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SL MATH YEAR 1 EXPONENTS DATE:

Syllabus reference: 1.2,

Rather than writing 3 x 3 x 3 x 3 x 3, we can write this product as 3°. 5
If n is a positive integer, then a™ is the product of n factors of a. 3 1
a" =axaXxaxaXx ... Xa
n fatons ( power,
index or
We say that a is the base, and n is the exponent or index. base  exponent
NEGATIVE BASES
(-1)t=-1 (-2 = -2
(-1)2=-1x-1=1 (-2 =-2x-2=4
(-1} =-1x-1x-1=-1 (-2f=-2x-2x-2=-8
(-1)'=-1x-1x-1x-1=1 (-2)'=-2x-2x-2x-2=16

From the patterns above we can see that:

A negative base raised to an odd exponent is negative.
A negative base raised to an even exponent is positive.

HISTORICAL NOTE

Nicomachus discovered an interesting number pattern involving cubes 1=1%
and sums of odd numbers. Nicomachus was born in Roman Syria 3+5=8=23
(now Jerash, Jordan) around 100 AD. He wrote in Greek and was a 7+9+11=27=3

Pythagorean.



The exponent laws for m, n € Z are:

ar xa® =a=t™ To multiply numbers with the same base, keep the base
and add the exponents.

m

a—ﬂ:a”'"‘, a#0 To divide numbers with the same base, keep the base and

@ subtract the exponents.

e =gt an When raising a power to a power, keep the base and
multiply the exponents.

(ab)™ = a™b" The power of a product is the product of the powers.

a\» a"

(3) = b#0 The power of a quotient is the quotient of the powers.

a®=1 a#0 Any non-zero number raised to the power of zero is 1.

1 1 1
a"‘=a—n and F:a" and in particular a“=;, a # 0.

3
Simplify using the exponent laws: a 3°x3* b :—5 3 (m‘)3




Write as powers of 2:

a 16 b & ¢ 1 d 4x2" e
EXERCISE 3B
1 Simplify using the laws of exponents:
i ™ 5 4
7 4
a 5 x5 b d?xd° €5 d = e () f (3%
3
P 3 108 m
3 7 h n®xnd I (5% } X K o I (c)
2 Write as powers of 2:
a 4 b i < 8 d 32 t &
g 2 h % I 64 | Tsli k 128 I T%'a‘
3 Write as powers of 3:
a9 b i ¢ 27 d & 3 t 3
g 81 h & } 4 | 243 Y
& Write as a single power of 2:
a 2x2° b 4x2° c 8x2 d (2+1)2 e (')
9¢ om 4 2:«1 4%
¥ 2 § = = ' = I o=
5 Write as a single power of 3:
a 9x3° b 27° ¢ 3x9" d 27x3¢ e 9x27
3V 3 9 o gn+l

3 S W 27t | 3= I #









Write in simplest form, without brackets:

2 (-3a2)* b (-2‘7’)3

6 Write without brackets:
a (2)? b (3b)° ¢ (ab)* d (pg)® < (g)2

@ @ B @ @

7 Write the following in simplest form, without brackets:
a (—2a)? b (—6b)? ¢ (—2a)® d (-3m'n?)?

o @) @ (@)

w8










Write without negative

exponents:

a~3p?

c—1

8 Write without negative exponents:

a nh2

f

a?b!
c2

b (ah)~2

a3

¢ (2ah71)2

d (3a2h)?

2a~!
d?




Write
form.

~— in non-fractional

9 Write in non-fractional form:

1 1 1 a
— b= - — d

o
1
3

10 Simplify, giving your answers in simplest rational form:

s ®)° o ()7 ¢« @)
e (3)7? t 214271 s (13)7°
11 Write as powers of 2, 3 and/or 5:
a3 b % ¢ =
4 2¢ 9k
alk | taxs LT

-n

a2+n

33

52 +5' +51

al% Bl

12 Read about Nicomachus’ pattern on page 84 and find the series of odd numbers for:

a 5 b 7 ¢ 128




1"

12

n 0o oo 0 = ™

B! 0 e 44 ezl 3¢
p—d h nt? | 53¢ i 75+2 Kk 1039 | im
22 b 22 ¢2%8 d2-3 o 25 1 2-5
2! h 2-1 | 26 ] 276 k27 1 2-7
32 b 3% g8t d 3% o3 $ 5
3t h34 13 | 8 0 s
2a+l b 2b+2 M 2¢+3 d 22:+2 e 21:—1
2c—2 g 22m B 2n+l 1 21 ' 23:—1
3p+2 b 330 < 32n+l d 3d+3 e 33l+2
ay—l g 31-y Y 32—3! | 334-1 | 33
m2
402 b 2763 14 n"b‘ d 17303 e -';;-
3 q 4 3
a b m 58
<, < h 1,b#0 | —
7 ¥4 ri il B Yoy
4qa2 b 36b° ¢ —8a3 d —27m®nt
—8a® 16a® 9pt
Ap16 A0
16a%b f 5 9 o h -
a 1 4a? g2 a?
— D — d — —
B2 . P s b2
ae? b 2
—s 3 e o A 3
5 g a h o, i 7 | 12am
a> b b e3"v2 d g™ ¢ a2
1 b 4 c6 d27 ef& 13
I SR 3 §
125 5
3-2 24 ¢5 3% d3xbH! e 22x33
2c-3 3 3-2 g 3%k % 2-1xp-1 h 22 x3»—1xp—2
53 =21 +23+254+27+29
73 =43 +45+47+49+ 51 + 53 + 55
12% = 133 + 135 + 137 + 139 + 141 + 143 + 145 + 147

+149 + 151+ 153 + 155



The exponent laws used previously can also be applied to rational exponents, or exponents which are
written as a fraction.

1 1 1 1
For a >0, noticetht a” x a® =a? 7 =a' =a {exponent laws}

and /a x\a=a also.

1
So, a?=./a {by direct comparison}

1 1 1
Likewise a7 X a¥ x a% =a

and ax Yax Ja=a

 g—

1
suggests a® = Ya

1
In general, a™ = 3/a  where {/a reads ‘the nth root of a’, for n € Z*.
We can now determine that Vam
1
= (a™)"

=a™ a* = Ya™ for a>0, neZ*, melZ

Write as a single powerof 22  a V2 b




EXERCISE 3C

1 Write as a single power of 2:

a 2 bé—5
l2x\V§ 9%

2 Write as a single power of 3:

4 1
a\/:?: bs_\/i

sl 8-

|~

3



Use your calculator to evaluate:
7
a 2% b

-
'Y

Without using a calculator, write in simplest rational form:
K 2
a 8 b 2777

3 Write the following in the form a® where a is a prime number and z is rational:

a 7 b V27 ¢ V16 d V32 e V49
1 1 1 1 1
f — e h — | — -
7 . V21 /16 /32 ! /49
& Use your calculator to find:
4 7 1 3
a 3° b 2F ¢ 27% d 4°° e V8
(R s
V2T s =
5 Without using a calculator, write in simplest rational form:
3 5 3 3
a 47 b 87 ¢ 167 d 257 e 32°
— — — gl -
f 4° g 9° h 8° i 2773 ) 126 *



1 a2t w2t (2t gt e2?
¢ o} g o} n2? 27} i 2t
2 a3t b3t ‘3# dai c3'3
3 a7’ b al ¢ ot 4 2t « 7t
t7¥ g3t aa? a7t
4 2228 b 183 ¢ 0794 d 0435 e 1.68
1193 g 0523
5 a8 b 32 ¢ 8 d 125 e 4
1 1 g 3 3 h ) i A
2 27 16 51 25

EXPANSION

We can use the usual expansion laws to simplify expressions containing exponents:

a(b+c) = ab+ ac
(a + b)(c+d) = ac + ad + bc + bd
(a + b)(a — b) = a® — b?

(a + b)? = a? + 2ab + b*

(a — b)? = a? — 2ab + b*

1 3 1 1
Expand and simplify: z *(z* +2z7 —3z ?)




EXERCISE 3D.1
1 Expand and simplify:
1 1 1
a z%(z® +222 +1) b 27(2 +1) ¢ z3(z? +z 7)

1 3 1 1
d 7(7+2) e 3*(2-377) f z7(z? +2z7 +3z 7)

1 1
§ 277(2° +5) h 5-%(5% +52) | 2 ¥ (@2 +z+a7)




Expand and simplify: & (2+3)(2°+1) b (7"+7°%)?

2 Expand and simplify:

a (22-1)(22+3) b (3% +2)(3° +5) ¢ (5°—2)(5% —4)

d (2% +3)? e (3¢ -1)2 (42 +7)?

s (@ +2)(E -2 h @+ -3) | @ 2 e -2 )
| @+ 2y k (7= —7-2)2 | (5-2-p



EXERCISE 3D.1 IS

1 a z5+2%+22 b 4*4+27 czx+1
d 49% +2(7%) e 2(3°)—1 t 22 +2x+3
g 1+5(27%) h 5 +1 | :§+zé+1
f a4 0ol g b 9% | 7(3%) | 10
¢ 257 — 6(5%) + 8 d 4 +6(2%)+9
e 9% —2(3*)+1 f 16 + 14(4%) +49

4
gz—4 h4a&—-9 | z—z? lzz+4+z—2
k 722 -247-22 | 25—10(2~%)+4-*

FACTORISATION AND SIMPLIFICATION

Factorise: & 2°*3 427 b 2"t3 .8 e 204 9%

EXERCISE 3D.2

1 Factorise:
a 5% 45 b 3"+243n ¢ T+
d 5™!-5 e 6"2-6 t 4216



Factorise: a 4% -9

b 9% +4(3%)+4
2 Factorise:
a 9°-4 b 4£-25 ¢ 16—-9*
d 25-4 e -4 f 42+6(2)+9
g 9°+10(3*)+25 h 4% —14(2%) + 49 I 257 —4(5%) +4
3 Factorise:
a 4°+9(2%)+18 b 4-2-20 ¢ 9 +9(3%)+ 14
d 9°+4(3*)-5 e 25 +5%—-2

f 497 — 741 412






4
R
6n
&  Simplify:
n a b n
. 12 20° ¢ & g
6" 2¢ 2 20"
35% 6% sn+l h gntl
7= 87 ' & 5
N sgs 3n 46" om+2 _ gm gm+43 . om
Simplify: ~ — =




Simp
lify:
6™ .
o +an
21'"
127 —
3z =

sn+l
- 5"

an

2n 12"
13"

2"

6" +127
12"

142n

et
_on

2ﬂ

ikl e
471

5ﬂ+1
—_ 5"

2ﬂ
ed 2“—]

2"



6 Simplify:

a 2"(n+1)+2%n—1) b 3" (n-l)‘:"" (n_H)

EXERCISE 3D.2 NENNNNNNN————

1

5%(5% + 1) b 10(3") ¢ ™1+ 72")
5(5" — 1) e 6(6"*' —1)  f 16(4" -1)
(32+2)(35—2) b (2%+5)(2°—5) ¢ (4+3%)(4—3%)
(5+2%)(5—2%) e (3= +2%)(3=—2%) 1 (2=+3)

(8= +5)2 h (2-7)2 | (5¢—2)?

(2% + 3)(2% +6) b (2% +4)(2* - 5)

(3% +2)(3* +7) d (3" +5)(3* - 1)

(5% +2)(5° — 1) 1 (7" —4)(7* -3)

2n b 10° < ab d sin e 5°
(P 95 i

3m+1 b 1+6" c 4" +2" d 4" -1
6" t 5n g4 h2"-1 13

2
P



