.

Based on National Curricutum of Pakistan 2022-23

Model Textbook of
Mathematics

Science Group

Grade

09

e

National Curriculum Council
Ministry of Federal Education and Professional Training

National Book Foundation
as
Federal Textbook Board
Islamabad




i =

© 2024 National Book Foundation as Federal Textbook Board, Islamabad
All rights reserved. This volume may not be reproduced in whole
or in part in any form (abridged, photo copy, electronic etc.)
without prior written permission from National Book Foundation

Maodel Textbook of Mathematics (Science Group)
for Grade 9

Dr. Saleem Ullah Satti, Dr. Khalid Mahmood, Ms Nabeela Azad, Ms Hafsa Jabeen

Supervision
Dr. Mariam Chughtai

Director, National Curriculum Council
Ministry of Federal Education and Professional Training, Islamabad

IRC Members
Ms. Farkhanda Noor, Fazaia Teacher Training Institute Islamabad, M Ali Raza, Muhammad Anwar Ul Hag, Naval
Education Headquarter Islamabad, Zawar Hussain, Federal Government Educational Institutions (FGEI) (C/G) Regional
Office Chaklala / Cantt, Tahira Bibi, Naval Education Headquarter Islamabad, Saadia Dawood
Sobiha Kausar Toor, Federal Directorate of Education, Sobia Hasan, Fehmida Haroon, Federal Government Educational
Institutions {FGEI) (C/G) Regional Office Chaklala / Cantt, Khalida Tougeer, Federal Directorate of Education, Shahzadi
Kanwal Mehmood, Fazaia Teacher Tralning Institute Islamabad, Zafar Ali

IPCW-1 Members
Mr. Gul Muhammad, School Edu Department Bolochistan, Mr. Abbas Khan, Directorate Of Curriculum and Teacher
Education Khyber Pakhtunkhwa Abbottabad, Ghulam Murataza Khan, Azad Government Of Jammu & Kashmir
Directorate Of Curriculum Research & Development, Zawar Hussain, Federal Government Educational Institutions
(FGEI) (C/G) Regional Office Chaklala / Cantt
M. Muhammad Anwar-ul-haq, Naval Education Naval Headquarter Islamabad, Mr. Ahmed Khan Zaur,
Government of Sindh, School Education & Literacy Deparment, Mr. All Ahmad Khan, Government Of Gilgit Baltistan,
Directorate Of Education, Mr. Muhammad Akhtar Shirani, Punjab Curriculm & Textbook Board

Desk Officer
Shazia Abbasi

Management TEST

National Book Foundation ED'"O'N

First Edition - First Impression: March 2024 | Pages: 292 | Quantity: 91000

Price: PKR 480/-
Code: STE-680, ISBN: 978-969-37-1596-5
Printer: Printman Printers, Peshawar

Note: All the pictures, paintings and sketches used in this book are only
for educational and promotional purpose in public interest.

for Information about other publications of National Book Foundation,
visit our Web Site: www.nbf.org.pk or Phone: 051-9261125
or E-mail: books@nbf.org.pk
to share feedback or correction, please send us an emall to nbftextbooks@gmail.com




e

B

Preface

This Model Textbook for Mathematics Grade 9 has been developed by NBF according to the
National Curriculum of Pakistan 2022-2023. The aim of this textbook is to enhance learning
abilities through inculcation of logical thinking in learners, and to develop higher order
thinking processes by systematically building the foundation of learning from the previous
grades. A key emphasis of the present textbook is creating real life linkage of the concepts
and methods introduced. This approach was devised with the intent of enabling students to
solve daily life problems as they grow up in the learning curve and also to fully grasp the
conceptual basis that will be built in subsequent grades.

After amalgamation of the efforts of experts and experienced authors, this book was
reviewed and finalized after extensive reviews by professional educationists. Efforts were
made to make the contents student friendly and to develop the concepts in interesting ways.

The National Book Foundation is always striving for improvement in the quality of its
textbooks. The present textbook features an improved design, better illustration and
interesting activities relating to real life to make it attractive for young learners. However,
there is always room for improvement, the suggestions and feedback of students, teachers
and the community are most welcome for further enriching the subsequent editions of this
textbook.

May Allah guide and help us (Ameen).

Dr. Raja Mazhar Hameed
Managing Director
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REAL NUMBERS

In this unit the students will be able to:

« Recall the history of numbers.

* Recall the set of real numbers as a union of sets, of rational and irrational

numbers.

e Depict real numbers on the number line.

« Demonstrate a number with terminating and non-terminating recurring decimals
on the number line.

Give decimal representation of rational and irrational numbers,
Know the properties of realnumbers.
Explain the concept of radicals and radicands.

- Diferentiate between radical form and exponential form of an expression.
Transform an expression given in radical form to an exponential form and vice
versa.

Recall base, exponent and value.
* Apply the laws of exponents to simplify expressions with real exponents.

L B I

A number is an abstract idea used in counting
and measuring. A symbol which represents a
number is called a numeral, but in common
usage the word number is used for both the idea
and the symbol. In addition to their use in
counting and measuring, numerals are often
used for labels (telephone numbers), for
ordering (serial numbers), and for codes (ISBN,
i.e. International Standard Book MNumber). In
mathematics, the definition of number has been
extended over the years to include such numbers
as zero, negative numbers, rational numbers,
irrational numbers, real numbers and complex
numbers,




Can you imagine a world without numbers?

In our daily conversations, our domestic activities and at our jobs, we cannot spend a single day
without using numbers. Our lives will be quite strange without involvement of numbers. In this
way one can imagine about the life of a person in the era when numbers were not discovered.
There is an interesting story regarding how humans started using numbers for the first time. The
story is about a shepherd boy who used pebbles to count his goats /sheep he sent for grazing each
day to avoid missing any. The number discovered in that way were simply the counting numbers
which are now called Natural numbers. People usually used their fingers or sticks to count
objects and were symbolized by tally marks. They counted objects by carving tally marks into
cave walls, bones, woods or stones about 30000 BC. In fact, the earliest numerals recorded so far
were simple marks for small numbers and special symbol for 10. These symbols appeared in
early Egyptians inscriptions around 3500 BC to 3000 BC.

Sumerians Contribution to Numeral System

Some historians believe that Sumerians were first to use symbols for
numerals

Fertile Crescent area near present Iraq. They had a great contribution to T
the development of number system and basic Mathematics as they are
considered to be very advanced in many fields at that era. e.g.

e They were first to construct buildings.

¢ They initiated modern agriculture, so they were keen about ﬁmdamenta! calculations.

e They depended on rise and fall of sun to estimate time, which showed that they were

keen observers of angles and geometry.
e They used cuneiforms on clay tablets.

Babylonians Contribution to Numeral System
Babylonians system of numerals based on Earlier Sumerian numeral system basically, as they

were descendants of Sumerian. They relied upon a series of cuneiform marks to represent digits.
This was a sexagesimal system of numbers (system with base 60). This concept is still in use
today as in division of time we use 60 minutes, 60 seconds etc.

Although they carried complicated algebraic calculations and knew about the concept of
nothingness but they didn’t symbolize it ever rather they used a space between digits to represent
zero. It made their numbers and calculations quite ambiguous. Around Babylon, clay was
abundant so they made a lot of use of clay tablets impression with cuneiforms. The cuneiforms
and numerals occur together in some documents from about 3000 BC. They seem to have some
convention regarding the use. Cuneiform was always used for wages due while wages paid were
written in curvilinear.

Greek Contribution to Numeral System

The early Greeks, like their predecessors Egyptians and Babylonians, also repeated units to 9 and
probably had “ — ™ symbols for ten and * O ™ for 100. The Greek system of abbreviation in
numbers called Attick numerals is present in the record of 5 century BC but probably was used
much earlier. Like Babylonians and Romans, the ancient Greeks knew about noﬂungness but did

not symbolize the concept.

Unit-01 Real Numbers Mational Book Foundation
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Researchers had discovered that many other civilizations developed positional notation of

numbers independently including the Ancient Chinese and Aztecs.

Romans Contribution to Numeral System

Romans used tally marks on tally sticks or tally bones. Like early humans they also used V to

represent five and X for ten. Ancient Romans incorporated these symbols into their seven

symbol system. The Roman empire was very vast and this system of numerals was used thus
Tt widely throughout Europe from early 2000 years ago to late middle ages. Like the Babylonians,
1 the Ancient Roman Numeral system lacked to symbolize nothingness. This system was
maintained for nearly 2000 years in commerce and scientific literature.

i “1 10 100 1000 10,000 100,000 1,000,000
. L| Nn e &2 ~ o Sk
Egyptian hieroglyphic numerals, 3300 B.C.
it 0N LT T T
g« Y V= 4
Babylonian cuneiform numerals, 2000 B.C
: i, 1 5 10 50 100 500 1000
: T AT L o SRR R
| Early Greek numerals, 5 B.C
iv. I 5 10 50 100 500 1000
o= B iy sa Bs g
Roman numerals, 100 A.D
V. INEC 6 10 20 1
= numerals, 300 A.D 7
| vi. 0 1 2304 “HNlpt RNy
F Hindu-Arabic digits, present day
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Discovery of Zero (the sooper Hero)
Historians believed that Mayans living in central America used the idea of zero in their calendar
system but they were isolated from other world so it couldnot cace in outer world. Some
historians give the crown of symbolizing nothingness to the Indian mathematician and
astronomer Brahmagupta in 628 AD. It is also narrated that a great Muslim Mathematician Abu
Muhammad Musa al Khwarizmi, who was also an astronomer and a geographer, contributed
much to our modern understanding of maths. He described a number system based on 10
numerals from zero to nine in 7" century in his book ‘The use of the Hindu Numerals’( S
igllalae Yidiul d) | He called this new digit as ‘Sifr’. This useful system was soon adopted by
Arabs.

Zero in the Europe

Fibonacci, the son of an Italian merchant discovered that Arab traders were using accounting
system based on 0-9 numerals. He quickly understood its importance and improved book
keeping and accounting in Europe. In 1202, he published a book describing this number system.
He elaborated in the book about practical application i.e. how to convert one currency into other,
calculation of profit and losses and other important business needs. In [taly *Sifr' became
‘zefero’ which later became zero.

Discovery of zero brought a new set of numbers called set of whole numbers and it reduced the
hurdles in calculation and understanding numbers.

Negative Numbers

The Chinese Mathematician Diophantus was most probably the first who used negative numbers
around 200 BC in his work. He represented the amount of debt or loss. Then in 7" century the
Indian Brahmagupta wrote rules for adding, subtracting, multiplying and dividing negative
numbers. The discovery of negative numbers gave existence to the set of Integers.

Rational Numbers

Pythagoras the Greek mathematician used fractions for the first time in mathematics around
500BC, which was infact the discovery of rational numbers. The word rational came from ratio.
Irrational Numbers

Soon after the discovery of rational numbers by Pythagoras, one of his early follower, Hippasus
of Metapontum was working to find the hypotenuse of a right isosceles triangle with 2 equal
sides of length 1 unit. He came with a strange answer (V2) and concluded that the answer is not
reasonable number because it cannot be written in a/b form. He called such numbers as irrational
(meaning stupid, nonsense or not reasonable). It is narrated that Hippasus was drowned in the sea
for his new concept of numbers as it was against their self made religion.

Real numbers
The set of real numbers was thus completed with the discovery of rational and irrational
numbers. We know today that the set of reals contain both and there is no such real number

which is neither rational nor irrational.

.2 Introduction to Real Numbers

Earlier mathematicians particularly Richard Dedekind have precisely defined the concept of real
. numbers which include both rational numbers such as % and irrational numbers such as /2 .

The real numbers are used to solve real life problems such as finding velocity, speed or distance,
the profit or loss of a business, the difference in stock market etc.

Unit-01 Real Numbers National Kook Foundation




Q
Set of
Rational
. Numbers
N
y R=Qug
v QNQ =¢.
{ Real Numbers ( R) J
I
. ; I 3 -I
Rational N;mhczl'; (Q) Irrational Numbers ( Q)
-5,0,7,= ,— 5% efc. V11,423, —Tetc.
L 11° 25 s
]
r 1 3 2 ’
Integers (Z) Non-integer Rational Numbers
917 13
=2, -1, 0,00 205 3’ 120 26 €
|
[ 1
Negative Integers Whole Numbers (W)
- 23y=12,~5 01524344

|
Zero(0) Natural Numbers ( N)
W 1
1.2.1 Number Line

We use a number line to visualize real numbers and their relation to
. each other. To construct a number line, we choose a point
1 corresponding to the number *0°. Points at equally spaced intervals

are then associated with the integers, The positive integers are to the
right of ‘0’ and negative integers are to the left of 0. All other real
numbers are associated with a point which is called the coordinate
of that point. The point associated with zeto is called the origin.

Usually few integers are shown on a number line to indicate the unit length of the line, that is,
the distance between any two consecutive integers.

1 Unit-01 Real Numbers National Book Foundoation




A number line is shown in figure below.

e [——— — —_~—3
Negative numbers 0 Positive numbers

t T | T 1 t f T

-+ 1 ey
6 54 -3 -=2-1 0 lz‘Iﬂﬂ:ﬁﬁ 7

(Unit length)

oo T

Properties ol Real Numbers

The basic properties of real numbers are w.r.t addition and multiplication. In this section, some
of the properties of these operations are reviewed. The following results are true for any real
numbers a, b and c.

Chaaing a+beR a<beR 6+4=10eR 6x4 =24€R
Commutative a+b=b+a ash=b.a 4+T=IIIT+4 4"?:;;4
Associative ﬂ"'[-b+l‘:]=l:a+b}'hc as(bec) = (ash) sc 4+[ﬁ+3}={;+ﬁ]+8 4K{ﬁ!3}=(4xg])(3

=1 —

Identity atl=a=0+a asl=lea=a {’m:g"{' ﬁxli;"ﬁ

at(-a)=-a+a asd=Llogoy [l4H-14)=-14+14) 14 1 = 114

Inverse a a =) 14 14

=1 azl = 1

1.3.1 Distributive Property of Multiplication over Addition
The distributive property involves both operations i.e., addition and multiplication.
Distributive property says, for all real numbers a, b, and c:

i | TkegComer

" = = = i ¥Which number has the additive
Example 1: If a S,b_ﬁandc 9, then verify that o el
a(b+c)=ab+ac. ¥Do all real numbers have their
Solution: a(b+c)=56+9)=5(15)=175 mml'ﬂmwm"hh'm_ Al
ab+ac = 5(6) + 5(9) =30 +45=75 uasiom 4 e
Thus:

a(b+c)=ab+ac

Unit-01 Real Numbers National Book Foundearion
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Example 2: Use the distributive property to simplify

32[14,1)‘
8 4
] 1 /(b ¢) = ab — ac also holds.
Solution: 32 -1+1 =32x—+32x—[a(b+c)=ab+ac a (b—c¢)=ab - acalso
8 4 8 4
=4+8=12

1.3.1 Properties of Equality and Inequality of Real Numbers

Equality and Inequality Symbols

There are three symbols which can be used to show the possible relations between any two real
numbers ‘a’ and ‘b’. These are <, = and >, where ‘=" is equality symbol and ‘< and >’ are
inequality symbols.

Following table shows the use of these symbols.

a 1s less than b a<b
a 1s equal to b a=b
a 1s greater than b a>=b

If a and b are real numbers, then only one of the following statement is true .
(i) a<b (ii) a=b (iii) a >b
This property is known as Trichotomy Property.

T R T — S

A mathematical statement with the equality sign is called an ‘equality’. A mathematical
statement in which we do not use the symbol of equality but other symbols like ‘<’ or *
>"or both, is called an ‘inequality’.

Properties of Equality of Real Numbers
The following properties are true for any real numbers a, b and c.

——— B T — i g P

Reflexive g=a
Symmetric Ifa=bthenb=a

Transitive Ifa=bandb=cthena=c

Additive Ifa=bthenat+c=b+c r

Nationa! Book Foundation




Multiplicative If a = b then ac = be or ca = ch, where c 2 0 |
: Cancellation w.r.t. addition Ifa+ L‘-=- E; +'c. thm;_a =h
Cancellation ’ Ifac=bcthena=j
w.r.t. multiplication | Ifca=cbthena=5) wherec=0

Properties of Inequality of Real Numbers

The following properties are true for any real numbers a, b and ¢.

' Trichot Eithera=> b If 2 <3, then
; ._nc — ora=hora<h 2#3and2#3
Ifa<bandb<cthena<e¢ |If3<5and5<7,then3 <7
‘ Transitive Ifa>bandb>cthena>c | If-2>-S5and -5>-7,
et LS L oy L el
‘ Additi Ifa<b,thena+c<b+c |If3<5,then3+10<5+10
it Ifa>b,thena+c>b+c |If-5>-8, then
! -5+2>-8+2
' S |(a) Forc<0anda, b R, (a) For—4 <0,
(i) If a > b then ac < be (i) If 3 > 2, then
3(-4) <2(-4)
T -12<-8
MulpRemive (i) Ifa<b,thenac>be | (i) If3 <5, then
3(-4)=5(4)
~12>-20
(b) Forc>0anda, b R, (b) For3>0
(i) If @ > b, then ac > be (i) If 5> 2, then 5(3) > 2(3)
| 15>6
Multiplicative (ii) If a < b, then ac < be (ii) If 2 < 3, then 2(5) < 3(5)
10=15
(iii) If a < b, then —!-—:'h!v (ii1) If 2 < 3, then ll‘hl—
a b 23
Cancellation w.rt |Ifa+c<b+cthena<h |If2+3<5+3then2<5
If4+3>2+3thend>2

. addition

Ifatc>b+cthena>b

:_.(iaﬁc_ellatinn_w.r,t
| multiplication

Unit-01 Real Numbers

| Ifac<bcand ¢> 0

|thena<éd

| ifac<bcandc<0

| thena>b

Jl ifac>bcandc>0

| thena=>b
ifac>bcandc <0
thena<b

If2x3<4x3then2<4

If-3x2>-3x4then2<4
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Example 3: Show the following numbers on a number line.

7 1
(@) 4 ® 3 ©-3 @V2  (e)-x
Solution: PRS- ¢ BD f‘ +—t—+—1+—>
4 -5 4 -3-2-1 0 1 2 3 4 5 6 T B

(a)  The number 4 is four units to the right of 0, therefore, A is representing 4 on number line.

(b) % = 0.875 is between 0 and 1, which is a terminating decimal. Point B in the figure is

representing % on the number line.

(e) - % =_0333...0r - ﬂ'j'is between 0 and -1, which is a recurring decimal. Point C in

the figure is representing —% on the number line.

(d) Since V2 =1.414213 ..., is between 1 and 2. Point D in the figure is the location of V2.
(¢)  Since -7 =-3.14159... is between -3 and —4. Point E in the figure is the location of — .

1.3.2 Representation of Real Numbers on Number Line

The representation of real numbers on a number line is called graphing the real numbers or
graph of the real numbers.

Example 4: Represent the following sets of real numbers on a number line.

(a) x<2 (b) -6<x<4
Solution: Try to imagine the
(a) The inequality x < 2 specifies all real numbers less than or equal to 2. IHMI;I;M o
This set is represented on a reagl ;tumbcr line as follows. j. M at least or
-~ e el e - at most which ever
Somee S s RRE LY (O A suitable in this case.

A filled circle indicate that 2 is included in the set. < 4

i —




(b) The inequality — 6 < x < 4 specifies all real numbers between — 6 and 4, as shown
on the number line.

H<xyr<d
_‘I {: i I 1 i - L 4 § Y ‘:l .
o SV e e e L S ] - S

We use hollow circle to indicate that both —6 and 4 are not included in the set.

(¢) x > — 4 specifies all real numbers greater than —4.

P B TN
x>=4

4 -3 -2-1 01 2 3 4 5 6

We use hollow dot to indicate that — 4 is not included in the set.

(d) —2<x<1 isthe set of all real numbers between -2 and | including -2 but excluding 1.

-2< x<1
"_T_'_t_H t pif—t t 1 1 -
-5 -4 -3 2-1 01 2 3 4 5§

1.1
1.  Represent each number on the number line.
- 3 - =1 | .
' ses R i) 4> (iv) V8
v) 8 (Vi) -4~ wii) 1 (viii) -~
2 3 8
2. Identify the property that justifies.
@ 1x@E-2)=y-2 (i) (02)5=1
(i) @E+2D+y=y+x+2) (iv) -(3b)+(3b)=0
V) @+S5)-1=x+(5-1) (vi) -3Q2-y)=-6+3y
3.  Represent the following on a number line.
i x<0 (i) 3<x<3 (i) x>-8
(iv) x>0 (v) <=3 (vi) —-4<x<4
4. Identify the properties of equality and inequality of real numbers that justifies the
statement.
(i) 9x=9% (ii) Ifx+2=y andy=2x-3,thenx+2=2x-3

(iii) If2x+3=y theny=2x+3 (iv) If3<4,then-3>-4

(v) If2y+2w=pandp =S50, then 2y +2 w=50

(vi) Ifx+4>y+4,thenx>y  (vii) If2<5and5<9,then2<9
(viii) If-18 <-16,then 9> 8

Real Numbers

Unit-01
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Radical and Radicands

1.4.1 Square Root

A square root of a positive number ‘n’ is another number ‘m’ whose square is ‘n.” Any positive
number has two square roots, which are additive inverses of each other.

For example, 4 is a square root of 16, because (4)*=16 and — 4 is also a square root of 16,
because (— 4)* = 16. Therefore, the two square roots of 16 are —4 and 4, which are additive
inverse of each other.

1.4.2 Principal Square Root

Positive square roots are called ‘principal square roots’. e.g. v25=5,+/81 =9 etc.

In expressions like v/25 entire /25 is called a square radical or radical. The symbol [ is
called a radical sign and the number ‘25" under the radical sign is called the radicand.

Definition of n*™ Root

1
For any real numbers ‘a’ and ‘b’ and any positive integern > 1, if a"=b then a=b" , where
‘n’ is the index of the radical.

1
We read a" = b as ‘b is the n™ power of a’ anda=b" as ‘a is the n™ root of b’.
1
For example, y’=x, theny=x" =x
Here 3 is the index of radical and y is the cubic root of x.

Example 5:
335 3 ]
NE ?
Z
~(xy2)" 4

Unit-01 Real Numbers National Book Feundation




1.4.3 Properties of Radicals
1. Product and Quotient Rules for Radicals

For any integer n > 1 and for all real numbers ‘a’ and ‘b’ for which the operations are defined
(i) {Gw_} = {-"a_b » Product rule for radicals _
e.g V8 x¥27 =ifsx27
¥a [a A : Vo4 [64 .
and —= =1/— > tient rule for radicals eg —=3—
(ii) i Quo &R Vs

Example 6: Use the product rule for radicals to simplify the following. Assume that all
variables represent positive numbers.

(a) V2a./7b (b) JIF © 3.2
x \y
Solution:

@  V2a+7b = 14ab

X \¥ xy

(¢)  The product rule for radicals does not apply to
{E\E , because the indices are not same.

2. Reducing the Index

If the index of the radical and the exponent of the radicand have a common factor, the expression
can be written with a smaller index.

We will explain it with the help of an example. Consider '9¢ | here the index of the radical is
12 and exponent of radicand is 6. Also 6 is the common factor of 12 and 6 . So we can write the
expression with a smaller index as follows.

& 1
2ot — 9iz =92 =./0 =3

Example 7: Write the given expression with a smaller index. Assume that variable t represents £
positive numbers.

Unit-01 Real Numbers Nattonal Book Foundation



1.5 Laws of Exponents / Indices

1.5.1 Base and Exponents

We use exponent to indicate the repeated multiplication of the same factors.
The exponent indicates that how many times a factor, called the base, occurs in the

. multiplication form.

e.g.
- €«  Exponént
g 3333=34

Base
The expression 3* is an exponential form read as

‘three to the fourth power’, where as 3333 if S Dt tlﬁﬂﬁ-lﬁiﬂ}wﬂnﬁm e
the factored form. The words ‘square’ and ‘cube’  who extensively used exponential notation as it is used
are sometimes used for exponents ‘2’ and ‘3"  today. However, for some unknown reason, he always

respectively, rather than ‘to the second power’  used.xx forx'

and ‘to the third power’.

When the exponent is a natural number, the base can be any real number.
] - We use an exponent as a convenient way to write repeated multiplication.

1.5.2 Rational Exponents
When we perform operations with exponents, we have to define a zero exponent and a negative
exponent. This may lead us to define a rational exponent.

I

Definition of b"

1
If b is a real number and n is a positive integer, then b « - 3/ oo 3;' =18,

Definition of b"

s If m and n are positive integers with no common factor except 1 and n # 0, then

m B 3 1y
'. b= [b"] = (4B )™ for all real numbers b. e.g. 36° = [362] .

We can use this definition to write expressions with rational exponents as radicals.

) The number ‘n” indicates the index of the radical and the number ‘m’ indicates the power to
| which the radical is to be raised.
| The procedure for evaluating 5" can be summarized as follows.

I. Determine the nth root of b.
[I. Raise the result to the m power. |

Unit-01 Real Numbers National Book Foundartion




Example 8: In the following table:
(a) perform the operation in column-A and compare the result to the value of radical in column- B,

Columu-A  alumn-H

(b) what do you observe about the denominator of the (exponcntial radical form)

exponent and the index of the radical? form) | '
Solution: o o %
(a) | = -
1 11 i 64 |-
(i) 92 =3 and 9 =3 (ii) ﬁ41 e
1 1 L
(i) 647=(4")'=4 and V64=4 (G, 811 5
‘ : (iv) 327 32
(ii)) 81* =3 and {BI=(3*)" =3

(iv) 32°=2 and 332 =2

(b) In each part, the exponential and the radical expression have the same value. The
denominator of the exponent is the same as the index of the radical.
Example 9: Simplify:
1

2 3
(a) 8?2 (b) 36?
Solution:

Negative Rational Exponents
For imegral exponents, we define:

&" -=— provideda#0.e.g. 8 °=
a”

8
We can extend this definition to negative rational exponents.

factor other than 1 and if b # 0, then b o -—-— for all #Ek,ﬁ:rwhichbﬂ is
b"

Unit-01 Real Numbers National Book Faundation
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Example 10: Simplify.

=]
= 16 2
16 4 b)| —
(a) ( }(25)
Solution: ;
-1
= 1 162
PR 12

I
2
kS —
ETw
I
Ty
= | b2
Ch|~:.n
M
b -

2> 25
8 - AR
Example 11: Write exponential expressions as an equivalent radical expression.
3
(a) (-7)5 ®) (2)*
2 1 E I.
Solution: (a) (-7 =(=7)"3 (b) 2)* = [(2}‘]ﬁ
i
=(49)° =3B
Y

1.5.3 Properties of Exponents

If m and n are rational numbers, then for non zero real numbers a and b for which the
expressions are defined, the following are the properties of exponents.

i) a".a"=a™" —Product rule ii) —=a"" — Quotient rule

nih

jﬁﬁﬁ!%#ﬂuﬁniﬁmnfmm iv) (a™)" =a™ — Power of a power rule
el |

"“"m{%] -%_—w-wmh

Example 12: Use the properties of exponents to evaluate each of the following.
1 1 1
@ (F (b) 27.s?
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Solution:

I
@ (°F ®  2".87
= i :
=5 ! =S3 =(2-E)2 :ﬂﬁ']‘z
=125 - @) =4

Example 13: Use properties of exponents to simplify each of the following. Assume that all

variables represent positive numbers. (Write all results with positive exponents.)
S R "

PEES— T nd [
e =e) (®) x—] ‘
3
O WAL » J
Solution: (a) a’(a’—a?) T s
j 5 T (b) xi
=a'a’ -a‘a’ *‘p-
3 1 2
=a1+3_a5'1 :
1
6 -1 . E ik
R
17 Sgid x* =)
2 2
a’ a’ Al
1
x&

1. By using the property of product and quotient rule for radicals, write each expression as a

single radical and simplify.
@ Ve.¥6 Gy Va8 i) Y=
) VIOV @) g (vi) ___?
(vii) —”‘;%E (viii) ¥/10.37
2. Write each exponential expression as an equivalent radical expression and simplify if
possible.
: : 3 : e ;
(i) (216) (i) (29) (iii) [32 )
@) (16) ® (1000  (vi) (%]’
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3. Write each radical expression as an equivalent exponential expression and simplify if
possible.

o (B @ Wol o a) -
@ (6f v -5 o) -Wiof

4. Use the properties of exponents to simplify each of the following. Assume that all variables

represent positive numbers. (write all results with positive exponents.)

T
1 I P e

5164 < 4 9397
0 X G P -7) @)
J6". - 2?2
i O 3 Ry .
3 I' 1 ﬁ!+ 61 . 54,17 Y9
i 323 ) 3.l L8 i) [213?: b ]
4 8. 277 £

31
B "
(vii) 3 e J;,_N 1 =

5. Use suitable laws of exponents to show that
xp Py q g+r zr Fep . 3 3 A ' 5
ot *® .Y_ w Firall qu.xyrxzﬁ :xﬂ'xlyﬂ"'xz'
x! y z*

1.5.4 Application of Real Numbers in Daily Life

All the numbers we use in our daily life situations are Real numbers. We cannot imagine life
without numbers. For instance we use natural numbers in counting our objects in the pantry,
books in the library, animals or birds at a farm, stock taking in inventory of a factory etc.
Similarly, we have a vast use of integers while recording or understanding temperature, gain or
loss, rise or fall etc. Rational numbers have also the vast contribution in daily life situations such as
use of ratio, proportion, fractions and percentages in financial matters like income, expenditure,
savings, and payment of wages to employees, rents of buildings, profit, loss sharing in business
managements, risk calculations. The irrational numbers as obvious from the mame are not
reasonable or they don’t make a sense for non-mathematicians. But for mathematicians they have
really big scope of usage. Engineers, technicians, opticians while working with circles, spheres
or cylinders and finding their areas, perimeters or volume, which include m are working with
irrational numbers. Then we find irrational numbers like in architecture, navigation and fluid
mechanics, where transcendental functions are in frequent use.
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Example 14:
A cooking oil company produces four types of oils in packing of 1 litre , 5 litre & 10 litre. The

inventory is shown in the table.
Name / packing size | 1 litre 5 litre 10 litre
Cooking oil-1 5000 2500 1000
Cooking oil-II 5000 2500 1000
Cooking oil-ITI 5000 2500 1000
Cooking oil-IV 5000 2500 1000 ]

After removal of 40% of an item, it is to be replenished. The daily removal of 1lire cooking oil-11
packing is 20% and for 10 litre cooking oil-IV packing, daily removal is 5%. Find

a) Number of daily removed 1 litre cooking oil-II packing.

b) After how many days, 1 litre cooking oil-II are to be replenished?

¢) Number of daily removed 10 litre cooking oil-I'V packing.

d) After how many days, 10 litre cooking oil-IV packing are to be replenished?

Solution:
Total 1 litre cooking oil-Il packing in inventory = 5000
a) Number of daily removed llire cooking oil-II packing = 20% of 5000 .

20
100 3 ~

= 1000
b) After 40% removal, replenishment is to be made.

Here 40% of 5000 = 2000
After two days the replenishment is due.

¢) Number of daily removed 10 lire cooking oil-IV packing = 5% of 1000
5
=— x 1000

100
=50
d) Here 40% of 1000 = 400 but packs removed per day are 50.
Therefore 400 =50 =8
After 8 days the replenishment is due.

1. On his last bank statement, Qasim had a balance of Rs. 1,75,000 in his checking account. He
wrote one cheque for Rs. 45,790 and another for Rs. 112,921. What is his current balance?

| 2. Last week Wajid drove 283.4 km on 16.2 litres of petrol. He says that he averaged about 1.75
km/liter. Is his answer reasonable? Explain.

3. Salma bought 3.2 yard of fabric for a total price of Rs. 139.2. How much did the fabric cost

per yard?
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4. Momina walks 3.5 km/h. She took a 12 h walk. How far did she walk.
5. The hiking club went on a 7day trip. Each day they hiked between 5.5 and 7.5 miles. It is
reasonable to assume that clubbing the days the club hiked.
a. Less than 35 miles
. Between 35 and 55 miles
¢. Equally 55 miles
d. More than 55 miles

6. For a class party the students council purchased 42 balloons at Rs. 1.85 each. What is the
total amount the student council paid for the balloons?

7. A group of friends made 4-yard long rectangular banner. They paid Rs. 3.75 per yard for the
fabric and Rs.9 for the firm to go around the banner, 10-yard perimeter. What was the width
of the banner?

8. A shoe factory has an asset for Rs. Zﬂﬂﬂ,ﬂﬂﬂofwhich-:: is the capital and rest is the debt.
Find the amount of capital and debt. (Asset = capital + debt)

9, World lowest temperature in past 100 years was recorded to be-89.2C at Vostok, Antarctica
on July 21, 1983. Covert this temperature into Fahrenheit and Kelvin scales.

(F=§c+32 , K=T+27m)

10. A company was penalized by the government act for low quality production. If the company
has 3 share holders. Farah, Maryam and Tehreem investing in the ratios of 1 : 2 : 3 and the
amount of penalty is Rs. 456,868.97. Find the amount of penalty paid by each of 3 share
holders.

B Bmpmpﬂmuafmlnmﬂ:mm y

L]
. vaammmmwhdmmmm R
«  For any real numbers a and b and any positive integer n >1 if a"= b, then a is the nth root

of b, mhohmﬂynmreprﬂmdul=ﬁ. ¢ gty e o <
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is called radicand.

* Laws of exponents
(i) a™a"=a™" —>Productrule (i) — =a™ —» Quotient rule

(i) a™ =~£;~—s- Negative exponent (iv)  (a™)" =a™ —» Power to a power rule
(v) (ab)" =a"b" — Power of a product rule

. n
(vi) (%} =:—n—quw of a quotient rule
a‘a®;: 0
O._ |
1. Encircle the correct option in the following. qasve 2

. (1) a(b+c—d)equals
(a) a(b+c+d) (b) ac+ab-ad (c)ab+ac+ad (d)ab—ac—ad
(ii) a"a®+a'is

(a) a"* (b) art® (c) a.a?* s

(iii) @is equal to

(a) Jab (b) @)  (c) (ab)" @  (ab)"
(iv) Which number is self-multiplicative inverse?
(a) 3 (b) -3 © - (d) o
(v) Ifa>0,then Vais
(a) real (b) integer (c) irrational  (d) rational
(vi) 1fa+b = a, what is value of b?
(a) 1 (b) -1 (c) a (d o
(vii) 1fa.b= 1, what is value of b?
1 1
o = -3
(a) 1 (b) 5 (c) € (d) .

(viii) According to reflexive property : v*—17 =7
(a) Y17 (b) ¥—17 ' REE ek LA (e
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(ix) Ifa.b = a, what is value of b?

(a) i ® 1 (c) a (d) -1
a
(x) Ifab=1, whatis b called? r
< (a) multiplicative inverse of a (b) additive identity l
(¢) multiplicative identity (d) self-multiplicative inverse L

(xi) Commutative property does not hold with respect to:
. (a) addition (b) multiplication J
(©) subtraction (d) both (a) and (b) r

2. Represent each number on the number line.

. 1 i 17 ; ’
(i) —5; (i) E— (i) -2<x<4 {(iv), x=6
3. Write each exponential expression as an equivalent radical expression and simplify if L
possible.
4
i (-2)s (i) (- 275 (i) (V16 y*

w @By  © 6

Use the properties of exponents to simplify each of the following.
|

3

N 2.94 332

o D G 22,3
) A% 32 ,

5. Determine whether each statement is true or false. If false, give an example of a number
that shows the statement is ture.

Every rational number is an integer. ; [
Every real number is an irrational. !
Every irrational number is a real number

Every integer is a rational number.

Every real number is either rational number or an irrational number.

PR R oR

1
;-i
|
|
g
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