GEMAILLE'S RODS

In issuoe No. 57, Summer 1969, we referred to Napier’s Rods or Bones,
which were an aid to multiplication in the early 17th century before people
learnt their tables by heart. There have been other aids of a similar nature
from time to tume but one of the most ingenious is that invented by a French
Engineer named GENAILLE about B0 years ago.

The diagram on the front page of this issue shows Genaille’s idea
(although SHUTL seems to have got at it somehow) so openn PIE so0 that
you can sec both the front and back pages at the same time. Each of the
cleven columns headed Index and 0,1,2, . . 9 represents a separate stick or
card. In order o multiply 568 by 6, we select the Index stick and sticks
5.6 and & which are then placed side by side, see figure 2 which illustrates
a portion of these four sticks.
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To read off the answer, we look first at
the top figure of the 6:<8 , which is
8. This is the unit digit of our answer, The
black triangle leads vus from there to the tens
digit which 15 0. The lower black trangle
then leads us to 4, the hundreds digit and the
final black triangle leads to 3 on the index
stick which is the thousands figure so that
568 » 6=3408. To follow how the sticks deal
with the i:arr;;riug figure, each stick should
be placed against the index stick.

In order 0 understand how the stcks
work, vou need to think of what you
do when you carry out this multplication.
You first say 6 < 8—=—48, 8§ down and carry
4. Then 6= 6=36 which together with the
carried 4 gives 40. Put down O and carry 4.
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Big. 2 6%5=30 and the 4 gives 34, How has
al Genaille adapted his sticks to handle the
carry figures ? If we look at the part of the 6-stick which we have used, we

find that the top fGgure 18 6 corres ing o carry 0. If we were carrying 1
from the column to the right this right-hand column would carry a triangle
pointing to the 7 (i.e., 6-+1) on the 6-stick. If the carry were 2, the triangle
would point to 8 and so on.

Many of the sticks have two triangles per section, e.g., 6 <6 which has

n-ian,glﬁ inting ™ the 3 and the 4 on the 5 sock. 6% 6=36, s0 if we are
mgﬁ,z,iﬁﬂmthﬁpr:ﬁnussﬁck,wtshaﬂhauﬂﬂyE-tnr:arrftntht

next column  but if the carrying figure is 4 5,6,7,8 or 9 we need to carry 4 to
the left-hand stick. |

Onee you have learnt how o use these Genaille sticks, you might like
o make a set of them to handle multiplication 1n bases other than ten.
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CLOCK ARITHMETIC No. 4
Here we go round the Mulberry bush

In issuecs No. 34, 35 and 37, we talked about the arithmetic of a clock
face. We took a clock face numbered from 1 to & only, then 22 means 2 -2—4,
2% means twice 2% or (24 2)-(2+2)~4+4—8 which brings us to the
position number 2, see the diagram below.

2% would then mean £ twice over or 8+ 8 which is represented by an
addirional rorarion equal to that which has been done already from the
start, mound once finish at B. This additional romuon is shmlm n red,
hnug;mgus finally to C so that 24 —4. Continuing the idea, 23 =16+ 16 which
brings us to 2. i.c., 2%(clock 6)=2,

Su e we now build up a table of answers ; 21(clock 6)—2, 2%(clock 6)
=4, 23(clock 6)=2, 2%(clock 6)=4, 25(clock &) —2 2% clock 6= ¢

Similarly 3%({clock 6)=73, 3¥clock 6)=3, 3% clock 6)=3. Now construct
a table of various powers of the numbers 1,2,3,4,5 and & (clock 6) as below :

NUMBERS

CLOCEK 6 1 2 3 4 5 6 You wil nooce that c¢ach

1 1 2 3 4 5 6 werncal line eventually

POWERS 2 1 4 3 4 1 6 repears but the importamt
3 1 2 3 4 5 6 repetinon concerns the

4 1 4 3 4 1 6 horzontal lines. The first

5 1 2 3 4 5 & horzontal hne 5 1,2,3,4,5,6

& 1 4 } 1 1 & and this occurs again 1n the

3rd, 5th hnes, etc, Simalarly, line 2 is repeated in lines 4, 6, etc.

MNow repeat thas process in a different clock base, say clock 5. 2% =32=2
(clock 3). Carry on and construct a similar table to that shown above and sce
if any pattern appears as above.

Generalise the theory, if possible.
R.H.C.
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MATHEMATICAL INN SIGNS THIS TAKES THE CAKE

This cake must be suspicions
Of being found delicious

When we meet a team for tea.

For we're back at the beginning

7{3’! B And he just sits there grinning
— ' Aren't I a crafty little me.

Thompson, 14 Park View,

Liverpool L22 2AP
"3 , This verie coas snspired by the arricle

- J rrr fiseie MWo. 58,

SOLUTIONS TO PROBLEMS IN ISSUE No. 59

In the amicle Loak behind the Microd MNo. 2. 8 mdspaing was over-
i the ¢enEse elama ol bese ten working a 5 was prafted ana 3,
..|I|::|'IIZI'I.I.|'I mreait care 15 taken with che izssue, :ﬁrlmt e =OImerLmees

missgd, The edlior will pend a hank token to the Bret reader who recog-
sigcy @ mitprin ansd writes in co suggest whar the original shoakl have
betn or kow the misprine can be corrected,

LOTTERY —The probabilicy i= 89 io Z45.

ROUND TRIP—aA polygom with diagonsls can be sraced out without Lifjing the pencil and withsu
Tollowing che same lane mare than ance provided the polygon haz an l:l-:l!-l:ln:rltu:l:lhl:r-u-l'lidﬂ-

GREFNGROCERY—The price was &d. each and I ahillings por doxen, A sobd | doz. and % singles ;
n....q.a,unm..m”.ﬂ.,m aald ¥ doe. aned 1 single, coxtimg 664, ar each shop.
THE BMEW FAPER S[ZES—{me of the editarial board was rather afmuscd By the suggestions that a

rutio of s v Z: | was a compbetely rational spsiem.

SPOT THE BALL—The spors can be placed on the aphers in groups of 4, &, 8, 30 amd 32 ; the werices
o The regular polyvhedra.

SENIOR CROSS FIGURE No. 55
.ﬂ.-r.n:ﬂ l-!l'fh“fvf -ﬂm‘”" $.825; T.96; 9. 08; 0. 12; NL.25; 13- 1%: 04.45; 14 1%2;
Down, 3 $9; T eE; 3 45; 4.73; 6 2% B 612, 9. %4, 12 011 13 33 15 S00;
1&. I-u IT. 24.

ASHK DALD=—The widith of the |lawnignower determines the lengih thar muast be Cul 149 Cower an acre,
The kength is the discamnsce that muss be werked,
Crningg meeric will probably besd (o 8 unde of wikoemertres per hectare.

JUNIOR CROSS FIOURE Hu- 51
Across : 1. 12; 3.6123; & 7.50%; R 236: 01, 13,046 15.T1; 17. 162 18. 99,
Dhown : 1, 15: 2 222: '!-,!I.'sgm A 10, 5 2157 9 ui-h i0. 101; 12 875 : 14 46; 16 L%,

-THE TIOYE'ER OF HANDGOI—IF ithe blocks are dumbered |, 3. 3—siarting fromn the botiom, ithen che

mamber of moves for the wch block is 29=5, Thus for five blocks the totul number of mowves is
2P 420 2030 L0 e D1 D] (Damame 2)
-%I—I chase 1100

In gemcral, the number of moves {or & tower wich 7 Il.l-n-l:h is 2 1.
Th-:-tl:lsnu'w-r!rlmrlhdh #chb-lw:l:i-ﬂ'-'lﬁrrndtup froen the seqguence , ., F24 14341 =1

T L 3T I.il'?lll:hilr'llll'hhliﬂ-l"ﬁll o B8
. Tor each Block o. 1, Mo, X, s, which are

Th-lmn-'nr-r.llrz!_.I 10, 2F n-rL!-h! il .
relaced o the Mibumeos serses 1, 5
LETTLULE CA S=—0U g simadlar Inlnlln:l'mhthll.-:lnm fatke Cheimsectorin dad (a - 5.&!
a= - T

FOOTSTERS OF TIME—It iakes an imfinite time to reach the point § - 1, 00 AA
475



Cont knvued froms pagpe 471

recommended for min-p[mn in the Systéme International d'Unirés (S.1.)
have been reduced to : length—metre ; mass—kilogramme ; tme—second ;
elecinie Ccurrent—Ampere ; T:mp:ratur:—-—dﬁg:r:: l[:lﬂn., luminous 10-

tensity—=Candela.
Acknowledgements and refercnces : Metric Display—Science Museum ;

Historical Metrology by A. E. Berriman ; History of Mathematics Vol 11
by D). E. Smith ; Encyclopaedia Britannica.
D.1.B.

FPAIRING WP

Bill, our clectrician is, unfortunatcly, colour blind so that the other day
when he was faced with 12 wires disa ing into a pipe through a wall and
reappearing in the next room, he couldn’t use the usual colour coding of the

wires to sort them out.

— He was able o connect the
iﬁ wires in pairs at either end and
e : he had a “continuity” wester with

him—that is a gadget consisting
of a battery, a bulb and rwo leads
wired up so that the bulb lights if
the rwo leads are connected tothe

§ -~ ends of a continuous circuit.
s ,..' How did Bill identify the 12
» i wires at both ends ¢ There are
several ways of doing it. (Book

Token for nearest soluton).
R.M.5.

T

JUNIOR CROSS FIGURE Neo. 52

9. The volume of a cube of side 61 com

10, The rocts of x2 =12x 11 = 0,

1Z. The only digit missing [rom the
solutions 18 Zero.

1% Take 12 lom 5 across,

13. The cube of a prime number,

CLues Down
1. A power of rwo plus ten to the

ﬁ:ﬂr of two,
. e sixth prime number.
The cube of a cube.
Another of ram,
The zide of a sgoare of area 18
Sguare units, _
ore than a life's span—ust.
() if 2x 4 y=33, x 4 Zy=27.
Allllar:.q_u:m ar the seventh.

Ignore decmmal pomnts. Write answers
correct o the appropriite accuracy.

aE=R RN

1
CLUES ACROSS -

2. Area of a triangle with sides, 6 cm., Check : The sum of the digits in the
S5 cm., 46l cm.

5 - solutions 15 105,
7. The seventh prame number, B A,
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A BASE QUESTION
Find a three digit number in base ten which has the digirs reversed when

written 1n base nine.

Let the three digits be a, b and ¢, then
abc,,=Ccbhba,..

10%a-+-10 b-+c

Test various

m@2c+9 bh+a
99 a-b =80 c

pessible values of a and ¢, and try to find a value for b

within the number systems being considered.
impossible.

a=—=3and c—=6 gives
a=—+4 and c=5 mves

Now consider a similar problem in other number bases. Can you find

a three

495 - ?=480,
306 -+ ? =400, leads o b—=4.

digit number such that its digits are reversed when changmg from

base nine o base eight, base eight to base seven, etc. ?

B.A.

SENIOR CROSS FIGURE MNo. 56

Ignore decimal podnis. Wroile answers
correct o the approprialie acCUracy.

2. Umnie sicde of a tri
5.
T.
@,

il
1.

CLUES a'l-l'_'liﬂu-t# th hypor

angle wi -
enuse & cm. and the third side 1 em.
The diagonal of & block 1 em. by
1 cm. by 2 cm.

Area, in square inches, of a square
of side 2 [ 4 .

The langest rod that will fir into a
box Zfi. 88 in. *3 It. =7 ., meas-

ured in inches.
Iinterest on (200 invested lfor |

car at 4] per oent.
mallest angle of & 3,4.5 rriangle.

. Mumber of sides

. Angle, in degrees

th uﬁf‘.i :Iﬂ:rm "
polvgon wi

An subtended by a diameer,
Circumference of a crcle of dia-
mMerer 153m

. A SQuUAare prime,
. Arca of the annulus between cincles

of radius 13,15 cm. and 7.55 cm.
Foors of =2 -—-20x + 91 —~0, larger
first.

Cruves Dows

. The volume of a cylinder 10 em.

long, dimmeter 5.5 cm.
(%) il 3x -+ 2y=dq1, 2x <3y - 39,

. Another square of a prime.

The vwolume, in cube inches, of =
citbe of side 2 f8. 5 10,

Mearly a radian in degrees.
22231 10{20)2.

- Fhe sum of the angles of a hexagon.
. The product of the roots of the

equaticm in 19 across. )

« between o dag-

m:uil and the shorter =ide of a
rectanghe 25 om. by 26.53 cm.

17. The height, in inches, of a pyramid

18.

on a square base of side 14 fr. and
a zlane heighe of 8 ft. 9 in.
Eleven vards in feet.

B.A_



metric weights '
and measures

JEAN FICARD 1620-82

FROPOSED LWMIT OF LENGITH
AS LENGTH &F PENDULUM

BEATING [ fgcompD AT
LATITUDPE e 45 DLCALES

i 1739 - CASSINI DE THURY and
 NICOLAS LOUIS DE LA CAILLE
VERIFFEID LERGTH OF M E RIDoAN

T OBY TRIGNSULATION SURVEY from —
(FREVIOUISLY MEASURED 5 RERSUE

f Faa
rutd | BETWEEN 1681 & 1718) PARES
ot ™ LATITUDE DIFFERENCE s 4% ji' 07"

: - MEEIDIAN DESTANCE = 178 471 TOUSES

S MERIDIAN QLLADRAMT

)

178 - ‘
“““‘“‘%‘9, STANDARD PENDLILUM

] AT FIBST —
L

-H“:-_:J A CHALLENGE TO

H'l-l-‘i;i'r.l' MERIDIAN ARC AS
A STANDARD OF

LEMGTH =

T L o v e

FIRST LEGAL ALETRN STAMPARD-
PROVISIOMAL SMMETRE -I:_l-li.'!i!:l

= 5 PIEDS O POUCES 10-4 8 LIGMES
| (FROM CASSIMI& DE LA CAILLE]

I-E'E"'r = BEITIZM ALY OF PARLIAAVENT LESALISING WhE OF AETRIC WHMNeTS
IR SOoOMIRAL TS ; BET MHMOT &6 TRADRE

1873 ~ THE METRIC CONVEMNTION — 18 MEMBIR COMMNTEILS
884 - priTasm JONANE METRIC COMVERSTION

ing standards in'use in trade during the Eighteenth Century, prompted
many  Frenchinen 1o propose more straightforward unified systems. Even
well. betore this time. in 1670, Gabriel Mourton devised a set of linear units
whach: closely resembled’ the spstem adopled over & century later,

wos Tl metre was originally ‘based on a calculation for one ten-millionth
of the quadrant of uhe Paris meridian arc, but as subsequent calculations
with improved insfrunients résulted in differing values for the metre, the
1790 Defindtive Metre was eventually fixed as the:standard.
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1670 GABRIEL MOUTON
| LYOMNS PRIEST ] PROPOSED:

BASE LENGTH = | AINUTE ARC
PF A GREAT CIRCLE
| MILLE
D00 MiwkE =1 VIRGA
B ViAGA == 1 ViRGUWLA

DEFINITIVE METRE — {FLATluum}
=I1MEDLE O PAGLTS 11206 LiGNES
{Fﬂ.ﬂlﬂ- AAECHAIN & DEvAMBRE |

1888 - |NTERMATIONAL FROTOTYPE OF THE ME TRE (IRIEHO - PLATIM B & OF
“HUSECTION TO PREVEMT BENDING | LINGTH SAME A8 DEFINITIVE AMETRE

1794 - BORDA'S . o7
REFEATER CIRCLE USED
FOR MERIDIAN SURVEY WORK

1798 - MECHAIN & DELAMBRE

PEASURED MERIDIAM FROM,
DUNKERSUE TO BaRCELOMA
AYERI D IAN QUADRANT

“e 1

Anp FARBEON | BETEARMINID RILOGHAMME STAMBALS

AS WEISHT aF °
R oo RamiE = FEB BIT-19 FREwWwCHE GRALNS

[BOT — BRITIEM ACT OF PARLIAMENT LESALISIMNG

19785 — METEIC SYSTEM EXFECTED TO BE FIRMLY ESTABLISHED iN BRITAIN

1790 pREMCH MATIONAL ASSEMBLY
APFPOINTED COMMITTEE INCLUTHING
LAGRANGE & LAPLACL, TO DECIDE
OM A STANDARD LENMGTH FROM
SECOND -PENDULLUM, FRACTION OF
EQUATOR= LENGTH OR FRACTION

OF QUIADRAMNT OF FARLS MERIDIAN

1793 NEW STANDARD®AETRE |
-'-." -_."-.'-l:- i et OF QUADRANT
OF PARIE MERIDIAN ARC

MERIDIAN QLUADRANT
=h |35 430 TOrsSES

= § |50 TAOD TOISES
[ D ' 11
1798 =CADIL (LATER CALLEDLITRE ) | 12 LIGMES = | POUCE ||
WITH A CAPACITY OF | cufdid DElismETRE 12 POWCES = | PIED .
E FIEDS | TOISE
(1 BIED = |2 7889 INCHES)

1799 = pLaTifust DEFINITIVE METRE
BPLATIMUM KLOCRAMME LOCIKED
AY 4 WEYS IM DOWBLL | ROM
SUPBOARD M THIL ARCHIVES

GF THE BEPUBLIC ==
1960

1799 - LEFEVRE-GINEALL

CURIE DEC ma FE S5F mABLTIMG [C K

WA E OF BAETEIC MITS i TRADE

| BAETRE mia%0763°78 ® WAVELEMGTH OF RADIATION FRosM ATOM OF KRYFTON-86

At the General Conference of Weights and Measures in 1960, it was
decided that a standard bar was not sufficiently precise for modern metro-
logical needs. In its place, the Conference gave a new definition of the metre
as 1 650 763.73 x wa of radiation the arom of krypton-86. The
and is portable thé"pgﬁd. “ﬁtﬂlﬁm““’ﬂ ﬁhmg the

i ’ 0g a Most Con means
precise standard almost anywhere.

Although it is unlikely that units such as the millimetre and gramme
will cease to form part the general metnc vocab , the man units
473 teued on page 474



