Numbers & Geomeﬁj
Numbers @ For Cotmjr\‘na 1,2,3,4, ..

G—eome\—na‘- Por Measurine lengths , areas, etc.
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EI'S\'\\' wWnits. Three units.

Anocther WY +o say this is thot we have founck o
between the oo lengths ; the rato s
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Question ©  Given +wo k’,ng‘\'\'\% s i alwags Poss't\ole
+ find & common unit of measurement (so Hd both
leng¥hs  come  oudt eveny) °©

. TIs alwalés Possi\o\e to find & vato letween
oo len3+hs?

Consider +he g +he Y Square.

Supposc; we Fpunck a common unit %

- Side lengﬂx A untts

: dl‘agonal len3+h b ounitks

B\s +he fP}j H’\agor ean Theorem,

@*+ > = b°
2@ = b

This means 1o is even & So ishb,
so  lb=2b,, for some whole #* b,.




Subshtute in !

20* =b* = 2a°

Il

(2b)* = (2b)(2k) = 4b,
Ul *

=  2a®

Divide both Sides bg 2!
0% =2b,

This means a* is even & so

Suoshtute in 02 before !

is a, Sb a = 2¢q.

(20,02 = 2be = UYa; = 2k
Divide lboth Sides by 2
0 = 2b, (like here we starkd)
Continue in +his Wouy

b = by = b, = by — ...

Eoch +ime, the number gets ,con't olo
Hhis  forever  with  whole numbers.

We \hhave Showh that

1 voatio between a 3 b, then we
b could Fnd an nfinite sequence of

smallec 8 smaller whole numbers.
Since  such & Sequence connot
" exist, neither can the whole number
cotio between a & b.

This was @ crisis for the Pythagoreans & led f o
centuries long vift blw  npumbers g geometry .

£ we could Find a whole number



On\tﬁ ceiunited after the invention of algebra,
with  Decortes coordinate plane.

Redhional ond Trrational Numbers

From & modern viewpoint, rofios of whole numbers
are  considevedl nNumlrers  themselves !
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€ units | {
divide inhb
3 equal parts L
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We can subdivide more § move & more... Here s

rechonal number.

Evertﬁ $egmen+ of the number line, no matter how

svaoll, contains rechonal  numlpers.




However, there ore Some lenﬁi'hs thoat gre not

P+1P=c = 2=¢
1 C
£ ¢ = |o/0_ (l\bhole numioers)
i 1 then 2=(2)" = 28=b> ..

no such a 3 b.

Should +he lengﬁx c he nsidered & number?
We can put it on the nNumber line.

< '\ ; '\ 1 l >
-3 -2 -1 O 1 2 3
In modern notahon we write . I+ is cnsidered

an

Pecimal Notaton
‘Diﬁi-‘rs 1,2,3,4,5,6,7,8,9 Hor whole numbers less +han +en

For Iarﬁer whole vumbers, "Jocation, location, location”
* breaK up larﬁe num ber accordinﬁ + Powers ot ten:
+ens, hundreds, thousands, etc.,

ex : b thousonds, Z hundreds, and 3 units

put these oligH-s in an aP?ropr(odt "place ! using o
new digit | ©, as o place holder

ex ' (02073

T‘(B a Similar aPproach for numbers +hot are not whole Numbers.

split up into o whole number and a “Auactional ” Pari-



el ——

-

4 and 2 units
Write Y2 in terms of 4enths, hundredths, +housandths, etc.
(Note : Yo = 107", Yoo =107 Yjooo=10")

Sl'mPlS mul‘h'PB +b\> & lostom hé 5

R - 1,5 _ x5 _ _5_
> = 71 2 5 T Sxs /o
So 2 s ;s and

Uod"%2 s 4 and __ fenths.

In decimal notation

Ex %2  One +hird of 8 units:

oy,

|
- : : %
\ l o 1 unit
| i i l L
| U L
2 32 3 H 3 unit
B 3 3




Write 2/3 in terms of +enths, hundredths, Hhousanclths, etc.?

one uwn T

2 - G i ),
2 T (SomeH\mg less +han

| | _I%O— + [Some{'hir\ﬂ less +han )

H

T‘(‘B Ior\g division *

- 2
312.00000000 3 % T 70 T o0

®

What does i+ mean Fo add up
l'n-FinHrelj many numbers ©!

Write 23_' = ( r‘epeaﬁnj decimal)

Similarly, for V3
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Fact Given o votional number P/q) in Jowest terms,

©if 9 IS divisible by ___ andfor __ but no other

primes, P/‘t can be loritten as a decimal
e /g = 0.5, 35 = 0.6, 20 = 0.45, etc.

- otherwise ?/% con e written as a olecimgl

' 3 =26, Y7=0142857, %1 = 0380952 . etc..
Tais is NoT obvious !  Quite sophishicated | (1800s)

Fact 0.9 =1

0.9 = /it Yoo * //ooo ¥ //oooo .

| ] | ] ] | l ] | |

| | I ' | I I | { |

1o %

Notice ot ' 1-069 = 6.1 =
1-0.99 = 0.0 =
1-0.999 = 0.00] =
1-0.999= 0.000l =

T 0.9< 1, then there must he o lbehoeen
the two, but the would have + he smaller +han

all negative powers ok +en ¢ 107" for al n.




