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GETTING
STARTED
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What does it mean to be a mathemat-
ical smarty pants? It sounds like it
means being smart in math. And it
does. But that only helps If you under-
stand what it really means to be smart
in math. And that's not so simple to ex-
plain hecause being smart in math can
mean several things, and different
things.

Here's an exampie. There are some
kids who are whizzes at dealing with
numbers. They do arithmetic fast,
really fast. Ask them which 1s a better

A

buy, two for a nickel or three for a
dime, and they’ve figured it out in a
jiffy. (Do you know?) And not only do
they know for sure whether 14 or 14 is
larger, they can tell you fractions that
fit in between those two, lots of them.
(Can you?) They never seem to forget
where the decimal point goes in a prob-
lem, or how many times a number goes
into another. Are these kids smart in
math? In a way, yes. Being smart with
numbers is one way to be smart in
math. But it's not the only way.




Then there are the kids who are
great with shapes, who can ''see”
things easily in their heads. When a
certain kind of problem comes along,
it’'s just their cup of tea. For example,
they can tell if a particular shape, such
as this one,
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will fold up into a cube, without having
to cut it out and test it. (Will it?) There
may not even be numbers in the kinds
of problems these kids are good at and
like to do, hut with anything geometric,
it’'s a cinch. Are these kids smart in
math? Yes, they're smart, in a differ-
ent way than the number whizzes are.
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Some Kkids are good at strategy
games and puzzies that don't have
much to do with either arithmetic or
shapes, but have more to do with think-
ing logically to figure things out. Give
them puzzles, and they’re the first to
find a solution. Play a game of giant
tic-tac-toe with them, one with a hoard
like this one,
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where you need four in a row to win,
and they are tough to beat. Really
tough.

7hese Kids
o 4re smart
pants T
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For some kids, being fast in math is
important. They like fo get the right
answers, in a hurry, and then get on to
the next problem. Not so for others.
Other kids tend to work a long time on
problems, never seeming to be in a
rush, and often are just as interested in
geeing if there are other solutions to the
same problem, Neither one of these
kids is necessarily more of a mathe-
matical smarty pants than the other,

Are You a Math Smarty Pants?

You may be wondering if you qualify
as a mathematical smarty pants.
You're not alone. Lots of kids wonder
about that. What's important for you to
realize is that mathematical smarty
pants come in many types. The truth is
this: You're not born being a math
smarty pants—it is something you
learn. The real trick to being a math
smarty pants is believing that math
malkes sense, or can make sense if you
put your mind to it. If you believe that,
or are willing to believe it, even just a
littie bit, then this book can help. Be-
lieving takes practice, and the best
kind of practice is math practice.
There’s plenty of that in this book. You
can be a mathematical smarty pants if
you really want to. It’s up to you.
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Maybe you hate math. Really hate it.
You have no idea whether it's better to
buy two for a nickel or three for a dime,
or whether any shape will fold into a
cube, and you’re not sure you even
care. What you're wondering is: How
come I've read this far in this book
anyway?

Consider this: The reason you're
reading this book right now is that
there's a part of you, a mere fractional
part (as a math smarty pants might
describe it), that doesn’t feel quite
right about hating math. And you’d like
a second chance to set the matter
straight.

Some people think that being good in
math is just getting the right answers
to problems; they think you either
know how or you don’t. That's just not
true. The first step in getting good in
math is believing there is a difference
hetween not being able to figure out a
problem and not figuring it out right
away. When a problem seems hard, in-
stead of thinking ‘I can’t do this,”
think ‘I just haven’t solved this prob-
lem yet."” You don’t need to rush in
mathematics!

If you want a second chance, give
this book a try. You may learn you're
smarter in math than you think!
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No way/!
its a clear
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think about
maaic. Actuall
thats nofa ba
way to make a
bicytle disappear.

Arithmetic is the part of mathemat-
ics that has to do with numbers—adad-
ing columns of numbers, doing division
problems, multipiying, and subtract-
ing. Sometimes those numbers are
fractions or decimals. You’'ve heard all
this before. It may even be old hat to

you. The arithmetic in this chapter,
however, may not always seem like the
arithmetic you're used to. But if you
look carefully at all the stories and
preblems, you can find the arithmetic
lurking in them. It's kind of sneaky
sometimes, but it’s there.




The $1 Word Search

“Excellent’’ is a $1 word, mathemat-
ically speaking. 8o is ‘“‘discipline,”’
which is what you’ll need to find more
of these wonders. To find them give
each letter a cent value: a =1cent, b=
2cents, ¢ =3 cents, andsoonuptoz =
26 cents. Then add the value of each
letter in a word. Check for yourself to
see that "‘excellent’”’ and ‘‘discipline"
really are $1 words. Now it's up to you.
How about your first name? Is it worth
$17 ("‘Suzanne'’ and ‘“‘Kristin’' are. So
are ''Henrietta’’ and ''Christian."’)

To help in your search for more of
these valuable words, here are some
hints. There is a Halloween word that
is worth $1. (Nope, it’'s not ‘‘Hallow-
een'’'; that's worth only 95 cents.)
There’s a Thanksgiving $1 word, as
well as one astrological sign and one

A qbllar
15 worthon
2.t
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Uncle
== says T isn't

even worth
o thatr much.

% Whats a paradox™
See page 8.

29 (Gold is worth only 324,
) but sifver 57541
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U.S. coin. There are at least two U.8.
cities—one is in Wiscongin, and the
other i8 in hoth Oregon and Maine.

There's a beverage that is illegal for
kids to drink that’s worth $1, though it
sometimes costs more than that to buy
it in restaurants and bars. There are
several animals at the zoo that are §1
words, and one underwater creature.
There’s a number less than 100 that’s
worth $1, as well as something you
wear to keep your hands warm in the
winter.

At this time more than 200 $1 words
have been discovered by addition-lov-
ing kids from all over the United
States. How about having a $1 word
contest at your next party? And if you
read carefully through this book, you'll
find $1 sentences stuck in from time to
time —sentences in which every word
is worth $1.00!

How mueh
is Weldon the
Magic Burny
worth ?

Filte ets smokers,

ring us
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NUMBEP\ 1 Start with any num-

ber you like and follow these rules. If
the number you start with is even, div-
ide it in half. If it's odd, multiply it by 3,
then add 1. Whatever answer you get,
apply one of these rules to it again. And
do that over and over again —that’s the
looping part.

Here's a sample. Start with 10. It's
even, s8¢ take hali. That gives you 5.
That’s odd, so multiply it by 3 and add
1:(6x3) + 1 = 16. Back to even, so take
half and get 8. Half again gives you 4.
Half again gets you to 2, and half again
gives you 1. Since 1 is odd, multiply by
3 and add 1 to get 4. Half of 4 gives you
2, and half of that gets you back to 1.
You're in a loop now and will be for-
ever if you keep at it.

Try the same procedure with 30 and
see if what you get matches this: 30, 15,
48, 23, 70, 35, 108, 53, 160, 80, 40, 20, 10, b,
16,8,4,2,1,4, 2,1,

Try a few more. If you start with 88,
you'll have 17 steps to go before you hit
1. If you start with 27, it takes 109

< Add 1 that

steps! With a caleulator, you should be
able to poke right along; without one,
you’'ll still get there —it will just take a
while longer.

f

Here goes 3.
s odd so il
multiply 1Tby 3,
which makes 4
ives
me 10. Thats
even,so |

divide it in ha!f

Hmm...

and get 5. Thats
5d3%5 P uttipl Looks
it by3, which 7
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This system for looping Interests
mathematicians. In fact, it has inter-
ested some mathematicians so much
that they've tried starting with every
number from 1 to 1,000. Every one
loops into that 4—2—1 pattern at the
end.
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Mathemadticians are never satisfied,
and the question they have is this: Will
every number loop into that pattern?
Well, there'’s no telling. It's not possible
to figure out a proof. A proof is an ex-
Planation that convinces everyone that
semething is true without their having
to try it over and over again, As clever
as mathematicians are, not one of
them has come up with a proof that
looping back to 4--2-1 will always
happen. No one has found a number
that doesn't work, but no one has been
able to prove that any number will
work. It just goes to show that mathe-
maticians don’t know everything.

éoﬁlg—s“9\7ﬂb,g’
NUMBER 2 For this numerical

stunt, you start with any two numbers
from 0 to 9 and follow this rule: Add the
two numbers and write down just the
digit that is in the ones place. Here’s an
example: Suppose you start with 8§ and
8. Adding them gives you 17. Keep just
the 7, which is in the ones place. S0 now
you have 8—8-—7. Add the last two
numbers, the  and the 7. That gives 1¢;
keep just the 6, then you have 8—9—7—
6. Keep going, adding the last two num-
bers in the series each time, keeping
only the digit in the ones place. Do this
until you get 8 and 9 again. Then the
loop starts all over. The 8—8 pattern
has twelve numbers in the loop hefore
it repeats.

L2 =3
] ~g

I've lr:'.een1
happenedg < up all
o ‘4 S9hN night
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If going around in a numerical circle
appeals to you, you may have the mak-
ings of a terrific mathematician. Hang
in there. But beware. If you start with
the same two numbers, but in the op-
posite order, and follow the same rule:
9..8—-7—5, and so on, it will take 60
numbers before it starts to repeat!
Don’t tackle that one unless you're
sure you have the time. For a quickie,
start with 2 and 6.

Here are the kinds of questions math-
ematicians ask about an exploration
such as this one: How many different
possible pairs of numbers are there to
start with? (It’s okay to start with two
numbers that are the same.) What's
the shortest loop you can find? What's
the longest loop? 1s there a pattern of
odds and evens in the loop?

What i we

8 looped }
SMARTY PANTS T

ATy, =
“fofour- AT "9 four-4-forr-d-f,

@P‘?ﬁ—’f" four-4 _ fourA4 -
NUMBE.R 3. This 1s a numerical

looping that also uses words. You start
with any number, 39, for example.
Write it as a word: thirty-nine. Then
continue as shown.

Start with any number 39

Write it as a word thirty-nine
Count the letters 10
Yeah— Write that as a word ten

Ut ’rhér e Count the letters 3

are eleven Write that as a word three
Count the letters 5
Write that as a word five
Count the letters 4
Write that as a word four
Count the letters 4

You'll get 4 forever and ever now. As
a matter of mathemadtical fact, yowll
get to 4, no matter what number you
gtart with originally. Try a different
number and see. Convince yourself
with some examples, then see if you
can figure out why you'll always get to
four.




Dealing in Wheeling

Have you figured out the problem
T.J. presented to Billy and Speedo? If
not, here's g hint. Try solving this one
first; it's an identical problem: A kid
bought a tape recorder for $40, then she
sold it for $50; she later hbought a
record player for $60, then she sold it
for $70,

Now you may think this isn’t much of
a hint. As a matter of fact, you may
think the two problems are not identi.
cal at all. Well, they are. Don't let the
bicycle partin T.J.'s version throw you
off the track. You have to see beyond
that to get into the mathematies of this.

This problem has caused fierce argu-
ments in Berea, Ohio, in Smithtown,
New York, and in Mill Valley, Califor-
nia. 8o beware If you ask for help.

Consecutive
numbers are
humbers
in oraer. ..

| pile the
cards on
fop of the
aces in

solitaire.
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The Pattern of Consecutive Sums

Looking for patterns is a mathemati-
cian’s idea of a swell time. It's like
hunting for treasure that you know is
there, if you can just unearth it. Some-
times patterns appear in the most ob-
vious places. Even in easy addition.

Here’s an addition investigation that
is a probilem with some interesting pat-
terns lurking in it. This investigation
has to do with writing numbers as the
sum of consecutive numbers. Consecu-
tive numbers are numbers that go in
order—like 1, 2, 3 or 29, 30, 31, 32 or 745,
746 —and don’t skip to get from one to
the next. So 8, 8, 9 aren't consecutive
because the 7 was skipped. And 1,3,5,7
aren’t because with them you need to
add two to get from one to the next.

Here's a sample of how to write a
number as the sum of consecutives:
9 = 4 + 5. But 9 can also be done another
way: 9=2+3+4.



The number 12 can only be done one
way: 12=3+4+5. The number 15,
however, can be written as the sum of
consecutive numbers in three different
ways: 16=1+2+3+44+5, 156=T+8,
15=4+5+6.

Your job in this investigation is to
find all the possible ways to write each
of the numbers from 1 to 25 as the sum
of consecutives, using only whoile num-

bers: 1, 2, 3, 4, and so on. Look for pat-
terns. Which can be written as the sum
of only two consecutives? Which can be
written as the sum of three consecutive
numbers? Four? More? Between 1 and
25 there are five that can’t be done at
all; what are they and what are their
patterns? The patterns can be found
everywhere, if you just know how to
look.

I"ueq,Eﬁoc;frs!i
| need some
calculator

over

whatare Jou | Finding sums

of consecutive
Nnumbers. 5
Tl’l., 21, OKBH,

help
And so does
O+11/

: WY
Mittens Preven‘r ahivers.

You know,
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are tmpossible

todo !

P.3. The number 315 can be written
as the sum of consecutive numbers 11
different ways; 3156 is the smallest
number with that characteristic.

Answer o Dealing in Wheelng :
10 cows? on) $SO Spe9q



Chummy Numbers

When two numbers are friends in
mathematics, they are called ‘“‘ami-
cable.”’ Take 220 and 284. There’s a pair
of very buddy-buddy numbers. You
may bhe wondering why they're so
friendly. (I certainly hope you're won-
dering. Curiosity about such matters is
the first step toward becoming chum-
my with mathematics.)

Well, here’s why. The numbers
smaller than 220 that divide into it
evenly are 1, 2, 4, 5, 10, 11, 20, 22, 44, 55,
and 110. And the numbers smaller than
284 that divide into it evenly are 1, 2, 4,
71, and 142.

If you add up each of those strings of
numbers, you will find that the divisors
of 220 add up to 284, and the divisors of
284 add up to 220. Pretty chummy,
wouldn’t you say? And definitely un-
usual.

There aren’'t many numbers that are
such tight friends as these. Maybe
that’'s why numbers such as these were
once thought to be mystical.

An Italian named Nicelo Paganini
found a pair of amicable numbers
when he was just 16 years old—1,184
and 1,210. Doublecheck his work. Do
you agree with him? Two other pairs
were found in the seventeenth century
—17,296 and 18,416, and 9,363,584 and
9,437,056.

Do you have any idea how someone
would set out to find a pair of amicable
numbers?
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The Three Little Pig Evyes
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Have you heard about the three little
pig eyes? These are legendary, mis.
chievous creatures, tricksters reaily,
who are fair in their hearts, but who
spend much of their free time playing
tricks on people. And they play many
tricks since practically all of their time
is free time. It's one of the advantages
of being a legendary creature.

The magical, mischievous pig eyes
are not quite as well known as some
other fabled creatures. Or maybe they
are just not as popular. Perhaps it’s be-
cause they have hideocus, annoying
laughs. They’re either laughing at
their own jokes, jokes that no one else
would think are at all funny, or they're
laughing at other people, who weren't
even making jokes.

Here's an example of the kind of
trick they play, one that they thought
was really funny. They played this
trick on 3ally McCrackin, who didn’t
think it was funny at all. That’s usually

the way with their tricks. )
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Sally McCrackin was walking home
from school one day. She had just said
goodby to her best friend, Lisa, and
was walking the last stretch alone,
reaching into her school bag for the
sack of peanuts she was saving for this
part of the walk, (Sally loves peanuts.)
She had the sack in her hand and was
about to reach in for her first peanut.
Suddenly, from the side of the road, out
jumped one of the tricksters with little

Pig eyes.




‘“Peanuts, huh!’’ the trickster cried.
“Oh, how 1 love peanuts,” and it
grabbed Sally’s sack right out of her
hand.

“(Give me that!'’ Sally shouted. *“You
have no business grabbing a kid’s sack
of peanuts. They’'re mine, and you'd
better give them back to me.””

The trickster laughed one of those
hideous laughs, and that's when Sally
got a little scared.

““You can have a few if you like,’’ she
said a little nervously.

“T can have as many as I like,” re-
plied the trickster, “‘but I feel pretty
generous today. I'll just take half of
them.”” And it dumped out the peanuts,
dividing them into two equal piles.
Sally watched, feeling astonished and
helpless. It stuffed one pile into its

pocket. Then it put the rest back into
Sally’s sack. ““And,” the beady-eyed
creature said, ‘I think I'll take just two
more from your sack.” Which it did,
throwing the sack back to Sally, and
then disappeared behind a tree.

Sally was stunned. And wouldn't you
be? She stood there for a minute, hold-
Ing her sack, with the ringing of that
laughter still in her head. Then she be-
gan to walk on again, a bit shaken.
What else could she do?

A little farther on, when Sally was
feeling a hit better and her heart
wasn't pounding so hard and her
breathing seemed calmer, she decided
to chalk up the experience as one of
life’s hard knocks. She reached into the
sack to cheer herself up with one of the
remaining peanuts.
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But even before she could eat one
peanut, another of the little pig eyes
jumped into her path. ‘‘Eeeaaahhh!" it
screamed. The scream turned into
screeching laughter when the little pig
eyes grabbed the sack right out of
Sally’s hand. ‘I looocooove peanuts.’’

As you might imagine, Sally was
stunned. What an unlucky day this was
turning out to be. But, finally, she
shook herself into action and spoke
with the voice she had learned to use
when her dog was mishehaving. “Give
me that sack of peanuts right now,”’
she gaid, stamping her foot.

This made the trickster laugh so
hard that tears were pouring out of
what seemed like the tiniest eyes Sally
had ever seen. "'I'll give them to you
when I'm ready. Geooood and ready.
But first I'll take seme for myself, if
you please, or even if you don't please.
I'll take half, 1 think.” Then this little
pig eyes dumped the peanuts out, di-
viding them into two piles, stuffing one
pile into its pocket, and put the rest in

Sally's sack. ‘“And,” it said, laughing
80 hard it had to held its stomach, or
what seemed to be its stomach, “I'll
take just twooooo more and be on my
way.”” Which it did, leaving Sally’'s
sack on the ground, and disappeared
into the field on the side of the road.

Now Sally was a very reasonable
person who llked to make sense of
things. But this was a tough one to fig-
ure. She didn’t feel afraid exactly. She
felt more startled, like she did when a
mouse caught her by surprise or when
a snake appeared in the road. These
piggy tricksters were very unusual, bi-
zarre even, but they didn’t seem dan-
gerous. Just wait until I tell Lisa, she
thought, as she picked up her sack. But
would Lisa believe this? Was it really
happening? Who were these creatures,
with their little pig eyes and their grat-
ing laughter. They certainly are rude,
she thought, whatever they are, And
not knowing what else to do, Sally
walked on, reaching into her sack for
one of the remaining peanuts.
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As you may have already guessed,
Sally didn’'t get that peanut out of the
sack. Trickster number three popped
out. This one was a fast-stepping, fin-
ger-snapping weirdo who did not seem
to be able to remain stiil for even an in-
stant. It hopped around Sally, snapping
its fingers, clapping its hands, talking
as fast as it moved. “Peanuts, peanuts,
1 love peanuts. And most of all, I love
your peanuts. Do not dawdle, my little
sweet. Hand over the sack, the entire
treat.”

This time Sally got mad, really mad.
"“Don't call me your little sweet. I'm
not your little anything, and I know
what you want. You want half my pea-
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nuts, then two more, and I think that’s
mean. And I think you're wetrd and ri-
diculous looking, and you probably
have a hideous laugh."”’

That seemed to be the funniest thing
the trickster had ever heard, judging
from the way it fell to the ground
laughing and shrieking, grabbing the
sack at the same time. “You're right,
my clever peanut lover,”’ it said, turn-
ing somersaults. ‘‘Half plus two more,
that's for me; a more cooperative Sally
there will never be. A pile for me, a pile
for you, then I'll reach in your sack and
also take two.”’ Off it ran, running with
a strange gait, clicking its heels,
swinging its arms over its head.
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All this was too much for Sallty. She
had been brave up to this point, but
now she'd had too much. She sat down
at the side of the road, clutching her
sack. She opened it up and looked in-
side. There were only two peanuts left,
Only two peanuts. A little while ago her
sack had been full. Sally put her face in
her hands and started to ery, loud,
jerking, long, hard sobs. Finally she
stopped crying, gasping for breath,
and reached in her pocket for a hand-
kerchief to dry her eyes. She looked up,
and there in front of her were the three
creatures, not laughing at all now, but
lined up staring at her.

Sally tried staring back at them but
could feel herself beginning to cry
again. She tried to control herself: she
hated having them see how upset they
made her. “You’re mean!’’ she said to
them, raising her chin s little.
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““We're just tricksters,” the first one
answered.

“Hrrummff,”” Sally said, still snif-
fling.

“It was just a trick we played. That’s
what we do; we play tricks on people,”’
the second one said.

‘“You took my peanuts, that's what
you did,”” Sally accused.

*“We’ll give them back to you if that
will make you feel better,”” the third
one said.

Sally looked at them suspiciously.
“Prove it,”’ she said.

The three huddled together in a
group, whispering to each other. Sally
sat there, unable to hear what they
were saying and very tired of the entire
situation. She wanted to get her peanuts
back andtogohome andforgetthe whole
thing.

The three came out of their huddle.



They answered in unison. ''How
many peanuts were in your sack when
it was full?"’

“I don’t know,’” Sally said.

“That's the problem,’ the first one
said, giggling a little.

“You can figure it out. You know we
each took half plus two more,” the
second one said, starting to giggle also.

‘“And you have two left in the sack,”
the third one said. And the three of
them began rolling on the ground,
laughing and laughing.

Sally ignored their laughing and be-
gan to think. After a while she got out
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some paper and a pencil and wrote
gome figures. Then she collected some
pebbles to use as the peanuts. She actu-
ally got interested in the preblem. And,
sure enough, she solved it.

As soon as Sally announced her an-
swer to the three little pig eyes, they
emptied their pockets and counted up
to see if she was right. She was, and
they put all the peanuts back into her
sack, gave it to her, and scampered
away, laughing as if this were the fun-
niest thing they had ever done.

What answer did Sally come up
with?
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Like many math problems, thig one
can be solved in several different
ways. It is a tricky problem since it
seems as if it has to do with arithmetic,
but not the usual arithmetic. It's not a
“trick’'’ problem, like the ‘““What’s Odd
About This?" problem on page 86.
Tricky problems are fair and square,
but trick problems have a sneaky twist
that can stump even the best mathe-
matical thinkers. Discuss this problem
with someone else to see if you can find
different ways to solve it.




On Which Day of the Week
Were You Born?

Even though you were there at the
time, you may not know on which day
of the week you were born. Your par-
ents may remember; then again they
may not. (You never can be sure what
grownups will remember.) With some
careful mathermatics, however, it's
possible to figure out on which day you
were born. Just follow these directions.
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When were
these Dig eues
you met born (e

1. Write the last two digits of the year
you were born. Call this number A.

2. Divide that number (A) by 4 and
drop the remainder if there is one. This
answer, without the remainder, is B.

3. Find the number for the month in
which you were born in the Table of
Months below. Call this number C.

4. On which date of the month were
you born? Call this number D,

5. Add the numbers from each of the
first four steps: A+ B+ C + D.

8. Divide the sum you got in step 5 by
the number 7. What is the remainder
from that division? (It should be a
number from 0 to 6.) Find this remain-
der in the Table of Days. That table
tells you on which day of the week you
were born.

This method works for any date, as
long as it's in the twentieth century.
You can’t use it to find out days before
1800. It will help you find out on which
day of the week Halloween or your next
birthday will land. In the back of some
telephone books there is a perpetual
calendar. That calendar will help you
check to see if you did your mathemat-
ics correctly.

TABLE OF MONTHS
JANUARY « » » - 1(O in 2 leap year)
FEBRUARY -« - +4(3 ina leap year)
MARCH <+« 4
APRIL:++ ()

MAY e eeeens fd
JUNE-- - --r 5
JULY=- -+ -2 O
AUGUST S
SEPTEMBER' &
OCTOBER---+ 1
NOVEMFBEF\ 4
DECEMBER: - &

TADBLE OF DAYS

SUNDAY
MONDAY
TUESDAY ————
WEDNESDAY-——
THURSDAY ———
FRIDAY
SATURDAY—
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Goose rhyme, ‘“Solomon Grundy”?
Here’s one version of it: -

| wonder if that
rhuyme has anything
to dowith ye rs T

Solomon Grundy .;g‘.g.;—m
Born on Monday . _-;_‘;;;},. )
Christened on Tuesday }
Married on Wednesday
Took ill on Thursday
Worse on Friday

Died on Saturday
Buried on Sunday

This is the end

Of Solomon Grundy.

How is that possible? With a bit of
logical thinking, it's possible to explain ~ :
how the life of Solomon Grundy really
could have happened as the rhyme
says it did. It’s surprising how often
mathematical thinking is useful.

Ancwer to 7heThree Lifle. Prg Eyes
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Whenever wizards whistied,
elephanfs spouted.




Incredible Calculatoré

Have you ever noticed that some people cando arith-
metic faster than others can™Somefimes this is because
one person has had more practice than another. But
some Feople can do arithmetic computations so in-

credib _
their abilities,

fast that practice doesn't honestly explan

Throughout history there have been
lightning-fast calculators who could do
remarkable arithmetic feats in their
heads. Their talents have amazed the
slowpokes around them. Thomas Full-
er was called the “*Virginia Calcula-
tor.'” He was captured and brought to
America from Africa as a slave in 1724,
when he was only 14 years old. It
wasn’t until he was 70 that he became
well known for his arithmetic talent.
He could easily perform feats such as
multiplying two nine-digit numbers in
his head. Once, when his rare ability
was being tested, he was asked to fig-
ure out how many seconds there were
in the 70 years and 17 days he had been
alive. He figured it out in a minute and
a half—in his head. The examiners
who were testing him figured the an-
swer also—on paper, of course. They
got a different answer. But Thomas
Fuller was able to show them that they

had forgotten about leap years! Thom-
as Fuller died in 1780 at the age of 80,
never having had any formal schooling
and without even learning to read or
write, -

.my}.‘—-no

Zerah Colburn was the son of a farm-
er. He was born in Vermont in 1804. His
parents never thought he was very
bright, but after he had been in school
for only a month and a half, they heard
him reciting parts of the multiplication
tables. His father, curious about his
son’s interest in multiplication, asked
Zerah, ""How muchis 13X 97?" *‘1,261,”
Zerah answered, as quickly as you
might give the answer to 3 x §. Zerah
was only s8ix years old at the time.
Zerah's father immediately took Zerah
out of school and on an exhibition tour
wiéh high hopes of earning lots of mon-
ey by showing off his son’s remarkable
talent.



At the age of eight, when Zerah was
giving a demonstration of his powers in
England, he was asked to compute 8 to
the 16th power. That means 8 X8 X 8x 8
and so on, multiplying 8 by itself 16
times. He gave the answer, which is
281,474,976,710,8568, quickly and easily
and brought the astounded audience to
tears.

Zerah received his formal education
in England. With education, strangely,
his calculating abilities decreased.
Eventually he returned to the United
States, where he tried acting and
schoolmastering, becoming a preacher
and later a teacher of Greek, Latin,
French, Spanish, and English. He
wrote his autobiography, explaining
some of his calculating methods. Zerah
Colburn died in 1840.
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Another calculating prodigy, Tru-
man Henry Safford, was born in 1836,
also in Vermont. When he was ten
years old, the Reverend H. W. Adam
gave him this problem: Multiply in
your head 365,365,365,365,365,365 x 365,-
365,365,365,365,365. According to Rev-
erend Adam’s description, Truman

“flew around the room like a top, pull-
ing his pantaloons over the tops of his
boots, biting his hands, rolling his eyes
in their sockets, sometimes smiling
and talking, and then seeming to be in
agony.”’” In less than one minute, he
had come up with the correct answer:
133,491,850, 208, 566, 925,016,658,299, 941, -
5832,225! Truman admitted that he was
tired after doing this calculation. Tru-
man never did public exhibitions, He
eventually went to college and studied
astronomy; but as he got older, he lost
some of the amazing abilities he had
had when he was young. He died in
1901.

There have been others with these
incredible calculating abilities. If these
stories were interesting to you, you
may want to find out about other arith-
metic prodigies. Ask a librarian for
help in finding information about John
Wallis: Johann Carl Friedrich Gauss;
Andre Marie Ampere; George Parker
Bidder, 8r.; George Parker Bidder,
Jr.; Johann Martin; Zacharias Dase;
Jacques Ingudi; and Shakuntale Devi.



Speedo Multiplication

Some of the people who have been fa-
mousd calculating whizzes have been
able to explain some shortcuts. It’s un-
likely that you'll be able to match their
extraordinary feats, but you can learn
some calculating tricks and dazzle
your friends and family. You may even
dazzle yourself,

Most calculating shortcuts require
that you do some mental arithmetic,
and often keep some figures in your
memory. Here's a speedo way to multi.
ply any number by 11. Try this method
to see if you can get good at it and if you
like this sort of thing. It may seem
complicated to learn, but once you do,
it's really fast.

When you multiply a number by 11,
using this method, you get your answer

one digit at a time, starting in the ones
place and moving to the left. Here's an
example: 523 x 11.

1. The ones digit of the answer is the
same a3 the ones digit of the number
you're multiplying by 11: 3.

2. To get the tens digit of the answer,
lcok at the tens digit in the number:; 2.
Add that to its right-hand neighbor (the
3 in the ones place): 2+ 3 =5, That's
the tens digit in the answer. Now you
have 53.

3. Continue the same way. To find
the next digit of the answer, find the
digit in the same place in the number
and add it to its right-hand neighbor.
The answer s¢ far; 753.

4. The farthest left-hand digit in the
answer is the left-hand diglt in the
number, The final answer using this
method is 5,753. Do you agree?
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Write down a few more ‘“‘times 11"
problems, and you'll start to see why
this shortcut works.

Sometimes when you add a number
to its right-hand neighbor, that sum is
more than 9, so you have to carry 1,
just like in regular addition. For exam.-
ple, if you use this method to calculate
892 x 11, you'll have fo carry 1's.

Heres h
e 8%
L. The ones 8927
digitis 2. x 11
Z
2 9+72 =11 8IL
(carrythe ) x 11
1Z
3.8+9=17 892
17+1- 18 X1l
(carry the 1) 812
4 8+1 =9 8392,
x11
9812
n step B '
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To multiply by 12, the method is al-
most the same as for multiplying by 11.
The difference is that you double the
digit before adding its right-hand
neighbor to it (except for the final
digit). So to multiply 564 x 12, follow
these steps:

1. To get the ones digit, double the
-nes digit in the number you're multi-
plying by 12; &.

2. For the next digit in the answer,
take the 6 and double it, then add it to
its right-hand neighbor: 12 +4 =16.
Write the 6 and carry the 1; now you
have 68,

3. For the next digit, take the 5 in the
number, double it, then add it to its
right-hand neighbor, which is 6: 10+ 8
= 16. Then add the 1 you carried from
the previous addition to get 17. Write
the 7 and carry the 1. This gives you
768.

4, The left-hand digit of the answer is
the same as the left-hand digit in the
problem, but you have to add the 1
you've carried, so it's 6. The final an-
swer is 6,768. Check it.

There are tricks for
doing other caleulations
aswell If you are
interested , check in
+he |ibrary Tor books
about arithmetic
shorfeuts.
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The Eights Have It

9x9+7 = 88
Ix98+6 = 838
=3835

continue
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What Comes Next?

Figure out what’s happening here,
then see if the pattern continues.

1x8+1=29
12x8 + 2 = 98
123 x8 + 3 = 987
1,234 x 8 + 4 = 9,876

These patterns really begin in the
good, old multiplication tables. Write
down the 8’s and the 9's in vertical col-
umnsg, and you’ll see where the fancy
patterns get their start.
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You can go back to the “‘look'’ meth-
od to test for divisibility by 5. Any num-
ber that ends in 0 or 5 is divisible by 5.

That’s easy.

See if you can figure a divisibility
test for dividing by 6. Hint: You have to
combine two of the tests given so far.

4

A really tricky situation is the test
for divisibility by 7. A weird 3—2—1
pattern helps here. For example, to
test an enormous number, such as
6,124,314, you have to figure like this;
8 x the ones digit + (2 x the tens digit)
- {1 X the hundreds digit) - (3 x the thou-
sands digit) - (2 x the ten thousands
digit) + (1 x the hundred thousands
digit) + (3xthe millions digit). Try the
test on 6,124,314, then check your test
by actually dividing it out —with a eal-
culator if you'd like. Then use part of
the test to show that 18,102 is divisible
by 7. (Watch the + and - signs.)

OKath
divide

You might be thinking that it's easier
just to divide, rather than go through
such a complicated test. Maybe so. But
for some people, thinking about the
tests is lots more fun than doing the di-
vision, with or without a calculator.
Some people will spend a long time —
once —logking for a shortcut they can
use forever,

Try this
Fraction Fooler,
little Demi What's
one-haif of one-half
divided by
one -half?
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Once ypon a time Two mathematicians were having a
discussion. An argument, really. “Calculators are ferrific arith-
metic fools " said one of the mathematicians.

"I agree, "said the other. (That wasn't what the argument

was about.)

The first mathematician went on. "'I
wonder why they even bother to make
kids learn how to do arithmetic with
paper and pencil. Why don’t all kids
just get a calculator along with all their
other school supplies?”’

“What?’’ said the second mathema-
tician. That's when the argument
started. ‘“That's crazy. Having a cal-
culator to use is a convenience, I agree,
but it doesn't replace knowing how to
do something on your own."”’




“Why should kids have to learn how
to do something that they never have to
de, something that a calculator can al-
ways be used for?”’ the first mathe-
matician answered.

“Why should kids not have the ad-
vantage of knowing how to do arithme-
tic? It would be like having to carry an
extra brain around in their pockets.
What if they had to do some figuring
and didn’t have their calculators with
them? Or what if the batteries were
dead? What about that?’’ The argu-
ment wasg getting serious.

“"No one is ever in that much of a
rush. Doing arithmetic is never an
emergency situation. Having to wait to
get a new battery would seem to take
less time than all the time it would take
to learn and practice how to do arith-
metic. That takes years to do, years
that kids could spend doing much more
interesting things in math.'’

“Look,”" the second mathematician
went on, exasperated, “‘kids need to
learn to be self-sufficient, to be able to
depend on themselves to do jobs. Using
a calculator isn't bad; it just shouldn’t
be the only way kids can do arithmetiec.
It just doesn't make sense.”’
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The first mathematician wouldn’t
budge in the argument. ‘“The calcula-
tor is a tool. When you do a job, it
makes sense to use the best tool there
is to do that job. If you have a pencil
sharpener, you don’t use a Kknife to
sharpen a pencil. If you're in a hurry,
you don’t walk; you go by car. You
don't walk just because it is the way
you always got there, just because that
was the way people used to travel.”

“Ahal’’ answered the second mathe-
matician. **Walking is still useful. You
knew how to do that before you learned
how to drive or ride a bicycle. Just be-
cause we have cars, we don't discour-
age kids from learning how to walk.
That's a ridiculous argument.”’

" —
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Their argument went on and on. And
on. And to this day, it hasn't been re-
solved. So kids still are learning how to
do arithmetic. And they’re also learn-
ing how to use calculators. What about
you? Which mathematician do you
agree with?

take a break.
for dinner

This argument was made up, but it’s
like those that many grownups are
having about what to do with kids and
calculators. Probably you don’t have a
choice; you have to learn how to do
arithmetic. That's that. In the mean-
time, you also can learn to use your
calculator. Learning to use a tool is a
good idea, and there are lots of chances
in this book for you to do just that. Keep
an eye out for them.
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The Shapes of Math
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Now uou
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corner and
draw the

circle.

Let me
show you
This neat
‘rricle.j.

There's more to math than numbers.
Lots more. Mathematics has a great
deal to do with shapes too. When you
study shapes in mathematics, you're
studying geometry. This does not mean

that you don't have to think about num-
bers when you're thinking about geom-
etry. But here it’s the shape of things
that matters most.




It Doesn’t Always Look Simple

In mathematies a curve is any con-
tinuous line. It can have straight parts,
angles, and curvy parts; but as long as
you can draw it without lifting your
pencil, it’s called a curve.

If the curve doesn't ever cross over
itself, it's a “‘simple’” curve. If the
curve ends up back where you started,
it’s called a ‘‘closed'’ curve.

There’s more. There are simple
closed curves. A simple closed curve is
made when you get back to your start-
ing place without ever crossing over
the line at any point. If you have
crossed over somewhere, then it's just
a closed curve. It's enough to make you
dizzy.

A circle is a simple closed curve. So
is a triangle and a square and a penta-
gon and any polygon, for that matter.
What's a polygon? Here we go again. A
polygon is a shape made of straight
line segments that connect and don't
ever cross themselves.

That's enough for now. This stuff
could make you crazy.

Some Simple Curves . ...

AR

Some Simple Closed Curves. . .

O

Some Closed Curves That Are
Not Simple . . .
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Don’t Make a Triangle

This is 3 Two-person game of geometric siralegy.
You'll each need a pen or pencil— each of yov must have
a different color. First Trace the six dots as shown
here for the playing board.

Ah ha! /
A h’ia\ngle

The way to play the game is to take
turns drawing line segments. Each line
segment connects two dots. The way to
not lose is to avoid drawing three lines
in your color that connect to make a tri-
angle. If you do make a triangle in your
color, you lose. The way to win is fo
force your opponent into having to
draw a triangle in her color. If some-
one completes a triangle, but not all
three sides are the same color, it

doesn’t count. *

s

A note: To learn to draw the dots
without tracing them from this page,
you have to think ‘‘hexagon’’—a figure
with six sides. If you connect each of
the six dots shown here to its neigh-
bors, you’ll have a hexagon with equal
angles and sides of equal length. It's
called a ''regular hexagon,’”’ regular
because all the sides and angles are
equal. When drawing your own dots,
it’s not essential that they all be spaced
exactly the same distance apart, but it
is essential that no three of the dots lie
in a straight line. If they did, you would
not have a hexagon when you con-
nected the dots. Sketch it to see why.




How many moves would this game
take if you wound up connecting every
dot with every other dot? How many
line segments would that be? Connect-
ing on the outside would give you the
six line segments that make the hexa-
gon. Connecting all those on the inside
would give you lots more.

If you think that's too much drawing
and counting, try thinking about the
problem a different way. In mathemat-
ies it often helps to solve a problem by
first solving a simpler one. Then you
make the problem a little more compli-
cated and solve that one. And as you
keep doing this, you look for a patiern
that will give you the answer to the
hard problem, and perhaps to other re-
lated problems as well.

Instead of six dots, start with one dot.
For one dot there aren’t any lines you
can draw. Pretty simple, huh?

Okay, now moeve up to two dots, If
you have two dots, there is only one
possible line to draw.

*—o

What about three dots? If you con-
nect each of them, you have a triangle,
and that’s that.

With four dots there are six lines.

Or%?nizing this information
makes it easier Yo examine.
DOTS LINES 1
1 O
2. i
3 3
4 b
Ty =

Continue the pattern, and use it to
help you figure the answer for connect-
ing five dots, six dots, or seven, or ten,
or however many you'd like,




Geometry Joke

Wanna hear
a mathematical

There’s More Than One Way

to Fold a Cube

If you cut this shape out of heavy
paper or cardboard, you can fold it up

and tape it into a cube.
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Besides these three arrangements,
there are eight more ways to cut out
six-square shapes that would fold up
into cubes. You just need tape to hold
them in shape. Try to find them.

(Try it if you're not sure how it goes.)

Even though a cube has six sides and
needs a shape with six squares to make
it, the squares don’t have to be in the
shape shown above. They could be ar-

ranged like this instead:




Quick Change

Can you change a regular hexagon
into a cube by drawing only three addi-
tional line segments?

-‘ Anawer to Aoridurde Aeins .
B\ EA6klous ou esipy monjg Kuow
)

CAN YOU FIND AN
IMPOSSIBLE TRIANGLE 7

You can make a triangle
with three aticks or pencﬂs
or pens. Can you find three
sticks that won't work to
make a Trigngle? th wont
ﬂqeq work |

i

GEOMETRIC GUESS AND CHECK

Fold a piece of paper in haif,
then in hpaif againPaPCuf outa

small shape on the fold. /’

Before unfolding it, +ry to draw

what the paper will jook like

when ite unfoided. Then un-

fold it and compare. Can you

decide what uov'd like +the

Eaper to look' \jke and then
ut it a0 it does ©

o0




The Wobbly Cube

Kim Hick is more of an artist than a
mathematician, but he mixes both in
his work, which is making stained-
glass windows and mirrored shapes
with intricate ins and outs of angles.
Through his art he makes math that’s
terrific to look at.

In his work Kim Hick often makes
cardboard models of shapes he wants
to explore. The exploration is a lot like
playing with mathematical figures,
and that's how he invented the '‘wobbly
cube,” a shape that can lie flat, pop up,

and take several shapes in between.

Try making ;:)ne for Lpurself. R —— »
1.Cut 24 strips of cardbeard I
1inch by 4 nehes (or2%

centimeters by 10 centimeters)

Z. tay 4strips in aline, each separated by about the thickness of
the cardboard. Run a long piece of tape over them, lefting the
tape overhang as shown.

3. Fold over the end with the Tape overhang as in the drawing |
Thlen 1-_Fol{<d over the other end . 'Press down FirmIL] so the tape
will sTicK,

4. Open Zour" rectangle ring" and
reintore i’rb;, taping each Ringe
on the outside. (The best way o
reinforre 3 hinge is fo have the
7ape on both Sides, directl,
opposite each ofher and fouch-
ing in that [iftle crack befween
the pieces.)) Then make five more
rectangle rings with the rest
of the s’rriﬁs. ou should have

SiX rings when you're done.

. Tape four rings together from
oufside 35 shown. Then complete your
wobbly cube by adding a ring to the
Yop and one to the botfom.
Hiat: Theres always a way to hold
The wobbly cube so the pieces
you're ’rapinﬁ will lie flat
When you Fave Finished | explore
the different shapes it can fold into.




Testing Your Geomeiry Memory

Remembering shapes in geometry
isn’t very hard for most people, except
perhaps the stop-sign shape. Some peo-
ple can't remember whether it has six
sides or eight. (Do you remember?)
Usually shapes are pretty easy.

Give yourself a quickie mental test.
Can you picture a circle? A square? A
pentagon? If you can, you're ready for
the bigtime.

Remembering sizes in gemoetry is
another story. Not so easy for some.
See how you do.

Get a_piece of paper and draw
each of the following shapes
a5 close to their acfual sizes
39 you remember them. Then
get'out the objects and see how
Gou did. T

* A circle the size
ofaus. qua rter

Avrectangle the
*sw_e ofa d%'.lar

bill

?Ai’nan le SN
he size Tthat a can openet
makes in The 1‘Op of a can

*Arecfa le +he size
of a 5Tanagard playing card

¥ A square the
size of the end
of a stick of
butter

X A circle the size
of one of the holes/()
on the fele phone ()
dial (or a square
the size of

of the push
buttons)

% A rectangle the size of a
stick of chewmg gum

»# A circle the size of the
buttons on your
shirt or panfs

Dink
buﬁorl;)s /

ina week orso L) our
improves. lsit imporfant”
ber sizes anyway °

Howdld\/oudo Trgﬁr _
ee ify

memaor
1O reme

Answer to A Fraction Fooler:
|6 9W2MEk 12 OMG-pI|L’

Answer to Which s Bigger’:

o6 dnug|ion ok 10 g
| PEAhE POLU 16 29K —




That probab!q
happens when a
pig eye is dividing
Up peanUfS.

r S
A GEOMETRY RIDDLE 2 ﬁ%

With a geometric stretch of
our imagination, can you
xplain how half of 8 might”

be Oor 37

To find square numbers you don't
have to have pennies, or any objects at
all; you can do it by multipiying. Pick
any number and multiply it by itself.
Let’s take a small number, 3. Multiply
3 by 3 to get 8, which the penny test
showed is a square number. Multiply 4
by 4 to get 16, another square number.
Test that one with the pennies. Start
even smaller, withal;1x1=1,8011is
a square number, even though one
penny won't show it.

PR
7

Some numbers are square, and some
aren't. If you want to test whether 9 is
square, for example, you need to get
nine objects. Pennies will work. You
can line up nine pennies in rows so that
each row has the same number of pen-
nies in it, and together they make a

e®e
®® @
®® @

The number 8 1sn’t square. There’s
no way to push eight penniles into rows
that make a square. It's no go. The
number 4 works, however. Prove this
to yourself. Then see if you can find
other square numbers using this penny
method. {You may even be able to talk
your parents out of some spare, square
change. Tell them there is a mathe-
matical experiment in the works.)




Another nice thing about square
numbers is that if you don't have pen-
nies, and don’t like to multiply either,
you can find them by adding. Add up
any string of odd numbers that are In
order, starting with 1. For example,
1+3+6=9, and you've already heard
pienty about how square 8 is., Mathe.
maticians say that any square number
can be written as the sum of consecu-
tive odd numbers.

Do you know how many squares
there are on a checkerboard? There
are 64.—a square number, of course.
Prove it by one of these methods. Then
see if you can find the largest square
number that is less than 1,000. (Your
calculator may help here.)

Strange Squares

Before you put away your calculator,
look at this strange situation. Some
pairs of square numbers have a pecul-
iar characteristic. Take 144 and 441,
They are the reverse of each other,
right? To get 144, you can multiply 12
by 12; 441 is 21 times 21. And 12 and 21
are the reverse of each other as well!

This happens for 169 and 961 also.

13x 13 = 169
31x 31 =961

It turns out that 12 and 18 are the only
two-digit numbers that act this way.
There are larger numbers that act like
this, however.

112x 112 = 12,544
211 x 211 = 44,521

Check this arithmetic with your cal-
culator. Can you find any other squares
that have this unusual trait?




Numbers Can Be Triangular Too

Numbers come in shapes other than
squares. Some numbers are triangu-
lar, Get the pennies out again, and you
can see why. You can arrange six
pennies into a triangle, like this:

S0 € is congidered {o be a triangular
number. Add another row and you
have this:

Count them up. There are ten pennies,
s0 10 is a triangular number. Chop off
two rows, and you have this:

That shows that 3 is a triangular num-
ber. Chop off one more row and you
have only one penny; that's a triangu-
lar number also. ;

There’s a pattern t¢ these numbers.
Look at them in order from smallest to
largest: 1, &, 6, 10. The next one is 15.
Can you see a pattern in the way they
grow?

| know about a
TWO -SHAPED NUMBER .
There is a triangular
number amaller than
|00 that is also
5qu?cre. Can you

ind \T°

Take Your Time
Which is larger 7
04142 +3 +4 +5
or
Ox1%2 x5x4x5
y”  You can't
_for one of them.

| hope

Il get
1o

Us€ m

Peﬂﬂ'lﬁs
Tor thie.




Pictures of Math

ALILTIPLY

Wi o Hhink of
MLTIELY more ©
ANLTIPLY

ALTIALY

Answer to Mats
Odd About This 7
pPOLOM OUE’
9120 10 LY

16 jobcnb 12
MUILEAGE 12 W
JUOLMER (U6
bl oue cnb w




Justin case
ou've forgotien,
£ productis the
answer o a
mu[‘i’[PHE«ﬁ‘HOﬂ
problem

If you open
this book so
the two facing
pages are
numbered 40 and
411, the prodUCT
of those two
numbers is

An Open Book

Wheve

do you need to

open the beok
so that the

NN . P”’d‘f’r ofthe

_ A |/ tpo Tacin age

SR /‘"‘ numbeé F’:is'é

A Calendar Riddle Smarty pants answered, ''The day be-

On New Year's Day, January 1, fore yesterday I was 9 years old, and

some relatives came to visit the family next year I will be 12 years old.”” This

of a mathematical smarty pants. ““How was true. Smarty pants's birthday is
old are you?’’ the relatives asked. December 31. Can you explain this?

T N

) 4hnugh1’ ot sand
she was srnart 3

Another Calendar Riddle

On what day will you celebrate hav-
ing been alive for one billion seconds?
How old will you he?



| just learned a
reat’ game — i1s
called Get toZero,
and its a count-
ing, game for two
people.

(',i’_ﬁ

But there are five of
Us. Someone. won't
be able 1o play.

s

&
A

7 N /
' ‘-uét@m?

PART 3

Math for Two

Like a
race to
see who ean
count the

fastest T

Tums countihg

23; or 25,24
»

start where |
leave off.
Whoever
geh To

L Zen Wwins.

I play! 77 /ey !
/ farfp co%n?‘ / ¥
23,22, hee, hee, h3,

%

Listen 25 24,

hee, hee, hee, heé/

No, calm down Speedo. You s'rart-\
ar any number, 5ay 25, then youtake
backwards. On your
turn you cancount |2 or® numbers.
So lcovld start by saying 25, 24,

e==—ar jusf 25




| ber
'l get stuek
with that

Where do
these creeps
come from™

Good
ctuesi"uom.

A

It’s possible to figure out a way to ics. In this chapter you’ll have plenty of
win Get to Zero every time you play. opportunity to learn games, and math-
That's the kind of thinking that makes ematical ways to analyze them. Find
games a part of the study of mathemat- yourself a friend and give them a go.




Games Mathemadticians Play

Games that interest mathematicians
have one thing in common—they re-
quire strategy. Games that have math-
ematical interest aren’t the helter-
skelter games in which luck is the ma-
jor force. They're games where there
iz a plan for action, games where deci-
sions about which moves o make
depend on some rule. That rule is the
strategy.

What mathematicians search for in
games is the *“‘winning strategy.”” A
winning strategy is a rule for playing
s0 you’'ll win no matter what your op-
ponent does. Playing a game like this

7 Doms N\

isn't very interesting once you know
the winning strategy. (That’s what
mathematicians say, although some
kids might argue.) Figuring out the
winning strategy is the fun part.

Sometimes it’s not possible to come
up with a winning strategy for a game,
but it is possible to come up with a
strategy that guarantees you won't
lose. This is called a ‘‘drawing strat-
egy.” Tic-tac-toe is an example. When
two crackerjack tic-tac-toe players get
together, their games usually end in a
draw, a tie. That’s because there is no
winning strategy for that game. The
best you can do is to make sure you do
not lose.

ops —
another
drauo.,

T
— .:_-’_7

ST

find my ¥

e




Race for New Year's Eve

This is a calendar game, but you
don't need a calendar to play it. What
you do need is a friend.

The idea of this game is to be the first
one to say ‘'‘December 31." There are
several rules you must follow as you
take turns saying dates. Whatever date
you say must be later in the year than
the date said hefore it, and you may
change only the month or the day, not
both.

Suppose the person who is first starts
by saying ‘“‘February 2.”" The next has
to say a later date. It could be a later
day in February, February 10, for ex-
ample, a change only of the day. Or it
could be a later month, keeping the
same day, such as ''March 2’ or ‘““‘June
2. You can skip months or days, but
you can change only the month or day,
and your date must be later in the year
than the one said before it.

You might be wondering what in the
world this has to do with mathematics.
First of all, it's a game of strategy, and
that’s enough to make it a respectable
addition to any mathematics book.
Also, there’s a winning strategy for
this game. With some mental sleuth-
ing, you can figure out whether it's a
good idea to go first and what are good
moves.

One way to work cut a strategy is to
think backwards. For instance, if you
say January 31 (or the 31st of any
month), your oppeonent can automatic-
ally win by leaving the 31 the same and
changing the month to December.
That's a legal move. Cr if you say any
day (except the 31st) in December,
you're also sunk. As a matter of fact, if
your opponent says November 30, you
can't win. Can you figure out why?
Starting with the end of the game and
thinking backwards can give you some
valuable clues.

What would happen if there were
three of you playing? Is it possible to
figure a winning strategy for a three-
person game of Race for New Year's
Eve?

Not



Twists on Tic-Tac-Toe

Tic-tac-toe is a game with some ad-
vantages. It can be played nearly
everywhere, and it can bhe played in
any weather. The only equipment it
takes is some paper and a pencil, and
the rules are easy to learn.

It has a disadvantage also. It gets
boring pretty fast, but don’t give up on
tie-tac-toe yet. With a few changes, you
can play some variations on the game
that will chalienge the best of players.

= = _ = e — ot =
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Your Choice Tic-Tac-Toe. Take turns
as you usually do. On your turn you
may put down either an X or an O, and
you can change your mind from turn to
turn. So can your opponent. The winner
is the one who finishes any row, col-
umn, or diagonal of all X's or all O's.

} Number Tic-Tac-Toe. You don’t use
X's or O's for this version; you use the
numbers from 1 to 9. Each number
may be used only once in a game. Take
turns writing a number in a space. The
idea is t0 be the one to get the numbers
l in any row, column, or diagonal to add
up to 15.

P

Last One Wing. The X’s and O’'s don't
madtter so much in this game. The rule
for play is this: On your turn, mark as
many spaces as you like that are
emply, as long as the ones you mark
are all in the same row or column (not
diagonal}). Whoever fills in the last
space is the winner.

O X110

XX {0

X X0

/

(Lastone)

Ol X{O
O O O >< (X 1O
O} X O

O
Céasfone) (Lasfone)

L.

Tic-Tac-Toe for a Crowd. This game
works well for from three to six people.
You need a giant tic-tac-toe board to
play on, one that is at least 10 by 10
instead of 3 by 3. Each of you chooses a
different letter or mark or color crayon
to use. The idea is the same as tic-tac-
toe, except that instead of winning with
three in a row, the winner has to get
four in a row.




Keeping Track

Two kids were playing tic-tac-toe.
The way they kept score wag that at the
end of each game the loser gave the
winner a penny. When they stopped
playing, one had won three games and
the other had three more pennies than
she started with. How many rounds
had they played?

Having a Mathematical Conversation

You and a pal can see how sharp
your mathematical conversation can
he with this one. You need some ob-
jects to build with. They can he small
blocks you have around the house —
poker chips, dice, pencils, paper clips.
It’s essential that each of you has the
same collection of stuff, exactly. Be-
tween six and ten objects will do.

Now seat yourselves at a table and
use a large box or cereal box to make a
wall between you. The idea is that you
cain't see each other's working space.

One of you builds something with the
obhjects. When you have built it, your
job is to describe it well enough to the
other person so that person can build
exactly what you did. You can't see
what your friend is building, and your
friend ean’t see what you have huilt.

Now, balance
the third
pencil on

AN top of the

Your friend can ask questions, soit’'s a
two.-way conversaticn,

When you're both satisfied that you
have done the best you can, lift the bar-
rier and see how you did. Change roles
and try again,

Which words helped and which did
not? This game shows the need for
good clear language and the ability to
use that language well. How are you at
mathematical talking?




Bagels

Maybe you think bagels are some-
thing to eat. You're right. Maybe you
also think that there has to be some
reason, a really good one, for bagels to
be included in a math book. Right
again, And maybe you’'re thinking that
including bagels in a math book prob-
ably has something to do with geome-
try, what with bagels being round and
all, Well, you'’re wrong. In this math
book, anyway, bagels have nothing to
do with geometry, but everything to do
with strategy.

‘“‘Bagels” is the name of a two-person
game. It’s a guessing game, but one
that has a good deal of strategy to it.
Each player thinks of a number; a
three-digit number is good for starters.
Take turns guessing each other’s num-
ber. Whoever guesses the other per-
son’s number first wins.

Whenever one player makes a guess,
the other gives some clues. Making
good use of the clues is where the strat-
egy comes in. There are three clues:

Pico means thatone of the guessed
digits 15 correct butis inthe wrong
lace ;
ermi means that one of the
guessed digits i correct and
s also inthe correct place,
Bagels ( 'l bet you were wonder-
ing when the bagels part”was
coming in) means that none ot
the digits in the guess are
cotrect.

If the guess confains more than
one correct number; YoURIVE &
combination clue such s pice
fermi ortwo fermi or two pico,
one fermi.

If Bagels whets ‘;DUF appetite
forgames, try it with four digits.
Cr more.




2N Guess My Word

Howdy/ {'m Weldon the Magic.
Bunny, Here o tell you about a two-
person game thatf proves mathematics
is evergwhere  even in words. Heres
how the game is played. One of the
two of yoU thinks of a word —a three-
letter word for statters. The
other gets to guess it

Well |
what /5

That way the
game has some strategy to it
not just helfer-skelter glessing .
It's okay for the guesser o
Use paper and percil To keep
track of the guesses. Now try that
one. And tryTo guess the ofrer
PErSON's word I as
N\ few guesses a5
possible. o

Now that you've
calmed down, 'we can contfinue
with our rules. When one person
makes a guess the other has
to tell whether the guess
comes before or after the

1) .




To plaq this
game well requires some
mathematiecal” thinking The
first guess is an imporérd'
one. 1f you're thinkin
mathematically then atirst
Buess such a5 "mom' or "hap"

Bat ?

Before.
Okay,

1S

—
T

language ? If could put

any of the 26 ledters of the.
alphabet together to make a.
three -lefter word, there, are
alotof arrtangements possible,
17,576 To be exact

AN

bl

15 generallq
one such as’ | ‘
Can gu?ﬂqu why this

Q

Q r
20 N,
How many &z aﬁﬁ
three -letter words do you X /g{%&i\
Think there are in the English Y1, \

befler than

( ] . i hqw
es" or "aim. i

abouf
vig'? [ ih

Mathematicians

N However some of those

-

That's

call these ‘permutations”

permutations arerit words

[0 English(gip, ruxand
PNy,

or example). 1 would

be safe to aaythat there

are fewer than |7570
three -letter words

in the Enegish

NS
N
o \\\\\\\\\ .

W
AR
W
\

W

X \\\
\\\
%,

o
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If this game
i5 foo easy with
three -leffer words, try it with

four-letter words 1nstéad. Or

five-lefler words. There are
more permutations of fourand
five-letter words, so 1 you
Lse them  the game shoold
be more difticult.




The Thirty-one Game

This is a card game for two people.
You don't need the entire deck to play.
You need only 24 cards, ace through 6
of each of the four suits. If you don't
have playing cards, you can make a set
of 24 cards, with four of them num-
hered 1, four numbered 2, and so on up
to four cards numbered 6. Lay out the
24 cards face up.
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Decide who goes first. The first
player turns any card face down and
says that number cut loud. The second
player turns over any other card, add-
ing that number to the first one. Con-
tinue taking turns turning a card face
down and keeping a running total.
Whoever reaches the sum of exactly 31
wins. If neither player hits 31, or if no
one goes over 31, then no one wins that
round.

a Jriangle
on ‘;745 ge

There's a winning strategy to this
game {(you might have suspected as
much). Which of you goes first is one
important factor of the winning strate-
gy, and which cards to turn over is the
other.

If this game gets tiresome, change
the total you're aiming for to 30, or 22,
or b0. If you were to play for a total of
84, would you want to go first or
second?

Here is a calculator game for two
people. You will need just one calcula-
tor. Whoever is first punches in a
seven-digit number. The second player
chooses one of the numerals showing
and punches it in, repeating it as many
times as he or she pleases, and sub-
tracts it from what is already in the
display. Then the first player takes the
calculator again, chooses any numeral
that is now showing, punches it in as
many times as he or she likes, then
subtracts it. Continue taking turns. The
player who gets zero on the calculator
display after subtracting wins the
game.



PART 4

Logical Puzzles

Like this.
| have fen cards
here, numbered from
1+010. Wateh carefumj

while | deal them

-

Boots! Boots! Check
out tis specral
deal /' | berf youve
never seen angthng
like /#7

Psq aftention
now. | furn over the.
first card ) its2 1. Then
| mut the second card
on the potfom of the. |
pile. | furn over the next.

What's the
big deal?

B, s
Al 1
-ttt

next card £oes on card onthe botiom.
+he botio mgc the pile. Here comes a4 Then

Logl‘cal thinking.
4 Ten (0 Pue ogice!
. ot OnNe gpes onNThe Doniom. in ,
| keep doing this; see, | 49 The numbers will &

now {tumovera . 0 Keep coming out in
- order, 3!l the way up
n 010 How did
e )

P :
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Okay. Just leime
get Them inorder agamn.

Let's see, the 1 needs fo be
on Top. Then comes the Z Nope, |
need fpakip one. Wail deae

You have to use logical reasoning to
get the cards in order for Speedo’s
special deal. That means organizing
your ideas and trying them out to see if
they make sense. Skill in logical think-

Give me a
minute. {'ll
get it 'l
gel it
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ing is necessary for understanding
many mathematical concepts. You'll
get lots of practice developing this skill
from the problems in this chapter.




A Special Deal

It’s easy to make the equipment for
the special deal that Speedo showed
Boots. Use playing cards, or number
ten index cards or pieces of paper. It's
not so easy, however, to arrange the
cards so you can deal them out as 3
Speedo did. If you can get someone else
interested in solving this problem, life

might be simpler. People have devised
different ways for figuring out how to
arrange the cards, and two different
points of view may be useful,

Once you figure it out, you should be Ansxgrer to An Open Book
able to arrange the pile for any number 1U6 beBs2 915 |[5auq ((3

of cards and have the system work. If
you're using playing cards, try it with
?ce through king. And if you're stillin- ——k%$1 SENT] N
erested, here are two more versions to . :
tackle. Q s S
1. Put two cards on the bottom each
time instead of one. b 1‘
2. Try it with a spelling twist. Start QX ?J (‘
by spelling out the number (‘one’). . Ry,
When you say “0,”” put a card on the
bottom. When you say ‘‘n,”’ put another
card on the bottom, and do the same
for *‘e.” Turn over the fourth card, and
it should be the 1. Now for 2. Put three
cards on the bottom, one at g time,
spelling ‘“‘two,” then turn over the
next; it should be a 2. Continue all the
way to the end.




This is the only known collection of mathematical pizza
problems. You may have thought there was no mathematics
in pizza. Well, thereis It tums out there ie mathematics
inplain cheese pizzas, savsage pizzas, pepperoni pizzas,
pineapple pizzas, Teriyaki pizzas, and avocado pizzas,
just o name afew. (Sometimes, it5 justnof good fo fake
mathematies foo seriously.)
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Pizza Problem No. 1. What time
would it be if you gave one-eighth of a
pizza to one friend and one-eighth of a
pizza to another friend? Hint: Not only
do you have o believe that mathemat-
ics can be silly at times, you have to
add fractions to solve this one.

Pizza Problem No. 2. What locks ex-
actly like half a pizza? Hint: This is
another one that tests what you really
know about fractions. The answer t{o
this problem is not your neighbor's
bulldog. You don't have to be told that
wisecracks like that can hurt.




Pizza Problem No. 3. Why did Mr.
Fibonacci ask to have his large cheese,
pepperoni, salami, onion pizza cut into
six pieces instead of eight? Hint: Some
of the information in this problem ig
there just to throw you off the track.
The most important clue isn't even in
the problem, and it is that Mr. Fibo-
nacci really doesn’t understand much
about fractions. When asked, he was
unable to solve either of the first two
problems.
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Pizza Problem No. 4. How can you
cut a pizza into eight slices, all the
same shape and size, with only three
cuts? Hint: You have to be willing to
think messy for this one.

ThinKl‘ng messy
is not a problem

Pizza Problem No. 5. The favorite
pizzas of Alicia, Mike, Patrick, and
Sarah are anchovy, mushroom, pep-
peroni, and sausage. No one’s name
starts with the same letter as his or her
favorite pizza. Mike and Sarah abso-
lutely cannot stand anchovies, much
less an anchovy pizza. Alicia and Mike
know for sure that they hate pepperoni.
What is each person’s favorite pizza?
Hint: To keep track of the information
in a logical problem lke this, it can
help to make a chart for recording
what you know.

1M PEPPERONI] SAUSAGE]

L..._._.,...__.__._,________j\_4_

PATRICK

SARAH
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Pizza Problem No. 6. Jennifer and
Steven's parents were planning to go
on their yearly vacation to Coco
Palms. Usually an adult comes to the
house and stays with the kids. This
year Jennifer and Steven begged and
begged to be allowed to stay home
alone, without any sitter. They prom-
ised to keep the house clean, do ali
their homework, and eat regularly.

Their parents sald they’'d agree, but
on one condition. The condition was
that Jennifer and Steven had to figure
out how many days their parents would
be gone. If they could, it would be proof
that they were clever enough to deal
with any problem that might come
along.

It wasn’t just a wild guess they had to
make, however. Jennifer and Steven's
mom was a mathematician, and she
gave them a pizza problem to solve
that would also give them the correct
answer to their problem.

“"Every night while we’re away,”
their mom explained, ‘“you’ll have to
eat at the local pizza parlor. And every
night you have to order a different
combination pizza, choosing two differ-
ent ingredients from the list on the
menu. How many nights will you have
1o eat there to have tried every possible
combination pizza, each with two in-
gredients?”’

Jennifer and Steven went down to the
pizza parlor and got a menu. It listed 15
choices of ingredients.

The Make-Your-Own
Combination Pizzas

Pepperoni
Sausage
Meatball
Salami
Garlic
Mushroom
Onion
Green Pepper
Tomato
FPineapple
Avocado
Ham
Tuna F'ish
Bacon

[ve never had

an ancho\?*
za.
i

pineappie pi
S

E “Creative Eating” &
our metfo 3




How many different combination
pizzas are there if each is made with 2
ingredients? Hint: If you’d like to think
this problem through as a mathemati-
cian might, start small. Start with just
2 ingredients, and work your way up to
15. With 2 ingredients, pepperoni and
sausage, for instance, there is only one
possible pizza. If you add a third ingre-
dient, meathall, then there are three
possibilities: pepperoni-sausage, pep-
peroni-meatball, or sausage-meatball.
Add a fourth and see what happens.

Do you think
They'll really be gone
for three and 3 half

months™?

Whats in
Coco F’a\ms,

Nl

Goodguesﬁon ,

If you’d like to write like a mathema-
tician as well as think like cne, make a
table, It can help you see the pizza pat-
tern.

Pizza Problem No. 1. If it takes ten
pizzamakers ten minutes to make ten
pizzas, how long will it take five pizza-
makers to make five pizzas?

" Hhatday
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A Mathematical Tug-of-War

The First Round. On one side there
are four acrobats who have come down
to the ground during the ofi-season for
this special event. They have well-
developed arm muscles because of all
the swinging they do, and have proven
themselves to be of equal strength. Re-
member that fact.

On the other side are five neighbor-
hood grandmas, a tugging team that
has practiced together for many, many
years. They, too, are all equal in
strength. Remember that fact also.

In the contest between these two
teams, the result is dead even. Neither
team can outtug the other. Remember
that too.

The Second Round. One'team is Ivan,
the specially trained dog that got his
start as a pup when he was taken out

for a walk by his owner. Ivan gets
pitted against a team made up of two of
the grandmas and one acrobat.

Again, it's a draw—an egual pull.
Remember that fact.

It's the final tug that you must figure
out. It will be between these two
teams: Ivanh and three of the grandmas
on one side, the four acrobats on the
other. Can you figure out who will win
this tug-of-war?

One way to solve this problem is to
use algebra, a branch of mathematics
that uses equations to deal with rela-
tionships bhetween quantities. If you
haven't learned about algebra yet,
you’ll have to rely on logical reasoning.
Either way it's mathematical thinking
you must do. Get a pencil and paper to
help you tug on this problem.
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Ice Cream and the Three
Little Pig Eyes

Every afternoon the three little pig
eyes take an ice cream break. They
head to the closest ice cream store,
where each orders a double-dip cone.
There are only two different kinds of
double dips that the pig eyes ever or-
der. It's either a double.dip vanilla
cone or a licorice-chocolate combina-
tion. (If you think that's weird, you
haven't heard anything yet. Keep read-
ing.)

If pig eyes #1 orders vanilla-vanilla,
then pig eyes #2 orders the other. Eith-
er pig eyes #1 or pig eyes #3 orders
vanilla-vanilla, but they never do so on
the same day. Pig eyes #2 and pig eyes
#3 never both order the licorice-choco-
late combination on the same day.

Which of the three little pig eyes ate
a vanilla-vanilla cone yesterday and
will order a licorice-chocolate cone to-
day?

Would you fike ahint ? Two of the
three pig eyes always order the same,
cone —every day! ‘It may be easier
to figure out whd those are , then
ouli"know who's left 1o fill the.
answer slof.

Want another hint? A chart may help.

Yesterda Toda
Y Y
Are you wondering who in the world
the little pig eyes are? See page 22,

oD

Who’s Who? X 1o i '

Rachel, Mark, Joshua, and Maria RACHEL-
are 9,10, 11, and 13 years old. Joshua is MARK
older than Maria and younger than
Rachel. Mark is younger than Joshua  JOSHUA
and older than Maria. How old is each?

Hint: A chart can help. MARIA




Deal and Count

This is a solitaire card game that is
easy to play, yet not so easy to under-
stand mathematically. The easy part
first: Shuffle a deck of cards. Then
deal them out, one by one. While you're
dealing, count: ace, 2,3, 4,5,6,7, 8, 9,
10, jack, queen, king, ace, 2, 3, 4, and so
on. Each time you deal a card, turn it
over $o you can see what it is. You win
this game of solitaire if you get to the
end of a deck without turning over a
card that matches what you count.

GetIt?

There’s no skill to this game, no
strategy. However the cards get shui-
fled determines the results. It's pure
chance. But pure chance is something
that interests mathematicians very
much, To study pure chance is to study
the part of mathematics called *'prob-
ability.”

Ah ha! |
finally wpn.”.

Just dumb

No. if's mathe-
matical probability
in action /

In this game your chance of winning,
and getting to the end of the deck with
no match, isn't too terrific-—a little
more than 1/3. That's less than a 50-50
chance of winning. Not very hopeful. 1t
doesn’t mean that you'll win one out
of every three games. Mathematical
probability doesn’t make promises like
that. A probability of 1/3 means that, if
you play many, mahy games, the more
you play, the closer your number of
wins will be to exactly 1/3 of all the
games you play.

Howbs your
mathematical
probabili
doing, ¢
A

L

Play Deal and Count a bunch of
times and keep track of your number of
wins and number of games. Don’t get
frustrated when you lose—you're a
mathematician, remember?

—\W =




5 (D%,

=
e
ke

King Arthur had a problem. His
daughter, Glissanda, loved mathemat-
ics so much that she spent most of her
time solving problems, making geo-
metric designs, and playing with num-
bers. That wasn’t King Arthur’s prob-
lem; he was proud of his daughter and
her mathematical interest. Glissanda
had reached the age when a young
woman was permitted to marry, and
she was definitely interested in marry-
ing. In fact, she had one requirement
for a husband: he must love mathe.
matics (or at least like it a lot). For
her, a life of evenings in front of a
warm fire solving mathematical puz-
zles seemed like a sure way to marital
bliss. Finding that mathematies-loving
husband was King Arthur's problem.

Now, if this story had taken place in

X
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modern times, King Arthur wouldn’t
have had this problem. Glissanda
would probably have met someone in
her math classes who would be a fine
mate, and that would be that. But in the
days of King Arthur and his Knights of
the Round Table, women didn't have
much freedom; their husbands were
chosen by their parents.

Now King Arthur loved Glissanda
dearly, and he would do anything for
his daughter, but he was confused
about how to find a husband to suit
Gligganda. After ail, the Knights of the
Round Table —they were the best men
in the land —were outdoor types who
spent their time bravely scouting the
countryside for dragons to slay. He
couldn’t remember any of them ever
even mentioning mathemadtics.
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King Arthur was perplexed. He
thought about it for days. And days
stretched into weeks, but no ideas
came to him.

Meanwhile he had his kingly work to
do, but he became so distracted by this
marriage problem that he couldn't con-
centrate. King Arthur was definitely
not himself. One morning at the meet-
ing he was very short-tempered with
his knights. Little things seemed to
bother him. At one point he even
shouted out, ““Can’t you contrel that
constant clanking of your armor and
sit stifl?"' The knights knew he must
have something important on his mind.

That night at dinner King Arthur
talked to Glissanda about the situation.
‘“‘How shall I find out who is the clever-
est in mathematics?’”’ he asked her.
“*Should T just ask?”’

“No, no,” protested Glissanda.
““That wouldn't be a good way. Some
would answer yes just to become next
in line to be king. I could get stuck with
a husband who wants to do nothing at
night except drink ale, one with no true
interest in mathematical conversation.
You must devise a mathematical test.”

""What sort of test?” King Arthur
asked.

‘“Let me think about it,”’ Glissanda
answered, wandering off, already deep
in thought.




[_
The next morning at breakfast Glis-
sanda seemed cheerful.

“Do you have the test?’”’ her father
asked.

“"Not yet,"” Glissanda answered, ‘‘but
I'm working on it. Tell me, father, how
many knights are there at your Round
Table?"”

“Well, that varies,” he replied. ‘It
depends on how many are back from a
journey. Sometimes as many as 50, and
sometimes only a handful. Why?"

But Gligsanda didn't answer. King
Arthur could tell she was lost in
thought, with that glaze over her eyes
that told him she was thinking about
mathematics again. It made him think
that her husband would need to be very
understanding.

That night at dinner Glissanda made
an announcement. ‘“‘I've got the test,”
she said. “You can give it at your
meeting tomorrow to the Knights of the
Round Table."'

King Arthur’s face broke into a re-
lieved smile. '“Wonderful, wonderful!"’
he exclaimed. ““But what if all the
knights aren’t present tomorrow? You
know, I never can tell who will come.”’

"I've thought of that,” Glissanda
said. ''In this test there is just one prob-
lem. Give it tomorrow te the knights
who are present and announce that
those interested in answering should
reappear in one month's time with
their solutions. In the meanwhile, they
should spread the problem throughout
the kingdom, sc others who are off
doing what knights do can come with
solutions as well.”

‘“What is the problem?’’ King Arthur
asked eagertly.




QGlissanda explained, ‘‘Suppose 24
knights came to a meeting of the
Round Table. And suppose the 24
chairs were numbered in order, so that
everyone knew which chair was num-
ber 1, and in which direction you will
count to 24, In order to choose my hus-
band, you draw your sword, point to
the knight in the first chair, and say,
‘You live.’ Then point to the knight in
chair number 2, say, ‘You die,” and
chop off his head. To the third knight
you say, ‘'You live.” And to the fourth,
you say, ‘You die,’ and chop off his
head. You continue doing this around
and around the circle, chopping off the
head of every other living knight until
just one is left. That’s the one I'll
marry.

Glissanda stopped talking,
““That's it?’’ her father asked, horri-
fied. *“You expect me to kill all of my
knights but one? What kind of kingdom
would I have then? There would be just
you, your husband, a roomful of dead
knights, and the rest of my knights
cowering in the countryside for fear of
ever returning to the Round Table. Is
this what you call mathematics? Have
you gone crazy?’' King Arthur was
shouting now. He couldn’t believe his
ears. He wanted Glissanda to be hap-
Py. but this was ridiculous.




“Oh, father,” GGlissanda said. 1
wouldn’t expect you to actually kill
anyone, It's just a problem, and it defi-
nitely is mathematical. Besides,"" she
went on, giggling a bit, “‘if you don't
tell them you really won't chop heads,
then only the brave knights will come.
Then I'm sure to have a husband with
courage as well as one with mathemat-
ical intelligence.”’

“But Glissanda,” King Arthur went
on, still rather upset, ‘T admit it’s an
unusual problem that is a true test of
logical thought. But how do you know
24 knights will return that day to find

the solution?’’

Glissanda giggled a bit more, feeling
even merrier. *'That's the real point to
the problem,’ she said. “Don't tell, but
the knight of my dreams would know
that he has solved the problem only if
he knows where to sit for any number
of chairs. I've been working on this
problem, and there's a marvelous pat-
tern for the solution!"’

Which seat is the right one when
there are 24 knights at the Round Ta-
ble? Can you find the pattern for pre-
dicting which is the right seat for any
number of chairs?
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Logical Breakfast

The three little pig eyes have differ-
ent ideas about what to eat for break-
fast. Actually they have different ideas
about almost everything, but this story
is about breakfast. One of the pig eyes
loves to eat granola with orange juice
poured over it. Another of the little
tricksters likes scrambled eggs with
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ketchup. The other likes to have a
banana split, claiming that it helps one
keep a sharp eye out for the unusual in
life.

Your job, and it's a mathematical
one, of course, is to find out which of
the little pig eyes eats the banana splits
for breakfast. To find out, you have to
use some logical reasoning; it's diffi-
cult to tell just by looking at them,

e

2NN

Some clues about the lineup.
* Pig eyes#1 does not eat
scrambled e%gﬁ with kefchup
or banana splits.

* Pig eyes #2 does noteat
scrambled 6%55 with ketchup
Those _are alT the clues you

gef. The restis up o you.

Answer Yo 7akhe Your Time:

uAIIVE pwez () 12 gmenz ()
O 40 p_ M| ps |98k 21UCE
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What’s a Paradox?

Every once ina while mathematics runs into a kind of
5nag called a "paradox.” This happens when something
56€Ms 10 maKke sense and at the same time it seems
impossible for it o make sense. A paradox is 3 con-
tradiction and can make the best of mathematicians

5T Lp and take notice.

There are different kinds of para-
doxes. One is where something seems
rather incredible, but because it can be
proved to you, you have to accept it,
even if it drives your imagination nuts.
Optical illusions can be like that.
Which of the two pencils is longer?
Measure them to find out for sure.

An Infinite Paradoz. In another kind
of paradox, a contradiction appears
because you've reasoned incorrectly
about something. Most people think
that a whole thing is always greater
than any of its parts. That's true for an

apple or a chocolate cake or anything
you can hold and touch. But it’s not
always sc in mathematics. Ideas can’t
always be held or touched and have to
be examined in your mind.

Here’'s an example. Take all the
counting numbers—1, 2, 3, 4, and so on,
There are more of them than anyone
can count, because no matter how far
yYou go, you can always count one
more. And then one more. And then one
more, and 8o on. That's why mathema-
ticians say that the set of counting
numbers is infinite.




Now think about part of that set of
counting numbers, just the cdd num-
bers—1, 3, 6, 7, and so on. Since you
skip every other one, you may think
that there are half as many odd num-
bers as there are counting numbers,
That may seem like a reasonable way
to think, but it’s wrong. That set of odd
numbers is also infinite. It goes on and
on forever.

You can't{ say thati one infinite set is
larger than another infinite set, since
neither set will ever run out. (Weird
things happen in the world of the infi-
nite!) Incorrect reasoning can lead you
to say something is true when it tsn't,
and there you are in the middle of a
paradox.

The Line Pgradox. There are many
examples of paradoxes from incorrect
reasoning in geometry. The line para-
dox is one that is centuries old. Trace
the figure below onto a piece of paper
80 you can cut it out.

AT
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Count the lines inside the rectangle
to make sure you believe there are ten
of them. Now cut the rectangle along
the dotted line, and slide the lower
piece down and to the left, to the posi-
tion shown below.

]
A
e

" There must
be half as many
odd numbers 2o
there are courting
numbers,

Counting
numbers and
odd numbers gre

both infinite.

Count the lines inside the figure now.
There are only nine! How did a line
vanish? Ii you slide the lower part
back, the missing line reappears. But
where did it come from?

What happens is that no single line
vanishes. Because of the way the ree-
tangle is cut, 8 of the original 10 lines
were cut into 2 pieces. Then there were
18 pieces of Hnes (count them in the

T —~ original drawing to be sure you under-

stand this), which gol rearranged into
¢ lines. Kach of those 9 lines is longer
than each of the original 10 lines were.
There’s still as much total line; it has
just gotten redistributed. To think that
a line vanished is incorrect reasoning
and will never help you figure out a
paradox.



The same idea has heen used to
make this puzzle. Trace these faces
onto a piece of paper, cut on the dotted
line, and slide the lower piece to the
left. It will seem as if a face has disap-
peared! Can you explain this?

The Checkerboard Paradox. This is
another geometric paradox, but this
time an extra square seems to appear,
rather than vanish. You start with an 8
by 8 square, ruled off into 64 squares,
just like a checkerboard. Draw the
lines inside as shown, label the pieces,
then cut carefully on the lines drawn.

Rearrange the four pteces into a rec-
tangle as shown.

Now you have a rectangle with 65
squares! See if you can figure out how
to explain this paradox.

There is still another type of paradox
—the logical paradox. This type can
get quite complicated. Some of them
have caused such confusion among
mathematicians that, for some, ex-
planations have not yet been found.
Following are two for you to unravel.

Bx8=64




The Barber Paradox. The only bar-
ber in a small village had a sign in his
window.

This barber
shaves everyone
in thevillage
who does nob
shave himself

The sign caught the eye of a mathe-
matician passing by. Actually it was
the ‘“No exceptions’’ that she noticed.
This mathematician belleved that ev-
ery rule probably has exceptions.

What she wondered about was this:
Did the barber shave himself? And
that's when the paradox appeared. If
the barber shaved himself, then he was
shaving someone who did shave him-
self —himself —and that was breaking
his own rule. But if he didn’'t shave
himself, then, according to his own
sign, he had to come to him to be
shaved, since he shaved everycne who
did not shave himself. No exceptions.
Either way, he contradicts his own
sign.

The mathematician pointed out this
paradox to the barber. As the legend
has it, he was never quite the same
again.
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One Last Paradox. If you can stand
it, give this last one a try. Read it care-
fully first.

1. This book has 300 pages. a
2. The author of this book is
Regina Carter.
3. The statements numbered
1, 2, and 3 are all false.
e Y

For sure number 1 is false. (You can
count for yourself if you don’t believe
the page numbers.) And for sure
number 2 is false. Regina Carter has
always hated mathematics, and prob-
ably always will, and would never be
caught fooling around with math books
(or paradoxes). But what about num-
ber 37 If it’s true that statement 3 is
false, then shouldn't 1 and 2 really be
true, and how can something be both
true and false at the same time? That's
a paradox, which may be the only thing
you're sure of now.

Want to know what | think
about paradoxes © It would
be a greal name for a rock
roup — The Faradoxes. |t
fits perfectly. AggrcK]

roup 15 supposed to pla
8r*nus'?c: | righ]?P? Well, fc’?r K
ey ear Wwhat they Pla;i

(% nOisefgarbage} not*
music. Thére's a contradic -
Tion for you. Yep, The
Paradoxes would make it
big 1 bet.

Paradoxes in mathematics are not Aﬂ)
useless and silly tricks. They may be
worth a laugh, or at least one hah, but
that's not where their true worth lies.
Paradoxes make you think about ideas
and make you question what seems—
but maybe it isn’t— right. That kind of
thinking is useful for many things, not
only mathemadtics.

" The Mobius
strip /m stand-
1hg On on pPage
8[ s 8 paradox.
Faper ‘has fwo
sicles, right 7
How many sides
does a Mobiys

Some people think that the strangest
paradox of all is that there can be para-
doxes in mathematics. They think that
mathematics cught to be above that
sort of perplexing thinking. It's not so,
though. The Greeks first explored
paradoxes, and even today new ones
are being discovered. If you're inter-
ested in them, you may have a mathe-
matical career cut out for you.

(Sfc'gwereia
aradox lurkin
Pih +his $ 1 5
sentence?
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What’s Odd About This? That problem shouldn’'t give you

much trouble. But before you put away

If you try this problem at the dinner the cups and objects and get back to
table, you might get your parents so your broceoli, try this one. Get rid of
interested that they will forget you one of the objects, so you have three

haven’t eaten your broccoli. But then cups and ten objects. Now try the same
again, you might not. In either case probiem, still trying to put an odd num-
there's some mathematics here worth ber of objects in each cup. This time,
trying. it’s not so obvious. It can be done, but

Mom ? Want there’s a trick to it. Using the trick, one

person claims there are 10 different
ways. Another claim is 15 different
ways, using another trick.

Since a trick is needed here, and that
,Q doesn’'t seem quite mathematically
"7

‘}

== to see some
ma’rhemaﬂcs 77

fair, here’s a hint: Can you find a way
for an object to be in two cups at the
same time?

‘/’

I this

gom & To be
another

paradox?

For this problem you need three cups
and 11 objects. Coins or paper clips will
work —any objects that will fit inside
the cups. Here’s the problem. Put the
11 objects into the three cups so that
there are an odd number of objects in
each cup. How many ways can you do
it so that each arrangement is differ-

ent?
Ty 77
t 7 A In case the hint doesn’t help and
_ ? ? you're going nuts, there is one solution
= ' == to this problem in the book. Finding it
2P = amw
& = @5 == @% is up to you, though. (We can't teil

everything!)

Hmm. .
! wonder if
This wrlf
workt with
11 brussels
sprouts 7




PART 5

Statistical Stuft

Let me see. Spinach, liver
broceoli, vegetables in general, beans,

peas, Tish. Thats tolugh They're
ail’ pretty disgusting.

What's your
least favorite.
of these foods?

Z It's not the
food thats +he math.
It the statistics.
I'm taking a poil to
find out which foods
eerTfnTn'r? 1|<Ids hafe g%f ?’hen
| "1 I'mgoin analyze
WI%T cloes i?rm’ %’ra’r:;51*:}:5_H

=\a
e e /
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Pick one.C'mon,
just pick one.

H“_") a math
E’Xperimenf.
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7 statistics hoh!
> Sounds preffy fancy.




Well, why dor't
ou collect some
statistics Ljourseif

\/eah,i
like how
many of
my) friends
are weir ;

3
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Statistics are important for lots of
people — toy manufacturers, for exam-
ple, who need to learn what kinds of
toys and games will appeal to kids:
policemen who need to know about
traffic patterns in order to decide
where new lights or stop signs are
needed; television producers who need
to know what kinds of television shows
will have appeal; newscasters who

tol | P
Oq%fr.ne Pe - NS

Hmm... Now

Hey, T3, what’s what would
your’ least favorite make an
tood You haven't interesting

Y
Y,

want to know about the popularity of
candidates during elections; shoe-store
owners who need to know how many of
each shoe size to stock; and on and on.
Collecting and analyzing statistics is
an important part of mathematics.
Here's your chance to learn about
statistics, and even to collect some
yourself.
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The Mathematlcs of 2 Pencil

Every year Americans buy approxi-
mately 214 billion pencils, the regular
kind that is usually yellow and needs
sharpening from time to time. That’s a
lot of pencils—an average of one each
month for every person.

The kind of pencil you use today,
with a round lead inside, was invented
over 100 years ago, in 1879, Before then
the lead in pencils was square and not
80 easy to use. Actually it’s not correct
to say the lead is either round or square
since it really isn’t **lead’’ at all. It's a
mixture of graphite and clay; lead
never was used in pencils. But graphite
used to be called ‘‘black lead,” so
that’s probably why we still refer to it
as lead.

Getting all the ingredients for mak-
ing a batch of pencils is a task of world-
wide proportions. The wood comes
from cedar trees on the Pacific Coast
of the United States. Clay comes from
the state of Georgia. Graphite comes
from Madagascar. Also used are wax
from the carnauba palm tree of Brazil
and a gum called ‘‘tragacanth’ from
the Middle Kast.

Anower to Can Youv Find ar

Impossible Triangle?

Wh2E pe |0WEBL NIV {6 (JING 2ig6°
M6 20W 0L JUE LMO 2UOK[6H 21462
Answerto A Geometry Aiadke:

PoIL (IK6 e @. ok [12: gy
(N4 46 UNWEK| 1K '

Answer 10 Aeeping Track :
Lpen bysdeq wjue tonuge:




Perhaps this doesn’t sound like stuff
for a boock on mathematics. It seems to
belong in a history book or a geography
book. So let's get to the mathematics
part—statistics. Pencil statistics.

If you laid 2 year Iy of
ou laid 2 years su o
pengfilej end Toyend Thegpw%uld
circle the earth 5 times.
==
One pencil can be sharpened
approximately 1T Yimes.

One pencil can be used o
write about 45000 words.

Now, Suzanmne, write

“I will not ¥hrow peneils

in class "until you

have used up That
brand new pencil.

H==>
One pencil can draw a line about
332 miles Ioné (56 kilometers,
it you're thinking metric).

could
moon
and back about 200,000 times.

That means a year's suppl
frace the distance toth

Lile===ag

You should be able 1o make
about 4 000 checkmarks witha
pencil before L#ou absolutely
must sha rpen i e e wrv vy,

gt b i i b VAR b b Lo i it VAP0 Lol b

v bbb L Ce Bk L b
¥ Ll I
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America's 100 billionth pencil
was manufactured in 1976 and
was disp13qed at the Smith-
sonian lnstitote .

Had enough? If not, see if you can
find out what it means when a pencil is
a number 2, or 215, or 1, or 3. Now
warm up your calculator. If the same
number of pencils continued to be
made each year (21 billion), in what
year will the quintillionth be made? Or
the nonillionth? Or the tredecillionth?
(Check page 121 if you have no idea
what these words of enormity mean.)

r(——t&*pl SENTENCE f— |

Writing upsets Suzanne. |




According to
apoll made \n 1978

by the Gallup Youth Survey,
spinach, liver, and (snif#)"
broceolivank ‘as the +op

+three least favorite
foods. Do *5/00{ tastes fif
this stafti They may
nof”. ( Oh plegse say
They doeh't?)

When mathemahicians
make, statistical
claims, it doesn't
mean that” what-
they find 1% frve for
every EDE\’SOH only

Now, who ever
heard ofa
talking,

broceoti 1]

that it’s frue' {*or
enp gh people | Fronce]
v enera ease!
///// {’ f’ 5 i pression. Take a3 bife!
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You have to lock at statistics with a
sharp eye. They can be misleading.
Though the poll revealed that spinach
was the least favorite food of kids, it
was 20 percent of the kids asked who
reported that their least favorite food
was spinach. That's only one out of
every five kids asked! It's true that
spinach led the list of least favorites,
but it wasn’t even the opinion of half
the kids asked. With liver, 18 percent of
the kids polled gave it as their least
favorite. And 8 percent named broc-
coli. Qther kids gave different choices:
vegetables in general, beans, peas, and
fish.

Just fr
one, okgq?

When kids were asked about their
favorite foods, the top four winners
were Ttalian food, steak, hamburgers,
and chicken or turkey. Other favorites
listed included seafood, vegetables, po-
tatoes, Mexican food, and fish. (Notice
that vegetables and fish made both the
favorite and the least favorite catego-
ries. There is no pleasing everyone
when it comes to taste.)




i Be a Pollster Food Poll Number 2. Don’t have lists
for kids to choose from. Jjust ask two

How about taking your own survey
and seeing how the results you get
compare with the results of the Gallup
survey? There are several different
ways you can do it. See which makes
the most sense to you.

Food Poll Number 1. Prepare two
lists of foods that correspond to the
foods reported on the Gallup survey.
The two lists shown below list foods in
the order that the poll produced. You
might want to mix up the order, and
then, after your resulis are in, see if
your final ranking is the same as that
of the Gallup results, You'll need an-
other copy of each list on which to tally
the response you get.

Which 1 your least”
favorite of these ?

 SPINACH
s  LIVER
f5 - BROCCOL
=  +VEGETABLES
= - BEANS

- PEAS b
L  Fian

questions: What is your favorite food?
What is your least favorite food? Then
compare your results with those of the
Gallup survey.

There are other things you might
also be interested in finding out. For
example, do girls and boys have differ-
ent tastes? The Gallup survey showed
that girls and boys have tastes which
are pretty much the same, but girls
seem to dislike liver and spinach more
than boys do, and like Italian food a
little better. What about adults’ tastes?
Are they the same as kids’ tastes, or
are they different? Make a prediction,
then poll some adults and compare.

Which is your
favorite of these ?

I TALIAN FOOD
*STEAK

* HAMBURGER
:CHICKEN or TURKEY
*SEAFOOD
*VEGETABLES
*POTATOES

* MEXICAN FOCD
“15H

LheuBhigr

popy 2dNgwé auq
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The Mathematics of Polls

Taking polls that preoduce valid
results deals with the branch of mathe-
matics called '‘statistics.’”’ There real-
ly is no way to find out absolutely what
is the least or most favorite food of
kids, you can't possibly ask every kid
in the world. The results of surveys and
polls are based on asking just a part of
the entire population, a '‘sample,” it's
called. How large a sample is an im-
portant factor when reporting reliable
and believable results. The size of a
sample may depend on the purpose of
the poll.

Suppose you're polling kids® food
preferences. How many kids you ask is
important. If you're planning to invite
six friends for a party, you may be able
to ask all of them what they like to eat.
That would be a poll of the entire popu-
lation of party guests and would cer-
tainly be a sound statistical survey for
your purpose. Planning your menu
around what only one kid said is not as

sensible. Polling five may do fine. But
if you polled those six kids, then used
that information to give a general re-
port about which foeds kids in the
United States like and dislike, your
results wouldn’t be worth much statis-
tically. So sample gize is important,

Another consideration is where you
get your sample. If you found that half
or more of the kids you surveyed
named Mexican food as their favorite,
it may be true only where you live,
There are some parts of the country
where tacos and other Mexican food
aren’'t popular, or even available.
Some kids may love grits or pot stick-
ers; others may never have tasted
them. The makeup of your sample is an
important factor in what results you
report.

As you study more mathematics,
you’ll have the chance to learn more
about statistics and how they’'re used.
Getting some experience now can
come in handy later.

Its cold
creamed +umip5!'
| asked EVI'G.;Qnd
she said That's her
favorite foeod.




The Exclamation Explanation

2p

(£
e

>

In mathematics, 2! 153 5pecié| number. s not excited.
Thats not what the exclamation point is aboul” The excla-
mation poirt tells you that 3! is equalto6. Well thats what
it tells mathematicians. Confused © You deserve an expla-
nafion. Theres no room for confusion in mathematical
thought: Things are fough enough without™ confusion.

Shi! The language first. How do you say

: Dart shouts +31°" gut loud? You don’t shout it. You
] say ‘‘three factorial.” In mathematics
the ‘1’ stands for ‘‘factorial.”’ That

doesn’t tell you much, but at least it’s a
start. Someone came along with a
name for this funny creature, 3!, be-

Dornit shout fore you or I Jdid, and we all go along
that either! { with it.

: The meaning second. Suppose you
and two friends go into an ice cream
store for cones. ''Who's first?”’ the per-
son behind the counter might ask. And
when the first kid has received a cone,
the person would most likely ask,
““Who's next?”” Well, how many differ-
ent possibilities are there for you and
your friends to be first, second, and
third? The answer to that is 6-—see if
you can prove that to yourself before
going on any farther. Then come back
and continue reading.




Ready? The reason that 3! is equal to r
6 is that if there are three of you in line
for ice cream cones, then there are six
different ways you could line up.

Suppose 4 of you went for ice cream
. cones. How many different ways could
= the 4 of you line up? Can you work that
out so you get 247 It's true that 4!

& equals 24.

Bure use some
ice cream f
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Figuring out how many ways there
are to line up if there are five of you is
an even bigger task. It can be done,
and you might like to try it. But mathe-
maticians are the kind of pecople who
would rather look for the easy way to
do something, even if it takes twice as
long.

it's no ?Isf‘
working out all the wa
for five people to line uptp

a mathemadtician
might say,

because then I'll
be stuck working out
how many ways six ¢an
hine up, and then seven,
andsoon. If | figyre
outa way Jo work the
five-in-a-line problem ,
Il have 2 method fo
use for any number

Time to back up and think like a
mathemadtician. With one person, there
is only one way to line up, sc 1! equals
1. With two people, there are two ways
to line up, so 2! equals 2. Here's all the
information so far.

bt e,

And it turns out that, as in all of
mathemaftics, there's a pattern for get-
ting each of these with some simple
arithmetic,

11=1=1

21=2=1x2

N=6=1x2x3

4'=24=1x2x3x4
According to this pattern, to figure 5!,
multiply 1 x 2 x 3 x 4 x §, which is 120,
Try 6! this way to see if you get 720.

Back to the ice cream line. It’s not
that ice cream has anything to do with
factorial numbers. 1t was just an ex-
ample to help you figure out how many
ways there are to line up something.
It’s just the kind of problem that some
mathematicians love. The exclamation
idea is just an abbreviation. It's quick-
er to write 10!, for example, than to
write 1Xx2x3x4x5x6x7x8x9x10;
it also takes up less room than the
value of 10!, which is 3,628,800. Facto-
rial numbers get very big very fast, so
the shorthand symbol comes in handy.

Here are factorials up to 135.

0! 1
11 1
21 2
3! 6
4! 24
5! 120
8! 720
7! 5,040
8! 40,320
o! 362,880
10! 3,628,800
11! 39,916,800
12! 479,001,800
13! 6,227,020,800
14! 87,178,201,200
15! 1,307,874,368,000




If everyone in your class at school
lined up every day before going home,
and there were 30 students, and you
came to school every single day of the
year, not even skipping weekends or
holidays, it would take you almost 7
nonillion years before you had lined up
every possible way. (Check page 121
for what nonillion means.) For sure,
30! is an enormous number!

Lthink 30!
shoulid be
shouted.

Or avoided.

One last note, for only the mathemat-
ically brave at heart. How come, on the
chart above, 0! is equal to 1? Having
zero people line up for ice cream cones
is a ridiculous idea, and dcesn't help
much mathematically. But mathema.-
ticians hate to leave any idea unex-
plored. They do rely on patterns to help
them explore ideas, and here’s the pat-
tern that has convinced mathemati-
cians that 0! is definitely equal fo 1. See
if you are convinced by it. Get ocut your
calculator.

6! -5l =86
GBI +4!'=5H
4! + 31 =4
31 +21=3
2! =1V =2

To continue this pattern, 1! +0! =1, If
not, the pattern breaks down, which
makes mathematicians very sad. Even
nervous. That’s just how mathematics
works: patterns are not supposed to
break down.

So 0! has to be equal to 1, because 1
divided by 1 is the only way to get 1.
Can you follow this? If not, don’t worry,

It may make sense to you some day,
But even if it doesn’t, you can still get
in line for ice cream cones, whether or
not you understand any factorials.

What a relief /

One more last note. If you have 15
books on a shelf and are thinking about
rearranging them into all the possible
lineups, you had better think twice.
Even if you could rearrange them once
every minute, it would take you over 2
million years to try all the possible
lineups.

Hey, Sally
Have you gor~

Fhose bOoKS 77
the best orger”

yer.




Lining Up "

If everyone living in the 48 continen- - —
tal United States lined up around the P \\i
border of the country, holding hands /N
with arms outstretched, would we have i
enough people to go around? Would F. AN
there be extras? o

Some facts might help here. The bor- D
der is about 12,400 miles. The average -
height of a person in our country is "
about 64 inches. And since people usu-
ally can stretch their arms to about the

They aren't
including

I'l " ll
4 \l;,?l.ll "

|

R s

same distance as their height, each \\mt‘,\ ‘i}tﬁk.\k‘.}lm'w?f,‘; s v
person would use up 64 inches of the WL uﬂ"”{ "}%ﬁ il 6 L
border. And one more fact. There are N .l,'}’ gt iy ,
about 220 million people living in the 48 v iy Wit Ve g2 v
states. T g

PﬁED OF 8{0

Heart Beating 4\‘?‘23\391‘% éﬁsgoib%ego
Oy ary o/ f 03,
The average person’s heart beats PN 4,

103,680 times a day. How many heart-
beats is this in 1 minute? To find your
own heartbeat rate, take your pulse for
15 seconds; multiply that by 4 to find
the number of heartbeats per minute.
If you don’'t know how to take your
pulse, ask an adult to help you.

~ Answerto A4
' Mathematical

7ug-of-War -

. , ELouquospea mij| My’
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Probability

Write the numbers from 1 to 4 on a
piece of paper, lke this:

T
12 3 4

Then ask someone to circie one of the
numbers. From a statistical study
where this experiment was done many,
many times, a mathematical theory of
probability resulted: four out of five
people will circle the number 3. Do you
think this would be true if you carried
out the experiment? Try it and find out.

In case your experimental subjects
want to know what you're doing, tell
them this:

'm doing a
atatistical experiment
1o test a theory of

probabiti y.

This answer may satisfy some, but
others might want additional informa-
tion. Here's some more of the mathe-
matical scoop about this kind of experi-
ment.

Collecting statistics is a way to get a
picture of a particular situation, a kind
of numerical picture. It can be useful
for predicting what is likely to happen
in a situation where you don’t have all

the statistics. If you ask people to cir-
cle one of the numbers in the 1—2—3-—-4
experiment, chances are pretty good
that most of them will circle the num-
ber 3; the probability is four out of five,
or 4/6 as mathematicians would write
it.

The ‘‘four-out-of-five’’ information
doesn't promise that if you try the ex-
periment on five people, four of them
will ecircle the 3 and the other will circle
one of the other numbers. Probability
doesn’'t work like that. Probability
theory does promise that if you do this
experiment many times, the more
times you try the experiment, the clos-
er the results will come to the 4/5 prob-
ability. That's what the odds favor.

the leader
i &,

Arswer o Logrra/ Breakfast :
2bjii2 Lon plegKioel
BELENG2,.T 692 povguy




Cross-Couniry Traveling

All the following people have crossed
the United States and have been
written about in the Guinness Book of
World Records. Can you match the
person to the number of days?

1. In 1973 Paul Cornish peddled from
San Francisco to New York City in ?
days.

2. Clinton Shaw skated from New
York to Santa Monica, California, in

Yo R A £ i i st
5. Floyd Satterlee Rocd took 114,737
strokes to hit goif balls across the
United States from the Pacific to the
Atlantic. It took him ? days, and he lost
3,611 balls on the trip.

| bet
 coulddo

1874. This skate tock him ? days.

3. John Lees walked from Los An-
geles to New York City in 1972. It took
him 7 days.

4. Charles Creighton and James Har-
gis drove their car in reverse from
New York City to Los Angeles. The car
they drove was a Ford Model A 1529
roadster, and they made the trip in
1830. It took them ? days,

\1||“| " \|:‘l‘. {' !l'_lli ‘f 1 H /
IS ; [l f!)d‘C ._':: ———

6. David Ryder went from Los An-
geles to New York City on crutches. He
did this in 1870 in ? days.

J_J I HLL

1

a. 13.22 days
b. 18 days

c. 53.51 days
d

e

f

. 77 days
. 137 days
. 384 days




PART 6

Math Trickery

Another maglc
trick, huh

What are

ol doin
K Bnllg?g

(fyou're very
clever, uoum
tigure it out be
ldo iff Oka resmf
ng 5;// % eﬁrfa/'
53 C’{/p
7?75

Well To be
honesﬁ‘hns is
not exactl

magic. It's
an dmazing

t fear of
B Ve x\"e.auicmm'g, !
‘ 7 First | need a Now I need
volunteer to mark-l-h a volunteer to fie pne

end of the string o

middle of this /7 ‘t'he cup handle.

Prece of string. t yolurteer/
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Aow !

The last
volunteer must- in half on the mark ma
hold the strin
the cup is dang mg will fouech +he e orcafch
i¥ will net fal) to th

in m[dalr

What Billy does is to take the string
and make a knot so the halfway mark
is in the locop. Then when he cuts, the
cup won't drop! What dees this have to
do with mathematics? It’s a logical so-
lution to a tricky problem. Some people

attempt 1o cut the ﬁrtdg,
Speedo. Even though nofhln?

and ;hmH not br

it when |
seeg |1

| will Wait give

me a mmu{’e fo
fhmkﬁ‘nerés 50
to be’a way. He
cant deﬂd gt vlfu(-

t’DUﬂ

Il beheue

" oA
think there's no place in mathematies
for trickery. Well, that’'s just not so,
and this chapter of mathemagic alms
to show you why. Try these tricks for
yourself if you need convincing, or

even If you don’t.

| cant wait
to Jrrt.‘l}'i'h'.s
One o /
b'.g Sisfer




The Incredible Memory Whiz

Here’'s a chance for a spectacular
magic trick to be performed by an in-
credible memory whiz: you. Copy this

chart on a piece of paper.

There's
Billus
hione. i

numbey!

3D @D €, @2 @o>
2460662 | 8314594 | 6404482 | 9549325 | 1347189 | 3583145 | 7415617
& @ | & | &b @ @ | @
3145943 ) 6516730 11459437 | 5493257 | 6392134 7|%Ca7r03i L2 208306
@ @ |
4370774 | 0550550 1 921347 | 3369549 | 516730% | 9437077 | 7291011
a@n D G @D AD >
2358314 | £1723538 | 5505505 | 2246065 | 2572910 | 03%3%6954 | qi0023
ObbZ808 | 5279651 | 5381909 | 8538190 7303369 | 1561185 | 4225729
C), GD 3> a> an G2
0224606 | 84206847 | 7527965 | Al54178 | 2194718 | B202746 | 5471897
az> €EY, a® &
04432072 | 3257231 | 4482027 | 4208420 | 4794370 }8!%0?% 1235831

Gilve the chart to someone. Ask that
person to tell you a number in any cir-
cle, and say that you'll write the seven
digits that are written below that num-
ber. That person will think you’'ve got a
pretty astounding memory-—wrong.
All you have to do is to uge a bit of
mathemagics and follow this pattern.
Whatever number you're given, do
this:

1. Add 11 to the number.

2. Reverse the answer you get, and
write down those two numbers.

3. Add them. If the sum is less than
10, write it down. If it's greater than 10,
just write down what's in the ones
place.

4. Keep doing this, adding the last
two numbers you get, writing down
just what is in the ones place of that
sum, until you get all seven digits.

Here's a sample: Suppose someone
picks 49.

1. Add 11. That gives you 60.

2. Reverse the digits and write down
06, the first twoe of the seven digits.

3. Add 0 and 6. This givea 8. Write it
down.

4. Add the 6 and 6. This gives 12.
Keep only the number in the ones
place, the 2. Now you have four of the
digits: 0662.

5. Add 6 and 2, and write down the 8:
06628,

6. Add 2 and 8, and write just the 0.
You have six of them now: 066280.

7. The last one is 8 plus 0, another 8:
0662808.

To really dazzle someone with your
powers of memory, make up your own
chart following this procedure, putting
12 or more digits under each circle.



Isn’t That Sum-thing?

Here's one of the most dazzling an-
swer-before-the.preblem tricks. It’s a
truly wondrous act of addition. Ask
someone in the audlence for a three-
digit number. Write it for all to see.
Leave spaces for four more numbers
and draw a line. Suppose the number
you were given is 645; here’s what you

write. ©4b

On a slip of paper, after a moment of
mathematical concentration, write a
number and give it to someone to hold
until the end of the trick. You get the
number you write down by putting a 2
in front of the number you were given
(2,645) and then subtracting 2 from it
(2,645 - 2 = 2,643). So it’s 2,643 that the
person gets to hold.

You then ask for a second three-digit
number; write it under the first one.
Suppose you're glven 473,

2335)

You write down a third number: 528,

Ask for a fourth number from the
audience. Suppose it's 128.

Then you write the fifth: 871.

Now, with a little help from the audi-
ence, add up the five numbers. The an-
swer will match the number you wrote
on that slip of paper. Isn’t that sum-

thing?

The trick is in the two numbers you
write. When you're given the second
number, subtract each digit from 9 to
write the third. Do the same with the
fourth to get the fifth. This way the sum
of each of the last two pairs of numbers
adds up to B99. So you're really adding
999 twice, for a total of 1,098, to what-
ever number you were given to start
with. That you know ahead of time.
Well, 1,998 is 2,000 minus 2. That's why
you have o add the 2 in front (in the
thousands place) and subtract 2 from
the original number. (What would the
answer be if you have the audience
pick a sixth number, and you pick a
seventh before the final addition?)
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The Calendar Caper

You'll need a month from an old cal-
endar for this trick. Have someone
draw around a square block of num-
bers, four hy four.

When that has been done, you write a
number on & slip of paper and hand it to
someone to hold. Then you turn your
hack and give these instructions:

1. Circle any one date in the blocked-
off square.

2. Cross out all the other numbers in
the row and column that the circled
numbher is in.

3. Now circle another number.

4. Again cross out the other numbers
in the row and column the second num-
ber is in.

5. Do this again for a third number.

6. There should be only one date left
that isn’t circled or crossed out. Circle
it.

7. Add up the circled dates.

o200 &

Then you ask the person holding the
slip of paper to read the number on it.
It's the same as the total of the circled
numbers!

To get the correct number to write on
the slip of paper, you add the dates of
two opposite corners and double the
sum. This magic will work for any
square block this size on any month,

Gun Mon Tues Wed Thurs Fri Sat
112 3 4 5

© 7 819 10 (12

13 14 15

20 2\ 2223 24 25 26

27 28 29 30

Sun Mon Joes Wed Thurs Fri Sat -'

27 2% 29 30

I

J—T:'wn Mon Tues Wed Thurs Fri Sat
N

6 7 8

12 14 15

20 21 22|

27 28 29
-

| {2 t
e T & < 4
15 14 15 17
20 2\ 21 Z52¢
27 28 29 30
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Calculator Tricks

Announce that you are very fortu-
nate because the calculator you have
not only adds, subtracts, multiplies,
and divides, but it helps you do magic
as well. Then proceed to use it to help
you do these tricks,

The Foavorite-Number Trick. Give
someone the magic calculator and
have him (suppose it’s a boy) punch in
this number: thirty-seven thousand
thirty-seven. Then check to see that the
calculator reads 37,037. Ask him for his
favorite number between 1 and 8.
Whatever number he gives you, multi-
ply it by 3 in your head, and tell him to
multiply what he has already put into
the calculator by that number. If he
says 4 is his favorite number, for ex-
ample, tell him to multiply by 12. If he
says 7, he needs to multiply by 21. What
he’ll get is an answer that’s a row of his
favorite number.

three dice as well as your magic calcu-
lator. Get somecne in the audience to
roll the dice. You, with the help of your
calculator, will guess the three num-
bers that came up. After the dice are
rolled, give someone the calculator and
glive these instructions:

1. Multiply the number on one of the
dice by 2.

2. Add 5.

3. Multiply this result by 5.

4. Add a number from one of the
other two dice.

5. Now multiply by 10.

6. Add the third number.

7. GGive back the calculator.

You subtract 250. There wiil be a
three-digit number. The three digits
will be the numbers that came up on
the dice.

N
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The Guess-the-Card Trick. Ask some-
one to pick any card from the deck.
Everyone should see it except for you.
Your job is to guess that card, with the
help of your magic calculator. Give the
person who picked the card the calcu-
lator and give these directions:

1. Punch in the card numbher (ace =
1, jack = 11, queen = 12, king = 13).

2. Mutltiply that number by 2.

3. Add 1.

4, Multiply by 5.

5. Add another number depending on
which suit the card is: clubs =8, dia-
monds = 7, hearts = 8, spades = 9.

6. Ask to see the calculator with the
answer showing.

Whatever number is now on the cal-
culator, subtract 5 from it. The tens
place of your final answer tells the
number of the card. The ones place
tells the suit according to the numbers
ahove.

Here’s an example: Let’s suppose
someone picks the 8 of clubs. Eight is
punched in. Multiply it by 2 for 18. Add-
ing 1 glves 17. Multiply by & for 85. Add
six since it's a club, and that brings the
number to 91. The caleulator shows 91,
You subtract 5 and get 86. The 8 is the
number of the card; the 6 tells you that
it's a club. Presto!

| wonder

] 'd rather oy Hrnph. Kid
SVE VoUr Weig syre carries
in di m}é_sbr

half dollars.

Getting Your Money’s Worth

Which would you rather have: your
weight in dimes or your weight in half
dollars? Would you make the same
choice if you were offered a barrel of
dimes or a barrel of half dollars if both
barrels were the same sige?

An?werai‘l'o Crgss -Lowntry Traveling:
-8 'S5-q 3-C §-p'p-{'@-6




The Magic Touch

This card trick requires that you
wear something with a pocket large
enough to hold a deck of cards. Here’s
how the trick looks to the audience.
Someone shuffles the cards, which you
put into your pocket. Then you ask
someone to name any one card from
the deck. Suppose the 8 of diamonds is
named. You reach into your pocket and
take out a card that is a diamond,
checking with the audience to see that
you have the right suit. Then you reach
inagainand pullcuta 4 and a 2 and ask
if the sum of these two is the same as
the chosen card. What a touch!

one with the correct suit. Suppose this
time the card named was the jack of
spades. You've already drawn out the 8
of spades to show the suit. Now you
need to pull out the cards that add up to
11: ace, 2, and 8 do it. You already have
the 8, so pull out the ace and 2 and you
tell the audience to total all three cards
to get the correct number. If it had
been the jack of hearts that had been
named, you wouldn't need the 4 of
hearts after you used it to show the
suit. In that case you just discard it and
pull out the other three, Once in a
while, someone will name one of the
four magic cards, then you really show
some magic.

does he
get These
tricks?

chosen card ®

To get ready for this trick remove
four cards from the deck before you
give 1t to the audience and put these
four in your pocket in an order that you
have memorized. The four cards are
the ace of clubs, the 2 of diamonds, the
4 of hearts, and the 8 of spades. In this
order the numbers go from smallest to
largest and the suits are in alphabeti-
cal order. The order isn’t important, as
long as you can reach in and’ pull out
any one you want at any time. Practice
this ahead of time.

Now, when the deck is shuffled, put it
In your pocket without disturbing the
four cards already there. When you're
told the card, reach in and pick out the

These cards
HO in your pocket
orehand.




What about the four secret cards?
Having one of each suit is essential for
being able to pull out the correct suit.
But why the ace, 2, 4, and 87 That’'s
because you can make any number up
to 15 by adding different combinations
of those four numbers. Here's a chart
that shows how. A checkmark indi-
cales that a number is being used.
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These are the only four numbers that
will work. Notice that each one is a
double of the one smaller than it is, two
times as large. Mathematicians call
these numbers the “‘powers of two."




The Force Is with You

Here's another mathemagic trick
you can perform for several friends.
Give them each a slip of paper and ask
them to write their names on one side.
Collect the papers.

Then ask each of them to think of a
number from 51 to 100. Tell them to
concentrate on the numbers they've
chosen so you can get their thoughts.

' gof it
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Ask them to concentrate quietly so
““the force’’ can be with you. While
they’'re doing this, you write a number
on each of their slips of paper, on the
blank side, and then fold them 30 only
their names are showing.

e & e

When you have done this, tell them to
each add a certain number you give
them to their own. You give the same
number to all of them. Then they each
cross out the left-hand digit in their
answer and add that digit to what’s left
of the number. When you hand each of
them the folded paper with their name
on it, the number they now have is
written inside.

ﬁ“k\\\\\ must have

concen’n_'ared

How can you be so clever? Well, first
of all, they’'ll all wind up with the same
answer. The mathemagic takes care of
that. Writing the numbers on different
slips of paper just adds to their amagze-
ment.

Here's what you do. Pick a number
from 1 to 50 that you'd like them all to
finally get and write that on each slp.
In your head subtract your number
from 99, Say the result out loud. That's
the number they add to their thought
number. Suppose you picked 26 and
wrote that on their slips of paper. Sub-
tract 26 from 99 and you get 73. They
each add 73 to their number.

Suppose someone picked the number
85. Adding 73 gives 138. Cross out the
left-hand digit, the 1, and add that to
what’s left, the 38. That gives 39. Sub-
tract 39 from the original 65, and that
leaves 26, the number you've already
written. If you suspect that some in
your audience might not be too terrific
In arithmetic, have them work in pairs,
each pair giving you one slip. (Or let
them borrow your magic calculator.)
The real force, of course, is mathe-
matics!




Take any number at all, with as
many digits as you like. (Your tele-
phone numberis as good as any to start
with.) Write down your number. Then
scramble those digits any way you'd
like.

Subtract the smaller from the larger
of these two numbers. Whatever an-
swer you get, add up the digits in it.
And whatever sum you get from this,
add those digits again. And keep add-
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You Always Get Nine ing them until you wind up with just

one number. It will be a 9.

Here’'s an example. Suppose you
start with 4572738. Rearrange them to
this: 8747523, Subtract: 8747523-4574738
= 4174785. Add up those digits: 4 + 1 +
T+ 4+ 7+ 8 + 5. That sum is 36. And
add the 3 and the 6; you get 9.

This will work every time. It doesn't
matter what number you start with. It
doesn't matter how you rearrange
them. Add this to your collection of
mathemagic.
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Metric Eyesight

Having 20-20 vision means that your
eyes are in great shape. A person with
20-20 vision can read a certain line on
an eye chart that is placed 20 feet
away. What’s golng to happen in the
eye doctor's office when the metric
system takes over?




The Three S;cks

increase LJour
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The three little pig eyes have a few
standard tricks to fall back on when
things get a bit slow. This does happen
to them from time to time. It's one of
the regular patterns of life as a trick-
ster. (If you have never heard of the
three little pig eyes and are wondering
what this is all about, you may want to
check the tale on page 22 for a proper
introduction to this strange trio.)

The three little pig eyes always keep
their eyes open (as wide as they can,
that is) for fairs and carnivals. Being
magical creatures, it’s easy for them

to sneak in, open a booth, and not be
noticed as being sirange. Well, at least
not too strange.

One of their favorite booths to set up
at fairs and carnivals is the three sacks
booth. It's quick and simple. They have
three sacks of things and charge people
to guess what's in each. The people
who guess right get a prize.

Here’s one they set up last summer
at a carnival. Their sign was a real
grabber: Pay a nickel to win a
guarter! Increase your § cents by 500
percent.




T.J. was one of the customers who
got interested. One trickster explained
to him what was in the three sacks:
‘‘Money, money, they’re full of money.
There are nickels and quarters, and
I'm not being funny.'' Then it pointed
to the sacks and continued the rhyme,
“One sack has quarters; another has
nickels; the third sack, however, is
really a tickle. It's a mixture of both, a
fair share of each; finding which sack
is which i1z within your reach.'’ (The
plg eyes never claimed to be great
poets.)
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This got T.J. Interested, but he was
also pretty confused. You see, each of
the sacks was clearly labeled. One was

labeled '"‘Nickels’'; one was labeled
“Quarters’’; and the third was labeled
‘“Nickels and Quarters.”’ So it seemed
like neo problem at all to find out which
sack was which. But you must remem-
ber that the three little pig eyes are
tricky creatures, and things are rarely
as they seem when you are around
them.
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At this point, with T.J. even more in-
terested, another of the pig eyes ex-
plained further. ‘“The labels aren't
right,” this trickster said. It wouldn't
be much of a trick if you just paid your
nickel and told us which sack had
which coins in it and then got a quarter.
We'd be out of quarters in no time.”’
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That's when the third pig eyes
chimed in. “But we don’t expect you
merely to guess. We glve you clues.
Two clues. And with the two clues, you
can definitely figure out which sack is
which—with some clever thinking,
that is.”’
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T.J. was willing. “‘T’ll take a chance,”’
he said. The three little pig eyes
snapped into action,

‘““That will be one nickel, please,"
one pig eyes said.

Then another explained, “One clue is
that each of the sacks is labeled incor-
rectly; you can be sure about that.”

Then the third trickster finished.
“You get your second clue this way:
FPick any one sack, and we’ll reach in
and pick out one coin and show yocu
what it is.”

Which sack would you reach into?



T.J. won. (Actually, people won pret-
ty often. Especially the ones who were
math smarty pants.) So then the little
pig eyes, tricksters that they were,
came up with another offer. It went
something like this.

““Say,’”” one of them said to T.J.,
“would you like a chance to double
your winnings?"’

“How?'' T.J. asked.

“‘It's another problem. I tell you how
many coins I have in my pocket and
how much they’re worth all together. If
you can figure out what the coins are,
I'll give you another quarter. If not,
you give me back the quarter you
worn,”’

R

With this explanation, T.J. decided to
go for it. Then he got the details of the
problem. ‘'I've got two and a half dozen
coing,’”’ one of the pig eyes said slyly.
““All totaled, I've got 32 cents. What are
the coins?"’'

R ~




Then to cheer up T.J., the little pig
eyes gave him a riddle, for free, that he
couid try on someone else. They might
be tricksters, but they are basically
good-natured creatures. The riddle
was written on a card:

[ th are 1966
pennies worth
almost $20°

-

Becavse 1Apb 7
pennies are worth
$19.6b, only 344
less than $20.

0 00 % What am

T.J. started to think. And think. He
took out a pencil. (The pig eyes cheer-
fully supplied paper.) He could not fig- — :
ure it out, however. And he didn't feel ~———===S"%!
very well when he found out what the =
answer wag! You see, this was one of 2 '
the trick questions the three little pig “ 7
eyes love. It wasn’t a fair-and-square /|
problem like the three-sacks problem.
This one had a trick te it. But then
again, what can you expect from trick-
sters? Can you figure out the answer?
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You see, according,
fo this, no Nnumber will
ever be considered a bi
number . |+ will yust be L
more than the one before
it That proves it

Theres something
wrong here . It's logica|,

but 11 not right. 7|

Know (t's just not”

Sally's reasoning may seem logical,
but Boots is right. Sally isn't correct.
Numbers can be big, too big to imagine
even. Take one million, for example. A
million of something is really too large
to imagine. If this entire book were
filied with words, with no pictures at

all, there wouldn’t be a million words
in it. Not even a million letters. Not
even half a million letters. So there’s
something wrong with Sally’s reason-
ing. Can you figure out what it is? May-
be this chapter will help.

| say Sailys
been hangin
arovnd those
pig eyes
oo much.




calculator helps to figure out this one.
Start like this: There are 60 seconds in
a minute, and 60 minutes in an hour, so
that makes 3,800 seconds in an hour.
There are 24 hours In a day, which
means there are 86,400 seconds in a
day. You take it from there.

How Big 1s Big?

Suppose you tried to count to 1,000,000
and counted just one number each sec-
ond, without taking out any time for
eating or sleeping or even practieing
the pianc. How long would it take? A
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Students in Sherwood Bates Elemen-
tary School in Raleigh, North Carolina,
were learning what 1,000,000 looked
= - Hke firsthand, at least in bottle caps.
=2 = They started collecting bottle caps in
September. By March they had 787,000,

it

Wik,

A
li |

; =
= £ which meant almost a quarter of a
= -;j:_} million still to go. That's when a snag
£ - :_’.{:,3 developed. What were they going to do
=57 Z_ = == with all those bottle caps? Already
A IO -, 5= what they had collected would fill
£E -5 = s 7% about 160 large boxes!
SEST oSS = T = The Sherwood Bates students finally
g?,iéé <3 - - Z= made it, with a grand total of more
R than 1,170,000 bottle caps. And North
L& =T+ T SE z =z Carolina solved their problem of what
EeoT 2 - o S50 =, to do with the caps—they bought them
E’;:;E sz EEC £ = for recycling. The Mayor of Raleigh
EE TS = ecE=E:= = ﬁecl:g-ed June 13, 1980, as Bank-a-Mil-
T ~ = . ITtd T — = on Day.
EXg — 2 SO TIZE ¢ -
=== v = - — . P
ESE—-o 2 = £ £ - - € =ZDNETT
EZE o= = =z = - TS5 &
EESZ Ts. 78 £ . = §.°°
SEESETee T S e e EETL
%Et S"—h_“ = v T == = g o E-‘:
£t =SS S E S Ne =&f =
SR e S50 e,
ECSTp £ IEteeREl TZE=
= S=F EEEESFEG SIS
L ST issterE s

F%
f{lln
y
Eﬁ
X
{
|



More Mathemadtical Abbreviations

Exponents are especially useful when
the powers of ten get even bigger.
Here’s a chart that shows how handy
mathematical shorthand can be.

Fowerof Ten  Number name

3

1o ““Thousand
io&; Mllhon
lo.z Tt’lHIOn
10° - Quadrillion
}OJB __.,._,..,,.A-QUmﬂ]Hon
}OZl e Baxtillion
lol4 SepT\HlOn
0¥ - Octillion
0% - Nonillion
Ioaa e Deeillion
0> - Undecillion
10 - cDuodeeillion
|O4z ~Tredecillion
|O45'__,.,,.,....Quaﬁuordecil]ion
1048,_,,.,,,.,.._QUI.ndeC'I!Iion
10 - Gexdecillion
P - Septendecillion
0”7 - Octodecillion
*OGO ,,.,...Novemdeci]“f)n
O o Vigindil lion

1o

Can you figure out what number
name fits 1087 Or 10107

Which Is Bigger? One million billion
or one billion million? Can you write
each of these as a power of ten?

Anewers to the Przza Problems:
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You dont have to use exponents
us‘r for Veowers of ten. You can
ave powers of o;ﬂ’neei or
of an number. The' rule 1s
sTill the same: The exponent
Teiis how many times o muH’l
Iy the base by iteelf, 502°
means 2x 2 x2 xZ x Z x 2, which
5 04. And 6% means G X6 Of 36,

Which of Jrheee pairs is Irnc:»re'lJ
Z or 3%
tor 4%
Zs or 5%
(?)OU notice a paitern
aboul‘ hese? lg that paftern

true for o’rher bases and
exponents?

The Fifth Powers. It has been said
that the fifth power of a number always
ends in the last digit of the base
number. For example, 25 = 32 and
135 = 371,293. Test this for others.



Who Uses Such Large Numbers
Anyway?

If such large numbers are so hard to
imagine, why bother with them? For
some people they're very important.
Astronomers, for example. You may
have learned about the speed of light in
school, light travels at 186,000 miles
per second. The sun is 83,000,000 miles
away from Earth (more or less-—at
that distance a few miles doesn't make
much difference). 8o it takes the light
from the sun about 8 minutes to reach
the Earth.

How far does light travel in 1 year?
There are 86,400 seconds in 1 day, and
just about 365 days in a year. Soin 1
vear, light travels 186,000 x 86,400 x
36514 miles. This is about 6,000,000,000,-
000 (6 x 1012) miles (more or less}. You

can read that as ‘‘six trillion miles' or
“gix times ten to the twelfth power
miles.”’ But instead of either of those,
that distance is called ‘‘one light
year.'' Can you explain why?

Alight year is an incredibly long dis-
tance, much too long to visualize. But
scientists know that many stars are
much farther away from Earth than
that, and that a light year really isn’t
so terribly far when you're thinking
about the universe. Polaris is the North
Star, the one at the end of the handle of
the Little Dipper. It is 300 light years
away from Earth. That means that on
any night you're looking at that star,
the light you see is the way Polaris
looked 300 years ago! Some of the stars
you see at night don’t even exist any-
more; they’ve already died, but their
light is just now getting to Earth.




A Speedy Problem

For this problem you need to know
two speeds. Light travels fast: 186,000
miles per second. Sound travels fast,
but not as fast: 1,100 feet per second.

Suppose you're at a rock concert, sit-
ting 100 feet from the band. The con-
cert is being broadcast on the radio,
and somecne is listening to it 1,000
miles away. Radio waves travel at the
speed of light. Who will hear the music
first —you or the radio listener?

Worldwide News

Suppose a baby was born at mid-
night, and you told one person about
this new baby. Then that person told
two others within 10 minutes. And then
those two each told two others in 10
minutes. And this continued all night
long, with every person telling two
others every 10 minutes who hadn’t yet
been told. How many people would
know by 8 o’clock in the morning?

Gee, | hopeli
didn't get
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The Million-Dollar Giveaway

If you had $1,000,000 (don’t you
wigh?}, and you decided to give away
$50 every hour, how long would it take
you to give away the total amount?
How old would you be then?

Math on the Beach. If you look at a
1-mile stretch of beach that is 100 feet
wide and 1 foot deep, you're looking at
10 grains of sand. That’s one hundred
trillion, and nothing to sneeze at.




Some Numbers Are
More Perfect Than Others

Being perfect ian’t easy, I’'ll have you
know. It’'s hard to find friends of my
quality. After all, there just aren't too
many perfect numbers around. I'm the
smallest of all of us; and I was the first
one discovered. The Greeks found me,
for which I'm grateful. Deeply grate-
ful.

Those Greeks were extraordinary
fellows. They felt that we perfect num-
bers are rather mystical. Some felt we
were slightly nonsensical as well, but

I'm sure they realized the error of their
ways. Euclid, that dear boy, one of the
most spectacular of the Greeks, wrote
about me and some of my perfect
friends in the first century B.C. He ap-
preciated us, not only because we are
s0 perfect, but because he knew how
rare we are.

It was no easy task to find us. After
me comes 28. And the third comes a
long way after; it's 486. The fourth is
8,128. It took mathematicians over
1,600 years to find the fifth perfect
number. It was a toughie, a real hide-
out: 33,660,336. And it has only been
since the invention of the electronic
computing machines that they have
found the next one: 8,589,868,066. Oh,
we're a rare collection. (But I'm first
and always will be,)




I'm sure you're wondering what
makes us so very perfect. It has to do
with our proper divisors, you see, the
numbers which are smaller than we
are and divide into us evenly. For each
of us absolutely perfect numerical
wonders, our proper divisors add up to
us, exactly, Take me for instance. My
proper divisors are 1, 2, and 3. (Not 4,
or §, gince they don’'t divide into me
evenly. I've always detested leftovers.)
And if you add 1, 2, and 3, you get me, 6.
It's just perfect.

That simply marvelous property
doesn’t occur again until 28, The divi-
sorsof28are 1, 2, (not 3), 4, (not5or 8),
7, and 14. Just those five. You can
check for yourself that they add up to
28.
If you're one of those doubting types
(and I certainly hope you are—doubt-
ers are 8o much more exciting as think-
ers), check out 486.

I was at a party recently. I can't re-
member where the party was—I'm in.
vited to 30 many. Well, there was a 10
just preening for a group of admirers.

“What’s going on here?"’ I whispered
to a friend.

“Well,” she said, ‘'they all think that
10 is absolutely perfect. After all, it has
done s0 much for place value and is &
perfect match for people’s fingers and

‘\.:a 9\—-*-‘-'*-' %

“What?’’ 1 said, a bit louder than I
had meant to, I'm afraid. Well, I just
couldn’t contain myself. This was an
impostor of the worst sort. Now 10 may
have some interesting characteristics
(though I've never really noticed them
myseif), but being perfect is definitely
not one of them. Even the mathemadti-
cians agree. Check its perfect divisors
for yourself. The only nurnbers smaller
than 10 that divide into it evenly are 1,
2, and 5. Add those anad all you get is 8.

!



Hardly 10. And when a numbher’s prop-
er divisors add up to less than itself,
it’s given a most appropriate label. The
mathematicians call those numbers
“‘deficient,”” and I agree with them
wholeheartedly.

Now there are some numbers that
aren’t perfect, but they aren’t deficient
either. Take 12, for example. Its proper
divisors are 1, 2, 3, 4, and 6. Add those
up, and you get a hefty sum: 16. (Some
numbers have just let themselves go.)
‘‘Abundant” is what mathematicians
call these numbers, a rather polite
label for such chubby entities.

We perfect numbers have dazzled
mathemadticians for ages. For exam-
ple, they’'ve noticed that all of us are
even. Well, of course! What did you ex-
pect? But those mathematicians are
doubters. Darlings, but doubters. They

How old
perfect or abundantor deficient?

like to prove things, and they’ve been
trying for simply ages to prove that an
odd number can't be perfect, but none
of them has done it yet! They just don’t
come like Euclid anymore!

Before | go, dear readers,
| have a question for you.
are’you ? |5 yovr age

And one more.
thing — /Fyou can
imagine this at all—
The seventeenth
perfect number has
1273 digits in it/
Talk about perfection/




MATHTALK

{'m positive

our age is odd

anag cer’rainlq
not perfecf.

In mathematics, easy words some-
times stand for not.so-easy ideas. And
that can be confusing. You know the
words, but you don't necessarily know
what the mathematical meanings for
them are.

Take the word ‘“‘perfect’ for an ex-
ample. Think about what the word per-
fect means to you. Check it in the dic-
tionary. Now can you see any reason
why the number 28 ought to be called
perfect? Check page 124 to find out. It
doesn't have much to do with what
*perfect’” means in a nonmathemadti-
cal sense.

If you feel positive, or negative,
about something, that’s a sign of your
attitude. Not so in mathematics. Posi-
tive and negative numbers aren’t
cheerful or grumpy. Positive numbers
are larger than zero, and negative
numbers are sraller than zero, and
that’s all there is to that.

An odd number isn’t terribly unusu-
al, it just isn’t even. Hardly enough ex-
cuse to be called odd In English, but
perfectly understandable in mathema-
tics!

There are other such words: table,
plot, function, product, times, power.
And lots more. It's as if some words

Cool it

Speedo,
she's ju&f
ma+h~m5

off. /

have one meaning in English and an
entirely different meaning in mathe-
maties.

Some of learning mathematics has to
do with understanding ideas that have
names sitmilar to other, unrelated
ideas. You need to remember that, And
you need to remember that the ideas
are the important things. The names
are only as useful to you as your under-
standing of them.

*

Read the following description and
see if you can figure out what is being
described. It’s an object that is usually
found in homes where someone sews.

A portion of a smail right
circular cone , made By a
cut parallel o it> base,

| convex onthe crown,
semiperforated with
symmetrical indentations,
usvally congruent witha
hollow (nrexior




It’s a thimble. Aren’t you glad math-
emadticians don’t run everything in this
world? '

Mt
DR




ARE YOU A MATHEMATICAL WHIZ?

If you said no, then this book has a surprise for you: you
may be smarter than you thought. If you said yes, this book
may still surprise you. You may find out that you are
-smarter than you thought you were and not so smart
either. How can you be both? Because being smart at
math doesn’t mean being able to multiply fractions in your
head at the speed of light. Numbers are only a part of math.

Some people can see shapes better than most. Others can
figure out logical problems better than their friends. There -
are many ways to be smart when it comes to mathematics,
and this book will tell you about all of them.




