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REVOLVING DUODECIMALS

by F. Emerson Andrews

In the earliest days of my duodecimal experiments, before New
Numbers was written or the Duodscimal Society even s dream, 1
came by accldent upon the simplest of the duodecimal revolvin,
numbers (also called periodic fractions, circulatory numbers,

In working out the conversion table for tenths expressed as duo=-
decimals, I observed that all the even tenths - that is to say,
the fifths - were curious repetitions;

2 = ,2497 2497 ....
.4 = ,4872 4872 ...,
.8 = 7249 7249 ...
.8 = 8724 9724 ....

It will be observed that each of thess duodecimels is a repe-
tition of four digits followlng each other in precisely the sane
order. They have other curious properties, Moreover, such num-
bers occur in apparently infinite series in number systems to
any radix. My "discovery” was, in fact, seven centuries late,
since such numbers had fascinsted some mathematicians ever since
the thirteenth century, and Dickson's History of the Theory of
Numters records at least 154 pepers on the subject. But I had
opened up one new toocl for their investigation, the use of dif-
ferent number bases, This made generalizetion easier, and has
probably resulted in several discoveries at the hands of the
capable experimenters who heve lately been working with them.

These numbers have & strange fascination which has brought the
Duodecimal Society an extensive literaturs, from members and
correspondents. The most recent of these is Mr. Robert Gutmann
of Whangarei, New Zealand, who has supplied comprehsnslive tebles
on which he has worked for meny yeers. But I attempt no exhaus-
tive discussion of these strange numbers, in which may lie some
of the final secrets of primitive roots and the nature of number
itself; this is merely an introductory statement, to open up a
new field for interesting experiment for any of our members who
have not already hit upon it for themselves,

If unity is divided by a prime number (not itself a factor of
the number base, as is 3 in duodecimals and 5 in the ten-system)
en endlessly repeating polnt-form frection will result, with re-
volving characteristics. Sometimes this number will have Jjust
one digit less then the prime from which it is derived, and will
then be a perfect revolving number. Otherwlse it will have a
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number of digits which is & submultiple of one-less-than the
prime, and will generate the full complement by successive mule-
tiplications, For exemple, the repeating duodecimal for 1/7 is
186 %35, containing 6 flgures and therefore & perfect revolving
number. But 1/17 does not produce s 16 place figure, but 076 £45,
Tnhis number revolves &5 usual if multiplied by 7, 8, £, 10, or
16; it chenges into quite a different form 1371 X8% if multiplied
by 2, 3, 5, 12, 14, or 15; and trensmutes itself into still a
third revolving number, 263 958, if multiplied by 4, 6, 8, X, or
73. These three numbers together do conteln the necessary 16
diglts.

Mr. George S. Terry has peinted out, in his excellent discus-
sion of such numbers in The Dozen System, that the perfect re-
volving numbers, running the full period, are found only in
primes ending 5 or 7, and do not include all of these. He gives
the period for all primes from 5 to 5££.

To simplify the discussion, we will eliminate the primes which
result in limited revolving numbers and exemine the extraordine~
ry characteristics of the perfect revolving numbers, setting up
in the form of a magic square one example, 1/7.
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l. The digits ir the number are one less than the prime from
which derived; for the perfect revolving number, d = p ~ 1 .,

2. These digits circulate - repeat in the same order = when
pultiplied by any number less than the prime.

3, If multiplied by the prime, they come out ££2 £22 ,

4, In any column, horizontal or vertical, the first half of
the number bears a complementary releation to the second half,
each palr of figures adding up to £, or in the ten-gystem, 9; in
any case, r - I {radix minus ). This Is palring quotients.

5. If the remainders producing these quotients are paired,
they will in each case edd up to the originel prime. In the ex~-
ample above, the remainders are 546 231.

7 1.00%%%%%

l1886%35%5

6. As a corollary of Polnt 4, in any square fromr a completed
revolving number, as in the sample above, the sums of all verti-
cal or horizontel columns will be identical, and will also equal

T he Duodecimal Bulletin 3

hglf the sum of the two diasgonals. This sum will always be

%(p - 1){r -~ 1), where p is the prime from which the number is
developed, and r 1s the radix, or base, of the number system em-
ployed.

7. The number patterns within such a square show many inter-
esting correspcndences; for example, patterps are identical for
the pairs of numbers which edd to {(r - 1), as, 1 and X, 3 end 8§,
5 and 6.

8. In any perfect revolving number, or the completed series of
& limited revolving number, the numerals which will appear cean
be predicted in edvance., They are as many full sets of the dig-
its 0 to £ (0 to 9 in the ten-system) as there are even dozens
in the prime, plus those diglts which constitute the revolving
number for the terminal figure of the prime., For instance, the
three sets of 6 numbers generated by 1/17 have been given above.
These will be found to be composed of all the numbers O to £,
plus 186 235. The revolving number {this time perfect) for 87
1g: 01483X 176X59 XX0296 783318 £78805 713466 358374 0£2269 106~
X7 281X45 162118 925438 BR3042 356448 755860 847£09 962X£5.
This number consists of & complete sets of the numerals O to £
plus 188 Z136.

8. As Mr, Terry has pointed out, ir duodecimels the last fig-
ure of the circulating period is the complement of the last fig-
ure of the prime; for instance, in the revolving numbers for 7
or 87, we have seen that the last figure 1s 5. This is not nec-
egsarily true in decimel revolving numbers.

The list of relationships might be extended much further, but
the reader is invited to continue the explorations for himself.
It will be found helpful to consider these numbers, not merely
in relationghip to the primes which generate them, but with ref-
erence to ri- 1; that is to say, numbers of the form ££2£.... or
9899.... Whenever such a number 1s evenly divisible by e prime,
a number with circulatory charecterlstics results, If the even
divisor i1s a prime of the order n + 1, then s, perfect revolving
number results. For instance, £2¢£ ££2 (or 10°-1) 1is evenly di-
visible by 7 (or n + 1) developing 186 Z35. 1 believe all the
perfect revolving numbers, in any number system, are found with-
in this fermula. They are apparently infinite in number in any
system, and every different base necessarily generates its own
set.

With the permlission of Mr. Terry and his publishers, Longmens
Green and Company, we reproduce Mr. Terry's table of reciprocals
of primes from Page 36, The Dozen System.

The table lists the primes from 5 to 5£2£ and gives the per-
iods of the revolving duodecimals which are their reciprocals.
Where the reciprocals are limited revolving numbers, their sub-
multiples are stated. Note the valldity of Mr. Terry's corol-
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Reciprocals of Primes

Periods and Submultiples

n_System orge S, Terry

P. Per. S.M. P. Per. S.M. P. Per. S.M.
il 2 é 5 4 7 6 y4
381 9 4 15 14 17 £ 2
51 13 ¢ 25 4 7 27 26 2
61 30 2 35 34 37 36 2
81 14 5] 45 44 57 56 2
o1 46 2 75 8 £ 67 22 2

85 84 87 86 2

95 94 X7 %6 2

£5 g4 £7 £6
32 3 44 105 104 107 108 2
131 76 2 125 124 117 116 2
141 20 8 145 144 147 56 3 2
171 %6 2 175 8 25 157 12 13 2
181 X0 2 295 194 167 166 2
dE1 £6 2 125 124 x7 446 5 2

185 184 1827 186 2
221 88 ¢ 205 204 217 86 38 2
241 120 2 225 224 237 982 & 2
251 73 4 255 254 267 266 P4
271 27 10 285 284 277 276 2
291 83 4 205 294 2
2%1 150 2 Z
221 26 12 .
301 90 4 315 314 307 102 3 2
321 170 2 325 324 327 100 3 2
391 1X6 2 365 364 347 46 89 2

375 34 11 357 11% 8 12

3%5 3%4 377 376 2

325 (324 397 396 2

3¢7 3£6

401 100 4 215 414 427 426 2
421 63 8 435 434 437 436 2
431 109 ¢ 455 454 447 446 2
471 13 38 465 464 457 15% 7%
481 24 20 485 44 11 497 496 2
41 9% € 4%5 44 2
511 266 2 535 834 507 182 12
531 276 2 545 544 517 516 2
541 54 10 565 564 527 528 2
581 3x 16 575 574 557 556 2
581 1589 4 585 584 577 116 5

525 584 587 12X 8

587 66 £

lary: "Only primes ending 5 or 7 produce the maxlmum period of
These primes are of the form
of 10n L 5, and serve to illustrate another of the advan-

recurrence in their reciprocals."

tages of the use of the duodecimal base.
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DUODECIMAL TOOLS FOR THE MACHINIST
by M. Irving Chriswell, Ed. D.

In the process of applying the units called dometric to fislds
other than the purely scientiflc, a new principle must be recog-
nized, As yet most writers have considered purely logical prine
ciples. A psychologicel prineciple now enters the plcturse. The
best 1llustration of this is perhaps the design and numerical
system of Inspection tools of the machine trades. Toolmakers
end maechinists will be very particular about a new tool propossed
for thelr use. The psychologlcel principle referred to is not
merely the whim of a machinist. Xvery feeture of these funda-
mentel tools of industry evolved through practicel use and fac-
il1ity of messurement,

The Micrometer

The micrometer caliper has its primary divisions marked longi-
tudinally upon the sleeve, a stationary steel cylinder; the sub=
divisions are merked upon the thimble, the part which revolves
et the touch of the finger. The following psychological prin-
ciples seem inherent:-

1. Grsduetlons merked upon either the sleeve or the
thimble must not approach the limit of visual acu-
ity. 1/64" is too fine & graduation.

2. The mechanlical design of the micrometer is almost
a fixed quantity, and the diemeter of the thimble
cannot be increased appreciably to allow for more
subdivisions,

3. The smallest subdivision must be:- one unit, in
the third fractional place of whatever number
gystem is used, or .001 .

A standard 1" English micrometer has a screw pitch of .025
inch. One revolution of the spindle advances it a distance of
.025, or one fortieth of an Inch. The sleeve is graduated in
40ths of an inch from O - 40. The thimble 13 graduated in 25
divisions, every fifth line being numbsred, from O - 25. Rotat-
ing the thimble from ore greduation to the next therefore ad-
vances the spindle one twenty-fifth of ,025", or ,001".

4 standard Metric micrometer has & screw pitch of .5 milli-
meters. One revolution of the spindle advances it a distance of
.5 mm, The sleeve 13 graduated in millimeters from O - 25,
Therefore it takes two revolutions of the thimble to advance the
apindle 1 mm. The thimble is graduated in 50 divisions, every
fifth line being numbered, from O - 50, Rotating the thimble
from one graduation to the next therefore advances the spindle
one fiftieth of .50 mm., or .0l mm.
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It appears from the above comparison that there is consider-
able leeway in graduating a miocrometer, but to divide a guarter-
inch, or quen, into .00l for e duodecimal tool is impractical,
Even a half-inch as the basic unit renders the subdivisions
smallier then the metric. A vernler scals on the sleeve, such as
on micerometers for reading ten-thousandths, might be suggested,
but for all around work & maechinist would not welcome this re-
finement,

The following specifications for the future stendard 1" duo-
decimal micrometer caliper are suggested:-

SPINDLE

SLEEVE

THIMBLE

DUODECIMAL MICRQMETER

Let tkhe pitch of the screw be .03". One revolution of the
spindle would advance it a distance of .03". Let the sleeve be
graduated in half-edo inches, i.e., 20ths of an inch, from
O - 20. Therefore it would take two revolutions to edvance the
spindle one-20th, or .06 inch. The thimble would be graduated
in 30 divisions, every 6th line being numbered, from O - 30.
Rotating the thimble from one graduation to the next would ad-
varce the spindle one-30th of .030", or .00l inch.

Advantages of the Suggested Micrometer
I, Greater visual ease 1n reading graduations on the
sleeve than the English micrometer, the seme esmse
as the metric.

2. Greater visual ease in reeding divisions on the
thimble than the metric micrometer.

3. Relative accuracy compared in decimel inches:-

English .oo1"
Metric .0004"
Duodsecimal .0006"
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The duodecimal presents a happy medium betwsan
the two in use. Specifications on blueprints
could easily be eltered to indicate the toler-
ances required under the new system.

The outatanding adventage of the ducdscimal
micrometer, which would be welcomed by all shop
men, 13 that the eguivalents for the binary
fractions come out even in the third place. By
contrast, all 84ths must be ocarried to 6 places,
and 32nds to 5 pleaces in the decimal equivalent

scale. For exeample:-
Fraction Dacimal Duodecimal
1/64 015628 .023
1/32 .03125 046
5/64 . 046875 .068
1/16 .0825 .08

Anocther advantage of the duocdecimal micrometer
may be illustrated by a sample setting. To set
47/64", or ,899", we turn the thimble until the
graduation 8 eppears on the sleeve; we turn the
thimble & revolutions further (one revolytlon for
every .03",) until the O appears onm the thimble;
we turn the thimble 9 graduations beyond the O,
end mentelly add:

.8
.08 (3 x .03)
.008

.

By contrast, to set 47/64" on the English decimal
acale, .734375" 13 spproximated to .734", We
turn the thimble until the greduatlion 7 appears
on the sleeve; we turn the thimble one revolu-~
tion further (one revolution for every .025",)
until the O eppears on the thimble; we turm the
thimble 9 greduations beyond the O and add:

.7

025
, 009
734

The operation is much simpler on the duodecimal
micrometer because the fractional expressions
and the settings are olearsr, and the mental
addition is easier.
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The Scale

The psychological principle applied to the micrometer applies
with equal force to the steel gix-inch scale. Graduations to
the B84th of an inch are too fine for visual aculty., They are
still marked upon the scales because they offer a more accurate
setting for dividers than 32nds, but complaints are often made
against the degree of fineness of the division. Sceles measur-
ing in 50ths of an inch on the basis of decimal division of the
inch are aistributed in the United States in limited quantitles,
and the division into 50 parts is apparently more accurate than
3onds and more readable than &4ths.

with the coming of duodecimals, 40 divisions to the inch are
admirsbly suited to visual acuity. Emphaesis upon the 3, 6, and
9 subdivisions of the inch seems desirable. Down to the gquear-
ter inch, our traditional scale might agree with the duodecimal.
The novel subdivision of the quarter inch into thirds will im-
mediately differentiaete the duodecimal scale from the tradition-
al scale. These twelfths should then be halved on the one slde
of the scale, and divided into four parts on the other set of
finer graduations.

W“‘ll"'l]:lt\rilll l|w;||1||[| \]wilrml lll[ll]|l|l‘l|1!l]l|[|! |[5]l|l|l||‘lll]1|1|l|l l!qlTlilllI|I1l|lll|l|i l]l|1|f|'|I||]l[|[|m“-'
,L fol3d e | 349 & °

I 5 © 3 9 3 3
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DUODECIMAL SCALE

To 1llustrate the use of the new scale, J 3/4" will be reed
3.6", and 5 1/2" will be read 5,6 . The fine scale will give
us the following greduations up to the quarter inch:-

.03 .06 .08 .1 .13 .16 .18 .2 .23 .28 .29 .3

The sixteenths may be read directly from the scale (as .09 for
one sixteenth, .16 for one elghth, .23 for three sixteenths, )
and there are three finer subdivisions between them. Thus the
%onds may be interpolated, and the 64ths approximated, For ex-
emple, 5/32" is .1X6", which may be interpolated between .19 and
.2, and 9/64" is .183", which is Just less than .18.

Although, es shown, the duodecimal scale readily accomodates
the use of the customary binary subdivisions of the inch, 1its
advantages will become most apparent when used with the duodeci-
mel subdivisions, {lines, and points,) which can be read direct-
1y from the scales. The numbered subdivisions are lines, and
between each line there are subdivisions of 6 points, and 3
points respectively, as there are 10 lines to the inch, and 10
points to the line.
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EXTRACT
from "Base du Systeme Metrique Decimal”™
by Mechain & Delambre

Reply to Editorial of The Edinburgh Review,
reprinted In The Duodecimel Bulletin, Vol. 1, No, 3

YThis report, made to a large assemblage, excluded all detail.
Thus the critics who had no other foundation were at leagt pre-
mature, and we are excused from answering them, The only criti-
cism that seems worthy of attentlion is found in an English jour-
nel, The Edinburgh Review. The author who edited it had befors
him the first volume of our work. His objections, which denote
an excellent spirit and much kindness, are proposed only as
doubts, and we hope he will be satisfied with our answers.

"His first reproach to us is that we have been too timid, not
to have completely profited from the mania for innovation which
affected all French minds, and not to have substituted the duo-
decimal scale for the one which is the foundation of our arith-
metic, This idea, indeed, came first when it was thought of
founding a new metric system, and if it was not asdopted at all,
it was not without some very good reascns. Four equel dividers
would have resulted, in place of the two for the decimal gystem.
But with how meny inconvenlences would have been bought this
slight advantage. It would have been necessery to reform the
spoken arithmetlic as well as the written arithmetic. And if the
gsubstitution of decimes (tenth part) end centimes {hundredth
part) instead of sols and deniers has been effected only in the
transactions which are more directly under control, - if the
people, and even the more educated class, refuse this so simple
and convenient reform, what resistance would have developed to
the reform suggested to us?

"How much time would have bsen needed to accustom calculators
to see 1in the figure 10 the expression of the number twelve, and
in 20, 30, end 40, those of numbers twenty-four, thirty-six, and
forty-elght, - to see in 50 the number sixty, in 60 the number
seventy~-two, and in 80 and 90 the numbers ninety-six, and one
hundred eight? Numbers to express one hundred and twenty, and
one hundred and thirty-two would have to be entirely new, and
this {s a disedvantage of a different type. They tell us that
the introduction of two more characters are enough for this
changs, - and this is very true in theory.

"We have read & German work in two volumes, which is a com-
plete treatlse of duodecimal arithmetic. All the precepts are
clear and enlightening, -nothing seems easier or better reasoned
out. But after having approved the author's system, let the
most ordinary figuring be trled, - a problem using the simple
rule of three, - and you will think as we do, that the best way



X T he Duodecimal Bul xat imnm

to have falled completely would have been to have glven to our
plen this more speclious than really useful extension.

"The duodecimal division of the circle 1s especially regret-
ted. Thney objesct that the 80 degree angle, or hexagon, is not
found in our division. This disadvantage, if it is one, con-
cerns only &t the most the makers of instruments. And we do not
see that our Borda circles are less well divided, though they
have not a single arc whose chord is exactly equal to the radi-
us. As to the calculators, they will never have to use the
sixty degree angle when they have given up the sexagesimel divi-
sion. Of all the sines which made up the old table, only one,
that of 30 degress, was an aliquot part of the radius, and all
the logerithms are only approximete numbers. Thus, in this re-
spect, the mew division 1s just &3 convenient as the old one,
and no celculator will notice the difference.

"If astronomers seewm little disposed, in gensral, to accept
our centesimal division, it is less on account of the real in-
conveniences it might have, than by a sort of impossibility of
changing, at the same time, their ipnstruments and the subsidiary
tebles which they now have, - by the difficulty of replacing so
soon numbers which are familiar to them and which they need con-
tinually, - and, finally, it is a little by prejudice, and be-
cause they have made no trlel of the new method."™

(We gratefully acinowledge our debt to Prof, Jaime Malakis, for)
(the translation of the above article from the original French.)
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UNITS OF WEIGHTS AND MEASURES

Dr. Walter Renton Ingalls, President of the American Institute
of Welghts and Measures, has written another excellent monograph
on stendsrds of measurement, which has just been published under
the above title by the Institute,

This review of the English and American standerd units calls
to our attention the naturalness and flexibility of the measures
in commor use among the English-speaking peoples of the world.
¥hile there is an absence of syster among them, this 1s directly
attributaeble to the freedom of every trade and industry to edopt
thet standard and scale of measurement best suited to its needs
In precticel use. The natural survivel of these measures is a
forceful testimony to the lmportance of that freedom. These
practlcal units noticeably disregerd the decimal base in preser-
ving their flexibillty of structure, yet decimalization 1s free-
ly used whenever there is any adventage in conforming to the
scale of notetlon.

The irregularity of design among the different besic measures
affects the problems of conversion in small degree. The defini=-
tion of these unlts 1s adeguately precise and well mainteined,
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and the conversion factors are famillar constants to all who use
them, says Dr. Ingalls.

Any coerclon in requiring adherence to & fundamentsl plen of
systenization could heve had only unesttractive results. 4nd, it
must be realized that the naturalness of our measures has aided
the progress of England and Americs in world trade.

Dr. Ingalls presents these factors with e simplicity of state-
ment that has its own force. There would be impressive economic
benefit in a world stendard of weights eand measures, and the
French metric system, notwithstanding the awkward inflexibility
of its decimal base, has proven the desirebility of conforming
to the number scale, But, in achieving these results, there may
be no sacrifice of faclility end flexibllity, nor may compulsive
authority transgress the freedom to shape our standards to the
forms best edepted to our needs,

Any starderd must earn its adoption, and its survivel; by its
n merits. We believe thet, for exectly these reescns, the

oW

orly prospect of achieving a world standard of welghts and meeas-
ures 1s offered 1n the duodeclmal metric system, based uporn our
customary netural units.

MEMBERSHIP STATUS

We have neglscted to announce the advancement of quite a num-
ber of our Aspirants to full status as Members. To correct this
omiasion, the present list of Members and Aspirants follows.

Members F. Morton Smith

George S. Terry

Richard L. gkers
Paul Ven Buskirk
F. Emerson Andrews R. C. Williamson

Lesbia S. Beard
Relph H. Beard
Kingsland Camp

W, B. Campbell

M. Irving Chriswell
William S. Crosby
Dudley A. George

Aspirante

Gertrude Carpenter
P. A. Chamberlain, Jr.
J. C. Codrington

P. E., Friedemann
Jamison Hendy, Jr.
Robert H. Hoskins
H. K. Humphrey
Dallas H. Lien
Mery Lloyd

Robert C. Lloyd
Alfred Norland

E. C. Robert, Jr.
Eugene M. Scifres
Lewis Carl Seelbach

Albvert De Velve

H. Harold Hartzler
Raymond Kessler
Martha E. Martin
Thomas H. Nash
Edward W. Pharo, Jr.
Herry G. Riblet
Daniel Saint

Thomas J. Ssaton
Charles P. Stewart
¥ilton Charles Telleas
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OPINIONS AND SUGGESTIONS
Lewis Carl Seelbach

i1s the sponsor of a synthetle world language which he calls,
"Lingveroj". We were privileged to see some of his material on
that subject when he sent us the number symbols of the Resuter-
dahl Alphabet for consideration in connection with the prepare-
tion of Kingsland Camp's recent paper on "Symbols",

Card does not favor the use of "Mo"™ to represent the great-
gross, nor does he see the need for any similarity of sound and
form in thess prefixes, such &s Do, Gro, and Mo, He says:=-

*Do, Gro, and Meg are sufficlently differentiated in sound to
minimize confusion in listening to numbers, Avoid Modo Grombo.
This mekes me a hersetic, dbut I shall not start a new church, be=-
lieving that this point will become self-evident to others upon
¢onsideraetion and practice, Extreme loglcal consistency is a
principle that has distinct limitations in linguistics. ‘Meg’
has ths ssme meaning as 'Grand', which was Perry's cholce of a
word for the great gross., ‘Mo’ sounds like dialect of Amos and
Andy for *‘more'. 'Meg', by itself, 1s a complete Greek suffix;
not copyrighted, ready for service. The differences in multiple
or quentity should be marked and labeled by distinctly different
aounds., I belleve that 'Mo' was a hasty selection.®

Williem Shew Crosby

has sert us a number of edditions to the Duodecimel Bibllography
and we are grateful. He discovered the references in the Ency-
klopedie der Mathematischen Wissenschaften, and in its French
revision, the Encyclopedle des Sciences Mathematiques. It was
through him, too, that we learned that certain of the tables ap-
pearing in the magazine, Mathematical Tables and Other Alds to
Computation, (issued by the National Research Council,) were
published in ell the bases from two to twelve.

#Bill" has never been happy about the use
of 2 as our symbol for "dek". He has chosen
as his preference the Irish "T". In a recent
letter he enclosed a drawing of this charac~
ter which we reproduce for your appreclation.
He reelizes the need for a gseparate-ldentity
notation in asddition to our least-change us-
age, and remarks:-

"The thing that stumps me every time I sit down and try to in-
vent a goocd separate~ldentity notation 1s that 1t is almost im-~
possible to improve on the existing symbols for Z and 0. And
they are the most important numerals of the entire bunch. More-~
over, if there are any two numbers that a separate notation
should distinguish, they sare 10 and 10.
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®I wonder whether anyone has suggested using the twelve signs
of the zodiac. Or rather, the symbols for the signs. They sre
anclent enough and international enough to please anyone on that
score, even 1f they are not particularly elegant or easy to
draw. One caution is advissble: the symbol for Aries, the
first sign, should not stand for 1, but for O, so thet Aries
would continue to mark the astronomer's zero of right-ascension

°

Harry C. Robert, Jr.,

surmises that we classify the new Aspirants as "angels who stay
in their places, or fools who rush blindly about, tripping over
aforesald angels.” We'd classify him as an angel who trips gey-
ly about. With his first letter he submitted a table of cubes,
declimal and duodecimal, commenting on the simple symmetry of the
duodecimal pattern, He made some lnteresting suggestions on
symbology and submitted the Table of Quarter 3Squares which ap-
peared in last lssue. In this issue there is the Coconut Prob-
lem and his sweet solution. If this proves as interesting to
our readers as we expect, there will be more of his problems in
subsequent issues., We feel like the oll prospector who struck
the Blg Inch.

Dr. R. A. Millikan

of the California Institute of Technology, in response to e let-
ter of ours, seld:- "Your appeal should have been directed to
God about e million years ago, to give us twelve fingers and
twelve toes instead of ten, in which caese the advantages of the
duodecimal system would have been attalned. Perhaps it was too
bad it was not thought of at the time the Great Architect weas
fashioning our hands and feet.™

We thank Dr, Millikan for his kind acknowledgement of the ad-
vantages of duodecimels. May he live to enjoy the benefits of
duodecimel numbers and measures, in determining the value of the
physicel constants.

Raymond Kassler

writes that he has brought home from his service in Germany a
set of mathematical and surveying tables based on the centessi-
mal system. That system of circular measure divides the right-
angle into 100 grades (or grads), each of 100 minutes of 100
seconds., The unit polnt 13 represented by a comma instead of
our customary period, and the log functions are expressed to
five places of decimals for each of these minutes.

Paul Van Buskirk

is one of our Aspirants who 1s ebout to enter the service. He
haes been participating in a discussion of the Ketric System 1n



16 T he Puodecimal Bulletin

the "Our Readers Say" section, of the monthly, "Civil Engineer-
ing"”. An excellent paper of his on "Discrepancies in Metrie
System®, aeppeaered in their May lssue.

In a recent letter he mentions "Men and Measures”, by Edward
Nicholson, This ims en excellent study of the physiologlcal ori-
gins of many of our measures end weights, which will richly re-
pay the perusal of anyone interested inm the duodecimal measures.

Mr. Nicholson gives the following detfinitions of some of our
natural measures:-

Cubit = 16" = length of bent forearm from elbow-point to
fingertip.

Spam = 8" = tip of thumb of outspread hand to tip of
little finger.

Palm = 3" = breadth of four fingers.
Digit = 37 = breadth of middle finger at Its middle.
Yard = 2 Cubits.,

Foot = 10% = 14 Digits = 4 Palms.
Fathom = 6 Peet = 2 Yards = 4 Cubits,

A Roman statement, probably from Frontinus, gives the follow-
ing:-

"Pes habet palmos iv, uncias xii, digitas xvi;
Pelmus habet digitas iv, uncias 1ii,"

Nicholson further says:- "A vessel containing a cubic foot of
water afforded a stapdard, the Eastern Talent, both for weight
and for caepacity. The vessel containing a weight of corn equal
to the weight of a talent (or amphora) of oil, became the bush-
el, about twenty-two to twenty-five percent more then & cubie
foot.” 1This is meaty astuff,

It is interesting to note that the Roman traders and merchants
uged twelve almost exclusively in the subdivisions of their
weights and measures, while the Roman military used the mul-
tiples of ten in much of 1its work.

Dudley A. George writes:-

"Some twenty years ago, 1 thought it would be fun to figure in
twelves. However, 1 bad, in order to earn a living, (as a bank
clerk then,) to continue to figurs in the usual way in tens,

The solution was the use of new symbols, both figure amd sound,
80 as to avold confusion. I find now that I have no 4ifficulty
doing your problems, but continue to think in my own symbols.
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"For the record, my figures (which have changed a little year
by year, but not much,) are as follows:-

1 !/ on pronounced on

2 Z tu too
3 7 rt ree
4 & ka kah
5 V fe fay
6 Yy si see
7 A poil pol
8 & &e &8y
B S lal lye
p.4 ¥ ovi vee
£ K/ sho show
10 J0 den dane

#In the 'do'-place, I think of triple digits times 'do', as
ending in 'n'; triple plus one, ln 'r*;: and triple minus one,
in *1*', &s follows:=

ner-tu (12) tul-ri (23) ren~fe (35)

kar-ga (48) fil-ka (54) sen-pol (67)
por-poi (77) gel-sno (82) lin-vi (92)

vir-tu (%2) shol-ka (£4) shol-41 (£0)

*I have tried consonant-vowsl combinations such as Mr. Seel-
bach suggests in 'Consovocallc!, and decided that, although
splendid in theory, the sounds do not have adequate body for
practical use either in reading sloud or in memorizing. I be-
lieve that the mind and the tongue demand at least a syllable
per symbol for efficlent thinking.

"Please do not assume that I support the Principle of Separate
Identity exclusively. It seems to me that populer approval re=
quires that the Principle of Least Change be closely followsd
for most purposes. But sometimes ‘Least Cheange' requires more
than one would at first suppose. For instance, the use of 'do’
for three different ideas (for 10, for '-~teen' as in 'do-three’,
and for the '-ty' as in 40,) 1ls contrery to our habit, and
against the Principle of Least Change.

"The use of 'edo', 'egro', etc., 1s a greater deviation from
our usage than 1s necessary. Of courss, it 1is not logical to
use the ssme suffix for the fractional, partitive numbers and
for the ordirals. But I bellesve that we have, in 'er', an Eng-
lish suffix which would edept easily end naturally to this use,
and at the seme tims broaden our mathematical lenguege; as:-
'six doner' for .6, and 'four grosser! for .04. If you think of
these as 'donalr' and ‘grosair', they sound more approprlate,

"We similerly need a suffix to denote the powers too, but this
is enough for the present.”
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ﬁATHEMATICAL RECRE ATIONS

Mary Lloyd, Editor

You'll get a laugh out of a contribution by Harry C. Robert,
but you'll alsc learn en excellent bit of mathematicel tactics
from his handling of a problem. He writes:-

"This problem was pulled on me by ons of the ex~service men in
my office Just to see 1f I was as good as he was at such things.
Be had spent two weeks working on it while returning from over-
seas service, and hed won $50.00 from his Colonel. But imagine
his surprise when 1 showed him that he had won with an inferior
enswer.

Problem of the Coconuts

*There are flve men, one monkey, and a pille of coconuts. The
first man gives the monkey one coconut and tekes exactly one-
fifth of the remainder. The second mar likewise gives the mon-
key one coconut and takes exactly one-fifth of the remaining
nuts. The third, fourth, and £ifth men also, sach in his turn,
first give the monkey one coconut and teke exactly one-fifth of
the remainder. After the fifth man has taken his coconuts, the
rest of the pile is divided equally emong the five men, What is
the least number of coconuts that can be in the plle at the
start, for the foregoing division to be possible, using only
whole coconuts at eech step of the transection?"

After you have worked out your answer, compare your operation
with Harry Robert’s clever method, shown on Page 1%.

Mr. Terry sent us a letter crammed with interesting items on
numbers and number problems., We heve selected three of them for
this issue, and will keep the rest on ice for later use.

A. In how many weys can unity be expressed as the sum of 3
equal fractions, each integer being used once For instance:-

3 8 57X
320+ 7456 = 1
There are three other soclutions, and the process of elimination

is & good exercise in the use of the three-times table. Can you
find the others? This construction is not possible for decimals.

B. The value of n, the ratio of the circumference of a circle
to 1ts dieameter, has been calculated by many pecople to many
places. Duodecimelly, its value is 3.184 809 494 etc. The fol~
lowing fraction, with the same integers in the numerator and the
denominator, gives a remarkably good approximation to m. You
may be able to find others equelly interesting.
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3£
é%gj = 3,184 80X

C. Whaet sums of two-figure addends exhibit, with the addends,
each Integer from I to £ once? For example:-

I%e = 32 + 54 + 88 + 79
Ducdecimelly, there are eight such sums, each divisible by £.
Xz 218 245 283
15% 236 254 281
Decimally, there are only four, sach, of course, divisible by 9.
189 218 234 243

Can you determine why they are dlvisible by r =~ 1?7

. .

Mr. Andrews submits an amusing construction which is valid for
declmels and duodecimals.

Ixg+2=1]1
12 3 171
123 . -4 111 1
1 234 5 111 11
12 345 6 111 111
end 12 345 678 S&E 10

© 211 121 111 111

. . . .

This time we have four puzzles, one in each of the four ordi-
nate operations, and all four are about our favorite topic.
Solve 'em and see! The one on division is & bit tougher than
usual because it employs only £ letters. So don't forget to edd
a blank letter column for the numerical eliminations. 7You'll
probably f£ill in the "blark"™ with a stronger and perhaps more
appropriate word before the crypt is soluted.

IZSUOENESI PRIDEINOUR
+ ZAOREAESYV -TRUEMETHOD
VUOURLLLLDUR NEPUREPZIR
U UR
CIRCLE J] AMERTICAN IDE AL
CIRCLE X XKIND
"L ODDRE A EDOORDD
CIRCLE LIZQoL
MIIMNARN UEEZDL
MUDCMDN
EALRAEN



1% The Duodecimal Bulletin

Harry Robert's Solution of the Coconut Problem

Since the remasinder 1s to be divided by 5, and is also four-
fifths of a larger number, and therefore divisible by ¢, we may
write:

Finel Remainder = R5 =4 * 6a = 18a
5 _ 5 -
Z Rs = 2 (185) 21a
- 5 -
R4 =7 RS + 1 2la + 1
5Rr = X5a + 5 _
d "4 4
This is used each( B = 27 a + 1 + 9—%—£
step to eliminate
If we let a = 4b - 1,

(
the fraction E
( X4b -~ 27 + 1 + b = X5b ~ 26

_5 - - -
=ZR +1=B+1=ZX5b 4
= 441b - 101 . - 4470 + %O

4
*_g.Raf1=C+1=441c+XZ

Aln
o

§R2=&5_°ziﬂé=n=1985d-446
Rl=.4‘§RZ+1=D+Z=1985c1—445

gﬁl=§.@%ﬁ3&£=f;=sosze+zsao
RO=§R1+1=E+1=90618+1981

The smellest value is obteined when the arbitrary integer, e ,
equals O. Thils yields the Answer: 1881 coconuts.

> . . . - . -

A final word as to last lssue's answers. The solutions for
Mr, Terry's puzzles were "Unphlegmatic"” and "Ambidextrous®"., He
mugt have been, to find another twelve-letter key word. The
solutions for the others were "Butch Dozenal™, end "Decimal
Group”.

Thanks, you all, for your letters. If you'll keep them coming
along, we'll be able give you more of the kind of stuff you like

besgt.
- Mary Lloyd

Bach One Teach One

The Duodecimal Bulletin 18

THE MATL BAG

You will find that much of the material which once reached
your attention via The Mail Bag is now to be found under "Opin-
ions and Suggestions.” What you will find here, are items that
defy other classification, and Just what you might expect to
find at the bottom of any mail bag, - bits of letters, scraps of
comment, and crumbs from the editor's pockets and desk.

. . 3

Being located at the oross-roads of the world, we enjoy the
advantage of meeting some of our people now and then, generally
on their way somewhere else,

In the early summer, we spent some delightful hours with Kra,
F. Howard Seely and her deughters, Mary Seely and Dorothy
D'Ooge., They were on their way to visit famlly relatives and
friends in Connecticut. They hed stopped for several such vis-
its on their northern route east, and planned to make others on
thelr southern route back to their home in Pledmont, Californis.

Several weeks later, we had luncheon with Jamison Handy and
his wife, who were making a similar circuit from thelr home in
Los Angeles. Presidernt Andrews was able to join botk these
gatherings, and shered in the pleasure of welcoming these mem-
bers of our duodecimal family.

We wish to accent the benerit we all derive from these person-—
al contacts, Because of the wide dispersion of our members, the
pleasure of talking things over together is only rarely poassible
and we have to exchange our ideas in rather formal written fash-
lon. %e wisnh to become personally ascquainted whensver good for-
tune permits. Let us know when you plan to come to New York,
and, 1o any event, don't fail to call when you a&re here. You
will find the Beard homs telephone listed in the New York tele-
phone directory. But 1t might be well to note, that, during
business hours, you cen reach that men, (or leave word for him
to call you,) over Exchange 4-4600, Extension 824.

Arthur Coldewe, of San Anselmo, Calif., has just informed us
that, in Trautwine's Civil Engineer's Reference Book, there is
an exposition of the use of the duodecimal base in which the
cheracters t end e are used for X end £. This arrived
too late for the necessary checking before inclusion in our bib-
liography. Thanks for the news, Mr. Coldewe.

- o -

We are enjoying & healthy mail regponse to our article, Duo-
decimal Mathematics, which appeared in the June issus of the
magazine, Office Appliances. Among these inquiries were lettsrs
from Copenhagen, Demmerk, snd Gothenburg, Sweden. The rilaments
of our Soclety's co-operation are gradually weeving a network of
duodecimel enthusiasts over the entire world. Try your hand at
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a littls thread spinning of your own, and send & ducdecimal ar-
ticle to your most used, and most favored magezine.

The distances reached by & published book or article are smez-
ing. The roof of the world eschoes the sound of the printed word.
President Andrews, in his article in this issue, mentions his
correspondence with Mr. Gutmenn of Whangarei, New Zealand.
Another response to his book, New Numbers, is that of Professor
J. C., Codrington, of Habana, Cuba.

Professor Codrington teeches nlght classes in methemetics. He
became enthused by reading New Numbers, and inquired of Mr. An~
drews about the Duodecimal Society. He has now about completed
his tests as an Aspirant, end is translating New Numbers into
Spanish., At Mr. Andrews' guggestion he has sent us an extensive
roster of names for our mailing list, and may be able to develop
a nucleus of dodekaneers in Habana, thus extending our contacts
among our neighbor Americans.

A recent check of our flles discovers mail responses from 38
of the United States, from 3 of the Canadian provinces, from
Cuba and Panama, - from England, Scotland, Ireland, Belgium,
Frence, Germany, Denmark end Sweden, in Europe, - from Egypt in
Africa, - from Japan in Asia, - and from New Zeelend and Austra-
lia,

° ° °

Dr. Nathan Lazar of Teachers College, Columbla University,
lectures on the History of Mathematics, including the develop-
ment end use of other number bases then the ten. For some time,
he has delivered to his students coples of our pamphlets and of
the Duodecimal Bulletin, For the monthly magazine, The Mathe-
matics Teacher, (official journal of the Natlional Council of
Peachers of Mathematics,) Dr. Lazar conducts & department called
®In Other Perlodicals,” in which he lists the contents of the
latest issues of the other mathematicel publicationa, We were
delighted to learn that Dr. Lazar has covered the contents of
each Duodecimal Bulletin in the succeeding issue of The Mathe-
meatlcs Teacher., We are very grateful to Dr. Lazar for his cour-
tesies, end for his generous co-operation.

. . .

We frequently indulge in the plsasant pastime of searching for
references to duodecimels in the mathematicel works in New York's
libraries. Several of our recent discoverles will interest you.
Leon Bassot, in his "Historieal Sketch of the Foundation of the
Metric System,”™ writes the followlng:-

"On 8 May 1790, the French National Assembly rendered a de-
eree which is, in a way, the ‘acte de naissance' of the Metrivc
System, which says, page 5 and 6, - 'Finally, the Academy shsll
indicate the scale divisions which it believes most convenient
for all weights, measures and coins.'
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"The Acedemy at once set itself to work, and on 27 October
1790, the first commission, composed of Borda, Lagrange, Lavoi-
gler, Tillet, and Condorcet, presented their report on the title
of coined metals, end the soale of uniform division, and gave
the preference to the decimel diviaion over the duocdecimel. Le-
plece, in his Systeme Au Monde, hes explained in a masterly way
the reasons which determined the commission.

® 'The identity of the decimalcalculation and that of the
integral numbers edmits of no doubt of the advantages of the di-
vision of every kind of measures into decimel parts; it is suf-
ficlent, to convince oneself, to compars the difficulties of
complex multiplications and divisions with the facility of the
same operations under integral numbers, a facility which becomes
even greater by means of logarithms, of which, by simple and in-
expengive instruments the use could be made extrsmely popular.
In truth, our arithmetical scale i3 not divisible by three and
four, two divisions whose simpliocity render them very common.,
The eddition of two new characters is sufficient to procure this
advantage, but e change so important would have been infallibly
rejected with the system of measures which was attached to it.
Moreover, the duodecimal scale has the inconvenience of requir-
ing that we retaln the productas of twelve numbers which surpass-
es the ordinery length of memory to which the decimal scale is
proportionate.

" 'Finally, we should lose the advantage which probably gave
rise to our arithmetic, thet which causes the fimgers of the
hand to be used in enumeration. We did not hesitate to adopt
the decimel division end for the purpose of uniformity in the
whole system of measures, we decided to derive them all from the
same linear measure, and its decimsl divisions, The question is
then reduced to the choice of this universal measure, which has
been given the name of meter.' "

Then we turned up some material on Lagrange in Eric Temple
Bell's "Men of Mathematlics."™ Ke reports that Legrange played an
important part in the planning of the metric system, and that it
wag due to his opposition that 12 was pot chosen &as the base in-
steed of 10.

Mr. Bell indulges in some heavy irony about the propagandists
for the use of the duodecimal base, whose " , . disadventages
are numerous and obvious to enyone who understands short divis-
ion.¥ He credits Lagrange with proposing 1l as a bhetter base
than 12, and says that " . ., epy prime number would have the
idvantage of giving all fractions in the system the =ame denom-

nator.®

Perplexedly, we confess that we are unable to construe this
last statement of Mr. Bell's so that it makes sense. We know of
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no g7y to prevent the use of vulgar fractions of the form of 1/3
or . That cennot be what he mesns., Nor can he be referring
to point-form fractiona. For, regardless of the base used, -
prime, or matisfactory, - polut-form fractions all use the nume-
ber-base as the agrsed denominator, unless other usage is ex-
pressly steted. So that interpretation 1s eliminated.

The evidence of some degree of heat inm Mr. Bsll's remarks
would seem to indicate a sensitivity to the point in question.
Perhaps 1t were well to dismiss his statement as without partic-
ular meaning.

. . °

In the Sclentific Monthly for August sppears a letter from our
revered friend, George Wetmore Colles, in criticism of Professor
Oystein Ore's article on "Our Everyday Reckonings®™ which was
published in the Scientific Monthly for November, 1945. Though
somewhat belated, we rejoiced that The Scientific Monthly gave
¥r. Colles' letter the publicity it deserved. We know that the
letter was written much earlier thamn our comment on "Unscientif-
ic Science®" in the May Duodecimal Bulletin, end we looked for
{ts appearance. Our congratulations to all concernsd, including
the editors of the Sclentific Monthly.

Mr. Colles does not entirely approve of the use of a duodeci-
mal notation for gemaral purposes, but he does highly sapprove
of the use of the duodecimal subdivision of the scales of our
weights and measures., In 1898 he presented a paper before &
meeting of the Ameriocan Soclety of Mechanisal Engineers on,
"The Metric versus the Duodecimsl System,” which insugurated a
thorough review of the metric proposal by that soclety, ending
in the decision thet no mctlon toward compulsory use of the met-
ric system could be counteganced. Through the kindness of Mr,
Colles, we have still a few copies of his classic paper, which
we will be glad to place in hands that appreciate its value.

° ° ®

Mr. M. Irving Chriswell, author of the article on "Duodecimal
Tools for the Machinist™ in this issue, has just graduated from
Aspirent to Member. He is a teacher of mathematics in one of
Buffalo's high-~schools, and was introduced to the Society by
Lewis Carl Seelbach. We think that his article deserves high
pralse, snd 1is an important contribution at just this time.

. . .

The number symbols proposed by Mr. Dudley A. G_orge, Aspirsnt,
are presented through the able assistance of Willlam Shaw Crosby,
who redrew them in form permitting reproduction, We wish to
thenk him for his kindness, and to przise his workmanship.

. . .

Each One Teach One
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Harry C. Robert, Jr., recently did some extemporaneous phil-
osophizing about walghts and measures on his typewriter, and you
will enjoy his thinking, as I did. He says:~

*The history of the subject lndicates that the various units
of welghts and measures have been, elmost invariably, the result
of the activities of tradesmen in facilitating the flow of com-
merce, the operations of buillding craftsmen in fitting their
structures together, or of land surveyors in partitioning lanad
for various purposes. At centers of such sctivities, units of
various sorts were asdopted by common conssnt, and since their
primary purpose was to simplify the work at hand, these units
generally were well edapted to thelr requirsments, and fitted
the arithmetic of thelr day.

"gs long as these units remained more or less informal, they
could be, and were, modified to meet changing requirements.
This bappy and 1deel situmstion lasted only until some queer
quirk of the lews of evolution produced the 'city slicker.' Or
maybe this fellow was produced by the first anti-lynching law,
instead of the law of sevolution, and until we gave him too much
legal protection, he did not last long aenough to get his neme in
the history book. At any rate, when this short-weight, short-
measure, short-change cheat appeared on the scene, with suffi-
clent legal protectlion to save his hide from his victims, the
public demanded protection from the seame lew, and units of
welights and measures were glven legal definitions.

“Once the units were on the statute books, progress in keep-
ing the units in step with changlng requirements was at sn end.
Such has been the stagnant condition of our standards while
traede grew from a relatively locel affair to world-wide propor-
tlons, - while central govermments dsveloped which controlled
great portions of the earth's surface, - while men generally
adopted the symbol for 'nothing', and rebullt their arithmetic
using positional notation.

*During this time, with the exceptions of calendar reform,
and the French metric system, the reforms in our standerds have
eamounted to nothing more than compromises of minor quibblings
over the gecond and third decimal~-places of equivelents, and the
legalistic wording in the definitions of units.

"The French metric system, however much we decry its adequacy
today as an universal standard, represents an heroic attempt by
man to put his legal standards back into step with the require-
ments of the times. It 1s truly remarksble thet the French
methematiciens were able to produce such a system in the midst
of a tremendous upsurge of revolutionary ideoclogy. Their con-
cept of units in each system arranged in a geometrical progres-
sion with a ratio equal to the number base, and of consjistent
inter-relatlionships between the verious systems have proven re-
markably sound. That certain of these consistenclies no longer
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hold, end are therefors fallecies in the common metiric system
propegende, 1ls not the fault of the concept, but should be
blamed on the lewyers who tried to tle these standards to vari-
ous chunks of entombed metal with legalistic languegs.

"ow the defects in the metric system are due almost entirely
to the fact thet the learned French mathematicians, like hot-
nouse plants, knew too little of the facts of life. The phenom-
enal development in all branches of mathematics during the two
centuries preceding the revolution could not have made them very
acutely aware of the defects in their number system based on
ten, or of the potential superiority of other bases. If they
were eware of the historic involvement of the factor 3 in the
11ife of the common men, and particularly in linear measure, they
disregerded this knowledge, possibly on the asgumption that if
man could learn to live without kings, he could also do without
hie even third. They slso disregerded the gize of the unit that
man had found most convenient for his every day ordinary uses,

"iost encient systems hed principal units renging from ten
inches to twenty-five inches, with many systems contaeining ap-
parently two units within this range, - related generally by
ratios of 1/2, 2/3, or 3/5. Not only in these encient systems,
but in many present day usages, and evidence from our rather
complex and overlapping English system, I believe we have a clew
to the metter, It appears that men has elways tried to find
units of varlous kinds that would permit him to give & reason-
ably exact description of any object, using only one unit, with-
out resorting to fractional parts, or using too great a number
of these units.

wwhen his concept of number was 1imited to something in be-
tween the number of his fingers end the sum of his fingers end
toes, he felt the need of units spaced not more than ten or
twenty numbers apart. To some extent he still prefers this.

But as his number concept grew, and the common men had dollars
frequently enocugh to jearn how to meke chenge, the need for such

closely spaced units decreased.

] gsuspect that for at least two centuries, each succeeding
generation made less use of the yard than the precedlng one.
The rod or pole, the fathom, and meny other old measures have
practicelly disappeared except for very limited uses. Now, we
can eslmost count to one hundred! But we eare not much, if any,
beyond that peint. And now we heve come to where we must change
our standards, end reconstitute them in line with our require-
ments of todey. But we should consider all phases of the prob-
lem very carefully before we even talk about mew unitsg, or new

nomenclature,” . . R

Thanks, Mr. Robert. There are a number of our people getting
thedir ideags on weights end measures into coherent form. Let's
spread them on the record, so thaet others may heve the use and

benefit of your work end ideas.
Whiskers.
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Qur commmon number system is decimal - bassed on ten The do
twelve as the base. Thls requires two additlonal symbols: % zzgliggtjﬁkus?:
used for ten, and £, celled ¢/, is used for eleven. Twelve is written 15
and is celled Jo, for dozen. The quentity one gross is written 100, and is
called ¢yro. 1000 is called mu, representing the meg-gross, or greaé-gross,

Modsrn numeration employs one of the greatest of man's invent

zero - symbol for nothing. It permits the use of place valu:g.iogi'osgecuSn
tom?ry counting, the places in our numbers represent successive powers of
ten; thet 1s, in 385, the 5 applies to unlts, the & applies to tens, end the
3 applies to tens-of-tens, or hundreds. Pleaoce value is even more iﬁportant
in dozenal counting. For example, 265 represents S units, 6 dozen, and 2
dozen-dozen, or gross. This number would be called 2 gru’e do 5, and b
coincidence, represents the seame quantity normelly expressed as éBS. &

Plece value 1s the whole key to dozenal arithmetic
pe . Observe t
additions, remembering that we add up to a dozen before cerryinghgngOILOWins

=2 138 Five ft. nine in
- » 5.9
gé gg; Three ft, two in. 3.2
Two ft. eight in. Z2:81
I8¢ ~I1000 "~ Eleven ft.seven im. A
You will not have to learn the dozenal multipl
v plioatlon tables sinc -
ready know the l2-times table. Mentally convert the quantities 1§tg gg:egi
end set them down. TFor example, 7 timea 9 is 63, which is S dozen end 3; 80
get down 83, Ueing this "awhich ¢s™ step, you will be able to multiply end
ivide dozenal numdbers without referring to the dozenal multiplication table

Conversion of small quantities 1s obvious B
g B y eimple inspection, if
;2; g:rzz:rgugid, doienalﬁg {og are only 2¢£, which 1s two dgzsn an& alaggi
era ee8p viding by 12, and :
e e dozanai Losp o g by , and the successive remsinderz are

12 568
12
12

¢ v+

]
8
2 Answer: 285

Dozenal numbers mey be converted to deocimal numbers b
units rigursi adding to it 12 témas the second figure, ;lagtiégg(ggw€4:?e
times the third figure, plus 12° (or 1728) times the fourth figure, and ao
on as far as neaded. Or, to uss a method corresponding to the 1llﬁstration,

kesp divi
numger. ding by X, and the suocessive remeinders are the desired decimel

Fractions may be similarly converted b
inatans of GTersions, By lEyor G y using suocessive multiplications,

Numerioal Prograasion Multiplication Table

1l One

l1 2 3 4 6|8 7 8 8 % 2
10 Do .2 Edo g g g lg Z (10 12 14 18 18 1
13 |18 18 20 23 26
200 Gro .01 Egro ¢ 8 10 14 18 |20 24 28 30 34 gg
1,000 Mo ,001 Emo g lg 13 18 21 26| 28 34 35 42 47
16 20 28 30| 38 40 4
10,000 Do-mo .000,1 Edo-mo 7 12 19 24 22|38 41 45’52 gg 22
100,000 Gro-no 000,02 Egro-mo g éé gg ga 34 |40 48 54 60 88 74
0 38 |46
1,000,000 Bi-mo .000,001 Ebi-mc X 18 28 3¢ 42 |80 gg gg gg gg gg
1,000,000,000 Tri-mo and so on, £ 1% 28 38 €7 |561 65 74 83 02 X1
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