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(Formerly: The Duodecimal Society of America)
is a Qbhnnary,nonproﬂt educational corporation, or-
ganized for the conduct of research and education of the
public in the use of base twelve in numeration, mathe-
matics, weights and measures, and otherbranches of pure
and applied science.
Membership dues are $12.00(US) for one calendar year.
Studentmembership is $3.00 per year,andaLife member-
ship is $144.00 (US).
The Duodecimal Bulletin is an official publication of the
DOZENAL SOCIETY OF AMERICA, Inc. c/o Math Depart-
ment, Nassau Community College, Garden City, LI, NY
11530.
JARD C *DIRECTORS OF
THE DOZENAL SOCIETY OF ALL. ..CA

Class of 1985
Carmine DeSanto Herrick, NY
Ir. Antan Glaser Southaapton, PA
Dr. fAngelo Scordato (Chairean) Valley Stres , MY
Patricia Hclormick Zirkel (V.P.) Hest Islip, NY
{lass of 1988
Walter Berkaann Norwalk, CT
Ir. Juohn lapagliazzo (Secretary) Istand Park, NY
Robert R. HcPhersan Bainesville, FL
Gene Iirke! (President) West Islip, NY
Class of 1987
Dudley Beorge Palo Alte, CA
we iison Handy, Jr. Pacific Palisades, CA
Jages Halone (Treasurer) Lynbrook, NY
Fred Rewhall Smithtown, NY

The DSA does NOT endorse any particular sym-
bols for the digits ten and eleven. For uniformity in
publications we use the asterisk (%) fortenand the
octothorpe (#) for eleven. Years ago,asyoucan see
from our seal, we used X and & . Both X and % are
pronounced “dek”. The symbols # and & are pro-
nounced “el”.

When it is not clear from the context whether a numeral is a
decimal or a dozenal, we use a period as a unit pointfor base ten
and the semi-colon, or Humphrey point, as a unit point for base
twelve.

Thus %2 =0.5=0:6.
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DDZENAL. SOCIETY OF AMERICA

friday to Sunday
Octoder {1 to 13, 1785
{October ¥ to II; 1195;)

Nassau Commrurity College

Garden Citv, LI, NY

11830

Schedule-~

Friday Evening, Octeober 11, 1985

A

8 theatre party, with friends and spouses. "Two by Tuo,
a tale of Noah’'s Ark with music by Richard Rodgers will
delight all tvpes of audiences. EHroadhollow Theatre,
Foute 11¢, Farmingdale, LI, NY.

Following the theatre, we will gather at the home of
Tony and Annette Catania for cocktails and
conviviality. Teny's home is in Morth Seaiford,
appraximately 12 to 13 minutes away fraom Nassau
Community College.

Saturday, October 1%, 1985

=

13 fA M. (Administrative Tower - Nassau Caommunity
College!

Business of the Society - Tentative Agenda

1. Call to order; attendance - 6. Zirkel

2. Minutes ef 1984 Annual Meeting - Impagliazzo
3. Fresident’s Repart - G. Zirkel

4. Treasurer s Report - Malane

3. Editor's Report - F. Iirkel

SCHEDULE, 1R85 ANNUAL WEETING, Continued

& Reports of othar Officers, as called for.
Reports of Committees

Annual Meeting - Berridge, Catania

3. Financial - Scordato; Malone, George, Foley,

F. Zirkel

9. Namirating - G.
Catania
Election of new Board Members.

firkel, Folay, Berridge,

10, Repeortes of other Committees, as called for.

i1, New Business, and appointment of new
Committees,

11 BOARD OF DIRECTORS MEETING
t. Election of Qfficers
2. New Business

LUNCHEON 12 - 2 F.N

ITI 2 F.H. (Administrative Tower - Nassau Community
Cellege)

Speakers - Fartial Listing

. Fred MNewhall Accuracy Heasursment Frad will
speak on the utilization of ducdecimal symbols to rate
resistors and other electronic components.

2. {Tentative)
memberz for educational purposes.
critigue.

Viewing of a videotape prepared by D3A
Discussion and

Continued. .




SCHEDULE, 1985 ANNUAL MEETING, Continued

Iy Evening
As at the 1984 Annual Meeting, our banquet is planned
for the tap floor of the Administrative Tower, with its
views of all Leng Island and the New York City skyline.
Spouses, guests and friends are invited. Estimated
cost: $70.00 per person.

Sunday., October 13, 1985

Sightseeing and departure, at leisure.

Pieaze let us krow If vyou plan to attfend, so that
arrangements can be made for refreshments, tickeis, etc.
Qut-of-townersz who rcall will be directed to local heotels.

for Further inforwation, and for reservationsz, please call
Gene Zirkel at:

(Collegel
(Homel

Gere Zirkel and Johw Inpagliarzo at the
1984 Annual leeting

PEF “ECT . S IM <3 ¢ Fo R

Jay Sehiffmon
Kean College of New Jersey
Jersey City State College

INTRODUCTION :

A number which equals the sum of all its divisors smaller
than the number is a rare find indeed. Only twenty-seven
such numbers, called perfect numbers, are known. The pur-
pose of this note is to explore an interesting pattern
possessed by the perfect numbers in bases two and four.

In order to explore the idea of a perfect number more
fully, let us provide an enumeration of the first few per-—
fect numbers. The initial seven perfect (base ten)
numbers in order of increasing magnitude are 6, 28, 496,
8 128, 33 550 336, 8 589 869 056, and 137 %438 691 328.

Let us note that

6 = 14243 (6 is the sum of all its divisors <6).
28 = 142+44+7+14 (28 is the sum of all its divisors <28).
496 = 142+4+8+16+31462+124+248 (496 is the sum of all

its divisors <496).

The Greek Mathematician Fuclid demonstrated that all even
perfect numbers have the form (ZP_I)(ZP—I) where p is a
prime and the second factor 2P 1 is likewise prime. Pximes

of the form 2P-1 are called Mersenne Primes after the French
friar and amateur mathematician Marin Mersenne (circa 1644).
One can show that the initial eight Mersenne Primes corre-

spond to p=2,3,5,7,13,17,19, and 31 respectively. TFor exam—

ple, if p=5, then 2p—1=25—1 = 32-1=31, a prime. (31 has no

divisors other than 1 and itself). The proof of Fuclid's
formula concerning even perfect numbers in base ten is ac-
cesgsible in reference (2) in the appended bibliography.

Our basic goal is to convert perfect numbers in base ten to
bases two and four. In general, let us recall how one con-

Continued. . .




PERFECT NUNBERE, Continued

verts from the decimal system of numeration to the base two
and base four systems. The positional values in the base 2

systems are...25,24,23,22,2,1 or...32,16,8,4,2,1.

Similarly the positional values in the base 4 system are...

- :
82 ,5% 43 4% 4,1 or..., 1 024,256, 64,16,4,1.
These two systems of numeration contrast with the base ten

system where the positional values are..., 105,104,103,102,
10,1 or..., 100 0CO, 10 00O, 1 OCO, 100, 10, 1.

To cite an illustration, 45 973 in expanded decimal nota-

tion corresponds to 45 973 = (4x104)+(5x103)+(9x102)+(7xlO)+3
or (4x10 000)+(5x1 000)+(9x100)+(7x10)+3.

At this juncture let us consider two methods utilized to
convert 28 from a decimal number to a base two and base
four number. In the first method to convert 28 from a deci-

mal number to base two, note that 24=16 is the highest power
of 2 which is less than 28.

Divide 28 by 16. 1

16/ 28
16
12

Therefore, there is one group of 16 in 28. Next divide the
remainder, 12, by 8. 1
8/ 12
8

A

There is one group of 8 in 12. Next divide the remainder,
Ly by 4.
>

4/

of & &~

There is one group of 4 in 4.

Since the remainder, 0, is less than the base, no further
division is required. Accounting for all positiomnal values
in base two, there is no group of 2 in 4 and no units.
Hence 28=(11100)2.

PERFECT NUNBEREZ, Continued

To convert 28 to base four, note that 42=16 is the highest
power of 4 which is less than 28. Divide 28 by 16.

1
16/ 28
16

12

Therefore, there is one group of 16 in 28. Next, divide the
remainder, 12, by 4. 3
4/ 12
12

0

There are three groups of 4 in 12.
Since the remainder, 0, is less than the base 4, no further
division is necessary. Hence 28 = (130)4.

There is an alternative method for changing a number in base
10 to a different base. We use this method to convert 28 to
bases 4 and 2. To convert 28 to base 4, divide 28 by 4
yielding a quotient of 7 and a remainder of 0. Write the
quotient below the dividend and the remainder on the right
as illustrated below:

4128 remainder 0
7

Continue this process of division by 4.

4|28  remainder
41 7 0
4 1 3

0 e

Note that since the last dividend, 1, is smaller than the
divisor 4, the remainder is 1. Observe that the division
continues until the quotient is zero. The answer is read
from the bottom number to the top number in the remainder
column. Thus 28 = (130),. Similarly, to convert 28 to

base 2, divide by the base and retain the remainders until

Continued. . .




PERFECT NUNBERS, Continued

the dividend is smaller than the divisor, as illustrated
below:

2128 remainder
2|14 0
2) 7 0
21 3 1
21 1 1
0 1

Hence 28 = (11100)2‘

We similarly perform the following computations to convert
496 (the third perfect number in base ten) to bases 2 and 4.
To convert 496 to base 2: To convert 496 to base 4:

remainder remainder

21496 0 41496 0
21248 0 41124 0
21124 0 4] 31 3
2,62 0 4 7 3
2] 31 1 4 1 1
2 15 1 0

2| 7 1

2] 3 1

2 1 1

0

Hence 496 = (111110000)2 and 496 = (13300)4.

Continued on page 19 «....

Those oFf us who work with baze two are accustomed to the
qord "bit’ hich stands for Bimary digl?. Thus 1011

¢» tainz four bitz., Recently, In a talk om base sixteen,
Joard H.o..er Dr. John Iepagliazzo coined the wmord "hit' to
nean Hexadecimal digll. For example 1A contains ftwo hits.
One wonders, then, If 7#4 contains three 'ditsz’?

MATE 2 .CAL. CONSTANTS

Mark Calandra
Chappaqua, NY

Three of the most famous mathematical constants are pi, e and
the square root of two, each of which has an infinite, pat-
ternless decimal expansion. I have taken the liberty of com—
puting their duodecimal values using double-precision com-—
puter arithmetic, which allows a sixteen—-digit value to be
stored and manipulated. Sixteen decimal digits contain as
much information as 14.8 duodecimal digits (16 x .9266), so
the results have been rounded to thirteen digits to be cer-
tain that they were accurate in their entirety. (See
"Relative Sizes of Decimal and Duodecimal Numbers', 51,

Vol. 2%, No. 2.)

Pl(lz): 3; 1848094934919

6(12) 2; 875236069821 %

1s 4#79170%07#76

square root, two<12) : ires

Back in volume 283y number 2; we asked for dozenal numbers
which are exactly twice as large as their decimal
counterparts., Igor Valevsky, number #7, of Brazil has sent
us over a dozen solutions. The first is

11788; = 2(11788.)
Others are 11790, 11818, 11820, 12298, 12328, 12330, 246458,

24650, 25200, 25168, 25170, 36988, 346990, 37528, 37530,
38038, 38040, 49858, and 49860.__
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STRi. . BA' , PART 17

Gene Zirke!
Nezzau Community College
Garden City, L1, HY

Part I of thiz article was published in the
Summer 1195; izzue, whole number x1; page 6.

2.0 Introduction.

In Fart I we considered the negative integers less than -1{
as possible bases for a positional number systam. We now
look +or other possihilities. Could we uce fractions,
algebraic irrational numbers, transcendental numbers, or
imaginary numbers as hases?

2.1 Unit Fraction Bases,

First we consider unit fractions, that is fractions whose
numerators are 1. But note, all that this does is to write
our numbers in reverse. (We use the subscript ¢ to
indicate the unit point when writing numbers in a
tractional base.) The number abcede in base 1in

= 3ll/n)® + bll/n) + ¢ + dU1l/m)~ + efi/n)-2
=ain)=2 + bin)~' + ¢ + din) + e(n)2
= edc.ba in base n.

We see that in both base n and base 1/n the unit point is

placed ta the RIGHT of the units digit. Thus
367 = 4¢3 in base 1/10, and 1/2 = 036 = 40

.

[ [
The above says that 3(10) + &4; = & + I(L/10) - and
that 1/2 = (4;)(1/10) = 64(1710) + 0.

in base 1/10

abak

STRANGE BAGES 1I, Continued

With integral bases we often omit the unit point when it is
followed by a zero., Thus 3 = 3j = 30, However, with a
fracticenal base it is usually advicsable to indicate the
unit point even tho we could write I for 3¢ (or 331,

and 12 for 12 (or 2 + 1/n}.
2.1.1 Digits.

For the unit fraction base, I/n,; let vs use the same digits
that we use for base n, namely 0O,1,2, up to n-1.

2.1.2 Arithmetic Operations With Unit Fraction Bases.

The algorithms for addition and subtraction are the same as
the ones that we lezarned in grade scheool with the sxception
that they are reversed. He now start on the LEFT

instead of on the right. For example using the reciprocal
of one dozen as our base:

164
+8
125 tor 4431 + 8; = 5Z;1)
and
16363
- 817
1#1e3 {or 33361 - 138 = 315#1)

Similarly the algorithm for multiplication is reversed,
BUT the rule that the number of digits te the right wf the
unit point 1s equal to the sum of the numbers of digits to
the right of the unit points in each factor is changed.
The new rule is:

THE NUMBER OF DIGITS 70 THE LEFT OF THE UNIT FDINT IS

LEET OF THE UNIT PDINTS IN EACH FACTOR.

For example
J6r1
N 2;:4

503

60454 Continued. ..
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STRANGE BARER I, Continued

The number of digits to the left of the unit point is 2 + 1
- 1 =2, thus the preduct is 8044 {or (£33 % 4325 =
5401 6)

3¢ becomes
6513
1e2{8e
02

01

Continuing to work in reverse we see that 12 divided
oy

o
04

To determine where the unit point should be placed we
proceed as follows. We move the point in the divissor to the
LEFT to change the divisor to an integer, that is just
tehind the leftmost digit. Then we move the point in the
dividend the same number of places. Finally tha point goes
in the guotient directlv above the point in the dividend.
This is eszentially the zame rule that we learned in grade
school for placing the unit point in long division.

Thus, in the example above we did not have to move the
point in the divi so that the point is placed in the
quotient above tue point in the dividend, that is to the
right of the I giving us 613 ({orZl; / B; = 3:16).

2.2 0Other Fractiaons.

For simplicity's sake, we ronsider fractions which have
already been reduced to lowest terms. Having already
considered unit fractions, we now turn to fractions whose
numerators do not equal 1. If we try a hase such as 5/4,
one guestion is: which digits shall we use?

It we were to try the digits we use for integral bases: O
Iy <=+ up to but not including the base itsif, we need 0
and 1. The first few numbers that we ohtain in this manner
are:

3

n
-

0

i

10 = 1;3

13

STRANGE BASES II, Continued

i1i =
100

237
{189 {which is less than 119}

(]

However, if we attempt to express the integer Z as 2 sum of
powers of 574 we obtain

2= (5/4)3 + (5/4)7'2 + (5/4)72F 3+ .,

where the next few terms have exponente of -2#, -37, -4%,

-85, 62, -9, ...

The problem of algorithms seem formidable since a siaple
additicon such as 1 + | seems quite complicated. In general
it s=ems that no matter which digits we were to choose,
there would always be other simple integers which we could
not conveniently ewpress in bases which are not unit
fractions. Hence, Ir general, fractions mhich are not

upit fractions do notf seem to be of much use to us as the
base of a pozitional number systes.

Obviously, If a fraction were to work as a base, so would
its reciprocal, for these would be the reverse of each
other iust as the unit fractions were the reverse of their
reciprocals which were the integers,

Far an interesting application of a fractional base zee
"Nested Polynaomials and Effecient Exponentiation Algorithms
for Calculators”", by Dan Kalman % Warren Page, in The
College Hathematicz Journal, Vol. 16, no. 1, January
1685, pages S7-40.

In Part III we will conclude our investligation of
possibilities for basez of positionmal nuwmber systems by
conmsidering some Irrztienal and ipagimary nugbers as
bases.




EFFICIENT NUr T 8YM 0OLS

Fred Newhall
Smithtown, NY

Selecting the most efficient number system, based on 12, is
only half of the attempt to make numbering easier. The
writing of the number symbols has to be made logical. Our
arabic numbers are thousands of years old, having acciden-
tally evolved with no engineering intent for efficiency;
having no logic as to ease or speed of writing.

The first consideration in the engineering of writing is
deciding on continuous vs. individual symbols. The lifting
of the pen and lowering of it for each number symbol is
time~ and energy-consuming. Continuous writing is more
efficient; for instance.o o o o takes much less effort than
writing separate o o o o's. Most people have to 1ift the
pen twice to write 4, even more inefficient.

When using continuous writing, all letters should begin
and end on the same base-line: there should be no symbols
like)@3ﬁM3Aug_tbat end above the line. Every symbol must
be attachable to any other without modification.

By carefully studying finger and hand movement in writing,
it was determined by human engineering methods that “L and
A were the most efficient symbols. FEach can be written
upside down-~, 7y and combined with each other Ag, AL

We should assume a general rule that when a line becomes
tangent to the base-line, it becomes a new symbol; that is
AL and+ are 4 separate symbols, whereas-f,- crossing the
base—line at an angle makes this all one symbol.

Consider space to be efficiently divided into information
bits which fit more closely on a page if offset:

I have shown two of the base-lines

7 which are separated so that symbols

15

EFFICIENT NURBER SYMBOLE, Continued

can be formed above and below each base—line the way a
occupies two information bits. A bit can be filled with
either a line or a circle or skipped and left blank as so:

Of course, the space bits and
base—-line are only imaginary
guides to the actual symbols.

A computer can easily read this method of writing since the
information is in two parallel lines of bits both sides of
the base-~line. 1In each bit it would read either a line, a
circle, or a blank space. A computer based on a trinary
number system is 507% more efficient than the conventional
binary computers. Electronically a trinary computer would
operate with +, -, or O voltage, or magnetically with North,
South, or neither.

Each bit being occupied in 3 ways by either a line, circle,
or blank, only 4 bits would ever be needed for one symbol,
3% = 81 possible symbols. The bits would be used in se-

quence top-to-bottom, left—to-right:
1 & 3 are cccupied with a line and
2 & 4 are left blank, then the

look like this-~. 1If 1 and 3 are

If spaces
_ if spaces
symbol would
blank and 2

& 4 are occupied, the symbol would be upside down-~_-.

Continued. . .

Don't throw this BULLETIN away -
- Give 1t to a friend, or

. Leave it in your dentist's office.
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EFFICIENT NURBER SYNBOLS, Continued

By assigning a "degree of difficulty" number to each stroke
of the pen, for instance y being a curve is harder to write
than a straight line ,/ which is easier than a backhand
stroke \ which is easier than a backhand curve Y ; you can
rate every possible combination by adding up the difficulty
numbers for each stroke. The easiest symbols are then se-
lected. This was done for an entire system of shorthand,
but we need only the 12 easiest symbols for our duo-decimal
numbers:

1 A S/V 9/\A
2 =~ 6 V' * VNV
3.0 7 # AN
b4 8~ ok

The value of /2 in the D-D system is 1.4%#79170%08 which
would be written - //A\L?T/L/vf\uJ/V\/(wfﬂkg/lny\/”/yfx\/w

without 1ifting the pen, with easier curves, fewer points,
and computer readable.

Notes: Since the roman alphabet is spelled with a small r
because of its dubious origin, I spell arabic with a
small a.

A complete description of assigning ''degree of
difficulty” numbers to the strokes of the pen is
detailed in my language writings.

A shorthand system of writing and the Sound Alphabet
of the sounds we use in everyday speaking, as well
as a Sound Dictionary of 32,000 entries are part of
my proposed international language, a lifetime
project.

Adnton Glaser
Southampton, PA 18966

My doctoral research dealt with numeration systems (includ-
ing the dozenal) and later resulted in a book fHistory of
Binary and Other Nondecimal Numeration (1971 & 1981). Be-
fore T started my research, the Dozenal Society was kind
enough to provide me with an issue of its Bulletin that
contained a bibliography on dozenal and related topics.

I searched through all of the publications listed therein,
plus others I found referenced elsewhere. At a later date
I would like to share with you some particularly interest-—
ing information about dozenal advocates. Today, however,
I shall deal only with two persons who have been errone-
ously listed as dozenal advocates, namely: Simon Stevin
and Charles XII of Sweden.

Let me first deal with Charles XIT (1682-1718). His
science advisor was Swedberg (later enobled and called
Swedenborg). 1In a town called Bryn Athyn (only ten min-
utes from my home) I found a replica of the original
Swedenborg personal library containing a copy of every
book that was in his original library. Swedberg had pushed
base eight; his king, Charles the Great, base 64. Voltaire
got the story straight when he wrote in his biography of
Charles:

Some people have wanted to pass off this prince
as a goocd mathematician; undoubtedly he had a
deeply penetrating mind; but the proof usually
given of his mathematical knowledge is not very
conclusive; he would change the manner of counting
by ten, and he would propose sixty-four in its
place, because this number contained at once a
cube as well as a square, and when divided by twc
it would in the end reduce to unity. This idea
could prove only that he loved the extraordinary
and the difficult. Tt proved also that he had
penetrated, up to a certain point, the theory of
numbers, until he knew the nature and properties
of these arithmetic scales.

Continued on page 21.....
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BOOK REVIE

by Elizabeth Blicss
Frentice-Hall, Inc., NJ

Chapter One of this textbook will be of interest to our
readers. Entitled "Different Number Bases®, it is a standard
expocsition of bases other thao ten, ecspecially thaose of
interest to the computer scientist: binary, octal, and
hexadecimal.

In & clear and straightforward manner, the author ewplains
how to convert back and farth between base tenm and other
hases. She includes hoth whole numbers and fracticns less
than one. Fractions are treated in two forms: both as the
guotient of two integers such as 20/32, and also in the form
g L S588.

The author explains binary arithmetic including addition,
subtraction, multiplication, and division. She also
illustrates addition and subtraction with octal and
hexadecimal numbers. Exercises and examples are mostly 1n
base two, eight, and sixteen, although base three, five and
zpven are also used. WNo mention was made of base twelve.

The remainder of the book deais with Boolean Algebra,
matrices, linear algebra, logs, etc. The book is basically
well done. However on page ten there is a reference to
“four-place accuracy" when four-place precision is meant.
{Accuracy uweuwally refers to the number of significant
digits.)

0n page seven appears an unusual description of an algorithnm
as 'repetitive’. Also on the same page we read that the word
digit is recerved for base ten, and the word kit is

used for all other bases. It szems ztrange to refer to an
octal digit as a "hit’ since the word bit i¢ taken fraom the
first and last letters of the words Blmary diglT!

Finally the book contains no references nor bitliography.

All in all,; it is a clear explanation of number bases that
can easily be understeood by any novice in the field. .

45
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Actually the conversion from base 4 to base 2 is extremely
simple. One merely converts each individual digit:

0 <-> 00
1 <=> 01
2 <=> 10
3 <=> 11

Hence 130 in base 4 becomes 01 11 00 in base 2, and 13300
becomes 01 11 11 00 00, etc.

One can similarly show that 8128 = (1111111000000)2 and 8128
= (1333000)4.
. ~ 12 11

In base 2 expanded notation 8128 = (I1x2°7) + (Ix2° ") +

10
12"+ ax2?y + @x2®) + (x2”y £ ax26) + (0x2d) +

/)
(0x2™) + ©x2%) + (0x22)+(0%x2)+ (0x1) = (1x4096) + (1x2048) +
(1x1024) + (1x512) + (1x256) + (1x128) + (1x64) + (0x32) +
(0x16) + (0x8) + (0x4) + (0x2) + (0xl).
Likewise, in base 4 expanded notation, 8128 = (lx46) +
(3x6%) + (k™) + (3x47) + (0x47) + (Oxh) + (Oxl) —
(1x4096) + (3x1024) + (3x256) + (3x64) + (0x16) + (0x&) +
(0x1).
The fifth perfect number

33 550 336 = (lllllll111111000000000000)2 and

33 550 336 = (1333333000000)4 as can be demonstrated by

anyone who enjoys working with larger computations.

Meanwhile the sixth perfect number
8 589 869 056 = (lllll1111ll11111]_0000000000000000)2
and 8 589 869 056 = (13333333300000000)4.

Finally, the seventh perfect number
137 438 691 328 = (llllll1111111111111000000000000000000)2
and 137 438 691 328 = (1333333333000000000)4.

Continued. . .
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PERFECT NUMBERS, Continued

Let us observe that the initial perfect number 6 = (110)2
and 6 = (12)4. In base 2 all of the other perfect numbers

possess an even number of zeros and an odd number of ones.
All except 6 counvert to a base 4 representation of a 1
followed by a string of threes and a tail of zeros. To
see this, consider the following conclusions in bases two
and four.
In base 2:
6 has two ones followed by one zero.
28 has three ones followed by two zeros.
496 has five ones followed by four zeros.
8 128 has seven ones followed by six zeros.

33 550 336 has thirteen ones followed by twelve zeros.

8 589 869 056 has seventeen ones followed by sixteen
Zeros.

and 137 438 691 328 has nineteen ones followed by eighteen
ZeTos.

In base 4:
6 has a one followed by a two.

28 has a one followed by one three followed
by one zero.

496 has a one followed by two threes followed
by two zeros.

8 128 has a one followed by three threes followed
by three zeros.

33 550 336 has a one followed by six threes followed
by six zeros.

8 589 869 056 has a one followed by eight threes fol-
lowed by eight zeros.

and 137 438 691 328 has a one followed by nine threes fol-
lowed by nine zeros.

1#

PERFECT NUNBERE, Continued

This is summarized in the table below:

base 2 base 4
Perfect Numbers ones zeros ones threes zeros

6 2 1 - - -
28 3 2 1 1 1
496 5 4 1 2 2
8 128 7 6 1 3 3
33 550 336 13 12 1 6 6
8 589 869 056 17 16 1 8 8
137 438 691 328 19 i8 1 9 9
-1 . . . : .
2P 2P b p-l 1 %(p-1) %(p-1)
If one considers the formula 22n(22n+1_1) where n is a

counting integer, we can shed light on the above results for
even perfect numbers in bases two and four.

Every even perfect number with the exception of 6 has the
above form where 2n+l=p for some prime p and 2n=p-1. (Re~
call Fuclid's Formula.) One can show that in base two a

number of the form ZZn (22n+l—l) has 2n+1 ones followed by

2n zeros while in base four a number of this form has a
one followed by n threes followed by n zeros. Rather
than prove this we utilize examples demonstrating the va-
lidity for certain select values of n. The second through
seventh perfect numbers correspond ton = 1,2,3,6,8, and 9
respectively. For - -~ aple, n=3, then 21(3)0

2 +i : (e 5
2203 Fyy 290 5ty 0807 0y o (6a) (127) = 8128, a
perfect number.

Continued. ..
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PERFECT NUNBERZ, Continued

On the other hand, for some n the formula 22n(22n+l

not yield a perfect number. If n=5, we have

220) 2T gy = pl010%L gy - 51001 gy o (1024) 2047)
= 353,828, Note that 2047 is not a prime; for 2 047 =
23x78 and 353 828 is larger than the sum of its proper
divisors.

-1) does

We conclude our discussion at this point, as the even per-
fect numbers become large and hence unwieldy. For example,

the twenty-seventh perfect number 244 496 (244 497~-l) is so

large that it would take over 25 000 digits to write it out
(a more than 200-foot-wide piece of paper would be needed
to write it out on an ordinary typewriter in its base ten

representation). The reader is invited to pursue additional
applications of the base two and base four systems of
numeration.
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Hith this iszsue we have two new reviewers Our thanks to
Tony Catania, 291: and Kav Mckiernan Z84: foir their eiforts
ta make the BULLETIH better than ever
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SINON BTEVEN, Continued Yrom page I7

Nevertheless numerous references to Charles as a dozenal
advocate can be found. In the last analysis, they are

all traceable to Levi Conant's statement included in his
"Primitive Number Systems," (Smithsonian Institution Annual
Report, pp 583-594, 1892): "So palpable are the advantages
of 12 from this point of view that some writers have gone
so far as to advocate the entire abolition of the decimal
system and the substitution of a duodecimal system in this
place. Charles XII, of Sweden, may be mentioned as an es-—
pecially zealous advocate of this change, which he is said
to have had in actual contemplation for his own dominions
at the time of his death." Evidence cited above and the
writings available of Swedberg, leave no doubt that Conant
was mistaken.

Now for the case of Simon Stevin (1548-1620). I've acquired
copies of his writings, and it is very clear to me that he
was a strong advocate of DECIMALS. Base ten decimals, lest
there be doubt. The notation he first advocated is not the
one eventually adopted, but that is not relevant. There is
not a shred of evidence that 1 found that he ever advocated
dozenals either for whole numbers or for fractional numbers.
How he ever got listed as a dozenal advocate is still a
mystery to me. I wish I had been able to trace the source
of the error, as I did in the case of the erroneous listing
of Charles XIT. But the burden of proof now lies with those
who think Stevin advocated dozenals.___

The folloming are avaflable from the Society

1. Our brochure (free)

2. *An Excursion in Nusbers® by F. Eaerson Andrews,
Reprinted froa the Atlantic Noathly, Oct. 1934,
{Single topies free. Bulk orders available.)

3. MKanawal of the Dozen System by Beorge S. Terry
(£1;00)

4, Kew Kuebers by F. Eaerson Andrews ($10500}

5. Douze: Kotre Dix Futer by Jean Essig, in French
($10;00)

6. Dozenal Slide rule, designed by Tom Linton ($3;00)

7. Back issues of the Duodecisal Bulletix
{as available) 1944 to present ($4;00 each)
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DODZENAL JOTTINGS

News from or about the dozenal
activities of members and friends....

This Fall DR. ANTON GLASER will he teaching (as an

unpaid volunteer) for the Arthritis Foundation, instructing
arthritics in self-help technigues with lots of
exercises...Recently MRS. F. -EMERSON ANDREWS, Z57; sent

us some material that belonged to her late husband, one of
ogur founders, and member number 7! Among the books wue
received was a copy of Realwm of Numbers by Isaac Asimov,
honorary member number 293;. Andrews left a book mark in
chapter five: "Breakage by Tens"...JEAN KELLY writes to
point out that in our last issue on page 11f; CHARLES
MARSCHNER complains that unfortunately the inch was

divided into sixteenths instead of twelfths, while on page
1# we have the usual definition of a line as ane twelfth of
an inch!...We have lost contact with DR. ROBERT C.

GILLES, 97; of Germany, and with DR. MARY L[. VARNHERN,

79; formerly of Trinity College in Washington, D.C, If
anyone knowe of their current addresses, please let us knouw.
Thanks...In our last issue’'s list of new members, the name
of GERARD ROBERT BROST, member number 294; was

misspelled. Our apologies'...Congratulations tao XKAY MC
KIERNAN, who hac been elected First Vice Chairperson of

the Academic Senate at Nassau Community College

(NY)...KAY and JOHN EARNEST recently appeared in a

taculty spoof of life at Nassau Community Ccllege. Creative
and entertaining, the evening of fun was entitled "NCC
Chorus Whine"..,ARTHUR WHILLOCK writes from the UK:
"Bulletin No. 5t; just received is encouraging. Advise

DR. PAUL RAPOPORT that there is an International

Fhenetic symbol for a voiced 'x’ which is available in a

Counting and measwing, cousin

With the base of dek just doesn’
Give us factors enough
Advantages and stud+d

As when we count with a dozen
-
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DOZENAL JOTTINGR, Continued
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limited style of type -- Zk (upper case}l, ¥ (1nwer).,ﬂ
was a medieval symbol for four...PAUL himself wrote to
add to his remarks in Bulletin 51; concerning dozenal
timekeeping, "The simplicity of the idea for an essentially
dozenal metric clock has long appealed to me, and the
prototype of the clock (now running) realizes what I
predicted would work. Unfortunately, we cannot build a
clock with 4 hands (an analog clock); but fortunatelvy,
microchip technology makes a digital clock fairly easy tao
create. The clock presents four digits, each running fronm
0 to #. The leftmost digit changec once every 1/12th of a
day (2 hours on the current clock), the next digit bpnce
every 1/12th of that (1D minutes), the next digit once every

/12th of that (3% seconds), and the rightmost digit once
every 1/12th of that (4 1/&th seconds). For example, a time
of &00.9 15 noon, and 996.56 1s 7:33:253 p.m. There are

~0.0 units in a day. A problem we face is what to use for
dek and el, since the # and # are not realizable on a
seven-segment display. Hde are planning to use a variation
of the British symbols. Any suggestions on the matter would
be welcome. The price of the finished cleocks is likely to

Continued. ..

. THE COVER

riese people are smiling because they enjoved themselves at

che 1984 BSA Annual Meeting. This year's meeting is Qctober
1 and 12 at Nassau Community College, Garden City, LI, NY.

v Jr a geod time, call Gene at (51&) &69-0273.

Alice Berridge and Dudley George,

at the 1284 D:A Annual Heeting.
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DOZENAL JOTTINGE, Continued

be $B0 to 100 US, plus postage...TOM PENDLEBURY's T G
M: A Coherent Dozenpal Hetrology was recently published by
the D56B. They call 1t "a commendable additian to the
literature ot base twelve mathematics®, and will make it
available for sale to all Society members at 73p. Because
ot his work in dozenals, especially his book, TOM has
been accepted for Heamorary Hembership in the DSA.
Welcome to new member number 293;...We regret to announce
the recent passing of DSGE past president SIR IAIN
MONCREIFFE OF THAT ILK. He was 55; years of age, born §
April, 1919. Sir lain studied Scots Law at Edinburgh
University, took a PhD with a thesis on the Scots law of
peerages, and was appointed QC {Scotliand) in 19B0. He
pursued genealogical, heraldic (and, we might add, Dozenal)
interests with enthusiasm...

end ___

READ ALL ABOUT IT!

1} "Canada Retreates on Shift to Metric; Will Use
Dual System®

2) "51 Revaolt Developing®

2) "Force Ends In Britain®

4y "AUSTRALIA REPEALS LAW"

3) “UkK METRICATION BOARD WASHED UF COMPLETELY"
6 "{U.5,) STORES STICK TO STANDARD STUFF"

7) "METRIC RESISTANLE BUILDS" __

' IHY CHANGE?

This same question was probably rife in Europe between the years 1000
and 1500, when the new Hindu-Arabic numerals were slowly making their
inching progress in displacing the comfortable and familiar Roman numerals
then universally used.

Yet, although it took D years, and despite much opposition—(“Who needs
a symbol for nothing?’)—the new notation did come into popular use.
Released from the drag of Roman notation, man’s thinking leapt forward
dramatically, and mathematicians discovered a new dimension in mathe-
matical symbolism. Working with Hindu-Arabic numeration, they found that
the new system better accomodated mathematical statements and
facilitated the working out of ideas. Re-examining their fundamental con-
cepts of numbers, they made advances in arithmetic, algebra, logarithms,
analytic geometry and calculus, and thus contributed to the explosion of
human thought which later became known as the Renaissance.

In a related development, man awoke to the fact that different number
bases could be used, and as early as 1585, Simon Stevin stated that the duo-
decimal base was to be preferred to the base ten.

The parallel seems tenable. The notation of the dozen base better ac-
comodates mathematical statement and facilitates ideation. I, too, is a step
forward in numerical symbolism. The factorable base is preferred for the very
same advantages which led the carpenter to divide the foot into twelve in-
ches, the baker and the grocer (one who deals in grosses) to sell in dozens,
the chemist and the jeweler to subdivide the Troy pound into twelve ounces.
And yet, this is accomplished by such simple means that students in the
primary grades can tell why they are better. Literally, the decimal base is un-
satisFACTORYy because it has NOT ENOUGH FACTORS.

Then should we change? Yes, but no change should be forced, and we urge
no mandated change. All the world counts in tens. But people of understand-
ing shouid learn to use duodecimals to facilitate their thinking, their compu-
tations and their measurings. Base twelve should be man's second mathe-
matical language. tt should be taught in all the schools. In any operation, that
base should be used which is the most advantageous, and best suited to the
work involved. We expect that duodecimals will progressively earn their way
into general popularity because they simplify the all-important problem of the
correlation of weights and measures, the expansion of fractions (1/3 = 0;4)
and give an advantage in calculations involving time and our twelve-month
calendar. 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 more convenient base.

If “playing with numbers' has sometimes fascinated you, if the idea of ex-
perimenting with a new number base seems intriguing, if you think you might
like to be one of the adventurers along new trails in a science which some
have erroneously 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 profitabie, and is
most cordially invited.
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Our common number system is decimal—based on 10. The dozen system
uses twelve as the base, which is written 70, and is called do, for dozen. The
guantity one gross is written 700, and is called gro. 1000 is called mo,
representing the meg-gross, or great-gross.

In our customary counting, the places in our numbers represent suc-
cessive powers of ten; that is, in 365, the 5 applies to units, the 6 applies to
tens, and the 3 applies to tens-of-tens, or hundreds. Place value is even more
important 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
a coincidence, represents the same quantity normally expressed as 365.

We use a semicolon as a unit point, thus two and one-half is written 2;6.

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

94 136 Five ft. nine in. 5,9’
371 694 Three ft. two in. 32’
96 3#2 Two ft. eight in. 2,8’
194 1000 Eleven ft. seven in. #7

You will not have to learn 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 683, which is 5 dozen and 3; so
set down 53. Using this “which is” step, you will be able to multiply and divide
dozenal numbers without referring to the dozenal multiplication table.

Conversion of small quantities is obvious. By simple inspection, if you are
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 re- 12)2 + 6

mainders are the desired dozenal numbers. 0 + 2 Answer: 265

Dozenal numbers may be converted to decimal numbers by setting down

> units figure, adding to it 12 times the second figure, plus 122 (or 144) times

2 third figure, plus 128 (or 1728) times the fourth figure, and so on as far as

-ded. Or,to use a method cerresponding to the illustration, keep dividing
%, and the successive remainders are the desired decimal number.

t

Fractions may be similarly converted by using successive muitiplications,
instead of divisions, by 12 ors,

For more detailed information see Manual of the Dozen System {$1;00).
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We extend an invitation to membership in our society.
Dues are only $12 (US) per calendar year; the only requirementis a constructive interest.

- . Lrtotl e
| VOCiE Y u srica
Neme LAST FIRST MIDOLE
Mailing Address (for DSA items)
{See below for alternate address)
Telephone: Home — Business
Date & Ptace of Birth _.
College Degrees
Business or Profession . - B
Employer (Optional) __
ANNUal DUBS v oo $12.00 (US)
Student (Enterdatabelow) ............... $3.00 (US)
Life o e $144.00 (US)
Schoo!
Address

Year & Math Class

Instructor Dept.

Other Society Memberships

Alternate Address {indicate whether home, office, school. other)

Signed Date .. ..._

My interest in duodecimals arose from

Use space below to indicate special duodecimal interests, comments, and other
suggestions, or attach a separate sheet:

1i} fo: Dozenal Society of America
c/o Math Department
Nassau Community College
Garden City, LI, NY 11530
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