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COUNTING IN DOZENS
i 2 3 4 5 6 7 8 9 ‘

one two three four five six seven eight nine d

Our common number system is decimal - based on ten. The dozen
twelve as the base, which is written 10, and is called do, for
gquantity one gross 3is written 100, and is called gro. 1000 iy
representing the meg-gross, or greabt-gross.

In our customary counting, the places in our numbers represent
powers of ten; that is, in 365, the 5 applies to units, the 6 ap
and the 3 applies to tens-of-tens, or hundreds. Place value is 4
portant in dozenal counting. [or example, 265 represents 5 unitd
2 dozen-dozen, or gross. This number would be called 2 gro 6
coincidence, represents the same quantity normally expressed as

Place value is the whole key to dozenal arithmetic. Observe t
additions, rermembering that we add up to a dozen before carrying

94 136 Five ft. nine in. 5.9
41 694 Three ft. twe in. 3.4
98 J52 Two fr. eight in. 2.7
197 1000 Eleven {t. seven in. .

You will not have to learn the dozenal multiplication tables
ready know the 12-times table. Mentally convert the quantities
and set them down. For example, 7 times 9 is 63, which is § de
set down 33. Using this “which is” step, you will be able to mu
divide dozenal numbers without referring to the dozenal multipl

Conversion nf small quantities is obvious. By simple inspecti
35 years old, dozenally you are only 2£, which 12 ) 365

is two dozen and eleven. For larger numbers, 12 ) 30 + 5
keep dividing by 12, and the successive remain- 12 )2+ 6
ders are the desired dozenal numbers. 0+ 2

Dozenal numbers may be converted to decimal numbers hy settir
figure, adding to it 12 times the second figure, plus 12% (or l
third figure, plus 129 (or 1728) times the fourth figure, and ¢
needed. Or, to use a method corresponding to the illustration,
by %, and thc successive remainders are the desired decimal nun

Fractions mav be similarly converted by using successive multi
instead of divisions, by 12 or X.

Numerical Progression Multiplication

i One 12 8 4 5|6 7

) " . £4 2 4 6 8 2 10‘1;4_‘

10 Do SO © 3 6 9 10 13|16 15

106 Gro .01 - Egro 4 8 10 14 1820; 2
1,000 Mo 001 Emo 5 %% {é' ’é
. ) 6 10 e
10,900 Do-mo L0001 Edo-mo 53939 07 . 0 21
100,000 Gro-mo  .000,01 Fero-mo g 74 20 28 54 ,al} 4

1,000,000 Bi-mo .000,001 Ebi-mo 9 16 23 30 ¢ 7.m

X 18 26 34 42‘5( v
1,060,000,000 Tri-mo and so on. £ 17 99 38 47960
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WHY CHANGE?

This same question was probably rife in Furope between the
vears 1000 and 1500, when the new Arabic numerals were slowly
making their inching progress in displacing the comfortable and
familiar Roman numbers universally used. “Why even try to learn
to use these heathenish scrawly symbols, with their stubborn
propensity for error, in place of the beautiful clear numbers
which our fathers have used for untold generations? Think of
the needless waste. We would have to change all of our counting
boards and abaci. XisX, isn’t 1t? And why do we need a symbol
for nothing? You can’t count it! No! Let us keep to our simple
tried and true numerals, and let the barbarians scratch their
heads, and rub themselves out. It will all come to 0 anyhow.”

Yet, although it took D years, the new notation became gen-
erally used, and man's thinking leapt forward like an arrow
sped from a bow. The early years of the Renaissance marked a
new stage in the use of symbols, with the advent of algebra,
fractionals (decimals?), logarithms, analytical geometry, and
the calculus. Can you imagine what it would be like to try to
express the coordinates of points on a curve inRoman notation?

Mathematicians became conscious of a new dimension in sym-
bolism, and the fundamental concepts of numbers were re-
examined. Man awoke to the fact that different number bases
could be used, and Simon Stevin stated in 1585 that the duo-
decimal base was to be preferred to the decimal.

The new Arabic notation accomodated mathematical state-
ment better, and facilitated ideation. All thinking acceler-
ated when released from the drag of the cumbrous Roman
notation.

The parallel seems tenable. The notation of the dozen base
accomodates mathematical statement better, and facilitates
ideation. It, too, i1s a step forward in numerical symbolism.
The factorable base embodies a concurrent analysis and
definition of numbers that stimulates classification and
generalization. Yet this is accomplished by such simple
means that students in the primary grades can tell why they
are better. Literally, the decimal base 1s unsatis-factory
because it has “not-enough-factors.”

Then shouldn’t we change? No! No change should be made,
and we urge no change. All the world uses decimals. But
people of understanding should learn to use duodecimals to
facilitate their thinking, and to ease the valuative processes
of theirminds. Duodecimals should be man’s second mathematical
language. They should be taught in all the schools. In any
operation, that base should be used which is most advan-
tageous, and best suited to the work involved. We expect
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that duodecimals will progressively earn their way into
general popularity. But no change should be made. Perhaps
by the year 2000, or maybe by 1200; which is 14 years later,
duodecimals may be the more popular base. But then no change
need be made, because people will already be using the
better base. ‘

When one is familiar with duodecimals, a number of accessory
advantages become apparent. Percentage is a very useful tool,
but many percentages come out in awkward figures because of
the inflexibility of decimals. When based on the gross, twice
as many ratios:come out in even figures, and among them are
some of those most used, as thirds, sixths, and twelfths, -
eighths and sixteenths. There are advantages assoclated with
time and the calendar. Monthly interest rates or charges are
derived from annual rates, or the reverse, by simply moving
the unit (decimal?) point. The price of a single item Lears
the same relation to the price of the dozen, and so does
the inch to the foot.

The proper correlation of weights and measures has always
been one of the world’s serious problems. None of the present
systems 1is completely satisfactory. The American and English
standards are convenient to use since they are the final
result of a long process of practical evolution in which many
inconvenient measures have been adjusted or abandoned. The
French decimal metric measures have the advantage of being
set upon the same base as the number system, and are well
systemized. But many of the units are awkward because of their
arbitrary sizes, and because their decimal scale does not
accomodate division into thirds and fourths readily.

The duodecimal system of weights and measures, based on the
inch and yard, the pint and the pound, has the desirable ele-
ments of both systems, and few of their faults. This Do-Metric
System retains the familiar units of the American and British
standards in approximately their present size, and arranges
them into an ordered metric system using the scale of twelve.
This fits perfectly into the duodecimal notation, and the
combination accomodates the inclusion of the units of time
and of angular measure within the system, which hitherto
has not been possible. : '

1f “playing with numbers’ has sometimes fascinated you, if
the idea of éxperimenting with a new number base seems intrigu-
ing, 1f you think you might like to be one of the adventurers
along new trails in a science which some have thought staid

and established, and without new trails, then whether you
are a professor of mathematics of international reputation, or
merely an interested pedestrian who can add and subtract,
multiply and divide, your membership in the Society may
prove mutually profitable, and is cordially invited.
iv

. . i s - e
{ , o ‘ : "l
— . . . . o a . - .

All figures wtn ttalics are duodeCLmal

THE ANNUAL MEETING

The Annunal Meeting of the Duodecimal Society of America was
held at the Gramercy Park Hotel, New York City, on Thursday,
January 22nd. President Robert opened the meeting promptly at
2030 EST., and asked the Secretary to summarize the year’s
activities,

The notable feature of the year is the publicity achieved for
duodecimals. Kingsland Camp’s paper on “Looking Toward the Fu-
ture” appeared in the Journal of Calendar Reform for July. A
paper by Paul Van Buskirk, setting forth his “Nomenclature for
Base Twelve Numbers,” was published in Surveying and Mapping for
July-September. A favorable review of the New Musical Notation
of Velizar Godjevatz in the Musical Courier for November was
much appreciated. And in the October issue of School Science and
Mathematics, Donovan A. Johnson published an excellent paper on
the use of duodecimals as an aid in teaching mathematics, under
the title, “A Unit of Our Number System.”

There were two issues in Volume 8 of the Duodecimal Bulletin.
The October issue was devoted exclusively to The Duodecimal
Blbllography, thus completing the initial stage of one of our
major projects.

In June, F. Imerson Andrews, Chairman of our Board of Direc-
tors, was awarded the honorary degree of Doctor of Humane
Letters, by his alma mater, Franklin and Marshall College. It
1s to be noted that Mr. Andrews’ works on duodecimals played
no small part in earning him this distinction.

There was a small gain in membership, and the Society can be
well satisfied with these testimonials to its growth and
influence.

Treasurer Humphrey reported that donations for the year to-
taled 81058, contributed largely by the same loyal and generous
members to whom the Society owes so much. However, expenditures
of about $1700 exceeded receipts for the year by about $400.

As directed by the 3oard, the proposal for official endorse-
ment of the World Calendar Ly the Society, has been submitted
to the membership by mail. Secretary Beard reported that favor-
able replies have been received {rom about 25% of the members,
and not one objection. Thereupon, the question was formally
proposed to this meeting, and unanimously approved.
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President Fobert then announced that the Board of Directors
had this day elected Ralph H. Beard as President and Secretary
for 1953, and asked Mr. geard to take over the meeting.

The new president acknowledged his deep appreciation of respon-
sibilities entrusted to him and pledged his best efforts in the
Society’s interests. He asked Chairman Andrews to review for the
meeting the origins and development of the Society. Mr. Andrews’
talk appears elsewhere in this issue, entitled, ‘How It Begen.”

President Beard then outlined the recent accomplishments of the
Society and his plans for the current year. e will endeavor to
develop more frequent and more intimate contact with our members,
and better use of their talents and abilities. He announced the
appointment of Paul and Camilla Adams as Assistant Secretaries
to get this correspondence with members under way.

Kingsland Camp reported that he will produce his new plani-
sphere on a commercial basis this spring, in a form adaptakle to
any latitude. The time scales used will be the duodecimal day and
the year divided according to the months of the World Calendar.

Edward Pharo, of the Eckert Mauchly Computer (o., announced that
the three-stable-stage relay (the flip-flap-flop,) has now been
achieved, and has been described in one of the recent issues of
the Proceedings of the I.R.E. In a period of open discussion, he
described many of the details of operation of the amazing
electronic computers.

With the closing of the formal program, the meeting dissolved
into the familiar kaffee-klatch that we all enjoy so much.

OFFICERS AND COMMITTEES, 1953: Chairman of the Board, F. Emerson
Andrews, 34 Oak St., Tenafly, N.J.; Directors Class of 1954, F.Emerson
Andrews, William Shaw Crosby, Nathan lLazar, Louis Paul D'Autremont;
Class of 1955, H. C. Robert, Jr., Kingsland Camp, Paul E. Friedemann;
Class of 1956, George S. Terry, H. K. Humphrey, Ralph H. Beard;
President & Secretary, Ralph H. Beard, 20 Carlton Place, Staten Island,
N.Y.; Vice Prestident, Paul E. Friedemann, 904 Mifflin Ave., Pittsburgh
21, Pa.; Treasurer, H. X. Humphrey, 520 Ash St., Winnetka, Ill.; Com-
mittee on Awards, George S. Terry, Chairman, 507 Main St., Hingham,Mass.,
F. Emerson Andrews, Ralph H. Beard; Committee on Bibliography, Lewis
Car] Seelbach, 163 Davidson Ave., Buffalo 15, N.Y.; Committee on Corre-
spondence, Camilla Adams, Assistant Secretary, Paul Adams, Assistant
Secretary, 90-10-149th St., Jamaica 2, N.Y.; Committee on Finance,
George S. Terry, Chairman, F. Emerson Andrews, H. K. Humphrey, Louis
Paul d’Autremont; Committee on Membership, Doris Burke Lloyd, 2505 Pine-
brush Road, Baltimore 9, Md.; Nominating Committee, H. F. Stevens,
Chairman, 744 Lexington Ave., R.F.D.1, Union, N.J., Dudley A George,

F. H. Ames, Jr.; Committee on Weights & Measures, Dallas H. Lien, Chair-
man, 2641 Sutherland Ave., Indianapolis 5, Ind., Paul Adams, Albert

De Valve, Eugene M. Scifres; Editor, The Duodecimal Bulletin, George

S. Terry.
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HOW WE BEGAN
F. Fmerson Andrews

This is the story of how the Duodecimal Society of America
started. It i1s in part a personal record, but I can tell it with-
out embarrassment, for I have been only the catalyst, the one
who has interested the other and abler persons who have made
possible the growth of this Society and its substantial accom-
plishments.

The idea of counting by dozens antedates this Society by at
least several centuries. Indeed, fragments of duodecimals (in
the sexagesimal system and elsewhere) are found among the Baby-
lonians. The Society’s new Bibliography indicates that the sub-
ject may have been treated in a book by Simon Stevin as early as
1585, In England prominent proponents included Sir Isaac Pitman,
who was trying to induce his shorthand students to use duodecimal
counting as early as 1855; Thomas Leech whose Dozens versus Tens
published in 1866 was the earliest substantial book on the sub-
ject in the Fnglish language, and Herbert Spencer, who is said
to have left a provision in his will which would promote the duo-
decimal system and oppose the metric 1f ever the British Parlia-
ment attempts to introduce the latter.

In America, a few minor efforts had been made looking toward
duodecimal counting, including Nystrom's duodenal arithmetic
proposal (the name was not happy), and Perry’s pamphlet, The
American System of Mathematics. Some school arithmetics suggested
the idea, usually along with other possible bases. But in the
1930’ s, few people had ever heard of the idea, much less tried
1t out.

1

One blizzardy afternoon in January, 1934, 1 sat at my home
writing desk with nothing pressing to do. An important article
had just been finished; two hours were not enough to start an-
other. I remembered hearing long ago, possibly from a teacher in
high school, that one could count by twelves easier than by tens.
This questioned one of the few remaining things in this world of
change that nearly everyone takes for granted. I tried out this
half-remembered idea. Soon I found that all I needed was to in-
vent two new numerals, one for the old quantity ten and another
for eleven. All that afternoon papers covered with scribbled
figures multiplied on my desk as unaccountably as tropical fish.

Mrs. Andrews, who was at that time an editor in a publishing
house, came home at dusk to find a writer’s desk covered with no
writing, just a mad array of figures, some of them not even
honest Arabic numerals.
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“Well,” she said cheerfully, “what a way to waste your time!”

I had rather intended to waste my time, but this was too much
of a challenge. In pretended dudgeon I announced that these fig-
ures represented an important discovery--not, perhaps, a com-
pletely new discovery, but one that had never been adequately
interpreted to a possibly waiting world. I, a writer, would make
this discovery known.

As a result of this rash boast I delved much deeper into the
duodecimal system, uncovering some of the earlier writings, and
1n a few weeks finished an article which I hopefully sent off to
Scientific American, which seemed the logical market. I got a
most distressing valentine from the associate editor, a letter
dated February 14, 1934, from which I quote some of the more
horrible portions:

Dear Mr. Andrews:

Unquestionably the duodecimal system would be far superior
to our decimal system. I recall discovering this from some old
book when in college and spending a good solid hour trying to
drill it into the head of my roommate, who had won the highest
honors in his class as an engineer, the fact that there is no
special magic, nothing at all special, in ten as a base.
Plainly you have immersed yourself in this study for a long
time (1t had been two weeks) and lost your ability to see it
as a reader would see 1t de novo.

Few would read your article through, because it would be
labor, giving most readers a severe headache. . . It would
take a real dabster of a writer to put it over.

Cordially yours,
Albert G. Ingalls

Clearly, I had failed as a writer and managed only to pass my-
self off as a mathematician! So T scrapped the article, rewrote
1t three more times, and finally, at least reasonably content
with it, sent it off to another likely magazine, christened ‘‘An
Excursion in Mumbers.”

Four additional magazines would have none of it, making five
rejections in all. The likely magazines, with scientific reader-
ship, were exhausted; where now? At this point I sent it to one
of the most unlikely magazines, but one in which I had been pre-
viously published, the Atlantic Monthly. Back it came, but this
time with a letter from assistant editor Aswell, reporting he had
thought 1t one of the most interesting articles of the year, but
the Atlantic never had published mathematics and probably never
would; certainly he could not accept such a manuscript in the
absence of the editor, Ellery Sedgwick, in Japan. But if I wished
to send 1t back after Mr. Sedgwick returned--
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I became a reader of ship news reports. Mr. Sedgwick and my
manuscript returned to Boston practically simultaneously. Soon
came another letter. The Atlantic would publish, provided I
would permit insertion of an italic paragraph warning off non-
mathematical readers at the point where the article began to be
mostly arithmetic. The 1italics went in, and the October, 1934,
Atlantic carried the “Excursion.”

It was an excursion in a sense I had not anticipated. Before
my own author’s coples came, piles of letters began arriving.
They were from engineers, sea captalns, missionaries, sugar
planters, Wall Street bankers, teachers of mathematies, lunaties.
The Atlantic was getting a similar flood, and, from a magazine
which never published mathematics, became suddenly one which
urged me to do two more articles, which I eventually did. We
shall return to this correspondence, out of which grew the Duo-
decimal Society, but first a few words on the literary aftermath.

In the careful preparation of the “Excursion” 1 had accumulated
far more material than could there be used--enough, indeed, for a
small book. So I wrote the book, titled it New Numbers, and took
1t to a publisher for whom I had worked five years, where all the
editors were personal friends. It came back promptly. Indeed, six
publishers were unanimously uninterested. The lucky seventh at-
tempt was to Harcourt, Brace and Company where the book was ac-
cepted by an editor I had never seen before. The day the book
was published, September 19, 1935, Faber and Faber of London
cabled an offer for a special British edition, which was issued
next year. Soon the British stock was burned upon in the Nazi
fire raids on London, but not before Mr. J. Halcro Johnston had
received a copy and was stimulated to write his own version of
how counting by dozens should be done, The Reverse Notation,
published by Blackie and Son, Limited, in 1937.

It would be unfair to leave the impression that all of this
correspondence was important or historic. Some of it was just
amusing, some of it a nuisance. One correspondent denounced the
whole proposal as blasphemous, alleging that counting by tens
was God-sent from Sinai, as could be proved by the Ten Command-
ments. Realizing that with this person mathematical argument
was useless, I replied stoutly that in the New Testament there
were twelve Apostles.

11
One of the earliest letters growing out of the “Excursion”

deserves permanent place in the Society’'s files. I quote it
in part:
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29 October 1934
Dear Sir:

With reference to your interesting article on Numbers in
the October Atlantic; as I understand it, the advantages of
the duodecimal system for everyday purposes in order of
their importance are:--

1. Measurement of length in feet and inches as
stated in the article. . . (and so on for two pages)
Will you please tell me of a book on this subject, not

too abstruse, but containing log. tables?
Yours sincerely,

George S. Terry

I told Mr. Terry of the Leech logarithms for certain primes,
their inaccuracies, and my belief that ‘““no really serviceable
table of 12-base logarithms is in existence. If your interest is
keen enough to support the considerable labor involved, may I
suggest that you might be making a very real contribution to the
future by developing such a vable?”

Mr. Terry rose to that challenge in the magnificent way this
Society knows. His monumental Duodecimal Arithmetic was pub-
lished by Longmans, Green and Company in 1938, making available
for the first time ir history adequate tables of logarithms to
the twelve base, trigonometric functions in terms of the duo-
decimal circle, and other needed apparatus.

Meanwhile Mr. Terry with his logarithms, Mr. F. Howard Seely
of California with an arithmetic he was preparing, and Mr.
Charles Q. DeFrance of Nebraska were becoming steady correspond-
ents. Other correspondence usually ended after one or two inter-
changes, but this group wrote regularly for years. The top row
of keys on my typewriter were nearly worn out by letters that
began “Dear Sir” but continued from there on almost entirely
with figures. Mr. DeFrance thought nothing of dabbling in reci-
procals of primes running to 180 places. This swail group usually
made carbons of letters, sending to the whole circle, and gradu-
ally began calling itself, huwmorously, The Duodecimal Society of
America. Then finally came the letter which may be called the
real starting point of the Society. I quote the significant
paragraph:

21 September 1939
Dear Mr. Andrews:

. . . One other point. In recent circular letters between
the four of us, “The Duodecimal Society of America” has been
spoken of, with you as President and me as Treasurer. This
seems to me very sound and capable of being put to a lot of
use--especially as I am willing to finance 1t 1f necessary.
But what 1s the procedure? Who are you going to elect as
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original members? It should publish a bulletin. You know all
about that business. Should it be ““The Duodecimal Society
(of America)?”
Yours sincerely,
George S. Terry

A substantial endowment and other money gifts came from Mr.
Terry for the founding and operation of the Society, to be added
to the great intellectual contribution he had made and was making.
We now had an idea, a name, and financial backing; we needed an
organizer.

New Numbers went out of print in 1940 (it was later reprinted
by another publisher) but library copies were still having their
influence. A most significant letter reached me in 1941 via the
former publisher, Harcourt, Brace:

September 14th, 1941
Dear Mr. Andrews:

In consideration of our mutual interest in duodecimals, I
would like to have your response to certain questions that
have occurred to me.

As a result of the current war, there will probably be
established an international government of some type or other.
This may reasonably involve the establishment of an interna-
tional coinage, new standards of weights and measures, and an
integrated telephone service. All of these stress the impor-
tance of making rapid progress in the education of the public
in the advantages of duodecimals.

Hence, my questions. Is there an organization for this
purpose? Can you give me the address of its correspondent? Is
1t national or international?

If no organization exaists, I would like to help, unpro-
fessionally, in starting one. I am forwarding letters similar
to this to the names following. (Messrs. Terry, Seely, Perry,
Rear Admiral Elbrow.)

Truly yours,
Ralph H. Beard

The infant Society had found its organizer, its human dynamo.
Mr. Beard’s magnificant contributions to this Society as an or-
ganizer, as a mathematician and an expert in weights and mea-
sures, as an indefatigable secretary, Bulletin editor, and now
president, are known to every member.

On the 5th of April, 1944, the executive committee of the
Society held its first official meeting. It was a notable day in
several respects. Eight inches of snow had fallen, most unusual
1n New York so late in the spring; and the Society decided to
incorporate formally under the laws of New York State. This
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incorporation was finally effected as of 18 July 1944, with these
incorporators: George S. Terry, F. Howard Seely, Ralph I. Beard,
F. Morton Smith, and F. Emerson Andrews. The rest.of the history
of the Society is chronicled in its Bulletin, which began pub-
lication in 1945.

On 8 Januvary of that year I sent to the Society members a New
Year’s greeting which may appropriately close this informal nar-
rative of our beginnings:

Whether this year or any near year our newborn Society will
become large in numbers, I do not know. Whether it was
courage or mere rashness which led us to launch our venture
in the middle of a desperate war, only the long future will
decide. But when I see the long continuing enthusiasm of our
first small group, and read the highly interesting notes of
some of our newer members, I am much encouraged. No one can
measure the power of an idea, or be sure when its hour has
come

F. Emerson Andrews

COPY OF CITATION OF F. EMERSON ANDREWS ON THE OCCASION OF HIS
RECEIVING THE DEGREE OF DOCTOR OF HUMANE LETTERS AT THE 165th
ANNUAL COMMENCEMENT OF FRANKLIN AND MARSHALL COLLEGE, LANCASTER,
PENNSYLVANIA, JUNE 6, 1952.

Mr. President:

T am delighted to present F. Emerson Andrews, author and con-
sultant on publications . . . .

In 1934 Mr. Andrews published an article, “An Excursion 1in
Numbers”; this was developed into a book, NEW NUMBERS, published
in 1935; out of this book, in 1943, grew an organized movement
for research in counting by dozens, the Duodecimal Society of
America, of which society Mr. Andrews has been a member since its
founding, president from 1944 to 1950, chairman of the Board
since 1950, and recipient of the society's first annual award in
1944. let no one henceforth underestimate the power of a few well
chosen words,

For his dintinguished work as a creative and expository writer
and for his devotion to the production of worthwhile books, the
Board of Trustees is pleased to present Mr. Andrews for the
honorary degree of

DOCTOR OF HUMANE LETTERS

The Duodecimal Bulletin 9

DO-METRIC THERMAL UNITS

Heat 1s a form of energy. Fnergy can be converted into
heat, and heat can be converted into energy. The mechanical
equivalent of heat is the quantity of energy which, trans-
formed into heat, will raise the temperature of a unit mass
of water one degree within a specified temperature range.
This equivalent is called the calorie or the thermal unit.
Its values are different for different levels of temperature.
The value generally given is the "mean" value, which is the
average of all values between the freezing point and the
boiling point of water.

Thus, the Calorie 1s the energy required to rauise the

temperature of one gram of water 1° Centigrade; - the british
Thermal Unit is that required for 1° Fahrenheit in one pound
avoirdupois; - and the Do-Metric Thermal Unit is that re-

quired for 1° Do-Metric in one do-metric pound of water. The
mean value of the do-metric thermal unit corresponds with

that for the change from 19° to 1X0.

TEMPERATURE
Thermometer scales
Do-Metric
Fahr. Cent. Kelvin Popular Absolute
Dec.Nos. | Duodec. || Dec-Nos. Duodec.
Absolute Zero ~459.72 | -273.18 0 -393.38 | -289.47 0 0
Oxygen Boils -297.35 | -182.97 90.21 |[ -263.48 | -192.59 || 129.90 X9.%X
Water Freezes 32.00 0 273.18 0 0 393.38 | 288.47
Water, Max. Dens. 39.16 3.98 | 277.16 5.73 5.89 | 399.11 | 293.14
Approx. Room Temp. 68 20 293 29 25 422 282
Blood Heat 98.60 37.00 | 310.18 53.28 45.54 || 446.66 | 312,75
Water Boils 212.00 | 100.00 | 373.18 | 144.00 | 100.00 | 537.38 | 5389.47
Sulphur Boils 832.28 | 444.60 | 717.78 || 640.22 | 454.28 ||1033.60 | 721.73
Silver Melts 1761.44 | 960.80 |1233.98 ||1383.55 | 978.68 [[1776.93 |1040.22
Gold Melts 1945.40 | 1063.00 | 1336.18 [[1530.72 | X76.88 ||1924.10 |1144.12
Degree Egquivalents
Decimal Duodecimal |
. Fahr. C. or K. Do -M. Fahr. C. or K. | Do-M.
1° Fahrenheitc* 1 .5 .8 1 .68 L9724
1° Centigrade or K. 1.8 1 1.44 .9724 1 1.5344
1° Do-Metric 1.25 .694 1 1.3 B4 1
*Allow 32° for freezing point.




From Centigrade

From Centigrade

From Fahrenheit

From Fahrenheit

From Do-Metric

From Do-Metric
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CONVERSIONS

to Fahrenheit:

to Do-Metric

to Centigrade:

to Do-Metric

to Centigrade

to Fahrenheit

Multiply by 1.8 and add 32°.

Multiplying by 1.44 will give
degrees 1in decimal figures.
Convert to duodecimal figures.

Subtract 32° and multiply by
.5, or 5 9.

Subtract 32°. Multiplying by
.8 will give degrees in deci-
mal figures. Convert to
duodecimal.

Convert to decimal figures
and multiply by .694

Convert to decimal figures

and multiply by 1.25 . Add 32°.
The Duodecimal Bullectin
2
THERMAL UNTTS (mean values)  (2lp)
Decimal

B. T. U. |Gram.Cal.|D. T. U. Joules |[Ft. Pdls. | Yd. Podyed.

British Thermal ] 251.996 | .820 163 |/ 1 054.85| 25 031.9| 343.777
Unit
, .003 968 1 .003 255 || 4.185 99| 99.334 6| 1.364.22
Gram Calorie )
Do-Metric Therm- | 1.219 27 | 307.251 1 3 286.15| 30 520.6 | 419.157
al Unit

.000 948 |.238 892 | .000 778 1 23.730 3 | ,325 901
Joule (abs.)
Foot Poundal .000 040 |.010 067 | .000 033 || .042 140 1 .013 734
Yard Podyed .002 909 |.773 021 | .002 386 | 3.068 42| 72,814 4 1

i
Dvodecimal
British Thermal 1 V188,695 | LI 228 758,028 | 12 598.8 | 247.932
Unic .
. . 006 435 1 L005 75% || 4,229 48| 83.402 3 |1.445 45
Gram Calorie
Do-Metric Therm- |1.276 29 | 217.301 1 852,194 | 15 754.8 | 2X$. 147
== al Unit ———

.001 775 |.2X4 980 | .001 416 1 1£.891 £ | .3X& 147
Joule (abs.)
Foot Poundal 000 092 |.015 490 | .000 082 ||.060 99X 1 L0158 894
Yard Podyed L005 03% |.896 750 |.004 148 ||3.09% 29| 60.993 3 1
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THE UNCIAL SYSTEM
by Paul Van Buskirk,*

The uncial terminology as set forth is the end product of
years of research and "rumination” on my part. It iIs meant to
provide Joe Doaks with an almost effortless transition into
the dozenal system and at the same time give the expert a
complete place value nomenclature in uncial terms. If we can
get Joe to say "ten new system" the first time he runs into
our methods, we have broken the "semantic blockage". He can
then shorten to ten-new, or ten-uncial system or ten-u, and
will soon accept the letter u as a "symbol” for the system.
On the typewriter, the letters T and U can be used during the
transition period.

The loose use of the Latin enables him to have familiar
prefixes for place values. When he learns that the do-zens are
all in the second place, it i1s not hard for him to accept tri-
zens as a name for the third place magnitudes.

The root relationship of inch and ounce helps him to com-
prehend the uncial fractions as a general case of the inch-
foot and hour-day relationship. The contraction to "unx" is
inevitable, and again his meagre Latin suffices to cover the
place values. If he 1s a shop man, he will appreciate the
three place final values inserted in the exact decimal equiva-
lents of an inch table. Given uncial scales that can be edge-
compared with his present rules, he will venture to use them.
He will want uncially graduated micrometers to free him from
bothering with the excess figures. lle will ask for uncially-
dimensioned plans and be able to demonstrate their superiority.

The general problem that we are attempting to solve has
only two phases-(1) perfection of a dozenal system (2) obtain-
ing public adoption of that system.

The whole history of numbers and measures is one of evolu-
tion with the exception of the French - Metric. It would seem
best to go back to where the orderly evolution stopped and at-
tempt to carry on from that period. The small table of weights
and measures 1s an attempt to show what the pattern of that
time was, how 1t has been modified and how it can be restored
to the original path of progressive changes.

Since linear measure 1s most used and has such an important
place in our land title descriptions, it must be the keystone
of our system. Our original chain and link surveys are gradual-
ly being converted into feet and decimals when new deeds are
written. A simple multiplication by 66 does the job. Further



10 The Duodecimal Bulletin

conversion to feet and twelfths 1s very simple, but eny devia-
tion from the foot unit would open the door to a lot of con-
fusion and litigation. Since the foot and inch are both also
woven into the mechanical and building trades, I see no reason
for abandoning them. The yard is useful, the 10 foot by 10
foot "square" 1s an accepted trade unit, the fathom is well
understood, and 12 foot is the standard for dock spacing in
the Great Lakes shipping industry.

Surveyors welcomed the 100 foot tape in place of the 66
foot chain and would be glad to have the extra 44 feet that
uncial usage would dictate. There is no point in having a land
measure to supersede the mile. It is engraved into the flat

lands of North America.

Architects and Engineers would be able to use place value
figures in dimensioning plans. No size changes would be neces-
sary. The 4 inch modular system would fit into the nomenclature.
Elevations would be expressed in twelfths of an inch, the
same as the horizontal dimensions.

Next in importance after linear measure comes weilght meas-
ure. The ounce is really our unit, being one thousandth of
the cubic foot of water by weight. The old Libra could readily
be restored. The "gage numbers” of the sheet steel trade are
based on the fact that a square foot 1/16th inch thick weighs
40 ounces. It was called 16 gage, and finer sheets varied by
10/640" steps, or 10 ounces by weight. To this day weights
are first figured in ounces.

Retail items could be sold by ounces during the transition
period and the Libra concept would evolve of itself.

Our board measure system is basically uncial and would be
even more usable with the new terminology. Our printers
"pornt" is 1/72 inch and would be easy to handle in uncial
terms, as .02,

It was probably a mistake on my part to introduce the
cylindrical measure into this first statement. That concept

is something that will evolve after the uncial usage has been
mastered.

The tables are meant to show that we now use the 1-3-6-12
series with a few deviations shown by blocked out numbers.
Therefore we are only attempting to evolve a number system to
fit a measure system that evolved during the Roman period.

“Copyright reserved by the author.
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The Romans divided the inch info twelve parts, as it is on one edge of the typists rule. They also divided their
“unci@®, our ounce, info twelve *lit1le uncia”, called *unx'" Their coinage system also ran in the 1-3-6-12 senes.

All twelve parts had names and symbols and were known as UNCIAL

Had the Romsns remained dominent until the advent of Arabic numerals, the )
fractions, we would now be using twelve numbers instead of only ten. The ease with which the 2~

ACTIONS,

%.

ro concept and ‘place value

.- /aa series

can be axpressed in only three uncial Yerms is & good ssmple of their universal superiority over the decimal numbers.
The table below is an attempt to show what we might be using had they developed the UNCIAL NUMBERS.
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Their system of weights and measures would also have developed atong the
lines dictated by the twelve number base, as the French deamal system was

fitted to the ten number base.

in capital letters, and seem fo come from such an UNCJAL SYSTEM.

In the table below, present units are shown

Refative Sizes ['ma| ' 144 n | f 3 é 12 36 [72] (44 [1728 po136
LINEAR Dinch | INCH_| FOOT | YARD | FATHON. Dothorn j
WEIGHT Dounce |OUNCE | Libra

AREA 50.INCH 5Q.FT. savo Hand
VOLUME _ CWIN. CU.FT. cu.yo. 2 ACRE= 217807
BOARD MEASURE 80.FT. CUFT

PRINTERS MEASURE POINT & POINT [ POINT| PICA INCHE. 5963 (LS, STANDARD INCH
TIME 22" | 25 SEC. | 5 MIN. | HOUR ¥2 DAY '>

CIRCLE 5%e| 1’2" | 17307 | 2°30° 30° | lccte

UNCIAL TERM S126S | Ol A [ 3 3 9 10 [ 23 {30 [60] 100 [1000 [l0000

The recently cwilized Britons preferred fthe more primitive 2-4-8-16 series and

alfered the Roman system to suit their own ideas. They divided the inch on that scale and

created a 16 ounce pound. The cubic foot was first divided by 8 to get a convenient

unit of liguid measure.

This unit was enjarqed to almost equal in volume the popular_

French wine juq, the "qalon”

Not until Queen Annes reign did it become fixed at

231 cd.in., the present "U.S. Standard. This siie was adopted because 1t can be checked

readily, being a 7inch cylinder 6 inches deep.

This “cylindrical” measure for fluds is

used in the modern canning industry, for standardization reasons, and should

supplant the gallon series.

The “cylindrical ™ foot of 1728 cul. inches is a concept that

could simplify metal rod and pipe calculations.

The table below shows these fluid sizes.

The uncially divided dollar 1s_shown merely to bring out the superiority of twelve as a base.

Many trade items cannot be economically packed in qroups of ten,but all pack by twelves.

RELATIVE SIZE s | Y ] 3 6 12 36 7 144 JETEN 1728
FLUID MEASURE GiLL PT. QT 2 QTS. [GAL=284 FLIN,
CYLINDRICAL FLUID IN. Discard| New | usE USE | USE | Jehon (RudAL
ERROR 3he PR PN, [1eTLN. |SFUIN. [6PLIN= Say
DOLLAR Downx:tfad $ 134 § | %has $ UnxE Y b | Y4k | a$ [DOLLAR [725
CENTS lesare [ 2% [4% & 8¢ | 25¢ | 50¢ [DOLAR [

C eaUL v

AN DUSKINK - 1951
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6% 0 023
3046875 .069
09 0625

i6
5078125 .0¢3
% 09375 .//6
Z_.109375./39
1+ %6 i25
& .140625./53
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15625 ./Z6
u 171875 .209
3 “ 23 "i875

4§ .203125.253

= . 234375 .299
3 25

_.265625.323
5 28125 .346
13296875 .369

5 3125

2 .328125.3¢3
34375 4/6

3% 359375 439
26 375

390625 483
a 421875 509

53 4375 12

_453125 553
46875 .576

HP
[ ]

&H484375 599
.6 5

i
2

|

32 o225 623
31* 53125 .646

35 .546875.669
.69 5625

a7 578125 .63
l—zm 59375 .//€6
_.609375./39

i‘l

—§~ u JE 625

_.640625.783
671875 .809

1 B3 6875

4—4 703125.853
3 71875 876
47 734375.899

39 75

_4-.765625.923
78125 .946
796875 .969
99 8125
_828125.943
27__ 84375 /6

52 859375 .39

J6 875

w‘n

s 3890625 433

90625 .JJ6
_.921875.409
9375
_953125.453
%%_.96875 276
&3 984375.499

1 /. 1.
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SCALES OF NOTATION
D. W. Mynett

Standard practice, when converting integral numbers from one
base to another, is to divide the given number by the required
base as often as 1s necessary to arrive at a remainder less than
the required base. The remainders of each successive division are
set down in order and this gives the required transformation.
Example 1. 12 )_19375

12 ) 1614 (7
12 ) 134 (6

The amount of computation when working manually 1s considerable
and increases as the required base decreases. To find the equava-
lent to 19375 in base 2 requires 14 successive divisions. An ef-
fort was made, therefore, to discover a shorter method of conver-
sion and this resulted in the discovery of the following technique.

Example 2. Convert 19375 from decimals to duodecimals.

19 In brief: 173
Less 2 x 1 2 32
17 Append 3 1417
173 _282
Less 2 x 17 32 11555
141 Append 7 22X
1417 £967
Less 2 x 141 _282 -—
1155  Append 5
11555
Less 2 x 1155 2%?? Aus. | 2?67

This rapid method of conversion of numbers of any magnitude re-
moves one of the principle obstacles to the general acceptability
of the duodecimal system in ordinary life.

The method 1s applicable to any base and conversion from duo-
decimals to decimals i1s thus equally easy.

Example 3. Convert £267 from duodecimals to decimals.
2=11 Append 2 In brief: 112

112 22
Add 2 x 11 22 1346

134 Append 6 268

1346 16147
Add 2 x 134 268 3228

1614 Append 7 19375

16147 -
Add 2 x 1614 —lgg.%g Ans. 19375
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In every case the addition or subtraction is performed in the
required base and this also applies to the multiplication. Ap-
plied to the duodenary scale, the method affords considerable
economy of effort, but the savings are quite spectacular when
dealing with the binary scale.

Example 4. Convert 19375 from base ten to the binary scale.

19 = 2442141 = 10011 Append 3 2 ) 19375
100113 (3 =11) 2 ) 9687 (1
Add 8 x 10011 10011000 2 ) 4843 (1
110000017 (7 = 111) 2 ) 2421 (1
Add 11000001000 11000001000 2 ) 1210 (1
111100100015 (5 = 101) 605 (0

Add 8 x 11110010001000

11110010001  100101110101111

BN DN
— ' —
—|
[Sa] fe]
— {02
—~
S -

|

-2
N
—~
—

Ans. 100,101,110,101,11}

DO DN DO
— e
=
o~
—
—

(1

0N DN DO
~— — |
—lolaho

100,101,110,101,111

TN TN NN
SO O

The general rule 1s:

Convert the first two digits of the given number to the new
base and append the third digit. Multiply the converted digits by
the difference between the original base and the required base.
If the difference is positive add the product; if negative deduct
the product from the above converted number. Append to the answer
the next digit from the given number and repeat the process. Con-

tinue until all the digits of the given number have been dealt with.

Where the first digit of the given number is greater than the re-
quired base, it is convenient to commence by converting that digit
only.

I am indebted to Dr. D. C. Gilles, B.Sc.,Ph.D.,D.I.C. of Messrs.
Scientific Computation Service Ltd., London, for the following
mathematical analysis of the method.

Let agAp + a) A" 1+ ... va, =apBP+aB Bt e
Then the next digit is a_,; we wish to find
r+l r

aA +a AT+ L +aA+a
o -1 .
Take (@ BP + aBP™1 +a,BP™2 + . .. 0B *a
Add (@ BP + a;BP Tt ra,BRTE o+ @A - B
Sunm is (dOBp + apr'1‘+d28p'2 oL, GP)A +a,

T+l T
or agA ta Attt taAta
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HAND BASE CHANGING BY SUMMATION
by H. F. Stevens

When dozenal is adopted, considerable scattered and/or oc-
casional hand base changing will become necessary. At times
conditions will not warrant logarithmic or other indirect ap-
proaches especially by persons busy or not mathematically
inclined.

0Of course a cumbersome 1-2-----999999 or a 1-2----- 999999999
etc. reference chart containing 1999998 or 1999999998 numeri-
cal expressions could be provided for all six-place or nine-
place numbers.

However,

dec. doz. dec. doz. dec. doz.

(A) 900000 equals 374X00 (B) 990000 eguals 528200 (C) 999000 equals 402180

90000 " 44100 9900 . 5890 399 N 653
9000 ° 5260 99 “ 83 999999 " 402853
900 " 630 999999 v 402853
90 " 76
9 " 9
999999 " 402853

A three-term arithmetical summation obtained from the fol-
lowing decimal to dozenal reference chart will change any six-
place decimal integer to 1its equal dozenal integer.

The reference chart was derived from (B) above and contains
594 numerical expressions. If it had been derived from (C)
above 1t would have employed a two-term arithmetical summation
for six-place integers.

Any reference chart of this type can easily be expanded in
either direction indefinitely.
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Note: The following conversion tables compiled by the late
F. Howard Sealy are reproduced for comparison, since
SIX PLACE TABLE FOR DEC. TO DOZ. CONVERSION BY 102 SUMMATION either method has certain advantages.
Ed.
Dec. Doz. Dec. Doz, Dec. Doz. Dec. Doz. Dec. Doz. Dec. Doz.
N[ ([0 |- (@ |
990000-3£8200  490000-1£7694  9900-5890  4900-2X04  99-83 49-41
980000-3£3168  480000-1£1940  9800-5808  4800-2940  98.82 48-40 2 .
970000-3X9414 470000-1%75X8 9700-5744 4700-2878 97-81 47-38 A B ] it i o
960000-3X3680  460000-1%2254  9600-5680  4600-2724  96-80 46-3% >
950000-399928 450000-198500 9500-55¢8 4500-2730 95-72 45-39 PPl N O O N N P R Y O i it el e A il B
940000-393594 440000-192768  9400-5534  4400-2668  94-7% 44-38 ~ H SIRR[SIRREB -
930000-38%240  430000-188%14 9300-5470  4300-25%4  93-79 43-37 S P P ) B VA Y O P P P
920000-3844%X8  420000-183080  9200-53Z8  4200-2520  92-78 42-36 S U P S S Y P O 3 alln
910000-37%754  410000-179328  9100-5324  4100-2458  91-77 41-35 9 S | o3| Se|qfsle| P T
900000-374X00  400000-173594  9000-5260  4000-2394  90-76 40-34 E 27 BN SRRRERIEIS S
— | =
890000-365£068 390000-169840  8900-5188  3900-2310  89-75 39-33 e ol tse| oo o
880000-365314 380000-163%%8 8800-5114 3800-2248 88-74 38-32 22 BRI 28 §§§§§§§2§§§
870000-35£580  370000-15%154  8700-5050  3700-2184  87-73 371-31 < N R Y G R 3 A i e
860000-355828  360000-154400  8600-4£88  3600-2100  86-72 36-30
850050-94$294  350000-14X668  8500-4£04  3500-2038  85-71 35-2% . 2 o [alelz|agalelz|nls|e
840000-346140  340D00-144814  B400-4X40  3400-18£74  84-70 34-2% S Y O Y IO O D N R RS R ey e g P ]
830000-3403X8  330000-13X£80  8300-4578  3300-1%£0  83-6% 33-29 T2 RBIRIRGEEEIS P A T S S A I A (S
820000-336654  320000-135228  8200-48£4  3200-1%28  82-6% 32-28 R IR R O N S Y ey
810000-330900  310000-12£494  8100-4830  3100-1964 81-69 31.27 = =[][R] s “
800000-326268  300000-125740  8000-4768  30600-18L0  80-68 30-26 2 S lelalzlzlelelylzlzlcle
20 NN |o ||~ |O|m (S
790000-321214  290000-11£9%8  T900-46X4  2900-1818  79-67 29-25 0 T ) U G O o lalzlalelelzlelells @
780000-317480  280000-116054  7800-4620  2800-1754 78-66 28-24 v 2 IRBRSREIzeR S SREEERN
170000-311728  270000-110300  7700-4558  2700-1690  77-65 27-23 = 2o ol falonwlalole|s —
760000-307994 260000-106568  T1600-4494  2600-1608  76-64 26-22 z R R NS SR S 3 lalzlelalellzlelsl sl
750000-302040 250000-100814 7500-4410 2500-1544 75-63 25-21 e 2 DS | 2| |3 O 3 \S | < 3|
T40600-028208  240000--£6780  7400-4348 24001460 74-62 24-20 5 P e P e o e 3 (2B 2RizRERRE
150000-2£2554 0000--£1128  7300-4284  2300-1328  73-61 23-1% ~ 28 BRIZEREEEE IR NI RN ENCS
720000-2%8800  1UG00--X7394 7200-4200  2200-1334  72-60 22-1% = ce “Q::““ ™ % | o feof e e
Q - ) Zo v ~ |2 @ <
710000-222%68 210000--21640  7100-4138  2100-1270  71-52 21-19 > =3 3SISERE s E o o | #|elabole|w oo oo [« -]
700000-299114 200000--978%8 7000-4074 2000-11%8 70-5% 20-18 8 B o LS RRRIRE RS %[22
e e ey vy ) S
VD (W (=31 N
690000-293380  190000--91£54  6900-3£50  1900-1124  69-59 19-17 p = 22522 R EREREs
680000-289628 180000--88200  6800-3228 1800-1060  68-58 18-16 N NN NN RNE S O 1O Y N o D~
670000-283894  170000--32468  6700-3%64  1700--£98  67-57 17-15 S3BRIRRRIEESS S < |F it N R )
660000-279840 160000--78714  6600-39%0  1600--£14  66-56 16-14 o e T S Y T PR PP e = z S
650000-2741%8  150000--72980  6500-3918  1500--%50  65-55 15-13 S ISREIER BRI e - O 1 R O O DY )
640000 -26X454 140000--69028  6400-3854 1400--988  64-54 14-12 e N S R R P Y P =3 ° |uS 2l lkiER e IsE .
630000-264700 130000--63294  6300-3790 1300--904  63-53 13-11 R Bl I S N 0 O g N v o
620000-2509683 120000--59540  6200-3708 1200--840  62-32 12-10 < = O B PN eIl N e R K R
610000-255014 110000--53748  6100-3644 1100--778  61-51 11--€ 580 lole R i S G e g O I
600000-247280  100000--49X54  6000-3580  1000--6£4  60-50 10--2 g 138 2§3§§§5§8 g I I Rl et o o B
—_ ~ ~ (=3
= o a [N p
590000-245528 90000--44100  5900-34£8 900--630 = 59-4£ 9--9 SIS RRRESBEERE [ o o] o] lelo o et oo | = | © ol
580000232754 80000--3%368  5800-9434 800--568  58-4% 8--8 2 D O o e W A =N A R e e e e
570000-235%40 70000--34614 5700-3370 700--4%4 57-49 7--7 = |gs Nmmaﬂﬁt\gi = P O O 1O A D
560000-2300%8 60000--2X880  5600-32%8 600--420  56-48 6--6 S| s B Al bl S |Ls 1zlzlRielslszlzzie s
§50000- 226354 50000--24228  5500-3224 500--358  §5-47 §5--5 a | £ h 2o |ololalols|ooololelolo
540000-220600 40000--15194 5400-3160 400--294 54-46 4--4 ‘ NS ENRIENEREM = Bl B b el i £ 1 o] =1 D ]
530000-216868 30000--15440  5300-3098 300--210  53-45 3--3 2| ,8 RRREEERKSE S S 0 I
520000-210814 20000---£6X8  5200-3014 200--148  52-44 2--2 8| Sololzklxlsklalolelz @
510000 -207180 10000---5954 5100-2£50 100---84 51-43 1--1 2| Ag 213 RREIREaES
z —
500000-201428 5000-2X88 50-42 2| Zs 2leklslelalsllig
o O (X[ T || (W | |©[%|W
L Aathulbaibalh ]
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TABLE C FRACTIONS - DECIMAL TO DOZENAL
. .0 .00 . 000 .000 0 000 00
1| .124 972 015 344 | .001 88X | .000 20£ | .000 026 | .000 003
2| .249 725 02% 888 | .003 558 | .000 419 | .000 050 | .000 006
3].372 497 043 %10 | .005 226 | .000 628 | .000 078 | .00C 009
4 | 497 24X ] .059 153 | .006 XS4 | .000 836 | .000 098 | .000 010
SV .600 000 | 072 497 | .008 782 | .000 X45 | .000 105 | .000 013
6| .724 972 | .087 812 | .00% 450 | .001 054 | .000 128 | .000 016
T .849 725 | .0X%0 263 | .010 11X | .001 262 | .000 155 | .000 019
8 | .972 4897 .086 2%7 | .011 9%8 | .001 471 | .000 178 | .000 020
9 .%97 242 | .102 622 | .018 676 | .001 672 | .000 145 | .000 023
TABLE D FRACTIONS - DOZENAL TO DECIMAL
. .0 .00 . 000 .000 O .000 00
7] .083 333 | .006 944 | .000 579 | .000 048 | .000 004 [ .000 000
21 .166 667 | .013 889 | .001 157 | .000 096 | .000 008 | .000 001
3| .250 000 | .020 833 | .001 736 | .000 145 | .000 012 | .000 001
4 | .333 333 | .027 778 | .002 315 | .000 193 | .000 016 | .000 001
51 .416 667 | .034 722 | .002 894 | .000 241 | .000 020 [ .000 002
6 | .500 000 | .041 667 | .003 472 | .000 289 | .000 024 | .000 002
7 ].583 333 | .048 611 [ .004 051 | .000 338 | .000 028 | .000 002
8 1|.666 667 | .055 555 | .004 630 | .000 386 | .000 032 | .000 003
9 1.750 000 | .062 500 | .005 208 | .000 434 | .000 036 | .000 003
X | .833 333 | .069 444 | .005 787 | .000 482 | .000 040 | .000 003
21.916 667 | .076 389 | .006 366 | .000 530 | .000 044 | .000 004
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THE RECIPROCAL OF 3937
by Ralph H. Beard

The ratio of the inch to the meter has been determined by
Act of Congress to be 1 : 39.37 . 1In working with the rela-
tions between the measures of the do-metric system and those
now in general use, there is frequent need to apply the reci-
procal of 3937. This number possesses many interesting charac-
teristics. '

The number 3937 is composite, having the factors 31 and
127. The reciprocal of 3937 is a circulant of 210 terms. Its
outstanding characteristic is that its terms double in sets
of six. Terms 7 to 12 are the double of terms 1 to 6, - and
this doubling goes through the entire 210 terms. The multiples
of the circulant that appear are 5, 2, 4, and 8.

254000
508001 256032
016002 512065 386080
032004 024130 772161 709169
064008 048260 . 544323 418338 386842
128016 096520 088646 836677 773685 757937
193040 177292 673355 547371 515875
354584 346710 094742 031750
693421 189484 063500
378968 127000

As to the factors of 3937, the reciprocal of 31 cycles
in 15 terms, doubling each 6 terms, - and the reciprocal of
127 cycles in 42 terms, also doubling each 6 terms. As
for many primes, all multiples of the circulant appear.

787401
‘ 574803
322580 149606
645161 299212
290" 598425
196850
393700

When expressed in duodecimals, the pattern of each of these
numbers is far more complex. Often the duodecimal pattern of
numbers 1s simpler and more condensed.

The reciprocal of 2341 1is a circulant of 446 (630)
terms, which doubles in 160 (216) terms. The multiples of the
circulant that appear are 9, 3, 6, 2, 4, and 8. Since these
are the products of the successive doubling, a more extensive
group develops than decimally.
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532586 957283 674003 617646 789564 4X8024 110305 1X782%
882035 311586 0X9059 954236 08££80 7203X6 369640 5H££944
464283 ££X252 298817 029967 £X9£55 259508 1X6453 £2777X
302867 591133 AX2876 01£84S RO8X27 298900 13973X% 852889

264271 7£25%7 128007 (033091 357208 994048 22060% 39345X
54406X 622820 196087 6X8470 158541 240790 717080 £££689
908547 £885%4 575432 057713 LI97XXE 8£6X14  3908X%7 X53339
605812 £62267 985830 032495 815852 578600 277279 459757

909923 3%4£92 254012 066162 6£3X15 768094 441018 766829
288119 045820 370183 194920 28882 481361 232141 £28157
614X93 ££4£88 £2X864 0£3227 £73992 5£1828 761593 8X6677

00$X25 $£04513 748X60 07%978  4284%4  £32000

Examining the factors of 2341, we find that the reciprocal

of 27 vyields a circulant of the full period of 26 terms
(n-1, which is probable for primes ending in 5 or 7,)
doubling each 6 terms, - and the reciprocal of %7 has X6

terms, doubling in 76 terms.

117338 278587
90%255 91£989

478%20 06977% 13%5%3
935981 465128 X65XX4
662743 0384998 072291
118286

23%550 282674 535852

6184X2 632756

AN
=Y

An¢e37249

Angle 48

Angle -46

220840
547686
710580
883943
9662%0

441%81
293150

Angle -435186X

814168
542702
ZX3455
X7%000

628315
685204
£868X%
938001

05462%
142409
£51599

Angle 49724
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I'M A DOZENER
by Fugene J. Zirkel

Sx 4 =18 14+ 2=28 8§+ 7 =13

(69)1/2 = +9 33 =93 (54)1/3 = 4

What grade would you give to a student who turned in a
paper with the above problems in arithmetic? Zero? I'd give
him a perfect mark. All his calculations are correct, it's
just that he’s working with twelve symbols instead of our
ordinary ten. He's counting in the duodecimal system, a num-
ber system that counts by dozens rather than by tens. His
numbers proceed as follows:

1 2 3 4 5 6 7 8 9 X £ 10

one two three four five six seven eight nine dek el do

10 12 13

do-one do-two do-three

169 - 92 = 97
72 = 44

If you now count off four groups units with five units 1in
each group you will see that five multiplied by four equals
do-eight (see the first problem above). All the other problems
above can also be verified in this way. In fact this is the
way your multiplication tables were originally constructed.
However, there is a simpler way to check these problems (or
do some others).

Any series of digits merely means a sum of a power series
where the digits are the coefficients of a power of the base
of the number system. e.g.

A 123 1in a system of 5 symbols 1-52 + 251 + 3-50 o1 38
B 123 » v " v.10 " 1-102 + 2.20% +3:100 or 123
c 123 * » o1 " 1-122 + 2-121 4 3.120 or 171

Thus the problem above 169 - 92 becomes
1192 + 6-42 + 9

- 912 - 2

1192 - 342 + 7 = 12(12 - 3) + 7 = 912 + 7 = 97 in the
scale of twelve.

We have now seen how to change a number from the scale of
twelve to the scale ten (C above). In the reverse process we
can change any number in the scale ten to the scale twelve by
dividing that number by twelve, the remainders being the new
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digits. Thus 437 in the ten scale is changed to the scale as
follows:
12 ) 437
) 36 + 5
3+0

hence 437 in the scale ten is 305 in the scale twelve.

What does all this amount to? What is the practical value
of a new number system? Why should we change when our system
of ten symbols is apparently just as good?

The answer to these questions lies in the word apparently.
Have you ever studied any other system or for that matter
even your own? You may have noticed that you have ten fingers
and ten tymbols in your counting system. This 1s no coinci-
dence. The first counting was done on fingers and when man
ran out of fingers he started over again, saylng one ten
fingers and one etc. until he got to two ten fingers. Someone
started a symbolism of vertical lines so that we had 1, 11,
111, 1111, 11111, but this became too unwieldy and so a symbol
for five was invented, namely V. Twice five became two V's one
inverted under the other as Y or X. Thus the system of Roman
Numerals came into existence. Following this we had the inven-
tion of individual symbols 1, 2, 3, 4, 5, 6, 7, 8, 9 and so

our counting became

no ten fingers & none 1 ten fingers & none 2 ten fingers & none
" & 1 1 " & 1 2 " &
" & 2 1 " & 2 2 " & 2
" & 3 1 " & 3 2 " & 3
which soon became
none 1 & none 2 & none
1 11 21
2 12 22

3 13 23
This was a convenient symbolism for all values save one 1in

each ten which led to the development of the zero.

Thus our number system today is a combination of nine

digits and a zero for place. The symbols and zero were derived

by necessity but the base ten was purely accidental and most
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inconvenient. Most of our measures which were derived for
practicality, use twelve as a base. Thus we have twelve inches
in a foot, twelve months in a year, twelve objects in a pound,
ounces in a pound {Troy), just to name a very few. But the
base of our system of counting which was not derived by prac-
tical use is ten. Why did grocers (the word comes from the
same root as gross) sell things in dozens and why did car-
penters put twelve divisions in a foot? Simply to facilitate
the use of the common fractions 1/2, 1/3, and 1/4. So by ex-
perience it was learned it was easier to count by twelve’s,

Let's look at the advantages of the duodecimal system.

1. In the duodecimal system we count 143 units in only
two digits, 44 more than in the decimal system; and
in general all numbers have less digits in the duo-
decimal system.

2. The multiplication table is easier to learn in the
new system with more repitition than in the decimal
system. The table has only one three-digit number in
the duodecimal system but eleven three-digit numbers
in the decimal system.

3. The base of the duodecimal system has twice as many
factors as the base of the decimal system. That is
1/2, 1/3, 1/4, and 1/6 of 12 are all whole numbers
while only 1/2 and 1/5 of 10 are whole numbers.

4. Corresponding to the decimal point we have a more
convenient duodecimal point which gives an exact
value for 1/3 and 1/9 which were repeated decimals in
the former system. It also simplifies 1/4 from .25y, to
.312 and 1/8 from ,12510 to ,1612.

5. Many practical problems are simplified, e. g.

Find the area of a rectangle 4'3" long and 6’7" wide.

decimal duodecimal
4+12 + 3 = 51" (4.31) (6.77) = 23.£9 ft? or
6-12 + 7 = 79" 23 ft2 £9 in?

(51")(79") = 4029 in?

4029 _ 97 £2 141 in2
144

4 Steps 1 Step
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decimal
4 Steps
Add 3 yrs. + 10 mos.

2 n + 5 u

6 u + 9 "

S n + 8 n

16 " + 32 "

16 yrs. + 2 yrs. + 8 mos.
18 yrs. + 8 mos.

3 Steps

Bulletin

duodecimal

1 Step
3.4 yrs.
2.5 "
6.9 "
5'8 "
16.8 " or 16 yrs. +
8 mos.

1 Step

In conclusion then the duodecimal system is less complex |
in both learning and application. It has many advantages and
only one so-called disadvantage, namely it is a change and
many people don’'t want to change. But then the current cumber-
some denary system was opposed by narrow minded people who
used the Roman numerals and who were too lazy to improve
themselves. The better system eventually won out and SO WILL

DUODECIMALS.

MIDNIGHT

NOON

Diurnal Clock

Local Washington
Clock

With Time expressed as a duodecimal of the Day
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A NOTE OF CONVERSION MULTIPLES
by George S. Terry

As suggested (p. 17, Oct. 1951 Bulletin) it has been shown
impossible to find any conversion Trebles.

When we come to Quadruples, the first power of twelve
which is greater than 4 times the corresponding power of Ten

is 128, namely 4299 81696.

Following the formula giver on p. 16 of the above article,
we have

a, + 12a; + 12%a, + 123a, + 12%, + 125, + 1204 + 1272, + 12%a

= 4(a  +10a, +102a2 +103a3 +104a4 +105a5 +106a6 +107a7 +108a8)

or 299 816%.ag = 41 68192.a, + 10 14016.a, + 1 51168.a, + 19264.a4
+2272.a5 + 256.ay + 28.ay + 3.3,

so putting ag =1, if a; =5 5(4168192 ) = 208 40960
& ag = 9 9(10 14016) = 91 26144
we have near a balance.
Continuing with ag = 0 = 0
a, = 0 = 0
ay = 6 6( 2272) = 13632
ag =3 3( 256) = 768
a; =6 6( 28) = 168
a, =8 8( 3) = 24
299 81696

Since this gives an exact balance, the number ag to a, 1.e.,
159 006 368 has four times the volume read duodecimally than it
has read decimally. To check the result, multiply by 4 and con-

vert. There are doubtless others.
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A MATHEMATICAL RECREATION

id

product of denominator 65 30

What fractions equal product of numerator o 26 _12
The seven decimal results in two figures are given in Scripta

Mathematica for March 1949. 14 15,16, 26, 19
63 24 64 65 45 95 98

and a method by listing reductions of all numbers from 11 to 99.

The reduction is Product ;, simplest form. Two equal reductions

number
give a result. e.g. The red +ien of 26 1s f% So is that of 65,
hence 28 is a result.

'isting is laborious and a formula is desirable. The fol-

DU .omplete, gives ten of the eleven duodecimal
Cesut v :s '+ _ped that a more complete expression may be
farthcoming. :

If the factors of the base are (pyqy), p2q2) etc.

(pl-l) (10-p,) ! 2
27 . 18 19 1% 18 39 . 3
. 16 19 14 1z tting 22 i.e. (2)
(qp-D (10 %735 36 56 % emitting gz i-e.
.28 2% 228
o3 58 28
59 £9
1
22
the blanks belng unity or repetitions as re01procals.81m11arly
for base eight 1t gives 16 .17 . 37 14 5 .. (2)

omitting §§

34 74 76

But for base ten it gives only the last three of those llsted above.
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SCIENCE FICTION AND DUODECIMAL
F. H. Ames, Jr.

Perhaps it would be best to first define science fiction for

the benefit of those who are not too familiar with this increas-
ingly popular type of literature. It may be roughly defined as
being fiction based upon known or predicted scientific facts and
phenoma. Do not confuse this type of writing with the multitude
of lurid paper backed pocket books whose covers usually depict a
half nude girl in the clutches of some weird monster. As one
editor put it “If the stories’ main theme is love or a woman then
it 1is not science fiction but just a cowboy and Indian story in
a strange setting.”

Please realize that this type of writing usually follows a de-
finite pattern along expected lines of evolution and progress in
the fields. of science. Quite a few of the authors are men with a
good technical background who write along these lines for their
own entertainment and as a hobby.

The usual plot has Man, as we know him now or as we expect him
to be in the next century or so, encountering inhabitants of an-
other world, planet or what-have-you. Almost without exception
the “ stranger” comes from a more advanced civilization having
more complex and advanced sciences than those of earth. Quite
often the alien also possesses abnormal physical and mental
powers that mankind would like to have himself.

The point of this dissertation is the method often used by the
author to first exchange intelligence between Man and the being
from another world. He uses the idea of comparing number systems.
Since it is probable that all rational thinking animals have a
system of counting it is a logical starting point for a compari-
son of cavilizations. Mathematical notations may be expressed by
writing, drawing in the sand or by groups of pebbles and the Ilike
so there is a media of expression available under practically all
conditions.

Invariably when this “gimmick” is used 1t develops that the
stranger, who is much more advanced than we, uses a duodecimal
system; he apparently has no difficulty in understandlng our sys-
tem of counting by tens as soon as he sees 1t. The same can hard-
ly be true of our hero as there is no expansion of the duodecimal
theory on the part of the author. In the majority of these inter-
changes of information the stranger is possessed of six digits on
his hands, feet, tenacles or other appendages so as to justify
his usage of a base of twelve. However this is not always true so
that 1t would appear that some science fiction writers believe
that a more advanced civilization would be using duodecimals re-
gardless of the number of digits.

This concept 1s quote interesting and I believe that we should
encourage the usage of duodecimals in this type of literature.
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These stories have a very large audience and should be exploited
so as to make more people familiar with our mathematical hobby.
It might be a good idea for one of our members to write up an
article on duodecimals and point out the possibilities of its
usage in science fiction writing. Conceivably a story could be
written indicating the mass confusion that would result from an
abrupt changeover from a system of ten to one based upon twelve.
A basic article would probably be of interest to one of the
better publications as they are seriously interested in improv-
ing the quality of their work.

EXCERPT FROM “OUR MONEY WORDS”
By Webb B. Garrison
in July 1952 issue of Bankers Monthly: -

Cent

No device in everyday use gained its name by a more tortuous
route than the ordinary cent.

In 1871, the U. S. Congress set about establishing a system of
coinage. Business was greatly hampered by lack of uniformity
among the states. Some of the major colonies used a cumbersome
system based on the famous Spanish “piece of eight,” which was
worth 90 pence of English money. It circulated widely, especially
in Maryland and Pennsylvania, so that as late as 1790 many mer-
chants kept books in terms of “dollars and ninetieths.”

Robert Morris learned that Congress was working on the creation
of a new system, so wrote to lawmakers proposing that the dollar
be divided into 1440 parts. A coin equal to 100 of these parts
should be struck, said he. Smallest piece of money in his pro-
posed system, he suggested that it be called cent--from Latin
centum {one hundred).

Congress never gave serious consideration to dividing the
dollar into 1440 parts. Instead, lawmakers divided it into 100.
But they salved the feelings of Morris by adopting his name for
the smallest coin. That is how a term for 100 gave its name to
1/100th of a dollar.
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THE CURATE & THE GIRLS
Lewis Car] Seelbach

“llere i1s a problem which looks rather baffling, because there
doesn’t seem to be the slightest connection between what you are
told and what you have to discover. A certain number of girls -
you are not told how many — spent a certain number of days - you
are not told how many days either - making a charity patchwork
quilt.

When 1t was finished, they decided to celebrate the occasion
by each girl exchanging a kiss with every other.

It was intended, at first, to include in the celebration the
local curate also, but, as he was a bashful young man, it was
finally decided that he should exchange kisses with only those
girls who were his sisters but not with the others.

The total number of kisses exchanged was six dozen.

Supposing that the curate’s sisters had not helped with the
quilt, howmuch longer would it have taken to complete the same?”

Quoted from the Stargazer Talks by Robert Gould July 1944,
reprinted 1946. Geoffrey Bles, 52 Douherty St., London W.C.1.

Possible Number Inter-Garls Other Kisses
Solution: of Girls Kisses to Total 6 Dozen
1 : 0. 60:
2 1 5
3 3 59:
4 6 56:
5 X 52:
6 13: 49:
7 19: 43:
8 24: 38:
9 30: 30:
X 39: 23:
g 47: 15:
10 56: 6
11 66 minus 6

Assuming £ number of workers, the androgynous kisses are 15:
or more than £. Thereforef is not a possible answer, as sisters
are less than £. Assuming 11: workers, the interfemale kisses
are 66: or half a dozen more than the total of actual kisses, 6
dozen by count and hypothesis. Therefore the number of workers
must be between £ and 11: or exactly a dozen, in which the inter-
female kisses plus androgynous kisses neet the 6 dozen as stated
in the problen.

6 girls would do the work in twice the time required by a
dozen girls, there are 6 sisters and 6 non-sisters.
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