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| ﬂ Real Numbers
P Students' learning outcomesy

At the end of the unit, the students will be able to: )

» Explain, with examples, that civilizations throughoy
history have systematically studied living things [e.g., the
history of numbers from Sumerians and its development

to the present Arabic system
Describe the set of real numbers as combination of

¥ ‘

rational and irrational numbers
Demonstrate and verify the properties of equality and

inequality of real numbers

> Apply laws of indices to simplify radical expressions

problems(such as temperature, banking, measures of gain
and loss, sources of income and expenditure) -

Example 1: Identify the following decimal numbe®

rational or irrational numbers: '
() 0.35 (i) 0.444... (iii)
(iv) 3.36788542... (v) 1.709975947...

Solution: (i) 0.35 is a terminating decimal refore it
is a rational number.
g‘:erefore itisa

(i)  0.444... is a recurring decima
rational number.

(iii)  3.5=3.5555... is a recu
is a rational number.

(iv). 3.3678542... i@minating and non-recurring
decimal number, Thef@Pore, Wfepresents an irrational number.
(V) 1.709975947% i) 4 non-terminating and non-recurring

‘ decimal number, it-is an irrational number.

imal number, therefore it

e ———

“ angle triangle OAB,
o moB =
‘ ) 3 1=5 =

Apply concepts ‘of real numbers to real word

Example 2: Represent J5 on a numb

Solution: /5 can be located « @

nTs near 1o 2. Mark a hine of

construction. As V/5 = 2‘23(@
' mAB = lunit at A, mn 2units, and we have a righ.

sz ®ythagoras theorem
(mOA)Y* + (mAB)
mOB =5

| =(2)2 +\
, ‘\ 2
i F
. | L

1 L L A
L L L ()' 1} ' T
s, 03 2 1 % 1 B 5 g

arc of radius mOB = V5 taking O as centre, we got point

represeming «/5 on the number line

So, |OP|= /5

4 >
1 >

Example3: Express the following recurring decimals as the

rational number £, where p and q are integers.
q

G 05 (i) 093
Solution: (i) 05

Let .~ x=05
x=0.55555 (1)
Multiply both sides by 10
10x = 10(0.5555...)
10x=5.55555
Subtracting eq. (i) from eq. (ii)
10x—x = (5.55555...) - (0.55555...)
9x=5
5
().

(i)

| =Hx=
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- rational number between 2and 3 we will agam find average of % :

: P
Which shows the rational number in the form of :l_ s

(i)  Let

x=093
£=0.939393
Multiply by 100 on both sides
100x= 100 (0.939393...)

100x=93.939393...

« )

~.(ii)

Subtracting (i) from (ii)
100x —x = 93.939393... — 0.939393... .
99x =93

Ennple‘: Insert two rational numbers between 2 and 3.
Solution: There are infinite rational numbers between 2 and3.

x= -;—3 which is a rational number.

We find any two of them

2+3 5

For this, find the average of 2 and 3 as ===

‘ -
S&:isarano

(P2
v

and

ie,

Hezcs mao rational numbers between 2 and 3 are 2

Enlple. 5: ifa

= ——

+6 H
E o M
S R

2
:—’b
3

3

S= C=

2

_ Property over addition. =
Solution: (i) Lef; distributive property

%then verify the distributive

a(b+c)=ab+ac

nal number between 2 and 3,to find anothéer

4

LHS = a(b+¢)

30 6

_2(19

e =9+]0

_19 ’

9 - i
9
Hence proved :
(i) ¢ Right distributive property

(a+b)c=ar_:+bc,

LHS = (a+b)c RHS = ac+be
ALY _(2)(3).(3)(
E 3- 273 . 3)\3 2)43
' _ (4+9 5 10 15

=| —m— = =——
6 )3 .8
13Y(5 =20+45
GO
_65 -5
T 18

- Hence, it is verified that (@a+b)c=ac+bc

Example 6: Identify the property that justifies the statement

1) -If@>13then a+2>15
(ii) If3<9 and 6 < 12 then 9<21
(iii) If7>4 and 5> 3 then 35>12
(iv) If-5<4 =20> 16
Solution: ) :
(i) ~a>13
Add 2 on both sides
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a+2>13+2
a*2>l5

(1) As3<9and6<12
=3+6<9+12
' 9<21

(iii) 7<4and5>3
=T7x5>4=x3
=35>12

(iv) As -5<-4

Multiply on both sides by—4 :
—5x—-4>-4x-4

=> 20> 16

EXERCISIE

E Identify each of the following as ra rational or
irrational numbers:
(i) 2.353535 (i) 06 (iii) 2.236067. .

av) 7 v) e vi) =
(vii) S5+11 (viii) V3+13 |
(ix) % ®  @-V2)2+7)

Let's go through each number and determine whether it is
rational or irrational.
(i) 2.353535 :
~ Solution: This is a repeating decimal (2. 35), which can be -
“written as a fraction. Therefore, it is a rational number.

(i) 0.6

Solution: Thisisa repeating decimal (0. 6), which can be
written as a fraction, Therefore, it is a rational number.
(iii)  2.236067...

Solution: This is the decimal expansion of /5, which is non-

' 5 e : s mber.
repeating and non-terminating. Therefore, it is an irrational nu
/

v) V7 | ) T ——

Solution: The square root of 7 is a fon-repeating and nop,
terminating decimal. Therefore, it is zn irrational number
W) e

Solution: e=2.7] 828182845904. ..

The mathematical constant e is a non-repeating and non-
ténninating'decirna]. Therefore, it is an irrational number.
i) =

- Solution: T =3.1415926535897932. ..

The mathematical constant 7 is a non-repeating and non-
terminating decimal. Therefore, it is an irrational number.
(i) 5+v11 .

Solution: Since /11 is irrational and adding a rational number
(5) to it results in an irrational number, this is an irrational
number. '

(viii) V3 +v13

Solution: Both /3 and V13 are irrétional, and their sum is also

irrational. Therefore, it is an irrational number.
WA - '
(ix) —

4

‘Solution: Thisisa fraction, which is a rational number.

Therefore, it is a rational number.

®  (2-V2)(+2)

Solution: This expression simplifies to 22 — (\/7)2 =4-2=2,
which is a rational number. Therefore, it is a rational number.

Represent the following numbers on number line:
% 1
i 2 () 3 i) 4
: 1 3 vi 2-3:
(iv) —27 v) 2 (vi) 2



https://v3.camscanner.com/user/download

M V2 | .
Solution: To represent V2 on a number line, we can follow a

similar approach to the one out
e Approximate Value: V2=

slightly greater than 1.
e Constructing the Number Line:
Draw a line and mark points for 0and 1.
Measure the distance from Otolasl umt
Construct a right-angle triangle with one Jeg as 1
unit (the segment from 0 to 1) and the othcr leg

also 1 unit.
Use the Pythagorean theorem to ﬁnd the

hypotenuse:

(mOB)2 = (mOA)* +
o Draw the arc with radius V2 from thé point 0

(which is the origin) on the number line.
e Locating V2 on the Number Line: The point P where
the arc intersects the line represents the value V2.
Thus, V2 is located at approximately 1.414 units from 0, slightly
more than 1 but less than 2, on the number line. .

~ 1.414, which is a value

o
o
e

o

2/
7 1 4>
<{ : : nr 1 l‘ 1 : .ll' !‘ 4
-2 = J_ - .
@ 5

Solution: Let LL' be a number line.
DrawO 1 ABonLL'.

Cut the line segment OB equal to 2 units. »
OAB is right angled A.

. AB= \/—03',—TAZ=\/4_1 =8

Cut the number line OP segment equal to AB. | e

lined in your example: _—

(mAB)2—12+12-2=>mOB =2,

OP is represents 3 on the line segment.
L L
1
(iii) 4;
Solution: 4— =13

3
® Estlmate the value:

= 4.333 ..., which is slightly more than 4 but less than

S.
e Draw a number line-
Mark the pomts 0,1,2,3, 4 and 5 on the number line.

° Locate 4-
o Since 4§ is just slightly more than 4, you will

mark a point between 4 and 5.
o Divide the segment between 4 and 5 into 3 equal
‘parts, as the denominator is 3.

o 4§ will be at the first mark after 4.

Thus, ‘he point representing 4% will be just past 4 on the number
line, about one-third of the way toward 5.

——

e
v

1J =
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M 7 —2 —

V
(iv) J.
Solution: —2; b o
Estimate the value:

15 . _2.142857, which is slighfly more than -2 but

7
less than -3.

Draw a number l_ine:
Mark the points —3, -2,

1
e Locate =23

-1,0,1,2,3 on the numbgr line,

_21is slightly more than -2, it will be
7 3

located just past -2 but before -3.

Divide the segment between —2 and —3 into 7
(since the denominator is 7).

o Since

-equal parts .
-2 : will be at the first mark after -2, which is
7 o .
one-seventh of the way toward -3.

. % . 4 )
Thus, the point representing -2 ; will be just past —2 on the

number line. 1 s
Z Ll | — L $ >
L vl S R0 O RN
5
® 3
Solution: .
1. Estimate the value:
2=0.625.
2, Draw a number line: ’

Mark the points 0, 1 on the number line. :

3. Divide the segment between 0 and 1 into 8 equal parts:
Since the denominator is 8, divide the space between 0
and 1 into 8 equal parts.

[ERRER .

§ . 5 _ il N ——
4, Locate E:Smce g™ 0.625, it will be 5 parts oy of 8

between 0 and 1.
5
Thus, the point representing P will be located after the 5th

division between 0 and 1 on the number line.

P | | Lpdeel J 2
< T T | LLLLILLI] T —
® N 0 I 2
o 3
(vi) 24 '
Solution: 2 % can be written as the improper fraction:
2 3 8 A 3 _11
4 474 &
3
‘SO, 2'; - 275

¢ Draw a number line:
Mark the integers 0, 1, 2, and 3 on the number line.

* Divide the segment between 2 and 3 into 4 equal parts:
Since the denominator is 4, divide the space between 2

and 3 into 4 equal parts.
3
. Locatfe 2 =

2 -
2 . 2.75'is 3 parts out of 4 between 2 and 3.

. Thus, the point representing 2-2 will be located after the 3rd

division between 2 and 3 on the number line.

A
w
v

=
<
19 e
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3. Express the following as a rational numl‘)er 5 where
p and q are integers and g # 0 _ _
) 04 (ii) 037 - (i) 021
Sol: (i) Let: x=0.4
This means: T
Smce the repeating part ("4") has one dlglt multlply x by 10:
10x = 4.4444 ..
10x —x = 4.4444 ...— 0.4444
9x =4
g
*=39
(i) For0.37:
Sol: Letx=0.37.
This means: ,
: x=0.373737 ..

Since the repeating part ("37") has two dlgltS multlply x by 100:
100x = 37.373737 ..
100x — x ='37.373737 ...— 0.373737

99x = 37
37
. *=939
(iii) For0.21:.
Sol: Letx=0.21.
This means;
x = 0212121

Since the repeating part ("21") has two digits, multiply x by 100:

100x = 21.212121 ...
- 100x - x = 21.212121 ...— 0.212121 ...

9x =21
&7

99 ~ 33

e

| e

Name the property used in the following,
(i) (a+4)+b=a+(4+b)
(i) V2+3=3+2
(iii) x-x=0
(v) 16+0=16 (vi) 100x1=100
(vii) 4x(5%x8)=(4x5)*8 (viii) ab=bha

Here are the properties used in each equation:

@) (a+4)+b=a+(4+b)

Ans.  Property: Associative Property of Addition

(i) V2+V3=V3+v2

Ans.  Property: Commutative Property of Addition

(iii) x—-x=0

Ans.  Property: Additive Inverse Property

(IV) a(b +C)=ab+qc

(iv) a(b+c)=ab+ac

Ans.  Property: Distributive Property of Multiplication over
Addition

vy 16+0=16

Ans.  Property: Additive Identity Property

(vi) 100x1 =100

Ans.  Property: Multiplicative Identity Property

(vii) 4x(5x8)= (4x5)x8

Ans.  Property: Associative Property of Multiplication

(viii) ab = ba

Ans. - Property: Commutative Preperty of Multiplication

‘ Name the property used in thc following:

>i) -3<-1=>0<2
(i) If a<bthen l>l

. a b,
(iii) Ifa<bThena+c<b+c
(iv) Ifac < bcand c>0thena<b

v) Ifac < bcand c<0thena > b
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@)
(ii)
(iii)
(iv)
\Y)

“(vi)

(vi)  Eithera > bora=bora <b

—3<-1=<2
Property: Additive Property

d,. 1
Ifa<b,then_ >y
Property: Reciprocal Properly
lfa<b,thena+c<b+c ‘
Property: Additive Property of Inequalities
Ifac < bcand ¢ > 0, then @ < b
Property: Multiplicative Property of Inequalities
lfac<[7canéic<0,thena>b, ‘
Property: Multiplicative Property of Inequalities
Eithera > b, ora = b,ora<b
Property: Trichotomy Property
Insert two rational numbers between
(@) %and % _ (i) 3and4
3 4
(iii) 5 and -

Solution:

)

" Two rational numberS between % and i:

| 1 & P lEy
Average of3 and4 = (§+ZJ+2

, :
Average of} and '214 = G + -;ZJ +2

% (8+7)' 1
oL .
24 ) 2. s S

5 7 :
Thus, —and — are two rational numbers between . gl
—and —
3 4’

- (ii)  Two rational numbers between 3 and 4.

Average of 3 ana 4 = oo
2 2

Average of -;-and 4 = (— + 4) =2

15
= —x
¥ 2 '
7 .15 y
Thus, —and — ional
g and : are two rational numbers between 3 and 4.
(iii) - Two rational numbers between o and i
; 5 5°

Av dcrd _(3 4
erageofsandg _(_+_)+2
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) .o \
, ; g A ) 327x%°7° §
= — X 1
0 2 3 ' -
k . 1 : . - =(27x°y923)3 . d; =q"
s L oy ool g
- L -@BEPOPER T e
2 .4 - | TND,
Thas, —and 3 are two rational numbers between and =. =FPEPO)(EF (ab)" = a"p”
G| ' : o (- V
; ; % 3x— 6x— Ox—  3x—
Laws of Radicals and Indices . =335 3.y g
Laws of Radical il ?f :ndlc::, =3x'y’z
Q) Yab=%a, b Y. L > i) (64)3
: (i) (@")" =a™ ~
(ii)-"f#[‘iv (i) (ab) =a"b" R, Q SO
b ('/b- (iii) (ab)" =a A = g
i 5 n ”n i 3 3 >3
(i) " = ¥a)” fa) 4 o A R
: R Y Ll
0 (4] =@y =a v
) -—"=am_" ) : .
Ay Example 8 Rational ‘ -
N 40 = xample 8: Rationalize the denominator of (i :
(vi) a ( )\/—5-4.\/5

Example 7: Simplify the following: N .
(i) 4/16x‘y’ (i) - Y271x8°7 & “"Fﬁ
(iii) (64)”; L Solution (i):
, : . a : %
Solution: ()  416x") P Sl e,
. 5442 542" 52

1 ¢
=(16x'v’)* of o — n . : .
iy Ya=ar) . . _3B=v2) 3L5-2

WP B R

; e -
=16 () () *: (ab)" =a"b" bR
: =1'3‘.%><Jc"‘1><yu'zl v @) =a™ | : =3(—\/5_3——‘/2:\/5-;‘/E
= 2x)? for
o
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3 3 \/E+\/i—

(i0) 5B g3 5+
() 3+ 8)

"y 5

_ 3(\/§ + \/5 )
ExERCISE ER
: Rationalize the denominator of following:
' 13 o 245
i il :
O 4B V3
o A2-1 @ 5 4z
e —Jg—— ' 6+42
ot -
- B2 J1+45 |
Solutions: e e
’ 13
8 =

i3 4= V3 13(4-+3)
1+v3 4-V3 (4+V3)(4=+3)
First, simplify the denominator using the difference of squares
formula: N
(4+V3)(4-V3)=4*-(V3) =16-3=13
Now simplify the numerator:
13(4~V3) =52 13\/'

. So the rationalized expression is:

£2 ¢ 13f

Simplifying: = - =4- V3

. VZ+Js
(i) 7

VZ+V5 f V3 (V24 45,
EE “‘«TE“
Simplify the denominator:
V3-/3=3
Now simplify the numerator:
(\/i+\/_5-)-\/§=\/6+\/?5-
Thus, the rationalized expression is:
V6 + V15
3

AN\ &1
(iii) _\/T
ﬁ—lxx/_i_(\/i—n-@
G V5 s
Simplify the denominator:
v5-V5=5
Now simplify the numerator:
» (V2-1)-V5=v10-+5
Thus, the rationalized expression is:
V10 -5
5

) 6-4V2

() 6+4V2
6— 4f 6-42 (6- 4\/—)
6+a4v2 6-4V2 (6+4J‘)(6 42)

First, simplify the denominator using the difference of squares

formula:

(6 +4V2)(6 - 4v2) = 62 — (4v2) =36 —32 = 4

» H \ .

—
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. 24
Pilot Super One Mathematics

Now snnphf) the numerator:

(6-4v3) = 62— 2.6 47 + (W3)' = 36 = 48VZ +32

= 68 — 48V2
Thus, the rationalized expression is:

68-48V2 68 48VZ _ .. 4,3

—_—_—.———

4 4
V3-V2

V3+V2
V3-V2 V3-2 (\/‘ﬂ
\/"+\/—\/'~/—(\/_+\/—)(‘/- V2)

First, simplify the denominator using the dlfference of squares
formula:

(V3+V2)(¥3-+2) = (3) -(ﬂ k3-2=

Now simplify the numerator-

(v)

(V3-v2)' = (v3)° -2\/—\/—+(\/_) =3-2V6+2

=5-2v6
Thus, the rationalized expression is:
5-2V6
. 43
R P

S LI | ST O )
VT +v5 V7= V5~ (\/7+\/§)()/7__\/§)

The denominator is now in the f,

omof(a + b)(a - b) = a? - p2.
So:

(‘/7+‘/§)(\/7~J§)= Tl =}
Now, distribute 4v/3 across (V7 - VB):

4\/5(\/7;\/'5)

\
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Now, the expression becomes:

E Simplify the following

3
81) ¢ 5
o (e @65

|
i) (0.027) 3 (iv) i/x'% AP
Yy Z
) 5.(25)™ =25-(5)"" o (16)™" +20(4™)
5. (25)2n+3 = (25)n+l 2:—3 % &2
: PP R AN
vii) (64) *+(9) (viid) - o gt
5™ _6.5™ |

1X) 95 —2'x5"

0 (& )"

\ |
(’81)'2 * 1
16/ 2

(81
Next, simplify the expression ( )

(8 1\4 ) 8 14
16 1 6 :
Now calculate the powers:

3
g1=3" = B1i=(3%i=3=27
3 3
16=2* = 16i=(2*)i=2"=8
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/ \

Thus: \

g1 27

_—5 —_ —

160 °
Therefore. the simplified expression is: .

' 1 8
727
8

(ii) (3)’—2*('4‘)3 3

First, simplify each part step by step.

nr, 81 _ 16
@ gz
3 4 6

4" 4 _ 4
(6)4 93 729
Now combine all the terms: ,
16 64 o 16

5 #2927
To divide by a fraction, multiply by its reciprocal:
16 729 16

el ]
Multiply the numerators and denominators:
16 x 729 x 16 162 x 729
9x 64x27 - T 9 x 64 x27

Simplify the expression step by step: - o lg
162 = 256 and 64 x 27 = 1728
Now simplify: ' {1 §
256 x 729
9% 1728

Factor the denominator:
9 x 1728 = 15552
256x729 _ 186624 _ 12

Thus, the simplifie ult is: i
plified result is: ot 15552

_ Thus, the simplified result is:

1
i) (0. 027)—5
Simplify (0. 027)73 3
Expression (0. 027) ’ —(27) 3 x(lO 9
—(3’) ’ x(lO”) ’

B
3

D _3,__

- & ’xlO 3
=3"%x10'
_lo

8

2\ ’xuyzxzas
(iv) Y1z

Fi 1rst 51mphfy the expression msnde the radical:
x 14421535
*y
yl4z7
Now take the 7th root of each term:

CMx14 = 42, F=y' 1[;28 = z4

x?yz*

P 5.(25)n+1_25,(552n
5-(5)2n+3_(25)n+1

5.(25)M+1-25.(5)2"
5.(5)2n+3-(25)n+1

Sol:

n+l 2n : n+a n
Expression = 5(225,,23 25(5)7 P E - a et - ]
5(5) 0 (25)-1“- 5(5)2n+3 y 4 (52)n+l

52n+3 e 52n+2 52n+2 (5 1) 4 1

= 52,1+4 _52I|+2 = SZIHZ (52 1) 24 6

._x xy21—14xz35 7=x14»><y7>|<z
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x| 42}
oy 067 +20E)
2 x8° .
Simplify the powers of 16 and 4 in terms of powers of 2:
16=2% 4=2° g8 =23
So:
(24)14»1 + ZO(ZZ)Zx

zx-3 X (23)I+2 .
Simplify the powers:
3 24(14-1) +20- 24x
= 2x-3 x 23(x+2)

Simplify:
24z+4 +20- 24:

2:—3 X 23:+6
Now factor out 24* from the numerator:
_ 2% + ) ;
T 2x-3 y 23x+6

Simplify further:

_ B*AI  Fex2*
T 2x-3 5 23x16  p4x+3
_36
, ol -
Cancel out the 2%*:
2.
5 2
3

(vii) (64)—: +(9)z

We begin by rewriting 64 and 9 as powers of 2 and 3, .

respectively:
' 64=2% and 9 =32
Now apply the negative exponents:

(64) 5 = (257 = 2*

(9)F = (32)73 =33

]

Now simplify the division: v
2"-:—3'3=2“x33 =

implifyin WErS:
Simplifying po 33 =27 and 24 =16

Thus, the simplified result is:
27
16
3nx91l+l
(viii) ;;_I—xgnj
First, rewrite 9 as 3%:

gn+l — (32)n+1 s 3z(n+1) = 32n+2

gn-1 — (32)n—1 = 32(11-1) = 32n-2

Now simplify the expression:
F 3n y 32n+2
3n-1 x 3272

Use the property of exponents a”.a” =a™""
3n+2n+2 33n+2

- 3n_—1+2n—2 e 33n-3

Now subtract the exponents:
= 3(3n+2)—(3n—3) - 35

Thus, the simplified result is:
' 35 =243
. 5n+3_6_5n+1
(x) 9x5n—-22x5n
First, ‘actor the denominator: )
9 x 5™ — 22 x 5™ = 57(9 — 22)

Thus, the expression becomes:
’ 5n+3 —" 6.5n+1

-

Now factor out 5™ from the numerator:
5n+3 = 5 x §3 = 5" x 125
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So, the expression becomes:
sn(125 - 65 )
= T5n(9-2%)
125 — 30
P 4

0 x+y . Bl
i) * +;"2- P -%
W) x‘+;14— ) (x'_%)’.
Givenx =3+ V8 ' .‘
M x4 e
x=3+v8 "

11 3-¥8_ 3-8
734VE 3-V8 (34 VB)B )
Now, simplify the denominator using the difference of squares
formula (a + b)(a — b) = a? — b?:

(3+V8)(3-VB) =32~ (vB)' =9-8=1

- So,

1
P

Now, calculate x + .
b 4

*+-=(3+V8)+(3-v8)=3+3=6

DS i

: @
Thus, the value of x + - is:

@ x-

1
Now, calculate X — ;:

(3+J®—(3—«/§)=3+~/§—3+«/§=2J§

1
X ——=
x
Since V8 = 2v/2, we have:
; : 1
x-lo2x2vz=4v2

-
Thus, the value of X — = is: -

42
i) 2+
x=3+V§
1L_ 1 3-48
X 3+8 3-8
.y
o (&)
3-8 3-8
98 oy §
.!.: = 8
X
1 T
N & - -
ow, x4 (3+48)+(3-8)

L*
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CEES
First,wesquarex=3+w/§:

=3+ \@)2
=3 +2(3)(\/j +(V8)°

—9+6\/_+8
x2 —17+6\/—

1 3-8

x+\/_3\/_

Now we simplify the denominator:

Expanding:

Now,

(3+v8)(3- \f) - (v8)=9-8=1

sc-—3 \/'

Next, Square ;

Expanding: ~\\

1 , -
7= 3 - 20)(V8) + (V&)
—~=9-6v8 +8

X
1
— = 17 - 6V8
IZ
Now, subtract xil from x?:
1 Y
xz-;=(17+5\/8)-(17-wa)
1 gnc
X = —=1746/8~17+6v3
1
x? - —==12/8
X

1
X - == 122072 =243
1

V) x*+ =
First, we square x = 3 + VeE:
x*=(3+v8)’
Expanding:
= 32 +2(3)(V8) + (J“)
=9+6V8+8
=17 +6V8

 Now, (2 =(l7+6\/§_)2

17 +207)(6/8 )+ (6,5
2894204\/81288

= 577+*04\/"

w 3=V

1
Now, T —
. x 3+\/— 3-8
Now, we simplify the denominator-

(3+V8)(3-V8)=32- (vB)’=9-g=1

I‘

]

Il
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/—”_\
1
SO, ; = 3 i ﬁ
~Next, square -1-:
X 1 2
-5 = (3 - ‘/g)
X
+ (V8

Expanding: - Ae 32 - 2)(%) (ﬂ

1_9-6/8+8

x2

.._1- =17 — 6‘/5

xZ

B -

X

X

= 289-204,/8 +288
= 577-204,/8

Now, add x and -i'
+ —=(577+ 204ﬂ + (577 - 20447

+—1-—577+577

1
x*+— =1154.
X

o) (x- f)z

[

%

4

I

R
I\
w
|

a

Now, subtract ~ ! from x:

x——~(3+‘/—) (3-8)
x——_3+w/- 348
x-—_zf 42
Now, square x — i:
1\? 2
-2~
12
(x-3) =16x2=32
x
Find the rational numbers p and g such ihat

8-32
4+3J— I J_

4-3V2Z

. Multiply the expressnén by s r

8- 3~/’ 4-3V2 (8-3v2)(4-3v2)
1+3V2 4-3V2 (4 +3v2)(4-3V2)

The denominator is a difference of squares:

(4+3V2)(4-3V2) =42 — (3v2) =16 — 18 = -2

~ Now, expand the numerator (8 — 3v2)(4 — 3v2):

(8-3v2)(4-3V2)=8-4+8-(-3v2) +(-3V2) -4 +

(-3v2) - (-3v2)
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=32 —24V2 —12V2+ 18
=324+ 18- 36V2
=50 — 36V2
We now have:
50 — 36V2
=
_2 .
50 36\/—
T3 T

Now we have the expression:
-25+ 18V2

2, where p =—25and q = 18.

s4x3/27)™

_25 +18V2

This is in the form p + qv2,
Simplify thc followmg

(25)2 x (243)5 (i)
‘ (l6)‘ x(8)’ ‘

0

(216)§x(25)5|
. -3
0.04)2

T 2N E Lk L%
(iv) 03+53)X(a3—a3b3+b3]

i .3 “3

o Sar

(16)3x(8)3

3« 3

Sol: M |
(15)4X(8);

(iii)

(2! )‘ x(2° )3

9.nl_ @4 2 ] 6(32;4)

(i)

Sol:

=

(iii)

S e

e ————
~ Sl XS'
2°x2"
125%27
b~ 4 ———————
32x16
3375

P

512

s4x3/(27)%*

9x+l+216(321—1)

54x3/(27)**

gx+142 16(32"‘1)
L8 Nx ¥3
@Y +P <23

—
=

_ . 54x3”
P2t st

| _x3
32.\'02(1_"_8)

_Saxa™ 54 1
ox32x+2 .

Y2

2 1
0.04)7 -
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36 x5 _ [180 == 6
125 125 5
(iv) (a: + b:) (aa a3b3 + b3

1 2 2 12 4
Sol: (as +175J><(aJ —a’b? +b?

]

v (x+ )X —xp+y)=x +y

3 1

3 2 2
(‘-'Jl) "'(biJ a6 =at b

Example 9:
difference is 2. Find the numbers.

Solution: Let a and b be two real numbers then

a+b=8 @)
a-b=2  ..(i)

Add eq. (i)and eq. (ii)

2a=10= a=>5put in eq. (i)

=5-b=2=>-b=2-5=>-b=-3=>b=3

So, 5 and 3 are required real numbers

Example 10; Normal human body temperature is 98.6 F

Convert it mto Celsius and kelvin scale.

Solution: Given that F = 98.6

So convert it into Celsius scale, we use

C=3(F-32)

9

5 “adi
C=2(986-32)

<2
~ (66.6)'

The sum of two real numbers is 8, and their

P> <3

‘P————f

——

= (0.55)(66.6)

C=3T

normal human body temperature at Celsius scale is 37°

Hence,
@) Profit = selling Price — cost price
p=SP-CP
_ | & ofit xlOOJ%
PFOﬁt % = ( CP
(ii) Loss = cost price — selling price

Loss = CP - SP
loss
Loss % = ( CP 100)%

Example 11: Hamail purchased a bicycle for Rs. 6590 and sold
it for 6850. Find the profit percentage. _

Solution:- Cost Price = CP = Rs. 6590
Selling Price "=SP =Rs. 6850
Profit =SP-CP
' = 6850 - 6590
=Rs 260
Now, we find the profit percentage.
Profit % & (MXIOO)%
CP
” ( 260x100)%
6590
=3.94%
= 4%

Example 12: Umair bought a book for Rs. 850 and sold it for

Rs.720. What was his loss percentage?
Solution: Cost price of book = CP = Rs. 850
. Selling price of book = SP = Rs. 720
Loss = CP - SP
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=850-720
=Rs. 130

Loss ‘
= —x 100)%
Loss percentage = ( CP .

. @xloo)%
850
= 15.29% -

Saleem, Nadeem, and Tanveer_earned a profit of

Example 13: : ;
estments in the business

Rs. 4.50,000 from a business. If their inv

are the ratio 4: 7: 14, find each person’s profit.

Selution: Profit earned =Rs. 4,50,000 . ‘
Given ratio. =4:7:14 ,
Sum of ratio =4+7+1=25

8.l s
Saleem earned profit = Ex4,50,»000

~3iell i =Rs. 72,000. -
- — Nadeem earned profit . = 575—x4,50,000
=Rs. 126,000
Tanveer earned profit = %x 4,50,000

= Rs. 252,000 : '
Example 14: If the simple profit on Rs. 6400 for 12 years is Rs.

3840. Find the rate of profit.

Solution: Principal = Rs. 6400
~ Simple profit . =Rs. 3840

. Time =12 years

To find the rate we use the following formula

_ amount of profitx100

timex principal
_ 3840 x100
12x 6400 ; '

5% Thus, rate of profit is 5%

Rate

'*——-—f'

Solution: Let the three con

Exercist ER

m of three consecutive integers is forty-two, find

The su
three integers. ™
secutive integers be:
x,x+1x+2

ntegers is 42:

ﬁe sum of these i
K r+(x+1)+(x+2)=42

Simplifying the equation:

3x+3 =42

Now, subtract 3 from both sides: -

Now, divide by 3:

3x = 39

o 8 &

‘So, the three consecutive integers are:

13,14,15

* | Thus, the three integers are 13, 14, and 15. a

The diagram shows right angled

! AABC in which the length of AC is

" @B+5)cm. The area of A4BC is
' 0
(1-+V15)cin?, Find the length 4B inthe

- —
(v3+\S)em C

form (a_\/§ +b\/§) cm where a and b are integers.

i 1.

" Solution: Given: i

e Triangle AABC, where AC = V3 ++V/5cm.

e Areaof AABC =1+ V15 cm?
e AB isto be expressed as AB = av3 + b5 cm, where a

and b are integers.

Step-by-Step Solution:

* Formula for the area of the‘triangle:

| The area of a triangle can be written as:

1icas
2
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Angle A =900
Angle 4 =6

A=+
AB=a3+b5
Area = 1+\ﬁ§

a and b are to determined.
Area of AABC=—21-AC><AB

%ACMB:HJE

LB +B)a3+65 =145
2

(1+\/—_)
a3 +b/5= vy
Rationalizing the R. H S
2(1+15)(v3-+5) s

L R)
; 2(1+15)(v3-+5)
T 3-S5 :
_2fi/E)(E-5)
-
a3 +65 = (+J—)(f J_)
aV3+5V5 =~(1+15)(v3-/5)
=—[J§—J§+3J_—5J§]
=-[2V5-43]
=-2\5+443

—  feofi-a3-25

omparing the coefficients of «/— and \/— wegeta=4;b=-2

C
ides of length (2+\/_)m and (S_J—

A rectangle has si

Expressthe area of the rectangle in t
where aandb are integers.
Problem Statement:

3..
he form a+ 52

Sol:
: We are given a rectangle with sides of length:

e (2 ++18) meters and

L= (5 - —) meters.-

We are asked to find the area of the rectangle in the form a +

b2, where a and b are integers.

Step 1: Simplify the lengths of the sides

FIRST SIDE: 2 18

We can simplify V18 as:
: Vig =V/9x 2 \/_ 9 x \/- 3v2
So, the first side becomes:
2 +Vi8=2+3V2Z

SECOND SIDE: 5 — =
‘ vz
. . 4 o
To simplify 7 multiply both the numerator and denominator by

V2

V2 W2 v& 2
So, the second side becomes:
. 4
5§——=5-2
7 V2

Step 2: Find the area of the rectangle
The area A of the rectangle is the product of its two sides:

A=(2+3V2)x(5-2V2)
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We now expand this expression using the distributive property

(FOIL method):
A =2x5+2x(—2@+3ﬁx5+3ﬁx("2m

Let's simplify each term:
e 2x5=10 B
o 2x(-2V2)=-4V2
e 3VZx5=15V2
o 3WIx(-2vZ)=—-6x2=-12
Now combine all the terms: i
A=10—4VZ+15V2 - 12

Step 3: Combine like terms 5
e The constant terms: 10 — 12=-2 ,
e The terms with V2: —4V2 + 15V2 = 11v2

Thus, the area is:
=-2+11V2

4. Find two numbers whose sum is 68 and difference is 22.

: Sol: Problem Statement: ,
We need to find two numbers whose sum is 68 and whose

difference is 22. Let’s denote these two numbers by x and y. We
have the following two équations: ‘ : :
e x+y = 68 (Equation 1: The sum of the numbers is 68)
e x—y = 22 (Equation 2: The difference of the numbers is
22) :
Step 1: Add the two equations
To eliminate y, we can add Equation 1 and Equaﬁon 2 together.
This will help us solve for x. & 16053
(x+y)+(x=y)=68+22

Simplifying both sides: .
x+x =90

p——

/-

-, 2x =90
for x:

Now, solve 90

45 into Equation 1

2: Substitute X = . .
o i 45, we can substitute this value into

Now that wé have x =
Equation 1 to solve for y.
' x+y=68

gubstituting x = 45 _
" 45 +y = 68

Solve for y: _
y=68—45= 23

The weather in Lahore was unusually warm during

5.
' the summer of 2024. The TV news reported

. temperatures as high as 48°C. By using the formula,
’(F =§C +32) find the temperature as Fahrenheit

: : scale.
Sol: F=§c+32 ‘

Given: : :
‘The temperature in Lahore during the summer of 2024 is 48°C.

Step 1: Plug the given value of C = 48 into the formula
"9
F= 5(48) + 32

Step .’: Calculate the value of g X 48

: X 48 = o 8
5 i ke
Step 3: Add 32 to 86.4

F =864+32=1184

—

i
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6. The sum of the ages of the fat
years ago the father’s age was 2 times the age of
the son. What was Son’s age six years ago?

Sol:  Let the present age of the father be F and the present age

of the son be S.
Given:
" 1. The sum of their ages is 72
F+§=72 (Equationl)
2. Six years ago, the father's age was twice the son's age:
-~ F-6=2(5-6) (Equation 2)

Step 1: Solve the system of equations
'FROM EQUATION L:

. F+S=172
Solving for F:
: F=72-5
SUBSTITUTE F = 72 — S INTO EQUATION 2:
72-5S—-6=2(5—6)

~ Simplifying: :
'  66—5S=2(5—6)
66—-—S=25—-12
Now, solve for S:
. 66+12=25+S

78 = 3§
78
s_—3-_26

Step 2: Find the Father's current age
Now that we know the son's age, we can substitute S = 26 into
Equation 1: 1

F+26=72
. F=72-26=46
Step 3: Find the Son’s age 6 years ago
The son’s current age is 26, so 6 years ago:
$§-6=26—-6=20

: g
her and son is 72, Siy

L

P
Y Mirha bought a toy for Rs. 1500 and sold for Rs. 1520,
What was her profit percentage?
sﬂl_- C.P= ] 500
S.P=1520
Profit % = 20
4
Profit% = 20x196 =—-’2£=i
1500 y}f 3
=1.33%
8. The annualincome of Tayyab is Rs. 9,60,000, while
000. How much tax would

the exempted amount is Rs. 1,30,
he have to pay at the rate of 0.75%.

Sol: Given:

‘e Annual income of Tayyab = Rs. 9,60,000
e Exempted amount = Rs. 1,30,000

e - Tax rate =0.75%

Step 1: Calculate the taxable income
Taxable income is calculated by subtracting the exempted

~ amount from the total income.

Taxable Income = Annual Income — Exempted Amount
Taxable Income = 9,60,000 — 1,30,000
Taxable Income = Rs. 8,30,000
Step 2: Calculate the tax to be paid
The tax is calculated at a rate of 0.75% on the taxable income.

¥ '—0'75xT ble I
ax = 100 axapole Income

T —0'75x8300
oo © L0000

Tax = 0.0075 x 8,30,000
Tax = Rs. 6,225
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9.  Find the comp]f;nd markup on Rs. 3,75,000 for one year

at the rate of 14% compounded annually.
arkup on Rs. 3,75.000 at a

To calculate the compound m
we can use the

Sol:
rate of 14% compounded annually for one year,

formula for compound interest:
n

»
A=p(t+g5)
Given:
« P = 375,000 (principal amount)
| e r = 14% (interest rate)

e n = 1 year (since the interest is compounded for one

year) .
Step 1: Substitute the values into the compound interest

formula:
1

%)
A = 3,75,000(1 + 0.14)
A =3,75,000 x 1.14

A = 3,75,000 (1 +

Step 2:.Calculate the amount after one year:
A = 3,75,000 x 1.14 = 4,27,500
Step 3: Calculate the compound markup: .
The compound markup is the difference between the final .
amount and the principal: ‘

Compound Markup = A — P
Compound Markup = 4,27,500 — 3,75,000
Compound Markup = 52,500

g

REVIEW EXERCISE [l
1. Choose the correct option.
@ J7is .
(a)  Integer (b)  Rational number
(c) Irrational number (d) Natural number
(i) mandeare:
(a) Natural number (b) Integers
(c) Rational number (d) Irrational number
(iii)y  If nis not a perfect square then/n is:
(a) Rational number (b) Natural number
(c) * Integer (d) Irrational number
g (iv) V3++f5is:
% (a) Whole number (b) Integer
;[ (c) Rational number (d) Irrational number
(v)  Forall xe R, x=x is called:
(a) Reflexive property  (b) Transitive number
(c) Symmetric property (d) Trichotomy property
. (vi) Letab,ce Rthen a>b and b>c = a > c is called
| property.
' (a) Trichotomy (b) Transitive
" . (¢ : Additive (d) Multiplicative
| (vii)  2"x8" =64 thenx = :
‘ ) 3 3
(a) > (b) S
5 2
(©) Y (d) s
(viii) Let a,b,c Rthena=band b = ais called . __ property.
(a) Reflexive (b) Symmetric
(c) Transitive (d) Additive
(ix) 75427 =
’ (@) Jioz () 93
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© 53 @ 83

(x)  The product of (3 +\'/§)(3—\/§)is:

(@)  Prime number () odd nunl)l:;rm X
(c). Irrational number (d)  Rationa er

Answers: :
O c @] d [GD d (fv) d W[ a
(i) | b [(vi)] a (vii) | a x| d [® ] d

2 Ifa=—3- b=-§andc=%,then verify that
' y

(i) a(d+c)=ab+ac (ii) (a+b)e=ac+bc

We are given: . g _Z
e=g 9=g 7§
0] Verify a(b + ¢) ='ab + ac
LHSa(b+¢c)
First, calculate b + ¢:
: B 7 .-
e i
25+ 21,
bt e=""45
' 46
b-{-c=ﬁ

Now, multiply by a _
b i3 » 46 .
L s = P
3x46 138-_ 23
- ..(4)

R.H.S: ab + ac
Now, calculate ab and ac.

First, calculate ab:

T

Next, calculate ac:
3 7

— Y —

2
ac = 10

N
(9,

‘Now, add ab and ac:
bt acm > 4 21
SR 10
25+21 46 23

=70 ~10-5—®

Thus, the first equétion is verified: a(b + ¢) = ab + ac.

(i)  Verify (a+ b)c = ac + bc

L.H.S: (a + b)c
v Fxrst calculate a + b:
s_ 9+10 19
atb=24-—5 =
Now, multiply by c:
L - 19 7
(a+ b)c —?xg
19x7 133
i ot <1 S —
RHS:ac+bc
Now, calculate ac and bc.
First, calculate ac:
e 3 o 7 n
275710
Next, calculate bc
Bt Ex 7 35 i )
3°5 15 3
Now, add ac and bc:
ac+ bc = - + y
T 10 " 3
_63+70 133
T30 30
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- ‘/———"_——’_\
Thus, the second equation is also verified: (@ ¥ b)c = ac + bc. _

7 - 67
=Z-,Then, verify the Associative (a+b)tc=a+ (b+¢c)= B

Thus, the associative property of addition is verified.
(ii) Associative Property of Multiplication:
The associative property of multiplication states:
(axb)xc=ax(bxc)

3' [fa=i,b=-§,c
, 3 2

property of real numbers. w.r.t addition and

multiplication.

7
Sol: azg, b=-§-' c=7
che s LHS:(axb)Xc
(i)  Associative Property of Addition: —u c:]cu]atg A
The associative property of addition states: : r
(a+b)+q=a+(b+c) a’xb=-§x§-
LHS:(a+b)+c .
First, calculate a + b: _ _20_ 10
4 5 5. 3
i 3 + 2 . Now, multiply this result by c:
g+15 23 ;
=76 6 ' (axb)xa'=-]£xZ
Now, add c to this result: 3 4
T _70_35
(@b ¥c="g"3 ‘ | et i
_46+21 67 RH.S:ax (bXxc)
W - First, calculate b X c:
RHS:a+ (b+0) ‘ : ,
; r ' S 7 35
First, calculate b + c: be=ExZ=_8_
b+c= g +% Now, multiply a by this result:
4 -35
10+7 17 o W s} e A
b e € 3 § 2 5
Now, add a to this result: Conclusion:
4 17 Both sid -
a+(b+c)=§+T Both si es are equal
_l6+51__6_2 E (aXb)Xc=ax(be)=§.5_
_ F .12 12 o 6
Conclusion: Thus, the associative property of multiplication is verified.
Both sides are equal: _ 4. Is 0 a rational number? Explain.
- Ans. Ygs, 0 is a rational number.
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Explanation:
A rational number is any number that can be expressed in

the form:
where p and q are integers, andq # 0.

»

For 0:
@ Itcanbe\\ﬁttcnasg—.\\hereq:to.'
For example: .
0= - 0—’0 __(l and so on.
1 = 0w

Since 0 satisfies the condition of being expressible as a fraction

with an integer numerator (0) and a non-zero integer
denommator (@), it is classified as a rational number.

State trichotomy property of real numbers.

S.
Ans. The Trichotomy Property of real numbers states:
For any two real numbers a and b, exactly one of the
following three statements is true:
1. a<b(ie,aislessthanb),
2. a=b(ie., aisequaltob),
3. a> b (i.e., a is greater than b).
This property ensures that any two real numbers can be
compared, and there is no overlap or ambiguity in their
relationship. o : ‘
6. Find two rational numbers between 4 and 5.
Solution: b
Two rational numbers between 4 and 5.
Average of 4 and 5 =%—5=§
Average ofg' and5 - = (—9-+5 +2
2
9+10) 1 _19_1_19
= Ko = == —
( 2 J 12 %2 .24

— B

/ A—
\
Thus, two rational numbers between 4 and 5 are > =i ?
: 4 .

Simplify the following:

7.
xlS 35
(I 22}; Gy 37y
B ©)
("l) 31»! _3n
Problem (i): Simplify
720
SOLUTION:
The fifth root simplifies as:
s x15y35 \’ 5 . 5’
2 7

_ Using the property Va™ = an:

s S 3s 20
[x15 = auly 8 = s =
x15=x5 =x°, y35._y5 =y7,~ 720 = 75 = 7%,

Thus:
s [x15y35 x3y7
ZZO = 24 o
3.7
x
Answer: 4 .
74

Problem (ii): Simplify
_ Y@=
SOLUTION: "

. The cube root simplifies as:

@I = (27%%)s = 275,

2 2
273 = (3%)3.

Express 27 as 33:
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RIS —

Using the property (a™)" = am™mn:
(33)331 = 33%5 = 32X,
Answer;
=,

P e . . > \
roblem (iii): Simplify 6. 3n+2

_—-——l
gntl - 30"
SOLUTION: :
" 6 . 3n+2
—,
3n+l — 37
__ 5.7
3* . 3-3"
_&, B
3"3-1)
_6.3"
}" o 2
=3.3#2)"n=3.32=3.9=27.
Answer: 27.
8. The sum of three consecutive odd integers is 51. Find
the integers. :

Let the three consecutive odd integers be x, x + 2,\ and x + 4.

The sum of the three integers is given as 51:
x+(x+2)+(x+4) =51
x+x+2+x+4=51,
3x+6 =51.
Subtract 6 from both sides:
3x = 45.
Divide both sides by 3:
x =15.
The three integers are: x=15x+2=17,x+4= 19.
Sum the three integers:

15+17 4+ 19 = 51.

L

Final Answer:]
The three consecutive odd integers are:

15,17, and 19.
Abdullah picked up 96 balls and placed them into two

:;nckets. One bucket has twenty-eigl?t more balls than the
other bucket. How many balls are in each bucket?
Let the number of balls in the smaller bucket be x.
Then the number of balls in the larger bucket will be x + 28, as

it has 28 more balls than the smaller bucket.
The total number of balls in the two buckets is 96:
x + (x + 28) = 96.

Combine like terms:
x+x+28= 96,

2x + 28 = 96.
Subtract 28 from both sides:
2x = 68.
Divide both sides by 2:
x = 34.

”l."he smaller bucket has x = 34 balls.

The larger bucket has x + 28 = 34 + 28 = 62 balls.

Thg smaller bucket has 34 balls, and the larger bucket has 62
balls.

Q.10. Salma invested Rs. 3,50,000 in a bank which paid

simple profit at a rate 7% % per annum. After 2 years, the

e ——
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rate was increased to 8% per annum, Find the amount she

has at the end of 7 years.
Sol. P =Rs. 3,50,000

R = 7% % or 7.25%

T =2 years
We know that
Profit=P xT xR
= 350,000 x 2 x 7.25%
= 700,000 x 122
d 100

725
= 100,000 x 100x100
=70%x725
=Rs. 50,750

Step (II): Finding the profit for 5 years
P =Rs. 350,000 T
R=8%

- T =5years
We know that
Profit=PxT xR
=350,000 x 5 x 8%

8
=1,750,00 4 —2_
ﬂﬂlm

=Rs. 140,000 |

Step (HI): Finding the tota] profit:
Total profit = Rg, (50,750 + 140,000)
=Rs. 190,750

Step (IV); Finding the total amount:
Total amount ay the end of 7 years
=Rs. 350,000 + 190,750
=Rs. 540,750
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