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@ AR RER

Surds

Chapter Summarz

are linked to
_ | have properties
Law 1l: g"xa"= a"“"NI
; n can be
| Law2: ";n =q"" multiplied can be added
| Lawa: (@) = g I o : ) or subtracted
| Law 4: a”xb"=(ab)"¢—l§ Law 1: é m~Jatna = (mtn)a |
, TR A J

S
E w b* b ! Law 2: F_ b :
Law3: Jax+a =a ;

Rationalise the
denominator of a

-
I

s

| fraction by multiplying
. both the numerator
and the denominator

| by the conjugate of the

t* denominator.
e P
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Equations involving surds

can be solved by
:4: Equahty of Surds: Taklng the square on both sides:
% m+n\/__p+q\f_¢>m pandn q; Eﬁﬂc:x—kz
| S—— S ————————————————————
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@bjectives (ii_eqkﬁit_

o Simplify expressions involving surds

e Rationalise the denominator of an expression containing a surd

> (lsfe and Worked Examples =

A surd is an irrational root of a real number, e.g. J2 and 5.

Ifa > 0and b > 0, then the Laws of Surds state that:
- Law 1: Vab = Jax~/b

e
Lawz.\/; %
Law 3: JaxJa =a

Other operations on surds include:

mJatnia = (m+n)Ja

A fraction with a surd in the denominator, e.g. % » can be rationalised by multiplying both the

numerator and the denominator by /3, to get its equivalent form 6—;’/—5 = 2.5

Since the product of a pair of conjugate surds is always a rational number, rationalise the
denominator by multiplying both the numerator and the denominator by the conjugate:
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mEREED (1)
B HEEE— simplifying surds
Simplify each of the following.
@ (3 (b) /50
(&) VExIZ5 @ L&
sfofLIulT]I]OIN]
@ (37 =3x3 (b) /50 = /25x2
=3 = \/Exﬁ
=52
_ J180 _ [180
(€) +5x+4/125 = 5x125 (d) T =15
= /5x5x5x%5 =12
= ((5x5)x(5x5) = J4x3
=25 = J4x+/3
=23

WIOIR |KE [D} ;
EENNRENE-% Adding and subtracting surds
Simplify each of the following.

(a) 8/2+32-742 (b) 27-243+543
(S{O[LUT]I]OIN]
(@) 8V2+3J2-7/2 = (8+3-7)\/2 (b) V27 -243+5+/3 = J9x3 -/[81x3+5/3
=42 = 3/3-93+543
= (3-9+5)\/3
= -3
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WIO|R [KTE ]|

EXTAIMIPIL] ‘Multiplying surds

Simplify each of the following.
(@) (5+32)(4-22)

(€) (9+4/5)(9-445)

BEEMNEEEN

(a) (5+3+2)(4-22)
= 20-10~2+124/2 -6(/2)
= 20-10/2+124/2-12
=84 OB

(€) (9+4+/5)(9-4+/5)
- 92_(4\/3)2
= 81-16(~f5)*
=81-80
=1

Elﬂ‘ TUTORIAL 3.1: Questions 3-5

(b)
(d)

(b)

(d)

(10-+/7)°
(5+/6 +4+/3)

10-+/7)

= 10> -2(10)(v7)+(7)?
= 100-20/7 +7

=107 - 20./7

(5v/6 +4+/3)

= (5v6)* +2(5:/6)(4+/3) + (4+/3)*
= 25(/6)* +40/6x3 +16(~/3)*

= 150+40,/9x 2 +48

= 198+40(3/2)

=198 + 120/2
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WIOIR K D] @
EXTATMIPIL] / Rationalising the denominator

Simplify each of the following by rationalising the denominator.

12
@ 5 ® 37
4:/3-5\2
(©) J‘f_z (d) 4/3+5V2
[sTolLu]T]i]OIN] e
10 _ 10 V2 2. _ 11 . 36
N AN N ®) 176 = 346 3-v6
_ _ 12(3-+/6)
e - 3 -(J6)
_ 12(3-+/6)
9-6
_ 123-6)
3
= 4(3-/6)
=12-4.6
P N N L @ SB=5VZ _ 4/3-5V1 43573
J5-2 7 527542 434542~ 4B3+5V2 43-52
_ J15+243 _ (443)’ - 2(4+/3)(52) +(5v2)"
(+5)*-2* (44/3)*-(5v2)"
_ N15+2./3 _ 48-406+50
| T 48-50
=15+ 2.3 =%—__42M
= 20./6 - 49

ﬂ‘ TUTORIAL 3.1: Questions 6-12
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NAME: CLASS: ? DATE:

= 3

1.

10.

11.

Simplify each of the following.

@ (77 (b) V192
/280
(c) V27x3 (d) ﬁ
Simplify each of the following.
(a) 532-4/8+128 (b) /500 +5+/5-2+/125
Simplify each of the following.
@) (7-243)(5++/3) (b) (4/6+9)
(©) (8+32)(8-3V2) d) (10J5-7)

Express (7++/5)" +(4-+/5) in the form a+b+/5 , stating the value of each of the integers
aand b.

It is given that p = \/5-/3 .
(i) Without using a calculator, express p? in the form +/a —2+/b, where a and b are integers.

(ii) Hence, or otherwise, find the exact value of 3p* - 8p> + 1.

Simplify each of the following by rationalising the denominator.

55 1]
@ W11 (b) 10 -1
J2 65/
O @) S esTz

11-+/7

Without using a calculator, express Y in the form a+b+/7 , where a and b are integers.
+

9 4 ; :
Express + as a single fraction.
eSS B a7 ge

Express (4—+/5)" - \/58 > in the form a+b/5 , where a and b are integers to be found.

17 -4
ik

Given that x = ~==~—=, show that x+% = 66.

V17 +4

21+42
J14-4/3

Without using a calculator, find the fractions, a and b, for which can be expressed

as a7 +b/6 .
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12. (i) Without using a calculator, express (5v/2 - 3)(7++/2) in the form a2 +b, where a and b
are integers.

(ii) Hence, or otherwise, express (Sﬁ;?’ )\(/? V2) i the form pJ2+q, where pand g are
+

rational numbers.
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@bjectives C_.‘_I:_egkli_st

« Solve equations involving surds

o and Worked Examples :

In an equation involving surds, if a, m, n, p and q are rational numbers, the Equality of Surds states
that:

m+nJa = p+ga e m=pandn=q
Solving an equation in x involving surds is the same as rearranging the terms to make x the subject

of the formula. If we take the square on both sides of the equation, extraneous solutions may be
introduced, so always check whether any solution has to be rejected.

WIO|R |K]E D]
(EIXTAMIPIL] Solving equations involving surds
Solve each of the following equations.
(@) Vx+7=2 (b) V5-4x -7=0
(©) x?+8=3x (d) /FF—A-3x=1 =0
(S[OILIUITLI [ON]
(@) Jx+7 =2 (b) 5-4x -7=0
(Vx+7) =22 5tz =7
x+7 =4 ( m)z =72
--3 5-4x=49
Check: LHS = /3 +7 =2=RHS 4x = 44
x=-=11

Check: LHS = /5 - 4(-11) - 7 =0 =RHS
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(©) x*+8 =3x (d) 3Bx-4-2/x-1=0
(Va?+8) = (3xp x4 = 2/x-1
X+ 8=9% (V3z=4) = (2Jx-1)
8x*=8 3x-4=4(x-1)
=1 3x-4=4x-4
K=l x=0
Check: Whenx =1, .. The solution has no real solutions.
LHS = +/1>+ 8 = 3= RHS Check: When x = 0,
Check: When x= -1, Px-4 = J-4 and By i B

LHS = /(1> + 8 =3 = RHS

Sox=1

m‘ TUTORIAL 3.2: Questions 1-4

UEAEAEAE (9)
(E XIAMIPIL | Solving equations involving rationalising the denominator

Without using a calculator, solve the equation 2x-5+/3 = x+/3+8, giving your answer in the form
p+q\/§ , where p and g are rational numbers.

(SIOILIUITIIIOIN]
2x-5+3 = x/3+8
2x—x-/3 = 8+53
x(2-4/3) = 84543

x = 8;{}? < Rearrange the terms to make x the subject of the formula.
= 8+5J§x 2++/3
2-\3 2443
(8+5/3)(2+/3)
2*-(v3)
_ 16+8./3+10/3+15
4-3
_ 31+1843
1
=31+18.3

Bﬂ‘ TUTORIAL 3.2: Questions 5, 6

p
A
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UEREEE
E [XTAIMIPIL ] Solving equations involving comparison of terms

Given that (6+a+7)(3+2+7) = 4+b+/7 , where a and b are integers, find the value of @ and of b.

[STOJLIU[T]I]O[N]
(6+av7)(3+247) = 4+by7
18+12+/7 +3a7 +14a = 4+bJ7

(14a+18)+(3a+12)\7 = 4+b\/7
Equating the rational terms,

l4a+18=4
l4a =-14
a=-1

Equating the irrational terms,
3a+12=b
3(-1)+12=5b
b=9
La=-1,b=9
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WIOIR [K|E D o
EXTAMIPILIE Solving equations involving mensuration

The length of a rectangle is (10+33 ) cm and its area is (75-143 ) cm?. Find its breadth in the
form (a+b+/3) cm, where a and b are integers.

(S[O[LIUIT]IOIN

Let the breadth of the rectangle be y cm.

Area of rectangle = Length x breadth
75-14+3 = (10+33)y

_ 75-14/3 €& Rearrange the terms to make
T 104343 y the subject of the formula.

_ 75-143 10-3\3
10433 “10-343
_ (75-1443)(10-3V3)
10°-(3v3)’

_ 750-225/3-140/3+126
100-27

_ 876-365./3
73

12-53
. The breadth of the rectangle is (12 - 5/3) cm.

m.‘ru.'rﬁﬁl&-3'.2':-Questi'oil'ts 12-14

4
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NAME: x % p . CLASS: p— DATE:

1. Solve each of the following equations.

(a) x-6=5 (b) +10-x-3=0
() 2x?+28=3x (d) 25x+9-3/4x-7=0
(e) Jx~15=-jL () 25-2x+l=4

X A @—2

2. Find the values of x which satisfy the equation B &

3. A student wrote the following to solve the equation /5x+7 ++/1—4x = 0.

Jox+7 +/1-4x =0
V5x+7 = —/1-4x
Squaring both sides of the equation,
5x+7 =1-4x
9x = -6

What misconception has the student made? Explain why the equation has no real solutions.

4. Solve the equation /2x+4++/2x-3 = \/8x+1.
5. Solve the equation x+/2 —x = 10.

6. Without using a calculator, solve the equation 4x+9+/5 = x+/5 -7, giving your answer in the
form p+g+/5, where p and q are rational numbers.

7.  Find the values of the constants a and b for which a+by7 = (7 -2) 57 .

8. Given that 4+2+/3 is a root of the equation x> + ax + b = 0, where a and b are integers, find the
value of a and of b.

a+by2 _5-42
5-42 34242

9. Without using a calculator, find the values of the integers a and b such that
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10.

11.

12.

13.

14.

(i) Write down the expansion of (va+/b ).
(i) Hence, find the positive square root of 69+16+/5 in the form c++/d, where c and d are

integers.

(i) Expand and simplify (33+32 )(/9-36+ 7).

(ii) Hence, find the values of the rational numbers a and b in the equation
_ Y634 _ igap
P-V6+d2 " '

J3

The perimeter of an equilateral triangle is 12(+/3+2) cm. Given that sin 60° = 5 show that

the area of the triangle can be expressed as (a+b+/3) cm?, where a and b are integers.

In the triangle ABC, AB = (4—+/2)cm, BC = (7,,%) —_— A
and angle ABC = 90°,

(i) Find the area of the triangle in the form (4-+/2)em
(a+b+/2) cm?, where a and b are rational numbers.

(ii) Find an expression for AC? in the form
(c+d+/2) cm?, where c and d are rational numbers.

A rectangular block has a square base of side (+/15++/3) cm and a height of & cm. The volume
of the rectangular block is (120+24~./§ ) cm?. Without using a calculator, show that s can be

expressed as a+b+/5, where a and b are integers.
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NAME: s =3 - e . cLASS:__ = ___DATE:

E%Quick Test 3 [Total marks: 20]

1. Without using a calculator, simplify Tz_z—— %8 + \/15(%5 . [3]

2
2. Given that p = /7 -2, express ‘; _:: in the form a+/7 +b, where a and b are integers. (4]

3. Solve the equation 3x++/4-5x =0. [3]
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5-/3 2443

4. Without using a calculator, find the values of the integers a and b such that b
[4]

5. A rectangle of length (9++/12) cm has an area of (48++/27 ) cm2.

(a) Without using a calculator, find the breadth of the rectangle, in cm, in the form (a +bJ3 ),
where a and b are integers. (3]

(b) The rectangle is the base of a cuboid with a height of (6\/3 - 5) cm. Find the volume of the

cuboid, in cm?, in the form (c+d~/3), where c and d are integers. [3]
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