Simplifying Expressions
Involving Exponents

Quite often, you may have to apply several laws of exponents to simplify numerical
and algebraic expressions involving exponents.

Rule Algebraic Example Description
product 23 X 24 =27 amx ah =am+*n
quotient 56/ 52 = 54 am+at=am"""a#0, m>n
power of a power (33)2 = 36 (@mn = gm xn
power of a product (2 xX3)4=24x 34 (xy)m = xmym
. 32 32 x\m _ xm
ower of a quotient = =% =) ==—,y#0
p g (3 =% ( y) Y
zero as an exponent 40 =1 at =1
negative exponents 62= % an= a_1"’ a#0
2 s m
rational exponents 83 = (V8)?2 X" = Vxm = (Vx)m

The following examples illustrate how to simplify numerical expressions using these
laws of exponents.

Example 1
Use the laws of exponents to simplify each expression.

1 1

(a) (42 X 9%)2 b) —

Solution
1
(a) (4% X 9%)2
1 1

— (42)5 X (94)2

Apply the power of a product law.
Apply the power of a power law.

= 41 X 92 Evaluate 92.
= 4 X 81 Evaluate the product.
= 324
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b) ——
53X 54

1

54

Apply the product law.

Apply the quotient law.

Determine a common denominator.
Simplify.

Evaluate.

Express using positive exponents.

Simplify.

You can simplify algebraic expressions using the laws of exponents.

Example 2

Simplify each expression.

7 \8
w ()

Solution

vx7 \8
(a) <\/;>

7\
N
52

7 _ 1)\8
=)
7 _ 2)\8
[ 9
5\8
)
40
= x4
XIO
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+ I)(x3n - 1)

(x2n
(b) L

Rewrite with rational exponents.

Apply the quotient law.

Determine a common denominator.

Simplify.

Apply the power of a power law.

Simplify.



(b)

(xlr/ + 1)(x3n - I)
(x2n)3

x2n X3

xon
x6n

x5n—6n
= xin
1

x"

Key Ideas

x2n+l+3n*l

Apply the product and power of a power laws.

Simplify.

Apply the quotient law.

Simplify.

Express using positive exponents.

* When simplifying expressions involving exponents (positive, negative, and rational)
follow the laws and rules for exponents and the order of operations (BEDMAS).

* Express all answers using positive exponents.

* Express all answers in radical form.

Practise, Apply, Solve 1.10

A

1. Simplify.
@ (xH(xd) (b) (%)
(e) (dY(dH(d™3) (f) 673+ b?
2. Write each expression as a power of 2.
(a) 24 X 2° (b) 27 X 27
(e) 8~ (f) 26 + 272
3. Evaluate.
(a) 3° (b) 7° (c) 82
1 2 3
) 16* (g 32° (h) 42
1 3 2
(k) —27° 0 256¢ (m) 27°
4. Rewrite using positive exponents.
(@ (3?2 (b) Vi (0 VoS
5. Simplify.
xp)4 bH)4
@ 2 (b) 2%
—_1\2 4p2)3
© (5] @02 B G

() x0 + x3

(8 (2x7)°

(© @9
(g) 44+ 2~

(o)

-y

(d) (ab)?
e

(d) 43
(h) 1631

_3
(€ —16 *
()

(0) 642

1

100 2

() (V)

@or(F) @ (s
@ (=)ot o ()5

X

J
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6. Simplify.
1 1 2 3
(@) 499% + 16* (b) 27° —81*
3 3 1 _5
() 16* +16% — 81 * (d) 128 7 — 167075

3
(e) 16% + 16795 + 8 — 27

() 97 — /16 + 167 — 2(273) (h) (1); -2y 4(8_%)

8 125

4

1 4
) 812+ V8 —32° + 16

2 3
3 4

7. Evaluate using the laws of exponents.

371\
(@ 22X 47252 (b) 22X 3)! © (55)
(d) 47142 + 49) () =5 X ¢ (B (50 + 591
2 3 42 1 . -1 _ 92
(g)§1§;2 (h)32123 (i) 2—1.,_;—2
8. Rewrite each expression, without using fractions.
X b m3 253 d 10426
(a) I (b) n2 (o) 122 (d) 202
m? s 8x3y2
(e) 225 (F) = (® (h) 255
9. Express using only positive exponents.
—2/}3 —2}-3 253 -2
@ afb> () © 5 W@ S @ G
10. Find the value of each expression for 2 = 1, 4 = 3, and ¢ = 2.
(a) ab* (b) acb¢ (c) (ab)~ (d) b+
€ (ma+b~ () (@) (g (2’67 (b) [(6)~“] ™
11. Simplify and then determine the number or numbers represented by each
variable.
(a) #> = 64 (b) ¢3 =512
(c) d* =625 (d) (n?)> + n> =243
(e) x1° + x2=1213 ) (#2)2 X +° =10 000
(g) m> X m? = 3125 0 (2] =196
(i) 70+ n8 =576 (J) (x®)(x?) + ( =1
k) (p X p?)? =3 0 ) +x>=15
12. State whether each expression is true or false.
1 1 1 1y L 1
(@ 9% +4°=09+4° (b) (92>(42)=(9X4)2
1, 17! 1, 17!
©(;+73) =atb @ (L x75) =ab
1 1\6 1\/ 1\16
(e) (x3 +y3> = x2 + 5?2 (f) Kﬁ)(ﬁﬂ = x?y?
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13. Simplify.

14.

15.

16.

17.

18.

19.

20.

(@) V2 (b) V3 (© Vzd
5.1 1
(&) Vs @ (5)°5)° @ (o)
i1
_1 3\2 31\ 3,3
® l2x %) ) (=370 7) @
24y ’ 2
3 1 1 2
.2 3L _1\2
G) W () o )
22
Simplify.
1 2 5 2
L2 t .3 1,2 1
(a) 5 (b) 2 © [y2) = (69
XZ XE
3 1 1
ity x5 (&) () % (%) ?
@ (\/y_z> © (81> * ® 1l
2 2
(x2,2)
Simplify.
(a) (XZ)S -7 (b) (44 + 2}’)(4—37— 5)
(c) (H2m+3n) = (pm—n) (d) x37 = 1xr
P _ m
& @-n() ® [6x9°"1(5)
Simplify.
1
(@) (Bx?)? (b) (4x%y~*)~2 (©) (16x!09%)?
_ _ (212 32\ (22
@ @ 2P6x7 @ S ® (35) (%)
. . . x3\2( 22\ 73
Check Your Understanding: Simplify (3—)/4) <3—i/4> .
Solve.
1 2 4
(a) x3 =27 (b) x* =5 () ¢ =64 (d) 32° = 48
Solve.
Vs _ B N s =V
@ (1) = = Va (b) J5 — Vat +15=V16
If 2= 2 and b = —1, which expression has the greater value?
d*Zbﬂ*b+ 2 (.qb)_3a_(1 —2b)
(2 B: Ty
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