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PREFACE

Toread and enjoy this hook it will suffice Lo poseess a modest hnowl-
edge of mathematics, 1 e, knowledge of arithmetical rules and ele
mentary geometry Very few problems require the ability of formmng
and solving equations—and the smmplest at that

The table of contents, as you may see, 15 quite diversified the sub
jects range irom a motley collection of conundrums and mathe-
matical stunts to useful practical problems on counting and measuring
The author has done everything to make his book as fresh as possible,
avolding repetition of all that has already appeared in his other works
(Tricks and Amusements Interesting Problems, etv) The reader will
find a hundred or go brain-t{easers that have not been included 1n earlier
books Chapter VI—“Number Giants”—i15 adapted from one of the
author’s earlier pamphlets, with four new stories added



CHAPTER 1

BRAIN-TEASERS FOR LUNCH

It was raining.... We had just sat down for lunch at cur holiday

home when one of the guests asked us whether we would like to hear
what had happened to him in the morning.

Everyone assented, and he began.

1. A SQUIRREL IN THE GLADE,—*“] had quite a bit of fun play-
ing hide-and-seek with a squirrel,” he said. “You know that little
round glade with a Ione birch in the centre? It was on this tree that
a squirrel was hiding from me. As I emerged from a thicket, I saw its
snoul and Lwo bright little eyes peeping from behind the trunk. I want-
ed to sce the little animal, so I started circling round along the edge
ol the giade, mindful of keeping the distance in order not to scare it.
I did four rounds, but the little cheat kept backing away from me,
eyeing me suspicionsly from behind the tree. Try as I did, I just could
not see its back.”

“But you have just said yourself that you circied round the trec
four times,” one of the listeners interjected.

“Round the tree, yes, but notc round the squirrel.”
“But the squirrel was on the tree, wasn't it? "

“So it was.”

“Well, that means you circled rognd the squirrel teoo.”

“Call that circling round the squirrel when I didn’t see its back?”
“What has its back to do with the whole thing? The.squirrel was on

Lhe treo in the centre of the glade and you circled round the tree. In
other words, you circled round the squirrel.”
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“Oh no, I didn’t. Let us assume that I'm circling round you and
yvou keep turning, showing me just your face Call that circling round
you?”

‘Of course, what clse can you call 1t?’

“Yol mean ['m cireling round you though I'm never belund you and
naver see your back?’

‘Forget the back! You're circling round me and thal's what
counts Whnt has the back to do with it?’

Wait Tell me what's carchng round anything?  The way 1 under
sland 1t, 1t’s moving in such a manner so as to see the object I'm mov
ing around from all sides Am I rght, professor? He turned to an old
man at our table

“Your whole argument 15 essentially one about a word, the pro
fessor rephred  What you should do first 15 agreec on the deflinition
of ‘circling ' How do you understand the words ‘ctrcle round an ob)ect’?
There are two ways of understanding that Firstly, 1t’s moving round
an object that 13 1n the centre of a circle Secondly, 1l's moving round
an object 1n such a way as to see all its sides If you msist on the
first meaming, then you walked round the squirrel four times If
1t's the second that you hold to, then you did not walk round it at
all There’s 1eally no ground for an argwment here, that 1s, 1if you
two speak the same language and understand words mn the same
way ’ .

‘All night, I grant there are two meanings But which 15 the correct.
one?”

*That’s not the way to put the quesLion You can agree about anjy-
thing The question 1s, which of the two meanings 1s the more generally

accepted? In my opimon, 1t's the first and here's why The sun, as you
know, does a complete circuit 1n 26 days "

Does the sun revolve?’
“Of course, 1t does, hike the earth Just imagine, for instance, that
it would takenot 26 days, but 3651 days, 1 e, a whole year, to do so
If this were the case, the earth would see only one side of the sun, that

15, only 1ts ‘face ' And yet, can anyone claim that the earth does not
revolve round the sun?”

“Yes, now 1t’s clear that I circled {ﬂund the squirrel afterall ”



“I've a suggestion, comrades!” one of the company shouted
“It's raiming now, no one 1s gomng out, so let’s play riddles The
squirre]l riddle was a good heginnimg Let each thmk of some bran-
teaser ”

“I gtve up i they have anjything to do with algebra or geometry,”
a young woman said

‘Me too,” another jomed 1n.

“No, we must all play, but we'll premise to refraxn from any alpe

braical or geometrical formulas except, perhaps, the most elementary
ones Any objections?®’

‘None'!” the others chorussed *Let's go ”

“One more thing Let professor be our judge "

2. SCHOOL GROUPS —*We have five extra curricular groups
at school,” a Young Pioneer began “They’re polilical, Iiterary, pho
tographic, chess and choral groups The political group meets every
other day, the literary every third day, the photographic every fourth
day, the chess every [ifth day and the choral every stnth day These
five groups first met on January 1 and thenceforth meetings were held
accordmg Lo schedule The question is, how many tmmes did all the

five meet on the one and same day in Lhe lirst quarter (January 4
excluded)?’

Was 1t a Leap Year?”

No ”

“In other words, there were 90 days m the first quarter ”

“Right ™

Let me add another question, ’ the prolessor broke i °IL s this
how many days were there when none of the groups met 1n that first
quarter?®”

“So, there's a catch to 1t? There'll be no other evening when all

the five groups meet and no evening when some do not meet That's
clear!”

H'R‘lrfh}r':l 1t
‘Don’t know DBut I've a feeling there’s a catch ”
‘Comrades'” said the man who had suggested the game “We won't

reveal the results now Let’s have more timoe to think about them Pro-
feegor will announee the answers at supper ’

13



3. WIIO COUNTED MORE?-— Two persons, one standing al the
door of his house and the other walking up and down the pavement,
were counting passers-by for a whole hour Who counted more?

Naturally theone walking up and down, said somehody at the end

of the table
“We'll know the answer at supper, the professor said  Neatl’

4. GRANDIATHCER AND GRANDSON.— In 1932 I was as old
as the last two digits of my birth year When I mentioned this interest
ing cowcldence to my grandfather, he surprised me by saying that the
same applied to him too I thought that impossible ’

“Of course that’s impossible,” a young woman said

‘Believe me, 1t’s qmite possible and grandfather proved 1t too How
old was each of us m 1932°”

5. RAILWAY TICKETS —“I'm a raillway ticket seller,” said the
next person a young lady People think this job 1s easy. They prob-
ably have no 1dea how many tickets one has to sell, even at a
small station There are 20 stations on my line and different tichets for
each section up and down the hhne How many different kimnds of
tickets do you thunk I have at my station?”

“Your turn next,” the proiessor said to a flier

6 A DIRIGIBLL'S FLIGHT — ‘A dirigible took off from Lenin-
grad 1n a northerly direction Five hundred hilometres away 1t turned
and flew 500 kilometres eastward After that 1t turned south and cov-
ered another 500 kilometres Then 1t flew 500 kilometres in a wester-
ly directron, and landed The question is, where did 1t land west, east,
north or south of Lenmgrad?”

‘That's an easy one,” someone sard “Five hundred steps forward,
500 to the right, 500 back and 500 te the leit, and you're naturally
back where you'd started from!”

“Easy? Well then, where did the dirigible land?”

‘In Lemingrad, of course Where else?”

'Wrong! ” .

“Then I don’t understand ”

‘Yes, there's some cateh to this puzzle,” another joined m  * Didn't
the dimgible land 1in Leningrad?”

“Won’t you repeat yvour problem®”

14



The flier did The listeners looked at each other

“All right,” the professorsaid ‘Wehaveenough time to think about
the answer Let's have the neat one now ”

7. SHADOW —‘My puzzle,” said the next man, ‘1s also about a
dirigible What’s longer, the dirigible or its perfect shadow?’

‘Is that all?’

. X S~ e — 1
S~ 2 ==

{ A AR
RN Y/ 2k Hf%mm——“—

=, i o — 7 ===

Sunrays spread from behind a cloud

“It 15

‘Well, then The shadow 1s naturally longer than the dirigible sun
rays spread fanhike, don't they?”

“I wouldn't say so,” another interjected ‘Sunrays are parallel to
each other and that bemng so, the dirigible and its shadow are of the
same size,’

“No, they aren’t Ilave you ever seen rays spreading from belind
a cloud® If you have, yon've probably noticed how much they spread
The shadow of the dimgible must be considerably bigger than the dir
igible atself, just as the shidow of a cloud 1s bigger than the cloud
itself ”

“Then why 1s it that people say that sunrays are parallel to each
other? Seamen, astronomers, for mstance ”

'



The professor put a stop to the argument by ashing the next per-
son to go ahead with his conundrum

8. MATCHES —The man emptied a box of matches on the {able
and divided them into three heaps

“You aren’t gomg to start a bontire, are you?” someone quipped.

“No, they're for my brain teaser. Here you are—three uneven
heaps There are altogether 48 matches 1 won'’t tell how many there
are 1n gach heap Look well If I take as many matches ifrom the first
heap as there are 1n the second and add them to the second, and then
take as many from the sccond as there arc in the third, and add them
to the third, and finally takeasmany from the third as there are 1n the
first and add them to the first—well, 1f I do all this the heaps will
all have the same number of matches How many were there original-
Iy 1n each heap®”

9. THE “WONDERFUL” STUMP —“My puzzle 15 the one I was
once asked by a village mathematician to solve,” the next person be-
gan “It wasreally astory, and quite humorous at that Oneday, a peas-
ant mebt an old man in a forest. The two fell into a conyersation and
the latter said:

“¢There's a wonderful hittle stump in this forest It helps people
1n need *

“ ‘It does? What does 1t do, cure people®

“*Not exactly It doubles one’s money Put your pouch among the
roots, count one hundred and—presto!-—the money’s doubled It’s
a wonderful stump, that!’

“‘Can I try 1it?" the peasant ashed excitedly

" “Why not? Only you must pay '’

“*Pay whom and how much?’

“ “The man who shows you the stump That's me As to how much,
that’'s another matter’

“The two men began to bargam When the old man learned that
Lhe peasant did not have much money, he agreed to take 1 ruble 20 Lo-
peks every time the money doubled

“The two went deep 1into the forest where, after a long search, the
old man brought the peasant to a moss-covered fir stump in bushes
He then took the peasant’s pouch and shoved 1t among the roots Aft
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er that they counted one hundred The old man took a long tmme to
find the pouch and rcturned it to the peasant

“The latter opened the pouth and, lo! The money really had dou-
bled! lle counted cff the ruble and 20 Lopels, as agreed upon, and
ashed the old man to repeat the whole thing

“Once again they counted one hundred, once again the old man
began his search for the pouch and once agam there was a miracle—the
money had doubled again And just as they had agreed, the old man
got his ruble and 20 kopelks

‘Then they hid the pouch for the third time and this time too the
money doubled But after the pea=ant had paid the old man his ruble
and 20 Lopehks, there was nothing left in the pouch The poor fellow
had lost all s money 1 the process Theres was no more money
to be doubled and he walked off crest fallen

“The secret, of course, 1s ¢lear to all—it was not for nothing that the
old man took so long to find the pouch. But there 15 another question
I would hike to ask you how much did the peasant have originally?”

{0. THE DECEMBER PUZZLL — Well, comrades, ” began the next
man ‘Im a lingmist, not a mathematician, so you needn’t expect a
mathematical problem T'll ask vou one of another kind, one close
to my sphere of activity It's about the calendar ”

'Go ahead ”

‘December 1s the twelith month of the year Do you know what
the name really means® The word comes from the Greek ‘deka’—ten.
Hence, decalitre which means ten htres, decade-—ten years eic Decem-
ber, to all appearances, should be the tenth month and yet 1t 1sn't
How d'you explain that?”

11. AN ARITHMETICAL TRICK —*TI'll give you an arithmetical
trick and ask you to explamn 1t One of you—you, prolessor, if you
Ithe—write down a three digit number, but don’t tell me what 1t 18 ™

Can we have any noughts m 1t?’
‘I set no reservations You can write down any three numerals you

want ”
All right, I’ve done 1t What next?”

‘Write the same number alongside Now yon have a six-digit nums-

¥

her
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“Right.”

‘Pass the slip to your nerghbour, the one farther away from me,
and let him divide this six-digit number by seven

“It’s easy for you to say that, and what 1f 1t can’t be done””

“Don't worry, 1t can ”

“How can you be so sure when you haven’t seen the number?”

“We'll talk after you've divided 1t ”

“You're right. It does divide ”

“Now pass the result to your neighbour, but don't tell me what 1t
18 Let him divide 1t by 411 7

“Think you’ll have your own way agamn?”

“Go ahead, divide 1t. There’ll be no remainder ”

“You're right again Now what?”

“Pass the result on and let the next man divide it, say, by 13.7

“That's a bad chowe There are very few numbers that are divisi-
ble by 13 ... You're certainly lucky, this one is!”

“Now give me the shp, but fold 1t so that I don’t see the number,”

Without unfolding the slip, the man passed it on to the professor.

“Here's your number. Correct?”

“Absolutely.” The professor was surprised “That s the number
I wrote down. ... Well, everyone has had his turn, the ramn has
stopped, so let's go out. We'll know the answers tonight You may
give me all the ships now "

Answers 1 to 11

{. The squirrel puzzle was explained ecarlier, 20 we'll pass on fo
the next.

2. We can easily answer the first question: how many times dad all
the five groups meet on one and thesame day m the first quarter (Jan-
unary 1 exceluded) by finding the least common multiple of 2, 3,4, 5
and 6 That sn’t dafficult. It’'s €0 Therefore, the five will all meet
acgain on the G1st day—cthe political group after SU two-day intervais,
the literary after 20 three-day mmtervals, the photographic after 15
four-day inlervals, the chess after 12 five-day intervals and the choral
diter 10 six-day intervals In other words, they can meet on the one and
same day only once 1 60 days And since there are 90days 1n the first

18



quarier, it means thers can be only one other day on which they all
meet.

It 15 much more difficult to find the answer to the second question,
how many days are there when none of the groups meets 1 the [irst
quarter? To find that, 1t 1s necessary to write down all the numbers
from 1 to 80 and then eross out all the days when the political group
meets og ,1,3,8, 7,9, etc Alter that gne must cross out the lilerarv
group days eg, 4, 7, 10, etc When all the photographic chess and
choral groups® days have also been crossed out, the numbers that remain
are the days when there 13 no group meeting

Do that and you’ll see that there are 24 such days~—erght 1n January,
ve, 2, 8, 12, 14, 18, 20, 24 and 30 seven in February and nine n
March .

3 Both of them counted the same number of passers by While the
one who stood at the door counted all those who passed both ways, the
one who was walking counted sl the people he met going up and down
the pavement

4. At first 1t may seem that the problem 1s 1ncorrectly warded, that
both grandfather and grandson are of the same age Wae shall soon see
that there 1s nothing wrong with the problem

It 18 obvious that the grandson was born in the 20th century There
fore, the first two digats of his barth year are 419 {the number of hun-
dreds) The other two digits added to themselves equal 32 The
number therefore 15 16 the grandson was born 1n 1916 and 1n 1832 he
was 16

The grandfather, naturally, was born in the 19th century There
fore, the first two digtts of his brrth year are {8 The remamning digits mul
tiplied by 2 must equal 132 The number sought 15 half of 132, 1 ¢,
66 The grandfather was bern 1n 1866 and 1n 1932 he was (0

Thus, 1n 1932 the grandson and the grandfather were each as old*
as the last two digits of therr birth years

5. At each of the 25 stations passengers can get tickets for any of
the other 24 Therefore the number of different tickets required 18
25 % 24 =600

6 There 13 nothing contradictory 1n this problem The diwrigible
d:d mnot fly along the contours of a square It should be borpne 1 mind

2= 19



that the earth 1s round and that the meridians converge al the poles
(fic 2) Therefore, flying 500 kilometres along the parallel 500 hilo-
metres north of Lemingrad latitude, the dirngible covered wmore de-
grees going eastward than 1t did when 1t was returning along Leningrad
latitude As a result, the dingible completed 1ts flight east of Lenin-
grad

How many kilometres away? That
can be calculated Fig 2 shows the
route taken by thedirigible ABCDL
iV 1s the North Pole where meridians
AB and DCmeet The dirygnble first
flew 500 kilometres northward, e,
along meridian AN Sincethe degree
of a meridian 1s 111 kilometres long,
the 500 kilometre-long arc of the
meridian 1s equal to 500 111-=4°5
Leningrad lies on the 60th parallel
B, therefore, 15 on 60°-F4°5'=064°5"
The airship then flew eastward, 1 e,
along the BC parallel, covering 500
kilometres The length of one degree
of this parallel may be calculated (or learned from tables), it 1s equal
to 48 kilometres ‘Therefore, 1t 1s easy to determime how many degrees
the dirigible covered in 1its eastward fhight 500 48=10°4' Continuing,
the airship flew southward, 1 e , along meridian €D, and, having cov
ered 500 kilometres, returned to the Leningrad parallel Thence the
way lay westward @ e, along DA, the 500 Lilometres of tlus way are
obviously less than the distance between 4 and D There are as many
degrees 0 AD as in BC 1e, 10°4" But the length of 1° at the 60th
parallel equals 55 5 kilomeires Therefore the distance between A
and D 13 equal to 55 5 X10 4=077 Lilometres We see thus that the
dirigible could not have very well landed 1n Lenmngrad it landed 77
kilometres away, on Lake Ladoga

7. In discussing this problem, the people 1 our story commaitted sev-
eral mistakes It 1s wrong to say that the rays of the sun spread ian-
like The eartli 1s so small 1n comparison to its distance irom the sun

.*.'Eﬂmg’rgd

g 2
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that the sunrays falling on any part of 1ts surface radiato at an almost
absolutely mmperceptible angle 1n fact, r1ys may be said to be paral-
lel to each other We occasionally see them sprending fanlhike (for
instance when the sun 1s belund a cloud, fig 1) This, however, 1s
nothing but a case of perspective

Parallel lines as they recede from the station point, always appear
to the eye to meet far away 1n a pomt, eg , rallway tracks or a long
avenue (see fig 3)

But the fact that sunrays fall to the ground in parallel beams does
not mean that the periect shadow of a dirigible 1s as long as the dirt
mible 1tself Fig 4 shows that the perfect shadow of the dirigible nar
rows down m spaco on the way to the surface of the earth and that, con
sequently, the shadow the dirigible casts should be shorter than
the dirigible CD 13 shorter than AB

It 15 quite possible to compute the difference, provided of course,
we know at what altitude the dirigible 1s flying Let us assume that
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the altitude 1s 1 000 metres The angle formed by lines AC and BD 15
equal to the angle from which the sun 1s seen from the earth We know
that this angle 1s equal to */»* Ontheother hand we know that the dis-
tance between the eye and any object seen from an angle of /2° 15 equal
to the length of 115 diameters of this object Hence, section ¥ (the
section seen from the surface of the earth at an angle of '/,°) should be

)
7

; P AN
A, ,%/////i,g

Fig 4

1/115 part of AC Line AC 1s longer than the perpendicular distance
between point A and the surface of the earth If the angle formed by
sunrays and the surface of the earth 1s equal to 45°, then AC (given
the altitude of the dirigible at 1,000 metres) i1s approximately 1,400
metres long and section MN 1s consequently equal to 1 400 115==12
metres

But then the difference between the dinigible and its shadow, 1 e,
sectron MB 1s bigger than MN {1 4 times, to be exact), because angle
MBD 1s almost equal to 45° Therefore, MB 15 equal to 12x1 4, and
that gives us almost 17 metres

All this applies to the perfect—black and sharp—shadow of the dir-
ig1ble, and not to penumbra, which 1s weak and hazy

Incidentally, cur computation shows that if mstead of a dirigible

22



we had a balloon almost 17 metres 1n drameter, there would be no per-

fect shadow All we would see would be a hazy penumbra
8 This problem 1s solved from the end Let us proceed from the fact
that, after all the transpositions, the number of matches 1n each heap

1s the same Since the total number of matches (48) has not changed
in the process, 1t follows that there were 16 1in each heap

And so what we have 1n the end 1s

First Heap Second Heap Third Heap
16 16 16

Immediately before that we had added to the first heap as many
matches as there were mn 1t, 1 ¢ we had doubled the number Thus,

before that final transposition there were only 8 matches mn the first
ficap In the third heap, from which we took these 8 matches, there were

16 +8-=24.

Now we have the following numbers

First Heap Second Heap Third Heap
8 16 24

Further, we know that irom the second heap we took as many
matches as there were 1n the thurd heap That means 24 was double the
original number This shows us how many matches we had in each

heap after the first transposition
First Heap Second Heap Third Heap
8 16 +12=28 12

It 15 clear now that before the f{irst transposition (1 & , before we took

as many matches from the first heap as there were in the second and
added them to the second) the number of matches 1n each heap was;

First Heap Second Heap Third Heap
22 14 12

9 This riddle, too can best be solved 1n reverse We know thet when
the money was doubled for the tfurd time, there was 1 ruble 20 hopeks
in the pouch {that 1s the sum the old man recerved the last time) How
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much was there in the pouch before that? Obwviously 60 kopeks That
was what remawmned after the peasant had paid the old man hs
second ruble and 20 Lopeks Therefore, before the payment there was*

1 2030 60=1 80

Forther 1 ruble 80 kopeks was the sum after the money had been
doubled for the second time Before that there were only 90 Lopels,
1 ¢, what remained after the peasant had paid the old man his first
ruble and 20 kopeks Hence before the first payment there were 0 904-
1 20=2 10 1n the pouch That was after the first operation Orig-
inally, therefore, there was half that amount, or 1 ruble 5 hopeks That
was the sum with which the peasant bad started his unsuccessful get-
rich gquick operation

Let us verify
Money in the pouch

After the first operation 105x2 =210
After the first payment 2 10—1 20090
After the second operation 090x 2 =180
After the second pavment i 80—1 20=0 €0
After the third operation D602 =120
After the third payment 1 20—1 20 =0

{0 Qur calendar comes from the early Romans who, before Julius
Caesar, bepgan the year 1o March December was then the tenth month
When New Year was moved to January 1, the names of the months
were not shifted Hence the disparity between the meaning of the
names of certarn months and their sequence

Yl —— L Wl — ——— - — S —

i

Month , Meaning " Place |

— - — — — — | | —— — . t

September (septem—seven) | oth \
| Dctober | (octo—erght) 10th
! November (novem—nine) 1ith
i December _ (deka—ten) ! 12th

{1 Let us see what happened to the origimal number First, a sim
lar number was writien alongside 1t That 15 as if we took a nnmber,
multiplied 1t by 1,000 and then added the origmnal number, e g

872 872 =872 0004872
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It 15 clear that what we have really done was to multiply the orig-
nal number by 4,001

What did we do after that? We divided 1t successively by 7, 11 aund
13, or by 7x11 x13, 1 e, by 1,001

S0, we first multiplied the origmal by 4 001 and then divided 1t by
1,001 Simple i1sp’t 1t?

Belore we close our chapter about the riddles at the holiday home, I
should like to tell you of another three arithmetical tricks that you

can try on your irtends In two you have to guess numbers and 1n the
third, the owners of certain objects

These tricks are very old and you probably know them well, but 1
am not sure at all people know what they are based on And :f you do
not know the theoretic basis of tricks, you cannot expect to unravel
them The explanation of the first two will require an absolutely el-
ementary lknowledge of algebra

i2. THE MISSING DIGIT —Tell vour friend to write any mult:-
dig1t number, but no ending 1n noughts, say, 847 Ask him to add up

these three digits and then subtract the total from the original The
result will be

847—193=828

Ask lim to cross out any one of the three digits and tell you the re-
matning ones Then you tell him the digit he has crossed out, although
you know neither the origmal nor what your friend has done with 1t

How 1s this explamed?

Very smmply all you have to do 1s to find the digit which, added
to the two you know, will form the nearest number divisible by 9
For instance, 1f in the number 828 he crosses out the first digit (8)
and tells you the othier two {2 and 8), you add them and get 10 The
nearest number divisible by 9 15 18 The missing number 1s con-
sequently 8

How 1s that? No matter what the number 1s, f you subtract from 1t
the tot1l number of its digits, the balance will alway< be divisible by
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9 Algebraically, we can take g for the number of hundreds, & for the
number of tens and ¢ for the number of units The total number of units

15 therefore
100a4-10b 4

From this number we subtract the sum total of 1ts digits a+b--c
and we obtain

100z +10b-}-c—{a4+b-+¢c)=092 490 =9(11a 4 b)

But ¥{11a-}b) 1s, of course, divisible by 9 Therefore, when we sub
tract from a number the sum total ol its digits the balance 15 always
divisible by 9

It may happen that the sum of the digits you are told 1s divisible
by 9 (for example 4 and 5) That shows that the digit your friend has
crossed out 1s either 0 or 9, and 1n that case you have to say that the
missing digit 18 either 0 or 9

Here 15 another version of the same trick instead of subtracting from
tho original number the sum total of its digits, ask your friend to sub-
tract the same number only transposed 1in any way he wishes For in-
stance, 1l he writes 8,247, he can subtract 2,748 {1f the number trans
posed 13 greater than the original, subtract the original) The rest
13 done as described above 8,247--2 748=5,499 If the crossed out
digit 1s 4, then knowing the other three (5, 9 and 9), you add them up
and get 23 The nearest number divisible by 9 15 27 Therefore, the miss-
g digit 15 27—23==4

13 WHO HAS IT?—This clever trick requires three lhittle things
that can be put 1n one'’s pocket—a pencil, a key and a penknife will
-do very well In addition to that, place a plate with 24 nuts—draughts
or dommno pieces or matches will do just as well—on the table

Having completed these preparations, ask each of jour three friends
t0 put one of the three thingsinto ils pocket—one the pencil, the second
the key and the third the penkmfe This they must do 1n your absence,
and when you return to the room, you guess correctly where each ob-

ject 1s
The process of guessing 1s as follows on your return (1 e, after each
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tas concealed the object) you ash your friends to take care of some
nuts-—~you give onc nut to the first, two to the second and three
to tho third Then vou leave the room again, telling them that they
must take more nuts—the one who has the pencil should take as
many nuts as he was given the first time, the one with the Ley twice
as many as he has been given, and the one with the penkmife four
times the number The rest, you tell them, should rcmain 1n the
plate

When they have done that, they call you mto the raom You walk
m, look at the plate and announce what ecach of your friends has 1o his
pocket

The trick 15 all the more mystifying since you do 1t solo, so to speak,
without any assistant who could signal to vou secretly There 1s really
nothing tricky in the riddle—the whole thing 1s based on caleulation
You guess who has each of the things from the number of nuts remain-
wng 1n the plate Usually there are not many of them left—f{rom one
to seven—and you can count them at one glance

How, then, do you know who has what thing?

Sunple Each different distribution of the three objects leaves a
different number of nuts in the plate Here 1s how 1t 15 done

Let us call your three friends Dan, Ed and Frank, or simply D, E,
I” The three things will be as follaws the peneil—a, the key—b, and
the penknife—c The three objects can be distnibuted among the tno
tn Just S1X ways

D E | F
———— l—.-.--- -
a b ¢
o £ b
b a ¢
b c a
c a b Fs
c b a

There can be no other combinations—the table above exhausts all
of them



Now let us see how many nuts remain after each combination

DEF Number of Nuts Taken Total | Remawnder

) { i |
| abe | 14+1=2 244=6 34+12=-15 | 23 | i
| ach '. 141=2 248=10 34+ 6= 9 21 | 3
bac 142=3 242=4 34 1210 | 22 ] 2
bea 1+2=3 248=10 34 3=6 19 o
cab | 14+4=5 242=4 34+ 6=09 18 6
cha 14+4—-5 244=6 34+ 3=06 17 7

You will see that the remainder 15 each tyme different Knowing what
it 1s you will easily establish who has what 1n his pocket Once again,
for the third time you leave the room, look at your notebook 1nto which
yvou have written the table above (frankly speaking, jou mneed only
the first and last columns) It 1s difficult to memorize this table, but
then there 15 really no need for that The table will tell where each
thing 15 1, for example, there are five nuts remaimmg m the plate,
the combination 15 bea, 1 ¢,

Dan has the key,
Ed has the penkmife, and
Frank has the pencil

If you want to succeed, you must remember how many nuts you gave

each of your three iriends (the best way 15 to do so 1n alphabetic order,

as we have done here)



CHAPTER It
MATHEMATICS IN GAMES

DOMINOES

i4. A CHAIN OF 28 PIECES.—Can you lay out the 28 domino
pieces in a chain, observing all the rules of the game?

15. THE TWO ENDS OF A CHAIN.—The chain of the 28 dominoes
beeins with five dots. How many dots are there on the other end of
the chain?

16. A DOMINO TRICK.—Your friend takes a domino piecce and asks
you to build a chain with the remaining 27, allirming that this can
be done no matter what piece is missing. After that he leaves the
room.

You lay out the dominoes in a chain, and f{ind that your friend is
right. What is even more wonderful is that your friend, without see-
ing your chain, can tell you the number of dots on each of the end
picces.

How can he know that? And why is he so certain that a chain can
be built up of any 27 pieces?

{7. A FRAME.—Fig. 5 shows a square frame made up of domino
pieces in accordance with the rules of the game. The sides are equal
in length, but not in the total number of dots. The top and lelt sides
add up to 44 points each, while the other two to 59 and 32 points, re-
spectively.

Can you build a square frame in which each side will have 44
points?

29



18, SEVEN SQUARES —1t 15 possible 1o build a four-domino sguare
i such 8 way as to have the same number of dots on each side, as

shown 11 fig 6 there are 11 dots on each side

™ 1':1
w #
s ¥ ]

ig 5 A domino Irame

Can you make seven such squares out of the 28 domino pieces? It
13 not necessary for all the sides of the seven squares t0 have an 1den-
t1cal number of dots, — just the four sides of each sguare.

19, MAGIC SQUARES,—Fig 7 depicts a square of 18 domuno
pieces The wonder of 1t 1s that there are 13 dots in every one ol 1ts
rows—vertical, horizontal or diagonal. From time mmmemorial these

squares have been called “magtc ™
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Arrange several other 18-piece magic squares, but with a different

number of dots. Thirteen 1s the lowest total n a row and 23 the
highest

20. PROGRLESSION IN DOMINOES,—Fig 8 shows six dominoes
arranged according to the rules of
the game, with thenumber ¢f dots
imcreasing by one on each succes-
sive piece fouron the first, five on

Fip 6 A domino square Fig 7 A mag¢ square

the second, s1x on the third, seven on the fourth, eight on the fifth and
nine on the sixth.

A series of numbers inereasing (or de
creasing) by the same amount 1s known as -Em
“arithmetical progression ” In our case, E
each number 15 greater than the preceding

by one, but there can be any other “differ [+ " TVT-2[2 7
ence ”

The task 15 to arrange several other

Fig & The Fifteen Puzzle
§1X piece progressions

THE FIFTEEN PUZZLE

The story of the well-known square shallow box wiath 15 blocks num-
bered 1 to 15 1nclusive 1s an extremely interesting one, though very
few players know 1. Here 1s what W. Ahrens, German mathematcian-
and draughtis expert, wrote aboul it

“In the late 1870 s there appeared in the United States a new game-
—‘The Fifteen Puzzle ' Its popularnity spread fast and wide, and 1t
soon hecame a real social calamity.
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‘The craze it Europe too One came across people trying to solve
the puzzle everywhers-——even 1n public conveyances Office workers
and shop salesmen became so absorbed 1n working 1t out that their
cmployers, driven to desperation, had to forbid the game during work-
ing hours Enterprising people took advantage of the mania to arrange
large scale tournaments The puzzle made 1ts way even 1nto the Ger
man Reichstag The well known geographer and mathematician Sicg-
mund Gunther, a Reichstag
deputy at the time of the
craze, recalled secing his grey
haired colleagues  bending
thoughtfully over the littie
square boxes

“In Paris the game was
played 1n the open air, onthe
boulevards and soon spread
from the capital to the prov-
inces ‘There was no rural homestead where this spider had not woven
its web,’ was how one French author described the craze

“The fever was at its highest m 1880, but mathematicians soon de-
feated the tyrant by provine that only hall of the numercus problems
1t posed were solvable There was absolutely no chance of finding a
solution for the rest

“The mathematicians made it clear why some problems remained un-
solved despite all eiforts and why the organizers of tournaments were
not afraid of offering huge prizes for their solution In thisthe inventor
of the puzzle, Sam Lloyd, surpassed everyone He asked a New York
newspaper owner to offer $1,000 to anyone who would solve a certain
variant of the Fifteen Puzzle and when the publisher hesitated, Lloyd
said he would pay the sum himself Lloyd was well known for his clever
conundrums and bramn teasers Curiously enough, he could not get a
U S patent for his puzzle According to regulations, a person apply
g for one was requred to submit a ‘working model ' At the Patent
Office he was asked 1f the puzzle was solvable, and Lloyd had to admit
that mathematically 1t was not ‘In that case,’” the official said, ‘there
can be no working model and without i1t there can be no patent * Lioyd

Fig 89 The Fifteen Puzzle.
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feft 1t at that, but there 18 no doubt that he would have been much
more nsistent could he have but foreseen the unusual succes, of his
invention ¥

Here are some facts about the puzzle, as told by the inventor lum-
self

“Puzzle enthusiasts may well remember how in the 1870 s, 1 caused
the world to rack its brain over a box with moving blocks, which be-
came hnown as ‘The Fifteen Puzzie Thirteen of the blocks were ar-

Fip 10 Normal Fig 11 Iosoluble
order of blocks {position II)
(position I
ranged 1n regular order and only two, 14 and 15, were not (see fig 11)
The tash was to shift one block at a time until blocks 14 and 15 were
hrought nto regular order.

No one won the $1,000 prize offered for the first correct solution,
although people worked tirelessly at 1t There are many humorous
stories told of tradesmen who were so absorbed 1n the puzzle they for-
got to open their shops and of respected officials who spent mights seek-
ing for a way to solve the problem People just would not give up their
search for the solution, bewmg canfident of success Nawvigators ran
their ships aganst reefs, locomotive engineers missed stations and farm-

ers chucked up their plovghs °

® ¥ ¥

We shall acquaint the reader with the rudiments of the puzzle
On the whole, it 1s cxtremely complicated and closely connected with
one of the sections of advanced algebra ( the theorv of determinants ).

Here 15 what Ahrens wrote abouf 1t
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The job 15 to shift the blockhs by using the blank space in such a
manner &s to finally arrange all the 15 1 regular order, 1 e, to have
block 1 11 the upper left hand corner, block 2 to the right of 1t, block
3 next to block 2, and block 4 1n the upper mght hand corner, to
have blocks 5, 6, 7 and 8 i1n this order i1n the next row, etc
(see fig 10)

“Imagine for a moment that the blocks are all placed at random,
It 15 always possible to bring block 1 to 1ts correct postlion through
a serres of moves

“It. 13 equally possible to shift block 2 to the next squarc without
touching block 1 Then, without touching block 1 and 2, one can move
blocks 3 and 4 into their places If, perchance they are not in the
last two vertical rows, it 15 easy to bring them there and to achieve
the desired result The top row 1, 2, 3 and 4 1s now 1n order and mn
our subsequent operations we shall leave these [our blocks alone In
the same way we shall try to put in order the row 5, 6, 7 and 8, this
1s also possible Further, in the next two rows 1{ is necessary Lo bring
blocks 9 and 13 to their correct positions Once 1n order, blocks 1, 2,
3,4,5 6,7,8,9 and 13 arenot shifted anymore There remain six squares
—one of them blank and the other five occupied by blocks 10, 14,
12, 14 and 15 1n pell mell order It 1s always possible to shiit blocks
10, 11 and 12 until they are arranged correctly When this 1s done,
there will remain blocks 14 and 45 1n proper or improper order n the
bottom row (fig 11) In this way—as the reader can verify himself—
we come to the following result

“Any origmal combination of blocks can be brought into the order
shown 1 fig 10 (position 1) or fig 11 (position II)

‘If a combination, which we shall call ¢ for short, can be re
arranged 1nto position I, then 1t 1s obvious that we can do the reverse
too, 1 e rearrange position I intocombmation C After all, every move
can be reversed if, for instance, we can shift block 12 into the blank
space, we can bring 1t back to its old position just as well

‘Thus, we have two series of combinations 1n the first we can bning
the hlocks into regular order (position I} and in the second into pos
tion II And conversely, from regular order we can obtain any comb:
nation of the first series and Irom position 11 any combination of the
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second series Finally, any one of the two combinations of thesame
series may be reversed.

“Is 1t possible to transform position I into position IT* It may defi-
nitely be proved (without going into detail) that no number of moves
Is capable of doing that Therefore, the huge number of combinations
of blocks may be classed mto two series—the first series where the
blocks can be arranged 1n regular order, 1 ¢ , the solvable, and the sec-
ond series where m no circumstances can the blocks be brought nto
regular order, 1 e, the insoluble, and 1t 1s for the solution of these
positions that huge prizes were offered

“Is there any way of telling to what series the position belongs.
There 13, and here 15 an example

“Let us analyze the position 1 fig 12 The first row of blocks 13 in
order and the second, too, with the exception of blockh 9. This block
occuples the space that rightfully belongs to block 8 Therefore, bloch
9 precedes block S Such violation of regular order 1s termed disor-
der * Qur analysis further shows that block 14 1s three spaces ahead
of 1ts regular posilion, 1 ¢, 1t precedes blocks 11, 12 and 13 Here we
have three ‘disorders® (14 before 12, 14 before 13, and 14 before 11).
Altogether we have 14+3=4 ‘disorders ' Further, block 12 precedes
block 11, st as block 13 precedes block 41 That gives us another
two ‘disorders’ and brings their total to G In this way we determine
the number of ‘disorders’ 1n cach position, taking good care tg +vacate
beforehand the lower might-hand corner If the total number of ‘disor-
ders,* as 1o this case, 1s eten, then the blocks can be arranged 1n regu-
lar order and the problem 1s solvable If, on the other hand, the number
of ‘disorders’ 1s ¢dd, then the position belongs to the second category,

1 ¢, 1t 15 msoluble

‘Mathematical explanation of this puzzle has dealt a death blow
to the craze Mathematiecs has created an exhaustive theory of the
game, leaving no place whatever for doubts The solution of the puzzle
does not depend on guesswork or guick wit, as 1in other games, but
solely on mathematical factors that predetermine the result with
absolute certainty ”

Let us now turn to some probhlems in this ficld

Below are three of the soliable ones, made up by the inventor.
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21 TIIL FIRST PROBLEM —In fig 42 arrange the blocks in reg

ular order, leaving the upper leit hand corner blank {(as in fig 13)
22 THE SECOND PROBLEM —Tale the box as in fig 10, place 1t

on 1its side {(one quarter turn) and shift the blocks until they assume
the positions 1 fig 14

Fig 12 The blocks Fig 13 Lloyd 3 Fig 14 Lloyd s
are not in order first problem second problem

23 THL THIRD PROBLEM —Shifting the blocks according to the
rules of the purzle, turn the box into a ‘magic square,” 1 ¢, arrange
the blocks 1n such a manner as to obtain a total of 30 1n all directions

Answers 14 to 23

14. To sumplify the prollem let us set aside all the seven double
meces 0--0, 1—1, 2—32, etc There w.ll remain 21 pieces with each num
ber repeated six times For instance, there will be four dots (on one
half of the piece) on the following six preces

4—0, 4—1, 4—2 43, 4—5, and 406

We thus see that each number 1s repeated an even number of times
It 1s obvious that these pieces can be linked up And when this 1s
done, when the 21 preces are arranged 1n an uninterrupted chamm, then
we insert the seven double pieces between pieces ending with the same
number of dots, 1 e, between two Os, tno 15, two 25 ete After that
all the 28 pieces will be drawn mto the chain according to the rules
of the game

{5 It 1s easy to prove that a chamn of 28 pieces must end with the
same number of dots as it begins Indeed, 1f 1t were not so, the number
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of dols on the ends of the chain would be repeated an odd number of
times (1ns1de the chain the numbers always hie mn pairs) Howenver, we
know that 1n n completeo set each number 15 repeated ci1ght times, 1 ¢,
an even number of times Therefore our assumption about the unequal

-1

&
L
L

Fig 1o

number of dots on the ends of the chain 1g wrong the number of dots
must be the same (an mathematics arguments of this sort are called
‘reductic ad absurdum?”)

Incidentally, this property of the chair has another extremecly 1n
teresting aspect namely, that the ends of a 28 piece chain can always
be hinked to form a ring Thus, a complete domino set may be arranged
according to the rules of the game both into a chamr with loose ends

or 1mto a ring

37



The reader may be interested to know how many ways there are of
arranging this rning or chain ‘Without going mnto tiresome calculations
we can say that there 1s a gigantic number of ways of domg this If 1s
exactly 7,959,228,931,520 (representing the wvalue of 2% x3°X5x
7 %X4,231)

16 The solution of this problem 1ssimilar to the one described above
We know that the 283 domimno pieces can always be arranged to form
a ring Therelore, 1f we take one piece away,

1) the remamning 27 will always form an umnterrupted cham with

loose ends,

2) the numbers on the loose ends of this chain will always be those

on the two halves of the piece taken away.

Concealing a domino piece, you can always tell beforehand the num-
ber of dots on each end of the chain

17. The total numher of dots on the four s1des of the unknown square
must equal 44x4=176, 1 e, 8 more than the total number of dotson
all the domino pieces (168) This 15 because the numbers at the ver
tices of the square are counted twice This determines that the total of
the numbers at the vertices 13 8 and that helps to find the necessary
arrangement (although its discovery nevertheless remaims quite trouble-
sorme The solution 1s shown mm fig 15)
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i8 Iere are two of the many solutions of this problem 1In the first
(fig 16) we have

1 square with a total of 3 2 squares with a total of §
I square with a total of 6 1 square with a total of {0
| square with atotal of 8 1 square +with a total of 16

Fig 17

In the second (fig 1%) we have
2 =quares with a total of 4 «quares with a total of 10

¥
{ square with a tetal of § 2 squares with a total of 12

19 Fig 18 1s a specumen of a magic square with a total of 18 dots
1 each row
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20. Here, as an example, are two progressions with a difference ol
2

a) 0—0, 0—2, 0—4, 0—6, 4—4 (or 3—3), 5—5 (or 4—6)
by 0—1, 0—3 {or 12}, 0—5 (or 23}, 1—6 (or 3—4),
3—6 {or 4—D5), 5—6
There are altogether 23 six-piece progressions The starting pieces
are
a) for progressions with a difference of 1

0—0 1—1 2~—1 2—2 3—2
0—1 2—0 3—0 3—1 2—4
1—0 0—3 0—4 1—4 3D
0-—2 1—2 1—3 2—3 3—4

b) for progressions with a difference of 2
0—0 0—2 0—1

21. This problem may be solved by the following 44 moves:

14, 11, 12, 8, 7, 6, 10, 12, 8, 7
& 3, 6, 4, 7,14, 11, 15, 13, 9
12, 8, 4, 10, 8, 4, 14, 11, 15, 13,
9, 12, 4, 8, 5, 4, 8, 9, 13, 14,
10, 6, 2, 1

22. This problem may be solved by the following 39 moves:

14, 15, 10, 6, 7, 11, 15, 10, 13, 9,
5,1, 2, 3, 4, 8,12, 15, 10, 13,
9, 5, 1, 2, 3, 4, 8, 12, 15, 14,
13, 9, 5, 1, 2, 3, 4, 8, 12

23. The magic square with the total of 30 1s achieved through the fol-
lowing moves®
12, 8, 4, 5, 2, 6, 10, J, 43, 13,
14, 12, 8, 4, 7, 10, 9, 14, 12, §,
4,7, 10,9, 6, 2, 3, 10,9, 6,
5,1,2,3, 8,9, 3, 2,1, 13,
14, 3, 2,1, 13, 14, 3, 12, 15, 3



CHAPTER 11l

ANOTHER DOZEN PUZZLERS

24. STRING —“What! More string?” the boy’s mother exclaimed,
tearing herself away from washing “D'you think I'm made of 1t?
All I hear 1s, *Give me some string * I gave you a whole ball yesterday.
What d’you need so much for? What have you done with the one I
gave you?”

“What have I done with i1t? the boy countered “First, you took
half of 1t back ”

“And how d'you expect me to tie the washing?’

“Then Tom took half of what remained to fish stickle-backs in the
creek "

“Yes, you couldn’t very well refuse your elder brother ”

“I didn*t There remained very little and Dad took half of it to fix
his suspenders And then sis took two-fifths to tie her braids ”

“And what have you done with the rest?®”

“With the rest? There were only 30 centimetres left Try to play tel-
ephone with that!”

Thow Tnutn Yerigy “wits 1t Tm el sy Praoet

25 SOCKS AND GLOVES —In one box there are 10 pairs of brown
and 10 pairs of black socks and 1n another the same amount of brown
and black gloves How many socks and gloves must one take out of

the boxes to select one pair of socks and one pair of gloves—of the
same colour, of course?
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26 LONGLEVITY OI' HAIR —How many hairs are there on the av
erage on a man s head? About 150,000 * Tt has been calculated that a
man sheds about 3,000 hairs a month

Given this can you calculate the longevity— average, of course—
of each hair on a man’s head?

27 WAGLS —Together with overtime my wages last week were
250 rubles My basic wages are 200 rubles above overtime How much
do I earn without overtime?

28 SKIING —A man has calculated that if he skis 10 kilometres an
hour he will arrive at a certain place at 1 pm if he does 45 kilo
metres he will reach the same spot at 11 a m How fast must he ski to
oot there at 12 noon?

29 TWO WORKERS —Two workers one old and the other voung
live 1n the same house and work at the same factory It takes the young
man 20 minutes to walk to the plant The old man covers the distance
m 30 minutes When will the young worker catch up with the older
man 1f the latter starts out hive minutes before hym?

30 TYPING —Two girls are asked to type a report The more ex-
perienced can do the whole job 1n two hours the other in three

How long will 1t take them to finish the whole job if they divide 1t
in such a manner as to complete 1t as early as possible?

Problems of this type are usually solved as follows we lind what
part of the job each does 1n an hour add the two parts and divide 1
by the result Can you think up a new way of solving this problem?

31 TWO COG WHELLS —An eight tooth cog wheel 1s coupled
with a 24 vooth one (fig 19) How many times must the small one ro
tate on 1ts axis to circle around the big one?

32 HOW OLD IS HE?—A conundrum enthustast was asked how
old he was The reply was quite 1ngenious

Take my age three vears hence, multiply 1t by 3 and then subtract
thran tumes wy oo thras years agn and you will koow hog old T am

Well how old 1s he?

* -Mz;,u],r may wonder how we come by this igure Did we have to count the
bairs? No It 15 enovgh to count them on one square centimetre of man s head
hnowing this and the size of the hair covercd surface it 13 not hard to determine
the total Anatomists use the method resorted toby sylviculturists 1n cointing

drees tn a forest
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33. ANOTHER AGE RIDDLE.—“How old
15 Ivanov®” a friend of mine asked me the
other day

“Ivanov’ Let's sec Lightecn years ago he
w1s three ttmes as old as his son °

“But hes only twice as old now,” my
{friend nterrupted

“That’s right and this 1s why 1t 1sn’t difficuit
to arrive at their ages ”

Well, reader”

34. SHOPPING —I had about 15 rubles in
one rublenotes and 20 kopek coins when I went
out shopping \When I returned, I had as II;IIEEE ?hef;;‘;lfnﬁg ;‘ﬂ:?
many one-ruble notes as I orygimally had rotate?

20 kopek cotns and as many 20-kopek coins as I originally had one-
rulle notes Briefly, I came back with about one-third of what I
had started out with

IIow much did I spend?

Answers 24 to 34

24 When the boy's mother took half of the string, there naturally
remained '/, After his brother there remained 1f,, after his father, 1,
and after his sister, YgX3/5=3%;, If 30 cm =3/,,, then the original
length was 30 3/,,=400 em or4 m

25 It 1s enough to take three socks, for two of them w:ll always be
of the same colour It 15 not so simple with gloves, for they differ not
only in colour, but also in that half of them are for the right hand
and the rest for the left Here you must take at least 21 gloves If you
take less, say, 20, they may all be for the left hand (ten brown and ten
black)

26. The hair that falls last 1s the one that 1s the youngest today, 1 e,
the one that 1s only one day old

Let us compute how long 1t will take before the last haiwr falls In
the first month a man sheds 3,000 hairs out of the 150,000 he has on his
head, 10 the first two months 6,000, and mn the first year 3,000 x
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12=236,000 Therefore, 1t will take a Iittle over four years for the last hair
tofall Itisthus that we have determined the average age of human harr
27. Many say 200, without even stopping to think That 1s wrong,
for then the basic wages would be only 150 rubles and not 200
Here 1s how the problem should be solved We know that if we add
200 rubles to overtime we get the basic wages Thereiore, 1f we add
200 rubles to 250 rubles we have two basic wages But 2504+200=450
That means two basie wages equal 450 rubles Hence my wages without
overtime amount to 2250 rubles and overimme to 25 rables
Let us venfy 220—25=200 And that 1s as the problem has it
28 'This problem 15 interesting for two reasons Furst, 1t may easily
lead one to think that the speed we seek 15 the mean result of 10 and
15 kilometres, 1 e, 12 O khilometres an hour It 1s not hard to puess
that this 1s wrong Ibndeed, 1f the distance the skier covers 15 g hilo

metres, then going at 15 kilometres an hour he will :I‘EqulI'B % hours

to cover 1t, while gomg at 10 knlometres ;iu, and at 12 5 Lilometres

€& or<a the egquation
VR 5 Thus, q

2a « ) 2a

because each of these members 1s equal to one hour
Simphiying by a, we obtam

2 | 1 2

25 15 10 25

or the arithmetical proportion

4 r 1
25 15 ' 10
Thiz equation 15 wrong hecause
1 1 1 4 4

15 i‘ﬁ'ﬂ_{j_: 1 e, ﬁﬂﬂd not, 5E

The other reason why 1t 1s 1nteresting is beeause 1t can be solved
orally, without equalions
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Here 1s how 1t goes 1f the skier did 15 Lilometres an hour and was
out for two hours more (10, as long as if he were shung at 10 kilo-
metres an hour) he would cover an additional 30 Lilometres In one
hour, we know, he covers 5 km more Thus, he would be ont for 30 H=
6 hours This determines the duration of the run at 15 Lilometres an
hour 6—2=4 hours And 1t 15 not hard now to find the distance cov-
ered 10x4==00 khilometres

Now 1t 15 easy to sec how fast he must ski to arrive at that place at
12 noon, 1 ¢, 1n five hours

60 5=12 lilometres

It 1s not diificult to verify the correctness of the answer

29. This problem may be solved i1n many ways without equations

1
Here 1s the first way In five mnutes the young worker covers -

i i 1 1
of the way and the old 5,t1e,5 — 7 =g less than the joung

fmnan,

1
Since the old man was  of the way ahead of the young worker,

4
the latter would catch up with him after % 15 =2 five minute 1n

tervals, or 10 minutes

The other way 15 even simpler To get to the factory the old worker
needs 10 minutes more than the yourng one If he were to leave home
10 minutes earlier, they would both arrive at the plant at the same
time If the old worker were to leave only 5 minutes earlier, the young
man would overhaul him half way to the factory, 1e, 10 mm

utes later (since it takes him 20 minutes to cover the who'e dis
tance)

There are other arithmetical solutions too

30 A novel way of solving this problem 1s as follows let us find
out how the typists should divade the job to finish it at the same time (1t
1s evident that this 1s the only way to finish work as quickly as pos-
sible, provided, of course, they do not idle their time away) Since

1
the more experienced typist can work 1 tmmes faster that the other,
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t 1s clear that her share should be 1—;— times greater Then hoth will
fimsh simultaneously Hence, the first should take */s of the report
and the sccond *fs
Generally speaking, ths solves the problem There now remains
only to find how long 1t takes the first typist t0 do her share, 1e,
*fs of the report We know that
she can de the whole job 1n 2 hours
Therefore °/; will be done 1n
2%3%s —1/5 hours The other typist
must finish her bit 1 the same span
Thns, the fastest time the two can
' fimish the job 15 1 hour 12 minutes
31 If you thmk the small cog
wheel will rotate three times, Yyou
are very much mistaken It 15 four
fimes.
To see why this 1s so take a sheet
of paper and place on 1t two egual-
Fig 20 sized coms—tiwo 20 hopek coms will
do (fic 20) Then, holding the lower
one tight m 1ts place roll the upper comm around 1t You
will be surprised to see that by the time the upper coin reaches the
bottom of the lower one 1t will have fully rotated on its axis This
may be seen from the position of the denommnation figures stamped
on the coin And when it has done a complete circle arcund the lower

coin, 1t will have rotated twice

Generally speaking, when a body rotates round a circle, 1t al
ways does one revolution more than one can count It 18 precisely
this that explains why the earth, revolving round the sun, succeeds

1 i
mn rotating on ils axis not 1o 3657 days, but in 3667 days, 1f

one counts its revolutions 1n respect to the stars and not the sun
You will understand now why sidereal days are shorter than solar
days

32 Anthmetically, the solution of this problem 1s quite compli-
cated, but 1t becomes simple when we apply algebra Let us take z for
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the years The age three years hence will bo 2+4-3, and the age three
years ago 2—3 We thus have the equation

3(r+3)—3{r—3)==x

Solving this we obtain =18 The conundrum enthusiast 18 18
years old

Let us verify Three years hence he will be 21, three years ago he
was 15

The difference 1s

(3 % 21)—(3 X 15)=63—45=18

33. Like the preceding problem, this onec 1s also solved by sumple
equation If the son 18 x years old, then the father 15 22 ycars old
Lighteen years ago they were both 18 years jounger the father was
2r—18 and the son z—18 It 1s known that the father was then three

times as old as the son
3(r—18)=2x—18

Solving this equation, we find that « equals 36 The son 15 30 and

the father 72
3% Let us assume that ortgmnally I had z rubles and y 20 kopek

cons
Going shopping, 1 had

(100 -+-20y) Lopeks

I returned with only

(100y --20x) kopeks

This last sum, as we know, 15 one thurd of the omginal Thercfore-
3(100y 4-20x) =100z +20y

Simplifying, we have



If y=1, then x=7 Assuming this is so, I had 7 20 rubles when I set
out, shoppinrg This 1s wrong, for the problem says I had about

15 rubles *
Let us see what we get if y=2 Then 2==14 The original sum was

14 40 rubles, which accords with the conditions of the problem
If wo assume that y =3, then the sum will be too big—21 60

rubles

Therefore, the only suitable answer is 14 40 rubles After shopping
I had two one ruble notes and 14 twenty kopek comns, 1e, 2004
280=480 kopeks That 1s indeed one third of the original sum

{1,440 3=480)
My purchases, therefore, cost 14 40—4 80=9 60 rubles



CHAPTER IV
COUNTING

35 DO YOU KNOW HOW TO COUNT?—Anjyone over three years
of age will probably consider himself insulted if he 1s asked that In
deed, one requires no shill whatever to say 1, 2, 3, etc And yet T am
sure that sometimes you find counting rather complicated It all de
pends, of course on whal you have to count For instance, 1t 1s not
difficult to count nails in a box Buat just suppose that apart from the
nails the box also contamns a number of screws and you are asked to
find out how many of each there are What will you do then? Separate
the natls from the screws and then count them?

That 1s the task women often face when they take washing to a laun-
dry They have to itemze eiverything and to do that they have to
sort out shirts, towels, ptllow cases, etc Having done this rather tire
some job, they proceed to count them

If that 1s hm you count things, then you do not know how to
count This method 15 1nconvenient, bothersome and at times plainly
impracticable It 1sn’t half bad if you have to count nails or clothes,
they can easily be sorted out But just imagine you are a forester and
are asked how many pines, firs birches and aspens there are on
each hectare Well, hiere 1t i1s impossible {o sort them gut or group
them by family What are yon gomng to do count the pines, birches,
firs and aspens separatelyv® If you do that, you will have to walk
around the forest four times

There 1s an casier way of downg 1t—n just one go I shall show you
how this 1s done with nails and screws
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Fig 21 Strokes must
be jotted down in
fives

Fig 22 How
Lo count with
sguares

NINIANIN
HININEN

To count nails and screws mm a box without sorting them out, you
need, first of all, a pencil and a sheet of paper hined out as follows

Nails ’ Screws |

———— - b T T T

Then you start counting You take a thing out of the box and if
1t 15 a nail you put a stroke in the appropriate column You do the
same 10 the case of a screw, and thus continue until there 1s nothing
left mn the box In the end you will have as many strohes in the “nail”
column as there were nails m the box and ditto for the 'screw”
column After that, all you have to do 1s add them up

The addition of these strokes may be simplified and speeded
up 1f you jot them down in fixes 1 the form of httle squares
(fig 21)

Squares of this sort are best grouped Imn paivs, 1 ¢, after the lirst
ten strokes jot down the eleventh in a new column When there are
two squares 1n the second column, start the third, etc You will then.,
have your strokes as shown in fig 22
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It 1s very easy to count them, for you will see night
away that therc arc three lots of 10 strokes cach

ong square of 5 and one mcomplete figure of 3 strokes,
1 e, 30454+3=38

You can use other figures too For mstance a full ° ¢
square 15 often used to represent 10 (fig 23) - °
In counting trees of different families you f{ollow
the same rule, only 1 this case you will have say,
four columns instead of two It 1s also more conven-
1ient to have horizontal and not wvertical columns & 5

Take Nig 24 Delow as a specimen
Fig 25 shows what this form will look hke when 4 ___ o

filled 1n.
After that 1t 15 very easy to lind the total of each

column
Pines 03
Firs 79 Fig 23 Eachsqudre
Birches 46 represents 10
Aspens 37

This 1s also the method employed by medical workers i counting
red and white corpuscles i a drop of blood

Tig 24 The form for counting irees

Women can save a 1ot of timeé and labour by adopting this method

i itemizing their washing
Now you hnow how best Lo count diiferent plants growing on a plot

You draw a form writing down each different plant | T
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column, leaving a few columns in reserve for any other plants you
may come across, and then start countmng A specimen form 1s given

i fig 20
Then you proceed m exactly the same way as when you counted trees

in the forest

Birches

NEH|NNNN(AN

K]
&
A
%
2
A
A
A3

NNIANER|INN
NINEIANTAEN

Fig 25 How the form Iooks when filled n

36 WHY COUNT TREES IN A FOREST?—Indeed, why? City
dwellers, as a rule, think this 1s impracticable In Lev Tolstoi's Anna

Dendefions

Bultercups

Planiains

Foster Bells

Fig 26 How to counl plants

Karering, Levin, who 18 quite a farmer, talks with Oblonsky, who 13

about to sell a forest
“Have you counted the trees?” he asks the latter

“What? Count my trees?"” Oblonsky 1s surprised Count the sand
on the seashore, count the rays of the planets—though a lofty genmus

might '
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“Well," Levin interrupts hum. “I tell you the lofty genius of Rya-
binin succecded. A merchant never purchases without counting.” .

People count trees i a forest to determine how many cubic metres
of timber there are To do that, they do not count all the trees, just
part of them, say on 0 25 or O 5 hectare, taking care to choose a place
with average density of growth and average size of trees. For this,
one must, of course, have an experienced eye It i1s not enough sumply
to know how many trees of each fam:ily there are It 1s also necessary
to know how thick they are Thus, the form will probably have more
than the four columns we give 1n our sumplified version You may well
imagime how many times we would have to walk around the forest
to count the trees in the ordinary way and not mn the way we have
explained here

As you may see, counting 1s easy and sumple when you have to count
things of the same Fkind. When they are not, we have to use the method
we have just shown you—and many have no 1dea that such a method

exists.



CHAPTER V¥

BAFFLERS WITH NUMBERS

37. HUNDRED RUBLES FOR TIVE.—A stage magician once
made the foowng attractive proposal to his andience

“I shall pav 100 rubles to anyone who gives me 5 rubles 1n 20 coins—
50 Lhopek, 20 kopek and 5-kopek comms One hundred for five! Any
takers?”

The auditorium was silent Some people armed themselves with
paper and pencil and were evidently ealculating their chances No
one, 1t seecmed, was willing to take the magician at his word

“I see you find 1t too much to pay o rubles for 100,” the magician
went on  “All right I'm ready to take 3 rubles 1in 20 coins and pay
you 100 rubles for them Queue up!”

But no one wanted to queue up The spectators were slow 1n taking

up this chance of making “easy” money
“What?! You find even 3 rubles too much Well, I’ll reduce 1t by

another ruble—2 rubles in 20 comns Hows that®”

And sti1ll there were no takers The magician continued

“Perhaps jou havent any small change? It's all right I'll trust
vou Just write down how many coins of ecach denomination you'll

give me ’
On my part, I promise to pay 100 rubles to each reader who sends

me such a list of coins
38. ONE THOUSAND.—Can you write 1,000 by using eight iden-

tical digits (1in addition to digits you may use signs of operation)?
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39, TWENTY FOUR —It 1s very easy to wrnite 24 by using three

8’s 84-8+48 Can you do that by using three other 1dentical digits?
There 1s more than one solution to this problem

40 THIRTY.—The number 30 may ecasily be wnitten by three 5's
oxX345 It 1s harder to do it by using three other identical digits
Try it You mav [ind several solutions

41, RESTORATION OI’ DIGITS —in the following multiplication
more than half of the digits are expressed by x's

%1 X
3 X2

X3 X
Ix2X
X2X5

1 x8x30

Can jou restore the missing digits?
42 WHAT ARE THE DIGITS?—Here 15 another sumilar problem

The task 15 to find the missing digits
X X9
1% X

2% XD
13 %0
X % X

4XTT X
43 DIVISION —Restore the missing digits 1n the following problem

x2x5xi325
X X X 1% %

X0 x %
8% x

X X
X X

44, DIVIDING BY 11 —Write a number of nine non repetiave

digits that 1s divisible by 11
Write the biggest of such numbers and then the smallest
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45 TRICKY MULTIPLICATION —Look carefully at the follow
Ing example
48 x158=7 632

The nteresting thing 1s that all the pmne digits are different
Can yon give several other similar examples® If they do exist at
all how many of them are there?

Fig 27 Write the digits Fig 28 A mag)c star
1n the circles

46 A NUMBER TRIANGLL —Write the mine non repetitive digits
m the circles of this triangle (fig 27) 1n such a way as to have a total

of 20 on each side
47 ANOTHER NUMBER TRIANGLL —Write the nine non re

petitive digits 1n the circles of the same triangle (fig 27) but this tume

the sum on each side must be 17
48 A MAGIC STAR —The six pointed star (fig 28) 15 a ‘magic”
one—the total in every row 1s the same

L3164 7T4+9=26 114 64 844=26
4484+124-2=26 114 7+ 54+3=26
045+10+2=26 14+-124-104-3=26

The sum of the numbers at the points however 15 different

411 4-94-34+24-1 =30
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Can you perfect the star by placing the numbersin the circles 1o such
a way as to make their sum 1n every row and at the points read 26°

Answers 37 to 48

37 All the three problems are insoluble The magician and I could

well afford to promise any prize money for their solution To prove that,
Iet us turn to algebra and analyze all three of them

Payment of 5 rubles Let us suppose that 1t 15 possible and that
for this 1t will be necessary to have z number of 50 Lopek coms, ¥
number of 20 kopek coins and z number of 5 kopek coins We now have
the following eguation

00z-+20y4-5z=500 (or 5 rubles)
Sinplifying this by 5 we obtain

10244y 4-2=100

Moreover, according to the problem, the total number of coins 1s
20, therefore, we have another equation

x+y+z=20
Subtracting this equation from the lirst we have
GQr-+3y =80
Divading this by 3, we get
3r+y=20 "/s

But 3z, 1 e, the number of 50 hopek coins multiphed by 3, 1s, of
course, an integer So is y, the number of 20 Lopek coins The sum of
these two numbers cannot be a fractional number Therelore, 1t 1s non-
sense to presume that the problem can be solved It 1s mnsoluble

In the same manner the reader may consince himself that the 're
duced payment” problems are lthewise insoluble In the first case

(3 rubles) we get the following equation

3r4y=13 /2
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And in the second (2 rubles)
3z +y=90 */;

Both, as you see, are fractional numbers
So, the magicran risked absolutely nothing by offering a big money
prize for the solution of these problems He would never have to pay

for 1t
It would have been another case if one had to gnve, say, 4 rubles—

and not 3, 3 or 2-s1n 20 comns It would have been easy to solve the
problem then, and 1n seven difierent ways at that #

38 838+88+4+8484+-8=1,000
39, Here are two solutions
22 +2=24, 3F*—3=24
40. There are three solutions
6 x6—6=30 3?43=30, 33--3=30

41. The missing digits are restored gradually when we use the fol-

lowmng method
For convenience's sake let us number each Iline

x1x : I

3 x2 . I1

45 % I11
3x2% IV
X2XD V
1 %8 %30 VI

It 1s easy to guess that the last digit i Line III 15 O, that 1s clear

from the fact that O 1s at the end of line VI

We naxt dotermane the mesning of the lasi X in lang I 14 29 o dagnt
that gives a number ending with 0 1f multiphed by 2 and with 5 if
multiplied by 3 (the number in line V ends with 5)  There 1s only one

digit to do that 5

* Here 15 one of possible solutions six 50 kopek cowns, two 20-kopek coins and

twelve 5 kopek coins
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It 1s not dilficult to guess what hides behind x m Iine II 8 for 1t
is only this digait multiphied by 15 that gives a number ending with
20 (Line 1V)

I''mally 1t becomes clear that the first x 1n hne I 1s 4 for only 4
multiphed by 8 gives a number that begins with 3 (line IV)

After that there will be no ditficulty mn restoring the remamning
unknown digits 1t will suffice to multiply the two factors which we
have fully determned

In the end we have the following example of multiplication

415
382

830
3320
1240

158530

42 The same method applies to the solution of this problem
We get

320
147

2270
1300
320

47775

43 Here 15 the problem with all the digits restored

52650 [325
325 162
2015
1950

650

650

44 To solve this problem we must hnow the rule governing the
divisibility of a number by 11 A numberis divisible bv 11 if the daffer
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coce between the sums of the odd digits and the even digpits, counting
from the right, 1s divisible by 11 or equal to O

For example, let us try 23,658,904

The sum of the even digits

3+0+9+4=21
And the sum of the odd digits 1s

24+64-840=10

The difference (subtracting the smaller number from the bigger,

of course) 21—16=05 15 not divisible by 11 Thus the number 15 not
divisible by 11 either

Let us try another number say, 7,344 535

3+4+3=10
T4+4+5+0=21
21—10=11

Since 11 1s divisible by 11, the whole number 15 divisible foo

Now 1t 15 easy to guess 1n what order we must place our mine digits
to get a number that 1s divisible by 11

Here 13 an example

352,049,786

Let us veriiv 1t

342447 4-6=22
5+4+0+494+8=22

The difference (22 22) 1s 0 'lhe number we have taken 1g, therelore,

divisible by 11.
The bipgest of sweh numbers 1

987,652,413

The smallest
102,347,586
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49, A patient reader can find nine examples of this sort Here they are

12 %483 =95,790
42 %138 =5,796
18 x 297 =9,340
27 %198 =5,346
39x186 =7,254
48 x 159 =7,632
28 197 =4,396

4 x1,738=6 952

4 %1 963=7,8502

46 and 47 The solutions are shown in figures 29 and 30 The digits
in the middie of each row may be transposed to get other solutions

Fig 29 Fig 30

48 To see how the numbers are to be placed, let us proceed irom
the following assumption

The sum of the numbers at the powmnts i1s 26, while the total of all
the numbhers of the star 13 78 Therefore, the sum of the numbers of the
mner hexagon 15 78—26=52

Let us then examine one of the big triangles The sum of the num-
bors on each of 1ls sides 1s 20 If we add up the threo sides we get
26 x3=78 But in this case, the numbers at the points will esch be
counted twice Sincethesum of the numbers of the three inner pairs (1 ¢,
of the mner hexagon) must, as we know, be 52, then the doubled sum
at the points of ecach triangle 1s ¥8—52=20, or 13 for each tringle
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Qur search now narrows down We know, for instance, that neither
12 nor 11 can occupy the circles at the points Then we can try 10 and

mmediately come to the conclusion that the other two dipits must
be 1 and 2

Now all we have to do 1s follow up and eventually we shall discover
the arrangument we are seeking It s shown n fig 31.



CHAPTER VI

NUMBER GIANTS

49. A PROFITABLE DEAL,—We don’t know when or where this
took place Perhaps 1t never did That’s even more probable But
whether fact or fable, 1t 15 an interesting story and well worth hearing

(or reading)

|

A milltonaire returned home extremely happy he had met a person
and the meeting, he said, promised to be most profitable

“What luck!” he told his family “It s true what people say the
rich have all the luck At least I seem to have quite a bit of 1t And
1t all happened quite unexpectedly On my way home I met an incon-
spicuous person and probably I'd not have noticed him But he learned
that 1 was rich and approached me with a poposition And that
proposition, let me tell you, took my breath away

“‘Let's make a deal,” he said ‘Every day for a month I]l bring
you 100,000 rubles OI course, I'll want something n return,
but very little * On the first day, he said, I'd have to pay lnm-—t's
too ridiculous to be true—just one kopek I caquldn’t beheve my
ears.

“ ‘Just ono kopek™ I ashed him
“<Tust one, he conilirmed ‘For the second 100,000 rubles you must,

pay me 2 kopeks '
“+And then?' I ashed impatiently ‘\What then?’
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“Well, for the third 100,000 rubles you pay me 4 hopoks, for the
fourth 8 Lopeks, tor the [fifth 16 hopeks And so every day you must
pay me double of what you paid on the previous doy *

Fig 32 *Just one kopeh

“And then what?

“Nothung That s all | wont ash
for any more Onlv vou must abide
by thoe agreement Lwvery day T bring
you 100000 rublis and overy doy
you must pay me thesum we ve agreed
upen The only stipulation s that
you don't give up before the month
1S Over

"Just think! Hes grving anway hune-
dreds of thousands of rubles for a fen
hopeks Hes cither a counterloiter
or 1 madman Whatever e 1s, the deal
1s proflitable Can t afford to miss

“All ight * 1 told him ‘Bning
your money I°'ll pay you what youre
ashing for Only don't cheat me, don't
bring anv counterfeit notes

“Don’t worry, he answered ‘Yon mav expecl me tomorrow

morning ’

*Only Im afraid he wont come [e's probably realized that he's
done a silly thine Well sece Tomorrow 'L far anay

11

Carly next morning there was a hnock at the window It was the

stranger

‘Got your kopekh ready®” he asked ‘I've brought the moncy 1

promiscd "

True cnough The momunt he came i, he took out a bundle of money,

counted out 100,000 rubles—real at that—and sad
“Herc's the sum as we have agreed Now give me my hopek
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The millionaire put a copper coin on the table, his heart i s
mouth, lest the stranger should change his mind and demand Ins money
back., The visitor took the comn, weighed 1t in Ins palm and put 1t

into his bag

“I'I be here tomorrow at the
samc¢ hour Don’t forget to have
two kopehks ready ”

The rich man couldn’t believe
his good luch 100 000 rubles right
from the moon! He counted the
money, convinced himself thatat was
all there, without any counterfeit
notes After that he put 1t away
happily anticipating the next
day.

In the might he started worryng
What 1if the stranger was a bandit
m disguise and had only come to
find out where he, the maillionaire,
Lept hus wealth, to rob him later on?

The rich man got up bolted
the doors more securely, repealedly
looked out of the windows jumped
up nervously every time he heard
some noise and for a long Lime
could not fall asleep Inthe¢ mormng

Fig 33 There was a knock
at the window

there was a hnock at the window the stranger was backh e counted
off another 100,000 rubles took the twe hopehs promised him, pot

them 1n lus bag and went off sayng

“Dont forget to have four kopeks ready tomorrow,”

The rich man was happy beyond words—another 100,000 rubles
tin lus pochet! And this time the visitor did not leok lhike a handit
In fact the mulionaire no longer thought he was suspieious-look-
g, All he wanted was lus few hopehs What a crank! Should there he
more of them 1n thie world, then clever people would always live

well, .
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The stranger was on the dot on the third day, too, and the milhion-
aire got s third 100,000 rubles, this time for 4 kopehs
Another day, another 100,000 rubles—for 8 kopeks

For the fifth 100,000 rubles the rich man paid 16 Lopeks, and 32 Lo-
peks for the siath

In the lirst seven days the millionaire received 700 000 rubles, pay-
ing a mere pittance for them

1+24-44+8+164+324+64=<1 ruble 27 Lopeks

The greedy man found this very much to his hking an  he only
thing he was sorry about was that the agreement was for only one
month That meant he would receive only 3 000,000 rubles Shouldn’t
he try to talh the stranger into prolonging the agrecment? No,
better not The man might realize that he was girving money away for
nothing

Meanwhile, the stranger continued to come every mormmng with
ins 100,000 rubles On the eighth day he received 1 ruble 28 Lopels,
on the ninth—2 56, on the tenth—o 12, on the eleventh—10 24, on
the twelith—20 48, on the thirteenth—4096 and on the fourteenth
—381 92

The rich man paid readily Hadn't he already received 1,400 000
rubles for something Iike 100 rubles?

But his joy was short-lived he soon saw that the deal was not so
profitable as 1t seemed After 10 days he already had to pay hundreds

of rubles, and not hopeks, and the payment sums were {ast 1ncreasing
In fact this 15 what he paid

For the fifteenth 100 000 rubles 163 84
For the sixteenth 100 000 rubles 327 68
For the seventeentlh 100 000 robles 655 36

For the eighteenth 100 000 rubles 1310 72
For the nineteenth 100 G000 rubles 2621 44

Still, he was not losing yet True, he had paid more than 5,000
rubles, but then hadn t he received 1,800,000 rubles 1n return?®
The profit, however, was daily deereasing—and by leaps and bounds

66



Here 1s what the rich man paid after that

For the twentielh 100 000 rubles o 242 88
For the twenty first 100 000 rubles 10 485 76
For the twenty second 100 000 rubles 20 971 52
For the twenty third 100 000 rubles 41 943 04
For the twenty fourth 100 000 rubles 83 886 08
For the {wenty fifth 100 000 rubles 167 772 16
For the twenty sixth 100 000 rubles 332 544 32

For the twenty sexenth 100 000 rubles 671 088 64

Now he was paying very much more than receiving It was time
he should stop but he could not violate the agreement

And things went from bad to worse All too late did the millionaire
realize that the stranger had cruelly outwitted him and that he would
pay far more than he received

On the 28th day the rich man had to pay over a mllion and the last

lwo payments rumed him They were astronomic

For the twenty cighth 100 Q00 rubles 1 342 177 28
For the twenty minth 100 000 rubles 2 G684 354 50
Fer the thirtieth 100 000 rubles 5 368 709 12

When the wvisitor left for the last time the millionaire sat down
Lo count how much he had paid for the 3 000 600 rubles The result was

10 37 418 rubles 23 Lopeks
Only a Iittle short of 11 mllion rubles! And it had all started with

one haopel The stranger would not have lost a hopek cven if he had
given him 300 000 rubles a dav

1

Before I {inish with this story I shall show you a faster way of comput
mmg the milhonaire s loss 1 ¢ a faster way of adding up the payments
1 4-24-4+8+16-1-32+64 otc
It 1s not difficult to notice the following property of these numbers

1=1

2=1-41

4=(1-42)+1

8={1-+2+4)-t1
16=(1+24+4+8)}+1
32 =(1-4+24+44+8+16)+1  elo
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We see that each number 15 equal to the sum of the preceding ones
plus 1 Therefore, when we have to add all the numbers, for instance,

from 1 to 32,768, we add to the last number (32,768) the sum of all
the preceding ones or, 1n other words, the same number minus 1(32 768

Fig 34 An interesting bit of news

—1) The result s 65,535
Working by this method we can
fiind out how much the million-
aire has paid as soon as we know
what he handed over the last
time  His last payment 1s
0 368,709 rubles 12 lopeks
Thus adding 5,368 709 12 and
0 368,709 11 we get the result
we are seeking 10,737,418 23
50. RUMOURS.—1t 15 astonish
img mdeed how fast rumour
spreads Sometimes an 1ncident
or accident witnessed by just a
few persons hecomes the talk ol
the town within less than two

hours This extraordinary speed 18 more than astomshing, 1t's puzzling
And yet, if you consider the whole thing arithmetically, you will
sge that there 1s really nothing wonderful about 1t—the thing becomes

clear as day
Let us analyze the following case

I

A man living 1n the capital comes

to a town with about 50,000 in

habitants and brings an interesting bit of news At the house where
he has stopped, he tells it to just three persons This takes up, say,

15 manutes

And so 15 minutes after the man has arrived, say at 8 15 am, the
news 1s hnown to just four persons himself and three local 1esidents
Each of the three hastens to tell it to three others That takes an-
other 15 minutes In other words, half an hour later the news 1s the

common knowledge of 4-4(3%3)=13

68

persons



In their turn, each of the nine persons who have learned the news
last pass 1t on to three fmends By 845 am the news 1s known to

13-}-(3 x9)=40 residents

W

R,

ﬁ Fig 35 LCach tells the news

F to three others

Fig 36 The whole town will
know the news by 10 30

1f the rumour continues to spread in the same manner, 1 e, 1If every-
one who hears 1t passes 1t on to three others within the next 15 mn-
utes, the result will be as follows

By 9 am the news will be known to 40 + (3 x27)=121 persons
By 9150 am . om 1214+ (3 xB1) =364 persons
By 930 am L, 364+ (3 x243)=1,033 persons

In other words, w1thin one and a half hours the news will be koown to
almost 1,100 persons That does not seem toomuch foratonn ith a pop-
ulation of 50,000 In fact, some may think 1t will take quite a long
time hefore the whole town Lknows 1t Let us see how fast 1t wall con-
tinuc to spread

By 945 am the news will be known to 1,003+ (3X720)=23 280 pecreons
By 10 a m the ncws will be Ymown to 3 2804 (32 187)}="0,8%1 per<ons
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In the next 45 minutes it will be the property of more than half
of the town's population:

8,841 4-(3 x6,561)==29,524 persons

And this means that before 1t 1s 10 30 am the news that only one
man knew at 8 am. will be known to the entire town

11

f.et us see now how that 1s caleulated The whole thing boils down
to tho addition of the following numbers

1 4+34(3x3)+(3x3x3)+(3x3x3x3), etc

Perliaps there 1s an easicr way
%’* & of computing this number, hike the
g:‘??ﬁ B é’:gn onc we used before {(14+24-4-+8,

cte )? There 1s, 1If we take into ac-

ﬁ}-_égij } 1:%’3/ _{§ count the following peculiarity of
EX g e

-._@ A . the numbers we are adding.
‘3;.'; (DL “(ﬁg) 1 =1
~ S - Ny
3 S ASAIR Y 'S 3=1 X 21
Beoxpa S 0=(143) x2+1

27 =(1+3-+9) X 2-+1
81=(1-+34-9+27) x2+1, cle.

Fig. 37. How rumour spreads

In other words, cach number 1s equal to double 1he total of the pre-
cething plus 1.

Hence, to find the sum of all our numbers, from 1 to any number,
it is enough to add to this Iast number half of itsell (minus ). For
instanco, the sum total of

14-34-04-274-81+-2434-729
equals 729-+hall of 728, i.e., 720+4+364=1,093 .

111

In our case, cach resident passes the news to anly three others. But
if the residonte of the town were more talkative and shared 1t not with
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Lthree, but with five or even ten, the rumour would spread much f{aster.
In the case of five, the picture would be as follows:

At & am. the news is known to. « . - « - . . . . . .. 1 person
By 340 a. m. . . . .. : 145 6 persons
By8&dam. . . . ., . 6+{0 x3) 3t
ByS845am. . . . . 31 + (25 X5) 156
By9am. . . . . ., 156+ (125 X5) 781
By8.45am. . . ., .  781+(625x5) 3,906
By 930 am. . . . - 3,9006{3,125 %) 19,531

"

In short, it would be known to every one of the 50,000 residents
before 9.45 a. m.

It would spread a lot faster if each man shared the news with ten
others, Here we would get these very fast-growing numbers:

At 8 a.m,. the news would be known to . . . . . . 1 person
By 8.1dam. . . . t+140 i1 persons
By 830am. . . . 114100 15§ S
By84bam. . . - 111 +14,000 1,111
By%am . . ., 1,111 410,000 11,11f

The next number is evidently 411,111, and that shows that the
whole town would have heard the news shortly after 9 a.m. The news,
in this case, would have taken alittle over an hour to spread throughout
the town.

51. TIIE BICYCLE SWINDLE,—In pre-revolutionary Russia there
were firms which resorted to an ingenious way of disposing ot average-
quality goods. The whole thing would begin with an ad something
like the following in popular newspapers and magazines:

-~

A BICYCLE FOR 10 RUBLES!

You can get a bicycle for only 10 rubles
Take advaniage of this rare chance |

10 RUBLES INSTEAD OF 50
CONDITIONS SUPPLIED FREE ON APPLICATION

i -H'-l_-l-l-ul

- - - dal. .
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There were many, of course, who fell for the bait and wrote for the
conditions In return they would receive a detailed catalogue

What the person got for his 10 rubles was not a bhicycle but four
coupons which he was told to sell to his friends at 10 rubles each The
40 rubles he thus coliccted he remitted to the company which then
sent him the bicycle And so, the man really paxd only 10 rubles The
other 40 came from the poclkets of his friends True, apart from paying
these 10 rubles, the purchaser had to go through quite a bit of trouble
hinding people who would buy the other four coupons but then that
did not cost him anything

What were these coupons”’ What advantages did the purchaser get
for his 10 rubles? He bought himsclf the right of exchanging this cou
pon for five stmalar coupons 1n other words he paid for the opportu-
nity of collecting 00 rubles to purchase a bicyele which in reality,
cost him only 40 rubles, the sum he paid for the coupon The new pos
sessors of the coupons, 1 theiwr turn, recenved five coupons each for
further distritbution, cte

At the first glance there was nothing fraudulent 1n the whole affarr
The advertiser kept his promise the bicycle really cost 1ts purchaser
only 10 rubles Nor was the firm losing any money—it got the full
price for 1ts goods

And yet, the thing was an obvious swindle For this avalanche,”
as 1t was called 1n Russia, caused losses to a great many people who
were unable t0 sell the coupons they had purchased. It was thest people
who paid the firm the difference Sooner or later, there came a moment
when coupon holders found 1t impossible to dispose of the coupons

That this was bound to happen you can see if you arm yourself with
a pencil and a sheet of paper and calculate how fast the number of

coupon holders 1inecreased

The first group of purchasers, recerving their coupons direet from
the firm, usually had mo dilliculty in finding other buyers Each
member of this group drew four new participants into the deal

The latter had to dispose of their coupons to 20 others (4 x5) and
to do that they had to convince them of the advantages of the pur-
chase Let us suppose that they were successful and that another 20 new

parficipants were recruifed
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The avalanche gathered momentum, and the 20 new holders of cou-
pons had to distribute them among 20 x5=100 others

S0 far each of the original holders had drawn 1+444-20--100=125
others into the game, and of these 25 received bicycles and the other
100 were given the hope of getting one—a hope for which they paid
10 rubles each

The avalanche now smashed out of a narrow circle of friends and
spread throughout the town where, however, it became mereasingly
hard to find new customers The last 100 purchasers had to sell their
coupons fo 500 new victims who, 1n their turn, had to recruif another
2,000 The town was being flooded with coupons and it was becoming
a ditficult thing indeed to find people willing to buy them

You will see that the number of the people drawn into the *bargain”
Increases along rumour spreading lines (see above) Here s the pyr-

ami1d of numbers we get
1

4

20

100

200

2,500

12,500

62,500
If the town 1s big and the number of bicy ele-riding people 1s 62,500,
then the avalanche should pefer out in the &th round By that Lime
every person will have been drawn imto the scheme But only one-
fifth will get bicycles, the rest will be 1n possession of coupons which

they have no earthly chance to dispose of

In a town with a bigger population, even i a modern capital with
miilwons of people, the end comes only a few rounds later, because the
pyramid of numbers grows with mcredible speed Here are the figures

from the minth round up

312,500
1,962,500
7,612,500

39,062,500
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In the 12th round, as you see, the scheme will have inveigled the
population of a whole country, and 4/5 will have been swindled by
the perpetrators of the fraud

Let us see what they gmin They compel four fifths of the population
to pay for the goods hought by the remamming fifth, 1 e, the former
become the benefactors of the latter Moreover they get a whole army
of volunteer salesmen —and zealous salesmen at that A Russian writ
er justly called the affair “the avalanche of mutual fraud ” And
all that can he said of the thing 1s that people, who do not know how
to calculate to guard themsclves agammst frauds, are usually the ones
who suffer

92. REWARD.—Here 15 what legend says, happened 1n ancient
Rome.,*

|

The Roman general Terentius returned home from a wvictorious cam-
paign with trophies and asked for an audience with the emperor

The latter received hun very kindly, thanked him for what he had
done for the empire and promised him a place in the Senate that would
befit his dignity

But that was not the reward Terentius wanted

“T have won many a victory fo enhance thy might and glorfy thy
name,” he said *“I have not been afraid of death, and had I more lives
than one I would have willingly sacrificed them for thee But I am
tired of fichting I am no longer young and the blood 1n my veins 18
no longer hot It 1s time I retired to the home of my ancestors and
enjoyed life ”

“What wouldst thou like then, Terentius?” the emperor asked

“] pray thy indulgence, O Caesar! I have been a warrior almost
all my Ilife, I have stamned my sword with blood, but I have had no

time to build up a fortune I am a poor man .. °
“«Continue, brave Terentius,” the emperor interrupted hmm,

* This 15 a hiberal translation from a Latin manuseript in the keeping of a
private library in Britam

74



1f thou wouldst reward thy servant,” the encouraged general
went on, “Ipt thy generosity help me to live my last days 1n peace and
plenty I do not seek honours or a high position 1n the alm:ghty Scnate
[ should hike toretire from power and society to rest in peace O Caesar,
give me enough money to live the rest of my days in comfort ”

The emperor the Iegend says, was not a generous man He was a
miser, 1o fact, and 1t hurt hum to part with money He thought for

& moment beforc answering the general
“What 1s the sum thou wouldst consider adequate?’ he finally asked

“A million denarn, O Caesar’

The emperor again fell silent The general waited, his head low

‘Valiant Terentius,” the emperor said at last Thou art a greal
general and thy glorious deeds indeed deserve a worthy reward I shall
give thee riches Thou wilt hear my decision at noon tomorrow

Terentius bowed and leit

© 1

The next day Terentius returned to the palace
“Hail, O brave Terentius!” the emperor said

The general bowed reverently
“I have come, O Caesar to hear thy decision Thou hast graciouslhy

promised to reward me ’

“Yes,” the emperor answered, ‘I would not want a noble warrior
like thee to receive a niggardly reward Hark to me In my treasumn
there are 5 million brass coins worth a million denarir Now listen
carefully Thou wilt go to my treasury, take one coin and bring it
here On the next day thou wilt go to the treasury again and tahke
another coin worth twice the first and place 1t beside the first On the
third day thou wilt get a cown worth four times the first, on the fourth
day eight times, on the fifth sixteen times, and so on I shall order
to have coins of the required value minted for thee every day And
so long as thou hast the strength, thou mayst tahe the coins out of
my treasury DBut thou must do it thyself, without any help And
when thou canst no longer lift the com, stop Our agreement will have
ended then, but all the cotns thou wilt have taken out will be thy reward ™
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Terentius histened greedily to the emperor In his imagination he
saw the huge number of coins he would take out of the treasury

‘I am thankful for thy generosity, O Caesar,” he answered hapmly
“Thy reward 1s wonderful 1ndeed'”

- P —_—
_-.—_ —pra L ]
ey ‘-

——

. -

il

Fig 38 The first Fig 39 The seventh Fig 40 The minth
con coIn coln

Il

And so Terentius began his daily pilgrimages to the treasury near
the emperor's audience hall, and 1t was not ditficuit to bring the [irst

cowtns there
On the first day Terentius took a =mall comn that mas 21 mm 1

diameter and weighed o grammes
Carrying his second, third, fourth, fifth and sinth comns was

quite easy too, for all they weighed was 10, 20, 40, 80 and 16O
OTAMINES
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The seventh comn werghed 320 grammes and was 8% cm (or, to
be exact, 84 mm *) in diameter

On the eighth day Terentius had to take a comn worth 128 original
coms It weighed 640 grammes and was about 10%: cm in diameter

Fig 41 The eleventh Fig 42 The thar Fig 43 The fillcenth
coin teenth coin Lo1n

On the nminth day he brought Lo the emperor a coin worth 2506 himes
the first coin, weighing more than 1 200 kilogrammes and 13 em n

diameter
On the twelith day the coin was almost 27 e¢m 1n diameter and

werglied 10 250 kilogrammes
The emperor who had always greeted him graciousty found 1t
hard to concecal s triumph He saw that Terenttus had been 12 times

— e ———

« 1] tho comn 15 64 trmes heavier than the ordinary one it s ondy four
Limes greater 1 diameter and thichness because 4 x4 X4=04 This should be
remembered ag we calculate the size of the coins later on in Lhe slory
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to the treasury and had brought back only a little over 2 000 brass
oINS

The thirteenth day gave Terentius a cow worth 4 096 original coins
It was about 34 ¢m 1n diameter and weighed 20 5 kilogrammes The
next day the comn was still heavier and bigger 41 hlogrammes in
weight and 42 em 1 diameter

i
>
=, H:':'H

Iig 44 The sixteenth coin Fig 45 The seventeenth comn

Art thou not tired, my brave Terentius?’ the emperor asked hard

v able to abstain from smiling
No Cacsar, the general answered, frownming and wiping the swest

off his brow
Then came the [{ifteenth day The burden was heavier than ever

and Terentius made his way slonly to the audience room carry
tng a comn that was worth 16,384 original coins It was 53 em n dia
metcr and weighed almost 82 lilogrammes—the weight of o tall

W arrior
On the sixteenth day the general’s legs shook as hoe carried the bur

den on his back It was a comn worth 32 768 original comns and weigh
g 164 hilogrammes Its diameter was 67 cm
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Terentius came to the audience hall breatlung hard and looking
very tired The emperor met him with a smile

When the general returned there ou the following day, he was greet
ed with laughter He could no longer carry the coin and had to roll

1t 1 It was 84 cm 1n diameter, weighed 328 kilogrammes and was
worth 00,536 origainal couns

Fig 46 The erghteenth coin

The eighteenth day was the last day he could enrich himseclf
His visits to the treasurv and thence to the andience hall came to an
end This time he had to bring a comn worth 131,072 oniginal coins
more than a metre in diameter and weighing 650 kilogrammes Using
his spear as a steering lever he rolled the coin in It fell with a thud
at the emperor s fvet

Terentius was completely exhausted

Enough ' he gasped

The emperor could hardly restrain himself from laughing with de
licht He had outwitted the general Later he ordered the treasurer
to calculate how much Terentius had taken out of the treasury

The treasurer dad so

Thanks to thy generosity, O Caesar, the valiant Terentius hatb
received 2062 143 brass coins as a reward ’

And so the stingy emperor paid the general something hke one
twentieth of the million denarnn the latter had ashed for

* k%
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The cquivalent of

Let us chech on the treasurer and, at the samc time, the weight of
the coins What Terentius took out of the treasury was

On the first day 1 coin weighing apr
On the second day = cons weighing {0 gr
On the thard day 4 comns weighing 20 gr
On the foarth day 8 coins weighing 40 gr
On the filth day 16 coins weighing 80 gr
On the sixth dav 32 coms weighiny 160 gr
On the scventh day 4 coins weighing 20¢gr
On the cighth day 128 comns weighing 640 pr
On the ninth day 23b coins weighine 1 280 kg
On the tenth day 912 coins wesphing 2 560 kg
On the 11th day 1 024 coins weighun,r s 120 Ly
On the £2th day 2 048 cotns woighing 10 240 kg
On the 13th day 4 096 eorns weighing 20 480 Lo
Ca the 14th day 8 192 cowns weghine 40 960 Lp
On the 15th day 16 384 coins weighing 81 920 kg
On the 16th day 31768 comns werghung {63 840 hg
On the {7th day G5 236 coins weighung 327 G680 Ly
On the 18th day 131 072 coins weighing 655 300 kg

We already know how simple 1t 15 Lo calenlate the sum of the num-

bers of the second column (the same rule as the one applied on pawe 67)
Inn this case 1t 18 202,143 VWhile Terentius asked for 1,000 000 dena

rin, 1 e, 5,000,000 brass coins Therelore, he received
5 000,000 262,143:=19 times less

53 THC LCGEND ABOUT CIESS *—Chess 1s one of the oldest
games 1 the world It was invented many, many centurtes aco and
1t 1s not surprising, therefore, that there are so many legends about
1it—Ilegends that 1l 1s, of course, impossible to verify I should like
1o relate one of them It 1s not neuessary to know how to plav chess
to understand the legend 1t 15 enough to know that 1t 1s played on

a checkercd board with (4 squares

—

* This legend 13 my own adaptation —Author
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Chess, legend has 1t, comes from India

King Sheram was thrilled by the huge number of clever moves one
could make in the game Learming that its author was one of
ks suhjects, he commanded the man to be brought before him
in order to roward him personally for his marvellous invention

Fig 47 “Two for the second

The mnventor, a man called Sessa, appeared before the king—a
stmply clad scholar who made his living by teaching
“I wich to reward thee well for thy wonderful invention,’ the king

greeted Sessa

The sage bowed
‘1 am rich enough,” the Ling continued, ‘to satisfy thy most cher

1shed wish Just name what thou wouldst have and thoun shalt have it *

Sessa was silent
“Don’t be shy,” the hing encouraged him ‘Say what thou wouldst.

liko to have I shall spare nothing to satisfy thy wish ”
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Thy kindness knows no tounds O Sire  the scholar rephed But
give me tame to consider my reply Tomorrow afler 1 have well thought
about it I shall tell thee my request

The next day Seesa surpmised the hing by hus extremely modest re
quest

Sire  he said I should like to linve one grawn of wheat for the
first square on the chessboard

A gran of ordinary wheat” The hing could hardly believe his
€ars

Yes Sire Two for the sceond four for the thaird eight for the fourth,
16 for the filth 32 for the sixth

Enough the king was irmtated  Thoun shalt get thy grams for all
the 64 squares of the chessboard as thou wishest every day double the
rmount ol the preceding dvy But know thou that thy request 1s not
worthy of my generosity By ashing for such a trite reward thou hast
shown disrespect for me Truly as a teacher thou couldst have shown
a better example of respect for thy hing s kindness Go' My servants
shall bring thee thy sack of grain

Sessa smiled and went out and then waited at the gate for his re

ward

Il

At dinner the king remembered Sessa and inguired whether the
foolhardy 1nventor had been given his miserable reward
Sirc he was told thy command 1s bheing carried out Thy sages

are calculating the number of grains he 1s to receive
The king frowned He was not accustomed to seeing hus commands

fulfilled so slowly
In the everung before going to bed the king again ashed whether

Sesss bad been given hus bag of grain v
Sire was the reply thy mathematicians are working incessantly

and hope to compute the sum ere dawn breaks
Why are they so slow? the Ling demanded angnly Before I

awake Sessa must be paid 1n full to the last grain I do not command

twice’
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In the morning, the hing was told that the chief court mathematician
had asked for an audicnce

The king ordered him to be admitted

‘Before thou tcllest me what thou hast come for,” King Sheram
began, “I want to Lmow whether Sessa has been grien the nigzardly
reward he ashed for °

‘It 1s because of this that I have dared come before thy eyes so
early in the morming  the old sage replied W e have worked conscienta-
ously to calculate the number of grains Sessa wants Itistremendons  ”

“However tremendous,’ the Ling mterrupted lim mmpatiently |, ‘“my
granarics can casily stand it The reward has been promised and must
be pard!'”

“It 15 not within thy power O Sire, to satisfy Sessa'swish Thy gran-
aries do not hold the amount of gramn Seesa has asked for There 13
not that much grain 1n the whole of thy kingdom, 1n fact, 1 the whole
world And if thou wouldst kheep thy word, thou must order all the
land 1n the world to beturned 1nto swheat hields, all the seas and oceans
drained, all the 1ce and snow 1n the distant northern deserts melted
And if all this land 15 sown to wheat, then perhaps there will be enongh
gram to give Sessa "

The Ling lListened awe struch to the wise man

“Name this giant number,” he said thoughtiolly

“It 18 18,446,744,073,709,551,615, O Sire!” the sage replied

111

So goes the legend. We do not know whether 1t was really so, but
that the reward would run into such a number 1s not dilficult to see
with a little patience we can calculate 1t ourselves Starting with one
we must add up the numbers 1, 2, 4, 8, ele The result of the 63rd
power of 2 will show us how much the inventor was to receive for the

G4th sguare Following the pattern shown on p 67 we shall easily
find the number of grams if we find the value of 2* and subtract 1.

In other words, we must multiply 64 2s

Dwdw2%x2x2x2, etc, 64 times
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To facilitate calculation we shall divide these G4 factors into G groups
of 10 2, the last group to contain 4 2's The product of 2'%1s 1,024,
and of 2* 18 16 Hence, the value we seek 1s

1,024 % 1,024 1,024 % 1,024 1,024 x1 024 x 16

Multiplying 1,024 by 1,024 we get 1,048 576
What we have to find now 1s

1,048 576 x1 048 5706 x 1,048,576 x 16

and subtract 1 from the result—and then we shall! know the number
of grains

18,446,744 073,709,551,610

If you want to have a clear picture of what this gant number 1s
really hike, just imagine the size of the granary that will be required
to store all this grain It 1s well known that a cubic metre of wheat
eontains 15,000,000 grains Hence, tho reward asked by the inven-
tor of chess would require a granary of approximately 12,000,000,000 000
cubic metres or 12,000 cubic lnlometres If we take a granary 4 metres
in height and 10 metres 1n width, 1ts length must be 300,000,000 Lilo-
metres, ¥ ¢, twice the distance {rom the Earth {o the Sun

The king was unable to satisfy Scssa's request But had he been
clover 1n mathematics he would have easily avoided promising such
a huge roward—all he should have done was to offer Sessa to count
the grains himseli—ono by one

Indeed, 1f Sessa had counted the grain day and night, without stop
ping, taking a second for each grain, he would have counted 86,400
grains on the first day One m:llion grains would bave taken him no
fewer than 10 days to count He would have taken about six months to
count the grans 1n one cubic metre of wheat—that would have given
him 27 bushels Counting without interruption for 10 years, he would
have counted off about 550 bushels You will see that even if Sessa
had devoted all the remaining vears of his Iife to counting the gram,
he would have got only an insignificant part of the reward

54 RAPID REPRODUCTION —A mipe poppy 1s full of minute
seeds, and from each a new plant may be grown How many poppy
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plants would we have if all the seeds we planted grew into plants?
To find this, we must hnow how many seeds there are 1z each poppy.
A tedious job, perhaps, but the resnlt 15 so mteresting that it 1s well
worth winle to arm oneself with patience and do the job thoroughly.
First, you will find that cach poppy has on the average 3,000 sceds.

What next? You will observe that 1if there 1s enough arable land
around our poppy plant, each seed will grow into a plant and that will
gaive us 3,000 plants by the following summer A whole poppy field
from just one poppy

Let us sce what comes next Each of these 3,000 plants will bring
us at least one poppy (very often more) with 3,000 seeds Grown into
plants, they will each give us 3,000 new plants Hence, at the end of
the second year we shall have no fewer than

3,000 x 3,000=9,000,000 plants

It 13 easy to calculate that at the end of the third year the progeny
of our single poppy will be

9,000,000 x 3,000=27,000,000 000

And at the end of the fourth
27,000,000,000 % 3 000=81,000,000,000,000

At the end of the fifth year there will not be enough space on earth
for our poppies, for the number will then be

81,000,000,000,000 x 3,000=243,000,C00,000,000,000

And the entire surface of the earth, 1 e, of all the continents and
1islands, 1s only 135,000,000 square kilometres or

135,000,000,000,000 square metres

and that 15 approximately 2,000 times less than the number of poppy
plants that will have grown by then

You will see that 1f all the poppy seeds were to grow 1nto plants,
the progeny of onc poppy would cover the entire land surface of
the globe within five years—with 2,000 to a sguare metre The litile
poppy seed does conceal a giant number, doesn’t it?

We can try the same thing with some other plant that yrelds fewer
seeds, and yet come to the same result—only 1ts progeny would then
take shghtly longer than five years to cover the entire surface of the
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earth For instance, take a dandehion that yields on the average 100
seeds a ycar * If all these =eeds grew i1nto plants we would have

At the end of the first year . { plant

At the end of the second year {00 plants
At the end of tho third year 10 000 plants
At the end of thoe fourth jear 1 060 000 plants
At the end of the filth year 100 000 000 plants
At the end of the sixth year 10 000 000 000 plants
At the end of the seventh year 1 000 000 00 000 plants
At the end of the exghth year 100 000 000 000 Q00 plants
At the end of the minth year 10 000 000 000 000 000 plants

Fig 48 A dandelion yields
100 =ccds a year

This 15 70 Limes more than there are square metres on the entire

land surface of the globe
Therefore at the end of the ninth year aif the continents would

be covered with dandelions—70 of them to a sgquare metre
Then how s 1t that this does not happen? The reason 1s simple
the overwheiming majority of seeds perish before they give root to

~

* There are dandelions that yreld up to 200 sced=s though they are rare
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ew plants—they either fall on sterile soil, are stifled by other plants
if they do tahe root or are destroyed by ammals If there were no mass
destruction of sceds and plants each of them would cover our planet
in no Lime at all.

All this applics not only to plants, but to ammals too If they did
ot die, the ecarth would sooner or later be overcrowded with the prog-
eny of just one pair of ammals The locust swarms that cover vast
arcas are graphic evidence of what would happen 1f death did not hinder
the growth of hiving orgamisms Within a scorcor so years, our con
timents would be covered with torests and steppes teeming with mmllions
of ammals fighting each other for iving space The oceans would have so
much fish 1n them that navigation would be out of question, and we would
hardly sec dayhight for themultitude of birds and flies swarming in the air

Let us take, for instance, the common fly wlhch s appallingly pro-
l1fic Suppose that each female fly lays 120 eggs and that 1n the course
of the summer out of these 120 cggs 7 generations of flies will hatch—
half of them female Let us suppose that the first eggs are laid on April
15 and that the female flies hatehed grow sufficiently within 20 days
to lay cgas themselves The picture will be as follows

On Apri1l 15, a female fly 1ays 120 eggs, at the beginning of May there

will hatch 120 fhes, 60 of themn female

On May 5, each female lays 120 eggs and 1n the middle of the month
there will hateh G0 x120=7.200 flies, 3,600 of them female

On May 25, cach of these 3,000 female flies will lay 120 eggs and
at the beginning of June there will be 3,600x120=432000 Ihes,

216,000 of them female
On June 14, each of the female fhies will lay 120 eggs and at the end

of the month there will hateh 25,920,000 flies, including 12,960,000

female flies

Gn July 5, 12 966,000 femalo flres will lay {20 eggs each hal
will bring 1,555,200 000 flies (777,600,000 female flies)

On July 25, there will be 93,312,000 000 fles, 46,656,000,000 of

them female flies
On August 13, the number will be 5,598,720,000,000, of which

2,799.360,000,000 will be female ifhies
On September 1, there wall hatch 355,923,200,000,000 flies
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To get a clearer picture of this huge mass of flies that can hatch 1n
just one summer M nothing were done about i1t and if none were to
die let us see what happens 1if they form a line A fly 15 5 mm long
and this line would be 2 500 000 000 kilometres Jong @ e 18 times
longer than the distance from the Earth to the Sun (or approximately

the distance from the Earth to Uranus one of remote planets)
In conclusion 1t would be well

- el =0 Ss_ = -3 {p cite some facls on the extraord:
—_—t I —_
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T T —== === gparrows 1t seems liked the coun
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Dig 49, They woud SUSLOh O™ of' prey to destroy them and they

began to reproduce at a very fast
pace The number of pests grew less and less but that of sparrows 1n
creased by leaps and bounds Eventually there were not encugh ants
for them and they turned to destroymmg crops * A regular war was
declared on the sparrows and 1t proved so expensive that legisla
tion was later passed prohibiting the import to the United States of
any animals
And here 13 another example There were no rabliis m Austraha
when 1t was discovered by the Europeans The first rabbits were brought
there at the end of the 18th century and since there are no beasts
of prey that feed on rabbits thelatier began to multiply at an extreme
ly fast rate Soct ‘hordes 01 ravbhits were overrunmng Ausirala
and destroying cr+ps The calamity became nation wide and huge
sums of money were spent on the extermination of these rodents It

#

*+ In Hawant thoy forced all the other Iittie birds out
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was only the resolute measures taken by the people that put an end
to the catastrophe A more or less stmilar thing happened later 1n
California

The third story comes from Jamaica There were a greal many poison-
ous snahes there and to destroy them 1t was decided to bring the
secretary bird, which 1s known as a rabid enemy of snakes True, the

Fig. 50. The secretary bird

number of snakes soon grew less, but then the number of field rats—
which the snakes used to devour—began to grow The rodents caused
so much damage to sugar cane plantations that the farmers had to
declare a war of extermination on them and brought four pairs of In-
dian mongooses, which are hnown as enem:es of rats, They were allowed
freely to reproduce and soon the island was full of them Within some
ten years they exterminated almost all the rals, but 1n doing that they
became omnmivorous and began to attack puppies, hids, suching pigs and
chickens, and to destroy eggs As they grew in number, they swarmed
mnto orchards, wheat fields and plantations The inhabitants of the
1sland turped against their former allies, but suncceeded only par
tially 1 checking the damage

55. A I'RELC DINNECR,—Ten young men decided to celebrate
their gradnation from secondary school with a dinner at a restaurant
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When they gol together and the first dish was served, they started ar
guing as to which scat cach should occupy Some of them proposed to
do so alphabetically, others according to age, still others according
to height There was one who cven suggested to do so according
to graduation marks The argument went on and on ' thce meal grew

cold and stiil none would sit down The problun was solved bv the
waiter

Fig 81 Yot down where yon are

‘Lasten, my young friends,” he said, “stop arguing Sit down where
you are and hear what I have to say

‘Let one of you wnte down the order 1n which you are now sitting
Return here tomorrow and sit down 1n a different order Afler tomor
row do 1t 1n yel a dufferent way, and so on until you have tried all
the combinations And when the time agamn comes for you to sit down
at the places where yon arc now sitting, I promise to serve you free
of charge any delicacies you may like ”

Tie sappestion was tanplimg aid 28 was decided to most at ke
restaurant every day and to try every possible way of sitting around
the table so as to get the free dinners the waiter had promised

That day, however, never came, and nol because the waiter failed
te keep his word, but because there were too many different ways
for ten men to sit around the table—in fact, 3,628,800 of them
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And to try all of them 1t would take almost 10,000 years—as you
will see *

Perhaps jou may not beheve that there are so many ways for ten
persens to sit around a table? To makle 1t as simple as possible, let
us start with three objects that we shall call A, B, and €

What we want to f{ind 1s how many ways there are of rearrang
mg these objects Tarst, let us put € aside and do 1t with just two
»ulbjucts We will see that there are only two ways of rearranging
them

lip 52 Only two ways of rearranging two
things

Now let us add € to each of these pairs We can do it 1nthree differ-

ent ways
1 We can put C belund the pary,
2 Before the paiwr, and
3 Belween the two objects
There are evidently no other ways of placing it And since we have

iwo pars, AB and BA we have
2 x3=0 ways of rearranging the objects

The ways these objects are rcarianged are shown in fig 53

Let us proceed—with four objects A, 8 €, and D For the time
being we shall put D aside and do all the rearrangements with three
Objecls Wwe already hoow Ahal Yhtre e O weys of dowmg that Thuw
many ways are there to add the fourth object () to each of the 6 arrange
ments of the other three objects? Let us see We can

1 Put D belind the three objects

2 DBefore them,

3 Between the Hrst and second objects, and

4 Betueen Lhe second and third objects
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Therefore, we have
( X4=24 arrangements,

and since 6=2x3 and 2=1 x 2, then the number of all the arrangements
may he wntiten as follows -

Ax2%3Ix4=24

Fig. 63, Three things can be srranged in six ways,

Now 1f we apply the same method with five objects, we get the fol-
lowing:

1%2%x3xdxo=120

And for six:
I X2%3x4xHr06=720, eic,

Let us now return to the ten young men. The number of possible ar-
rangements in this case—if we take the trouble to calculate 1t—will

be as follows.
1 ¥w2xw3xdxbxbx7x8x9x10
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The result will be the number we mentioned abavs
3,628,800

Calculation would have been far more complicated if half of the
young pcople wero girls, and they would want to sit with each young
man it furn Although the number of arrangements 1n this case would
be much smaller, 1t would be harder to compute 1t

Let onc young man st down wherever he wants at the table The
other four, leaving empty chairs between them for the girls, can sit
down 1n 1 X2xX3x4=24 diffecrent ways Since there are 10 chairs, the
first young man can sit down in 10 different ways, therefore, there
are 10 x 24=240 differcut ways in which the young men can occupy
their seats around tho table

How many ways aro there in which tho live girls can occupy the
cmply seats between the young men? Obvwviously 1X2x3x4x5=120
ways Combiming each of the 240 positions of each young map with
each of the 120 positions of each girl, we come to the number of possible
arrangements, which 1s

' 240 % 120=28,800

This, of course, i1s very much less than the 3 628,800 arrangements
for the young men and would take slightly less than 70 years And that *
means that the young people would get a free dinner from the heir of
the watter, 1f not from the waiter himself, by the time they were about
100 years old—provided they lived that long

Now that we have learncd how to calculate the number of arrange
ments, we can determine the number of combinations of blocks 1n
a “Fiftoen Pozzle ¥ box In other words, we can compute the number
of problems this game can set a player It 1s easy to sce that the task 1s
to determine the total number m which the blocks can be rearranged
To do that, we know, we must effect tie foffowing muftipfication

1 2%3xadxXoBXTX8XIXI0 11 x12x13x14%15

The answer 1S
1,307,074,365,000

* Tho square in the lower right hand corner must always remain vacant

a3



Half of this huge number of prablems are 1nsoluble There are, there-
fore, more than ©00,000,000,000 problems for which there are no
solutions The fact that people never even suspected that explains
the craze for the *Fifteen Puzzle ”

Let us also note that if 1t were possible to shift one block every sec
ond, 1t would take more than 40,000 years to try all the possible com
binations, and that if one sat at 1t uninterruptedly

As we come to the close of our talk about arrangements, let us solve
a problem rght out of school life

Let us suppose there are 25 pumls in a class How many ways are
there to seat them?

Those who have well understood the problems we explamed above
will not find any difficulty 1n solving this one All we have to do1s to
multiply the 25 numbers, thus

I1x2¥%3xadxaxld x23x24x20

Mathematics shows many ways of simplifying various operations,
but there 1s none for the one mentioned above The only way to do 1t
correctly 3s to multiply all these numbers And the only thing that will
save time 18 an appropriate arrangement of multiphiers The result 1s
stupendous—1t runs mto 26 digits—so stupendous that 1t 1s beyond

* our power of imagmation
Here 1t 15
15,011,210,043,330,985,984,000,000

Of all the numbers we have encountered so far this one, of ecourse,
15 the biggest and therefore takes the palm as /ie number giant Com-
pared with 1t, the number of drops in all oceans and seas 1s quite mod-

est
56. A TRICK WITH COINS —In my boyhood my brother, I recall,

showed me an interesting game with coins First he put three saucers
im a hine and then placed five coins of different denomination (one
ruble coin, 50 kopek coin, 20 kopek coin, 10 kopek com and 10 Lopek
coin* 1n the first saucer, one atop the other 1n the order given The task
was to trauspose these coims to the third saucer, observing the

following three rules

v The gﬁme can be played with any five cons of different size
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1) 1t 15 permitted to transpose only one comn at a time

2) It 1s not permutted to plice a bigper coin on a smaller one and

3) It 1s permitted to use the middle saucer temporarily observing
the first two rules but in the end the eoins must be in the third
saucer and in the original order

Fig 54 My brother showed me
an nteresting game

The rules my brother saxd are quite simple as you see Now

get to it

I took the 10 hopeh coin and put 1t into the third saucer then
I placed the 15 Lopek mto the middle saucer And then I got
stuck Where was I to put the 20 kopek coin? It was bigger than
both!

Well? my brother came to my assistance Put the 10 Lopek comn
on top of the 15 kopeks Then you will have the third saucer for the
20 hopek comn

I 13 that But 1t did not mean the end of my difficulties Where
to put the 50 kopek con? I soon saw the way out I put the 10 Lopek
comn mto the first saucer the 15 kopel coin into the third and then
transposed the 10 Lopek coin there too Now I could place the 50 hopek
comn 1n the second saucer Then after numerous transpositions I
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succeeded 10 moving the ruble coin from the first saucer and eventually
had all the pile 1in the third

“Well, how many moves did you make altogether®® my brother
asked, praising me for the way I had solved the problem

“Don’t know I didn't count *

‘All night, lets count It would be interesting to know how to
get 1t dome with the least possible number of moves Lets sup
pose we had omnly two coins—15 and 10 kopek—and not five How
many moves would you require then?”

Three—the 40 kopek comn would go into the middle saucer, the
15 kopek coin into the third and then the 10 kopeks over 1t

Correct Lets add another coin—the 20 kopekh—and see how many
moves we need to transpose the pile First we move the two smaller
comns to the middle saucer To do that as we know 1t, we need three
moves Then we move the 20 kopek comn to the third saucer That's
another move Then we move the two coins from the second saucer
to the third and that’s another three moves Therefore, we have to
do 34+14+3=7 moves "

“Let me calculate the number of moves we would require for four
coms,’ I interrupted him “First, I move the three smaller coins to
the middle sancer That's seven moves Then I transpose the 50 kopek
comn to the third saucer That's another move And finally the three
smaller ¢oins to the third saucer and that's another seven moves
Altogether 1t will be 7+4+14+7=10 moves '

Excollent And what about five coins?”

Easy 154+1+15=3%," 1 answered promptly

‘Well, I see you've caught on But I1I show you a still easier way
of doing 1t Take the numbers we have obtained 3, 7, 15 and 31 All
of them represent 2 multiplied by 1tself once or several times, minus 1
Look "

And my brother wrote down the following table

J==2 %X 2—1
T=2x2¥%2—1
15=2%2x2%x2—1
M=2%x2x2x2x2—1
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“I see 1t now Wo multaply 2 by itself as many times as therc are
coins to be transposed and then subtract 4 Now I know how to cal-
culate the number of moves for any pile of comns For instance, 1if we
have seven coins, the operation will look as follows

2RLZKINZX2ZKIX2—1=126—1=127 "

“Well, now you know this ancient game,” my brother saxd “There’s
only one other rule that you should bear in mind 1f the number of
comns 1s odd, then you put the first into the third sauncer, 1f 1t 5 even,
you start with the second saucer ”

“Is the game really ancient? I thought it was your own'!” I ex-
claimed

“No, all I did was to modernize 1t with coins The pame's very, very
old and comes from India, I think There’s a very interesting legend
connected with 1t In Benares there's a temple and 1t 15 saxd that when
Brahma created the world he put up three dramond sticks there and
around one of them he placed €4 gold rings, with the bigoest at the
bottom and the smallest on top The priests had to work day and night
withont a stop, transpesmng the rings from one stich to another, nsing
the third as an aid—the rules were the same as in the case of
comns they were allowed to transpose only one ring at a time and
forbidden to place a bigger ring on top of a smaller one When all
the rings are transposed, the legend says, the world will come to

an end " ,
“Then the world should have perished long ago, if one i1s to believe

this legend * '
“You think the transposition of these 64 rings doesn't take much

time, do you?’
‘Of counrse, 1t doesn’t Lets say 1t takes a second for each move.
That means 1n an hour one can make 3,600 transpositions ’

‘Well?”
“That 11 he about 100,000 a day and d¢bout 1,000,000 in ten days,

and Im sure you can transpose all of 1,000 rmgs with 1,000,000

moves "
“You're wrong there Totranspose these b4 rings you 1l require nei-

ther more nor less than 500,000 raillion years!” :
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“But why? The total number of transpositions will be equal to 2
multiphed by itself 64 times minus 1, that 1s, to Wait, 11 tell
you the result in a second ”

“Fine And while youre domg all this multiplication job I1I have
enough time to attend t¢o some business
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Fig. 50 The priests worked day and night

My brother leit and 1 busied myself with calculation First I found
the value of 2'° and then munltiphed the result—65,536—by 1itself and
then the result again by 1itself and subtracted 1 What I got after that.

wWas
18,446, 744,073,709,551 ,615%

My brother was right, after all
Incidentally, you might be interested in learning how old our Earth
1s Well, scientists have worked that out—thongh only approximately.

The Sun has existed . . 10 800 000,000 000 years

The Earth . 2 000 000 000
Life on Earth 300 000 00O |
Human beings 300 000 "

* We know this figure it was the number of grains Sessa asked as a reward for
inventing chess
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07. A BET.—W<e were having lunch at our holiday home when the talk
turned to determination of the prebability of a coincidence One of
the fellows, a young mathematician, took out a coin and said

‘Look, T1l toss this comn on the table without looking What's
the probability of a head-up turn?”

“You'd better explain what probability’ 1s,” the rest chorussed.
“Not everyone Lnows what 1t 15 ”

“Oh, that’ssimple 1here arc only two possible ways 1n which a

Flg 56 Head or tail F;[g 57 A die

coin may fall (fig 56) erther head or taill Of these only one will be
a favourable occurrence Thus we come to the following relation:

The number of favourable occurrences 14

e

-T];E: number of possible occurrences 2

‘The fraction EL represents the probability of a head up

turn ”

“It's simple with a coin  somcone interrupted ‘Do 1t with some-
thing more complicated—a die, for mstance ’

“All right,” the mathematician agreed ‘Let’s tahe a die It's cub:-
cal 1n shape, with numbers on each of its faces (Iig 57) Now, what s
the probability, say, of the number & turming up® How many possible
occurrcnces are there® There arc six faces and, therefore, any of the

numbers from 1 to 6 can turn up Ior us, the favourable occurrence wall
be when 1t 1s 6 The probability in this case will be E' ’

“Is 1t really possible to compute the probability of any event?”
one of the girls ashed ‘Take this, for mstance I've a hunch that the
first person to pass our window will be a man What's the probability

that my hunch 1s correct?”
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1
‘The probability 1s 5, if we agree toregard even a year old baby

boy as a man There's an equal number of men and women on our earth ”

'And what's the probability that tho first fuo persons will be men®”
another asked

“Here computation will be more complicated Lets try all the
possible combinations First, 1t s posstble that they will be men
second, the flirst may be a man and the second a woman Third, 1t
may be the other way round first the woman and then the man And
fourthly, both of them may be women Sco the number of possible
combmnations 18 4 And of these combinations only one 1s favourable—

l '
the lirst Thus the probability i1s, Thats the solution of your prob-

fem

That s clear, but then we could have a prablem of ¢/irec men VWhat s the
probabilityin this case that the first three to pass our window will bemen

‘Well we can calculate that too Let's start with compuling
the number of possible combinations For two passers by the num
ber of combinations, as we have seen, 18 4 By adding a third
passer by we double the number of possible combinations because each
of those 4 groups of two passers by can be joined either by a man
or a woman ‘Therefore, the number of possible combinations in

this case will be 4x2=8 The obvious probability will be —;, S10Ce

only one combination will be the one we want Its easy to re-

member the method of computing the probabilities 1n the case of

1 1 1 1
two passers by the probability 15 , Xz=7, for three 1t 155X

%x%—=—;—, for four the probability will be equal to the product of 4

halves, etc The probability as you may see, grows less each time ™
“Then what will 1t be for 10 passers by*”
“You mean wiad 15 ¢he probebudely had the Nrst tem passors by
are men? For that we have to find the product of 10 halves That wll

be Tﬂ—lﬁ That means 1f you bet a ruble that it will happen, I can

wager 1,000 rubles that 1t will not.’
‘The het 1s tempting!’ one of those present exclaimed ‘Im more

than willing to put up a ruble to win a thousand
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“But dont forget that the chance to win 15 one ip a thons-
ﬂﬂd )

“I don’t care. I'd cven bet a ruble agamnst a thousand that the first
hundred passers-by are all men ”

“D'yon recalize how little the probability 18 1n this case®™

“It’s probably one 1n a million oy something Iike that ”

“No, 1t’s mmmeasurably less You'd have one in a million for 20
passers-by For 100 we'd have Wait, let me calculate 1t on a
sheet of paper. For 100 the probalhty would be--oh ho—1/1,000,
(00,000,000,000,000,000,000,000,0001

“Is that all?”

“You find that too Iittle? Why, there aren’t that many drops of
water 1n an ocean, not even a 1,000 times less ”

“Yes, the number s imposing? Well, how much wiil you put up against
Iy ruble?”

“Ha, ha! Everything! Everything 1 have ”

“Everything? That's too much Make wt yaur hicycle. Though I'm
sure you wont dare.”

“I won't dare? Go ahead I het you my bicycle I'm not risking
anything anyway ”

‘Neither am I A ruble 1sn't much! And I stand to win a hieyele
and you'll win, if you do, almost nothing ”

“But don’t you realize that you'll never win? You'll never get the
bicyele and I've as good as got your rnble 1o my pocket ”

“Don't do 1t,” the mathematician’s friend joined in, “It's madness
to bet a hicycle against a ruble ”

“On the contrary,” the mathematician rephed *“It's madness {o
bet even one ruble 1n such circumstances It's a sure loss! That s plaia
throwvang money away.”



“Have you considered the fact that not all occurrences are equally
possible? When 15 computation of the probability of a comncidence cor-
rect® T'or equally possible cvents, i1sn't 1t? And here wo have a
But listen I think you’ll see your mistake now D you hear the mili-
tary band?”

“I do What has 1t got to do " The young mathematician stopped
short There was an expression of fear on his iace as he rushed to
the window

“Yes,” he said mournfully ‘I've lost the bet Bye-bye, bicycle ”

A moment later we saw a battalion of soldiers marching past our

window!

08. NUMBER GIANTS AROUND AND INSIDLE US.—There 1s
no need to go out of one's way to find number giants They are all
around ns and even 1mside us—all one has to do 15 know how to recog-
nize them The sky above, the sand under our feet, the air around us,
the blood in our body—all this conceals number giants.

For most people there 15 no mystery about number giants 1n space
Be 1t the number of stars 1n the sky, their distance from one another
and the Earth or their s1ze, weight or age—1n each case we invariably
come up agarnst numbers that dwarf our 1magination It is not for noth-
mg that people have coincd the expression “astronomic number ”
But some people do not even suspect that some heavenly bodies that
the astronomers call “little” are real giants when regarded from man's
pomnt of view Qur solar system has some planets only a few kilo-
metres 1n diameter, and the astronomers, who are accustomed te deal
with number giants, call them “tiny ” But they are tiny only when
compared to other heavenly bodies that are bigger {from our pomt
of view they are far from being small Let us take, for example, a
recently discovered planct three kilometres 1n diameter Rt 1S
not difficult to calculate geometrically that 1ts surface 1s equal to 23
square kilometres or 28,000,000 square metres Onc square metre 1s

enough space for seven persons standing upright So, you see, there 15
enough spare on the surface of this “tiny” planet for 196,000,000

persans
The sand that we tread upon aiso introduces us to the world of num

ber giants It 1s not for nothing that there 1s the expression ‘as nu-
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merous as the grains of sand on the seashore ” Incidentally, the an-
cients underestimated the number of grains of sand—they thought
there were as many of them as stars mm the sky In the old days
there were no telescopes and without them all man can see 1n one hemi-
sphere 15 about 3,500 stars The grains of sand on the seashore are
millions of times more numerous than the stars one can see with the

bare cye.

There 1s also a number concealed i the
very awr that we breathe Each cu
bic centimetre, cach thimble contains
27,000,000,000,000 000 000 molecules

It 15 1mpossible even to imagine how g
this number 1s If there were 1smany people
on Earth, there would not be enough
space for them Indeed, thesurface area of Fig 58 A red corpuscle

the globe, counting all the continents
and oceans, 1s equal to 500 million square kilometres If we break this

up 1nto square metres, we get

500,000,000,000,000 square metres

Now let us divade 27,000 000 000,000,000,000 by this number

The result 15 54,000 And that means that there would be over o0 000
persons to every square metre’

We have said that every human bemng carries within himself a num-
ber giant—Dblood If we examine a drop of blood under the microscope
we shall see a huge number of red corpuscles They look Iike disks
flattened at the centre (fig 58) They are all of approximately the
same size—~0 007 millimetre 1m diameter and 0,002 millimetre thick
There are a great many of them—5,000 000 11 a tiny drop of blood
of about 1 cubic mullimetre How many are there in a mans body?

There are 14 times fewer litres of blood 11 a mans body than kilo

grammes 1n his weight For instance 1f he weighs 40 hilogrammes, he

has about 3 litres (or 3,000 000 cubic millimetres) of blood A simple
calculation will show that he has

5,000,000 % 3,000,000=15,000 000 000 000 red corpuscles
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Just think! 10 000 000 million red corpuscles! How long will a chan

of these corpuscles be? That 1s not difficult to caleulate 105,000 kilo
metres long enough to wind around the LCarth s equator

100 000 40 000—2 5 times

And 1f wo take a man of average weight the chain of red corpuseles
will be long enough to do that 3 times

Fig 39 Long enough to w nd arcund the Farth’s
equator three times

These tmny red corpuscles play an important role in our organism
They carry oxygen to all parts of the body They absorb 1t when Lhe
blood passes through the lungs and then excrete it when the blood
stream drives them into the tissue of our body 1nto parts that are the
farthest from the lungs The sn aller the corpusecles and the more numer
ous the better they fulfil their function because then they have a greater
surface and 1t 1s only through their surface that they can absorb and
excrete oxygen Calculation has shown that their total surface 1s many
times greater than thesurface of mans body 1t 1s equal to 1 200 square
metres—the size of a parden plot 40 metres Jong and 30 melres wide
Now you understand how important 1t 1s for the living organism
to have as many as possible of these red corpuscles—they absorb
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and excrete oxygen on a surface that 1s 1,000 times bigger than our
body.

Another number giant 1s the impressive total of the food consumed
by a human bemng {taking 70 years as an average life span) It would
take a regular freight train to transport all the tons of water, bread,
meat, game, fish, vegetables, eggs, milk, etc, that one consumes in.
one's hfetime Itis difficult indeed to beligve that a man can swallow—-
thongh not all at once, of course—a whole tramnful of food



CHAPTER Vi

WITHOUT INSTRUMENTS OF MEASUREMENT

09. CALCULATING DISTANCE BY STEPS.—We do not always

have a yard stick with us and it 1s useful to know how to measure,
cven 1f only approximately

The easiest way of measuring some distance, say, when you are out
on a hike, 1s by steps For that you must know the width of your step
Of course, your steps are not always of the same width On the whole,
however, they are more or less of the same width and if you know 1t,
you can calculate any distance

First you must calculate the average width of your steps That, of
course, cannot be done without an instrument of measurement

Take a tape, stretch 1t ont some 20 metres, take 1$ awnay and then
seo how many steps you need to cover the distance It 15 possible that
the result will be z plus a fraction If the iraction 15 less than half, do
not count 1t at all, if 1t 1s more than half, count 1t as a whole After
that divide the 20 metres by the number of steps and get the average
width Memorize the result

In order not to lose track of steps—especially when measuring a
long distance—it 1s best to count up to 10 and then bend in one finger
of your left hand When all the fingers are bent 1e¢ when you have
covered 50 steps you bend mn one finger of your right hand Thus,
you can count up to 250, and then start all over again Only you must
not forget how many times 1n all you have bent the fingers of your
right hand If, for instance, you have reached your destmatmu and’
have twice bent 1n all the fingers of your right hand and have another
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three fingers bent on the right and four on the left, 1t means youhave
made

2 X250+ (3 x 50) +-(4 x 10)=1690 steps

To this total you must, of course add the few steps you have made
after bending 1n the last finger of your left hand, if such 1s the case

By the way, here 1s an old rule the
average widih of an adult s step 15 egnal
to half the distance from his eye to his toe

Another old rule applies to the speed of
walking a man does as many hilometres 1n
an hour as he does steps in three seconds
But this rule s correct only for a certam
width of step and a big step at that In
fact, 1f the width of the step 15 = metres
and the number of steps in three seconds s n,
then in three seconds a man covers nz me
tres and 1n ar hour (3,600 seconds) 1,200 nzx
metres or 1 2 nx kilometres If thisdistance
15 to equal the number of stepsmade 1n 3 sec-

onds, there must be the following equation g 60 The distance between

. the tip ol an outstrelched arm
12 nz=n to the opposite shoulder
or 15 about one metre

1.2 3-:':11

hence
x=0 &3 metres

The rule that the width of o mans step depends on his height 1s
correct, the second rule-—the opne we have just examined—applies
only to men of average height, 1 e , men who are about 1 75 metres tall

60 A LIVE SCALE —VWhen there 1s no instrument of measure-
ment around, the following 1s a good way of measuring average-sized
objects Stretch a string or a stick from the tip of an ouistretched
arm to the opposite shoulder (&g 60) In the case of an adult this
distance 1s about one metre long Ancthber way of measuning a metre
{(approuimately) 1s with ones fingers the distance between the index
finger and the thumb stretched as wide apart as possible 1s about 18
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centimetres and six of such distances make approximately 1 metre
(fig G1a)

Tlus teaches us to measure with ‘bare hands ” The only thing one
need know for that 1s the s1ze of nnu's‘pulm, and remember 1t

Lem,

i
¥

10

Fig 61 AMcasuring with the hand

First one must know the'width of one’s palm, as shown mn fig 61b
In the case of an adult 1t 15 usually 10 centimetres Yours may be
smaller or higper youmust know by how much Then you must know the
distance between the index and middle fingers, strefched as wide apart
as possible {fig 61c) It 1s also useful to know the length of the 1ndex
finger, from the base of the thumb (fig 61d) And, finally, calculate tho
gpace between the thumb and the Little finger when extended (fig Gle}

Making use of these live scales,” you can obtain approximate
measurements of small-sized objects



CHAPTER Wil

GEOMETRIC BRAIN-TEASERS

To solve the conundrums 1z this chapter you do not have to know
geometry thoroughly That can be done by anyone possessing clemen-
tary knowledge of this branch of mathematies The two dozen problems
offered here wil! help the reader
to check whethier or not he really
knows geometry as he thinks he
does Real knowledge does not mean
Jjust knowing how to describe the

how to apply them to the solution
of practical problems Of what use Fig 62 Why does the front axle
15 & gun to a man if he does not wear oul
know how to shoot?
Lot the reader see for himself how many bull’s-eyes he can scoroe
out of 24 shots at these gcometric targets
61. A CART —\Why does the front axle of a cart wear out faster

than the rear?
62. TTIROUGH A MAGNIFYING GLASS —How big will the angle

of i;-“ seem 1if you look at it through a glass that magnifies things

four fimes (fizg 63)?
63. A CARPCNTER'S LEVEL.—You have probably seen a3 car-
penter’s level with a glass tube with a bubble (fig 04) that deviates
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from the cenire when placed on a sloping surface The bigger the slope,
the more does the bubble deviate from the mark It moves because,

Fig 63 Ilow big will the angle seem?

being Iighter than the hiquid in the tube, 1t rises to the surface If
the tube were straight, the bubble would move to the end of the tube,
that 1s, to 1ts highest pomnt A level like that, as 1t may easily be seen,
would be very 1nconvement ‘That
15 why the tube 15 usually arched,
as shown 1n fig 64 When the Jevel
1s horizontal, the bubble, situated
at the lmghest point of the tube, 13
in the centre :f the level 1s sloped,
the highest point 1s then not its
centre but some pownt next to it, and ithe bubble moves from the

mark to another part of the tube *

The problem 1s to determine how many millimetres the bubble will
] o
move away from the mark 1f the level 1s sloped 5~ and the radms
of the arch of the tube 15 1 metre

64 HOW MANY EDGES?—Here 15 a question that will probably
sound eilher too nairve or, on the contrary, too tncky

Fig 64 The carpenter s
level

* 1t would be more correct to say that the mark moves from the bubble ™
because the latter really remams in 1ts place while the tube and the mark ghde

past
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How many edges has a hexagonal pencil?,

Think well before you look at the answer

65. A CRESCENT.—Can you divide a crescent (fig. 65) into six
Parts by drawing just two straight hnes?

66. A MATCH TRICK.—Qut of
12 matches you can build the figure

of a cross (fig. 66), the area to -7
equal five “match” squares “ “

Can you rearrange the matches tn = —
such a way as fo cover an area H ﬂ
equal to only four “match” B SR
sgquares? “ n

The use of measuring instruments —s
15 forbidden. :

67. ANOTHERMATCHTRICK. — A fescont,  oclvé matehes

Out of eight matches you can make

all sorts of figures Some of them are shown in fig. 67. They are aj}
different in size The task is to make the &iggest possible figure oug of
these eight matches.

i

Fiz. 67. How to make the higgest possible figure out
of erght malches,

63. TIIE WAY OQF THE FLY.—On the wall inside a cylindrical
glass container, three centimelres from the upper circular base, there
is a drop of honey On the lateral surface, drameirically opposite it,
there is a fly (lig. 68).

Show the fly the shortest route to the honey.
The diameter of the cylinder is 10 centimetres and the height 20.
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Don't expect the fly to find this way itself and thus facilitate the
<solution of tho problem for that 1t would have to be well versed 1n
geometry, and that 1s something beyond a fly's ability

69. TIND A PLUG.—You are given a small
plank (iig 0Y) with threc holes square, trian-

gular and circular Can you make one plug that
would fit all tho three aperiures?

70. THL SECOND PLUG,—If you have solved
the previous problem, try to find a plug that
would close the apertures shown ta fig 70

71. THE THIRD PLUG.—And here 15 yet
another problem of the same type Find a plug
for the three apertures n fig 71

72. A COIN TRICK.—Take a couple of coins—
J hopek and 2 hopek {(any two similar coins oi

Fig 68 Show the il 18 mm and 25 mm 1n diameter wiil do} Then,
the short cut o honey on a sheet of paper, cut out a circle equal to

the circumfierence of the 2-hopek coin
Do you think the 5-kopek coin will get through 1his hole?

There 1s wo catch to the problem, 1t 1s genuinely geometrical

Fig. 69 Find a plug for these Fig 70 Is there one plug for
three apertures all three 3pertures?

73. THE HEIGHT OF A TOWER.—
There 15 a very g fower 1n your
town, but vou do mot know 1its height.
You have, hoewever, a photograph of the

tower Can 1t help you to find the real -

. 71 Can youmake one plog fit
ﬁElght? Iﬁl three nly these ﬂpertufes"g
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74. SIMILAR KIGURES.—This
problem 1s meant for those who
understand geometrical sunilarity
Answer the followng two questions

1} Are the two triangles 1n fig
72 stmalar?

2) Are the outer and 1nner rec
tangles of the micture frame 1 fig
73 stmilar?®

Fig 72 Are these two triangles
Simalar?

70 THL SHADOW OF A WIRE.—How far, on a sunny day, does
the perfect shadow of a wire 4 mm 1n d:ameter stretch?
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Fig 73 Are the inner and outer rectangics

similar?

76 A BRICK.—A regular size brick weighs 4 kilogrammes How much
will asimilar toy brick, four times smaller but made of the same mate-

rial, weigh?

77. A GIANT AND A P1GMY.—Bjy how much does a man 2 metres

tall outweigh a pyemy who 1s only 1 metre tall?
78. TWO WATER-MCLOMNS.—A man 1s selling two water melons,
One 1s one quarter bigger than the other, but costs onec and a half

times more YWhich one would you buy (see fig ¢4)?
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79. TWOMLLONS.—Two molons of thesame sort arc herng sold Ones
60 centimetres 1n circumference, and the other 1s £0 'lhe first 1s one and
a half times dearer Which of the two 1s it more profitable to buy?

80. A CHERRY.—The pulp of a cherry around the stone 1s as thick
as the stone itsell Let us assume that the cherry and the stone are
round Can you calculate men
tally how much more pulp than
stone there s 1n the cherry?

81. TIIE EIFFLL TOWER.
—The 300 metre-ligh Luiffel
Tower 1n Paris 15 made of
steel—38 000 000 kilogrammes
of 1t I have decided to order

Fig 74 ‘\vhich water-melon a model of this tower, one
i3 11 better to buy? welghing a kilogramme
How high wall it be? Will it be bigger or smaller than a drinking
glass?

82 TWO PANS -~There are two pans that are simalar in form and of the
sime thichness, one of them 1s eight timesmore capacious than the other

How much heavier 1s 1t than the smaller one?

83. IN WINTER.—An adult and a child, similarly dressed, are
standing 1 the street on a wintry day.

Who feels colder?
84 SUGAR —\Vhat 1s heavier a glass of powdered sugar or a summlar

glass of lump sugar?

Answers 61 to 84

61. At the first glance this proeblem dces not look geometrical at
all But one who kpoows geometry well will know how to find a geo
metrical basis where 1t 1s disguised by all sorts of extraneous details
This problem 1s a geometrical one and without geometry 1t 1s 1mmpos

sible to solve 1t
And so, why does the front axle wear out faster than the rear? Ii

vou look properly at fig 62 you will see that the front wheels are small-
er than the rear Geometry teaches us that a circle with a smaller
circumference has to make more revolutions than a bigger circle to
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cover the same distance And 1t 1s only natural that the more the wheel
turns the quicker the front axle wears out

62 If you think that the magmfying glass mcreases our angle to
1 1/2%x4==6" you are very much mistaken The magmiiymg glass does
not mmcrease the magnitude of the angle True, the arc measuring the
angle mcreases but then 1its radius mcreases proportionally teo, and
the result 1s that the magnitude of the central angle remains unchanged
Fip 75 explains this

Fig 75

63. In fig 76 A 4N 15 the original position of the level s are, M 'BN
in the pew position with the chord M N and thechord M/ tormmng an

angle of 1/2° The bubble, former
ly at A, remains at the same point
but the centre of the arc AV has
moved to B We must now calculate
the length of the arc AB with the
radius being equal to 1 metre and the
magmitude of the angle to 1/2° (this
follows from the fact that we are -

g 70
dealing with corresponding acute

angles with perpendicular sides)
It 1s not difficult to calculate that Since the radius 1s equal to 1

metre (1,000 miilimetres), Lhe arcumference will equal 2x3 14 x1 000 =
6,280 millimetres And stnce there arc 300° or 720 half-degrees 1n 8

cireumference the length of 1/2° in tns particular case will be
G 280 720=56 7 mllimetres

Thus, the bubble will move trom the mark (or rather the marh wiil
move from the bubble) by approximately § mtllhimetres It 1s obvious
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/ that tho greater the radius of the curvature of the
tube, the more sensitive 13 the level

64. There 1s nothing triecky in this problem The
only ca(ch 1sthe erroneous interpretation of mean-
ing A hexagonal” pencil has not six edges as
most people probably think If not sharpened 1t
has eight six faces and two small bases If 1t
really had only six edges, 1t wonld bave a dafferent
form altogether—the form of a rectangle

69. This should be done as shownn fig 77 The
resull 18 six parts which are numbered for con-
venience s sake

66. Tho matches should be laid out as shown in
fig 78a The area of the figure 15 equal to the quadrupled arca of a
"match’ square It s quite obvious that this 1s so Let us mentally
fill out our figure to form a triangle What we get 1s a might tnangle

Fig 77




whose base 1s egual to three matches and 1is
altitude to four * Its area 15 equal to one half
of its base times 1its altitude */ax3 x4=6 (fig 78%)
“match ’ squares But the area of our figure 15
obviously smaller than the area of the triangle by
two ‘match ' squares and 1s therefore equal to four
such squares

67. It can be proved that of all the closed plane
figures the circle 1s the biggest It 1s, of course, mmpossible to make
one out ofmatches However out of eight matches it 1s possible to make
a ligure (79) that most closely resembles a circle—a regular octagon

Boe 15 e
coem |
T7tm

317
< ]

Fig 80
And this regular octagon 1s precisely the figure that we require, for
It 1s the biggest in area
68. To solve this problem we must shit the cylindrical container
opon and [atten out the surface The result will be a rectangle {fig 80)
whose width 15 20 centimetres and whose length is equal to tho circumfer-

ence, 1 e, 10 x.?,.},-=31 5 centumetres (approx ) Now let us mark 1 this

reclangle the position of the fly and that of the drop of honey The
fly 1s at pornt 4, 17 centimetres from the base, while the drop of honey
15 at point B, at the same height but half the circumference of the

3
cylinder away from A, that 18, 15; centimeotres away

To find the point where the fly must chimb over into thee ylinder
we must do as follows From point B (fig 81) we shall draw a perpen-

- T

* Readers who are acquainted with the ]
stand why we are so certain that ours 13 & 1
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dicular hine to the upper base and conlinue 1t up to a stmilar distance
Thus, we shall obtain €, whiclh we shall conneet by a stratght hine

A
'
Jem - 7

Fip. 84

with A Point D will be the one where the fly should cross over into
the cylinder, and the route 1D} 1s the shortest way

Having found the shortest route on a ilattened
rectangle we can roll it back into a ¢ylinder and
sce how the fly must travel to reach the drop of
honey (fig 82)

1 dontknow whetheror not tins 15 the route 1ak
en by fhes 1n such cases It 1s possible that, possess
ing a good nose, flies actually use this shortest
route—possible but not probable A good nose s
not enough without hnowledge of geometr)

69 'There 1s such a plug It 1s shown 1o iig 83
and, as you may sce, 1t can really close all the three
apertures square, triangular and circular

70 There 1s also a plug to c¢lose the three aper
tures 1 fig 84 circular, square and cruciform It 18
shownn 1n all :ts three aspects

71 Finally, there s a plug hike that too  You may sec all its aspects
in fig 895

72 Strange as 1t may seem, 1L is quite possible to pass a 5 hopek
coin through such a small hole The paper 18 folded so that the circle
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13 stretched out 1nto a shit (fig 86), and 1t 1s through this shit that the

2-kopek coin passes
Geometry easily explamns this seemingly tricky phenomenon. The
2-Lopek coin 1s 18 millimetres 1n diameter It 1s not difficult to calcu-

VY%

Fig 83.

it 15 shghtly over 36 mulhimetres The length

fate 1ts circumierence
e hall of that, or 28 millimetres And since a 3-

of the slit, therefore, )

Fig 83.

kopeh cown 1s 25 millmmetres 11t diameter, 1t can easilly pass through a

98 v llymetre shit, even 1if 1t 15 1 5 millimetres thick.
79 o determine the real height of the tower, 1t 15 first of all neces-

sary to have the correct measurements of 1ts height and basc in the
photograph Let us assum? that they are 99 and 19 millimetres
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respectively After that you measure the hase of the real tower Let us
suppose that 1t 1s 14 metres wide

Geometrically, the tower 1n the photograph and the real tower are
proportionally the same, 1 ¢, the ratio between the height and the
basc of the tower 1n the photograph 1s equal to that between the height
and the baso of the real tower In the first ecase 1t 13 95 19.1¢ O
Hence, the height of the tower 1s 5 times greater than the base There
fore, the height of the rcal tower 1s

14 x 3=70 motres

There 1s a  but however
To determine the height of a
tower yon must have a really
good photograph, not a distorted
one—the Lkind inexperienced ama
Fig 87 teur  photographers  sometimes
taho
74 Very oflten both of these questions are answered in the alfirma
tive In realhity 1t 1s only tnanglesthat are sinilar The outer and inner
rectangles of the picture frame, generally spealing are not similar
For triangles to be similar 1t 1s enough for their angles to be corres-
pondingly cequal, and since the sides c¢f the inner triangle are parallel
to the sides of the outer, the figures arc ss)mlar As for the symilarity
of the polygons, 1t 1s not enough that therr angles be equal (or—and
that 1s the same thing—that their sides be parellel) it 1s also neces
sary for the sides of the polygons to be proportional As far as the outer
and 1nner rectang’es of a picture frame arc concerncd such 1s the case
only with squares (and rhombi generally) In all other cases the sides
of the outer and nner rectangles are not proportional and the figures
thercfore, are not smmilar The absence of similarity becomes all the
more obvious wn thick rectangular frames {fig 87) In the frame on
the left the outer sides are in the ratio of 2 41 and the mnner 4 1
In the frame on the right, they are 4 3 and 2 1 respectively
75 Many people will be surprised to fearn that the solution of this
problem requires knowledge of astronomy of the distance between the
Earth and the Sun and of the size of the Sun’s diameter
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The length of the perfect shadow cast by a wire 1s determined by
the geometric figure shown 1n fig 88 It 1s easy to see that the shadow 1s
as many times greater than the diameter of the wire as the distance
between the Earth and the Sun (100,000 000 kilometres) 1s greater
than the Sun's diameter (1 400 000 Lilometres) In round figures, the
ratio 1n the latter case 1s 115 Therefore the perfect shadow cast bv
the wire stretches

4 %115 =460 millimetres=406 centimetres

The nsignificant length of a perfect shadow explains why 1t 1s
not always seen on the
ground or house walls the 4

weak streaks that one does /~ \ T mm—m—e— _a
see are not shadows, but \  /  _ _ —w———r- B 4
penumbra B

Another method of solv
ing such problems was shown

in brain teaser 7
76 The answer that the toy brick weighs 1 kilogramme, 1 ¢, four

times less, 18 absolutely wrong The Lttle brick 1s not only four tumes
shorter than the real one, but also four times narrower and four times
lower, and 1ts volume and weight are therefore 4 x4 x4=~04 times

less The correct answer thereiore would be
4000 04=025 grammes

Fig 88

77. Thuis problem 1is similar to the onc above, so you should be able
to solve 1t correctly Since human bodies are more or less similar, the
man who 15 twice taller outweighs the other not two, but erght times

The biggest man the world Lknows of was an Alsatian 2 70 metres
tall—approaimately 1 metre taller than a man of average height And
the smallest was a lilliputian less than 40 centimetres tall, 1 ¢, roundly
speaking, he was seven L1mes shorter than the Alsatian If we werc
to weigh the two, we would have to pult on the other pan of the bal-

ance 7 %7 x7=2343 hlliputians, and thats a whole crowd
78. The size of the big water melon exceeds that of the smmail one
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Thercfore 1L 1s better to buy the big one 1t costs only one and a
half times more and has over two times more pulp

Why ther youmay ask should the vendors demand only one and a
half times more for such water melons and not twice? The explanation
1ssimple most vendors are weal 1n geomelry But for that matter so are
Lthe buyers and that 15 the reason why they often refuse such profit
able deals It canbe definitely aflirmed that 1t 1s better to buy big water
melons than small ones because they are always priced less than what
they really should cost-~but most buyers do not even suspect that

And for the same reason 1t 1s more profitable to buy big eggs than
small ones that 1s 1f they are nol sold by weigh!

79 Circumferences are to one another as their drameters If the
circumfcrence of one melon 1s G0 centimetres and of the other 50 cen

6
timetres (hen the ratio botween thewr diameters 15 60 o0=-¢-, and
the ratio between their sizes 1s

b ya 216
(5)'=iz=17

The bigper melon if 1t were priced according to 1ts size (or weight)
should cost 1 73 times or 73 per cent more than the small one Yet
the vendor ashs only 30 per cent more IL 1s obvious therefore that
1t 1s more prefitable to buy the bigger one

80 The conditions of the problem say that the diameter of the cher
ry 1s three times that of the stone Hence the size of the cherry 1s

33%3x3 27 times that of the stone That means that the stone

26
occupies -Ql—?: part of the cherry and the pulp the remaiming 55 In

other words the pulp 1s 26 bimes bigger 1n volume than the stone

81 If the madel 1s 8 000 000 times lighter than the real Eiffel Tow
er and both are made of the same metal then the iolume of the mod
el should be 8 000 000 times Iess than that of the real fower We
already lnow ikat the volumes of sixmlar lignres are 10 one another
as the cubes of their altitudes Hence the model must be 200 times
smaller than the original because

200 x 200200 8 000 00G
The altitude of the real tower 18 300 metres Therefore the height

of the model should bhe
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300 200_1; metres

The model will thus be about the height of a man

82. Both pans are geometrically similar bodies If the bigger one
1s eight times more capacious then all its linear measurements are
two times greater 1t 1s twice bigger in hetght and breadth But f 1t
15 the case, then 1ts surface 15 2XxX2=4 times greater because the sur
faces of symilar bodies are to one another as the squares of their linear
measurements Since the wallsides are of the same thickness, the weight
of the pan depends on the size of 1its surface Hence, the answer the

bigger pan 1s four fimes heavier

83 At the first glance this problem does not look malhematical at
all, but 1n fact, like the previous one 1t 1s solved geometrically

Before we sot out to solve this problem let us examine another one—
of the same Lind but simpler

Two boilers, one bigger than the other, made of the same matorial
and similar in form, are filled with hot water In which of the two will

the water cool down faster’
Things usually cool down from the surlace Therefore, the boiler with a

bigger surface per umt of volume cools down faster If one of the boii-

ers 1s # times higher and broader than the other, then its suriace 1s
olume n® tmes bigger, for cach unit of the

-
7' times greater and the v
hore are n times more volume Hence, the

surface 1n the big boiler i

smaller boiler cools down faster
sason a child standing out n the street on a wintry

day feels the cold more than a <imtlarly dressed adult the amount of
heat 1n each cubic centimetre of the body 1s approximately the same
m the case of hoth, but a child has a greater cooling surface per one
cubie contmmetre of the bodv than an adwlt

That 1s the reason why man's fingers and nose sulffer moro from
cold and get frost-brtten oftener than any other parls of the body whose
surface 15 nol so great whet cnmparﬂd to their volume

And, finally, that also explaws, for instance, the following problem
Why does splint wood cateh fire faster than the log from which 1t

has been chopped off?

For the same T
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Therefore, 1t 15 better to buy the big one il costs only one and a
lnlf times more and has over two times more pulp

Why then, you may ask, should the vendors demand only one and a
half times more for such water-meclons and not twice® The explanation
1ssimple most vendors arc weal 1 geometry But for thal matter so are
the buyers, and that 1s the reason why they often refuse such profit
able deals It canbc definitely affirmed that 1t 1s better to buy big water
melons than small ones bocause they are always priced less than what
they really should cost-~but most buyers do not even suspect that

And for the same reason 1t 15 more profitable to buy big eggs than
smail ones that 1s 1if they are not sold by weight

79 Circumferences are to one another as their diameters If the
circumference of one melon 1s 60 centimetres and of the other S0 cen

.y
timetres, then the ratio between their diameters 35 60 00=-¢, and
the ratio between their sizes 1s

8 \38 ZI6
(?) :1—2—5=i ?3

The bigger mcelon, 1f it were priced according Lo 1ts size (or weight),
should cost 4 73 times or 73 per cent more than the small one Yet
the vendor asks only 50 per cent more It 1s obvious, therefore, that
1t 15 more profitable to buy the bigger one

80. The conditions of the problem say that the diameter of the cher
ry 15 three times that of the stone Hence, the size of the cherry 1s

Ix3Ix3=27 tiumes that of the stone That means that the stone

! 26
occupies 53 part of the cherry and the pulp the remaiming 55 In

other words, the pulp 1s 26 times bigger 1 volume than the stone

81 If the model 1s 8,000 000 times Iighter than the real Eaffel Tow
er and both are made of the same metal, then the zelume of the mod
el should be 8 000,000 times less than that of the real tower We
already koow thet the volumes of sumilar figures are to ane amnather
as the cubes of their altitndes Hence, the model must be 205!"!
smaller than the original because

200 x 200 »% 200=28,000 000
The altitude of the real tower 1s 300 metres Therefore,
of the modcl should be
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300 200=1-%— metres

The model w11l thus be about the height of a man

82, Both pans are geometrically similar bodies If the bigger one
15 ei1ght times more capacious, then all its linear measurements are
two times greater it 1s twice bigger 1n height and breadth But if it
15 the case, then its surface 1s 2 x2=4 times preater because the sur-
faces ol similar bodies are to one another as the squares of their linear
measurements Swnce the wallsides are of the same thickness, the weight
of the pan depends on the size of its surface Hence, the answer the
bigger pan 1s four fimes heavier

83. At the first glance this problem does not look mathematical at
all, but 1n fact Iike the previous one, 1t 1s solved geometrically

Before we set out to solve this problem let us examine another one—
of the same kind but simpler

Two boilers, one bigger than the other made of the same material
and similar 1n form, are filled with hot water In which of the two will
the water cool down faster?

Things usually cool down from the suriace Therefore, the boiler with a
bigger surface per umt of volume cools down faster If one of the boil-
ers 18 n times higher and broader than the other, then 1its surface 1s
n* tumes greater and the volume n® times bigger, for each umt of the
surface 1n the big boiler there are n» times more volume Hence, the
smaller boiler cools down faster

For the same reason a child standing out 1n the street on a wintry
day feels the cold more than a similarly dressed adult the amount of
heat in cach cubic centimetre of the body 1s approximately the same
in the case of both, but a child has a greater cooling surface per onc
cubic centimetre of the body than an adwit

That 1s the reason why man's fingers and nose suffer more from
cold and get frost bitien oftencer than any other parts of the body whose
surface 1s notl so great when compared to their volume

And, finally, that also explains, for instance, the following problem
Why does splint wood catch fire faster than the log from which 1t
has been chopped off?
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Therefore, 1t 1s better to buy the big one 1t costs only one and a
half times more and has over two times more pulp

Why then you may ask, should the vendors demand only one and a
half times more for such water melons and not twice? The explanation
i1ssimple most vendors are weak 1n geometry But for that matter so are
Lthe buyers, and that 1s the reason why they often refuse such profit
able deals It canbe definitely affirmed that 1t 15 better to buy big water
melons than small ones because they are always priced less than what
they really should cost—but most buyers do not cven suspect that

And for the same reason 1t 1s more profitable to buy big eggs than
small ones that 1s, if they are not sold by weight

79 Circumferences are to one another as their diameters If the
circumference of one melon 18 60 centimetres and of the other 50 cen

6
timetres, then the ratio between their diameters 15 60 50=-—%-, and
the ratio between therr sizes 1s

6 \3_ 216
(3) =1

The bigger melon, if 1t were priced according to ils size (or weight},
should cost 1 73 times or 73 per cent more than the small one Yet
the vendor asks only o0 per cent more It 1s obvious, therefore, that
1t 15 more profitable to buy the bigger one

80 The conditions of the problem say that the diameter of the cher
ry 1s three times that of the stone Hence, the size of the cherry 15

3x3x3=27 times that of the stone That means that the stone

] 26
occupies w7 part of the cherry and the pulp the remamning 57 In

other words the pulp 18 20 times bigger 1n volume Lhan the stone

81. If the model 1s 8,000,000 times ighter than the real Eiifel Tow
er and both are made of the same metal, then the volume of the mod
el should be 8 000,000 times less than that of the real tower We
alrendy know that the volumes of similar figures are to one another
as the cubes of their altitudes Hence, the model must be 200 times
smaller than the original because

200 % 200 x 200=8,000 000
The altitude of the real tower 1s 300 metres Therefore, the height
of the model should be

122



300 : 200=1-- metres.

The model will thus be about the height of a man.

82. Both pans are geometrically similar bodies. If the bigger one
is eight times more capacious, then all its linear measurements are
two times greater: it is twice bigger in height and breadth. But if it
1s the case, then its surfaee is 2X2=4 times greater because the sur-
faces of similar bodies are to one another as the squares of their linear
measurements. Since the wallsides are of the same thickness, the weight
of the pan depends on the size of its surface. Hence, the answer: the
bigger pan is four (imes heavier.

83. At the first glance this problem does not look mathematical at
all, but in fact, like the previous one, it is solved geometrically.

Before we set out to solve this problem let us examine another one—
of the same kind but simpler,

Two boilers, one bigger than the other, made of the same material
and similar in form, are filled with hot water. In which of the two will
the water cool down faster?

Things usually cool down from the suriace. Therefore, the boiler with a
bigger surface per unit of volume cools down faster. If one of the boil-
ers is # times higher and broader than the other, then its surface is
n® times greater and the volume 23 times bigger; for each unit of the
surface in the big boiler there are n times more volume. Hence, the
smaller boiler cools down faster.

For the same reason a child standing out in the street on a wintry
day feels the cold more than a similarly dressed adult: the amount of
heat in each cubic centimetre of the body is approximately the same
in the case of both, but a child has a greater cooling surface per one
cubic centimetre of the body than an adwlt.

That is the reason why man's fingers and nose suffer more from
cold and get frost-bitten oftener than any other parts of the body whose
surface is not so great when compared fo their wvolume.

And, finally, that also explains, for instance, the following problem:
Why does splint wood catch fire faster than the log from which it

has been chopped off?
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Since heat spreads from the surface to the whole volume of a body,
1t 18 necessary to compare the surface and volume of splint wood (for
mstance, square section) with the surface and volume of a log of the
same length and same square seetion 1n order to determine the size
of the surface per one cubic centimetre of wood 1 both cases Il the
log 1s ten times thicker than splint wood, then the lateral surface of
the log 1s ten times bigger than that of splint wood and 1ts volume
100 times Therefore, for each umt of the surface of splint wood there
15 ten times less volume than 1m a log the same amount of heat heats
tenn times less material 1n splint wood Hence, the same source of heat
sets splint wood on fire faster than a log (Because of the poor heat
conductibility of wood the comparison should be regarded as omly
roughly approximate—it 1s characteristic of the whole process and
not of the quantitative aspect }

84, A lhittle it of brainwork will show you that this seemingly
tricky problem 1s actually guite simple Let us assume for sumphicitys
sake that the diameter of lump sugar 1s 100 times that of powdered
sugar Let us then imagine that the diameter of the sugar particles
and the glass which they fill increase 100 times The capacity of the
glass will increase 100x100x100=1,000,000 times The weight of
the sugar 1n 1t will merease proportionally Let us next measure out
an ordinary glass of such enlarged powdered sugar, 1 € , one-milhionth
part of the contents of our giant glass It will naturally weigh exactly
the same as an ordinary glass of ordinary powdered sugar What then
does our enlarged powdered sugar represeut? Smmply a lump of sugar
Therefore, a glass of lump sugar weights the same as a glass of pow

dered sugar

It would not mahke any difference 1f we enlarged a sugar particle
B0 times 1nstead of 100 The argument boils down to the fact that lump
sugar 15 geometricaily smmlar to powdered sugar That assumption

may not be 100 per cent correct, but 1t 1s very close to reality



CHAPTER IX

THE GEOMETRY OF RAIN AND SNOW

85. PLUVIOMETER.—In the Soviet Union 1t has beeome a rule
to consider Lemingrad a very rainy city, far more rainy, for instance,
than Boscow DBut scientists deny that They claim that rain brings
more water to Moscow than to Lemingrad How do they Lnow that?
Is there really a way of measuring rain-water?

The task looks dilMicult, yet you can learn to do 1t yourself Don't
think that you have to collect all the water that descends to the ground.
If rain water did not spread and if it were not absorbed by soil, it
would be enough to measure the dept!: And that would not be diifi-
cult at all When rain falls, 1t falls evenly everywhere there 1s no
such thing as watering one garden bed more than its neighbour
It 1s enough, therefore to measure the depth at one spot to know the
depth 1n the entire aiilicted area

Now you have probably guessed what you must do to measure the
amount of rain-water All youn have to do 15 take a small let where wa-
ter would not spread or disappear underground Any open vessel 1s
smcadlo fur (L purposy, sdy;, & Sacded & 0w dave Gite ®rth perpan-
dicular wallsides (1n the shape of a right cireular eylhinder), put it out
when 1t rains * When the ramn stops, measure the depth of the water
mm the receptacle, and you will have everything you require for your
computation

* You should placc your vessel as high as possible so that the drops falling
on the ground do not ricochet mnto it
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Let us see how our home-made pluviometer works How to measure
the depth of the water 1n a bucket? With a ruler® That 1s not a bad
way 1if there 15 plenty of water in 1t But as a rule there are only 2 or
3 centimetres, and sometimes even a few millimetres, of water 1n the
bucket, and i that case it 1s 1mpossible to do it accurately In our
case every milhimetre n fact every fraction of 1t 1s important Well,
what must we do?

The best thing 1s to pour the water from the bucket mmto some narrow
er glass vessel Here the water will be at a hagher level and 1t wll
be easy to see how high through the transparent wallsides Of course
the depth of the water 1n the narrow receptacle will not be the depth
we seek, but then 1t 1s easy to convert one measurement into another
If the diameter of the base of the narrow receptacle 1s ten times small
er than that of our bucket pluviometer then the area of its base will
be 10 xX10=100 times smaller than the area of the base of the bucket
It 15 clear that the water level in the glass receptacle will be 100
times higher than that in the bucket Therefore, if there are 2 milh-
metres of ramn water in the bucket, there will be 200 millimetres
or 20 centimetres, 1n the glass receptacle

From this calculation you will see that this receptacle should not
be too much narrower than the bucket pluviometer, for then we would
need an extremely high one to measure the depth of ram water Five
times narrower will be good enough then the area of ils base will be
25 times smaller than the area of the bucket s base and the level of
the water will be 25 times higher Each millimetre of water mn the
bucket will be equal to 25 millimetres in the glass receptacle For
convenience's sake paste a strip of paper on the outer side of the
glass vessel and divide 1t mto 27 millimetre seclrons, marking each of
them 1, 2 3, etc Looking at the height of the water in the glass re
ceptacle, vou will know right away 1ts depth in the bucket pluviometer
without having to do any converting If the dirameter of the glass
receptacle 1s four, and not five, times smaller than that of the
bucket, then the sections on the paper strip should be 16 millimetres

wide
It 1s extremely mconvement to pour water from a buchet mnto a

narrow vessel A good way out 1s to drill a hole m the wallside of
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the bucket and to draw the water out through a glass tube {on the
pattern of a tap)

And so you have the necessary equipment to measuie the depth of
rain-water A buchet and a home made rain-gauge, naturally, are
not as exact as a real pluviometer or the graduated glass used at mete-
orological stations Still, this simple and cheap equipment will enable
you to do many 1nstructive calculations

Here arc a few problems

86. HOW MUCH RAINFALL?—You have a kitchen garden 40 me-
ties long and 24 metres wide It has just stopped ramming and jou
wish to know how much water has fallen on 1t How 15 one to compnte
that?

You must start with determining the depth of ramn-water wrthout
knowing it you cannot do anything Let us assume that your home
made pluviometer shows that there are 4 millimetres of ramn water
Let, us next calculate how many cubic centimetres of water there will
be on each square metre of the Litchen garden, that 1s, if the water
were not absorbed by soil One square metre means 100 centimetres
1t width and 4100 centimetres in length It 1s covered with 4 mitlime-
tres, 1 e , 04 centimetres, of water Hence, the volume of such a stra-

tum of water would be
100 x100 % 0.4=4,000 cu cm

You Lknow that 1 cu e¢m of water weighs 1 gr Therefore, on each
squate metre of the kitchen garden there are 4,000 gr or 4 kg of wa
ter The area of your hitchen garden 15

40 x 24=960 sq. m

That means the weight of rain water on jyour hilchen garden 1s
equal to

4 x960==3,840 kg

or a little less thap 4 tons
Just for funs sake, calculate how many buchets you would have to

tote to give your kitchen garden the watcr brought it by rain An
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ordinary bucket holds approximately 12 kg of water Therefare,

the ram poured 3,840 12=320 buckets of water on your kitchen
garden

And so, you would have to empty more than 300 buckets to give
your kitchen garden the amount of water rained down in some 15 min-
utes

Can we express a shower or a drizzle 1n figures® For that 1t 1s nec-
essary to determine how many millimetres of rawmn falls in a minute
[f the rain 1s such that every munuie there fall 2 millimetres of water,
then 1t 1s a shower of extraordinary force If 1t 15 an autumn drizzle,
then 1t usually takes an hour and sometimes even longer for 1 mil-
limetre of water to accumulate

As you see, to measure the depth of ram-water 1s not only possible,
but simple More, you can, 1f you want to, determine even the number
of ramdrops, though that approximately * In fact, 1n an ordinary
ramn there are on the average 12 drops to a gramme Therefore, if

we take the rain of which we spoke above, we shall see that there
were

4,000 x12=48,000 drops to a square metre

It 15 not dilficult to calculate how many drops fell on the ent
kitchen garden But such computation, though interesting, 1s useless
‘The only reason we mentioned 1 was to show that 1t 1s possible to do
the most 1neredible calculations, 1f you only know how to go about
them

87. MOW MUCH SNOW?—We have learned how to measurc the
depth of rain-water What must we do to calculate the depth of water
when 1t hails® Absolutely the same thing Hail stones fall 1nlo jour
rain gauge and melt After that you measure the depth

It 1s a different case when 1t comes to snow water Here the plu-
viometer will not give you correct data because the wind blows parl
of the snow out of the bucket But then 1f 1s possible to delerminc the
depth of snow water without a pluviometer You can measure the depth
of snow 1n a vard or 1 a ficld with the help of a wooden rod And

* Rain always falis in drops, even whken we think 1t 15 pouring
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Lo find how deep the waler will be when the snow melts, you have to
do an eaperiment {ill a bucket with snow of equal friability, melt
1t and measure the depth of water You will thus determine how many
millimetres of water you get out of a centimetre of snow Knowing
that, you will not find it ditficult to convert the depth of snow 1nto
Lhe depth of water

If, every day without fail, you measure the depth of ramn-water
during warm weather and add the water you obtain from snow 1 win
ler, you will know annual precipitation of your district

Below arc the average precipitation figures for a number of Soviel
Lowns

Leningrad 47 cm
Yologda 45 "
Arkhangelsh 41
Moscow w3 "
Kostroma 44
hazan 44 "
hutbyshev 39
Chlalov 43
Odessa 40
Astralihan 14
Kutais: 179 7
Bakn 24
Sverdloivsh aG
Tobholsk 43 7
Semipalatinsh 21 °
Alma Ata 51 °
Tashhent a1
Y eniseisk 3 7
Irhutsk 44 7

Of these towns Kutawst (179 cm ) gels the most water from Lhie shy
and Astrakban (14 cm ) the least, 13 Limes less than Kutaist But there
are places i the world where there 1s mach more precipitation than in
Kutaisi For instance, there is a distriet in India which 15 virtnally n-
undated by rain water—the annual rammfall there 15 1,200 em , 1 e,
morc than 12 5 metres! There was a day when rammfall there exceeded
100 cm. Then there are places where there 1s verv much less raimnfall
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than 1n Astrakhan—for instance, 1z Chile the figuie 1s below 1 em
a year

Arcas where ramnfall 15 below 25 ecm are droughty, and without
artificial 1rrigation agriculture is 1mpossible

It 15 easy to see that having measured annual rainfall 1r various
parts of the globe, 1t 1s possible to determine the annual average for
the whole world The annual average rainfall on land 15 78 cm It 1s
said that there i1s approximately as much ramnfall in the oceans as on
land Knowing that, 1t 1s not difficult to calculate the amount of pre
tipitation—ramn, hail, snow, et¢ —upon the entire surface of the carth
For that you must know the latter s area If you don t hnow 1t here
15 how to compnte 1t

A metre 15 almost exactly 4/40,000 000th part of the globes circum
ference In other words, the circumference 1s 40,000,000 metres or
1

40,000 kilometres The diameter of the globe 1s approximately 3=

times smaller than its circumference Knowing that, we can easily com-
pute 1its diameter

40,000 3,=12,500 km
The rule goverming the computation of the arca of the surface of o

1
sphere 1s as follows mult:ply the diameter by itsell and then by 3=

1
12,700 x 12,700 % 3+==509,000,000 sq km

(Starting with the fourth digit of the result, we wrnite down noughts,

since 1t 15 only the first three digits that are reliable )
And so, the area of the surface of the globe 1s equal to 509 million

sq km
Let us now return to our problem First we calculate how much
rare falls on cack square Lilometre of the earths surface The figure

for 1 sq m or 10,000 sq cm 1s

78 % 10,000—780,000 cu cm

A square hilometre contamns 1,000x1,000=1,000,000 sq m ihe
amount of rainfall for 1 sq km 1s therefore

780,000,000,000 cu em or 760,000 cu m
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And for the entire surface of the globe the figure 1s
180,000 x 509,000,000=397,000,000,000 000 cu m

To convert this into cubic kilometres 1t 1s necessary to divide 1t by
1,000 x1,000x 1,000, 1 e , by 1,000 m:ll:on The result 15 397,000cu Im

Thus, the annual average amount of water falling on our earth from
the atmosphere 15 equal to 400000 cu km (in round figures)

Here we shall put a stop to our hitle talk about the geometry of
rain and snow We can get more detailed data about 1t 11 books on me-

tearology



than 1n Astrahhan—for instance, mn Chile the figmie 1s below 1 em
a year

Areas where rainfall 1s below 25 c¢cm are droughty, and without
artificial 1rrigation agriculture 15 impossible

It 1s easy to sce that, having measured annual ramnfall 1n various
parts of the globe, 1t 1s possible to determine the annual average for
Lhe whole world The annual average rainfall on land 1s 78 cm It 1s
said that there 1s approximately as much rainfall i the oceans as on
land Knowing that, 1t 1s not difficult to calculate the amount of pre
cipitation—rain, hail, snow, etc —upon the entire suiface of the earth
For that you must know the latter s area If you don t know 1t, here
18 how to compute 1t

A metre 15 almost exactly 1/40 000 000Lh part of the globes circum
ference In other words, the circumference 1s 40 000 000 metres or

1
40,000 kilometres The diameter of the globe s approxumately 3

times smaller than its circumference XKnowing that we can casily com
pute 1ils diameter

40,000 37=-12,700 km

The rule goverming the computation of the area of Lhe surface of a
1

spliere 1s as follows multiply the diameter by 1tself and then by 5 ;

12,700 x 12,700 % 37 =509,000,000 sq km

(Starting with the fourth digit of the result, we write down noughts

since 1t 18 only the Iirst three digits that are reliable )
And so the area of the surface of the globe 1s equal to 509 miliron

sq km
Let us now return to our problem First we calculate how much
rawn falls on each sgnare kilometre of the earth's surface The figure

for 1 sq m or 10,000 sq cm 18

78 x10,000—780,000 cu cm

A square kilometre contains 1,000x1,000=1,000000 sq m ‘lhe
amount of rainfall for 1 sg km 1s therefore

780,000,000,000 cu em or 780,000 cu m
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And for the entire surface of the globe the ligure 1s

780,000 x 509,000,000==397,000,000,000,000 eu m

To convert this 1nto cubie kilometres 1t 15 necessary to divide 1t by
1,000 %1,000x4,000,1 e , by 1,000 million The result 15 397,000 cu km

Thus, the annual average amount of water falling on our earth from
the atmosphere 15 equal to 400,000 cu hm (in round figures)

Here we shall put a stop to our little talk about the geometry of
rain and snow We can get more detailed data about 1t 1n books on me-

teorology



remained alive, and they that were with him in the ark.” The wators
prevailed upon the carth, according to the Bible, another 110 days
and then subsided, and Noah went forth out of the ark with all the
creatures he had saved to replenish the earth.

The story of the deluge raises two questions:

1) Can any downpour cover the whole earth higher than the highest
mountains?

2} Could Noal's ark really accommodate all the breeds of living
creatures on earth?

8). WAS THE DELUGE POSSIBLE?—Both questions may be
solved mathematically. Where did the deluge water come from? From
the atmosphere, naturally. YWhere did it go after that? A whole world
acean of water could not be ahsorhed by soil, nor could it dis-
appear in any other way. The only place where the waters could
g0 was the atmosphere, 1.e., they could evaporate. And that is where
deluge water should be now. So, if all the vapour in the atmosphere
were to condense into drops and fall on the earth, there would he
another deluge with the water covering the highest mountains. Let us
see if this is so.

Books on meteorology will tell us how much moisture there is in
the atmosphere. They say that the column of air over each square metre
contains on the average 46 kg. of vapour and never more than 295 kg.
Let us calculate the depth of rain-water if all this vapour were to
condense and fall on the earth. Twenty-five kilogrammes, i.e., 22,000 gr.,
of water would be equal in volume to 25,000 cu. em. Such would be
the volume of the stratum over an area of 1 cu. m., i.e., 100x100=
10,000 sq. em. Dividing the volume by the area of the base, we get
the depth of the stratum:

. 25,000 : 10,000=2.2 cm.

The flood-water could not have risen above 2.5 cm. because there
would not have been enough water for that in the atmospherc.® And

- T —

¢ In many places rainfall sometimes exceeds 2,5 cm., but in such cases it
comes not only from the atmosphere directly over thegiven area, but is alse brought
by wind from the atmosphere of the neighbouring places. According to the Bible,
the deluge simultaneously innndated the entire surface of the Larth and therefore
onc place conld not “borrow® moisture from another,
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CHAPTER X
MATHEMATICS AND THE DELUGE

88. THE DELUGE.-—The Bible tells us how the world was once
flooded by rain water that rose higher than the highest mountains
“It repented the Lord,” 1t says, “that He had made man on the earth "

“I will destroy man whom I have created from the face of the earth,!
God said, ‘both man and beast, and the creeping thing, and the fowls
of the air ”

The only man God wanted to spare was Noah the just, and He
warned him of the fortheoming destruction of the world and told lim
to builld an ark 300 cubits in length, 50 cubits 1n hreadth and 30 cu-
bits 1in height There were three storeys 1n the ark and 1t was to save
not only Noah and his family and the families of his grown up chil
dren, but also all the breeds of Iiving creatures on earth God ordercd
Noah to take two of every sort of these creatures into the ark with
enough food for a lengthy period

God chose deluge as a means to destroy all hiving things on earth.
Water was to destroy all human bemngs and all beasts After Lhal
Noah and the beasts he was to save would create a new human race

and a new ammal world

‘And 1t came to pass after seven days,” the Bible continues, that
the waters of the flood were upon the earth And the ramn was
ST dhe etk St yrdays and fandy maghis And Lhe watans aneraasnd,
and bare up the ark And the waters prevatled exceedingly
upon the earth, and all the high hills, that were under the whole heaven,
were covered Fifteen cubits upward did the waters prevail
And all flesh died that moved upon the earth And Noah only
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remained alive, and they that were with him in the ark * The waters
prevailed upon the earth, according to the Bible, another 110 days
and then subsided, and Noah went forth out of the ark with all the
creatures he had saved to replentsh the earth

The story of the deluge raises two questions

1) Can any downpour cover the whole earth higher than the highest
mountains?

2) Could Noah's ark really accommodate all the breeds of living
creatures on earth?

89. WAS THE DELUGE POSSIBLE?—Both gquestions may be
solved mathematically Where did the deluge water come from? I'rom
the atmosphere, naturally Where did 1t go after that? A whole world
ocean of water could not lLe absorbed by soil, nor could it dis-
appear m any other way The only place where the waters could
g0 was the atmosphere, 1 ¢ , they could evaporate And that 1s where
deluge water should be now So, if all the vapour in the atmosphere
were to condense into drops and fall on the ecarth, there would be
another deluge with the water covering the highest mountains Let us
sce 1f this 1s so

Books on meteorology will tell us how much moisture there 1s 1
the atmosphere They say that the column of air over each square metre
contains on the average 16 Lg of vapour and never more than 25 kg
Let us calculate the depth of rain-water if ail this vapour were to
condense and fall on theearth Twenty five lilogrammes, 1 ¢, 25,000 ¢gr ,
of water would be equal 1n volume to 25,000 cu ¢cm Such would be
the volume of the stratum over an area of 1 cu m , 1e, 100x100=
10,000 sg em Dividing the volume by the area of the base, we get
the depth of the stratum

25,000 10,000=25 cm

The flood water could not have risen above 25 em  because there
would not have been enough water for that 1n the atmosphere * And

P

* In many places rainfall sometimes exceeds 25 cm  bubt n such cases it
comes not only from the atmesphere directly over the gisen area, but 15 &lso brought
by wind from the atmosphere of the nerghbouring places According to the Bible,
tho delupe sunultaneously 1nundated the entire surface of the Earth and therefore
ono place conld not “borrow ™ masture [rom another
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aven this height could be possible only 1f the so1l did not absorb ramn
water

Our calculation shows that the flood water, even 1f there was a del
uge, could not have risen higher than 25 em And 1t 15 a long way to
the summit of Mount Ewverest, which 1s 9 km high The Bible exag
gerated the height of the flood only 360,000 times

And so, even 1if there had been a rain deluge * 1t could not have
been a real one, but just a drnizzle because 40 days of uninterrupted
rain would have resulted in a precipitation of only 25 mm —less than

09 mm a day An autumn drzzle that lasts a whole day brings
20 times more water

90 WAS THLERE SUCIT AN ARK?—Let us now deal with the sec
ond question could the ark accommodate all the creatures Noah
had to save?

Let us see how much space there was According to the Bible, the
ark was three storeys high Each storey was 300 cubits long and 50 cu-
bits wide With the ancient West Asian peoples a cubit was a measure
of length approximating 45 cm or 045 m Converted into the metric
system that means that each storey was

300%x0 45=135 m long, and
50%045=220 m wide

The area of each floor was thereforc
135 %22 5=3,040 sq m {(in round figure)

And the total Iiving space” on all three floors was therefore
- 3,040x3=9 120 sq m

Was that space enough, say, Ior just the mammals? There are ap
proximately 3,500 kinds of mammals, and Noah had to allot space
not only for the mammals themselves, but also for enough food to last
the 150 days until the waters had completely subsided Moreover, 1t
should not be forgotten that beasts of prey required not only space
for themselves, but also for therr prey, as well as space for food for
their prey Tor each pair of mammals 1n the ark there were

9.120 3,500=26 sq m of space
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That 15 definitely not cnough, especially 1f we take mto considera
tion that Noah and hus large family also required some living space
and that 1t was necessary to have intervals between cages

Apart from the mammals, Noah had to take 1n many other Living
creatures, perhaps not s0 big as the mammals, but then far more varie-
gated Their number 1s something as follows

Birds 13,000
Reptiles 3 a00
Amphibians 1 400
Araclinids 1G 600
Insects 360 000

If the mammals alone were cramped for space, then there was abso-
lutely none for the other creatures To accommodate everything liv
mg on earth the ark would have had to be very much bigger than 1t
actually was As 1t 1s accordng to the Bible, the ark was a huge ves-
sel—to use a seamens eapression, it was of 20,000 tons displacement
It 1s highly improbable that 1n those ancient days when the shipbuild-
ing techmque was 1n its 1nfancy, people knew how to build vessels
of such gigantic dimensions But big as 1t was, 1t was not big enough
to fulfil the task the Bible ascribes to 1t The question was of a regu-
lar zoo with enough food for five months

Briefly, the Bible story of the deluge 1s belied by mathematics In
fact, 1t 1s very unhlely there was anything of the sort And 1if there
was, 1t was probably some local flood—the rest was the work of the
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CHAPTER XI

THIRTY DIFFERENT PROBLEMS

I hope that the reader hins found this book quite uscful that i has
not only entertamed lhum but also helped lum Lo devdlop his wil and
ingenuily and to make better use of lus hknowledge The reader will

Fig 89 Five scctions of a cham

no doubt like to test lus ingenuity To accommodate nim I have worked
out thirly different problems for the last chapter of the book

91 A CHAIN —A blacksmith was given a chain torn into five equal
sections of threc hinks each and was asked to fiait

Before begimning the job, the blacksmith started to think how many
Iinks he would have to open up and then reforge He finally decided
on jfour

Could this job be done with fewer links opened up and then re
forged?

92 SPIDLRS AND BELTLES —A boy collecied 8 spiders and bee
tles 1nto a little box He counted the legs and found there were alto
gether 54

How many spiders and how many beectles did he collect?

93 A CAPE, A HAT AND GALOSHES -~A man bought a cape, a
hat and a par of galoshes and pard 140 rubles for the Iot The cape
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cost Y0 rubles more than the hat, and the cape and the hat together
120 rubles more than the galoshes. How much did he pay for each
item?

The problem should be solved mental{y, without any eguations.

34, CHICKEN AND DUCK EGGS.~—The baskets (fig. 90) have eggs
in them—chicken and duck. The number of cggs in each basket is
written on the side. “If I sell this bas-
ket,” the vendor says, “I shall have
twice as many chicken eggs left as
duck eggs.”

Which basket did he have in
mind?

95. AN AIR TRIP.—A plane takes 1
hour and 20 minutes to fly from 4 to
B and only 80 minutes to return. How
do you explain that?

96.MONEY GIFTS.—T'wo fathers gave
their two sons some money. One gave his
son 150 rubles and the other 100 rubles.
When the two sons counted their fi-
nances, they found that together they _ . .
had huﬂume}rricher by only 150 rubles. Fig. ﬂl?c. 1};,}};;;:1 “,’:}f‘f‘,‘;}"f{: did
What is the explanation?

97. TWO DRAUGHTS.—Place two dranghls in any of the 64 squares
of the board. How many different positions are there in which they

can be arranged? '
08. TWO DIGITS.-—What is the smallest integer that can be written

'with two digits?
09. ONE.—Write 1 by using all the ten digits.
100. FIVE 9's.—Write 10 with five 9's. Do it in at Jeast two ways.
10{. TEN DIGITS.—Write 100 by using all the ten digits. How
many ways are there of doing it? We know of at least four.
{02. FOUR WAYS.—Show lour different ways of writing 100 with

five identical digits. |
103. FOUR 1's.—What is the biggest number that can be written

with four ['s?
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104. MYSTLERIOUS DIVISION —In the following division all
the digits except four 4'shave been replaced by xs Fill in themissing
digits

xxxxxx4! xxx

XXX x4AxX
XX4x

XXXX

XXXX
x&x

W ———

XXAXY
XAXY

There are several ways of solving this problem
105 ANOTIER DIVISION —Hecre 1s another division of this type,
only now you have seven 7 s to start with
xx7XxxxxXxx |xxxx7x
XXXXXX x7xx

XXXXX7X
XXXXXXX

xTxxXx)
X7TXXxx
XXXXXXX
XXXX7XxX

XIXXXXX
XXXXXX

106 WHAT WILL YOU HAVE?—Calculate mentally the length

of the strip of all the millimetre squares 1n one square metre, 1f placed
oneg alongside the other

107. SOMETHING OF THLE SAME SORT —Calculate mentally
the height of a pole made up of all the millimetre cubes in one cubie
metre if placed one atop another

{08 A PLANI —A plane with a 12 metfe span was photographed
as 1t was flying directly overhead The depth of the camera 15 12 cm
In the photo the plane had an 8 mm span

How high was the plane when 1t was snapped’
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109. A MILLION THINGS.—A thing weighs 894 gr Calculate
mentally the weight in tons of one million of them

_"_-"I

il

""___l

%'

L
I

Figr 91 The pat.hs dividing
the summer estate

!

110. THL NUMBER OI' WAYS —I'ig 91 1s a plan of a summer
estate divided by paths 1nto square lots The dotted line 1s the way
taken by a man to go from pownt A to pomnt 5
This, of course, 1s not the only way between
the two pomts How many different ways of
the same length are there?

{11. THL CLOCK FACE.—You are to cul
the face of the clock 1n fig 92 1nto six parts
of any shape, but the aggregate number in
all of them must be the same

The problem 1s a test for jour resourceful Fip 92 Cut the cloch
ness and mgenuity into s1x face
112. CIGHT-POINTED STAR —In fig 93 paris

fill the Little circles at the points of intersec
tion with numbers from 1 to 16 m such a way as to have a total of
34 on cach side of the square and 34 at the vertices

113 A NUMBER WHEEL —In fig ¢4 arrange the numbers 1 to
9 1n such a way as to have one of them 1n the centre and the rest at

the ends of the diameters—the sum of lhe three numbers on each di-

L

amctier to be 15
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Fig 93 The eigh! pointed star Fig 94 The number wheel,
{14 A TRIPOD —It is claimed that a tripod always stands firmly,
even when its three legs are of different length Is that right?
115 ANGLLS —How mnany degrees are there in the angles formed

by clock hands 1n fig 90 The problem should be solved mentally
withoul a protractor

116 ON TIIE EQUATOR —Ii we

could walk around the Larth on
the cqualor the top of our head
would describe a circle whose cir
cumference would be longer than
the circle deseribed by our feet

Fig 95 How big arc the angles? How great 1s the difference?

117 SIA ROWS —Youn bhave
probably heard thic johe of how nine
horses were placed 1n ten stalls? Well here 1s a problem that out
wardly 1s very much alike except that it can really be solved Here
1L 18

Linc up 24 persons in 6 rows with each row to cumprise o

{18 HOW TO DIVIDE THAT?—There 1s a well known problem
calling for the division of the figure 96— rectangle with a quarter
of 1ts arca cut off—into four equal parts What you arc ashed to do
s to divide 1t into three equal parts [Is that possible?
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In other words, each of you 1s to bring home the same amount and
the total for the 90 eggs is not to be less than 90 Lopeks

I shall stop hero to allow the reader to rack hts brains a hitle and
think how the girls carried out the instructions

Ansvrers 91 to 120

1. The job can be donc by opening up just tiree links, that is,
the links of one section, and jommng the cnds of the other four sec-
tions with them

92 DBelore you solve this problem you must know how many legs
the spider and the bectle have If you remember your natural science
you hnow that spiders have 8 legs and beelles 6

Now let us assume that theroe were only beetles—8 of them—in the
box That means there should be 6 xX8=48 legs, or 6 less than men
tioned id the problem If+wesubstitute onespider for one of the beetles,
the number of legs will increase by 2 hecause the sprder has 8 legs
and not §

It 1s clear that 1f we substitute three spiders for three heetles we
shall bring the number of legs 1n the box to the required 54 Then
mstead of 8 beetles we shall have 5, the rest will be spldcréz‘

Hence, the boy collected 5 bectles and 3 sprders

Let us verify 9 beetles have 30 legs and 3 spiders have 24 legs
And 304 24=54

There 1s another way of solving the problem We may assume that
there were only spiders 1n the box—8 of them Then we would have
8 x8=64 leps, 1 e, 10 more than stated in the problem By substi-
tuting one beetle for one spider wo shall decrease the number of legs
by 2 On the whole we require 5 such substitutions to bring the num-
ber of legs to the required 54 In other words, we must leave 3 of the
8 spiders in the box and replace the others with beetles

93 If instead of a cape, a hat and galoshes he were to buy only
vwo pawrs of galoshes, he would have to pay not 140 rubles but as
many times less as the galoshes are cheaper than the cape and the hat,
1 e, 120 rubles less Consequently the two pairs of galoshes cost
140—120=20 rnbles Hence, one pair costs 10 rubles
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Now we know that the cape and the hat together cost 140—10=
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People acquainted with algebra can add a number of other expressions
1®, 2°, 3°, 4°, ete up to 9°,
because any number raised to the zero power 1s equal Lo one *

09 It 1s necessary to present 1 as a sum of two fractions
148 = 35

zo6 T 75
[hose who know algebra have other answers
123456789° 23456798 ! ote

100 The two ways are as [ollows

09
9 09 — 10. and
99 ¢

)
5 —g =10

If you Lnow algebra, you w:ll probably add several other solutions
For instance

“

(945 =10
9+99°" =10
101 Here are four solutions
704241, 4 5-3-=100,

27 3
80 +19 . =100,

4 12
8749 . +3 5, =100,

50349 50 =100
102 1t 15 easy Lo write 100 by using five 1dentical digits—1s 3s
or— the simplest way—>5s Here we see the four ways

111—11 =100
33 % 3 - 3 —100,

HXax0—5d x5—100
(3 40454+5) x5=100
103 People often say that 1t 1s 1,111 But 1t 15 possible to write

a number many, many times greater, namely 11" 1e, the eleventh
power of 411 If vou have enough patience to calculate 1t to the end

(with logarithms such a process can be much simpliied}, you will

0
# 1t would be wrong to write —or 07 these expressions have no sense
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15 200 million times greater than 1,114 ]
104. This problem mav be solved n four dufferent | -
ways, namely

find that the tolal cyceeds 280,000 000,000 Therelore, 11 %

1337 174 943=1,418
1,343,784 949=1,410
1,200 474 846=1 419
1,202,464 848=1,418

105. This problem has only one solution
7,300,456 413 121,473=,8,781 *

These two last and rather ditficult problems were
first published in the Amernican publications School
World (1900) and Mathematical Magazine (1920)

106. A square metre equals 1,000 thousand square mul
hmetres One thousand nullimetre squares placed onc
alongside the other will stretch out 1 metre 1,000
thousand squares will therefore be 1 000 metres long,

te, 1 Kilometre long ',5

107. The answerisstunning the polewouldbe 1,000 }
Lilometres high! Let us calculate 1t mentally A culie |
metre 15 equal to 1,000 cubie milhimetre X 1,000 x 4,000 ~
One thousand millimetre cubes placed one atop another
will make a pole | metre m height And since ne hase
1,000 % 1,000 1inics more cubes, we shall have a pole
that 1s 1,000 lilomotres long

Fig 08

108 Fig 98 shows that (since angles 1 and 2 are
equal) the lincar measurements of the object are to the
corresponding measurcments of the picture as the distance of the
objcet from the lens 1s to the depth of the camera In our case,
having talen z as the beight of the plane (1n metres), we come (o

the following proportion
12,000 8=z 0,12
Itence, x—180 metres

* Three othier solutions were discovered later
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enough We shall see now that all the sides must constitute definite

portions of side @
We evidently have PR4+-AL—=AB or PR+ (a—b)=b, 1 e, PR=

2b—a Comparing the corresponding sides of the shaded part and
the unshaded one on the might, we get PR=MN 1c¢ PR= lj

d
hence — =20—a Comparing the last equation with the relation

Fig 105

3 2
a—b=d, we find b=— e and d= - a Comparnson of the shaded

part and the unshaded one on the left shows us that 4A=4/N,1e,

o
AA =PhR= -5 ._é a Thus, we see that fxDzPR'-‘:-%-a Therefore,
)

AD=-_ a

And so, the sides ol our figure cannol be taken arbitrarly They
3 2 R4
must be defintte portions ( £=, g and 5—) af stde @ Solution 15 pos

sible only in this case
119. Readers who have heard that it 1s mmpossible Lo square the

circle will probably think that geometrically this problem 1s also
msoluble If you can't square a circle, many think, how can jou
turn a crescent—which 1s formed of two arcs—into a rectangular figure?

Nevertheless, the problem can defimitely be solved by geometrical
consiruction through the application of onc of the interesting corol
laries of the well-known Pythagorecan Proposiiion that the semicir
cle formed on the hypotenuse 1s equal to the sum of the semrcircles
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formed on the two other sides (fig 103) Throwing the big sem:
circle over to the other side (fig 104), we see that the two shaded
crescentls taken together are equal to the triangle * If we take an 1sos
celes triangle, then each of these two crescents will be equal to half
of this tnangle (fig 105)

Hence, geometrically 1t 13 possible Lo [orm a right 1so0sceles triangle
whose area will be equal to that of a crescent

And since a right 1sosceles triangle can easily be
converted 1nto a square (fig 106), 1t 1s possible geo-
metrically to replace our crescent with a square

There now remains only to turn this square into
an equivalent cross (comprising, as it 15 known,

Fig 106 5 equal sized squares) There are several ways of doing

that two of them are shown 1n figures 107 and 10>,

and both begin with umiting the vertices of the square with the
centres of the opposite sides

Fip 107

It should be borne 1n mind, however, that to turn a crescent 1nto
a cross of siumilar area we must have a crescent formed of two ares of
the circumference the external arc, or a semicircle, and the internal
arc, or a quarter of the circnmlerence of a relatively higger radius **
I have shown you how to construct a cross equal 1in arey to a cres
cent The ends < and D2 ol the crescent (ﬁg 109} are connected by a

* In geometry this relation 1s hknown s the “Hippocrates s lunes
¢* The crescent we seen the shy 1s somewhat dieffrent 1n form  1ts external
arc 15 a semicircle and the internal 1s a cemiellipse Artists often paint it wrong
by forming 1t of 1res of circumferences
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straight line, 1n the centre 0 of this straight Iine we raise a perpendic-
ular and lay off OC=04. The 1sosceles triangle OAC 1s then filled
out to form the square OADC which 1s turned into a cross by cne of
the ways shown 1n figures 107 and 108

Fip 108

121, Let us continue with the Benediktov story

“The problem was a tricky one and the three daughters discussed
It on their way to the market, with the second and third appealing
to the eldest for advice  The latter thought for a while and then
said

“‘Look, sisters, well sell our eggs seven at a time and not ten as
we always do We’ll fix a price for seven eggs and stick to it, as moth-
er has told us to Mind you, don't reduce the price however much
people may bargain! We'll ask three kopeks for the first seven eggs,
all right?”

“‘That’s pretty cheap!’ the second sister interjected

“‘Never mind,’ the eldest retorted, ‘well raise the price for the
eges that remain after that I have made sure that therc won 't be Ay
other egg vendors ak the market So there’ll be no one to force our
prices down And when theres a demand for eggs and not many of
them are left, the price goes up, that's only natural Andthat's exact-
ly where we'll make up ’

“‘And how much shall we ask for the remaimng eggs®' the young-
est sister asked

“‘Nine kopeks an egg And beliove me, people who need eggs will

pay the price ’
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‘“That’s pretty stifi,’ the second sister remarhed

“ 50 what? The first seven egg batches will be cheap The expen-
sive eggs will make up for the loss

The sisters agreed

‘At the markhet each chose a place The cheap price brought on an
avalanche of buvers and the youngest, who had v0 cggs, soon sold
all her epe- but one At three hopehs per
seven cgas she made 21 kopeks The scecond
sister, who bad 30 eggs, made 12 kopehs
by selling four people seven eggs each and
had two cggs left 1n the basket The eldest
made 3 hopehs from the sale of seven cygs
and was left with three eggs

‘Suddenly a cookh appearcd with 1n
structions to buy ten eggs Her mistresss
sons had comehome onleave and they loved
an omelette The cook rushed about the
marhet, but the only vendors were the tFig 109
three sisters and then they had only
s1x eggs—the youngest had one the second sister two and ihe
eldest threo,

“It 13 only natural that the cook rushed to the one who had three
—that 15, to the eldest sister whe had sold her batch of seven cggs
for 3 Lopehks

* How much d'you want for your cggs? she asled

“‘Nine Lopehs an ege, was the reply

“What!?® You're crazy!

* Take them or leave them These are my last and I wont take
a Lopck less

“The cooh ran Lo the sccond sister, the one who had two cggs left
in her basket )

“How much®' she yelled

‘Nine Lopeks an egg That's the price and these are m) Iast.
eggs

“‘And how much do you want for your egg? the cook turned to
tho youngest sister

g
:‘:' |
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straight Iine, mn the centre & of this straight line we )
ular and lay off OC=04, The 1sosceles triangle O.
out to form the square OADC which 1s turned into
the ways shown in figures 107 and 108

e 108

121. Let us continue with the Benediktov story

“The problem was a tricky one and the three de
1t on their way to the market, with the sccond an
to the eldest for advice  The latter thought for
said

“'Look, sisters, we'll sell our eggs seven ab a tu
we always do We’ll ix a price for seven eggs and st
er has told us to Mind you, don't reduce the pri
people may bargain] We'll ask three Lopelks for tk
all right”

““That’s pretty cheap! the second sister interje

“Never mind,” the eldest retorted, ‘well rase
eggs that remain after that 1 have made sure that
other egg vendors ak the market So therell be n
prices down And when theres a demand for eggs
them are leit, the price goes up, that's only natural

ly where we'll make up’
“‘And how much shall we ask for the remaining

est sister asked
“‘Nine kopeks an egg And believe me, people v

pay the price’

150



““‘Nine hopehks ’

“Well, there was nothing the cook could do, so she hought the eggs
at Lhis cxorbilany price

““All ght,’ she burst out, I'H take the lot

“She paid 27 hopeks to the cldest sister for her three eggs and with
the thirec hopeks the latter had from the carlier sale this brought
her total receapts to 30 hopeks [he sccond sister got 19 hopehs and
with the 12 hopeks she had recerved carhier that also made 30 kopeks.
The youngest gol 9 hopehs for the remaiming cgg and that  added to
the 21 Lopchs she had made on the sale of 49 epgs brought the total

also to 30 lopeks
“The thiree sisters then returned home gave the money to therr

mother and told her how, sticking to the price they had agreed upon,

they had succceded 1n selling ten cggs for the same price as 50.
“Their mother was very pleased that her wnsiructions had  been

carrredt ont and thal lher eldest daughter had proved so clever But
she was even happier that her daughters had brought her “exactiy what

<he had told them to hring—90 kopeks ”



