FALLACY No. 25
Contributed by Mr. D, Howell, S.W. Herts. Further Education Centre, Waiford.

Letax= —1 (1) Squaring, 12x=-1=a°

2x =0
x =0
Hence, from (1) a®= —1
But a%= .1, S 1= —1.,

JUNIOR CROSS-FIGURE No. 24
Across

2 12{§—'s--— 2w

4. 4% of 11 ac.—5 dn.—% of 14 ac.41.
7. Square yards in = of an acre,

9. y2 (see 1 dn

; L.C.M. of 420 115, 322,

— V.

1. Val b 3, 5x—6y=3

. alue of x given by Xy == X :

2. Pencein g ofgha!t-a-crown - * of a sl:uflu:lg

3. Average speed in m.p.h. of a Comet which

flew 2,950 miles in 6} hours.

: 5. Reverse of 10 dn.

6. Number of sides of a regular polygon whose interior angle is 150°.

8. Twice 2 ac.

Ig. rskma inds;:;uam yards of a border 3 ft. wide surrounding a carpct 3 yards square,
. cC

12, -}xy (see 1 dn.)

13. 3s 3d. as a decimal of £3 5s. IL.C.

SOLUTIONS TO PROBLEMS IN ISSUE No. 25

PIED PIPER,
15 at 2s. 1d. and 33 at 4s. 1d,

POSTMAN'S KNOCK,
There are only 10 different digita, viz, 0,1, 2, === 9,

EE\'IOR CROSS- FIGURE N
cROSS = (2) 488 3 (5) e o m«v (8) 448 ; (10) 135° : (12} 7, 6, 5 ; (13} 441 ;
"5)30’ [“’E 16162 { )g-sswo 824 ; (4) 29; (6) 76340 ; (7) 48636 ; (9) 47
> g {33 ) 3 3 (9) 47;
(11) 54%; (14) 168 ; rls;sa,lm 19.115 24. ’ RISES

SEVENTH HEAVEN, .
re are two possible ways of dividing the casks of wine.

A B c A B C
Full 3 3 1 OR 3 2 2
Half-full 3 3 1 5 1 3 3
Empty 3 3 1 3 2 2
ATENSION.

The tension in the first coupling must be ual and opposite o the frictional resistance to six
The tension in the second coupling must be cqual and opposite 1o the frictional resistance Lo
five trucks ; and so on.
Since the tcnaaon in the firse cwplmn iz 100 1b, and the trucks are c% remamalgg
;en;:vla% E,rc :!G*I 100 Jb,— 83} 1b. ; & of 100 Jb.~=66F 1b. ; & of 100 =50 5 ; of 100 lb -33% lb.
o P

L. s d. 240
253
JUNIOR CROSS-FIGURE No.

23.
Acnoss ; {2) 144 ; (3} 263 (5) 37, 3% : (‘I"a
Down : (1) 3456 ins. ; (3) 28.3 8q. ins. ; (4) '45 5 1b. ; (6) 789 ; (7) 12 ; (8} 184, LL.C
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NOMOGRAM FOR PYTHAGORAS

If any two sides of a right-angled triangle are known, the nomogram
can be used to find the third side. To find the hypotenuse of a right-angled
triangle whose perpendicular sides arc 33 in. and 56 in., lay a straight-cdge
from 33 on the a-scale to 56 on the b-scale. It cuts the ¢-scale at 65. The
hypotenuse is therefore 65in. If the measurements do not lie conveniently
on the scales a scale factor can be used. CV.G.
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MATHEMATICAL INSTRUMENTS No. 6.
The Sacred Calabash

The people of Hawaii regularly made the long voyage of 2 miles to
Tahiti in the Society Islands. The canoe crews wcgcf%selecte’gogid: great
care and undertook a period of strenuous training.  Great double canoes,
160° REW 1o+  ninety feet long with a

covered deck-house on
the platform between
the two hulls, were
, loaded with stores and
20" when all was ready the
Sacred Calabash was

R carried on board.

/ For the first haif of
the journey the canoe

was out of sight of land.
A course was steered a
little to the ecast of
south. The Sun was
the guide by day and
the Pole Star by night
N until it dropped below
o the horizon as the equa-
tor was crossed. South

a
Qe HAWAIIAN
S 1SLANDS

[TV
]

14

lers entered an area
©Christmas] : with many groups of
o, P islands and arolls and
o these were their guide
to Tahit.
3 On the return jour-
e - ney the course was laid
T to the east of north
* b;tmugh the Marquesas,
wusempisrgl|  Seotme the pecnaliog
would tend to carry the
canoe to the westward,
The islanders had a
thorough knowledge of
winds and currents.
There still survive many
“ charts ¥ made of
strips of wood bound
together, which are
. believed to re
=at =120 oOcean currents, but no

Diagram showing approximate courases one now knows how
from Hawaii to Tahiti and return. [hey were used. When
Arrows indicate direction of prevailing winds the canoes had left

behind the last of the
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+Paoningl of the equatorthe travel- -

Do they ever stop? The fact is that = is not a nice tidy number like 8, for
example : if we represent 8 by a lump of sugar, = is more like a spoonful of
treacle with a thin streamer dangling from it. Since you cannot wait all
day for the streamer to stop running you bring the process to a halt by
giving the spoon a twist. This is just what we do with =. The rough and
ready twist that most people know gives the value %2 to = ; a much better
and n%er value is 3-1416—more useful because it has the factors 3 <7 <8 <
11 <0-0017.

Since ancient times, mathematicians have tried to get nearer and nearer
to the true value of 7 and, in the sixteenth century, Van Ceulen spent most
of his life calculating = to 35 decimal places. Those who hoped to find an
exact figure were doomed to disappointment because = is not only frrational,
it is also rramscendental (sixth form words) and never terminates when
expressed as a decimal,

When electronic computing machines came into use about ten years ago,
it was not long before a machine was set the task of extending knowledge in
respect of an approximation to =. The ENIAC machine determined = to
2,035 places in 1949, and the Editor of MATHEMATICAL PIE started the publica-
tion of this determination in Issue No. 18, May 1956, by printing the numbers
along the bottom of the pages. Since 320 figures are printed in an average
issue, the ENIAC determination would have been used up in seven issues.
A new determination has been made, however, by Mr. G. E. Felton using
the Ferranti Pegasus Computer which carried the evaluation to 10,000 places
in 33 hours machine time. On an ordinary desk calculator, this work would
have taken about a hundred years | New machines now being designed
should do it in an hour !

Mr. Felton has kindly given permission for his determination to be used
in MATHEMATICAL PIE and gives some interesting details of how it was done.
He writes :

** The calculation was done on the Pegasus Computer ar the Ferrant London
Computer Centre on various weekends between August 1956 and April 1957. Pegasus
is a medium-sized machine which docs an addition or subtraction in about 300 micro~
seconds ; a muldplication in about 2 milliseconds and a division in abour 53 milli-
seconds. It has a store with a capacity of about 4000 numbers, each of 11 decimal
digits and a sign. Internal ons are carried out in the binary scale, but all the
conversions into and our of this scale are done by the computer itself. The formula
used for the calculation was the following, due, I believe, to Klingenstierna :

w=32 arc cot 10 — 4 arc cot 239 — 16 arc cot 515,
The three arc cotangents were evaluated with the Gregory series :
arc cot = b 1 -+ - — = e -
2 P 3x3 5%5 2

** For the value of 32 arc cot 10 about 5000 terms had to be cvaluated, cach to
10021 decimals ; this took aboutr 12 hours on the computer.

* I am now trying to check the value using the formula of Gauss :

~=48 arc cot 18432 arc cot 57 — arc cot 239.

“ This check is much more lengthy than the original calculation and has so far
only reached 7733 digits. There is disagreement beyond 7480 digits and T am at
present investigating this when I ger the opportunity.

* I have also used a similar process to evaluate a number of logarithms to just
over 1000 digits ™.

.. We feel sure all our readers are grateful to Mr. Felton for giving us an
insight into this fascinating work and wish him all success in his researches.
Note.—Those readers not familiar with the *“ arc *” notation should read arc cot x
as * the angle whose cotangent is x ; it is preferable 1o the alternative “ cot—1 x *
for more than onc rcason. J.F.H.
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original, his presentation of the subject was successful in improving the
teaching of the theory of numbers and in demonstrating geometry. The
early Christian scholars lived too intense a religious life and their persecutions
were too close for them to devote time to such a speculative subject as mathe-
matics, so it is mot surprising that the subject lay almost dormant until
Christianity had become powerful.

One of the greatest of the Church scholars was Baeda, the Venerable
Bede (c. 673-735), who has been called * the father of English learning ™.
His mathematical interests were in the ancient number theory, the calendar
and the finger symbolism in number.

The next great European scholar in mathematics was Alcuin (735-804),
who studied in Italy, taught in York and later became an abbot. He wrote
on arithmetic, gecometry and astronomy and his name is connected with a
collection of puzzle problems.

After the death of Alcuin, the invasion of Britain by the Danes destroyed
the security necessary for intellectual development and there followed a
marked decay in British learning. I.LL.C.

FUN WITH NUMBERS No. 5
From *° Le Facreur X .

(a) Put brackets in the following statement so that it is now true :
3+4—5—3—1—5=12.
(b) Can you justify the expression a-+b xa-}-b-+4axb=122 by inserting
suitable brackets and choosing a and b from amongst the three numbers
3, 4 and 57

STAMP COLLECTORS' CORNER No.76

GERARD KREMER {1512-1594), who latinised his name
o GERADUS MERCATOR, studied at Louvain and be-
came & surveyor and instrument maker. He made and
published surveys of Flanders, and also published maps of
the world. His first world maps were bascd on Prolemy's
but his later maps were corrected to agree with the obser-
vations made by navigators. After charges of heresy he
left Flanders and settled in Germany. In 1568 he brought
_ out his navigational map in which the globe is represented
in such a way that the compass bearing from one point to
another can be measured directly from the map. This
projection is still vsed for nearly all navigational m;::psv a

= k. ¢ i .}
Lo P
SR AT R F
] v: e el

Belgium 1942, X
1-75 fr.+50c dark blue.

PIE AND =~

Little Jack Horner sat in the corner
Finding the value of = ;

The masses of digits

Gave his fingers the fidgets,

So he copied the figures from Pre.

New readers of Mathemarical Pie are sometimes puzzled by the rows
of figures at the bottom of each page and, from time to time, the Editor
receives an enquiry as to what they represent. The answer is that these
figures are part of an approximation to the value of =, a number of such
importance in mathematics that its connection with the circumference and
diameter of a circle is almost a sideline. Why are there so many figures ?
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South Pacific islands 1,500 miles of empty sea separated them from home.
They continued on their course by keeping the wind on the starboard beam
until the equator was crossed.  Then the Sacred Calabash became their guide.

This instrument was made from a gourd over three feet in length, rather
like an enormous coconut. The top had been removed, the inside cleaned
out, and four holes, equally spaced below the rim, bored through the shell.
When the Calabash was filled with water and held upright so that the water
was level with the four holes the rim was horizontal. The four holes were
so placed that in Hawaii an observer looking through any one of the holes
could just sec the Pole Star over the opposite rim. During the long journey
northward observations were made of the Pole Star. When, at last, it could be
seen on the rim of the Calabash course was altered to the west, and the
canoe continued on the Jatitude of Hawaii, frequently checking position, until
the peaks of Mauna Loa and Mauna Kea rose above the horizon to guide
the voyagers back to harbour. C.V.G.

CHARLIE COOK
(From the Mathematics Student Fournal)

e‘@ 172 4 73 15T
- 173 1103

17410
SENIOR CROSS-FIGURE No. 26

ACROSS

1. Median AX of triangle ABC when AB=—10,
BC—12, CA=8.

3 ?_"-;;{?ompound Intcrest on £2 for 2 years
in £).

5. Smaller of 2 consecutive odd numbers
whose squares differ by 480.

6 r polygon with I3

Interior angle of re
sides.
8. 3 figurc number such that the middle digit
is the average of the first and last digits.
10. 20y (see 11 dn.)
12. Volume in cubic inches of right circular
cone 1 ft. high and base-radius 3.5 ins.

14. 125} 32!

4V 25%27-}
15. H.C.F. of 6x2—11x—2 and %2-—4 when x=8.73.
16. A number divisible by 29, the proguct of whose digits is 70 and sum 14.
OWN
1. Reverse of total surface arca, in sq. ins., of cone (see 12 ac,)

2. 048 ' J(0.8)2+31.25% 0.072}-
3. Sce 7 dn.

4. v210 (see 11 dn.)

-7. Twice 3 dn.

9. B

E as a decimal, if A is 209}, more¢ than B and 257, less than C.

10, B8 ac.+12 dn.

11. 0.1% of prime root of y2-—25y-}46=0.

12. 36th rerm of A.P. whose 3rd term is 8 and whose 7th term is 4 times the second
term.

13. % of 16 ac.

Check cluc : Sum of all the digirs inserted is 155.

199
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MATHEMATICAL /ATLAS No. 4

writings on the Conic Sections
andother Greek geometry
were translared into Arabic.

Arabic Translations
of Euclids Elements
were srudicd by
Europcan Scholars.

The Spread of Mathematics 500-1000 A.D.

Brahmagupta Venerable Bede Alcuin Decay of Mathematics n Britain,
) o R e |
500 Buddhist Missionaries 600 Sanskrit Calendar 700 Baghdad bedomes 8300 al-Khowdrizmi 900 Arab Mathematics 1000

take knowiedge to Japan. translated into Chinese. centre of
Mathematical World.

Transiated Greek Works,  Studiedin France and Spain.

Brahmagupta gave the Area of a Quadrilateral
with sidez a,b,c,d as J(s-aNs-bLNs-<)(s-d)

where 2 sarbre+d

N

\

1
~Chinese learning
—_——
-~ SpreadstoJapan.

During the five centuries from 500 A.D, the general trend of mathematics
was westward rather than towards the East, though there was quite consider-
able progress in the Orient.

The increasing amount of trade between the Middle East and the Orient
strongly influenced and developed the art of calculation, while the eastward
travelling pilgrims and the movement of armies gave risc to an exchange of
knowledge relating to abstract mathematics and astronomy,

Much of the mathematical work in China at this time was connccted
with the improvement of the calendar, and it was during the 7th century
that a Sanskrit calendar was translated into Chinese. Following a visit to
India betwcen 629 and 645, the Chinese mathematician Hilan-tsang spent
the rest of his life translating Hindu mathcmatical scriprs.

During the 8th century, the interchange of Arab and Chinese ambassa-
dors resulred in a further and wider exchange of knowledge. The friendship
of these two countries was particularly strong during the reign of Harun-al-
Rashid (well known from the Tales of the Arabian Nights), when Baghdad
was rapidly becoming the centre of the mathematical world,

Japanese mathematical development was strongly influenced after the
introduction of Buddhism in 552, and it was about two ycars after this that
Japan adopted the Chinese system of chronology. From then on Japanese
intcllectual life was almost completely the result of Chinese influence.
Chinese measures were adopted, an observatory was founded and, in 701, a
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university system was established in which nine Chinese works were specified
for students of mathematics.

The mathematics produced in India during this period was a mixture
of brilliant and very ordinary works, but it is worth noting the contributions of
Aryabhatas the Elder, Varahamihira the astronomer, Brahmagupta and
Mahaviracarya. The first of these produced a collection of astronomical
tables, several works on arithmetic and showed a knowledge of quadratic
equations and indeterminate linear equations. The most prominent among
them was Brahmagupta, who lived during the 7th century. At the age of 30
he wrote an astronomical work of 21 chapters entitled Brahmasiddhanta.
The rest of his work included areas in arithmetic, the application of algcbra
to astronomy and indeterminate equations.

The greatest encouragement in the study of mathematics was to be
found in Baghdad, where Hindu astronomy and mathematics were studied
and develqzzged by many scholars. The works of Brahmagupta were trans-
lated and the classics of Greek mathematics were introduced into the court
of the Caliphs,

It was through the work in Baghdad that mathematics spread to the
west, where newly civilized countries were slowly assimilating Roman
culture.

The mathematical works of Boethius, a Roman citizen, were held in
high regard in the monastic schools of the west. Though his work was not
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JUNIOR CROSS-FIGURE No. 25

ACROSS

4 . 2x+3=25. Find x2.
Simple interest on £200 ar 337, for 3 vears.
One more than a perfect square.
(m+1) (n — 1) when n=8.
Number of square yards in 14 acres.

OWN
Number of sides of a regular polygon with
interior angle 1507,
x+2y =37, Find (x-+¥).
2x +y=32.
A prime number.
L.C.M. of 16, 28, and 60.
On c3angk of an isosceles triangic when another
is 737,
Three times 4 down plus 3 down. B.A.

APOLOGIES
The edirtor apologiscs for an error in the figures
of =. Page 198, group 5 should read 65549 instead
of 85549,

SOLUTIONS TO PROBLEMS IN ISSUE No. 26

SENIOR CROSS-FIGURE Na. 26
Arnoss : (1) 678 ; {3) 105; (55 119 (61 136 ; /8] 369 ; (10) 460 ; (12 1543
(147 240 ; (15) 673 ; (16) 725, } )
DowN - 111 671 ; [2) Blé; (31 193 ; 14} 5397 (T) 386 ; {9) 625; (10 476 ;
{11 023 112) 107 3 (13} 435,

FUN WiITH NUMBERS Na. 5
v e ], Yo ] (= | = 12,
e G 8 e B | § (—5 ) = 12,
A G Y F | —5 | = 12
+bxia tbiaixb- 122
‘hen a~%, b=3,

la)

il

3
3
3
A

w

CHARLTE COOK
1P - 7 (7 4+ A7 — 17 X T =T U7 + T x 219 17 4 7
i + 100 17 +10) (17% — 17 x 10 + 104} (17 + 100 x 219 iT + 1o

So in this cs=e, Charlic was coreect,

FPALLACY No. 25
When extmcting square roots, the positive and neguotive sign must be considered separately.

JUNTOR CROSS-FIGURE No. 24

We gpologise for the ervor in the 4 ncross chue, .
Acnoss ¢ (2) 243 ; (4) 5232 (7) 242 ; (9) 144 ; (1)) 9660 ; (14) 220.
Duws : (17155 ¢21 27 ; (334725 (50204 ; (6) 12; (8486 (9) I6; {10) 492 (12) 60 .(13) 05,

B.A.

JUNIOR CROSS-FIGURE No. 24

The clue to 4 across should have read

y% of 11 across—5 down—3 of 14 across--46.

The editor has received letters pointing out this error from Joan Shaw of Combe
Down, Bath ; Form 2A, Rux} County Sccondary School, Ewell, Surrey ; and
Form 11K, County High School, Chelmsford ; and the following verse from Form
Upper IVA, Manchester High School for Girls.

Your Junior Crossword’s wrong.

It docsn’t take so very long

To find that No. 4 across

Has had a quite substantial loss.

It should end scvens without a doubt,
It ends 32 bur you'll soon find out.

212
31734 64965 14539 05796 26856

Copyrighs © by Ala.r:hma:nic’m;’l’h Led.

34088 19071 04863

MATHEMATICAL PIE

Editorial Offices !
97 Chequer Road, Doncaster

No. 27 MAY 1959

WRITING NUMBERS.
No. 1—Concrete Numbers

Have you ever wondered where the numerals which we use every day
(Arabic numerals) come from ? Sometimes we use a different set of
numerals, ¢.g., on the face of a clock, or the chapters in a Bible, thesc are
Roman numerals. If you collect stamps you will know that a stamp bought
in Rome will have Arabic numerals on it, not Roman, and that a stamp from
an Arab country will have numecrals quite different from our *“ Arabic ™
numerals {(see Pie No. 18).

If you think back ther¢ must have been a time when no one in the
world knew how to write either words or figures. Writing was only invented
6,000 years ago, but there have been men in the world for 50,000 years.

The factors which made men desire to find a way of writing numbers
were trade and the need for a calendar. The carliest known calendars date
back to berween 5,000 and 4,000 B.C. How can we guess what happened
before then ?

Fortunately there still exist, in remote parts of the world, races of men
who are backward and primitive. Their number words and methods of
counting have been studied and found to be much alike in general pattern,
although these people live at great distances from one another and are
therefore unlikely to have influenced one another. It is fair to assume
then, that our ancestors and thosc other civilised peoples began Arithmetic
in a similar way.

In the beginning numbers were inseparable from objects—e.g., the first
three number words of the Malays mean literally “ one stone, two stones,
three stones.”” These are called concrete numbers and the earliest attempts
at writing took the form of a series of pictures which would convey a message,
rather like the comic strip of today.

AVAYAVAY 2>

NorTH AMERICAN INDIAN . CRETAN.

The illustrations above are taken from picture writing and show concrete
numerals—4 familics, a 3-day journcy and a 2-month voyage.
How would vou represent a three-day cricket match in this manner ?

R.H.C.
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MATHEMATICAL INSTRUMENTS .

No. 7—The circular scales

The first circular calculator was described by William Qughtred in
1632. It consisted of a brass disc on which was engraved a number of con-
centric scales (Fig. 1). One was a scale of logarithms from 1 to 10, divided
by -0l from 1 to 5, and by -02 from 5 to 10. This scale formed a complecte
circle and the graduations for 1 and for 10 coincided. The scale could be
read as 10 to 100 or as 100 to 1000. The other scales represented sines
and tangents. At the centre was pivoted a pair of pointers, looking rather
like a pair of compasses. These were made so that they could be set at any
angle to one another and would then turn together keeping the angle constant.
To multiply 5-6 by 3-7 one pointer is moved to 1 and held there while the
other pointer is moved to 3:7. The pointers are then moved together and
the first pointer moved to 5-6. The second pointer now shows 2-07. We
can see that the product is between 10 and 100. Therefore the answer is 20-7.

Instruments with spirzl scales were uscd in the seventeen hundreds.
They are said to have been invented by Mr. Brown. Samuel Pepys bought
a “ sliding rule »” from Mr. Brown in 1664. This may have been the same
man. A spiral scale of five turns can have the same number of divisions as a
circle of five times the radius, and can be used for very accurate calcula-
tons, provided the user does not read the answer off the wrong part of the
spiral. The illustration (Fig. 2} shows a Nicholson scale of 1797.

In the modern instruments the pointers are replaced by lines on two
glass discs in front of the scales and the spiral usually has six turns to facilitate
the calculation of square roots and cube roots. C.V.G.

THE FIRST SHALL BE LAST
Write down any number with 4 digits. (e.g. 8493).
Rewrite it in the same order, but put the first digit lase.
Repeat stage 2 (9384) ; and again (3849).

Add the four numbers you have obtained. Divide the total by the
sum of the digits (8-+4-+-9+3).

The result is always the same, no matter what digits are used. W}t)c'i ?

ot
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THE BINARY SYSTEM

Some readers may have heard that the new electronic computors work
in the binary system, and perhaps this information puzzles them. According
to the dictionary, a bimary system is a " system involving two . The
decimal system of numbers that we normally use is based on ten, prob-
ably because we have a total of ten digits on our two hands. On this basis,
it would have made our arithmetic easier if we had rwelve digits, because 12
is better off than 10 in respect of factors.

When we look at some well-known number—say 365—we see what is
really a short-hand way of writing (3 < 102)+{6 < 10)-+-(5x1). In the scale
of 12, it would be {2 122)--(6 > 12}+(5 < 1}, or shortly, 265. In the scale
of 8, 365 is {5 x82)+(5x8)+(5x1)or 555. What, then, is 365 in the binary
system or scale of 2?2 The number is easily split up into 256--64--32—8 -
qd-4+-1,7.e.,284+20-25423 L2201 or (1 «28)+(0x27)+ (1 x28)—(1x25)~
{0 2%)+(1 x23)-L(1 x22)+(0 < 2)+ 1, which is written shortly 101101101.
This number, then, is the binary way of expressing the number of days in
a normal year.

Why usc the binary system in computors ? Since 2 itself is written
as 10 in the binary system, it can be seen that there are only two numerals,
namely 1 and 0. This is very convenient in designing an electronic calcu-
lator because a simple two-position switch can be made to represent 0 in
one position and 1 in the other position. Since electronic tubes or valves
can be made to work as such switches, a binary number can be sent through
a computing machine at very high speed in a sort of morse code which is
* processed ”* by the machine according to the instructions given to it and
is finally decoded and printed as a table of ordinary numbers ready o be used
in research or industrial applications.

You can now try your own skill in turning other well-known numbers
from the decimal scale into binary numbers : {a) 112, (&) 1760, () 2240,
(d) 4840. (Hint : write out a list of powers of 2). J.E.H.

CHARLIE COOK
7 (From the Mathematics Student Fournal)
@ V585 = 5v/ A 1)
LA Find other similar Charlie Cook roots.

A Patchwork Pattern

Did vou know that a set of
identical quadrilaterals of any
shape can be fitted together to
cover a plane surfacc? CV.G.
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A FALLACY No. 26

2 ABC is an isosceles triangle having AB=AC. The
bisector of angle ABC meets the line through C
parallel to BA in D. Given that angle A—40°
and that angle D=307, calculate angle BCD.

& <
Method 1.
+ ABC =70° {base angle of the isosceles & ABC).
LBCD=180" — - ABC (allied angles are supplementary),
-4 BCD=180" — 70,
S.LBCD=110°,
Method 2.
+ DBC=% of ¢ ABC (BD bisects -~ ABC),
S LDBC=35",
+ BCD=180°" — 2 DBC — 4 BDC (angle sum of & BCD).
-2 BCD=180" — 35° — 307,
L BCD =-1152.

Which is correct ? I.H.

A PUZZLE FOR SQUARES

Think of a chess-board with 8 8 l-inch
squares. It is obviously possible to cover it
with 32 dominos, 2" < 1%. Now if you cut out
the opposite diagonal corner squares, ¢an you
or can you not cover the remaining 62 squares
with 31 such dominoes ?

Dad’s not just squure, he's octagonal,
Reprimted by permissim of the ¥ Daily Mirror".

6.5 SPECIAL

A man travels home by train every day. The train gets to the local
station at 6 p.m., and his chauffeur fetches him punctually by car from the
station and drives him home. One day the man comes by an carlier train,
and is at the station at 5 p.m. Rather than wait an hour, he starts walking
towards home, meeting the chauffeur on the way on his way to the station,
and returning the rest of the way in the car. If he gets home } hour before
the usual time, for how long did he walk?

DUCKS AND DRAKES

There does not seem to be enough information in the following problem
.o make a solution possible ; but there iIs onc answer, and one only.

A man bought an odd number of ducks at 10 shillings cach, and one drake
for less than 10 shillings. The total number of shillings he paid was a perfect
square. Whar did the drake cost? J.G.
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PIE :

Pie

DEFINITION PIE

The following definitions have been gathered from various sources :
Magpie.

: A kind of Woodpecker.

: (sca-pie) Oyster catcher.

: Pica (ecclesiastical rules ; a standard of type size).

:  Meat, fruit, etc., baked in a dish with a cover or with a complete
envelope of pastry.

: (printer’s) Indiscriminately mixed, disarranged type.

A small copper coin, one third of a pice.

: {(Mathematical) A lively journal published three times a year and circu-
lating all over the world. It contains items of interest for children
of all ages. J-EH:

THE PATH OF TRUE LOVE BECOMES COMPLICATED

(Adapted from ** Magazine of Knowledge and Pleasure Vol. II, March 1748).

** I have solicited an old gentleman to let me pay addresses to his daughter

but on no terms will he hear of it without I first tell him his daughter’s age

which, he says, is found by this rule :

the

to 3660. Query, her age? ™

To twice her age, add four more than
This sum, added to its square will be equal
J-E.H.

square root of double her age.

SENIOR CROSS-FIGURE No. 27

VABCD is a right rectangular based pyramid.
X, Y and N are mid points of AB, BC and

AC respecuvely.

CLUES ACROSS
1. 6 2 VXN to the ncarcst degree.
3. /. VAB ro one decimal place.
5. VYN to onc decimal place.
7
9

Area of XNYB in square units.

s VMY
12. Perimeter of ABCD.
14. VB~

16. 2 ; AVC to one decimal place.
17. 2 £ VXN to the ncarcst degree.

CrLues Down

3 ; NVX o one decimal place.

+ VAN 1o nearest degree.

5 (AC 4+ XY).

Volume of VABCD in cubic units.
VX.

VC+CD.

4 VA,

¢+ ACB in degrees and minutes.
6 / XVN to one decimal place.

/ NVX to the nearest degree.

a

AB

95618

=8, BC- 6, VIN =12 unirts.

Reverse the area of VBY to the nearest

x a X
square unit.
B.A.
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The above ilustration was submitted by Fenmifer Tresise, 6th Forny, Bishop Blackall
Schaol, Exeter, to whom we have forwarded a book roken for such a splendid effort.
We invite our readers to send in further mathematical cartoons.

The caption of Jennifer's drawing can be more fully stated as ** If in equeal circles,
or in the same circle, 1ewe chords are equal, the arcs which they cut off are equal.”’ This
theorem is usually proved by using rwo orher theorems which, in their rurn, depend
on ver other thcorems.

A theorem may be hkened to a brick in a building : it is supported by other
theorems just as a brick is supported by other bricks on which it rests.  We cannot
carry this likeness 100 far because our system of geometry is more satisfactory when the
basic principles, or axioms, arc as few and as simple as possible.  These foundations,
being few in number, must be massive in form and of unquestioned reliability.

It is worth while turning back 1o the early pages of your textbook when you have
been working at a subject for a year or 50,  You will be pleasantly surprised to find
that some of the carly statements that once seemed trivial make a Jot more sense in the
light of expericnce than they did when you first read them.
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Equall Chords Stamad on Equaﬂ Arcs

If we go beyond our rext books, we find that a complete system of geometry was
cseablished nearly 2,300 years by Euclid of Alexandria and was most carefully
expounded in thirteen books referred to as the ** Elements,”  In these some 165
propositions are set out, in other branches of mathematics as well as geometry, the
standard reached finally being well beyond that achieved by the average student even
today-

Narurally there are some blemishes apparent in Euclid’s work, but it is hardly a
brave thing 1o criticise it after 2,000 years of subsequent thought, Some folks may
refer to a8 horse-drawn vchicle as slow but the fact remains that such a vehicle can
traverse the City of London ar rush-hour just as speedily as the most expensive car.

Some modern geometry books do not refer to Euclid at all and in one respect, at
Icast; arc in consequence deficient because it will be found that a certain theorem has
different numbers given to it in geometry books written by Mr. X and Mr, Y—and may
even have different numbers 1n two different books written by the same author.
Such a state of affairs is confusing to both students and 1eachers. lt-n'ling the issue of a
British Standard that would systemise things once and for all, we can go back to
Euclid’s system. Thus the caption of the picture above has the reference Euclid 111
28, i.¢., the 28th proposition in the third —naoathing could be simpler | J.EH.
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QUOTATIONS
The advance and perfecting of mathematics are closely joined to the
prosperity of the Nation.—NAPOLEON.
Hold nothing as certain save what can be demonstrated.—NEWTON.
If the Greeks had not cultivated conic sections, Kepler could nor have
superscded Prolemy.—WHEWELL.

JUNIOR CROSS FIGURE No. 26

CLUES ACROSS .
Number of sides of a polygon with

L
interior angle 1507,
3. A third of 2 down plus five, minus tcn-
4, Simple interest n pounds on 170
invested for 4 years at 5%,
5. Number of 6 inch square biocks to cover
a hall floor 154 ft. by 11 ft.
7. A prime number.
9. 672 —3.32,
11. Product of four consecutive primec
numbers.
12. a.
Crues Down
1. Incerior angle of a regular pentagon.
2. h
3. Add 1 across to 9 across 2x4+y=13
and muluply by x-+vy. x+4-2y=17
6. 1lxy.
8. (p—q) (p+q) when p=20 and gq=5.
10, :{‘rca, in sq. in,, of a rectangle 1 ft. 5 in.
by 2 ft. 5"
1. A primc number. ,
Check clue. Onc digit is not used. l;l‘gc

sum of the digits is 77.

SOLUTIONS TO PROBLEMS IN ISSUE No. 27
THE FIRST SHALL BE LAST
abed = 1000 a+-100 b--10 ¢ +d
dabe= 1000 d + 100 a+10 b+4¢
cdab— 1000 ¢ 4100 d4-10 a+b
b+100 c+10 d+a

beda= 1000 '
Adding we have 1000 {a+b+c+d)+100 (a+b+c+d) + 10 (a+b+
c+d) +ia+b+c+dl.
Divide this number by {a-+b+¢+d) and the result is 1,111,
ENIOR CROSS-FIGURE No. 27
2.65 ;{12328 3 (14) 169 ;

S
CrLues Across @ {1) 456 3 (3) T21 ;{53 T15; (M 1291
{16} B64 ; {17) 152,
2 67 ; {3 75 -1(4) 192 ; (6) 12.36 ; (8) 21 ; {10) 52;

Cruss Down : {1) 421 &
(11) 538 ; (13) 84273 {19 14 ;(18) 91,
FALLACY No. 26
The fallacy arises because LBDC is given as 30°. It must be 35% if the other information is
A PUZZLE FOR SQUARES
thiz way as the two sgquares which were removed are of the

Write the iumber
The other numbers will be

'l‘lci.ﬁchm-boa:d cannot be ¢

samec our.
6.5 SPECIAL
man meets the car when it Is av a distance which takes § bour ro travel to the ststion. Hence

The
be walks for 45 minutes.
DUCKS AND DRAKES
He bought 3 ducks and the drake cost 6 shillings. 'The total cosr was then 36 shillings.

JUNIOR CROSS-FIGURE No. 25
Crups Across @ (2) 121 ; (5) 2t : (T) 37 ; (B) 63 ; (10) 8470.
Coues Down : (1) 12 (3) 23 ; (4) 17 ; (6) 1680 ; (9) 34 ; (11) 74. B.A.
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No. 28
A NOMOGRAM FOR THE COSINE FORMULA

ci=asb*~-2abcosC

Ao T T T 0 L
it mmay
g H
S0 S2
111
11 R
117 Tl
A |
y I Bty
O=2 ) a+b
N San)
/1 |
B I | TR
il 1] IR R
gl 1 1 1 | WA
&ng S | Bl ) Y\ o This nomo-
Y 3 T 1 1 111 gram can be
//ll I | | used to find
11 — e aupes b
a triangle when
soff 1 1 1 | | = m\so the three sides
fry T 1] | W ;
111 N A O W are given, and
| Y Y | | I I L L to  find the
grofoy -y | L T T third side when
o111 1] T T T U, two sides and
(/1 627 e T the included
15 I e - ;
/31— I angle are given,
= ., e
e # 3 ! s | —rso; Aines tp 3
[} B (o S e | —1=1 I values of c,
A1 || thie  vectical
o171 — I \“20 lines values of
= = Gand thetwo
' . -
2035 767 50" 66° 705 80" 90° 100" 1O® J20° 130° T 157K :::s:;tc:]fban[d
A b

AnGLE C
Example : In AABC A=60° a=5in., b=3 in, Find c.
Lay a straight-cdge from the point a+b=8 to the point a — b=2.
CV.G.

The straight-edge cuts the line C=60° at c=4.35.
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SMALLER FEET

One of the many
public semi-stand-
ards for one foor,
two feet. and onc
yard.

American feert are to be a little smaller.  As greater accuracy of measure-
ment has been achieved the old standards of length have become unsatis-
factory. The English standard yard has varied by about one-twenty-fifth
of an inch since the first legal standard was made over 700 years ago. In
1922 it was discovered that the current standard (made in 1845) was slowly
shrinking. The inch was therefore defined as 25.39996 millimetres. In 1951
it was redefined as 25.4 millimetres exactly.

In the United States each state maintained its own standards until 1832
when a Senate Committee found considerable disagreement between these
standards and ordered the distribution of new standards based on the British
standard yard. In 1893 the Scnate redefined the standard vard as {489
metres.  This makes the inch equal to 25.4000508 millimetres. Since 1951,
however, the American Bureau of Standards has used the British inch and
this is now to be made the legal United States standard.

The metre used for the definition is not the French standard. It is
the length of 1,553,164.13 wave lengths of Red Cadmium light. This
figure was obtained as the average of a number of determinations which
differed only in the last figure, and has been adopted as the international
standard. It will probably soon be superseded by a definition in terms of

Mercury light. CV.G.
Continued from page 215 » = .
CrLues Down .
1. Value of {a$+b2) when 2a-+b=31 7q3
and 2b--a=32, v
2. Difference between n(n--h)2 and n?
{(n-+b) when n=13 and b=1. P ==
3. ABCD arc four successive points on N ’
a line. AD=24in., AC~ 18.84 in., T .
BD=18.61 in. What is BC? 10. Four consccutive integers.

4. Radius of a circle drawn through the 12, How many m.p.h. is 105.6 ft p.s.?
vertices of a rectangle 30 in. by 16in. 13. Hypotenuse of a right-angled tri-
5.  Anevennumberof three figures which angle ; base 60in., arca 750 5q. in.
may be described as x to the powerx. 15, Fig. 3. Arvea of triangle XYC.
9. Number of cu. in. in two equal AB=20 fr., BC=12 ft., AXe=
cubes of 1 fT. side. 8 ft., and AY =6 fT. 1.G,
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CHARLIE COOK'S DINNER GOES UNCOOKED!!

Mrs. Cook was busy cooking the dinner when the heat supply to the stove
suddenly failed. She found that the slot-meter required a shilling to be inserted
to restore the supply.  Unfortunately, she had no change so, handing Charlie
a one-pound note, she said : “° Run round to the grocer’s and get me twenty
shillings’ worth of silver . On his return, Charlic handed his mother the
change and ran out to play before she counted it. She found that there
were twenty coins and that these certainly added up to twenty shillings 3
while there were half-crowns, florins and sixpences, however, there was not
a single shilling ! What coins did Charlie bring back ? J.F.H.

STAMP COLLECTORS’' CORNER No. 7

RENE DESCARTES (1596-1650), was the
man who developed the work on graphs.  After
education in a Jesuit college he became dis-
satisfied with accepted philosophy and turned o
mathematics, as Pythagoras had done, as a
means of understanding the universe., After a
few vwears divided between mathematics and
gambling he became a soldier. During this rime
he invented the idea of using the methods of
‘ zldgcbr:?a in the solution of l%comctricnldpr;blms.
~ n 1621 he gave up soldiering an egan a
{ﬁ"g 1937’}.‘, d series of investigations into problems of physics
Oppar- A0, and astronomy. He wrote a treatise which was
ready for publication when Galileo was brought before the Inguisition. Public-
ation was suspended, but at last, in 1637, with the encouragement of Cardinal
Richelieu, “ A Discourse on Method *' was printed. GV.G.

FALLACY No. 27

The following problem with its solution was found by the Editor whilst
looking through an old magazine, * The Universal Magazine of Knowledge
and Pleasure ” Vol. 11, April 1748—

“ A gentleman hath an oblong garden, whose length is 620 feet and
breadth 400 feet, round which he would make a trench 15 feet decp, so as
the earth flung up should raise the garden one foot higher. Qu. The
breadth of the trench? ™

In the May edition, the following solution is given—

620 fect long 620 feet long
400 feet broad 400 feet broad

248000 sq. feet in the G. 1020 half the compass
2

2040 feet in the compass
15 feet in depth

30600 square in compass and depth.
306 ) 2480
220 The trench must be 8 feet 1 wide.
Feet 8, 1 wide 14

And the answer is wrong. Can you follow the method, and show why
it is wrong ?

30600)248000 solid feet of earth
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It is, therefore, all the more surprising that the Babylonians and Egyptians
could calculate areas and volumes and make astronomical calculations with
considerable accuracy.

For many centurics numbers were used solely for the purposes of
calculation. It was not until the Golden Age of the Greeks that the properties
of numbers were considered and arithmetic was divided into calculation
on the one hand and the theory of numbers on the other. I.L.C,

KNOWLEDGE INCREASES

From a piece of fairly stiff paper—drawing
paper will do very well—cut out a number of fairly
large triangles such as ABC (Fig. 1). Fold it so
that AC lies on AB, and then creasc it plainly at
the fold. The crease, AD, will show the bisector
of theangle A.  Flatten out the triangle again and
form, in the same way, the crease biscctors of the
angles B and C. Examine your handiwork and
you will see that the three bisecting creases appear to meet at one point
{the incentre).

FiG. I

Now take another triangle ; fold and crease it so that C lieson B. You
will obtain the perpendicular bisector LP of BC. If you crease similarly to
show the perpendicular bisectors of the other two sides, you will see again
that the three creases appear to meet at one point (the circumcentre).

Using another triangle, fold and crease so that C lies at any point on
BC. The crease will be at right angles to BC.  If before creasing you adjust
the fold so that the crease passes through A, you will obtain AX, the per-
pendicular height (or altitude). By refolding, you may obtain the per-
pendiculars from B and C to the opposite sides. Again the three creases
appear to meet at a point (the orthocentre).

Finally, with a fourth triangle, make three creases from the corners
to the middle points of the opposite sides. You will thus obtain the centroid,
or centre of gravity, of the triangle.

The four points you obtain will all be different unless the triangle is
isosceles or equilateral. A large triangle folded to show all the points may
suggest to you that three of them lie in one straight line. 'Which of the four

i1s the stranger ? J.G.
SN & =
SN e
/’} /v /77
/// Ly A
L0 fd 2tk

A three-day cricket match by Sandra Noreliffe,
Holme Valley Grummar School, Honley,
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PENNY PLAIN, TWOPENCE COLOURED!

This is a game of “ just suppose . Imagine that there are two kinds
of numbers, very much like ordinary ones, one kind being red (R) and the
other kind deep blue or indigo (I). The colour letters R or I can be put
in front of figures so that R10 means ““ red ten ” and 17 means “ indigo
seven ’.  For the purpose of our game supposc that the numbers are in
pairs, e.g., R10--17, where the two sorts are kept scparate just as 10x -7y
would be written in algebra. In the rules of the game we can have addition
and signraction, just as in algebra, so that (R10--17) — (R5 — I2) cquals
R5-:-19,

The real fun of the game starts when we multply or divide, because the
colours, kept separate in addition and subtraction, now get mixed ; suppose
they sort themselves out, however, according to these simple rules:
RA<R=R; RxI=I; IxI-= — R ; (take note of that minus sign !).

Let us try using these rules to multiply the two numbers mentioned
above, that is, to find the meaning of (R10-+17) < (R5 — I2). Taking the
terms in order we get RIO.R5 — RI10.I2-+-17.R5 — I7.I2 which makes,
by the rules, R50 — 120--135-}-R14 or R64-}-115.

You can now try your hand at the game with the following :
a. (R4-+I3)x<(R3-+12)
b. (R3-+H)x<(R2-13)
c. (R4+I3)x<(R4—1I3)
d. For division, first practice by dividing the products in a, b and ¢ by
their factors, then try (R9-}-138)--(R4-+13).

The principle of this simple game is of great service in many mathematical
problems ranging from the solution of difficult equations to the practical

one of designing a motor car silencer ! J.E.H.
SENIOR CROSS FIGURE No. 28
(gu:ss AcCRrosS ; + 5 < 5
1. Value of 22%: when x is 40. _
3. Fig. 1. The angle x when B is 78°%, b 7 |
AB=AC and AD=DC. !
6. The next number in the sequence 3, 8, b " e
15, 24, 35, —-. ‘
7. If0.055 of a leap year is past, how many .
complete days remain ?
8. Valucof 11801312 o n 2=123 and " ] 2 [
b=456. :
11. Volume of rectangular block. Base is b -
19" 6", Tortal external surface area is
428 sq. in.
12. Value of (4x-+1) (x-+6) when the first L
bracket is 6 less than three times the ] o
second.
14. Fig.2. Theanglex. Bis 63° AB=AC . »
= CD and AD=AX. ¢\ figl tig 2
16. Value of x2 when (x — 10) (x-+4)=
(x — 6) (x — 4. o s L] - " '
17. How many lb. per sq. in. is 5.4 tons per :
sq. ft.? (Continued on page 214
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THE BEGINNINGS OF ARITHMETIC.

No. 1

Babylonian Number System

Y =1,60 60" etc.

Table of 3's as it
would be written
on a clay tablet

Egyptian Number System (heiroglyphics)

<¢ I0 YYY
YYY =9 ; plication 32 xI2
¥Y> =100 YYY Lo £yyftmn maltiplication
¥ =1 n=10
A later, 9 was writtem - €=100 —— \
e - = =
‘( " i=1000 % nap i 32x1
" f=10000
Y> minus P " aan n 64x2
{{Y¥ =20-1=19 nn=12 HH € i 7 128x4/
Y¢YY=60%+4 =3604 1
Yt’::' Semimpbosi =5 et e@e Wi/ \  256:8/
44 =
. All fractiorn except % '11'3333 eee 3 Sum38%
SxIO+I+% =I7I¥ nunirfrmfo’n.r. e,
‘?r'-wiom ‘with murneratorl o —— s
tan Hieroplyphic for 6000 -
Hwee § = The gﬁ{ﬁny s "The fan multiplication was
4 +30+200+ 1000 = Faleon King led ceptive cted by aprocess of doubling
1234 6000 men and addirng. Iri this ex. doubling twice

gives ¥x32, three times gives 8x32,
and the sum of these
gives 12 x 32.

The early civilizations had systems of countirg long before they wrote
numerals and it was from the operation of counting that simple arithmetic
evolved. The need to count was as natural to man as his nced to communi-
cate his thoughts in words. Our knowledge of early mathematics has been
derived from documents which take us back about 5,000 years ; and from
these we find evidence of the existence of well developed number systems
in Babylon, Egypt and the Orient.

The principles on which these number systems were based are similar in
many ways, though there is a wide variation in the t of symbols used.
The similarity of these systems lies mainly in the use, in varying degrees, of
the additive principle. This principle is the one used in Roman numerals,
where a number symbol is written as many times as is necessary to add up
to the number required. - For example, a single stroke (1) denoting the num-
ber one would be written three times (111) to denote the number three.

You will see from the illustration that most of these early systems had a
symbol for one which was used to compile numbers up to ninc and then a
new symbol for ten, so that numbers could be expressed as so many ones and
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so many tens. This division into tens was most probably a natural conse-
quence of man’s use of his fingers for counting.

In the early Babylonian system we find a positional notation used to a
certain extent. Qur modern number system uses this principle ; for example,
in the number 23 the position of the figure 2 tells us that it means two tens
in the number 234, the position of the figure 2 tells us to read two hundreds.
The Babylonians used this idea beyond the number 59, for the symbol for
60 was the same as the symbol for one. The position of this symbol could
make it mean 1, 60, 602, etc., or 3%, &y2 €IC.

This use by the Babylonians of the sexagesimal system, that is a number
system based on powers of 60, may have arisen from their early belief that
the year contained 360 days. Consequently, they divided a circle into 360
degrees and the fact that the radius can be stepped six times round the
circumference gave the number 60 (3 of 360) a magic property. There is,
however, no conclusive evidence for this belicf.

With cach of these early number systems the cumbersome notation
made calculation, especially with fractions, a long and complicated process.
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MATCH YOUR WITS

1. With six matches form 4 equilateral triangles, the sides of cach
being equal to the length of a match.

2. A man bought two horses for £80, and sold them for £80 each.
The gain on one was 207, more than that on the other. What was the cost
of each ? R.H.C.

BINARY CROSS-FIGURE
Submitted by Mr. M. D. Meredith, Trinity School, North End, Crovdon,
All numbers are expressed in the binary system,
ACROSS
1. H.C.F. of 110, 1111, and 10101,
100. One plus one half plus one guarter.
110. 110-4-11.
111. Rate per cent. per annum at which £10—10105.—
0d. earns 1/~ simple interest in 1000 months.
Down
10. Double “ 1 across ' doubled.

n allbpllo s b 0
» al_ﬂob-l_ai Whtn a= 100 nnd - 1100 s
x—10  x4-100

11 101

101. Value of xif
110. Last and least.

SERIOUSLY SPEAKING
Find the next number in the series
61, 52, 36, 94, . . .
and explain the rule for calculating the terms.

SUM AND PRODUCT
Which is it easier to find the value of
1+2+-35-4-4-5-16-1+7-+84-940

or 1X2xX3X4X5xX6<xTx8x9x07? R.H.C.

SOLUTIONS TO PROBLEMS IN ISSUE No. 28

SENIOR CROSS FIGURE No, 23

Crues Across ; (1) 41 ; {3} 132 ; (6) 48 ; (7) 345 3 (8) 123456 ; (11) 456 ; (12}
765 ; (14) 7B ; (16} 256 ; (17) 84,
Cruss Down: (1] 441 ; (2) I82 ;¢3) 1345 ;{9 34 : (57 256 ; (9) 3436 ; {12 72 ;

(13) 65; (15) 84,

CHARLIE COOK’S DINNER GOES UNCOOKED
Charlie brought 4 half-crowns, 2 florinsg, and 12 sixpences.
FPALLACY No. 27

The solution ignores the fact thar the level of the ench is not ralsed

one foot,
JUNIOR CROSS FIGURE No. 26

CLues Across : (1) 12 ; (3) 40 ; {4) 34 ; (5) 682 : (7) 53 ; (9) 34; (11} 210; (12} 85,
Crves Down : (1) 108 ; (2 145 ; (3) 46’0; {6) 2315 (8) 375 ; {10) 408 ; (11) 23,

APOLOGIES
The editor apologises for errors in the Cross-figure clues in issue No, 28,

Senior Cross Figure : 1 down should have read (a+ 4" and 4 down should have read diameter
imstead of radius.

Junior Cross Figure : 3 accoss was badly worded, It should have read # (2 down -+5) — 10,

The plcture of the Imperial yard was by courtesy of the Radio Times Hulton Picturs Library.
We apologise for having omitted this reference in the last issue, B.A
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PATCHWORK PATTERNS No. 2

N

This pattern of equilateral triangles in two colours was used for the
floor of a Roman house in the first century. It is interesting to break the
pattern down into repeats. It can be divided into parallelograms containing
12 light tiles and 6 dark tiles which can be fitted rogether without being
turned, or into other shapes with more complicated outline, but all containing
18 tiles. It can be divided into triangles, containing 6 light tiles and 3 dark
tiles, which have to be arranged in 2 different directions to make the pattern,
or into hexagons, containing 4 light and 2 dark tiles, which are arranged in 3
different directions. These can be divided again into pentagons, or quadri-
larerals or triangles, each covering 2 light and 1 dark tile, which arranged in
6 different directions fit together to form the pattern.

All repeating patterns can be divided into repeating rectangles. To
do this, find 2 corresponding points of the pattern. If the line joining them
is extended it will pass through more corresponding points equally spaced
along the line, and there will be other lines parallel to this dividing the pattern
into identical strips.- These strips can then be divided into rectangles by
drawing perpendicular lines. One way of dividing our pattern is shown by
the lines on the right hand side. In this pattern the rectangles overlap like
bricks in a wall. Designers would call it a half drop pattern. -

V.G
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{a-+b)?=(a+b)@2— ab-+b?)

PIE and » (continued)

Following the note on  in Issue No. 26, we have received some interest-
ing correspmfdence. Dr. Gosling, of Kingston, Ont., Canada, has sent
information about his library of books on_dxg;tal@omputers—clanmed to
be the most complete in Canada, and M. Rigler, of Northbourne, Bourne-
mouth, Hants., told us that he and other boys at his schogl have tried to
use Klingenstierna’s formula for =, but found the calculation hard going
beyond the 15th decimal place !

We are full of admiration for youngsters with enterprisc and cannot
do better than quote Mr. Felton who wrote to us :—

“ M. Rigler should be encouraged—though perhaps not to carry on his
alculagzms ::guch further, or he and his fricnds will be busy for the next fc\:
centuries ! It must be appreciated that the amount of work necessary to wgr
out a number like 7 to n decimals is roughly proportional to 72 ; this mecans t lasl
to get to 10000 decimals would take about 500,000 times as long as gewung 10
decimals.”
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THE POWERS THAT BE
You can check that 24 — 42,

I wonder if you can find another pair of numbers so that in a similar
way x¥ = y¥%.

Apart from sheer guesses can you find any way of solving such a problem.

The Editor will award book tokens for any interesting solutions received
before 1st June, 1960.

Suggesred by Mr. F. W. Withringron, M.A., M.S¢., H.M.I.

PUZZLE CORNER
Contributed by Gillian Tvson, Port Erin, Isle of Man,

I have noticed a curious property of the squares of odd numbers which
I hope you will find interesting enough to publish.

Square any odd number.
Divide the square by two.

Then the nearest integers above and below this answer, together with

the odd number which we started, will be the lengths of the sides of a right-
angled triangle.

Example: 152 = 225
225 = 2 = 112%
Nearest integers are 112 and 113
1122 4 15% =~ 1132

Can you explain why this method should be?

STAMP COLLECTORS' CORNER No. 8

BLAISE PASCAL (1623-1662), was an exceptional boy.
When he was 16 he discovered the theorem now known as
Pascal’s Theorem and wrote an ““ Essay on Conics ” in which
he deduced over 400 propositions in geometry as special
cases of his theorem. At the age of 18 he invented and
made the first calculating machine. Later he made im-
portant contributions to the theory of probability. At 31
he abandoned mathematics for theological and meoral
speculations. CV.G.

France 1944,
1-20 fr. + 1-80 fr. black.

WITHOUT COMMENT

Col. Withycombe and his family are the only people who live on the
1sland, which is 269 feet above sea level and 44 acres in diameter.”

Extract from the Notringham Guardian Fournal, Tuesday, November, 1954.
Contributed by Mr. F. Goodliffe, Mapperley, Nottingham.
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THE MATHEMATICIAN’S HUMOUR

Lord Kelvin {Professor William Thomson, 1824-1907), unable to meer
his classes one day, posted the following notice on the door of his lecture

room—*“ Professor Thomson will not meet his classes today.”

The disappointed class decided to play a joke on the professor by erasing
the “c”. When the class assembled the next day in anticipation of the effect
of their joke, they were astonished and chagrined to find that the Professor

had outwitted them. He had erased the .

GEOMETRY IN A GARDEN

so I own a square garden as shown in diagram, within
the garden stands a tree 307, 40’, and 50" from three
successive corners. How much land have I 2

CARD TRICK

Two players in turn take a playing card from a pile
and place the card on a tea tray. The one who first
places a card so that it touches another card loses the
game. How can the first player ensure that he wins ?

Suggested by R. W. Payne, Mathematical School, Rochester.

MATHEMATICS OF A MILITARY MAN

“ I'm very well acquainted, too, with matters mathematical,
I understand equations both simple and quadratical.

About Binomial Theorem I am teeming with a lot of news
With many cheerful facts about the square of the hypotenuse.

Major- General Stanley, Pirates of Penzance—By W, S. GILBERT.

MODERN GEOMETRY ?

When my sister discovered that she was taking the scholarship in

February she developed an interest in geometrical instruments, this included
the protractor.

After having had its functions explained to her in the simplest ?ossiblc
terms, she said, * Well, if a right angle is 90°, what’s a left angle?’
Sandra Shoham, 19, Asmara Road, London, N.W.2.

DO YOU KNOW?

Which Mathematician was Master of the Mint?

2. Who wrote *““ Angling may be said to be so like the Mathematics
that it can never be fully learnt? ™

3. Which School had as its motto “ Let none ignorant of Geometry
enter my door? ”

What theorem in Geometry is known as “ Pons asinorum ? ”
5. What is the significance of the word ** BODMAS »?
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Readers will be interested to know that Mr. Felton has found the
cause of the disagreement between two formulae reported in our earlier note.
He repeated the calculation and has provided us with the printed output
charts from his Pegasus computer showing agreement between the Gal:xss
and Klingenstierna formulae to about 10020 decimals. He also states :—

“ Si i rk was completed, M. Genuys, of the I_Bi\'l—Frapc’c company,
has u?t'cr:w:n:;:;:-::knhs wrilzd out a calc tion (using Machin’s formula)

w1l places. I am happy 1o say that the result agrees with the first 10000

places of mine. JEH.

“DO-IT-YOURSELF '’ PIE

: 1 3
It can be proved that 1:—:5 arc tan ?-Lz arc w@n -5 and that {for such values)

( 2( x2 )_2-4{ x2 )2 2:4:6 x2_)3 i)

bl pET Ry ey o wrs e

3.5-7\1.:x2, ]
x2 1 2 -3 144 4
Evaluating —l—m for x=-;, we have 100 and for x-—79, 100000 the power

of 10 in the denominators cause the succeeding terms (o 'bccome very small (the
series is said to conwverge rapidly). Now try your luck ! L.EH

SENIOR CROSS-FIGURE No. 29
Submitted by Mr. F. G. Hewit, of Wrexham.

ABCDEFGH is a rectangular parallelepiped. All its edges and its diagonals
are integers.

ACROSS 7 z 3 E3 O

1. BEF2

4. 11 down divided by 9. .3

7. BD4

9. For firc, police, ambulance, phone . —
10. BD2 -
I11. BF ’
13. Number of square yards in 1 acre. .
14. AD2

16. AB2Z muluplied by 10.

18. DF multiplied by 33. =

19. AB4

"
DownN B p

1. DF2 - .
2. The same as 18 across. P :

3. AB2 multplicd by 51. :

5. BD3 '

6. AD2 plus 1. -
10. Number of lb. in one ton. '
1}. See 4 across. e
12, AB#¢ ale-l - e e -
15. AD3 L -
17. AB muldplied by 7.

223
89322 61854 89632 13293 30898 57064 20467 52590



A St 2 B,

The photographs show the results of the work of the girls of Bourne-
mouth School for Girls after the article on Mathematical Embroidery
published in issue No. 25, October, 1958,
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JUNIOR CROSS-FIGURE No. 27
Submitted by Suzanne Bendz and Sheila Walmark, Hazeldene School, Salcombe, 8. Devon

CLUES ACROSS :

1. 3x-+7 — 3v=19. Find x--2y.

2x -y — 2= 15,
3. The ratc of interest on a loan is
increased from 39, to 33%. The
annual interest is raised by L1 7s.
6d. How much is the loan?
Number of square yards in an acre.
A boy reccives 18 marks out of 60.
What is his percentage?
Solve x4+31 47 — 8 — x+2x=82
Considered unlucky by some,
7804340 -}-60 -4+ 120--2000.

CLuEs Dow :

The sccond number in 12 across.
CMLXXX - IV,
ﬁvnl +XI+XIV—1I —T--

No® aw

10. Half the total cxrernal surface area
of a cylinder, closed at one end
and open at the other, with external
dimensions—radius 3“:;0 hc:iglzlxt_ - g

6,464 as a percentage of 18,760
correct 1o 2 places of decimals,
Twice 12 across. 11. Solve 3x — 10 — x=

N oo pup

SOLUTIONS TO PROBLEMS IN ISSUE No. 29

SENIOR CROSS FIGURE No, 29

CLups Across : (1) 144 ; (4) 211 ; (7) 625 ; (8) 27 ; (9) 999 ; (10) 25 ; {11) 12
1 3 6 (16) 90 ; (18) 429 ; 519) BI1.
Crurs Dowx : (1) %f%;zf)m 3 (32459 ;(5) 125 ; (6) 17 ;{10) 2240 ; {11) 1899 ;

1
W
>
v
-
-
-
e

GEOMETRY IN A GARDEN.

By using two spplications of the circle of Appollonlus, it can be shown
that the arca of the garden is very approximately 3,200 sq. ft.

CARD TRICK.

Place the first card in the centre of the tray. Now wherever the opponent puts a card there will
be a space symmetrically opposite in which the gﬂt playver can put bis next card. By continuing in thiz
way, the first player must win.

DO YOU KNOW 2?2

1. Sir Issac Newion. 2. lzaak Walcon, 3. Plato’s school,
4. The base ongies of an {sosceles triangle are equal.
5. Brackets our, divide, multiply, add, subtract. This gives the order for simplifying arithmetic
CXPressions.
PUZZIE CORNER.

Any odd number can be written as (2n-+1). aari 4n® 4-4n-+1. Divide b 2n*®
2n-+§. The two mtegers above and b-eluus are 2;:‘ 82%+mfmvﬁg 42n, Then L ¥
{2n* -i-2n}'+(.2n+ll‘ = 4n*+8n*+8n"-+4n-1 and
{(2n*4-2n-}-1) - 4Ant 4 8n "+ BnC--4n- L.
MATCH YOUR WITS.
(1) Farm a regular tecrmhedron with the matches for the edges.  (2) The horses cose £36% and £434%

BINARY CROSS-FIGURE.
CLurs Across @ (1) 11 : (100) 1.11; (110) 1001 3 (111} 11.
Crues Dowx : (10) 1100 ; (11) 11; {101} 1011 ; {110) 10,
SERIOUSLY SPEAKING,
The next number in the serics is 46. _The rule for the scrics is reverse the digits of the perfect
squares. ‘The editor regrets the exror in printng 36 instead of 63 in the scrics,
SUM AWND PRODUCT.
The product is easier to evaluate as anything multiplied by zero is zero.

o -Igfi-%“i‘j)t.u apologises for the error in the caption of Cubist Are. It should read .’+b‘-<il§.-2
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MATHEMATICAL PIE

Editorial Offices :

No. 30 97 Chequer Road, Doncaster MAY 1960

CONCRETE NUMBERS No. 2

The first step in the recording of numbers by our forefathers was dealt
with in Part 1 (May 1959, No. 27) and the kind of pictures mentioned there
would have been carved on woad, stone, etc., to record an item of historical
interest,

In their endeavours to save time when recording, the primitive races
automatically resorted to abbreviations and in the course of time the idea
of number as such gradually became clearer and we can guess that the
numbers in Part I would have eventually been written as follows :(—

Annf@\m @u

N. AMERICAN
&1 [ | 11

One of the obvious disadvantages of this symbolism is the amount
of space which could be required for the number part of the story.

After this development, the story of writing numbers breaks up into
two distinct directions. One part begins to develop into the recording
of the spoken language, i.¢., the symbolism of writing words, ¢.g., CUPTIE,
whilst t%?: other part deals with the development of the methods of writing
“ pure numbers,” e.g., 3, 5, the symbolism of arithmetic. R.H.C.

SQUARE IN THE FACE
By courtesy of the Mathemarics Students’ Journal,

If x represents a whole number that is also a perfect square, find a formula
that will give the next larger square whole number.

229

76211 01100 44929 32151 60842 44485 96376 69838



MORE ABOUT TRIADS

We can call three numbers a Pythagorean triad if they have no commor
factor, and the square of one of the numbers is equal to the sum of the squares
of the other two. For example, 3, 4, 5 forma Pythagorean triad, bur 6, 8, 1(
do not. Those of you who read the article on Triads in Pie No. 18 wil
sec that any odd number or any number which is a multiple of 4 can repre-
sent one of the perpendicular sides of a right angled triangle whose sides
are integers with no common factor.

For example, 11=11X1=(6-4-5) (6 — 5)=62 — 52

Therefore, squaring both sides, 112=(62+52)2 — (2%6x 5)2=612 — 502

Hence 11, 61, 60 form a Pythagorean rtriad.
Again, 12=2x2x3 so that 122=4322x32
Therefore, 122=(22432)2 — (32 — 22)2 e 132 — 52
so that 12, 13, 5 form another Pythagorian triad.
Also 12==2:x6x 1. Can you find the other triad to which 12 belongs ?

It is not so easy to see what numbers can be the hypotenuse numbers of
a Pythagorean triad. The answer is quite simple, although difficult to prove.
It is thus ; a number can be the hypotenuse number of a Pythagorean triad
if, and only if; all its prime factors leave a remainder 1, when divided by 4.

For example, 91 has a prime factor 7, which leaves a remainder 3 when divided
by 4. fore, 91 18 not a hypotenuse number, but

65=513 and 652=632-4162 and 332 --562

[as well as (5x5)24-(5x12)2 and (13 x3)2 (13 % 4)2].

There is no simple way of finding the other two members of the triad

when the hypotenuse number is given, but, if you are good at algebra, you will

be able to do this problem—
Let a2?=b2--c? and p?=q2?-}r2

Express (ap)? as the sum of two squares in two different ways. C.V.G.

ROUNDERS
Conzributed by H. Bromby, Southampton Grammar School for Girls.

The following shapes are rotated through 360° about the axes shown.
Name the familiar objects whose shape they trace out.

—

i z 3 A

e

5 é

MK\F"\

95228 68478 31235 52658 21314 49576 85726 24334

sequence principle. If you do this correctly, you
will find that one cell always contains the number

2 6, whatever number you had put in the central
cell. Which cell is it?
Question 8. (For thosewho like algebra). In

Fig. 5, pur x instead of 2, and y instead of 4, and
prove that whatever number you put into the
central cell, one of the other cells must contain

2y — x.
Submitted by Canon Eperszon, Bishop Otter School.
(10 be continued)

4

Figure 5§

CALCULATING PRODIGIES—No. 1.
George Parker Bidder, 1806-1878

George Bidder was one of a number of remarkable calculating prodigies
who lived during the 19th century, and amazed audiences all over England
with his exceptional powers in mental arithmeric.

The son of a stone-mason, he was born in Moretonhampstead, Devon-
shire, and, at the of six, was raught to count up to 100. Using this
limited knowledge he taught himself to add, subtract and multiply numbers
less than 100 by making patterns with marbles and buttons, though he still
remained ignorant of how to write numbers.

At 7 years old he had already gained a reputation in the village for his
ability to calculate quickly. During the next two years his fame spread
beyond the village and his father found it profitable to take him about the
country to give public exhibitions. Finally, his father was persuaded to
leave him in the care of some members of the University of Edinburgh and
Bidder later graduated and became a civil engineer.

In spite of his very limited knowledge at the beginning of his career,
Bidder learned quickly with practice. Most of the questions posed to him
during his early years involved the mental addition and multiplication of
large numbers, but by 1819 he was able to calculate square roots and cube
roots of equally high numbers and could give almost immediate answers to
problems on compound interest.

One of the questions posed when he was 9 years old was : “ If the moon
be distant from the earth 123,256 miles, and sound travels at the rate of 4 miles
a minute, how long would it be before the inhabitants of the moon could hear
the battle of Waterloo? ”” 1In less than one minute he gave the answer :
“ 21 days, 9 hours, 34 minutes.”

At 14 years old he was asked : “ Find a number whose cube less 19
multiplied by its cube shall be equal to the cube of 6. The answer 3 was
given instantly.

It is worth noting that with all these questions Bidder was quick to
grasp the requirements of a spoken problem, but a written question took
him much longer to understand, and he never wrote down any part of his
calculation.

ILL.C.
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MAGIC SQUARES No. 1

Magic Squares were known to the Chinese over 2,000 years ago, and
even today they have a fascination for anyone interested in numbers. In
mediaeval times magic squares were used as charms, for it was believed that
they had magic powers to ward off the plague and other human ills : this
superstition still persists, it is said, in some eastern countries, but their magic
for us lies in their peculiar numerical properties. The sum of the numbers
in each row, column and diagonal is the same.

8

/

8

S

b)

7

4

1

Z

Figure 1

Fig. 1 shows the numbers from 1 to 9 arranged
in a square with nine cells : if you add the numbers
in any row, column or diagonal you will get the
same total of 15 every time. You will notice that
each corner cell contains an even number, and
that the central cell is occupied by the middle
number of the sequence 1, 2, 3, 4, 5, 6, 7, 8, 9.
This is the only way in which these numbers can
be arranged to form a magic square : 5 must be
in the central cell, and starting with the number 2

in any of the four corner squares, the order of the numbers in the cells around
the central cell is 27618394, cither clockwise or anticlockwise.

Question 1.
3, 5, 7, form a sequence (arithmetical progression) ; what other sequences

can you find in the middle column, and the two diagonals ?

/5

Z

/3

8

/10

12

/8

5

Figure 2

=0

Figure 3

26918

Figure 4

62056

47693

You can see in Fig. 1 thar the numbers in the middle row

Question 2. Fig. 2 shows another magic
square made with nine other numbers : what is the
magic total of cach row, column and diagonal ?

Question 3. Write down the nine numbers
in ascending order of magnitude : in which cell is
middle number of the series ?

Question 4. What sequences (arithmetical
progressions) can you find m the rows, columns
or diagonals of Fig. 2?2

Question 5. It is possible to complete a
magic square with nine cells, if the numbers in
four cells are given, provided three cells are in a
straight line, as the sum of these three numbers
will give the magic total. Complete the magic
square shown in Fig. 3 and verify that the number
in the central cell is the middle number of the
nine numbers arranged in order of magnitude,
and that there are four sequences (arithmetical
progressions)}—in the middle row, middle column,
and in both diagonals.

Question 6. Remembering that the numbers
in each diagonal form sequences,.complete the
magic square indicated by Fig. 4.

Question 7. In Fig. 5 put any number you
like in the central cell : (to avoid negative numbers,
the number chosen should not be less than 7).
Now complete the magic square, using the
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11.

12.
13.

41893
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STAMP CORNER No. 9

Narure and Narture’s laws lay hid in nighrt.

God said *“Let Newton be !'” and all was light.
) ALEXANDER POFE
It did not last, the Devil howling * Ho !

Let Einstein be ! restored the status quo.

Sir Jorn C. SQuire

Frapce

18 Franc Blue.

Isrnel
350 Brown.

SENIOR CROSS-FIGURE No. 30
Submitted by Mr. W. T, G. Parker, The Grammar School, Minehead.

CLUES ACROSS :

. The cocfficients in order in the

quadratic equation whosc roots are
— § and — 2.
DA.

. The arca of triangle DBF.
. a times

&, where a and & make
ax3 +bx24-27x-+18 exactly divis-
ible by {2x--3) and by (x-}-2).

X »

" i 3}and-;- + 29 = 16.

4 2
Find =x.

. ¥ in 7 across.
. 3 varies inversely as the square root

of x and y=30 when x=,04. Find
vy when x=.01.

¢ volume, in cubic inches, of a
pyvramid on a rectan base
KLMN with vertex vertically
above a point P on KL, where
PL=3", LM=4" VK=YM=13",
The area of A DAB reversed.
The same as 1 across.

Crues Down :

ratio 6.3 :14.7 : 10.5 ex-
pressed as a ratio of smallest whole
;\)ulgnbcrs.

. The sum of the digits in 2 Down

minus the sum of the digits in 4
Down.

. DE.

The maximum value of 2x3—3x2—
36x—19.

(2x+9) (2 — x) when xe — 2,
£L10 is borrowed and interest is
charged at 3%, of the sum owing at

the inning of the year. If L1
is repaid at the end of each year,
03968 64262 43410
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ABCD is a rectangle.

AB =3 units, and

DB=~2DA. AE=AB, and ABF js an
equilateral rtriangle.

11.

77322

find, in pounds, the sum owing at
the beginning of the sixth year.
The area of triangle DFC.

The number of tiles, 6 in. square,
required to tile the walls of a bath-
toom 7 ft. by 9 fr., to a height of 4
ft., the doorway being 3 ftr. wide.
The height of the pyramid in 11
across, in inches,

69780 28073 18915
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The close of the 16th century and the beginning of the 17th century
marked a period in which computational techniques reached a new height ;
mathematicians were very much in demand and astronomy flourished
throughout Europe.

Following closely on the introduction of decimal fractions by Stevin
came the invention of logarithms by John Napier. Napier’s system of
calculation made it possible to reduce multiplication of mumbers to the
addition of corresponding numbers. The logarithms we use today are based
on the same principle as Naperian logarithms but are much more simple in
form. As with so many new developments in mathematics, the basic ideas
underlying Napier’s work were very simple and a number of other mathe-
maticians were inspired to find ways of improving this new tool. Amongst
these, two of the most noteworthy contributors were Henry Briggs (1556—
1631), a professor of geometry at Gresham College, London, and Edmund
Gunter (1581-1626) who is also remembered for his “ Gunter’s chain
which is used in surveying. Napier’s contribution to the task of simplifying
calculation came at a time when a great deal of arithmetic was being done in
connection with astronomy. Kepler was studying the orbits of the planets,
Galileo had begun to use a telescope to study the stars and German mathe-
maticians had constructed trigonometric tables of considerable accuracy. In
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view of this great activity it has been said that the invention of logarithms
“ by shortening the labours, doubled the life of the astronomer.”

The revolution in astronomy duc to the works of Copernicus, Tycho
Brahe and Johannes Kepler gave man an entirely new vision of his place in
the universe and d to explain many of the phenomena which had puzzled
earlier astronomers. Brahe (1546-1601) was a Danish astronomer who
spent many years studying the motion of the moon and planets, and the last
year of his life was spent in the observatory near Prague with Kepler as his
assistant.

Kepler (1571-1630) was more mathematically inclined than Brahe and
his first attempt to explain the solar system was made in 1596, when he
believed he had discovered a relationship between the five regular solids and
the number and distance of the planets. The publication of this theory
brought Kepler much fame and at one time he tried to use an oval curve to
represent the orbit of Mars. Further reflection brought forth the results
which proclaimed his genius and which are now known as “ Kepler’s Laws.”
In ﬁmfr.n the elliptic orbits of the members of the solar system Kepler
bridged the gap between geometry and astronomy of the early Greeks. It
has been said * if the Greceks had not cultivated conic sections, Keples: would
not have superseded Ptolemy.” LL.C.
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JUNIOR CROSS-FIGURE No. 28
Subnurted by Marion Mitchell, Farm IV X, Bradford Girls’ Grammar School.

CLUES ACROSS © = = T
1. Last year 4- next — § of this year. !
5. 7289,
6. A fifth of a furlong in vards. 5 o r
8. Number of acres in half a square
mile. 8 ) 10
10. Number of chains in a mile.
11. Half of three times (9 — x){6+2x) m iz 1o
when x= —2,
13. Acrca of a triangle, base 20 inches, o f—
height 5 inches. 14 15
14. [ spent $ of my money, and then 2
of the remainder. I had 24/- left, LA L
How much had 1 at first?

15. Third prime number squared multi-
plied by the sixth prime number.

16. Tom has 4 times as many marbles 3. A perfect square.
as Dick, Jack has as many as Tom 4. Number of ouncés in a ton,
and Dick together, Sam has one reversed.
less than Tom. [25 alvogether, 103 = 11,

Number of gallons which can be

5.
how manyv has Sam? 6.
held in a cistern four feer each way

17. One ecighth of half of 122,

18. Reverse a number and multiply the inside. : ; )
two together. 8. Number of farthings in a third of
CrLues Down : a guinea.
1. +/729. 9. 18 cwrt. 2 qr. 23 lb. in Ib.
2. 102 — {62 — 42 — 10 12, T24(62 — 22 — 4/4),

SOLUTIONS TO PROBLEMS IN ISSUE No. 30
SQUARE IN THE FACE.
(Vx-+1)% — x+2Vx+1,
ROUNDERS.

1. Coteon reel. 2. Inner tube. 3. Outer cover.. 4. Flowcr‘PoL.
5. Gramophone record. &, Hand bell. 7. Diabolo. 8. Ball, 9. Vase.
10. Saucer.

S SENIOR CROSS-FIGURE No. 30,
cross | (10 384 ; (3) 1733 (51520 ; {6526 ; {7) 27 ; {8: 653 (9 60; (117123 ; (12) 062 ; {131 484,
Down : {13 375 (20 45773 (3) 105 (4) 3463 (6) 253 (7) 20 (B) 6284 ; (9) 650 ; (10} 464 {11) 12.
MAGIC SQUARES.
%:u({ou I, Sequences: 1,5,9:8B,5 2;4,5, 6

>

estion 2. Magic Total 30,
uestion 3. 2, 5,7, B, 10, 12, 13, 15, 18. 10 is in the central cell,
westeon 4. Sequences : &, 10, 12: 2, 10, 18 : 15, 10, 5 : 7, 10, 13,

Queastion 5. Question 6. Questivn 7. Question B.

911 |8 Tl I3 2 X
5. | LA V0 | &12 L & {fy-x
L tHE NS || S 18T L y

To prove the result in Question 8 put »r for Any fumber in the central cell - then using the sequence
prianciple, the first (top left comer) cell must contain the number and the magic rotal, found by
nddint up the completed dingonal, is 3m. So all the other cells con now be flled, by making the rowml
of each row, column and disgonn] 3w,

In the snswer to Quesdon 3 norice the summetrical pattern formed by the numbers which do sos appear

2 | XX |5 |X]78|X]10 [X]12 13 |X]| 15 | XX |18

Note also that 10 is 1the average of all the numbers,

JUNTOR CROSS-FIGURE.

Acmross : (1} 133 (3) 275 ; (5) 4840 ; (oe 30 ; (8} 26; (9) 13; {12) 3300.
Down 1 (2) 340 ; (33 2453 (4) 70; (6) 3413 (71 66005 (10} 33} (11) 10. B.A.
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If I have seen further than other mien, iz iz by standing

on the shoulders of Giants. Sir Isaac Newton.
What names would you suggest for the giants ? B.A.
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NUMBERS IN WORDS
Suggested by E. Rowland., Esg., Huddersfield.

Any number can be expressed in words, but generally this form is used
only for small numbers : it is so much quicker and neater to use numerical
symbols for the large numbers. Some new and amusing results can be
obtained when numbers are written in words.

1. The eight letters in FORTY SIX are different but this is neither the
largest nor the smallest number that can be expressed in words in which
all the letters are different. Whart are the largest and the smallest numbers
that you can find expressed in words in which all the letters are different ?

2. Find a number which contains the same number of figures when
expressed in the usual way as letters when expressed in words.
3. The following simple additions are obviously correct. It is also

possible to replace each dot by a letter to form addition problems in words
which are still correct. The first one becomes TWO-+ FIVE=7

G ooothicons s T 32 T U S § |
1) RN, (SRR =8 W v b siesb e — 12
QY s uanress =0 wil) san Fesvwes A st =13
Gv) ... B s — 10  (vidi) ..... e e D = 14

Paradoxes arise occasionally when numbers are written in words. The
statement that there is a number which is * the least whole number which
cannot be named in less than nineteen syllables™ is paradoxical, because the
phrase in inverted commas which has been used to define a number con-
tains only EIGHTEEN syllables.

Can you find any more paradoxes ?

MATHS

I like doing Marths.

Working sums and making graphs.
Finding the area of a square,

Giving it the utmost care.

Ruling a line, learning a table.
Doing it the best as I am able.
Algebra, geometry, fractions too

In maths there’s certainly a lot to do.

Marilyn Boydie, North Manchester High
School For Girls, Church Lane, Moston,
Manchester, 9.

By cotriesy of the ™ Daily Mirror.” o
"“Hawe you finished my bomework yet,-Dad 7

ROUND AND ROUND
P is a point on a sphere of radius 6. A pair of compasses is opened
to a radius of 4" and a circle centre P is drawn with the compasses on the
sphere. What is the radius of this circle? What is the radius of the largest
circle that can be drawn on the sphere?
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FUN WITH NUMBERS—1

1 1
2+3+4 1--8
54+6+474+8-+-9 = 8427
10-4+-114-12-+134144+154-16 == 27164
Deduce the next line and check the arithmetic. Then try to guess a
general rule for the nth, line and prove it.

oy

INTELLIGENCE TEST

A general knowledge quiz was set to five of the class, John, Brenda, Robin,
Harold and Joyce. These were the questions

(1) What is the name of the nearest cinema ?

(2) What is the name of the mayor.

(3) How many miles is it to London ?

(4) What are the colours of the Rovers.

(5) What is the Christian name of a contrary young lady.

(6) How many centimetres in an inch ?

These were the answers the master received.

John : Astra Painter 150 Red Kitty 3
Brenda : Ritz Green 170 Blue Mary 23
Robin : Grand Watkins 140 Blue Mary 3
Harold : Gaumont Painter 140 Yellow Lucy 23
Jovce : Gaumont Watkins 140 Yellow ILucy 3

Each of the five has two correct answers and four incorrect and each
question has been answered correctly by someone.

What are the correct answers.
R.H.C.

PROBLEMS

1. Two sides of a parallelogram are 7" and 9”. If one of the diagonals
is 8", how many inches are there in the other ?

2. Find the smallest integral value of X that will make 1260.X a perfect
square.

3. An integer between 20 and 30 is added to its cube and the sum is
13848. Find the integer.

ANOTHER TIGHT FIT

Three circles, rwo of them
equal are drawn in contact with a
semicircle as shown., If the dia-
meter of the semicircle is 127,
what are the diameters of the
smaller circles ?
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THE TWO BUCKETS

Two exactly similar buckets are as full of water as they can be, but one
has a large piece of ice floating in it. Which weighs heavier ?

THE POWERS THAT BE

v A

U U
¢ 1 2 3 4 S5 o 1 2 3 1 5

Figure 1. v=1082, Figure 2. v=log u.

Over a hundred readers sent solutions to the problem in Mathematical
Pie No. 29 on finding pairs of numbers to satisfy x=y".

Those who tried a graphical solution changed x*=y" to (log x)/x=(log
y)/y. Ifthegraph of v—(log u)/uis plotted, pairs values for x and y are given
by the intersections of horizontal lines with the curve (Figure 1). Alterna-
tively, pairs of solutions are given by drawing lines through the origin to
insect the curve v=log « (Figure 2). It can be seen from the graphs, or
proved in other ways, that the smaller of the two numbers must lic between
1 and e (2.718 . . .), 5o that there can be no integral solution other than 2
and 4.

To find rational solutions an algebraic approach is nccessary. Let x be
the smaller of the two numbers, and put y—=#kx. Then x*=y'. There-
fore y—=x' and kx=—2x". Rearrangement gives x—A'"""" and y—=z"""".
Pairs of values for x and y are given by substituting any value for 2. To
obrain rational values of x and y put 1/(A—1)=n.

Then x —(2£1)" and y—(22y !

Substituting n=1 gives x=2, y=4, n=2 gives x=1>
y=3%% and so on.

Baook tokens have been sent to (—

A. Balfour (Edinburgh), C. H. Bj {Tonbridge}, J. Bonnici
(Malma G.C.), B. K. Booty (Whitchurch}, R. Bourke (New-
castle), H. L. Kotkin (Enfield), A. Lavington @“himift
School), P. R. Mogridge (Exetcr Schoel), E. Violet (Wigton).

R. BOURKE

STAMP COLLECTOR’S CORNER No. 9

Sir William Rowan Hamilton, 1805—1865%, was Ircland’s
greatcst Mathematician, His first work was in the theory of
optics. Later he investigated the fundamentals of algcbra and
created a new algebra which he called quatrernions. is quat-
crnions and his work in optics e devel ts which
lead to Einstein’s theory of relativity and to modern quantum
mechanics. In his old age, Hamilton became solitary and
eccentric.  Onec of his unusual habits was that of using mutron
chops as book marks. C.V.
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MODERN GEOMETRY

The sum of the inside angles of this quadrilateral
is 360°. Without adding any more lines prove that
the sum of the interior angles of a pentagon is
540°.

TiM-Ber'

Which is the greatest and which is the least of
(@) log (34-5), (b) log5-+log3, (¢) log(8 — 4), (d) log8 — log 4.

SENIOR CROSS-FIGURE No. 31

CLUES ACROSS :
1. A VAC,
4. Four BD2,
5. Sum of the lengths of the edges.
7
8

. Twice DV,
. Area A BVD to nearest square
unit.
9. Angle BVD to nearest degree.
11. 4DN reversed.
14. BN2,
15. Angle BVN plus three.
17. Volume reversed.
19. Total surface area.
20. BN reversed.

CrLues DowN : v

. Angle VDN.
C
Y/
A
B

.. Three VB 10 nearest umit.
VABC is a right rerrahedron. ABC is an equilateral triangle of side 12 units. VA=

1
2
3. Area VAD 1o nearest sq. umit,
4. Sum of sloping edges to nearest
5
VB=VC. D isthe mid-point of AC. VN is perpendicular to ABC. VN=12 units.
' B.A.

unit.
. Area A ABC.
6. #(VB2 — BN2).
10, Rearrange 5 down,
12. VB.
13. Angle VBN.
16. Perimeter of VDB to nearest unit.
18. Angle AVC to nearest degree.
19. Perimeter of VDN plus one.
B.A.

AFTER THE 11 PLUS

Three boys in a secondary school and the headmaster all had their
birthdays on the same day. The product of the ages of the boys and the
headmaster was 2,652. The sum of the ages of the boys was exactly the
age of the headmaster. How old was he?
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TIME CHART No. I.

Babylomian number system
had 60 as base.

Y represented 1

{ represented 10

S

e B TR Ll gl divpe vsia weo Acommul EXXes
[ s Y A v - £
i ﬂ\:j § Ny YWY = 110 } =134 : AV AVAAN
HMEBITERRANEAN C‘;';;“ l“‘ = Gumtricanl!.lttcrﬂi foungl on
SEN volume R 1' dwellings and pottery in middie
NG ; = §h(@*+ab+b’) h European countries (1000-500 B.C)
T T This formula is to Y
Macir:;hh-'s & TEEsEAN e Iowdinenrly: .. b Babylonian formulae
\ﬂ} R Egyrtian iidieripls gl a Egyptian number
\ E system
\RED Zh P\ | represented one
‘I’h.bq} ‘\SEA s I1] represented 3
} \ A b 8 represented 10
Early mathematical development rea represented 100
m'ymt rapid in the countries =ih@+b) _’:’:‘é E::' br? £ represented 1000
bordering the east end of s s el
the Mediterranean Sea. Thales
Fattern found The Pyramids illustrate The Egyptian surveyors Rhind papyrus ?s:r:l‘a‘lfsbgo
;:ffm i the extent of Egyptian Constructed a right-angle copied by Ahmes d%notc Pythagoras
(4000-35008.¢.) mathematic by using a rope k at square root,
intervals teo form a
,{3-4-5 triangle.
5000 4000 3000 ° 2000 10 OO 5008.c¢C
g STONE AGES DISCOVERY OF COPPER STONEHENGE FALL OF NINEVEH

Shans of the Zodiac
intreduced before 3000 B.C.
T & MNP >€

Babylonians knew that radius

S

The beginning of mathematics came not with some sudden and startling
discovery, but with a gradual conception of number and form. Looking back
through the last 7000 years of history we find that wherever there was culture,
even of the most primitive kind, there was also mathematics. The cave
paintings in France and Spain show a remarkable understanding of form,
and the pyramids in Egypt, dating back to about 3000 B.C., illustrate an
understanding of geometrical design and construction.

In these early times the Egyptians and Babylonians were perhaps the
most advanced people in the realm of mathematics. While many tribes
were still at the stage of simple counting, these two great civilizations had
well-developed number systems and were able to write and calculate with
fairly high numbers.

Most of our knowledge concerning Egyptian mathematics has come
from the Rhind papyrus. This is believed to have been written before 3000
B.C. and is known to have been copied by the scribe Ahmes in about 1700
B.C. The papyrus is one of the earliest mathematical texts and contains
problems in calculation which include work with fractions. By this time
the Egyptians also had a system of units of measurement which included
measurement of area as well as length. After many years of observation of
the sky, the priests of Egypt were able to compilc star catalogues and astron-
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omy was being studied seriously before 1000 B.C,

During these early centuries similar progress was also being made by the
Babylonians. Their number system, though differing in form from that of
the i was equally well developed. As far back as 1800 B.C. the
Babylonians had compiled tables for multiplication and division, and primi-
tive ideas of geometry and algebra followed very quickly. Their astronomy
seems to have developed from the study of astrological omens and, by the
8th century B.C., the court astronomers had compiled a calendar of eclipses
of the moon.

Throughout these years of mathematical development there was very
little exchange of knowledge between the Egyptians, Babylonians, Hindus
and Chinese, each pursuing their own line of cultural progress. The credit
for drawing together this diversity of knowledge belongs to the Greeks.
Whereas the Egyptians and Babylonians studied mainly for utilitarian
purposes, the Greeks were rapidly developing into a nation of philosophers.
One of the first Greek philosophers was Thales of Miletus, whose pupil,
Pythagoras, spent a number of vears travelling in the Mediterranean countries
learning from the priests and scribes. After his travels Pythagoras, like
Thales, founded his own school and his work added much to the existing
fund of mathematical knowledge. ILL.C.
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JUNIOR CROSS FIGURE No. 29
Submitted by Maureen Hobbs, Hazeldene School, Salcombe.

Decimal parts of answers are written f Z 3
as numbers without indicating the
-decimal point. -

CLUES ACROSS ;
1. = ro 2 decimal places. [ T
4. Egght SCOre.

6. 4 as a percentage.
7. Area of a square of side 6 inches,
10. 10 nautical miles per hour ex-
pressed as feet per hour.
14. Number of yards in } mile. g 5
15. Simple Intcrest when the principal
is £640 and the Amount is £696.

Crues Down :

o i 12 3

when the customs charge is 33%4%
of the value (in £ s. d.).

1. Number of days in one year. 9. Pcrcentage cquivalent of 7 marks
2. Number of cm. in onc mectre. out of 10.

3. Number of yards in one mile, 11. 4§z as a decimal,

5. 47529, 12. E as a percentage.

8. The duty on a watch of value £4 13. metres as a decimal of 1 Hm.

SOLUTIONS TO PROBLEMS IN ISSUE No. 31

- NUMBERS IN WORDS
(@) ONE 4 SEVEX i) ONE + TWO + SIX,
) THREE -r SEVEN &) TWO + FOUR + FIVE
%) ONE -+ FOUR & SEVEN, (s} TWO v THREE 4+ EIGHT
(viii) THREE -+ FOUR + SEVEN.

ROUND AND ROUND.

Radius of the first circle is 2472, The largest circle that can be drawn
on a sphere is a great circle ; the radius of the compasses must then be 642,
MODERN GEOMETRY

ll’- int on one side s taken as & vertex, the angle ar thar verzex will be
cence the sum of the angles of a pentagon must be 360° 4 180° or

TIM-Ber
In order from greatest to least ~— b, a, ¢, d. The values are log 15, log B, log 4, and log 2.

SENIOR _CROSS-FIG
Acsoss : (i) 749 ; ($) 432 ; (5) 677 3 {7) 25 ; (8) 03 b (9J io} H (IIJ 41 : (14) 48 ; (15) 33 ; (17} 052 ;
{19) 287 ; (20)396
(1) 7354 ; (2} 42 ; (3) 37 1 (4) 42 ; {5) 624 ; (6) 72 ; {10) 642 ; (12) 1386 ; {13) 60 ; (16) 37 ;
(18) 51§ (19) 29,

The Edit logises for the .1 this probl “'lgll;gupfnd fihe of the bo; 2,652
or apolo for error in em, uct of ages was
Their ages were E,‘J, 13, 17 and the headmaster was 42, % i

TWO BUCKETS
By the Principle of Archimedes, the weights of the buckets are the same,

FUNW!THNUMBERS——-!
17+|3+19+20+21+22+23+24+25 64 4+ 125,
[a - 1)* + 11 + [(n - 1)* + Fnt = (a-1p 4ot

INTELLIGENCE TEST
€1) Astra ; {(2) Watkins ; (3) 150 ; (4) Yellow ; (5} Mary ; (6) 2&.
PROBLEMS

(1) 14. (2) 35. (3) 24.

ANOTHER TIGHT FIT
The diameter of the emaller circles are each 3 inches.,

JUNIOR CROSS-FIGURE No.
ACROSS : 2.2940 (5117 ;(6) 44 ; (8) 320;(10) BO ; (11) 33 (13) 50 ; (14) 36 ; (15) 99 ; (16) 35;
amn lg(’) (18)

(27 90 ;5 349,40-!853 51133. 400 336 ; (92095 ; (12) 79.
() ;(ﬂl (h}“'e (4) () {7 3 (8) 9 ;A2 BA.

252
40317 21186 08204 19000 42296

Cwm © -. by aWa:kmtnfai,l;d!a Lid.

25602 90228 47210

43751

ATHEMATICAL PIE

32 Nese Editorial Offices :
(See Issue No. 33)

FEBRUARY, 1961

|71

f’ARABOLA JAEN by VIg, Herts and Essex High School
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SPOTS BEFORE THE EYES

A set of dominoes consists of a set of possible pairs of the numbers
0 to 6. (2) How many dominoes are there in a set ? (&) Whar is the total
of their spots ?  (c) Ask four people each to take seven dominoes and add up
the value of their spots. The sum of their total should come to (5) but
you will be amazed at the number of times someone in the four will have made

amistake. Try it on your friends.
RH.C.

PAPER-FOLDING No. 1
Pentagon and 5-pointed Star

To make a fp(:ntagm-l or a five-pointed star by folding start with a rect--
angular sheet of paper 5 inches long and 3% inches wide. A larger sheet
may be used so long as you keep the sides in this same ratio.

C
B
A
N A @
L8 D
I 2 < il =
e -
B > T "
D ~.cul out
“\
Pantagon Stur
& 8,

1. Fold once parallel to the shorter sides.

2. Fold so that C coincides with the middle point of the lower edge and :
crease along AB.

3. Fold AB onto AC, thus bisccting the angle BAC.
4. Fold the flap ADC behind and turn over.

5. Now that the folding is complete a straight cut along DC will make a
regular pentagon ; or an oblique cut through C will make a ﬁve-poiix‘ted
star, LL.C.

CENTURY MAKERS
In how many ways can 4 nines be arranged to make 100 ?

A FIELD STUDY

The diagonal of a rectangular ficld is 125 yards and the perimeter is |
322 yards. Find the area of the field. I1.G.
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. 36096

Now let us use U for “ umpteen,” then to Alice ab stands for @ < U--&.
Using this notation we can re-examine Alice’s system of multiplication :

4x5=12, this means 4 <5=1 U+2. Alice’s U stand for 18 in our system.
4x6=13,thismeans 4 x6=1:x U+3, Alice's Ustands for 21 in our system.

You will notice that like Topsy “ umpteen ” has “ growed,” it has
increased by three so that in the next multiplication “ umpteen »* will bave
increased by a further three and will be equal to 24 in our system. This
means that in the next multiplication *“ umpteen > will be 27, in the next 30,
and in the next 33. We know that

4x5=18+2 To Alice this would be 4x<5=12 * umpteen > is 18
4x6=21+3 4>6=13 “ umpteen ” is 21
4>T7=24-14 4x7=14 * umpteen ™ is 24
4x8=27-}5 4x8=15 *“ umpteen ” is 27

The general statement of these results is 4 <n=3(n-41)+n — 3)
where umpteen is 3(n--1) and the number of units is (7 — 3). You will see
that only when 7 is 3 can Alice have no units. When nis 3, Alice says 4 X 3=
10 and “ umpteen > is 12.

The results are as follows
4x1=4 *“ umpteen” is 6
4x2=8 “umpteen” is 9
4<3=10 “ umpteen > is 12

However what does Alice write for our ten? To her, 10 means * ump-

teen.” Suppose for our ten she wrote a, for eleven b, twelve ¢, thirteen d,
fourteen e, her multiplication tables continues :—

4xa =17

4xb = 18

4x¢ =19

4xd = la

4xe = 1b and so on.

Poor Alice ! Will she ever reach 20? It is not surprising that with so
much ambition, distraction, uglification, and derision she found herself
shrinking and stretching into so many sizes in Wonderland.

* Mock TURTLE.”

TREASURE HUNT Neo. 1

An equilateral triangle has 4 sides. A point P is 2" from one side
and 2" from another. By drawing or calculation find the possible distances
of the point P from the third side. 1.G.
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POINTS OF VIEW
(Adapred from Le Facteur X).
A large isosceles triangle has been painted on a school playground.

Show all the viewpoints on the school playground from which the two equal
sides subtend equal angles.

4 ANOTHER MAGIC SQUARE

Placez dans chaque case libre les nombres 9,
&7 10, 11, 12, 13, 14, 15, et 16 de fagon a former
8 5 34 dans tous les sens. J.F.H.

3|2

No Place for Squares!
Suggested by Canon Eperson, Bishop Otter College, Chichester,

Instead of squares, place cquilateral triangles on each side of the right~
angled triangle. Show that the sum of the two smaller triangles is equal
to the triangle on the hypotenuse by cutting them into pieces and fitting
these into the large one. Bogey is 6 pieces ; can you improve on this by
managing with fewer ? J.F.H.

CURIOSER AND CURIOSER

Lewis Carrol, in real life the Reverend Charles Lutwidge Dodgson, was
a lecturer in Mathematics at Christ Church, Oxford. It is not surprising
that *“ Alice’s Adventures in Wonderland » includes many references to
Marthematics. Perhaps it is not realised that what appears to be nonsense
has a sound mathematical basis and has application in the world of today.

“ ILet me see ; four times five are twelve, and four times six are thirteen,
and four times seven is —- oh, dear ! I shall never get to twenty at that
xate ! ”

Let us examine this statement a lirtle more closely. At first it seems
illogical, but let us translate it into the language of Mathematics.

4x5=12 4:x6=13 4XT= —

Now discard all previous ideas. Whar does 12 really mean? In our
system of numbers it stands for one ten and two units, where ten is the base
of our number scale, but in Mathematics there are umpteen such scales.
So to Alice 12 meant *‘ umpteen 7 and two units, where umpteen was
changing all the time in an orderly manner.

In our system, the decimal system, four tmes five is twenty, that is
two tens. In figures this is 4 :<5=2(10)+0. All our numbers are under-
stood to be of the following form :—

ab stands for a<10-+b, i.e., a tens and b units

¢.g., 32 stands for 31042, i.e., 3 tens and 2 units

25 stands for 2105, i.e., 2 tens and five units

10 stands for 1< 10-+0, i.e., 1 ten and O units.
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ESPECIALLY FOR THE GIRLS
Reproduced by permission of the “Mathematics Teacher'’

(1) Draw a segment AB, 11" long, in the centre of the paper.

(2) Construct a perpendicular bisector of AB intersecting it at O. Call
it XY.

(3} Make OY 21" long.
(4) With 4 and B as centres and a radius of §" construct arcs of circles
intersccting XO at C and AB extended at points M and N respectively.

(5) Construct a perpendicular bisector of the distance MY and let it
intersect the arc CN art D.

(6) Using DY as a radius and D as a centre construct an arc from M to Y.

(7) In a like manner construct an arc from N to Y, using a point on arc
MC as centre.

(8) When the figure is completed write an appropriate saying on it.

SENIOR CROSS FIGURE No. 32
VABCD is a right rectangular based pyramid. AB =8, BC = 6,
VN = 12 units.

Give irrational answers correct to 3 significant figures. Angles to be
given in degrees and minutes,

CLUES ACROSS :

1. VX. ] 2 3 + 5 )
4. Angle VAB. -

7. 3 consecutive even numbers.

8. AB3--BY3.

9, Area of ABC.

10. XY2,

11. Twice AC. oI all i

13. BY=. S ™ =

16. Onc third VX2.

17. One half of the volume of VABcD. o 1z0 21

19. Area Rectangle ABCD+- AVAB.

21. Cos VBC rcversed. F)

22, Towal surface arca.
23. AB3 — BC3 + 11.

CrLues Down : v

1. Angle XVN.

2. Angle BVC.

3. Area ABCD.

4. Angle VXN.

5. AC + CV.

6. Arca VAB reversed.

12. Angle AVB reversed. e
14. Angle YVN.

15. Volume of pyramid. Y

18. VY.
20. Area of VBC + VAD — 4. A X 8
21, VA. B.A.
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PARABOLIC ARCHES

ﬂuy can be obtained lzy i

PARABCLIC ARCS OF 3JPARKS

THE PARABOLA -

The Pardoh belongs to the famly of curves known as comics because
ﬂwongx & cone n various ways. Jt is Probablc
]-Dvperbab-wen first studied
they were given their mames by the fam-
ous Apanonlou:. Archimedes also 1eft some work on the parabola
which he used wmcthods that aﬂ‘i:lpaid the Jntegral Caleulus. Descartes
discovery of co-ordinates 3raﬂy simplified the study of curves.

thet these curves — the circle, ellipse, parabola,
by Menacchmus (B.C. 50)1 MH‘P"

Zxayied ) SUSPENSION BRIDGE

The Paobohe
Mirror

.

SOLAR FURNACE

A conic.

It a cone is cut by a plane, the boundary of the cut surface or surfaces is called a
conic section, or just a conic,  If the plane i3 parallel to its sloping cdge, the conicisa
parabola. The Greeks studied these curves.

Axis,rdi.rectrix, and focus. .

t straight lines are associated with the parabola—the axis and the
directrix. he axis divides the parabola into ent halves. The focus is a
point on the axis such that every point on the para is the same distance from it as
it is from the line known as the directrix, which is at right angles to the axis. The
diagram shows a construction for finding the focus F, of a given parabola.

Graphs and Parabolas.

Any quadratic expression plotted in the usual way as a graph resuls in a parabola.
it i direction of

In the centre diagram, it is shown that intcrd'mngc of x and » causes the
the parabola to alter. A convenient nomogram for finding squares and square roots
can be obuined by plotting y = x2 to suitable scales. The symmetrical curve on
the right shows that a square root may be positive or negative.
Projectiles and Parabolas.

Galileo and Newton showed that the laws governing the movement of projectiles,
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under the influence of gravity, can be %med as quadratic expressions. Some pro-
jectiles move along parabolic paths. e illustration at the bottom left shows the
paths of sparks flying from a blacksmith’s anvil.

Architecture and Parabolas. 2

A beam, wheén uniformly loaded horizontally, adjusts itself to a parabolic shape
under the stress of the load. The two illustrations at the top of the block show how
this property is used in civil engineering 1o obtain maximum strength.

Reflection and Parabolas.

A parabols rotated about its axis forms a parabolic surface. Such a surface shows
remarkable properties if it is made into a mirror.  If a source of light is placed at the
focus, a parallel beam of light emerges. Car headlights, searchli and beamed
radio transmission arc examples of the use of this prindple. parallel ray of
lighz, ¢.£., sunlight, falling on a parabolic mirror is concentrated, after reflection, on
the focus. The iliustrar.ion at the bortom right rhows the parabolic mirror of a
solar furnace, for obtaining very high tcmperarures, which the French have built
in the Pyrences, Mectals contained in a crucible placed at the focus may be
melted easily. The energy obtained from the sun is cheap but the reflecting mirror
is very expensive,
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O, O, ANTON |1 O!
(A puzzle rhyme attribured re mathematician Dr Whewell).
You 0 a 0, but I 0 thee,
O 0 no 0, but O 0 me;
Then will you 0 no 0 be
Burt give 0 0 I 0 thee.

SOLUTIONS TO PROBLEMS IN ISSUE No. 31
A FIELD STUDY
Let the lengrh and breadth be x yards and v yards.

J.E.H.

Then x¥efay® e [25Y and x4y = 322
x-¥ -~ 161
Squoring {x—+3)* = 16i*
x?4-2xy 9?7 a= 161V
2xy = 1617 — 125%

Area — x — 4968 sq. yd.

SENIOR CROSS FIGURE No. 32
Acnoss ; (1) 124 ; (4) 725 ; {7) 468 ; (8) 539 ; w‘ 24 ; (10) 25
(13) 81; r17-31 2 (193975 ; {21} 132 ; (22) 223 ; (23)
Dowx : (1) 142 ; (2) 2642 ; (3) 48 ; w Tsss,ls; ’3 ; (6) 594 ; (12) 0553 ;
(14) 1830 ; (IS} 192 118) 127 ; (200 72 3 13.

POINTS OF VIEW
The equa!l sides subtends equal angles 2t every point on the altitude to the thied side of the triangle.

ANOTHER MAGIC SQUARE
Reading the rows from left to righe, they are 1, 15, 14, 4; 12,6, 7,9 ; B, 10, 11,5 ; 13,3, 2, 16,

TREASURE HUNT No. 1

Theze are four positionn for the point P.  The distances are 4424 3, 4—24/ 3, and 24/ 3—2
for two of the positions.

3 (11) 20;

JUNIOR CROSS FIGURE No, 29
Acwoss ¢ (1) 314 ; (4) 160 ; (5) 27 ; (6} 50 ; (T) 36 ; (10) 60300 ; {14) B30 ; (15) 56.
Down = (1) 368 ; (2) 100 ; (3) 1760 ; (4) 23 ; (8) 168 ; (9) 70; (11) 08 ; {12} 80 ; (13) D5.
The frontispiece of issue No. 31 of Sir Isaac Newton and his giants brought no replies from readers.
“The giants were Galileo, Copernicus, and Kepler, Euclid, Archimedes, Menasechmus and Budoxus, A

INTELLIGENCE TEST

__An alternative solution to the Intelligence Test has the colours of the Rovers, Red, and the name
«of the cinema, Gaumont,

The arithmetic book I had when I was at school was full of problems
like this :—

“ The vertical height of a frustum of a cone is 8 in. and the radii
of the ends are respectively 7 in. and 3 in. Find the area of its curved
surface ? 7
If your arithmetic book is like mine this nomogram will help to check

your homework.

This is how to use it to answer the question. Find the mark 8 on the
h-scale, and find the point where the curves numbered 7 and 3 intersect.
Place a ruler between these points and read off the value at its intersection
with the A-scale.

If the measurements of the radii are not whole numbers you must
estimate the position of the curves.

The nomogram can also be used to find their curved surface areas of
cylinders and cones, the areas of circles, and the area between two concentric
circles.

Only a limited range of values of the variables can be represented on a

nomogram. If you wish to use the nomogram for larger or for smaller

values, all the lengths can be multiplied by the same factor. C.V.G.
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THE AREA OF THE CURVED SURFACE OF A FRUSTUM OF
A CONE

10

4 T

ey
’ D

2 L
ﬁ

R

To find how this nomogram can help you with your homework, turn
to the back page.
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MATH MAGIC

Prepare six picces of card and write on each of the backs one of the
following numbers 16, 13, 49, 85, 98, 77. Write a letter on the front of
each card as follows 3
on the reverse side of 16

on the reverse side of 13
on the reverse side of 49
on the reverse side of 85
on the reverse side of 98
on the reverse side of 77

nEBEQ2Z P>

Place your six letters on the table face up. Turn your back and ask one of
your friends to choose a card, see what number is on the other side of the
card. Tell him then to shuffle the six cards and hand them to you. Now
produce a pencil and whilst you arc tapping the cards with it ask your friend
to spell out his number silently letting each tap represent a letter in the
spelling of his selected number.  Ask him to advise you when he has spelt
out all the letters and when he has stopped vour pencil will be resting on the
number selected.

Secret. Lay out the cards to spell the word ANGLES. Take your
pencil and tap anywhere for the first six taps but be sure that your seventh
tap is on the letter 4. The eighth must then land on N, the ninth on G and
so on, and your Jast tap will then be on the back of the correct card number.
Can you find out the real reason why the trick works ?

3 SECOND QUIZ

You are allowed 3 seconds to write down the answers to cach of the
following guestions.

(@) If 50 articles cost 50/- what is cost of each?
(b) If 100 articles cost 50/- what is cost of each ?
(¢) If 75 articles cost 50/- what is cost of each?

Look before you leap.

STAMP COLLECTOR’'S CORNER No. 20

Leonard Buler, 1707-1783, was born in Switzerland, but
mast of his active life was spent in Berlin and St. Petersburg
(Leningrad). He was a most prolific writer. One of his first
achievements was a solution of the ““ problem of three bodies ™
in astronomy. Newrton had proved that a single planet will
move in an ellipse round the sun, but the problem of sun,
planct, and moon is much more difficult. Euler found a
method of predicting the position of the moon by a series of
approximations. His method was used in the preparation of
nautical almanacs. He also investigated the sirength of beams
and struts, reformed the Russian system of weights and
measures and devised a theory of investment which gave a
sound basis for pension schemecs, as well as making great

advances in pure mathematics. C.V.G.
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I do hate sums. There is no greater
mistake than to call arithmetic an exact
science. There are permurations and
aberrations discermible to minds entively
nob.’e like mine ; subtle variations which
ordinary accountants fail to discover ;
hidden laws of numbers which it requires
a mind like mine to perceive. For
instance, if vou add a swm from the
bottom up, and then again from the top
down, the result 1s always different.

Mrs. La Touche (19th century)

It says “ Pass the log 1ables, please ™
Reproduced by permission of “ New Scientise "’

DO YOU KNOW?

The sun and moon are the most prominent of the visible heavenly
bodies. Which appears to the cye to be the larger ? :

They appear to be almost the same size, but the sun appears
be slightly larger. ’ ) PP ©

The sun covers a part of the sky that makes an angle of 32 minutes at
the eye ; the moon an angle of 31 minutes.

Question :

Answer :

“DO YOU LIKE IT?"
Who was the first space man, according to Shakespeare to go into orbit

round the Earth and what must have been his least average speed for the
journey. R.H.C.

JUNIOR CROSS FIGURE No. 30

Submitted by Ann Grigg, Haszeldene
School, Salcombe, Devon,

ACROSS :
1. Area of the four walls of a room,
12 fr. by 10 fr. by 6 ft. high.
4. 27 apples cost 4/6d. Find the cost
of 15 apples in pence.
5. 4 of 336.
6. # of this number is 8.
7. 92,
9. 1 gross.
10. /11236,
11. No. of yd. in a chain.

13. No. of Ib. in a cwt.

16. 27.01 x5 correct to the nearest & Pl AT, .
wholé number. 8. Sqguare of a prime number.
T 10. Square of another prime number.
1. 1ron 5 cwr. 16 Ib in 1Ib, . ?13:21&00“0‘ il s L
?3... 2?. 14. 100,
- AV 197136, 15. No. of' Ib. in } cwr,
29741 67729 47867 24229 24654 36680 09806

76928



A MATHEMATICAL COLLECTION

When you are tired of collecting match-box labels, stamps, bus tickets,
etc., try making a mathematical collection. This could take many forms—

items in everyday use with the shape of all the regular figures (two
dimensional), ¢.g., a Russian medal for a pentagon,

cartons and containers in common usage representing the regular and
prismatic solids, e.g., tetrahedron milk pack,

a collection showing mathematics at work in nature—three leafed clover,
six pointed snow crystals, ctc.

mathematics in the news—newspaper and magazine items which include
mathematical words and prefixes, e.g., “ A Hyperboloid Over Your
Head,” a reference to the timber-shell roof going up at Oxford Road
Station, Manchester.

As with all collections only one of each type is collected. Duplicates
should be used for swopping with your friends, particularly if you get a
spare Great Rhombicosidodecahedron !

Prize for best list submitted by 15th August.

AN ODD QUESTION

Which is the smallest number which, when divided by 3 leaves a re-
mainder of 1, and when divided by 5 and 7 will leave 3 and 5 respectively ?

USING THE HEAD AS WELL AS THE FEET
(From Le Facteur X)

In a novel sort of race,
B G the runners were allowed to
choose their own route which,
starting from point O, should
bring them back to the start as
soon as possible. En route,
c they had to collect tickets from
the conrtrol points A, B, C, D,
E, F and G as shown on the plan
F above, but not necessarily in
strict alphabetical order. Each
runner had to keep to the lines.
o The points A, D, E and F divide
the sides of the small squares in
the ratio 2 : 1. What is the shortest route? For simplicity you may take
the sides of the small squares as 60 yards each. 1.E

IT’S ALL GREEK

LL.C.

BBS&yp = TACIT
B3y y = AMISS
Socdyy = SAILS
pdmApy = LEAST
y8ABy = CLASS

A spy tried to memorise some code words. On writing them down,
he got them in the wrong order as above. Find the correct order.

58
63159

N

56951 62396 58645 73021 81931 95167 35381

IT'S A TWIST

With one line divide a rectangle 16 cm. by 9 cm. into two parts which
can be fitted together to make a square of side 12 cm. C.V.G.

SENIOR CROSS FIGURE No. 33

The number of figures to be inserted for each clue is indicated by the thick lines
whact: act as stops. Small circles indicate zero.

ACRoSS :
o Eik i e o 1. abe if be=7, ca=3, ab=21.
3. abc if a2=b2=106, b24c2=T74,
i c24+a2=130.
7. abcifa+b=24,b+c=10,c+a-=28.
2 e ololV 8. Total surface area of 3 identical cubes
is 648 sq. ins. What is the sum of
7 sz Qg i | :{mir v?h;:n&? R (A
9. rea of the pentagon (Fig. .-
o 3 7 12 in., AM=32 in., BE~70 in.,,
o o CD =28 in.
11. Sum of all the prime factors of 37037.
2o el 12. Angle PXE (Fig. 3).
14. Angle x (Fig. 4).
A 16, This number increased by 20%; and

18. Angle y (Fig. 2) AP=PC, PQ

i le HBE when angle
BAC=63" and angle ABC= 69",

21. A, B, C, D, arc four points in order
on a line. AC=52} in., BD- 46}
in., AD=84 in. Whar is BC?

22, x-+y when x2 — xy+y2=441 and

< ‘D
FIG. T SymMETRicAL,
MOT REGULAR.

xy=45.
AT X 10 Down :
1. (Fig. 6). A recrangular bcam is
sawn across giving a section PQRS.
A 5

AP=33 in., BQ=56 in., CR=47 in.
Whar is DS?

Number of sides of a regular polygon
whose internal les are 1541°,

a(a3 +1)+(a+1)24(a+1)

THREE OF THE
FIG3 SiMPLEST Rrcuiig
FIGURES, g

when a=7,

a+41
Perimeter of Fig. 1. (See 9 across).
abcifa4b —c=14,a—b-+c=12,
b4c — a=0,
6. Value of C when A=ax-ib, B
aA +b, C=aB+b and 2~10, b~8,
x=8.
9. Value of x when a2 + {¢ = x)2 =02 +x2, a=11, b= 1, c=10.
10. Angle ACP (Fig. 3).
13. Can be writien as 9a2-41 or as 90a—=1.
14. abc if b=2a+1, c=2b+1, a+b4c=25.

15. abe if %4--‘17 +—l——% and ab-+bc+ca=10.
16. There are 52 animals (sheep and goats). For every 7 sheep there are 6 goars.
i }I-Ilow many shcq)?a.r: there ?
. ow many goats ) i
19. Area of rhombus with diagonals 4 in. and 7 in,

e

.4 (3

Frc 5. AX, BY avs
ALTY/ruDEs,

LG.
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More Mathematical Patterns //_’“\\

Figurc 1 shows a familiar pattern treated in a different way. Alternate quadri- [ B
laterals are filled in to make a chequered pattern which suggests strings of beads
on curves which run diagonally across thr quadrilaterals. Patterns of this sort can
be made with tangents 10 any curve.

The other patterns are made by two scs of lines or circles constructed according
to some simple rule. In Figure 2 lines are'drawn from the ends of a diameter of a
circle to 18 points cqually spaced round the circumference. The intersections lic

on a set of circles and on a set of hyperbolae. Sixth-formers can work out the equa-
tions, i.
The basis of Figure 3 is equally spaced points on cach of two lines. The points
of one line are joined to onc fixed point, arld the points on the other line to another
fixed point. In Figure 4, equally spaced points on onc line are joined to each of :
two fixed points. Figure 6

In all these patterns the lines can be extended indefinitely in cither direction.
In making a design it is important to decide where not to draw the line. Quite
different effects are produced by filling a space, as in Figure 4, and by finishing at a
string of quadrilaterals, as in Figure 3.

In Figure 5 a network of ellipses is suggested by two sets of parallel lines, the
lines being drawn through points equally spaced on two semi-circles (see Figure 6).
In this pattcen there are the same number of divisions on each circle. Intricate
patterns of Lissajous’s figures are produced if there are different numbers of points
on the two circles.

In Figure 7 a set of parallel lincs and a.5ct of concentric circles suggest confocal
parabolas. In Figure 8, two scts of condentric circles make confocal ellipses and
hyperbolae, It is said that this pattern, formed by ripples on the college pond, sct
Thomas Young searching for the optical interference patterns which proved the wave
theory of light. The pattern is still of importance in one aircraft guidance system,

C.V.G.

The Editor will be pleassd 1o see photographs of any embroidery based on these or Figure 7
similar patterns. Boys who do marguetry work should also be able ro find inspirazion here.

]
]

i

”l
(€
N

;

Figure 3 Figure 4

Figurc 8
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JUNIOR CROSS FIGURE No. 31

Submitred by R. C. Bulpin, The Grammar
School, Minchesd. 1 2 ] 3

CLUES ACROSS
1. *Top of the house," s
3. Perfect square.
5. S:mqgle interest on £600 for 3 years o 7
at  pP.a
6. 2x+y=18 Find 3x-+1). 8
X —
7. Express 36 asa pcrccntage of 90.
8. }(GN:ross 4+ 4) x 4.
9. CDVIII = VI,
10. x2 — 2y (See 6 across),

CLues Down : 6. 8(3 x 3¢ = 4.
2, Il%;mbcr of half crowns in £120 7. Avcnlalgc speed of a plane which
ravelled 1,624 mil
4. Ioternzlangle of a regular nonagon. = ’ SRR

SOLUTIONS TO PROBLEMS IN ISSUE No. 33

3 SECOND QuUIZz

(@) 1/=; (8] 6d.5 (<) 8d. not 9d. which fa the usual quick answer.

I'T"§ A TWIST

—

SENIOR CROSS FIGURE No, 33

Ace nasn fll ‘-;5 )(3>3l5 + (7) 441 ;5 {8) 648 5 {9) 1400 3 (11} 68 ; (12} 159 ; (14} 39 ; (16) 220 ; (18} 101;
‘mo *

14 1 (3) 310 ; (4) 160 ;
1% 5%, (16)2-&;(!7) ;}“’“(9)11 (4) 160 ; (5) 546 ; (6) BSBA ¢ (%) 11 5 {I0) 458 5 (13) 901 ; (14) 313 ;

AN ODD
The amallest number Ia 163, R ETO0Y
USING THE HEAD AS WELL AS THE FEET
Collecting tickets in the order OACBGFD.EO uires cov hundred Ret
to the centre line after visiting A and D, Continee dwreg past E m‘é’*’:ﬁ.ﬁ? :2 G:Tnng :hye"d.-bouom lu::tn
IT’S ALL GREEK
The cocrect ordee was Lesst, Class, Amiss, Tucit, and Sails.

DO YOU LIKE IT
‘A Midsummer Night's Dreum,” Puck clrcled the earth in 40 min. His avcrage speed must have
beco spproximately 37,700 miles per hour.

JUNIOR CROSS FIGURE No. 30

ACHROSES 3 l] 264 3 (4 : (5) 64 ; (6} 40 ¢ (73 81 ; (9) 144 ; (10) 106 3 (11) 22 : {13} 112 ; (16) 138,
Down : (1) 2816; ('2] 647 (3) 444 ; (%) 3‘8 3 (8) 16€; (10) 1"!’; 12) 53 )(14) 10 }(15) 2&. e

0, 0, ANTON I Q
gh for a ¢ h=r. tn.u I wid: for thee,

-4

You

Q lishwl;cllll' no c.l'p for me g
Hut resi.'h for gh.l!nvtl sigl for thee.
268
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35 Pearfree Avenue, Southampton

OCTOBER, 1961

linear one. > _
first one which has only six numbers on it, as in Fig. 2,

This clock face arithmeric therefore gives 4 -- 5 — 3.  Similarly, 3

CLOCK ARITHMETIC No. 1
Addition and Subtraction

You will all know that 4 4- 5 = 9 and will readily agree that the process

can be illustrated by using a ruled scale as shown in Fig. 1.

L L i (1 i 1 1 1 1 3 i I S—
1 2 J + 5 & 7 8 9 10 l.l 12 13 53
1 i
1 ]
st §meemren) :
e »

Suppose we now try to do this addition on & circular scale instead of a
Such a circular scale will look like a clock face and let us take

Figure 2
Then 4 -{- 5 on this kind of scale would be done as shown in Fig. 3.

4-4 = 1.
Can you give the clock face values of 5 4- 2, 3 - 2, 2--2, 4 - 4,6 -}- 32

There is no 0 m this set of numbers. What number performs the function of

zero in this arithmetic ?
Hlalz]afa]s]s Now complcte the addition table as shown
t in Fig. 4.
= 5® 544 =3 (seec a)
= 243 =5(seed)
Notice that the first number in the addition
sum is always indicated in the extreme left hand

- " column and the second number in the top line,
- the answer being found in the body of the table.
L]
Figure 4 261
09243 23789 69070 69779 42236 25082 21688 95738



This game is known by mathemancians as addidon in Modulo 6 arith-
metic {INo number larger than 6 appears in the table). Can you now make up
an addition table for Modulo 12 arithmetic, r.e., using the normal clock face
numbers 1 to 127 This time some of your sums may include 7, 8, 9, 10, 11
and 12, which of course were not allowed in your first game.

Another piece of research is 1o make up similar tables for games of
Modulo arithmetic for all Modulo arithmetics up to 12.
Problem.

Can you now use these tables to do subtraction and then make up sub-
traction tables for cach Modulo anithmetic.
Example.

Modulo 6 subtraction 35 — 2 = 3 and
1 — 3 = 4. Do you notice anything queer
about the answers you get ?

000~ {1+4] But whar use can be found for Modulo
299 | 2 504 arithmetic? It is strange that vou should

have been using it bur have not noticed it.
Example in Modulo 7,

In counting the days of the week, if
1 indicates Sunday, 2 indicates Monday,
3 Tuesday, etc., then five days after Tuesday
is 3+5=1, i.e., Sunday.

Can you find an example in Modulo
12 arithmetic?

In one of our future issues we will dedl with the problem of multiplica-
tion in Modulo arithmetic.

Reproduced by courtesy of
Funch, 2, December 1959,

RUNNING IN CIRCLES

The diagram shows the skeleton chassis of a tricar.  The front wheel is
turned through 30° from the normal position. Whar are the radii of the
circles described by the three wheels when the car is set in motion, given
the distance between the axles 1s 12 feet, the distance berween the wheels
on the axle is 5 feer, and the diameter of the wheel is 2 feet ? J.G.
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JOHNNY IS NO SQUARE

John wrote down the cube of his age in years. He then subtracted
his age from this figure and obtained 4080. How old is he?

FUN WITH NUMBERS—2

2x2—1x3 What do you notice abour thesc expressions ?
3«3 —2x4 Deduce the nth. line.

4x4—3x5

5x5 —4x6

66 —5x7

£ s. d.

What like fractions of a pound, a shilling and a penny when added
together will make exactly one pound ? R.H.C.

GOALS, MORE OR LESS

If the star performer in the school eleven had scored two more goals
than he acrually did, his avérage would have been 3 goals per match, With
a score of two goals less, the average would have been 2. What was his
total score? J.F.H.

FLOOR SPACE
Show how you can cover half a square two feet on each side and still
haye a square which is two feet from top 10 bortom and two feet across.

IT'S NOT WHAT YOU DO (IT'S THE WAY

THAT YOU DO IT)
m (Adapted from Le Facteur X)

The diagram represents a heavy ball of metal suspended
by means of a wire A4 of uniform thickness. From a point

A diametrically opposite to the point of suspension, a piece of
similar wire B hangs underneath the ball. What will
(E bhappen when

(@) a gradually increasing downward pull is applied at €2
(6) a very sudden and powerful downward jerk is applied

B at C?
J.F.H.

YC

SHAKESPEARE AS MATHEMATICIAN, RE SIGNS

Beolingbroke : Arc you contented 1o resign the crown ?

Richard 11 : %m; no, ay ; for I musr nothing be ;
ercfore no no, for I resign to thee,

Shakespeare seems ro have kaown the rule of signs,viz, : 2 —2 =0; —2 4+ 2
= 0 ; and two minus signs operaring on each other give a plus,
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The reason is quite simple. It is a question of cost. If a printer is to
be able to print all the numbers from 1 to 999 he needs three of cach of the
figures from | to 9 {He could leave spaces for the zeros), In the scalc of
two we write one thousand and twenty-three as 111,114,111, To pnnt
numbers up to this needs nine figures, but since the only figure used is 1
we need only nine altogether. The samé comparison holds for all large
numbers. Usig the scale of ten the printer needs a stock of rypc three
times as great as the stock needed for the scale of two.

In 2 computor some pi¢ce of apparatus is nceded to represent each of
the digits to be used in its calculations. Therefore a computer using scale
of ten is three times as big as a computer using scale of two. As large
computers cost hundreds of thousands of pounds this regresems an enormous
difference in cost even though a few hundred pounds has to be spent on an
input machine 1o change numbers from scale of ten to scale of two, and an
output machine to change numbers from scale of two to scale of ten, EVG

Claudius said he could take one
from four and have five left. There-
upon Julius showed how he could
take cleven from twenty nine and
have twenzy left.

DIGITAL COMPUTERS

TRY ANGLES

(adapted from Le Facteur X)

The owner of 2 triangular field has
a fence of length [ with which he wants
to divide the ficld into two parts as shown.
He further requires that the portions
AD and EC shall be of equal length.
How is he to determine point D ?

JL.EH.

NOT VERY OBVYIOUS

Two right angled triangles have equal hypotenuses and equal perimeters.
Are they congruent ?
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SENIOR CROSS FIGURE No. 34

A small circle indicates zero. Fractions should be decimalised. The number

of significant figures s indicated by the double lines.

[ 3 < r ACROSS
r 1. A number which is a perfect square,
= 7 ol,v ° whaose four digits in order may be
written x-+-1, x — 1, x — |, x42.
2 ‘ =z 5. Smble hands in 44 ft,
= 8. The angle BOY (Fig. 1). Diameters
perpendicalar. OA—-30C;, AX =
- — e ﬁ‘ il;\;; BX. (Calculation or scale
W

A lady kept 84 peis—<ats and gold-

7"

fish, Onec day cach car are 2 goldfish
and then there were only 12 left. How

f 27 9.
“ERNE T
many goldfish originally ?
g

10. A price in shillings which, when
incressed by a quarter of itself,
further increased by 15%,. then
reduced by 3s, in the £, is £39 2s.
11. Recurring figures in the decimalised
§.  (Exclude zero).
12, How many cats? (See 9 across).
13. Eu—}-h)z—(n—b)zifa=222,b=ll!.
14, (xT4+v3) (14+k2) if x — ky=14,

+¥§¥=13

- s O — = .

IR @ 17. A floor is tiled with 6 in. square tiles.
) Y A circle of 4 fr. radius is drawn with
‘a A its centre in the middle of the fioor
S I ar the junction of 4 tiles, How muny
, vad cc;mpl;:tc tiles are enclosed ?

s -] 1 =

| P St 20. 2 H r &4 b=30, Eb=48.

a
21. (Fig. 2). Rcecrungle and semicircie
of equal sreas. Radius of semicirale
is 10 in., find the height of the rect-

F1e.3

A ¥ angle. (Take »m=3-1416).
22. (Fig. 3). Area of reciangle ABCD
- mscribed in recrangle POQRS.
- “ Fre & =
a5, DownN :
1. Becomes a perfect square 1f you add 10 or subtrace 33.
2. Less than 53253, but leaves no remuainder when divided by 53; and leaves a
remaindeér 53 when divided by 7 %53,
3. Sum of the arcas of all the different rectangles (including squares), whose adjacent
sides may be any of the numbers from 1 to 6. X
4. Two numbers, the larger first.  They are the radii of the circles in Fig. 4. One
rudius is 35 in. longer than the other and the common tangent is 4/3000.
5. Freezes when divided by 53. Boils when divided by 8.
6. (Fig. 5). Dismeter of & scmicircle touching the shorter sides of a 37, 4%, 57
triangle. (First 3 decc. pl.).
7. Sum of the 3 altitudes of an isosceles wriangle whose sides are 75, 75, 90,
14, a — b if a2 — ab = ab — b2 = 228,
15. Three consecurive digits in descending order. Reverse and add to the original
and the resulr is 1110,
16. Two numbers. The valués of @ and b if the roots of
x2—bx+a =0 arc 22_1;/;464.
17. v. When p is reduced by 3 and v is increased by 3, pv is unaltered. If p is
creased by 3 aad v is reduced by 2, pv is again tered, -
18, l(.flli.@y lgtﬁ\ of the areas of the rriangles APD and BPC. The recrangle is
19. This number increased by 257, three times is B593. 1.G.
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MISSED CHANCES

People who count on their fingers are usually very young or not very
bright. Whatever the other cavemen may have thought of him, the first
man to count on his fingers was probably not very bright by our standards,
but he has had a remendous influence on the mathematics that have come
after him. He decided that when he thought of one thing he would stick
up his thumb, and that when he thought of two Ihi.l:lgs he would hold up a
finger as well, and that when he thought of three things he would hold up
another finger, Like this :(—

* o =

- ‘e e o eoe
L]
: % ; i hY S N
ane two three four
Now if he had been a little brighter he might have decided to stck

up his thumb when he thought of one thing, but to stick up his finger instead
when he thought of two things. Then when he thought of three things he

would stick up his finger and thumb. Like this :—
L
Yt%
fiv

Figure 1
o saew

five

Figure 2
L]
- L d
. - L]
N D
- \
one two three four T
Then instesd of being able to count up ro five on the fingers of one hand,
up to ten on both hands, and up to a score if he used his toes as well, he could

have counted up to thirty-one on one hand, up to one thousand and twenty-
three using both hands, and to over a million if he used his toes.

Of course primitive men never had that many of anything so it did not
matter at first. If the first man who had to count above five had thought
much about large numbers be might have speeded up the progress of arith-
metic by thousands of years. If, when he had used up the fingers of one
hand, he bad stuck up the thumb of his second hand and put down the
fingers of the first hand, and then started again on the first hand, as in
fiewre 3, he would have been able to count up to thirty-five on his fingers and
would have made the important discovery thar one sign can stand for a
group of things.
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Figure 3

. -
e ® & » @ : :

° -

- "

- .

%

L
S ——
five gix seven
When men started doing calcularions with pebbles they represented
thirty-two like this 0000000000 It rook many centuries beforeany 0 0
0000000000 0 one thought of this o0
0000000000 0 o
where one large pebble represents ten small ones. The first man to do this
probably said that the pebbles represented three men and two fingers.

Less than a thousand years ago people in Europe still wrote XXX11,
where X stands for two hands and 1 stands for one finger.

However someone in India realised that a pebble in the second column
could represent ten units without having to be a different size of pebble.
So he represented thirty-two like this :— 0

o . "
Still later more casily written symbols were invented for 0 0 and so on,
and a symbol for an empty column, and the scale 00 0
of ten was perfected.

Qur first cave man might have invented the scale of two in which the
number up to twelve would be written like this :(—
1 10 11 100 101 110 111 1000 1001 1010 1011 1100,

Our second cave man might have invented the scale of six with the
numbers written like this :—
1 2 3 4 5 10 11 12 13 14 15 20.

In the scale of ten 111 means One {ten < ten) and one (ten) and one.
In the scale of six 111 means one (six < six) and one {8ix) and one. In the
scale of two it means one (two X two) and one (two) and one.

The readers of MATHEMATICAL PIE bave become used to the scale of ten,
but some of them may have found it hard at first. Because our first mathe-
matician was not very bright every child Jearning arithmetic has to learn
81 facts like this :—3x4=12 and 81 facts like this 3-+4=7. With the
scale of two the only figures would be 0 and 1, and the only fact to learn
would be 14 1=10.

Perhaps in the long run it was a good thing that the first mathematician
missed his chance. Arithmetic would have been so easy that it would nor
have challenged the intelligence. Certainly thére would have seemed no
need for logarithms, slide rules and calculating machines, so that it is perhaps
rather odd that large electronic calculating machines work in the scale of
TWo.
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JUNIOR CROSS FIGURE No. 32
Woking.

Seebmnitred by ¥, Awusr,

Apidrete’:

Nchool,

] 3 3 -
L] o 7
1] °* =]
T (P 4
12 1] [k}
3 7
. sum of the mnterior angles of 2 64
- sided polygon.
18, Volume of a pipe. radius 3.162in
and 1225 in. long, to the nearesx
AChGSS:: whole number.
1. 1 mile in Km. Dows
6. 8=z 53d. in farthmngs. 2, A man goes for 2 hr. at 20 m.p.bh.
8. a i, b -2, =3, and 14 hr. at 16 m.p.h. How
hnd (ab)d 4¢3 — 62— 24, many miles does he go ?
10. x4y = —40,5x —3y==8,ind x 3. 202212 72 43217 reversed.
11. T’ | 162 ) 13229, 4. (19::18) — (13- 19).
12. I'lnd_v in 10, muluply by — 6and 2. 12/9%d, as a decimal of £1 0o S
add 44. decimal places.
13, A man was fined £4 10s. for 7. 1.53%x97.
specding—if the rate was 9/- for 9. How many sheets in 5 quires of
every 3 m.p.h. cxceeding 30 paper ?
m.p.h., what spced was he doing 7 10. 968 Fp.s. — ? m.p,h.
15. Fred has x marbles and Tom has J4. £1/5s5.%}, answer in pence.
7 movre than Fred, Jill has 3 less 16. An isosceles triangle has the vertd-
than Fred and James has 27 less cal angle — 1447, what is the size
than Fred. Tom -+ Jill + James of one of the basc angles ?
have 57 more marbles than Fred— 17 A man sold a car for £43/4a,
how many has Fred ? Reverseit, making a profir of 8%,. Find the
16, Number of right angles in the cost price in £

SOLUTIONS TO PROBLEMS IN ISSUE No. 34

RUNNING IN CIRCLES
Frono: whee!l 24 fr,, inside rear wheel (1243 — 2§) fr.,
(I2v 3-2%) 1
SENIOR CROSS FIGURE No. 34
".!'hc clue to 14 down whould bove read “ a® — ad = 1673, ab — M =

Acmoss : (1) 4225, (5) 132, (8) 72, (9) 60, f!DJ 640, lll}-)?ﬁlg (12} 24, (i
98568, {14) 365, (17) 174, (20) 852, {21} 7854* (22) 4250

Do 474, (2) 2279, (3) 266, (4) 5015, {5) 1698, (&) 3428, (7) 204, (14 Ir 38, (15) 654, (16) 522
{17 l80, i’]S\ ?5 19} 440, (21) 75

ouiside rear whes

228,

MISSED CHANCES

. l;f;hq.-l?ililtllr spologises for the amission of o | on line 4, page 266. The aumber alwuld bave resd
CLAUDIUS

4= TV, 1l =

o2 L 3E
29 = NXIX, ll-

p— “
XI, 20 = XX.

NOT VERY OBVIOUS
The twao triangles must be congruent,

JOHNNY IS NO SQUARE
Johnay is 16,

The wth line in

FUN WITH NUMBERS—2
-1 Kit4-1) — axin-1-2) = 1. Every line has the vajue 1.

£ 5. D.
The f[eaction is 240

253,
276

13528 01314 70130 47816 43788
Copyright © ay .gwkm:fcln@c Lad.

19256 51798 09641

MATHEMATICAL PIE

35 Edirorial Address ; 100, Burman Rd,,
Shirley, Solihull, Warwicks, England

FEBRUARY, 1962

CLOCK ARITHMETIC No.2
Subtraction
Let us now try to do subtraction on the clock face, f.e., to move the

hands backwards instead of forwards.

— — o = 5
@5—2=3. () 2—3=>5. = —T=T 27 Tals
=5 TN 1
r' ‘ 2 5.
' 1
\ : 3
A
4
Figure 1 Figure 2 X )‘
Figure 3 — .
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From the example b, you see that negative numbers are not needed
in clock arithmetic. Now fill up the table in Fig. 3, the results for all possible
subtraction sums in modulo 6 arithmetic. Notice that the number with
which you begin is placed in the left hand column and the number being
taken away appears in the top line.

From your table find the values of : (i) 4 — 2, (i) 2 — 4.
had been normal arithmetic what would the values have been ?

__ Finally, what would you place instead of x and v if (iii) 4 — x — 5,
(v) 4 —y =17

Those of you who still have your addition table from Issue No. 34 for
Modulo 6 arithmetic might care to find out how to use it for subtraction
instead of the one you have just made. R.H.C.

If this

I WANT TO BE: No. §
A Chemical Engineer

__ The demand for skilled technicians has grown to such an extent that
it is no longer the fashion for firms to announce their staff requirements in a
two- or three-line advertsement in the ** Situations Vacant  columns of a
newspaper. Nowadays, some of the national dailies carry two or three pages
of large advertisements offering considerable inducements to young tech-
nicians who are prepared to consider posts in various branches of industry.

Prominent among the opportunities advertised are well-paid ts in
Chqm:eal Enginecring. In brief, a chemical engineer is bothpchenpﬁ?t and
engineer and, as such, will be found working in practically every branch of

ustry. A few examples are food, petroleum, gas, coal by-products, water
supply, cement, brewing, fertilisers, drugs, synthetic fibres, plastics and
atomic energy.

The chemical engineer's work involves a fair amount of mathematics
that is full of practical interest, for example, calculation of fluid flow, heat
transfer, speed of chemical reactions and strength of structural members in
chemical plant. One interesting calculation concerned finding the path of a
droplet of condensed liquid that had formed on the top surface of a sloping
condenser tube. Other calculations concern the size of bubbles and the
mechanism of their formation. Sometimes, the engineer may use high-
speed photography to check his calculations.  All the above combine to make
chemical engineering a very interesting career.

The nature and principles of such phenomena as are embraced by the
terms * total heat,” * latent heat,” “ entropy,” ““ order and disorder,” once
grasped by the young engineer, permit him to devise processes and design
plant. His chemical knowledge and experience might teach him thar a
certain product can be made by different types of reactions ; his knowledge
of thermodynamics, however, would serve to show him which approach
would be the most economical.

Most universities and technical colleges now have departments of
Chemical Engineering ; the young man interested in the subject, therefore,
should find lirtde difficulty in pursuing it further. J.F.H.
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SOME SHORT CUTS

Here is a photograph of Mr. J. E,
Clarkson, of Rotherham, Yorkshire.
He left school when he was twelve
years of age and he is now seventy-six.
During all these years he has made a
hobby of arithmetic. Here are three
questions and the actual figures that
Mr. Clarkson would write down in
order to get the answers.

Can you see what he has done ?

Question 1.
What is the cost of | ton @ 43d.
per Ib.?
17
17
52

£39 13s. 4d.

Question 2. _
What is the cost of 1 ton @
73d. per ounce?
31 62
40 202
1240 B22
827

L1157 6s. 8d.

LETTERS TO

19, Southwell Road Eust,
Rainworth,
Mansfield.
Dear Sir,
QuEer FACTS AROUT SQUARE RooTs.
The squarc roor of 123,456,789 =
11,111 with a remainder of 2468, But
11,1112 - 123 454 321,
I discovered this one evening while
experimenting with square roors.
Yours sincerely,
J. M. BuLLey (aged 13)

guezu Elizaberh's G.S. fer
oys, Mansfield.

Quesrion 3.
What is the cost of 1 ton @
83d. per dram?
35 70
600 231
21000 931
931

£20006 13s. 4d.

THE EDITOR

22, Persley Road,
Northboumne,
Bournemouth, Hants.
Dear Sir,
NuMmuers 1IN Worps (Tssue No, 31).

It is quire a simple fact which statcs
‘“ Eleven plus two minus one equals
twelye, ™

This is true oot only m figures, bur
also in lettérs, as can be séen by writing
* eleventwo,”” guriking out three letters
o, n, ond ¢, which gives “ cleviw,”
which is an anagram of ** rwelve."

Yours faithfully,
AL MarNe.
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supposed a geometrical figure to be drawn 8s a map, and, using the idea of
latitude and longitude, measured the position of each point by a pair of
numbers (%, y). Every geometrical property could then be transiated into an
algebraic relation between the x's and y’s. The value of his idea is that
“ it allows one to pass continually back and forth between geometry and
algebra ** using each to illustrate and supplement the other. Itis on Descartes’
work that Newton was to base his ideas for the Calculus. R.M.S.

QUITE A TURN

The staircase at the new British Railway offices at Doncaster, shown
on the front page*, would be described by most people as a “ spiral ™
staircase, but this is a misuse of the word. A spiral is 8 curve in one plane.
The edge of a clock spring is an everyday example. A curve such as that

formed by wrapping a ribbon round a cylinder is called a kefix and the

surface formed by lines from the curve perpendicular to the axis of the
cylinder is called a helicoid, i.e. it resembles a uniform helter skelter.

Most of the helical staircases found in old castles are built of stone steps
resting on one another in the centre and their outside ends built into the
wall of the staircase turret, Old staircases always turn to the right as they
ascend so that the occupants could use their sword arms freely to repel
unwelcome visitors.

The early staircases were narrow because they were designed for defence,
but Glamis Castle in Scotland has a spacious staircase whose centre is a
hollow tube which leads warm air from a furnace in the cellar to the up
rooms, and at Manderscheit in Germany there is a tower with a helical
carriageway leading to the castle set on a rock above the Moselle,

Tamworth church has a most unusual staircase. The stone steps go
straight across the turret and form two distnct staircases. One has an
entrance inside the church and the other is reached from the street. These
staircases have no landings. When they recach the flat roof of the rower
they just stop. To take one step too many means a nasty fall on to the other
flight.

Modern helical stairs are decorative as well as useful. The centre may
be open like the staircases in the Shakespeare Memorial Theatre, or they
may be built out from a slender column, like the staircase at Doncaster, or
they may, like a staircase at Johannesburg have no visible means of support.
C.V.G.

*The printer seems to have put this the wrong way round,

SOLUTIONS—Caontirucd.

The solution 10 “ TRY ANGLES " will sppear in fssue No. 36

GOALS, MORE OR LESS
The star of the soccer clevea had acored 10 goals.

FLOOR S5QUARE . .
Join the mid poior of each side 10 the mid points of the two sdjacent sides.

I'T'S NOT WHAT YOU DO
fa) A byeaky first. b} 5 breaks flrst.

JUNIOR CROSS FIGURE No. 31
Ackoss 1 (1) &9, (3) 81, (5) 63, (8) 24, (T) 40, 18) 56, (9] 68, (10) 41,
Down 1 (2) 964, (4) 140, (6) 256, (7) 464,

We are informed thut “ Top of the House ™" s not 99 a3 suggestied in | scroaw B.A.
74
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MORE GREEK

dBRo B = ERASE
b Bupdd = ROTOR
b8 - ERROR
Bodap = RAISE
Bpuwidd = EERIE

A spy tried to memorise some code words. On writing them down,
he got them in the wrong order as above. Find the correct order. J.F.H.

SENIOR CROSS FIGURE No. 35
Suggested by Mr. P. A, Fither, Siv Joseph Williamson's Marthematical School, Rochestér.

1 2 £ a a '.,l; c
3 [3 7
z & 5560
< 10 <
A i E
1 12 3 g
Doww @
ez 1. @if 3¢ —2d =7
Fou=v }
Acnoss : 2 [@3n—34
1. 2+v'tan 255" 54’ 3. (26.66)2 to three sig. fig.
4. AE in the figure. 2 a6l el T
5. AC in the figure. 4. [x5+§!—-15) (-3_\]*- 1
8. ViZ<1054-38) 6, 3!x5)
10. Maximum value of 4x3 — 6x2 — 7. Area of ABCE in the figure,
9x:4-1, 9, Tx4'44
11.  1-=-1323 o three sig. fig. 12. BC2 — )
14. The last half of the answer is one 13, K if y=K rwouches the curve

half of the first half M=Bx — x2,

STAMP COLLECTORS' CORNER No. 21

POLAND 1959

The stamps illustrated, with pormaits of Copernicus (1473~1543), Newron
(1642-1727) and Einstein {1879-1955), are from a rcgecnr Polish issue. A[)l'thrce can
be n:Fa:dcd as intellectual revolutionaries for the theories they put forward upset all
established ideas and had profound consecquences in almost every branch of science
and philosophy.

The sct is complered by portraits of Pasteur, Darwin and Mende! who initiated

oqually revolutionary theories in hialogical sciences. C.V.G,
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TIME CHART No. 9 : 1615-1645

ish extend Colonies

stern Hemisphere
1035

Shakespeare Engl
died Tre Magflower inna‘e
1615 1625 I630
Laws of refraction Briggs published invented  Girard introduced
discoered by Snellius,  “Aritfunetica Logarithmica”  the Slide Rule and brackets & imaginary
= = e roofs into Afgebra.
ot 7 2 :
x"rax*'rax"7c....+van=0
Sum of roots =—g, f ST TS
(Harriot) D

“Discours de (@ Methode”

published Oy Descartes.

Analytical Geometry invented.
L

Eqwimfm_
circle is )

0 o = 'f =
‘\%_I i
Pascal’s

; \ xteyt=a’

——

Cucloid
\:I T

Girards Notution (1627)
le*35a@+24 -100+500
(Modern _form: x*+35x*+24 =10x*+50x)

Harriot's Notation (1631)

(a’-3ap* - 2<% this in 3D.)

s Curve gencrated by pownt

Faeorem. an circumferonce of o circle

ABCABCarewoAs such that /| \ e rolling along o straigiit lne.

— ) A BB CCmect at Q FABEA'B | Y S rme3xarea of genenting ke
Poscot's Cofculating Machine meet at £ BCEBCatD CARCA {x N f&‘

atE thea DEFis a straight ABCDEFis a fiexagon inscribed in  Descartes’ Notation (1037)
aaa — 3bba == +2vcec  lne (& Relps if you picture

& conic. te sides meet gy ogy-SGryr ay-ac
ot XYandZ ThenXY&Z lieona (g‘=c‘y-s%y ~ay-ao
straight line(Tfy it with a. crcle)

Time Chart No. 8 saw the start of a period of increased activity in
mathematical thought. Napier’s invention of logarithms, cast into a more
readily usable form by Briggs, had a far reaching effect on all calculation.

Modern computers belong to one of two types, either the analogue
computer which represents numbers by some physical quantity such as length,
or angle, or electrical resistance (a car speedometer or petrol gauge works in
this way), or the digital computer in which each digit of a number is repre-
sented by a distinct position of a wheel, as in a cycle or car milometer.

Oughtred (1574—1660) saw the possibility of adding logarithms by
measuring them off along the edges of two scales which slide along each other,
thus giving the slide rule. This standby of the engineer is a very simple

analogue computer.

Pascal (1623—1662), when 18 years of age, amused himself by making a
calculating machine, using gear wheels, the forerunner of the calcu-
lator, cash register or even clectronic digital computer. Asa boy he played
with etrical diagrams as other children play with toys, and at the age of
16 he produced a remarkable treatise on the conics ections (ellipse, la,
hyperbola). Itincluded the Pascal hexagon (above), one of the most beautifal
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theorems in geometry and of such importance that over 400 colloraries have
been deduced from it.

Desargues (1593—1662), engineer, artist, and mathematician developed a
geometry which began as a theory of ive. He abandoncd all ideas of
measurement and used only the properties of intersccting lines and planes.
His work lay forgotten for almost two centries before being rediscovered to
become the foundation of modern projective geometry.

The really significant advance of the period was in algebraic notarion.
Successive writers had polished and transformed it from a bludgeon in to &
rapier so that in 1631 Descartes was using a form not so very different from
that we use today. The improved notation, as so often happencd, brought
new discoveries. Harriot (1560—1621), mathematician and astronomer, who
surveyed and mapped New Caroline, left papers which were published 10
years after his death and shewed the relation between the roots and the co-
efficients of an equation, between the number of roots and the degree of an
equation, and methods of transforming an equation so as to alter the roots
in any desired manner.

Descartes (1596—1650) may be said to have changed the whole course
of mathematical history with his invention of analytical geometry. 5€
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JUNIOR CROSS FIGURE No. 33
Prepared by the Pre-Apprentice Coursz, Clowse Techmical College.

1 2 5. 117 to 4 dec places.
8. 10n2 when n— B3,
a 11. \ 5776.
< - 12. Reciprocal of 40
13, {4.481)3.
Crues Doww -
10 n 1. A perfect square.
2. A 31003,
13 3. {x3 |1-x) when x is a perfect square.
4. The cube of 35.
. 6. The square of ¥2 when x is 2.
ci‘*m ACROSS : 7. x when (x4 1)3- 8,000,
1. [(s.4852 1] 9. The reciprocal of 50.
2. (23 --2)3. 10. (n2 —1) given that » is a perfect
4. {3.609)3, square.

NOTE BENE

A traveller at a hotel handed in a five pound note for safe keeping to
the landlord. Instead of putting it away in his safe, the landlord took it
to his friend the baker and paid off a bill he owed there. The baker in his
turn used the same note to pay a bill of five pounds which he owed to his
solicitor, and finally the solicitor took the note to the hotel and wsed it w
pay for a dinner party he had held the previous evening. The landlord
then placed the note in the safe.

Next morning the traveller came and asked for his note and, being an
honest man, the landlord told the guest how he had borrowed it and then
replaced ir later. “ Of course I don’t mind,” said the wraveller and tore up
the note, *you see it is a forgery.”

Who lost on the local transactions ? R.H.C.

SOLUTIONS TO PROBLEMS IN ISSUE No. 35

MORE GREHEK
The English words -should bave been in the following order ERROR,
ERASE, EERIE, ROTOR. RAISE.
SENTOR CROSS FIGURE No. 35
Across = {1 317, (4} 13, (5) 1217, (8} 204, (10) 35, (11} 756, (14} 3618

i's {.;uwu s C0)p 31, (2 121, (3) 711, (4) 11, (6} T20, {7) 54358, (9 172, (12) &3,
(13) 16.

JUNIOR CROSS FIGURE No, 32
Acmoss : (1) 16093, {6) 405, (8) 31, (10) 64, (11) 925, (12} 668, (13} 60, (15) 04, (16) 124, {18) 28500,
Doww = (2) 64, (3) 009, (4) 95, {5) 63957, (7) 14841, {9) 120, (10} 660, (14} 225, (16) 18, {17} 40,

The editor apologises for twe slips. 18 sccoss ahould have reed to the nearest 100, and clucs
13 seroas and 5 down do not agree.

POETICAL PI
The number of letters in sach word gives the sequence in the decimal equivalent of - B.A.
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TRY ANGLES

The owner of a reiangular jield LMN has a fence of length 1 woith wlich he wanis
He requires PQ to

1o dreide the field into rweo parrs. of lemgth 1 and NQ and LP

e of equal length.

Construcrion :—With centre L, and radius [, draw a circle. Draw in LX to
bisect NLM, and construct a line through N parallel to
LX to meet the circle in G and G'. GY is drawn parallel to
LM wcut LN in Q. Mark off LP equal to ON. Join PQ.
This is the position of the fence.

A second position of the fence can be found using G°
instead of G.

L NQY = £ NILM =24 XLN = 2£ QNG (parallel lines)
£ NQY = £ ONG + £ QOGN (exterior angle of triangle)
Hence, < QNG = < QOGN and GQ = QN.

In the quadrilateral LPQG, LP = GQ and LP is parallel
o GQ ; hence the figure is a parallelogram.

Hence PO = GQ = L

Write on a postcard, a short note to the Editor giving your views on the
solution of the problem when (i) G and G’ coincide, and (ii) the line from
N neither cuts nor touches the circle. A book token will be awarded to the
sender of the best postcard.

The above solution uses simple geometrical methods. It is possible 10
find other solutions based on trigonometrical methods and the use of conic
sections other than the circle. J.F.H.
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DO YOU (OR DID YOU) COLLECT CAR NUMBERS?

Whether you did or not here’s an odd fact about them you can check
for yourself on your bus journcys to and from School.

Choose a number from 1 to 9, say 4 for example. Now count how many
registration number plates end in 4 in the next barch of 10 cars you pass.
(For this purpose count DON 914 and 914 DON as both ending in 4).

Call this count the score for that batch of 10 cars and make a note of it
{but nor on the cover of your Maths. exercise book 1.

Keep doing this for batches of 10 untl you have 100 scores, It doesn’t

take very long on our crowded roads. If you've been honest with yourself
and kept the scores accurately you will find thar they run very close to the
figures given below :
Score (1.¢., number of 0 | 2 3 4 5 or more
4's per batch) Total
No. of batches with 37 37 18 6 2 0 100
that score

If you compare your results with those of your fricnds on other bus
routes you will find that they are very nearly the same.  In fact if you take the
average of their results and yours you will find that you get even closer to the

figurcs given above.

Isn’t it rather odd that such a * chancy " business should be capable of
being predicted ? Predictions like this (only rather more useful) are the
cveryday work of statisticians. The statistician works with Insurance Firms,
in Medical and Agricultural rescarch, in the design of Nuclear Power stations
and Telephone exchanges. Perhaps you'd like to be one—ask vour Mathe-
matics teacher what it involves and how you set about it. R.M.S.

PERFECT NUMBERS

A perfect number 1s a number such that it is equal to the sum of all
its factors, including unity but excluding itself. Thus, leaving our unity,
6 is the smallest perfect number with factors 1, 2 and 3 which, of course,
add up to 6.

There are not many of these numbers, in fact, so far only twelve have
been found. The next but one perfcet number after 6 is 496 with factors
1,2, 4, 8, 16, 31, 62, 124, 248,

Somewhere in between the numbers 6 and 496 there 1s another perfect
number., It is much nearer to 6 than 496. Can you find it? JL.F.H.
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SEQUENCES

Fill in rthe blank squares. 1D, 2D, 3D,
NEREIEY R S 5D and IA are regular sequences of num-
bers whose methods of formation you have to
' ' 2 | & | 34 discover.
2|l s ] o n - Rows 2A, 3A, 4A, 5A are obtained from
the following formulae (—
2| 2R molzo | 2A: n,2n— 1,28 -~ 1, 3n, 120,
| wla]s 3A : ab, 4b — ¢, 2b + ¢, 4a, § bc.
= 4A:a* b — la+ 3b— 1L, {{a |- 8ya+ 1
¥ o - : 5A: x ~yxwx —y s y—sg-lLe—y
What are the numerical values of the symbols used ? I.G.

THE POOR PILGRIM
(adapted from Le Facteur X)
A poor pilgrim, very pious and with very little money, entered a church
where he found the three great saints ; St. Peter, St, Paul and St. John and
addressed 1o each in turn a prayer as follows :

* Greeungs, great saint, I pray that you will be pleased to double the
money that I have in my purse ; 1 promise that 1o mark my gratitude,
I shall give 6 francs to this Church.”

His wish was granted each time, and each time he kept his promise
with perfect honesty. At the end, he left the church without a sou. How
much had he when he entered ? J.F.H.

A SIMPLE GRAPH
Plot the graph of y = x*(5—x?) for values of x between — 2 and + 2.
Submit solutions 1o the Editor staung your age. 1.G.

OTHER NUMBER SYSTEMS
(a) In what number system is the identity 202-=13 - 13 correct ?

(b) 524 15 the first perfect square larger than 441.” In what num-
ber system is this statement correct ? B.A.

Time Chart—Continued from page 281

this he calculated the diameter of the Earth to be 7,850 of our miles—only
abour 50 miles out ! He also estiated the sun’s distance to be 100 million
miles, which is reasonably correct. His work on prime numbers is also well
known—the ** Sieve "' of Eratosthenes being a device for sifting our the
composite numbers and leaving only the primes.

We have been able to deal with only a few of the many mathematicians
of this very fruitful period—a period of creanve thought which was not to be
matched till Newton’s day. We must postponc onc of the greatest of them,
Archimedes, untl our next chart. He has been described as ** one of the
greatest mathematcal physicists of all nme.” R.M.S.
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MAGIC SQUARES No. 2

Conribured by Canon D, B. Eperson, Bishap Oirer College, Chivhester,

15 3 13
a | 10|12
7 8 5
Fig. 2
F 4
N
Fig. 3
T4 744
7
T — & 7 -1
Fig., 4
7
5
x
Fig. 5
Question 5.

In a magic square with 9 cells the sum of the numbers
in each row, column, and diagonal is the same. In addi-
tion, the numbers in the central column, the middle row,
and each diagonal, form scquences called Arithmetic
progressions. In Fig. 1 these progressions arc 1, 5. 9:
3,5,7: 2,5 8: 4,5, 6: Their common differcnces are
4, 2, 3 and 1 respectively.

Quesrion 1. Can you find the four progressions in
Fig. 2, and their common differences ?

Such sequences in magic squares can be used 1o form
patterns; For instance, in Fig. 3 we have a2 dot marked
at the centre of each cell, with lines through the four sets
which correspond to the seguences mcntioned above,
These form a pattern similar to a Union Jack.

Quesrion 2. What patterns do you make by jomning
the dots representing the following sequences in Fig. 1 ?
[a] 1,2.3; 4,5,6: 7,8,9; [common difference 1]

(b} 1,3,5; 3.5,73 3,7.9: [common difference 2]
[¢] 1,4,7; 2,5,8; 3,6, 9;: [common difference 3]
[d] 2,4.6,8. [common difference 2]

Question 3. What progressions in Figure 2, will give
the same patterns as those mn Questions 2[a] and [c]. What
are their common differences ?

Question 4. Form pawterns by joining up the dots
corresponding to the numbers taken in increasing order
of magnitude in Figs. 1 and 2.

The two patterns ave not alike, but all magic squares of
9 cells belong to one or the other of these two patterns.
Test this by making your own magic squares in this way —
Choose any two numbers which are not in the ratio 1 : 2 or
2 : 1 ; then choose a third number not less than 5, which is
greater than the sum of the first pair. [e.g., the numbers
could be 1, 4 and 7]. Pur the third number in the
central cell and fill the two diagonals with numbers which
form A.P’s whose common differences are the original
pair of numbers. Then fill in the remaining cells, remem-
bering that the rows and columns must all have the same
total as the diagonals [see Fig. 4]. The join up the dots
corresponding to the numbers in the cells taken in ascending
order of magnitude, and you will get one of the two patterns
pecurring in Question 4.

[for those whao like algebra] Can you find the value of x

such that Fig. 5 can be made into a Magic square whatever number is put
into the central cell, and the others filled with numbers that obey the sequence
rule shown in Fig. 37

20856

61190
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POETICAL PI
Now I, even I, would celebrate

In rhymes inapt, the great

Immortal Syracusan, rivaled nevermore,

Who in his wondrous lore;

Passed on before,

Left men his guidance how to circles mensurarte.

A. C. Orr

SENIOR CROSS FIGURE No. 36

5| 1 7

io

CLUES ACROSS :

. Valueofa2 —H2 ~2whenal 4-b3=

B100 and a-ir-&= 30,

. The digits of thizx number are

x5 2x, %, ¥ ; butif written x, x, 2x, X
it would decrcase by 360.

. Value of s (s5—a) + (s—b)(s--c)

when2i—a-| b ¢, b= d.andc— 17.

. A dlock is 7 minutes slow at 4

o'clock and 5 minutes fast at 5
o'clock. In how many minutes

10,

»

after 4 o'clock will it be correct ?
Valucof $2.-ac — 14when b—+-2a =
122, 6 —¢=52 and a—c=2.

How many rectangles (inciuding
squares) in a recrangiec 6° by 37
ruled into sguare inches ?

CrLues Dowx

L.C.M. of 2873 and 3757,

Angle between the hands of a clock
at 6.48 a.m.

Area of a trapezium, sides 1021,
25, 1007, 25.

Hypotenuse of a righr angled
triangle, perimerer 107, area 2 sq.
in. (o 1 dec. placel

Number of diagonals in a duo-
decagon.

Numerical value of x2 — 6xy--9y2
+23x—69v—+42 when x—3v :j %}

FUN WITH NUMBERS No. 3

1+2-4+1 == az
1+2+3+2+1 — b2
1+2+34+4+-3422-41 == cd

14 24344544434 2.1 - a2

What are the values of a, b, ¢, d and ¢an you wrire down quickly some

similar problems and answers ?

FUN WITH NUMBERS No. 4

9 w9 7
98 ~ 9+ 6
987 =« 9 L 5

9876"9#‘!

93972 85847

83163

27¢

05777

Work out these sums.

Can you now extend the sequence of
questions and answers ?

75606 88876 44624



TIME CHART No. 2 : (500 B.C. —250B.C.)

Wary

-
T o vy e o D s

The Slivi o Encaibiines the maon. !

At the end of the 6th Century B.C. we come to the death of Pythagoras
and the birth of the philosopher Zeno, who is remembered chicfly for his
four paradoxes, questions which challenged the ideas of some of hus con-
temporaries who believed that space and time could be divided into an infinite
number of very small parts. For example, the one about Achilles and the
Tortoise :—

Achilles, who can run 10 nmes as fast as the tortoise, gives him 100
yards start. When he reaches the place where the tortoise was, it has gone
10 yards further on. By the tme Achilles has covered this 10 yards the
tortoise has gone an extra yard. When he has covered this yard the tortoise
is still {4 yard ahead and so on. How does Achilles catch the tortoise ?
{Ask your teacher about the other 3 paradoxes).

The importance of this problem of infinite division is bound up with
the three great problems of antiquity—Duplication of the Cube, Squaring
the Circle and Trisecting the Angle.  Greek arithmetic was hampered by
the lack of a suitable simple number system. Various systems were in use,
the sim I:sg being the alphabetical one shewn in the chart, No wonder they
avozdeJ Arithmetic and tried 1o express all their ideas geometrically !

Originally the 3 problems were tackled using straight-edge and com-
Blsaca only, but when this was found to be impossible, Hippocrates (c.460

-C.) and Antiphon (¢.430 B.C.) solved thcmlquuadng of the Circle (i.e.,
finding its area) by methods which were crude forms of our integral calculus.
280
82468 5'192? 03953 52773 48030 48029 00587 60758

T, .

Antiphon inscribed a polygen in the circle and found its area. By doubling
the number of sides again and again he * exhausted » the shaded area which
is the difference between the areas of polygon and circle.

The Three Problems were also tackled by the usc of special curves.
Deinostratus  (¢.350 B.C.) used the Quwadrarrix discovered by Hippias
(c.425 B.C.). Neater solutions were made by using the Conchoid of Nico-
medces, but this belongs to our next chart.

Two Greek Philosophers who, though not primarily mathcmaticians
themselves, did much to put geometry on a sound basis, were Socrates and
Plato. They insisted on accurate definitions, clear assumptions and logical
proof. The Platonic school at Athens produced many brilliant men such as
Aristotle (who beccame a tutor of Alexander the Great). Aristode’s chief
interest in mathematics lay in its application to physics.

Alexander founded the city of Alexandria in Egypt, whose most famous
inhabitant was Euclid, who performed the monumental task of collecting
together all the mathemancal knowledge of his time and arranging it in a
logical sequence. The resulting ** book " was still in use as recently as
the beginning of our own century !

Another scholar of the University of Alexandria was Eratosthenes. He
knew that the sun was at its zenith (i.e., overhead) at Syrene on the Nile and

measured its deviation from the zenith at Alexandria 625 miles away. From
- Continusd on page 183
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JUNIOR CROSS FIGURE No. 34

13. Producr of the first cight natural

[ ] 3 4 s | numbers.
16, Sounds like the end of 4 count-
P i down
Crues Dows

2. -ab when g+-2° -2
3. Twicethe sguare root of © dcross
o 1z 4.  Unlucky for some.
5. Palindromic anagram of 1 across.
TS 14 ry 7. A-pérfect number.
4.  Consecutive numbers,
- 11, Life’s span. ‘
12, Converr 10011011100 from the
binary to the decimal scale,
14. Product of two primes.
CLUES ACHOSS - 15. Reverse the base of the decimal
’ ; System.
1. Palindromic number, =
a. Palindromic perfect square, Check Clue. Oge drgit 15 not vsed and
9. DPerfect Square. the sum of the digits in the Cross
10. A prime number. Figure is 68,
B.A.
ANOTHER SERIES
Continue the series 60, 20, 108, 120, .. and state the rule for the
Series. 1.G.

Time Chart—~<ontinued fram page 19!

Another Greck who flourished during this little renaissance of the
Alexandrian School was the geometer Menelaus who wrotc a treatise on the
geometcical properties of spherical triangles and proved several importam
theorems about plane triangles, onc of which appears in the chart above.

Claudius Prolemaeus (Ptolemy) {c. 90 <160 A.D.) did for aswonomv
what Euclid did for Geometrv. He brought together in a single treatse.
the * Almagest,” the discoveries of his predecessors, arranging the work in
such a systematic fashion as ro make his work a standard reference for many
centuries, R.M.S.

SOLUTIONS TO PROBLEMS IN ISSUE No. 36
FEREBCT NUMBERS
Uhe sccund perfeer mamber | 28, It factom ere 1, 2, 4, 7, i4, whoer
wum 1 248
SENIOR CROSS FIGURE No, 36
Aczoss | (11 482, (4] 4844, 51 68, (6) 35, B! 4924, (10] 125,
[rawee ;21 48E41, (2% 84, (3 24335, (4) 46, (7: 54, (9 92

FUN WITH NUMBERS No. 3

~ L A= red, 45

FUN WITH NUMBERS No. 4
The answees 1o rhe sums were 38, 8858, @8RS, BS338.

SEQUENCES
2ZA. w=B3 3A, a—2, =5, c—8] 4A, u— 4 5B FA, 9, y~14, 2~14.
THE POOR PILGRIM
The pilarim btud 5 francs 25 centimer when he entéred the church,
A SIMPLE GRAI'H

The result of thisy excrcive will be annovaced in the nesr ixsue

OTHER NUMHBER SYSTEMS

La) iz true Iy the scale of 7, 761 in true in the scale of 6.
JUNIOR CROSS FIGURE "-"). '3-3
Aceoss | (L) Th, (2) 216, 74 47, (5> 41251, (18 68890, 711} 12 025, 113] W),
Dows ¢ (1] 784, F" 373':‘-..3- GB. (£ )] ﬁ“l'fﬁ 6 §6, I'Tl L%, "JIUJ{'I.']U ';R' B.A.
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MATHEMATICAL PIE

Edirovial dcddress - 100, Burman Rd.,
37 Shirley. Solibull. Warwicks, Engtand ~OCTOBER, 1962
FIRED !

Three sguares are inscribed in a arcle
34 inches in diameter as shown in the
diggram. The black square represents a
window which has 1o be filled In. Will 2
board 12 inches square do che mick ?

DO YOU FIND MATHEMATICS
DIFFICULT?
This is said for those who are dismayed
at the outset of their studies, and then set

out to pain the mastery over themsclves, and in patience to apply themselves
continuously to those studies.

From these one sees that from rhese studies there result things marvellous

o relate. Leonardo da Vindg, 1452-1519, J.G.
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CLOCK ARITHMETIC No. 3
Multiplication and Division

In the first article (Issue No. 34) you were shown how to make out an
addition table for a circular face of scale 6 instead of a linear one in which
2--3—5 and 5-4=3 and from these results we constructed the addition

table shown,

> 1 2 3 4 Y &

1 2 2 a4 5 & '
2 3 < 3 ° 1 2
3 . 3 & 1 2 2
4 s & i 2 3 -
3 o L] 2 3 q s
o 1 2 3 a4 5 &

In the second article (Issue No. 35) you were shown the subtraction
table and it was pointed out that the addition table above could be used 1o
This is similar to the

get subtraction results by working it backwards.

use of logarithm tables to obtain anti-logarithms.

But what can we mean by mulriplying numbers in modulo 6 arithmetic »
!'.e., 3 "'—4 T“

fe., 545

so that every multiplication sum can always be translated into a process of

Now 3 <4 means ' three fours '
and 2 <5 means * two fives’

repeated addition.
Thus, vusing the addition table above
34
= 4
(see b}
Now complete the multiplication table.

Look carefully at your rable and see if you
can suggest a number which behaves as O

= 2 -4
= 6 {see a)

4 -+
2 (see ¢)

=(4—4) +4 2x5 = 545 4x5 — (5+-5)4-(5+5)

4

doecs in- ordinary arithmertic.
By defining division as the converse of

multiplication, so that 3x<4=6 mecans
6--3—=4 and 4 x5=2 means 245, we

can use the complete mulrplication table to

do modulo 6 division. What do vou make
of the following divisions ?

42 33 2=5
The first two questions have more than one

answer and the last answer need nor be a

fraction. R.H.C,
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GERONIMO'’'S GEOMETRY
Submirred by Martan House, Lister Couniy Technical School.

The squaw on the hippopotamus is equal to the sons of the squaws on the
other two hides,

Time Chart—continued from page 259

by which an angle could be trisected, and Diocles who invented the cissoid,
which may be used in the duplication of the cube.

At about this ume {150 B.C.) we get the beginnings of Trigonometry,
the division of the circle into 360° and the development of a sexagesimal
system of fractions (** minutes ** and ** seconds ) which had been suggested
by the Babylonians in the first place. Hipparchos of Rhodes (c. 150 B.C.)
worked out what was virtually a table of sines and developed a kind of
spherical trigonometry (used in navigation). He was an excellent astronomer
and left a catalogue of 850 fixed stars, which was increased to about 1,000
by Ptolemy about 300 vears later, but was not materially added o until
comparatively recent times.

We do not usually think of Julius Caesar as a Mathematician but he
was well versed in Astronomy and planned extensive surveys of the Roman
Empire. His chief claim to our interest is probably the reform of the
calendar. His system of leap years was accurate enough to be only 11 days
out 1600 years later and with Pope Gregory’s modification about century
years will need no further adjusument for the next 3,000 years.

Most of you will know Heron’s formula for the area of a triangle
A =+ss—ars_—bi(s c¢t. He wasan Egyptian living in Alexandria about
50 A.D. and wrotc a treatise summarising the Egyptian methods of land
surveying. He invented various machines, including a simple steam turbine
nearly 2,000 vears before the days of the steam turbine battleship and ocean
liner. continued on page 192
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THE WORLD ENCOMPASSED : No. 3
The French Mathematicians

In company with many other problems that were studied during the
early years of mathematics, investigation of the size and shape of the earth was
neglected for many centuries following the promising start made by the Greeks.
It was not until such questions as “ What is the earth made of 77" and * Is the
carth a perfect sphere 77 were once more examined by mathematicians that
further serious attempts were made to measure the earth and assess its shape.

In the 17th century, Newrton suggested that on account of the earth's
rowation it would tend to differ in shape from a true sphere and be slighty
fartened at the poles. If such flattening existed, then the pole-to-pole
diamcter should be less than an cquatorial diameter. Newton suggested that
the shortening would be of the order of 1/230th part of the longer diameter.

One way of checking this possibility was by travelling along a meridian
and measuring the *' Jength of a degree ™ at various intervals along the
meridian. Thus, supposing two places 1o be art sea level, one at latitude 50°
and the other due north at latitude 517, the distance between them (supposed
free from mountains or hollows) would be accurately measured. Simularly,
measurements forther north and further south would be made, the latitudes
being checked by corrected astronomical observations (Note thar if the earth
were a true sphere and the Pole Star were at the true astronomical north pole,
the elevation of the star in degrees would be the same as the latitude at any
observation point in the northern hemisphere). In regions of flattening, it
would be necessary to wavel further along the meridian in order to make a
change of 17 in the clevation of the Pole Star than in regions of “ bulge.”

The French Mathemaricians of the time were anxious to investigate
Newton’s suggestion although he warned them that the differences in the
length of a degree at, say, Bayonne and Dunkirk would be so slight as to be
undetectable with the instruments available. Despite the warning, Jacques
Cassini made some measurements in 1718 and concluded that the length of a
degree was less at a certain part of a meridian than it was at a part some dis-
tance further south. This result implied thar the shape of the earth tended
more to that of a lemon than to that of an orange, 7.e.; the poles would be
clongated rather than flattened.

In 1737, a team that included Pierre
Maupertuis and A. C. Clairaut went to Lap-
[and and at latitude 66" 22" N determined the
Iength of a degree 1o be 69.403 miles. Another
team that went to Peru included Charles M.
La Condamine, Pierre Bouguer and Godin.
Their measurements, in 1744, showed that at
latitude 07, the length of a degree lay between
68.713 and 68.732 miles. Newton's conjec-
turc was thus vindicated.

Since those carly days, progress in the design, construction and operation
of instruments has greatly improved the accuracy of observations.  The latest
determinations of the earth’s shape give the polar flattening as one part in297.
‘This is roughly equivalent to the thickness of the nissue paper compared to
the diameter of orange wrapped in it, 50 is not as great as some folk imagine.

Let us admire the courage and pioneering spirit of these 18th century
French Mathematicians and Iearn from their mistakes—just as they did !
JEH. LL.C.
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FUN WITH NUMBERS No. §

Express cach of the fractons 1/2, 1/3, 1[4, 1/5, 1/6, 1/7, 1/8 and 1/9
by arranging the nine digits 1.2,3,4.5,6,7,8,9 using each digit once and only
once.

HAPPY BIRTHDAY

A man and his grandson have the same birthday. For six consecutive
birthdays the man is an integral number of times as old as his grandson.
How old is each at the sixth of these birthdays ?

(From Mathy Student Fournal)

QUICK QUIZ

123456789 1
12345678 12
1234567 123
123456 1234
12345 12345
1234 123456
123 1234567
12 12345678
1 123456789

You are allowed ten seconds to decide which column of figures when
added will give the larger result. Check your result after you have made
VOUr guess. R.H.C.

SENIOR CROSS-FIGURE No. 37

a+36=23, a?—ab{ 652 386,
Be+-d=cd=12,

[ H 3 .

12, A million and nine !

. 3(a-to).

16. clatb+c).

17. ILeaves s remainder of 1 when
divided by each of the first six
prime aumbers.

Crues Down
1 (a—b) (2a+b).
2. ta-|-dyd-+a2p,
3. Hatbtce—dy2+£3,
4. alb4-c—d).
6, LCM of 224, 616, 704.
8. 4c2d? (a—b—c—a).

CLuEs  ACRODSS -

1 (2a-+¢)3 =50, 91-1-3.6)--51
5. o(d2—=52), ¢, —
6. Sum of the digits of 7 across. 3!
7. Product of the first gight prme 12. A perfect square.
numbers. 13,  abed.
10. Half of 5 across, 14, ad reverssed,
11. Reverse a. B.A.
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For a time we have a continuaton of the golden age of Greek Marche-
matcs.  Archimedes of Syracuse (287-—212 B.C.) was a mathematical
physicist of the first order. We can get some idea of the greatness of the
man if we look at a few of his contributions to Mathematics and 10 Science.

He calculated a value of # by considering the area of a circle 1o lie
between the areas of the polygons inscribed and circumscribed to it. By
increasing the number of sides again and again, he got closer and closer
approximations to ». By taking polygons of 96 sides he found that = lies

1335 1335 b .
between 39—3-4-;! and 35%. This was a remarkable achievement when one

considers the clumsiness of Greek Arithmetic.

He invented a system of reckoning in octads or cighth powers of 10.
By this means he extended the Greek number system as as 1097 o
calculate the number of grains of sand in the solar system—this involves
knowledge of the laws of indices a™ o —a®+a, He also calculated the
volume of the sphere, studied the properties of several types of spirals and
found that 12-+22-1-32+42 . ., La2=3n(n-+1) (2n--1). Besides all this
he put the science of Hydrostatics on a firm footing and studied the properties
of pulleys and levers. He is reputed to have said ** Give me 4 fulcrum and a
place whereon 1o stand and T will move the Earth."

It was a great loss to mankind when an infuriated Roman soldier slew
288
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him at the capture of Syracuse because he was too absorbed 1n @ geometrical
problem to notice that the soldier had asked him a question.

The third of this great trio of Greck Mathemanicians was Apollonius of
Perga {¢. 260—c. 170 B.C..). Like Euclid he is known chiefly for his Geometry,
slthough he made valuable contributions to Arithmetic, notably improving
the system of Archimedes by basing it on the smaller and more convenient
base of 104, a number which under the name of myriad had long been in use
in the East. His most important contribution to mathematics was the study
of the section of a cone made by a plane. These conic scctions, principally
the parabola, ellipsc, and hyperbola (names given to them by Appollonius
and still in use today) arc of great practical importance. The parabola is the
path followed by a projectilc if we neglect air resistance and the curvature
of the ¢arth, the approximate shape of & suspension bridge chain, and the
section of a car headlamp reflector or a radio telescope bowl. Most planets
and comets follow elliptical orbits round the sun and the cllipse has been
used for bridge arches. The hyperbola is used extensively in the LORAN
system of radar navigation. All three curves will be increasingly important
in the near future in space navigation.

With the death of Apollonius we really come to the end of the Golden Age
of Greek Mathematics. There were a number of minor geometers such as
Nicomedes, who invented a2 curve known as the conchoid (shell-shaped)

Continued an page 191
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GENERALISED CUTS
If we take a line and divide it into two pieces
1 then count up the number of different pieces or segments
2 which could be cheseén from the ser of points, we find

they are 01, 02, 12.
Now take a linc and divide it into four pieces. Count up the number
of different segments again, How many linc scgments can be made with
the inch markings on a 12 inch ruler? Can
[ I T - you find a formula to give the number of
° 1 z 3 different segments when there are » inches on
the line?

In a similar way, a square of side two inches can have five different
squares chosen from it. ABED, BCFE, DEHG, EFIH, ACIG. How many
squares can you find in a similarly marked square of
side 3 inches and how many in a foot square ? Generalise
the result for a square of side n inches.

Finslly, the game can be extended into three
o Y dimensions. A cube of side 1 foor is divided up into
inch cubes. How many different cubes can be chosen
from the cubic foot and what will be the number for a
e b 4 cube of side »n inches ?

Just for fun, can you generalise your results for four dimensions?  J.G.

S

o

B C

FOOD FOR THOUGHT
PORK
— € In this division sum C is greater than 2.

CHOP
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POINT CENTRED PATTERNS

The essential rthing about a pattern is repetition of a motf. In the
language of elementary geomeiry, a pattern is a collection of congruent
figures, or more rarely similar figures, which are repeated according to some
system. The particular system used determines the classification of the
pancern.

G - &

The leaf pattern is an example of a point centred pattern formed by
rotating the basic motif of one leaf about a fixed point through 120°. The

ton of rotation through 120° which has been used to-form the pattern
can be applied to the pattern itself without changing its appearance.

The 6-way snowflake pattern illustrates another form of repetition.
This pattern has six axcs of symmetry passing through the centre point.
If a mirror were placed along one of these axes, onc half of the pattern would
be the reflection in the mirror of the other half. ]

The pentacle appears at first sight to have five axes of mirror symmeuy
but one half of the pattern is not an exact mirror image of the other. The
interlacings give the impression that the pattern has a certain depth. If
we accept this and suppose that the straps really do cross, we have five axes
of rotational symmetry in the plane of the paper. One half of the pattern
is given by rotating the other about one of these axes as if it were a page of a
book.

The fourth pattern is of a type attempted more often in Nature than in
art. The pattern is formed by rotating the motif through a fixed angle and
at the same time enlarging it in a fixed ratio. Such a pattern can never be

completed.

LINEAR PATTERNS

To make a linear pattern, 2 motf is repeated by translation through
a fixed distance in a fixed direction. The pattern below has repetition by
translation only.

The motif repeated by translation may itself be a point centred pattern
formed by the reflection or rotation of an element, so that the linear pattern
may have transverse or longitudinal axes of mirror symmetry,

203
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and another type of symmetry called glide reflection, which is produced by
g}uvmg the mirror reflection in an axis sidewavs by half the
istance.
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A SIMPLE GRAPH
v There were several good attempts
at plotting the graph of y—x3 (5—x2)
e submitted in responsc to the invi-
tation in Issue No. 36. The winner

of the competition was P. W. Vincent,
of Dover, aged 16 years.

The main feature of the graph is
that if only integral values of x are
considered, the points lic on a straight

3 7 ine. Some of our younger readers
discovered this and wrote to ask for
guidance, as they recognised that the

vz 'racxty

graph should be a curve. By plotting
" H
1\
7} ]
intermediate values, the shape of the E , 2 K,
graph becomes clearer and by using et My
differential calculus the true shape of g -~ >
the graph can be confirmed. The _J |
greatest value in the range occurs when i
x—+/3 and the least value of y i e
occurs when x— — /3. — g 7 2, 7 /
The graph shows the danger of | ~ // L
generalising results from a limited |7 ~ e Sl AV WY |
number of observations B.A. Now plot the poinr where z=7
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JUNIOR CROSS-FIGURE No. 35
CLUES ACROSS :

1 2(4x+3)=19. Find x.

4., bhb—c)

5., & (a-+b).

7. Atz — ¢ (See 2 and 4 down).
9, efat-l)—b.

1. (a+d)2.

9. 204 +c.

1

1

15. a b —dj.

16. 10 {ad3--b3-4-c3-+d3).

1 :

2. 3v—7=20—x. Find y.
3, (b+2) (c+2)4-d.

4. 2&— 100=101 — 2=z,
6

8

Find =.
Given a=6, b=17, c=4, and d=5. :;"‘_c
Ignore decimal points. 10. {a-+b) (c+d).
12,  abd.
14. 3. B.A.

TREAD SOFTLY !

The famous leaning tower of Pisa has been slowly falling out of true
ever since it was built 800 years ago because the foundations on one side are
slowly sinking into the subsoil faster than those on the other. If we suppose
that it is 180 feet high, 36 feet in diameter and has become 16 feet out of
true since it was built, when is it likely to topple over » (Supposing nothin
is done about it in the meantime). ]J.F.H.

ALL ROUND
A farmer sees a squirrel on the trunk of a tree and raises his rifle to shoot,
but just then the squirrel ran around to the opposite side of the tree. The
farmer kept-his riflc aimed at the tree and slowly circled round it. However
the squirrel kept moving ahead of him and the farmer went all round the
tree without seeing the squirrel. He had gone all round the tree but had he
gone all the way around the squirrel ?

AM | ALL RIGHT JACK?
A bowls player carrying 3 woods came to 2 bridge that would only carry
his weight ang onc wood at a time, so he decided to juggle them as he crossed
so that 2 are always in the air. Smart?

SOLUTIONS TO PROBLEMS IN ISSUE No. 37
THREE SQUARES
The pide of the black square is 8.5V 2 inches, which is jusvover 12 inches
HAPPY BIRTHDAY
The grandfather was 66 years ond the grandion & years.
QUICK QU2
The first column of figures bas the Jarger aum,
SENIOR CROSS FIGURE No. 57
Acsioss = (1) 74188, {5) 74, (6) 48, (7) 9699690, (10) 37, (11} 02, (12) 1362880,
(15) 66, (16) 46, (17) 20031,
(1) TTO, (23 17976, (3) 849, (4) 180, (6) 4928, (8} 6334, (9) 60860, {12) 169, (13} 240,{12)021.
1O0R CROSS FIGURE No, 34

UN
Acsoss; (11 1221, (6] 12321, (9) B1, (ldl,\ 37, {13) 40320, (16} 3210,
Dows : (2121, (35222, (4) 13, (5) 2112, [7) 28, 18) 2345, (11) 70, (12} 622, (14) 33, (15} OL.

ANOTHER SERIES
The serien is 60, 90, 108, 120, 1283, 135, “The 1cems give the intermal angles of regulse polsn%ng‘.
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Time has shewn that they tackled the problem from such different standpoints
and used such different notations that each may be accorded a full share of the
honour of the discovery.

Leibniz® interest in Mathematics really stems from his meeting with
Huygens, the inventor of the pendulum clock and of the wave theory of
light. Leibniz and Huygens studied the properties of the Catenary which
is the curve taken up by a chain hanging freely berween two points. Leibniz
was also the inventor of a calculating machine of much greater potential than
the simple adding machine of Pascal—indeed many modern calculating
machines use a version of the Leibniz Wheel.

Newton really requires an article to himself. Like Archimedes he tried
his hand at many things and illuminated everything that he touched. In
two vears which he spent at home because the University of Cambridge was
closed during the Great Plague he laid the foundations of much of his later
work. He invented the Calculus, which he called the Method of Fluxions,
stated the three fundamental laws of mechanics, discovered the Universal
Law of Gravitation and applied it to the Solar System, proved the gencral
Binomial Theorem, invented numerical methods of solving equations, studicd
Friction, resolved white light into its component colours, and invented a tele-
scope .. . Inany Mathematical or Scientific work which stems from that period
we can be sore to find the print of Newton’s hand somewhere. R.M.S.

TRY ANGLES AGAIN
Dear Editor, Exmouth.

There is a misprint in the last line of the proof. It should read :—
PO=GL=1.

When G and G’ coincide the line from N is a tangent to the circle,
2 NGL—90°, £ OGL = £ QLG =90°— « LNG, and therefore NQ

=QL and LP—4NL.

When | is such that the line from N neither cuts nor touches the circle,
the fence will not be long enough to divide the field whilst satisfying the
given requirements.

Yours faithfully,
KATHRYN SAMPSON (15 years).

Kathryn's was the best of those received after the article in Issue No.
36, and she has been sent a book token. B.A.

SITTING ON THE FENCE
Smith and Jones, two bargain hunters, were seeking estimates for the
fencing in of their estates. “ My property is exactly a square mile * said
Smith. “ Mine is exactly a mile square,” said Jones.
“ Then as far as 1 am concerned,” said the contractor, “ T will fence either
property for £500.” What did the contractor charge per mile of fencing ?

R.H.C.
JIMMIE'S HOMEWORK BOOK
28 28 28 28 28
+39 +39 +39 +39 +39
67,/ 65,/ 61,/ 63/ 517
Teacher gave him full marks. How was this? R.M.S.
298

21835 64622 01349 67151 88190 97303 81198 00497

A MONUMENTAL PROBLEM
(adapted from Le Facteur X)

The base of a monument is a square—say ABCD.
It is surrounded by a plinth also with a square outline.
The outer edges of the plinth are distant 3 yards from
the base of the monument. The area of the plinth is
120 square yards. Find the length of the side A4B.

J.F.H.

FUN WITH NUMBERS No. 6

Using four 1’s can you express the numbers 1 o 127
e.g., 13=11-4-1-41. R.H.C.

BEARING UP

W is 2 wheel and 4 is its axle ; in
between wheel and axle are ball-bearings
BBE . ... Consider two possibilities :

0\76 (1) The axle is held and the wheel is
O

turned for one complete revolution.

(2) The wheel is held while the axle is
turned for one complete revolution.

In which of these two events do the
ball-bearings travel further ? J.F.H.

SENIOR CROSS-FIGURE No. 38
13. Je has 1, 2, 3 and 4 as factors.
= -‘ i 12 Sce 5 down. Shillings.
17. Fivel

1312 — 232,
18. Product of two prime numbers.
19. The sixth prime number.

Crues Down :

1 55 in the binary scale.

2. Two more than a perfect number.
3. Perfect square.
4.
5

Smallest number over one thous-
and whose digits sdd up to three.
Take a sum of money less than
£12, Interchange pence and
inds and find the difference.
Interchange the pence and pounds
in the answer and add o the
answer. Number of pounds.
See also 14 Across, 17 Down.

CLUES ACROSS :

4 Change 1110001 i the $ ‘A i
A ange 1,110,001 acale of 2 8. An arithmetic fon.
to the scale of 10. g 11. 8 short of tbepnumbcslrm:)f cubic
7. oY% the product of rhe first ecight inches in a cubic foot reversed.
primes plus 3 x7x11x 1319, 12. Consecutive numbers.
9. Change (800 — 26) from scale of 16. Product of two primes.
11 to scale of 10. 17. Sce 5 down. Pence.
10. Perfecr cube. B.A.
84683 39363 83047 46119 96653 85815 38420 56853
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where K is conséantd

This period was one of the most productive in the whole of mathematical
history. The improvements in algebraic notaton which took place in the
first half of the 17th century allowed ideas, which for long had been only half
perceived, to be expressed with crystal clarity.

The period abounds with great names. Pascal was still at the height of
his powers. In 1653 he wrote a treatise on the remarkable propertics of the
triangular array of numbers which goes by his name although some of irs
propertics had been known to Omar Khayyam, the Persian Poet {c.1100) and
to the Chinese two centuries later. Two of its many consequeénces are the
Binomial theorem for expanding (1-+x)*, and the Theory of Probability
which Pascal and Fermat (1608—1665) worked out in a now famous corres-
pondence.

Fermat was a first rate mathematician but remamed an amateur and we
learn of his work mainly through his correspondence with Pascal, Descartes
and others. His work on the Theory of Numbers was outstanding. This
15 2 field of Mathematics in which the results are easy to state and to verify
but surprisingly difficult to prove. e.g., if p is 2 prime number and not a
factor of @ then (@' — 1) 1s divisible by p. (Tcst it yourself with a=35
and »—7 and other values). Fermat's famous Last Theorem {see chart) also
belongs to the field of Theory of Numbers.
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Wallis {(1616-1703}, chaplain to Charles Il and one of the founders of the
Royal Society, extended the use of indices to include negative and fractional
indices as well as positive integers. He obtained the equivalent of

ds 7 z
Ej = N/ 1 + (g{y ) giving the length of an element of a curve and
x dx

was able to © integrate * such curves as y=x" and y=x!/n,

Mathematics has always been closely linked with Astronomy and we huve
a brilliant galaxy here including the first Astronomers Royal of Britain and
France, Flamsteed and Cassini, Halley, of Comet fame and Gregory, inventor
of the Gregorian telescope who also developed the series

arc tan x=x ~— 3x? - 3x% — $x7 ... 0an

which is used in almost all modern calculations of w. He was one of the first
to disunguish between convergent and divergent series and yet he was only
37 when he dicd. Another famous astronomer mathematician who later
turned to Architecture was Christopher Wren, who rebuilt London after
the Fire of 1666.

Head and shoulders above their contemporarics stand Newton (1642-
1727) and Liebniz (1646~1716). There was great bitterness between them
at the time, each claiming to have been the first to have invented the Calculus.
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CURVES OF CONSTANT BREADTH

When the attempt was made to manufacturc ball bearings by grinding
between parallel plates some very gucerly shaped objects were produced.
There had been a confusion between a theorem and its converse.  The propo-
sition thar “ pairs of parallel mngents drawn to a circle of diameter d are
distance d apart " is true, the converse :(—* if all pairs of parallel tangents
1o a curve are the same distance o apart then the curve is a circle of diameter
d " 18 not true.

A simple closed curve is formed by a continucus curve which returns to
its starting point without coming to any other point on itself. Thus a circle,
a convex polygon, and an cllipse are simple closed curves but a figure cight
is not. The breadth of a simple closed curve is found in the following way.
Drraw a line in the direction in which its breadrh is required, drop perpendicu-
lars from cach point on the curve to the line, and the segment of the line
which contains the feet of all the perpendiculars is defined as the breadth of
the curve in this direction. Most closed curves have different breadths in
different directions but there arc some which have the same breadth in every
direction, such curves are called curves of constant breadth.

The simplest type of non-circular curve of constant breadth is formed by
drawing on an equilateral triangle, three arcs whosc radii are equal to the
length of the side of the triangle and whosc centres are the three vertices,
cach arc lying between two vertices. Can any regular figure be treated in
this way to give a curve of constant breadth ?

The next simplest type of non-circular curve of constant breadth is formed
by six circular arcs whose centres are the vertices of a triangle. ABC is a
triangle (see first figure). With centre A (it is advisable to start at the vertex
opposite the shortest side) and with any radius describe an arc cuting CA
at Q and BA produced in . Then with centre € and radius CU describe
an arc cutting AC produced at T, with centre A and radius A7 describe an
arc o cut AB produced in &, with centre B and radius BS describe an arc
tocut CB in R. It is now casy to prove that the arc with centre C and radius
CR passes through Q, so cdlosing the curve, and also that AP | AS=BR
BU=CQ+CT. Two parallel tangents to the curve must touch arcs with
the same centre, therctore the perpendicular distance between tangents is
always egual to PS.

The next rwo figures are based on a pentacle and a re-entrant quadri-
lateral respectively. The only limitation on the polygon used is that the
sum of the acute and obtuse angles plus the supplements of any reflex

angles must be two right angles. (fo be concluded), C.V.G. B.A.
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MATHEMATICAL INSTRUMENTS No. 8
The Abacus

The littde ivory Chinese abacus, reproduced full size, muost have needed
dainty fingers. Those in common use in China are rather larger, about the
size of a foolscap envelope, and made of wood and wire. Some kind of

e e i " abacus, or counting

- frame, has been used
in almost every part
of the world. The
" Romans used
marbles on a grooved
board. Our word
~ calculation is derived

. from the Latin word
calcudies which means
a small pebble. In

T S XJ S e P the Middle AgCS in
Europe, an abacus was a board ruled in squares and the counters were like the
“men” used in the game of draughts. The Chinesc abacus, the Japanese
abacus and the Bulgarian abacus, used in Balkan countries until quite recently,
have beads on wires. The five beads on the right hand wire stand for units.
The two beads above are fives. On the next wire the five beads represent
tens and the two beads above represent fifties.  The beads count when they
are pushed towards the centre bar. Each wire of a2 Japanesc abacus has only
four beads below the bar and one above.

Addition, subtraction, and multiplication or division by two are easy.
To divide a number by two start at the right hand side.  To double a number
start on the lcft hand side. For multiplication the method of duplication or
“ Russian multiplication ” is used. Only very small multiplications could
be performed on the little ivory abacus.

& Using figures instead of beads this is how multiplication of 23 by 19 is
ne

b

19 23 23
9 46 69
4 92 69
2 184 69
1 368 437

The three columns represent different parts of the working on the abacus.
The znswer is found in the last column.

The numbers 19 and 23 are entered on the abacus.
enter 23 in the last column.

19 is odd therefore
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Line 2. Halve 19 and double 23, omitting remainders. 9 is odd

therefore add 46 to the last column.

Linc 3. Halve 9 and double 45
Line 4. Halve 4 and double 92
Line 5. Halve 2 and double 184. 1 is odd therefore add 368 to

the fast number in the last column.

The number in the last column is now 23 - 19.
sticks.

Division is a different matter. When Pope Sylvester published a treatise
explaining how it could be done many people thought that he must be in
league with the Devil. C.V.G.

Try it using match

RULER AND COMPASSES ONLY

Regular polygons with six and eight sides are easy to construct by
dividing up a circle. With a prime number such as 5, 7, 11 or 13 repre-
senting the number of sides, the task of drawing a regular polygon is not easy.
The following method, however, gives a very close¢ approximation to a
truly regular polygon.

With centre U, describe a circle. Draw two diameters XOX' and
YOY’ ar right angles to each other. From X' draw a line making an angle

of 30° with X'OX ; let this
cut the circle at A. Draw
OB perpendicular to X’'A4.
Join Y B; with compasses set
to this distance, the circle
may be divided into ten.
Joining every other point on
such a division gives a pent-
x agon. In the same way use
X'B for a 7-sided polygon
{(heptagon}). You can try
some others as follows : DE for 13 sides ; DF for 19 sides 3 X'G for 17
sides ; X7 for 23 sides ; and X'K for 26 sides. J.E.H.

AN ODD RESULT

Add 1,000 ro a certain
whole number and the re-
sult is actually more than
if the original number werc
multiplied by 1,000. What
is the number ?

“Wek losked lke thot aver sirca I Fed Aim on Cassinis Ovals’
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45538 59381 02343 95544 95977 B3779 02374 21617

JUNIOR CROSS-FIGURE No. 36

Subnatted bv R. Anne Horton, Uiris i 3 E
Grammar School, Maidsrone.

Correct each answer to the sppro- o ]
priatec number of significant figures.
CLUES ACROSS ; 2
1. Last vear, John was half Annce's
age. Now he is 13, how old is
Anne ?
3. Pnme pumber, large as possible.
4. The water is just about o boil
6. Earth’s mean radius in miles. =
7. Reciprocal of 1.1, 3 Express the decimal number 25
Q. Ioyx 2.048. in the binary scale.
. 5, r@mn 9 36
. CLves Dowx 6 x-y 15,2y:3x--9. Findy.
2. (IXIIX)2 8 ¥+ 114 {See & down).

SOLUTIONS TO PROBLEMS IN ISSUE No. 38
A MONUMENTAL PROMLEM
AR wae seven yurds,
FUN WITIL NLIMBERS—Na. 6
1 L | ; Py '3 .40
-'l‘J'TT",'rl' 1+, & -1t3i30), 8§

'™
e L
|

£
s

1 \ 1
7 LT =% o —— — Q —_——
1 1, B T 1 1, = 1

- s
1

yot| e

BEARING UP
Event {2) couses the ball-bearings to move further,
SENIOR CROSS FIGURE XNo. 38
‘1?‘}% (14 131, i4y 113, (75 1027026, (9) 940, (10) 1061208, (13) 12, 114) 18, {15) 176, 17 120, (18) 15,
193 =
l')lg'\r:i!,: f1a 1140711, £20 30, (30 1296, 14) 1002, ¢5) 12, (6] 362880, (8) 741; (1)) 0271, (IZ)1 (123, (14) 65.
11rh .
SITTING ON THE FENCE
The cost per mite s £125. Fach propeny must be a mile square as this'is the only rectangle with
ihe fame perimeter a2s the fmt properiy.
JIIMMIFE'S HOMEWORK BOOK
h;;:‘oblcma are. zeny and units, shilllngs and pence, pounds and ounces, stones and pounds, Pounds snd
shillings.
JUNIOR CROSS FIGURE WNo. 35
ACRGSS = ¢1) 1625, 141 567, i5: 91, {7) 53, (93 21, {11) 121, (13} 516, {15) 12, (161 7430,
Dows | (11 36, (2) 675, ( 3y 59, (4} 5025, (6} 1512, (B) 31, (10} 117 (12} 21D, (14 63.
TREAD SOFTLY
The top has moved 1 foor every 50 years out of true. Hence the next 20 feet will rake another 1,000
Tears,
ALIL. ROUND
The farmer has not moved wroutnd the sq
AM T ALL RIGHT JACK?
The bridge would collapse as the force required 0 MAaINIn the two bowls in the air i3 greater than
the weight of one wood,
FOOL FOR THOUGHT
9867 — 3289 - 3.
CIRCUMFERENCE OF A CIRCLE 1S TWO PIE R
Will the girl who submitted 1his cartoon plerse write to the editor s we have lust ber addrm?“
A

Continued from page 305

Crystwallographers are concerned with patterns in three dimensions in which
the motif is the group of atoms forming s molecule of a crystaline substances.
There are exactly 230 possible patterns in three dimensions.

“The analysis of point patterns, such #8s might be used for a medallion, of linear
q;aﬁtcms, and of planc patterns was carried out by da Vinci in the 15th century.
c analysis of three dimensional patterns was made by a number of crystallo-

graphers in the 19th century. CV.G.
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APPROXIMATE CIRCLE SQUARING

Draw a rectangle 4BCD where the
A . ratio AB to BC is as 3:2. Describe
a sermicircle with AD as diameter. From
(), the centrc of AD, draw a radius
making an angle of 30" with O4. Let
this radius meet AB at £; join EC.
Show that EC is very nearly egual to
the length of the scemicircle AED.

v c J.F.H.

AN ODD FARMER’S PROBLEM

Is it possible to put ninc pigs in four pens so that there is an odd number
of pigs inside cach of the four pens?

THOSE CAR NUMBERS AGAIN!

In Issue 36, wec asked you 1o carry out an experiment by countng the
number of cars which had 4 (say} as the last digit on their number plate in
each batch of 10 cars which passed you.

Now two members of your Editorial Board have been indulging in a
fricndly wrangle about the figures we published in that issuc. The point
at stake is that there are two ways of calculaung the figures according to
which of twa distributions we assume to fit the case. (For thosc of you
who may have heard of them they arc the Poisson and Binomial Distributions).
Our two friends agree to differ about which is correct.

Here are the two sets of figures.

4 or
Score (f.e.. No. of 4’s in batch of 10) I 0 l 1 | 2 ‘ 3 morc
According to Poisson . .No. of umes | 37 37 18 6 2
According to Binomial . .in 100 35 30 19 6 1
. . batches

Refore our two friends resort to loaded Slide Rules at ten paces we
want you 1o carry out an experiment to help them. Will you carry out a
test on at least 100 batches of 10 cars (the more the merrier) and scnd the
results of your test on & post-card to the Editor 7 Mark your P/C clearly
Car Nos. in the bottom left hand corner. R.N.S.

STAMP COLLECTORS' CORNER No. 22

SIMON STEVIN (1548-1620), of Bruges. gave the first
systematic treatment of decimasl fracuions and campasgned
unsuccessfully for the introduction of a decimal system of
weights and measures.  In applied mathematics he studied
problems of equilibrium and solved problems on bodies
resting on inclined planes. C.V.G.

Belgium 1942,
50¢-—10c faum.
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HAPPY BIRTHDAY

A man was born in the nineteenth century. He was x years old in the
year xZ. Find his agc in 1875.

PAINTER'S PUZZLE

A paint un weighs 5 Ib. when half full and 4 Ib. when it is one third full
of paint. Find the weight of a full tin of paint.

DESERT VICTORY

An explorer wishes to cross a barren stretch of land which will take 6
days to cross. However he can only carry 4 days’ supplies. He hires native
bearers who can each carry 4 days’ supplies. What is the smallest number of
bearers that can make the trip possible ?

SENIOR CROSS-FIGURE No. 39
Submitted bv ¥. G. B. Byvau-Smith, King Edward VI G.8., Totnes.

CLUES ACROSS ©

Mini tueaf Tt — ] Y r >~ T :
1. inimum value o {.\ = }
3. Sin 26, see figure. I+
6. Sum of the first 21 terms 1n the =
progression 25, 60, 93,
7. 3. &!+6
8 Product of rwo perfect numbers s v |
minus ten times the smaller.
11. Number of feet in 2 mile. 3 i 5
I4. The square of the sum of the
digits gives the number reversed. 18 A I3 1% 20
I16. A prime number whose digits are
each perfect sguares. ' 2 23
18. 254 miles per hour in knots.

1 1 2 1 2
12, 355[‘ T T4+ 3— 5 5]
continued fraction
21. A;J\fubtusc angle whose sine is one
half.
22, Sum of the squares of the roots of
x2 | 4x—621=0,

CrLues DowN :
1. 2 BC2(AB+ AC), see figure.
2. Sum of roots times the product
ofthe Toota ofx2 — 13%4 ESU 0 13. Oaec t'en;_uh of the product of the
3, Half the sum of the 4th, 6th, and Pt %t:ons o
10th rerms of 2, 4, 8, 16, . S when x- 3.
4,  Square of a prime number. The 21x2 - 26x — 11
first two, and also the last 1wo 15. xa =z when
reversed, are perfect squares. 1 1 1
5. One twelfth of the coefficient of 2 o3tz = 64 and
%7 in (1--x)20, : ¥ &
H.  Arcaoftheecllipse x24+100y2 49, 2 i TO0—P252
9. a3 (3a-+5) when a is the first Y2422
prime number. 17. 4~ radians in degrees.
10. 17 down writicn 10 the basc 4. 20, Area berween the graphs y = 12x2
12. x(x — 1){x-+1)—4 when x=6. — 1285-1, - 0,:x- 1;'and x=3.
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66044 33258 88569 86705 43154

PLANE PATTERNS

L L :
r

vt 1t A

I

- AN
1l
|

X4

; [ |

A NAN

NN\

71 -
3‘!.1, L g gl" p CI./}.. ’I:-]u ¥ l » 'E'l “—1!1.‘ ' C.l

Every patiern has a motif, which igay be a group of tflowers or figures,
a scene or just a geometrica! shape, and id has & system for the repetition of the
mouf. In the two patterns above the molif is & simple shape which is repeated
by transiation in two directions.  Joiningfeorresponding points of four adjacent
repeats gives 2 paratielogram {or rectang)e or square), called a unit ecll, which
contains the motif. These parallelograms together form the lattice of the
partern.  Geometrically, rectangles and squares are included in parallelogrums,
therefore simple one-way patterns which are produced by translation alone are
classed together as type Cl.  C is the symbol for a plane pattern, the sutfix 1
indicates a one way patrern without axcs of symmetry. Designers of fabrics
and wallpaper usually prefer to deal with rectangles. Instead of the oblique
grid of figure 2, they would generally consider this patrern as based on half drop
rectangles.  Meilurgists and crystallographers, who are intercsted in patterns
of atoms and molecules, also prefer to deal with rectangular lattices whenever
possible and might divide the pattern of figure 2 into double celis,

Every pattern must repeat by translation. A parttern ¢an also repeat in
three other ways :—(1) by reflection or réversal, {2) by a combination of reficc-
tion and translarion called glide reflection, (3) by rotation through 180 , 1207,
90°, 60°, The symbols for an axis of reflection or symmerry, for a glide axis
and for the four types of rotation are shown below,

If we add axcs of symmetry to the basic one-way pattern we formn three
new tvpes. (To show that there are axes of symmetry we add & suffix / to the
type name). Cl with two sets of axcs of symmetry, CHII with two sets of
ghde axes and CU/III with axes of symmetry and glide axes. By making s
tracing of the simple pattern of figure 1, reversing the tracing and placing
it over the figure patterns of these three types are produced.

Rotating & simple onc-way pattern through 1807 produces a simpie two
way pattern of type C2. Inthe the centres of rotation are marked by the
symbol for 180° rotation. It is intcresting to note that there are four centres of
rotation in each unit cell. Adding refl n to the 180" rotation produces four
more types :—C2T with two scts of axes of si'mmezry at right angles, C2/11 with
two sets of glide axes at right angles, CZ/IIT with axes of symmeiry in one
direction and perpendicular glide axes and type C2IV with axes of symmetry
und glide axes in each direction.

Axes of symmetry at 1207, 90, :‘;cl 60° produce patterns hased on 60F
rhombi and square lattices. The nambs of the various types are C3, C3!1,
C3/11 ; C4, CHI, CHIT ; C6, C6/. Thfz brings the number of tvpes of plane
patterns 1o seventéen und no more ag possible.

Continued on page 707
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TIME CHART—Concluded from page 313

The scene now shifts to Baghdad to the Courts of the great Caliph
Hartn al Raschid {of 1,001 Nights fame) 786-809, and of his son Al-Miaman
(809-833). Here mathematics was so encouraged that Baghdad may be
likened to a second Alexandria. Mathematics came to Baghdad with the
works of Brahmagupta in 766, bur it was 20 years later when mathematical
learning really began to flourish. The works of Euclid and Prolemy were
translated into Arabic and it is recorded that two geoderic survevs were
carried cut in Mesopotamia with the idea of calculating the meridian.

The greatest mathematician at this court was Mohammed ibn Misi al-
Khowarismi (d. c.840). He is best known for having written the first work
bearing the name Algebra—* ilm al-jabr w'al mugabala *—* the science of
reduction and canccllation ”—this work later being translated into Latin by
either Robert of Chester or Abelard of Bath under the title of “ Algoritmi
de numerico ludorum® whence our term ““algorithum ™ for a device for
carrying out a particular calculation.

The world owes a lot to the Arab scholars of Baghdad for preserving or
passing on the classics of Greek and Hindu mathematics for much of it
reached Europe via Baghdad. Little original thought was done in Europe
at this period although a few grear teachers such as Boethius {¢.500), the
Venerable Bede (¢.700) and Alcuin of York {c.775) had their own followings.
Much of the “ marhematics * of the ume consisted of propounding puzzle
problems which, though interesting, did little to advance the main stream of
mathematics, R.M.S.

CURVES OF CONSTANT BREADTH (Concluded from last Issue)
Curves of constant breadth need not be composed

of circular arcs.  The figure on the right isan example E %
in which the basic figure is a  triangle * with two _,/"Tﬁ-'“““\
curved sides. The tangents 1o these curves at the /

vertces are shown as dotted lines. An arc with .
centre A4 cuts the tangents to BA and CA4 in L and +/
M. Now imaginc a line, which initally coincides :[
with the rangent AM, rolling round the curve AC so
that the point which was at M traces out the curve
MN, The easiest way to do this is to use a block of
wood shaped to fit the curve and unwrap from this
block a string ro which a pencil is fastened. A curve constructed in this
way is called an involute. NQO is an arc centre C, OP an arc centre B and
PO an involute of BA4. Continuing in this way the curve is completed.
If the sides of the basic figure had been tangential the closed curve would
have been formed entrely of involures.

The four curves described are composite curves made up of arcs of
several simple curves. Non-composite curves of constant breadth other
than circles, have rather complicated equations. The simplest is:

x=8 cos #+2 cos 20 — cos 44, y—8 sin # — 2 sin 28 — sin 44,

To plot the curve complete the table
# 0° 10° . & s PR 3607
x 9

8.99 8.88 9
b 4 4] 0.06 054 0
and plot the values obrained for x and y.
In 1917, an American took out patents for a tool which drilled a square

hole. The basis of the drill was a curve of constant breadth. C.V.G., B.A.
316
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THE VENUS CLOCK

Professor Gottnowitz, just arrived from Earth, was circling the planer
Venus looking for a suitable landing place. Through his telescope, he saw
a tall tower with the rather strange sort of clock face shown in our illustration.

He found by observation that the planet’s day was about 24 hours just
like our own ; he further noticed that both hands of the clock were in the
position corresponding to Earth midnight when it was midnight at that
particular part of the planet. The short hand apparently made one round
of the dial in the Venus day, while the long hand made eight rounds.

When the professor first observed the clock, the hands were in the
position shown ; this we may call Venus time. Can you say what would
have been the corresponding Earth time ? I.F.H.

SALUTE TO GHANA

Submitted by Mrs. I. E. Yeliand, Achimoto School, Ghana.
On graph paper, place your axes so that x ranges from 3 to --3, and
¥y from — 2 to +4.
Now draw the following lines :
() y=3x (i) y=—3x (iii) y=2 (iv) y=4-3x (v) y=4+3x.
Take the same scale on the two axes.
300
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A SLICE OF =

From time to time we get enquiries about the row of figures which forms
a border to the bottom of each page of P1e. They are, in fact, part of an
approximation to the valuc of = which most of you first meet as the ratio
of the circumference to the diameter of a circle. This, however, is one of
the least of its applications in Mathematics for it has a habit of popping up
in the most unexpected places.

In a previous article on this topic (Issuc 26, Feb., 1959—if your School
has a Library file of Pig) we likened = 1o a spoonful of treacle with a thin
streamer dangling from it.  Since we can’t wair all day for it to stop running
we give the spoon a twist to cut it off short, thus getting an approximation
to the true value,

Most people know the rough and ready value %% or 33, A better one is
317 and Archimedes, about 200 years B.C. knew that the true value lay
somewhere between these two values which was a rather remarkable achieve-
ment in view of the clumsiness of Greek Arithmetic of that time. Mathe-
maticians have, since then, tried to get better and better approximations to
m, though it has long since been proved that it is impossible 1o get an exact
value, 7 being a non-terminating and non-repetitive decimal.

About 100 years ago = was calculated to 707 places by William Shanks,
taking 20 years to do so. Unfortunately he made an error after 530 places,
but cven this was no mean feat without the aid of calculating machines. It
was the development of the electric computer after the last war which started
a4 new chapter in the calculation of ». In 1949 the ENIAC computer
calculated = to 2035 places in 80 hours machine time.

PIe began printing these figures along the bottom of the page beginning
with Issue No. 18 (May 1956). Since 320 figures are printed per issue the
ENIAC determination would have been used up by the end of Issue 24
(May 1958). Before this happened Mr. G. E. Felton, in 1958, using a
Ferranti Pegasus computer took the calculation to 10,021 places in 33 hours
machine time. He wvsed the formula (artributed to Klingenstierna)

% = Barctan ; — arctan 4}; ~ 4 arctan 1,
Each of the arctangents was evaluated using the formula devised by
James Gregory (of telescope fame) :—
arctan x = x — Jx¥ 4 IxF — Jx7 - .. ...
And now we hear of a new calcularion in America by Dr. Daniel Shanks
and Dr. John W. Wrench Jr who, in 1961, have calculated = to 100,265
decimal places. The compurtation was done on an IBM 7090 installation
in New York and took 8 hours 43 minutes time compared with the 20 vears of
Dr, Shanks’ namesake. After the first calculation, a check run using a differ-
ent formula confirmed the accuracy of the first as far as 70,695 decimal places
and revealed a machine error which affected the rest. The calculation and
checks have now been repeated to give results which agree perfectly to 100,265
decimal places.
The first calculation used Stérmer’s formula (1896) :—
7 = 6 arctan (}) + 2 arctan (g%) -+ arctan (334)
and the check calculation used that of Gauss (c.1800) :—
T = 12 arctan (%) -+ 8 arctan (%) — 5 arctan (gd5).
310
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JUNIOR ALGEBRAIC CROSS DIAGRAM
Ignore signs 5. {atb-+e)2— 2ab — 2bc — 2ca,

T 3 3 in the 7. This is zero when 3bx—=ala — 4b).
A= anseoers,
One 1erm is CrLues Down :
48 placed in 1. Numerator of b-+8 a—4
each sguare. L) S
2 b See 1 douon. b a
" 2. (a458) (a+-3b)—3b (b — x
+2.
3. Value of x when 4 (x — $2 — a2} =
CLUES 5¢c-+2a2b.
ACROSS @ 6. Area remaining when a rectangle,
1. 2(6a— 56}+4c)— 2{2a — 2b—c} sides 24 and 28, is removed from a
4. 4b {1+4-a)2. squarc of side ¢. 1.G.

SCENE AT WIMBLEDON
In the final of the men’s doubles it was observed that ar onc stage
any of the six lines joining any two of the players was at right angles to the
line joining the other two. Draw the diagram showing their positions and
the position of the net. 1.G.
SPECIALLY FOR RED INDIANS

There seem to be quite a large %&b
—={

number of hairs in the average scalp,
yet it has been stated that in London
there must be more than one person
with the same number of hairs per
head. Suggest a method of testing
this statement and make a rough
estimate of the probable number if
the statement were to be true.
(Suppose London has 10,000,000
inhabirants). J.E.H.

SOLUTIONS TO PROBLEMS IN ISSUE No. 39

In the Solutions :

= '_‘ - l —— ln
-1

AN ODD RESULT
The number ia 1. 1f it were not an integer, it could be any number between
I and 1.001.

HAPPY BIRTHDAY
The man was 69 ycars of age, 43“=1849.

PAINTER'S PUZZLE
A full tin weighs B1b. 6 lb. of paint and 2 1b. for the un.

DESERT VICTORY
The smallest number of bearers is 2.
The cl 124 i e N L S i
b 4 e 2 Xix = Lx - 5 W -0, s
1095, 3) 5376, (&) 7875, (1) 2166, (81 108, {113 5280, (14) 18, {16) 419, (18) 22. (19) 75, (21) 150,

22 ;
Dow‘;.r .-? (1) 576, (2) 5850, {3) 552, (4} 361, (5) 6464, (R) 154, {9) 88, (10) 1122, {12} 215, (13} 021, (15) B75,
(17) 90, (20) 58.

AN ODD FARMER'S FROBLEM
Each of three pens contuin 3 pigs and the fourth pen encloses the ather three.

THOSE CAR NUMBERS AGAIN |
The cditor thanks readers for their cards which are being analvsed.

o :é.;};;g)on CROSS FIGURE No. 36
Across 1 {1} 25,43 19, {(4) 2 i , (72 909, (9) 3
Down - (2) 528, (3) 11001, %) 1601, (6) 36, (8 93,

CURVES OF CONSTANT BREADTH .
In the fourth pamq_mph. line 5, after “P" insert ** With centre B, radius BP describe an arc 1o cut
BC produced jn 7.7 BA,
315
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MATH MAGIC
A Topological Twist

Take your handkerchief (preferably clean and hercinafter known as
hankic for short, although a long one is berter) and roll it to form a narrow
bandage. Get one of your friends to hold out the first finger of his right
hand. You wrap the hankie round his finger, tic in the first finger of the
other hand, remove that finger and apparently pull the hankic straight
through the original right forefinger.

Although the hankie appears to be tightly wrapped round both fingers,
it is done in such a way as to leave the right finger ousside the closed curve
formed by the hankie. This closed curve can be made to a circular form
once the left forefinger has been pulled out.

L A
S &F 2
[ i .

A0
[} {/ \\-.
).' \.\
¢ -

Fig. 1 Fig. 2 Fig. 3 Fig. 4 Fig. 5
The tying should be done in the following way :—

1. Hang the hankie over the right forefinger, Fig. 1, and cross it under the
finger, Fig. 2, with the end A towards you at thc crossing. [ is essential
10 keep the end A towards you every nime the ends cross.
Cross the ends above the finger, Fig. 3.
Get your friend to put his left forcfinger on top of the crossing, Fig. 4.
Cross the ends above the left finger, Fig. 5. N.B.—Take care.
Cross the ends below the fingers, Fig. 6.
Bring the ends up and hold them together. Your friend’s fingers now
seem to be tied tightly together and the hankic cannot be pulled off,
(It is not at this moment a simple curve, Fig. 7).

7. Grasp the iip of the right fore- M
ﬁ A

S v N

finger (lower one). Tell your
friend to remove his other fin-
ger. (The curve has now
become a simple one). By
pulling the hankic upwards 1t

will come away, apparently cut- Fig. 6

ting the finger you hold. f»—i

This trick depends on being {a) g
able, by removing the finger, to turn { } /?__?:,;;r g —
one curve with certain properties 125 7 2! L/é
into another curve with different A—T77
ones. Fig. 7 . Fig. 8

This study of the ways in which one curve may be * deformed * into
another belongs to an important branch of mathematics known as Topology.
It is sometimes known as ‘ Rubber Sheet Geometry ’ and is a fascinating
subject. It is of considerable practical importance, for instance in the
design of knitting machines and looms and in map colouring. R.M.S.

314
75715 55278 19653 62132 39264 06160 13635 81559

P1E, therefore, will have no fear of running short of figures—thi
calculatdon ought to last us until about the October Issue 3: the years 2!:)'2;
at the present rate ! [For good measure, Shanks and Wrench have also
calculated ¢ to 100,265 decimal places and we can always fall back on this
if we run out of =].

Note to non-Sixth Formers : e is another important universal ;
and may be determined from the formula - sal’ conthant ke w

e=14+H+h+s+h+dH+ c0ven...

where nl=nn — 1) (n—2) (n—3). . ... 4y F 21 R.M.S.

SIMPLE SOLITAIRE

Take a piece of pegboard with eleven holes along its length, an
pegs, five of each of two colours. Place one set of ﬁv% in th:‘g five hoilmtir:
one end of the pegboard and the other set at the other end of the pegboard.
The object of the game is to interchange the two sets of pegs by moving one
at a time forward or by jumping over a peg of the other colour into an empty
hole. The pegs must not be moved backwards.

What is the smallest number of moves to complete the game ? B.A,

SENIOR CROSS FIGURE No. 40

Are you hard-boiled? This is
for egg heads only.

CLUES ACROSS |

1. Ten times the age of the Egg
(always given in months).

2. Number of good Eggs in 1 gross.
{The digits of I3 down arc no
longer palindromic).

5. Half of 11 across, also HEN » age
of the 8331

7. Cube of the age of the Egg.

8. Three conseccurive digits.

11, See 5 across.

14, 5 across + 2 down.

15. 2 HEN -+ onc factor of 2 across,
{See 22 down).

17. 7 across + 1.

18. 22 across reversed and squared.

19. rter of 1 across.

21. (Reversed) Cube of the other factor
of 1 across . (See 2 down).

22. (HEN — 2)2, 76
23. A muldple of 15 across -+ 1 is
PRIME.,
25. Twice 2 down. :
26. 1 down divided by the age of the hat size of Bge Head (if you shift
Egg. the decimal point).
D ! 11. HEN as seen by Picasso?
OWN & 12. Time for which the Egg was boiled
1. 5 across has swallowed a DUCK, in seconds.
2. One facror of 1 across. 13. A square,
3. HEN (Sorry?). 16. Sguare of the sum of the digits
4, Twice 1 more than 2 down. of 8 across.
6. Sum of its digits is the square root 20. Half of 2 across.
of 22 across. 22. Age of the Egg > the other factor
9. Internal Pressure of the Egg in 2 across. (See 15 across).
mm. of mercury. 24, Irs that HEN agoin.
10. Surface arca of Egg in 8q. mm., also 25. 2 down reversed. R.M.S.
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.TIME CHART No. 4. AD 150 — 1000
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CHINESE Machemittics Age of MATEDR Mathematics

7.9 .
KRG Sorlsanc NSl 7

This was not one of the great ages for epoch ing discoveries in
Mathematics—rather it was a period of consolidation. It was like that stage
in the building of a house when the shell is complete and from outside
nothing much secems to be happening though inside one finds a nrer
at work on a doorway here, an clectrician fitting a socket there and a plumber
at work up in the loft. Many different civilisations contributed to this
consolidation, notably the Chinese, Hindus and Arabs.

The last two names of any note in Greek Mathematics were Diophantos
(c.260) and Pappus (¢.390). Diophantos wrotc on the theory of Numbers,
was able to solve linear, quadratic and some cubic equations. He is best
known for his work on indeterminate equations, re., equations with too
many unknowns, so that it is possible to obtain a whole set of solutions
(e.g., Ax — By=C)—this type of equation is known as a Diophantine
Equation to this day. These advances were due partly to an improved
algebraic symbolism far beyond anything in use before his time.

Pappus was a geometer of note, writing about many subjects such as
spirals and the set of fi having a given perimeter. He is chiefly re-
membered for his generalisation of the Theorem of Pythagoras and for the
theorem ususlly auributed to Guldin, on the calculstion of the volume
generated by rotating any plane area about an axis in its plane.
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We now move to China where the interest centres on Mensuration and
Astronomy. The Chinese were able to handle fractions, knew of Arithmetic
Progressions and indeterminate linear equations and produced a whole rash
of “ values ™ for .

From China to India, where we find an interest in number and in
calculation completely missing from Greek Mathematics. This was no
doubt because the Hindu system of numerals was like our own, based
on place value and it is certain that in the latter years of the period of this
chart the Hindus were using zero for an ¢mpty column,

They were grear astronomers and published astronomical and trigo-
nometrical tables more accurate than any before, while Vakaramihara (505)
left papers which included the calcularion necessary for finding the position
of a planet.

The most prominent of the Hindu Mathematicians was Brahmagupta
(c.630) who could work with integers and fractions, could sum progressions,
and knew Simple Proportion and Simple Interest. He took = as v/1o
and gave the arca of a quadrilateral as /{s—a) (+=—b) (s—o) (s —d) where
is the semiperimeter, i.e., 2s—a--b-}-¢-+d, but this formula happens to be
truc only for cyclic guadrilaterals. He understood the use of negative
numbers and gave a formula for the solution of the quadratic equation.

Continued on page 318
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FLEXAGONS
(Submirted by Miss S. Wallis, Newcastle upon Tyne).

Flexagons are figures made by folding a strip of equilateral triangles
into a hexagon and joining the ends in such a way that if the triangles are
coloured in a certain manner, the model can be continuocusly folded and
unfolded to exhibit these different colours in turn.

The simplest flexagon is constructed from nine triangles giving eighteen
faces, six of which are coloured green, six red and six yellow. A colouring
chart for the strip is shown.

Y —=vyellow Front face
B =Dblue colour at the

B . . R—red top

The strip is folded by giving it three half twists, hiding all faces of
one of the colours and the two ends are stuck together. .

A plan 1o show the colour changes when the flexagon
is operated is given, and as each operation can
be reversed, the circular plan can be followed in ecither
direction.

The second flexagon is made from eighteen triangles, coloured with
the three primary colours, red, yellow and blue, and in addition three secon-
dary colours, green, violet and orange. When the strip has been coloured,
it is given nine half twists to hide all the secondary colours so that it then
looks like the first strip shown above, and is completed in the same way.
Here the plan of operation has a primary
cycle and three secondary cycles branching
from it, cach containing two of the primary
colours with their associated
colour. The directions of operation are
again shown and it is scen that one cannot
from one secondary produce another without
ﬁr:;:} turning back to the central primary
cycle.

The third flexagon is a development of
the second, as the second is of the first. It
consists of 36 triangles, but instead of introducing further colours, the extra
triangles have been coloured to produce hexagons of two of the already
existing colours in an alternating pattern.

This family of flexagons can be extended, theoretically at least, the
difficulty in actual construction and manipulation increases with the size,
thin cardboard must be used and a sufficient gap left between each triangle
to enable the flexagon to fold.

Note :—there are other types of flexagons which are constructed from
triangles not arranged in a straight row so that the plan may take different
forms, some of which will be shown in a future issue.
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MATHEMATICAL PIE

> ihull,

No. 41

CUBES AND SQUARES

If you have patience and a plentiful supply of sugar cubes, it is easy
to build up the structure shown in Figure 1. It consists as you can sce
of a succession of cubes, the top one having one unit side, the next one
two units, the succeeding one three units and the lowest onc four units
in each of its sides, or edges.

The number of unit cubes (lumps of
sugar) contained in each of the successive cubes
increases rapidly. In the bottom one these
are 43 — 64 units. If the structure were
continued until a cube of side 10 units formed
the  foundation * cube, this on¢ would contain
1,000 unit cubes ; the number in the whole
structure would then be very large, more than
3,000. Figure 1, which reminds us perhaps
of some modern architecture, 1S now to be
demolished, bur not by an earthquake. It is
rearranged systematcally, to form a kind of
pavement, one unit thick on the ground.
Figure 2.

! The first cube (1 unit edge) is placed in

the position 4. The 8 eclements of the next
cube are arranged round A and will form a square B of 3 units side, for
1 4 8 = 9 = 32, The single cubes of the next cube (27 of thum) are
placed as at C, and you will see from Figure 2 that they can be laid to complete
another squarc of side 6, for 1 4 8 -
27 = 36 = 62. Similarly the last
cube, containing 64 units, placed at D |A
will increase the existing square to 8
another with side 10, for 1 - 8 -
27 -+ 64 = 100 = 102,

Now when we rearrange the cubes -
in each instance, they form a square.
Thus 13 - 23 = (1 + 2)2 ;13 - 23
+ 33 =(1+4+243)2; 134 23 |
33 45 = (1 4 2+ 3+ 4)2, It d
appears that this is a property of
numbers. You can test it quite
easily. You will find that 13 - 23 |
33143 1 53 —(1 42+ 3+4-15)2
=-225.

Assuming the rule suggested by the foregoing, whart is the sum of the
cubes of the numbers from 1 to 10? Generalise this result for the numbers
from 1 to . J.G.

A
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L1
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=

g
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THE HISTORY OF NUMERALS
Primitive people very rarcly needed to use large numbers ; an analysis
of 30 different tribes of Australian Bushmen shews that none of them went
beyond 4, and their counting was of the form 1, 2, many ; 1, 2, 3, heaps
or 1, 2, 3, 4, lots ; so that their methods of writing them would have been
very similar to our illustrations in Issue No. 27 and Issue No. 30.

s As races devcloped
AFRICAN PIGMIE T PR tical ideas

improvements could not
take place without im-
improvements in their
written number systems.
Such improvements were
first reflected in the spoken
word as shown in Figure 1
and it will be seen that
they are counting in groups
of two or three rather as
we count in groups of 10.
This counting in

5 & 8 groups fc:;"med b: basis for
. writing the abstract nu-

X 1IX XX Fig.2 merals and some of the

A, OA, UA, OA-OA, OA-OA-A, OA-OA-OA

A TRIBE IN THE TORRES STRAITS ;. ,

URAPUN, OKOSA, OKOSA-URAPUN,

OKOSA - OKOSA, OKOSA - OKOSA - URAPUN,
OKOSA-OKOSA-OKOSA, RAS

1 2 3 4 ANCIENT SYRIAC
I M M PP

HINDU PROBABLY 1s1 CENTURY B.C.
1 2 3 4

N N [ B ¢

WHAT WE SOMETIMES USE NOW earliest  examples  are
1 1 3 4 s & 7 8 shown in Figurc 2.
(A LI | L 111 U RHC.

ENGLISH BY ARITHMETIC

Ever thought of assembling a dictionary >—the easiest way is to call
in @ computer. Bur computers, you will say, use numbers, not words—and
binary numbers at that. All right then, all we have to do is translate the
words which are to go into the dictionary into numbers, and the computer
will do the rest, viz. : put them into aiphabetical order. Actually, we can
do this in two stages, first translate words into ordinary (decimal) numbers
and then we (or the teleprinter) can casily translate from there into binary
numbers.

Suppose we give the letters A4 to Z a number apiece starting from 01
and going up to 26.

Then, for A4 we read 01,

for B we read 02,
and s0 on up to Z which is 26.

Then the word Art would be written 01 18 20.

01 for A4, 18 for R and 20 for T

(translate Maths and 160905).

Unfortunately, words may be of different len 2, 3, 4, 5, 6 or more
letters, and these would lead 1o 4, 6, 8, 10 and 12 digit numbers which would
be difficult ro compare.

However, there is an easy way round this. All we have to do is put a
decimal point at the beginning of each word. Thus, Art now becomes
.011820.
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BINARY CROSS FIGURE
(Submitred by R. G. Everert, Lincoln).

—To Tn oo Tio) 1011. 101 | = 101
110
1) 1101. Y,
, 11!
m 1000 1110, 110001 — 1.
Wwo1 j1olo

CrLurs Dowx :

1o11 [noo 1. L1 — 10011s. — 100d. = 1000.
Answer in pence.
101 1o 10. Maximum valuc of

{10 — x} (10 + x)\.
11. 1,000,000 — 1

CLUES ACROSS : 11 + 1.
1. 1011011 -= 110L 101.  «/{D101001
el
:‘l’g- 1*11‘00:-1‘ 1000. (H.C.F.of 110, 1010, 1100) ¢ 101
111. 100011 = 111, 1010. *1vTTTT01
1000. 110010 — 11001, 100, /AW s
1001, (10 > 11 1) + 1. 10

The clucs are given in the binary notation.  Answers to be given in the binary notation.

SOLUTIONS TO PROBLEMS IN ISSUE No. 40

THEH VENUS CLOCK
The titme shown on the clock wap 215 a.m,

SALUTE TO GHANA
The graph produced the Ghana wrar.

SIMPLE SOLITAIRE

Label the pegs Bl, B2, B3, B4, BS, W1, W2, W3, W4, W5 fram the
conre.  Move BI, fump over Bl with %1 and advance B2 | jump over B2
with W1, |ump over Bl with W2 und advance W3, and 3o on.  The nomber
of moves required is 357,  If # pegn of each colour and (2x -+ 1) holesare used,
the oumber of mowves is sa 4 2},

SENIOR CROSS FIGURE Na, 40

Crues Acmoss : (1) 60, (2) 112, (5) &6, | 216, (B) 678, (1 132, (19 73, K
{17) 247, (18} 224, (19 (21} 521, (22) 41, 123) 6!.?25." 24, -‘2(?) 101, "R W 2t

as %E!‘szlglo‘s\g: (2%)36:6&25 I".;: ﬁ;’n;}]ﬂrq; 26, (6) 612, (%) 771, (10} 8875,{11) 1321, (12) 302, {13) 121,
JUNIOR ALGEBRAIC CROSS DIAGRAM
L Do (1) A b 6! b o ovs 09 10 4avs, o, 08, 2l
SCENE AT WIMBLEDON
oF the Altiudes of the (ARGIE | he Bek may e dravws mywhere 40 5 1o pulr O dhe Blversr T oo
SPECIALLY FOR RED INDIANS

To rest the statement given, find the maximum number of hair on "s head, “This wil
less than 10,000,000 ; Supposc {t is 1,000,000,  Tuke 1,000,001 peo :?;nwuus on, then d:':.-s‘: may‘ o
have a diffcrent number of hakes on their heads from 0 to 1,000,000, next person considered muse
slhvo have O o 1,000,000 hairs on his head and therefore the same us one of the firsy million and one

To find bow mmtiy haire & person has on his head, take a unit are of scalp, count the number
bairs end multiply thix by the number of square unics of scalp. s - B.g
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Philosophy ( Science) is written in that great book,. ... .. .. (the Universe) 3
bur we cannot understand it if we do not first learn the language, and comprehend
the characters in which it is written. It is written in the mathematical language
and its characters are triangles, circles, and other geometrical figures.

Galileo Galilei 1610. J.G.

TO TRISECT AN ANGLE

To rtrisect the angle

AOB, draw a circle, centre

O o cut OB at C. Produce

AO. From C, draw a line

E CDE so that DE=the

A - radius of the circle. Then
LDOE=% £LAOB.
J.E.H.
A CARD TRICK
E=— A puck of ouds stacker =
— as a rectangle is displaced —
— as shown. _—
Therefore the area of a parallelogram is the product of the base and
the height. J.G.

OBSTRUCTION

In the course of mak-
ing a relief map, a student
got as far as shown in the A
Figure. It represemts a
hill on 2 plain.

The line AB repre-
sents a map coordinate and the student discovered, after he had stuck
the model hill in place, that he should have continued the line AB on the
other side of the hill. The only ruler that he had was a single-sided straight-
edge and, of course, he could not lay this over the hill. Find a method of
drawing the required line A!B! without crossing the hill. J.F.H.

DARTS

Two men play darts, one to score 301 all in doubles, and the other 10
score 1,001 under normal rules. Who has the bertter chance of winning ?

In which scale of notation would it be worthwhile taking a bet? R.H.C.

TV TIMES

In a current advertisement for Pye Electronics, the following statement
appears: w x 625 = 1964.

How nearly true is this statement ? R.H.C.
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Now let us see what happens if we translate the, their, there, and pur
them in alphabetical order, we have

the .200805.
their 2008050918
there .2008051805

Thus, if the words are in alphabetical order, the corresponding numbers
are in increasing order of magnitude — and the fact that some words are
longer than others docsn’t matter any more to the computer. If the com-
puter is asked to put two words in alphabetical order it simply subtracts
the first from the second. If the answer is positive then the words are not
in alphabetical order ; if it is negative then they are.

In this way it can order all the words we feed into it — and out come
the words for a dicuionary, in alphabetical order. K.A.

ALGEBRA CORNER

1. Verify that the difference between the cost of a Ib. b oz. of meat
at x shillings y pence per Ib. and x Ib. ¥ oz. at a shillings & pence per Ib. is
ay — bx farthings.

2. Invent a simple algebraic expression which is such that when it is
divided by a, the remainder is b, and when it is divided by &, the remainder
is ¢

3. Simplify 0.a + 0.b 4 0Oc and O.a -+ 0.b - Oc

O.abe 0.abc I.G-

FIVERS

A man dies leaving £11,617 to be divided amongst his relatives, He
stipulated that the money was 1o be distributed in single pounds or whole
numbers of pounds which are powers of five. He further stipulared that the

' same sum of money was not to be given to more than four persons. How

many relatives had he and how much did each receive ? R.MLS.

SENIOR ALGEBRAIC CROSS DIAGRAM
8. 5:1.'4.'4 — 1}
e— 1)
e Th root of
bt c—-smez-{-lﬁa?cl

CrLuss Down :
1. Divide ax3 — a3x by x — a.
2. The numerator of
X — X+t a
x — b x-+aib
when written as a single fraction,

CLUES ACROSS : 3. Expand &(1-{-¢)3.
(ax+8)2 _ b2 —ac 5. (a+b+c) (a2-162+¢2 — ab — be
— ed) -+ abe.

a a

4. {ax —3¢) (a — &) + ac (x4+3) +
alaZ-+4b).

6. What must be mken from
4c3-+-2b3 10 give
b3 3 — al.

a:_, a
“(z*35)
8. xwhcn-:-‘ + da=1
Ignorc signs and place onc term of each answer in cach box. J.G.
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HISTORY OF UNITS. No. L

J(fai/c:(y coarnd o>

= 7 thernt brcoddh

T of oll ofiee

alsa ,}' "iufﬁh

=7 inch — w"‘“““{‘-‘faﬂ{wﬁ‘,

lkejs, ‘o M‘efoﬂanf. I

72 trches = 4’/«4:4..—. 7 T4

7 /‘a/w}z =7 cnehed

The first of this series on units of measurement, published in May 1958,
described how the early civilisations in the Mediterranean countries intro-
duced units of length for the measures that were required and how some of
these units were eventually standardised. Such units as the cubit, span, ctc.
continued in use for many hundreds of years and were introduced to new
couniries as culture spread throughout Europe.

However, although the Egyptians had realised the need for standard units
of measure as early as the time of the building of the pyramids, the measures
used in Europe in, for example, Anglo-Saxon times were as unreliable as any
of the carly cubits had been.  As new units were introduced so was the pattern
of history repeated. The yards, feet and inches we use today came from
different body measurements just as did their predecessors the cubit, span,
palm, etc. and consequently depended on the size of the person making the
measurement.

The inch was measured in cither of two ways, It could be the length of
three full grown barley corns placed end to end or the breadth of the thumb
nail measured at the base of the nail. If you make this last measurement on
yoursclvc.a and compare with your friends you will see how much the different

‘inches” can vary. Another measure you can check is the palm, which was
given as three inches. This is simply the breadth of your hand measured
across the palm.
320
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The foot as a measure probably spread through Europe via the Romans
who had originally adopted 1t from the Greeks. This again obviously varied
very much from person to person and was eventually linked with the existing
measures in England by Henry I. The story is that a number of men were
lined up so that each man's toes touched the heels of the man in front and from
the total length was calculated the average foot length. As this came to be
twelve inches they either had large feer or small inches |

The yard was also in use in the time of Henry T and was most used for the
measurcment of cloth. You have probably scen cloth measured approximately
in just the way it was measured by the merchants of the 11th cenrury by using
the distance between the tip of the nose and the end of the cutstretched arm.
Naturally such a rough method of measurement led to a certzin amount of
cheating on the part of the merchants and this was one of the reasons for the
clause in Magna Carta stating that measures must be made correct.

However, it was not until the reign of Edward I1I that standard measures
were created by law, which stated ““. . . . we will, and ordain, that one weight,
one measure and one yard be used throughout all the land.”

T one can stll see, in the Standards Office, the standard yard
instituted by Henry VII. This is an eight sided brass bar, one side of which
is divided into three feet with onc of them marked in inches ; and another
side marked to show 1, }, § and ¢y of a yard. LL.C
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WITH LOVE FROM ME TO YOU

When anything
moves, any point on
it traces out a path
which may be called
a graph or a locus.
It 1s usually invisible

but can be repre-
\ sented in a diagram.
A rtriangle is often
connected with love
and the traditional
symbol of love is
iraced out when a
right-angled triangle
moves in a certain
way.

On a fairly large
sheet of paper, draw
axes at right angles
10 each other. Cut
out a right-angled
triangle from card-
board—a 3, 4, 5
triangle is a suitable
shape—lay it with
the right angled ver-
tex and the vertex where the shorter side meets the hypotenuse on the two
axes and trace out the locus of the third vertex.

Every curve can be represented by an equation and the heart-shaped
locus of the eternal triangle can be written y___;ax £ A/(B2 —x?), where

a is the length of the shorter side and & is the length of the longer side of
the original triangle. 1.G.

POINTS OF VIEW (Adapted from Le Facteur X)

Given Front view Stde view
Required :—the plan view of the body. J.F.H.
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THE WANKEL ENGINE

If a circle of radius a rolls without slipping round a fixed circle of
radius 2a, a point on the rim of the rolling circle follows a curve called an
epicycloid. Exactly the same curve can be generated by rolling a hollow
circle of radius 3a round a fixed circle of radius 2a, like a large ring rolling
round a slender finger. 'This alternative construction is shown by the dotted
lines in Fig. 1.

Figure 1

Any student of A level mathemartics can prove the peculiar property of
this particular curve which is thar an equilateral triangle of side 31/3a can
be rotated with all three vertices on the curve whilst its centroid moves
round a circle of radius @. Although the triangle is inscribed in the curve,
we cannot say that it moves round inside the curve because its sides cut
across the cusps (pointed parts) of the curve, as in Fig. 2.

If we look again at the rolling circle and consider a point which is not
on the rim, but at some smaller distance—say b—from its centre, we find
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thar it moves round
a curve which has
two ‘dimples’ instead
of two cusps. If the
point is sufficiently
near the centre of
the circle the dimples
become very small
and we obtain a
curve—an epitro-
choid—inside which
the triangle can turn
withour its sides cut-
ting across the curve.

A chamber with
a cross-secuon of
this shape and a
rotor having a cross-
section that is triangular, with curved sides, Fig. 3, are used in the revo-
lutionary Wankel engine which has been successful in experimental cars
and may soon be in full scale production.

Figure 2

The three spaces between the rotor and the chamber take the place of
the cylinders of the piston engine. In the piston engine the four * strokes *
Air-petrol mixture is drawn
in, induction,
through the inler
valve, compress-
ed, ignited by the
spark  and ex-
panded, then ex-
hausted, but in
the Wankel
engine these four
strokes take place
in different parts
of the chamber.

Trace the out-
line of the rotor
and place your
tracing over the
chamber in Fig. 3.

. In the diagram

Figure 3 the space on AB

.is at the start of the cycle. As the rotor turns the space increases and
air-petrol mixture is drawn through the inlet port. When AB is vertical
A passes over the inlet, which is then connected to the next space, and
compression begins. When AB is horizontal at the bottom of the chamber,
the mixture is fully compressed, then ignited by the spark, it expands and
drives the rotor until B passes over the exhaust port. As AB turns into the
horizontal the space decreases, the spent gas is expelled through the exhaust
port and the cycle is completed. Each space passes through the complete
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of the cycle take place in each cylinder in turn.
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JUNIOR CROSS DIAGRAM No. 2

3 P

aE.

HmT : Terms are usually in alpha-
berical order. Small circles indicare + 1.
squered terms.

x 420

CrLues Down
Numerator when
2 — a2
BE—03% gy o

Crues ACROSS : is written as a single fracrion.

1. (¢e—d)—4la+b) —2{a=b)— 2. Mulruply the difference of {(a-}-2x)
(e —54d). and (ac-+2) by 2b and rcarrange.
4. (yta—b) (y —al b Divide 6dx2 — x(b2x — dbxy) by
5. A‘rjea 2?1’ a recmgglc; adjacent {— x2),
sides 2(a |- &) sad 2({x-v). 4.  PQ2in the figure. 1.G.
6. (@a—bc)2 —b2Ac — I (e-=1).

DROP A BRICK?
(Adapted from Le Facteur X)

Johnny was playing with
his model boat in the bath. As
cargo for the boat, he had a half-
brick. After a time, he took the
piece of brick our of the boat and
put it at the bottom of the bath.
Does the level of the water in
the bath rise, fall, or remain the
same ? J.F.H.

“ Who's the Squsare on the Hypotenuse 2

SOLUTIONS TO PROBLEMS IN ISSUE No. 41

FIVERS
11,617 in the dccimal scale cquale 332,132 in the scale of five. Hence
rwo recelved L1 each, three £35, one £25; two £125, three £625; and three
3 £3,125. Number of gelativen 13 14,
- SENIOR ALGBBRAIC CROSS DIAGRAM
Cruss Across & (1) ax?, 2 bx, ¢ ; (4) a®x, ab, 3¢, a%; (6) 3%, 6%, a®;
B s Dowat 1017 e a3 (2) 265 abs () & 3%, 367 43 (5) &
LIRS WN 3 ax?, a’x3 X, 3 ¢y 3%,
B, 073 (T) a%, e* ; (8) e, 40, ahie BTN g
OBSTRUCTION
Sce next [ssue.

DARTS
'ls'hc first man cannot win as 301 iy an ¢odd number. e could win if the scale were to an odd base
e.5 5,
T.V. TIMES
¥ x 625 I motre sccurartcty 19635,

BINARY CROSS FIGURE
Crues Across: (1) 111, {100} 11, (110 1001, (111) 101, {1000) 10, (1001) 110%, (1011) 11001,
(1101 10, {11107 100,

vEs Downss (1) 111011, (10) 100, (11) 10110, (101) 1101, (1000) 1030, (1010} 10T, (1100) 10.
ALGEBRA CORNER

3. The addition signs in the secoad expression should be multiplication aigne, B.A,
331
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is a member of two great familics of curves : the caustic curves (formed by
reflection) and the epicycloids (formed by circles rolling on circles).

Jean’s son, Daniel, developed the theory of Wave Motion from the
vibration of stretched strings. This is applicable to many problems from
musical instruments to electron microscopes and the design of television
aerials. On his work on Fluid Dynamics is based the design of the modern
jet engine and indeed the aircraft itself owes much to Bernoulli’s Theorem.
We shall meer Daniel Bernoulli again in our next Time Chart. R.M.S.

ALGEBRA CORNER No. 2 "

1. What profit “;, is made by buying articles at »
x for y pence and selling at y for x pence ?

2. What is the arca of the shaded rriangle?
The answer conrains 3 terms.

/2-—4&7: a+/:z: a -4 4 17 1
2 — e, p—

At ,ifé:;f? - = |29 637 1
e | ard miysp 1| 9|80

3. The diagrams show an algebraic cross diagram and its solution. Find
the values of a, b, ¢, ¥, ¥, g and %.

4. In a race of x yards, A beats B by & yards and C by ¢ yards. If Band C
only ran the race, by how many yards would B beat C? J.G.

A WEIGHTY PROBLEM

\ / The diagram shews two vessels

filled to the same depth with water.
The area of the base of vessel 4
is the samc as that of vessel B and
vessel B holds 100 times as much
water as vessel 4. Which base has
the greater load on it? R.H.C.
MATHEMATICAL JUGGLER

A man carrying 3 bowling balls came to a bridge that would only carry
his weight and one¢ ball at a time, so he decided to juggle the balls as he

crossed so that 2 are always in the air. Smart?

THE AVERAGE FAMILY

The average family is composed of 1 underpaid male, 1 overworked
female, and 2-2 underfed children.  (From Moronsy : Facts from Figures)

FROM A MATCHBOX
The Right Angle for tackling problems is the TRY ANGLE.
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cycle once in every revolu-
non of the rotor.

To ensure smooth oper-
ation of the rotor it has on
one side a circular recess
with internal teeth which
cngage with a stationary gear
of two-thirds the diamerer,
see Fig. 4. On the other
side the ‘centre’ of the rotor,
which moves twice round the
circumference of a smail
circle in every revolution of
the rotor, is connected by a
crank to the output shafi.

CV.G.
@ Figure 4

FUN WITH NUMBERS
No. 7

{Suggested by Miss Margaret M.
Gow, Sedgley Park College, Prest-
wich, Manchester).
42=16 and 172 — 152=(24)?
52—=25 and 262 — 242=(2x5)?

Genceralise these statements and
verify that the generalised result
is truoe.

“ I make it 22 revs per minuce ™’

SENIOR CROSS DIAGRAM No. 2

Hinr for arrangement 1 2 |3 4
the small circles represent
squares, 5
CLUES ACROSS : 5. 7 C] /
1. Divided by ax2-+bx Y
-+¢, the quotent is 8 9
x and the remainder - = B
s 4. 10 ~
5 {a+&+¢) (a2 b2k . °
¢ —be—ca— ab).
x 3 =~
6. Valucofy2when ——c in figure. 2. \-niu;'(of K-+7 Whm11_3
B2 — AC when B=a+b ; ST NG SIS &

A=a 26+¢ and C=a. 2+ x) — 2bx,
(F +112—(1—2f), 3 ‘:Sq(tfar:::)mt be\
{x —g)2+(y — N2 —{g2-+f2). . d2 — 6 abed--9a2b2c2.
CLues DownN : 7. Ares of a border f ft. wide around
1. Numerator of a rectangle x fi. long and y ft.
a i 1 wide,
az+b2 = x3I4-gi 9. Added to x2--2fx+x2-122 gives
written as a single fraction. the sum of Two squares. J.G.

S
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TIME CHART No. 11

CHARLES ||| JAMES Il | WILLIAM and MARY | ANNE [ GEORGE
( . ' Act of Unjan Dardy began N THE /7
rrex seleimattigin” o F Vg,
Neweomen's W /
Steam
g_’ Engine
T el Lo .
1700 Setticiment  Victories of Martborough 1710 ]
==
Huyghens 1685 cvoLOID studiad by 1695 o 1705 ITIS ., DANIEL BERNOULLI 1725
inventzd the Newton, Leibme Huyghens EQUIANGLILAR ar =3 T.Newton Esg. studied vibrations of
pendulum clock. and the Bernouldis LOGARITHMIC SPIRAL - becomnes g, stretched strings R
"\ B SIR ISAAC 3
CYCLOID is e S 2 3
BRACHISTOCHRONE =
i the carve of =
ale, Z
5 g
5 £
studied by Jacques Be 1 Lh:dCARD'OéDE oudl % :-
lac reeoulli studi Jean Bernoulli =
el NOMM:,L THEOREM & together with other ‘polar’curves \ together wi!-‘?%ffwr caustic curves , z
{a+x)"= a™na™'x+n le.—l A2 xtpaa s such asr=arbcoss 6 d.l.ldh Differential Equations g
! 3 Suchi 45
THE EXPONENTIAL SERIES i
French begin d fi- o
Newton proved accurﬂﬁg survey = l+I+§i+§: +fl‘+ T H% i Slmionis 3% z
the Earth to be— Meéridian - T : =
which fedin and Hydrodynamies o
JOCHeR e DE MOIVRE'S THEOREM  ROGER COTES TAYLOR'S THEOREM K
te Metric system : 1 e .
Trigonometry ig fleeh) = fix)ehf ij+_zfg|f (:l:]-v-_.%"\I - 3 T
déveloping (cos@+isind)"= (cosnB+isinnd) = ™! - : -
T
The symbolism of the Caleulus : NEWTON : % x [x] LEIBNIZ : dx, ddx, fydx. MODERN = &f s ‘ﬂﬂ -Igdl'

The great expansion of Mathematical Knowledge continues.  Up to the
time of Newton it might have been possible for one man to master all the then
known Mathematics but from then on it was an impossibility. Men had to
select but many were proficient in several ficlds. A genius has the ability to
scize upon the essential idea in a situation and to express it simply. Follow-
ing up the consequences of such an idea may provide work for other men for
a ool:ple of centuries or so. Newton was one such genius and Leibniz was
another.

Now that the Calculus was allied to Algebra, mathematics had a wonder-
ful new rool. It was uscd to investigate functions of all sorts : the Binomial
and Exponcntial functions in particular. The Binomial function finds uses
in approximations and in probability. It may be regarded as a generalisa-
don of Pascal’s triangle. (Use it 1o work our (1+4-1)5 and compare with
Pascal’s triangle). The exponential function is sometimes called the law of
Organic Growth ; it has the property that it is its own rate of change and
e! or ¢ itself is @ Universal constant like =, appearing in many strange situa-
tions. Both the Binomial and Exponenual Functions are special cases of
Taylor’s Theorem. This is as fundamental to the advanced mathematician
as the twice times table is w0 somcone playing double or quits.

Many of the developments of this period were due to the work of many
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men. For example, the curve known as the CYCLOID was studied by Newton,
Liebniz, Huyghens, the Bernoullis and others. This is the curve that would be
traced out by a spot of paint on the outside of a cycle tyre as the cycle follows
astraight path. Cycloidal arches are sometimes used for bridges giving great
strength.  Inverted, the cycloid is the curve down which a body will slide
under gravity in the least time and in facr the time taken for a body to slide
from any point to the lowest point of the inverted arch is always the same.

The Bernoullis appear again and again in the mathematical history of the
next 100 years. In 3 generations this family produced eight mathematicians
of whom Jacques I, Jean I and Daniel arc outstanding. Jacques T worked
in many fields : the calculus of variations, probability, the study of Polar
Curves, i.e., curves whose equations are best expressed in terms of r, the
distance from a given point and ¢, the angle turned through from a given
direction. Such a curve is the equiangular spiral r—ae*? a curve which is
beautifully illustrated by the Pearly Nautilus shell and is also found in the
arrangements of the florets in the head of the daisy, aster or sunflower.

His brother Jean I wrote on the theory of tides, the mathemarical theory
of ship sails, the principle of Virtual Work in Mechanics and also studied the
CARDIOIDE. You Ravc probably noticed this curve traced out by the
reflection of the sun’s rays on to the surface of a cup of tea. The cardioide
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SHOW ME THE WAY TO GO HOME
{or That Eternal Triangle)

Al Gebra lives in one
of thosc Amcrican towns
buile up of rectangular blocks
of buildings. His home is at
A (the S.W. corner) and he
works in an office at B (the
N.E. cormer). He drives
each morning from 4 tw B
and being of an cnquiring
sort of mind it occurred to
Al to wonder in how
many different ways he
could do it. Needless to say
he was always [ate and always
in a2 hurry so that he couldn’t
afford 10 waswe time and all
his moves must be North-
wards or Eastwards.

Starting from A he has Fig. 1
only one way of reaching € and only one way of reaching £, thus giving him
2 ways of reaching F (via C or via D). Let’s mark on our map the number of
ways he has of rcaching each road junction as in figure 2.

From D there is onc route to J. Thus Al

. o has 3 ways of reaching /—2 via E and 1 via J.
| | S‘imilarly there are 3 ways of reaching G.  (Fig.
3).

= Now, how many ways are there of reaching
| =] H? Youre absolutely right 1] 3 via f and 3
| via ( makes 6 in all. Can you continue this
; - for each intersection until Al rcaches B. How
many ways in all? You’ll ind the answer at
Py the foot of page 338, but don’t turn over until
youw've had a go.
Some of you may see a shorter way of

;

arriving at this answer but thar is not our 4 {
immediatc purpose. Let’s have another loox at i—1—1—1
thosc numbers we've written at the intersections : (% N Y S I .

After 1 move (i.¢., C or D) 1 1 - 0 e R [

\/ P
After 2 moves {(#, EorJ) 1 2 1 i B
\YAY R R
Afrer 3moves (K, G, L, 19 1 3 3 1 Fig T

You will remember that we get each number .
by adding together the route totals at the two previous points from which
it can be reached.  We should carry on in the same way and get the next line
1 3 -3 1
\/\/\/
4 o6 4 1

and so on untl we have solved Al's problem. (Have you done it vet?)
Continued on previous page
340
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MATHEMATICAL PIE

No. 43

Editorial Addresy : 100, Burman Rd,,
Shirley. Solihull, Warwicks, England OCTOBERs 1964

THE MAD HATTER'S TEA PARTY
(Revised Minutes)

“ What did thcy draw? ” said Alice, quite forgetting her promisc.
“ Treacle,” said the Dormousc, without considering at all this time. * I
want & clean cup,” interrupted the Hatter, “ let’s all move one place on.”
Before he could move on, he in turn was interrupted by the March Harce,
who demanded not one but three clean cups.  While Alice collected the cups,
the March MHare took twelve lumps of sugar from the basin and laid them
on the table. *° Since you couldn’t answer the riddle about the raven and
the writing desk,” he told her severely, * perhaps you can tell me how 1o
divide these rwelve fumps among the three cups so that there is an odd
number in each cup.” * Yes,” said the Dormouse, ¢ that’s just how Elsic,
Lacie and Tillie like their tea,”” and added, “ it's much easier with lumps of
treacle ! ™

Alice thought hard and finally showed the lea-pacty how she would solve
the problem. The March Hare lovked at what Alice had done and remarked
“ I suppose it does work that way, bul I de like 1o dip the Hatcer’s watch and
this spakes it harder.” Hce then showed how ke would arrange the sugar
Iumps in the cups.

Can you think how Alice and the March Harc solved the riddle?
Remember that Alice was quite a clever girl and the March Harc was quite
mad ! (See page 338 for thetr solutions).
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OBSTRUCTION

Produce AM to X on BH and BM to Jon Al

produced at L.

J. is then one point on A'B'. 5
new points C’, cte., to find a second point on A'B".

Take a point C
sufficiently far from 4B
so that a line DE pro-
duced does not inter-
sect the hill. Join AC
and BC. Draw the linc
DE, joining one point
D on AC and a point £
on BC. Join AFE and
BD: let them inter-
sect at F. Produce CI¥
to cut AB at ¢v. Join
(7 to any point A which
is sufficiently far from
AR on thc opposite
side of A2 to C. Join
AH and BH. Let M
be any point on G

Produce JK to meet DE
Rcpeat the process with

J.F.H.

PAPER FOLDING No. 2

An Equilateral Triangle

Take a sheet of paper POSR, about ninc inches by eight inches. Feld

it in half, along XV,

parallel to the longer
side. Opco out
again. Keeping P
stationary, teld when
R lics on XY along

[

e ]|

PT. Fold slong TR,

TS will lic on T,

If the folds P71
and the other from
7 meet XY in V¥
and W, then TV

is an cguilateral
triangle.

(1) All dogs bark

(2) Somc dogs are terricrs
All bulldogs bitc

(3)

A DOG'S LIFE
Assuming that the following statements arc true:—

(4) Somc terriers bite

{5y All terriers are dogs

Which of the following statements arc true and which are false?
(E) All biting bulldogs bark

{A) Al terricrs bark

{B) Somc terriers do not bite
(C) Some dogs arc not terricrs
(D) All barking dogs arc bulldogs

of =
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(1"} All barking terriers bite
{G) Dogs that do not bite arc bulldogs
(H) All barking bulldogs bice.

RILC.

The figures began in Number Fighteen, but those on pages 320 onsrards are

QUICKIE CROSS FIGURE

All the clues and answers are in the scale of five. T |2 3
ACROss Down 4
1. 421,313,304 1. 234 % 13
4. 12 < 3 2. 12 4-'4 10
10, 3-2 3. 4t 0
I, 323312 10, 2 ¥ 4 B.AL

SOLUTIONS TO PROBLEMS IN ISSUE No. 42
FUN WITH NUMBERS Nao. 7
(MT+1)% = (n? == 1)3 = 2n7+2n? — 4n% = (20)%

SEXNIOR CROSS DIAGRAM Noa. 2
Clae 9 across should have rcad x\2 x £ .
o T e

-
i’

~
.

Crurs ACROSS ¢ (1) ™, 5y, ooy d; (51 0%, B2, &% 3 abe i (6) &3, b=,
Zdx; (8184 acy (9%, s (10) x2, 5", 2 gx, 2.
Coves DowX : (1) ax¥ &%, %, 62§ (2) bx*, 6%, 5<fac, x4}
a3 (% & 3 abc; (1) 4%, 2% 20y 5 (90 52, 2ex.
A WEIGHTY PROBLEM
Bach buase cazeics rhe soma load.
MATIIEMATICAL JUGGLER

The force on his hand to etop che tulling balls would be 2reater than the msss of one ball, 50 he would
not cross the bridge wulely, :

(2) ex, e,

]UNIDR CROSS DIACGGRAM No. 2
e T ?ﬁ %m%’sﬁ;hmhd] ke (x+§"'5:;,xb'=_' “()51- 4 ax, 4 ay, & by, 4 by ; (6) a®, 67, 2 ab
SLURS ACKOSS [c % 3 [4) »4, e* = ax, & av. x. P ~ G
Cruss Dows = (17 Ga, a*, & ry, 5% & (2) 69y 2a5, & &% 2 abc 3 (3) Od, 6% & by i (8 V7, 4 ax, o
POINTS OF VIEW ALGEERA CORNER No, 1
From JIssue No. 41
2 g abX—ci gy

9
Where A Qs wun urbiosacy expression.
3 100 {at-bte) .
100z - 106-+—-¢ 2

OaxO0.bx0O.c @hc
O.a 100 | 106 +¢

ALGEBRA CORNER No, 2
(22 — 3% 1qp
yl

L

2. % (2 — b - yl
3, e:-_s,,b-t, c=20, #=3, y=8, 2=9,
4., RoouldbLeartC b 2, -3

¥ xﬁ_—h x yd,

DROP A BRICK

The section shows two intersectiag equal pipes. The level of the wacer will rize,

B.A.

SHOW ME THE WAY TO GO HOME—{rom page 340

If we suppose that the city goes on and on and we can continue our
table as far as we like we get a triangle of numbers which has some very
striking properties. It was known to Omar Khayyam about 1100 AD and
was published in China about 1300 AD but it is usually known as Pascal’s
Triangle from thc French mathematician, Blaise Pascal, who investigated
many of its properties around AD 1650. Next time we’ll have a look at some
of its properties, but perhaps you’d like to spot a few for yourself in the
meantime. \ R.M.S.
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»2 a2 =

a2 bz ¥
but considering a roof section as a warped plane Fig. 4(a) with origin at the
centre of thar planc, the equadion simplifies to z==#xy where % is a measure
of the amount of warp.

Vertical scctions of a Hyperbolic Paraboloid roof parallel to the high
diagonal are parabolas concave upwards (Fig. 4&) and parallel to the low
diagonal scctons are parabolas concave downwards, Thus a supported roof
is in compression one way and in tension the other.  Thus strong edge beams
are neccssary Lo absorb the shear forces in the structure. These beams can
be scen in the photograph Fig. 5 of a most attractve dual purpose bandstand
and restaurant now erccted in a park at Keynsham, Nr. Bristol. This roof
is of dmber and felt construction and mounted on two large concrete butt-
resses ai the low corners.  Thesc support the vertical load and restrain the
outward thrust. Such buttresses avoid an unsightly tie bar between the
low corners.

Examples of this type of roof can be found in many places : Fig. 6
shows a plywood playground shelter in Aberdeenshire comprising four such
roofs Jinked together. The new Redcliffe Methodist Church in Bristol has
a roof made up of two large concrcte scctions prefabricated as described
above and placed in position by a large crane.

The Spanish architect, Felix Candcla, has done much from the aesthetic

int of view to foster thc application of exciting forms in concrete and his

Chapecl of San Vicente at Coyoacan (Fig. 7) incorporates hyperbolic para-
boloid roof structurcs.

In conclusion, we might quote Eric Ambrose writing in the fdeal Home
magazine February 1962 : ‘““ I welcome the usc of thc hyperbolic roof for
its monumcntal qualities. This roof makes the discussion of flat roof versus
sloping complete nonscnsc.” :

We leave the reader to decide whether Ambrose was influenced most
by thc practical advantages, by the relative simplicity of the mathematics
involved or by the sheer beauty of form present in the hyperbolic paraboloid.

: : ; K.A.

The Sugar Solution

Alice put five lumps in one cup and four in another cup. She placed the third
cup so that it rested inside the second onc and put the remaining three lumps into
it. * There now,” she said, ** this cup has five lumps and this one has three ; the
cup below it has seven lumps in it all old.” ** How do vou make seven ? ” asked the
Hatter. *° Four and three,” answered Alice, © but I could make it from two and five or
gix and onc.™

“ In my shop,” said the Hatter, ** four and three is not the same as two and
five ; vou pet a much better hat for four and three ! g

The March FHure then showed them his solution. He cmptied out the Jumps
and put the cups in a row. He put one lump in the first cup ; onc lump in the second
cup and zez lumps in the third cup.  “ That won’tdoe ! * exclaimed Alice, indignantly:
© 1 know one is an odd number, but what about ten 2 ¥ ¥ T should have thought,”
replicd the March Hare, ** that even the young lady would know that ten is an exceed-
ingly odd number of lumps to put in a cup of tea ! J.F.H.

Show Me The Way To Go Home
Al has 252 ways of travelling o his office.
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in the Aposte’s name, should we bother with all the decimals ?

R.M.S,

THOSE CAR NUMBERS—The Final Word
Tn issues Wo. 36 and 39, we suggested counting car numbers to prevent
duelling at vour Editorial Board mecung. The response was extremely good
and we thank all our readers who sent in caxds. The analysis shows (—

Score 0 1 2 3 4 or more
Frequency per 100 35 37 21 6 2
This uggests that the distribution is binomial. B.A.

- DIVIDE AND RULE

What are the nccessary conditions
that an isosccles triangle may be
divided into two isosceles triangles ?

J.F.H.

FOOTBALL RESULTS

At the end of the season, the top
club in a lcague of 18 teams had
obtained 48 points (2 for a win, 1 for
a draw), and had drawn two matches
more than they had lost.  How many
matches did the club win during the
$Cason. 1.G

“1 Lkink we've found the spot where
they divided up tha Look !

NUMBER THEORY
Ifn — 2,thenn42 — 4,and 2z — 1 = 3. Hencen(n—2)(2n-—1) =
2% 4x%3 — 24, Now take # cqual to another szen number and again
the value of #{n—2) (22 — 1). Is this number also divisible by 2472
Can you prove that this will always be true?
Now take 2 to be an odd number, Is (n — 1) (# |1} (2n4-3) divisible
by 247

Explain your answer. R.H.C.

FOR BIRD WATCHERS

Hou is it possible for four sparrows to arrange themsclves so that each
onc is the samc distance from the other three? 1.G.

SENIOR CRGSS FIGURE No. 41

Submitted by T. J. McKee, Alleyn’s School, Dultvich.
When the answer has *N’ digits, it is to the base ‘N’, {e.g., 1 Across is
in the binary scale). -

CLUEs ACROSS 2. 6 Down — 4 Down
1. 2x8 Across—10 Down. 1. 4 1 2 3 4
3. Squatre rootof 11 Across. 3. 1 Down—13 Across
5. 6x9 Down — 7. — 1. 5 ]
7. Irime. 4, 6 Down — 2 Down
8. 1{1 Acros: | 10 Down), ==k 7 3 |9
10. 3 Acrosa squacced. 6. 4 Down — 2 Down
12. 6. 11 Down. — <}, 0 i
13. 1 Down — 3 Dawa 9, 2 (5 Across — T
— 1. 10, 2x8 Acrosy — 1
Across, 12 13

CLues DowN : 2 .
1. BDO\"FI)—]%.’"LWUSS :_1. i1. ; \12 ALT‘O’SS,‘.
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incorrect 5 the sequence will be continued in the next jssue. 1. T, South, of Hounslow,




A FACET OF THE NEW LOOK IN ARCHITECTURE

G
A ried swrface.

Fiz. 2.
DPrefubricated cece
wons of a ?:rvpc'!‘-
bolic puvabaicid,

Fig. 3. )

Ss_.j‘nfm's(l’nwcﬁ.
Lincam.

Hig. da and 4b
Propartics of a
hvoerpefic  para-
baloid.

Fie. 5,

Leoeelsteped ed
reszanrant, Keyn=
shane, Brivtof,

Fig, 6,

taygrennd  shei-
e, Aberdesnsivive,

i~sa 7.

Clape! aof  San

Pirante, Covoacot

[EC R e P e iy SR T

All vver the world, buildings of exciting new shape and form are appear-
ing and architects are helped in their new approaches by the use of the
Hyperholic Paraboloid roof. This ruled sartiace is shown simply in Fig. 1
where a Mathematical Pie curve strching set has been used.

Roofs in gencral arc conventionally either flat, pitched or spherically
domed. The fat roof bring two dinensionsal can only support stresses
in its own planc and cracks or buckles under forees perpendicular o that
planc, A pitched roof, ¢.g., two sioping plancs and a ridge is rather stronger,
cach plane helping w oppose movement of the other by means of internal
trusses,  Domed roofs answer most of the archilect’s prablems, being able
to withstand considerable load when of quite light construction.  However,
the difficuliies of forming such a doubly curving surfacc which conlains
no sreaight lines are considersble, The hyperbolic paraboloid roof contains
all the advantages of a doubly curved surface but is much simpler 1o construct
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submitted the mnemonic for the first twenty-seven figurey. For a dme T stwood

Suggessed by Maureen Dacbey and Valerie ¥ones, Bristington School, Bristol,

as straight  bearns’ can be incorporated. A Bristol firm, for examplc,
prefabricate cnormous prestressed concrete sections of this type and transport
them to the building sites. They are made by scretching steel wires (the
elastics of Fig. 1} and pouring a thin layer of concrete around them. TFig. 2
shows onc of these sections on its fransporter. The fact that the shape of
the rouf is formed by straight lines helps the manufacturers to produce them
casily with consequent low costs, The nature of the roof excludes the need
for many internal supports and so large arcas can be coverad without internal
obstruction. Maintcnance costs are low as no steelwork nced be exposed.
“There is opportunity here for extensive and attractive reof ighting.  (Fig. 3)-

Apart from the aesthetic value of this shape, the hyperbolic paxaboloid
is the only compound surface which can be analysed by simple statistics
to cvaluate stress and strain. The equation of this central guadric surface
is frequently encountered in text beoks in the form
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ROCKET PROPULSION
Submitted by D. Hurden, Esq., Bristol Siddeley Engines Ltd.

A rocket engine propels an aircraft or missile by converting the chemical
energy stored in a fuel into kinetic energy. It doces this by burning the fuel
at a moderately high pressurc in a combustion chamber (which is cssentially
a cylinder with a holc in onc end} and allowing the hot gases so formed to
escape as a high-spced jet. According to Newton’s Third Law of Motion,
the force that accelerates the gases backwards is accompanied by a reaction
that accelerates the rocker forward.

This description of the principle on which a rocket engine operates
could apply equally well to an aircraft turbo-jet engine, which also converts
fuel into a propulsive jet of hot gas. Air is swallowed by a compressor which
raises its pressure and feeds it into a2 combustion chamber in which the
oxygen it conrtains is used o burn a liquid fuel. The hot gases so formed
flow through a turbine that drives the compressor and then escape {rom the
jet pipe. The essential difference between such an engine and a rocket is
that the turbo-jet relies on oxygen from the surrounding air to burn its fuel
whereas the rocket carries its own supply of oxygen with it. A rocket used
to propel an aircraft or missile or spacec will use either liquefied oxygen
or an oxygen-rich liquid like nitric acid to burn liquid fuels such as alcohol
or kerosine. The firework rockets launched in great numbers on November
5th burn a solid fuel with oxygen from potassinm nitrate.

Fig. 2
The fundamental difference between these two kinds of jet propulsion

‘<

engines is emphasized by the two sketches. In Figure 1 the “ engine ” is
seen to be picking up its *“ oxygen *’ from its surroundings before accelerating
it aft, while in Figure 2 the “ oxygen * is being carried in the vehicle.” These
picturcs also underline two other important {acts ; first, any jet engine works
on the principle set out in Newton’s Third Law and not by pushing against
the atmosphere. Secondly, although a turbo-jet will not work in space
because there is no oxygen for it to swallow, a rocket will work just as well
out of the atmosphere as in it, so some kind of rocket must be used to propel
spacecraft.

LETTERS TO THE EDITOR

From MATHEMATICAL PIE No. 43, page 339, Solutions to “ Mathematical
Juggler.” The force on his hand to stop the falling balls would be greazer
than the Mass of one ball so hc could not cross the bridge safely. Since
when has a force been greater than a mass 22?22

P. R. Huish, Shirlecy, Croydon, Surrcy.
Is my face red?
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A STORY COMPLETELY UNCONCERNED
WITH THE SINE FORMULA

nately, she only had the power to change
him until he was similar to herself. In

Submitted bv Elizabeth M. Rann, Herts. and Essex High School.
this changed form he set off for a walk
round the perimeter of the wood near

There was once an acute angled triangle who wanted
to become asquare. Worried by his problem hec consulted
his aunt’s house to think, and suddenly

he came across a man cutting logs with axes. This man accidentally cut

his aunt, Right Angled Pythag., who suggested a topo-

logical transformaton but, unfortu-
his hypotenuse and he discovered he was a cyclic quadrilateral and an isos-
celes triangle. But still he was not

£ log x a squarc. He caught an aeroplane
42 /:,/ and flew via the land of the Triangle
ﬂf’-‘a of Velocity to a point on the lengi-
! % tudinal circle 45°%W. There he found
% a wise old owl who directed him
123

round the earth on a compass bearing
of West for 3,960 miles. Sadly,
because he was not on the cguator
this did not get him far ; only a few
thousand vards.. By now the cychic
quad., because it had had no pies,
had the wriangle inscribed in it because
it had eaten it owing to extreme
hunger. Moving millimetre by millimetre the cyclic found that his other
corners were right-angled and, because of an unknown theorem, he was a
square ! Ir was tragic that on his way home to his aunt, Right Angled
Pythag., he fell down a Three Dimensional Well to the land of Forgotten

Facts and dwelt there, forgotten, evermore.
A
Py

AL
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WHO IS FROM WHERE?

Three men, let us call them A, B, and C, went out to dinner in Paris.
One was English, one Scottish, and one Welsh. The waiter was askegl if
he could guess their respective nationalitics. He said that .4 was English,
B was not English, and C was not Welsh.

Only onc of his answers was correct.. What were the nationalities of
A, B, and C? G

JIG-SAW PUZZLE
Submitied by Canon D. B. Eperson, Christ Church College, Canrerbury.

Any trapezium, when cut into two pieces along the line joining the mid-
points of its two non-parallel sides, can be made into a parallelogram 1n
two different ways. Can you find them? Answers on page 346.

Any trapczium can also be cut into two picces that can be made into g
iriangle. How should the cut be made?

In how many ways can this be done, each providing a triangle of a
diffcrent shape?

PYTHAGOREAN TRIADS

It is 2 common cxpericnee when using the theorem of Pythagoras to
find that when the hypotenuse is calculated, its length is found to be irra-
tional, it is the square root. of a mumber which is noL a perfect squarc.
To find the sides of certain right angled triangles if all the sides arc to be
ralional, the following rule is worthy of notc :—

(1) Write dovn any fraction, using any two numbers whatever,

cgs O i 5 ¢ T
17 Invert 1tanddoublc.~9 Xl

(2) Add2toeach:9 . , 43 34 ,, 52

17 17° 9 9

(3) Multply cach by the L.C.M. of the numerator and denominator of the

original fraction.
§x17x9==387; §§_x9x17-—.384.

The resulting numbers (387 and 884) shen used as the shorter sides of the
right angled triangle will always yicld a hypotenuse which is rational. The
sum of the squares of 387 and 884 is 931225, The square root is exactly 965.

The numbers were purposcly madc large, try the method with smaller
numbers and prove that the result is always true,

CAN YOU MATCH THIS?
Here vou see twenty matches arranged in
two groups so that the larger cncloses three times
I 1 the area of the smaller. Can vou now transfer
| one match from the larger group to the smaller
| and rcarrimge them so that the thirt;:cn mati%:s
| o | again enclose an area three times as large as t
:ﬁcloscd by the seven matches. If it is any help
1o vou, twelve of the matches are not touched at all and, of course, none 18
bent or broken. R.M.S,

-
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JUNIOR CROSS FIGURE No. 37
Submitted by Peter Packard, Felixstomwe Gravmmar School.

Crurs Across

1. Producr of the first three perfect 1 2 3 4 |5
numbers.
6. sine 83" 30, é
7. 3x 4 2y — 22
x—x —1.. Fiod xy. > 8
8. Muluply the square of the second
primc number by the third prime
munber. A 1o
9. Producr of two consecutive prime
numbers. "
i1. Square of 0.9,
CLurs Down to end, how far short are they
2. ocosine 67° 17, _of hzlf a mile {in yards).
3. x(y + 1) | 3x Sce 7 across. 7. Exact square root of 47089.
4. The first three terms of an AP, 10. Two sides of a right-angled

of which the first three terms add

trizngle are 40 and SO units.
Find the number of units in the

u{) o 9.
5. It 540 half-pennics are put cad third side.

DICTIONARY MATHS.
(genuine extracis)
GEOMETER 1. A student of geometry. 2. A kind of moth, the caterpil-

lars of which appear to mcasure out the ground as they move
by drawing up and extending the body in loops.

Bun Small round sweet spongy cake with convex top and too fow
currants.
SPIRAL 1. Forming a curve that winds continually about a centre from

which it constanty recedes. 2. Winding constantly about a

centre while undergoing continual change of plane.

(Mathemadcians may not agrec with some of these .
I.F.H.

DOUBLE OR WIN

Three men play a game with a rule that the loser is to double the money
of the other two. er three games each has lost one game and each ends
with 24/-. How much had each at the start of the game ? R.H.C.

SOLUTIONS TO PROBLEMS IN ISSUE No. 43

A DOG'S TITE
The stetements A, C, £, H are truc.

- DIVIDIE AND RULIRE
The triungle must be one wich angles 365, 72, 72° or 459, 45°, 90",

= FOOTBALL RESUILTS
The clud won 20 pamcs, drew 8 games and las: 6 Fames.

< TOR RIRD WATCHERS

The four birds must be ol the verdees of o regular tetcahedron.
SENIOR CROSS FIGURE No. 41 .

Crurs Aceess 1 (17 11, (3) 101, {5) 1111, (72 201, (8) 11, (10) i

Crues Dows @ (1) 122, (21 1103, (31111, (4) 11, (6 1101, (f—Q!,'P'Hlﬁlé o:-lﬁ,lxi?f- {110“ s

QUICKIE CROSS FIGURE

10 Acrassshould read 3 2. T Down should rend 1345 13,

Cruss Acxoss @ £1) 3202, (47 43, (107 11, A1

Crues Down = (1) 3402, (2) 21, (3) 2011, (10; e

(]
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Bugia in N. Africa and it was through this conncction with comumcrce that
Leonardo became acquainted with the various arithmetical systems in usc
around the Medirerranean, Convinced of the superiority of the decimal
system which we still use today he wrote the Liber Abaci to make it more widc-
Iy known. His other works include algcbra, practical surveying, trigonometry
and & rather remarkable series: 0,1, 1, 2,3,5,8,13,21,....in which each
term is the sum of the previous two. This serics has a habit of cropping up
in all sorts of strange places,

Towards the end of our period we have Oresmne (c.1360) who used a
form of coordinate geomctry, Peurbach (1423-1461} and his pupil Regiomon-
fanus (1136-1476) who published a table of sines and the latler a Trigo-
nomctry far in advance of anything done before. Indeed the end of the
15th century was remarkable for the numbcr of text-books published on

various branches of Mathematics. R.M.S.
CHARLIE COOK INVERTS
Solve 1 3 6 2
5 T =1 o T oF x—6
Invert x--9 i x--10 — _,\:_——_E A x—6
1 3 6 : 2
Multiply by 6, 6(x —9)-} 2{x—10)=x~8-L3{x—6)
x = 12.
Answer checked by substitution. I.G.
DOWN MEXICO WAY 1968
/Q'G Six runmers, each capable of running 10
,,..-’,f’.‘l vards per second, are arranged along a straight

/j‘,’,{,."l.' line AF at equal intervals of 30 vards. Their
:/" / goal is a point G situated 200 vards from F, and
L) ZL AFG s a right angle. The runners do not
f start simultaneously, but at time intervals of 1
second ; B starts one sccond after 4; C one
sccond after B, and so on. Which of the runners
will arrive first at G and in what order will they

7/
// / / ! finish? Where are the runners after 5 secs P
/ ) ' 1:G.

CORNERING

(1) A square of 10-inch sidc is made into a regular octagon by cutting off
four corners. Where should the cuts be made ?

{2} The same squarc is made into an equilateral triangle by cutting off
three corners. Where should the cuts be madc?

What is the length of each sidc of the triangle ? ].G.

=/ i

12668 30240 20205 25220

55582 15725, 03107 12570

JIG-SAW PUZZLE
ANSWER

THE GRAVITY OF THE PARKING PROBLEM

In a letter to the Editor of a small
newspaper, a citizen suggested that
the parking instruction which said
‘ that cars should be parked at right-
angles to the curb’® should read
* perpendicular to the curb !°

A PROGRESSIVE DATE
Submitred by Mr, B. K, Bootv, Worton-under-Edge. .
On the first day of August, 1964, the day, month, and year (1.8.64) were in
Geometric Progression. (G.I., that is, the ratios 1 : 8 and 8 : 64 are equal).
Counting the year *01 as 1, etc., how many such dates occur in a century ?

A SUPERIOR ADDRESS
In the number 35,678,243,100, how much greater is the value of the
3 on the Teft in' comparison to the 3 on the right ? R.H.C.

SENIOR CROSS FIGURE No. 42 :
Submitted by Kenneth Turner, Hutcheson's Grammar School, Glasgow,

] 2 3 |4 12. The ares between the graphs
VX2 e 2 - B, p=2x — 3x2
— 2, x=0, x-=3.

The smallest nunber ending in
4, which is multiplied by 4 when
this 4 is transposed to the first
| place.

s 13,

e Al

Cruss Dowy
1. The smallest number cnding in
1 which is reduced to 2 of its
vajue when this 1 is transposcd
x to the first place.
2. The sum aof the infinite seriex
2025 - 2023 4 208 + . ..

12

Ignore decimal points in the 3. The circumradius of the triangle
ANSWELSs with a = TR2092, /B — 28°12',
CLUES ACROSS ZC = 90~ 21°,

The producr of the squares of the
rools of x2 — 7Tx — 968 = 0.

7. 'The side @ of a triangle in which
T ZLA=061° 39, ZB =30 b=
25 unirs.

The smallest number which gives

1. Product of the squares of the 4.
rouls of 2 — 12x — 623 = 0,

3. Area of a night angled triangle
with hypotenuse 6 units and an
anglc ose tl:.af! ent is 2, ovcl:lr 3. a
The sine of the angle whose 2
cosine 15 5302, o ranzinders of 4, 1 and 2 when

9. T'he smallest number that is three divided by 13, 19, and 7 respec-
t:mes the sum of its digits. tvely. .

10 The smallest number which is the 9. The valuc of 2 10 give »(x? —
sum of its digits plus the number 28x — E0), its minimum value.
formed by its digils transposed. 12, 3a(x?2—2x-+3) | (x343){(x24-4)

11. The sum of the series Sx —9 x 42

1500 — 750 -+ 375 — . . . when x = 2,

343
52164 13767 96903 14950 19108° 57598 44239 19862
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PERIOD p¥f AWAKENING after the DARK AGES s

The 3rd century A.D. saw the end of the age of' Greek Mathematics and
from then until the middle of the 11th century there was little mathemarical
activity in Burope. We now comc to the period of awakening aftcr this
Dark Age.

There were three factors which accelerated the spread of knowledge in
Western Europe at this time, namely, the great expansion of trade betwcen
wealthy merchants in many countrics, the founding of the great Universitics
beginning with Paris, Bologna and Oxford and the invention of printing
with movable type.

The spread of commerce broughr with it a need [or greater facility in
Arithmetic and we see the development of methods of multiplication and
division. Uniil then all calculation had been done on the counting frame
or sand-table and the resulls recorded in the awkward Roman systern of
numecrals. Now, however, the spread of the Hindu-Arabic system with its
place notation and the use of the cypher or zero for the empty column
enahled calcularion to he done on paper and the counting frame to be dis-
carded like the chrysalis casc of a buuterfly after it has served its purposc.
This was the er2 of the publication of many books on rhe Art of Reckoning
such as the Trevdso Arithmetic (1478) and about this time we find the sym-
bols — and — first appearing in print, though they had long been in use to
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91642 19399 49072 36234 64684 41173 94032 65918

indicate over or underweight bales of merchandise.

Anaorther consequence of this spread of trade was the need for accurate
measurement of land. ‘T'his led to the scicnce of surveying and the use of
inscruoments such as the uadrant, the cross-staff and the astrolabe and
to the development of twigonomeiry.

Omar Khayvam (c.1044-1124) is usually remembered for his poetry,
notably the Rubaiyar which is well known in its English translation. In
addition he was no mcan mathematician, writing on Euclid, astronomy and
calendar reform as well as a noteworthy book on algebra which contains the
triangle of numbers usually attributed. to Pascal four centurics later.

Another of the famous names of the era is Bhaskara who lived in India
in the mid-twelfth century.  His most important work is the Lilarai (named
after his daughter) which deals with the common arithmetical operations,
mensuration, commercial rules (e.g.. for Interest), proportion, some algebra
and a statement of the rules for operating with zcro.  In other books he deals
with negative numbers, surds, simple quadratic exjuations and Pythagorean
numbers (a, &, ¢ such that a2 |- 32 — ¢2),

Probably the most famous mathematician of this timec is Leonarde da
Pisa, often known as Fibonacci. His father was the Customs officer for
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EASY TO TWELFTH MAN

If you have been given a function of x such as x* — 5224 11x — 2 and
asked to obtain its value when different numbers are substituted for x, I
expect you will do it as follows x —2 {2)2—5(2)2-|-11(2—2

—8-_5(4) 22—2
=8—20+22—-2
=8

Have you tried it this way x3—5x2-|-11x—2x=2, the first term x3=
xx2—2x2 .

the second term becomes 2x2—35x2=_3x2— —3xx=—06x

the third term beccomes - 6x | 1lx=5x—10 _

the constant term becomcs 10—2-—8, which is the answer.

It would be unfair to say thart this is a longer mcthod than the first one
because it has boen set out carefully so that you can follow all the steps.  As
soon as you have grasped the whole process this method of substitution
can be abbreviated something like this

when x—2 x’_ «x?+ nX — 3  or better still we can dispensc with

0 S the x labels =3 =
when x—2 ‘/l/ /

1| o 11 e
1 =3 5 3

TR
This dispensing with the x labels is no worsc than what we do with our
ordinary numcrals where 549 really means 5(10)2-{ 4(103--9(1).
Why not try this method of substitution next time you have to obtain
various values of a function before you go on to drawing a graph. R.H.C.

6 o

SHOL|

R “Er, now let me make
a rough guess.”
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CLOCK ARITHMETIC No. 4
Squares and Square Roots

In issuc Neo. 37, you were shown how to make out a multiplication
table for a circular face marked out with the scale of 6. This revealed that

in modulo 6
=12 }5=5+45 3xd4—4—4-+-4 4%5—(5--5} |- (515}
2 At w=4 =2 — 4 = 4

=& = 2

and from these and similar results, the full multiplication table was con-
structed.

x|1]2]3]4]5}6
¥ 11 {2]3]4]516
2124|6246
3[3l6[3]6]3]6
ilal2l6 B (26
- s5|5a|3]2]a |6
616 |elolels]s

Now examine the table and pick out those numbers which are the product
of equal numbers, ¢.g., in square (a) we learn that 5 ¥ 5=1, or using symbols
52—1, Similarly in square (b} we discover that 42=-4. Listing all the
results from an examination of the diagonal of the table produces 121,
22=4, 32—3, 42=4, 52=1, 62=06. In normal arithmetic, the fact that
82—64 leads us to invent new symbols and words for an inverse process
namely that +/64—8, Similarly 4/81=9. Using this same idea of an
inverse root process for clock arithmetic in modulo 6 gives

v 1=1 or 5, 4/3=3, 4/4=2 or 4, and 4/6—=6.

These latest results raise some interesting issues. Why should 4/1 and
+/4 have two answers whilst /3 and /6 havec only one ? What has happened
to 472 and +/5 which are so far missing? When you have done your home-
work properly, you will be led to the conclusion that 1 has six square roots,
all of them different ! ! ! RHC.
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1.
2.

=

respcet to the lines.

TWO FOR A PENNY

The scale of an ordnance survey map is 1 mile to 1 inch. A halfpenny
is placed on the map, how many acres of ground would be represented
by thc area covered by the coin?

Three halfpennies are placed flat on a table so that cach touches the
other two. What is the area of the space left between them ?

Six halfpennics arc arranged with their centres on a circle so that each
touches the two adjacent ones. What is the radius of the circle which
will just enclose the six coins ? .G

ALGEBRA CORNER No. 3

Square x -- ¥ + 2.

If the length of a diagonal of a rectangular solid is 6 inches, and the
sum of the arcas of all the faces is 64 square inches, what is the sum of
all the edges of the solid?

If a2 — bc and 62 = ca, does ¢? — ab?

The number of inches in a yards & feet is equal to onc sixth of the
number of pence in fa ..bs. If a and & are whole numbers, what
arc their valucs?

The parallel sides of an isosceles trapczium are 2 inches and 2n? inches.
The slant sides are (#2 - 1) inches. What is the arca?

What is the angle in degrees between the hands of a watch when the

timc shown is x minutes past ¥ 7 I1.G.
AT THE CROSS WAYS

Two lines cross at an angle «. A point V is fixed in position with
Find a construction for drawing another line through

¥ and cutting the first two lines at # and Q in such a way that PQ is a given

length £

J.E.H.

A PARADOX
“ He put 2 and 2 together and made 5,” is a phrase that we often hear.

Mr. A. R. Pargeter, Blundcll’s School, suggests 4/(.2)-? = 5. Thus twe
2’s can makc 5.

12066

Can you find other cxamples of this kind ?

THE ROARING FORTIES ?

FORTY Each letter represents
TEN a different figure in
TEN the additon sum.
SIXTY
JF.H.
350
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JUNIOR CROSS FIGURE No. 38

Ignore decimal points and work to the appropriate number of significant
figures.

CrLurs AcCROSS

Arca of a squarc of side 47.2 units.
Third side of a triangle, with hypo-

tenuse 10 units and one side 3.4 s 7
units, squared,
Onc tenth of 9! g

Number of litres in one pint.
Diagonal of a squarc of side 1 unit.

CLuss Down

Number of grams in one ounce.

The length of 2 diagonal of a square
of side 2 units.

rm
.‘4 !

diagonals are 10 units and breadth
4.6 units.

16 .} 26 4 36 | 46 .| 4

The breadth of a rectangle whaose
diagonals are 1 unit and leagth is

The length of & rectangle whose i umit. B.A.

SOLUTIONS TO PROBLEMS IN ISSUE No. 4

= WIIO TS TROM WEIERE ?
Ais Weleh, B ie Eoglish, C iz Scotrisb.

A PROGRESSIVE DATE
‘U'here ure 51 dates per century whick asre in geemetric progression,

A SUPBRIOR ADDRESS

Vhe first 3 ix 29,999,997,000 more thun the second 3.
10,000,000 time< as big as the <econd 3,

‘The Orse 3 3s

JIG-SAW PUZZLL,

A

CAN YOU! MATCIE TIIIS?Y

01729

SENIOR CROSS FIGURE No, 42
CLues Across @ (1] 430249 ; {57 34 5 {6 84155 093 29 5 7100 54 3 (110 1000 5 {12} 42i {13 102564,
Cruss Down = {13 42B371 ; (2] 2250; (30 445 (4} 937024 ; (7) 44; (83 1122 ; (93 20 {11} 1223 (127 40,
NOWK MEXICO WAY, 1968

The onder of finfahing [¢ D, C, E, B and A and T tie lasc,
Aler 8 scconds, A, . and E have rravelled 50, 40, 30, 20 10 yerds and F is about co starr,

CORNLERING
The cuts should be mude 5(2 - 4/ 2) incbes from the verlices.
The cuts are made foom one vertex to the polots on tie opposite sides 10043~ 1} from the oppoeitc
vertex

The 1e'ngd1 of the gides of the crianglc s 20‘\/(2 - ‘\/3].

JUXNIOR CROSS FIGURE Na. 37
Crurs Across @ (1) 83328 ; (6) 9936 ; (T) 20; {B) 45 ; (9 143 5 (11} 081,
Ciues Dovay @ (2) 3904 3 (3) 0 2 (8) 244'; (59 865 1 17 247+ (10} 35,

DOUBLE OR WIN
The firat Joser had 39/, the second hud 21/-, and the thicd had 12)=,

355
55904

BA,

67026 64076 29090 45681 50652 65305



PROBLEM CORNER

Printer’s Error

_In setting up 2°.92 thc printer put 2592, which surprisingly enough
is the same. Can you find another number of four digits which has this
peculiar property ? R.M.S.

Enclosed
What is the greatest area that I can cnclose using 400 yards of wire
netting ?

Whart is the greatest rectangular area that can be enclosed by the
netting ? R.ALS,

It is not cricket

The factorial sign (!) is a very convenient way of writing some products,
&.8., 5] means 1 X2X3 x4 x5 and 10! means 1x2<3 XAXEIHOXTKEXIX
10 which equals 3,628,800. You arc surprised how large it is? Hence the
(D) sign.

A ncwspaper headline once said, * Bradman ourt for 12!,

T doubrt if the famous Australian cricketer made 579,001,600 runs in the
whole of his career, lct alone in one innings!

What is the largest number you can make using threc matches? (Hint :
use one of them upside down for the factorial sign (!} ). It is well over
Bradman's “ score.™ R.ML.S.

Handicapped

At our School Sports, the Junior girls had to
run from a point A, touch a wall CD and then run
on to the point B. One bright lass scored an
unfair advantage by working out exactly the
quickest routc to take from 4 to B fulfilling the
condition. How far did she run? R.M.S.

FIFTH COLUMN SOLUTION (from page 351)

Try plowing the five points. They lie on a straight line. Can you find the
equation of the linc?

Facrorise the expressions on the left hand side of the equations,
(x—9) (2x -+ y—4) =0and 2x +y-4 Bx-y-2) =0

Hence the first equation represents the pair of straight lincs
x—y=0and 2x | ¥y-4 =10

and the sccond eguation represents the pair of straight lines
2x +y—4=0and 3x-y-2 =10

so that any point which lies on 2x + v = 4 — 0 will satisfy both equations. R

354

57710 28402 79980 66365 82548 89264 88025 45661

FIFTH COLUMN
(Adapted from Mathematics Student Journal)

You may have met the fact that the graphs of two quadratic equations
can intcrsect in at the most 4 points.

For example, the graphs of the two equations
2x2=y2—xy-4x + 4y = 0
and 6x2—y? 4 xy=16x -2y + 8 =0
meet in the four points (~1, 6}, 1,1), {0, 4), (2, 0) ; this is a fact that can be
verified by substilution,
Your teacher will probably pat you on the back for a good effort, so
then floor him with the fact that (3, =2) also fits both equations.

Can you see why ? Turn to page 354 for the explanation. RM.S.

SENIOR CROSS FIGURE No. 43

Ignore decimal points and work to the appropriate number of significant
figures.

¥+y=p yH+p=g+]1

x+p=@q x-tyeg-2 ' 2 % R
CrLurs AcCross 5 6
1. pq
': 7 |3 2
A xp-l-¢q 10
- -y " 12 i3
o P, |
% [ 15
g
7. x(3g + p) s 7 Ty
9, (g—x2
0. One tenth of 9!
1L b+ + @
12. p3 4 p
x 4 avip 4+ x)
14. 1 y+2
6. 78
x-+p 8. Consecutive figurcs.
16. p 9. %
; :
17. x2 32 -} 2Zpxy + p2 155
Crues Down —q_
1. poy 13 22 4+ (9 + 222 4y
2. xy3 14. =g
3. g2 15. p2 + xy : B.A.
351
42487 76182 58297 65157 95984 70356 22262 93486



ABOUT TURNS

o Lion I ¥. Lion R. Lion

On the little sketch of the heraldic lion (rampant gardant argent) aré
drawn two axes labelled OF and OV and yvou must imagine a third axis OR
at right angles to the paper. If you will copy the litie lion and the axes on
tracing paper, you can perform three simple operations. First place your
tracing so that it fits cxactly on the printed sketch, then turn it through 180°
about OV as if you werc turning the page of a book. You now have 2 lion
facing to the right. The letter V can be used to describe this opcration.
Heavy type has been used to cmphasize that V represents an operation,
nor a number as in ordinary algcbra. ’

If the opcration V is performed twice the lion is back wherc he started.
It is convenient to introduce another svmbol, I, {7 for identical) which means
that the picture of the lion is unchanged. Using this symbol we can write
V.V Lion — L Lion or V2. Lion — L Lion. A similar statement would
be true of a unicorn or of any picture. This can be expressed by wriling
V2 — I, which is a very compact way of saying that the result of turning a
picture twice through [80” about the axis OF is 10 return it to its original
position.

If the symbol H is uscd to represent the operation of turning the picture
through 180° about OH and R to represent turning through 180" about
OR, we have H2 = I and R? — L  Here is the first oddity which shows
that this algebra is not quite thc same as ordinary algebra, V2 — H? — R?
but V. H and R are all different. The samc operation performed twice
gives I.  What happens if the operation V is performed and then the opera-
tion H? Experiment shows that the result is the same as performing the
operation R, that is H. (V. Lion} = R. Lion or H.V — R.

Just as we can write out a multiplication table for numbers, so wc
can write out a table for operators. When two operations are performed
in succession, the one performed first is printed last.

H. Lion

1 2z 3 4 1 v H R
111223 |4 Il A ] R
2/ 2|4 |68 L& (il iR
3| 3|6 |9 |12 [ Rl
4| ale |12 |16 Y[R |
Table 1. Tabls 2.
Perform the operations R.V, V.R and so on and complete the second table.
352
00341 58722 98053 49896 50226 20174 87882 02734

In Mathematical Pie No. 38 and No. 39 all possible types of repeating
patterns were listed.  Using operational algebra, properties of these patterns
can be deduced. To describe all the possible patterns more opcrators are
required but we can make a start with L, V, H and R.

Consider pattern A of two rampant lions face to face. It consists of
the original Lion and V. Lion and can be described by

A =Lion | V. Lion = + V). l

Bty | |
Lion. s &2
If we apply the operation V to 4, we @@)

have V.4 = V. (I - V). Lion
—- (V. - V2). Lion ]
= (V — I). Lion
=1LA

Pazrtern A

In words, this means that the pattern A is
symmetrical about OF. The four lions of
pattern B arc made by adding pattern 4 to
its reflection in OH.

B = (I--H.A
— (I — H).(I 4 V). Lion
= (12 — LV +H.JI- HV)Lion
—{@+V - H | R). Lion

This result expresses in symbols that the pattern B consists of four
lions in different positions. To test that our opcratonal algebra works
VB—VI+V 4+ H -R. Lion={(VI+ V2 - VH | V.R. Lion

={(V-I| R+ H) Lion =B
Sirmularly H.BE — B

Now R.B — H.V.B (because R — H.V)

= H.B {because V.B — B)
=B {becausc H.B = B)

This is a formal proof of the theorem that a pattern with two perpendicu-
lar axcs of symmetry has also rotational symmetry. Perhaps this is using
a sledge hammer to crack a nut but it would be very difficult to prove that
there are only seven types of linear pattern and scventeen types of plane
pattern without using operational algcbra. C.V.G.

Pattern B

SOLUTIONS TO SENIOR CROSS FIGURE No. 43
In the scalc of 26, A—1,B -2, C=3 ... X=24, Y=25, Z=0. The solutons
are given in the scale of 26 using these letters. :
Across: 1. FS, 3. PI, 5. PM, 7. BZ. 9. Y, 10. BAQR, 11. CF, 12. BM, 14. EM,
16. AAL, 17. DQ. ' :
Dowx: 1. DA, 2. BB, 3, AW, 4. TE, 6. AOAR, 8. [Z,9. KX, 11. AFY, 13. Uy,
14. N, 15. AE. :

SOLUTIONS TO JUNIOR CROSS FIGURE No. 38
Across 1 1. CGQ, 4. AHZ, 6. BAQR, 8. VF, 9. BB]
Down : 1. DIHZ, 2. ACAR, 3. ADH, 5. GFF, 7. YU. B_A.

353

20022 22453 39856 26476 60149 05563 84250 39127



S TAGE 1 ?T#GE ya STAGE 3 EARLY DIVISION
r 770 1??;'3 :;??E In the sixteenth century.
5 o 78 t o 7 g division was a fear which d
2] 21 _ only be performed by a sklled
38 i’ A g 78 ?mthegha%ciatrﬁ. ﬁ:ﬂ‘ge mﬂhﬂ Pud
"Cc_i"— #VOUr & s and Per-
3gls >8 198 sians {Em—ymn A} is shown

“—& 7@ inthe example 17978 472,

5 & 472 1s larger than 179, s0 a
5@ 0is put in the 2 column for the
1 & answer. 472 is now written in
4 2 the next three columns ; 4 pimes
31s 12, ¥ omes 3 is 2] and 2
times 3 is 6, these are written in
472 ‘Izi 4:§2 theap]:nmj::rim: columns, and
4 4 ¥ o subtracted in turn. The 472 15
then moved one column to the
right and the 15 repeated.
o T o3 0 38 Hﬂc& ITEIT1§+-1T = 38 re-
mainder 42. It will be notced
that the part you usually do in your head is all written dewn. B.A.

CLOCK ARITHMETIC Mo. §

Powers and Roots

In the last issuc you learned that 4/1 has six answers in modulo 6 arith-

metic.  If we aow extend the idea of powers and roots, we begin by listing
the results that 12=1, 22=-4, 3¥=3, 42=4, 52=], 62=0A.

Then 17 = 12 = 1

1
43 — 4

A

1

4
1

23 — 12 w 2 3% = 32 i 3
— 2 == 3

53 — 5% w 5§ 63 — H= ¥ 6
— 5 =

In turn, this reveals that in module & arithmetic
$1-1, #2-2, ¢33, F4—4, ¥5=5, Y6—6.

Are there any other answers for each of these cube roots ?

MNow use this method to complete the following table of powers for

moduls & arithmetic

Number  Sqguare Cull:h: Fourth Fifth Sixth
1 1
2 4 2
3 3 3
‘3 4 4
> 1 5
6 6 6
What conclusions can you draw abour g<" 117 R.FLC.
82446 25759 16333 03910 72253 33748 18214 08835

364

i T4 Mashermsanical Pre Fid,
“opsrripic By @ Chfondi, 1G5

MATHENATICAL PIE

Edirorial Address; 100, Burman Kd.. ' ;
No. 46 Eh::ﬁ:;? mamlf: VWarwicks, Enghiand OCTOBER, 1965

IDENTICAT

il
\

(7
M

i
‘X b
VI
'Yy
W
o
AN
A

9
X0
4‘4
(;
1'4
(X
'l**

:

¢

4
J

L/

g
ST03009,

/

%

Srbpmitted by ¥, R. Fox, The Ciry Schood, Lirrcoln

65583 43434 T6933 85781 71138 64558 3078 12301
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THE ORIGIN OF f— MATHEMATICAL FIDDLING?

The beginner in algebra can be compared to a traveller making a cross-
country walk. Ewery now and then, the waveller has to cxert umself to
chimb over a stile. The first * stile * that must be overcome in algebra s

that of learning to calculate with letters imstead of ﬁgures There is no
regson why figures should not be used in some algebra if long numbers

are involved, a lot of time would be wasted in just writing : the use -nf symbols,
therefore, 1s 8 time-saver.

The other symbols such as +, —, =,
and - should already be well known 1o the

beginner because 1t 15 customary (o teach
arithmetic before algebra. The nexr snle,

therefore is probably the use of brackets, to

be followed in due course by other {(and may-
be higher) stles such as equanions, indices,

factorisation, and s0 on. The beginner will
not meet any new symbaols for the nexr rwo
or three years untl he is one day faced
with |.

If the beginner becomes an enginecr or

a physicist, he will use | many times unnl
he regards it as an old friend. It is a sym-
bol first used by the celebrated Leipzig
mathematician, Gottfried Wilhelm Leibruz
(1646-1716) in a manuscript dated 29th Oct-
ober, 1675. The significance uf_rf is that a
large number of very small quantities placed
behind the sign are to be added rogether
o certain rules o provide what is

called an rfegral. 'I']:-:mt:grﬂllsnulal
gasy to find and sometimes a lintle * inspired

guﬁsmrk "is helpful. For this reason mon-
nmth:manmns. may think of the process as

* fiddling." T.F.H.

STAR DISSECTIONMN
Submmitted by Canen D. P, Eperson.

A mgulat hexagon can be arranged
in a square by cutting it into five pieces,
A hexagonal star s more complicared
but it is surprising that this can be re-
arranged 1o form a square by cutting it
inte five pleces.

Can you find the cuts that must be
made ¢

45876 BT126 60348 21390 93620 09939 6105 10291
358

JUNIOR CROSSFIGURE MNo. 39

N rt::u.ms ACROSS 2
periect sguare.
2p+3=061, find p.

1.
.
5. Average ni' (B F——yr], 20}, |
g. Consecutive digies. 1,
L

. A muitiple ol 41.

10. Find x.
CLtes Daowes -
1. 25,
2.0 T = 13—,
3., Find =
5. Evaluare 3r2-1.5 +5 when :=2
7. a2 — b2 when a -4 and b=
8, Correct 62.4 1w btwo :s:lgmﬁ::il.m
TS,
9. ' 121. B.A,

ENCIRCLING MOVEMENT

Three sudes of 2 cyclic quadrilateral are 3%, 4%, 5". The a
the first two sides is 1207,

& between
What s the length of the remaining side 7 1.G,

SOLUTIONS TO ISSUE No. 45

WO FOR A& PERENRY
1, 503 pores. 2 41243 — ), 3 14 inches,

ALGEBRA {XRNER MNo, 3
1. s "4p+a"- 1}?-9-29: FEzx. & LUsing the resulf of part 1, the
sam o e odpes = 4 (67 Ilﬁ-ll:l = |0 inches, 3. o o ah il a and b are

et boih oo, 4. o - 5 2. 2 The areca i £ 1 ueT
Eﬁhn :I'II!i--:I The angle I:-l:l;"ﬂ-'-h:n the Rngers s ]Eﬁ-[l_v“— 't:l;::l oF :.r'jlq!i-?hq— f
Iy — 10

AT THE CCROS5S WAYS
The soluwrion will upppedir an the nexs d4aue,

THE ROAHING FORTIES
2y 83w B X -y T ~5 Y ~6 K- T -8B O

I = ], F =

A S S

SHMNIORK CROSSEFIGURE MNo. 43

El.ml:':rl.ﬁﬂ:-g:.’!d Thy D75, {30 425, (51 429 (T) 3&, 9 25, (10) 36338, rily B4, (125 65, (140 143, {16) Ti4,

E:.Uﬁs[]:lﬂ;.lm CLk M5, {Zh G4, (3 48y (4) 525, (6> 28284, (8} X34, (9 286, (KL} 857, (13 571, (14) 14,

TRt clue o 13 Doan shoaeld bhave read g7 e - v

PRODLEM CORMER
Vrimter's Frror—Mo other sel of four digite with 1his property is knowm,

Hoawloveb, “T'he gremtest area jg o cprcle, 00T sgpuce vards, The square of orea 10,000 sqiace
. ccloses vhe greapssr recrangular area.

11 15 neet cocket

12! — 439001 600 apd fior ST7000,600 os siated,

HAMDICATPIED

The girl touched the wall v 3 yords frem 0 The d
been sugpested thay ghe :Ellll:“:l:i b pm!lE:m:ll.:drﬁan:' "-ls-trIIT istance coversd was 2047 yards, Tt bas

JUNIOR CROSSFIGURE Mo, 3B

C1uUss Ackoss 2 (1) PR (4] 824, (4] 36288, (B S48, o8 1414,
Crues Dowed - (1) 28755, -'.51- FH2R4, {3p B8, (5) 4434, [T 66, B.A.

03375 11173 54719 185330 46449 02636 2 55128 16228

363



EXTENDING THE MULTIPLICATION TABLES

Submitted by W. ¥. Davtes, Greenhill Grasumnar School, Tenby.

Robert Recorde, in his “ Grounde of Artes,” explained how to multiply
by a number bBetween 5 and 10 because he did noer advise his readers to learn
the tables for multiplying beyond five, in the early stages of Arithmetic.

& 4 To multiply 6 by 7, place the 6 and the 7 at the left hand
. corners of across, as in figure 1, subtract 6 and 7 from 10 and place
, q these results at the right hand corners.  Multiply 4 by 3 giving
| 12. The 2 is put in the units column and the 1 is carried into

Fig. I thetens column, Take 3 from 6 {or take 4 from 73, and place the

rcsult 3 in the tens column making 4 with the 1 that was carried, The final
answer 15 4 tens and 2 units, or 42,

It is interesting to note that this methed may be exrended 57 4
to the muloplication of numbers between 50 and 100 or 500 and ><J

L,OOO, etc. Thus to multiply 57 by 92, we could proceed as
follows : 43« B=344. This time we put down 44 and carry 3 92

into the hundreds column. 57 -8 (or 92 - 43} —49, to which the 3  Fig. 2
must be added 1o give 52. The snswer is therefore 5744,

This extension of Recorde’s method was ¥ discovered ™ by a Form IIIA
at the Greenhill Grammar School, Tenby. Can you prove why it works ?

= F

Iﬁ-+ -

. -
EREEE
1+
n -
” K

A STRIKING PROBLEM

I & clock takes six seconds to strike six, how long does it teke to strike
(1} eleven, and (2} twelve ?

A BREAKFAST TIME PROBLEM

- What is the quickest way o toast three slices of bread on both s1les,
using a double-sided electric toastcr 7

BULL'S EYE

Ten concentric circles are drawn, so that the areas between two con-
secutive circles are all equal to the area of the inside circle.  The radius of
the mner circle 15 1 inch, what is the radius of the outer circle » .o,

UPWARDS EVER UPWARDS

A cube of six inch edge stands on a wable, An insect crawls from
one of the lower corners to the middle of the top face, but cannot climb at an
angle greater than 307 with the horizontal. Whar is the least length of its

journey ? ].G.

33467 68514 22347 77379 375 837034 43661 99106
362

WITHOUT A WORD

Each empty square requires one figure so
that the working from top to bottom and from
left to right is correct. B.A,

x
o

==

= B

FOR EXPERIENCED MATHEMATICIANS

It is a great pleasure for us to know that Mathematical Pie is read with

interest by many mature readers. The following problem is directed mainly
towards such readers.

Three circles, radii 3°, 4", 5" touch each other. They are enclosed by
the external common tan%‘entﬂ forming a triangle. It is required to calculate
the lengths of the sides of this triargle.

Younger readers will find it interesting to solve the problem by scale
drawing. A book wken will be given for the best solunons, 1.G.

STEPPING IT UP!
Find a value for x thar satsfies the equations (&), (b}, (), (d) :—

3 x x
(@) x> —64, (b) 2 64, (&) (27) =64, (@) 2_(3 )4
Now find a value for v that satisfies (e, (f), (g) :—
2° ¥ 2¥
(€) y° —4096, () 22.2% —4096, (g) 2.22° —4096. I.F.H.
Hip-hip-hoo-rah. Hip-hip-hoo-ray,
A tin of fruit for tea today |
First the label round you'll see:
In size it"s « times & umes 4.
Mext the contents vou will try—
Of course they're r2 f times s,

FASSING BY

Two trains of equal lengrh pass each other on parallel racks each travel-
ling ar 50 mules per hour. An observer on one of the treins finds that
the other 4 seconds to pass him. How long are the trains ? RE.H.C.

SENIOR CROSSFIGURE MNo. 44

CLUES ACROSS -
1. 3 1.1
—_—  —
LH A2
4. Convert 624.8 ft. per sec, to miles
per hour.
7. Areain sq. in. of a um with
‘parallel = 77 and 47, 6" apart. Vd
8. Find the shormest side of a right-
angled tmiangle, too of whose sides
are 357 and 287, 0
10. Taking w=31, find the volume of
a cylinder of radius 347 and height
6. angular ficld of 22 acres which is
CLurs Dowps - { mile long.
1. Ifa=2and b= =3, evaluate a3 ~h3, 6. 7x where 3xddy= —I11 and
2, Find x when x-+2 2= x| By =7,
—_ = 2. 7. The smallest angle of a triangle
T 8 whose angles are 8x°, I7x" and
3. The simple mterest on 360 for 20x7,
4 yeart ar 2} per cent, per annum. Q. The larger roor of the eguation
5. Find the width, in yvards, of a2 recr- 2x2— 21 x—36=1]. %“.q“
62615 28813 84379 09904 23074 73363 04304 57595
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MATHEMATICAL EMBROIDERY

The centre pages of issue Mo, 25 were devoted o Mathematical Embroidery and
such interest was aroused that the issue was quivkly sold out.  So many requests have been
made fior copies that the basic ideas are repeated with new illustrations.  We are indebied
o Mrs. B. [. Atkins and Jast year’s IIe form of the NMewland High Schoal, Hull, for the

basis of the cxamples.

Many interesting patterns may be produced by stitching to order on card or more
cubstantial material. Holes ate made, usually along a straight linc or a circle, 1o a rule ;
they may be equally spaced but thas 15 not fisential.  The holes are then joined to a pre-

determined pattern with thread., The lingl design is usually atractive but can ofien be
improved by using blending or contrasting celours of thread for different parts.

Figures }, 3, 7, & and 9 are all bascdion parabolas which are the casicst curves 1o
produce, T'wo lines arc drawn and the same number of equally spaced holes arc made
along cach. The first hole of onc line is sewn to the last hole of the second line, the
seccond hole of the fiest line is sewn to the nexi o the last hote of the second line, and 50 on
until each holc on one line i3 sewn o one haole of the sccond line, The © envelope
of Uthe * stitches ™' is a pacabola, (& curve like ¥ = x?), as sixth formers may be able o
prove mathemarically.

Figures 4, 3 and 6 consist of holes on circles sewn in various ways which are obvious.
Figure 2 consists of three  curves of pursuit.,”  These are the paths, (fe., loci} foliowed
by three dogs each starting from 2 vertex of a triangle and running directly towards rhe
next dog taken m erder around the trigngle.

Chainsticch may be used to pick out lings and various types of ™ filling in ™ suteh may
be used 16 produce arcas, which can be worked into patterns.  The standard text o the
subject is one published in 1906 by i!'l-'.is.:i... E. L. Somcrvell, 4 REhyrimnic Approach 1o
Mathemarics, but 2 simplified explanation can be found in * Cerve Shrching ™ by
C. Birtwistle of the Association of Teachers of Mathemanics, B.A.

1354 70911 1577 51721 D0 S 15550 24557 (90610

ol

P20%7

o719 20532
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QUADRATIC EQUATION SOLVER :
A *Slide Bottle ' which revolutionises the solving of
quadratic equations @

Materials required : a plastic cylindrical bottle {several washing-up
ligquid brands are most suitable) ; a sheer of transparent plastic or thick
cellophane paper ; two sheets of graph paper.

Construction :
1. Cuta sheet of graph paper to completely cover the curved surface of

the bottle.
2. Draw on the horizonral and wvertical axes tor ¥ and v, marking in

values. A satisfactory range can be obtained by letting -8 = » = -~ 8 and =< T -.T':..
-16 ﬂi‘y = == 16. {The range of x will imitthe value of 2" which can be found

mathematical pie

m ax* - bx — ¢ = 0, while the range of v will limit the valoe of "¢™). e T e T Iy I STy = e
Fig. 1 Fir 3 No. 47 Shiriey. Soiihalt, Warwicks, Engiand FEBRUARY, 1966
#J‘ s PASCAL'S TRIANGLE
Jf"':f. ‘The diagram shows

a5 13 b | o R P o Chinese wversion of the
i *}Hr-_}ﬁf | | Iﬁ] ﬁ '& "'": ¥ "'ﬁ"' —# triangle of Pascal, which
] e e was known to the Chinesc

in 1303 and rediscovered by
Pascal some 300 years later,

Each lme in the dia-
gram corresponds to the

~ Fig 4+ cogthicients of a binomial
Fig. 2 i expansion, [l | x)*, 1 as-
S e T cending powers of x, the
|I " ﬁu'r—? ::7='+J|,*“ values of n varying from
| VA Yhy 8 | | Ouws.
I *“:;: TR | Usic the diagram to
: L T3 ‘ - thae  Chi
.r. i I M o _ r o Write ot = iese
: ’;ff" e I | = equivalent of the Arabic
f% | i- AT
%jﬁ Bmural i : symbolsfor 1, 2, 3, 4, . ..
o i1 .
A "!‘—:-'-ﬁ' - _ : . R —— |.
. U e L (2,25} is a pair of numbers such thar the difference between the product
‘i‘ LA M and the sum of the pair 15 23, re, 2.25 {2} 25) — 23, Find three more

B : . { . 23. A
3. Whrap the graph paper around the bortle securing with adhesive rape. ﬁsﬂ:j mm ﬂt"{‘lfh have the same property. (Hint—the numbers you

4. On the second sheet of graph paper mark in identical axes and, very _
arefully, draw the graph v - x<, comtirmed on page I66 MNow find a pair of numbers such that their product-sum difference

T2 1s 215. R.H.C.

04556 35792 12210 33346 2 69749 92356 30254 94780 365
Capright by Merbertarical Tue Lot agseT 39177 75006 0 B2887 0 47826 S6995 00574 49066

Frzbv ruerye, 1066



WITHOUT A WORD

Each empty square requres one figure so
that the working from top to bottom and from
left to right is correct. B.A.

If a cubic foor of water weighs 62F Ib., what is the approximate weight
of water falling on an acre of land for a rainfall of 1 mi::hl;

What is the weight of water falling on a city of area 50,000 acres ?
J.F.H.

A snadl crawls up a post which is 20 fr. high, During the day it climbs

3 feer, but slips back 1 foor during the night. How many davs will ir rake
o reach the top ? o B L

EQUALLY DISPERSED

My "Gardeners’ Handbook' says that onions should be planted 1 foot
apart, How many could I plant inside and on the perimeter of a circle

& feer . diameter if each is planted exactly 1 foot from its immediate neigh-
bours ¢ 1.G.

A CUTTING PROBLEM

A wooden hemisphere is reduced to the largest possible cube by 5 plane

cuts. If the hemisphere has a radius of 12 inches, what is the volume of
the cube? 1.4

condianed from page 378

5. Place the transparent sheet over this curve and trace the impression
of the curve and the vertical axis of symmetry in Indian ink.

. 6. When dry, wrap this sheet around the bottle superimposing the
axis of symmetry exactly over the » axis on the graph paper, with the urning-
point as a minimuam.  Secure with adhesive tape o E:}rm a shding sleeve
which can be moved horizontally and vertically.

Use : ta solve 2 — vy — 6 = 0,

. Find manus half the cocfficient of %", fe, —lH—1) = 4 }, and
mave the sleeve so that the axis of symmetry is in this position, 7.e., x = 1.

2, Taking care to move the sleeve only vertically, arrange it so that the
curve wntersects the 'y axis at the value of ‘¢’ i.e., —6,

3. The roots of the eguation can be found where the curve intersects

the “x° EL:I-:iE,. II...L",_,, X == —2 and x — 1
For equations of the general type ax® -+ by 4+ ¢ = 0, first divide
through by “a" and then continue as in 1 — 3 above. D.1.B.
36

57583 44137 52239 TOS6E 34080 05355 03491 73417

JUNIOR CROSS FIGURE No. 40
Submitred by Terence Morgan, Filton High School, near Bristol.

Ignore decimal points and work to
the appropriate number of significant
fgurcs,

CLUES ACROSSE ©

1. Volume of o cylinder, radius 77
hﬂ':iﬂh[ 2‘@":. [l]h: ™ = %H-l

B, Sine of 22736,

& Find the principal, in £, which
vields 15 ar 5% im 2 years,

7. The radius of a circle of area 24-62
E'Il- 11.1.* ].'DE ir — "'lg?l.. ) i

B. Area, in 5q. units, of a wriangle with

A= T, b= 20, ; G = 30. CLUES Dowa :
9. Length of the disgonal of a square 2. Squarc of 8378,
with sides 97, 3. Mumber of gallons in 60 bushels,

G =13, x = 3, and y = 4,
. Evaluate nx - my

x + &

6. The square of 11
& The number of vards im 1% chains.

SOLUTIONS TO PROBLEMS
IN ISSUE No, 46

FOR EXPERIENCED MATHEMATICIANS
Dcdg o the large number of solutions, the ancwer will be given in issus INo. 48,

STEPPIMG I'T LI !
(o) o e B, e w2 e xom 2 (e o Jog Gflog B (o) o= 4 {000 = log 10Tog 2, (p) v = fog

g 4.
1 PASSING BY
Bach wpain {8 & mile, or a bintle over 167 wvards,

SEXT0R CROSS FIGLFEREE MNo, €44
Cruet Ackoss - [0 355, (40 426, (71 33, (8F 21, 100 231,
Crwes Daows o {0y 33, 82 g‘-'h § 3 33-1 -:%J- 2ad, tay 135, 0V 3, (9 12,

WITHOLT A WORD
6+ 4—3 =7, 1 4+ 3 4+ 2 =2, 3 2=l

A STEIKING FPROBEES

Each {::nuu-e taken sh-fifths of 8 secend ; eleven strokes rakes (en paugacs, hence pwehre gecedids.
Twelve takes thirteen and one=fifih seconds.

A BREAEFAST-TIME PROBLEM

Topst pide 1 of sljcexs 1 and 2. Turn sllee 1 and replace 3lice 2 by sla<e 3 3d3de 1, Turn stlce 3
arsd replace slice | by gide T of slice 2,

BULL'S ETE
The racddiue of the ouler circle 13 47 10D poches.

LUPWARDS EYERE UPTWARDS
The Icast journey 1+ nelce the heighe of the cube to the edge of the top plus half to the centee.

JUNIOR CHROS5S FIGURE Mo, 38

CryEs Acmoss = (1Y 361, 440 29, /8 28 76y 987, (B) 697, (107 181,
Crups Dhowr : {17 32, (2) 6999, (31 18, t5) 27, (7) 871, (8) 62, (91 1.

EMNCIRCLIMNG MOVEMENT
The fourth sede [s 40% = v T3t ar 67T inches,

CLOCK ARITHMETIC Xo. 5
ﬂ‘EIiI £ : = 4¥ H..I‘.

371
22927 96501 98751 B7212 72675 07981 25547 (9589



intersect at V. X is distane 4, from } as before.  Using X as pole, draw a
sertes of rays mtersecting AA4' and BI?t, Cheosing onc of these lines, say
AA, mark off distances— d» along the rays on both sides of the line giving a
series of pomts ¥y Ye---and &y Z» - - -. By joining the two sets of
pomnts as shown, two pares of a curve (called a conchoid] are drawn, one on
either side of A4, If the curve cuts BA! at P; and i, the rays XFP:0;
and A Ch provide solutions of the problem. Note that a second conchoid
can be drawn by marking off 2 from BB!. This conchoid, shown in broken
Iines, provides the same solutions as the frsr.

For this method of selution, which can be worked by anvone capable of
using a ruler and dividers, nothing has to be known about higher mathematics.
It is a useful exercise to construct a set of conchoids by keeping XR (Fig. 3)
constant and taking different value for RS (=421 : when RS is made greater
than AR, the part of the curve on the same side of 44" as X assumes an
interesting  form.

Which method of solution appeals 1o you as {a@) more elegant, (4} more
pracrical, {¢} having taaght vou most ? J.F.H.

The operation * is defined by a-+ b
a*th - ——
I —ab
Show thar the operation is associative and evaluate
(1] 1%2%3% ... *n,
(i} A%peas L

C.V.G.

AL'S AMNALYSIS

Do vou remember our Amcrican friend Al Gebra, from issue No. 43,
and his problem about the number of ways of gommg 1o work? Do vwou also
remember how Pascal’s triangle gave him the soluton 2

Al has a son, Little Alph, and Lasr might Al found hun stuggling with
his Mathematics Assignment (Thomework to you). Alph was groaning
over the fact that old Chalky had given him {a-+ #)7 vo work out and it was
going to take him hours, and he'd fixed to go to a movie with his friend

Trgger......Al had a look ar what his son had written and it struck him
as vaguely familiar. Here it is:
a--b
Ea+a}= a?-i-2ab |- b2
a-t-6)3 a%.: 3a2b-|-3gh? b3

Then the penny dropped and seizing a pencil Al wrote it out again
without the @'s and #'s.

1 1
i 2 |
1 3 3 1
and he was able to add the next line with very lutle work :
1 3 6 4 1

It was his old friend Pascal’s Triangle again. Do yvou remember how to
go on from line to line? If you do you will be able to write down the
expression, for {a-|- 817 as easily as Al did. Alph and Trngger sard it was a

good movie.  Al's cfforts will help vou with the problem on the front page.
E.M.S,

370
58382 Q2041 07484 42360 80071 Q3045 70]89 32349

ODDS ON

Everything was going with a swing at the Prefects’ "
In the Taul Joncs, David was [!-]EHSEEIE to find that his 1||r::ilrI;:\‘.‘ﬂ I;gftr]t:;?:&:é
facqueling, He could not believe his luck when they were partners again
for the sccond time and when the circles stopped for the third time, he was
staggered to find himself face to face with Jacky once more, |

“ It's a chance in a million,” he said to her {amongst other things®.

| e DIJJII'I."I: be silly, Dave,” xaid she, ** s only about 1 10 6,000 and in
any case I'm the lucky one because there are three maore girls here than boys.™

The rest of the conversation was rather pri ' Tol
private so we'll skip it, Actuall
]?.::!ty was wrong because she had not noticed that Rob and Pl.inclsr.:jr wcf:;
SHting out in the corner behind the piane and this reduced the odds to 4912

o I againse. How many prefects of cach sex were ar the parcy ¢ E.M.5,

Archimedas and Hhe Tusist !

FHH'-l.-m:gnrn:l.i g hie 5'1"”'““'!

If a bag contained rwelve balls i‘;u' red, four whi
what is the smallest number you w::rui::l have to Jwirh::iraﬁt.ru :E &i;??ﬁa?ﬁﬁ
had 1) Tweo balls of the same colour
uy  Ome ball of cach colour
(i) Three red balls? = TP,

SENIOR CROSS FIGURE MNo. 45
Swbniitted by Paul ¥. Castle, King FEdward's School, Birsiingham.

CLues Acnoss i
292 1 an
4.
{6 +2e palindromic.
Xs 4+ 44
dix — 32,
(22)°
2
11, 2x 4+ g L+ 2 {d— x2.
12, 2v3d 4+ = . 2,

CLUESs Dowy -
L S ¥

B

=

COnly whole, positive nurmbers pre

FREAR AN
-
cal

_;".a.'. imvolved in the works =
ﬁi— 1) {x=— 20, 5}_?_-:15. ]"H-i:: Eucss nrw.;r:}!;; ﬂ?lﬂﬁ:ﬂﬁﬁ
RS e values of o, by oy dy o, ) x5 ¥
] & o= Ay, 2 can he c!cr:i:lll."-;:i from :h-u:. E{ucﬂ. Fo and
367
381848 39004 46974 86762 63516 AR2T6 S5H4H5 SEH45
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c Mathematical Elegance-—

Y

B
F———

One of the interesting features of mathematics is the facr thatg, if a -

problem iz soluble, there are usually several ways of arriving at a solution —
some of these ways may be more direct than others. As you become more
proficient in your mathematics, you will learn to appreciate " elegance ' in
working for a solution,

An elegant solution may be described as one that is reached in the fewest
possible steps — each step being clear and logical.

When vou are learning mathematics, however, the solving of problems
serves a useiul purpose in gaining familiarity with a useful theorem or method;
a longer way round, therefore, may sometimes provide a befter exercise.

Ax an example, take the problem illuswared in Fig, 1. Two siraight
lines intersect al V" making an angle . A point X is distant  from V and
XV makes an angle & with one of the lines. A line is o be drawn through
:;i.', intersecring the two lines in such & wav that they cut off a length equal to

2.
Methad I.—making use of circular sepments and sublended angles. - Draw a
baseline and cut off a distance PO equal to 42 (Fig. 2. Ar P and O draw
lines making an angle (90" ) with P so that they meet at a point O : then
angle PO =2, With centre O and radius OF (=00 describe a circle

68

RI517 O2H35 21296

15687 20716 34456

50029

e o e el =

passing through Pand . PQ subtends an angle cqual to « at any part of
the sepment on the same side of 70 as O

Take any point I at random on this segment and join P, Q). Through
I draw 8 line making an angle & with VP and mark X and X' on it—distant
gy from T, one on either side. If X cuts the circle at A, then AP will
subtend an angle & in the segment AV, If the point F 12 moved round the
circumference so that X X1 always passes through A, the points X and X1
trace a curve or locus ; this is the heart=shaped curve AXNSTAXY.  An ecasy
way is 1o mark a series of points Fy V2 Vi - - - on the ¢ircle and to draw
lines through A and these poinis. With a pair of dividers mark off the
distance ; on each to give points such as X, Xz X3 - - - Join the points.

The curve AXSTX! is called a fermacon § the point A 15 called the pole, The

curve cuts PO produced at 5 and T, Since L7515 cqual to ) and the angle
PUQ 15 equal to o, the configuration SPQL is one solution of the problem ;
similarly, TWIFPQ is another. Mark off VP = UFand FQ =80 also VPr=
WD and Q=W The lines XP, O and X P2 (22 provide the two solutions,

Method 2.—much shorter ;3 more elegant? (Fig. 3). Let AAL and BB!

Continuwed an nelt pags

3649

40435 23117 GO0 51012 41200 65975 5H512

Telys
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GEORGE BOOLE, 18151854

. Nowadays students” grants
| ensurc that no bright boy or girl
= is denied a university education.
A hundred and fifty years ago,
24 John Boole, a Lincoln cobbler,
2= could provide no more than a
' primary education for his son,
= bur the end of school did not
R T g U mean the end of learming for
N e - George Boole. Mr. Brooke, a
& '@ . bookseller, taught him Latin and
- i from borrowed books he raught

G 2 22 himself Greek, French and Ger-
ST e man. At 16 he was able ro obtain

;-:.:_; 1 I|'.' ;:' ek )

'Bﬁﬁ!ﬁ:ﬁ%ﬁ Pty gl lfTTT i a post as an assistant in 4 small
I T S private school at Doncaster. At
= 20 he established his own school

im his native Lincoln.

He becgme -interested in
Mathematics and, without help,
he worked through all the books
he could obtain. When he was
24 his first paper was published

A DIAL-ADDER

Material - Fairly stiff card, 50 used matches, three § inch screws, wooden backing-
board about 14 mches by 5 inches, balsa woaad, glue.

{oarri chFaic fr o

1. Cur five 4 inch diameter dizcs from the card.
2. Use a protractor to divide cach disc into ten equal secuors.

3. ]:I-]:'al.'q.l_ two circles of radius 17 and 1} inches radil on each dise, concentric with b B in the {:.gmhﬁdgn: Marthemanical
the disc. - . e cmaced dialling slots | - Journal. Before his death at the

- ﬁ;ﬂ‘t‘iﬂéﬂ;;fmﬂ sectors as guides, Ut cqually 8P aTlng wions age of 49, he had published over 50 impnrl::&ntf[:i ers a;:l.ac} several hﬂﬂ]md

) ' — . ther - » He developed original ideas in the treatment of differental egquations an

> :i:t i?"::hﬁl:'ﬂhmﬂ tr:df[:{mdﬂ ; m,:ﬁe bim tﬁ :’dgt of ﬁ ;,-LT o Eﬂf‘ﬂ“’: finite differences, but his greatest contribution was his work on formal logic.
carricr. ‘This is the units dial. As lawvyers know to their cost, it is difficult to make complex statements

6, Cut three discs of dimmerer 24 inches. in words which can be understood, and understood in one way only. Boole
7. Repear instruction 5. On the underside of the double disc, stick ten matches conceived the idea of expressing arguments in an algebra which uscs letters
ﬂdiﬂu‘j’d. all il.l.it !.'I:H.Eh!.‘l‘.'h,;t the -l:'irl:'l.lﬂl.'lrﬂﬂﬂl:h P-Ellf'l'.!.:f cover thesce b'.'!r E'“JD.E: oo s_mnd :ﬁ:"-_'- statements mﬂ :E-]F:I'I:I.hﬂ-]E Ty m.d ﬁ}: Wﬂrdﬁ, 'El].':h a5 “ﬂ_‘ﬂd;"

on 8 2} inch dise. This iz the tens dial, Conti - g8 “or.” “not.”® His work attracted such attention that this man whose cehool -
ing had finished ar 12 was made, at 33, the first Professor of Mathematics

TR of the new UﬂJ\rﬂTEit}' of Cork.
63288 22505 45255 64056 44824 65151 87547 11962 3773

Coryright by (@ Marhrwarical Pie Eud. 24901 14195 21238 28153 09114 07907 38602 52522



The rules of Boole's algebra of logic n:hfﬁ:r from the ru]::s of urdmarjr
algebra. If @, b, and ¢ stand for numbers, “-+ means * plus™ and "™
means - mult h-m:l by,"” we know that

a H{b+¢}—{a:{b]+{a—!—c}mtrunaand

a +(bne=(a+b) xXig+ c}mt‘als-e -
but if @, b, and ¢ represent statements, ‘" means “or” and T X7 means
“ and,” h-m_h 5tat¢m-|:m3 are true.

In 1938, C. E. Shannor, a student of M.LF. saw that Boolean Algebra

could be a maﬂ problems in electrical circuits. The Bell Telephone

Company the algebra as a means of nml:.rmng faults in telephone
::m;num Now, Boolean algebra is in everyday use in the design of auromatic
-:-n-ntrnl systems and of compurers. Dll:ler algehras derived from it have led

t discoveries 1n I:l'll.-E]Eﬂl‘ C.V.G.

m:::! Pie pamphle Fletcher frncludes a seciion

LoH O wamn.:!l r:ﬂmafe:trmf circuiis.—ED.
ﬂrﬂrﬂwdhmwmdmﬂrn R. H, P. Boole, corn of e daveamdarnis,)

Ths

arn rhe
, T deosatng of O

WITHOUT A WORD

Each empty square requires one figurc so
that the working from to bottom and from

left to right is correct. the rules that
u have been given in ordinary working,
ODMAS:. Can wyou find values that abey
BODMAS? B.A.

DARK GLASS

You have some pieces of dark glass.
Each piece reduces the light passing through
it by one half, By how much is transmitted
light redwced after passing through (a) 2
pieces, (b) 5 pieces, and (&) 10 pieces?

J.E.H.

CUTIE

Cute decides to start saving for her
Summer holiday by putting something into
her piggy bank every day. On the first day
she put in a penny but she realised that a
penny a day would not amount to much so
the next day she put in tuppence and on the
next day she put in fourpence. If she kept
this up, doubling the amount every day, for
a month, how much would she save ¢

C.V.G.

374
62591 66854

51333

T429% 28180 72471

FOR EXPERIENCED MATHEMATICIANMNS

Great interest was shown in the problem of finding the of the sides
of the triangle circumscribing three circles. which was given in Issuec No. 46, It
npp:nn: thar ouar ** ienced mathematicians ™ have an ape range of eleven o

over seventy. 1 he standard of the enrries was very high, piving both calculated and
drawn solurions. EBExcellent riuninies existed for slips in the calculadon and a
number of the artempts took of them. The lengths of the three sides were
17.05, 31.02, and 34.€5 inches correct to two places of decimals.

C. M. Booth: Pinmer s Doreen Broadberry, Shirley ; Mrs. V. W. Carter, Bury S
- s LINnner i - ) f.
Edmunds ; A]m:n -I::nu]r: Wﬂﬁﬂ-ﬂp&% If:r-u MNew -Ell:ln:n-:n ; James T.
Donan, Y G. F*Gn:m, = Alan HJI]n: mehmn Vanessa H:Il,.
Easr Kil 3 Iln-'_l.r . Jones, il:s-ill Gavin Kelley and William Taylor,
Billericay ; Miss R. Ellih-erg:, Sunderland ; Dl:u;l'l.ﬂld. M. Salisbury, Baldock ; Mr. C.
Sanders, Gaildford ; A. Sims, Mewport, "Mon.

A STAR
DISSECTION

/2\
\/

SOLUTIONS TO PROBLEMS IN ISSUE No. 47
PAIRS PROBLEM The first part is satisfied “1}"!,5; 4 %93 1%

Lt the numbers be x and v, then o = (X 4-9) ==
e 22 EE L A e factors of 216 are 28,35,

=1

Hence the possible pairs are 100,33 T34 5 55,55 39,7
WITHOUT A WORD

Three secrs of sohnions arc possiblc.

3 — 1 % 4 == B £

5+-l-3—-3- -

P E 6= +

WEIGHT OF RATHN (GlHing on onc acre s J01] toms,

THE SATL would reach the top in 9§ days.

THE EQUALLY DISPERSED onions would ctotal 37,

A CUITTING FROBLEM with the cube would leave & volume of 384 46 cubdc inches,

The momber of prefects at the ODD'S O Valentine Dance was 33 ; 15 girls and 15 bogys.

Trea FOLIE. balls from the bag would ensure that two were the same colour, MNITWH balls
o erisnTe At legst ome of each colour,. ELEVEM balls wouold have o be removed foom
lhahllluheﬂ-ﬂlﬁnihlllhlﬂ'ﬂ'ﬂt!ﬂ

EEMIOR CROSS FIGURE No, 45 Si:r-ﬂﬂtﬂﬂ!dﬂwﬂlltﬂ#tﬂmq

28,9 ; 25,10 ; 19,13,

B = s

-+

Y AT
O L ol
111
U 0D
b w]
| +1

i 3 el

R P
—— 3 e= 3
6 = 4

Croms Aceoss: 1. 136 ; 3 28 ; Llﬁiim&m m.m:-l llﬁ-E 12 1632,
Crues Dot : 1. 108z 2. 640 1 3. 2077, 4. B4 7, 2106 5 B, 341 ; ©, 512 ; 15, 6.
mgmye " e 1 mnd S*ieoe n -
I. lllll - "R EE e o —
2 4 6 2 a1,
IUH[L‘;IH'. CROSS FIGUEE Mo, 40
ACROES & 74 5, ]Hl T. 28 - B 35 = 9. 1273,
%ﬁm z.':mi 13 6. 121: 8, 37
379
95889 TOG95 36534 C4060 34021 66544 37558 20045



Conrinusd from pages 390

8. Omit instruction 5 but repeat instruction 7 on the remaining 4 inch disc. On
the under side of the 2} inch covering disc glue ten egually spaced matches
rdnmﬁm;,mgmn&m:h:mungz;mmm This is the hundreds

9. On each dial mark the digits 0 to 9 about 1 inch from the centre on the radii
through the dialling slors as follows :

UNITS DIAL Enter © immediarely anticlockwise of the carrier, then continue
with the remaining digits in an anticlockwise direction.

TENS DIAL Enter O immediately clockwise of the carrier, then continue with
the digits L wo 9 in a clockwise direction.

HUNDREDS DIAL  As for the units dial,

10. Draw a central line along the length of the backing-board. On this line mark
the centres for the discs 4} inches apart.

11. Cur three 2 inches diameter discs as cover plates for the faces of the dials, In
each cur out a one-tenth sector so that one digit only can be seen at onoce,

12. Screw each dizc assembly o the backing-board and srrange the cover plates so

thar the digits are viewed ro the left.  Glued 1o the screw head, the cover plates
should be immovable.

13. On the board, mark the digits adjacent to the dialling slors as shown.
14. Consrruct dialling stops from balsa wood and ft them so that they do not

obstruct theé carriers.
15. Moark in arrows o indicare the direction of dialling.
The discs are designed so that the tens carrier does not operate the units diad,
Having completed this model, try making one for another number system or for
pounds, shillings and pence. How counld the machine be uwsed for subtraction ?
D.1.B.

A LADDER

A ladder stands against a vertical wall, and the foot slides away
the ground (which is horizontal), what is the locus of the mid-point ? S.T.P.

Under the integers lslldaiﬁ,?wﬁmnm:hnwuﬁha
same integers. Find the difference between the two i each
column. Prove that these absolute dafferences cannot be all different.

A book token will be awarded to th= best solutions —ED, RHC,

Write down the next term in the sequence 1, 3, 5,12,24,30,129,24{?.

SOLUTIONS TO PROBLEMS IN ISSUE No. 48

It has been decided the: the solutions of the problems shall be given in the current issue except
for comgpetitions and Cross .

WITHOUT A WORD: 8= 2 4+ 5= 0, 2 =3 4+ T = 65 +4=—31= 3

TWO DARK GLASSES reduces the lighe co one balf squared, or ome guarter ; fve pleces 10 obe
ﬂiinr—wwﬂqﬂ.nndt-:ﬂtd{}!“ﬁtthtmﬂi}g: a

CLUTTTE had saved 2% — | pence or owver four mallren pound s
in a thirry day month.

THE 5 TERM SERIES which adds up v 153 in
112 +3] +%01 45

A PENNY FOR YOUR THOUGHTS shows the values *n
penice ol the curpencey of the counury $0 vhe et verm will be 1, 2040

DISE JOCKEY RIDES AGATM, The needle travels.
aborur 13 3 along an arc of o circle,

A LADDER falls and the pach of the mdd-point of the ladder
iz m quadrant of a circle, v

THERE'S NO CATCH, The boy scored I rns.
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60357 90646 92565 04936 BI836 09003 238009 20345

PRESIDENTIAL PROBLEM

LYNDON Each letter represents a different digit. Can you
B identify this multdplicaion problem ? R.M.S.

JOANSON

THE 5 TERM SERIES

The 5 term series 1222432142452 involves the first 5 natural
numbers in order and adds up to 55. Can you devise another series of
5 terms involving the first 5 natural numbers, one per term, which add up
tw 13537 R.M.5.

DISC JOCKEY RIDES AGAIN

The diameter of the latest top 20 record is 7 inches. The outer 4 inch
is blank and the unused centre has a diamcter of 34 inches. If there are
91 grooves to the inch of radius, how far does the needle move during the
actual plaving of the record # _ R.M.S,

One track of Tom Lehrer’s latest L.P. record is called New Math,.
We invite you to listen to the recording and write, in about 250 words, a
similar monologue on some aspect of the new mathematics. A book token
will be awarded to the writer of the best attempts which will be printed
in a future ssue.—ED.

THERE'S NO CATCH
There was a boy who played cricket,
But he always used to smick it
The square of his score,

Plus nine times it — Not MOTe,
ualled the length of the wicket.
he make ?

MODERN CROSS FIGURE

How many runs di

13. Number of combinations of 11
things taken from 13.

CLUES ACROSS @
1. WVectors, (8, — 2% +— (4,7).
5. The reciprocal of 0.618.
8. The binary number 101000010 in

denary, ‘

10. The pumber of possibilities with
2 dice.
{A]J perfect c:ul:-c-s} ﬂ{MuI-
tiples of 3 below 100, }

. T'he |:!il'lI:I-I:|'Lll:1: of the number of
edgezs and the number of faces of
an cosahedron, - . _

4. Pf;?;“ﬁ?wmmmﬂ . Tan # when sin & = {3, as a deci-

T oy oy Sy T B -
g. Ten omes tl'n:-h siz¢ Of 1 across. 15, nﬁi"" eed, mfé;ﬁ'::il?':':"t?fﬂ h":fsllt*
o,

R 11.
Croues Dowes:
124 4 32 in base five, 12
Both =solutions of
¥2 = 11x -+ 30 = 0, smaller
first. 13

o

67.61 francs in lire to 3 sig. fig. when when g = 32 ft. per sec. per sec.

L1 = 1368 [; and £1 = 1740 lire, Chriir cormmas and decimal poinrs and
Twice the second prime after 131. ework ro the appropriare ruonber of figures.

12, *.n--F ;(1-2 <+ 4% dx o 3 sig. b D.L.B,
Take = = 3. 14.
3T
70791 19153 26734 30282 41186 04142 63639 54800



Golden Ratio and
Fibonacci Numbers

| FHE -G::I-LI:IEH RECTANGLE

| £ ot
!h--
L!'Il b= I LLNIT

THESE COMNYERGE TO 1'6i83 — THE GCOLDEN RATIO

FiB O ACCH EEHIEE

THE S5UM OF TWD COMESECUTIVE TERMS
GIVES THE RMEXT TERM IM THE SERIES

| Lewnarde FJ'H-:Ir'IIII-II-I:I- ar

TAKING RATIOS OF COMSECLTIVE Das AL P
Py T .tf*if:’:‘ﬂ,u
R S e e SUM CF HUMBERS |72 ,

LINE GIYES &
FIBOMNACCT

| ntf=l=l = O
; 1 m 2 14

Lt
sl =12 JF = 1818 for-0-618)
L
I 1 - I
SOLDEN RATIO Is LEIE TEiE
= "8 ar 518
E:l.'-n 3 Decimal F'I-i-l:-li:r

MLUMBER

1
!
I
i
:
:
4
1

THE PENTAGOMN & PEMNTA GRAM
contain the GOLDEN RATIOD

Al AC _ PC Q0 e
B PC T Oc T PQ e

Month & 0Otz e TROH o TN g pnea U R oas raa TN Has

THE MUMBER OF PAIRS OF RABBITS LIWVING AT THE END
OF EACH MONTH IF THEY REPRODUCE TWO MOMTHS
AFTER BIRTH WITH ONE PAIR OF OFFSPRIMNG EACH MONTH

L.E-M-ﬂ.rd.-ll-ﬂfﬁ'.:lﬂ.- NP - I1.=.|i4:ll:! ,
.-4-":-*'

b DI

= i2 % £ 8 I3 27 54 55 A9 (44 238 —-=——

O EACH DOTTED ‘,!3,-"'"&""-1

.ﬁ SUMFLOWER SEED-HEAD STUDIED

I"rroOr-

s i

“20"15 & 1

|
""'}5135352171

J,HB 56 7O 56 28 8 |
19 56 84 126 126 A4 36 9 |

Ew)

THE LOGARITHMIC SPIRAL

LET 3IDEF = 3
% = cim 187 ,‘.E - ginld"

x =2R3n 15* - E.T-I: ® Or 3080
+a 2 = OGIER

w’“‘ HAD 4% CLOCKWISE SPIRALSE AND TG SHOWR 1M THE GOLDEM

ANTI KWISE SPIRALS. 28 =167 . RECTANGLE i5 PRESENT

e - s [ f - b)) SERIES cOULD BE 154 711 13 294776 1N THE SNAIL SHELL &
FROM : o oed E.n:.-l-d. Eq,-l-?.nl.. Ba sy e e i M ANY SHELLFISH .

Birth. o 1 Puir A LARGE NUMBER OF FIR CONES STUDIED HAD LD - 52'-!
Month 1 Tl 1P 8 CLOCKWISE & 13 ANTICLOCKWISE SPIAALS |$*34-11==1
Hmﬂtm el 2 Pairs L. H‘H-:;_EE = |
i-hnﬂl,ﬁm{ﬂﬂﬂ 3 Pairs +, . | EfR e 3O =
. e == |'B6l8 3 T8 — A7) = |

month 4 T g reet T8N wag 5 mine . £ 345 —21°55 |

Month 5 TS} o3 e d 000 s T e25 0802 B v IS Pirs REGULAR DECAGON

LET RADME =R

" ~ONSIDER A LEAF ON A STALK
FREAQUEHMTLY THE WNLMBAER OF
LEAVES COUNTED T3 THE MEXT
LEAF EXACTLY ABDVWE THE FIRST
will BE & FIBONACS WUMBER;
A5 ALSO MAY BE THE NUMBER
OF REVOLLUTIONS ABROLT THE ;
STALK. i

- w — B -
. ‘

\F MUMBER OF REVOLLUTION 5= m
AMD MUMBER OF LEAVES =n

ARRAMNGEMENT = M3 SPIRAL.
41

2000 YEARS AGD
GREEK GEOMETERS WERE I

INTERESTED IMN THE GOLDEN

RATIO, THE RATIO I3 WEED
I THE ARCHITECTURE OF
THE PARTHENON.

DURER , THE 16 CENTURY
ARTIST, USED THE GOLDEN
RELATED S5LOFPE 1IN FAIRTIMNG
AMND SCULPTURE .
LEQONARDO DA ViMC! FOHLUND

THE SLOPE |W THE PHYSICAL |
FORM OF THE MUMAM BODY. |

COMPOSITAE FLORAL FAMILY

WALL LETTUCE 5 PETALS

OXFORD RAGWORT 8 PETALS

RAGWDORT 15 PETALS
.1

L B S " R —— ——

Th: F:'I:r-umml sequence of numbers owes its name 1o the I'l:almn m-nﬂlcnutlﬂlﬂﬂ.-f
Leonarde of Pisa (olten abbreviated to Fibonacci)l, Born in Piss beoween 1170 and

1175, he was educated at Bugia and travelled about the Mﬂtﬂﬂﬂnnﬂﬂw llecting
in[::rrmltmn about mathematics. In 1202 he returned o Pisa and Liber

Abaci,’ 2 book which established the introduction of the Arabic n.mn:m in Burope

and provided a foundation for future devilo ts in “E’iﬂ and arithmetic. In
1220 he published a book on grometry entitled, * Fractca etria.’
o4& Q oTe 9 0 13 fag 5 ')
lT? T°T°% TT? e
i i i i 5 [3 o 2 -l".:l
? 4—-‘——— 53 (=2 o | o |
s 2 {1y 14
i 1 [ o o -gl}
.ﬂi‘h.ll- E F-lrn.l.f.r
376
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A dmm: bee [',.I'I'.I.iE.I-E} has a mul.'h:r but no father, as the queen's unferrilised eggs
hatch into drones. The gueen's fertilised epgs pmdu-:-:': either worker bees or queens.

The diagram shows why the number of ancestors of a drone must in any generation
be a2 Fibonscei number.

The s i also found in floral families when the number of petals is con-
sidered. ‘i%i: has relevance in evolution.

Ranunculaceae family : Burtercup, Larkspurs, Columbines, some Delphinivms,

all have 5 perals. Lesser E:linn:l:m:a and other Delphiniums have § petals, Globe
flower seme Deuble Delphiniums 173 petals,
Compositae family -
Wall lettiece (rare) 5 petals Kageeerd (fairly common} 13 petals
Oxford ragwort 8 petals Asters (hairly commen) 21
Freld daisies (most commont 34 petals

Michaefmias daisies 55 petals or B9 petals
Of course, one cannot expect o And these exact numbers on every example, due
to variocus mutations which might occour, but in general a mean score would definitely

tend towards these fgures,

References : Fibonacoi Numbers by ™. N, Yorob'ey, publlshtd by Pergammeon Press ;
On Growth and Form hﬁrﬂﬂ'ﬂm W, Thompson ; Recurrence Relations by T. .
Eletcher, Marhematical The Golden Ec-::mn or Golden Cut by Manning
REobertson (Joumal of the Rn | Institute of British Architects, Vol. 55, MNo. I,
1948 ; The Language ufi"r'lﬂthnlmnl: by Frank Land.

Some indication of the uses of the Golden Section in sculprure, painting, archi-
tecture and fuarniture is given in the book, * Pracoical Applications of 5[:l:lﬁn:llrnli: E¥m-
metry * by Jay Hambridge, published by Yale Press, 1932 D 1B
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CHIMESE CALENDAR
The history of the calendar is the

'H Y ;E story of a s to combine lunar
ﬁ.:.: e "ﬂﬂ..—ﬂ months of 291 days with vears of
ol VISR L R nearly 3654 days. In the West we
= Ei me long ago gave up the attempt to relate
Fe Ly 'H'.._,._ﬂ the months to the phases of the moon.
' Sl e D, Cur Gregorian l‘.'_‘..alg.‘riu:l.ar Mﬁuﬁ:ﬂ the
=g tF =1 =5 R4 vear., fhe extra days in years
E: on & = g : ensure that the calendar is nttrEr more
- v = BN .. than half a day out.
BE ) #7111k ma o BT The best compromise was  the
ol us od o T - - calendar formerly used in the Near
- 4 | v BN East, Months of 29 days alternating
—— IR S with months of 30 days tmk-car::ufr_h:;
] E L | / moon, but 12 such months are 94 davys
(T —ﬁ_ﬁ Ehﬂr'tﬂfa:,mar. Te make this uap,
Haine = : : :
£ T =S F . fem months. There was no regular system
N '_EHE of decading when this extra month
& i e vivaenees should come. The high priest, and
11 EEf +"’;';g i lat:rththﬁhup,inrnt:ilihtt;wn;n;:ﬁd
o ; mspect the crops. e thought the
"e “’ H—HR harvest would be late he would order
° s month Berbaps the N.F.U, would
f month. Perhaps the N.E.L.
0 375 =k e o liketuiutrudul:el;:his systern in England.
Fa = 1= —] ——
O~ ! After the Arab conguests, Moham-
- : : _ 5 5 med ordered that every year should
Eui-_ K4+ b :;;; ; X hawmtwe_]ve: muuﬂm.}'}'hjﬂTmﬂnE- that
- - : the Mohammedan ™ IWew Yecar " wan-
hEp* m‘-ﬂ'_ﬁﬂ_ ders round the trus year and falls in
E: " L hE ] wl o weRl: B ﬂlEMIDEEE?!EEﬂ&hﬂutEFEr}TﬁJFEf}FﬂIE.
e EE :h:‘l':—_;a The E@mﬂegautupth:‘imlgglﬁ
- : et B even earlier. The Chinese ™ year
:m'. e e LT consists of owelve lunar months, six of
=% L o ey 29 days and six of 30 days. The leaf
il “"I—HR from a Chinese Calendar shows that
- SR China celebrated New Year on January
ee e e e 218t 1966 1
- i uy NG9 . The calendar shows the dates in
ey e v . Chinese numerals. FPerhaps you can
o - o+ =se.me gdennfy them. The Chinese have
-t T} wp T 92 M3  numerals from 1 to 9 and symbols for
- i “tens,” * hundreds,” * thousands.™
2 - i talwmgrl =0 JF we “wmaiﬁfzﬁ#-gﬂ%ﬁ f]LlEtﬂE‘i;:
OF Q . = e®® might write . we would
2 HE!— usmgaaﬁmmhk:theﬂhmese
= o) sw. mwm: a- There 1Is just one complicaton
| EE . PP, mstmdufilﬂndﬂtthmmﬂpeunl
T &N @ .. combinations for twenty and thirty,

C.V.G
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Corprithe (@ by Mathemrical Fie  Lid-

001 1 F2970

x "IN

mathematical pie

Esitorial Address > 100, Borman Rd,,

No. 49 Shirley, Solihall, Warwicks, England

OCTOBER, 1966

CHASE ME CHARLIE

Cutie was sunning herself on a raft ar the centre of a large swimming
pool when to her annoyance she saw an ex-boy friend waiting at the edge of
the pool with the obvicus intention of pressing his unwelcome attention
on her when she came to the shore.  She knew that he could run four tumes
as fast as she could swim but once on land, she could easily outdistance him.

It was beginning to get late and she was hungry as well as annoyed so
she devised a plan for outwitting him. What was her best strategy for reaching
a point on the land before he could ger there 2

Assume the pool 15 circular. R.M.S,

'zfm ’

=

-

WHENMN WRITING NUMBERS

iting numbers in the binary system, the various columns
correspond to powers base two.

i.e., 16 8 <+ 2 1 in the denary notation
1 Means one

1 0 means wo

1 1 means three, «tc.

Hence any number may be expressed in terms of the symbols 0 and 1.
Twenty-five is 11001.

Suppose the columns referred to rthe rs of minus two, Can we

powe
express any number by the symbols 0and 1 when the headings of the columns
are 16 =6 + =2 17 R.H.C.

381
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WITHOUT A WORD

Each empty square requires ong figure so
that the working from top to bottorm and from
left o right is correct. BODMAS applies.

BAND CONSTRUCTION

In my pocket I carry around what used to be a combined ruler and
pratractor made of white plastic. It is an accurate rectangle 6 in. by 2 in.,

but the constant rubbing mm my pocket has obliterated all the markings from
it. Recently, I used it to bisect a straight line 3.7 in. long and alsc an angle
« Fabaur 577, In my wsual forgetful way I had left my compasses at home.,
H »w did I do the two constructions #

A parallel strip withaut markings is called a band. R.M.S.

HOW ODD

Make a table of the valucs of g2 fora = 1, 2, 35, . . working on upwards.
For each base inspect the last digit of each power and see what you notice

in cach case, For example, if we begin with base 4, 41 = 4, 42 — 16,
47 .- 64, 44 — 256, 45 — 024, etc.

Here you notice thar only two digits 4, 6 turn up as the last digit. Which

kind of number do you have to have to be sure that 9 digits can turn up at
the end,. Can you explain why this is so ? R.H.C.

INITIAL ALGEBRA 1

Some shopkeepers use ° private marks ' by which the price of an article
is stated by letters representing numbers. Usually these letters form a code
word if arranged in the order that corresponds to 1, 2, 3, ete.  Can vou find
the code word used in the shop where the following was seen? The mrade
prices are likely to be between 15 and 25 per cent. of the retail price.

BRUSHES

B quality A quality
Trade retail Trade retail
1 1n. O T 35, 3d, R/E 3s. Od.
2 in. NA 55, 6d. NIT 5z, 10d.
3 in. AHH Bz, 9d. S/L D5, Had.
4 ., HE 'R 125, 6d. HH/A 14s. 6.
& . HATA A0=, 6d. HT'A 225, 6d.

Submirted by Mr. G, Edgcombe, Plymstock Comprehensive School.
FRUITY REMARK

Whar happens when you count apples in fwo’s ? R.H.C.
THE LATEST JAZZ GROUP?
Logarithm. (Say it slowly). R.H.C.
352
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JUNIOR CRO55 FIGURE MNo. 41

Adl the cdues and answers are 1n the scale of five,

ACROES Lowey

1. 234 = 12 I, 243 = 102

B, 212 e 210 2 24 2. 111 reversed -1

1. 4% 4 33 + 23 — 13 3. 2123

12, 2,021 — 1.442 10. 43

14, 30 o= 38 =33 =31 — 30 13, 42 | 41 — 40

B.A.

[eQuivaient S£75: . | [RENAMING TWOL SUBSETS] | ALy | WANT TO KNOW I,

CNON- EQUrVALENT SET3Z [HNALNG SETE, .. ML BER
CSETS OF ONE SELT OF TI-H:II Iiﬁﬂ'ﬂulﬂ'.'-ﬂ_:_.'

Sah

"LI_..-—_-IIr ——-i

SOLUTIONS TO PROBLEMS

IN ISSUE No, 48
PRESIDENTIAL PROBLEM

LY 2=D0N 70140
i G
JIOHASON F420E40

MODBERN CROSS FHUHIE

CrLors Acwoss: (10 1235 (5 1618 ; {8} 322; 100 363 (11 275 (12
G600, 213 1875 (15} BO6.

Crwes Dhowa: (2% X2z (3F 56; 4 1321 ; iéy 130 ; (7 BEDO;

(G) 2T&; (121 6595 (14 TH.

SOLUTIONS TO PROBLEMS IN ISSUE No. 47

CHASE ME CHARLIE

She must first soam o that the raft i3 glways between her and thie boy, gredeally increasing her
distance from the raft until she ds § radius from the ceneee. A this diseance from the afi he con move

rosthd the edge of the pool with the same angular speed thal she can soriom, <o she CAN FaIN W MOre in
thie way. She must now tarn and dasih srraighe for the shoee. She bas § radiue o travel whuale hc Skas
o radii o0 cover AL four times the speed.  As P is Jess than G she will armve there first and make her

CECAp.
WHEN WRITING NUMBIERS

It it posnibde Lo write numbers ia this way, Forexample, theeeis (11 inthe scale of = 2, fe., § = 7
+ 1, ared teveos B8 DIOQLL, e, FO=8—= 2 — |.

BAND COMNMSTRUCT IOMNM
The foldtians wil] be piven 119 the fext 1sFue,

THETIAL AT GERBREA I
The code word wazx HORN 2PASTLI, probably HORMNCASTLE:,

FRUITY REMARK
Whet apples are oouneed an two's do they Become pears 2 (pairs ).

ABRCD I5 A SOMJARE
e oukt oy {8 mecessary, bue the Folding is left 1oy,

HIGHT EIGHT'™S

BEE - BB + & - HE— 8 o 1,000,
BACEKWARINS
There are xix years bevween 13t Janyary 3 B.CL and lac January 4 5, L.

SMALLEST MNUMBER
The smaliesr nombeor 1= 59,

WITHOUT A WORD
2 Fm T, 76 %2 m -5 1=2F 4 = 3, B.A.

387
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ANY SCALENE TRIANGLE

In any scalene triangle, draw a line perpendicular to the longest side to
divide the tmangle into two equal arcas. Explain your construction.

Book token for best solutions received by 30th NMovember.

NOT A HUNDRED PER CENT FIT

' 25%, of patients can be cured completely, and 902 can be sufficiently
relieved of their symptoms to make life tolerable.*

S0 said a doctor speaking on television about migraine.
It would be interesting to know what happens to all the others ! S.T.P.

@UOTE

Al ! why, ve Gods, should revo and favo make four 2
ALETANDER POPE

LETTERS TO THE EDITOR from GENERAL TAIKOFF

Dear Comrade,

Evervone knows of the biilhant achicvement of Colonel Blastov in
successfully landing his space craft on the chief planet of Alpha Centauri,
Unfortunately some damage was sustained and a return journey is not pos-
sible. Suitable conjunctions for the despatch of a recovery expedition will
not occur for another 37 years. In the meantime, Blastov is wansmitnng
observations of considerable interest. The dominant creatures, who call
themselves Yaffels, are not men but cequal men in intelligence, although they
are 3,000 years behind us in technology. They have a highly developed
language and have considerable skill in arithmenic. To represent numbers,
they use the three symbols -, ., and : which they make by striking their beaks
on tablets of wax or clay. They have never developed an algebra because
they have no alphaber. In writing, they represent the 25 sounds used in
their language the numbers from -12 to 12, Blastov has sent the
following cxamples of computation ;—
which appear to be an
addivon and a long mul-
uplication in Yaffel no-
tation. Unfortunately,
because of interference,

. b the remainder of the
.t transmission explaining

= e thit notation was not
" received and it is im-

—3 & % % » » & possible o ask for a

repetition as Blastov's receiver 1s ot functioning, Perhaps one of your
readers could interpret the notation and provide me with addition and multi-
phcation tables mn Yaffcl notanon. Honorary membership of the Order of

the FEed Rocket® will be conferred on the solver.

Yours co-fraternally,
A, Taworr, General.

*anf afse o book (oken for rhe best effort—En., Mathematical Pie.
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ABCD I5 A SQUARE

ABCD 15 a square cloth that has to be cut into 16 squares of cqual size.
What is the least number of cuts that are necessary 1o do this ?

What is the least number of cuts necessary to produce 64 equal squares
Folding of the cloth is permitted. J.F.H.

Do you ever say things like * Two minuscs make a2 plus ™ when it is
obvious that -2 -2 = —4? Or do you think that eight 8's always make 64 ?
If so, try flling in the necessary mathematical symbols in this skeleton
cquanon to show that eight 8’s can make 1,000,

8 B 3 8 B 8 8 8 = 1,000

{(And be careful that you say precisely what you mean next time 13,  S.T.P.

If * resents one of the sipgns -+ or — and T 15 the other,
decide mFi:ch!:lis which if a®*(bf{{e) = {a'b}ﬁ%a':} buTI.:} FPTEREE e OTher
atHb®) # (atbr*(stio. C.V.G.

BACKWARDS COUNTERS

We are used to seeing numbers arranged like 4, 3, 2, 1, 0, =1, -2, -3 and
make such a scale when we draw & graph. What happens when we go
backwards in time from 4 AD. t0 3 B.C.? How many years were there
berween Ist January 3 B.C. and Ist January 4 A D, 2 J.IF.H,

What is the smallest number which leaves
a r:maindcrnféwhmdiﬁdﬂdby 2
55 / b 3.

b} L1 13
23 L1 L1 3 3% L » 4
¥ >3 33 4 Fl L L 2

and » 3 > 23 3 a3 3 " G? 3 I

SENIOR CROSS FIGURE MNo. 46

Submatted by Mr. T. Noble, Baguley,
Marnchesrer.
CLues Doww ¢
A square meversed.
A square,
A cube reversed.
A sguare,
A cube sguancd.
A square.
Another square.
11. The sguare of © 9 across,”
13, ' 1 down reversed.”
14, A root of * & down.,”
15. The sguare rootof * 2 down cubed.”

N 1B o b

CLUES ACROSS -

1. A square. 10. A sguare cubed.
3, The sgquare of * 3 down reversed.” 11. A sguare reversed.
3. A cube reversed. 12, Twice the sgquare root of * 7 across.”
7. A square, 14. A square sguarcd.
9. The square rodt reversed of "4 16, A cube.
down reversed.” 17, A sguare.

383
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1=

— I | r
1 F50
E
1 l2(3|4|s E]LHE B _ L
5 4 3 2 | l—
' - L
BERDEITN ,%H]u['
I T
| 2 3 4 5| ]
fr | +3+5+ o +[aN+(]
|+2 +3+4+5 = 5(5x6) N2 | 7 .
—5
1+E+3+"I‘E'I"F'H \ . ..5"'5 1:

=z N[N+1]

¥ =42

- = ew

Algebraic methods for finding the sum of sequences of numbers are
well known. A geometrical representanon of the sum of a sequence is

often more siriking. The resulets of the illustrations in the left-hand half

of the diagram above are used in the right-hand example.

In the right hand diagrams, the space between the two blocks made
up of square faced-units is filled with groups of blocks made up of rect-
angular units which are an odd number of units long and one unit wide.

334
18654 36480 22967

69222 10327 48892 80705 76561

I

i ’ 'il!l”
/

-l

—

P2t 3t 4 = E x4 x5 %9 3

1525 55+ = éN[HH][EHH]

The sum of the odd numbers is equal vo the square of the number of terms
taken., Hence the complete blocks consist of three parts each made up
of the sum of the squares of the natural numbers. Two of these units
combine to make a rectangular block whose dimensions are N, N--1, 2N 1,
50 that the sum of the squares of the natural numbers is one-sixth of the
product of these dimensions.

B.A.
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EXHAUSTION

The crude idea of the measurement of the area of g figure was 10 connt
the number of unit squares which would cover 1t. It was a great advance
when it was shown that the area of a ¢ is found by multiplying the
length by the breadth, even if these are fractions. As =oon as it i5 accepted
o parallciogramms nd tiangles, on any Sgures wich seraight sides.  To fnd
0 , Or an 5 . To
thtarﬂsufﬁgu:wiﬂlmtdﬁ&t{iﬂmttdiﬁcﬂt. In the third and
fourth centuries B.C., the Greek Mathematicians invented a method which
was still in use in the seventeenth A.D. Rather surpnisingly, they
wicd the theorem of Pythagoras o find arca of a arcle. Anyone who
can calculate 3 square root can calenlate = to several decirmal
places. gGr;:k.shadnhuﬂ:rmkmlhcyhndmwmknmﬂmiuqnﬂ
rooty as :

We can start by fitting a regular inside a circle of unit radins.
Io the Bgure ABO is an equilateral triangle and P 15 the mid-point of ARB.
Therefore AF 15 0.5 inches.

Then OP2 = 12 — (.52 = 0.75 and OF — 086603,
The area of the hexagon is therefore 6 4 > 1 % 0.86603 == 2,59809,

In the spaces berween the hexagon and the crcle we it six isosceles
inangles, like triangle ABC., CF = 1 — 0.86603 = 0.13397.

So the area of the six triangles is 6 x4 x 1 x0.13397 = 0.40191. Imo
the twelve places that are left we fit twelve more isosceles triangles like ACD.
AC?2 = AP21L- CP? = 0.52 4 0.13397¢ = 0.267%4, and AC = 0.51763
0Q? = 0A% — AQ? = 12 — .2588152 = 1 — 0.06698 — 0.93302
O = 0.96592 o0 — 0.03408 So the arca of the reelve triangles &
12% § 051763 x0.03408 = 0.10584. The method consists of hitting more
and more isosceles triangles into the paps until all the space is exhansted.
Unfortunately, the mathematician is always exhausted first.  If we stop now
and add together the arcas of the hexagon, the first six riangles and the nexx
twelve triangles, we find the area of the 24 sided figure is 3.1058. By makmg
two more steps Archimedes showed that the area of the 96-sided figure
inside the circle was more than 319 and that the area of the 90-sided
cutside the circle was less than 31% or 34, and so showed that the area of the

circle was between these two values. By A.D. 300, the value of = was known
Contrmyed on pape 385
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OPTICAL ILLUSIONS

The brain interprets what the eyes see in the light of past experience,
takmg into account the a t size, shape and distance of the object from
the observer. Hence, the cfiectiveness of an illusion depends upon the
experience of the observer. Sericus illusions may occur when there 15 no
framnework apaimst which an object can be judged.

The figures show four different illusions in which the brain interprets
the picture in one way when concentrating on one part and in another when
the ¢concentration is moved 1o a different part ot the figure. It is possible
to fit the upper right figure into the lower right figure if the scales are changed,
=0 that the three circular rods fit on to the three dots and the other end hts
on to the green patch., Wuts to fit these rads have been designed in vanous
drawing ofices, but of course they have not become 2 commercial proposition.

It is hoped that more care will be exeroised when interpreting geometrical

figures. B.A.
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MATHEMAGIC

All that you need for this Party piece is one month page from an old
calendar. Ask a friend o put a square round any 4 4 block of dates. At
this stage vou write down a number N on a piece of paper, fold it over so that
it is concealed and give it to someone to hold.

Mow ask your friend to circle one of the 16 numbers and then strike
out the rest of the row and column conraining it.  Ask another friend to

circle one of the remaining 9 numbers and stmke out the rest of the row and
column leaving 4 numbers. Repeat with one of the remaining four numbers,
striking out the rest of the row and column leaving one number which you

circle.

Ask your friends to add the four circled numbers and compare their
result with the number N = |0 and behoeld they are the same!

In the soludons you will find how to construct the number N — but
before you furn te it, can you think ocut how to doic? RE.M.5.

CUBISM

Each face of a cube 1z painted with one of six different colours, all six
colours
produced in this way ?

being used on each cube. How many disunguishable cubes ﬁ}’:

WITHOUT A WORD

Each empty square requires one figure so
that the working from top te bottom and from
left to right is correct.

D.I.B.

AS EASY AS ABC

ABC is a triangle in which the bisectors of the angles at B and € meet
the opposite sides at D and E respectively. BD is equal to CE. Can you
show that the triangle ABC 15 1sosceles ? J.F.H.

STAMP COLLECTORS" CORNER No. 23

Pierre Simon, Margqus de Laplace, 1749-1827,
who was the son of a peasant farmer became a Pro-
fessor 1n the Royal Mulitary Schoaol in Paris. He was
made a Count by Napoleon and a quis by
Louis XVIII. To his contemporaries his chief work

seemad to be 1n Astronomy where he solved many
problems on the satellites of the planels, but he also

worked on probability and algebra where he developed
much of the foundatons of the modern theory of

malTices., C.V.G.
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JIUMNIOR CROSS FIGURE MNo. 41
Croes Downs

1. a-ib-d. 1. Z{o --bl.
A @ 2, dbd,
5. (a—b--d)a, 4. 2in--b)L.
& ¢b-: dl2, &. O(2b . 3ad,
9. ¥a- b 7. Bd3,
10, Twice 1 across, 2. b2 +d23.
12, afai — o). 11. b2,
13, 43 — 1. A H.

CUTTING UP THE PIE

Cui the square into four congruent pieces
such that each has one letter and a piece of
PIE, J.F.H.

SOLUTIONS TO PROBLEMS N ISSUE
No. 49

- W are sl peceivang letters o0 Cenernl Taichofl and the Scealesic
Trangle. These will be deale with In the nexr 12x00,

SENIOR CROSS FIGURE MNo. 46

s Aceoss: b I20; % 7291 5 612 V. 81, 9. Z1; I, :
B, 94 ; 12. 183 14 236; 16 135 ; 17. 441, Ui 10 40050

Crues Deowra @ I BB 2. 16 3. 72 0 4,060 ; 6. 15625 : B8 144 ; 9, 367 ;
1i- %61 ;. 13 Bdl ; 14, 23 ; 15, 64,

JLU=T0 R CROSS FIGGUURE o, 41
Elar F dower should bftave read ELT - 1 revessed.

Croms Acxoss : 1. 341 ; 4 422 ; b1, 3435 12, 024 ; 14, 1011,
Caymex Dowws 3 1, 30341 ; 3, 1430] ; 3 32 ; 100 224 5 13 X1,

SOLUTIONS TO PROBLEMS IN ISSUE No. 50

Two minusces make a plus. Mr. Barker of Hymers Colleges peints out thet (S888-888) + & = | D00,
Thls omk es for any umber from 1 o F as well as B

wWiITHOUT A WORD ; T4+49—3 -8 44+ 6—4 1868 3—125=17.
CLUTBISM : There see 30 Jdifferent cwbes. MATHEMACIL: 3N =2 [ 1ot 4+ 1ot daccn].

i IWNITIAL ALLGEBRA Z ]
The ondy possible armwarne T have found are 57 Od. = 14s. 6d.,. which eprosents puarchoge tax of
. This gives 8 coede word CFFPTIAN 2Y is presumably CERTIANILY.

WIN WITH MNMUMBERS Mo, Bz 0= 95% among orders.

THEH ETERMNAL TRIANGLE » The mumber of 1rmmngles s 118,
SHOQLUTHENCES
1. The Usirce contifues 12, 13 and the seale 13 five,
2« 100 101 111 and the scale 13 0w,
3. &,9 @, “. 10, 11, 12, mnd the scale is (welve wherne (! meeans ten and * means eleven,
Advother solubion suggesticd By 3 stocdene wazx B, 9, A, B, and the scole s H, AL

Conirnued from pqge oG ]
correct o six decimal places. If wou have the 1ssues of Marhermatical Pre
from MNumber 18, vou have the decimal equivalent of = to 9,270 places of

decamals.
395

43840 TOO0T0 73604 11237 35998 43452 25161 Q5070



MORE MATHEMATICAL SHORTHAND — PART 1
In issue No. 46 we were imtroduced to J*, the sign of mathematical
fiddling, and previously we have met | These are both mathematical symbols
to signify, as briefly as possible, some lengthy process. j‘ for example, is a

shorthand way of writing a particular kind of additon, and ! an important
type of mulonplicatnon,
Now you arc all famuibar with the sort of riddle-me-re which starts
My first 15 1n ladder and also n stairs
My second in apples and also in pears
Swrange though it may seem, a8 mathematician may alse need to solve prob-

lems like this, and he has invented a whole set of symbols to help him. For
example, he might write
A = {iﬁ,d,qr}

meaning that A is the set of different letters which appear in the word * ladder.’

Similarly he might write

B = {stair; C={aples} D= {pgars}
for the letters used n wnung * stairs,” * apples " and * pears.,” Then if he is
solving the first part of the riddle-me-re, he wants o say * those letters

which are common te the words © ladder "and * stairs * ** and he writes 4 B

= {a,r}. In other words there are two letters which appear in both words.
And if he does the same thing for the second line of the nddle-me-re, he

writes Gy P = {a,p,e,s}. That is there are four possible letters he can
choose.

Suppose, on the other hand, he wishes to indicate which different letters
are necessary to write * ladder * and ° stairs,” he writes A U B, In this
case 4 U B = {lLadersti} and similarly €U D — {aplesr}.

Got it? Then try and decode this {(You mav have o re-

arrange the letters in each word 1o do so). If"_l.mu-ﬁm:l you really have ' got
the message * then code one of your own and send 1t to another member of

your form.
3. E ={n-,,r,u,w,n,-:,t,.h}

1. -l"i — {Dl:.ﬂ:u:-ﬁ:::!’} F {] E }
= 80, WI1L 0,8
== 4

2. 0 = I:u,a,'l.r,r:,n}
B m%’:ﬂ:u:t:h}

D = Em,ﬂ,?,ﬂ}d}

An B = # CnD= 7 EnF —=
4. G =1 p,lod 5.0 =£h}:,:,m,i,t} 6. K =j:f,i,t}
H =+ c,0,mpe.t ¥ =4h,ea.t L = 5,!:,:[,1'}
G U g == ? Iny = KUL = 7
7. M=?:,a,,t%
N —=qg.as
MUN = ? 5. T.P.
SEQUENCES

Seguerices subnrrted by Mrs. &, Beard, Oasrler College, Huddersfield,
Continue these sequences

1. 1,2, 3, 4,10, 11, —, -,

2 1,10, 11, =, — =,

3'+ 1: 2_:. 3:. 4: 5:. ﬁ:- Tp_:_.:ll B li}: li-:' T n

State the scales of notation.
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15961 31854 34754 64955 69781 03820 30971 64651

INITIAL ALGEBRA 2
Some years ago I found the following on a price ticket :
IN/Y - CT/A = T2s. 3d.
The first letter group is the cost and the second group represents the

purchase tax, which is a percentage of the cost such as 66§, 50, 334 per cent.
or 3 similar fracdon.

Can vou see why I concluded that someone in this shop is weak at
spelling ¢
Submiteed bv Mr. G. Edgcombe, Plymsrock Comprefensive School.

FUN WITH NUMBERS No. B

Express the number 10 by using five 9"s and find four different methods
of doing this. R.H.C.

CAMN YOU UNDERSTAND THIS?

A body by describing a kind of spiral might descend rowards a reveluving globe
sa rhar fts apparent motion with respect o a point on the surface nnght be a
straight Iine tending to the cemire. (LEONARDO pa Vinca, 1510 AD.)

THE ETERNAL TRIANGLE
An equilateral tnangle of side 7 units is divided into equilareral triangles
of unit length. How many triangles are there in the figure # E.H.C.

SENIOR CROSS FIGURE No. 47

6. Arca, in square nches, of a circle
of diameter 4.3 incheocs.

7. The length of the hypotenuse, in
cm., of a triangle whose other sides
are 5 and & cm.

Q. 89,

12. /3894,
14, «44.
16. 43,

CLUBS ACRDSS
1. The largest angle in degrecs and

minutes, of a [ri with =sides
542, 7.63, and 6.21 units.

4. 42209,
5. 4 43k,
. Thed: | of a rectangular block
3 by & by 12 units,
Ignore decimal points and work to 7. The reciprocal of 14.
the required degree of accuracy, B, 120,
10. 5 cubed.
CLuES Down 11. 4273,
2. 11 squamsd. 13. +/570.
3. ™. 15- "E'- :Eh
4, The longest stick, in inches, that 17 and 18, The smallest angle of the
will fit into a box 25, by 30 by 20 triangle in 1 across.
tnches. B A,
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PROPORTION

SURFACE AREA = &L
A o LE
VOLLIME == L¥

v oo L3

A MAN EATS ABOUT 23 OF HIS BODY MASS

LDF ITS MASS PER DAY . A WARM-BLOODED
AMIMAL MUCH SMALLER THAN THE MOUSE

15 IMPRACTICABLE AS THE OBTAINING &
EIGESTING OF SUFFICIENT FOOD Wil D
BE 1 MPOSSIBLE ,

BEARSMANN'S RULE -

L

sreiall! amionals

STRENGTH O AREA of CROSS-SECTION
ARFA OF CROSS-SECTION oc L

WEIGHT o< L?
HEMNCE , OF TWO SIMILAR STRUCTURES,
THE LARGER 15 THE WEAKER.

SURFALCE AREA
WOrL Ll WA E

|

WITH A DEHSITY NEAR TO THAT
OF WATER |, THE WHALE I5 LITTLE
AFFECTED BY GRAVITY
(MIMIMISING ITS WEIGHT} AND
IT CAM REACH GIGAMTIC FORMS.

LARGE AMPIMALS _
HEAT LOST

PEMNDLILUMS AND LIMBS
PERIOD OF SWiNG ¢ 'L
FRAOUDE'S LAW : T ¢ 4L

SHORT ARG RLNN NG INVOLVES THE VARFATION OF
FOR GUICKEST BEN PO LA LA T
RETURM £

EMGIME

POWER oC LY (HEATIN G
SURFACE OF CYLIMDERS]

LOMNG ARLC FOR
FAAKTAMLUM DISPFLACEMENT

IN FOOD PER DAY . A MOUIE EATS AROUT 5005

SAALL WARM-BLOODED AMIMALS LOSE HEAT MORE QUICKLY THAMN
THLS SMALL AMIMALS ARE RARE IN FOLAR REGIOMNS.

o LT (SurRrFaACE)
HEAT GAIMED o= L% (MUSCLE BULK)

SLIRFACE AREA — 4-11:-1
A oc p?
VOLLME _%m-
VoL T

FRUIT

Larga awimalis

=TALK
BRANCH

TO BEAR LARGE FRUITS  BRAMNCHES
AND STEMS: MUST JROW THICHER
IMN PEOPORTION TO THEIR LENGTHS.

BAELOMS AMD MARROWS
QROW AT GROUMND LEVEL,

STRENGTH Og L=

ek
"l"'. b8
¥

s
W o
o ‘: ".::I-E:-:-E . -.r i

T,

|: 1

o
.

FLIGHT

STALLING SPEED Oc L
SPARROW ;: L =6 n. ; ¥ = 20 M,
OSTRICH = L =8&GmiN., = [EX5 N,

THLIS A SPEED OF 20,16 m.rH.
(SO srrw) WOLLD BE NEEDED
FOR TAKE OFF

THE HORIE HAS =
EVOLVED FROM THE SHORT-LEGGED

A BA AL

ELPFLY OF ENERGY O LI(IURFACE OF LUNG)
(DEPENDENT oN OXY¥YGEMN ]
MUSCLE FORCE o< LF (Mmass)

"EOHIPFPLLS" OF THE EOQCENE FPERIOD TO THE
FASTER LOMG-LIMBED ARIAal OF TODAY .

EFRINTERSY = MLUSCULAR

LoOmNGE DIETAMCE
RUMKHERS = JLin BLULDY

- KT |

The sportsman need not be a student of Euclid to be aware of the difference
in physical form between the long distance runner and the shot putter ; or
between the full-back and the outside-right. However, he may not realise
the mathematical reasons for these dispanties.

The athlete’s energy depends on a centinuous supply of oxygen which
reaches the tissues via the surface area of the lungs. The dissipaton of heat
similarly depends on a surface area, the skan.  In contrast, power is a function
of a solid, the muscle bulk. A shght physique has a greater surface area in
proportion to body mass than a sturdy physigue. Thus the former is
better adapted for endurance acdvities. Over a short distance the bulkier

Fh}"ﬂlqu: has the advantage. Not surprisingly, the heavier crew 15 generally
ion to body mass,

voured to win the Boat Hace.
Large animals, with a smaller surface area 1n
can more easily retain body heat than small apimals. It follows that wild
life in Polar regions partly depends on its size for survival and i5 rarely
302

02763 47870 81031 75450 11930 71412 23390  B6639

sm:nlL Carl Bergmann remg:ms::d the mntim:lmt]c:a] reasons for amimal size
variations.

Considering an amimal, plant or engineering structure, it is ewvident

that the weight is pmpm:unn:u] to the volume, Yet the strength is propor-
tional to the arca of cross-section of the supports.  Thus, of two geometric-

ally similar structures, the larger is the weaker. Large animals require
thicker skeletons for support. Large fruits are often produced at low levels
for ground support.

Discovering that stalling-speed waries as the square root of the linear

dimension, one can appreciate why large birds require a running take-off and
why the ostrich does not take to the skies.

A detailed account on the pracucal applications of simulanty and pro-

portion 15 given in that ever useful volume * On Growth and Form * by

D'Arcy W. Thompson. D.LB.
303
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