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Chapter 10  Surds (Radicals)

10.1 Surds

The square root of a, Ja (a=20) where a appears under a
square root sign (or radical sign) is called a Surd (or a radical). For

example, /3, \/g b+, \/(a —b)* are surds. In the doman of

real numbers, we cannot take square root of negative numbers.
Therefore, \/—_5 and \/Z (a<0) are undefined. In this chapter, all
alphabets are positive numbers unless otherwise specified.

As mentioned in the previous chapter, the positive square root of
a positive number a is also called the principal square root, labelled
as a . This indicates that Va is a positive number and Ja>0.
Sqaure root of 0 is also called the principal square root of zero,
labelled as /0 and we have /0=0. According to the above
analysis, it can be observed that \/; >0(a=0), that is \/E(a >0)

always a non-negative number (a non-negative number is either zero
or positive.)

According to the definition of square root, if a number when
squared equals 2, then the number is called the square root of 2.
Therefore, we have the relaltionship that the square of the square root
of 2 is 2:

~2)*=2.

In general, if a number when squared equals a, then the number
is called the square root of a. Therefore, we have the relationship that
the square of the square root of a is a:

(~a)' =a (a20)
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[ Example 1] Calculate:
() 4 2 5%

3) (\@ @) (243)%.°

Solution (1) (V4)'=2>=4 or (V4)’=4;
2 (5 =5;

o (8-

4) (23)*=2*x(\3)* =4x3=12.

| W

9

Reversing the above formula (\/E Y =a(a=0) will result in:

a=®Wa) (a20).
By making use of this formula, we can rewrite any non-negative
number in the form of a square of another number.

[ Example 2] Rewrite the following non-negative number in the
form of a square:

12 (2)0.5; 3) %; (4) ab.
Solution (1) 2=H/2); 2) 05=(/05);

3) 1=(\ﬁj; @) ab=Waby.
777

Practice
1. Calculate:

(1) 0.5; (2 (\Ej 3) VT (@) (_3\@,

> 23 means 2x+3 In general, bz means Bx+a.
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Practice

square:
(1)9; (2) 6; (3)2.5; (4)0.25; (5)b; (6) 4a.

2. Rewrite the following non-negative number in the form of a

We now examine the principal square root of a°,i.e. a’,

when a takes on different values, namely a>0, a=0 and a<0.

1) 22 =2, 3 =3;
In general, when a >0, \/a_2 =q.

@ o*=0;
In other words, when a =0, \/a_2 =a.

3) \/(—7 =J4=2= —(-2) since 2 and -2 are opposite
numbers;
\/(—7 =J9=3= —(-3) since 3 and -3 are opposite
numbers;

In general, when a <0, \/? =-a.

Summarising the above, we have:

a (a>0)
Ja* =] 0 (a=0)
—a (a<0)
and it is known that
a (a>0)
lal=40 (a=0)
—a (a<0)
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By comparing \/? and |a|, we have:

a (@>0)
Ja* Hal={ 0 (a=0)
-a (a<0)

[ Example 3] Calculate:

() (=157
2) @-3)" (a<3).

Solution (1) /(-1.5)> = -1.5|=1.5;
2) (@=3)"=a-3|

a<3
a—-3<0

J@=3)? ga-3|=-(a-3)=3-a

Practice
1. (Mental) Is the following equation correct? Why?
() (77 =17; 2) (7 =-7;

3) V6 =6; 4) |/(-6)* ==6.

2. (Mental) Fnd the value of each of the following expression:

(1) (J0.8)*; 2) 0.8 :
(3) /(-0.8)* ; 4) —J(-0.8).
3. Simplify:
(1) J5-97 ; @) (3%-2) :
(3) (=4 (b>4); 4) J(m=n)* (m<n).
_40 -




Practice

4. Two persons, A and B, calculated the value of a++1-2a+ a .
They obtained different answers when a =35.
A calculated the result as:

a+Vl1-2a+a* =a++(1-a)’ =a+l1-a=1
B calculated the result ast:
a+Vl-2a+a* =a++(a-1)* =a+a-1
=2a-1=2%5-1=9
Which answer is correct? For the answer that is incorrect, which

part of the calculation is incorrect? Why?

10.2 Basic property of Surd

As we understand, the surd Ja (a=0) is the principal square
root of a. Therefore, when we study the property of Surd, it is suffice
to study the property of the principal square root.

1. Product of principal square roots

Let us examine the following example:
(V4x9)? =4x9 =36
(4x9)? = (4’ x(/9)* =4x9 =36
From the first equation, we know that J4x9 isa square root of
36. Since ~/4x9 s positive, it is the principal square root of 36.
From the second equation, we know that \/ZX\@ is a square

root of 36. Since V4 x+/9 s positive, it is the prinicipal square root
of 36.

As the principal square root of a number is unique, so /49
and /4x+/9 must be the same. That is

V4x9 =4x9 .

_4] -

In general, we have:
Jab=a b (a=0,b>0)

That is to say, the principal square root of a product is equal
to the product of the principal square roots of the constituent
factors.

[ Example 1] Calculate:
(1) J16x81; 2) 0.09%0.25;
(3) 17*-8*.
Solution (1) 16x81=16x~/81=4x9=36 ;
(2) 0.09%0.25 =+/0.09 x~/0.25 =0.3x0.5=0.15 :

(3) V172 -8 = J17+8)(17-8) =/25x/0 =5x3=15.

Practice
1. Calculate:

(1) V49x121; (2) /81x169; (3) V9x25%225;
4) V26’ -10"; (5) V0.65=0.16" ; (6) V25a*b°c.

2. Is each of the following equation correct? Why?

(1) N3 +4° =3+4=7; (2) V41> -40° =41-40=1.

[Example 2] Simplify:
(1) V10°x2; @) V48
) V4ah s @) ey
Solution (1) \10°x2 =~/10> x+/2 21042 ;
2) VA8 =4 x3 =2 x3 =43
(3) V4a’h =\2*«a® +b* « b =2ab\b;

(4) \/x4+x2y2:\/xz(x2+y2):x\/x2+y2.
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It can be observed from Example 2 that, for any squared factors
inside the radical sign, we can take the principal square root of them
and move them outside the radical sign. On the other hand, we can
also transform any non-negative factor(s) from the outside of the
radical sign to the insdie of the radical sign by squaring them.

[ Example 3] For the following expression, move the factors from
the outside of the radical sign to the inside of the

radical sign without changing the value of the
expression:

(1) 5V3; 2 -3a; 3) 4bbe.
Solution (1) 5\/3 :\/ﬁ :\/%;
@) 3a=—3-a=~a;
(3) 4b\be =+/(4b)* « be =+16b°c .

Think for a while: Why is it not correct to write —3\/_ =J(-3)a

=\9a?
[ Example 4] For the following expression, move the factors from
the outside of the radical sign to the inside of the
radical sign without changing the value of the

expression: (1) 10v0.1; 2) 5\/%'
Solution (1) 10:/0.1=/10%%0.1=4/10;

) s\ﬁ: 52xt =5
5 5

Practice

2. For the following expression, move the factors from the outside
of the radical sign to the inside of the radical sign without
changing the value of the expression:

(1) 5J2; @ -7\3; 3) 65;

4) 2405 ; (5 —12\E : (6) aﬁ.
a

3. (Mental) Is the following equation correct? Why?

(1) 2a\b =2a%; 2) -3J2=4(-3)*x2 =418 ;

3) 3\/§:JZ.

Practice
1. Simplify:

(1) 18; 2) —27x15; 3) N2 -4 ;
“4) @; ®)) \/g; (6) ,8x2y3;

(7) é\/9a2b63; (8) J16(x+2) .

_43 -

2. Quotient of principal square roots

Let us look at the following example;

2) _2
3] 3
(QZ:@ZE
J5) @By s

. ) 2 .
From the first equation, we know that \/; is a square root of

2 .. 2 . e o 2
3 Since 3 is positive, it is the principal square root of r

. 2 .
From the second equation, we know that — 1is a square root

J5

of % Since —= 1is positive, it is the principal square root of 2
5 \/§ p ) p pal sq 5
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2
As the principal square root of a number is unique, so \/; and

2 )
—— are the same. That is

J5
\ﬁ _V2
5 J5°
In general, we have:

a_~a

=— (@=20-5>0)

b b

That is to say, the principal square root of a quotient is equal
to the quotient of the principal square root of the dividend
divided by the principal square root of the divisor.

[ Example 5] Calculate:

4 15
(1) \/g 2) 14—9,

3) “)
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Let us look at another example

s

The above example shows a very useful transformation. There

is a surd \/E in the denominator which we would like to eliminate.
We obserse that, by multiplying both the numerator and the

denominator by the same surd JZ , the denominator is converted to

\/b_2 =b . which does not fall under a radical sign and is no longer a

surd. The expression \/% is thus simplified to %\/E which does

not have a surd in its denominator.

[ Example 6] For the following expression, transform the surd to
eliminate the denominator under the radical:

2 1
(1)\P CINEE
<3>\F @ |22 (a>5).
a+5
Solution (1) \/7 ,f 2%3 1\/_
o F:f BT [T 2
Tx7 T X7 7
3 \/4—7— X 3y——F,
3y \3y-3y

o [
a+5 (a+5)* T a+5
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Practice
1. Calculate:

25 4 [0.01

(1) \/: 2) 3) AT

@ 369 /o 04x144 \/T
121 0.49x169 ’ 9

49m*n
7 ; 8 .
M 4a2 ® 9¢?

2. Transform the surd by eliminating the denominator under the
radical sign:

(1) \g : ®) %; 3) 51
@) 6@ : 5) Jg; ©) o
™ J% : ®) |90

3. (Mental) Is following equation correct? Why?

(1) —-2f 2) —-—f

(a>b).

(3) E=ﬁ; @) ———f

10.3 Transforming Surd to Simplest Form and
Identifying Like Surds

1. Surd in its Simplest Form

Let us look at the following example:

\/ﬁa/az-ab:\/_z-\/%:a@

_47 -

ﬁ \F @ Jab = aab

Although the surds +a’h and a \/7 are different in
a

appearance, they can both be transformed into a comparatively
simplified form as avab . When we compare avab with \a’b

and with az\/g, we note that the surd in the form of a\/E
a

satisfies the following 2 conditions:

(1) The power of every factor under the radical sign is less
than 2;

(2) There is no denominator under the radical sign.

A surd satisfying these 2 conditions is said to be expressed in its

simplest form. For example: 4+/5a, g, \Ja*+b are surds in

simplest form, while +/4a’ , \/g and /8 are not.

For a surd which is not presented in its simplest form, we can
transform the surd to its simplest form using the method described
above (i) to eliminate the denominator under the radical, and (i) to
move the squared factors to the outside of the radical.

After transforming the surd to its simplest form, the surd will
consist of two parts: (i) a part under the radical sign, and (ii) a part
outside the radical sign which is the coefficient of the surd.

[ Example] Transform the following surd to its simplest form:

1) Jiz: @ L
3) 4\/171‘ 4 «x \/7
2’ x
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Solution (1) 12 =/2>x —2[ 3,

1 3
2) ==

3) 4\/::4\ﬁ:4\ﬁ:2\£;
2 2 N4

4 xz\/Z:xz\/g:x\/E
X X

Note: When transforming a surd to its simplest form, an essential
step is to factorise the values under the radical sign into prime
factors.

Practice

1. Distinguish which surd is in its simplest form. If it is not,
transform it to its simplest form.

(1) V45 ; (2) 254 ; 3) \/7
@) V14; (5) \/g ; (6) Ne
(7) J6a’b’ ; (8) \/g; 9) Ja+b*.

2. Transform the following surd into its simplest form:

(1) 34216 @) V32 3 3

9
@) %; 5) 202” : © 2ah ;
n ab ©) (a-b)|——
7 # /8_3; ®) /( et —
* (a>b)
_49 -

2. Identifying Like Surds
By simplifying V12 and \/g to the simplest form, we have
V12 =422%x3=23
1 _ / 3 _1 NG
\/; 3x3 3
The number under the radical sign for 243 and %\/5 are the

same number, namely 3. If there are a number of surds, which after
having been transformed to the simplest form, have the same number

inside the radical, we call them Like Surds. For example, \/E , \/g

and %\/5 are like surds. avab and 3@ are also like surds.

Howeyver, \/5 and \/5 are unlike surds. Similarly, \/Z and @
are also unlike surds.

We have learnt that, when adding like terms under a polynomiial,
we can group and combine like terms together. In a similar manner,
when adding like surds under an expression, we can group and
combine like surds together.

[Example 1] Idnetify from the following surds, which of them
are like surds?

V2, V75, = = VB 2B, 6L
50 27 3 2b

Solution "’ \/%:\/m=5x/§
\/T_ 2

50 V502

1

ey
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2 8ab’ ——-2bx/2a \/

6b\/7 \/ﬁ = &/ﬁ

\/— — are like surds.

\/%, '/E’ \/5 are like surds.
2\/851193, 6b‘/% are like surds.

[ Example 2] Group and combine like surds in the following
expression

(1) 2\/_—%J§+§\/§—\/§+ 3

2 3Jxy —afxy +bxy
Solution (1) 2&—%\/§+§\/§—J§+J§

:(2+1—1j\/§+(_l+1j\/§ :ﬂ\/z +l\/§
3 2 3 2
@) 3xy—axy +bxy =3 -a+b)xy

Practice
2. Group and combine like surds in the following expression:

(1) 6va+24b-4Ja+3b;
@) 5+ 3+2\/_—§—3\/§;
(3) 633 +0.12 +/48 ;

@ 3o

Practice
1. Identify which of the following surds are unlike surds?
1
(1) V63, V28 ) 12, V27, 4\E;
2
(3) Vax', 2v/2x; 4) 18, V50, 2\g;

(5) N2x, V2a*x, \J50xy° .

-51-

Exercise 3 |

1. For what value of real number a would the following expression
be defined in the domain of real numbers?

Ja-2, 2-a, Ja+2, J@-2)

2. Rewrite the following expressions into difference of two squares,
and further factorise it.

() x*-9; () a*-3; ) 4a*-7; 4 16b*-11.

3. Calculate:

(1) 11)%; 2) (=13)*; (3) —/(5x6)*;
@ Ja°; (5) (—7\@ ; 6) /(x+5)7;

(7) Nx*=2x+1 (x21);  ®) (Jx—y) (x2y);
(9) x*-4x+4 (x<2);
(10) x+y+yx’—2xy+y* (x<y).

4. Calculate:

(1) 9x25; @) V36x256;
(3) 25x81x%289 ; 4) V132 -122;
-52 -



(5) V65°-16°; 6) oa;
D Jx+y)?ie ®) Ja+b’@-b> (a<b).
. Simplify:

(1) V/5°x3; (2) v242x%x49; 3) J(=32)(-15);
@ Varx ) V1a* ©6) Sa(x+ay :
(7) \/8(a+b)4(c—d)4; 8) Na (nis an integer).

. Transferm the expression by moving the positive factors outside
the radical sign to the inside of the radical sign without changing
the value of the expression

(1) 26 ; 2) -5J7; 3) 4\g;

@) —2a\b ; (5) —J_ (6) ab‘/l+%.
a

. Calculate:

/9 34 0.16
1 — 2 2—;
M 49 @ 81 ©) 00225
/0.01><64 27 | 25y*
4) [|— 6 ;
@ 0.36x4 ) 100 ©) 121x°

7 13 (8)\/( 25] —(3) ©) 1307 66" .

W 5
. Transform the surd by eliminating the denominator under the
rdical sign:

3 127

1) \f @ 22 O o
@ 8> 5) (2 © a2
128 9m a’

-53-

[7(a-b) . [1 1 .
(7 a+h) (a>b); ®) a=z =7 (a<b);

a+b

(€)) (a-b)

(a<b).

9. Transform the surd to the simplest form:

(1) J72; (2) 6\/T (3) 10\/E

@) (=8’ —4x(-4) (5) ¥ l ©6) f

1) 25m* +50m’ ; @®) ? a__? (b>1);
©) a \/azb —4ab® +4b° (a<2).
a—2b a
10. When a=1, b=10, c¢=-15, find the value of the expression
_b+\/§;_74ac (express the surd in the simplest form in the
answer).

11.When a=2, b=-8, c=5, find the value of the expression

-b—+b* -4ac
2a

answer).

(express the surd in the simplest form in the

12. In the following surds, which of them are like surds?

J8. V20, —‘/i, /i, 3 /i, —J1214° , a‘/l, Wa'be,
16" \18 5 a

3

Wahe 4,/i, ! (m>p),
ab \/ mn—np

-54 -

(m>p).



13. Group and combine the like surds in the following expression.

0 oS,

) J@w\F o \f
5yxy =7x =3 yx +4x ;

@ 2a3ab’ —@\/zw -2ab\/%.

10.4 Addition and subtraction of Surds

Addition and subtraction of Surds is the grouping and combining
of like surds, similar to the addition and subtraction of like terms in
polynomials. Before we can combine like surds, we shall need to
transform all surds to the simplest form first. In other words, to
perform addition and subtraction of expressions involving surds, we
shall need to transform all surds into the simplest form, then we can
group and combine like surds together.

[ Example 1] Calculate W12 -4, /% +3/48 .
Solution 2+/12 -4 2—17 1318 =43 -2 341243

9
:(4—i+12j\/§
9
140\/—
=—~/3
9

-55-

2 1
[ Example 2] Calculate E\/9x + 6\/% - 2x\/: .
X

Solution % Ox +6\/§ —2x\/I = 2\/; +3\/;—2\/; = 3\/; .
X

[ Example 3] Calculate (\/ﬁ+\/ﬁ—2\gj—(\/§—ﬁj .

Solution (\/ﬁ+\/ﬁ—2\/gj_(\/g—\/%)

=42 +%\/§—§\/——i\/§+5\/§
(s

NN
4 3
Practice
1. Calculate:
(1) 5J2+/8-718; 2) V28 +9112;

(3) 3740 - \f \/7 4) */EJ’\/;'\E;

(5) 1J_2+——1J_0 (6) V2x —8x° +2217 ;

(7) x —+J4_——+ \f
X

_ [p2 _ 2 _
) b+ é? 4ac+ b ;9 4ac (b > dac).
a a
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Practice

. Calculate:

(1) V18 =(\/98 =275 ++/27) ;
) (\/_5+\/W)+(\/7 \/ﬁ}

o (5-95-45{f-9)

@ 62435 -2 (/2-27);

(5) a’\Ba +3ay50d’ —%Jlscﬁ;

(6) (419\/E +%\/a3b] —(3a\/E +\/9ab] .
b a a
. Find the value of the following expression (correct to the nearest

0.01):
M) 22+ |2-15
3 3 5

o e )
5 2 4\5
. Is the following equation correct? Why?
() V2+3=45;
() 2+42=242;
3) avx —bJx =(a-bWx;

(4) J§+J_ =J4+/9=2+3=5.

-57 -

10.5 Multiplication of Surds
By reversing the equation Jab =a b , we get
Ja b =ab.

We can apply this formula to calculate the Multiplication of
Surds. From the formula, we know that the product of two surds is a
surd with the value under the radical sign being the product of the
values under the radical sign of the original surds.

[ Example 1] Calculate: (1) V14 ++/7; (2) 3v/5a+2/10b .

Solution (1) 14«7 =\14x7 =47 x2 =7/2;
(2) 3v5a + 24106 =3x2/5a + 106 =30v2ab .

Note: If the result of an operation on surds gives rise to some surds,
in general, we shall need to transform the surds to the simplest form
to see if they can be further simplified.

[ Example 2] Calculate: (1) (\/5_5\@].\/8;
2) (5+6)(5v2-243).
Solution (1) (\/g—sﬁj-x/g= 8 J6-5v3-6

27

= |2 6 -543%6
27

=g—15x/§

) (5+J6)(5v2-243) =252 1043 +512 - 24/18
=252 —10+/3 +104/3 —6+/2
=192

Multiplication of a sum of surds by another sum of surds is
similar to the multiplication of polynomials. Whatever multiplicative
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rules that can be applied to the multiplication of polynomials can also
be applied to the multiplication of the sum of surds.

[ Example 3] Calculate: (1) (23 +3v2)(2/3-3V2);
2) (@4+35);
(3) (6-33).
Solution (1) (233 +3v2)(2\/3 -3v2) = (2V3)> - (3+2)
=12-18
=-6
(2)  (4+3y5) =47 +2+4.3/5+(35)
=16+24+/5 +45
=61+244/5
3)  (J6-3V3)" =(V6)’ ~2+1/6+3J3+(33)’
=6-1812 +27
=33-182

[Example 4] Calculate: (1) (V3 +/6)(W/3-+6):
@) (Vax =5by)2Nax +5by).
Solution (1) (V3 +J6)W3-v6)=(3)"-(1/6)*=3-6=-3 :
2 (@Vax -5¢by)2Nax +5by) = 2Jax)* - (5\/by?

Practice
2. Calculate:

(1) 12-375)+43; @) 2510 +412);
3) W2+2J12-6)243; (@) 363342 -4/15).

3. Calculate:
(1) 2V3-2)3v2-3);

@) (ﬁ—zﬁ)(%—%ﬁj;

3

3) Na+b)Wa-Ve); @) @Vx+ »)x-y).

4, Calculate:
(1) 4-3V5)4+35); 2) (V2 +2J6)2\6 -72);

(3) (Vax+3 =2x)(Wax+3 +/2x):
@) 3+22); 5) (‘“ﬁj :

2
6) (47 -73)*; (7) (\/%\/Ej :
a
@) Wx+y)+ x-y?*;

©) 2+43-v6)* (2 -3 +6)*;

(10) (1+~/2 =3)1 -2 +/3).

= 4ax-25by
Practice
1. Calculate:
(1) V5+43; 2) 6327 « (-243);
3) 9%%@; @) Vox«2x;

3
5) E\E-é\/g; ©) 10x\/§-\/1.
b\Va a\b X
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10.6 Division of Surds

By reversing the equation , we get

e
RS




We can apply this formula to perform the operation of division

of surds. For example, if we need to find the quotient of \/Z +\/E ,
we can apply the formula to find the square root of the quotient

a+b, which is \/g.
b

[ Example 1] Calculate: (1) +72+6 ;

1N

Solution (1) 72+ \/__£_ 7_62:\/5=2\/§;

__L_xwg
@

When the surd is in the form of \/% , we can apply fraction

reduction process to reduce the fraction by cancelling common
factors between a and b. If the denominator cannot be totally
removed after the fraction reduction process, we shall change the

surd back to the form TZ and apply another process to eliminate

the surd in the denominator, .which is to multiply both the numerator
and denominator by Jb.

For example, to remove the surd in the denominator of %, we
multiply both numerator and denominator by V2 as follows:
B 1
V2 2x2 (2 2

-61 -

In a similar manner, to simplify » we multiply both the

1
NEG

numerator and denominator by the same factor (\/5 +\/§), as

follows:
1 V342
B2 (f3-V2) B3 +2)
32
3-2
=J3+2

The process of eliminating the surd in the denominator is called
Rationalising the Denominator (or Denominator Rationisation).

If two expressions with surds are multiplied together, the
resulting expression does not contain any surd, we say that the two
expressions are rationalising factors to each other.

In the above example, \/5 and \/5 , \/§ + \/5 and \/5 —\/5

are rationalisation factors to each other or mutually rationalisation
factors.

[ Example 2] Rationalize the denominator of the following
expression:

Solution (1) — ==

4 _ 47 _ 4
2 —
@ W7 T T 21[
a as~a+b a
= = N b;
Ja+b a+beJa+b a+b a

3)
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sa 5K a)
200 23/5+a 2\/5

It can be observed from Questions (1) to (3) of Example 2 that

the rationalising factor of Ja is Va. Sometimes, in the fraction
reduction process, the denominator is totally removed, and there is
no need to perform the rationalisation process. This can be seen in
Question (4) of Example 2.

“4)

[ Example 3] Rationalise the denominator of the following

expression:

1 V2
1) ———; 2) ——;
(1 S| 2) B
3) Vx- \/_

L @ Jf;yf
1L a1 _2- Lo,
L2+1 (2+n02-1) 2-1
o V2 _ 26+ _32+46 3J§+[
3-J3  (3-V3)(3+3) 9-3 6
. e=y = (x={y?  _x+y- 2\/5
ety Gxt -y x-y
P B G ) i O S0 W CE SN Y CESAD
NN NN ey
- -y

It can be observed from Questions (1) to (3) in the above
example that ax +b y and a\/;—bﬁ are rationalising factors

of each other. Further, it can be observed from Question (4) that,
when a fraction is involved, it is usually simpler to apply fraction

Solution (1)
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reduction process first to reduce the fraction by cancelling common
factors. If the denominator is not totally removed, we shall then
apply the denominator rationalisation process to eliminate the
denominator.

[ Example 4] Calculate: (1) (647 —=4v2)++/3:
@) (12-5V8)+ (/6 +42).

Solution (1) (657 —-4/2)+/3 = (67 —442) -3

J3+43
:2J2_—§J€
e s oy = N12-5V8
2  (12-5/8)+(6 ﬁ)——£+ﬁ

_ (2\3-10v2)/6 -+2)
(6 +v2)W6-+2)
_ 632 -26-203+20

4

SENGEENCEENERE

In general, regarding the division of Surds, we can first write it
in fractional form, followed by denominator rationalisation.

Practice
1. Calculate:

(1) —J54+43; @) F+F;
(3) 6J3+3V6; e —J_ 4\/72 3\/:

5) a6a® +2\/§; ©6) dx+ax .
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Practice
2. Rationalise the denominator of the following expression:
1 3 X
) —=: ) 3 ; 3) :
V3 \/ 40 J4xy
2n -b’
4 —F=; ) 2
3\/2 Ja+ b

3. Calculate:
() V3+65-V)-@V3-5V7)*;
2) 2V3-2)3V6+2)+ (33 +5v2)+(3\3-5V2).

Exercise 4
1. Calculate:

(1) 3/8+2432-4/50; 2) 93-7V12+548;

3 2 2 1 1
3) 6 \E \E (4) 2\g+ A gﬁ,

(5) \ﬁ+2\/%—4 l—lﬁ;

6) 2+3\/:—\/; —

(7 2am+6a\/:

® - \f

©)  2a\3ab’ —g\/27a3 +2ab\/; ;
(10) sﬁ—zy\/E—6\/E+\/%+\/§
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Calculate:

(1) (18 -+/98)+(275 -/27);
(2) (45 +/18) - (/8 —\[125) ;

o (-] )
-t o)
(5) 7f—( \f 4 asz

(©) (%x 9x+6x\/%j+(\/%—x2\/g].

(1) When x =7, calculate the value of the following expression:
Va+5+Jx—4-V4x-1.
(2) When x=4 and y =16, calculate the value of the
following expression:

4

N

\/x3+x2y+ixy2 +\/ix2y+xy2+y3

Calculate:
2 3 2
() V15« 1—; (2) 6,]1=<| =5 [2=|;
3 5 5

3) %@.2@;
(4) 10a2@-5\/i;

5 530 40%-—\/27—
o ELEE
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5. Calculate: 7 , 2
(1) V12+5V8)+43; (3) (3\E—\Ej;

2 3ﬁ-(2¢§—4\/§+3m} ©) V2+3-Y6)2-v3-16);
(10) (Yx+y+yx=y) +(Jx+y—x=y) (x>y).
y o, |x .
3 (‘/5_2\/; +\/; ]°\/E’ 8. Rationalise the denominator of the following expression:
3 J2 Tn
3 S —ab)«~Jab; D —; —— 3) —=:
@ Ja'b+ab® a? Jab ; M 7 @ 7 O
5) 3 ﬁ_z\/g ——3(1—4J§+3J§). Jx-1 _ 1
6. Calculate: o \/_ \/_ \/_
1) @B-26V6+2); ©) ISI; ™ f“ﬁ;
0 (27 W) s S
3) @B -W2+V6)W6-5V3): ®) “——r; © == == (x>2).
35 +24/3 Jx+2+x-2
@) (5+B+DE5-205442): V5 +243 e
(5) (\/;4_\/5)(2\/;_'_3\/5); 9. Calculate:
6)  (x+y+2o)x ). (1) \/%—%\/% 2) Jzoa%ﬁ;
7. Calculate: 2 .
(1) GVB+42)5V3-42); G Vise 17324,
2) (W5 +6JT)(67 =T5); @) \/E(\/E_\ﬁj (x>1);
(3)  (3V2+/48)18 -44/3); b \Na b ’
(4) (‘b+\/b2_4aCJ(_b_\/b2_461Cj (b2—4ac>0), (5) (m+l ll]—\/f’
2a 2a 2\ 2
5) (13427 © (34746 )+ 5-5);
6 4-543)%;
® @-54) . (1) (N2+2J6)=(2V6 -742);
(7) (3JZ+2\/EJ; . 15;(L Lj'
a ®) 15+ NI
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10. Calculate the value of the following expression (correct to the
nearest 0.01):

i1, i

1 X2, 2 ;
m s @
3 2 J5-43
3 —_— 4 ;
RN @ i
&) (i] , Where x:x/g;
x+1
© -2 here a=6. b=5.

Ja-2b"
) 2 . 2

11. (1) Given x =———, find the value of x" —x+1;

J3-1

2
-2x+
(2) Given x=2++/3, find the value of %
o

12. Simplify:

0 1,2
V3+2 2+1 B
5 1 6 J7-5
2 - - ;
@ 4-r*3+f N

3) —\/ -yt s —\/(x ' (x>y);

\/xT\/_\/m+\/_

4 .
® x+1+\/_ Jx+1-+/x

T
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Chapter Summary

I. This chapter mainly teaches the basic property and operation
of Surds (also known as Radicals).

II. Basing on the property of principal square root being unique,
we have derived the following basic properties for Surds:

~a) =a (a=0)

a (a>0)
Ja® =al={ 0 (@=0)
—a (a<0)

Jab=a b (a=0-b2=0)

\/%:% (a=0+b>0)

III. From the basic property of Surds, we have derived the
operation rules and simplification process for Surds.

A Surd in its simplest form satisfies the following 2 conditions:
(1) The power of every factor unde the radical sign is less than
2;
(2) There is no denominator under the radical sign.
When Surds are transformed into the simplest form, if two surds
have the same values under the radical sign, we call them Like Surds,
and can combine them together into one surd.

For additions and subtractions, it is essential that we transform
all surds to the simplest form first. Then if there are Like Surds, we
can group them and combine them in the same way that we groupd
and combine like terms in a polynomial.

For multiplication of Surds, we operate using the formula

\/_ . \/E = \/E (a=20, b=0) and the multiplication rules for
polynomials.
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e _ [_\2 — —
For division of Surds, we operate using the formula — = \/7 @ 23 = (=2)7x3 =12 and V12=2V3
L 23=23
(a=0, b>0). For the fraction % under the radical sign, we first Sooom2=2
apply fraction reduction process to reduce the fraction to its simplest 4. What is meant by a surd in the simplest form? Please transform
form to see if the denominator can be totally removed. If the the following surd to the simplest form:
denominator cannot be totally removed, we shall transform the 2
Ja (1) ~/500; 2) .[4—=; (3) J12x;
radical back to the form —= and simplify the surd by applying the
N ) \3ab* (b<0); (5) ©6) ¥\ =:
denominator rationalisation process to eliminate the denominator. ) a’b” ( ); 3a b2 ’ 8x
It is customary practice that, at the end of the operation, all surds -y B
that result from the operation are transformed to the simplest form. (7 - (x>y); @) (x-y) . (x>y)
©) (@ -b*)a'-b*) (a>b); (10) Na*'b’ .
Revision Exercise 10 =—mSmSmsmsmsm——= 5. What is meant by like surds? Which of the following expressions

1. For what value of x would the following expression be defined in are like surds?

the domain of real numbers? 1 5 1
Vaa ., =, = 1=, Jx*y*, J175, 2JaPx, =63,
() Vx=3: @) V3-x; 3) J1+x2; Voo Ve v “t g

1 4 m
. S 6 - 3
“4) 2 (5) Vx++-x; (6) \/— V99, 5‘/37, 4’1—2x+x2 (x>1), Nv225m” .

2. Factorise the following expression in the domain of real numbers. 6. Calculate:
(1) x*=7; (2) 4a*-1; (3) a'-6a’+9;
1 — -
@) m*—10m*n? +25n° ) +2 +*/_
. . . . 2 2
3. Explz.l'm how the incorrect result is derived wrongly from the @) 7 Ja+5 \/E— 4 b_ 6 Q;
steps:: \/ a \/ 9
n (3 =3
&) 3) wiz-L3+502;
s JE3 = +

J(=37 ==3 and /3 =3 @) 9\/4_5%\@)%\/%;

-3=3
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1)1 2 —b+lb? - —b=lb* -
(5) (6\/5—5\/;](2\@—\/;} 9. Given x, = b*b 4ac’ X, = b=Nb 4ac,where a, b, c

2a 2a
o x are real numbers and b>-4ac=0, find the value of the
() (V2x-3V8x)+ 8\/; ; following expression:
+ . ° .
(7) (10448 -6427 +412) =6 - (;) e (j) h
+bx, +c; +bx, +c.
®) (2V3+3V6)243-36): B) ax*byte; () @ *hr ve
©)) (\/; ++/x —1)(\/_ —vx=1) (x>1); 10. Solve the following equation:
(10) 5 +643)": (1) Vo(x+D)=vT(x-1); @ V2
2 V2 3
(1) 313—&1 ;
2\ 3 4 11. Solve the following simultaneous linear equations:
(12) (V2 +23-3J6)~2-243+3V6); V3x-2y=1 V2x+3y=7
ey 2)

(13) V5 4 3 2443 V2x=\3y=0 N6x =Ty =45

V3+1 A543 2-437

W5+3J6 5
(14) + ;

3W5-2V6 5+42 ( This chapter is translated to English by courtesy of Mr. NG Luk Pan

15) (5v3+2v5)+=(2V3-5); and reviewed by courtesy of Mr. SIN Wing Sang, Edward.)

15) « )= ( ) y y g Sang

(16) (V2 +3+/5)3v2 + 243 -30);
n+2+\/;—4+n+2—\/y—4
n+2—\/?—4 n+2+\/n_2—4

7. When x=2 —\/5 , find the value of the expression
(7+4V3)x% + (2 +/3)x+4/3.

7)

(n>2).

8. Given x=%(\/7+\/§), y:%(\ﬁ—\/g), find the value of the
following expression:

X
(1) X —xy+y*; 2 S+
y X
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