JUNIOR CROSS-FIGURE NO. 19
Suggested by P. Fermer, Form 24, Lockleage County School, Bristol,

ACROES
T 3 1. x* when 2x/91 = 8/7.
d, 1-85 » 1-T722
259 % 1-3
5. Radms of circle given PQ = 2cm. and
7 |4 OR = 12cm, (see Fig. 1).
7. Shaded area, in sq. cm., wking 7 = 22/7.
8 [See Fig. 2. ) )
10, 1276 vds, as a decimal of 1 mile.

Diowres
1. Thtangl:ﬂmnughwiuchthehnurhanﬂnf
i a ¢clock turns in T(&—b} minutes, (See 2
jﬁﬂ ‘?"4-':"-" down).

¥
)

2. 2sb* where Ta—2b = 1 and 108 — 3b = 3.
%’ ,? 3. H.GFE DfoEE-l'T and 3330, —
e ””.;.r-if . Number pence m £32. :
PR B. 7/88ths of an acre in square yards.
. 9, Angle PCQ given thar angles RQC and
Fig 1 Fig. 2 PQC are in the ratio 3 : 17.
ARCD of
ride 400 @, CHECK
Radius of eircle The sum of all the answers to all the r:luca is

Solution o Alpha’s Aqua: One Quart {2 mts or 2 pints.)

SOLUTIONS TO PROBLEMS IN ISSUE NO, 20

i the CU‘HI-DUSE]‘HSIGQN it

division you are dividing inta numnbers whose L
digit I 1. After 71, thee newt highest nomber ending in 1 is 81, which s
freell o roaltiphs of @ @ hence you cannot have the figare & sppearing in the

B ]:ul - Mmﬁi&"i’lm IIGS&E 1:1?.1 3 i
¥ JHOing TErtices & wapszium to the -pints o THMTI=
paralie] sides you can make four trisngles, uﬂmmn in the diagrams.

SENIOR CROSS-FIGURE NO. 20
Actoss: (1) 76e.; (31379 {?f 85; (6) 05 wg. fii (731%; (9 24ou wd.; (11)2%; (13) 486 sq. fr;
(14) 514 em ;

Down ¢ (2] 6532 § {5.‘.!3 33 {491 ; (B) L1260 ; (10) 444 ; {1Z) 15 miles.

CHARLIE COOK, NO, 7

The eguation {a —x) {% £ b -cﬂnhm%u&mrﬂ: Cook’s method whenever

c=a+b—1, Youcan verify this by finding the gene o to the equation and equating it
with g = pnd ¢ =— Th. -

JUNIOR CROSS-FIGURE WO, 18
Actraa :1-:1:-1:4. (010 B 061 2-82f.; (T 133 (8) 1399°; (10056 5 (12021 ; (1% 360 ¢ (16) 105 ;

{17 1
Down oz (1) D225 ¢ (2] TS5 5 {33421 § ¢4 1191 5 (53 193%; (00 320%; (110 630 § {143 065 ; {15) 24,
MATHEMATICAL LIMERICE NO_ 5
If =° i3 lemgrh of beasd

x4+ x"— I = i x? Iy —8 =4 + —2 =
Jmﬂeuﬂmiﬂlmq = AR e i

EDITOR'S NOTE

Our readers be interested to know that copies of some of the past
ﬂmesm.mﬂ’ﬂﬂm fe, Nos. 1 io 4, 13, 15, 16 are unavailable ; some other
isswes are scarce. Write o Editovial Office, 97, Cheguer Road, Doncaster.
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MATHEMATICAL INSTRUMENTS NO. 3
The Astrolabe—Part |

? @0
e

Te an observer oa the Eamh, the
fixed stars seem o be attached to @
re which revelves cound the Pale
ooee in 23 bours 56 minumes, The
Sun to move slightly slower in
front of & belt of stacs Zodine
Cirel M

The name, astrolabe, has been given to a varicty
for measuring the positions of stars. Fig. I is based on a description by
Prolemy of an armullary astrolabe of the kind used in Alezandria between
150 B.C. and 150 A.D.

To an observer in the Northern hemisphere of the earth, the Pole
Star a to be fixed in the sky, at an angle of elevation equal to the
latitude of the observer.

The other stars appear as if they are fized on the inside of a huge
dome, the celestial sphere, which rotates round the Pole Star 366} times
a year. The sun appears to move slowly through the stars on a path called
the ecliptic, or Zodiac Circle. It completes this circle once in a year, and
therefore seems to revolve round the earth 365} times a year. The stars
cannot be seen when the sun is up, but the sun’s position on the ecliptic
can be found by observations just before sunrise, and just after sunset.

Theam]laryustrcﬂahewnsamudﬂnftimcﬂﬂuﬂsphmmd
ecliptic. (Armilla = bracelet). In Fig. 1. the circular hoop, 1, is fixed
vertically in a north-south plane. Inside it, is the circle, 2, which can be
turned so that the line joining the two points, S and N, points to the Pole
Star, and is then parallel to the axis of the earth. Circle 3 is pivoted at
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CARTOON

The angle at the centre
15 twice the angle at the
circumference.

The Editor offers o
present  prizes for sug-
pestions  for more such
cartoans.

WHY WAS IT CALLED—No. 7
TANGENT: From Latin rangent-(emt), present participle of
tangere (to touch). Imagine two radii of a circle, centre O, meet-
ing at an angle «. The tangent touching the circle at 4 on the
radius 0.4 meets the other radius produced at some point T.
The ratio of the tangent AT to the radius is called the rangent
of the angle .

COTANGENT: From co-, prefix (as above) and fomgen:, hence the
tangent of the complement of an angle.

SECANT: = cutung: from Latin secant-(em), present participle of
secare (to cut). The ratio of the line OT mentioned under rangent to the
radius is called the secanr of the angle o because OT cuts the circumference
and is, therefore, a secant line. The secant is easily seen to be the reciprocal
of the cosine of = and, as such, is never less than unity.

COSECANT: From c¢o- and secant: the secant of the complement of
an angle. J.E.H.

SIMPLE ARITHMETIC

The sum of three numbers gives the same answer as their product.
What are the numbers ¢

CHARLIE COOK NO. 8
6+ 3 %2 9 x 2 18 3

— = = & 11
S o e 4 % 3 12 2 [

MARBLE(OUS) MATHEMATICS
Suggested by a problem in *Le Facteur X, No. 4, Jan. 1954,

Three boys werep]uﬁﬁnmnrhlﬁ game in which the idea was to
bowl a marble through a s hoop. If a player missed the hoop, he paid
the other two players sufficient marbles to double their holding. The
game went on till each boy had missed just once. On making a count, it
was found that each boy now had 40 marbles. What numbers did they
start with ?

(Hint : no algebra necessary, just work backwards). JL.E.H.
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N and 8. Circle 4, which is fixed
perpendicular o it, represents the
ecliptic. This circle 15 marked with
the signs of the Zodiac. The poles of
the ecliptic are esented by the
points P and Q, to which the arcles
5 and 6 are pivoted.

Before making observations, the
circles 3 and 4 had to be alipned with
the celestial sphere. By mnighrt, this
would be done by sighting on known
stars, By day, circle 5 was turned so
that the sun was in its plane, and then;
by turning circle 3, the point of circle 4
representing the day of the year was
brought vp to it, Circle 7, which can
turn inside circle 6, carries two sighting
holes, A and B. When a star or
planet was sighted with these, its
position with res to the fixed stars
could be read off the scales on circles
1580. 4 and 6.

Crown Copyright, Science Museurn, Londen.

Fig. 3 Although armillary astrolabes were
difficult to make accurately, they continued in use for over 1000 years. Fig.
3 shows one made for the astronomer Tycho Brahe in 1580, Instead of
measuring the position of stars with reference to the Zodiac Circle, as the
Greeks did, Brahe used the Celestial Equator, thus making his instrument
more simple. CV.G.

ALPHA’S AQUA
Suggested by G. F. Plant, Form 5, Grammar School, Dartford, Kent.
Mth:ﬂézmpic Trials for mathematicians only, a circular race track .
of radius n yds. 15 used, Alpha, the best distance runner, always needs
plmEnfwatermd:inktﬂktephimguing. Omega, his trainer, has
cal that Alpha drinks ¢ pints per yard. How much water will Alpha

require for a race of s laps?  [See Page 164.] LH.

MARBLE PIE

A shopkeeper ordered 19 large and 3 small packets of marbles, all of
ﬂ:tsam:zﬁt. When these arrived at his shop, the box had been handled
o roughly that all the packets had come open and the marbles were loose
in the box. He counted 224 marbles, so how many should he put into a

large packet and into a small packet respectively? (Hint: no algebra

Necessary). J.EH,
S(H)OCKS

1. You wake up in a pitchblack room in a hunting lodge, and there’s

no light handy. In your duffel bag there are six black socks and six white
uneahﬂllmj:nd together. You want to pick out a matching pair. What
iz the smallest number of socks you can take out of the bag and be sure
of getting a pair of the same colour ?
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FALLACY NO., 21
Problem : C and D are two points on & semi-circle, -diameter AB, such that
AD = DC and AC = CB. Find +DCB given /£ DAC = 25%
Method 1.
SDCA = 25° ( ADAC isosceles)
and S ACB = 90" (angle in semi-circle)

e SDCB= SDCA + /ACB = 167 s
Method 2. o
S CARB =45" (A ACB isosceles with
£ ACR = 90%)
but < DAC = 25"
.'. /DAB = /DAC + s CAE = 70" A o 2

SDCB = 180° — s DAB = 110°
(opposite /s of & cyclic quadrilateral)}
Which is correct L.H.

STAMP COLLECTORS CORNER—Na. 2
Copernicus

T L e e — T

|
- ]

; u
|.l._._-i"\_"‘- I

German Oceupstion Ferces Poland 20 Cr.
I ziory. Fose. Septa,
HMiustrated are three of the stamps ssued in commemoration of the
Polish astronomer icus, who died in 1543, Before his time, it was
believed that the Earth was the centre of the Universe, with Hell beneath
and Heaven above the dome of the sky, which rotated above the Earth.
In this theory, the motion of the planets was hard to explain, Copernicus
put forward the theory that the Sun was a star and the Earth a planet,
which like the five planets (the number then known), travelled in a

Foland 80 Cr,
Deep Hlue,

circular orbit round the Sun. | CV.G.
SPOT THE SERIES
Find the next two numbers in each line :—
4 10 20 35 56
5 15 35 70 126 . .
1 6 15 20 15 k2 s
G 72 18 342 927 = £
12 23 3 45 51 s i
4 o 6l 52 63 J.F.H.
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HIGHWAY CODE
Contributed by Helen Wright, Form U VI, Fairfield High School, Manchester,
Given that M = J, what do the other letters represent ?

PYTHAGORAS AND PACKING CASES

It is surprising to find how quite common everyday objects can be used
to suggest geometrical theorems. The diagram shows two equal packing
cases with face diagonals. These diagonals are at right angles, for if the
left-hand case were removed, the right-hand one could be rotated about the
corner A through a right-angle, to occupy the lefi-hand
position,

Suppose the dimensions of each packing case are
a and b, Join BC. Then PCBQ is a trapezium, which
is fihe HF:Lum of three right-angled triangles—I, I (shaded)
an

Remembering the methods of finding the area of a
trapezium and of a triangle, we can see that

E

B DEHD _ 2 4 2 4 2 which, on sim-
plification, gives a® 4 b* = c?, which is Pythagoras’
Theorem. J.G.

SENIOR CROSS-FIGURE NO. 21

CLUES
ACROSE

. pt F gk (Sez 15 acrom and L down).
11, e rool of 34809,
13. Sum of the squares of 3F — 13 md 1§ + 35
15. @*whers p—oq = 5. {Ses ]
16, e dificrence between the

arithmetz and geometric
menns of 27 and 243,

i7. LOK of LMMOP s 7in. {See Fig. 2).
AR ot i g e
{Hee Fig. 1), =

L here e
i ;lfji“ﬂ'tﬂﬂﬂm
i

i ock s 110 annual
* sppdErl et i pgnn iy
4, Ares shaded i L2 (See 1T aeross)
5. mhﬁmnfsﬁ'mﬁ
7. A rootof 2% 3 =—T =,
3 8. Area in square kilometres of a 217 acre park aking
Figure 1 Figure 2 T i ey
- LMMNO 12. Area of triangle ARC. (See Fig- 1k
g%%%ﬁ o aie 14 m"kﬁwmxmffw‘ of triangle ABC.
= CITL. Aan - v
quilateral . hen X is the circumes of triangle ABC,
. irigngle 4 I[E-::ﬁl.l.]:' e
The sum of the digits of the totel sum of all the answers
to the cloes is 24.
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FAMOUS MATHEMATICAL BOOKS NO. 3—NEWTON'S “PRINCIPIA”

LA orNT -
wowwal||  TPE inverse square

} u | |
LNEWTON WENT TO || s 1o A bt

1685 - e O o
James I o WRATTEN |\ ross
i MEWTON BECOMES 4 Wit LLane B
PHI LGSOPH [ fE @ e i it M E Mary
MATURALIS g
p Al Principic. explains the way J'ﬂf;ﬁﬁ v elasiic bodies e »
RINCIPI rebotird cfﬁer- colfision. GFWIHE mm#r 4 res5
MATHEMATICA, = Laws oF MoTioN.
Lex [ Corpus amne rare in NeWTaN PRESIDENT
; i TR x ' 2 & fFo2
1668 4 Newrows perrecrivg || i omjon & s b ot ﬁﬁﬁ I?:E'Enrm Jg:'rﬁ'?; o o Ravas Sociery | %Eg ARNE
TELESCORE directum, nul gquatenis iy A NEWToN ENIGHTED 4 /705
GREAT FIRE | A ER N A R a viribus (mprefiis cogitr g,
}rg;; i £ . Yok P 168 Bathiak a pamed g flatum Hum mutgre .
PLAGUE OF GRAVITATION surt s defermilped

Lex IT. Mulationem motis
- proportionalely effe vi molricl e

1642 L Newrow sosw at their cenfres. ﬁy reclangles,

reésl 4 impreffae, ef flerl fecundum A
1660 4 (CAMBRIDGE : litleam pectam qua vis i
Vi g i ¥ illa imprimitur o, LF.
FTLE PREE OF SR/ : 4 =
Lex I, Actioni contrariam femper e
< . of aequalem effe reactionetn: LEIBNEE
five corporum duoram L
CROMWELL @ = @ actiones in fe mutuo femper ¥
649 T = g I effe gequales et in partes
2 vrtfornr spieres alfract ore Avea undem a corve js the ; contrarias dirigi.
. g if fein masses Yt At
were corcenltraled entirely limif of approx 3 Geores IT
Newrow Digb == 1727

Few centuries in our history have left so deep an impression as did
the 17th cenrury : a time of political and religious upheaval, the bubonic
plague and the Great Fire. Yet it was d this century that Isaac
Newton, the preat mathematician, lived and s : J

Newton’s education began at the Woolsthorpe village school and was
mﬁmndartheﬂrmmarsmmt;:kir:nﬂlthﬂim. In I_ﬁ-ﬁii,ﬁﬁwmtupm
Trinity Coll Cambridge, and i in .

ﬁﬂuﬁm'nmﬁwkwmth&"t ry of fluxions,” now
known as the calculus ; and, later, he devoted his time to studying
mechanics and investigating the laws which govern the moton of the

For 20 years Newton worked on his theories, which he steadfastly
refused to publish becanse he felt that they were incomplete. Finally,
being persuaded bfale Edmund Hallgjr,lléngrﬁemaith: Principia’
to the R i it was printed in =

ﬂm:um,thﬂhmkmwﬁminm in ; the full
title being : “Philosophiac Naturalis Principia Mathemarica™ (The Mathe-

methodical styiE“nfEnd.id. It opens with a number of definitions,
followed by the now famous laws of motion.
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Law 1: Every body continues in irs state of rest, or of uniform
motion in 4 straight hine, unless it is compelled to change that state by
forces impressed upon i,

Law 2 : The change of motion is proportional to the motive force
pressed : and is made in the direction of the line in which that force
is impressed. :

Law 3 : To every action there is always opposed an equal reaction.
Books T and 11 are both entided “The Motion of Bodies,” but the
second book is dw_ﬂted entirely to motion in a8 resisting medium, for
example : the motion of some particle through a fluid. On looking
through these books the reader cannot resist a feeling of profound amaze-
ment at Newton’s methodical treatment of the subject of motion, which,
with the Iu:t{: of a liberal supply of diagrams, leads one carefully from
elementary ideas to the more complicated as of dynamacs.
~Book III, the “System of the World (in mathematical treatment),”
is divided into five sections, in the last of which are detailed records of
cbservations of Halley's comet, and the methods emploved in calculating
the path of this most famous of the comets,

The Principla is the greatest of all Newton’s publications, and it
has formed a firm basis for all subsequent work in dynamics and astronomy.
Title page reproduction by cowrtesy of British Museum. IL.C.
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