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Abacus

Hluu]nﬂﬁ ol years before calculators were invented, people in
China discovered they could add and subtract quickly by
ﬂ|'I|||:i.'|."i|:£ !'Jﬁq':lflt:“ ha{‘.’k ﬂl-.l.‘.[ fl‘l]'lll o1 51 ['i.llg.":. T}H":\' Ili|1 =2EVET] I_'Il."_"ﬂl'iﬁ 0T &
string and mounted a few of these strings in a wooden frame. We
1‘:311 lhl.‘ il!"\' i.{'!‘ dall H.IEFUJ [ 5. Il Wds i grl’_‘ﬂl ti[ﬂ(‘_‘-z’.ﬂ\'f‘l‘. ;]_ﬂfl ]I_[ =0
spread to other parts of Asia, The Russians wanted more beads on
their abacuses, so they strung ten on each string. The Japanese
figured out how to add and subtract just as quickly with only five
h“ﬂ(lb LE1N] l‘ﬂ.i'h ﬁ!rin;_r.

Today many people in China and Japan still use abacuses. The
strings represent place values (1s, 10s, 100s, ete.), and the posi-
tions of the beads along the string represent the number of 1s,
10s, or 100s being used. If you think pushing beads back and
forth is slow work, think again. In contests between people using
caleulators and p(‘ﬂir](.‘ ubing abacuses Lo add and :~:||1btrurt, the
abacus users usually win! Some Chinese and Japanese shopkeep-
ers don’t even need a real abacus. They just move their hands in
the air, shding imaginary beads back and forth on imaginary

strings. But thev still get a real answer!
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B is for
Binary

Suppmm that instead of getling your regular allowance, vou have
d [,‘hl}i_l'_‘-t".-: Yﬂu i) | hq'l\’ﬁ il I"i“il_}ll {]l}”-’irﬁ. ﬂr _"_n"[!ll Ll ]'I?].'Flﬁ i
penny.

Well, not just a penny, but one cent today, two cents tomorrow,
four eents the next day, eight eents the next, and so on, for 30
lia}’ﬁ. F:ﬂ.l_'.h dﬂ.}" t]'l{'} armonant Wl“ l](lll]:l]ﬂ; “"—hi{‘.]l "l\"ﬂll].d }'ﬂll 1.‘3hﬂlm'l?

Let’s see how many pennies yvou would get each day during the
first week:

12 4 B8 16 32 64

On the seventh day. you'll receive 64 cents, Tt doesn’t seem like a
very good deal, does it? But this is just the first week. While the
money is coming in, let’s take a close look at the numbers. When
vou start with 1 and double it to get 2, then double 2 to get 4, then
dﬂublt‘! 4'. EI'I'II_]_ kf"_.t‘!]j oan l]“ll}jiillgj you g{"l i HHEIHH”I‘.’H ﬂf I]IlT]]thrH
called the binary sequence. The numbers are called binary num-
bers. There is something very important about binary numbers.

You can add binary numbers to make any other number. While
215 not a binary number, you can make 5 by adding 4 and 1, which

are hinary numbers. To make 13, add 8. 4, and 1. You can make

- every number from 1 to 127 out of the first seven binary numbers,

(In this page is a chart showing how. On the right side of the

| Chﬂrt are lJ_""'_‘iTI']E].-I_ Tlu]’lll}ﬂrﬂ_l.hﬂ rﬂgll.[ﬂr ]{illf] }l'(lu [FE1H ﬂ‘l"{.‘l’}" fla}.
At the top of the chart are binary numbers. Find the decimal

- number vou want to make and look to the left of it. Wherever you

see a check mark, use the binary number at the top of that col-
umn. You can create 7 by adding 1, 2, and 4 (that’s why they are
checked). You can make 13 by adding 8, 4, and 1. We started the
chart—now vou finish it. { No, vou may net write in the book!)

Suppose we putl a | wherever there’s a check mark, and a 0
wherever there isn't a check mark. {WP: won'l pul an_'g-'l]‘lillg 1o the
left of the first 1.)

What we have here is the binary system, a way of writing num-
bers using only 1s and Os. In this system, the number 5 is written
101 ard the number 15 is written 1111,
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You're T.mru_‘rhahf‘_-.' h'nni']r*ring \-\']I}' anyone would want to write — -

such long, funny-looking numbers with just 1s and Os that take up

so much room on the page. Well, the binary system isn’t meant

for the page. It's meant for the chip. The computer chip.

Computers “think™ in binarv. A computer chip has lots and
) f I

oy 13

lats of invisible electreie switches called bits. A bit can be on or off. i i

That’s all it can be. On or off, off or on. It has no brain, It has no

variety, It just has on and off. Think of off as the number 0. i 1

4

Think of on as the number 1. Put six bits in a row, and Etar‘fing at

the right side, turn the first one on. turn the next one off, the next

000~ |—/=—-0/0 0|0/~ ~I—

— 00 =—00=-—Qlo. —-lo0— =

one on, the next one off, the next two on. What have you got? i i :

You've got the binary number 110101, or 53 in the decimal =

svstern. Just use a chart like ours to figure it out.

That’s how computers work. A computer turns evervthing (even

oo Dl—:—-,.-—i.-f—-i- Y| P

letters and pictures and music) into Os and 1s by turning some

bits on and some bits off. The 1= and Os make binary numbers,

Okay, vou say. The binary system can handle small numbers
like 1 and 3 and 20 and mavbe 153, but it would take billions of -
bits to make a really big number, like 536.870,912—right? Well, | gEnT U
no. It would take only 30 bits to make that number. If you started
with | and doubled it, then doubled that. and kept doubling, L1418 0 C AR 199

OO
-— |
E=dfe]
- O

oo

'I‘:llc\

when vou got to the 30th number in the binary sequence, vou'd

have 100000000COOOOCOOOCODO00000000 (a one with 29 zeros), Or Yora L rite tnlidl

in the decimal system, 536,870,912, Exactly. T} M
Remember those pennies? Now we know how many you'd get T.The torn edges meon Aumbers

on the 30th day of doubling: 536.870,912. Hmmm. That’s the are nlsxies - geU CARTITHER A,

same as $5.368.709.12. And that doesn’t count what you received

on each of the other days!

Now which would vou choose? A million dollars or a penny?

T
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O is for
Cubit

Mure than 5.000 vears ago, before feet and inches or meters
and centimeters were invented, there were cubits. In the
aneient world, cubits were the common way to measure things. A
cubit is the distance from the tip of the elbow to the tip of the
middle finger. But there’s one little problem: Whose elbow? Whose
middle finger?

Suppose vou live in ancient Egypt and vou pick some papyrus
on the banks of the Nile. You take it to the marketplace in
Alexandria where you meet Ahmos, a papermaker who has come

to shop for papyrus to make his paper.

AHMOS: What lovely papyrus! How much do you want for it?

You: I'll trade 10 cubits of my papyrus for two sheets of your nice
paper.

Anmos: Good deal!
[You measure out 10 cubits of papyrus and hand it to Ahmos. |
You: Finally, | can write a letter to my Uncle Ramses.

[Ahmaos gives you the paper, then he checks your measurement on
the papyrus.)

Anmos: Wait a minute! This isn't 10 cubits. It's only eight cubits.
Look!

[Ahmos shows you that the papyrus is only eight cubits when
measured with his forearm.]

You: Of course it's 10 cubits. Look!!
[You measure the papyrus again with your own arm.)

AHmos: You cheat! You're no better than a thief!! Give me my paper
back!!!

You: No, you can’t have it. | already wrote “Dear Uncle Ramses” on
it. Get outta here!

As you can see, cubits were not the best way to measure things.

Nor were the other early units of measure, like digits (a finger’s



width), palms (four digits). hands (five digits), heads (the height of
vour head), paces (the length of your step), and so forth. Eventu-
ally. people realized that life would be much easier if evervone
used the length of the same person’s arm (or hand or head), Onee
thev did that. a cubit (or a digit or a pace) was the same for CVery-
one. The exact length that evervone used was a standard unit (see
U is for Unit). Now we have units like centimeters and inches and
grams and pounds and degrees and horsepower, and everyone
knows what they mean.

But it all started with cubits.
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Land D is also for

data

tecimal point
decimal system
degree
denominator
density
diameter

dodecahedron
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D is for

Diamond

D iamond shouldn’t be in this book. There are diamonds in
rings and there are diamonds on baschall ficlds, but there are
no diamonds in math. If vou take a square and tilt it on one vertex
{corner), it looks like a diamond. But it isn't. [t's still a square. If
vou squeeze it a little so it becomes pointier at two ends and less
pointy at the other two ends, it’s not a square anymore. But it isn’t
a diamond, either. Iz a rhombus.

There are no diamonds in math, We put diamond in this book

s0 vou would know it doesn’t belong here.
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Equilateral
i ’ " : c
Eqm means “equal” and lateral means “side.” so equilateral 5;'_5
means “equal sides.”™ When a polvgon—a flt shape made no?
from three or more straight sides—has sides that are all equal
in length, we say it’s equilateral. An equilateral triangle has

three sides of the same length. An equilateral pentagon has five

sides of the same length. An equilateral hexagon has six sides

of the same length.
Big deal. Equilateral is a little boring, so we’ll do another E. ,,_, hkﬂld?i

%
‘ got TR

well?

I 1
a.ff.ﬂ'* =
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et l d T
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ellipse ‘j,_m,,‘?
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E is also for
Exponent

Ex[mnnuls are a little strange at first, but they're definitely not
boring. Take a number and multiply it by itself, like this:

4%4

There’s another way to write that:
4?

The big 4 at the bottom is called the base number, and the little
2 up above iz called the exponent. The exponent tells vou how
many times to multiply the base number by itsell. So. 42 means
you multiply two 4= together: 4* equals 16. And 4' means vou
multiply three 4s together: 4* equals 64, Get it?

2¥is 2 x 2 x 2. It equals 8.
S5 isEX5X5X5X5,0r3,125.
PB=TX7XTXTR?XTAT X7 =5,764,801

When the base number is 10, something really interesting
happens. See if you can figure it oul.

106=10x 10 x 10 x 10 x 10 x 10 = 1,000,000 (one million)

10°=10x10x 10X 10x10x 10x 10x 10x 10 = 1,000,000,000 (one billion)

pean o the

o
y e\l ™ poie,

K
J &

. i
‘—ﬁ--{f.l lenely jel weha

Checause 1 % lxlﬁl"]“!}
“1x1 wilrdal= L,



Did vou notice that the number of zeros in the answer is
{ex;u;tly the same as the {-'xpum—rnt? That :llwaj.'.‘-:. hap]n‘:n.ﬂ: when the
base number is 10, so it’s really easy to write big numbers with
exponents,

Which is casicr to write, 107 or 1,000,000,000,0007 Now vou
know why scientists and mathematicians use exponents to write
big numbers!

Perhaps you're wondering how a scientist would write a number

like two hillion. If vou're not. please start wondering now.

2 x 10¢ ’ ‘

H{"_. e 1‘1'1- hnw;

pow fr

it Wity '
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> %
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Fis for
Fibonacei

".n_

,A. ! In the 1200s, an ltalian mathematician named Leonardo of Pisa

- L wrote a book about numbers, He signed his name Fibonacei
(pronounced fib-o-NOTCH-ee),

" In his book, Fibonacei said that the people of Europe shonld
stop using Roman numerals. He wanted everyone to switch to the
numerals used in the Arabic world. Instead of writing LXXVIIL
they could write 78. Isn’t 78 easier to write than LXXVIII? Well.
Fibonacei thought so, and because of him. we use Arabic numer-
als 1 uin}'.

Fibonacei’s book also included story problems. One was abou
rabbits: How many pairs of rabbits will there be each month il vou
start with one pair of newborn rabbits, and that pair produces a
pair of babies every month? The rabbits start producing babies
when they are two months old, and their babies also have their first
habies when they become two months old,

Here's one way 1o look at it:

L'.'LF\\__
£

AFTER HOW LONG? f: How mANY RABBITS?
Starting point Qeuu ! 1 pair

After 1 month 1 pair
After 2 months 2 pairs
After 3 months 3 pairs
After 4 months 5 pairs
After 5 months 8 pairs
After & months 13 pairs
After 7 months 21 pairs
After 8 months 34 pairs
After 9 months 55 pairs
After 10 months 89 pairs
After 11 months 144 pairs



Let’s look at the answers another Wiyl

112358 13 21 34 55 89 144

These are the first 12 numbers in the famous Fibonacet

.i!?qﬂ!'ﬁ'r't" I::Ij. ]llll!l]l!‘r':‘i.

See if you can figure out what's so special about the Fibonace

SEUENCE, Atter the hrst two numbers, how can the others be

made? Think about it belore Vil read on.
Whenever vou ald one number to the next. you get the follow-

ing number in the sequence. Trv it. Add 2 and 3. What do vou

¥ -
s

B

get? Now add 5 and 8. Got 1t? Okay, now what number comes after ‘ A el
14 in the Fibonacei sequence? /‘;;J

Fibonacei numbers are interesting, but what's amazing about w '

them is how often they appear. You ean find Fibonacei numbers in

art, architecture, music, poetry, and nature. Turn to N is for

Nature. Get l'{‘.'i.il_!, Lo be amazed.
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-and G 1s also for

geometry

giga-

golden section (or golden ratio)
tram

graph
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G is for
Googol

Amathematician named Edward Kasner once wrote a 1 followed
by 100 zeros. Tt looked like this:

10,000,000,000,000,000,000,000,000,000,000,000,000,000,000,
000,000,000,000,000,000,000,000,000,000,000,000,000,000,
000,000,000,000,000

When Kasner wrote this giant number, he asked his nine-vear-
old nephew, Milton Sirotta, to give it a name. Milton thought for a
while, and then he said, “Googol!™

Ever since then. this number has been called a googol. You can
write it ag a 1 with 100 zeros, but there’s a much easier way o

write a googol. You can use exponents (see E is for Exponent):
1010

Now vou can have a googol-writing contest with vour friends.
See who can wrile a gm:gﬂ] the fastest,

How big is a googol? It's more than the number of grains of
sand in the world. It’s more than the number of blades of grass in
the world. It’s more than the number of hairs on the heads of
every person in the world. There isn't a googol of anything, any-
where. A googol is more than the number of atoms in the universe.
Way more, Would vou like to be a googolaire? Where would you

put all your money?

. e, anYwny? Mg
___'-v‘-\t’i;:.ru5g:llm “'-:-_1_"__,.,-'-"




(x is also for
(roogolplex

Sﬁmf.‘mi!: decided that googol wasn't a big enough number, so
now we also have googolplex. A googolplex is 1 followed by a
googol zeros, If vou'd like to write that number, go right ahead. We
have other things to do.

Well. actually, there i an easy way to write a googolplex. You

can use exponents (see E is for Exponent):

108050

That means a 1 with a googol zeros — in other words, a googol-
i!lﬁx- Hlll n]a}-bf :\-ﬂu dﬂl‘l‘l “]’U‘ llh'il'lg i “'ﬂ]n’i 45 an l:‘f{l_'l'l'llllf"n[. 50
instead of writing the word googol as the exponent, write googol

as a number:

0 210 D, M, (0 LN, O, LM, CMEHCL CHCT, EXCH, ML (MK, YR CHOC, DN, ML OHCRD, D, MO, 000, 0N, N0, M, N 100, LRCHE, ML, LM, DX, 1060, B0, ML K0

If that takes too long, here’s another way. Since googol can be
written 10", googolplex can be written:
oo

m“:'
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helix
horsepower

hy potenuse
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H is for
Hundred

Our number system is based on the number 10, Ten 10s are

100, One hundred is an important number.

There are 10 cents in a dollar.

In France, there are 100 centimes in a frane.

In Mexico, there are 100 centavos in a peso,

There are 100 centimeters in a meter,

In the kind of thermometer used almost everywhere in the

world except the United States, there are 100 degrees between

freezing and boiling. These are called degrees centigrade or

degrees Celsius, Water freezes at 0°C (that’s how you write “zero

degrees Celsius”), and it boils at 100°C.

There are 100 vears in a century. A person who has lived at least

100 years is called a centenarian. When a country turns 100 years

old, the citizens celebrate the country’s centennial. One hundred

vears after that, they celebrate its bicentennial.

There are 100 legs on a centipede. Well, not really, There are

usually only 30 to 40 legs on a centipede. Whoever named it

probably didn’t want to get close enough 1o count its legs, so he

guessed it had 100 of them and called it a centipede. Literally,

centipede means “one hundred feet.” There must have been a lot

of people who didn’t want to get close enough to count the cen-

tipede’s legs, because the name stuck.

Have you noticed a certain word root that appears over and over

again when we're talking about 1007 How many times can you find

that word root on this page?

et do [

weve to do with
o Wdhdled ?

Centour = ?

et

frf"l'f‘fmulu.f =
o0 o lar ]
cp . o
Chtysts wse i

U = N
oo, e ttne — 0s¥ oo

f‘l‘ﬁ‘sf you o 4O



| is for

T

'II‘?" yOu say.
Yes, “if!"”

If is a great word for math problems. Here are a few:

If & million hedgehogs lined up nose-to-tail, nose-to-tail, could
they make a prickly necklace around the world? If not, why not?
If you lined up a million tvrannosaurs instead of hedgehogs,

would they make it around the world?

If vou filled an Olvmpic-sized swimming pool with ice eream
and dived in, how long would it take you to eat your way through
the entire pool il vou ate ice cream at a rate of one ounce per
minute?

If someone gave you a dollar for every math problem vou have
ever gotten right, how much money would vou have? If someone
gave you a dollar for every math problem you have ever gotten
wrang. would you have even more?

With the word (£ you can imagine anyvthing and figure out what |,
would happen if it were true. That's one of the things mathemati-
cians and seientists like to do. It helps them make discoveries and

understand our world better, pﬂ# 4

Land 1 ig also for

infinite
Infinitessimal

Integer

irrational mimber

4 Isosceles triangle

12



J is for
Jupiter

Earth is a big place, but Jupiter is much h:ggarﬁﬂw much
bigger? You probably know Jupiter is the Iargﬁém}lanet in our
solar system, but that doesn’t tell vou how big it lﬂﬁmpared to
Earth, Math can help you see the difference. e
Let’s draw a circle around a button to rcprpsgmu'ﬁrlh The
diameter of Earth is about 8,000 miles (13,000 kl.lﬁwtﬂrs} The
’ diameter of Jupiter is about 88,000 miles (143,001
How many times bigger is Jupiter than Earth? ol
the diameter of Jupiter by the diameter of Earth. Jupiter is about
11 times bigger. Now draw Jupiter by making a circle with a
diameter that's equal to 11 buttons. CnmwﬂTMWG cireles. Do
you still think Earth is such a big place? = d
So does that mean Jupiter is a giant? Let’s compare it to the sun.
The sun's diameter is about 880,000 mﬁ&r{l,ﬁﬂ,ﬂm kilome-
ters). How much bigger is the sun than Jﬂﬂi‘é}? Divide to find out.
The sun is about 10 times bigger than Jupiter
Draw a circle to represent the sun. It should have a diameter of
110 buttons. How can you draw such a big eircle? You've probably
drawn circles with a compass, but you'll never find a compass large
enough to draw this cirele! Instead. you could tie a string 10 a
pencil or chalk. Think about how long the string should be.
(Answer: 35 buttons,) We can’t draw the entire circle representing
the sun in this book. It's too big,

This are shows part of the cirele. You can imagine the rest. Hmmm,
Jupiterisn't such a giant, after all, But the sun sure is!
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Or is it? What if we compared the sun to something even

‘bigger—like Betelgeuse. a star of the type called a red giant. You

can draw a circle to show Betelgeuse compared to the sun. All you
need to know is that Betelgeuse is about 792,000,000 miles
(1,275,000,000 kilometers) in diameter.

Figure out how many times bigger than the sun it is, Maybe you

can draw a circle to show Betelgeuse compared to Earth, Jupiter.
‘and the sun. You'll need a long string, a thick piece of chalk,..and
a really big playground!

Is there such a thing as “big™? Is there such a thing as “small™?




K is for
Konigsberg

01 e there was a city in Germany called Kinigsherg, The
Pregel River ran through the center of the city, In the 1700s,
seven bridges connected two islands in the river 1o the rest of the
city. The people of Kinigsherg liked to stroll around the city on
EIII]H]'L‘IJ.-'H.. F”r FIJTI. thf"_'ln- t[’iE‘d [0 ﬁr.ll'l. d "rh"i_\ Loy e riess EIH SEVEN hridgﬂﬁ
without crossing anv bridge more than once, Can you find a route
that crosses each bridge onlv once?

Don’t worry if vou ean’t. The people of Kinigsberg couldn’t
either, But the “Kinigsberg bridge problem™ became famous all
OVer Eul‘ﬂpt". Nﬂ (R ('{Ill]l] l]l'lt]""'r."'ilq'_"ld H’h}.— it was iml"'}ﬁﬁihh‘ Ly
walk all the bridges. crossing each one only onee, until a Swiss
mathematician named Leonhard Euler (pronouneed OlL-er)
invented a new kind of math called network r‘.’?(fﬂr_}; A network 1s a
crisscrossing web of lines, which is what you get on the page when
vou try to solve the Kinigsherg bridge problem with a pencil!
Some people call networks “the mathematics of wiggly lines,”

Fuler figured out which kinds of networks can be walked with-
ont retracing any steps. and which cannot, He proved that it was
impossible to walk a route that crossed each of the Kinigsherg
bridges only once, no matter how you did it

But don't let that stop vou from trving, Have a nice walk!
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R D!HS a light-year sound like a very short year? Or a year when =3
you don’t eat a lot? Actually, it’s neither. In fact, a light-year

isn't light, and it’s not a kind of year, either! It's a standard unit
(see € is for Cubit and U is for Unit) used to measure distances,
BIG distances! Astronomers usually use light-years to measure
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distances in space.
A light-vear is the distance light travels in a year. The clogest

i
A bt

e

g . star to our solar system, Proxima Centauri (one star in a three-star < 4
A system called Alpha Cemtauri) is about four light-vears away, *: ¢
i ‘.--.'.:{ When you look at Proxima Centauri, you're actually looking at 1

"
£

light that left the star more than four years ago. If Proxima
Centauri burned out three vears ago, we wouldn’t find out about it

for another year!

Traveling at a speed of one mile per second, a spaceship
would reach Proxima Centauri in about 800,000 years. In a car
it would take you...oh, roughly 50 million years— depending on
how fast you drive, of course. Now. don’t forget that Proxima
Centauri is the closest star to our solar system, not the far-
thest, Some stars are millions, even billions, of
light-years away.

So just
how many miles
(or kilometers) are in a
light-year? To figure it out, we
need to know that the speed of light is
186,282 miles (209,784 kilometers) per second.



That means that in one second, light travels so far that it conld go
around the Earth more than seven times—if it went in circles
(which it doesn’t). Snap vour fingers. One second just went by, and

 light from the stars just traveled a distance of more than seven

times around the Earth, Mind-hoggling, isn’t it? But we still
haven’t told you how far light travels in a vear.

To do the math, multiply the speed of light by 60 to find out
how many miles it travels in a minute, then multiply that by 60 to
find out how many miles it travels in an hour, and keep going until
you get to years (remember to use 3654 or 365.25 days ina
year.) So, there are 5.878,512,843.200 miles or
9,460,463.558.400 kilometers in a light-year.

Can you see why astronomers use




M is for
Mobius Strip

Take a strip of paper and tape one end to the other to make it
into a loop. Let's call it a “belt loop.”

Now make another loop with another strip of paper, but
this time give the strip a twist before you tape the two ends
together. You wouldn’t call this a belt loop unless vou aceiden-
tally twist your belt every time you put it on. This kind of loop
is a Mabius strip.

A Miibius strip is a mathematical wonder.

The ordinary belt loop has two sides—an inside and an outside.
If you wanted to, vou could paint just one side. Go ahead, paint
one side of vour belt loop. Fasy. One side is painted, and the other
side is blank.

Now try to paint just one side of the Miibius strip. Good luck!

Topologists are mathematicians who study what happens to

various shapes and solids when thev are pushed and pulled and
twisted and cut and contorted in different ways. A topologist
wonld say that a Mébius strip has only one side. Can that be?
What happened when vou tried to paint just one side of your
Mibius strip? Where is the other side? If there is no "other” side.

then the Mihius strip must have only one side.



What good is a Mihius strip? Aside from being fun, Mibius
strips are actually useful. In factories, conveyor belts are often
made like Mibius strips. If they were made like regular belts. one
side would wear out quickly. When made like a Mibius strip, the

whole belt lasts twice as ]l:ll];__,'.

Here's another strange thing about the
Mdbius strip. Run a pencil line all the
- .8 way down its center. What do you
whe think will happen if you cut along the
pencil line with scissors? Try it. Draw a

pencil line down the center of the new
strip. Predict what will happen if you
cut along this line, then do it.

Make another Mabius strip, but
don't draw a pencil line down
the center. Instead, draw it
one-third of the way in from one
edge. What do you predict will
happen if you cut along this line?
Do it. Are you surprised? Everyone
else is, too—except topologists,
of course,

and M is also for
mankala

11485

mean, median, and mode

metrie system
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is for
Nature

| I Ihere are numbers in nature. Lots,
Do you remember the Fibonaccei sequence of numbers? (See
F is for Fibonacei.) Here are the first twelve numbers of the

Fibonacel sequence:
112 3 5 8 13 21 34 55 89 144

Fibonacei discovered this number sequence, but he did not
invent it. Nature invented it. If cach page of this book stated one
way that Fibonacei numbers appear in nature, we'd need a book so
- heavy vou couldno’t lift it. Here are just a few.

The number of petals in a flower is usually a Fibonacei number.
Some Howers, like daisies, don’t have
'~ true petals, but petal-like parts called
. florets. Florets come in Fibonacei
8 numbers, too.

Pine needles come in groups, or
hundles. The bundles almost always
have 1, 2, 3. or 5 needles. Do these
numbers look familiar?

But pine needles aren’t nearly as

interesting as pinecones. Find a

pinecone. The hard linle knubby parts
are called bracts. (Make sure your pinecone is in good condition,
with no missing bractz.) Turn the cone so you're looking at its
base. Can vou see how the bracts make spirals? There are clock-
wise spirals, and there are counterclockwise spirals. Follow one
spiral as it winds all the way around the cone to the pointy end.
Dab a little paint on each bract in that spiral. Now dab a ditferent
color on a spiral going in the other direction. You'll see that one
spiral winds gradually, and the other one winds more steeply. How
many of each type are there? Count them. Remember, it’s not the

number of bracts that you're eounting: it’s the number of spirals.




Some pinecones have 3 gradual spirals and 5 steep spirals. Some
have 5 gradual and 8 steep. Or B and 13. Or 13 and 21, A pine-
eone’s spirals come in Fibonacei numbers. In fact, Fibonace
numbers are sometimes called “pinecone numbers.”

Fibonacei numbers could also be called “sunfllower numbers,”
“artichoke numbers.” or “pineapple numbers™ because vou will
find the numbers in spirals formed by a sunflower's seeds. an
artichoke’s leaves, and a pineapple’s scales (the diamond-shaped

markings on the outside),

Fibonacei strikes agai n!

first rectan ale

+hird rec‘i‘mtglt,d.-.d 50 om

Here's another way that Fibonacci numbers are found in nature:
They make a spiral that maintains a constant proportion all the way
to infinity. To find that spiral, take a rectangle that has “Fibonacci”
proportions, say 3" x 5", then repeat that same proportioned

rectangle, smaller and smaller...
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25°
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150°

0 is for

4 Obtuse

Put vour hands together, palm-to-palm, in front of vour face,
Now move them apart just a teenie bit, except at the base of
the palms. We can think of your hands as line segments. The two
lines come together at the base where they're touching. Where two
lines come together, they make an opening called an angle. Right
now, the angle between vour hands is very small. Keep the base of
vour palms together and slowly move vour hands
apart so there is more space between them.
The angle is getting bigger.

As you see, angles come in different sizes.
Mathematicians use a unit called a degree to

measure them, (See U is for Unit.) A very

small angle might be 5 degrees or 10
degrees, usually written 5% or 107,
(The little circle is the symbol for degrees, just as in temperature,
but we're not talking about how hot or cold your hands are.)
Open your hands a little more. and keep going until your hands
look like this:
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This is an important angle. So important that it has two names:

it’s called a 90° angle and a right angle. (Not that there are any



wrong angles.) You can find four right angles in every square and
every rectangle. A triangle could have one right angle, or it might
not have any. (But it certainly can’t have more than one.) Triangles
with a right angle are called right triangles. Unless vou live in a
cave or a very unusual building, vour home has right angles
between the walls and between the walls and the floor. In most
houses, there are also right angles between the walls and the
ceiling.

Okay, break time. Shake out your hands. Better yet, make some
hand shadows.

That’s enough fooling arcund with shadows. Time to go back to
fooling around with angles. Start again with vour hands pressed
together (vou could say they have a 0% angle between them if
thev're completely touching) and inerease the angle size until it
reaches 90°, just as before, All of the angles you have just made are
less than 90°. They're called acute angles. (No, not “eute angles,”
no matter how good-looking they are. dcute angles.)

This time, don’t stop at 90°. Separate the tips of vour fingers
some more. Now the angles are bigger than 907,

Here's 120°... and 150° and... can you
stretch all the way... until your hands. ..

are directly opposite each other? We

can’t, but maybe you can, If so,
your hands now make one
continuous line. The measure-
ment between them is 180°.
Angles between 907 and 1807 are called obiuse angles. See if vou

can find acute, right, and obtuse angles in these pictures.
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Pis for
Probability

Ym're probably heard weather reports that go something like
thiz: “Bad news, folks. There's a 90 percent chance of rain
tomorrow.”

What does that mean? A “100 percent chance™ would mean that
rain is absolutely certain tomorrow. Ninety percent is almost 100
percent, so rain is not certain tomorrow, but it’s very likely, When
vou hear the bad news, you cancel your plans for a picnic.

Tomorrow comes, and it's a beautiful sunny day.

Probability is the mathematics of predictions. Predicting is not
the same as guessing, but predictions, like guesses, can be w rong.
Predictions are based on information, or dafa, that is definite.
combined with other information that is uncertain. A “90) percent
chance of rain” means that 9 times out of 10, it rained on a day
like today. That’s a probability of 90 percent. That’s all weather
forecasters can tell you. Remember—on one day out of 10 davs
like today, the sun shone. That’s why weather forecasters make no
promises. But go ahead. Blame the weather on them, They're used
i Lov 1t
e pre babi l'+5 of Weather forecasters aren’t the only ones who use probability.

. qrdering piz, L.ardpla}'ﬁrs nnci_ntlwr gamblers kmfw. certain facts about turds_ or
dice, and those facts help them decide how to bet. They are using

\wﬂf-h s
\00% |

Lof probability. Doctors use probability when they give you medicine,
They don’t know for sure that the medicine will make you well,
but they know how it works for a lot of other people so they can
prediet how likely it is to help you. Your mother uses probability
when she says, “Eat your broccoli!™ Broccoli will probably help
you grow up healthy, but once in a rare while, it might make vou
sick. (Try that one on your mother!)

If you're a sports fan and vou’ve ever said something like “T'1l
betcha the Texas Tomatoes wipe out the Michigan Mushrooms in
the Veggie Bowl,” you were using probability. If you know that the
Tomatoes have already won 14 out of 15 games this vear, while the

Mushrooms have won only 1. then the Tomatoes are a good bet 1o

win. But they could have a really bad day.

32



The mare you study probability, the more you realize there’s no
such thing as “a sure thing.” There are only probabilities—high,
low, and in between. The mathematics of probability helps you
figure out how high, how low, or where in between. What do VoLl
think the chances are that vour mother will notice you stuffing
that broecoli in vour pocket?

OF the |0 vegetables in the refrigerator what s
the probakility of being served broccolifor dinner?
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P is for
Probability

Buﬁed on data we've collected from thousands of readers like
vou, there’s a very high probability that you thought we were
done with probability. But we’re not. We're doing P is for
Probability again so you can actually collect data and caleulute
probabilities,

FFirst, you need to know that there are several different ways to
state a probability. One is the way the weather forecasters do it on
TV. They give a percentage. A 50 percent chance of rain means
there are 50 chances out of 100 that it will rain. You can also state
probability as a fraction. Fifty percent is the same as 2% or 4.
Those are two wavs to give probabilities pereentages and frac-
tions, There are others. but that’s enough for now.

When you flip a coin, there are two ways it ean come up: heads

| or tails. These two ways are called outcomes. With coins, the two

© possible outcomes are equally likely, so there's one chance out of

two that you'll flip heads, and one chance out of two that you'll
Hip tails. Instead of saying “one out of two,” vou can say that the
chance of flipping a coin and getting heads is one-half, (The

chance of getting tails is also one-half.

: (P
of course, ) |
e - s : e s a4
Lry it. Flip a coin twice. Did you get u

heads onee and tails once? Maybe you did, Ei
maybe you didn’t. Probability doesn’t 1ell
vou what the outeome will be. Tt just tells
vou what it’s likely to be, and how likely Ed
that is. You fipped the coin two times. '
That’s not much. To test prﬂdicﬁﬂnﬁ. v
need a lot of data. Flip the coin 10 times

and keep track of the outeomes. Did vou
gel heads half the time and tails half the

time? You can chart your results on a bar 5 L

graph like this.

Even 10 coin flips aren’t very many. Flip !

Heads  Tails

the coin 20 times. Are your results any



closer to being even-steven? Go for 50 flips. Try 100, How close are
vou now to getting half heads and half tails? Graph the outeomes
and see, Do vou think you'd be clozer still if vou flipped the coin
1000 times? The more data vou have, the more accurately you ean

state a probability. Is the probability of getting heads when you

flip a coin really one-half (or 50 percent)?

Now try flipping two coins, say a

penny and a nickel. What do you think

come up heads. Call that HH,

need to know how many possible

the probability is that you'll get two
heads? To make this prediction, you

outcomes there are. Both coins can

The penny can come up heads, and the

It's inconvenient 1o collect data when vou wanl Lo know a

probability. Once again, math comes to the rescue! We can use

math to figure out the chanee of flipping heads twice in a row (or

three times, or four times, ete.)

When mathematicians talk about flipping coins. they describe
Hips as independent events because Hipping heads the first time i
has no effect on what youll flip the second time, When you want :
to know the probability of two independent events oceurring
together, you multiply the probabilities of their happening sepa-
rately, The chance of thpping tails onee is one-half and the chance

of flipping tails a second time is also one-half. But the chance of

1

Ripping tails both times i 5 x &, or 4. (If you don’t know how to
multiply fractions, don’t worry, Instead of saying “one-half times
one-hall,” say “one-half of one-half.” Then it's easy to see that the

answer is one-fourth, Try multiplying other fractions this way

until you get a feel for it.)

Now that vou know something about the mathematies of

probalality, can vou higure the chance of flipping tails three times

1 1

in a row? It would be £ x } x &, or 4. How about four heads? Ten
tails? You would be mighty lucky to flip 10 tails in a row, and we

think there's a good chance you can now figure out the chance (or

odds) of doing it.
The pdd> of aE-H‘ "
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nickel can come up
tails: HT, qeads win,

The penny
can come up tails
~and the nickel can

come up heads: TH.

Both coins can come up
tails: TT.

- of those four is HH, so you might

and keep track of the outcomes,

your prediction?
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" There are four outcomes, and only one

. predict that the probability of both

. coins coming up heads is one in four,

~ or one-fourth. What is the probability

. of flipping two tails? One head and
one tail? Test it put, Flip your two coins

Remember to get lots of data. Graph
your results. Do your data agree with

ity ?
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Q is for Quantity
—and Quality

In math, we often add. subtract, multiply, and do other things to
numbers. In the end. we el another number for an answer. Tt

tells s “how rnun}-" or “how mueh” Tt tells us a r!rmm?.r:.f_‘r_ Bt if
vou know only quantity, you don’t know enough.

Someone offers vou a million, Do vou take it? 1f it’s dollars,
sure! “Back up the truck right here!” you say. But it could be a
million pounds of conked octopus, Or a million wedges of stinky
cheese, Or a million pages of math worksheets, You might he
happy to have a kitten. Or a sister. Or a few Kittens or sisters, But
would you really want a million of them?

When we talk about “what™ we're I.'i”{i:ll{.! abwnit f;unff.f_'l.-'. You'd
better know the qualities of something—its features, its character-
istics, its identitv—before vou take a million. Quality also means
how good something is. Would you like a million dollars? Not if
il's pL‘t}' RO IEY. That"s not the qnzdil}' vl had in mind. How
about a million pizzas? You'd better be sure they're not cold and
soggy or topped with liver and brussels sprouts.

In many math problems, quantity may be all that you need 1o
know. But in life, vou'd better know both the quantity and the

quality, or vou might end up with 500 bushels—of cockroaches!

— g

/wllran bunches ¢
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R is for

Rhombicosidodecahedron

Ewuﬁﬂ me?”

Rhombicosidodecadiedron, (ROM-bi-cosi-DOE-DECK-a-
HEE-dron.) Say it a few times, and it'll roll right off vour tongue.
You can impress vour parents and vour friends. You can say things
like “Do you happen to have a rhombicosidodecahedron | can
1“]!"’”\-\'?*

Now that vou can pronounce it. perhaps vou'd like to know what
itis. A rhombicosidodecahedron is a speeial kind of polvhedron.

“What kind of polvhedron?” vou say. “And what’s a polyhe-
dron, anyway?”

A polvhedron is a three-dimensional shape with flat sides. The
Hat sides are also called fuces, A cube is a very simple polyhedron,
It has six sides, or faces. All of them are squares. Tetrahedrons
have four faces, all triangles. Octabhedrons have eight faces (all
triangles), dodecahedrons hive 12 faces (all hexagons). and icosa-
hedrons have 20 faces (all triangles). A rhombicuboctahedron hag
26 faces. Fighteen of them are squares and vight are triangles,
There are plenty of other polyhedrons, but the biggest one we
know 1= the rhombicosidodecahedron, It has 240 faces! And
thevre all triangles.

Leonhard Euler. the mathematician who worked on the

Kinigsherg bridge problem (see K is for Kénigsherg), also discov-

ered something no one had ever noticed betore about polvhedrons.

He laoked at the number of faces, the number of edges (the lines
where faces meet), and the number of vertices (the points where
edges meet), No matter what Kind of polvhedron Euler looked at.
the number of vertices plus the number of sides always equalled
the number of edges plus 2. To write it in a mathematical way, he
used the letter e for the number of edges, the letter ¢ for the
number of vertices, and the letter s for the number of sides, Then

he wrote the equation that 15 now called Euler’s formula:

Ves=g+2
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That may seem scary. but it isn't. It just savs that the number
of vertices (#) plus the number of sides () equals the number of
edges (e} pluz 2. Try it out with a cube. In a cube there are 8
Toke a cube vertices (#), 6 sides (s) and 12 edges (e). So, just plug those num-

bers into Euler's formula:

B+a=1242

Is it true? Does 8 + 6 equal 12 + 27 They both add u pto 14, s0

Euler's formula works for a cube.

Try Euler’s formula for some other polyhedrons. Then try it
for a rhombicosidodecahedron. You probably won't be able to
borrow one, so we’ll tell you a few things about it. It has 240 sides
and 122 vertices. You want to know how many edges? We're not

Count the sides going 1o tell you because you can figure it out for vourself by
(or faces ) using Euler's formula.
Or make yourself a rhombicosidodecahedron and count the

edges,

khows o
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(or corners )
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o
Mﬂ Sam, Can yvou draw
a line dividing her face

F
into two mirror images? I vou

¥
7o

A thing o€ ‘-*“3'“'#'
Sk joy {nfe.u
{'ar, i the case ©

is tasty whelt
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held a little mirror on that
line, or folded the picture
along that line, the two halves
would match perfectly. We all
the line a line of symmetry,
and we sav that Sam’s face has
symmetry. Or that it is sym-
metrical. Symmetry gives
beauty and balanee 1o the world around us.

Meet Starr. a starfish. Is Starr symmetrical? Sam was sym-
metrical in just one way
because she had just one
hine of symmetry, but vou
should be able to ind more
than one line of symmetry
in Starr. How manv? How
many lines of symmelry are
in a snowflake? A maple

leal? A MICTOSCOPic sea

urchin larva?

;ﬂm for

sealene

R sequence

A square is simpler than a
snowflake or a sea urchin larva. el
but that doesn’t mean finding its Sl unit
lines of symmetry is simple. Can sphere
you tind four? Don’t quit until .
' i ~ spiral
vou do. How many can vou find HI,
; : T T b re
in the capital letter H? In E? In | Squa

these flags? In the other shapes? s(uare root




Meet Cirque. Cirgue is a plain old circle, We just felt like giving
it a fancy name. ls Cirque symmetrical? How many lines of
symmetry does Cirque have? We don’t want you to spend the rest
of vour life l.‘.uuulirl;-__r, them, so we'll 1ell vou rigll! niow thal {:iTr]IIP
has infinite lines of svmmetry. All circles do. No matter how close
you draw the lines of symmetry, vou can alwavs stick in more (if
you have a thin enough pencil). Do you think anything besides a
circle is symmetrical in an infinite number of ways? The answer =
no. Only a circle is infinitely symmetrieal.

Meet <sPin. sPin is a pinwheel, You
cannot hnd anv lines of symmetry in
the pinwheel. It doesn’t have fine
symmetry (alzo called mirror symme-
try). But a pinwheel i symmetrical.

If vou rotate it one-half of a turn. it

loaks exactly like it did before. i

has rotational symmetry (or point

symmetry).

oot +he “-‘:f Here is Hub, Hub is a

huh{*ap. It has both rola-

Lol svinmetry and line

svmmetry. Can you see why?

some objects have rota-
l].UI'EﬂI Y !I‘lllll‘-1.rfr'.. 20N |'h"|."|-"|"
- line symmetry, some have

neither, and some have both,

Take a closer look at Sam.
Is she truly svmmetrical? Are vou? Is anything in nature perfectly
symmetrical?
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1'is for
Tessellate

B:*r&s haven’t read this book, but they know how to tessellate.
They make cells of wax that completely cover the walls of
their hive. Kach cell is a hexagon. and all the hexagons fit 1ogether
perfectly. When shapes cover a surface with no gaps in between,
we say the shapes tessellate.

Look at these five shapes, They are @
regular polygons. In a regular polygon, f-ﬂ
all of the sides are the same length, and
all of the angles are also the same,

Only three of these regular polvzons -
tessellate, Which ones? Find some
regular polygons (or make them from O
paper or cardboard) and spread them out
on the table or floor. Try to fit them .
together. Tessellate away!

Sometimes vou have to use two kinds
of shapes to tessellate a surface. You can’t tessellate with octagons
alone. but you can tessellate if vou add another shape. What is it?
Many bathroom Hoors are covered with tiles like these. Which two
shapes tessellate on the surface of a soccer ball? (1f they didn’t
tessellate. the ball would go Hat in no time!)

Irregular shapes can also tessellate. For centuries, Islamic artists
have ereated tessellating patterns to cover floors, walls, ceilings,
and doors, A Dutch artist named M. C. Escher became famous for
his strange prints of tessellating creatures—birds, fish. other
animals, even knights on horseback!

But back to those bees, Thev tessellate hexagons to make their
honeyeomb, Why don’t they use triangles or squares or a combi-
nation of different shapes? The answer is very interesting,

OFf the three tessellating regular polygons, hexagons have the
smallest perimeter (that's the distance around the outside)
compared Lo their area (that’s the amount of space inside). This
makes hexagons a good deal for the bees. 1t's sort of like shop-

ping. You want to get the best game or shirt or pizza for the

~and T is also for
table

tardran

lopology

triangle
triskaidekaphobia .I
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amount of money vou spend. Bees want to get the most space Lo

store honey for the least amount of wax they have to “spend” to

build their honeyeomb. With just 1.48 ounces (42 grams) of wax
laid down in hexagons, worker bees can build a honeyeomb that
holds more than 5 pounds (2 kilograms) of honey! If they used
any other shape, the bees would have 1o use more wax to hold the
same amount of honey.

It pays to be good at math—even if vou're a bee.




U is for
Unit

Bank when people used cubits and hands and strides to mea-
sure lengths of things (see € is for Cubit), they eventually
realized that it worked best when one person set the standard.
Usually that person was the king. In Egypt about 5,000 years
ago, the distance from the pharaoh’s elbow to the tip of his
middle finger became the hirst standard unit of length, It was
called the roval cubit. Nowadavs, we would call it 20.6 inches,
or 52.3 centimeters.

OF course, the pharach was too busy to take his elbow all aver

the place just so evervone else could measure papyrus. Instead.,

lines were seratched in a piece of wood or metal to show the size of

the roval cubit. TA-DAH! The first ruler. Actually, it was called a
measuring stick. The beauty of a measuring stick was that it could
be used to make other measuring sticks, The pharaoh could stay
home and eat grapes or take bubble baths, or do whatever
pharachs did in their spare time.

Standard units of measure were a big improvement over every-
one using his or her own body parts, but there was still a problem.
It was impossible to get all of the measuring sticks to be exactly
the same. Today’s standard units of length are based on waves of
laser light. Laser light waves do not change, whether it's summer
or winter, Alaska or Arabia. For most people most of the time, any
wooden or metal ruler works just fine, but vour ruler and your
triend’s ruler might be slightly different. Probably it won’t matter,
but if you need a highly aceurate measurement because you've
just invented a new kind of computer chip that vou plan to manu-
facture in your garage. the differences from one ruler to another
could be important. And with changes in the weather, some rulers
might shrink or lengthen a little bit.

There are also standard units of weight, volume, time, tempera-
ture, power, energy, and everything else people want to measure,
We still use some of the old words, like horsepower, but the
standard unit itself is the same everywhere, no matter how strong

or weak (or dead) vour own horse happens to be.
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TUESDAY

Vis for

Venn Diagram

When you got to school last Monday. Ms. Mathemacallit 1ook
the roll in a peculiar way, She asked evervone to sign a chart
in the appropriate place.

Some wize guy signed Hubert in a strange place. Why?

MONDAY

® - Tobay's ATTENDANCE #

On Tuesday, M=, Mathemacallit put out another odd chart. It
was similar to the one on Monday, but it had some differences.

Why did some people sign this chart in the overlapping areas,
while others did not? What 12 Grace wearing under her sandals?
What could Elizabeth be wearing under hers? What could Erica
B.. Khasha, and Dianne be wearing over their socks? And why do
you suppose no one signed in the bottom part of the lowest cirele?

These kinds of charts are called Fenn diagrams. They are easy

| to make and easy to read. and vou can learn a lot from them in

just one glance, What you see inside each eirele is called a ser. You

could say. “Amanda is in the set of people who are wearing san-

dals.” The intersection where two sets overlap shows the people

who belong in both categories. Richard is in the set of people who

are wearing sandals and socks.



On Wednesday, Ms. M. had another Venn diagram. This one was

really strange.

WEDNESDAY
[ wﬁi'r X hn YESTERDAY
READERS B T o T
@
P n"’ 7™ ! ‘q‘ W
5 CTT Enian e | Henry
‘F A Sean ‘_...-rJ-* -
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\ s myer
\RI ’ ® Reewi, \JJ A“ﬁ\'
?{ I"ﬂ,l;r{ H__,"’\ W
i ~ JESSE
I' Emme /
\ - <
Ty, N WOERMER g
R
‘*’uq_ " | TERs " Cayr o ‘ﬂh.e'r'!’

Can you tell how many people read G is for Googol (or some
fﬂ.hﬂr ]}Uﬂk]? r'l'lakf' SUIre :ﬂHl i]'l{'-]l,“_‘l{ff thﬁ I_'lf'ﬂpll,‘! \I‘.'hﬂ ]'[-"_,..'_i{l I']l_]t EI.IF_'-H
did other things. How many people watched TV? Who wrote
poems aboutl underwear and also read a book? How many under-
wear poets also watched TVY

You can hnd out who watched TV and wrote an underwear
poemn by looking for the place where the set of couch potatoes
intersects the sel of underwear poets. But what about the people
who watched TV or wrote an underwear poem? Can the Venn
diagram help us find them? Sure, we just have to look at both sets
together, This is called the union of the two sets. The intersection
of two sets is the area where they overlap; the union of the two sets
is the entire area of one set plus the entire area of the other. Jesse,
Brad. Ms. M., Alex (and many others) are in the union of the two
sets (couch potatoes and underwear poets). That means they
watched TV or they wrote an underwear poem or they did both.,
But Grace, Gretchen, Ben, Erica H., Sean, Nicole. Richard. and
Amanda did neither. In the Venn diagram, they are not in the
union of those two sets,

Why do you think Amanda (and Hubert) are outside all

three cireles?

Land Vois also for
variahle
verlex

volume
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On Thursday, Ms. M. had yet another chart. This one was really
different.

None of these cireles overlap the way they did on Tuesday or
Wednesday, Instead, the smaller cireles are completely inside the
larger ones, like a target. Where do you think the school is located?
Can vou come up with a reazon why Reenie and Erica B. are not in
the center cirele along with everyone else? And hooray for Hubert!

He finally made it inside a circle. How come?
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Venn diagrams don’t have to be made with circles. Any shape
might do. And Venn diagrams don’t have to be about people.
Think about other foods that could ge in this Venn diagram. Then
think of some wild and wacky Venn diagrams that vou could make

for vour class to sign.,
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Awings You Neg,
Math +o Make

Buildinas

Computers

Calculatnrs

Cars

Roads

W is for

“When are we ever gonna
use this stuff, anyway?

If' vou've ever asked that question while doing vour math home-
waork, this is for yvou.

When are you gonna use this stuff? At school, at home, at play,
and at work. Any other questions?

You already use mathematical concepts every dav whether vou
know it or not. Should vou wear a raineoat to school today? You're
using probability. Can vou kick the ball into the goal. or should
you pass? You're using geometry. If vou're measuring the ingredi-
ents for a cake, you're using fractions. When you shop at the store,

vonr make the smartest decisions if vl understand hoth quality

. and quantity and the units used to measure what you're buying.

No matter what kind of ji)b vou get, chanees are vou will need
math. Many jobs require some math, but by the time vou graduate
from college, most jobs will require lots of math.

You probably won’t need to use an abaeus, but mathematicians
and computer scientists sometimes get ideas for entirely new ways
of doing things by looking at old tools— like abacuses. Binary
numbers are the basis for modern computers, so people who design
new computers use the hinary system, When chemists ereqate new
substances. they must understand the shapes of molecules, the
Kinds of symmetry they have. and how they fit together. Sometimes
they want the molecules to tessellate and sometimes they do not.
Chemists and all other scientists use eXponcnis when l||rj.' write hig
numbers-—and often when they write small numbers, too.

Look at any man-made strueture and you'll probably find
equilateral triangles and obtuse angles (along with other Kinds, of
course), Geometry, the study of angles and shapes, is erucial to
architecture, engineering, surveying, and navigation—not to
mention art, photography, interior decoration, and billiards! Sinee
Fibonacei numbers appear in some of the most surprising places,
you may do a better job if you understand them. whether vou're a

landscaper, a painter. o musician, or a biologist.



Gomes Th,
Anyvone who works with money must understand hundreds. but
i . | se  mocth
hlISIIlt‘SSPi?Dpltu bankers, economists, anid other IMONEY MAnagers
use a lot more math than that. They muke graphs and read other

people’s graphs every day. If they don’t know their x-axis from their

y-axis, their graphs are going 1o look awfully funny. Doctors, too, ﬂ L T

must make and read graphs. They use probability in deciding on lbnclood_de.

treatments and caleulating dosages of medicine and other things, Monkala
Statements starting with “if™ are important in an area of math

called logie, Logic helps 1o solve problems and make sense out of -

confusing ideas. Lawyers use logical thinking to win cases in .

court, The math of topologv—including the ideas hehind Mabius s :""' L -

strips and the Konigsberg bridge problem—helps many kinds of ' .

workers, including those who lay electrie cable, analvze DNA, or .

design eircuits for computer chips. Marbles
Carpenters, survevors, welders, painters, roofers, electricians, .

plumbers, auto mechanies. and many other kinds of workers use | - IC-' | %

math on a dail}' basis. Their work involves IMEAsUTing, |_';:||.'ulaling. T | __0_ | - .

and predicting in mathematical ways, I they don’t do the math i

right, they will have some mighty unhappy customers, Imagine a Tic Tac Toe

house buill without math. Would the walls meet in the right
place? Would the roof keep vou dry if no one knew how to mea-
sure the angles? Would there be enough paint to cover the walls?
Would the elecirical current be adequate to run a television and a

toaster al the same time?

These examples all come from today’s jobs, We don’t know

checkers

about tomorrow’s jobs. Some of them haven't even been invented

yet! But we know one thing about the best jobs of the future:

thevre gonna use math,

Card Games
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X is for x

Xis for x7

We can guess what you're saying. You're saying, “They're
nuts.” Or “They’re bonkers,” Or “They’re cuckoo,”

Well, that’s the point. We don’t know exactly what you're saving
about us, so il we wanted to write vour statement as a senlence,

we d have to write this:
They're |
Mathematicians like 10 write their sentences like this:
They=__

IU's called an equation. You can fill in the blank of this equation
with “nuts” or “bonkers” or whatever vou like.
One other thing. In math, we don’t usually put blank lines in

equations, Instead we use symbols, For example:
They = x

The x might be “nuts.” It could also be “cuckoo.” It could even be
“wonderful” or "absolutely brilliant.” No one knows for sure
(except you), so x iz called an unknown, It's also called a variable,
because it changes, or varies. The x might be “nuts” in this

equation and “awesome” in another equation, like this one:
My best friend = x
The math of unknowns is called algebra. (Be careful! In alge-
bra, x does not mean “multiply.”) X is not the only variable. You
could just as well use v or z or n or anything else. The equations

mig ht be:

They = z or They = k or even They = @



But x seems to be the favorite variable. Heres why:
Reason = x

In other words, the reason is unknown,
In algebra, equations don’t usually have words like “they” or

“reason.” Here's a more typical equation:
I+4=x

In this equation, x can be only one thing, and you can easily figure
out what it is. As soon as you figure it out, it won’t be unknown.

It’s 7. of course. Here’s another easy one.
12-x=10

In thiz equation, x is 2. The next equation is tougher because x
shows up twice (and both xs have to be the same number because

they're in the same equation).
24 +x=5+x

Can vou hgure out what x equals? In other words, can you solve
the equation? Try a few different numbers. We'll get you started.
Trv making x equal to 1. Stick a 1 into the equation wherever you
see an x. Does that work? It says

2+1=5+1

Is that true? Does 24 = 1 equal 5 + 1?7 No. The two sides of the
equation are not equal when x iz 1. S0 make x another number,
and another. Keﬁp Irying until yvou solve the eiuation.
Congratulations! You've begun doing algebra. Some day, when
vou've learned more algebra, you'll be able to solve equations in

other quicker ways.
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Y is for
y-axis

ﬁfrau'w probably seen har graphs like this one showing the

favorite foods of evervone in Me. Omnivore’s class,

Faverite Faods in

3 Y-AXS My Omnivere's Class
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A¥1S Daws i+ Takes +o Read Pages It vou want to know how many kids like each kind of food, trace

vour finger from the top of any bar to the vertical line on the lefi
and read the number where vour finger hits the
Y-AXIS The Tortaise's Race line., That line is called the v-axis, or vertical
608 r‘ axis. There is also a line at the bottom of the
graph called the x-axis. or horizontal axis.
s00 - Here's another Kind of graph, called a line
graph. This one shows how far a tortoise has
travelled in oo one-hour race. A line graph also
has a y-axis and an x-axis, The y-axis shows the
distance in meters, and the x-axis shows the
time. The race starts at 1:00 P, To see how far
the tortoise has gone by 1:10, find 1:10 on the

Ho w Far (in Meters)
E
T

leo -
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The Time
52
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x-axis. Go straight up to the dot on the line,

then move to the left until yvou reach the v-axis.



You can see that the turtle has gone 100 meters, By 1:20, the
tortoise has covered 200 meters, And so on. At the end of the one-
hour race. the tortoize has gone 600 meters,

Here's another gra;.‘lh. It’s similar, but it shows the hare’s race
instead of the tortoise’s. The hare speeds right along. covering 500

meters in just 20 minutes, But then what happens?

The Hare's Race

Y-axis
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The Time

The two graphs can be combined into one by nsing two lines on
one graph (but be sure 1o label the lines so the reader knows which
is which). In one simple graph. vou've told the whole fable of the
tortoise and the hare,

What would Aesop say? i
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/i is for
Zillion

N1 question about it a zellion is “a lot.” But it doe=n't mean
any particular amount, so it's not a number, A number isa
certain amount. Three is a number and three hundred is a number.
One million is a number and two billion is a number. So are a
trillion, a quadrillion, a quintillion, a sextillion, a septillion, an
octillion, a nonillion and a decillion. And a googol and a googaolplex.
If you had enough time (and nothing better to do). vou could count
to any of these numbers. But you could never count 1o a zillion
because vou wouldn’t know when vou got there. Tt's not a number.
There are other words like zillion. They’re fun to sav, and they
all mean “a lo1™:

gazillion

bazillion

jillion

' cock-a-doodle-dillion

7 -
Y, N
2

L T ( 1 \ King-Kongillion

) \ >
cops! ’.\ s QE' tyrannosillion
wrera, ane!

You can make up your own words. .. Awesomillion!

3

7

-4

/-’

)

Land 7 is also for

FET0

54



Glogsary

ACUTE An angle smaller than a right angle {less than go®). [See O is
for Obtuse]

ALGEBRA A branch of mathematics that uses unknown quantities
(variables) that are usually represented by letters. [See X is for x]
ANGLE The shape formed where two lines meat. [See O s for Obtuse]
ARC Part of the circumference of a circle or part of a curve.
ARCHITECTURE The art and sclence of designing buildings.

AREA The size of a surface, measured in sguare units, such as square
centimeters, square inches, square meters, acres, etc,

ASYMMETRY Lacking symmetry. If an object has no symmetry, it is
s5did to be “asymmetrical.” [See 5 is for Symmetry)

AVERAGE The middle, or “typical” value when there are several
numbers. Averages are a simple way to get a general view of a group.
There are three kinds of averages: mean, median, and mode.

AXIS 1) A line around which an object spins. 2) A line at the side or
battom of a graph,

BAR GRAPH A way of showing numerical information as a series of
bars of different lengths. [See P is for Probability and ¥ Is for y-axis]
BASE In every number system, each place value can be filled by a
certain number of digits. That number is the “base” of the system.
Qur number system is Base 10 (the decimal system) because each
place value can be o, 1, 2, 3. 4, 5. 6, 7, 8 of 9: ten possibilities in all.
[For Base 2, see B is for Binary]

BASE NUMBER When numbers are expressed with exponents, the
number written at the bottom (to show that it is being multiplied by
itself a certain number of times) is called the base number, [See E is
for Exponent]

BISECT To divide an angle in half,

CATENARY CURVE If you hang a chain from two points, it makes a
curve called a catenary curve. If you hang weights from it at equal
intervals, it changes slightly to become a parabola, or parabolic curve,
The main cables (called catenary cables) of a suspension bridge like
the Golden Gate Bridge make this curve until vertical suspenders are
added, at which time the cables make a parabolic curve.

CHAOS To most people, chaos means a state of confusion. To
scientists and mathematicians it means a system (a set of causes and
effects) that acts in ways that are very hard to predict because very
slight changes result in large effects. Weather is considered a chaatic
system,

CHART A visual presentation of Information, often in rows and
columns, making it easy to compare items (like prices or populations)
or see equivalences (like conversions from miles to kilometers),
CIRCLE All the points that are the same distance from a fixed point.
The fixed point is the center of the circle, and the distance is called
the radius. Since an infinite number of points are the same distance
fram a flxed point, they “run together” and make a curve. This curve is
closed and it has an infinite number of lines of symmetry. [See Curve
and 5 is for Symmetry]

CIRCUMFERENCE The distance around a circle. The word circumfer-
ence can also mean the outside edge of the circle itself, as contrasted
with its total area.

COORDINATE One of a pair of numbers that tells you where a point
on a graph is located, relative to its horizontal axis and vertical axis
(usually called x-axis and y-axis, respectively). For example, the point
specified as (3,5) is a point that is three units along the x-axis and 5
units along the y-axis, [See ¥ is for y-axis]

CUBE 1) A three-dimensional shape with six faces, all of them
squares. 2) When a number (let's say 2, but it could be any number) 1s

multiplied by itself three times (2 X 2 X 2), the result (8) is called its
cube, It can also be written with an exponent as 23,

CUBE ROOT The number that has been multiplied by itself three
times to get another number. Since 8 is the cube of 2, we say that 2 is
the cube root of 8.

CURVE The route of a point that has meved in 3 continuous bend. IF it
ends up where it started, the curve s called a "closed curve™; If it
ends up somewhere else, it is an “open curve.”

CYLINDER Take two identical circles and connect them with a curved
surface to make a solid shape llke a soup can. Yoila! You've got a
cylinder. (Cylinders can also be made by connecting two elllpses in
the same way.)

DATA Collected information Is called data. Often the information is
numerical. The singular of “data” is “datum.” 50 you can never have
one data. If you've just got one, it's a datum!

DECIMAL POINT A point placed in a number. All the digits to the right
of the decimal point have a value less than one.

DECIMAL SYSTEM The number system we use, also known as Base
10 (see base) or the denary system. In the decimal counting system,
each place value can be filled with any one of ten numbers, and each
place has a value 10 times greater than the one to its right (the ones
place, the tens place, the hundreds place, etc.).

DEGREE 1) A measurement of temparature, 2} A unit of measurement
for angles.

DENOMINATOR See fraction,

DENSITY A way of comparing weight to volume. Which weighs more,
a pound of bricks or a pound of cotton? They both weigh the same:
one pound! But which welghs more, a bushel of bricks or a bushel of
cotton? The bricks weigh a lot more, We say bricks have a higher
density than cotton because their weight per volume is higher.
DIAMETER The distance acrass a circle, through the center, from one
point on the circumference to another. Or the line segment that
passes through the center of a circle from one side of the circumfer-
ence to another.

DODECAHEDRON A polyhedron of 12 faces, which are all regular
pentagons,

ELLIPSE If you “stretch out™ a circle, you'll get an ellipse. Ellipses
have only two lines of symmetry,

EQUATION A mathematical statement of two things being equal
(separated by an = sign).

EQUIVALENT FRACTIONS Fractions that have the same value even
though they are expressed with different numerators and denomina-
ters. For example, + and I are equivalent fractions.

ESTIMATE An educated guess that glves a rough idea of an answer or
a measurement.

FACE The flat side of a polyhedron, The line where two faces meet
each other is called an edge. The point where three or more faces
meet is called a vertea.

FACTORS A whole number that can divide into another number
exactly. For example, the factors of 10 are 1, 2, 5, and 10, There are
maore factors of 12: They are 1, 2, 3, 4, 6, and 12.

FORMULA A mathematical rule that answers a particular question,
Far example, the formula for the area of a rectangle is the length
multiplied by the width. [For another example, see Euler's formula in
R is for Rhombicosidodecahedron.]

FRACTION A part of a whole, shown as two numbers separated by a
line, The bottom number, or denominator, tells how many parts the
whole has been divided into. The top number, or numerator, shows
how many of these parts are included in the fraction. In the fraction £,
for example, the whole is divided into 8 parts (the denominator), but
only 3 of them are included In this fraction (the numerator).
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GEOMETRY The study of space, including points, lines, angles, and
shapes,

GIGA- As a preflx, “giga-" means one billion (1,000,000,000). One
glgabyte is 1,000,000,000 bytes.

GOLDEN SECTION ({also called GOLDEM RATIO or MEAN) Imagine a
line divided Into two sections so that the ratio of the whole line 1o the
larger section is the same as the ratio of the larger section to the
smaller section. The ratio turns out to be about 1.618. This ratio is
found in nature, art, and architecture. It is found in the proportions of
the Parthenon and the Great Pyramid at Giza, and in paintings by
Leonardo da Vinci and Michelangelo. The ratio of consecutive
Fibonacci numbers approaches the Golden Section as the Fibonacci
numpers get bigger. [See F is for Fibonacei and N is for Nature]

GRAM A measurement of mass in the metric system, or Systéme
Internationale (SI). One thousand grams is a kilogram. There are 454
Erams in a pound.

GRAPH Avisual display of numerical data, usually showing the data
in relation to horizontal and vertical axes (x- and y-axes, respectively).
[See ¥ is for y-axis)

HELIX A three-dimensional spiral that winds around a line {or “axls™}.
HORSEPOWER A unit for measuring power, usually applied to
engines, One horsepower equals 550 foot-pounds per second., It's
based on the power of one horse.

HYPOTENEUSE In a right triangle, the hypoteneuse is the side
oppasite the right angle. It is the longest side of the triangle.
INFINITE Greater than any number or size or guantity, Endless or
immeasurably large, “Infinity” is the state of being infinite In space,
time, or number, Contrary to popular belief, “infinity” is nat the
“largest number in the world™ because it is not a number,
INFINITESSIMAL Smaller than any number or guantity, except for
zero. iImmeasurably small.

INTEGER A whole number like o, 1, 2, 3. 793, 1,000,000, or similar
negative numbers, Fractions like L or § or 22 are not integers.
INTERSECTION 1} The place where two lines (or surfaces) cross each
other, 2) A set that contains the items shared by several ather sets,
but no items that are contained in only one {or none) of those sets.
[See VW is for Venn Diagram|

IRRATIONAL NUMBER A number that cannot be expressed either as an
integer or a fraction. Some examples are vz, 7, and the golden section.
ISOSCELES TRIANGLE A triangle with two eqial sides.

JORDAN CURVE A curve that doesn't cross itself anywhere and stays
In one plane (is two-dimensional). Also called a simple closed curve.
KLEIN BOTTLE A bottle with only one surface —an outside but no
inside! Think of it as a three-dimensional version of a Mibius strip,
and in fact, if you could cut a Klein bottle in half it would become two
Midibius strips. Unlike the Mibius strip, a Klein bottie cannot exist
except in the imagination of topologists!

LATITUDE Distance north or south of the Equator, measured in
degrees, (The Equator is defined as o® and the North and South Poles
as go” Morth and go® South.) A degree of latitude is about 69 miles.
Latitude and longitude are used in navigation and global pasitioning,
LINE GRAPH A kind of graph where data is shown as a line or curve.
The data may originally be plotted as individual points (or dots), but
the points are later connected by a line, and sometimes they are
replaced by the line.

LOCUS A set of points that all have a certain quality. The locus of
paoints that are all 3 centimeters from another point on a plece of
paper would be a circle. The circle would have a 3-centimeter radius
and a 6-centimeter diameter,

LOGIC The branch of math that has to do with reasoning and proaf,
LONGITUDE Distance east or west on the surface of the Earth,
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measured in degrees. Imaginary lines of longitude, called “meridi-
ans,” run from the North to the South poles. In diagrams, they make
the Earth look like it's divided into wedges, like the sections of an
orange.

MANKALA (Also MANCALA) A group of games involving mathematical
thinking that come from Africa and parts of Asia. Oware (or ware) Is a
mankzla game played in West Africa with a two-row board and beans
as counters, [See W is for When..,]

MASS The quantity of matter that an object cantalns, No matter how
strong the gravitational force exerted on an object, its mass remains
the same, but its weight changes. If you go to |upiter, your mass will
stay the same, but your weight will greatly increase. (Don’t go if
you're trying to lose weight!) People often say “weight” when they
mean mass, Pounds and grams are actually measurements of mass.
MEAN One of the three kinds of averages. To get the mean, add all
the quantities you have and divide that sum by the number of
guantities you added, The mean of 1, 3, and 8is 4.

MEDIAN Another one of the three kinds of averages. The median is
the number in the middle. If you have a set of numbers, look for the
one that is smaller than and larger than an equal number of other
values. That's the median. The median of 3, 6,7, 9, and 1115 7.
METRIC SYSTEM The system of measurements used in almost every
country of the world, except the United States, It is based on meters
as the basic unit of length and grams as the basic unit of mass, along
with other units for other types of measurements, such as liters for
volume. In the metric system, most units are multiples of each other
by factors af 10, 100, or 1,000. Metric units are also known as Sl units,
MODE The last of the three kinds of averages. It's the number that
occurs the most frequently in a set of numbers. The mode of 1, 2, 5, 5,
5. 9, 10, 11, 11, 14, and 15 s 5. The median Is g, and the mean is 8.
NEGATIVE NUMBER A number less than zero, such as -1, -2, -3, and
so forth. It is easy to understand in terms of money. IF you have
exactly $10, you could say you have +1o dollars, But instead, if you
owe someone $10, you could say you have —1o0 dollars. Then if
someone gave you $10, you would have $o.

NIM An ancient mathematical game where 20 counters are laid out
(you can use coins) and the two players take turns picking up one,
twa, ar three counters at a time. The player who picks up the last
counter loses, You can invent your own variations and try to figure out
a strategy to win,

NUMERATOR See fraction.

OCTAVE In music, one note is an octave higher than anather if its
sound has twice as many vibrations per second as the lower one. On
the musical scale, these two notes are eight notes apart.

OWARE See Mankala.

PALINDROME A number (or word or sentence) that is the same
frontwards or backwards. The numbers 292 and 3,008,003 are
palindrames, The years 1991 and 2002 are palindromes.

PARABOLA A kind of U-shaped curve whera parallel lines reflect to
one point, called the focus, Parabolas are useful in many ways.
Satellite dishes have a parabolic shape, and so do car headlights. {In
headlights, the light leaves the focus, reflects off the inside of the
parabola, and leaves the lamp in parallel beams.)

PARALLEL Lines that stay the same distance apart for their entire
length. If you could extend them infinitely, they would never meet.
PARALLELOGRAM A four-sided shape with opposite sides that are
parallel and of equal length. Opposite angles are also equal.
PERCENT A way of showing amounts as a part of a hundred, Fifty
percent (50%) means 5o parts out of 100, which is also one-half.
Ninety-nine percent means gg parts of a hundred. Four parts out of
five is Bo percent because ¢ is equivalent to 2 .



Pl The ratio of the circumference of a eircle to its diameter, commaonly
shown by the Greek letter m. In other words, if you measured the
distance around a circle exactly and divided it by the distance across
the circle, you would get m as your answer. In the decimal system, it is
about 3.142, bul not exactly. It cannot be expressed exactly as a
decimal number because it is an irrational number.

PIE CHART A way to show data where a circle Is divided into wadges
[resembling slices of pie) to show different guantities.

POINT A single location with no dimensions—infinitessimally small.
POLYGON A closed, flat shape with straight sides. The smallest
possible number of sides is 3. There is no largest possible number,
but as the number of sides gets larger and larger, the shape looks
more and more like a circle. If you could have a polygon with an
infinite number of sides, it would be a circle, But you can't]
POLYHEDRON A solid shape, Its surface is made of four or more
faces. [See R Is for Rhombicosidodecahedron]

PRIME NUMBER A number that can be divided evenly by 1 and itself,
and nothing else. Some prime numbers are 2, 3.5, 711,13, 17... {115
nat considered a prime number.) No even numbers are primes
because they are all divisible by 2.

PROPORTION See ratio.

PYTHAGOREAN THEOREM Pythagoras, an ancient Greek philosopher
and mathematician, discovered something very important about right
triangles. If you square (multiply by itself) each of the two sides that
are mext to the right angle, and add them together, the sum will equal
the square of the hypoteneuse. If the sides are called “2" and "b" and
the hypoteneuse is called “c,” the Pythagorean thearem can be
written as an equation: a* + b* = ¢, It is one of the most famous
equations in all of mathematics.

QUADRILATERAL A four-sided polygon.

QUIPU In the Inca empire of South America (about 1400—1540 CE),
the government kept track of the numbers of people, products, taxes,
etc., on sets of strings called quipus (KEE-poos). Each quipu had
several strings of different colors, and knots an the strings indicated
different quantities.

RADIUS The distance from the center of a circle to the circumference.
Also can refer to a line segment that goes from the center to the
circumference,

RATIO A way of comparing numbers, If the number 1 is being
compared to the number s, the ratio of those two numbers can be
shown as 1:5 or -, We say that any other two numbers in which the
secand number is 5 times bigger than the first {like 2 and 10} have the
same ratio, or proportion, as 1and 5. So, the ratio 2:10 is equivalent
to the ratia 1:5 (just as the fraction £ is equivalent to &),

RHOMBUS A parallelogram that has all four sides of equal length,
[See D is for Diamand)

RIGHT ANGLE An angle that measures exactly go®. Four of them
together would be 360°, which is a complete circle, so a right angle is
often thought of as one-quarter of a circle, [See O is for Obtuse]
RIGHT TRIANGLE A triangle with one right angle.

ROTATIOMAL SYMMETRY [See S is for Sym metry]

SCALENE A triangle with no two sides of the same le ngth.
SEQUENCE A list of numbers that follows a pattern. Try to find the
patterns in these four sequences: [1, 2, 3. 4, 5..112, 4, 6, 8, 10..][1, 2,
& 8,16, 32..) |1, 4. 9, 16, 25, 36..]

SET A collection of numbers or objects that have certaln properties
that distinguish them from numbers or objects that don’t have those
properties, [See V is for Venn Diagram]

SIUNIT See metric system.

SPHERE A round, solid shape. Balls are spheres, Mathematically,
a sphere is defined as the three-dimensional shape whose surface
is the locus of points that are the same distance from a single
point.

SPIRAL An open-ended curve. It can be two-dimensional or three-
dimensional and it can wind around a point or a line (axis). [See N Is
for Mature]

SQUARE 1) A rectangle with all four sides of equal length. 2) When a
number is multiplied by itself, the result is called a square, or square
number. The sguare of 12 is 144 because 12 X 12 = 144,

SQUARE ROOT A number that has been multiplied by ltself to
produce a square, The square root of 4 is 2, and the square root of
144 05 12,

TABLE In math, a table is a way of arranging information (usually
numbers) in rows and columns so different items can be com pared,
and associatlons can be seen,

TANGRAM A Chinese puzzle made of a square cut into seven
pieces,

TOPOLOGY The study of what happens to objects when they are
stretched, shrunk, cut, turned inside-out, or distorted in other ways,
Topologists want to know what changes (and how an object
changes), and what stays the same. [See Klein bottle and M is for
Mibius Strip]

TRIANGLE A three-sided polygon. The sum of all the internal angles
of a triangle is always 1807,

TRISKAIDEKAPHOBIA Fear of the number 13. (Mo joke! Would fear of
the number 100 be “centiphabia™?)

UNION A set that contains all the items that belong to either or both
of two sets. If Set A contains {1, 3, 5, 7, 9] and Set B contains {1, & 9,
16, 25} the union of Sets A and Bis {1, 3, 4. 5, 7, 9, 16, 25}, The union
of mare than two sets contains all the items that belong to any of
thase sets, [See Venn is for Venn Diagram]

VARIABLE To solve problems, mathematicians often use letters to
represent the numbers that they wish to find. The letters are called
“unknowns™ or “variables.” X is the most common variable, but other
letters (or symbols) also work. Sometimes two or more varigbles are
used on one equation, such as a® + b = ¢* (the Pythagorean theorem),
[See X is for x|

VERTEX On a flat shape, the point where two or more lines meet is
the vertex. On a solid shape, the pont where three or more faces mest
is also called a vertex. (The plural of vertex is “vertices.”) Eulers
formula (v + 5 = & + 2) lets you know how many vertices are in a
polyhedron if you know how many sides and edges It has, [See R is far
Rhombicosidodecahedron]

VOLUME A measurement of the space contained by a solid shape,
WARE See Mankala.,

WEIGHT The force pulling an object down toward the Earth {or other
body.) See also mass.

X-AXIS The horizontal axis in a graph. [See Y is for y-anis]
X-COORDINATE The number that gives the location of a point along
the x-axis of a graph.

Y-COORDINATE The number that gives the location of a point along
the y-axis of a graph. [See Y is for y-axis]

ZERO The number that means nothing actually means a great deal,
For centuries, scholars argued over whether it was a number,
Leonardo of Plsa, or Fibonaccl, solved the problem by saying it is a
number with meaning, and it can be used as a “place holder” or a
position on a scale,
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