rule, is another invaluable e step to be followed. A
mental estimate of the outcome of each solution, of what
the answer might be, of the position of the decimal vnolnt
are necessary varts of a general forecast. Decimal voints
are never shown by the braille slide rvle. Students must
learn to estimate the position of the decimgl volnt before
the computation begins., Therefore,on reading 178, the
figures may mean either 178000, 17800, 1780, 17.8,1.78,0,178,
0.0178, or 0.00178., The operator of the brallle slide rule(7,957)
must determine where the decimal voint 1s placed in all his
answers or‘follow his method for determination, or follow

the suggested rules indlcated later on..



Reading the Braille Slide Rule 26

First, olace the left index 1 of C scale directly
over the following numbers on the D scale.

Second, place the right index 1 of C scale directly
over the given numbers on the D scale.

Third, olace the edge of the runner, elther left or
right, over the followlng numbers on the CI scale. The purpose
of the runner is to transfer reading from one scale to another -

scale as further work will indlcate.

2 43 40 1.05 40,50
4 46 2.5 3.22 0.004
S 68 1,7 10.5 0.185
7 29 8.1 11.5 1196
] 14 3.2 10,1 2241
8 30 1.4 1.45 2040
15 84 7.6 0.002 1059
21 91 5.8 4,15 1865
11 53 9.4 9.05 4950
35 79 4,7 3.02 11.550



Chap‘t er 1V,

Itgs Care and Manipulation

27.

To care for an inetrument like thebrallle slide rule,
one need not exercise any caution beyond good common sense.
One danger which might render less efficilent use of it would
be to get the instrument wet. This would permit swelling of
the wood which in turn would prevent easy sliding of the pieces.
Then, too, laying the instrument near excessive eat, as for
irs tance, near a radlator will affect its best use. Dropping,
hitting, bending of the instrument will deface, scar or warp
1t. Talcuming sticky areas is sometimes employed, but this 1s
not advised; while sandpapering or planing should never be em-
ployed. Sometimes high humidity might cause stickiness; if so,
it is likely to pass away when the humidity recedes. The braille
slide rule is made of excellent materials with skilled crafts-
menship, machined markings, and engineered to perfection. With
reasonable good care, the instrument should last indefinitely.
The manipulation of the slide rule is bett done with
the full use of both hands. It i1s an excellent oprortunity to
use many fingers. Students with but little practice employ
one or more of four fingers in reading, the second and third
fingers of both hands. The third and fourth fingers are
also used to push the slide along to the desired position by
placing the plush of these fingers on the face of the slide.
The 1little fingers can be used by pressing on the very end of
the glide to adjust it for reading. The thumb or thumbs are
usually found to be employed on the vertical side of the
body to steady the fingers, the runner, or the slide. In con-

L s . s =

that the braille siide rule is divided
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into ten parts and tenthe thereafter, it is excellent
practlce to traln the fingers in Judging and measuring
tenths of any unit.

Marking faclilitates the finding of the midpoint
between two primary numbers on the D scale. Then searching
for the four marks between the primary number and midpoint,
allowing for the slight decrease in space toward the right,
18 one of the best practice methd s. Finally,‘Jﬁdging and
measuring the remaining four tenthé, their midpoints, and
thelir subsequent four tenths are first requisités to be-

coming a reader of the braille slide rule.



Chapter V. 29.

Multivolication
Using the C and D Scgles

Place the left index of the C acale to 3 on the D
Scale. Each number on the D scale is 3 times the number
above 1t on the C scale. If the right index of the C scale
is piaced to 7 on the D scale, each number on the D gcale
will be B times the number asbove on the C scale.

Place an index at the C scale over one factor on the
D scale in multimplication; then under the other factor on
the C scale, find the answer on the D scale. Again, vlace
the left index of the C scale over 17 in the voroblem, 17 x 45.
Then under 45 on the C scale, find the n»roduct on the D scale,

765. Note the 1llustration below.

C l Left index 1 l The other factor
X

D I One factor l Answer

X indicates that it 1s a oroblem in multionlication.

C enéd D are the scales used

Index 1 of C scale over one factor on D scale and

under the other factor the answer is found.

It does not matter whether you nlace the left index
1 over the multivlacand or the multivlier, for your vAduct
will be the same. Place left index 1 over 17 on the D
gcale and under 45 on the C gscale, find 765 on the D gcale.
Now nlace the left index 1 over 45 on the D scale, and under
17 on the C gcale, find 765 on the D scale.

To determine which index to use, right or left, the

following suggestion will helv. In considering the same
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oroblem 17 X 45, if the nroduct of the first digit of
esch of the two factors 1is less than 10, use the left
1ndex. One (i) is the first digit of 17 while 4 1s
the first diglt of 45. The product, 1 X 4=4, 1is less
than 10. Therefore, use the left index. If the oroduct
of these digits is greater than 10, use€ the right index.
In the vproblem 84 X 43, the vroduct of 8 X 4 =12 ig greate
then 10. Therefore, use the right index. Exceptlions to
the previous suggestion are found in such problems as 18 X 57,
23 X 49, 36 X 34, in which the second digits are so large
they carry the §roduct above ten. In such cases, the right
index is to be apvlied., However, by inspection and with
some nractice, a student soon becomes adept at thls.
Decimals The technique to determine the plage of the declmal
point 1s the method which has already been learned by the
student. This method should be first because it can be ap-
plied to the braille slide rule. An invaluable practice
for the student iw to estimste where the decimal polint will
be vlaced before he nicks up the braille slide rule for com-
oputation. In most oroblems, the location of the decimal

point is determined by an estimate. The following suggestions

Left Index. When the left index 1s used, or the
slide orojects to the right, 1in multiplication, the oroduct
+s111 have as many places as the sum of the digits in the mul-
tiplier and the multiplicand, minus one.

17 X 45 = 765 17 had 2 digits, 45 has 2 digits
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2 + 2 = 4. Since the left index 1s used, or the sllde goes
to the right, 1 is taken from the total number of diglts
of 4, 4 - 1 = 3. There are 3 digits in the vroduct. The
stevs are, briefly, the sum, to the right, minus one. Note
the 1llustratioh below: |
X C I 1 I 45

I 17 ‘ 765

Right Index. When the right index 1s used, or the
gslide vrojects to the left, the oroduct will have as many
places as the sum of the diglts of the multiplier and the
multiplicand.

60 X 42 = 2520, 60 has 2 digits, 42 has 2 dlglts.

2 + ® =4, Since the right index 1s used, or the sllde goes
to the left, the product will have 4 diglts for an answer,
The stevs are, to the left, the sum., Note the 1llustration
below.

| 42 ‘ 1
D | 2520 | 60

X

When dlgits are counted to the right of the decimal
point, only the zeros between the decimal and the first signi-
filcant figure are counted. Each zero is counted as minus
one. 0.081 has one zero between the decimal voint and 8. There-

fore, one digit is taken negatively, minus one digit.

2410 hag 4 digits

842 has 3 digits
23 hgé 2 digits
6.5 has 1 digit
0.54 has O digits

0.0075 has -2 diglts
0.00045 has -3 digits
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21 X 0.7 = 14,7 21 has 2 digits. 0.7 has O diglts 2+ 0 = 2,
Since the slide nrojects to the left, there are 2 diglts

in the vroduct or answer. Note the illustration below.

X ¢ |

D l 147 | 21

7 | 1

15 X0,05 = 75, 15 has 2 digits. 0.05 has -1 digilt.
o4 (-i) =1 Since the slide orojects to the right, one 1is
subtracted from the sum of the digits. 1-1 = O The answer
has 0 digits. There are no zeros between the decimal point
and the first significant figure; hterefore, the decimal

polnt 1s vlaced in front of the first flgure.

X c 1 | 0.05
D 15 | 0.75

0.007 X 0.025 = 0.000 175. 0,007 has -2 digits.
0.025 has - 1 digit., The slide vrojects to the left, (-2)
+ §1) = - 3. The answer will have -3 digits.

X

c | oes | 1
D |

0.000175 | 0.007

Three factors. In multivlying three factors, 2 X 3 X 4
= 24, place the left index 1 over 2 on D scale. Under 3 on
the C scale is the vnroduct of 2 X Q/ on the D scale. Place
the runner on the »roduct and thcn move the right index 1

over this oroduct. Now under 4 on the C scale, read the answer,
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There are 4 steps to follow
1. Left index over first factor
2. Runner over both second factor and oroduct.
3. Right index over onroduct
4

. Answer under third factor

ClLeftId l 3
naex M then,
| 2 J Product
3 Right Index

24 Product
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10.
11.
12.
13.
lq,
15.
16.
17.

18,

19.

20.
21.
22.

Exercides 1.

Multiplication on the C and D Scaleg

2X 2

2X 53

4X2

2X 2.5

3% 1.8 .

2 X 1.9

16 X 16

14 X 60

18 X 18

56 X 15

22 X 14

24 X 20

17 ¥ 25

21 X 19

11.4 X 3.07
1.75 X 4.13
3.38 X 1.036
1.27 X 6.52
2.1 X 4.07

4.3 X 1.08
3.45 X 2.46
2.71 X 1.24

3.06 X 30.6
2.01 X 1.09

11.3 X 3.1

26.
27,
28,
29,
30.
31,
32.
33.
34.
35.
36.
37.
8.
39.
40.
41.
42.
43.
44,
45.

4 X 4

3X 4

6 X5
6 X 6
2 X 88

8 X7

9 X 92

24
53
79
84
19
45

N
o]
N

ECRE SR I .

3
o
T

X 47
36
43
74

75

N
©

X
X
X
X 91
X
X
X

(9}
(@]

3.02
6.44

.5.82

6.83
87.3
2.83
4.26
7.84
6.27
2.86

o4,



51.
52.
53.
54.
55.
56.
87.
58.
59.
60.
61.
62.
63.
64.
65.

35

0.00113 X 42
4.05 X 4.2
0.000845 X 0.036
0.0011 X 79

9.8 X 0.75-7°"

AL G
2 B

0.684 X 0.199

8.6 X 0,474

6.06 X 0,009

0.778 X 144

0.885 X 121

4 X389

11 X 35 X 4

9 X2X28

1. 5 X0.34 X 7

3.15 X 0.75 X 0.04
75 X 2,3 X 8.4
0.0043 X 0.051 X 144
109 X 1.098 K 0,109
4,75 X 0.00755 X 0.381
0.077 X 411 X 2,5
840 X 7,15 X 0.09

14 X 0.8 X 3.14

6.2 X 72 X 0,119

Al

x w

-1
>4

4

=

4 .14 A 3.

0.157 X 0.62 0.00082
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Uging the CI and D scales

The CI and D scales are best for multiplications
generally. Although multipllcations may be done on other
valrs of scales, gtudents soon find this palr is most
useful. Since one factor 1ls vlaced over the other factor,
it eliminates the need for selecting the index to ‘be
used. The nroducts are found under the index.

CI sculie 1s the same as the C and D scales only
it 1s inverted, namely, CI. It reads from right to left
index. Beginnersfust leafn to read 1t in this way. Gen-
erally, on the D scale, vlace the runner over one factor
and under the runner on the CI scale, vlace the other factor.
Now, by moving the runner to the index on the CI scale, read

the answer on D scale. Thus

CcI I One Factor | Index
X
D The Other Answer
Factor

Decimal Point. The fact thet CI is the reverse of C and
D makes 1t &asy for the student to remember to reverse the
rule for C and D decimal vnoint mnosition. If the slide ex-

tende to the right, the »nrcduct will have as many diglts as

he cum itg in the multinlicand and the multiplier,

~ nian

[®]
=

he 4l

If the slide extends to the left, the vroduct will
have as many nlaces as the sum of the diglts in the multi-
vlicand and the multivlier, minus one,.

Thus, 2 X 64 = 128

o1 | 1 | 64
D | 128 l 2
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The sum of the digits of both multiplicand and
the multiplier is three. Therefore the answer will have

three vlaces.

Thus, 0,041 X 0,0012 = 0,0000492

X o1 | 0.0012 | 1

D | 0.041 | 0.0000492

The sum of the & diglts of both multiplicand and
the multiplier is -3. Since the slide extends to the left,
another minus one must be added. -3+ $-1) = -4. There are

4 zeros between the decimal noint and the answer 492,
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Exercilse 2.

58.

Multiplication on the C I and D Scaleg

5 X 4

7X8

3X9X3

27 X 9 X 14

64 X 48 X 34 X 4
46,9 X 37.4

0.0987 X 0,973

9.7 X 7.4 X 3.45
5.86 X 38 X 0.97
35.9 X 0.098

56.9 X 0.0047

12 X 72 X 39

0.369 X 84

0.97 x 38 x 34

53 X 0.53 X 0.053
144 X 0.97 X 88

8.5 X 3.4 X 0.09
9.5 E 8.6 X 0.43
8.2 X7.5X 3,9
0.54 X 0.94 X 0.094
0.0057 X 43 X 54

45 X 0,034 X &2
65.4 X 1.7 X 2.3
150 X 7.3 X 4.5
27.4 X 4.83 X 0.956
4.34 X 56.3 X 0.128
2450 X 0,0963 X 0.0458
3.78 X 1.83 X 0,0243

29,
30.
3l.
32.
33.
54.
35.
6.
37,
38.
9.
40,
41,
42.
43.
44,
45.
46.
47,
48.
49,
50.

7.23 X 0.0738 X 57.6
0.0584 X 0,483 X 0.175
2150 X 0.567 X 0.0345
10.8 X 0.458 X 6.37
957 X 0.0593 X 0.0637
5.43 X 1.87 X 723

1.75 C 67.5 X 6.34
7.25 X 4.48 X 5,93
3.75 X 4.83 X 8.34

125 C 0.00375 X 0.95
0.0964 X 8.36 X 0.0138
0.125 X 0.0125 X 0.00125
34.3 X 43.4 X 5.25
0.012 X 0.314 X 125
3.14 X 0.785 X 0.5 X 8
8.94 X 0.96 X 7 X 0.35
2x5x9x91

3,46 X 7.5 X 9.7 x 0.05
73 X 48 X 5 X 23

48 X 4 X 68 X 34

9.05 X 0.36 X 881 X8
89 X 8.5 X 44 X 2.77
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Using the A and B Scaleg

The two units, ieft and right, on each of these
scales have three indlces: left index, center index and
the right index. Multiplication may be done upon each unit,
but 1t 1is better to confine all work upon one unit, at first.
Although the work on C, Cl and D scales 1s easler and more
accurate, the work on the A and B scales 1s necessary to ob-
tain the squares and square roots and to obtain the full use
of the two speclal markings, 7 and 2J7 . To multiply on
the A and B scales, vlace the index of B under one factor
of the A scale and read the answer on A scale over the other

fovtor on the B scale.

A \ One factor ‘ Answer
X

B \ 1 | Other factor

Decimal Point. Either by an estimation of the position of the
decimal point or the following suggested vrinciple of pro-
Jecting slides may be used to determine the position of the
point, If the slide orojects tglthe right, the oroduct

wlll have as many vlaces as is the sum of the digits of both
factors minus one. If the slide vrojects to the left, it

1s the sum of both the factors. The above principnle is re-
versed when the center index is passed in computations.

Example, 34 X 50 = 1700

A | 1700 answer \ 34

B ‘ 50 \ 1

There are four oiaces in the angwer, for the slide

projects to the left which calls for the sum of the digilts



of both factors. The center index was not passed.

Example, 14 X 256 = 350.

A ‘ 14 \ 350 anewer

Bl'll‘25

Since the slide projects to the right, the sum of
the digits of both factors minus one, 4-1=3fw%he answer will
have three places. Agaln, the center index was not vassed.,

Example, 28 B 50 = 1400

A \ 28 \ 1400 answer

B ‘ 1 l 50
The answer 1400 and 50 have vassed the center index.
Therefore the rule is reversed. The sum of the digits of
both factors 1s 4 and since the slide orojects to the right,

the sum only is required. There are 4 places in the answer.
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Exercise 3,

icat Uging the A and B Scale

1, 16 X 25

2. 3.14186 X 3

3. 6 X 3.14186

4, 3.1416 X 3.146

5. I1"X 0,7854

6. 6.5 X 0.06

7. 0,40 X 17

8. 8.6 X 0,04

9. 156 X 75

10.81 E 3.1416
11.0.031 X 46
12,.3.1416 X 0.7854
13.11.4 X 86
14.0,7854 X 0,7854
15,27 X 8X 5

16,47 X 20 X 15
17.2.4 X 71 X 0.51%
18.11.4 X 0.55 X 0,64
19.,0.14 X 0.015 X 6
20

Y N
v

A2 o ¥ N Nnio
-4 S S f 4 NS oy )

. 7854 .0
21.13 X 15 X 4

22.21 X 3.1416 X 40
23.0.7854 X 0,41 X 1.5
24.20 X 0,7854 X 20

25. 1.56 X 3.14186 X 0,24
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REVIEW
) R : 0 .
Multimplication on A | ni_fa°t°r nswer
B ] Index | The other Factor

Decimal Point. Projecting to the left, sum of the digits.
Projecting to the right, sum of the
digits minus one,.

Reverse the vrocess if center index

is nassed.

2. Multinlication on 6 I The Other Factor | Index
D| Ansawer | One Factor

Decimal Point. Projecting to the left, sum of the digits.

Projecting to the right, sum of the diglts

minus one.

&. Multiplication on_Cl l Index [ One Factor
D | Ansver I The Other Factor
Decimal Point. Projecting to the left, sum of the
digite mlnus one.

ProJecting to the right, sum of the digits.
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Chapter VI.

Divisgion

Uging the C and D Scalegs. To divide, vlace the

dividend on the D scale and over it place the divisor. Under

the index resd the quotient. Thus,

ﬁt C l Index ' Divisor

D I Answer l Dividend

The vnosition of the decimal noint can be estimated easily in

most oroblems or the following suggestions may be avpvlied. Since
division 1s the reverse of multinlication, the reverse of the
declimal polnt suggestlions are apvlied. If the slide extends

to the left, the quotient will have as many vlaces as the dif-
ference of the digits of the dividend and the divisor. If the
slide extends to the right, the quotient will have as many nlaces
as the difference of the digits of the dividend »lus one. The
zeros, between the declmal »oint and the first figure in dec&mal
fractions, are agein taken negatively.

Example:r 125 4 5 = 25

| G

c
p | 125 | 25 snewer

Since the slide extends to the left, the quotient will have

-

two vlaces. 125 has three digits while 5 haa diglit, & - 1 = 2,

Exemole, 144 1+ 12 =12
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Place the runner over 144 on D and under the runner, set 12
of the C scale. Since the slide extends to the right, the
auotient wlll have as many places as the difference between
the diglts of 144 and 12 »nlus one, 3 = 2 + 1 = 2,

Example: 48 4 0.03 = 18

D I 16 answer 48

+ c | 1 l 3
|

Under the runner, wnlace 48 on the D scale. Place 3 on the

C scale to 48. Under the index the quotient is 16, or 1600
with decimal 48 has 2 diglits while 0.03 has -1 diglt. Since
the slide extends to the right, one ig added, 2 - (-1) + 1 = 4

The answer, 1600, has four places.
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Exerclise 4,

Division of the C and D Scgleg

1. 35 4 5
2. 88 411

3. 750 } 30

4., 24,5 17

5. 11.25 & 1,25

6. 36.4 %0,42

7. 87.5 ¢ 0.15

8. 3.1416 ! 0.7854
9. 386 4 29

10. 466 $17

11. 182 } 0,62

12. 1725 ¢ 486

13. 0.648 4 0.0012
14. 0.725 % 0.55

15. 77 } 30.5

16. 1.75 § 4.2

17. 742 3 37.5

18, 386 4 144

24, C.0049 & 0,0023

256, 0.00062 4 0,005
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Using the CI and D Scales. Over the dividend on D, vlace
an index of C1 and under the divisor on CI, find the quotient
//on D, Again, the decimal voint vosition can e estimated
g esaslly or the suggested rule maey be applied. If the slide
extends to the left, take the difference between the digits
of the dlvidend and divlsor and add one. If the slide extends
to the right, the difference between the digits of the dividends
end the divisor will be the number of wnlaces in the answer.

Examplet! 544 3 = 18

o

Since the difference between the number of digits in the
divident and divisgor 1s one, and one is added for the extension
of the sllide to the left, and quotlient will have two vplaces:

2 -1+1-=

4]

Exemple: 28 4+ 7 = 4

cz, 1 l 7

Ol

D | 23 | 4

The slide vrojects to the right., The difference between the

fiunber of digits in the dividend and the divisor is one. The

8nswer has one figure,



Exercise 5.

Divigion offi the CI and D Scales

24 4+ 3

e

[AV]
.

'
48_78

(@)
.

54 4 6

144 4 3

275

344

I
[]
L 40
4

876 } 542

43,5 + 2.4

© O 3 O O b

1.78 4+ 0.31

10. 0.86 4 0.013
11. 0,092 § 0.008
12. 7.6 + 0.04
13, 8.05 ¢ 3.5
14, 0.1725 4 0,063
15. 4.35 4 2.2
16. 3.06 } 0.18
17. 8.6 } 2.02
18, 66 4 4.9

19. 393 4 120

20. 1158 4 712
21. 840 4 0,60
22, 742 4 18,1
23. 1255 + 15

24, 945 } 8,05
25. 860 % 840

s
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Uging the A and B Scaleg. Division is sometimes necessary
when making other computations on the A and B scales. To
divide on these scales, vlace the runner on the dividend on
the A scale and under it, set the divisor on the B scale. Over
the index of B, read the quotient on A.

Since the center index 1s frequently vassed, the
reverge of the followling suggestions for the vosltion of the
decimal vnoint 1s apvlied 1f the position is not estimated
mentally. If the slide extends to the left, the quotient will
have as many vnlaces as the difference between the number of
places in the dividend and the dilvisor. If the slide extends
to the right, one 1s added to the difference tween the number
of Aigits in the dividend and the divisor to determine the
number of wlxes in the quotient. The zeros in decimal frac-
tlons between the decimal noint and the first flgure are
taken negstively.

Example: 28' 4 7 =4

A , 28 4 answer

-

B | 7 1

The difference between the number of the diglts in the dividend
and the divisor is one. ©OSince the slide extends to lefi, the
aquotient will have one digilt.

Example: 68 &+ 4 = 17

' A l 17 answer ' - 68

B l 1 , 4

Since the slide extends to the right, one is added to the
difference, giving the quotient two places.



Exercise 8,

Divigion on the A and B Scales

e —

1. 16 &4
2, 18 4 6

3. 3649

4, 88 § 44
5. 120 4 15
6. 1600 4 25
7
8
9

. 86 43

. 38 416
g

. 121 ¢4 17
10. 3.1416 & 3
11. 12 § 3.1416
12. 0.7854 4 2
13, 66 4 0,032
14, 98 {1 11.5
15, 2,05 + 0.036
16, 44.5 1 3.6
17. 7650 & 312
18. 485 1 205
19, 3.1416 + 0.7854
20, 8.6 ¢ 3.1416
21, 11.25 $ 8,2
22. 3.1416 1 4.5
23. 6.05 ¢ o,
24. 0,0048 4 0.06
25. 0.035 + 0.0075
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Divigion on
B

50.

Decimal Point.

Division on

REVIEW
Dividend Angwer
| Yivislon I index

Projecting to the left,difference
of the digits.

Projecting to the right,difference
of digits add one,

Reverse the wrocess if the Center

Index 1s nassed,

C l Division | Index
D

| “Dividenad I Answer

Deeimal Point.

Division on ¢l l

Projecting to the left,difference
of digits.

Projecting to the right, difference
of diglts add one.

Index I Divisor

P

Decimal Point.

Dividend I Answer

Projecting to the left, difference
of the digitg add one.

Projecting to the right,difference
of the digits.



Chapter VII,

Combined Multinlication and Divigion

The combined operstions of multiplicstion and divi-
sion should be confined to the C, D, and CI scales. These
scales offer greater accuracy than the smaller scales, A and
B. Either an estimation beforehand or the rules for the vro-
Jecting slide may be used to determlne the nosition of the
decimal voint in the combined operations. Ordinarily, ovrob-
lems of multiplication and division require more than one
seétting., Frequently, the oroblem may be solved in verhaps
two or three wayé. When this 18 true, ‘accuracy and the least
Qhount of movement of sllde and runner orove the best guldes
for efficlency.

Examplet 2 X 9 =6

3
Combined:
X and & c Multiplier l Divisor
1
D I Angwer I Multiplicand
of
Combined:
X and L c l 2 , 3
!
D l 6 answer j 9
Examples 40 = 2.5
2X8
Combined:
CIl 8
X and L .
and §

D 2.5 answer 40

51.



Divide 40 by 2 on the C and D scales. Then divide
fhis quotient, under the index of C, which need not be read,
by 8 of the CI scale. Under the 8, with the aild of the
runner, the final quotient, 2.5 ie found on the D gcale.

The decimal point may be estimated eesily. Since
40 + 16 1s a 1little over 2, the answer will approach that
rough estimatej.

Example: 5.85 X 3.92 X 9.45 = 4.65

5.65 X 8,25

In solving this problem, the following vpattern

52'

1s usually emoloyed: divide 5,85 by 5.65, multioly the result

by 3.92, divlide this second result by 8.25, and multiply this
third result by 9.45. Thus, in two settings?

Cc 392 565
X and $
D Result 585
X and % g 825 945
D 465 answer

In the first setting, »nlace the runner to 585 on D, and under
the runner, set 656 on C. The result of this operation is
found under 392 on C. To this result, set the runner, and
under the runner, vlace 825 an C. Under 945 on C, read 465
on D, the final result.
The vosition of the decimal noint is estimated
roughly in the answer, 465, in this manner: 6 é i g 9 = 4.

Thus, the final result must have one diglt and avvroach 4.

4,65 answer,



Exercise 7. 53.

Combined Multivplication and Divigion

1. 8 4
6 X7

15. 184 X 125 X 0,06
0.008 X 32 X 115
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Chapnter VIII.

Flguring Costs

The figuring of costs, discouht, sales tax, unit
price, reoresenting nroblems of multiplication or division,
are convenlently solved upon the C and D scales. The vosi-
tion of the deecimal voilnt 1g estimated, easlly, or the method
of the nrojlectling slides may also be aprlied.

Example: Wheat 1s the total cost of labor if 5 men

each work a total of 420 hours at 80 cents an hour?

C 80 1
Cost ,
D Product l 420
o}
Cost : 5 l 1
D 168 Answer Produet

In the first setting, vlace the index of C over
420 on Dy the first nroduct is under 80. In the second sett-
“ing, wvlace the index of C over the oroduct and under 5 of C,
read the final result, 168. Either by insvection or the
rule of orojecting slides, the vosition of the decimal ooint

reveals 4 nlaces in the answer, $1680.
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56,
Exercise 8,

Whet 1s the cost of shlpoing a box, welghing 105 vounds,

a distance of 425 miles at 3% cents a pound?

If 1000 brick coet $22.00, what is the cost of 8250 brick?
If nalls cost 8X§4 cents a nound, how many vpounds can you
ouy for $14.75%

If the cost of onerating a steam shovel with its crew to
excavate 82 cubic yards is $520.00, whet 1s the cost for
one cublc yard?

If g bullding with a cavaclty of 38,000 cublc feet costs
$6,750.00 to construct, what would be the cost of a bullding
with a capaclty of 5,000 cubic feet?

If 824 feet of fence cost $165.00, what Goes one foot cost?
If a gallon of gasoline costs 21%¢, whet 1s the cost of 18
gallonsg?

If fuel oll costs 3%¢ a ghtlon, what 1s the cost of 425
gallons?

If lumber costs $42.00 a thousand feet, whet 1s the cost of

6500 feet?

.A man bought 3 cows at $420.00; at the same rate, what would

he »ay for 21 cows?
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Chapter IX

Ratio and Provortion

The ratio of two numbers. 3 and 4 1s the quotient
of 3 divided by 4. Whereas, orovortion is a reletion of
eguality between two ratios, or couplets of numbers.

Thus: 314 = 9112, or 3/4 = 9/12

X:5 = 4110, or X/5 = 4/10
By placing these numbers into couplets or valrs, one esmall
number is to a large number as another small number 1is to
another large number, or by reversing these valrs, the vosi-
tion of the decimal volint can be determined more readily by
estimation,

The C and D scales should be used for ratlio and
vrovortion. The ratio of any coupletg on the D sale to 1ts
opnosite on the C scale 1s the same as the m=tic of any other
counlet on the D scale to its ovvosite on the C scale.

Example, solve for X in, 22:14 = 55:X

Provortion

| 22 | 55
|

C
D 14 | 35 answer

Since 14 is g little over one half of 82, the answer will

be avoroximately a little over one half of 88
Exsmple, solve for X in, 18:X = 63:189

18 | 63
| 54 answer ] 189

Provortion

Since 189 apvears to be about three times greater, by

inspectlon, than 63, the answer will be about three tlmes
greater than 18. Remember, the large numbers are on the
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C scale when the small numbers will be on the D scale.

Reversing the small to the C scale and the laige
numbers to D gcale is seen too, as was done in the last
example.

Example, solve for the value of X,Y & % in,

_g.l.g_ = X = 3.16 = yA
5.1 2,55 Y 765
Proportion % 2.8 l X | 3.16 l Z

c
D | 5.1 | 4,55

The sbove vnroblem is solvalby one setting. The known ratio
or couplet 2.8/5.1 is set upon C and D scales respectively.
Place the runner to 455 on D and read X= 25 on C: ovvosite
316 on C, read Y = 575 on D; opvoosite 765 on D, read X = 420.

Thus, suonlying values for X, Y, and Z,.

c{2.8 | X=25] 3,16 3 =420

Provostion
D|s5.1 | 4.85 | Y =5.75 765

Deciral voints will bet determined by noticing that
the numerators are aporoximately one half of the denomina-

tors throughout,



Solve,

unknowns.

Exercise 9.

58.

Rgtio _and Provortion using the C & D Scales

in each of the equations,

1. 6+ 8=3:X

2. 8:10=11: X

3, 12+ 15 =71 X

4, 8: 12 =X+ 28

5. 9 ¢ 15 = Xt 54

6. 24 : 36 =X: 90

7. 18 ¢ X =9 12

8. 48 : X = 64 : 16

9, X+ 7 =0561 49

10. X 5 =901 45

11, 21 6=31X

12, 51 2+8 ¢ X

13, 12 : 16 + X ¢ 80
14, 125 ¢ 375 = X ¢+ 90 |
15, 43 ¢+ X =21 ¢ 52. 5
16. 16t X = 1,2 : 4.8
17, X : 5 =3,7 ¢ 18.5
18, X : 3.1416 = 4 : 2.1
19. 2/3 = 10/X
20. 5/8 = 40/ X
21, 4/7 = X/98
22. X/25 = 32/100

the values of the

23. 2,56 = 2/X

4.5
24, QL;QLQ = 46
A 69.5

25, 0,7854 = 95
X
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Chapter X,
Powers and Roots

Squares, The square of & number is the resultymultiplying
the number by itself, as in 3 X 3 = 9 or 32 = 9. The braille
slide rule has a very advantageous characteristic here: pull
out the slide entirely. Sét-: the runner at any place on the
rule, the reading on A scale is jJust the square of that on D.
Now the reading under the runner on D i1g just the square root
of that on A, For example,pdace the runner on 15 on D and
read the answer 225 on A. The square root of 225 1s 15. Noth-
ing 1s more simple than these calculations. By inserting the
slide, the B and C scaies can be used exactly as the A and
D gcales with the runner. Also, with the indices in true
line, the A and C scales may be used and the B and D scales
may be used for the squares and square roots.
Decimal Points. The A and B scales have two unlts of 1.0 to
10.0 for one length of the braille slide rule. This provides
three indices, left index, center index and the right index.
A square falling to the left of the center index, or 1in the
16ft unit of A, has as many flgures in the answer as twlice
the number of diglts, minus one, of the number to be squared
on D, Thus in 122 = 144, 12 has two diglts, multiplied by
two, minus one, we have 2 X 2 - 1 = 3, three flgures in the
answer.

A gquare falling to the right of the center index,
or in the right unit of A, has twice the number of digits
in the number to be squared on D. The square of 50 1ls 2500.
50 has two digits. Twice the number of digits ie four, the

number of digits found in the answer,
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In decimal fractions, the square falling to the left
of the center index on A has twice the number of zeros, plus one,
between decimal point and the first significant figure of the
number on D. The square of 0.003 19.0.000009. The number of
zeros between the decimal point and the first figure is 2. Twice
thls number i1s four and one added is 5. There are 5 zeros be-
tween the decimal noint and the first significant figure.

In decimal fractions, the square falling to the right
of the center index on A has twice as many zeros between the dec-
imel point and the first significant figure of the number on D,
The square of 0.05 1s 0.0025. There is one zero in the decimal
fraction to be squared. Twice this number is two, the number
of zeros to be placed between the decimal voint and the first

flgure of the square.

Combining Sauares with Multiplication and Divigion

Example, 3 X 52 = 75

A 75 Square
X B 3 1l
D 5
Place the runner over 5 on D. The square is on A. Set

the B index to thie square and over 3 find the answer. Either
estimate the vosition of the decimsl point or use the suggested

methed of projecting slides.
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Example, 2~ X 4° = 64.

A 64, Answer
X c 1 4
D 2

Multiply 2 X 4 on the C and D scales. Read the answer
on A Scale.

Example, 152 + & = 45,

A Square 45, answer
f B 5 1l
D 15

Place 15 on the D scale and on A find the square. Using
this square as a dividend, place 5 of the B gcale, as a '
divisor, under this dividend. Read the quotient, the answer

over the index of the B scale.

Example, 48 f 22 - 12

A 12, angwer 48
4 B 1
]

c 2

Place the runner to 48 on the A gecale. Place 2 of
the C scale to the runner. Over the index of the B scale

read the answer on the A scale.
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Example, 6% + 32 _ 4

A 4 ansgwer

-l-
Q
)
& ]

D 6
Divide 6 by 3 on the C and D gcales and read the answer

on the A scale over the index of the C scale.



Find the value of

252

192

49°

0.122

0.05%

0.7854°

2
0.004
58 X 7

2
24 X 0.6

5.142 X 4

82 x 0,08

0.0°° % 5

842 X3

352 X 0.5

0.072 X9
2

72 X 0.03
2

44 X 0,004
o

5" X 20

30° X 8.5

2
11.5 X 0.02

Exercise 10.

26.
27,
28,
29.
30.
S1.
32.

33,
o4.

55.
56.
37.

38.

39.
40,

41,

42,
49.
44.
45.

46.
47,

48.

49,
50.

()]
[J}]

6 L2

65° 4 5
1442 1 10
57° 4 36
84% § 10.5
3.5° 4 20
60° 4 90
6.5° 4 0.03
240% 1 732

2

300° 1 4.5

785% } 3.14

0.785° 4 5.1

2 52

'—J
4]
-f

10°

20°

-

™0
- -

0.06

- |-
(@]
(8]

lav}

125° § 0.052

64° 1 3,14%

8002 } 40°



Squgre Root. To extract the square root of a number on the

braille.slide rule, the given number is found on the A scale
and 1ts square root 1g found directly below it on the D
scale by means of the runner.

The left unit of the A scale is used, left of the
center index, when the number has an odd number 1,3,5,7 of
digits. In extracting the square root of a number which has
an even number of digits, 2,4,6,8 the right unit of A scale
1s employed. If the given number is a whole number with a
decimal fraction. The whole number determines the unit of A
scale to be used.

In decimal fractions, the number of zeros between the
point and first figure determine which unit 1s to be used.
043 number of zeros go to the left unit, while even number of
zerogs go to the right unit,

Decimal Point. To extract the square mot of a number, it is

necessary to start at the decimal voint and pair off the
glven number, going right or left, into groups of digits,
The position of the decimal voint is determined by
the number of groups in the given number. For each group in
the given numbef there 1s one nlace in the root, or answer.
* tWo vlaces in the root.
81435 has three groups, 8/14/35 or three places in

the root.
Example, obtain the square root of 64 = 8 -
64 Right Unit

A
Square ‘
Root l

D 8
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There 1s one group of digits in tihe number 64, so there
wlll be one vlace in the answer, the root., Since the number
has an even number of dlglts the right unit of A scale was
employed.

Example, obtain the square root of 1.44 = 1.2

A \ 144, Left unit
Square

root D | 12

There 1s only one group in the whole number. Therefore, the

answer will have one place and the left unit will be employed.
Example, obtaln the square root of 0.055 = 0,235

A \ 0.055 Left unit
Square
root \

D 0.235

There 1e one zero between decimal vpoint and first
flgure so the left unlt was used. The decimal point 1is
placed before the first figure of the answer.

Examnle, obtain the square root of 0.,000046 = 0,00678

Ssuane A ‘ 46 Right Unit
root
\ 678

Since there are an even number of zeros and two groupec of
seros, the right unit is used and two zeros.are vlaced be-
tween the decimal polnt and the first figure of the root.
When the square root 1s to be multiplied, or divided,
by one or more factors, it 1s advisable to obtain the square
root first, then multiply, or divide, by the root by the

factor or factors, using the C and D scales.
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Either estimate the position of the decimal point

or 1t may be found by the combined methods of sqqare root
ENY

and vrojecting of the slide.
Example, find the value of 40 V53 = 288
A 53 Right Unit
Multiplication
and Square Root C 40 1
D 288 answer\ Square Root

Since 53 has an even number of digits, the right unit of
A scale was used. The runner or index locates the root of
one number on the D scale. This 1s multiplied by 40 of the
C scale and under 30 is the angwer, 288. The answer has
three diglits as the sum of the dlgits of 40 and the root,
sllde vrojecting to the left. ig three. )

Example, find the value of V3§3d§;32 = 0,613

A 385 Left unit\
Division &
Square Root c 32 1
D Square root kls answer

3ince 385 has an 0dd number of digits, the left unit 1is
employed. Its square root, of two flgures, is held by

the runner to the D gscale. Over the root, on C scale, the
divisor 35 is vplaced, and under the index of C is the answer,
813. The difference between the number of digits in the
divident, 2,-and the divisor, 2, is zero, 2-2=0. Therefore,

there are zero digits in the quotient.
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In extracting the square root of products or quotiente,
estimate the number od digits there will be in the product
or quotient. This.estimation determines which unit of A

scale to employ.

Example, find the value of V50X8 = 17,3

A Product 6
Square
root of
a oroduct B 50 1
D 17.3anger

Since the oroduct of 50 X 6 will have a three digit or

0dd number of dlgits in the answer, the left unit of A

scale will be employed. Therefore, the multiplicsation will

be done on the A and B scales under the product, of 3 digits

on the A scale, is found the root of 2 dlgite on the D geale.
Example, find the value of V875 + 35 = 5,0

A Quotient 875
Square
root of B 1 center Index 35
a cuotient

D 5, answer

R‘r
=v

"
4

an estimation, the quotient of 875 + 35 has two digits,
Therefore, the right unit will be employed for the division
as well as the extracting of the square root, and the root

wlll have one digit.
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Find the Value of

V5
V8
V14
V3,12

80
314

5 3

428

:

800
785

) 3

0.45

:

0.765
V6.0314
V0.001235
V0.00045
8vg
7vio
2.1Va0
36V53
44V31,4
66.5V75,5
1300V4100

3.1416V8400

Exercise 11

és.

26. V0.8752 4 15
28. V405 i 5.1

28. VI7.3 § 26

29. V144 4 0.144
30. V0.0 4 0,00062
31. 24 4 V' 1.75

32. 17.5 4 V408

33. 4.52 ¢ V2100
34. 12 } V7854

35. 0,57 L V0,041
36. 0.031 } V0.0075
37. 0.006 } V0.0048
38. 8.75 $ V0.000175
39. 11.48 } V8,35
40. 99 } Vi05

41, V40 X 83

42, Vig X 77

43. V125 $17

44, V480 Y 16
45,\N24.8 { 17.25

46.\BXEXT

5X8

47.“20X41X82
40Xg2X 3
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The 2/3 Power

Occaslonally a number is required to be ralsed
to the two-thirds power. To do this, use the XK and A
scales. To find the 2/3 power of a number, place the
runner over the given number on the K scale and follow
upward to the A scale to find the answer. For example,
find the value of 64 ralsed to the 2/3 power, (written
3%25-; 16). Tc solve, place the runner over 64 on
the center unit of K scale, and read the answer 16 on

right unit of A scale.

Find the value of V2162, V5122, 3.142

The 3 P

To find the 3/2 power, three-halves power, use
the A and K scales. Todbtailn the 3/2 vower of a number
place the runner over the glven number on A scale and follow
downward to the X scale to find the answer. For example,
find the value of 9 ralsed to the 3/2 power, (written
¢;3-= 27) To solve, place the runner over 9 on the 1aft
unit of A scale and read the answer 27 on the center unit

of K scale.
Find the value of V255, V499, 5,145,

The 4th Power and 4th Root

The fourth power of a number 1s the equivalent tothw

square of the square ofagiven number. Thus, 44 = 256, or

4° X 42=or 4X4X 4X4. To solve, plasce the runner to
4 on the D scale and read the square oﬁ“}ight unit of A, 16.
Then replace the runner to 16 on the D scale and read the

answer 256 on the K scale.
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Solve for 3%, 7% 3,14% gna gt

The fourth root of a number 1s the reverse of
the above which 1s the extracting the square root of
a number and then extracting the square root of that
result. Thus, the fourth root of

16 = 2, (written 16 = 2). To solve, place the
runner 16 on the right unit of A scale and read the sguare
root on the D scale, 4., Set the runner to this 4 on the
left unit of the A scale and follow downward to the D

scale to read the answer 2.

Solve for %625, ¥3.14, %2401, ana %61
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Chapter XI.
Reclprocsls and Percentages
Reciprocalg

The reciprocal of a number is obtalned by dividing
1 by the number, The recinrocal of 4 is % or .25 The
reciprocal of 25 is 1/25 or 0.,04. 1/20 or 0/05 is the
reciprocal of 20,

The reciprocals are found on the C and CI scales
or the CI and D scales. When the runner is set to a number
on the CI scale, the inverted scale, read the reciprocal
directly under 1t on the C scale. If the number is on the
C scale, read the reciprocal'directly above 1t on the CI
scale. A similar relation exists between the CI and D scales,
but be sure that the indices are in line.

To determine the decimal voint in whole numbers, the
reciprocal of the number has as many zeros between the point
and the first figure as 1s one less than the number of digits
in the given number. In decimals, the number of digits in
the reciprocal i1s one more than the number of zeros between
the ooint and first figure of the given number.

Thus, what 1s the reciprocal of 6? the answer is

0.167.
CI 167
Reciorocal |
c | .
What 1s the reciprocal of 0.05? The answer is 20.
oI | 20 1
Recivrocal : "

|
D I0.0Sll



Exercise 12,

Regivrocals,Using CI and C, or CI and D gscaleg

1. 3
2. 5
3. 7
4. 12
5. 126

6. 75

7. 1.50

8. 94.5

9. 7.52
10. 0.084
11. 0.144
12. 0.0048
13. 0.00109
14. 0.56
15. 3.25
16. 3.14
17.1.44

18, 9.45
19. 620

20, 356

21, 144

22, 0.0109
25. 0.0945
24, 84.5
25, 64.2
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Percentage

Percentage is the work of multiplication or division.
The usual way to determine the position of the decimal
point is the same as in multiplication and division. The

C and D scales should be used for they afford greater

accuracy.

The three basic questions involving percent-
ages are,

First, What per cent of 80 is 407?

The answer is 50%. Thus, 40/80 X 100 = 0.50
% c 80 1

D 40 50%

Second, What ig 25% of 3407 The answer 18
85. Thus 0.25 X 340 = 85.

c 1l 340

D 25% 85

Third, find the number of which
47 is 81%. The answer is 58. Thus, 47/.81= 58.

R
|
i
|




Per cent means "in the hundredths" in Latin.

To reduce decimals to per cents, move the
decimal voint two places to the right.

To reduce per cents to decimals, move the
decimal voint two places to the lefst.

To reduce a fractlon to ver cents reduce the fractlon
to a decimal and then read the decimal as ver cents.
Thus, § = 0.25 = 25%

Change each of the followlng to a ver cent

1/3 1/2 2/3 1/4 2/5 3/8 5/8 2/7 5/12
7/10 1/30. 11/20 3/11 4/5 7/9 6/14 7/12 13/1%

Change each to a common fractlion

15% 9% 2% 1% 253% 73% 123%

What 1s, 40% more than 857

15% more than 140%?

20% more than 3207
What 1s 80% less than 2407
75% less than 1507

62%2% less than 22007
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Exercise 13.

Using the C and D Scgles.
1. 2 3.

What per cent of Find the éalue of Find the mumber of
1. 32 is 8 11. 10% of 400 21. 14Zhi:h12%

2, 35 18 7 12. 12% of 84 22. 300 is 40%

3. 144 is 12 13, 43% of 125 23. 150 is 13.8%
4, 125 18 5 14. 18% of 314 24, 650 is 42%

5. 40 1s 1.25 15. 87% of 144 25. 85 is 90%

6. 840 is 240 16. 53% of 945 26. 38 1s 47%

7. 625 1s 550 17, 80% of 720 27, 125 is 65%

8. 34.5 is 57.5 18. 92% of 652 28. 980 1s 11.5%
9, 43.4 13 0.95 19, 27% of.72 29. 88 1s 75.5%

10. 0.75 ig 0.0012 20, 41% of 844 30. 1070 1is 12.5%



Chapter XII

Varigtions

The nroblems in variatlion are in general apvlicable

to the C and D and CI and D scales. When the decimal n»oint

position 1s to be determined and estimation is not the chosen

method the rules for the vrojecting slide asvply to vroblems
in varlation.

Example! 1if the weight of a wire varies directly
as 1ts length and 40. feet welghing 2% oounds, what is the

welght of 320 feet of this wire?

c I 40 l 1
Variation

D I 320 I 8

Then

cI l 1 I o3
Variation

D | 20 answer | 8

Exercige

1. If a bus ticket costs $4.00 for 500 miles, what is the
cost of a bus tlcket for 15C miles?

2. The dally wage a2t a factoryls $5.50. What is the salary
for 12 day's work?

3. If the cost of meat is $1.80 for 5 vounds, what is the

cost of 8% vounds.

4, The current of

—-e - Mo a

e river flows 2% miles an hour. What
time would be needed to drift with “he current, other

forces being equal, for 3 3/4 miles?

17 —

5 B ~ht men can Fo |

AA n~ ~e -~
“ . il WLl WURRLL WY a VAT WO Ua

-

days will it take 12 men to do the seme plece of work?

~a A 141 ... e oo v
U 41l 13 QayS. 20w daliy



6. If the sneed of a train is 45 miles an hour, how far will
1t travel in 2 hours and 15 minutes?

7. Forty-four potinds of nails cost $3.52. What is the cost of
18 pounds?

8. Nine and one half dozen eggs cdt $4.75. How many dozen
may be bought for $11.25%

9. If a Boy Scout hikes 7% miles in 33 hours, how many hours
does 1t take him to hike 5 miles?

10.Lumber costs $85 for 2500 feet. What is the cost of

3500 feet?
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Chapter XIII

Equivalents and Conversion Ratios

There are many oroblems requiring the value of a
quantity.

There are many oroblems today which have cne
known quantity in terms of one unit which require to know
1ts equivalent in terms of another unlt, such as dollars
to francs, gallons to liters, and square meters to square
feet. There are many such conversion tables in general use
today. These equivalants and retios are suitable for com-
vutation on the C and D scales. The decimal voints are to be
estimated.

Thus, if the constant ratio 1/1.41 or 70/99, is placed

on the C and D scales, any slde of a square on the C scale

will give the dlagonal of that square on the D scale.

C | Side of Square 1l

Conversion

D I Diagonal of Squere |1.41



scales, problems are readlly solved involving the followling

By the same method of coupling upon the C and D

equivalents and conversion ratio,

1. horsevower

= 42,44 B,t.u's ver min.
= 550 focot 1lbs ver sec.

= 746 watts

$1.00(U.8.) = 5.2 francs

s

#

To find abs. temo. (degs.Cent) multiply femp.

fathom
fdiong
knot =

bushel

= 4,2 marks

= 0,205 pounds sterling
= 4,11 shilllings

6 feet

40 rods

.152 miles

1.234 cubic feet

2150 cubic inches

y

4 pecks

64 vints (dry¥

(degs. Cent) + 273 by 1.

(dege

temn.

(degs.

To find temp. (degs. Fahr.) multiply temp.

.Cent) + 17.8 by 1.8

To find abs. temp. (degs. Fahr.) multiply

(dege. Fahr.) + 460 by 1.

To £ind temp. (degs. Cent.) multiply temp.

Fahr.) - 32 by 5/9.

79,
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Exercise 14,

" Bqulvalentsg and Conversion R U C &D. e

1. Find the number of gallons of water in a container holdlng'
(1 gal. 1s equivelent to 3790 cu.cm. )
3200 cu.cm. of water
ge40 " " "
160 e "
5300 " noo
1280 " oo
2. How many square feet are there in e viece of lumber,

16' long 4" wide, 1" thick?

L - LA N
12 v e v 2t
14 " 5" vt 0
10 * 10" " 10"

3. If nails costs 8 3/4 cents a vound, how many pounds can be
brought fox
$4.30
$7.40
$11.25
$15.00
425,00
4, If thegre are 5280 to an ordinary mile and 6080 feet 1n
a nautical mile, how many nautical miles are there in
11,450 feet?

37,100

)
=~
(9]

H>
=
[ ]

()]



5. If there are 39.37 inches 1n one meter, how many inches
are there in
3.4 meters
43 "
7 yards
9.5 "
31 "
6. If 1 meter = 1.1 yard
1 kilometer = 5/8 miles

1 inch = 2/54 centimeters

"

1 mile 1.6 hilometer

1 kilogram = 2.2 1lbs.

solve the followlng,

84 meters equal how many yards?

3.1416 meters equel how many yards?
4.5 kilometers equal how many miles?
75 kilometers equal how many miles?
9.5 inches equal how many centimeters?
144 inches equal how many centimeters?
21.5 miles " " " kildmeters?

44 mi le s : 1 ] " fl

7. If there are 7.47 U.S.gallons to 1 cubic foot, how many
gallong are there in 0.5 cublc foot ¢
8.5 cublc feet ?
12 . 5 1] u

204 1 it
3 lo 1] H



8. If 1 gallon = 3.78‘liters

Ir

1 ounce = 23,3 grnams

1 cuble inch = 16.4 cubliec centimeters.
Change 85 gallons to liters

change 125 leters to gallon:

Change 16 ounces to grams

Change‘104 grams to ounces )
Change 12.4 cubic inches to cubic centimeters
180 cubic centimeters to cubic inches

leord = 128 cubic feet

1 gallon = 231 cubic inches

1l rod = 16,5 feet

1 acre 43560 square feet
1 acre = 160 square rods
Change 3.5 cordsto cuble feet

" 528000 cubic feet to cords
5.2 gallons to cubic inches
" 4200 cubilc inches to gallons
" 16 rods to feet
" 322 feet to rods
1.5 acres to scuare feet
0.8712 sguare feet to acres

5 acres to square rods

200 square rods to acres

82.



Chapter XIV, 83/

Simvle and Compound Interests

To comoute nroblems of simple interest, I, and the
amount of time when time 1s exvressed in years, T, multiply
the »rincipal, P, by the rate of interest, R, by the time,

T, Thus I = PRT.

The C and D scales or the Ci and D scales are best
gulted for such nroblems. The rule of the »nrojecting slides
1s apolicable in determing the nosition of the decimal point.
An estlimate beforehand, however, 1s equally as good, 1f not
a better method.

Example: Find the interest on $5,000.00 at 6% for

4 years.
Interest c | 5000 1
l year 1
D l 300 enswer 0.06
Then,
Interest C 300 1l
4 years

.D I 1200 answer
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Computing Compoound Interest.

What 1s the compound interest on $5,00 for 3 yéars
at 5% with semlannual interest veriods? In this solution
there are five stevs to follow: filrst step: find the in-
terest for the first veriod. The annual rate is 5%; the sem-
tannual rate 1s 2%% or 0.025%. $5,000 X 0,25 = $125.00.

Second ste® the amount now would be $5,000 + $125.00 =

$5,125. Third step! compute the interest on this amount for

the second interest neriod. $5125 X 0.024 = $128.13. Fourth
step: by adding thls second interest verlod, the amount 1is

$5125 + $123.13 = $5263.13. Fifth step: continue this last
process untll each of the 6 oefiods have been computed. Sixth
step: subtract the origlnal smount, $5000, from the final resulg,
$5,798.48, giving the compounded interest, $798.48,

Since the descriovtion above represents the usual method,
the brallle slide-rule computatlon may be made easily by the
following nrocedure.

Find the compound interest on $800 at 3% afor 3 years.
Find the interest for each yeer and mentally add i1t to the
orincival. Since these stens involve stralght multiplication,
the CI and D or C and D scales are used. The A and B scales

would not give the deslired accuracy.

3% of $800 = $24.00, $800 + $24 at end of 1st year.

3% of $824 = $24.72, $824 + $24.72 at end of 2nd years.

3% of $848.72 = $25.46, $848,72 + $25,46 at end of

>

3rd year.

$874.18 - $800 = $74.18, the comvounded interest for



Exercise 15,

Find the interest on

o N 0o o b v -

9.

12,
13.
14,
15.

3% for 1 year.

$350. at

$400. at 4%
$425, " 5%
$650. " 6%
$720. " 6%
$1200." 4%
$800. " 31%

" n [t}
H o "
1} 2 "
n 2%_ 1]

L Si.. U]

" 2% ]

$600. " 4 3/4% 3 3/4 years
$2,000" 13% for 5% years
10. $2500 " 6%

Find the nrincipal which will
11. Earn %25. at 6% in 1 year

"o $40.
" $60.
" $80.
" $1200

" 4% L]

5% ] _15 ]
5% " 120 days
3% " 30 days
43% "180 "

Find the time necessary for

16.
17,

$300. to earn $21 at 2%

$450

$18. at 1%
$a2. " 5%
$120 " a%
8180 " &%

85.



Exercise 16, 8e.

Find the gmount and the compound interest on

the following sums?

l‘

$250. at
$2000. "
$4500. "
$8000."
$6000. "
$3500, "
$10,000"
$1200 "
$1500 "

. $1800

5% for 4 years,compounded annually.

6% n 3 ] ] il

4% "oy oW " "

4% " 2 v " gemlannually.
6% nog4 o " "

2% oy o " Qnrgpaa Wy,
1 %% Hnog i "

o ;5% "o % " " "

3 %% i 5% " " i

k

4;% ] 632“ " [} ]
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Chavter XV,

Circumference and Digmeter of the Circle

In this field of work, the 4,B,C and D scales are
generally used. The two speclal markings 3.1416 and 0.7854
on the A and B scales are helvful.

Examplet to find the area of a clrcle whose diamedver
is 4, place 0.7854 of B to the right index of A gcale oovnoslte
4 on D scale, read the answer 12.57 nearly, on the B scale. To
this setting, ovvosite any diameter on the D scale, read the
area on the B scale. Thus, Area

A | 1257 , 1 Right Index
A rea

B | 4 l 0.7854

Example: to find the circumference of a circle whose
diameter is 1.43, nlsce left index of B to 1.43 on A scale,
Ovposite 3.1416 on the B scale, resd the clrcumference 4.5
avoroximately, on A scale. Thus,

A l 1.43 l 4.5
Circumference

B I 1 left
index

Symbels.

is the area

1s the clircumference
ls the diameter

is the radius

< W v a »

is the volume



Formulss

C = DX 3.1416

D=C X .31851

A =0°X0.7854 = 3.1416 X R
R #X6.283 = C

¢® X 0.07958 = &
$3CX3D=2A

C X 0.15915 = R

VA X 0.564
VA X 1.128
A of sphere

V of sphere

2D = 4Xvipe

R
D
2
= D” X 3.1418
- p° x 0.5236

capaclity

2



Exercise 17.

1., Find C when D = 6

2, Find C when D = 3.4

3., Find R when 6 # 44

4, Find C when D = 82

5, Find R when ¢ = 185

6. Find R when C = 2000

7. Find A when D = 17

8, Find A when D = 65

9. Find A when D = 72

10. Find D when A = 16

11. Find D when A = 255

12. Find D when A = 1125

13, Find R when A = 14

14, Find R when A = 66

15, Find R when A = 125

16, Find A when R =5

17. PFind A when R = 0.75

18. Find A when R = 0.125

19. Find A when R = 72.0
20. Find V of a sphere when D = 2
21. Find V of a sphere when D = 40
22, Pind V of a sphere when D = 5.1
23. Find A of a sphefe when D = 5
24, Find A of a sphere when D = 1.2
25, Find A of a sphere when D = 80



Summary 90,

Chapters I and II reflect in a parallel way the
early beginnings of the logarithmic slide rule and the
brallle reading system for the blind., These two separate
products of soclal inheritence through centurles of work
are welded tcgether 1n the braille slide rule. This in-
strument, which gives the blind skills beyond the present
methods of arithmetical computations, 1s but one part of}
Napilers logerithms which lays the foundatlion extensivéi;
for modern computsastions.

Many scientists are included in the manual for
thelr contributions are in some way related to the present
instrument. Then, too, 1llustrations are given of the various
gystems of reading by the blind,

The Moon tyve

The New York Point

The American Brallle

The Standard Braille
The latter is the dominant and universally adonted system of
reading by the blind today.

The next two Chapters III and IV, give important
preliminary principles and necessary informetion to the use
of the braille slide rule. These chapters lay the foundation
for accurate reading of the brailie slide rule, & fundamental
of orime 1mportahce. Accuracy brings about speed, the fsctor
80 badly needed today in arithmetlcal computatlons by the blind.

The only pictures of the braille slide rule are found
here. Also, the three unit or cube scale and the inverted

scaie, K and GI scales reapectively, are graphieally portrayed

with braille numerals.
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The balance of the manual concerns itself with the
procedures in acquiring the use of the new 1netfument. The
model problems and exerclises give speclial conslderation to
difficulties in fundamental reading of the secondary and
tertlary figures and nlacement of the decimal polnt without
which students would find difficulties and ebandon the
attempts to acqulre the use of the brallle slide rule., After
a survey wWas made of modern textbooks in arithmetics, the toples
or chapters were selected, grouped, and treated separately,
namely

Multiplication

Division

Combined Multiplication and Division
Figuring Costs

Ratio

Proportion

Conversion Ratios

Cubes and Root
The 2/3 and 3/2 Powers
The 4th Power and Root
Reclivrocals
Percentages
Varlations
Equivalents
Simple and Compound Interests
Circumference and Diameter of Circles
Each toplie or chapter contains a serles of problems

pertinent to that %ople with a total of 66 dlagrams for the
beginner and nearly 500 problems graded from the simple to the



complex, These chapters,

Provide the teacher and student with a sultable
supnly of problems in exercises for both classroom and
homework practice,

Provide for both the mental estimation for the
decimal peint location and sound rules aponlicable to the
location of the decimal point in brallle plide rule com-
putations.

Provide a sufficient number of exercises, from
the simple to the complex, to assure ample material for
both initial teaching and remedial work.

Provide a method of learning, above and beyond
that of random trial-and-error activities, which results
in saving the psycho-physical energies of both the teacher
and student,

Provide the teacher with a scale of exerclses after
each toplc orepared in the order of difficulty, from the
simple to the complex, in both arithmetic and braille 'slide
rule reading. |

Provide a smooth transltion frpm one toplc or unit
of work to another and malntain a simple presentation of

the menual for the blind student himself.
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