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,
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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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