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EXERCISE 8A
1 Simplify:
a axa b v xb ¢ cxc? d n? xn?
e mxm? fosxst g e3xel h k3 x k2
i p?xp? i pPxp k kS x k3 I m3xm
m k6 xk n nxntxn o etxedxe P nxnxn?
| Example 2| ) Self Tutor
Simplify:  a (22)? b (56)2
a (z2)? b (56°)*
=122 x 22 = 5b% x 5b°
= 45 3 48 3K 1 X =5Xbxbxbxbxbxbxb
=z* = 250°
2 Simplify:
a (a?)? b (s°)? < (¢%)? d (ac)®
e (m*)? f (3ab)? g (2a%)? h (5b%)2
i (3ab?)? i (Tm2n)? k (8a%c)? I (32%y)?
m (—a)? n (—2a)? o (—3b)? P —2a x (—5a)?
| Example 3| «) Self Tutor
z® a
Simplify these quotients: a — b —
7 a
x° ab
il b al
. a @
_mxxxxxxxz’l _axaxaX-exexa
- 1 N VR
3 Simplify:
2 3 2 4
a a_ b m_ c t_ d y_
a m 2 Yy
K5 p° 2n6 61°
r § £ il h
¢ k2 p3 s n2 3rd
, 1247 8d® 10€” , 5hY
341 TYE 22 1511
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IE]_ INDEX LAWS

INVESTIGA DISCOVERING INDEX LAWS
J‘g Look for any patterns as you complete the following: WORKSHEET

J—Q 1 Copy and complete: (ﬁ)
‘3‘\\‘@4

a 22x22= (2x2)x(2x2x2) =2°
b x| -]

3

caxa4:| ‘:‘ ‘

From the above examples, a™ X a™ = I:I .
2 Copy and complete:

a 2_5:2><2><2><2><2:22 b 3_4: _
23 2x2x%x2 31
5 7

¢ L = — d L — _
a? 4

a
From the above examples, — = I:I .
a

3 Copy and complete:
a (23)2=28x23 = (2x2x2)x(2x2x2) :|:|
s - -]

From the above examples, (a™)" = I:l .

From Investigation 1 you should have found these index laws for positive indices:

If m and n are positive integers, then:

e a™ X a" =amt" To multiply numbers with the same base, keep
am the base and add the indices.

e — =am™ ", a#0 To divide numbers with the same base, keep
Ch the base and subtract the indices.

e (a™)" =am*" When raising a power to a power, keep the

base and multiply the indices.

=) Self Tutor

When multiplying,

. . . S keep the base and
Simplify using the laws of indices: add the indices.
a 23 x22 b 2% x 2
a 23 x 22 b zt x z°
— 93+2 4T3
=32
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EXERCISE 8B

1 Simplify using the index laws:

a 22x24 b 32x32 c 5% x5t d 72x73

2 3 4

e a®xa f n*xn g z°xab h v®xbd

m ) Self Tutor When dividing, keep

. . . . the base and subtract
Simplify using the index laws: o fifees

35 7
a — b 2 N
33 p3
"

a — b ?
i
4

— 32
=9

Ll W
w| ot

|
SNESCR S
Wl

2 Simplify using the index laws:

25 34 56 107

a 52 b 23 cC — d —
2 54 104
7 8

e I—2 f y_2 g a%+a® h b =p?
T Yy

For a power to a Example 6 ) Self Tutor

power, keep the
base and multiply Simplify using the index laws:
the indices. a (23)2 b (1;4)5
a (23)2 b ( .”L‘4)5
— 93x2 — g4x5
—_ 96 — ;20
= 64
3 Simplify using the index laws:
a (22)3 b (10%)2 c (33)4 d (23)°
e (%) t (%) g (a®)? h (0°)
& Simplify using the index laws:
a a®xa® b b b2 ¢ ctxc? d d*xd
e (a*)? food0® g (b?)° h a3 xa®

(A i m*xm?xm?® k (a®)3xa I (9°)° x ¢°
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" Example 7 | ) Self Tutor

Simplify using the index laws:
6x4y3
20% x 3a2b3
a % 3a 32y
4,3
a  26° x 3% b 63‘"” L
a5
=2x3xa®xb?xb? Y
6 o A2 31
=6 x a® x b*T3 3 y
= 6ab° = 207y’
5 Simplify using the index laws:
3 14 7
a b 4b% x 263 ¢ 10hK® x 4h*  d —
a 2a
124253 f mbnt m2l P2 x p7
3ab m2ns 8 (m2)8 (p®)?
INVESTIGATION 2 DISCOVERING EXPANSION LAWS
J’g Look for any patterns as you complete the following: WORKSHEET
- > 4
b 1 Copy and complete the following: 1 )
‘3\%
= a (ab)* =ab x ab x ab x ab :axaxaxaxbxbxbxbzl:l
o (@ | | -]
¢ (20)° =| =] =L_|

In general, (ab)™ = I:l .
2 Copy and complete:

a <g>3:gxgxg _axaxa _
b b b b bxbxb

o (- J-C1-

In general, (%)n = for b#0.

From Investigation 2 you should have found these expansion laws for positive indices:
If n is a positive integer, then: e (ab)”™ = a™b"
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=) Self Tutor

Remove the brackets and simplify:
a (ab)® b (2zy)3
a (ab)® b (2zy)?
:G,565 :23X$3Xy3
_ 8$3y3

EXERCISE 8C

1 Remove the brackets of the following and simplify:
a (ab)? b (zy)3 ¢ (ac)?
e (2z)° f (3a)? g (2m)3

Example 9 ) Self Tutor

Remove the brackets and simplify:

. (2)' o (2)

Raise each
factor to the
given power.

Raise both the
numerator and the
denominator to the
given power.

Example 10

o) Self Tutor

Express the following in simplest form, without brackets:
a (3a?)? b (4a%b)3
a (3a%)? b (4a%b)3
=32 x (a?)? =43 x (a?)® x b?
= 9a* = 64a°b®
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3 Express the following in simplest form, without brackets:

a (2a%)?
e (zy%)?
i (3ab?)3

b (5n?)?
f(a?y)®
i (7Ta®c)?

¢ (32%)? d (3a3)?
g (2a)? x 3a h (3a%b)?
k (2a%b)* I (3ab®)3

Example 11

(F)

Express the following in simplest form, without brackets:

) Self Tutor

EAY
3a3

4
. (B
3a3

T Xy 24pt
> " S
_E% 16b*
9 = 8la®

4 Express the following in simplest form, without brackets:
G N € I N )
2 be n 4
2a2\? 2\*° 4a2\? 2a \*
« (%) ‘(@) () (%)
"] ZERO AND NEGATIVE INDICES

From our original definition a" =a X a X a X ..... x a, a® has no meaning.

n times

Each time the power

However, consider the pattern:
of 2 decreases by 1,

23 =8 the result is halved.
22 =4
2l =2
If we continue the pattern, we get: 20 =1
-1 _1_ —
22
_ 1 .
272=1=2 k )

22 >

In other bases such as 3 or 5, the same pattern will occur. We therefore define the following
laws for zero and negative indices:
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ZERO INDEX LAW

a® =1 forall

a # 0.

NEGATIVE INDEX LAW

If a is any non-zero number and n is an integer, then a~ " =

an

This means that a” and =" are reciprocals of one another.

In particular notice that a1 = —.

a
| Example 12 | %) Self Tutor
Y
Simplify: a7 b 2 < " d 2+5°
Y
a 1 b « = d 245
= yo —3
=Y
=1
m *))) Self Tutor The negative
. . index indicates
Simplify: the reciprocal.
a 37! b 52 ¢ 107*
a 3! b 572 ¢ 107
_ L _ L _ L
-3t 2 10
_1 _ 1 =1
=3 — 25 — 10000
EXERCISE 8D
1 Simplify:
a 30 b 6° ¢ 10° d g§°
e y° f a° g 22° h (2z)°
. $3 . b5 0 0
i s i 5 lk 3+2 I 5-7
2 Simplify, giving answers in simplest rational form:
a 47! b 2! ¢ 671 d 8§71 e 272
f 372 g 772 h 972 i 373 j 1075
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Example 14 o) Self Tutor

Simplify, giving answers in simplest rational form:
o\ —1 3\ —2 _
a (3) b () ¢ 80-87"
2\—1 3\ 2 0 =il
a  (3) b (3) c 8 -8
_ (3\! _ (5)2 = -
=(3) =(3) .8
3 =3
= 5 - 52 8
32
— 25
~ 9
3 Simplify, giving answers in simplest rational form:
a (37! b (p! < (57 d (3)7! e (3"
f 204271 g (3)2 h (13)72 i (373 i 3%+3 371

|_Example 15

Write the following without brackets or negative indices:
a 8ab~! b 8(ab)~?
a 8ab~! b 8(ab) !
_&z 1 _gx
170 T ab
8a _ é
e ab

4 Write the following without brackets or negative indices:

a 2a7! b (2a)7! ¢ 4p71t d (4b)71!
e 3p2 f (3b)~2 g (5¢)72 h 5c72
iay! i (zy)! ko ay™? I (zy)~?
m 2ab~! n (2ab)~1 o 2(ab)~! p (3n= %)t
5 Write as powers of 10:
a 1000 b 1000000 ¢ 0.001 d 0.00000001
6 Write as powers of 2, 3 or 5:
a8 b 1 <9 d
e 125 f 3= g 32 >
i 81 i = 7% 1
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Observe the pattern:

CIENTIFIC NOTATION
(STANDARD FORM)

10000 = 1()‘*)_1

/1000 = 103>_1
— 102 As we divide by 10,

—10< 100=10 -1 the exponent or power

10 = 10! of 10 decreases by one.
10 _

1=10°

+1o< )1

L =10"

10
—10< -1

1 10—2

-1

We can use this pattern to simplify the writing of very large and very small numbers.

For example,
=3 x 100000
=3x10°

SCIENTIFIC NOTATION

300000 and

0.0002
2

~ 10000
9 1

= — X —
1 10000

=2x107*

Scientific notation or standard form involves writing any given number as
a number between 1 inclusive and 10, multiplied by a power of 10,

ie., ax10F

where 1< a <10 and k is an integer.

Example 16

Write in scientific notation:

) Self Tutor

a 37600 b 0.00086

(WV\
=3.76 x 10*
b 0.00086 = 8.6 = 10
=86x 10"

a 37600 =3.76 x 10000 {shift decimal point 4 places to the

left and x 10000}

{shift decimal point 4 places to the
right and <+ 10000}

Notice that: °

If the original number is > 10, the power of 10 is positive ().

e If the original number is < 1, the power of 10 is negative (—).
o If the original number is between 1 and 10, we write the number as
it is and multiply it by 10°, which is really just 1.
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EXERCISE 8E.1
1 Write the following as powers of 10:

a
e

a
e
i

100 b 1000 ¢ 10 d 100000

0.1 f 0.01 g 0.0001 h 100000000
2 Express the following in scientific notation:

259 b 259000 ¢ 2.59 d 0.259

0.000 259 f 40.7 g 4070 h 0.0407

407000 j 407000000 lc 0.0000407

3 Express the following in scientific notation:

b
<
d

0

The distance from the earth to the sun is 149 500 000 000 m.
Bacteria are single cell organisms, some of which have a diameter of 0.0003 mm.
A speck of dust is smaller than 0.001 mm.

The probability that your six numbers will be selected for Lotto on Monday night
is 0.000000 141 62.

The central temperature of the sun is 15 million degrees Celsius.

A single red blood cell lives for about four months and during this
time it will circulate around the body 300 000 times.

m ) Self Tutor

Write as an ordinary number:
a 3.2 x 102 b 5.76 x 10~°
a 3.2 x 102 b 5.76 x 107°
— 390'x 100 — 000005.76 = 10°
=320 = 0.0000576

4  Write as an ordinary decimal number:

a
e

a
e

4 % 103 b 5x 102 ¢ 2.1x103 d 7.8 x10*
3.8 x 10° f 8.6 x 10! g 4.33 x 107 h 6x107

5 Write as an ordinary decimal number:
4 %1073 b 5x1072 ¢ 21x1073 d 7.8x107*
3.8 x107° f 8.6x107" g 4.33x1077 h 6x1077

6 Express the following quantities as ordinary decimal numbers:

® & aAn O

The wavelength of light is 9 x 107 m.
The estimated world population for the year 2000 was 6.130 x 10°.
The diameter of our galaxy, the Milky Way, is 1 x 10° light years.

The smallest viruses are 1 x 10~° mm in size.

The mass of a bee’s wing is 10~7 kg.
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=) Self Tutor

Simplify the following, giving your answer in scientific notation:
a (5x10% x (4 x 10%) b (8 x10%) + (2 x 10%)
a  (5x10% x (4% 10°) b (8x10°%) + (2 x10%)
=5 x4 x 10* x 10° ~ 8x10°
=20 x 10**° - 2x 103
_ 1 9
=2 X 1010X 10 RS 105_3
=2x10 2
=4 % 10?

7 Simplify the following, giving your answer in scientific notation:

a (3x10%) x (2x10%) b (5 x10%) x (7 x 10°)
¢ (5x10% x (6 x 10%) d (3x10%)?2

e (5x10%)? f (8x1072)?

g (8x10%) = (4 x 10?) h (8 x10%) = (2 x 10%)

SCIENTIFIC NOTATION ON A CALCULATOR

Scientific calculators can display very large and very small numbers using scientific notation.

If you perform the operation 2300000 x 400000 on your calculator, it will display

or |92E71| or something similar. This actually represents 9.2 x 1011,

Likewise, if you perform 0.0024 =~ 10000000 your calculator will display

or |2YE-I0| or something similar. This actually represents 2.4 x 10719,

2.4

g.2"

Numbers which are already represented in scientific notation can be entered into the calculator

using the or key.

For example, 4.022 x 10* can be entered as: 4.022 4 or 4.022 4

and will appear as | 4.022%| or |4.022E4 | on the display.
Likewise, 5.446 x 10~ '! can be entered as 5.446 11

or 5.446 11 and will appear as | 5.446"| or | 5.446E-11|.

) Self Tutor

Use your calculator to find:

a (1.42 x 10%) x (2.56 x 10®) b (4.75 x 107%) = (2.5 x 107)

a 142 [Exp] 4[x] 2.56 [ExP] 8 [=] Answer:  3.6352 x 1012
b 475 [ExP] 47| [] 25[ExP] T[E]  Answer: 1.9x 10711
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EXERCISE 8E.2

1 Write each of the following as it would appear on the display of a calculator in scientific

notation:
a 1220000 b 0.0000464 c 1.26 x 1074
d 2.464 x 1010 e 21400000 f 0.000007 31

2 Calculate each of the following, giving your answer in scientific notation. The decimal
part should be written correct to 2 decimal places.

a 0.06 x 0.002 + 4000 b 426 x 760 x 42000 ¢ 627000 x 74000
d 320 x 600 x 51400 e 0.00428 + 120000 f 0.026 x 0.0042 x 0.08

3 Find, in scientific notation with decimal part correct to 2 places:

3.16 x 10710

5 4 —2)2

a (3.42 x 10°) x (4.8 x 10%) b (6.42 x 1077) 5 < 107
1

—4y . -6 3)3

d (9.8x107%) +(7.2x107°) e 8% 10° f (1.2 x107%)
4 If a missile travels at 5400 km per hour, how far will it travel in:

a 1day b 1 week ¢ 2 years?

Give your answers in scientific notation with decimal part correct to 2 places. Assume
that 1 year ~ 365.25 days.

5 Light travels at a speed of 3 x 10® metres per second. How far will light travel in:
a 1 minute b 1 day ¢ 1 year?

Give your answers in scientific notation with decimal part correct to 2 places.
Assume that 1 year ~ 365.25 days.

U7l SIGNIFICANT FIGURES

There are many occasions when it is sensible to give an approximate answer to an arithmetic
calculation.

For example, if we want to know how many people attended a football match, a figure of
32000 would be acceptable even though the exact number was 31 964.

Likewise, if a traffic survey showed that 1852 cars carried 4376 people, it would not be
sensible to give the average number of passengers per car as 2.362850972. An approximate
answer of 2.4 is more appropriate.

There is clearly a need to shorten or round off some numbers which have more figures in
them than are required.

We round off to a certain number of decimal places, or else to a certain number of significant
figures.
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THE PROCEDURE FOR ROUNDING OFF TO SIGNIFICANT FIGURES

To round off to n significant figures, look at the (n + 1)th digit from the left:

e ifitis 0, 1, 2, 3 or 4, do not change the nth figure,
e ifitis 5, 6,7, 8 or 9, increase the nth figure by 1.

Delete all figures after the nth figure, replacing by 0’s if necessary.

Converting to scientific notation provides us with a safe method of rounding off.

) Self Tutor

Write a 278463 correct to 3 significant figures
b 0.0076584 correct to 3 significant figures.

a 278463 = 2.78463 x 10°
~ 2.78 x 10° {4th figure is 4, so 3rd stays as an 8}
~ 278 000

b 0.0076584 = 7.6584 x 103
A~ 7.66 x 1073 {4th figure is 8 and so 3rd goes up by 1}
~ 0.007 66

EXERCISE 8F

1 Write correct to 2 significant figures:

a 567 b 16342 ¢ 70.7 d 3.001 e 0.716

f 496 g 3.046 h 1760 i 0.0409 j 45600
2 Write correct to 3 significant figures:

a 43620 b 10076 ¢ 0.6

d 0.036821 e 0.3186 f 0.7196 [ A bar over a digit indicates

g 0.63 h 0.06371 i 18.997 airecumningideoimal

. 0.6 = 0.666 666 ....

] 256800 0.63 = 0.636 363 ......
3 Write correct to 4 significant figures:

a 28.0392 b 0.005362 ¢ 23683.9 d 42366709

e 0.038792 f 0.0063779 g 0.00089995 h 43.076 321

L Consider the Opening Problem on page 174. Write the number of atoms in a kilogram
of gold in standard form with decimal part correct to 3 significant figures.

RUSSIAN PEASANT MULTIPLICATION

LINKS Areas of interaction:
click here Human ingenuity, Approaches to learning
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REVIEW SET 8A

1
2
3
4
5

Simplify using index laws: a 28 x 2® b (a*)? < Z—j
Express as powers of 3: a 32x33x3 b 337

Write in scientific notation: a 3762 b 0.0001043 ¢ 8.62
Simplify: a 6°4 6! 462 b 271+ (1)t ¢ (3

Simplify, giving your answer in scientific notation:
8.4 x 10*

4\3 —4 7
a (4x10% b 13 % 10=3 ¢ (2x107%) x (8 x10)
242\ °
Simplify: a 2u3 x 4z10 b <7£;>
Round these correct to 3 significant figures:
a 2.65831 b 0.000620435 € 227

a Write 34.7 x 107 in scientific notation.

b A planet travels 5.782 x 10® km in its orbit each day. How far will it travel in
800 years? Use 1 year ~ 365.25 days.

¢ A space craft travels 3.45 x 108 km in 5 x 103 hours. Find its speed.

REVIEW SET 8B

2
3
4
5

Simplify the following: a a'? + a3 b (223)° ¢ 6c3 x 7c¢°
Write as powers of 7: a1 b 7?x7
Write in scientific notation: a 0.00315 b 413200 ¢ 0.8904
Simplify: a (3)2 b 30371 ¢ —(—1)0
Simplify, giving your answers in scientific notation:

4.5 x 10*

—3\2 -3 7
a(8><10 ) bm C(4X10 )X(QX].O)
Simplify:

13 18 4o\ ?
a 4d™ x 5d b —3
Yy
Round these correct to 3 significant figures:
a 58.049991 b 0.008255 ¢ 3111

a Write 32 x 10~7 in scientific notation.
b On average a bank receives €4.578 x 107 per week. How much will it receive
in 20 years? Use 1 year ~ 365.25 days.

¢ A sub-atomic particle travels a distance of 5 x 10° cm in 8 x 1076 sec.
Find its speed.





