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Chapter 12 Indicies

We have learnt about power of base with posiiviegral
indicies, and understand they obey the followirigswf operations:

(1) am.a"=a™"
(2) a"+a"=a"" (a0, m>n)
3) @")y=a™
(4) @) =a"«b"
a

) (Ej=§— (b%0)

Now, we would like to explore about power of bagéh zero
index and with negative integral indices.

12.1 Power of Base with Zero Index and with Negative
Integral Indices

We know from basic operation rule (2) that fowision of
powers of the same base, the result is a powdreo§ame base with
index equal to the diffrence of the indices of tilwve powers:

a"+a"=am"",
To avod division by zero, we requira# 0; to ensure that the result
is a power with positive index, we requira>n. However in actual
calculation, we may encounter situation that (M=n or (i)
m<n. We shall explore these two special situations.

1. Power with Zero Index

As we know, when both the dividend and the dives@ powers
of the same base and with the same index, theequiaqguals 1. For
example,

5+5=1
a®+a*=1 (az0)
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On the other hand, if we apply operation ruleg®)above, the
guotient is a power of the same base with indexzefo after
subtraction. That is, from the division, we get

5+5=57?=§
a’+a*=a’=a’ (az0)
Here we encounter situation of power with zero xade

In order to extend operation rule (2) to applg#éses where the
indices of the dividend and the divisor are equad, shall define
power with zero index to have the following meaning

a’=1 (az0) |

That is to say, the value of the power of anyebasth zero
index is equal to 1.
With the above definition, we can write the diois calculation
as follows:
5¥+5=57?=5=1
a’+a*=a*’=a’=1 (@z0)
Care should be taken that the power of zero &as)bwith zero
index does not have meaning.

2. Power with Negative Integral Indices

When dividing power with the same base, if théek of the
power of the dividend is less than the index of pwsver of the
divisor, we can use normal cancellation methoctluce the fraction.
For example

52+56:5_2:i: 1

5 5.5 &5

a’ a® 1
a3—a5=—5—ﬁ=—2 (a¢0)

We observe that, when dividing power with the sdrase, if the
index of the power of the dividend is less than posver of the
divisor by p, the quotient is a fraction with the numerator dgua
and the denominator equals the power of the sase With indexp.
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On the other hand, if we divide powers followimgeration rule

(2) to subtract the indicies, we get

52+56 = 52—6= 54

a’+a’=a*°=a? (az0)
We obtain an answer in the form of a power with shene base but
with a negatibve integral index.

To enable operation rule (2) to apply even thotighindex of
power of the dividend is less thatn the index ofi@oof the divisor,
we define the power of a base with negative ind@xhave the
following meaning

aP :a_lp (a#0, pisapositiveinteger)

That is to say, any power of a base with a negatidex —p
(wherep is a positive integer), the value is equal to #aprocal of
power with indexp.

With this definiation, we can perform the abovécugkation as
follows:

52+56: 52—6= 54:5_]:1
a3+a5:a3“5:a‘2=$ (a#0)

Care should be taken that the power of base wehonegative

integral index does not have meaning.

Having defined the meaning of power with indieso and
negative integral values, we can extend the opmeratules for
powers with positive integers to powers with anytegers
(including zero and negative integers). For example

a’.a’=a*’=a° (a#0)
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In this chapter, when the index is zero or negaintegers, we
can take it for granted that the base is not zetess it is explicitly
mentioned.

[ Example 1] Compute

10°, (=3)7. (%jg 5 x (—2)" .

. _ 1 1 1 1
Solution 10° =—=—; -3)? = ==
10° ~ 1000 =3) (-32 9
-3
(lj = 1 =8: 50x(—2)_1:1xi:—1'_
2 -2 2

[ Example 2] Express the following in decimal:
10°, 7x10°, 3.6x10°.
1

Solution 10 =—- = 0.0000;
10°
7x10° = 7x%= 7x 0.00000% 0.0000¢;
3.6x10° = 3.&%= 3. 0.00000061 0.000000¢.
Practice
1. (Mental) What is the answer to the following question?
(1) 3a’b+2a’b; (2) 3a’be.2a%;
2bY’
@) (@) @ (-2]
(5) 16a*b*+12a?; (6) (a’b’)’+ad.

2. Compute:
30' 3—1' 10—4' (\/E)o, 7—2' 1—10, (_2)—3'

o) o (4]
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Practice
3. Compute:
1) (27— (2 2°+(-2)°;

o (- (4

4. Express the following in decimal:

(1) 2x10°; (2) 3.1x107;
(3) 8.04x10°; (4) 1.205x 10%;
(5) 2.12x10° (6) 2.12x10%;
(7) 2.12x10%; (8) 2.12x10.

[ Example 3] Compute (-a)°, a?b'(-2a°), (-5a’h™)?, and
express the result in powers of positive indices.

1 1
Solution (-a)™ = ==
(-a) oy @
a’b(-2a%)=-2a b '=-2ab = —%"" ;

(_5a3b—1)—2 - (_5)l< - 2)a3< ¢ Zb €1x €2
— (_5)—2 a—6b2
1 1
=~ x_—xp?
(_5)2 a6
b2
253°

ab3¥(-3a b?)
6ab? '
2) (XP+y)(xP-y?);

[Example4] Compute: (1)
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a’b>(-3a % __3 g2 DIy 2 6 2)
6a b 6

=—Lap

Solution (1)

b

NIk N

2) (CHY)XP-y ) =(x)2=(y ) =Xy 5
3) a’+b’_(a'+bab_b+a_
ateb? (atebMHab 1

Practice

1. Compute the following and express the result in g@wof
positive indicies:
@b,

a+b.

O = 2 pa’r
a(a+b)™ 5 xy™?
) ——; 4) — :
®) a’b “) 22 ab™
2. Express the following in format without any fractio
@ X 2 . @ I
v @) v

3. (Mental) If the following equation corre@t If not, how should
it be corrected?

1 (1°=-1 ) (-1 =1;
(€)) 3a‘2=3—;2; (4)  (=X)°+(=x)®=—-x>
4. Compute the following and express all the powert$ positive
indicies:
L 3°-3; () 7°=77; 3) a®-.a’
@) b (5) @)% 6) (x9)%
M 0 (8) (gj .
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Practice
5. Compute:
1) <ty (x?y?); (2) 3a3+3'ab ¥
3) (3‘5_-332j ; @ (x +y_3(>_<2 Yy )
3 X"y

3. Scientific Notation

Division of powers of the same base, if the indé&power of
the dividend is less that the index of power of tindsor, we can
simplify the fraction using cancellation. For exdejyghe land area

of the Earth is 510000000 Kmit can be represented d&s1x 16
km?. Now, our knowledge of indicies of powers has es&dl from
powers with positive integer to powers with anyegegr, we can
represent any number using power of 10. For exantipdethickness
of a page of a book is 0.000075 m

0.000075= 7.% 0.00004 7& T
In this manner, we can describe the thickness opaper as
7.5x10°m.
This method of representing numbers using powérd0 is
commonly used in science study, therefore we calchs
respresentation Scientific Notation. The formasoientific notation

is to transform the number to the formax1Q", wheren is an
integer,ais a number greater than 1 and less than 10.
We shall look at two examples below.
[ Example 5] Use scientific notation to represent the following
numbers: 1000000;-3000C, 57000000, -84900¢(, 21.23, 5.08.
Solution 1000000= ¥ 1000008 X %
-30000=- 3 10006 - 8 10

57000000= 5.% 10000069 5¢7 10
—-847000= - 8.4% 100008- 8.49 1
21.23= 2.12% 16 2.128 10
5.08= 5.08& £ 5.08 10
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We can observe from Example 5 that, using sdienibtation
to represent a number with absolute value greatm L is in the

format + ax10", wherenis a non-negative number, anéquals the
number of digits of the number minus 1.

[ Example 6] Use scientific notation to represent the following
numbers: 0.008,-0.00003¢ 0.0000000125

Solution 0.008= 8 0.00t 8 10
—-0.000034=- 3.4 0.00001i- 34 10
0.0000000125 1.26 0.00000081 157

We observe from Example 6 that, using scientiftation to
represent a number with absolute value less theniri the format
+ax10", wheren is a negative integer, the absolute value of n
equals the number of zeros before the first non-zhgit of the
number (the zero in the unit position before theimal point is
included in the count).

Using scientific notation to represent a numbehwnany digits,
it is more convenient to read, write, compute aodesthe number.

[ Example 7] The mass of the Earth i5.98x 1G'T. The mass of

Jupiter is is 318 times that of the Earth. Findrieess of Jupiter in T
(correct to 2 significant figures)?

Solution 5.98x 1G"x 318 1901.64 fb= 19 1.
Answer: Mass of Jupiter i4.9x 1G*T.

Practice
1. Use scientific notation to represent the followmgnbers:
10000, 800000, 56000000, 2030000000, 7400000.
2. What number is represented by the following scienti
notation?
1x10', 4x10°, 8.5x10F, 7.04x 10, 3.96x 1d.
3. Use scientific notation to represent the followmgnbers:

(1) 0.00007; (2) 0.0000043;
(3) 0.00000000807; (4) 0.0000006002;
(5) 0.301; (6) —0.00402.
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Practice

4. Use scientific notation to represent the followmgnbers:
(1) 153.7; (2) 347200000
(3) 0.0000003142; (4) 0.00000002001
(5) -6; (6) 30.5771;
(7) 0.513; (8) 0.002074.

5. Write the number represented by the following difien
notation:
(1) -3.05x10°%; (2) 7.03x10; (3) -3.73x10%;
(4) 2.14x10; (5) 1x10%; (6) 1.381x10;
(7) 7x10; (8) 2.818x 10.

12.2 Power with Fractional Indices

1. Surd

We have learnt in earlier chapters about surdseobnd order
(or quadratic surds) and their characteristics. Nesvwould like to
explore about surds of general order and theirattaristics.

We know, whenn is odd, a numbera (whether positive or
negative), taken to th&" root is represented by/a; whenn is even,
a non-negative numbertaken to the' root is represented by/a.

The expressionQ/a is called asurd, nis the order of the sur@, is
called the base or radicand. We know, when therastiéhe surdn
equals 2, it is also called a quadratic surd (bezeorder of the surd 2
can be abbreviated. Wherequals 3, 4, 5;--, we called it the cubic
surd, quartic surd, quantic surd, and so on (Hexeotder of the root
cannot be abbreviated). ifis odd,a can be any real number;nifis

even,a can only be a non-negative number. For examp’1§, J-5,

i/g, fa, 9/b2+1, \/(a—b)z are all surds,54/x*+y® is also a

surd. Care should be taken that, in the domairafmumbers, if the
base is a negative number, taking root of an eveeraloes not have
meaning.
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According to the meaning of surds, we have

(1) W5y=5 ({-2)°=-2

@) 32r=-2, ¥z =2,

@) V2 =2, -2y =|-2F-¢2F 2,
fof =3k~ 3= <

In general, if the expressioda has meaning, then

1) Wa)y =a;
(2) Ifnisodd, Q/;=a;

3) Ifniseven, &‘/§=|a|={

a (a=0)
-a (a<0)

While the even root of a negative number does meie
meaning, the odd root of a negative number carobed by taking
the negative sign out of the surd and taking thd oabt of the

remaining positive base (or radicand). For exarﬁ/pl_é=—5’/§,
therefore when we explore the characteristics cdssuve need only
study their arithmetic characteristics. We abide tbg rule, that
unless it is explicitly stated, all the bases iastle surd must be
positive numbers.

According to surd rule(¥/a)" =a, if a=0, we can compute as

follows:
{2’y =a°
{2’y =[({a)1°=(a) *=a°
Both ?/Eand (‘/?are the 8 rool of a°, and the root of the
8" order of a®should be unique with only one answer. Therefore if

a=0, we have
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With the same argument, we can deduce the follgwin

Ya™ =3a" (a=0)

and

Ja™ =a™ (a=0)

Heremis a positive integehothn, p are integers greater than

That is to say, when the order of a surd is a-megative
number, if the order of the surd and the indexhef base are both
multiplied (or divided) by the same positive integde value of the
surd remains unchanged. This is Basic Property of Surd.

Care should be taken to note that, for this B&Sigperty of
Surd to be valid, it is required that to satisfg tlequirement that the
base a= 0, otherwise the basic property does not hold. kanple,

8/(-8)> =¢64= 2, 3-8=-2, therefore §/(-8)* # I/-8.

Surds with the same order of root are cafiats with root of
like order; Surds with different orders of roots are cakadds with
root of unlike orders. Using the Basic Property of Surd, we can
transform surds with root of unlike orders to beeosards with root
of like order.

[ Example 1] Transform Ja, Ya®, ¢a to become surds with
root of like order.

Analysis. The orders of roots of the three surds are B, 8f which
the least common multiple is 6. Therefore they ban
transformed to become surds with root of thefder.

Solution a=¥%a’;
Yfa’b = §/(a’)? = Yab?;

Ya=Ya.
[ Example 2] Transform /-5, 43 to surds with root of like
order.
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. On the assumption thatis a real number, find the condition

. Compute:

. Transform the following surds to surds with rootiké order:

. Simplify the following surd by offsetting the ordef the root of

Solution ¥-5=-¥5=-45 = - 62E;

=47 =2

[ Example 3] Simplify the following surd by offsetting the ordef

root of the surd and the index of the base:

1) ¥a°; 2) §(-37x".

Solution (1) a” =a?;

@) §(-37x* =¥3x* =g (x*)? =3 2.

[ Example 4] Evaluate $/8, correct to the nearest 0.001.
Solution ¥8=92 =\2=1.41¢

Practice J
or

the following expression to have meaning:

Ix, V=x, ¥x, Y-x, -x, ¥x-1.
(1) Vx*-2x+1 (x>1); (2) {‘/m (x<1).
@ 5, ¥2; @ oy*. ¥~y

3) 2m, ¥-6m?’n, Y5m;
@) JIx+y, IE+y?, Yx+y)®.

the surd with the index of the base:
@ ¢ @ Iy @) Wxy";
@ {(-5'ab’;  (5) {16y?; (6) ¥a'db*.
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2. Powerswith Fractional Indicies
Let us look at the following examples:

8

Ja® =a*=a? (a>0)
12

Ix? =x*=x3 (x>0)

That is to say, when the order of root of thedstan be exactly
divided by the index of the base, the surd can ibgldied to a
power of the base.

To facilitate computation even though the order of root of the

surd cannot be exactly divided by the index oflihee, we can still
represent the surd by a power with fractional indet example

2 1 5
a2 =ac, Jb=b?, ¥c° =c*.

We define a power with index of positive fractias follows:

a" =¥a™ (a>0,m, nareboth positiveintegers, n>1)

That is to say, a positive number rasied to thetional index of
m )
— (m, n are both integersn >1) equals the root of the" order of
n

a base which is the positive integer raised tarfh@rder.

A positive number raised to a negative integndeex takes the
meaning equal to the reciprocal of the same paesitiunber rasied to
the corresponding postive integral index. In a hkanner, a positive
number raised to a negative fractional index takesmeaning equal
to the reciprocal of the same positive number dhige the
corresponding positive index. That means

an =im= ! (a>0, m, n areboth positive integers,
F n am
a
n>1)

That is to say, the power of a positive numberedto the index
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m e :
—— (m, n are both positive integers) >1) equals to the reciprocal
n

" : : m
of the power of the same positive number raisatiédandex —.
n

Care should be taken to note that a power of raised to
positive fractional index equal zero. A power ofeeaised to a
negative fractional index does not ave meaning.

In this chapter, when the index is a fraction Hrelbase number
is not explicitly specified, the base number must & positive
number.

After defining power of number with fractionaldex to have
meaning, all the operation rules concerning powenwnber with
integeral index are equally applicable to powernoimber with
rational index. For example,

2 1 2,(1 5
ag.a_z :a3 ( 4):aT2
[ Example 5] Find the value of the following expression:
3
2 1 "2
8, 1002, (E’j ‘
81

2

Solution 83 = ()2 =2 = 4;

100

3 3
(E)”‘ :(2“j'4 _2 3z
81 3 3% 2 8’
[ Example 6] Simplify the following expression and express the

answer in powers with positive integral indioesy:
2 1 11 1 5

(1) (2a%b?)(-6ab?)+ (-3ho);

= 16m*)’
2) (p*q ®)°: 3) .
(2) (p*q®) (),/(Wj
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2

Solution (1) (2a3h?

1

(2) (p*q

1 11 15 llllE

2)(—6a2b3) (_3aeb6) 4’3.3 > @y 2 3 €
= 4ab’
=4a

3 1 3

_3 1 _3 p2
8)° =(p*)*(q ®)°=p *=—5;

q

3) & (16m_4j :( 24m_4j4 = 2m” __ 8

81n*

Fn* Fn®  27mn®

Practice

1. Express the following in power form without anydtian:

2. Compute:
1
(1) 2%;
1
(4) 10000,
2
(7) 27'x64;

3. Compute:

1 1 5

(1) a*-at-.a’;

(4) 4ab {_

4. (Mental) Is the following equation corregtlf not, how can it bg

1 Jx
Y@+b), Y +n?, X
Ya y?
@ @—9 (3) 27
+ 1)
5) 4 6) (62] ,

8) (0.2)2x (0.064§ .

1 5

1
(2) at.a®+a?;

1

Z a_;b_;j ; (5) 8a_3 3
3 270°

3) (x2y?)%;

corrected?
2 3 2 2
1) a*.a?=a; (2) x3-x3 0;
2 1 1
(3) a®=+ad=a’; (4) (a?)*=a.
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3. Property of Surds

Whenm, n are positive integers, the operation rules of pswer

with fractional indicies can be formulated as falf®
1 1 1

(1) (ab)» =a"br (a=0, b=0)

) (%j:a—l (a=0, b>0)
bn

(3) (aﬁ)m=a? (a=0)

4) (a%)%faRl (az0)

As powers with fractional indices are related tadsu we can
re-write the equations in surd form as follows

1) Yab=Yalb (az0, b>0)
) o2 \J/‘; (220, b>0)
(3) (@%da—m (a=0)
(4) a ="a (a=0)

From the above equations, we can deduce and fatenul
operation rules of surds.

Equation () means: Root of product of factors equals the
product of root of its factors. For example,

Yo7x64=327xJ 64= 3 & 1.

Equation ') means: Root of quotient equals root of its
numerator divided by root of its denominator. Foaraple,

32_7=£27=_3
64 364 4

Equation @) means: Power of surd equals to the power of the
base number under the root sign of the surd. Fameie,

{5y =[5 =¥/25.
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Equation @) means: Root of surd equals to the product of the
root and the order of the surd, with the base nurnbder the surd
unchanged. For example,

JZ =93, {1z =1.

Looking at equation 1) and equation Z') in reverse, we
observe that when multiplying (or dividing) two tecof the same
order, we just take the product (or quotient) o thase numbers
while keeping the order of the root unchanged.és@mple,

54.2¥2=1@/8= 2( 5¥4= 23/_2=§€/_2.

When multiplying (or dividing) two surds with éfent orders
together, we can transform the surds to the sanhr,cand then take
the product (or quotient) of the base unmbers atagly. For

example,
J3.32=5827.9 4= 10¢
J3+¥3=427-¥9=93

Using the above rules, we can operate mulitinbea division,
power or taking root of surds without problem.

According to equationl(), we can move factors from inside the
surd to the outside, or move factors from outsige toot to the
inside. For example,

S = et b =alb
Ja? =a® b3 b?=Fa’- o3 Jb’=abib?
Ay =% [y =/x%y  (x>0)

According to equationd’), we can rationalize the surd in the
denominator. For example,

33:(\-}/22_1\3/5
V27 3 3
3 3x2 1
3= =3 =—36
\/; V2x2 zf
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First, the index of each factor inside the surd is less than t
order of the surd;

Second, the base inside the surd does not contain denominator;

Third, the index of the base inside the surd is relatively ptame
the order of the root.

An expression which fulfills the above three rules is cailted

simplest surd. For example,ada’h is a simplest surdya’b ,
b . .
a¥a’® and ag— are not simplest surds. When expressing an
a

answer involving a surd, care should be taken to express the surd in
the simplest surd form.

When surds are expressed in their simplest form, if the hases
the same, the root orders are the same, they are Ghkesdirds. For
example,

Vi2=\Tx3=2l5 $27=4F =3 \[F= T3,

Therefore \/1_2, {3/2_7, \/g are like surds.%/;, \& are not like

surds, and4§/¥, 4%/5 are also not like surds.

Addition and subtraction of surds is to group and combine
various like surds. For example,

al/x +byfy —c¥x +dgfy = (a-c)¥x + (b+d)gfy .

Practice
1. Compute:
(1) aib'; (2) 121x 64x 25¢
@) Va2 (4) Y-343x 51 72¢
5) 416a%?; 6) Yab'c™ .
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Practice Practice
2. Reduce the following fraction: 8. Compute:
2
2 n . 2 (1) J§+ﬂ§1—§/:+ 3/ 1€
1) |=; 2) —; 3) I—; !
® \/;1 @ Vo @ i 27
2
R ) Y . g AT () TbY¥a+5/a’x-b% Zt;a‘a\/%'
160"’ 27a%h° cd"
3. Compute: [ Example 7] Compute the following using power with fractional
(1) (3 aZb)Z; (2) (35[a4b3)2; |nd|CeS:
X 2 . 5/A~3
@) (Mmdmn?)®; (4) (—; %J (1) —j‘_ lga;; 2) (¥5-125)-45;
a-va
4. Compute:
3) {xy* s,
@ Wa?; @ 27 @ Ja¥a: @ Y22 @ P ) i
5. Reduce the number under the root sign by extraasgnany _ a2.Ya® at.ad
factors as possible outside of the root sign: Solution (1) o =TT
1 77 Ja-¥a a2 e glo
(1) +/8a’; (2) VJie’; (3) 5\/64p aq’; 317
1 =g 5210
@ Yt (5) ¥27a°; (6) 5\/3 27a'b° . 7
=ab
7) Ya®™™?;  (8) Y-x'y (x>y). _ s
6. Rationalize the denominator of the following surd:
[n? b? / ax® 1 / 1 =adla?
D = @ Y= O) Y= @ —i=—0=- 35 —J125)- 4/ B= : 2 2
8m %9a 27m°n x\Va (2) R5-+125)+3Y5=(5-8)> 58
7. Simplify the following surd: :5§—§_5§—§
e 3foaa - 1S
(1) e (2) ~54a’b’; =52 — 54
— 12z _ 4
@ Y, @ ndt+l =¥5-45
2X n" n =¥5-545
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3) Py W) =xy (><2 2)

§Z£
x2y?)3

:6X5°6X7

- iy

Except for special situations, it is usually sierpto perform
multiplication, division, power and root taking opBons using
power with fractional indicies.

Practice
Compute:
.3
1) 2.42.92.92 (@) Ji/-@;
2 L]
@)Afgﬂ x (4) \F J_
X y
(5) \¥4; 6 afa’;
-3a3b*c? 13 01011
(") —== (8) (X¥y*—x2)x2y4,
9a3b2c?
Exercise 10 R
1. Compute:

o[ @ere
o A oA
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. Rewrite the following expression to remove powergthw

non-positive indices:

(1) a%bc®; @)“Qr (3 2 mon M)(X+VI

3'm 32’ 2X -y

. Rewrite the following expression to remove all denomirsator

u + v @) 2X-y .
(x=y)(x+y)*
. Compute.
(1) (9a’b’c™)*; (2) 5a”b?+5'ab 'x5%bt;
at+b? a’-b?
¥ e @ T

(5) (a*+b™)(a+h)™ (6) (x+x)(x=x7).

. Rewrite the following using scientific notation:

32000, 3200000, 3200000000, 0.000032, 0.0000032,
0.000000032, 483, 48.3, 4.83, 0.483, 0.0483, 0.00483.

. “Si” is a unit of length used in manufacturing. 1=50.001 cm.

The diameter of man’s hair is about 7 Si. What & ¢lquivalent
length in cm? What is the equivalent length in m? Expresseansw
in scientific notation.

. The surface area of the Earth is approximately 08000 knf.

Express it in scientific notation.

. The radius of a germ igtx10°m. Express it in decimal format

(Unit is m).

. One atom of Oxygen weigh8.657x 10°°g, and one atom of

Hydrogen weighsl.67x 10**g. Find the relative weight of one
atom of Oxygen to that of Hydrogen (correct to gndicant
figures)?

10.Find the value okin the following equation:

(1) 8=2; (2) :—8L:2X; (3) 1=10; (4) 0.1=10;
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(5) 3.4=3.4x 10; (6) 3400= 3.4 10; Chapter Summary

(7) 0.034= 3.4 10; (8) 1=0.T; I.  The theme of this chapter is the concept@ratacteristics

(9) i:zx; (10) 10= 0.1 of power with zero index, negative integral indexdafractional
64 index
11.Write the following expression in surd form: [I. Definintion of power with zero index, negativintegral
1 index and fractional index are as follows:
1 2 1 1 4 0
r 2 -2 X a =1 az0
(1) 4 @ ys (@) abe @ 25 ) @*0)
y* a™=— (az0, m is positive integet
12.Compute: a
11 12 12 u o
(1) (=2x4y 2)(3x 2y3)(4x4y?); an =va" (@20, m,n are both positive integers>
EO R S| 1 L
(2) 4%(=3x%y 3)+ (-6x 2y 3); a"=—=—— (a>0, m,n are both positive integers>
iy n am
11 3 3 an
3) -15a2b3c 4 (@) 16st7° ) 2 In this manner, we have extended the concepbwep with
_% _g :51 ’ o654 ' positive integral index to power with rational ixd@ll operation
25a %b *c rules which apply to power with positive integnadlices are also
13.Compute: applicable to power with rational indices. Further
1 1 3 1 1 1 1 m
(1) 2X3(§X3—2x2j: (2) (¢ +3y )2~ *). Szt =a™  (a>0)
a

14.Compute: (%) =(a-b™)"=a"-b" (a>0°b>0)

(27p°)°
(1) ¥49%x°y*; 2 3(p2§_4j : Therefore, regarding powers with rational indicémth the
. a" a)'_a"
X operations of—=a"" and of (—) =— can be represented
(3) 34> ; (@) Py a b/ b
y VX

by the operation rule of a"«a" =a™" and of @+<b)=a"«b".
(5) (\/5 . Q/F)‘%\/b“‘ b (6) (\/§—\4/ 243)+ 2z, While there are 5 operation rules for powers wibsipve integral
indices, there are only 3 operation rules for pemeith rational
indices. They are as follows:

15.Solve the following equation:

(1) X—4/x +3=0; (2) 3/§+§/F =2; a".a"=a™" (a>0, m n are both ratioanl number
3) Vx-3¥x+2=0. @M"=a™ (a>0, m, n are both ratioanl numbel

(ab)"=a'b" (a>0, b>0, n is aratioanl number)
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Although it is beond the scope of this book, vea briefly
mention without detailed elaboration that the d&btin of power
with rational indices can be extended to power withtional
indices, and further to power with real number amB. The
operation rules for power with rational indicieg also applicable
to power with real number indices.

lll. Representing a number in Scientific notatioa to
transform the number into the product of two pdighe first part is
a number with absolute value lying between 1 andca@ be 1) (ii)
the second part is a power of 10. That means writinin the
form+ax10", wheren is an integera is larger or equal to 1 and less
than 10.

IV. Power with fractional indices is related tards. Surds
possess the following characteristics:

()" =a;
Whenn is an odd number,&’/? =a;
a (az0)

Whenn is an even number?/g =laF
-a (a<0)

(a=0) (The basic property of surds);

Q/%:Q/EO»Q/B (aZO, bZO),
2 4 .
b= (a=0, b>0);

Way"=ta"  (a20);
Jva =a (a=0).

Addition and subtraction of surds would followetlalgebraic
operation rule of grouping like and unlike surd$Aultiplication,
division, power and taking roots of surds would dy@erated by
following the operation rules of powers with fractal indices.
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1. Compute:

@ J7°;

o ({2

2. Compute:

(1) /529 289;

ReVISION X T IS |

@ JE77 s BNy (x>y);
(5) V0.4 ; (6)Va®-lda+49 (x<7)

(2) /68.89% 0.000¢, (3) V65 -16 ;

&) 625 0.49¢ 121
() 017 - 0.08;(5) |1 > ©) mr

7) /1.21>< 49:
4.41

3. Compute:

2.25¢°
8 x>0, y<0).
( ),/0_25)/2 ( y<0)

(1) 3Ja+5/b +6/a’ - alb;
(2) Jﬁ+\g—\/o.os<;

b 1
(3)a5+b\/ab_b E'
g X Yoy ENE
4) y+ VY 5

4. Compute:

b 27a a .
o (1350 2 )
(2) (3/x-/B)W/5+ 3/x);
3) (m-v/n)n+m);
4) (x+Jy)x+y-xy);
(6) Wa+vb-ve)Wa-b+e)
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. Rationalize the denominator of the following fracti

(1) %; 3) f f'

@ apoa O O By’

x-1
(7) ————+; B)y—=—""
N, ﬁ f

. Find the value ok in the following equation:
(1) 35.23= 3.52% 1, (2) 3.523x 10 = 0.00352;
(3) 3.523« 10 = 3523000; (4) 3.523x 10 = 3.52.

. The speed of light is3x10 km per second. The distance between

the Sun and the Earth i.5x 10 km. Find the time for light to
travel from the Sun to the Earh. (correct to ogmigicant digit).

\/_
ab x/_a
\/_
- Xy

. There are6.02x 16° molecules in 18.00 g of water. Find the
weight of one molecule of water, with answer expeés in
scientific notation (correct to 2 significant figs).

. Find the conditions for which the following expriess has a
meaning? :

@ VX @Y1, @) L, @ Ix
Jx
10.Compute:
1) (/-3.8y; ) ¥-27;

32 . 6/({_\6 -
©) {243 (4) J(=5)";
(5) Y@-a)° (a>1); (6) {(m-n)’ (m<n).

11.Find the value ofa+$/(a-1)° according to the following

condition:
(1) a=1; (2) a<1.
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12.Simplify the following expression to an expressieith a single
root sign:

L) Y33 (y=2o);
) J-22.

13.Simplify the following expression:
1 1 1 1

a2-b? a?+b? (a+b)"-(a-b)™
1 + ; 2 ;
() aPib? ai_b? @ (a+b)™ +(a-b)™
a—2_b— 1 1 e +es 2 (es_e—sjz
3) s+, 4 -
()a‘1+b‘1ba ()( 2 j 2
(5) (@®-2+a?)+(@*-a?.
14.Compute:
1
2 -2 1 3
1) 125 +(1j +343—(ij .
2 27

a2 o [510 5 2
2) (5) +(~5.6) (22—7j +0.125%;
“p3)(-4ab)
12apc '
@ () x(ap) (2]
a

3 @

15.Find the value ok for the following equation:

(1) 5 =125 @) 4 =1;
3) 7 =97 (4)%:2*;

e 1
(5) V3=3% (6) e

( This chapter is translated to English and revokwg courtesy of

Mr. SIN Wing Sang, Edward.)
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