2.12 Laws of Exponents: Positive Exponents

Dr. Robert J. Rapalje, Retired
Central Florida, USA

The use of exponents (i.e., raising to powers) was introduced in the section on order of operations. As
you already know, a number raised to a power is a shorthand notation for multiplication. For example,
2° really means 2-2-2-2-2. In this notation, the 2 is called the base number, and the 5 is called the
exponent or the power.

As you use the notation of exponents, you will discover certain patterns and rules. These are the laws of
exponents, which will be summarized at the end of the section. In these exercises, try to see the pattern

and predict the rule that is being developed.

Multiplication with the Same Base Number
The first rule involves multiplication of expressions with powers. What does it mean if you multiply
numbers that have the same base number? Look for the answer to this question as you study the

examples and work the exercises that follow.

EXAMPLE 1. 22.2° EXAMPLE 2. x* - x’
Solution: (2-2)-(2-2-2) Solution: (XXX X)- (XXX XXX X)
2:2:2:2:2 XXX XXX X X X X X
2° xH
Check: 222°=2°
4.8=32

EXERCISES. Simplify the expressions. Do you see the pattern? Use your rule as a shortcut.

1. 2°.2 2. X°-%° 3. x'-x° 4. x*.x"
(2-2-2)-(2-2:2-2)
How many 2s?

Answer:
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5 5°.5° 6. 3'.3° 7.2°.28 8. x* X’

9. a" 10. b’ - b 11. ¢®-¢° 12. x*.x"
13.  When you multiply with the same base number, you write down the a) and
b) the exponents.
GENERALIZATION:
When you multiply with the same base number, you ADD exponents!
Xm ° Xn - Xm+n

Division with the Same Base Number
The second rule involves division of expressions with powers. What does it mean if you divide numbers
that have the same base number? Try to discover the answer to this question in the examples and

exercises that follow.

s 7
EXAMPLE 3. %(or‘l—z) EXAMPLE 4. %
X
Solution: M Solution: XeXoXoXeXeXe®X
20202 XoX®X®X

When you divide out denominator factors with numerator factors, you are left with

2-2 (or 4). XXX (or x°).

Do you see a shortcut that has to do with the exponents?

14, If when you multiply you add exponents, then when you divide you the
exponents.
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EXERCISES. Express each of the following as a base number raised to a power and calculate
the answer. You may want to check the numerical problems with a calculator.
27 35 45 210
15. = 16. > 17. & 18. S
2 3 4 2

In 19 - 34, give answer as a power.

7 10 6 16
19. X 20 X 21 X 22. Lo
X X y
64 12 9 14
23, 3L 24, & 25. & 26. &
31 a b c
27.  When you divide with the same base number, you write down the a) and
b) the exponents.
GENERALIZATION:
When you divide (same base number), you SUBTRACT exponents!

— ,m-n
a X

X

Raising a Power to a Power
Consider the following examples:

EXAMPLE 5. (2°)* (or 3220r 1024) EXAMPLE 6. (x*)°

Solution: This means (2°)e(2°%) Solution: Thismeans (x*)e(x*)e(x?)
2% (or 1024) x°

Do you see a shortcut that has to do with the exponents?

28. When you raise a power to a power, you exponents.
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EXERCISES. Express each of the following as a number or variable raised to a power.

29. (3% 30. (2*) 3L (x*) 32. (y*y
33. (x')* 34. (x°)° 35. (y*)’ 36. (2°)
37. (10°)’ 38. (a’) 39. (p%)° 40. (c°Y
GENERALIZATION:
When you raise a power to a power, you MULTIPLY exponents!
(x" )'=x""

Combined Operations

512
EXAMPLE8.  (2°)e2’ EXAMPLE9.  (X)
X
10
Solution: 2% e 2" Solution: X—7
X
210 X3
2 3 6 543 4
EXAMPLE 10, Y >Y °Y EXAMPLE 11, (D) °b°
y'ey b b
11 15 4
Solution: y Solution: beb

<.o|
O

-

~

< <
|
e
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EXERCISES. Simplify each of the following.

41. 22°Z4 42. a0a3 43. (pa)z 44. q_2
q
6 12
45. X 46. (y2)° 47. % 48. X x°
X X
10 2 4 3
49. 3 3'83 50, 4 4'24 51 (x°)’ex’ 52 (2)e2?
443 333 2\4
53. () 54.(x3) o (x*)’ 55.(b_)2 56. (3%)
X’ (b*) 303
(x° )2 (y4 )3 4\3 2 \4 (Xﬁ)4
57. 58. 59. (x* ) e(x?)" 60.
X7 y2 (X6)3
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Sometimes the expression inside parentheses is a product or quotient that cannot be simplified. Thereis

a special rule for products and quotients that are raised to powers. What is the meaning, for example, of

(3x)* or (E] ?
X

EXAMPLE 11. Remove the parentheses: (3 x )"

Solution: (3x)*actually means (3x)-(3x)-(3x)-(3x), which can be re-written as
3:3:3:3:X-X-X-X
or 3*x* or 8ix"

4
EXAMPLE 12. Remove the parentheses: (E]

X

4
Solution: (E) actually means(§) . (ﬁj . (Ej . (E) which is the same as
X X X X X

4

1
3—40r8—4.
X' X

EXERCISES. Remove the parentheses and simplify if possible.
61. (3x)° 62. (4y)° 63. (5x)° 64. (2z)"*

65. (2x°)" 66. (5y*)° 67.(x2y°) 68. B3x*y’ )
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LAWS OF (POSITIVE) EXPONENTS

When you multiply (with the same base number),

you add exponents.

When you divide (with the same base number), you

subtract exponents.

When you raise a power to a power, you multiply

exponents.

When a product or a quotient is raised to a power,
you raise each factor to the power.

SUMMARY
GENERALIZATION
Xm P Xn — Xm+n
Xm m-n
=X
X
(Xm)n — an
(xy)" =x"y"
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ANSWERS 2.12

p. 207-213:
1.2% 2.x% 3.x% 4.x%; 5.5% 6.3'0r81; 7.2% 8.x'; 9.a" 10.b'; 11.c™;

12. x'?": 13a) base number, b) add; 14. subtract; 15.2%or 8; 16.3%or 9; 17. 4% or 16;
18.2°0r 32; 19.x% 20.x% 21.x% 22.y"; 23.31%: 24.a% 25.b°% 26.c'
27a) base number, b) subtract; 28. multiply; 29. 3% 30. 2% 31.x'% 32.y":; 33.x%
34.x"; 35.y% 36.z'% 37.10% 38.a':; 39.b'; 40.c"; 41.2% 42.a% 43.p% 44.¢%
45. %> 46.y% 47.x% 48.x% 49.3%0r81; 50.4° 51.x'; 52.2'; 53.x"; 54.x,
55.b; 56.3%0r27; 57.x>% 58.y"%: 59.x*% 60.x% 61.27x° 62.64y% 63.25x%;

x® 8x°

64. 16z"; 65. 16x™; 66. 125y"*; 67. x'%y'®; 68. 9x%'; 69. 070 Y

25 27y 8x° 8x’ 25x* 49x*

10,,6

71, XY 72 64X°. 730 YT . 74 125Y°. 45 9Y° . 44 8lY°

214



