COUNTING IN DOZENS
12 3 4 5 6 7 8§ 9 X €& /0

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

Our common number system is decimsl - based on ten. The dozen system uses
twelve as the base, which is written 10, and is called do, for dozen. The
quantity one gross is written 100, and is called gro. 1000 im called mo,
representing the meg-gross, or great-gross.

In our customary counting, the places in our numbers represent successive
powers of ten; that is, in 365, the 5 applies to units, the & applies to tens,
and the 3 applies to tens-of-tens, or hundreds. Place value is even more im-
portant in dozenal counting. For example, 265 represents 5 units, 6 dozen, and
2 dozen-dozen, or gross. This number would be called 2 gro 6 do 5, and by =
coincidence, represents the same quantity normally expressed as 365.

Place value is the whole key to dozenal arithmetic. Observe the following
edditions, remembering that we add up to e dozen before carrying one.

94 136 Five ft. nine in. 5,9
31 694 Three ft. two in. 32!
96 3£2 Two ft. eight in. 2:8!
9 1000 Eleven ft. seven in. oo

You will not have to lesrn the dozenal multiplication tables since you al-
ready know the 12-times-table. Mentally convert the quantities into dozens,
and set them down. For example, 7 times 9 is 63, whsch 1s § dozen and 3; so
set down 53. Using this “which 15" step, you will he able to multiply and
divide dozensl numbers without referring to the dozensl multiplicetion table.

Conversion of small quantities is obvious. By simple inspection, if you are

35 years old, dozenally you are only 22, which 12 ) 365

i two dozen and eleven. For larger numbers, 12 130+ 5

keep dividing by 12, and the successive remain- 12 )2+ 6

ders are the desired dozenal numbers. 0+« 2 Anawer: 265

Dozenal numbers may be converted to decimal numbers by setting down theunits
figure, adding to it 12 times the second figure, plus 122 (or 144) times the
third figure, plus 12°% (or 1728) times the fourth fipure, and so on as far aa
needed. Or, to use 8 method corresponding to the illustration, keep dividing
by %, and the auccessive remainders are the desired decimal number.

Fractions may be similarly converted by using successive multiplications,
instead of divisions, by 12 or %X.

Numerical Progression Multiplication Table

1 One 123 4 5|6l 789 2 ¢

. 2 & 6 8 x|10/12 14 16 18 12

10 b i Edo 3 6 9 10 13{16/19 20 23 26 29

100 Gro ;01 Fgro 4 8 10 14 18|20| 24 28 30 34 38

. 5 % 13 18 211261 22 34 39 42 47

i ;001 fno 6 10 16 20 26|30] 36 40 46 50 56
10,000 Do-mo ;0001 Fdo-mo 7 17 13 24 2Z|38[ 41 48 53 5% 65
. 8 14 20 28 34 |40| 48 54 60 68 74

100,000 Gro-mo ;000,01 Egro-mo o ¢ 23 30 39 |46| 53 60 69 75 83
1,000,000 Bi-mo ;000,001 Ebi-mo ¥ 18 26 34 42|50 52 68 76 84 92
£ 1x 29 38 4715665 74 83 92 11

1,000,000,000 Tri-mo

and so on.
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All figures wn ttalies are duodecimal.

MELTING OF THE BOARD
AND
ANNUAL MEETING OF 1968

The Duodecimal Socicty of America was called to order by Pres-
ident Charles S. Bagley in the beautiful Yorktown Room at the o'
Hare Concord Motor Inn, 6565 North Mannheim Road, Des Plaines,
Illinois 60018, in the year of 1180 April 7:700 (1968 Aprilt 7 at
1400 hours), in keeping vith written notice mailed to the whole
membership at least ten days prior to that meeting.

A roll call disclosed more than one half of the total number
of directors present, as follows:

F. Lmerson Andrews, of Tenaflv, N.J.

Charles . Baglecy, of Alamogordo, N.".

Ralvh Il. Beard, of Staten Island, N.Y.
Kingsland Camp, of New York, N.Y.

Henry C. Churchman, of Council Bluffs, lIowa.
Jamison Handy, Jr., of Pacific Palisades, Cal.
Tom B. Linton, of Garden Grove, California.

Other members and our guests included: Pr. B. A. M. Moon, of
Christchurch, N. Z.; Dr. Kenneth Mears, of Oakville, Ontario,
Prof. John Selfridge, Math Department, Universitv of TIllinois,
Urbana, Illinois: Stan Bumpus, of Bonnie, Illinois; Miss Tcggy
Dwyer, of Anderson, Indiana; James Dixon, of Anderson, Indiana;
Erich Kothe, of Schiller Park, Illinois and his guest Clarence
Seamans, of Elmhurst, Illinois.

This being the initial day of our meetings, it was devotced to
an enjoyable series of enlightening speeches and pleas centering
around duodecimals.

The gathering was privileged to hear a penetrating address by
Dr. Kenneth Mears on his work, in cooperation with Dr. B. A. M.
Moon, of Canterbury University, Christchurch, New Zealand, in
attempting to stay the fixed determination of the New Zealand
Parliament to move that nation from shillings and pence to a de-
cimal currency base. I[lis subject was "Bureaucrats,' which, in
itself, is quite descriptive of his talk. It was made quite in-
escapable that if any reform movement can persuade the-powers-
that-be its cause is desirable, those powers will override all
objections—----and that logic is not necessarily the overpowering
influence 1un politics as generally assumed., Their experiences
in that part of the lnglish speaking world might well furnish us
a useful modus operandi.  Perhaps we should concentrate more on
enlightening our Councils, our Parliaments, and our Congress, bv
furnishing them not with our logic ovut our facts, facts, facts.
Committees of Congress are always looking for new and more effi-
clent ways of doing time honored chores. 4nd it is not always
what a majority of the people think they shbould have. It might
be observed that loglc is propaganda, but facts are facts and
our tax-free status might not be endangered if we merely became
congressional committees' '"little helpers.'
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Tom B. Linton next was presented by President Bagley, and gave
an {nteresting presentation of the relation of number bases in
which corresponding powers of two different bases are related by
the ratio of their logarithms. It is hoped this scholarlyv talk
will te put in the form of a Bulletin article and appear in the
next 1ssue.

James Dixon, a student member and guest speaker, was then in-
troduced by President Bagley. He is a student at Purdue and has
worked with computers. His experiments were presented 1n a very
interesting way. We are looking forward to the receipt of some
worthwhile papers from his hand.

Stan Bumpus, of Bonnie, Illinois, a student member at the Uni-
versity of Illinois, was presented by President Bagley. His ex-
periences with computers proved interesting. He compared some
notes and results of experiments worked out by Mr. Dixon, and
found mutually favorable results. We arc looking forward to his
putting some of his experiences in an equally interesting paper.

At nine gross Moments (1800 hours) the meeting recessed until
X00 (2000 h) and enjoyed a dinner in the banquet room of the fa-
mous Allgauer's Restaurant, in the O'Hare Concord Motor Inn.

Evening Events

At X gross Moments (twenty hundred Hours), members and guests
returned to the Yorktown Room. President Bagley again presented
Dr. Kenneth Mears, who now spoke on the subject of "Hardware."
He presented an impassioned plea, urging the soclety to purchase
and make available for use of members a dozenal electronic com-
puter,

President Bagley next introduced guest speaker Dr. B.A.M. Moon
of Christchurch, New Zealand, who gave an exceptionally erudite
presentation on the subject of a system of "Negative Numbers.'
It {s hoped we may be able to produce a part at least of his ef-
forts in either the December or mext March bulletin.

Meeting adjourned at eleven-one-ought (£10) or twenty-two hun-
dred ten (2210) Hours, until a Quarter of five, § April 1180;497
(8 April 1968, 0930 H).

Proceedings of 1180 April 8.

Chairman Kingsland Camp now called to order the Annual Meeting
of the Board of Directors of DSA, at four-nine-ought (490 Mom-
ents or 0930 Hours), in the Yorktown Room of the O'Hare Concord
Motor Inn, in the Chicago, Illinois, metropolitan area.

The following members of the Board of Directors were present:

F. Emerson Andrews
Charles S. Bagley
Ralph H. Beard
Kingsland Camp

Henry C. Churchman
Jamison Handy, Jr.
Tom B. Linton.

Chairman Camp noted that a working quorum was present and
legally able to conduct all proper business to come before it.

The minutes of the last meeting were read, discussed, and ap-
proved.
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Reports of Officers of Society

Chairman Kingsland Camp reported that he had received a con-
structive letter during the past year from Ralph H. Beard, sug-
geéting'among other that the President select a Director of Per-
sonnal. Also suggesting that a permanent office for the DSA be
purchased in a low tax area, possibly in the Rocky Mountain re-
gion, in which to store DSA business records, library, etc. Let-—
ter received for discussion under New Business. Report approved.

Vice President Henry Churchman reported with no other articles
available he had‘prepared and distributed Dozenal Essays of 1966
early in 1967. Also Dozenal Essays of 1967 were distributed
to members in January 1968, in the further absence of The Bulle-~
tin due to unavoidable circumstances surrounding the Fditor. It
was moved by Andrews, seconded by Beard, that the report be ac-
cepted and the Vice President commended for filling the gap.
Motion carried.

The Secretary, Tom B. Linton, reported we now have the follow-

ing membership: 8 Honorary Members

9 Life Members

18 Fellows
41 Senior Members
33 Members

57 Student Members.

Of these, the honorary and life members pay no dues but some
send gifts from time to time. This leaves about 127 dues paying
members, under normal conditions. Dues of student members is
half, but a majority are in arrears. But because of a lack of
Bulletins since 1966, no pruning for nonpayment of dues has been
done. Pruning will begin in January of 1969. Membership lists
are brought to date and issued twice a year.

In 117¢ (1967) we lost three members by death. Thelr names
are Cora Fellows, Lesbia Beard, and H. K. Humphrey.

The Board of Directors now numbers ten, after the death of H.
K. Humphrey. They are grouped as follows:

Class of 1180 (1968) Class of 1181 (1969) Class of 1182 (1970)

Mr. Bagley Mr. F. E. Andrews Mr. Camp
Mr. Beard Mr. Churchman Mr. Linton
Mr. Terry Mr. Handy Mr. Lyman
Mr. Humphrey,dec'd Mr. Scifres Vacancy

Four directors are to be elected this year for the Class of
1180-1183 (1968-71). H. X. Humphrey's death removes one of the
four from consideration.

The officers of DSA during 117¢ (1967) were:

Kingsland Camp, Chairman of the Board,
Charles S. Bagley, President,

Henry C. Churchman, Vice President,
Eugene Scifres, Treasurer,

Tom B. Linton, Secretary,

Jamison Hendy, Jr., Editor.
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The Society had 10X (154) paid up members at end of 117X. And
114 (160) paying members in December of 117¢ (1967).

Moved by Handy, seconded by Andrews, report be approved. Car-
ried.

Editor's report made by Jamison Handy, Jr. All material for
two Bulletins ready for the printer. Due to press of private
demands on time, final dispateh in the mail unavoidably delayed.
Dozenal Doings discontinued for the present. Moved by Linton,
seconded by Churchman, Editor's report be approved. Carried.

The report of F. Emerson Andrews as chairman of the DSA Fi-
nance Committee is as follows:
Members of committee: F. Emerson Andrews, Chairman,
Henry C. Churchman,
Jamison Handy, Jr.,
H. K. Humphrey (now deceased),
Tom B. Linton,
Eugene Scifres,
George S. Terry.

No meeting of committee in 1967 was mnecessary. The George Terry
bonds, due 4in 1972, equal $2,000.00. The Lewis Carl Seelbach
bonds, due 15 August 1968, equal principal sum $3,000.00. Report
approved.

Emerson Andrews moved, seconded by Churchman, the following
Resolution:

Resolved that the Board of Directors of The Duodecimal Society
of America hereby expresses its profound regret over the recent
deaths of its faithful Treasurer, Kay Humphrey, and members Les-
bia Beard and Cora Fellows, recalling with great appreciation
thelr contributions to the progress of the Society; and hereby
extends to the members of their families 1its deep sympathy.

That this Resolution be spread on our permaneunt records, and
that the Secretary be instructed to forward a copy of same to
their survivors. .

Carried.

Chairman Camp produced, and Ralph Beard read, letter of Octo-
ber 29, 1967 addressed to the board chairman. Its contents were
discussed item by item. Moved by Linton, seconded by Handy, the
contents be taken up one at a time as new business. Carried.

Flection of Board Members
Class of 1183 (1971)

It was moved by Andrews, seconded by Handy, that Charles S.
Bagley, Ralph H. Beard, and George S. Terry be nominated as mem-
bers of the Board of Directors DSA, Class of 1183 (1971); that
nominations be closed, and that the Secretary be directed to
cast the unanimous vote of the directors for the motion. The
question was put by Kingsland Camp, Chairman of the Board. Car-
ried. The chairman declared the following elected:

Class of 1183 (1971)

Charles S. Bagley,
Ralph H. Beard,
George S. Terry.
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It was then moved bv Henry Churchman, seconded by Ralph Beard,
that the fourth position on the board, in the Class of 1183 be
filled by Peter Andrews, of Pittsburglh, Pennsylvania; that nomi-
nations be closed, and that the Secretary be directed to cast
the unanimous vote of the directors for the wmotion. Carried.
Emerson Andrews expressed a wish to be recorded in the minutes
as abstaining, and it was so ordered by the chairman. Ralph H.
Beard was requested by the chairman to inform Peter Andrews.

A vacancy being noted on the Board, Class of 1182 (1970), it
was moved by Ralph Beard, seconded by Churchman, that the fourth
position on the board, Class of 1182 (1970) be filled by Theo-
dore Baumeister, of Younges Island, S. €., that nominations be
closed, and that the Secretary be directed to cast the unanimous
vote of the directors for the motion. Carried. Ralph H. Beard
was requested to inform Theodore Baumeister of this action.

It was then moved by Ralph Beard, seconded by Tom Linton, that
1f and when a vacancy on the Board of Directors occurs more than
ninety days before a regular annual meeting of the board, and
has not otherwise been filled by the board, the following mem-
bers, in the order in which their names here appear and equal to
the number of vacancies, shall stand elected to fill such vacan-
cy immediately upon acceptance, after notice given by either the
Chairman of the Board or the President, to-wit: 1. John L. Sel-
fridge, of Urbana, Illinois; 2. Thomas H. Goodman, of Baltimore,
Maryland; 3. Elliott M. Hightower of La Marque, Texas; 4. David
H. Scull of Annandale, Virginia; 5. Erich Kothe of Schiller Park
in Tllinois; 6. Douglas Colton of Smohomish, Washington; that
nomipnations be closed, and the Secretary be directed to cast the
unanimous vote of the directors for the motion. Carried.

It was moved by F. Emerson Andrews and seconded by Ralph H.
Beard that the following members of the Board of Directors be
nominated and stand elected to the following offices:

Kingsland Camp, Chairman of Board; Tom B. Linton, Secretary;
Charles S. Bagley, President; Eugene Scifres, Treasurer;
Henry C. Churchman, V. President; Jamison Handy, Jr., Editor;

that nominations be closed, and that the Secretary be instructed
to cast the unanimous vote of the directors for the motion. Car-
ried. New Business

At this point Tom Linton extended an invitation and urgent de-
sire to see the 1181 Annual Meeting of the DSA take place in the
State of California. Time and place were discussed, and the
possibility of holding some part or all of the three day gather-
ing on some university campus in southern California was seri-
ously urged as a means of getting more support for DSA among
college math departments as well as shaping our direction to co-
incide with the needs of math programs in our wuniversities. It
was moved by Churchman, seconded by Andrews, that the DSA hold
its next annual meeting in California, sometime between January
and May 1969, the time and place of meeting to be selected by
Tom Linton. Carried. ’
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It was moved by Beard, seconded by Churchman, that the 1967 A-
ward of DSA be made to Brian Bishop of Leigh-on-Sea, Essex, Eng-
land, for his untiring work to create The Duodecimal Society of
Great Britainm and to successfully advance its dozenal programs
and publish its Newscast until his resignation as Secretary for
reasons of health. Ralph Beard has form and will have award set
up in proper shape. Kingsland Camp, if possible, will personally
present it. Carried.

It was moved by Kingsland Camp, seconded by Beard, that the
1968 Award of DSA be made to Tom Linton, of Garden Grove, Cali-
fornia, for his early and successful efforts to create the Duo-
decimal Circular Slide Rule, for his many and tireless efforts
to advance the work and membership of the DSA, and for his many
contributions of worthwhile articles for the Bulletin. Ralph H.
Beard has the form and will have the award prepared. Kingsland
Camp will present it personally.

Lessons and Tests

Moved by Churchman, seconded by Handy, that the Secretary is
hereby authorized to designate a person or persons to assist him
in giving lessons and tests for prospective members to be rated
as eligible for Senior Membership. Carried.

Hardware

It was moved by Churchman, seconded by Emerson Andrews, that
the Secretary 1is hereby authorized to complete the purchase of
an electronic computer to be chosen by him at an approximate
cost of $2,000.00, when total sum of purchase money becomes a-
vailable from special gifts to close the deal. Carried.

Tom B. Linton announced that the 6-inch Circular Slide Rule is
now an accomplished fact and can be purchased at $7.50 each.

Moved by Churchman, seconded by Handy, that the Secretary is
hereby authorized to purchase a supply of 6-inch Duodecimal Pla-
stic Scales related to millimetres and/or inches, and 6-inch
Slide Ruie Stick-ons, with the voluntary aid of Kingsland Camp,
at approximate cost of $500..0, when total sum of money becomes
available from special gifts to close the deal. Carried.

Additional Groups Abroad
Some discussion but no present action.
Associate Editor

It was moved by Emerson Andrews, seconded by Beard, that Henry
Churchman is hereby named as Associate Editor of The Bulletin,
effective immediately, to cooperate with Editor Jamison Handy,
Jr., In getting Bulletins printed and distributed. Carried.

Comments and Letters Department

Informally discussed and urged, without immediate action, that
a department of Comments and lLetters to the Editor be instituted

in the Bulletin. Adjournment

Moved by Emerson Andrews, seconded by Beard, that the Board of
Directors Meeting for April 7180 (1968) stand adjourned sine die
and the motion Carried, at 8 gross (1600 Hours).
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Dozenal Dinner at Allgauers

At 7180 April 8;960 (1900 Hours) DSA again met at Allgauers to
dine and enjoy new friendships. In addition to board members
present, there also were Senior Member John Selfridge, Math De-
partment, University of Illinois, Urbana, Illinois; Miss Peggy
Dwyer and James Dixon of Purdue University; and Stan Bumpus of
the University of Illinois, current student members DSA; also
present were our guests Dr. B. A. M. Moon, University of Canter-
bury, Christchurch, New Zealand; Dr. Kenneth Mears, of Oakville,
Ontario; and Clarence Seamans, of Elmhurst, Illinois, guest of
DSA member Erich Kothe, of Schiller Park, Illinois.

Letter from George S. Terry

At dinner, a letter of greetings and expression of regret at
not being able to attend, from one of the Founding Fathers of
DSA, George S. Terry, of Sonoita, Arizoma, was read by Henry C.
Churchman.

Evening Meeting

The membership meeting of DSA was again called to order by the
President, Charles 5. Bagley, in the Yorktown Room, at 1180 Apr
8,X60 (2100 Hours).

With blackboard, and a printed description of his method, Mem—
ber Erich Kothe, of Schiller Park, Illinois, presented a paper
on Chromatic Musical Scales and Dozenal Notations, that was very
much relished, discussed, and appreciated. (More on this in the
next igsue).

At £30 (2230 H) Monday evening, the meeting adjourned till 460
(0900 Hours) 9 April. Tuesday Workshop

At 1180 April 9,490 (0930 Hours) membership meeting of DSA was
called to order by President Charles S. Bagley. Among those
present were

Charles S. Bagley Jamison Handy, Jr
Ralph H. Beard Tom B. Linton
Kingsland Camp Bruce Moon

Henry Churchman Stan Bumpus

Tom B. Linton talked on the digital aspects of slide rules and
demonstrated that a dozenal slide rule can be constructed by us-
ing the standard decimal sliderule gradations and decimal logar-
ithms. He labeled it another breakthru for engineers moving to
base~twelve. A welcome development.

Member Stan Bumpus gave a detailed blackboard demonstration of
Pi in dozenals. Showed an excellent grasp of work in base-12.
Talk well received.

Dr. B. A. M. Moon, of Christchurch, N.Z., eulogized the 1late
Prof. A. C. Aitken, of Edinburgh, Scotland.

Discussed possible 1969 meeting of DSA near Griffin Observato-
ry in Los Angeles area. No action. Matter remains 1in hands of
Tom B. Linton, with full awthority to select place and time of
1181 annual meeting.

(Concluded on page twodo-five)
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A OIMENSIONING CHALLENGE
By Tom Linton

The binary base of two is so much better than the base ten for
electronic digital computors that practically all such computors
use the base two for internal computations. The base ten is so
seriously inadequate in high speed counting that all programming
of the computor is either done in base two, or input and output
means are used to convert from the awkward base ten and back a-

gain.

Is there a parallel to this awkwardness in our everyday work?
The difficulty of switching a drafting department f{rom the com-
mon fractional methods to uniform decimal usage led me to exam-
ine other possibilities. The fractional scale is easy; can we
improve on the decimal?

One difficulty in using decimals 1in engineering drafting i:
the exasperating division by three where one divided by three
yields the continuous decimal .333°°°° . 1T think it was Rao-
dolph Churchill who commented on "those damned dots," and with
the frequency of needing thirds they do indeed seem to be damned
but a necessary evil in the base ten.

Another difficulty 1lies in the frequent basic need of binary
division; that is, successive divisions by two. The logic of
the binary division 1is clearly seen on the draftsman's scale di-
viding inches into halves, quarters, eighths, sixteenths, and
thirty-seconds. The difficulties arise in conversion from frac-
tional to decimal values. Conversion for 1/32 = .03125 and 1/64
= .015625 are particularly obnoxious since ‘rounding off" to
three or four decimal places is usually required, thus necessi-
tating inaccurate conversions. These difficulties present a
reql challenge.

TABLE 1I: BINARY FRACTIONS
(expressed in decimals and dozenals)

Decimal Common Dozenal

five tenths .5 1/2 ;6 six twelfths
twenty-five .

hundredths .25 1/4 ;3 three twelfths
hundred twenty-five ) dozen six
thousandths -125 1/8 516 per gross

six hundred
twenty-five .0625 1/16 1/14 ;09 nine per gross
ten thousandths

three thousand one
hundred twenty-five .03125 1/32 1/28 ;046
hundred thousandths

four dozen six
per great gross

fifteen thousand six
hundred twenty-five .015625 1/64 1/54 ;023
millionths

two dozen three
per great gross
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Obviously 1f the number base could be chosen such as to be di-
visible by more factors than is ten, some of the awkwardness of
the base ten could be avolded. A brief scan shows twelve is
such a number.

Twelve 1s evenly divisible by 2, 3, 4, and 6. Since ten {is
divisible only by 2 and 5, we double the number of divisors by
the selection of the dozen as a possible number base., This ap-
parently minor advantage is seen to have a large cumulative ef-
fect in our daily engineering and other number requirements.

A3 an example of the relative simplicity of the common binary
divisions (successive halving), in the base twelve, note their
comparison with the base ten shown in Table I. The relative
simplicity and exactness of the dozenal twelve-base equivalents
is striking. How many hours are wasted 1n fractional-decimal
drafting 1in dropping or adding the decimal tag-endings to make
dimensions add up to a given value?

The natural next thought is to avoid the use of fractions en-
tirely by wusing decimals only, and I have tried that '"natural”
step with a group of designers. It proved to be about as natur-
al as walking sideways!

Among the drawbacks of decimal dimensioning were these: The
decimal scale was slower to read especially when spotting a suc-
cession of points; associated with the slowness were more fre-
quent errors; checking a drawing was more tedious and subject to
error and differences of opinion; more time was needed to corre-
late with tooling, vendors, and the material and production con-
trol departments. The fine decimal divisions (.020 on the deci-
mal scale), and the divieion by 5's instead of the more natural
division by 2's, are physical handicapg which may be reduced but
not eliminated by practice and familiarity.

Look at two drafting scales, one divided fractionally down to
1/32 and the other divided decimally to .020 as in the SAE pre-
ferred scale. The greater legibility of the fractional scale is
unquestionable; the resulting speed and accuracy of reading fol-
lows 1nevitably. (See Figure 1)

Then note the ''dozenal' scale of Figure 1. Divisions are as
legible as the fractional scale but illustrate the dozenal equi-
valent of the decimal scale. Reference to the binary equiva-
lents of Table I shows the easy conversion from the fractional
to the dozenal scale values; it follows that THE GREAT ARGUMENT
between the fractional and decimal adherents has disappeared in
the versatile base twelve usage. In its place we have the com-
patibility of the fractional-dozenal scales. On the dozenal
scale the small circles indicate the 1/3 and 2/3 place, oxr doz-
enally .4 and .8 (since 4 and 8 are respectively 1/3 and 2/3 of
twelve). At the right end of the dozenal scale (see Figure 1)
the binary divisions of twelfths are shown as an alternate smal-
lest division; such flexibility <18 denied us on the decimal
scale.

I once firmly believed the ultimate answer lay 1in the metric
system. Most 1f not all science students come first to this er-
(Continued on page do-nine)
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WELCOME, HEXADECIMALISTS!

In order to display the dozenal numeration in relation to some
others the following table was compiled by Henry Churchman, a
fellow of The Duodecimal Society of America, by counting in sep-
arate columns in sequence to the largest single hexadecimal sym-
bol, plus one.

The hexadecimal names for B, C, D, E, F, and 10, and the hexa-
decimal point, are the writer's own, no claim is made that they
are conventicnal, and any one is welcome to use or change them.

Binary Decimal Duodecimal Hexadecimal
0000 0 0 ¢}
0001 1 1 1
0010 2 2 2
0011 3 3 3
0100 4 4 4
0101 5 5 5
0110 6 6 6
0111 7 7 7 Age
1000 8 8 8
1001 9 (nine) 9 (nine) 9 (nine) 9
1010 10. (ten) X (dek) A (ann) 10,
1011 11. (eleven) g (el) B (bel) 11.
1100 12. (twelve) 10; {(doe) ¢ (cal) 12.
1101 13. (thirteen) 11; {(do-one) D (don) 13.
1110 14. (fourteen) 12; (do-two) E (erl) 14.
1111 15. (fifteen) 13; (do-three) F (fan) 15.
10000 16. (sixteen) 14; (do-four) 10! (hex) 16.

In duodecimal counting "teen' and 'ty", which are derivatives
of ten, are avoided. Thus, 11, the equal of thirteen in quanti-
ty, is called 'doe-one" (written "do-one" or "a dozen and oume).
And 20 1s described as "two-doe', written '"two-do'. "Twenty"
belongs to base-ten and should mean two tens to every educated
person who has reached the age of reason.

Hexadecimally, 1f 10 be called ten, it 1s equally logical that
11 be called eleven and 12 described as twelve---altho the quan-
tities actually exceed those named if one 1s working in sixteen-
base. Eventually hexadecimalists may emulate the dozeners and
(as duodecimalists call 10 "“doe') speak of the hexadecimal 10 as
"hex'". Then, 11 becomes '"hex-one"” and 12 "hex-two", for such
they are in their numerical values, and so they might be imprin-
ted on the hexadecimalist's mind. '"Teen” then hecomes obsolete
in base~sixteen, as it is now avoided, as one avoids smallpox,
in base-twelve.

Without the slightest knowledge of psychology, a hexadecimal-
ist (even so a duodecimalist) might describe 10 as ten simply
because he was not given a name which described its properties.
And his thinking processes force him to utter a term for 10 with
which he already is familiar, even tho he knows the quantity ex-—
ceeds ten. So, a drowning man grasps for a straw, not because
of confidence in its power to save him, but = for the reason that
no one has thrown him a suitable float. He 1is forced to a false
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Figure 1

A possible hexadecimal numeration for experimental use is as
follows. Other, more euphonic, 3-letter, one-syllable names may
be found, but we should, perhaps, avoid names ending with "t" or
"'s" i1f we would eliminate ''thex' and "shex" articulations.

1 one AO annhex

2 two BO belhex

9 nine : CO calhex

A ann (Anna's age 1s ten. ) DO donhex

B bel (Belle's " eleven.) EO erlhex

¢ cal (Calvin's " twelve.) FO fanhex

D don (Donald's ' thirteen.) FF fanhex-fan, or simply fanfan
E erl (Erlander is fourteen.) 100! rex

F fan (Fanny is fifteen. ) 10A rexann

10! hex (Hexadecimal, sixteen.) 10F rexfan

11! hex-one 1s sixteen and one. FOO fanrex

121 hex-~two FFF fan, fanfan

19! hex-nine 1000! mex
1A hexann 1FFF hexfan fanfan
1B hexbel FFFF fanfan fanfan
1C hexcal 10 000! hexmex
1D hexdon 1F FFF hexmex fanfan fanfan
1E hexerl 100 000! rexmex
1F hexfan 1 000 000! bimex

20! two-hex 1 000 000 000! trimex

90! nine-hex and so forth, and so forth!

move because it is the best he can do in his circumstances. Do-
zeners should be forever grateful for dek, el, and dozen, altho,
in their case ten, eleven, aud twelve are not misleading.

We must continue to live with decimalists for some time to
come., And to call 40! "forty' when we know it surpasses four
tens (is the equal of six tens and four) tends to cause a deci-
malist to believe such speaker is an arithmetical anarchist or a
nihilist---—against all law and order in arithmetic, which, cer-
tainly, does not describe any hexadecimalist, Why not call 40!
four-hex? A definite identification of base-sixteen in itself.
See Figure 1 for other examples of hexadecimal terminology.

One might also suggest a hexadecimal identification point, not
to be confused with the period, comma, or semicolon now used by
the decimalists and duodecimalists, or the colon used in report-
ing sexagesimal minutes and seconds of time.

In base~-twelve, for example, the dozenal identification point,
a semicolon, may be pronounced by the initials only, if we shor-
ten the expression to “dip'. For instance, 12; might be called
"one two dip", or the shorter term '"do-two' which is more often
used. And ';6" might be called '"dip six'" or one-half, or six-

twelfths which it is 1in fact.
(Please turn to page twodo-five)
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MANUALLY CONVERTING TWELVE-BASE TO SIXTEEN-BASE OR BACK

Until you can quick., d 1 ally convert from 12-?ase to
base-16; and from base-s n o base- elve with equaj ease,
base-s...zeer  "ght seem " |5 and si ly unachievab. ~. -
yon your bili- to gr-~". Th: 3 simply +w nOT SO. Rewi -
fc  owing s es once e .-y day ‘o one weck, and nDt.On.j

le myste _ ¢ ls pear, but vyo could become quite proficier . a”
¢ * 'y and ad’ tfon in bzse slxteen. TFTivst, .o understand -
[ Lo epreseaced .n l6-base, 1 t uis temporarily s b-
f oo 2 fol .w¢ing symbols for values:

Le: )t ¢ sixteen decimally.

DR 1 .. = rex = 256 decimally. (Hex square)
1 S 300! = mex = 4096 in base-ten. (Hex to 3rd power)

- © 000 000! = bimex - 16,777,216 base-ten.
000 000 000! = tr: sex = 68,719,476,736 base-ten.

Tc is nece: 52 'y to remen ier that the dozenal point (;) 1s a

semlco’ dn. Anc = re let s hexadecimal point (!) be an exclam-—
¢ on "1 ¥, ! .50 reme r that, temporarily,
. be called a . 's age is ten) 10 in base~-ten.
: ’ " bt oyt ts " eleven) 11 Y
C " ca (Carvaun's " twelve) 12 ¢
D " don (Domald's " thirteen) 13 "

" erl (Erlander is fourteen) 14 !
" fan (Fanny is fifteen ) 15
O " hex (Hexadecimal, sixteen) 16 "
20! " two-hex 32

To ‘om =t from 12-base to l6-base numbers, divide the number
st *» = ly by hex or 10! (sixteen). The successive remainders,
. rE .1 reverse order, are the base-16 number.

For example, change 2X£7X4;0 to base-l16. (D)
2. 3, £,12

(16) 101)2 Xx "¢ "7 "X "4; = B10AC! = belhex-one mex, annhex-cal
X, X, 0 cl = 12. = cal
2 2 2 8 % +C Proof: AO0! = 160. = ¢ hex
1o0)1 7 58100_; + A 000t = 000. = oughi-rex
1000t = 4096. = mex
1001 2 95 + 0 BO000! = 720896. = belhexmex
3 +1 BLIOAC! = 725164, = 2X£7X4;0.

To convert from lé-base to l12-base numbers, divide the number
successively by cal or C (twelve). The successive remainders,
stated In reverse order, are the base-12 number.

For example, change B10OAC! to base-12. (E)
9, 0, A

(12) ©)B 1 70 “A “ct = 2x£7X4;0 = 725164.0
C)E 2C 8O 8E! + 4 Proof: We have merely recon-
€1 3 Ta 2Bl + x verted the same value from
C)L A 23! + 7 base-16 back to base-12. See
c)2 2t +¢ (D) above.
_ﬁ*_g + X -~-H. C. Churchman
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TIME FOR ALL SEASONS

ALL OVER the earth, people experience the annual recurrence
of the Mean Southern Solstice day, December twenty-first of the
present Gregorian Common Calendar.

It is the middle of night at the North Pole, the middle of
day at the South Pole, the initial day of the Winter Season in
the North Temperate Zone (of the Summer Season 1In the South
Temperate Zone); and at the Equator, the sun will rise and set
as far south.as it will ever get on any day, year after year.

If the Mean Southern Solstice (abbreviated to "Mesusol') day
be designated as Zero or ''Mesusol' day, and 1if we number every
day thereafter as ''Post Mesusol' or PM days, every regular year
will contain four equal quarters, of 91 days cach---no more and
no less.

These 91 days in a quarter year equal a dozen and one lleptads
or periods of seven days each. Every Heptad contains a Sunday,
Mondav, Tuesday, Wednesday, Thursday, Friday, and Saturday; but
Sunday 1s not the first day of a heptad in every year. Heptads
are commercial periods of time, useful in accounting and compu-
ter work. A fiscal year might equal four quarters, any four.

If you work seven days 1n every heptad, your working record
will show 7 dozen and 7 days in each Quarter. If you work five
days in every heptad, your record should show 5 dozen and 5; or
1f you work four days 1n every heptad, your work record shows a
work total aof 4 dozen and 4 days in each Quarter year.

Whether you use base-ten or base-twelve notation, Mesusol day
in every year is Zero day. ©No longer is the question to be put
whether the commercial and the fiscal years shall be based on a
twelve-month or thirteen-month calendar. Months may become cu-
riosities in the next century, and the Quarter year (as quite
often now in England) would become the basis for figuring rents
and fixed wages, partial tax returns and settling for public u-
tility services, and other things where the period of a year is
considered too long or too unrealistic.

Weeks are not changed in any way but continue as now. In a
way, this system of time measurement supplements and strength-
ens the week, alters its continuity in no way whatever, and is
not intended to replace the week or even duplicate it.

Days

Each day 1is divided successively, in the metric system of
time control, into twelve equal parts, down to the momente (50
present seconds) of time. (See pp 13-16, Dozenal Essays 1967).
It is divided by successive minus powers of twelve, to the 4in-
stante (25/864 part of one second) for more careful measurement
of time; and by the same method of subdividing, to any dozenal
fraction of an instante demanded by science.

An introduction to and immediate employment of metric time is
long overdue among scientists in all fields; and in countdowns.
(Continued on page 14)
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A Correlation of the Earth's
normal SEASONAL QUARTERS and
the Gregorian Common Calendar

TIME FOR

between Mean Southern Solstice
Days of a Regular or Leap Year
and the next succeeding Regu~

.
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ALL SEASONS
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TIME FOR ALL SEASONS (Cont'd from page do-one)

Metric time control might prove a boon to astronomers. One
advantage in using a metric timepiece in astronomy is found
when we determine the length of the cycle of any recurring
event. As an example, let us say an event occurred in the Jul-
ian "Momente' 998 134;576. This is equal to J. D. 244 0120, or
21 September 1968.

The momente of 0;576 1s equal to 1115 Hours (either U.T. or
G.M.T., depending on what scheme you are using). If this event
repeated itself, let us assume for brevity's sake, at 244 0211
(Dec. 21, 1968), but earlier in the day---in Metric Time at
998 1X£;210, then, to determine its cycle we can subtract di-
rect the time of 1ts earlier occurrence from the time of its
recurrence, thus: 998 1X¢;210 (recurrence)

~ 998 134,576 (next preceding occurrence)
= 76:856 = cycle.

Note, to subtract 576 from 210, we borrow one dozen, as in
base-ten we borrow ten, from one place to our left.

Now, at what momente will this event recur in a dozen cycles?
Simply move the dozemal point one place to our right, thus:
768;560. Then add 768;560 to the recurred Julian Momente:

3998 1X£;210 (recurrence)
+ 768,560 (dozen cycles)
= 998 957;770 (J.D. 244 1299 = Dec. 14, 1971, in the 770 wmo-
mente of a Julian Day---1510 h).

Date Stamps

In common use, we may keep track of Seasonal Time by at least
three methods. A date stamp at a bankteller's window might
indicate September 21, 1968 as: 1968 PM 275, Check the base-~
ten Seasonal Quarters on the back of this page with the Gregor-
ian Leapyears date of 21 September. 1968 being a leapyear.

A turnpike tollhouse might use: 1180 PM 1X£,576, or  just
the last six digits, to show, in base-twelve (the year 1s one
dozen and one gross, eilght dozen years), the PM day number (IX¢
1s the equal of one gross, ten dozen, and eleven days, or 275
days in base-ten), and the Local Time (576 equals 1115 H). Mo-
mentes are 50 seconds in length, while minutes of time are 60
geconds long. Minutes of time are 1/5 less precise.

Or one might, in astronomy, use (09981X¢;578, a Juli-
an Momente date stamp, to Indicate, in base-twelve, the Julian
Day 998 1X£;0 and the total number of mwmomentes (five gross,
seven dozen, and six, equal to eleven hours and fifteen minutes
of time) elapsed, of the Julian Period day.

If you were one of those fortunate enough to watch on televi-
sion the countdown and blastoff of the latest U. S. spacecraft,
you may have noticed the sudden burst of speed between 6:00 and
5:59 seconds, especially the fleeting 5:90, 5:80, 5:70 and 5:60
which fled past in less than one second. Nowmetric time.

-——From papers of H. C. Churchman
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SINGLE SYMBOLS FOR TEN AND ELEVEN

When you count by dozens 1t is necessary to develop two single
symbols for ten and eleven. This 1s so because we add up to a
dozen before we carry one. Difficult designs delay dozenals.

In England, today, a half-rolled two 1s tentatively employed
to represent ten. Another possibility is the Roman numeral ten,
quite generally used in America. It has stood for ten units for
more than 2500 years. Most people today still call it ten as it
appears on Big Ben's face in London, and European tower clocks.

For eleven, the Duodecimal Society of America has continuously
since 1945 (and Mr. F. E. Andrews since 1934) used a 'swash ¢£.”
That symbol is called el. It is quite univexrsally employed, to-
day, in Britain and America, to represent eleven.

One base-twelve proponent in America, GROVER CLEVELAND PERRY,
nearly a half century ago, suggested a capltal L to represent
eleven. It is, in effect, a half-rolled 7. A half-vclled 7 for
one of the two new symbols was again suggested a dozen or more
years ago, in France. See Douze Notre Dix Futur, by JEAN ESSIG,
1955, Dunod, Paris. And L for eleven has been suggested by more
than one alert duodecimalist in Britain. Not our idea, but--

The printers' upper case L has two advantages over the £ sym-
bol., L is already on the standard keyboard of every student who
possesses a typewriter at any American or FEuropean university;
and no one 1is likely to call it anything except el. Any sugges-
tion that X and L belong only with the alphabet, that they have
little place in mathematics save algebra, is not accepted by the
hexadecimalists, who have seized A, B, C, D, E, and F for their
symbols ten thru fiftreen. No ome to our knowledge has rebelled
against the printers' lower case letter 1 to represent one, em-
ployed in Europe almost from adoption of the Arabic system.

If L be pressed into service for lack of an apt ''swash £" to
represent eleven, 1t could be called elther el or eleven. For
instance, L2 could be called eldo-two, or eleven-two, as well as
el-two. And 4L could be called fourdo-el, or four dozen and el,
or four-el, or four eleven.

By custom, extending back to 1152, THE DUODECIMAL BULLETIN em-
ploys the italic X to represent dek or ten; and an italic 'swash
2" to represent el or eleven. But all correspondents are
encouraged to write Iin duodecimals, and about duodecimals, em-~
ploying any of the symbols for ten and eleven which may be found
on their typewriter. These can be transmuted into THE BULLETIN's
symbols whenever the article appears in this publication, in
keeping with the custom just mentioned, and to promote a contin-
uity of symbols well understood by all members around the earth.

Send to The Duodecimal Society of America, 20 Carlton Place,
Staten Island, N. Y. 10304, your papers about dozenals, how best
to promote the use of base-twelve; what makes base-twelve, for
the man in the street, superior to the base with only two fac-
tors and more practical than base-16 (which is primarily a bin
in which to store binary sums, as we store grain in a granary).

H.C.C.



16 The Duodecimal Bulletin
METRONIC MEASURES AS EMPLOYED TODAY

In the United States of America, every day in the year, a mul-
tiple of the distance of one metron 1s unofficially employed.
And no linear dozenal unit can be more exactly determined in the
laboratory (and remembered), since one metron 1is, by definition,
the exact length of 7§ 000,0 krypton B6 atomic light waves. One
international metre, today, is defined as equal to 1,650,763.73
such waveleugths.

One dozen metrons equal the unit called one Dometron. And one
gross dometrons are a length equal to 528 Canadian statute feet,
plus two and a fraction inches, called an Edon in the metronic
system of wunits of length. One duodécamétre duodécimal might,
without unbearable stress, be said to be equal to one dozen do-
métrons; and twelve duodécamétres equal to one edon---due to the
unsurpassed vision of M. Jean Essig to be found in his far ahead
book, DOUZE NOTRE DIX FUTUR, 1955, Dunod, Paris.

Thruout the State of Iowa, at scores and scores of unsuspected
places on interstate public highways, we might spot, when too
late to do anything about {it, two transverse white lines painted
across our direction of travel, a distance of 528 statutory feet
between them. The white stripes, themselves, are perhaps six to
twelve inches wide.

Of course, a highly trained and carefully equipped engineering
crew would be required to measure an exact 528 feet between such
cross lines, but, between the far sides of the two white stripes
let mno one doubt there are to be found 528 feet plus a surplus
of one or more inches on each end---a dimensgion equal to one ex-—
act Edon measured by krypton 86 atomic light wave standards.

Some motoy vehicle traffic within the State of Iowa is super-—
vised and the rate of travel controlled in daylight by use of
airborne patrolmen flying above a spot, leaving only to return
at unexpected moments. They carefully check the elapsed time
between the instants a vehicle crosses each of the two stripes.

If the posted rate of travel is 60 miles per hour, this 1is e-
qual to one mile a minute; and one edon (one-tenth statute mile)
should be negotiated in six seconds of time.

A tolerance of one or two miles per hour 18 allowed in fact to
cover slight errors, but if that Edon be traversed by time check
in five seconds, then the vehicle operator is clearly moving at
a one-fifth faster rate than permitted, or, at 72 miles per hour
in a 60 m.p.h. zone.

A bothway radio will counvey the readings and the motor vehicle
description to a highway patrolman in his car a few miles ahead,
and the driver will be flashed a stop signal---this is the "Edon
trap.” Motorists are coming to believe Someone above is watch-
ing over their shoulder, whether or not they believe 1n a delity.
A salutary effect is noted wherever this method 1is used.
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Now this writer does not claim that the words 'edon' and “Aer-
omile" ("Navinaut" or "Kilométre Duodécimal"”) are found any
place 1in the Iowa state statutes, but, the state Public Safety
Department regulations do describe in feet what turns out to be
an actual distance equal to one edon if it were measured with
that degree of precision suitable, from a practical standpoint,
to achieve a proper control. And a dozen edons might be called
one aeromile or navinaut, le kilométre duodécimal, or a Nante.

Another employment of the edon is found in interstate highway
placement of reflector holders, to {ndicate the right edge of
the shoulder or emergency parking space. Usually, these are to
be found three to the edon and rather equally spaced. Official-
ly, they were placed 176 feet apart.

It might be worthwhile to reiterate that onme Edon of distance,
when multiplied by the fifth power of twelve, is the equal of a
Great Circle of the earth. And every plane that travels 172.8
statute miles, or 1728 edons, might be said to have moved the e-
qual of one per gross part of the length of a Great Circle, 1In
other words, 144 such arcs would have taken 1t around the earth
if it had flown on a great circle, deviating neither right nor
left of a straight course.

Many officially posted signs along public highways in Towa and
other states advise the motorist: '"Detour begins 500 Feet", or
1000 Feet", or "1500 Feet', but when one measures this distance
on the mileage meter, it turns out to be 528 feet, or 1056 feet,
or 1584 feet, more or less. One "Edon'" could have been substit-
uted for each "'5S00 Feet" with less loss of exactitude.

Every lorry or truck operator, who reports the number of miles
traveled on each trip, or in each day, unknowingly reports the
distance in edons, for the simple reason that the mileage meter
keeps count in one-tenths of a statute mile, the most practical.

If one pulls out on a reading of 74210.3 in the morning, and
puts down 74843.9 in the logbook that night, or at the end of a
trip, one obviously has covered 633.6 statute miles, or 6336 e~
dons, on that particular day, or trip. You or I might quibble
about a difference of some two or three inches per edon but 6336
inches equal 528 feet, a difference of two and a fraction edons
fewer 1in a day or trip involving 6,336. A difference in air
pressure in the wheels could create that much variance.

The only thing we need change 1s the name, but that need not
happen until it becomes economically or legislatively advantage-
ous to do so. No hurry, but when we move to a metric system of
measurements, let us do 1t dozenally and at less initial cost
and inconvenience. You know what one-tenth of a mile equals---
and you know the length of 3-2/3 inches (one metron in a 12-base
metric system, so far as the naked eye can tell). You might say
decimetres are not very tasty in describing distances today; but
when they come, dometrons can not be far behind. Metrons and
edons are already here---underground!
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A PAGE FROM DOUZE NOTRE DIX FUTUR

Below is found an offset of page one hundred six of Douze No-
tre Dix Futur, published by JEAN ESSIG, 1955, Dunod, Paris. It
i1llustrates the broad vision of M. Essig succinctly. No one is
wholly oriented in duodecimal dimensioms until the book has
been fully read and digested, including the footnote regarding
a definition of the dozenal métre (precursor or successor of
the dométron?) by its comparison, pursuing the latest thinking,
with a selected wavelength.

106 DOUZL NOTRE DIX FUTUR

1.’hectometre  duodécimal, le meétre duodécimal, le
duodécimetre duodécimal, le centimetre duodécimal
se déduisent aisément de cette premidre définition, et on
donne ci-dessous les dimensions que teprésenteraient ces
nouvelles unités par rapport a celles que nous utilisons

aujourd’hut.
1928,01

B 160,75m = 1,607 him

[ hmd = hectometre duodécimal =

D)
Imd :-: metre duodécimal :rlgf_ﬂ = 1,116 m
1728
T , . 1,116
1 dmd =duodécimetre duodécimal= o 0,093 m = 0,93 dm
L L. 0,93 . .
lemd = centimeire duodécimal = 5 =0,0775dm =0,775¢m

L'unité de longueur fondamentale serait le métre duode-
cimal, douze millioniéme partie duodécimale de la circonfé-
rence tervestre, métre qu'il conviendrait (1) de refaire en
platine iridié de la maniére la plus exacte que nous permettent
nos mesures actuelles, et qui serail a mouwveawn conservé au
Pavillon de Breteuil.

Bien entendu, on montre immédiatement qu’en numeé-
ration duodécimale, toutes ces nouvelles unités dérive-
raient les unes des autres d’une formule extrémement
simple :

Circonférence terrestre  1kmd = 10hmd = 100damd = |
10 000 - 1000rnd==10000dmd=]00000cmd‘

On n'a pas poussé davantage l'analyse des unités de
longueur. Il est bien évident que les nouveaux millimetre,
mu, angstrom, dériveraicnt des unités précédentes, selon
les mémes lois.

(1) Ou de définir, selon les idées les plus modernes, par son rapport
avec unc Jongueur d'onde déterminée.

Numbers enclosed in a rectangle are twelve-base numerals.
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A DIMENSIONING CHALLENGE (Continued from page 9)

roneous conclusion after a period of working simple problems in
the metric units. There are obvious advantages based almost to-
tally on one characteristic: the units are related by exponen-—
tial expressions of the base ten. A kilometer is a thousand me-
ters; a kilogram is a thousand grams; and this pleasant rela-
tionship holds for many, but bty no means all, metric units. Only
two other advantages are unique to the metric system, and while
ninor, they are helpful and significant.

The nomenclature 1s tidy. From a given unit such as the meter
most. others are derived by adding Greek prefixes to designate
larger wunits, as kilometer, while Roman prefixes are used to
designate smaller units, as centimeter. The other advantage is
in the numerical equality of specific gravity and density at
standard conditions of temnerature and (sea level) gravity.

Why not the metric system? Mainly because it is based on what
we have indicated is the aviward ten-base. Becaus. of this awk-
wardness, the metric svstem 1is not vet a homeeenecus svitem.
Metric countries wuse the 24 hour day, and the minutes and sec-
onds of time. People buy eggs by the dozen. The yecar has a do-
zen months. The astronomical parsec and light year measures of
distance may be expressed in either kilometers or miles, but are
not exponentials of the ten base. The derived physical units of
the cgs (centimeter gram second) and of the mks (meter kilogram
second) systems fail to live up to the simple relationship argu-
ments of metric proponents.

While physical relationships involving the transcendentals T
and € are not significantlv affected by a change of the numeric-
al base in which they are expressed, the ease of handling calcu-
lations including them may be greatly affected. If we want to
avoid the obnoxious pitfalls of the base ten metric system, and
maybe we should want to, we may further examine base twelve.

To figure by twelves we need two new symbols for ten and elev~
en. Modified and used here are the Roman symbol X for ten and

the capital script £ for eleven.

While good unrique names have been suggested and used for the
two extra digits, such as dek for ten and el for eleven, no big
objection exists to retainipng the present names ten and eleven
for the names of the quantities they represent. TFor twelve I
personally find it easy to use the name "dozen" to designate the
10 spot 1in the dozenal number series, since it seems to be a
little more flexible than twelve, and perhaps less ambiguous.
"Two dozen," for instance, can mean only one number. In Table
II, dozenal and decimal counting are compared.

To help understand this number form, 1t is important to see
that numbers (as a quantity concept) do not necessarily belong
to the numerals, digits or other symbols used to represent them.
For example, eleven is eleven, whether written as XI, 11, or £.
It took nearly a millenium for European people to generally ac-
cept Arabic 11 for the Roman XI. And even now (since the latter
was not outlawed, as the Arabic once was) many still find em-
ployment for ~Roman numerals where identification rather than
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computation is the purpose (such as for outlipring or organizing
material, and such inertial use as for chapter headings, or cor-
nerstone dates for buildings).

Fig. 1.
/< T YLt TPTTFD T '
0 1 _
1150 :020
DECIMAL
T
5 o ° | S
[ /
l/_’o."“ (//“-.'d.f )
DOZENAL
T
¢} |
[ 1432
‘ ! oks "

! comMmMonN (BINARY)

What we have learned from the Arabs is not limited to base ten
alone. The electronic computer engineers found this out to
their great advantage when they cultivated the ability to switch
from decimal to binary thinking. And then, finding that while
straight bipmary was good for optimum use of computer insides but
clumsy for pewcil and paper, they went to a more convenient der-
ivative called octal or base eight (count to seven, then in the
gpace for 8 write 0 and carry one eight) for detail work.

Inasmuch as mechanical computers(e.g. ordinary adding machines)
could be made to any reasonably wanted base—--just a matter of
things like how many teeth on a gear or rack-—--1t made good
sense to make them fit their ten fingered human users. But lit-
tle and inexpensive electronic basic components for digital
counting are 1intrinsically binary (such as "on' or "off", or,
+ or -). Human ipertia was so great in this matter that even in
this day of rapid progresa, a lot of possible computer capacity

The Duodecimal Bulletin 12

TABLE II: COUNTING COMPARISON

DOZENAL DECIMAL
one 1 1 one
two 2 2 two
nine 9 9 nine
ten X 10 ten
eleven 2 11 eleven
dozen 10 12 twelve
dozen one 11 13 thirteen
dozen two 12 14 fourteen
dozen eight 18 20 twenty
dozen nine 19 21 twenty one
dozen ten  1IX 22 twenty two
dozen el* 1¢ 23 twenty three
two dozen 2 24 twenty four
two dozen one 21 25 twenty five

eight dozen four 84 100 one hundred

one gross 100 144 one hundred forty four
six gross el dozen four 6¢4 N 1000  one thousand
seven gross 700 h 1008 one thousand eight*%
one great gross 1000 N 1728 seventeen hundred

twenty eight
* Short for "a dozen and eleven'.

*% A convenient close approximation for thousand or kilo units.

Fractions of ten (decimals) and fractions of twelve (dozenals)
are seen to compare thus:

DECIMAL
1/10 2/10 3/10 4/10 5/10 6/10 7/10 8/10 9/10
.1 .2 .3 .4 .5 .6 .7 .8 .9
[nd (24 rn cr [nd [ad [l r cr
£ 8¢ 3% 383 32 gsa §¢% 8o 332
"o v O [ha + £ (ol T X < o9 n o
o o Foid =l | oom = o) T = =i
0 o m N} [} %] ©w I 0t O]
DOZENAL
/10 2/10 3/10 4/10 §/10 6/10 7?2/10 8/10 8/10 X/10 ¢£/10
;1 ;e ;3 ;4 56 ;6 ;7 ;8 ;9 5 X 3
¢, §. %8 gz £ % £ 37 ¢ g ¢
fo fa s Hem Bm 5 fv 80 83 &~ 5P
- — £ o= - o = s — ~ R = - ~ @ =
LKy rn O oo m oo (] o - < 00 (e} m 3 - <
ct - [y} T o [ [nd1) (= (s [n] oY
= > > o =3 o T - 3 oo o- o oD
» » ) 7] ) ) 7] ® n )
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was wasted for some twenty years before, and during, and after
World War II before it dawned on many beyond a few piloneers that
the savings of straight binary on big jobs more than paid for
the In-and-out conversion; and an intermediate hybrid, binary-
coded-decimal (which can count to sixteen per unit, but deliber-
ately "wasted"” eleven through sixteen to avoid conversions), was
worthwhile for other applications.

So, to go on with this dimensioning challenge, if we realize
that two in the base two {s written 10, three in the base three
is 10, eight in the base eight is 10, besides ten in the base
ten being 10, we are ready to find the advantages of writing do-
zen in the twelve base as 10, and read and think of it as one
dozen.

Similarly in fractions: .1 indicates one half in the base two,
one third in the base three, one efighth in the base eight, etc.
Again we separate the quantity represented from a particular
form or way of representing 1t. For example, if someone says
"one tenth"”, you may write either "1/10" or ".1" and could read
it back either the same or distinguilsh by reading digitally "one
per one-oh" or "point one" respectively. (The digital or 'tele-
phone style' of spelling figures is obviously safer in this day
and age if the radix is not obvious or understoed!} So, in the
dozenal fraction form, the respective denominators of twelfths,
per gross, per great gross, etc., may be implied by the use of
the dozenal point and successive places.

When we compare Table I with the scale drawings, Figure 1, we
see the compatibility of the dozenal-fractfonal scales compared
with the awkwardness of the decimal-fractional combination. On
a typlcal opposite bevelled 2-face scale, the dozenal divisions
on one slide and fractional divisions on the other side make a
smoothly functioning pair.

In Table III two advantages of the base twelve are apparent:
fewer continuing ''dozenal' fractions and simpler equivalents for
the commonly used fractions 1/3, 1/4, and 1/6.

Among our present system of units, in the base twelve:

1 month = ;1 year (instead of .08333°"" decimally).

1 hour = ;06 day or ;1 the clock (half) day.

1 inch = ;7 foot.

1 troy ounce weight = ;I pound (decimally .08333°"" ).
1 avoirdupois ounce = ;09 pound (decimally .0625).

In accurate machine protractors the vernier usually reads to 5
minutes of arc. This i{s 1/12 degree, or in the base twelve, ;I
degree.

The 30-60 degree triangle 18 frequently used; in the base-12,
30° is ;1 (1/10) circle, or ;21 radians.

In a larger number base, the same number of digits can express
higher integers. For example:

1000 (great gross) in the base twelve is
1728 in the base ten, so there is a sav-
ing of one digit for all numbers between
it and 999.

D™ X0 D UD A W
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TABLE III: RECIPROCALS
DOZENAL DECIMAL
N 1/2 .5
54 1/3 .33333°°°
53 1/4 .25
;2497° " 1/5 .2
52 1/6 .16666°°°
5186X35° " 1/7 .142857°°
;16 1/8 .125
;14 1/9 1111100
;12497 " /X = 1/10 .1
;11111°°° 1/¢ = 1/11 .090909"*°
) 1/10 = 1/12 .08333° "
TABLE IV: MULTIPLICATION TABLES
Base TWELVE
2 3 4 S 6 7 8 9 X ¢ 10
4 6 8 X 10 12 14 16 18 1X 20
6 9 10 13 16 19 20 23 26 29 30
8 10 14 18 20 24 28 30 34 38 40
X 13 18 21 26 28 34 39 42 47 50
10 16 20 26 30 36 40 46 50 56 60
12 19 24 2¢ 36 41 48 53 5X 65 70
14 20 28 34 40 48 54 60 68 74 80
16 23 30 39 46 53 60 69 76 83 30
18 26 34 42 50 5X 68 786 84 92 X0
IX 29 38 47 56 65 74 83 92 X1 ¢0
20 30 40 S50 60 70 80 80 X0 €0 100
Base TEN
2 3 4 5 6 7 8 9 10 11 12
4 6 8 10 12 14 16 18 20 22 24
6 9 12 15 18 21 24 27 30 33 36
8 12 16 20 24 28 32 36 40 44 48
10 15 20 25 30 35 40 45 50 55 60
12 18 24 30 36 42 48 S4 60 66 72
14 21 28 35 42 49 56 63 70 77 84
16 24 32 40 48 56 64 72 80 88 96
18 27 36 45 54 63 72 81 90 99 108
20 30 40 50 60 70 80 90 100 110 120
22 33 44 S5 66 77 88 99 110 121 132
24 36 48 60 72 84 96 108 120 132 144

21
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Similarly, for fractionals (if we can coin this word as a noun
to generalize the term "decimals" in a larger number base) the
same number of places to the right can express a3 smaller dimen-
sion. Yor example:

;0001 in the twelve base is 1/20,736, or about
.000,0482 in base ten.

Stated another way, the successive digits representing twelfths,
per gross, per great gross, represent finer as well as more use-

ful divisions than tenths, hundredths, thousandths, etc. In a
very convenient special case (from Table I), six hundred twenty
five ten-thousandths exactly equal nine per gross (.0625 = ;29).

A comparison of the multiplication tables, Table IV, shows in-
teresting advantages in the base twelve. Note more zero endings
in the base twelve table, and more 6-endings than the compara-
tive 5-endings of the tens table.

Also note in Table IV the simplicity of the multiples of 3, 4,
6, 8, and 9 in the base twelve, compared with only one simple
series of multiples for 5 in the comparable area of base-ten.

In the light of the singularly usable numerical characterist-
ics of the base twelve, perhaps I shouldn't have been surprised
to find the idea is not new.

The number 60, as the lowest number divisible by both ten and
twelve, and its use 1in arc and time division, was used by the
Babylonians and probably by the Sumerians before that. As trade
and attendant commercial computations developed beyond the fin-
gercounting (certainly the only reason we have the base ten at
all) the invention of the abacus preserved the unwieldy base ten
through at least the later stages of the 2000 years of Roman nu-
meral usage.

When the Arabs intvroduced their superior Arabic notation with
the zero into Spain, it took some five hundred years for that
usage to spread over Europe, and the spreading was in the face
of hysterical arguments against the strange new symbols. Every-
where, it seemed, decent citizens banded together to stamp out
these unholy numbers with their alien cipher, clearly instru-
ments of the devil.*

Gradually, however, the Arabic numbers were accepted, then
helped to beget a resurgence of mathematical activity reminis-
cent of the earlier Greece, but continuing on to and including
our day. It seems quite certain that the numerical facility af-
forded by the Arabic notations was a necessary basis for that
leap forward in mathematics, though the change was not necessary
for many of the calculations of that day, nor are numbers re-
quired in large segments of modern mathematics. But the change
served first as a strong catalyst, then as an essential ingredi-
ent to the total mathematical and scientific efforts to follow.

Simon Stevin published the filrst decimal notation (late lé6th
century) and 1is reported to have recognized the superiority of
the base twelve, but as today, was faced with overwhelming odds,
so went along with finger counting base ten. A few years later
(1614) Napier published his tables of logarithms (but the natur-
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al logarithms sometimes called Naperian were published a little
later, by others). Almost certainly the logarithms would never
have been invented without first having the decimal (or dozenal)
notation with its zero.

When Jean Picard, and later James Watt of steam engine fame,
suggested the basis of the metric system, no rush to acceptance
occurred, but in the wake of the French Revolution the method
was adopted and improved upon by a committee appointed by the
French Assembly. It is reported that Lagrange, president of the
committee, argued eloqueuntly and successfully against the adop-
tion of the base twelve, so it may be presumed that some of the
other committee members, such as Lavoisier and Laplace, must
have been in favor of the twelve hase.**

For the century and a half (or shall we say "gross years'?)
after the adoption by France of the Metric system we have had
many arguments favoring the base twelve, culminating in the pub-
lications: NEW NUMBERS, a very readable account by F, Emerson
Andrews; DOUDECIMAL ARITHMETIC, a monumental volume of tables by
George S. Terry; DOUZE, NOTRE DIX FUIUR (TWELVE, OUR FUTURE TEN)
by Jean Essig. The fact that this last came in comparatively
recent times (1955) from France, initiator of the metric system,
is particularly noteworthy, *x**

The base ten will not be displaced soon, maybe never, but per—
haps the increasing complexity of computations and the increas-
ing volume of them will eventually cry out for that simplifica-
tion which counting by the dozen most certainly offers, especi-
ally to those of us who are NOT always able to live in constant
access to a computer.

. Some 200 years have elapsed since the Arabic numerals with the
cipher" catalyzed mathematics and science. Do we need another
catalyst? My decimally divided drafting scale seems to say YES.

*For an interesting account, see DANTZIG; Number, the Language
of Science.

**BELL; Men of Mathematics, p. 169,

***Response to ANDREWS's New Numbers led to the formation of the

Duodecimal Society of America, 20 Carlton Place, Staten Island
New York 10304. ’
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PRODUCT ENGINEERING, Vol. 23, No. 6, June 1952, p. 264,

6. Schumacher, William C.; More 12 Place Math, PRODUCT ENGI-
NEERING, Vol. 23, No. 9, Sept. 1952, p. 274.
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The Duodecimal Bullctin 17 August 1180

20 Carlton Place
Staten Island, New York 10304

Gentlemen:

My colleague Mr. Merritt Eimore scratched outthe enclosed
version of the Sieve ol Eratosthenes while g1-ing a test one day.
I found it interesting. Il shows some of the prime nAuml)er patterns
menbmed .n the Manual of the Dozen System. We might ash if this
18 the smallest number of lines that will scratch out the unwantea
numbers.

I reccived Mr. Elmore's permission to send this on to you

Eliot Wirt
Department of Mathematics
San Jose City College

SILVE OF FRATOSTHENES-~-NDUODECIMALWISE
By erritt Elmore,
San Jose City College.
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WELCOME, HEXADECIMALISTS! (Cont'd from p. £)
Hexadecimal Point

The hexadecimal identification point (!) might be called "hip"
by employing the initial letter of each descriptive word. That
sounds like a snappy signal in a fast moving football game. Any
hexadecimal point not only identifies a whole number, such as in
hex-four (14!'), but also a fraction such as eight per hex (!8)
for one-half, as belonging to base-sixteen alone.

Hexadecimal Numeration in Powers

As a possible hexadecimal numeration scheme, one wmight try the
following terms.

hex = 101 ,
rex = 100! = 10!
mex = 1000! = 10!3
bimex = 1 000 000! = 101°
trimex = 1 000 000 000! = 10t°

As one studies in more detail the duodecimal and the hexadecimal
numeration systems, the shortcomings of base-ten become more
evident. Dozeners and Hexadecimalists should depend on the base
of ten in no way whatever, as we attempt to build up these more
perfect systems in base-~twelve and base-sixteen. H. C. C.

~0-0-0-
ANNUAL MEETING. (Continued from p. 7)

New dozenal groups in Canada, Italy, Mexico, discussed. WNo
action.

Discussed Ralph Beard's suggestion to establish a permanent
headquarters for DSA some where in the midwest or Rocky Mountain
area, Action deferred.

President Charles S. Bagley announced the appointment of Ralph
H. Beard as Director of Personnel, and of Stan Bumpus as Associ~
ate Director of Personnel for Student Members.

At 1180 April 2;5%X0 (1968 April 9, 1140 Hours) it was moved by
Beard and seconded by Handy that the 1180 Anmual Meeting of the
membership of DSA at the 0'Hare Concord Motor Inn, near Chicago,
Illinols, stand adjourned sine die. Carried.

By seven gro (1400 Hours) DSA checking out at the motor inn,
and dispersing to New York, Canada, New Mexico, California, and
Dr. Moon to New Zealand via London.

-00-o0-

(In the next issue will appear Letters to the Editor and Comment
from alert dozenalists. Speak your piece. Mail to The Duo-
decimal Bulletin associate editor, 10 State Street, Council
Bluffs, Iowa 51501.)
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