


Figunng: The Joy of Numbers

There 1s a sange and richness to numbers ~they ¢in
come alne cease 10 be symbols wnitien on a black
bord and lead the reader into a world of tntellectual
adventurc where cilculanons are thnihing

in Figunng Shakuntala Devi drimatizes the endless
fascmation of numbers nd their abudity to amaze and
entertain She offers easy to learn short ats~how (o
add long columns 10 your head multuply divide and
Iind square roots quickly almost magically Fractions
decxmals and compound interest become clear and easy
to de1} wath

The author takes dehight 1n working out huge
problems mentally ~sometsmes even faster th:m
tlectrome computers In Figuring she shares her secrets
with you

Shakuntala Devs shows you a foalproof method o
guess your friends bimhdays and how to determine the
day of the week for any date since 1582 and sublimely
ridiculous she proves that 1=2 Puzle lovers will
enyoy the stories of the wise temple priest who divided
17 elephants in half without bloedshed the man wha
will be 3 years older next year than he was the day
before yesterday and the feat of describing each
number from 1 throngh 18 with exactly 4 fours in each
equation

Shakuntala Devs has delighted world audiences with
her hghuung fast computations and her infectious
enthusiasm and love for numbers No one can read this
book without falling under the spell of Figuring and of
Ms Shakuntala Devi
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INTRODUCTION.

At three I fell in love with numbers It was sheer ecstasy for me
to do sums and get the nght answers Numbers were toys with
which I could play In them I found emotional secunty, two
plus two alnays made, and would always make, four - no matter
how the world changed

My interest grew with age I took rmmense delight 1n working
out huge problems mentally - sometimes even fas er than elec-
tronuc calculating machines and cornputers

I travelled round the world gning demonstrations of my
talents In every country I performed for students, professo s,
teachers, bankers, accountants, and even laymen who knew very
lietle or nothing at all, about mathematics These performances
were a great success and everywhere I was offered encouragement
and apprectation

All along I had chenished 2 desire to show those who think
mathematics boring and dull just how beautiful tt can be This
book ts what took shape

It 15 written 1 the knowledge that there 1s 2 range and rich-
ness to numbers they can come alive, cease to be symbols
written on a blackboard, and lead the reader mto a warld of
mtellectual adventure where calculations are thrlling not
tedious

To understand the methods I describe you need nothing more
than a basic knowledge of anthmetic There are no formulae
techmical terms algebra, geometry, or loganthms here ~ 1f you
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10 Introducton

€n carry out the basic funcuons of adding, subtracung, melu

plying, and dividing you can follow all of 1t At first glance some
of the steps may seem complicated but if you take them slowly
39u should be able to acqure the skall to solve 2 wide vanety of
problems without mistakes - and to do this mentally, or with a
minmum use of pencil and paper But above all 1 would wish
this book to ive people an appreciation of the enchantment of
numbers



SOML TERMS DTTINED =~

In this book we are not going to be concerned with loganthms
or the Calculus not even with algebra, cxcept 1n the most
elementary way So those who found that these aspects of mathe-
matics gave them a Jife-long terror of the whole subject can relax
W e are going to be dealing with ordinary numbers which should
hold no terrors for 2nvone
We will be some matk I terms and con-
ventions but most of them arc 1n everyday use. I shall be using
them brcause thes are the simplest and clearest means of stating
h 1 prob! or expl. But they do all have
precise mamngs and evenif you are confident that you under-
stand them, 1t would be as well to read this short chapter so
that we can both be sure we are talling about the same
things

A Digit 1s an indmidual numeral there are ten of them 1,2, 3
456789and0

A Fraction 1n everyday language means a part of 2 whole T
mathematics 1t normally has a shghtly more precise meanm
2 part of a whole expressed by putting one figure over anoth
dividing them by a ine asin § or } The figure on top 15

1



12 Figuring

the numeratsr (1t tells you how many parts youve got) and the
one helow 15 called the denamrator (it tells vou what proportion
of 2 whole each part 1s) They can also be wnitten as )2 of 14
where the oblique stroke distdes numerator and denommator

Dectmnls are simply a different way of expressing the same
thing, Instead of the denommnator being vaniable as i fracuons,
n deaimals it 15 alwass ten or rather tens because the system
can be eviended mfinttely to hundredths, thousandths tens
thousandihs, ctc of a whole Thus 1 15 the same as 1/10 and
01 15 the same as 1/100 and 11 15 the same as 11/100

Percentage 15 yet another way of cxpressing the same thing
This ume the denomunator 1s always 100 - so 4% 1s the same as
04 or 4/100 Percentages can be combined with decimals or
fractions 1f 1t 15 necessary to evpress parts smaller than one-
hundredth  Thus five-hundredth can be cxpressed exther
as 2% oras 3%

Multiplication 15 of course to muttiply ene number by another
The number that 1s muluphed 1s called the mulpheand, the
number by which it 1s to be multtplied 1s called the multipher and
the result 1s called the product of the two numbers Thus 2
{mulnuplier) > 4 (multiplicand) = 8 (product) A multiple of 3
number 1s simply a number which 1s made up by muluplying the
ongwnal number a given number of ttmes Thus 2 4 6, 8 etc
are all muluples of 2

Drvision 1s the reverse of multipheation, the division of one
number by another The number to be diided 15 called the
dretdend and the number by which 1t 1s to be divided 1s called
the drssor If the dvisor does not go 1nto the dividend an exact

umber of trmes then the figure left over 1s the remasmder For



example 9 (dividend) -~ 2 (dxvxsor)\%‘f wfih TR oter 5 @
remander If there 1s no remamder th’?n»,fhe\(rgm.aarf;d}ﬁ_,ﬁ/
dwisor are factors of the dividend For mstam“ﬂl ‘ﬁfc//
factors of 6 The factors of a number can also be broken down

1to their smallest parts, thus the factors of 12 are 2, 2 and 3,
or as st 1s usually put, 2 X 2 X 3

Addition and subtraction are so basic that all we need note 1s
that 1n addition the result 1s hnown as the sum of the numbers
that have been added up, and 1n subtraction the result 1s known
as the remamder, 1e, what 15 left over after one number has been
taken from another

Roots and powers If a number 1s multsphed by wtself, the pro-
duct 1s the sguare of that number ~ the square of 2 15 4 and two-
squared 1s written 2 If the square 1s agamn muluphed by the
onginal number, 1e 22 X 2, then the result 1s the cube of the
number, which 1s wntten 2 The process can of course be
continued ad snfinttum — and 1s called raising a number to its
fourth or fifth or 6785th power The root of a number 1s the
onigmal number which was squared or cubed or rased to the
power of something i order to produce that number For
example the square root of 9 1s 3 because 3 X 3 =9 The cube
root of 27 1s also 3 because 3 X 9 = 27, and the fourth root of
8115 also 3 because 3 X 27 == 81 The way thus 1s written 15 /9
1n the case of a square root and 34/27 or %4/81 1n the case of
cube, fourth or further roots "The sixth root of 64 15 2, s0 2 can
be wnitten mathematically as 84/64, just as 64 can be written 2¢

We will be ing a few more technical terms as we go
along, but these are the basic ones which you will need nght
through the book It s important that, however elementary they
seem, you fully grasp what they mean As I said above they do
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have precise meanings - for example the difference between the
product of 4 and 4 (4 x 4 =16) and the sum of 4 and 4
(4 + 4 = 8) 15 obviously very important, so 1t 1s worth just re-
checking to make sure that they are all absolutely clear 1 your
head before going any further
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THE DIGITS?

The ten digits, 1,2, 3,4, 5,6,7,8,92240 272 the “alphaber o
anthmenc Arranged according to the eomrentions of s ba-
matics and 1n conjunction with syrbols fr 222:10n, sub r. e,
etc the digits make up ‘sentences — pvhuey, eqrangns 23 =
solutions Just as the letters of the .oz ez Spve thery e vz peo
lanities and rules (1 before ¢ exeer 2%2r ¢, etc), 50 the ETE
each have a particular charzcer 22 gt one Gome of SF
oddities can be put to good vss, erers 2+ rrerely pmmrmsere E
amusing for their own sake.
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sum of the digits comes to a two-digit number (for example
436, 4 +5 4+ 6 = 15) then normally you repeat the process
(1+5=6)

The secret steps 1n the multiplication tables are made by
applying this technique to the products given by the stray ht
steps Lor mstance mn the 4 umes table 3 ¥ 4 = 12 (straht
step) 142 = 3 (secret step) or tn the 9 times table 11 ¥ 9 =
9%,9+9=18 1 +8=9

So with that technigue 1n mund, Iet us Inok at the dists one
at a time

NUMBIrR 1

The first thing, about the number 1 1s of course that whateser
figure you multiply 1t by, or divide by 1t remains unchanged
The first nine places 1 the | times table therefore have no
secretsteps or at least they are the same as the normal ones, but
affer that it becomes more mteresting

0xl=10 140=1
NxI=11 1+1=2
Rxl=12 1423
Bxl=13 14+3=4
Wxl=14 144=5
LxI=15 145=6
6Xx1=16 | f6=7

and so on No matter how far You go you will find that the
seeret steps always gve you the digits from 1 10 9 repeating
themselves 1n sequence For example
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Straight steps Secret steps

154x1=154 1+5+4=10,140=1
155%x1=155 145+5=111+4+1=2
156x1=15%6 14+5+6=12,1+2=3
157 x1=157 14547=13,14+3=4
18x1=158 1+454+8=14144=35
159x1=159 14+54+9=1514+5=6
160x1=160 14640 =7
161 x 1 =161 1+6-+1 =8

In this case 1t 15 farrly obvious why the secrct steps work but
none the fess 1t 1. 2 curiosity that may not have occurred to you

before

Another curiosity about the number 115 1ts talent for creating
palindromes (numbers that read the same backwards as forwards)

1x1 = 1
11 x 11 = 121
111 x 111 = 12321
1111 x 1111 = 1234321
11111 x 11111 = 123454321
111111 x 111111 = 12345654321
1111111 x 11111 = 1234567654321
1111111T x 13111111 = 123426787654321
111111 x 111111111 = 12342678987604321

At that poimnt 1t stops but the same thin,, works briefly with the

number 11
11,11 = 121
nxitxil = 1331
11 x 11 x 1 x 11 = 14641
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Finally the fact that 11, 50 to speak, immune to muluplication
means that whatever power you raise 1t to 1t remains unchanged
104220 — | By the same token, 8¢/l =1

NUMBER 2

The number 2 has onc very obvious charactenstic to multply
any number by 2 1s the same as adding 1t to stself As for the
multiplication table and sts secret steps

2x1=2
Zx2= 4
2x3=6
Zx4=8
2x5=10
2x6=12
2x7=14
2x8=16
2x9=18
Z2x10=20
2x11=22
2x12=24
2> 13=26
2x14=28
2x15=30
2x16=32
2x17=34
2x18=36

And so on

2
4
6
8

140=1
142=3
1+4=35
14+6=7
14+8=9

240==2
2+2=4
24+4=6
24+6=8
24 8=1[0]
340=3
3+2=35
344=7
346=9
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As you can check for yourself, the secret steps go on working
ad snfimstum, always giving you the same sequence of the four
cven digits followed by the five odd ones

There 1s an amusing hittle party trick that can be played with
the number 2 ‘The problem 15 to express all ten digits, 1n each
case using the number 2 five imes and no other number You
are allowed to use the symbols for addition, subtraction, mulu~
plication and division and the conventional method of writing
fractions Here 15 how 1t 1s done

242~2~2f2=1
24242-2-2=2
242—2+22=13
2x2Xx2-2-2=4
24242-2/2=5
24+24242-2=6
2-2-2-2=17
Ix2x24+2-2=8
2x2x2+22=9
2-22-22=0

Funally, here 15 another oddity associated with 2
123456789
+ 1234>6789
+ 987654321
+ 987654321
+2

22222222

’
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NUMBER 3

The number three has two distinctions Furst of all 1t 1s the first
triangle number - that 1s a2 number the units of which can be
lard out to form a triangle, like this o% Trangle numbers have
importance and peculianties of therr own which we shall
encounter later on

Three 1s also a prime number, 2 number that cannot be evenly
dwvided except by atself and by 1 1 and 2 are of course pnme
numbers the next after 355 5, then 7, 11, 13, 17, 19 and 23, after
that they gradually become 1ncreasingly rare There are 2 couple
of strange things about the first few prime numbers, for
example

153 =184 58 438

And 3 and 5 can also both be expressed as the difference between
two squares

3=2t-12
5=32-22

The secret steps 1 the 3-umes table are very simple

Straght steps  Secret steps
3

Ixl=3
Ix2=6 6
3x3=9 9

3x4=12 142=3
3x5=15 1+5=6
Ix6=18 1+48=9
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3x7=21 2+1=3
3x8=2¢ 24+4=6
3%9=27 247=9

3x10=30 34+0=3
Ix11=33 3+43=6
3x12=36 3+6=9

Again the pattern of the secret steps recurs whatever stage you
carry the table up to — try 1t and check for yourself

NUMBER 4

With number 4 the secret steps n the multiphication tables
become a little more intricate

Straght steps  Secret steps

4%x1= 4 4
4x2= 8 8
4x3=12 14+2= 3
4x4=16 14+6=7
4x5=20 240= 2
4y 6=24 2+4=6
4x7=28 248=10 140= 1
4x8=32 342=5
4x9=36 34+6= 9
4 x10=40 44 0m=4
4x 11 =44 4+4= 8
4% 12=48 44+8=12 1+2=3
4x13=52 542= 7
4x14=5 S54+6=11 14+1=2
4 x 15=160 640= 6

4x16=64 644=10 14+0=1
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At first the sums of the digits look hike 2 yjumble of figures, but
choose at random any sequence of numbers and multply them
by 4 and you will see the pattern emerge of two nterhnked

1 of digats 1n d ding order For !

2160 x4=8640 8-+6+4+0=18 1+8= 9
2161 x 4=8644 8-+6+4+4=22 242=4
2162x4=8648 8+6+4+8=26 2+6= 8
2163 x4=8652 8+6+45+2=21 24+1=3
2164 X 4==8656 8+6+5+6=25 245= 17
2165 x 4=8660 8--6+6-+0=20 240=2
2166 x4=8664 8+6+6+44=24 24+4= 6
2167 x 4==8668 8+6+64-8=28 2+48=10 14+0=1
2168 x 4=8672 8+6+4+74+2=23 243= 5

NUMBER 5

Perhaps the most important thing about 5 s that 1t 1s half of 10,
as we will see this fact 1s a key to many shortcuts 1n calculation
In the meantime the secret steps in the 5-tumes table are very
similar to those 1n the 4-times, the sequences simply go upwards
mstead of downwards

Strasgh steps  Secret steps

Sxl=735 5
5x2=10 1+0=1
5x3=15 1+45= 6
5x4=20 240=2
5x5=25 245= 7
5x6=30 340=3

5x7=35 345= 8



5x8=40
5x9=45
5 x 10 =50
5x1=355
Sx =60
5x13=65
5x14=7
5x15=175
5x16=1380
5x17=85
5x18=9
5x19=95

And so on

This1s the second trrangle number, and't

54+5=10
6-+5=11
T+5=12
8+45=13

9+5=14

The Digsts 23

44-0=4
4+5= 9
540=5
14+0= 1
6+0=6
141= 2

a perfect number 1s one which 15 equal to the sum of ali ...
divisors Thus,1 +2+3=6

The secret steps i the 6-tumes table are very similar to those
n the 3-times, only the order 15 shghtly different

Strasght steps
6x1= 6
6x2=12
6x3=18
6x4=24
6x5=30
6x6=136
6x7=42
6x8=48

Seeret steps

4+8=12

6
142=3
14+8=9
244=6
340=3
34+6=9
442=6
142=3
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6% 9=154 544=9
6 x 10=60 64+0=6
6x11=66 6+6=12 142=3
6x12=72 74+2=9
And so on

NUMBER 7

This 1s the next pnme number after 5 The secret steps 1n the
7-imes table almost duplicate those 1n the 2-times, cxcept that
they go up 1nstead of down at each step

Straght steps Secret steps

Tx1= 7 7
Tx2= 14 14+4=5
Tx3= 21 241=3
“Ix4= 28 248=10 146=1
7x5= 35 345=8
7x6= 42 442=6
Ix7= 49 4+9=13 1+3=4
Tx8= 56 S+6=11 141=2
Tx9= 63 643=9
7x10= 70 740=7
Tx1ll= 77 747=14 14+4=5
Tx12= 8 844=12 142=3
7x13= 91 94110 1+0=1
Txl= 9% 948=17 147=8
7x15=105 1404+5=6
7 x 16 =112 14+1+2=4
Tx17=119 14149=1 141=2
7 x18=12 14+246=9
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7x19=133 1434+3=7
7 x 20 =140 1+44+0=35
And so on.

There 15 a curious relationship between 7 and the number
142857 Watch

Tx2 =7x%x2
Tx2=7x4
Tx2=7x8
Tx2=7x16
Tx2=Tx32
Tx20==7x64 448
Tx2T=7x128 896
Tx28=7%X256= 1792
Tx2=7x512= 3584

14
28
56
112
24

VA A

142857142857142(784)

However far you take the calculation, the sequence 142857 wall
repeat utself, though the final digits on the nght-hand side which
T have bracketed will be “wrong’ because they would be affected
by the next stage m the addition 1f you took the calculation on
further

This number 142857 has stself some strange properties,
multply it by any number between 1 and 6 and see what happens

142857 x 1 = 142857
142857 x 2 = 285714
142857 x 3 = 428571
142857 x 4 = 571428
142857 x 5 = 714285
142857 x 6 = 857142



26 Fgurmg

The same diguts recur in each answer, and if the products are
each wnitten 1n the form of a circle, you will sce that the order of
the diguts remains the same I you then go on to muluply the
same number by 7, the answer 15 999999 We wall come back to
some further charactenstics of this number tn Chapter 14

NUMBER 8 '

This time the secret steps i the muluplication table are the
reverse of those in the I-times table

Straght steps Secret steps

8x1= 8 8
8x2=16 146=7
8x3= 24 2+4+4=6
8x4= 32 3+2=5
8x5= 40 440=4
8x6= 48 4+8=12 1+2=3
8§x7= 56 546=1 1+4+1=2
8§x8= 61 644=10 140=1
Ex9=T72 7+2=9
8x10= 80 8+0=8
8x11= 88 84-8=16 1+46=7
8x12= 9 94+6=15 1+5=6
8x13=10¢4 14+04+4=5
8x14=12 14+142=4
8x15=120 1+240=3

8x16=128 1+4+248=1 141=2
8x17=136 1434+6=10 140=1

So 1t continues.



The Dygyy, 2;
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888
88
8
8
8
—
1000

and
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Strasght steps Secret steps

9xl= 9
Ix2=18
Ix3= 27
Ix4= 36
9x5= 45
Ix6= 54
9x7= 63
9x8= 72
9x9= 81
9x10= 90

9
148=9
247=9
346=9
4+5=9
54+4=9
6+3=9
742=9
841=9
940=9

Ixl=19 94+9=18 14+8=9

9 x 12=108

1+0+8=9

It 15 an absolute rule that whatever number you muluply by 9,
the sum of the digats 1n the product will always be 9 Moreover,
not only are there no steps in the hidden part of the 9-times
table but, for its first ten places, 1t has another feature

1x9=09
2x9=18
Ix9=27
4 x9=36
§x9=45

90=9x10
81=9x9
72=9x%x8
63=9x%x7
54=9x%x6

The product mn the second half of the table 1s the reverse of that

1n the first half

Now, take any number Say, 87594 Reverse the order of the
digis which gives you 49578 Subtract the lesser from the

greater

87594

49578

38016
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Now 2dd up the sum of the digits 1n the remainder 3 + 8 -+
0+1+4+6=181+8=09 The answer will always be ¢

Agan, take any number Say, 64783 Calculate the sum of 1ts
digits 6+ 4 4- 7+ 8 4 3 = 28 (you can stop there or go on
as usual to calculate 2 +4- 8 = 10, and agam, only if you wish,
1+0=1)

Now take the sum of the digits away from the ongmal number,
and add up the sum of the digits of the remainder Wherever
you choose to stop, and whatever the number you onginally
select, the answer will be 9

64783
-28 R
— A,

64755 64447 +5 —@fﬁﬁﬁ
64783 \rﬁ / K7 rom

~10 {4 S
N \\Mmme
64773 6+ 44+T+7+3=27 SIPT

e indm——
64783
-1

64782 6+4+74+842=27 247=9

Take the mne digts 1n order and remove the 8 12345679
Then multiply by 9

12345679 x 9 = 111111111

Now try multplyng by the muluples of 9
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12345679 x 18 = 222222222
12345679 x 27 = 333333333
12345679 x 36 = 444444444
12345679 x 45 = 555555555
12345679 x 54 = 666666666
12345679 x 63 = 777777777
12345679 x 72 = 888888888
12345679 x 81 = 999999999

There 15 a little mathematical nddle that can be played using 9
What 1s the largest number that can be written using three digits?

The answer s 9", or 9 rased to the minth power of 9 The minth
power of 9 15 387420459 No one knows the precise number that
ts tepresented by 9397420488, bur st beguns 428124773 and
ends 89 The complete number will contain 369 mullion
diguts, would occupy over five hundred mules of paper and take
years to read

ZERO

T have a parucular affection for zero because 1t was some of my
countrymen who first gave it the status of a number Though the
symbol for 2 vord or nothingness 15 thought to have been snvented
by the Babyl 1t was Hindu math who first con-
cewved of 0 as 2 number, the next m the progression 4-3-2-1

Now, of course, the zero 15 2 central part of our mathematics,
the key to our decsimal system of counung And 1t signifies
something very different from simply *nothing - just think of the
enormous difference between 001, 01, 1, 1, 10, and 100 to
remind yourself of the tmportance of the presence and position
of a 0 1n 2 number

‘The other power of 0 15 1ts ability to destroy another number -
zero umes anything 15 zero
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MULTIPLICATION

Now that we have defined the principal terms we are gong to
use and have had a look at the digits indrvidually, we can moveon
tolook at some actual calculations and the ways n which they can
be simplified and speeded up I do want to stress at this pont
that I am not suggesting any magical method by which you can
do everything 1 your head Do not be ashamed of using paper
and pencil, especially when you are learming and practising the
different methods I am gomg to explain At first you may find you
need to scribble down the figures at cach intermediate stage 1.
the calculation, with practice you will probably find that 1t
becomes less necessary But the pomnt 1s not to be able to do
without paper, 1t 1s to grasp the methods and understand how
they work

Everyone can do simple multiplication 1n therr head All
mothers are familiar with questions Iike 4 sausages each for
5 children, or the weekly cost of 2 pits of mulk 2 day at 9 pennies
a pint Problems usually anse when both the figures get mto
two or three digits — and this 15, m many cases, because of the
ngid methods we were taught at school If for example you
multiply 456 by 76 by the method usually taught 1a schools,
you end up with a calculation that looks like this

3t
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8760 x 100 == 8760
8760 — 4 == 2190
2190 x 3 = 6570

To muluply by 9 just remember that 9 1s one less than 10, so
all that 1s necessary 15 to add a zero and then subtract the onginal
multipheand Tale 9 x §4

10 x 84 =840
840 — 84 =756

This can be extended f asked to multiply by 18 all that 1s
necessary 1s to muluply by 9 and double the product For
example, 448 x 18

H8 x 10 = H80
4480 — 448 = 4032
4032 x 2 = 8064

Alternatively you can start from the fact that 18 15 20 less 210
which case the sequence ss

448 x 2 =89
896 x 10 = 8960
8960 — 896 = 506+

‘Thus method can be used for all numbers which are muluples of 9
Tor cxample 1f asked to multuply 765 by 54 you will realize that
54 15 equivalent 10 6 X 9 the caleulinon then goes

765 > 6w 4590
4570 ~ 10 w 45900
4197 ~ 4370 = 41310
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N Jltplying by 11 1s easily done if you remember that 11 15
10 + 1 Therefore to multiply any number by 11 all that 1s
necessary 1s to add a 0 and then add on the orginal number
For example, to multiply 5342 by 11

5342 x 10 = 53420
53420 + 5342 = 58762

In the case of 1] there 1s an even shorter method that can be
used 1f the multplicand 15 a three-digit number 1n which the
sum of the last two digits 15 not more than 9 For example 1f
asked to multiply 653 by 11 you check that 5 and 3 total less
than 9 and smce they do you proceed as follows

Furst muluply the last two digats, 53, by 1

53 % 11 =583
To thus add the first, hundreds digit mulaplied by 11

600 x 11 = 6600
6600 4 583 = 7183

Another case where this method can be used 15 with 123 Here
you have a chorce, you can either work on the basis that 124 1s
10 plus a quarter of 10, m which case 872 x 12}

872 x 10 = 8720
8720 — 4 = 2180
8720 + 2180 = 10900

Alternatively, you can work from the bass that 124 1s one-erghth
of 100, 1n which case 8§72 x 12}
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872 x 100 = 87200
87200 — 8 = 10900

It’s best to check 1f the multiphcand 1s dvisible by 8 before
adopting the second way In fact this process of checking pretty
well does the calculation for you If you have to multiply 168
by 12} a moments thought shows that 8 goes 1nto 168 exactly
21 umes All you then have to do 15 add two zeros to get the
correct product - 2100

But if the muluplicand had been, say, 146 then clearly the
first method 15 the one to use

Here are some other relationships that can be exploited to use
this basic method

1124 15 100 plus one-eighth of 100

125 1s 100 plus one-quarter of 100, or 125 1s one-eighth of
1000

45 1s 50 mmnus 5, 50 1s half of 100 and 5 1s one-tenth of 50

25 15 a quarter of 100

3515 25 plus 10

99 1s 100 ounus 1

90 1s 100 munus one-tenth of 100
and so on If you experiment you will find many more of these
useful relationships all of which can be used totake advantage of
the basic shortcut offered by the fact that to multiply by 10 all
you do1s add a zero After some practice you will find that you
can spot zlmost without thinking a case where ths first method
15 going to help

METHOD IT

The next method T am gong to describe can be used when the
multipher 1s a relatively small number, but one for which our
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first method 15 unsmtable because there 1s no simple relationship
to 10 which can be spotted and explotted

We have 1n fact already made use of this second method
without my drawing attention to 1t When, for instance, you
muluply by 20 by the simple and obvious means of multiplymng
by 2 and then adding a 0, what you are doing 15 taking out the
factors of 20, 2 and 10 and muluplying by them each in turn
This method can be extended to any number which can be broken
down 1nto factors For example 1f you are asked to muluply a
number by 32 you can break 32 down nto 1ts factors 8 and 4
and proceed as follows (here to start with anyway, 1 suggest
the use of paper and penail)

To muluply 928 by 32
928
4
3Nz
8

29696

Esen if you have to wate the caleulation out as above 1t 1s a
great deal quicker than the conventional method, which would
not only involve two sequences of multiplication but also one of
addwion

In practice this method s best used whete the mulupher 1s
relatnely small and 1ts factors thercfore easly and quickly ex-
tracted, 4f you remember the multiplication tables up to 12 jou
will be able to judge at a glance whether or not this 1s a smitable
method 1n the case of a two-digit multipher
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METHOD 111

Thus third method 1s one that should be used where there 1s no
easily discermble means of using the first two, and where the
number of diguts involved makes them impracucable

1 am gong to start by expluning the method with relatively
small numbers so that you can grasp the essentuls

For our first example let us take 13 x 19 First add the unit
dint of one number to the other number, thus

94+13=22

You then think of that sum as so many tens 1n this case 22 tens.
Now muluply the two unit diguts together

3Ix9=27
Finally add the product to the tens figure you already have
27 + 22 (tens) = 247
Here 1s another example 17 x 14

4 -+ 17 = 21 {tens)
Tx4=28
28 + 21 (tens) = 238

There are particular short cuts for muluplying together two-
1gure numbers with the same tens or the same units figure

When the tens figure 1s common you add to one number the
units figure of the other multiply thts sum by the common tens
figure and add to ths product constdered as tens, the product
of the two umts digits For example 49 > 42
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49 42=>51
51x4=20¢4

Add to this product (2040, when considered as tens) the product
of the umts (9 x 2 = 18) to get the final product of 2058
Another example 58 x 53

5843 =61
61 x 5 = 305 (tens)
8x3=24

3050 + 24 = 3074

If the common tens figure 1s 9 there 1s an even simpler method
Subtract ezch of the numbers from 100 Multiply the remainders
together ~ this gives you the last two figures of the final product
To arnive at the first two digits take away from one of the numbers
the figure by which the other was short of 100 For example,
93 x 96

100 ~93=7
100 ~ 96 =4

4 x 7 =28 yourtwolast digits 93 — 4or 96 — 7 gaves you 89
your first two digits The product 1s therefore 8928

If the unus figures of two two-figure numbers are the same
you can multiply them by adding the product of the two tens
figures (considered as hundreds) to the sum of the tens figures
multiphed by the common units digit and the square of the
common units digit For example 96 x 46

9 « 4 = 36 (hundreds)
9+4=13,13 ¥ 6 = 78 (tens)
6x6=36

3600 + 780 + 36 = H16
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Or to multply 62 by 42

6 X 4 = 24 (hundreds)
6+4=10,10 x 2 = 20 (tens)
2x2=4

2400 +- 200 + 4 = 2604

If the common final digit 15 5 1t1s even simpler ~ to the product
of the two tens figurcs considered as hundreds add half the sum
of the two tens figures sull considered as hundreds Then add 25
to arnive at the final product For example 45 X 85

4 x 8 = 32 (hundreds)
# — 6 (hundreds)

3200 + 600 = 3800

Add 25 to obtain the final product of 3825

If the sum of the tens 1s an odd number take 1t to the nearest
whole number below, and add 7> not 25, 10 ebtamn the final
product For example, 95 x 25

9 » 2 = 18 (hundreds)
?__z’.ﬁ' = 5 5 (hundreds)
1800 4 500 -+ 75 (25 plus 5 of 100)
<2375

All of the methods I have described so far can be done mentally
when you have had 2 hutle practise - I will now describe athers
which can be used more generally but which require penail and
paper Fuven with these methods most of the calculations can be



Multuplication 43

done mentally, you use the paper to keep note of your irter-
mediate results In each case you do a sequence of diagonal or
vertical multrphcations — the pattern of these 1s shown m diagrams
to the right of the examples

For example, to multiply 63 by 48 write down the numbers

thus
6 * I'
w XL

3 X 8 =24 50 put 4 in the umts column and carry the 2, you
will 2dd this to the sum of the products of the ‘dugonals’ ~
8 and 6, and 4 and 3 Your mental calculation runs thus

6x8=48,4 x3=12,48+1242=62

You write 2 1n the tens column and carry 6 ~ this you add 1o the
product of the two tens digits ~ 6 and 4

The mentaf calewlation 6 X 4 = 24, 24 + 6 = 30 gves the
final figures ~ all you have had 1o write doypeetheeprehiom.,,
uself and the answer

63
48

3024

~
Set wut threevdhgt figures 1o be mulnphed together n the
same way

mo XK XL
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Agam multiply the units digits and write down the units figur
of the answer 4, and carry the tens digit 2 Now muluiply 3 by ¢
and add the 2 you are carrying to make 14 Add this to the pro
duct of 5 X 6 = 30, to make a total of 44 You now hawe tu
figures of your final answer and are still carrying only one figure
4 - 1 your head The figures you have written read

436
254

4

Your next mental steps are to add the 4 you are carrying to th
products of 4 x 4 6§ X 2 and 3 x 5 and the calculation wil
un 4x4=16,164+4=20,6x2=12, 124+20=32
Ix5=15 15+32=4"

Sct down the 7 and carry the 4

Now muluply the left hand set of diagonals - 4 and 5, anc
3 and 2 and add the carried 4 4 X 5=20 204+4=24
3x2=06,6+24=30

Set down the D, carry the 3, and add 1t to the product of the
first hundreds digits 4and 2 4 X2 =8 8+3 =11l

Now wnite 11 next ro the 0

436
254

110744

Again, all you have had to wnite are problem and answer

If the multuplier has only two figures you can sull use this
method by replacing the missing hundreds figure wath 2 0 For
example set out 476 X 26 bike this



476
026 |

6 ¥ 6= 36, put down the 6, carry 3, and p‘;&?e\cdangbreii::
7 % 6=42, plus 3 carned =45, plus 2 x 6{= 12)= 57
Put down the 7 and carry the §
4 6 =24, plusthe Scamed = 23,6 x 0 =02 x7=14
29+ 14 = 43 Set down 3 and carry 4
4%x2=-8,84+4=12,7%x0=0,12+0=12-50you
write 2 and carry 1 The figures you have now written read

476
026

2376

4 3 0 == 0, but you are sull carrying 1 so the final answer reads
12376

We can now extend the method to deat wath four-figure

numbers For mnstance to multiply 9246 by 2541 set down the
problem 1n the same way as before

92"6 .‘.I '.X -
e WX K 2K
- . L) L3 N Y
X X0
First the unts 3 X 6 = 18, wnite down the 8 carry the 1 Next

the first pair of disgonals 4 X 3= 12, 1241 =13, 4 x 6=
2,24 4 13 =37
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Write down the 7 and carry the 3
9246
2543

78
Now2x3,4x4and 5 x6
2x3=6 6+ 3 (carned) = 9
5x6=30 30+9=139
4x4=16 164+39=55
Set down 5 and carry 5

9246
2543

578

Now the four sets of diagonals

9x3=27 274 5(camed) =32

2x6=12 R+R=4
2x4=8 84 44=352
5x4=20 20452=72

Set down 2 and carry 7

9246
2543
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By the same procedutes as before

. 9x4=36 36+ 7 (carried) =43
4x2=8§ 43 4-8=751
2%x5=10 51 410 =61

gives us another digit of the solution, and 6 to carry

9 x5=45 45+ 6(carned) = 51
2x2=24 51 4+4=755

gives another, 5, with 5 to carry

9246
2543

512578

and we get the final two digats by multiplying 9 X 2 and adding
the 5 we are carrymng 18 + 5 =23

9246
2543

23512578

This same method of adding the products of groups of diagonal
multiplications ean be used for larger numbers, but a little more
papersork will make st simpler For 1nstance to multiply 637432
by 513124 start by sctting the numbers out in the usual way

637432
513124
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then proceed as follows

@ x2)= §
@>N4ExY=12+4= 16
(x4 RX)+EX2) =16-2+6= 24
D4 EXD+EXY FExY=
846+3+8= 4
@xHIEXY+EXTD FExI)+Ex D)=
124241449+ 4= 4
@EX)+(EX2Y+RxN+AXJHHTx )+
Gx)=244+104+6+34+7+12=
RxO+EXN+A x4 LEXN+TxI)=
12415+4+3 421 =
AXOFBEXD+H(xN+B%3)=

6+20+7+9= 2
BxO+GEXN+GxD=18+35+3= 56
(16 +(x3)=6+15= 21
(6x5)= 30
327081657568

All the computing goes on 1n your head the additron at the end
mvolves only two digis m each column and the amount of
paperwork 1s limited to the figures on the nght-hand side of the
page

CHECKING BY CASTING OUI THE NINES

No one 1s ymmune from error, and quick ways of checking long
computations are always useful The method I describe here 15
not 1nfallible but 1f the answer you have obtained checls out
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as correct when you have used it, the chances of your being wrong
are very shm tndeed Thus 15 the way 1t 1s done

Add up the digits 1n each factor (the numbers you are
muluplying together) and in the product

Dinde each of the sums of diguts by 9

Set down the remainder 1n each case - this 1s known as the
check number

Muluiply the check number of the multiplicand by the check
number of the multiplier, and add up the digits 1n the product

If this gives you the same number as the check number of the
ongmal product you can assume that that product was correct

For example to check that 8216 x 4215 = 34630440

842414 6 =17, casung out the nines leaves 8 as check
number

44241+ 5 =12, casting out the mnes leaves 3 as check
number

34+4464+340+44 4+ 0=24, casung out the nines
leaves 6 as check number

3 x 8 = 24,2 + 4 = 6, which was the check number of the
onginal product
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Add each column of figures separately Put the unts figure of the
total directly below the column you have just added, the tens
figure one line down and one place to the left Repeat this process
for each column and add the two rows of figures together to
obtain the final fesult

Another method of avording carrying also 1nvalves adding each
column scparately The column totals are set out 1n a staggered
Iine, the umits figure of the second column below the tens figure
of the first the umts figure of the thurd column below the tens
figure of the second and so on The column totals are then added
to give the final answer Here 15 an example

962853 19
524861 22
212346 24
401258 13
864321 15
28
2965639

(You can of course work from left to nght if you wish and set
each column total one place further night rather than one place
further left )

962853 28
524861 15
212346 13
401258 24
864321 22

19

2965639
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There arc even tricks you can play with additon Ask a friend
to wnte down any fise-figure number ~ say he wates 21564
You apparently at random, choose figurcs to write below his
You put down 78435 - these are 1n fact the diguts which added
to those they stand below, wall total 9 You now ask your friend
to add a further five-figure number, and you again write below
his digits those that would make them up to 9 Your friend adds
a final fifth ke of five figures and you instantly draw a kine and
2dd all five numbers together ~ the total will aiways be the lase
aumber your friend wrote with 2 subtracted from the last digit
and 2 inserted before the first one

21564«
78435 1
125 '

i
59 of

CHECKING BY CASTING OUT THL NINES

Additions, like muluplications can be checked (though not
nfallibly checked) by casting out the nines

First add up the diguts of each number 1n the sum, and of the
answer you had arrved at Divide each of these numbers by 9
and set down the der Total the ders of the num-
bers you were adding together, and again cast out the mines If
the remainder you are left with is the same as the remainder when
the sum of the digits of your answer was divided by 9 you may
assume that answer was correct.
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DIVISION

e,

Duvision 1s the reverse of p ~ Just as sub 15
the reverse of addiion To multiply 3 by 4 15 to add four threes
together and find the total ~ 12 Dividing 12 by 3 could be said
to be subtracung threes untl you had nothung left - and you
would of course do 1t four times But division seems more
intractable to most people, and particulatly difficult to handle
mentally In this chapter I will show how division by particular
numbers can be handled 1n particular ways, and, at the end of the
chaptet, how you can check to see whether 2 number 1s o 15 not
divisible by any number from 2 to 11 (or, of course any multiple
of such a number) But first some special cases

To divide 2 number by 5 you take advantage of the fact
that 5 1s half of 10 multply the dividend (the number being
divided) by 2 and divide by 10 by moving the decimal pont one
place to the left For example

165 divided by 5 = 3_1369 -3

To divide by 15 muluply the dividend by 2 and divide by
30 For example

210
105 diwided by 15 = —~
ivided by 1 35

52

=7
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1f you sumplify wn thus way ~ by doubling divisor and dvidend ~
and are left ac the end of the caleulsnon with a vemainder you
must remember that ths, too, will be doubled Some divisions
can be sunplified by halving both divisor and dividend - divisions
by 14, 16, 18, 20, 22, and 24 become divisions by 7, 8, 9, 10,
11, and 12 - but this time you must remember to double the
remaunaer Here are some exsmples

392 dmded by 14 = 120 = 28
mmwdcaby16=2_§5=z9

882 drnded by 18 = %1 =%

4960 divided by 20 = 2_';%9 = 248

936 drided by 22 =%‘3=43

1176 dunded by 24 = s%s_ =4

DIVIDING BY FACTORS

I number can be broken down 1ato factors 1t may be simples
0 dwide by these successively, than to do a smgle cafeulation
A mental division by 8, #nd then by 4,15 simpler than 2 doasien
by 32 For example to divide 1088 by 32 first drvide by

i
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1088
— =13
3 136

and then divide the answer, 136, by 4 to get the final resule - 34

Numbers easy to handle 1n this way are the products tn the
basic multipl tables - muluples of 11 for nstance go
particularly smoothly

To divide 2695 by 55, first divide by 5

2695
22 539,
— =5

and then by 11

to get the answer

‘To divide by numbers that are powers of 2 (4,8 16 and soon),
you merely have to go on halving the dividend 16 for nstance 1
2450 halving the dividend four times 1s the same as dividing by 16

To diide 8192 by 16

halve once ta get 4096
and again to get 2048
and a third tume to get 1024

and finally a fourth time to get the answer 512

This technique makes dividing by high powers of 2 easy - for
nstance to dnde 32768 by 128 ~ which 1s 27
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360 x 4 = 1440

73 x4=30
1440
=

By the same principle when dividing by 12} muluply the diidend
by 8 and dmde by 100, when dividing by 374 muluply by 8 and
drvide by 300 and when dividing by 623 multiply by 8 and divide
by 500

To divide by 1} double the dividend and the divisor and divide
by 3 (bur ber to halve any der)

To divide a number by 2} double the dividend and the divisor
and divide by 5 - and go about dwiding by 3} i the same way

CHECKING WHETHER A NUMBER IS
EXACTLY DIVISIBLE

There are tests that can be made to show whether 2 number 15
exactly divisible by another number {or multiple of 1t) Here are
some of them

If a number is divisible by two 1t will end 1n an even number
ora®

1 2 number 15 divisible by three the sum of its digits will be
dvisible by 3 (for example 372 =3 -+ 2 4 7 = 12) A corollary
of this 1s that any number made by rearranging the digits of a
number divistble by 3 wll also be dvisible by 3

1f a number 1s divisible by four the last two digits are divisible
by 4 (or are zeros)
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If a number 15 dmsible by five the last dige wall be §
or 0

Ifa number 15 divisible by six the hast digat vall be even and the
sum of the diguts divisible by 3

There 1s no quick test for finding out 1f a number 1s divistble by
seven

12 number 15 dvistble by eight the last three diguts are divisible
by 8

If 2 number 15 divisible by mune the sum of its digats 15 drvisible
by 9

Ifa number 15 divisible by ten 1t ends wath 2 0

1f 2 number 15 divisible by eleven the difference between the
sum of the digats 1n the even places and the sum of the digits ;n
the odd places 1s 11 or 0 For example, 58432 15 shown to be
divisble by 11 because

S54+442=11
843=11
n-11=0

and 25806 15 shown to be divisible by 11 because

248+6=16
54+0=5
16-5=11
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CHECKING BY CASTING OUT THE NINES

Duvistons like addimions and muluplications, can be checked by
casting out the nmes - although, agan, the method 15 not
nfallible

You obtamn check numbers, as before, by adding up the dignts
1n the numbers n the calculation — 1n this caso the divisor,
dividend and gquotient - and dividing them by 9 The check
number 15 the remainder left after each division

Muluply the chech number of the divisor by the check number
of the quotient If the chech nurmber of this p oduct s the same
as the check number of the dividend the dision may be
assumed to be correct For example to check

2426376

TR

244 +2+6+3 +7+6=130,casting out the nncs leaves 3
543 42 4-1 =1}, casting out the mines feaves 2
445 -6 =15 casung out the mincs leaves 6

6 x 2 = 12 (check number divisor X check number quotient}
Casting out the runes leaves 3 - which 1s the same as the check
number of the dividend
When there gs a remginder the sum of the digits 1n the re-
mainder are added to the product of the chech numbers of the
quotient and the divisor and the operation 1s completed 1n the
usual way For example to check
————’?zlszlés = 346 remainder 3%
14+ 448-+142+4645=27,casting out the munes leaves 0
442484 1=15 casting out the nines leaves 6
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3 + 4 + 6 = 13, casting out the nines leaves 4

3 49 == 12, casting out the nines leaves 3

6 % 4 =24, 24 4 3 = 27, adding these digits and casting out
the nines leaves 0 - which 1s the check number of the dvidend
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SUBTRACTION

Subtraction 15 the opposite of addition, but many people find
adding easter If the number being subtracted 15 a muluple of 10
however the sum 1s easy, and you can stmphfy subtractions by
adding to both the number being subtracted, and the number
being subtracted from the figure which will bring the former up
to round figures It1s a particularly useful trick when subtracung
sums of money in decimal currencies For example to subtract
46 from 58 add 4 to both numbers ~ the problem then becomes
the easy one of

62 —50=12
Or to deduct §1 72 from $3 64, add 8 cents to each sum

$372—$180=$192

When you are dealing with three-figure numbers you will bring
the number being subtracted up to the nearest hundred
246 — 182 becomes 264 — 200 and the answer, 64 obvious

And with four-figure numbers you add to both numbers the
number which wall bring the number beng subtracted up to the
nearest thousand When 2348 — 1821 becomes 2527 — 2000,
there 15 no problem mn seemng that 527 is the answer

[
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CHECKING ERRORS IN SUBTRACTION

"The simplest check 13 to add your answer to the number bemng
subtracted ~ the sum will be the same as the number bemng
subtracted from, if you have made no mustakes You can also use
the method of casting out the nines, which I have described
already - in this case the procedure 15 to add up the digits of each
number 1n the subtraction, divide by 9, and note the check num-
bers ~ the remaunders - arerved at Having cast out the nmes in
this way subtract the check number of the number being sub-
tracted, from the check number of the number beng subtracted
from, if the figure arsived at 15 the same as the check number of
your answer you can assume that your oniginal subtraction was
catned out corsectly But again remember that casting out the
nnes 1s not snfallible
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GCM and LCM

I have already explamned how numbers can be broken down mto
factors — numbers which muluphed together, give the onginat
number as a product

The Greatest Comsmon Measure, or Highest Common Factor,
15 the greatest number that 1s a factor common to two nunbers—
1t can be dufined as the greatest number that 15 contamed an
exact number of times i each of two or more numbers and
abbreviated to GCM or HCF

The usual way of finding the GCM of two numbers 15 to break
both of them down into their factors, pick out the factor or
factors they have in common, and muluply these together

For mstance to find the GCM of 72 and 126

N=2%x2x2x3x%x3
126=7x2x3x3

The common factorsare 2 3 and 3 and the GCM, the produst
of these factors multiplied together 18

Or to find the GCM of 7293 and 442
62
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7293=3%x11x17x13
M4M2=2x13x%x17

The GCM 1s therefore 13 X 17, or 221

As larger numbers are harder to split mto factors another method
can be used This imvolves dividing the larger number by the
smaller, and then dividing the smaller number by the remainder
from the first division The remainder of the first division 1s then
divided 1tself by the remn ider from the second and so on unul
no remainder 1s left The last divisor 15 the GCM of the two
numbers you started with Here are two examples

Find the GCM of 4781 and 6147

4781)6147(1
4781
1366)4781(3
4098
683)1366(2
1366

The required GCM 15 683
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Find the GCM of 13536 and 23148

13536)23148(1
13536
9612)13536(1
9612
39249612(2
7848
1764)3924(2
3518
306)1764(4
1584
180)396(2
360
36)180(5
180

‘The required GCM 1s 36

LEAST COMMON MULTIPLE

The Least Common Multiple 1s the smallest number which con-
tains an exact number of each of two or more numbers The usual
method of finding the Least Common Multiple (LCM) of two
or more numbers 1s to break them down 1nto thesr prime factors -
factors which cannot themselves be split into smaller factors
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From the prime factors of all the numbers choose the highest
powers of each factor that occurs Muluply these together, and
the product will be the required LCM
For example, to find the LCM of 78, 84, and 90
78=2x13x3
84=2x2X7Tx3=22%x7x3
90 =2x3IXIX5F=2x3x%x5
Therefore the LCM1s 22 X 32 X 13 x 7 x 5 = 16380

To find the prime factors set 1t out in this way (the problem 1s to
find the prime factors and LUM of 192, 204, 272)

2192, 204, 272

2) 96, 102, 136

2) 48, 51, 68

2)24, 51, 4

312, 5, 17

14, 17, 17

4, 1, 1
Each number 1s drvided by factors common to at least two of
them When no more dwisions are possible, multiply together

all the numbers you have dmided by and the numbers m the
bottom rowm, to obtain the least common multiple
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Zx2%x2x2x3%x17x4=3264

When the numbers involved are very large 1t will be quicker to
use the GCM of the numbers as the fisst divisor

Find the LCM of 7535 and 11645
The GCM of 7535 and 11645 1s found to be 685 Divading by
the GCM, we obtan

685)7535, 11645
1 17
Therefore the LCM 1s
685 x 11 x 17 = 128095

Find the LCM of 4781 and 6147
The GCM of 4781 and 6147 s found to be 683

4781 x 6147
— 43029
The lowest common multiple of two numbers 15 the same as the
product of the two numbers divided by their highest common
factor (Conversely the GCM and the LCM multiplied together
gives the product of the two numbers )

When the LCM of a hist of numbers 1s wanted find the LCM
of the first two numbers, then the LCM of the third number and
the LCM of the first two and so on

Find the LCM of 385 231 165 and 105
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The GCM of 385 and 231 1s 77 Therefore the LCM of 385
and 231 1s

385 x 231
— =115
7

The GCM of 165 and 1155 15 165 Therefore the LCM of 165
and 1155 1s

165 x 1155
- =1

165 155
Now the GCM of 1155 and 105 1s 105 Therefore the LCM of
1155 and 105 15

1155 x 105

T 1155
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SQUARES and SQUARE
ROOTS

The square of a number 1s that number, multiphied by atself It
15 also ~ and this explatns why 1t 1s called a square — the number
of untts 1n a square grid having sides of 2 given number of units

Think of butlding up squares by Jaying down marbles ~ the
first square will have one o the second 99, the third §§§ and

so on One, four, and nine are thus the squares

So4squared s 4 X 4 It 1s wrutten with a figure 2 (4%) and 1s
known as the second power of four Four squared equals 16,
and 4 1s therefore the square root of 16 ~ which 1s wntten
thus 16

The sequence of squares and the sequence of odd numbers
have what at first sight seems a mystetious telationship

1= 1=12

143=4=22

14+3+5= 9=3

14+3454+7=16=42

14+34+5474+9=25=5%

143454749+ 11=36=06

T+3+5474+94+11+13=49=72

And s0 on

68
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But 1f you think of the square of marbles the reason for 1t becomes
clear

123456789

[o}e)ejoReNeoNoXo 0!

To make up the second square one must add 3 marbles to the
1 square To make up the third square one must add 5, and so on

This diagram also makes 1t clear why another relationship
holds any triangle number added to the next highest triangle
number always gives a square number (Triangle numbers as
their name suggests, are those that can be made from umts ina
triangular display 3 6, 10 and so on )

00 O
o O O
O 00
OO 000

The triangular numbers have another special relationship to
the squate numbers multiply any triangle number by 8 and add 1
and you have a square number The sequence runs
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Tranglel=1 (B x1) +1=9 =3
Trangle2=3 (8x3) +1=25 =51
Trangle3 =6 (8x6) +1=49 =7
Trangle4 =10 (8 x 10) 4+ 1=8] =9¢
Trangle5=15 (8 x 15) + [ =121 =11*

. Note that the odd sequence of numbers 3, 5, 7,9, 11, ete shows up

once again

Math have been fa d by the
between square and triangle numbers, and between ordinary
numbers and numbers of special shape for centunes They are
stll trymng to find new connections between them

Numbers ending 1n § can be squared mentally very easily
sgnoring the 5 muluply the figures left by the number which
follows 1t numerically, insert 25 after the product of this mult-~
plication and you have the square of the origmal number For
example 65% =6 x 7 =42, with 25 at the end, 4225, and
1451 = 14 x 15, which 15 210, with 25 on the end, 21025

Numbers made up only of threes have a special pattern of
squares

331 = 1089
3332 = 110889
3333% == 11108889
33333% = 1111088889
3333332 = 111110888889

end so on
Squares for other numbers can be found quickly by using the
methods described 1n the chapter on multipitcanion
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FINDING SQUARE ROOTS

This 1s the conventional method of finding square roots

First divide the number up mto groups by putung a mark over
every second figure — starting with the umts digit, gomg on to the
hundreds digit and so on For nstance if the problem 1s to find
the square root of 233289 set 1t out Iike this

233289
Now find the largest number the square of which is less than 23

233289(483
16
88)732
704
963)2889
2889

this 15 4 - which gives you the first figure of the answer Insert
this to the right of the number and subtract 42 (16) from 23
Now bring down the next group of figures — 32 - and put 1t after
the remamder just obtamed to make 732

‘The first part of the dvisor of 732 (obtained by doubling 4,
that part of the root you have already obtained) 1s 8 The final
digit of the divisor, and the second of the root itself, 1s arrved
at by trial It wall be the largest number that, inserted after the 8,
and then used to multiply the number thus obiained will give a
product of less than 732 It turns out n this case to be 8 - for
8 x 88 =704 and 732 — 704 == 28
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Now go through the same process again

Bring down the next group of numbers, 89, to make
2889

Arnive at a diisor by doubling 48 (the part of the root already
arrived at) This gives you 96

Find by trial the next number of the square root (in this case
the final one), which wall also be the last digit of the divisor It
turns out to be 3, and you now have the complete root, 483
which can be checked by muluplying st by ttself

Square roots by factors Square roots can also be found by
breaking numbers down mnto factors which are the squares of
known numbers (4 9 16 25 and so on) Muluplying together
the square roots of the factors will then give the square root of
the number

For mstance the number 20736 1s found to have the factors
4 4x4%4%9x9 Thesquarerootisthen2 ¥ 2 X 2 X
2 x 3 > 3 which cquals 144

B th these methods are ime consuming howcver — and there
are shorteuts which, given a hetle practice allow you to arrive at
squarc roots mentally First you must learn the table of squares
of numbers from 1 to 9 by beart

number square

1

4

9
16
25
36
49
64
81

(RS RN - NV A R e
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You will sce from thus table that any square ending in 1 will have
arootendingn Lor 9 A square ending i 4 will have a root end-
mgn 2 or 8 A square ending i 9 will have a root ending in
3or7 Asquare ending 1n 6 2 root ending 1n 4 or 6 and a square
ending 1 § a root ending in 5 So any number that 15 a perfect
guare will end m 1, 4, 9, 6, or 5, and, with the exception of 5,
the final number of the square will imdicate two possible values
for the last digt of the square root
This table 15 the basis of 2 quick methed of finding square
roots To find the root of a four-figume number first break the
number into two groups of two digns For example 6241 breaks
into 62 and 41
Now consider the group with the thousands and the hundreds
dgpts We know that the square root we are looking for will have
two digits—to find the first we think where 62 stands 1 relation
to the memonsed table of squares It is less than 64 but more
than 49, so the highest possible first digat of the root1s 7 We must
now find the units it of the square reot We know from our
table that 1t must be 9 or 1 ~ for only they give squares ending
m 1 To decde which take the number alreadv arnved at as
the first number of the root ~ in this ease 7, muluply 1t by wself
plus | If the product 15 mare than the first two figures of the
number for which you are finding the root take the lower of
the two possible digts figures - m this case 1, to arnve at the
square roat if 1t 1s Jess take the hgher of the two possible figures
~7 £ {7+ 1) =7 x 8 = 56, which 15 less than 62 The square
roat of 6241 s therefore 79 Here s another example
To find the square root of 4096
40 hes between 36 and 49 so the first figure of the square
root 15 6 The second figure conld be 4 or 6 6 > 7 = 42, which
1s mate than 40 so we take the lower of the possible umts digits
‘The square root 1s therefore 64
When the square has five or six figures we know the square
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root will have threc To find the square roots of aumbers up to
40000 you must remember more squarcs - those up to 20

number square
n 121
12 14
13 169
14 196
15 225
16 256
17 289
18 324
19 361
20 400

With this table memorised you can set about finding the square
root of longer numbers which are perfect squares Let us take an
example

To find the square oot of 15129

Furst divide the number 1ntor two groups of digits by taking
out the last two figures This gives

151 29

From the table you know that 151 falls between the squares of
12 and 13 - which are 144 and 169 The first two figures of the
Yoot you are extracting will thercfore be 12 - the square root of
the lower figure To find the final figure you use the method
already descibed the number from which you are extracting the
square root ends 11 a 9 the digit you are looking for must
therefore bea 3 ora 7 To find which add 1 to 12 (the first figures
of the root which you have already arnved at) and multiply the
sum by 12 The product 156 15 greater than 151 so you take the
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lower of the two possible digits You now have the complete
square root of 15129, 1t 1s 123

Here 1s another example

To find the square root of 30276

Divide the number tnto two groups of digits as before

302 76

From the table we know that 302 falls between the squares of
17and 18 The first two digits of the squarc root are therefore 17
The number ends in 6 so the final figure must be 4 or 6
17 x 18 =306 thus 15 greater than 302, so you take the lower
of the two possible digus to arnve at the square root of 174 If
the number from which the square root 1s to be extracted 1s
hugher than 40000 you use a shghtly diffcrent method

For example, to extract the square root of 537289 First break
1t up 1nto groups of two figures, starting from the nght

53 12 89

To find the hundreds figure of the squate root go to the first
memonsed table 53 stands between the squares of 7 and 8 The
lower of these numbers 1s our first figure, 7

To find the tens figure we must find the difference between 53
and the square of 7, that 1s between 53 and 49

53 -49=4

We now put 4 before the lefti-hand digit of the second group of
figures in the number from which we are extracting the square

Thus gives 47 We divide this number by twrce the figure already
arnived at as the first 1n the square root - 7 - plus I This gives
us IS
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:—: = 3, with remainder 2

(note that you are obtasning the quotient which will gave the least
remainder abote or below - the remander 15 the number that
must be added to or subtracted from the dividend 1o bring it to
the nearest multiple of the duisor)

The quottent thus obtained 1s the tens digit of the square root
we ate extractiag, so the first two digtts of the root are 73

We know that the units digit must be 7 or 3, for the aumber
ends ma 9 As the quotient obtamed, 3, was greater than the
remamnder 2, we take the smaller of the two possible figures and
arrive at the complete square root of 733

When the quotient 1s smaller than the remainder take the farger
of the two possible figures as the unuts digit
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CUBES and CUBE ROOTS

You will remember that square numbers could be illustrated by
rectangular arrays of marbles Cubrs can be sllustrated with
square building blocks You build a cube by adding layers of
blocks to 2 square untl there arc as many layers of blocks as there
are blocks 1n one side of the square

A square made up of only 1 block 15 also 1 block deep A square
with a side of 2 blocks long will be made into a cube by adding
another layer — there are 4 blocks 1 each layer and 8 i the
whole cube

2x2x2=8

A square with sides 3 blocks long contains 9 blocks, and 2 cube
wath sides of 3 blocks three times as many

Ix3Ix3I=27

Gomg on up, enlarging the cube by one umt each ume, we find
the fourth cube contans 64 blocks the fifth 125, and so on
A cubic number 15 one obtained by multplying a whole numsbs
by atself and then by ttself agan The cube root ts the
number ~ the whole number you started with Cubes
”
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said earlier, wnitten with a supertor 3 So 64 can be written as 4
4 on the other hand can also be wnitten as 24/64, that 1s to say
the cube root of 64

Another way of indicating the cube root of a number 1s by
what 15 called a fracttonal index

st

of, in words 64 raised to the power of ! over 3
The cubic numbcrs like the square numbers have a speaul
relation to the odd numbers

1B=1 =1

2B=8 =3+5

=27 =74+9+11

=64 =13415-+17+19

53 =125=21 423+ 25 +27+29

68 =216=31 433 +354-37+39+41

P8 =343 =43 4+ 454+ 47 + 49 - 51 + 53+ 55

and soon

And cubxc numbcrs, Iike square numbers have a special

1 to bers 1t1s an odd one If the cubic
numbers are added up m order (1% 13428 1342043
and so on) the sums arrived at are the squares of the sequence of
triangular numbers
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B= 1= 12
= triangle number 1
B+22= 9= 3
3 = triangle number 2
P42+ 3P= 36= 62
== triangl number 3
1P42843 - 43= 100 =10*
10 = zriangle number 4
Pr2+3 489 4+58= 225=15
15 = trrangle number 5
13 +22 + 3+ 8 45816 = 441 =212
21 = trangle number 6
P42 4+3+$4546°+7 = 784 =128°
28 = trrangle number 7
3429 4 33+ 43 5% - 6% + 70 + 8% = 1296 = 362
36 = tringle number 8

and so on

EXTRACTING CUBE ROOTS

The most common conventional way of extracting cube roots
1s by factors ~ here, for examnple, 1s how you extract the cube root
of 474552 by this method
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2474552

2)237276

2)118638

3)50319

39773

3)6591

13)2197

13)169

13)13

1
The figure 474552 may thus be expressed as
28 x 3 x 138
3 AT4552 =3/ X P K 133 =2 X3 ¥ 13=78

But there are simpler methods for extracting the roots of numbers
which are exact cubes ~ I will show first how 1t can be done for
numbers of up to six digits

Agan there 15 a table to remember this time of the cubes of
the numbers from 1 to 10
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number cubes
1 1

8

2
)
125
216
343
512
9
100

[=IRV-J IR - A E R G Y

-

The frst thing to notice about this sable 15 that the numbers
from 0 to 9 all occur If a number 15 cubic one can therefore
determine the umts figure of the cube root immedmately If 2
cubic numberendsn ,4 5 6 9 or O11s cube root will endin the
sarne number 1f3t ends 1n 2 the cube root will end i 8, and f 1t
ends 1 8§ the cube root will end in 2 Swmlasly of the number
ends 1 7 the untts digtt of the cube root will be 3 and if 1t ends
1n 3 the units digit of the cube root will be 7

You wall also need this table when you come to determne
the tens digat

If a cube has four, five, or six diguts the roat will contamn two
To extract the oot fir t divide the number into two groups by
counting back three places from the unis digt For nstance of
you are extracting the cube root of 50653 dnade 1t thus

50 633

Tind the first digue of the cube roat by refernng back mcmau;\
to the 1able of cubes 50 falls between 27 and 64 - thatis

3% and 4% the tens figure of the cube oot you are

be the raot of the loner number ~ in thus case 3
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Now you must find the umits digit, and you know from the
table that as the cubic number ends 1n 3 its cube root will end
n7?

The cube root you are seeking 15 therefore 37 Here 15 another
gxample

To find the cube root of 681472

Furst divide the number into groups

681 472

681 falls between the cubes of 8 and 9 The tens unit 1s therefore
8 The whole number ends 1n 2 the cube root therefore ends
1n 8 The cube oot 1s 88

To extract the cube oot of longer cubic numbers ~ those with
seven eight or nine diguts - 1s almost as s:mple once you have
Tearnt yet another table

X Y
1 1
2 7
3 9
4 5
5 3
6 8
7 6
8 2
9 4
10 10

A number with seven cight or nine digits will have a cube root
with three digits To find the root we 2gam begin by dwidmg
the cubic number into groups Mowving from right to left make 2
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break every three digits For example to find the cube root of
92345408 first divade 1t thus

92 345 408

To find the hundreds umt of the cube root think back to the
table of cubes from I to 10 92 falls between the cubes of 4 and 5,
50 4 1s the hundreds unit of the root we are extracting The
umts digit — the termmnal figure of the cube root — must, we know,
be 2, for the last digit of the cubic number 15 §

Now we must find the tens digit To do this first add up the
odd digits of the original number - the first third, fifth, seventh
and (if 1t 1s there) minth figures i the number, reading from
nght to left Subtract from this number the sum of the even
figures in the number (the second, fourth, sixth and eighth
aigits) added up in the same way If the total of the even figuresis
greater than that of the odd figures add 11 1o the latter before
subtracung

In the example this grves us

8+4+4+4+2=18
(the sum of the odd digits) from which we subtract
04+5-+349=17

{the sum of the even digits) to get 2 remainder of 1

Now refer back to the table with columns X and 1 Tind in
the X column the number just obtained as a remainder and note
the number oppostte it tn the Y column Add together the two
digus of the final root which you already have (the hundreds
and the umts digits) and subtract from the sum the figure you
have just obtained from the } column of the table
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In the example the remainder was 1, this stands opposite 11m
the table, so we subtract that figure from the sum of 4 and 2

44+2=6 ©6-1=35

which gives us the tens umt of the cube root The complete
oot 15 452

If the sum of the hundreds and unts diguts 15 less than the
figure obtained from column Y of the table add 11 to that sum
before making the subtraction Here 1s another example

Find the cube root of 665338617

Duvide the number mto groups

N

665 338 617

‘The hundreds digtt of the root 15 8 as 665 stands between the
cubes of 8 and ¢

The units digit 1s 3 as the number ends in 7

The sum of the digits in the odd places 1s

T+6+3+5+6=27
from which 1s subtracted the sum of the digits n the even places
27—-(1+8+34+6=27-18=9
In the table 9 m the X column stands opposite 4 mn the Y
column The sum of the digts already arrived at (8 -3 = 11)
runus the digit from the ¥ column, gives us the tens umt of the

cube root (11 — 4 =7)
The cube root 1s therefore 873
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EXTRACTING FIFTH ROOTS

When a number has been raised to the fifth power the root 1s
surprisingly easy to find

If the fifth power has between six and ten digits the root will
have two

The units digat of all fifth roots 1s the same as the units dignt of
the fifth power of the number, so all you have to find 1s the tens
digit To do this divide the number at the fifth place, reading
from right to left For example if the number you are finding the
fifth root of 1s 33554432 divide 1t thus

335 54432

For the next step you need another table - that of fifth powers of
numbers from 1 to 10

number Sfifth power
1

32

243
1024
3125
7776
16807
32768
59049
100000

- I Y N N

When you have commutted this to memory you can quickly
determine where the left-hand group fits i the table In the
example 335 comes between 3% and 48, the fifth root of 33554432
15 therefore 32 here 2s with square and cube roots the root of
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the lower of the pair of powers that bracket the value of the first
group n the table gives you the first figure of the root you are
seeking Here 15 another example

Find the fifth root of 1073741824

First divide at the fifth place

10737 41824

10737 comes between the fifth powers of 6 and 7 1n the table the
fifth root 15 therefore 6 followed by the final digit of the onginal
number 64

By simular methods other roots can be found Ninth, thirteenth
seventeenth twenty-first and twenty-ffth roots are like fifth
roots 1n that the power and the root have the same terminal digit=
you can extract the root therefore by constructing and memortstng
tables of powers from ! to 10 Other roots ~ fourth sixth and so
on can be extracted by the same methods as those described here
for square cube, and fifth roots try working some of these out
for yourself
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PERCENTAGES, DISCOUNTS
and INTEREST

Percentages ~ fractions expressed as parts per 100 - are par-
ticularly useful i money sums rates of snterest and discounts
are both calculated tm this way There are a number of shorteuts
that can be used to simphfy percentage sums and make them
easter 1o do mentally

For instance the problem may be to discount $400 by 30 per
cent The normal calenlation runs as follows

400 x 30
S < 120

Deduct 120 (30 per cent of 400) from 400 to arnve at the answer
400 — 120 = $280

A quicker method, that can be done mentally 15 to deduct 30 per
cent {rom 130 - which gwves you 70 70 per cent of $1001s $70
50 70 per cent of $400 1s four umes as much - $280

Even 1f you are not working with round figures, and the
amount to be discounted has cents as well as whole dollars '(ot.
pence as well as pounds or paise as well as rupees ~ the
calculations are of course the same for .ny decimal

8
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the method of arriving durectly at the discounted price, rather
than finding the amount of the discount and deducting it, works

For nstance to find the discounted price of a sewing machne
that 1s offered at a discount of 30 per cent on the marked price of
$18560 you must calculate 70 per cent of that sum Ths
mvolves multiplying by 70 and dividing by 100 - or, (having
divided both by 10) mutuplying by 7 and dividing by 10

To divide by 10 shift the decimal point one place to the left,
you can then asrive at the answer by a ssmple multiphcation by 7

1856 x 7=12992

which gives the answer of §129 92 directly

Simtlarly to find $496 20 less 20 per cent, multiply 49 62
by 8 to arrive at the answer of $396 96

To find what remains when a sum 1s discounted by 10 per cent
move the decimal pomne one place to the left m the oniginal
amount and subtract the amount thus arrived at from the ongmal
sum for example to discount $28 50 by 10 per cent deduct
$2 85 to arrive at the discounted price of $25 65

A 90 per cent discount leaves 10 per cent of the original price -
a simple shift of the decimal pomt one place to the left gives the
answer

When more complicated percentages are bemng worked out it 15
often simpler to break the figures down For mstance to find 324
per cent 2dd 25 per cent to § per cent to 2} per cent By this
methed you would arrive at 323 per cent of $280 1n the following
way
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25 per cent of 280 =10
10 per cent = 28 so

S percent of 280 =14

23 per cent of 280 (half of 5 per cent) = 7
323 per cent of 280 =91

Simlarly to calculate 67} per cent of $460

50 per cent of 460 = 230
10 per cent of 460 = 4

5 per cent of 460 (half of 10 per cent) = 23

2} per cent of 460 (half of 5 per cent) = 1150
67} per cent of 460 = 31050

The break down ¢an be done 1n vanous ways — the sum above,
for nstance, could be done hike this

50 per cent of 460 = 230
121 per cent of 460 (quarter of 50 percent) = 5750
5 percent of 460 (tenth of 50 percent) = 23
674 per cent of 460 = 31050
Here are two more ples - 1f the fr are carefully chosen

quite comphieated percentages turn mto simple additions of
parts, or parts of parts

25 per centof 298 = 7450
123 per cent of 298 (half of 25 per cent) = 3725
5 per cent of 298 (fifth of 25 per cent) = 1490

421 per cent of 298 126 65

I
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To find 52} per cent of $368

50 per cent of 368 184
24 per cent of 368 (twenueth of 50 per cent) = 920

it

52} per cent of 368 19320

ft

The general prinerple can be applied to any percentage sum -
you will find ways of doing most of them m your head Bu
nustakes in money sums are Itkely to be costlv so check the resul
by reversing the calculation ~ having found what 42§ per cen!
of 2 given sum 1s find what sum your answer would be 42} pe
cent of

SIMPLE INTEREST

Interest pad on 2 loan or a deposit 1s also expressed as a per
centage This states the amount due esch year ~ the amount to
be pard by the borrower to the lender When less than a whole
year s mvolved the amount d.e 15 a fraction of the yearly sum
Ordinary interest 1s arnved at by assuming there are 360 daysm
the year and writing the fraction as the number of days for which
1nterest s due over 360 Exact mte est 1s determned on 2 365-day
year, and 1s used where large sums arc involved and generally
by banks and financial institutions

The usual way of doing mterest sums 1s this mulniply the
number of days of the mterest period over 360 or 365 by the
amount of the loan by the nterest rate over 100 For stance
the ordimary interest on $326 for 3 period of 60 days at 6 per
cent would be worked out as follows

60 x 326 x 6
360 x 100
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Cancelling out simplifies the sum to

326
=— =32
100 32

Ths 1s the interest due

The 6 per cent and 60 days, and the 360 days of the ordinary
mterest year cancel out neatly This fact can, 1n less obvious
interest calculations, help you to arrive at methods of domg them
mentally For instance to find the ordinary mterest on $398 for
70 days at 6 per cent (the calculations are to nearest whole
penny)

Interest for 60 days at 6 per cent =39
Interest for 10 days (sixth of 60 days) == 66

Interest for 70 days =464

Or to find the ordinary interest on $426 for 36 days at 6 per
cent

Interest for 30 days (half of 60 days) =213
Interest for 6 days (tenth of 60 days) = 42

Interest for 36 days =255

Knowing that ordinary nterest of 6 per cent for 60 days 1s
always one-hundredth of the principal makes all interest sums of
this lind strmghtforward When the rate of interest 1s other
than 6 per cent the method can sometimes be adapted

For nstance to find the interest due on $284 for 54 days at
44 per cent
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Interest for 60 days at 6 per cent =284

Interest for 60 days at 4} per cent =2 13
(2 84 less a quarter)

Interest for 6 days at 4} per cent = 21

Interest due for 54 days 1s therefore $2 13 less 21 cents ~ that
15 $192

COMPOUND INTEREST

If the interest duc on a loan 1s not paid, but allowed to accumv-
late, the sum invested wall be larger at the end of each inerest
period When the interest and the onginal sum are ‘compounded
i this way the amount due at the end of each imnterest penod
rises ~ for mterest 15 not only paid on the original sum, ‘but on
the interest already earned as well Interest calculated tn this
way 1s called compound interest Compound mterest, like stmple
terest, 15 calculated by muluplymng the principal by the period
by the mterest rate In the case of compound interest, however,
the operatton must be repeated for each interest period

If $3000 15 lent for a year at 4 per cent simple interest, payable
quarterly the mterest due at the end of each pertod will be $30,
and the total interest earned over the year $120 Over two years
1t will carn twice that - $240 Now let us sce what happens if the
Joan 1s for $3000, but at 4 per cent compound snterest computed
quarterly, and what 1s earned over the same pertod of two years



Percentages Discounts and Interest o3

Prinaipal
Interest for Ist quartcr at I per cent

Principal at the beginning of 2nd quarter
Interest for the period of 2nd quarter

Principal at the beginming of 3rd quarter
Interest for the period of 3rd quarter

Principal at the beginning of 4th quarter
Interest for the period of 4th quarter

Principal at the beginning of Sth quarter
Interest for the period of 5th quarter

Principal at the beginning of 6th quarter
Interest for the period of 6th quarter

Principal at the beginning of 7th quarter
Interest for the pertod of 7th quarter

Principal at the begmning of 8th quarter
Interest at the end of 8th quarter

TotAL principal at the end of two years

The total mterest earned 15 $3248 55 — $3000, that 15 5248 55
The difference between stmple and compound interest 1n this
case 15 therefore $8 55
‘There 15 no straightforward method of calculating compound
interest mentally, alas although the shortcuts I have already
described for working with percentiges will often make the

calculation quicker

3000 00
3000

3050 00
3030

3060 30
3061

309091
3090

312181
3121

3153 02
3153

3184 55
3184

3216 39
3216

3248 55
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DECIMALS

Decimals, as 1 explained in Chapter One, arc one way of express-
1ng parts of whole numbers To the left of the decimal point the
value of each place 1s ten times greater than the value of the
place to 1ts ight To the night of the dectmal pomnt each place is
one-tenth of the value of the place to 1ts left

" 3
] ~
5 z §
o -
8 S8 £
|83 = §¥ o §
X Sgises
gRI83 S5 E53%F
S¥E¥gY¥ .,y 2§ §gES5SE
SEp S 5E8E §S5Ep&E% s
ER 3N 83 SET X EER
7654321 1234567

163 would be read as 16 and 3 teaths

1638 would be read 25 16 2nd 38 hundredths

16384  would be read as 16 and 384 thousandths

163846  would beread as 16 and 3846 ten thousandths

16 38468 would be read as 16 and 38468 hundred thousandths
16 384681 would be read as 16 and 384681 mullionths

To shuft the dectmal pomt one place to the left 15 to divide by 10
%
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To shift 1t one place to the right 1s to multiply by 10 This 1s at
once very simple and a potential source of errors - a confuston
of one place about where the decimal point should go will give
you an answer too small or too great by a factor of 10 The rules
though are simple

In adding and subtracting sce that the decrmal poits stand
directly below one another The decimal pomt mn the answer
will come 1n the same place

393
90633
15161
303

468

9 7094

In subtracting you may have to add zeros to make up the number
being subtracted from to the same number of places as the
number being subtracted - or vice versa

9 36 from 41 0853421 becomes
41 0853421
9 3600000

317253421

or 9364857 from 12 62 becomes
12 620000
9 364857

3255143
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In multiplying carry out the caleulation first and then find the
place to msert the decimal pomnt by counting as many places 10
from the right 1n the product as there are places i the multipher
and multplicand together

94562
70956

67 09741272

There are four decimal places i the multipher and m the

Iuplicand and eight therefore 10 the product When mulu-
plying very small decimal fractions the zeros after the decimal
pomnt can be tgnored until the final process of mserting the pont
n the product

000056
x 0923

Furst of all multiply 56 by 923 to obtain the product 51688 In
the muttiplicand there are six digits followng the decimal pomt,
and 1 the multipher fou- digits Therefore the product 1s
0000051688

The same principle apphes when multiplying more than two
numbers together to multiply 3 15 by 315 by 31 5 first find the
product of 315 X 315 x 315, which 1s 31255875 and count off
six decimal places from the right ~ the total pumber of places i
the three numbers berng multiphed together

In division too the same techmque 15 used as wath whole
numbers The placing of the decimal point 1s however easier of
the divisor or divadend 1s a whole number Thus can be achieved
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by shifting the decimal point to the night Prowided the point 1s
moved the same number of places in both numbers the result of
the division will be the same For example to diide 7 by 196

Furst muluply both the dividend and the divisor by 10 As
both the numbers are multiplied by the same number, the
quotient remains unaltered 7 becomes 7 and 196 becomes 1 96
Now carry out the drviston

190)7 00(3 57
588
1120
980
1400
1372
28
And so on

More generally the best rule 1s to move the dec mal pomnt to
the right in the divisor as many places as are recessary to make 1t
a whnle number Move the decimal point the same number of
places to the right in the dividend Insert the dectmal pomnt in
the quotient as soon as any figure 1s used from the decimal part
of the dividend 1 working out the problem

Some fractions cannot be expressed as decimals with a fimte
number of places, among these are fractions like 1/3 ( 3333333
etc) and 1/7 {142857142857142857 etc) which have smgle
figures or groups of figures recurning mfinely But 1t 1s not
only 1n cases like thus that some decimal places are ignored When
starting a calculation you should dectde what degree of accuracy
1> required It 18 not necessary to continue any operation beyond
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the third or fourth decimal place in most practical calculations
To determune that a number 1s correct to a certam numbe of
decimal places you must look at the rejected figures If the result
130 e correct to four places you must know what number stands
1 the fifth place If 1t 15 5 or greater add one to the preceding
digit For example 1n the muluplication

13 064973
x 25035

327 081599055

the answer runs to fune places of decimals Ths, correct to one
place of decimals 15 327 1 for 815 greater than 5 and 11s added
to the preceding figure Correct to two places the answer 327 08,
and to three places 327 082 Correct to four places 1t 1s 327 0816

As the casiest mistake to make with calculations tnvolving
decimals 15 putting the decimal pomnt 1 the wrong place 1t
always as well to make sure that you have a rough 1dea of the
magmitude of the expected answer In an earlter example we
muluplied 3 15by 315by 315 Thisis very roughly, 3 X 1/3 X
30, 1/3 of 3 1s 1 and the answer should have two significant figures
m the region of 30 followed by dectmal places Having made this
rough check you can have confidence 1n the answer 31 255875
when you arnve at 1t



FRACTIONS

Inthe deki at the beginmung of this book I described frac-
tions You will remember that a fraction has 2 numerator ~ which
tells how many parts you have - and a denomunator - which tells
what proportion of a whole those parts are Thus 1n the fracuon
3/4 the 3 tells how many parts there are, and the 4 that each1s 2
quarter of a whole If the numerator and denomumnator are both
multiplied by the same figure the resulting fraction wall have the
same value as the oniginal one — 3/4 or 6/8 or 9/12 are all the same
proportion of 3 whole It 1s usually eastest to deal with fractions
reduced to their lowest terms, however, and 1f numerator and
denomunator have a common factor both are divided by 1t to
achueve this reduction 9/27 for instance 1s divided by the largest
common factor of 9 and 27, which 15 9, to arnve at the lowest
terms of the fracton, 1/3

Common fractions - fractons with a numerator and a
denamunator are either proper fractions ~ those which have a
larger denomunator than numerator, mproper fractions — those 1n
whch the numerator 15 greater than or the same as the denomuna-
tor or muxed numbers ~ which consist of a proper fraction and a
whole number Any improper fraction czn also be wntten 2s 2
nuxed number and any mured number as an improper fraction,
2} for 1nstance as 11}4

»
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Addiog fractions To 2dd fractions we must find 2 common
denomunator That 1s to say we must add quarters to quarters
and eighths to eighths, not quarters to eighths The sunplest
way to find a common denomunator 1s to multiply the denomunz
tors together We Lnow that a fraction 1s not changed when its
aumerator and denomunator ar. divided or muluplied by the
same figure, so both numerator and denominator can, for each
item 10 the addition be multiplied by the product of the other
denomunators For example

1,1 2.1
ztitsty
The d 1n this problem 15 the product of all

the denomtnators n the ongmal fractrons That 18
2x3Ix5x4=120
Thus the problem 1s represented as

60 , 40 48 , 30 _60+40-448+30

20 120 T 2 120
178 _89_ 29
T 0 6

You will remember from Chapter 7 the procedures for find
g the least ltiple of a group of numbers The most

d will be the least common
multiple of the denomunators of the fracuons being added or
subtracted In the example above for instance we could have
used 60 rather than 120 2s the common denomunator If we add

31
43++“‘
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the common denomunator 18 12, 25 1t 15 the biggest denominator
and each of the other denomnators are exactly divistble tnto it
We change the other denommaters to 12 and the problem
becomes

TR TR R 12
__Z_Z__H 12
127§

When subtracting fracuions you go through the same process of
finding 2 common denominator and muluplying the numerators

For instance 10 subtract 9/11 from 12 2 x 11 = 22 which
15 your common denommator The problem then becomes

And addition and subtraction can of course be combned

1,3,1_3
_ P
7737377

Here the common denomunator 152 ¥ 5 & 3 X 4 == 120 There-
fore the problem becomes

€ ,72 48 9 _@D-2+0-9%

W mtm T 16
82 _4l
“i0- 8

When adding and subtracting muxed numbers it 55 Joss
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ifv0u ¢2a” s b the whole nambers First ard then the faet
For example 6} ~ 23 o 1} + 31 becomes

1Y 11 .11
6~2~l-—3-$4-i4~§4-8-—)2-z 2+8+
2,4,1
=12+§+§+§+
1
=12+‘2.ii§+.—+-
8
=12+§
=R41=13

When multiplying by fractions the numerator of the prod
1s obtained by muluplying the numerators of the two fracti
and the denomunator of the product by mulnplyng !
denomunatars, The praduct will of course be smaller than {
two onginal fractions - § of $15§ The method 15 very sunp
For example 10 find the product of 5/8 x &/9

5x6_130_5

Bx9 % T2
To divide one fraction by another - to find for instance ho
many ewghths there are 1n 2 half - vert the fracuon you @
dwiding by - the dpsor ~ and multiply the numerators a0

denommnators together as 1n muluphicaton  For exsmp!
3/7 dvaded by 6/9

3,9 3x9_uw_39
776 Tx6 @14

In multiphications and diisions the work can be simphfied if
whenever possible You cancel - that 1s divide 2 numerator and 2
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denominator by the same number For example 3/4 x 8/9
becomes 1/1 x 2/3, or 2/3 when the 4 and the 8 and the 3 and
the 9 have been cancelled

Cancelling can be done 1n more than one step a numerator
may have different factors 1n with duffe d
tors and vice versa It can of course only be done when all the
signs m the calculation are multiphication signs
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THE CALENDAR

In thus chapter I will show you how to determune what day of the
week any date fell on or will fall on Any date that 15, since
15 October 1582 when our present calendar ~ the Gregonan
calendar  was mstituted

In order to do this mentally you will need to commut four
tables to memory The first 15 so simple 1t hardly justfies 1he
name Here 1 s

TABLE [
7 42 28

The second 1s more complicated

TABLE 11
FJanuary  corresponds 10 0
February corresponds ta 3
March  corresponds to 3
Aprdd corresponds to &
May corresponds o 1

Fune corresponds to 4
104
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At the end of your ealeulation you will have a figure which
will correspond to a day of the weck i the following way

TABLE IV
Sunday 0
Monday 1
Tuesday 2
Wednesdsy 3
Thursdsy 4
Friday 5
Sarurday 6

Toarnve atthis final figure you carry out the following operations

1 Reduce the date of the month to a figure Jess than 7 by
subtracng the 2ppropriate multiple of 7 from Table I

2 Tothe figure thus obtained add the figure standing opposite
the relevant month in Table 11 Agamn cast out the scvens

3 Ifthe year falls after 1900 and 1s a Jeap year add the figure
obtamed afier operation 2 to the figure standing opposne the year
1n Table 111, unless the month is January or February, i which
case add onc less than the figurc shown If the year 1s not 2 leap
yearadd to the figure obtamned after op 2the fig ding
oppostte the previous leap year, plus the difference between that
leap year and the year 1n question (If] for smstance the year 1n
question 1s 1942 2dd 1o 1 - which 1s the number standing opposite
1940 - the difference between 1940 and 1942, to arnive at the figure
10 2dd to the total obtained after operation 2)

4 Having arnived at the total of date month, and year figures
cast out the scvens agan (as 1n operation 1) to arnive at the figure
which will correspond to the required day of the week in Table IV
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The operations described here will give you the day of the week
for any date m the 20th century (Remember by the way that 1900
1s not a leap year, so there 15 no need to reduce bv one umit for
January or February ) To find what day dates between 1582 and
the beginning of the 20th century fell on you need to add a
century fignre to the figure obtamned for the equivalent year 1n
the 20th century For the 19th century this ts 2, for the 18th
century st 1s 4 and for the 17th century 6 Here are some
examples

What day of the week was 9 April 19327
Furst 91s reduced by subtractng 7 The date figure 15 therefore 2
1n Table II the figure corresponding to Aprit1s 6 Ths 15 added
02

2+6=8
Cast out the 7, and you are left with 1 From Table III you find
that 1932 stands agamnst 5

5+1=6
From Table IV you get the day of the week you are looking for
The number 6 signifies Saturday, 9 Apnl 1932 was a Saturday

What day of the week was 23 January 19402
Reduce 23 by casting out the sevens
23-21=2

Add the number for the month of January

24+0=2
Add the number for the year

24+1=3
but in this case 1t 1s leap year and the month s January so sub-
tratt 1

3-1=2
which, by reference to Table IV, we find stands for Tuesday
23 January 1940 was 2 Tuesdzy
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What day of the week was 19 October 19422
Reduce 19 by casting out the scvens
19-14=5
Add the number for the month of October
540=5
The leap year before 1942 1, 1940 This has the number 1,
which you add to the difference between 1940 and 1942
1+2=3
Ths 15 2dded to the result of the previous operation
3+5=8 /
We cast out the sevens to get the answer 1, which tells us that
19 October 1942 was 2 Monday

Table TII can be extended mto the future to give days of the
week for any year 1n this century We wall now look at some
examples going further back — to work these out we will need the
century figures as well as date, month and year numbers h

What day of the weck was 9 August 18322

The date figure (9 — 7) 2
‘The month figure 2

“The figure correspondmng to the same
year in the present century 5
The century figure 2
“Total 11

Casting out the scvens gives 4 9 August 1832 was a Thursday

What day of the week was 2 October 18697
Date figure 2
Month figure 0



Year figure (the figyyre for the Rearesy

leap Jear, ’6g, plus the Afference
betacen 68 and 169 2
Ntury g, 2
Tota] 6

Whay day of g, Week was 29 July 1744,
Date figure (29 28) 1

Monhy figure for July 6
Fignre of 44 6
Figure for 18 centy, 4
Tota)
Gstmg out the Sevens leaves 3,29 July 1844 was g chnesday
What 2y el was 26 December 1613,

Tota} 18
anng UL the seyens kayes 4, 2 Decemper 1613
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find out how old he 1510 ycars, months and days And sometmes
1t 15, for the subtraction can be done like this

What 19 the exact age of a person on 12 May 1973 sf he was
born on 8 February 1936?

1973 5 12

1936 2 8

373 4

However, when there are more days n the date being subtracted
than in that beng subtracted from, days have to be borroned
A month s taken from the bottom hine and added to the top hre
For example

What 1s the exact age of a person on 12 May 1973 1fhe was
born on 17 March 19422

1973 5 12

912 3 17

17 1s greater than 12 so days must be added to the top Iinc The
third month  March, has 31 days, so 17 1s subtracted from
31412 to gve the number of days — 26 Before subtracting
the months 1 must be added to the bottom line

The answer 1s 31 years 1 month and 26 days Or agun

What 15 the exact age of a person on 24 Decernber 1972 of
he was born on 30 August 1939?

1972 12 24

1939 8 30

33 3 25
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(31 15 added to 24 tn the top line 1n the days column, and 1
therefore to the months in the bottom Iine )

When the number of months in the top hine 1s smaller than the
number of months 1n the bottom line add 12 to the top line, and
1 to the years in the bottom hine For example

What 1s the exact age of a person on 19 August 1973 1f he
was born on 16 October 194272

1973 8 19

1942 10 16

3 10 3
(12 15 added to the months column in the top line, and 1 to the
years 1n the bottom Lne ) Or again

What 1s the cxact age of 1 person on 23 September 19731
he was born on 29 November 19477

1973 9 23

1947 11 29

25 924
(3015 added to the days 1 the top hne, and 1 to the months in
the bottom lLine, 12 1s added to the months 1n the top hme and
1 to the years 1n the bottom live )
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SOME SPECIAL NUMBERS

In Chapter Twa, when [ wis wrsting abott the digus, I described
some of ther specul ch ~ the palnd created
by the muluplication of 1, 11, 111 etc by themselves for wnstance,
or the pattern thrown up when one adds together the digits of
ducts of a series of numb ltphed by 4
Here I will say something more about such charactenstics
The personalities of numbers ~ and of families of numbers - ¢
such that there are sull mysteries to be probed
In wnung of the number 6 1 Chapter Two I sard 1t was on¢
of the group of perfect numbers Perfect numbers are those
that are equal to the sum of all their divisors that are Jess than
themselves I'hus 15 of course not common 14+2+3=6
but 143 15 Jess than 9, and 1 42+ 3 4+ 6 15 grenter
than 12 In fact the second perfect number 1s 28

1424447 +14=28
and for the third you must go on ta 496
142444816431 |62+ 124 -+ 248 = 496

The fourth perfect number 15 8128
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made by the marbles as we built up the triangle numbers Here
for mstance 1s T4

O
o0
6%9&%

Turn tht tnangle through 45 dearees ana add another to 1t to
form a rectangle

Q000
€Q00
eeo0o
eeeo
ceeo

One side of the rectangle has the same number of rrarbles as the
sides of the triangle The other has that number plus 1 The
aumbe of marbles 1n the cctangle can be found by muluplyng
the number of matbles on the short side by the number on the
fong side - 1n the example 4 % 5 But the rectangle was made Lp
from two 1dentical triangles and the number of marbles 1n each
can be obtamned by dividing the total number of marbles mn the
zectangle by 2 This prnaiple can be seen to work for alf mangle
numbers The T number gives the number of rows th rectangle
will have on~ side with th~ same numbe of marbles as the T
number the adjacent si.d~ wall have one more The product of the
T number and the T number plus 1, when divided by 2, gives the
value of the T numb-r 1n question Tor wnstance to find the valne
of T1S

15 % 16

—= 120
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And to find T20

20 x 21
=2
3 10

Or T236

216_’2‘__23_7 = 27966

142857 - THE REVOLVING NUMBER

I described some of the oddities of 142857 when discussing the

digit 7 1n Chapter Two Its habit of repeaung uself m the total

when the powers of 2 are multiplied by 7 and added, after being

setout i a staggered formation, for instance Here are some more
Furst set out the digits 1n 2 aircle

s 4 «\
1 2
7 8
\5 7
Now muluply 142857 by the numbers from 1 to 6

42857 142857 142857 142857 142857 142857
x1 x2 x3 x4 x5 x6

——

142857 285714 428571 571428 714285 857142




16 Figurng

You will sec that the number starts revolving - the same digits in
different combinations arrived at by starting from 2 dufferent
pomt on the arcle Muluply 142857 by 7 and things suddenly
change
142857
x7

999999

But there are still oddities 1n store, for mnstance 1f you multiply
142857 by a really big number sce what happens

142857
X 32284662474
4612090027048218

‘

No resemblance to 142857 at first sight perhaps, but divide the
product up tnto groups of 6, 6, and 4 and sce what happens

048218
090027
4612

142857

The revolving number appears againl Sometimes 142857 hides
deeper than that For instance i this muluplication the product
seems immune from 142857 extraction

142857
X 45013648
6430514712336
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But dnide 1t 1nto 6, 6, and 1 1n the same way as you did last tum
and you amve at the following sum

712336
430514
6

1142856
Treat thas total 1n the same way

142856
1

142857

And you winkle 142857 out

You can find oddities just by looking at the digits themeehes
For instance 1f you divide them mto two groups 142 and 857
the second figure of the first group, multiplied by the thu.d figure
of the first group gives the first figure of the scco1d group

4x2=8

The sum of the first two figures of the first group guves the
second figure of the second group

144=5

And the sum of all the theee figures of the first group gives the
thurd figure of the second group

14442=7
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To show the next property of 142857 you have to draw up 2
table of the products of the number when multiphed by 1,2 3
4 5 and 6 Honzontally and vertically the digits all add up to 27

i

7 27
4 = 27
1 = 27
8 = 27
5 = 27
2 =27

And 1f you can t remember the number there 1s always an €asy
way to find it for 1/7 expressed 2s 2 decimal s 142857 142857
142857 142857 and so on to mfinty

THE NUMBER 52631578%473684210

This decepuvely straightforward number 15 also circular n the
sense that when 1t 1s multiplied by any number from 2 to 200
the product can always be read off from a circle made up of the
figures of the muluplicand

If the multplicr 15 18 or less the break comes after the digit
which 1s the same as the multiplier, or, where the multiplier has
two figures the same as the last figure of the multpher When
the cut has been made and the two parts joined add a zero to et
the final answer

As all the digits 1n the number except 9 and 0 occur twice
you must know which of the pair to make the break after The
rule s this ook at the figures following the two you are choosing
between If the number you are multiplying by 1s between 2 and
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9 make the break before the lower figure, if 1t hes between 11 and
18 make the break before the higher ore For example

To multply 526315789473684210 by 6

The break must come between 6 and 3 or 6 and 8 The
muluplier lies between 2 and 9 so we make the break between
6and 3

We write out the answer by taking the figures that follow 6
315789473684210, carrying on from the beginning of the number
and jomnimg on 526, and adding 0 to get the answer

3157894736842105260

Or to mulnply 526315789473684210 by 14

The break can be made between 4 and 7 or 4 and 2 14 lies
between 11 and 18 so we choose the hugher number, and the
answer can be read straight off

7368421052631578940

To multiply by numbers between 19 and 200 15 a little more
complicated If they are the numbers we have already dealt with
multiphed by 10 - that 1s 20 30, 40 and so on up to 180 - there
15 110 problem for we can carrv out the procedure set out above
and add 0 to the product Similarly to multply by 200 carry on
the operation as 1f multiplying by 2 and add two zeros to the
answer

19, 38, 57, 76 and 95 give products n which all the diguts are
nines except the last two and (i all cases except 19) the first

526315789473684210
X 19

9999999999999999990
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526315789473684210
x 38
19999999999999995980

526315789473684210
x 57
29999999999999999970

526315789473684210
x 76
39999999999999399960

526315789473684210

X %

49999999999999999950
These five numbers are specat cases The rule for numbers
between 21 and 29 15 this add 1 to the second dipit of the
muluplier Muttply the special number by maling the breal
before the lower of the two possible figures When you reach the
last dignt reduce 1t by 1 Insert 1 at the beginning and 0 at the
end of the number to arnve at the final product For example

526315789473684210 x 27

Increase the second digat of the multpher by 1 7 +1=8
Now make 2 cut between 8 and 4 m our special number and
write down the figures

421052631578947368
Reduce the last digit by one You have
421052631578947367

Annes a zero to ths number and attach the 1 at the beginning
to get the product,
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14210526315789473670

To muluply the special number by numbers between 31 znd 37
use the same method as that set out above, but make the break
before the ugher of the two possible figures For example

526315789473684210 x 34

Increase the second digst of the multiplier by 1 to maxe 5 Make
the break between § and 7 to get the number 78947368421052631>
Reduce the last diae by 1, put a 1 at the beginmag and 2 0 at
the end to arnve at the final product

17894736842105263140

For multspliers between 39 and 48 the method 15 the same as
for numbers between 21 and 29, but mstead of 1 at the begimming
of the product write 2, tnstead of deducung § from the last fgure
of the number deduct 2, and mnstead of adding } to the second
digat of the multiplier add 2 For example

526315789473684210 x 46

Add 2 0 the second figute of the mulplier 6 +2 =8 Make
3t ar the lower succeeding figure You get

421052631578947368
Reduce the last figure by too unts You get
421052631578947366

Anne e
X 2 2et0 to this number and attach the number
b'g“m‘"g of the number to obtam the product

£
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24210526315789473660

When the product Lies berween 49 and 56 the method 15 the
same 1s for the muluplicrs baween 39 and 48 bur the cut 1s
made before the higher of he two possible figures

When the multsplier 1s between 58 and 67 the method 15 as for
those between 39 and 38 but where 2 was added 1n those cal-
culations 315 added The cut 1s made at the lower figure

For multipliers between 68 and 75 the method 15 as for 58 10 67
but the break 1s made at the higher figure

For multiphers between 77 and 85 1nsert 4 not 3, and cut at
the lower figure and for mulupliers between 86 and 94 Jo the
same but cut at the higher one For mulupliers 96 10 104 msert
5 not 4 and cut at the lower figure For other numbers similar
methods apply — you can find them by trul and error, nght up
to 200 You will find though that 114 133, 152 17! and 190
gve products made up of a senes of nines with two varying digits
and 2 zero or zeros

THE NUMBER 1039

This as I mentioned earlier (Chapter 8) has some peculiar
trats Tor instance look at the pattern that 1s formed when it s
multiplted by the numbers [ to 9

1089 x 1 == 1089 9801 = 1089 < 9

1089 x 2 =2178 8712 =1039 » 8

1089 x 3 = 3267 7623 = 1089 <7

1089 x 4 = 4356 6534 =1089 x 6
1089 x 5 =545

Or try this trick wnite 1089 on a piece of paper and put wtin
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your pocket Now ask someone to think of a three-digat number
the first and last diguts of which differ by ar least 2 I et us sup-
pose he chose 517 Now ask hum to reverse the digits and subtract
the higher number from the lesser (715 — 517 = 199) Finally
ask him to add this number to stself reversed (198 - 891 — 1089)
No matter what number he starts with you will always have the
final answer ~ 1089 — 1n your pocket!

THE NUMBER 12345679

This number too appeared earlier (Chapter 2) Now we will
look at some of uts other peculanities Muluplying it by 3, and
multiples of 3, gives a curious set of patterns

12345679 » 3 = 37037037

12345679 » 6 = 74074074

12345679 x 9 == 111111111

12345679 x 12 = 148148148

12345679 x 15 = 185185185

12345679 x 18 = 222222222
and so on

Multiplying by 999999999 gives a number which 1s 2 murtor
mmage of itself

12345679 x 999999999 = 12345678987654321
Incidentally, this product 1s a perfect square

111111112 = 12345678987654321
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PRIME NUMBERS -

A positive integer, a whole number, greater than one, that cannot
be expressed as a product of two positve ntegers, neither of
which 15 1, 15 known as a prime number Any positive integer
greater than 1 that 1s mof a prime number can be expressed asa
product of tsvo or more prime numbers Forexample, 4 =2 x 2,
6=3x2,8=4x2andsoon
The firs: few prime numbers 2, 3, 5, 7, 11 ete, are easy to spot

Untl 1952 the highest pnme number known was 21¥7 - 1,
which wntten out m full 15

170141183460469231731687303715884105727

Then five higher primes were found by computer the largest
being 22281 — 1 More recently a computer in Sweden has been
used to prove that 2337 — 1 15 also a pnme number

Two numbers that were thought to be primes on the other
hand have Jately been shown to have factors They are

1757051 (1291 x 1361) and 222221 (619 x 359)
STRANGE ADDITION

6
9 15

12 20 28

15 25 35 45

18 30 42 54 66

2} 35 4 6 71 9

24 40 56 72 88 104 120

9 57 45 63 81 99 117 135 153

In the table above the horizontal lines are anthmetical pro-
gressions The difference between each number and the one to

0NN
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1ts night 1s twice the figure that stands at the beginnng of the
row (Row 7 for cxample can be worked out by adding 14 first
to 7 and then to each successive total )

But how would you find the sum of all the numbers m any
row? There 1s no need to add them -~ 1t 15 the same as the cube of
the number which stands at the beginning of the row For
mstance the total of the numbers tn row 6156 ~ 6 x 6 =216

AND SOME STRANGE FRACTIONS

Here are two fractions, with one as numerttor and with two
different uneven multsples of 9 as denormmator

1 1 nd 1

5x3i~m "™ sxu TS

Now let us take the first fraction and reduce 1t to decimals, by
dwding the numerator by the denormnator

1/27 = 037037037037 to mfinsty

and 1ake just two significant figures of the first three places of
decimals 37 Now watch the pattern this number forms when

luplied by 3 and 1ts multpl
37x3 =111
37x6 =222
37x9 =333
37 x 12=444
37 x 15 =555
37 x 18 = 666
37x21=771
37x24=2888

. AT ahO
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Now take the second fraction and reduce st to decrmals

1/153 == 0065359477124183

Take all th= significant figures, multply by 17, and mulntples of 17
and watch the pattern formed

05359477124183 x 17 = L1I11I1HIHI0
653>9477124183 x 34 = 2222222222222222
65359477124183 x 51 == 3333333333333333
053>9477124183 » 68 -= HHHLHH4HIH
65359477124183 x 85 = 8555555555555555
65359477124183 x 102 = 6666666666666666
65359477424183 ¥ 119 = 7777777771777777
65359477124183 x 136 — 8888836858888888
65359477124183 x 153 = 9999999999999999

REVERSALS
949=18 8= 9x9
%43=27 7= 24x3
47 2=49 9= 47x2

497 4- 2 = 499 994 =497 x 2

CASTING QUT THE NINES

In other chapters [ have described ways of cheeking answers by
casung out the mines Casting out the mines ~ by repeatedly
subtra ang 9 untyl 3 remainder of Jess than 9 18 left or, which
amounts to the same thing dividing by 9 ard noung the
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r mander - can be du ¢ 1 an oddly simple way 1 he remamder
when a number hos been diid~d by 9 1 rhe same as the sum of
the digats (or, when that sum gives 4 number sath twe diguts the
sum of those digit.) As the remainder - not the numb ¢ of mines -~
15 what you are after vou can arrve at 1t directly 1 re are two
exampies

Cast th* ntnes from 67 and find the remainder

67 95707 6+7=13
-9 63 341=4
58 4
-9
49
-9
49
-9
3
-9
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4 NH(E 444=8
-9 6
35 8

-9

2

-9

Pr

Py 1s the number which expresses the ratro of the circumference
of a arcle to its dameter While 1t has been proved (by
Lindemann, 1n 1882) that 1t cannot be a repeating decimal {in
mathematical terms that 1t 15 a transcendental number and not
the root of a finute algebratc equation with sntegral cocfficients),
1t has been calculated to a degree of accuracy that would once
have seemed tmpossible The story of the accuracy to which the
value of P1 1s known is an interesting one

In the Bible the value of Pt given 1s 3 Archumedes declared
the value of P1 to be less than 3 1f7 but greater than 3 10/71
The value generally used today 3 1416, was known at the me
of Prolemy (ap 150) In the 16th century T Vieta calculated
P1 1o ten places of decrmals At the end of the 16th century,
Ludolph van Ceulen caleulated thurty-five decimal places In
hes will he requested that these thirty five numbers be engraved
on his tombstone This was done, and thus number 1s stll known
n Germany as the ‘Ludolphian number, 1n lus honour
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Now computers have come to the 218 of the mathematicians
1n 1949 a group using the rather primstive computer Entac took
0 hours to caleulate Py to 2037 decmal places, while recently
Dansel Shanks and John Wrench Jnr have published Pr 10
100006 places, amved 3t 1 § hours and 43 munutes using an
180 7690 system They used the following formulz

- - l 3 l =} )
= == 24 taw ‘g+8m\ 5'7~¥4l:m P
1t taok them 3 hours and 7 mmutes 1o compute 8 tan~* 1/§7
2 hours and 20 munutes to compute 4 tan-? 11238 2 hours and
3¢ minutes to compute 24 tan~? 118, and 42 mutes for con-
Yersion {binary to decimal)

Mnemomes are often used 10 help remember the dipts of Ps
In the semence “May I have a latge contamer of coffee? the value
of P1 10 seven places of decimals 1s contaired The number of
Yerters ia cach word cotresponds to the successive tntegers 1n the
decrmal expansion of Py

Sir James Jeans came out with the following sentence 10 which
the value of Py 15 contamed to fourteen dectmal places

‘How { want g drink, aleohohe of course after
the heavy chapters rmohng quantum meckare 1
3 K15 92 65 35 8919

I
Adam €. Orn of Chucago published 1 the * gestof
Chicago of 20 January 1906, the following
Pt to thirty decimal places
o~

Now I - esen

In Rhymes

Immorntal 53
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Who tn lus wonderous lore
Passed on before,

Left men s gudance
How to circles mensurate

31415926535897543238452643383279

It 1s also said that this French poem contams Pi 1o thirty
places of decimals

Que J"aime a fatre apprendre

Un nombre uule aux sages

I | Archimede Artiste E

Quit de ton jugement peut priser la valeur
Pour mo: ton probleme

A les parerls avantages

However, there are two mustakes 1n the Jast hne Where A les
represents the digits 1 and 3 the correct digits are 3 and 2
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TRICKS and PUZZLES

Creative mathematics 1s divided from play only very vaguely
Ttss sad that Letbnitz spent a considerable amount of time study-
g sohtarre, and Einstetn’s bookshelves were stacked with books
on mathematical games, so this section of tricks and puzzles may
lead you to think mote kke a mathematicran than some of the
methods for solving standard problems in earlier chapters Much
of science 1s after all finding mathematical soluttons or descrip-

tions for puzzles posed by nature 6 9 37/,

Who Sits by Who "k/'(l\fg
2%

Tt was 2 boarding school In the hostel dining-room the tables
seated ten and on the first day of school, ten boys stood around
one table and argued about who should sit next to whom
One of the boys suggested that they should sit according to the
slphabencal order of therr names Another proposed that the
seaung should be planned according to therr heights And yet
another suggested that they should have a raffle and pick out the
mames aganst the numbers of the seats The argument continued
Then the head boy of the class came out wath a splendid
Proposal “Let us all sit today according to the position we are
Standing around the table Tomorrow we will change the posttion
The day after tomorrow we again change the positron This way
each day we will sit 1 2 dufferent order And when we are back
1 the same posttion as we are sitting i today we shall celebrate
% with a specral dinner, and I shall stand the expenses This
'PrOposition seemed very reasonable toall of them and theyagreed
/ But the day never came when the head boy had to throw the

e
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special dinner party, even when they had all graduated and were
ready to leave schooll There are too many different ways 10 boys
could sit around a table The posstble number of combinations
15 given by the calculation

Ix2x3x4x5x6x7x8x9x10=23628800

If instead of 10 there were 13 boys the possible combinations
would have been

IX2x3%x4x5x6xTx8x9Ix10x1Ix12x13=
6227020800

If there were only two boys the combmation could have been
Just 1 x2=2

If there were 3boys 1 x2x 3=6

I there were 4boys 1 X2 x I x 4=24

If there were 5boys 1 x2x 3 x4 x5=120

And if there were 15 boys the maximum number of com-
binatons would be 1X2x3x4x5x6¥7x8x9X
10 x 11 x 12 x 13 x 14 x 15 = 1307674365000

Ifyou consider 25 boys the number of combinations would be
IX2x3Xx4y5x6x7x8x9x10x1Ix12x13x
Mxisx16x17x18x19x20x21 x22 23 XUy
25 = 15511210043330985984000000

Tt would be etermty before a party of 25 people could exhaust
all the combnations

The Boy who could only Add
Shambhu came to the city from a remote village Though he had

never attended school he had been taught by his father how to
2dd and divide by two This was all the anthmetic he had yer
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he told a friend, he could raprdly muluply numbers with two
digits The friend was surprised

‘Very well,” he said, ‘what 15 43 times 879

Shambhu came up with the answer, 3741, 1n a few mnutes
This 15 how he did 1t

He took a piece of paper and wrote the number 43 on the left
and 87 on the night He divided 43 by 2 and divided the answer
by2again He conunued dividing by 2 unl he reached 1, 1gnor-
ing the remainders at each stage except the last Then he doubled
the 87 successively unul he had an equal number of figures 1
each column

Having wntten these two col of numbers he lied
every number in the nght-hand column that was epposite an
even number 1n the left-hand column Then he added up the
numbers remamning in the right-hand column to get the apswer
This 15 how hus paper looked

43 87 &
2t 174 174
0 45 696
5 696 2784
2 A35% 3741
1 2784 _—
Drunding the Elephants

The Maharaa of an Indian State tvited three attists to perform
at his court He was much impressed, and honoured them with
gold and mifts

On the day of their departure he presented the three of them
with seventeen elephants expressing a wish that the oldest of the
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arusts should get one half of the number of elephants, the
middle one one-third of the number, and the 1ast one one ninth

When the arusts returned home, they were absolutely puzzled
how could they dinide the clephants according to the wishes of
the Maharaja? One-half of the seventeen elephants meant that
the oldest artist gets eight and a half elephants What good 1s an
elephant cut in two! They argued and the leading aitizens of the
town were called to settle the dispute They tried 1n vain to carry
out the will of the Meharaja for they found themselves con-
stantly held up by the impossibility of making any share a whole
number of elephants They were about to give up tn despar
when someone tn the crowd suggested that the temple priest, 2
wise, very learned man, be called 1n to settle the affair

The temple priest Iistened to the whole story in detail, got up
from his seat and asked to be excused Then he went back to the
temple and returned 1n a few minutes with the temple clephant
Now,” he remarked, ‘the problem can be easily solved I am
temporanly gifung this temple elephant and pooling st m with
the other elephants’

There were altogether erghteen clephants, with the temple
elephant throsm in

The priest addressed the oldestartist ‘Here, you take away half
the number of elephants he said and presented him with nine
elephants

Then he looked at the muddle artist and remarked, ‘You are
entitled to one third of the number, and herc are your siX
elephants * He gave away six elephants to him

Now there were three elephants remanmng including the
temple elephant

“Then to the youngest artist he sard *Your share 1s one-math of
the total number of elephants Therefore you get two elephants ’
He gave away two elephants to lum

The remaming elephant was the temple elephant °T take back
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the temporary gift I had made * So saying he walked away with
hus clephant, bacl to the temple The will of the Maharaja was
followed to the letter

The Lily Pond

In Indra water lihes grow extremely raprdly In one pond a hly
Brew so fast that cach day 1t covered a surface dotble that which
Reovered the day before At the end of the thirueth day it enurely
covered the pond, in which it grew But how long would 1t take
two water liles of the same size at the outset and at the same rate
of growth to cover the same pond?

Naturally, one 1s bound to think that 1f 1t takes one water kly
30 days to cover the pond, 1t should take two water hilies 15 days
to do the same thing — that 1s, half the ime But thus answer 1s
wrong Since one plant doubles its surface every day, it will have
half the surface left at the end of the 29th day Therefore with
o water hlies at the outset, each wll cover 1ts half of the pond
3t the end of the 29th day, and not before

Whick Vacatson?

It was vacation time Two men were travelling 1n a train The
older man asked the young man seated opposite to him how old
Be was The young man replied, ‘The day before yesterday I was
19, and next year T wll be 22 Can you guess dunng which
Vacation and on what day of the month these men were
travelling?

It must have been the Christmas vacation and on 1 January,
hus birthday being on 31 December On 30 December he was
stll 19 By 1 January he was 20 And on 31 December m the
Same year he would be 21 and the next year on 31 December he
would be 22
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As Old as the Year of Your Birth

The grandson told his grandfather that 1n 1932 he was as old as
the last two digits of Ius burth year and half as old as the century
i which he was born The grandfather rephed that the ssme
spphied to him too That's quite tpossible sud the grandson
But the grandfather went ghead and proved his statement Can
you guess how old the grandson and the grandfather were?

The grandson was born in the twentieth century and therefore
the first two digits of hus birth year are 19 The other two digits
are half of 32, 16 The grandson was born in 1916

‘The grandfather was born 1n the nuneteenth crntury The first
two digts of hus birth year arc 18 The eest of the digats doubled
must be equal to 132 Thercfore the number we want 18 half of
132 And that number 15 66 The grandfather was bom in 1866
In 1932 he was 66

Broken Stones

A store-keeper had 2 stone werghing 40 pouads which used o
weigh goods 1 40-pound Jots But one day 1t fell and broke into
four pieces He was about to dump them ia the dustbin when 2
neighbourmg store keeper stopped him and showed him five
preces of stone he bumself had which were the broken pieces of &
stone that used to weigh 31 pounds He explaned thar with
these five pieces he could weigh any whole number of pounds
from 1 to 31, 2nd adwised him to check the pieces before throwing
them away

‘The store-keeper found to his surpnse that with the four stones
he could wergh any whole number of pounds from I to 40

‘What are the weights of the prece of stone used by the store-
keeper and hus nerghbour?
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The store-keeper’s 40-pound stone broke 1nto preces weighing
1,3, 9 and 27 pounds His neighbour’s 31-pound stone broke
into peces werghung 1, 2, 4, 8 and 16 pounds

Streading Rumours

Itss amazing how fast rumours can spread Things witnessed by
1ust one or two people became common knowledge wathin 2
couple of hours The speed with which rumours travel 1s extra-
ordinary It 15 fantastic’ But when we work the thing out
mathematically, there scems to be nothing fantasuc about 1t
Let us examine a case and see how 1t works out

Manju Guha comes from the city to visit her relatives lving
2 small town She arnves in their home in the mormng at
seven o'clock She has a very interestng prece of news from the
aty which she conveys to the family wath whom she 1s staymng
There are 4 mermbers w the farmly and 1t takes Mamn Guha
exactly 10 minutes to tell them the gossip Now can you guess
bow long 1t would take for this news to spread around all the
81300 inhabutants of the town, 1f each person fook just 10
Tunutes to tell 1t to another 4 people?

M:m;u Guha arrives at 7 am

A74m the news 1s known to

Tevakes her 10 munutes to convey the news to 4
By 710 am the matter 1¢ known to (1 + 4)
Each of the four nastens to tell another

Soby 720 am the gossip 15 knownto S+ (4 X 4) 2:
By 730 am the gossip 15 known to 21 + (16 % 4) 8

g&'”ﬂ am the gossip spreads to 85 -+ (64 X 4) 3;;
'y 750 am to 341 + (256 x 4) ;261

Y8 am 1o 1365 4 (1024 x 4)
7 1on the rymour gathers momentum and
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By 8 10 am 18 known to 5461 - (4096 x 4) 21845
By 8 20 am the gossip spreads to 21845 -+ (16334 x 4) 87381

The news that was known to only one person at 7 am 15 knovn
by everyone 1n town by 8 20 am 1 hour and 20 munutes Jater
Mathemanieally the whole calculation can be condensed into the
folloning addition
T+4+E XD+ @ x4xN+(Ex4x4xd)+(4x4x

dXAx Pt x4xdxdrdx+@Exaxdxdx
AXAX )+ [Ex4x4x4x4x4x4xY)
thatis 1 44442+ 49 4 46 45148 4471 40
which equals
1
4
16
64
256
1024
4096
16384
65536

87381

The people of thi> partscular town not bemng gossip-mongenag
types, conveyed the rumour to only 4 people each But1f each
person had shared the rumour with more people 1t would have
spread with even greater speed!

How Many Tickets?

Imagine & small railway hine with 30 railway stations Can you
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guess how many different kinds of tickets the raway has to have
prnted?

At each of the 30 stations the passengers can get tickets for
any of the other 29 stations Therefore the number of tickets 1s

30 x 29 = 870

F'ng the Imposssble

Gan you prove 1 — 27

Impassible you think? All you need 15 a very elementary
#pplication of algebra
Let

a=b
Then
aXb=bxb
ab = b?
Subtract 3 from esther side
ab—al=hr g

or
a(b — a) = (b + a)(b — 2)

Dmide both sidesby b —3a
Theg ~

a=b+4a
Kas 1,

=1+1

Therefore

1=2
All Foupy

G yoy combine four 45 with any other mathematical SYmb"l'
Xt numbers and produce all the whole numbers from
182 You may use the four symbols of addition, subtraction,
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multphcation and division the square root symbol, and the
deamal pont You may, if you wish, put the fours side by

side

-
+
EN

e IR -

+ +\ x +|

- R +a.
4 ]
~ —

Il
w

ES
+

’

4_:';4+‘/4=4

Ex9+4_ .
e

RS R
V4

4
T_4=7

Gx4-—@F+9=8
4
444479

Finding the Counterfert

Hivi=n

44 vi=1

H
3
4444444=16

t4=15

(4><4)+;=17

4
LT
4x4+ o

The gold merchant examuned the nine gold coins he had pur-
chased at an auction that morning He had been told by th-
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auctioneer that one of the comns was counterfeit, and that the
counterfett comn weighed a gram less than the genuine ones He
was baffled as to how to pick 1t out

His old clerk came to us assistance ‘In just two weighings I
can spot 1t,” he said And he did just that How did he do1t?

He split the nme comns 1n three groups of three coms each
At the first weighing he took two groups and weighed them
agamst each other If they balanced, 1t meant that the third group
contained the counterfeit coin If they did not, whichever group
weighed lighter contamed the bad coin Now be Lnew which
group contamned the counterfeit com In the next weighing, he
took two of the three comns from the group contamning the
counterfest con and weighed them agamst each other If they
balanced the third coin was counterfeit Otherwise the highter one
i the balance was counterfeit

Transformatsons

Can you write 23 with only twos 45 with fours and 1000 with
only nines?
Yes!
22422 44-+44 999+ 99

The Millonare and the Merchant

It was a beautsful afternoon, the Ist of June A mullionare walked
1o 2 pub to have a dunk He was joined by a local merchant

In the course of cons ersation, the merchant made a proposition
He offered to pay the millionaire $1000 a day for the rest of
the month starting from that very day, and n return he ex-
pected only penmues Just one cent on that first day, double that
2 cents the next day, 4 cents on tne third day and so on
doubling the amount every day for the rest of the month



142 Figuring

The milltonarre burst into loud laughter, thinking the merchant
a fool, and agreed They shook hands and the deal was closed

The merchant took out a bundle of $1000 and handed 1t over
to the mull ¢ The mull gave the hant a penny
10 retura

It was agreed that they would meet every daymn the ssme
place and at the same ume for the rest of the month, to carry
out their bargamn So the next day the milhonarre cheerfully took
the bundle of $1000 from the merchant and handed him over
2 cents And the next dav agamn the merchant handed over the
bundle of $1000 to the mocking millionarre and 1h return got hus
4 cents In the first ten days the mullonarre recerved $10000
from the merchant and 1n retutn had paid him the mere pittance
of $1023

But by the 17th day, the miilionaire felt a Ittle uncomfortable,
when he had to pay 65 536 cents, that 1s $655 36 to the merchant
m return for the $1000 Fe got from him for he saw that next
day he must pay more than he received 131072 cents that s
$131972

And when he looked to the future he got very worried ndeed
For day after day as the merchant handed over his $1000 he got
back, from the millionarre amounts many times more than that

On the last day of the deal the 30th day, the millonaire had to
hquidate his assets to the last cent 1n order to henour his
agreement with the merchant

Can you guess the amount of loss suffered by the millonawre?
On the 1st day the millionatre pays 1 cent
Onthe2nd dayhehaspard 1 +2 =3
Onthe ¥rd day hehaspad 3 +4 =7
On the #thday he haspad 7+ 8 =15
On the 5th day he has pad 15 + 16 == 31
On the 6th day he has pad 31 + 32 = 63
On the 7th dav he has paid 63 +- 64 = 127
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The whole calculatton can be represented as
TH2420 4284204 284 20 127
On the 8th day 1t 15
Ph 2422423 .20 4 25 4 26 4 27 255

and so on

On the 18th day he begs to pay more than he recerves and
on the last day the 30th of June the millionarre has to pay a
sum of $5368709 12 The total amount pad by the millionaire
to the merchant 1n the 30 days works out to

(2 —1)cent = 1073741823 cents = $10737418 23

whereas he had recerved from the merchant in the 30 days $30000
Therefore the loss suffered by the mullionaire 1s equnvalent to

$10737418 23 — $30000 — $10707418 23
Thousands by Esghts

Can you combine eight 85 with any other mathematical symbols
€xeept numbers 1o represent exactly 1000 You may use the
S minus diviston and multiplication signs
In an earlier chapter of this book I gave one solutien to
this problem, but there are many more both simpler and more
“omplex Here are some of them
88i8(8x8x8-—8)—8=1000
%8‘_888 =1000
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(29) (s+152)- o

8<(sx8)+(8x8))—8-—8—8=1000
(s - 322052 1000

Tellng and Not Telling

A gul, ashed how old she was did not wish ta give out her age
directly and yet did not want to be rude and refuse to give it
all. Therefore she said, “My age three years hence multiphed by
three, lss three tunes my age three yoars 2go will grie you my
present age  Can you guess her age®

Let usassume her presentage 1s X years Three years hence her
age will be X + 3 years Her age three years ago was X =3
years

N+ -IA -P=X
Therefore X = 18 which 1s her age Three years hence she mil
be 21 and three years back she was 15
GxUW-@Bx15)=63~45=18

Guessing Birikdays

You can tell a friend the month and the date of hus brth very
easily

First of all ask him to keep n rund two numbers the numbes
of the month on which he was bhorn and the number of the dat¢
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of the month (The months of course are numbered 1 to 12,
from January to December ) Then you ask him to multiply the
number of the month by 5 add to this 6 and multiply 1t by 4
andthenadd 9 Once again, ask him to mu'uply the number this
time by 5, and add to 1t the number of the date on which he was
born

When he finwshes «he calculations ash ham fur the final result
and mentally subtract 165 from 1t The remainder 1s th answer
The last two diguts of the number, give you the date ot the month
and the first digit or the Frst two digits grve the number of the
month

For example, 1f the final result 15 1269 when you subtract 165
jouget 1104 From this number you know that he was born on
4 November The trick behund it 1s, of course the 165

The directions you give your friend are a disgursed way of
adding 165 to the number of the month multiphed by one hun-
dred When the number 165 1s taken away from the s.tal, the
number of the day, and one hundred times the number of the
month are lefi!

False Prompzes

Some years back the following advertisement appeared m the
Popular press

UNIQUE oppoRTUNITY! UNIQUE OPPORTUNITY!
PRESSURE COOKER ONLY $1

DELAY MEANS DISAPPOINTMENT
RuUsH'!!

AND WRITE FOR THE FREE APPLICATION FORM
OFFER GOOD ONLY WHILE STOCKS LAST
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Housewves did indecd rush to write for frec application forms
Pressure cookers, 1n those days, were usually sold for $5 In
return for her letter, what each housewife received however
was not an apphcation form - but four coupons which she was
told to sell to her friends at $1 each She was then to send the
$4 thus collected, along with her own $1 to the company On
recerpt of this amount, the company sent her 2 pressure cooker
And many h dud get therr p cookers for $1 - the
other $4 came from the purses of their friends

At first every housewtfe got her pressure cooker for only $1
and there seemed to be nothing fraudulent about the transaction
The company kept 1ts promuse, and gave the housewives pressure
cookers for $1 and yet was not losing a penny 1n the bargam
‘They got their full price for the goods

However, 1t was obvious that the whole thmg was a kind of a
swindle People, somewhere, must have been losing money
Sooner than expected came the time »hen coupon helders found
1t impossible to dispose of the extra four coupons they had to
sell 1if they were to clam their cooker The first group of house
wives who got their coupons direct from the company, found no
difficulty 1n finding buyers for them Each of these housewives
was able to draw four new partners nto the deal And each of
these four new partners had had to dispose of thetr coupons 1o
four other partners

Let us calculate and see how fast the number of conpon holders
increased

Sfirst round 1
second round 4
third round 20
Joutth round 100
[fifth round 500

sixth round 2500
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seventh round 12500
esghth round 62500
= minth round 312500
tenth round 1562500

total 1953125

Ifeveryone 1n 2 town of two mullion jomed all would be covered
by the tenth round But only one-ifth of them would get their
pressure cookers The rest being left wth valueless coupons

Mussmg Numbers

Here 15 2 multiphication wath more than half of the digits ex~
Pressed by X’s Can you spot the mussing digits?

X1Xx
k¢
X3x
3X2Xx
X2X5

1Xx8X30

The last digut 1n the product 1s a zero Therefore the digit in the
third Iine has got to be a zero The X at the end of the first line
must be a number that gives a number ending with zero af
multiplied by 2, and with 5 1f multiplied by 3 as the number m
the fifth e ends with a 5 Only 5 wall do ths

The X 1n the second Iine must be 8 - that s the only number
which, when muluplied by 15, gives 4 number ending wath 20
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10 the fourth line Itss clear that the first X i kine 1152 4, because
only 4 multiplied by 8 gives 2 number that begins with 3t the
fourth Line Now there will be no difficulty i spotung the
remaiung digits
415
, 382
830
3320
1245

158530
Thrty Rewrtten

Can you write 30, ustng any three identical digits except 557
Here are three solutions

6x6—-6=30 P+3=30 33 -3=30

Drusding the Cake

Three men were travelling in & railway compartment One of them
was 2 very wealthy businessman The other two had food with
them and ravited the busmessman ta jon them n ther meal
One man had brought 5 chapathis and the ather had 3 The three
of them ate together and the food was shared equally

On parting the bustnessman gave 8 gold coins to the two men
2s a token of hus appreciation of therr hospitality, and told them
to share the cowns 10 propartion to their contribution of food

Aq argument started The man who had brought 5 chapathss
felt that he should get 6 coms and the other man should get 2
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coms But the man who had brought 3 chapatus felt that he
should get 3 coms and the other man should get 5 coins

As the argument continued 2 crowd gathered Then a wise old
man, who was Listening, tntervened and offered to serdle the
dispute He heard both sides of the case and declared that the
man who had brought 5 chapathis should ger 7 comns and
the man who had brought 3 chapaths should get only onc The
people 1n the crowd p d and demanded an
His explanation was thls the food was shared cqually by three
men Each chapathi was portioned into three equal parts There-
fore the 8 chapathus together were portioned into 24 equal preces
OF the 24 preces, each man ate 8 preces The man who had
brought 5 chapathus contnbuted 15 preces, and the man who had
brought 3 chapathss contributed 9 preces Out of the 15 preces,
the man who had brought 5 chapathis himsclf ate 8 pieces and
contributed to the guest 7 picces And out of the 9 pieces, the
man who had brought 3 chapathis, humself ate § preces and
contributed to the guest only 1 prece

So the man with the § chapathss gets 7 comns and the man wath
3 chapathis gets only 1

All the Dygats

Do you notice anything snteresting 1 the followng multiphea-
tion?

138 x 42 = 5796

There are sune digats and all are different Can you thunk of other
such combmations?
Here ;s 2 group of nine
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e 12 % 483 = 5796

\‘W 297 = 5346
. éf X 186 = 7254
|7 485 159 = 7632

A7 27,% 198 = 5346
N 28y 157 = 4396
LG 1738 = 6952
4 1963 = 7852

i

Another Impossible Proof

Can you prove 45 — 45 = 45?7
Wnite down the figurcs from 9 to 1

987654321  add up the digirs
948474 6+54+44342+1=45

Subtract 123456789  Add up the diguts
T4243444546474+8+9=45

Result 864197532 Addupthedigns
8464441 494745+3+2=4
Thercfore 45 — 45 =45

Dwindlmg Gyfts

Two fathers gave their sons some money One father gave his
son $300 and the other son gave his son §15¢ Then the two sons
counted up ther money, they found that betrneen them they had
only $300 How do you explain this?

While there, are two fathers and two sons, there aze only three
people — grandfather father and son The grandfather gave his
son §300 Out-of this $300 the father gave his son §150 Thus
between the father and the son ~ two sons - they have only $300
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Making the Signs Right
3328=18

This Jooks absurd, but 1t can be made sense of by the msertion
of mathematical signs, without altening any of the figures, or
the position of the equals sign Here 15 the solution

V332 -8=18
Fre Digsts

Gan you arrange the digats 1, 2, 3, 4 and 5 1 such 2 way that,
with the aid of simple matheratical signs, they will make 111,
222, 333 and 9997 Here 15 the solution

135 — 24 = 111
2014+ 5+3=222
345 — 12333

(5" X4x2)-1=99
Making One Hundred

Can you, wath anly the digits 1, 2,3 4 5,6, 7and 8 and the addr-
tion and subtraction signs make 100?

864244 4547~1-3=100
SmaII:stlnltgn

g‘"‘ you spot the smallest snteger that can be wnitten with 150
igits?



:b;&iﬁ:’éa ((cn digus?
MM

185

AR

Al Nines

Using only five munes, can you waiee 102
There are several ways of daing this
99 9 9
= =10
10 5 1

Pt 3

(9+§)m= 1o

Bne Hundred from Ten

Can you write 100 by ustg all the ten digats® Give four different
solutions

4245

3
=100
18+56

1 38
502+49_—]—6— 100
12
60
3

27
0 4 192 = 100
854+ 96 1

57493430 =10
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Magic and Thiry-seven

Wete 37 on 2 piece of paper and Leep 1t 1n your pucker Ask
sameone to suggest any number formed of three dentical figures
Ask lum 10 add up these three figures and dmide the onnal
pumber by the answer

Whatever number he chose you will always hav the answer -
37 - on the paper 1n your pocket

555 divided by 5 + 5 + S guves 97

999 divided by 9 +- 9 + I gnes 37

888 divided by 8 4- 8 - 8 gnves V7
and 5o on.

Hate and Tortosse

Two cars do the journey between citics 200 mules apart Ot
350 mules an hour onc way and «0 miles an hour o1 the prwon
1oumney The other car at 45 miles an Four 01 bo h pourreys.
Which of the two cars covers the distance 1 f-ss time?

The speed of the second car 11 the average between the speed
eFthe first and sccond journeys of the frst ar Butthev dors
cover the distance 1n the same time

The first car takes on ats first journes 200 — 0 = d b
t"d o s second journcy 200 — 40 = Shours Ltnal Fr bk
rumeys of 9 hours The secord car, o bvth pur=s s
490 45 m 8 hours and 53 runu es

The s0001d car covers the distarce 17 3 shwer b

1 Theeey

G you tale four Isand aimpte s Feme T 8= n':l [t
200 that they will rule sn o = 11 97 2amd 2
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caught out by the W3y repeated doudbling quekly leads tn huge
totals 13 thag of King Purushotran, 32 the learned Pandy

The king Proud of his abilipyey at chess had challenged ard
beaten all comers until afiee 5 long strugele the Pandit beat
hum

The apparently insignificany feward he asled was 2 gram of
nce for the first Square of the chesy bard 2 for the second
4 for the thied 8 for the fourth any 0 0n

When the sacl, of rice wasalow 1 comung the Ling called for hus
ministers and asled why

The total number of gramns - 18H674407370935 1615 - was
notonly beyond the means of hisgranaries by beyand the means
of the grananes of all the world The formuls for arnvin,, at this
number - 204 _ y _ tuIRS up in another fimous Jegend

The Tower of Brakma

This s0 the legend has ¢ 454 temple 1n Benaras They say that
when the great lord Brahma created the world he put up three
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dramond sticks, mounted on 2 brass plate, beneath the dome that
marks the centee of the world Upon one of the sticks he placed
64 gold discs The biggest at the bottom, all decreasing tn size
with the smallest at the top The temple- priests have the tasks
of transposing the discs from one stick to the other, using the
thirdasanaid They work day and night, but must transpose only
one disc at a time and must not put a bigger disc on top of a
smaller one When their task 1s complete, the legend says, the
world will disappear 1n 2 clap of thunder

Now the total number of transpositions needed to shift the
64 discs 15, agamn, 204 — 1, or 18446744073709551615 If every
transposition takes a second st wall sull take 500000 mtlkon years
to get the job done

1729

This 18 known as Ramanujam’s number When the great Indian
mathematician was lying 1!l 1n hospital, Professor Hardy, who
had been tnstrumental 1 banging him to Cambrnidge, came to
visit im The taxs I came 1n, he said to Ramanujam, had a very
boning number - 1729

Ramanujam s face it up No, he said, that 1s not a boring
number at all, 1t 1s the only number that 1s the sum of two cubes
in two different ways

102 4-92=1729 and 1224 1*=1729

Dummishing Remamders

Can you name the smallest number, which when divided by 10
gnes a remamder of 9, when divided by 9 gives 8 as the
remainder, when divided by 8 gives 7 as the remainder 2nd so on,
down to a remainder of 1 when divided by 22

If X 15 the number, the problem can be set out thus



N mulpleof §~1
N ~metupleof 4~ 1
\ = mulupleof 3 -1
N\~ multipleof 2 ~ 1

Therefore

\ + 1 e mulnple of 10
N\ 4+ 1 e multpleof 9
N\ 4 1 e multupleof 8
N 4 ) we muluple of 7
N Rl e mulupleof 6
N+ 1= melupleof §
\ 4§ = muluple of 4
N\ + D eomulupleof 3
\ + 1 = muluple of 2
Now ac find the LCM of the ten pumbers That gives

20X 3V x 5 x 7= 2520
Therefore the required number 1s

2520 - 1 = 2518



CONCLUSION

Mathematical discoverres Iike all others may come from the
need to solve practical problems But a more mmportant motive
1s the pure delight some individuals take m invention and
discovery

A mathematician trses to extend his powers He knows a trick
which allows him to solve one sort of problem - but might there
not be other sorts that can be sohved 1 the same way? He tries
to find out how his tricks work, to group problems in families
to classify them When 2 new problem comes up he wall often be
able to sce immedtately what family st belongs to, and what
methods are Iikely to sobve 1t

In this book I have tried to arouse this active state of mind
to encourage mental adventurousness

If my readers have come to share this feeling for the subject
my objective has been attained
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Astrology 1s not a complex science as 1t oftent made
aut © be and 1n the hands of the world famous
human computer Shakuntala Devt 1t becomes even
simpler and enster to understand and pracuse it This
book discusses zodiacs planets astenisms the nsing
signs Bhavas Yogas Dasas and cheir effects and
transits 1t would help the reader not only w cast a
horoscope but also to read one There are tables of
carrection for various cities and for sidereal time
Nakshatra diisions and Vimshoutan Dasa Navamsas
etc It 15 a complete book that leaves nothing (o
become an amageur astrologer

Shakuntala Devi though well known as a
mathematical gengus the world over 1s also an
astrologer now practising 10 Bombay and Delhi She
learnt this sctence tn the lap of her grandiather when
quite young" hers 1s a well known famly of priests
and astrologers 1n South India This 1s her first book
on the subject aimed at the layreader and presented in
a style that 15 easy to follow

The author has groen methodologses of making
horoscope and reading into it in very ssmplified
tryms

Painot
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“Book of Numbers
Rt Rs 1800

Everything You Always Wanted to hnow About
Numbers But was Diiftcult to Undérstand

We can t lve without numbess We need them tn our
daily chores big and small But we carryinusa
certain fear af numbers and are never confident about
using them Shakuntala Devi the mternattonally
famous mathematica) wizard makes numbers easy for
us and wteresung

The book in¢cludes speaal leatures such as Lale
Rnown Facts about Numbers Brain Teasers and
Numencal Concepts which have been simpliiied and
explained by her The book also gives over 20 ready
reference tables to help you understand and master
numbers

makes very interesting reading and provides
valuable information Hindu

Available at ail bookshops and by 1 PP
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