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A ROTARY CALCULATOR A ROTARY CALCULATOR

Enowing our multplication tables
up w 99 is a considerable ad-
vantage when the product of any
two numbers 1n the denary system
15 required and mechanical caleu-
lating aids ar¢ not available. After
studying other number systems, we
become aware of the simplicity of
binary mulaplhication for which the
only fact required is thar 1 ]=1.
It 15 the samplicity of the binary
system that has made its adoprtion
almost universal in computers and
clectromic calculators.

For cxample, consider the pro-
duct of 41 and 19 when converted
into binary mumbers ;—

16 3 4 2 I
0 | 0 0 1 X
1 0 0 | ]
| 0 | 0 0 1
1 0 1 0 0 I 0
1 O 1 ( 0 ] 0 0 0 0

1 i 0 0 0 0 ] 0 | 1

The solution can be converted back into the denary system quate samply.
Using the same principle, numbers can be multiphed mechanically in this

easily=constructed Rorary Calculator.
From stifl card, cut one disc of diameter 160 mm. and another of

diameter 100 mm. Divide each disc mnto 30 degree sectors. On the larger disc
draw concentric circles of diameters 100 mm. and 130 mm. respecrively.

Write the de equivalents from 1 vo 2048 for each binary column, as shown
in the diagram. The numbers in the outer ring (MULTIPLICAND REGIS-

TER) of the larger disc cerrespond to these of the smaller disc (PRODUCT
REGISTER). The numbers in the inner ring (MULTIPLIER REGISTER])

of the larger disc represent the binary columns in reverse order. Draw an
arrow in the 2048 column of the Mulupler Register.

581



At each number, carefully pierce a hole into which a matchstick marker
will fit tightly.

With the maich compartment of a matchbox separating the two discs,
pierce a 25 mm. (or larger) paper fastener through the centres. After cutting
a window in one face, glue the envelope part of the matchbox beneath the
centre of the larger disc.

In order to find the product of 41 and 19, first set the binary equivalent
of 41 in the Multiplicand Register. Matchstick markers placed in the correct
columns will show 101001, Secondly, set the binary equivalent of 19 in the
Muluplier Register.

Now, rotate the Produét Register until the arrow mmdicates decimal
1" in the Multiplier Repister. fn this position, you will notice that the
Multiplicand and Product registers correspond. A marker in this “ 17
represents the first stage of the operation (1< 41): wherever a marker 1s
present in the Multiplicand Register, add another below it in the Product
Register (thus recording the binary equivalent of 41).

To represent the second stage of the operation (2 < 41), rotate the Product
Register one place clockwise so that the arrow indicares the marker in decimal
“ 27 of the Multiplier Register. As before, add the Multiplicand Register
to the Product Register.

Rotaung the Product Register successively tweo places clockwise, you
will see that the * 4™ and “ 8 ™ columns contain no markers. Subsequently,
nothing 15 added to the Product Register (0 4] =0) until the arrow indicates
the ™ 16 ™ column marker (16 41) when the final addition is made.

The Product Register records binary 1100001011 which iz then con-
verted into the decimal equivalent 779.

D.1.B.

A FAT SWISS ROLL
subiitred by David Moorve, Freshwarer, Tile of Wight

On to a piece of sponge cake, 8 mm. thick and 450 mm. wide, a layer of
cream 1 mm. deep is spread. The sponge is then rolled inte a Swiss-roll.
What will the * diameter "' of the cake be at its thickest part ?

CHARLIE COOK AGAIN AND AGAIN
Question @ Calculate the distances between (a) the points (43, 49) and
(=17, —31), (b) the points (50, 25) and (80, 65).
Solutions given by Charlie.

(a) d2=(43—17)2+ (493132 (b) d2=(50--80)2-}(251-65)2

=261} 182 — 13024902
—1000 25000
d =100 d —50

The same mastake was made each time but the answer i1s correct in
cach case. When will this working give the correct answer 7
C.V.G
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ORDERED PAIRS

It is well known that (g)-+())=(}) is correct using the notation of
ordered pairs. You may be surprised to know that the following are also true,
T 2:|+

QM= M+Q=Q) Q@+P=Q) +P=6

Perhaps you think that my + siga is not the * usual ™ addition, but I
assure you 1t s mormaa! addition. It is the

] interpretation of the ordered pairs which

may be new to you. Plot the ordered

pairs above, and show by arrows when

1—%4__.. two points add rogether to give a third.

//{ Can you suggest answers to the following ?
3, , .
—3 56 PR P+Q
If you have studied Pascal’s triangle
/’ the pattern we are using should be
familiar, sce block. In fact, the notation

I E >3 "4" '“_Ir'j is an alternative often used for EEri

/ / / the number of ways in which a set
l I 1 1 containing r clements can be chosen

from a ser containing n. Check that

(3)="C,—3 and (3)=*C,=6.
m!

A possible formula for {I:] in this interpretation is Ty where n!,

called factorial n, is the product of nfn -1} (n—-2) . . .3«2+«1. Se, for
| 4! e o |
CRAMPIe: W)= —2N " 2= 1 =2~ 1

Qur observauons about [Pascal’s Trnangle leads us to believe chat
r’:}-l—{r f_‘ |]=I.’n'i':}. Can yvou prove this from the formula ? E.G-

r={

SOLUTIONS TO PROBLEMS IN I1535UE No. 73

AN OPFEN ANMD SHUT CASE
The butler was guilty as pages 133 and 1M are on opposice aldes
of the same LEAF,

A TRIDDLE
The erlangle is one with ardes 5, 12, 1K

SMNOOKERED

MAP READING
The ares i3 3 bm™

SENIOR CROSS FIGURE PNo. 69
oliges MAcroas = 1. 210; % 49 ; S &68; & 2%04; = 401101 ; 00 48 ;
11, 46; 14,3530 ; 16, S488; 18 2%; 20, 80 21. 314

Claes Dawn : 1. 26: 2. 134 1. 40;: 4. ™M5; 6. 21; 7. 3142:
o IRIR 13 6O ¢ 1%, 256 019. 58 : 1T.40: 19, 54.

NNUIBMABER PLEASE
The mumber 4 BT1Z,

IUNIOR CROSS FIGURE No. &% |
Clises Across © 2,43 4 10z &, &5: 7. 2%, 00,33 ; 10, &0 ; 12 28 ; 15 010 ; 06 275; 19 1L

Clues Dvown ;0 1, D3N : 3, 327;: S. 1003 : 8. 5: 00 238 : 13 2473 14, 10000 3 17, 27.
B.A.
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CRAMNKS, COMNECTING-RODS AND LINKAGES

Converting linear motion from a piston into circular motion to drive

wheels, a connecting-rod or crank is used in many types of steam and intermal
combustion engines. The system was first patented by James Pickard in 1780.
It is common for a aumber of rods o be hinged together forming a linkage
50 that parts mayv move among themselves.,

Using this simple-to-build model, the loci of several hinkages may be
plotted.

Dimensions given are not critical but suggest the scale for a table-top
model.

Cut a picce of hardboard 520 mm. by 400 mm. and bore holes with a
bradawl every 40 mm. on the centre line drawn along its length.

From suff card, cut two circular discs of radius 50 mm. and one of
radius 20 mm. Divide and mark each circumference into twelve equally spaced
divisions. On each disc, pierce a hole on one division 10 mm. from the
crcumierence.

Again from suff card, cut two strips 260 mm. by 30 mm. and two strips
260 mm. by 19 mm. Cut a slot of about 2 mm. width and 220 mm. length in
each of the wide stnp= and pierce a hole 10 mm. from cach end. Pierce a hole

10 mum. from each end of the narrow strips and bore further holes at 20 mm.
intervals between them.

Paper fasteners can be used to form disc pivors and hinged joints.
Fig. 1 shows the model set up 1o demonstrate Pickard's connecting-rod.

Fig. 2 15 an example of another linkage, Place a sheet of paper on the
boeard and then attach the discs, pushing the fasteners through the paper.
Draw the centre line on the paper, set the discs in the “ | ™ position and
mark a point under “ P ™ ; move both discs to the * 2 ™ position and mark
the pew posiion of ** P, ctc,, until the rwelve positions have been recorded.
The locus can then be drawn.,

(see back page for the diagraoms) D.LB.

A PRIME CROSSFIGURE
stbmrirred by A, Fackson, Heathfield Fligh School, Leicester

CLUES ACROSS
i down = 2,
A power of 2.
. 8 across = 10
i down = 3.
. A power of 3,

B @

CLues Dowes

. ¥ down 1.

. Same as 7 down.

. Mulriple of 3 across.

. Twice 7 down minus 3 across.
- Multiple of 11.

A prime number.

:.:--.I-..I'il.l'-.:l-—-

PERFECT S@UARES

024 1212, 324 42:=52 2021212292

Under what conditions will the sum of the squares of two consecutive
numbers give a perfect square ?

B.H.C.
THE FREAK
Q= l— 1 =8
9x 2]1—1=188 Where 15 the “ odd " one out
Q= 32]--1=—=2E8
9w 432] - 1 —=388E
R.H.C.
SQUARING UP
What part of } square metre is 4 metre square ? B.H.C,

ANAGRAMATH CROSSWORD

LLUES ACROSS

1. & toy gmaph's turm o be a
. crﬁ?n:l:lhm. hat they
. At"s just a theory that

ship so carelessly (100,

10. This mreadle has not led o
arip (4).

11. Small measures of corm—
“on ahead ", as uswxal! (4).

12. Names slips whoe will give
W FREaSLref—Cre ™ ¥,
and one large (5,5).

4. How we iind x in the cQua-
. R
Tion P o I::E-..".;.:.]:I.

Crues Dows
1. Of a progectile, or a garden,
maybel (4).
2. The pens you need 1o get an
e i 1 across's theorem
{10

wtd

E.... . anmd the deet
orses use to gef to rest!
(3,9).
Adds up (4}
Eurcka may have been this if the bathwater was too hot! (4).
We could sate curselves on these meals (4).

¢ done in a charmuing way ¢ (4.
. Where the treasure lies twisted ? {4).
It"s half when followed by a circle (4).
Trigonometry found in South-East # (4).

The answers are all words mainly hidden in the clues,

el
b 40 00~ S i

E.G.
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CURYES OF PURSUWIT

A rabbit feeding in the middle of a field sees a dog running directly towards it. I
runs straight to its hole and the dog runs towards the rabbit at all tmes. Figure 1a shows
what happens. As the rabbit moves along the straight line at the bottom of the diagram
the dog adjuses its direction of motion. The dog takes one step towards the rabbir ; by the
time the step is completed the rabbit has moved. The next step is taken towards the new
position of the rabbit, and so on. The same principle applics when a fighter plane attacks

a bomber and explains why the fighter always finishes astern of the bomber. The path
taken by the fighter, or the dog, is a TRACTRIX.

Figure 2a shows what happens when thiee elements are involved, each moving direct-
ly towards the next in an anti-clockwise sense. In practice, the three ¢lements would
eventually move in a circle as the force required 1o produce the acceleration 1o maintain
the path would not be possible. When the force had reached its maximum value, circular
motion would result. Figures 3a, 4a and 5a illustrate what happens with four, five and

1% clements.

Another way of looking at the hgures 2a to 5a is that a regular polygon 15 drawn.
Points are marked on the sides of the polygon at equal distances from the vertices to form

a new regular polygon and this process is repeated.

All triangles and all guadrilaterals ressellate, i.e., completely cover a far surface like
tiles, and certain other special polvgons have the same property. Of the regular polygons,
only the eguilateral triangle, the sguare and the regular hexagon form tessellations, so
figures 2a, 3a and 5a can be repeated o cover a large arca. Figures 1b to 4b show ways in
which 2a can be used to cover a surface and so produce different patterns. Figure 2b
shows what happens when the curves of pursuit are in the same sense, in this case anti-
clockwise, in each of the triangles ; this produces the twisted repeated patterns. In figure
1b, the sense of the curve of pursuit is meversed in adjacent triangles. The wop one is
anti-clockwise and the ome directly belownht clockwise. The two triangles on either side
of this are again anti-clockwise ; this produces the shell pattern.

In figure 3b, the top triangle has the curve in an anti-clockwise sense and the one
below the same but the carves in the triangles on either side of this one are clockwise,
Thus as we move up and down the sense remains the same but as we move right and left
the sepse is reversed. Other variations are possible which produce both the twisted and

the shell patterns. Generally, a simple rule leads to an attracuve pattern but a random
arrangement, or disorder, produces a less attractive pattern. Figure 4b shows a further

variation.

Similar results can be obtained with repeats of figure 3a but not with repeats of 5a.
Can vou explain why this 15 so ¢

B.A.
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