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
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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.
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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
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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.
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