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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
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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
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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)
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