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Numbers
You already know the following numbers:

> N (natural numbers) 7,2,3 ...

INp (bl wumbers wifl 0) 0,123,
> Z (integers)  <3,-2,71,0,7,2,3, -+
> Q (rational numbers) % fwhere pois av lnfegr ond g o wehedluenler
> R (real numbers)

Through elementary operations (addition, subtraction, multiplication and
division) two numbers yield another number.
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Conventions

Order of operations:
> Brackets first (from inside to out)
» Exponents
» Division and Multiplication (from left to right)
> Addition and Subtraction (from left to right)
2) 3
= ~729
(Zi ”2; 2+2'31:2%2'ﬁ:2+72720
3& )< 1° = 6561
/N There are some cases where brackets are implied by the notation:

» The fraction line denotes an operation that requires brackets, e.g.

. @ +b  (atd)
ctd  (c*d)
» An exponent itself is always in brackets, e.g.
zty _ a(z:ty)

°a
e &Y = o=V
()

xz
® Ay = a Y
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Brackets

» To override operator precedence, brackets must be used:

V435 =405 =16
(1+3)-5 = 45 =20

» For simplifying a minus in front of brackets, the identity
—(...)=—-1-(...) is useful.

G-(2a+2)

)

6+ (»4)'(3m+?,>
G+ (-3a-2)

§ -3a-)
“4-3a

1t

8

[/
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Rules

» Commutative law:
Summands or factors can be arbitrarily interchanged, i.e.

a+b=b+a and a-b=>b-a.
247222413 4;42.)(1‘—,—,:
3-27 231

> Associative law: 7, FED 1T = 242400 - x
For summands or factors, order does not matter, i.e.

(a+b)+c=a+(b+c) and (a-b)-c=a-(b-c).
[2+9) +S = 3+lyas) (23)-5=2(35)

» Distributive law:
Multiplication and addition combine as

a-(b+c)=a-b+a-c. 2 (24x)
24:77‘ :}(?-tl\:}-)‘—k}-zrﬂ-*é:zﬂ :Z'?+Z'7‘:2X"‘6
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v 232 ~ 572

X 237-=3C 29778

J 1372 31

X 2+2°=41F 248214
X u-)=-9Tn- ¢

U ab(-25a) 2 Yab - Aab)®
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Calculating with fractions p & mensler

P

The following identities hold: ¥ & dewminator
> Expansion/Simplifying: %: Z_.C (1o
c
4
A a7 2 NPT +Y :(x +§x 1 4)x
2752 T ¢ m (mo0x3120) X
a ¢ ad=xbe
> Additi ion: —+— =
ddition/Subtraction ;g vl
L U T 1 Sy L 23
§+’q T Ty T owr 20 ~ —zo
4 d d
» Multiplication/Division: %~§— Z_ccl and %—%oz = (ll)_c
Z :é = —6—— :/},ﬁ -1 173
¢ 37 224 2 a5 1% 2 64
Z .2 _g 2 Tz 3o
2t 2 Ea
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Powers

For a natural number n and a positive real number a,
& we write a™ as a shorthand for ¢ - a - .. .a.
—_——

n mal
More generally (but with a more complicated interpretation),

one can define a? for an arbitrary real number p.

The following identities hold: o
> w3 e a =1
1. (a?)9 = a?? (a 7) S R
L=
2. (ab)? = aPb? (a8)*=a”b? o &
3
a? a\P a” C" n 2
3. —=(+ -3 )=
bP (b) (bg> b) (C{-\—L>> 'Tz a4k
4, apaq = a/p+q q’é. aw ~ 0\3“’(] = olq_
a? - g A Y L
@ _ p—a A T L -
> PrE ¥ 4 -0 T ;//n a
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Roots fok - expanent a
V 1 9 1
Roots are special powers: {'/E/\: ar. "o(‘j Z (a 'J * > o ~of®
. . N radiant
A Va is only defined for a > 0 = “’)1/?

and is also greater than or equal to zero itself.

From the rules for powers we obtain: [

. 2 YV mrt AV iAo
L {/Va= %/a W:u\/?’—j“(/: mf ’
0. Yab= oadb Jorge =Sy 37 = Jv S=8 9 =72

, Ve _ ?f q ff
T

. . 4|

& We simply write \/a for the square root Ja. = o 2

Powers and roots combine well as the latter is just a special case of the

former: ok = Vap = (\q/a)p.
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Calculating percentages

. . ercentage
Fundamental identity: @— sl

100% base value

chlou’{-a'{\‘nw 0'( ’ 60'1'(“/\(\“'32 va(m(_
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