Unit 11

Exponents, Roots & Scientific Notation

Topic A: Exponents
= Basic exponent properties review

= Degree of a polynomial

Topic B: Properties of exponents
= Properties of exponents
= Properties of exponents - examples

= Simplifying exponential expressions

Topic C: Scientific notation and square roots
= Scientific notation
= Square roots

= Simplifying square roots

Unit11: Summary

Unit 11:  Self-test
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Topic A:  Exponents

Basic Exponent Properties Review

Exponent review: a" or Base®™ore

Exponential notation Example
Power Exponent
a"=a-a-a-a..a 24=2-2-2-2=16
Base
Read “a to the nth” Read “2 to the 4th.”

or “the nth power of a.”

Exponents: basic properties:

Name Property
Zero Exponent  a° a’=1 (0° is undefined)
One Exponent at a'=a
1"=1
Example: Write the following exponential expressions in expanded form.
Exponential expressions Expanded form
1) 43 4-4-4 a"=a-a-a..
2) (-u)® (-u) (-u) (-u)
3) -ud -u-u-u
4) (2x%y0)? (2¢%°) (2x%y°)

9 (Fw) Gw)Gw)(Gw)

Example: Write each of the following in the exponential form.

Expanded form Exponential notation
1) (0.3) (0.3) (0.3) (0.3)°
2) (4t) (4t) (4t) (41) (4t)*
3) (3x) (2y) (x) (2y) 12¢* y? 126:-3) (7 )
Example: Evaluate.
1) 2x3+y, forx=2, y=3
23+y=2-22+3 Substitute x for 2 and y for 3.
=2(8)+3=19
2) (2a)*—~b, fora=1, b=4 Substitute a for 1 and b for 4.
(2a)*-b=(2-1)*-4
=24-4=12
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Degree of a Polynomial

The degree of a term with one variable: the exponent of its variable.

Example: 9x3 degree: 3
-7ud degree: 5
2a degree: 1 2a=2al , al=a

The degree of a term with more variables: the sum of the exponents of its variables.

Example: -8x? y* 78 degree: 2+4+3=9

The degree of a polynomial with more variables: the highest degree of any individual term.

Example: 9t?u + 4t3u?V® — 6t + 5 degree: 10 3+2+5=10
3 10 1 al=a

Examples of degree of a polynomial:

Polynomial 5x3 —x% + 21 2x%y — 5z + Tx%y?z
Term 5x3, -x%, 21 2x%y, -5z, Txy%
Degree of the term 3, 2, 0 3, 1, 7
Degree of the polynomial 3 7

Example:  What is the degree of the following term / polynomial?

1) 3xy® degree: 4
2)  2bc3d® +5e*— fg?+2e®  degree: 9
9 2 3 0

Descending order: the exponent of a variable decreases for each succeeding term.

Example: Ixt —7x3 +x%2 —x+2 al=a
21uv® — uv? + 4v — 67 The descending order of exponent v.
Ascending order: the exponent of a variable increases for each succeeding term.
Example: 13 — 8a + 34a® — 12a3 al=a

3
-7+ Swz + 3.5w?z% — 523 + 74 The ascending order of power z.
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Topic B:  Properties of Exponents

Properties of Exponents

Properties of exponents:

Name Rule Example
Product rule amah=aMm*" 2322=23%2=25=32
Quotient rule a™ _ m-n vt a2 _ 2

(the same base) am a @#0) y?2 Y Y
Power of a power | (@™)"=a™ (x})2=x32 =x°
Power of a product = (a-b)"=a"b" (2-3)2=2232=4-9=36
(different bases) (am ‘b n)p = gMP phP (t3 .5 4)2 = t3-2 s4-2 = t6 S8
ayn _ & 22 _ 22 _ 4
Power of aquotient = ) = pm (b#0) @ =%=3
(different bases) a™ ., _a™P T Y
G =T (b#0) G = s =
a‘"=ain @#0) 4=2 =412=1—16
Negative exponent I I
— =g @=#0 —=4*=16
a " a"m 42
Zeroexponent a° a’=1 159=1
Oneexponent a* al'=a (But 1" = 1) A=y, e

Properties of exponents explained:

= Product rule (multiplying the same base): when multiplying two powers with the same
base, keep the base and add the exponents. a™a"=a™*" a" or BaseBPoent
Example: 2822=(2-2-2)(2:2)=2°=32
Or 2322=2%+2=25=32

Ashortcut,a™a"=am*n

= Quotient rule (dividing the same base): when dividing two powers with the same base,

m

keep the base and subtract the exponents. C;—n = gm ™"
Example: 2_2222 oy
ple: 22 2.2 ©
24 2 2 m
Or 7= 2472 =22=4 Ashorteut, —— = a™™"

This law can also show that why a° = 1 (zero exponent a°): Z— =a?>?%2=qa%=1
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= Power rule:

- Power of a power: when raise a power to a power, just multiply the exponents.

@) = a™
Example: (432 = (&%) (4% = (4-4-4) (4- 4- 4) = 49= 4096
Or (432 =1432=145=4096 A short cut, (@™ = a™
- Power of a product: when raise a power to different bases, distribute the exponent to
each base. (@a-b)"=a"p"
Example: (2:3)>=(2-3)(2-3)=6-6=236
Or (2-3)2=2232=4-9=36 Ashortcut, (a- b)"= a"b

- Power of a product (different bases): when raise a power to a power with different

bases, multiply each exponent inside the parentheses by the power outside the

parentheses. @"-b"MP=a"p"
Example: (22-32)2=(22-3%) (22-3%) =(22-22) (32-3%) =16 - 81 = 1296
Or (22-392=2%23%2=243%=16-81=1296 Ashort cut, (a-b)"=a"b"

= Power of a quotient (different bases):
- When raise a fraction to a power, distribute the exponent to the numerator and

denominator of the fraction. (%)" = :—n
i 2.3 2 _2:2:2 _ 22 /8
Example: Q"= (_)(5)()_3-3-3_3_3_5

or &p=L=2

33 27

an

A short cut, (%)” =

- When raise a fraction with powers to a power, multiply each exponent in the numerator

. ) .
and denominator by the power outside the parentheses. (— P = _‘;np
& - O)B)O) -t
Example: ( ) ( ) () = e = e
3 _ 223 26 _ 64 . -
Or ( ) 343 312 531441 Ashorteut, ()P = 2o

= Negative exponent: a negative exponent is the reciprocal of the number with a positive

exponent. a "= ol , = a” a "is the reciprocal of a".
_ 1 1
Example: 3t==== g =
3 81 &
. 1 1
Example: =3"=81 —=a"
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Properties of Exponents — Examples

Example: Simplify (do not leave negative exponents in the answer).

1) (4)=-4 al=a
2) (-2345)°=1 =1
3) (-03)3 =-0.027 a"=a-a-a..
4) -52=-(5%)=-25
5)  x2x3=x2*3=x5 S
6 m
6) S=ytt=y = an
3 _ JA(-3) — 1 .
7)) (I =x P =xt=— @r=ar, L=a
8) 7b'1:7'b—11:% an=— , al=a
9)  [(-4) - (0.7)]2 = (-4)?- 0.72 = (16) (0.49) = 7.84 (a-by=anbn
10) (2t3-w2)A=2434-wr=16t2w?® (@m - b = a™ b
11) 5=32=9 ER
-2 2 n
12) (g)—zzlz‘j:% Gr=L, an=2, L=a
42 8 mp
13) ( )2 y(x3)(2) 3% = X8y6 (b__ﬂ)p = (;Tp , # = q"
— 1
14) (2 3)(23)=2—3-23=1 L=
4,,—5 4-2,,-5-3 2 m
15) g = =Tty =5 #=1, G= a7 0=
3f2 e(—3) (-2) f2(—2) eb f—4 e® amp 1 "
16) ( ) 2= g(-2(=2) = g* = gt 4 (b_n)p B

Using a calculator: 42 =7 4 B (The display reads 16)
3*=? 3 K|4[E] (Thedisplay reads 81)

(Or or Bon some calculators.)
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Simplifying Exponential Expressions

Steps for simplifying exponential expressions:

= Remove parentheses using “power rule” if necessary.

= Regroup coefficients and variables.

Simplify.

Use “product rule” and “quotient rule”.

(am . bn)p = amp bnp

= Use “negative exponent” rule to make all exponents positive if necessary.

Example: Simplify.

1) (3x3y2)2(zx—Sy—1)3(_2482—19)0

— 32x3-2y2-2 . 23x—3-3 . y—1-3 -1

= (3% 2 x)0 Yy ™)

=72x"3y!

2) ((2x4)(ys) 2 _ @xH2%?
3x3y2 (3x3y2)2

22x4-2y5-2

T 32x32922

Example: Evaluate for a=2, b=1, ¢

1) (=29a°b*c)°=1

2 () =6

2—4—

14 24

1* 1
T 16

3) (a+b-0)*=[2+1—-(-1D]*= 4*2=16

Remove brackets. (@™b"P=ampw® a’=1
Regroup coefficients and variables.

Simplify. aman=am+n

. — 1
Make exponent positive. a™™ =—, al=a
a
am™\P amp
(b_") T b

Remove brackets. (@a-b)y»=a"b"

Regroup coefficients and variables.

Simplify. o g

an

a’=1
Substitute 2 for a and 1 for b,

a™ -
m=a"m L at ==, —=a

Substitute 2 for a, 1 for b, and -1 for c.
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