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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

‘ Unit-01 Real Numbers Natiomal Book Foundation




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

National Bovk Foundation




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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. 'mcsymbel,f-iscaﬂedﬂle_mdimiaigu,ﬂmnmnhunismlledinduofthemdimlmdh]
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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LOGARITHMS :

In this unit the students will be able to: §

Express a number in standard form of scientific notation and vice versa.
Define logarithm of a number to the base a.

Define a common logarithm, characteristic and mantissa of log of a number.
Use tables to find the log of a number.

Give concept of antilog and use tables to find the antilog of a number.
D:ﬂ'ummbﬂmmonmﬂnannﬂlamﬂ:m.
Prove the four basic laws of logarithm. -
Applylawsnfhpnﬂmwmvmlengtbymuf iplication, di
nndmmmﬂummofaddiﬁmmdmm

-
L]
-
L]
L]
L]
.
-

PTI——

October 8, 2005 is an unforgettable day in the
history of Pakistan, when the earth started
shaking violently and in few minutes the worst
disaster had ruined many of the towns and
villages from the face of the earth. This
earthquake measured 7.6 on Richter scale but
what is a Richter scale? Answer to this question
will be explained in this unit.




Exponents provide an efficient way of writing very large
as well as very small numbers. For example:
approximate mass of Uranus is 87 trillion trillion kg

i.e. 87 followed by 24 zeros or

87, 000000000000, 000000000000.

This style of expressing a number is called standard form
which is not useful for such a large number, since some error may occur while writing or telling
it. There is another method of writing such numbers, to make them handy.

This method involves integral exponents of 10. In this method the mass of Uranus is
8.7%10,000,000,000,000,000,000,000,000 kg = 8.7x10" kg. This method is called Scientific
notation.

For example: 5.3 x 107, 7.412 x 102, 1.592 x 10",

How to Write in Scientific Notation

« Place the decimal point after first left hand nonzero digit, the resulting number is d.
(Position after first left hand nonzero digit is called reference position.)

* Count the number of digits moved by the decimal point. This is absolute value of n.

s [If decimal point is moved to left, value of n is positive.

¢ If decimal point is moved to right, the value of n is negative.

e e

T T T A e e P — e — T T R

T ey S

Sy PP _T e 5PN Wy
T— e S e - E—

e.g. n.rl:?uz =05.432 x107% or 5432 x10°

and 5¥ 4312 = 5.432 x10?

Example 1: Convert the following into scientific notation:

= S R

, : () One light year: 5880,000,000,000 miles s
II ! | i -ﬁmﬁmh positive.
o 5 880000000000.0 = 5.88 = 10

! (b) Mass of the smallest insect = 0.00000492 g

i -6
0.000004 92=492x=x10"g

Standard Notation: The number already written in scientific notation, can be converted to ¥
standard notation by the multiplication of its two factors. |

e . LS T




Example 2: Convert the followings into standard notation.
(a) Density of hydrogen = 8.99 x 10~ g/cm’

8.99 x 1077 =0 00008 .99 x 10~ = 0.0000899 Exponent is positive so the

(b) Number of air sacs in lungs = 3.5 x 10"

3.5 % 10* =3 .50000000 0 x 10* = 350000000.0 or 350000000 )
Example 3: The closest star to the Earth (other than Sun ) is Alpha Centauri, 4.35 light years -
from Earth. How many kilometers from Earth is Alpha Centauri?

If one light year = 9460920 million km. Write the answer in scientific notation,

Solution: One light year = 9460920 x 10° km :
Distance between Earth and Alpha Centauri

= 4.35 light years = 4.35 x 9460920 x 10° km
=41155002 x 10°=4.1155002 x10° <10
=4.1155002 x 10" km

Example 4: The speed of light is approximately
3 x 10° km/s and distance bétween earth and sun is approximately 1.5 x 10° km. If the sun is
suddenly to burn out, how long would it take for earthlings to know about it? Write the answer
in standard notation.

Solution: Formula for finding time, if the speed and distance are given, is

Time = Distance/Speed

Here, speed of light = 3x10° km/s and distance between Earth and Sun =1.5x 10%km.

b
Time =12X10° kM. _ o 5  105-% sec = 0.5 %10 sec = 500 soc or 8 min 20 gec

3x10°km/ s

1. Write the following in scientific notation.
(i) 0.00053407 (i) 53400000 (iii)  0.000000000012 (iv) 2.5326
2. Write the following in standard notation.

(i) 9.067 x10° (i) 5.64x10° (i) 6.53x10° (iv) 3.1415 = 10” ’.
3. Simplify the following by converting into the form indicated. : )

(i) 563.71 x 107 x 2,54 x10*.————4 scientific notation

5
(i) E—ﬁfﬁ —_____,  standard notation !
-3
(iii) - fﬁf? i S LA scientific notation
(iv) 0.0009988 x 10'* —» standard notation
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4. If it takes 5 seconds to recite ‘Kalma Pak' once, how many hours will it take to recite ‘Kalma
Pak’ one million times? Convert hours into days and write the answer in standard form.
Round off the answer, discarding the decimal part.

5. Distance between Earth and Sun is 9.3225600x10" miles. If speed of light is approximately
1.86,000 x10° miles per second, how long does it take for light to reach the Earth. Convert the
answer in minutes writing in standard form.

2.2.1 Why We Use Logarithms

Population of the world is growing and the

radioactive wastes are decaying continuously. Eﬂﬂﬁgﬁ MJ_ﬂ'ﬂ mm

The mathematical tool used to predict the future Khawarizmi and

and explore the past of such rates of growth and St Weveiopiag log S, :

decay over time, is an exponential relation.

i.e. an equation of the form x =b" where b, x and y are real numbers,b>0,x>0

and b # 1. This relation is widely used by archaeologists, scientists and business people. The
inverse relation of this exponential relation is called logarithmic relation.

Definition of Logarithm

While evaluating logarithms, remember that a logarithm is an exponent, e.g. if
log,81 = 2, then 2 is the logarithm of 81 with base 9, since 9 raised to power 2 gives 81.

Example 5: Convert the following exponential equations to logarithmic equations and the
logarithmic equations to exponential equations.

() 2" =128, here base = 2, exponent = 7 and x = 128

exponent
L x L |
7 228> kg, 138 =
| Base 1
EXpO ‘equations
a. ﬁmhuﬂlugiuts,iur finding the age of very
old bones, fossils ete.
: . b. Scientists for finding the life time of
2D e TR radicactive elements etc.
" @ T g
1
(© V125=50r (125)° =
ey o log . 5 = %
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| ¥
(d) hg,ﬁL5=4 = ;* = 6%5

(e) log,

(H log

Example 6: Check whether these logs are defined or not?
(@) lbg2=y = 1¥=2
None of the exponents of 1 can give answer 2, so log, 2 is undefined.
b) bg,(-D=y = §=-1
None of the exponents of 5 can give answer ‘—1°, so log, (~1) is undefined i.e. log of
negative number is not defined.
() bg,0=y = 2=0
None of the exponent of 2, can give answer 0, so log of 0 is not defined.
(d) Islog, (4-2x)=y trueornotforx=0,1,2.
g, 4-2x)=y = Z'=4-2x
Ifx=0, then2'=4is true fory=2.
Ifx=1, then2'=2istruefory=1.
If x=2, then 2*= 0 is not true for any value of y.
Example 7: Find the value of unknowns by converting logarithmic form to exponential form.
(@ lg,x=4 = 2%'=x = x=2x2x2x2=16

4

4 -2 -3 SR SN
{h] hg“IT-B-:' {64) =X i:> .':’5{43) 3343 3 =F=.ﬁ
(¢) log, ﬁ=—? = h_T-ﬁ='2—TDI‘ b'=2"
As exponents are same, so bases must be sameie b=2
d) bg,3=y = 217=3 or 3)?=3 = 3¥=3

. 1
As bases are same so exponents must be same. i.e. 3y=lary=§

Example 8: Find y if log, (y* +1)=log, 28
Solution: log,(y’ +1)=log, 28
=y +1=28 o y=8-1=27
y=27 =3
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1. Check whether log , (7 — x) is defined for

Hx=0 () x=1 (iii) x=6 (iv) x=7
2. Convert the form of following equations i.e. from exponential form to logarithmic form and
vice versa a5
() log,216=3 (i) 7'=2401 (i) bgx=5 (v) b 4 =%
M) 1255=25 (D) bg,l0% =y (vi) (56)¢ =%

(vili) log, * +1)=2 (ix) log, x-3)=1(x) 2«x+1=2
3. Find the value of x in the following questions.
(i g 3=1 (ii) bog,,,9=2 (iif) log,81=x
(V) log,64=x+1 (V) bog,x=4 (vi) log, (F¥-1)=3
4. Find the unknowns appeared in the question 2.

2.2.2 Common Logarithm
There are two most commonly used bases for logarithm i.e.*10" and ‘e =2.71828'(an irrational
number). Base 10 was used by Henry Briggs.

These logarithms are also called Briggs's logarithms, denoted by log,,x or simply
log x. If none of the base is mentioned with log then it is obviously a common logarithm e.g.
log ;36 can be simply written as log 36.

Logarithm of a number = Characteristic + Mantissa

2.2.3 Characteristic

Aee o 4 R oy s i LR

Characteristic is an integer. It is infact the integral power of & joerrag "
10, when the number is written in scientific notation. e.g log 1=0
characteristic of log 3.3 x 10° is ‘2’ and in log 5.632 x 107*, *logl0'=1
characteristic is negative 4. This negative characteristic is : ﬁ :::: ;

usually written as 4. ;alul:‘ t:‘f’-t! s Sl
Characteristic of the log of some number can also be found - A patae
using reference position. In 0.00532, the reference position =+ e 1erg

is between 5 and 3. By counting the number of digits between  then 0<logx < 1.

the decimal point and the reference position we get the b

numerical value of the characteristic however, the sign is

taken negative if the reference position is on right side of

the decimal point and it is taken positive otherwise.

w— T e E——— ——— T Ty e




2.2.4 Mantissa
Decimal part or the fractional part of a logarithm is called mantissa.

Mantissa is always a nonnegative number less than 1, i.e. it can be either zero or positive but
never negative. Mantissa is found from the log table.

A small part of log table: r
[ ] 2 3 3 3 § 7 ¥Rl L & 14 -% %53 & 9
10 ] 0000 | 0043 | 0046 | 0128 | 0170 | 431y | o253 | ooow | o34 | e37e e v 1l '.21]1 2 2_32 2 % "
11 | 0414 | 0453 | 0492 [ 0331 | 0369 | oeq7 | ogas | oss2 | oo | o7ss e1 mile'n g i: :;1; =
12 | 72 | oszs | onos | 0e99 | 0934 | poes | so0u | sans | 1072 | 1i0s |3 : H} & 1. kel ok
13 | 1139 | 1173 | 1306 | 119 | 137 | ya55 | 1335 | 1367 | 1399 | 1430 33 aeibas ?g 2 i
14 | 1461 | 1492 | 1323 | 1353 | 1584 | ygiq | yeas | 1673 [ 1703 | amm2 siik § E :: ek o
15 | aren [ a0 [ s | wmar s | oo, | oy | 1oso | 1owr [ 20ua |3 slb w0l 2 a
Example 9; Find (a) log 156.3 (b) log 0. 0123
Solution: (a) log 156.3 = log 1.563 x 10 Convert the number into scientific notation
characteristic = 2 4—_,

From mmsﬂ digit

mantissa = ]939 or ﬂ 1939
log 156.3 = characteristics + mantissa = 2+ 0.1939 = 2.1939
(b) log 0.0123 =log 1.230 x 10°°

charactﬂﬁlstic =_2or2

For mantissa, use the log table to see the number present at the intersection of row of 12 and the column of 3 i.e.
(1899, as there is no difference table for ‘0" so mark the decimal point before the first digit i.e. mantissa is 0899,

mantissa = .ﬂ§99 "
log 0.0123 = 2 +.0899 = 2 .0899 (never write *~2.0899")

Example 10: Find log 1009 s — !

[l
|

Solution: ; Number of digits
lng 1009 = log 1.009 = 10° 1 M9 in a whole number = characteristics + 1
characteristic = 3 i.e If characteristic of log of some
mantissa = .0038 (= .38) n‘;'h“di;:m“ S
+ log 1009 =3.0038 v

see Example 10 for confirmation.
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Find the logarithms of following numbers if possible.

1. 5313 2. 4580 3. 9613 4. 1109
5. 5239 6. 0.01207 7. 0.0093 8. 1 Trillion
9. 0.00004 10. 4 11. 4000 12. 54

13. 1.009 14. 0.1009 15. -4

2.2.5 Antilogarithm
The inverse operation of taking log is called antilog. An antilog is used to cancel the effect of log.

Antilogarithm tables are used for finding it. Before finding antilog, recall that log x consists of
two parts, characteristic and mantissa. For finding antilog, mantissa is used for looking in the
antilog table. Characteristic is not used in table, however characteristic is used for locating the
decimal point in the number obtained from antilog table.

A small part of Antilog of Table:

1] | i 3 4 3 L] 7 8 9

A5 | 2818 | 2825 | 2831 | I838 | 2844 | 285] | 2858 | 2864 | 2871 | 2877
A6 | 28R4 | 2R9] | 2897 | 2004 | 2911 | 2917 | 2924 | 2931 | 2938 | 2944
A7 | 2951 | 2958 | 2965 | 2972 | 2979 | 2985 | 2992 | 2990 | 3006 | 3013
AR | 3020 | 3027 | 3034 | 3041 | 3048 | 3055 | 3062 | 3069 | 3076 | I0RI
A9 | 3050 | 3097 | 3105 | 3112 | 3119 | 3126 | 3133 | 3141 | 3148 | 3155

-—-l-rnl-l-l-l-l-—1M
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Example 11(a): Find antilog 2.4541
Solution: 2.4541 is obviously log of some number so, ;
characteristic = 2 (integral part), mantissa = .4541 (fractional part)

-, antilog 2.4541 = 284.5
(b) Iflog x = 2.0000, then find x.
Solution:  Jog x = 2.0000
antilog(log x) = antilog (2.0000)  ( taking antilog on both sides.)
x = antilog ( 2.0000)
here, characteristic = 2 and mantissa = .0000 (see log table at the back of this book.)
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~. x = antilog ( 2 .0000)

=.01000

Example 12: Find antilog of 2.4900
Solution: antilog 2.4900

characteristic = 2 mantissa = .4900

antilog (2 49) = ;. 03 A 090 = 0.03090

Find the antilog of following numbers.
2. 1.5890

6. 0.0038
10. 0.0000
14. 0.49000

1. 24324
5. 4

9. ' 3519
13.  2.4900

John Napier started developing log tables with base e, so the logarithms with base e are called

Common and Natural Logsarithm

3. 0.2425 4
7. 1.2429 8.
1. -3 12.
15. 2.34

natural logarithms or Naperian logarithms, represented by “/in x".

23.1

Napier spent last 20 years of his life working with log tables of base e, which he never finished
and died. Henry Briggs, then completed these tables. The difference between common and

natural logarithms is depicted below.

3.5636

2.9281
5.9990

 Log Type | Representation Base Nature of base | Properties
Common log x 10 Rational ll::ltg 0 1
it log 10" =x
Natural Inx e=271828 Irrational Inl =0
(Naperian) :l:tce-’ 1
-

g 2 Lawsof Logaritns &

Laws of logarithms are closely related to the laws of exponents, since logarithms in nature, are
exponents. The laws of exponents are given in unit 1. In this section the laws of exponents are
used to develop some laws of logarithms, for solving complicated equations involving exponents
and logarithms. Also the complicated questions of multiplication, division and root extraction are

converted to handy sums of addition and subtraction.

Unit-02
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2.4.1 Product Law of Logarithms
For any real numbers m, n and b where b= 1, log, mn=1log, m+logy,n

Proof: Let logym=x ....... (i) and logpn=y

Their respective exponential equations are

m=b" ...... (iii) and n=b’
Now product of equations (iii) and (iv) is

mxn=b*, b*
mn=b*"" « using product rule of exponents
= logpymn=x+y «logarithmic form of above equation

or i v Al ‘r_ o S

The Product law of logarithms states that:

Example 13 (a): Use the product rule to expand log. (x* y* z).

Solution log. (x* )’ z) =log. ¥ + log. )’ + log. z

(b) Use product rule to combine /n a + Inv/b + In ¢’ ina single logarithmic term.
Solution Ina+invJb+inc® =in(ab )

2.4.2 The Quotient Law of Logarithm

For any positive numbers m, n and b, where b= 1.
m

log, — = logym—logyn
n

Proof: Let
Respective exponential forms of above equations are
(iii) and n=b"

Dividing (iii) by (iv) i.e.

= x—y <conversion to logarithmic form

.

The Quotient law of logarithms states that:
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Example 14 (3): Use quotient law of logarithms to expand log % .

(b) Use quotient law of logarithms to combine log 39 - log t — log b into single logarithmic
term.

13
Solution (8): log e log 13— (log 7 +logb) = log 13 —log 7 —log b

Solution(b): Jog 39 —log t - log b = log 39 — (log t + log b) = log 39 — log tb = log

39
tb

2.4.3 The Power Law of Logarithm
For any real number m, n and b, wherem >0, b>0,b # 1,logym"=nlog,m
Proof:Let logym=x
Converting into exponential equation i.e m = b°
m"= ()" < takingn” power on both sides.

or m" =b"™ « using power of power rule .

= logym" =nx « converting into logarithmic form .

logym =nlogym

« substituting the value of x.

The Power Law of logarithms states that:

Example 15(a): Use power law of logarithms to expand log: 1007
Solution: logz 1007 =-3 log; 100

4
(b) Use power law of logarithms to combine Sy log 5 7

s |

4 L
Solution: —Elug G 7 =log 5 7

2.4.4 Change of Base Law of Logarithms

Although only common logarithms and natural logarithm are programmed into a calculator still
the logarithms for other positive real bases can be found by changing that base into some
frequently used base that is ‘e’ or *10°. The law which enables us to change the base is called

change of base law which is given below.

If a, b and m are positive real numbers and, a= 1, b= 1, then
log,m=logym.log,b
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Proof: Letlogym=x
= m=b «converting above equation into exponential equation.
log ,m=log.b* «taking log on both sides with base ‘a’
log s m = x. log 4 b «—applying power law of logarithm.

or

Example 16: Convert the base of log, 536 into 10.

log,, 536 log 536

Solution: 536 = or
o, log,,b log b

1
5 2
Example 17(a): Use laws of logarithms to expand log 4?:

1 1

Solution: log 22 L ”_, = log (5p°q* )—-log (4v5 £)  «using quotient law of log

=log 5 +log p’ + log q% ~[log 4 +log /s +log '] «using product law of log
=log5+210gp+%lngqvlog4—%lugs—3lﬂgt «using power law of log
(b) Use laws of logarithms to evaluate
Mlog25V3 (i) log,(log, 8" ~log ;5 27+log 5 10)

sbu log , 53

Solution: (i) log 2 e, 2
10

+ change of base law

1
|:hg 5+lbg3? ]
log 2
= [0.6990 + % (0.4771)] + (0.3010)

=(log5 + é- log3) + log2

_ 0.9376
—=3.114
3.010 g

(if) Evaluate log, (og, 8 ~log ; 27 + log ; 10)
og ,(log , 8% ~log ; 27 + log ;; 10)

Logarithms




=h§1(b31(23)1‘hgﬁ([ﬁ)lf““hﬂm(ﬁr]
=1-:.gz[ln.g2 2° —log , (v3) +hgﬁ(J1_ﬂ)2]

=log, (6 log, 2~ 6 log ;; /3 + 2 log ; V10) (: logy b* = %) :
= log,(6-6+2)
=bg,2 =1 (:logyb=1) -

c. If logy 2=0.3010, log, 3 =0.4771 and log, 5 = 0.6990, then evaluate
log » 0.0036, applying laws of logarithms.

36
10000
2% x3?

=10£h(m)

Solution: log, 0.0036 = logy ( )

2

3
- Jogi (S
ugb{zzxﬁ‘]

2logp3-2logp2-4logsy 5
2(0.4771) - 2(0.3010) — 4(0.6990)
—2.4438

(which is negative number having both characteristic and mantissa as negative.)
Since mantissa can never be negative, to make the mantissa positive check the next positive
integer to the magnitude of the answer. The next integer is *+3” as shown on the number line

e | =
0 1 2y o S
24438 —»
Now ‘add 3 to” and ‘subtract 3 from’ the answer
i.e. log, 0.0036 = - 2.4438 +3 -3 = (.5562 — 3.
The positive term is mantissa and negative term is characteristic.
So, log, 0.0036 = 3.5562

Important results deduced from Laws of Logarithms
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1.  Use laws of logarithms to expand the followings.
M log9t @iog P w)log
s (xy")

1 1y
2 1 2.3 g 1 7
(¥)log ( Jﬁ D) ODlog {2 (viDlog —_—"m

2. Use laws of logarithms to combine the followings into single logarithmic terms.
(M 3logx-5Slogy

(i) ;—logt + % logr— %lugs
(i) % [log 57.7 — 3log 9.24 + 4 log 36.6 — 2 log 23.3]
1
(iv) 5log6—7log9.42 + %lngt— —i-lug 322+ %lnga

(v) %lug 37.74 - % log 53.71 + ilog 28.83
3. Use laws of logarithms to evaluate the followings.
() log, 15 (i)logodfo (i) log s 65 (iv)log ;5 72.34 (V)log 7343

4. If logy2=0.3010, logy3=04771, logys 5= 0.6990
then evaluate the followings with laws of logarithms.

(i) log % (i) log » 1_{;_0_ (iiiy log » ;;: (iv)log, 0.024  (V)logy dﬁ_-%

2.5 Applications of Logarithms

Common logarithms appear in many scientific formulae.
Richter Scale

Opening of this unit depicts the 2005 earthquake in Pakistan, when thousands of people lost their
lives. The Richter Scale used for measuring the magnitude (M) of earthquake is a logarithmic
scale. If | is intensity of its shock waves and I, is a constant then

M=log (+-)

L]
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Example 18: An earthquake that occurred in Pakistan in 2005, measured 7.6 on the Richter
scale. In 1978, an earthquake in China measured 8.2 on the Richter scale. How many times, the
China’s earthquake was stronger than the Pakistan’s earthquake.

Solution: Let I, be the intensity of Pakistan’s earthquake and I, be the intensity of China’s
earthquake.

As, M=log {fi ) ¥

]

Then, 7.6 = log {;—]}

1]

log I, ~ log Iy

Il

8.2=log ( I—*-]
Iﬂ
Subtracting (i) from (jj)
logl - logl; =82-76

log I~ log Ip

[
=% Ing{f—llr—ﬂ.é

I

antilog log (-::i] = antilog 0.6 (taking antilog on both sides)
1

I
i T2=3.93=4

1
- China’s earthquake is nearly 4 times stronger than Pakistan’s earthquake.
Example 19: Use laws of logarithms to evaluate.
® 8.59 x (55.6)* “ {51 = fgg
2.51x+/2.12 ®) 3 7
8.59 x (55.6)° '

Solution: - (a let x=
® 2.51x4/2.12
Then, by taking common log on both sides.

V8.59 x (55.6)’
2.51x+/2.12

I L]
= log (8.59)° + log (55.6)*— log (2.51) — log (2.12)?

log x = log

1

71028.59 +2 10g55.6 - log 2.51 —-;— log (2.12)
1

~ 3 (0.9340) + 2(1.7451) - (0.3997) —% (0.3263)

~0.3113 + 3.4902 — 0.3997 - 0.1632

log x =3.2386
antilog log x = antilog 3.2386.. Taking antilog on both sides
x= 173221
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(b)
1 22 4 )
log x = log 55 + E « Taking common log on both sides
! 1
165 225 4 }6, 1 22
logx=log|— | ~log|—=| =-log(—)-—log(—
og x %[3] og(?] 3loe(5) -3l (=)
1 1
= (log 16 — log 3) - 3 (log 22 - log 7)
—lln 16 -]-]n 3 llu 22+llu 7
3 g 3 g p 2 5 g
==E:~ (1.2041) - % (0.4771) - % (1.3424) + % (0.8451)
logx = 04014 - 0.1590 - 0.6712 + 0.4226
log x = —0.0062
logx = (-0.0062+1)-1  « making mantissa positive
= 0.9938 — ]
log x = 1.9938
Taking antilog on both sides.

' 1 '22
letx=US= 4+ —
etx 3 7

antilog log x = antilog 1.9938

x = 0.9858

Example 20: Find the number of digits in 5.

Solution:

By finding the log of the given whole number, we can find the relevant characteristic. But the
number of digits in a whole number is always one more than the characteristic of the log of that
number.

Now log 5™ =50 log 5

=50 x(.6990) = 34.95

Characteristic = 34

Number of digits in 5" = characteristic + 1 =34+ | =35
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1. Find the number of digits in
m 33! {u} Imlw ﬂﬂ} zlﬁ (h) 5]7 {v] 529!!
2. Evaluate applying laws of logarithms.
65.89 47.27x5.321 i

011" i 5967110 7.392 o 9.712x4.171 128

11294 J39.24 x Y1931 o

" Y2737 o 1/64.4 x/23.91 o ys3

(il (27.98)°

(28.73)" .

3. The Kansu, China earthquake of 1920 was measured about 8.5 on Richter Scale and the

Tokyo, Japan earthquake of 1923 was measured 7.8 on that scale how many times
stronger was the 1920 earthquake than 1923 earthquake?




Encircle the correct option in the following.
If a=b x 10" is written in scientific notation then ,

(@) 0<b<10 (b)) 0<b<l0 (¢) 1<b<i0 (@ 1<b<10
In 0.537, reference position is

(a) after0 (b) after7 (¢) afters (d) before 7
log ,1001s

(a) 2 (b) -2 (c) (d) impossible
If log (x+3)=log(15x —4) then x is

(@ 05 (b 7 () d 2
log ,7" +log,4" is

(m) . 3 (b) -3 (c) (& %3
For the log 0.00327, characteristic is

® -2 (M =3 (c) ‘ da@ 0
log, (M + N)is

(a) log, MN (b) log,M+log,N (¢) bothaandb (d) none of these

lt:rg,_gh is

(a) glog,h (b) log,(gh) (¢) (log,g)xh (d) hlog:b
log, M —log N is

log , M £ og, N
mﬁﬁ.m>mw () log,M {ﬂﬁm
(x) log = 1007 is
(a) 2 (b) 1 @ 8
(xi) logl8is
(a) 3log2+logd (b)log2+2log3 (c)3log3+2log2 (d)2log3+3log2

(xii) log5-log8+log3-log2is
5x2 15

30
(a) log-g;; (b) mgﬁ (c) iﬂg? (d) log-2

(xiii) log,, 100" is
(a) 2 (d) impossible
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(xiv)

(xv)

(xvi)

(xvii)

(xviii)

7.

Scientific notation of 6.25 is
(@) 625x10' () 6.25x10° (c) 6.25x10  (d) 0.625x10
Base of natural logarithm is
(a) rational number(b)  integer (c) irrational number (d) 10
Iflog -25=4 thenx is
(a) +5 m =5 (¢) %5 (d) impossible -
lugﬁ 10* + log ;1018
1[]4 4 I 4
(a) log; o » log 510" -log ;10 (¢) 4 (d) log ; (107 -10)
S5log2-2log5is
(log 2)° log 2° 2° S
el e S log =— Zlog 2
Convert the following into scientific notation.
(i) 53.36 (i)  0.0000000000000102 (jii) 523.4 x 10
Convert the following into standard notation.

G)  7.232x 107 (i) 10.53 x 10°x 2031 (i) 5.6 x 10°
Evaluate the following.

(i) log 5°—log, 2° (i) log, 4- log, 1 (iii) log,(log,x— log,b”)

Find x if
(i) bog, 9-log, 1=x (i) log, x— log, 16'"=3
(iii) log 2 (x*—1)=log: 3 (iv) log,x=log,(8 bg,y)

If logy 2 =0.3010,log, 3 =0.4771 & log, 5 = 0.6990, then evaluate the following by
applying laws of logarithms.

(i logy 30 (i) logy,0.24 (iii) logyp 360

0.5327x142.97 ) .
0.0059 ; .

Simplify with the help of laws of logarithm [

Prove that:
og,U x log,V x log,W =1
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SETS AND RELATIONS

In this unit the students will.be able to;

# Describe mathematics as a study of patterns, structures and their relationships.

* Identify sets and apply operations on three sets (subset, overlapping and disjoint
cases) using Venn diagrams. .

* Solve problems on classification and cataloging by using Venn diagram for
scenarios involving two sets and three sets.

» Verify and apply laws of union and intersection of three sets through analytical and
Venn diagram method.

» Apply concepts from set theory to real world problems (such as in demographic
classification, categorizing products in shopping malls and music playlist).

* Explain product, binary relations and identify domain and range of binary relations.

* Recognize that a relation can be represented by tables, ordered pairs and graphs.

~

ALLAH i y~dasshas created
this huge universe and a part of it
is exposed to humans but a big
part of it is still unknown to
= humans. It is estimated that there
are 200 billions to 2 trillion
galaxies in the observable
universe. The adjoining figure
shows a set of 10 naked eye
galaxies.




T

Definition: ;
A set is a well-defined collection of distinct objects.
The term well-defined, means that the objects follow a given discipline with which presence or
absence of some object in the set is checked.
For instance, 1f we say that we have a collection of lighter stones, then this collection is not well .
defined. Instead of this, if we say that we have a collection of stones weighing less than 1kg, this -~
collection is well defined.
A set may consist of objects of different types.
e.g. A-set of luminous objects may contain a star, a moon, a tube light or a candle.
Similarly, a set of objects present in a library may include books, tables, chairs, newspapers,
keys, locks, stock registers etc.
Example 1:
(a) A set of Prime numbers which are also even i.e. {2}
(b) A set of Pakistani currency i.e.
(5, 10, 20, 50, 100, 500, 1000, 5000}

(¢) A set of flowers in my garden. i.e.

{Pansy, Lilly, Daisy, Jasmine, Tulip, Rose, Hibiscus}
(d) A set of Natural numbers less than | 1.e. { }
(e) A set of all letters present in the word ‘set’ {s, e, t}
(N A set of Natural numbers among 3,-9,2,3,4,2 ie {2, 3,4}.
The repeating elements are taken once only, since repetition is not allowed in a set.

Mathematics as a Study of Patterns, Structures and Relationships
In mathematics, patterns are more than a beautiful design. Patterns follow a predictable rule and
that rule allows us to predict what will come next.
For example:
In the set of even numbers,
{2,4,6,8,....}
a pattern exists and one can determine the next number(s) in the set.
If we want to relate the above pattern with some real situation, we can ask the following question
to the students:
What will be the number of mangoes in next two boxes?

r ' ]r“ r"‘ir_'.;?- &
99 (| o99

o ([ 99
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Students can easily predict the number of mangoes in the next two boxes.
Obviously, they will say:

Number of box | Number of mangoes
5 10
6 12

In the same way, we can relate the set of square of natural numbers with structural geometry as:
{12,22, 32, 4%, ...} = {1,4,9, 16, .

12=1 2=4 3?=9

This example relates the patterns in numbers and geometry in the best way where the square
numbers represent area of various geometrical shapes.

Set Builder Form (Rule Method)
In set builder form, all the elements of a set are not listed, however we write the set by its
defining rule. While writing a set in this method, some variable say x is chosen which represents
all the elements of that set according to the defining rule.
e.g. A = Set of all integers, can be written in set builder form as
= {x|xeZ} and read as
“A is the set of all elements x such that x belongs to Z"

Example 2: Write the following sets in the set builder form. _
() B = Set of Prime numbers less than 17.
B={x|xe Pax<17}.
(ii)  C = Set of multiples of 4 greater than or equal to 40.
= {4x | x eNax 2 10},
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(i) D={1,2 3,6}
D= {x|xisa factor of 6}.
(iv) E = Set of squares of 1* three natural multiples of 10.
E={(10x)?|x eNAlS x < 3}.
Example 3: .
() Theset G={15x|xe ZAxZ 1}, in descriptive form is written as
G = Set of integral multiples of 15, greater than or equal to 15.
(i) ThesetH={y|y eWAa ' —1=7}, in tabular form is H = {2}.
(ili) Thesetl = {x | xeWAa~-3>x>-5}, in tabular formis 1= { }.

(iv) ﬁewtl={§|xEEnx>ﬂ}, in tabular formis J = {1,2,3,4, ...}.

(V) ThesetK={y|ye Z Ay =9}, indescriptive method is
K = Set of negative integers containing *- 3" only.
Most Commonly used Sets of Numbers

i. N = SetofNatural numbers = {1,2,3,4,........}

il. W= Setof Whole numbers ={0,1,2,3,4,....... }

ili. Z = SetofIntegers i | o T I e T
iv.  E = SetofEvennumbers ={0,+2 +4, +6,...}
V. O= SetofOddnumbers  ={t1,+3,+5 %,..}
vi. P = SetofPrimenumbers ={2,3,5,7,11,13,...}
vil. Q= Set of Rational numbers ={£Ip.qe th:ﬁﬂ}

viii. (' = Set of Irrational numbers = {x!x# D, gE Zr«.q:&ﬂ}
={x

ix. R =Set of Real numbers fxEQVIEQ'}

The above mentioned sets from (i-vi) are first written in descriptive method and then in tabular
form (Roster method).
However, the sets from (vii-ix) are first written in descriptive method then in set builder form.

Union of Sets

Let A and B be two given sets. Then union of A and B is the set of all those elements which are
taken either from A or from B or from both.

The union of A and B is denoted by *A'UB’ and:

AUB={x|x e A v xeB}
eg IfA={1,2,3,4,5)and B= {3, 4, 1, 7, 6}, then:
AUB={1,2,3,4,5,6,7)
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Intersection of Sets
Let A and B be given sets then the intersection of A and B is the set of elements which belong to
both A and B.
The intersection of A and B is denoted by *A "B’ and:
AnB= {x|xeAna x €B}
eg. IfA=1{1,2,3,4,5} and B={3,4, 1,7, 6}, then:
AnB={l1,3,4}
Difference of Sets
Difference of two sets A and B, denoted by A — B is a collection of those elements of A which
are not present in B. For the two sets A and B:
A-B={x|x eAnr x B}
LetA ={1,2,3,4,5) and B= {3, 4, 6, 7, 8}, then:
A-B =1{1,2,3,4,5}-13,4,6,7,8} = {1, 2,5}
Ingenera, A-B=B-A
Complement of a Set
Let AcU (i.e. A is proper subset of the universal set). Then the set of all elements of U, which
are not in A, is called complement of A.
Complement of A is denoted by A or A'=U — A and is defined as:
{x|xeUna x gA}
eg IfU={1,2,3,4,56,7}, A= {2, 4, 6}, then:
A=U-A=1{1,3,5,7}

Disjoint Sets
Two sets A and B are said to be disjoint if they have no common elements. i.e. AN B =¢.

For example,
A=1{1,2,3} and B = {4, 5} are disjoint sets as both sets have no common element. i.e.

ANB={1,2,3}n{4,5)=¢
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Venn diagram representing above disjoint sets is:

Overlapping Sets

Two sets A and B are called overlapping if: ' -
(1) There is at least one element common in both the sets.
(i)  Neither of the sets is a subset of other set.

For example, the sets

A=1{2,3,579}and B={0,3,5, 8} are overlapping as
ANB={3,5}#¢ and A and B are not subsets of each other.
Venn diagram representing above overlapping sets is:

Subset
Set A is called subset of a set B if every element of set A is also an element of B.
For example, the set A = {a, b, c}isasubsetof B= {a, b, c.d, ... } as all elements of
set A are also elements of set B.

Venn diagram representing above subset case is:

Union and Intersection of Three Sets using Venn Diagrams

To find the union and intersection of three sets say A UB N C, first we find A U B or B n C and
then find the union or intersection with remaining set.

We use brackets to separate two sets from the third one because these represent different sets.

iee. (AUB)NC or AU(BNC)

Example 4:

. Representsets A= {0,1,2,3,4},B={3,4,5,6},C={6,7, 8, 9} through Venn diagram.
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Q= G

IfA={0,1,2,34},B=1{3,4,5,6}andC=1{6,7,8,9}, find AU (BnC)and An(BuUC)
through Venn diagram.

Solution:
(i) (i)

AUBAC ) =

Example 6:
IfP={ab,c,d,e},Q={f g hi},R={defg,j}
Find (P v Q) n R and (P n Q) w R through Venn diagram.

Solution: 7
(i) (ii)

PUQ PAQ - [;
(PUQ)NR = (PAQ)UR

Example 7: If P={3,5,7}, Q={1,3,5,7,9}, R={0,2, 5, 8}, then find P U (Q N R) using

Venn diagram.
Solution: P={3,5,7}, Q={1,3,5,7,9}, R= {0, 2, 5, 8}
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Qnr={5}=1N Pu@nR)=(3,5 7= IEH

Verification ol ] vie Laws Using Vienn Diagram

We illustrate the concept with the help of following examples.
Associative Property of Union
Proof:

Let x€e(AUB)UC

= xE(AUB) or xeC

= (x€EA or x€EB) or xEC

= xEA or (xEB or x€C)

= xEA or xe(Bu()

= xEAUBUO .

= (AUB)WCc AUVUBUO) (a)
Similarly, we can prove that:

AUBUC) € (AUB)UC (b)
From (a) and (b), we have:
(AUB)UC=AUBUC)

Example 8:

IfUu={1,2273,4,5,..,15,,A={2,4,6,8,10},B={1,2,3,4,5,6, 7} and
C=1{2,3,5,7, 11}, then verify the associative property of union using Venn diagram.

Solution:
LHS=(AuB)uC RHS=AuU(BuC) ]
u ¢ ek 12 13 e

. LR

15 15

14
AU (BUO) - N
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From both the figures, it is observed that same region is shaded.

iie. (AUB)UC =AU (BLC)
*.  Associative property of Union is verified.

Associative Property of Intersection

yE(ANB)NC

yEAMB and yeC

(vEA and y€B) and y€C

yEA and (y€B and y€e(C)

yEA and yE(B NO)

yeANB NI

ANBNCESANBNCOC (a)
Similarly, we can prove that:

ANBNOSANBNC (b)
From (a) and (b), we have:

Example 9:
Ifu={1,23,..,11}, A={1,2,3,579}, B={1,2,3,4,5,

(ANB)NC=ANBNC)

6} and

C = {5, 6, 7, 8} then verify the associative property of intersection.

Solution:

LHS=(ANB)Nn C RHS=AN((BNC)

U

(%

f123\
vk

BNC
(AnBNC = [l AN(BNC)

=-

From both the figures it is observed that same regions are shaded.

i,e. (ANB)NC=ANBNC)
.". Associative property of intersection is verified.
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tication af thstribaita

&

LA - |
- -
v B

xEAUB N O )
xEA or xe(BNO) .
xEA or (x€B and x€(C) _
(x€EA or x€B) and (x€A or x€() e

xE(AUB) and x€(AUC) Math Play
xE(AUB)N(AUC()
AUBNC € (AUB)N(AUC)
yE(AUB) N(AULC)

yE(AUB) and yE(AUL )

(WEA or yEB) and (YEA or y€EC(C)
yEA or (y€éB and y€()

-
Lrie]

N A T T - S T |
g

YEA or yE(BNC) AUBUGHS o] Ana=? |
yEAU(B N Q)
(AUB) N (AUC) € AUB N C) (b) -
From (a) and (b), we have: jai ANA=? AUA=? .
AUBNC)=(AUB) N(AUC) T——
(b) Distributive Property of Intersection over Union z :
e —— - | avenc=2 | angency=?
Prnﬁf: . AN[BUC)=?
let x€EAN(BUC a - ’Mt
- xEA and xe(BU ()
= xEA and (x€B or x€(Q) e Start
- (x€EA and x€B) or (xEA and x€C) s :
=5 xeE(ANB) or xe(ANOQ)
> xeE(ANBUMANO :
= ANBUCES(ANBUMANC (a)

Again, let yE(A N B)W (AN C)
= yE(ANB) or yE(ANCQ)
== (vEA and yEB) or (vEA and y€EC)
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yEA and (yEB or yEC)
yEA and ye(BWC)
yEAN(BWC)

(ANBUANC S ANBUIO) (b)
From (a) and (b), we have:

ANBUO=ANBYVANOC

Example 10: Verify through Venn diagram

(a) AUBNC) =(AuB)INn(AUC)

b) An(BuUC)=(AnB)u(AnC)

WhenU={x:xe Wa xS 12}, A={x:xe WA x<4)

B={y:yeNA3<y<TjandC={z:2e Na3Sz57}
Solution:
(a) Au(BNnC) = (AuBINn(AUC)

LHS=AU(BnNnC) RHS = (AUB) n (AuC)

U 10 11 U 10
12

12

AuC

11
Bnc = HH i A
Au@Bnc) = NN AuB)~(AuC) = [

(b) An(BuC) =(AnB)u(AnC

LHS=An(BUC) RHS=(ANB)U(ANCO)
10 U

12 12
BuC = 8 AnB

+£ AnC =
An@ue) = [ (ANB)U(ANC) =
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1.

Shade AU(BnC),An(BuC),(AuB)uCand A~ (B~ C) using following

Venn diagrams.

(i) ) [y

o8 :

2. If X={ab,cde},Y={ace}, Z={gh,i,j} then, find the following using Venn

i
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diagram. f

(i) (XUY)uZ (iiy Xu((Yuz (i) (XnY)nZ
(ivi Xn(Yn2Z (v) (XuY)nZ (vij XnY)uZ
Verify associative law of union and intersection by using diagrams of question 1.
Verify:
(i) distributive property of union over intersection,
(ii) distributive property of intersection over union,

by using diagrams of question 1.
Prove by using Venn diagram:
@ (PUQUR=PUQUR) (1) (P NQ NR=PN(QNR)
when (y  P={0,1,2,3}, Q=1{2,3,4,5,6}, R={5,6,7,8,9}

B

T B T e o o . TP T g s




(i) P={mno,pq}, Q=i{nstu}, R={tuv,w}
6. Verify XU (YN Z)= (XU Y)N(X U Z) using Venn diagram for the following sets.
X={-1,-2,-3}, Y=1{0,1,2,3}, Z={0, %1, %2 £3)
7 Verify X N (YUZ)=XNY)U(XNZ)
X = Set of first three Vowels, Y = Set of letters of the word “ energy”,
Z = Set of letters of the word “algebra”

"t|#!'rlii';|liull of Venn Diacrams

Venn diagram is a practical mathematical tool for solving real world problems of set theory. Few
of the examples depict the vital role of the Venn diagrams in problem solving.

Example 11: Among the ten teachers of a secondary school, five teach Mathematics and three
teach Biology. However, all these teachers also teach English? Show the data by Venn diagram.
Also find how many teachers teach only English.

Solution: If E represents set of English Teachers, M represents set of Mathematics Teachers, B
represents the set of Biology Teachers and then both M and B are the subsets of E, as shown in

the figure below. 0
e
2

From the Venn diagram it is observed that two of the teachers only teach English.
Example 12: In a survey, people were asked whether they like cricket, hockey or football.
Using the Venn diagram find the number of people playing:

(1) only cricket,
(i) hockey and football, A U
(ii1)  all three games,

(iv) either of the three games, ‘va 12

(v)  neither of the three games, ﬁ

Also find number of people surveyed.
Solution: From Venn diagram, it is clear that:
(i) Number of people who play only cricket = 34
Which shows n(C — CnHANF)
(ii)  Number of people who play both hockey and football =6 + 5 = 11
Which shows n(H~F)
(iiiy  Number of people who play all three games = 5
Which shows n(C~HAF)
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(iv)  Number of people who play either of the games =34 + 5+ 6 + 26 + 20 =91
Which shows n{CUHUF)
(v)  Number of people who do not play any game = 12
Which shows n(U — CUHUF)
Total number of people =n(U) =34+ 5+ 6 + 26 + 20 + 12 =103

Application of Set Theory
Applications of set theory are most frequently used in science and mathematics fields like . =

biology, chemistry, and physics as well as in computer and electrical engineering. These
applications range from forming logical foundations for all branches of mathematics. Therefore,
understanding set theory is crucial for learning many subjects.

Following formulae are helpful in the set theory.

(i) For any two overlapping sets A and B:

« n(AUB)=n(A)+n(B)-n(AnB)

o n(A - B)=n(A U B) - n(B)

« n(A-B)=n(A)-n(AnNnB)

« n(AUB)=n(A-B)+n(ANnB)+n(B-A)
(i1) For any two sets A and B that are disjoint :

« n(AuUB)=n(A)+n(B)

« n(A-B)=n(A)
(iii) For any three sets A, B and C:

n(A U B U C) =n(A) + n(B) + n(C) — n(A n B) - n(B N C) —n(A N C) + n(A NnBnC)

Example 13:
In a class of 80 students, 40 like English, 34 like Mathematics and 9 like both. How many

students like either of both subjects and how many like neither?
Solution: .
Total number of students = n(T) = 80
Number of students that like English = n(E) = 40 .
Number of students that like Mathematics = n(M) = 34
Therefore, total number of students that like both subjects is:

n(E U M) =n(E) + n(M) — n(E N M)

=40+34-9=65
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Number of students that do not like both subjects is:
n(T)-n(EUM)=80-65=15

( EXERCISE 3.2 |

Let A and B be two finite sets such that n(A) = 24, n(B) = 18 and n(A U B) = 31.
Find n(A n B). -
If n(A - B) =23, n(A U B) =44 and n(A N B) = 2, then find n(B — A). Also find n(B).
(Hint: n(B) =n(A N B) + n(B - A) '
In a group of 30 Mathematics students, 20 like Algebra and 15 like both Geometry and
Algebra. Show the data by Venn diagram. Also find how many students like Geometry.
In a street with 50 houses, 25 houses have lawns, 32 houses have car porch and 15 houses
have both lawn and car porch. Show the data by Venn diagram. Also find how many
houses have neither lawn nor porch.
In a survey of 940 children, 400 students were found studying at primary level, 240
students at elementary and 175 at secondary level. Create a Venn diagram to illustrate
this information. How many children were found out of school?
ABC Dairy polls its customers on their favorite flavor: chocolate, vanilla or mango? 100
customers said they like mango flavor, 90 customers said they like vanilla, 40 polled for
chocolate, 20 customers liked both mango and vanilla while 14 liked both chocolate and
vanilla. How many customers said they like:
(i) only mango? (i) only vanilla (iii) only chocolate
In a survey of university 200 students were interviewed. It was found that:
42 students have laptops, 80 students have cell phones, 100 students have iPods,
23 students have both a laptop and a cell phone, 10 students have both a laptop and iPod,
14 students have both a cell phone and iPod and 8 students have all three items.
(a) How many students have only cell phone?
(b) How many students have none of the three items?
(c) How many students have both iPod and laptop but not cellphone?
In a girl college, every student plays either badminton or table tennis or both. If 350
students play badminton, 280 play table tennis and 150 play both. Find how many
students are there in the college?
Among 50 students, 8 are learning both English and Chinese languages. A total of 26
students are learning English. If every student is learning at least one language, how
many students are learning Chinese?
Out of 70 people, 48 like tea and 40 like coffee and each person likes at least one of the
two drinks. How many like both tea and coffee?
There are 46 students in science group and 50 students in arts group. Find the number of
students who are either in science or arts group.
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12. Ina group of people, 52 people can speak Arabic and 112 can speak French. How
many can speak Arabic only? How many can speak French only if 12 of them can speak
both languages? How many people were in the group?

13. In ahigh school, 360 students like reading story books, 170 like practical activities and
150 like both. Find

(i) The number of students who like reading story books only.
(ii) The number of students who like only practical activities.
(iii) The total number of students in the school.

14. Inasurvey of 60 people, it was found that 25 people watch channel A, 16 watch channel
B, 13 watch channel C, 4 watch both A and B, 7 watch both B and C, 8 wiatch both A and
C. 3 watch all three channels. Find the number of people who watch at least one of the
channels? Also find number of people who do not watch these channels.

Ordered Pair

Pairs of two numbers in which order of numbers is not invertible, is called an ordered pair. The
numbers in an ordered pair are written within small brackets (parenthesis) and are separated by
comma.

For example, (a, b) is an ordered pair in which a is called first element and b is called second
element. By interchanging the positions of elements, the ordered pair is changed.

As in geometry, position of a point is determined by T :

ordered pair, therefore (2, 5) and (5, 2) represent two z,lsj

different points. T

Thus, (2, 5) = (5,2) 1 s

Equality of Two Ordered Pairs I:h

Two ordered pairs (a, b) and (¢, d) are equal if: “3 RN | >
a=cand b=d e 1 '

Example 15:
Find the values of x and y when (x — 3y, 5x + 1) = (4, 6)

Solution: By the equality of ordered pairs, we have:
x=-3y=4 (i)
S5x+1=6 (ii)
From equation (ii), Sx =6 — 1
S5x=5 = x=1
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Substituting x = 1 in equation (i), we get:
1-3y=4 = -3y=3 :
= y=-1
Cartesian Product of Sets

If A and B are two non-empty sets, then Cartesian product
A x B is the set of ordered pairs (x, y) such that

x e A and y € B. Mathematically:
AxB={(xy)|xeAnrye B}

Similarly, B x A= {(),x) |[ye BAax € A}
eg IfA=1{0,1,2}, B={3,4}
then A x B= {0, 1,2} x {3, 4}
= {(0,3),(0,4),(1,3),(1,4),(2,3), (2, 4)}
A x B can also be represented through table as follows:

AxB 0 | 2
3 (0,3) (1,3) (2,3)
4 (0, 4) (1,4) (2,4)

In the same way, we can find B x A as:

BxA={3,4} x {0,1, 2}
=1(3,0),(3,1),(3,2),(4,0), (4, 1), (4, 2)}

Table for B x A is:

Bx A

3

4

0

(3,0)

4,0

1

(3,1

4, 1)

2

(3.2)

(4,2)

Graph of A x B and B x A is as follow:

s

- |

i
4
0

new

Scale: 2 squares
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From the definition, table and graph, we see that:

There are many subsets of A x B
e.g. Ri =, Ra= {(0, 3)}, Ra = {(1,3), (0, 4)}, ...

Example 16:

Exhibit P x Q and Q x P by arrow diagram when P ={a, b, ¢} and Q = {d, e}.
Solution:

P x Q= {(a, d), (a, e), (b, d), (b, ), (¢, d), (c, &)}
Q x P= {(d, a), (d, b), (d, ¢), (¢, a), (e, b), (¢, ©)}

1. Find the values of unknowns when:

(i) (a-b)=(11) (i) (2a 2b+3)=(-10,—b) (iii) (2a—4,6)=(8,-b+1)

(iv) (x+2y, y-3)=(@2,5) (v) @Qx-y y-3x=4,2)

(vi) (4x+ 6y, x—12y)=(6,-3) (vil) (5x+y, —x+y)=(6,1)

2. LetA={l1,4, 8} and B= {1, 0}. Find:
(i) AxB (i) BxA (i) AxA (ivi BxB
How many elements are therein A x B,B x A/ A x Aand B x B?

3. LetE={l,3}and F= {4, 6, 8}. ExpressE x F, F x E, E x E, F x F graphically.
4. IfL x M= {(0, 2), (0, 3). (0, 4), (1, 2), (1, 3), (1, 4)}, then find sets L, Mand M * L.

5. Giventhat A= {1,3, 5}, B={2,4},C= {6, 7}.

(i) Find A x(BWwC) (i) Find (A x B)W (A x C)

(iii) Verify Ax (BUC)=(AxB)UA xC)

6. GiventhatD = {a,e,i}, E= {a, ¢}, F= {b, c}.

(i) Find D x (E N F) (ii) Find (D x E) N (D x F)

(i) Verify Dx (E N F)=MD xE) N (D x F)
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7. Giventhat A= {x/x€N,x<3},B={y/yeEW,y<2}, C=1{0,2,4}.
(i) Verify Ax(B-C)=(AxB)-(AxC)
(i) Verify (A-B)xC=(AxC)-(BxC)

8 LetX={x/x€W,x<2}and¥Y = {-1,-2,-3}. Exhibit X x Y and Y x X by arrow
diagram.

. Binary Relation

A binary relation R in the set A x B is a subset of the Cartesian product A x B.
Symbolically R is the relation in a set A x B ifand only if RC A x B.
If R is elation from A to B, then:
R={(a,b)/a€A,be B}
A binary relation can also be taken from only one set after taking Cartesian product of the set
with itself e.g. from A x A
If Ri is elation from A to A, then:
Ri={(a,b)/a€e A, bEA}
Example 17:
If A = {5, 10, 15, 20, 25} then find the number of
binary relations in A.
Solutionz Number of elements in A=n (A)=35
Number of elements in A x A=n(A x A)=5x5=25
Number of binary relations in A (or A x A) =2%

Example 18:
If P={2,3},Q= {% %}, then find all possible binary relations in Px Q.
Solution:
Number of elements in P=n (P) =2
Number of elements in Q =n (Q) =2
Number of elements in P x Q = n (PxQ) = n(P) x n(Q)

=2x2 =4
Number of binary relations in P x Q=2°%-Q

=2 =24=16

- (3 3o ] e
e
)6 a6 ae{e02)
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Example 19:
LetA={1,2,3},B={0,1,3}and R= {(a, b)/a € A, b € B} and a > b}, then find R
and show it by arrow diagram. :

Solution:

A={1,2,3},B={0, 1, 3}

AxB={(1,0),(1,1),(1,3),(2,0),(2, 1), (2,3),(3,0), (3, 1), (3, 3)}

Now R={(a,b)/a€ A,bEB) and a > b}
R={(1,0),(2,0),(21),(3,0),3,1)}

Domain of Binary Relation

Set of all the first elements of ordered pairs in a binary relation is called domain of that binary
relation.

In example 18, Domain of Rn1 = {3} and Domain of Ris = {2, 3}.

Range of Binary Relation’

Set of all the second elements of ordered pairs in a binary relation is called range of that binary

relation.

In example 18, Range of Rs = {% %} and Range of Ry = {%} )
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Example 20:
(a) If A = Set of Natural numbersand R= {(x, y) [xe Arye Al1le. RCAx A

Then find the domain and range of R.
M) IfT={0,+1,+2} and Ri= {(x,») | x € Tay eT Ax+y=0}, then find the Dom R
and Range R.
(©)IfE={2,4,6},F=1{0,1,2}andR2= {(x,») |x e E,y € F Ax +y=6}, then

() WriteExF (i) Write Rz in tabular form (iii) Find Dom R2 and Range Ra.

Solution:
(@) R={(1,1),(1,2),(1,3), ...02, D), (2542, 3)5...(3, 1), (3, 2), (3, 3),.:}

So, Domain of R = {1, 2, 3, ...} = Set of Natural numbers
Range of R = {1,2, 3, ...} = Set of Natural numbers
.. DomR=RangeR=A
() Ri = {(0, 0), (-1, 1), (1,~1), (-2, 2), (2, - 2)}
Dom R; = {0, £1,#2}, Range Ri= {0, 1, +2}
(¢) ExF={(2,0),(2,1),(2,2),(4,0), (4, 1), (4, 2), (6, 0), (6, 1), (6, 2)}
Rz = {(4, 2), (6, 0)}
Dom Rz = {4, 6}, Range R2 = {0, 2}

Inverse Relation
LetR = {(a, b)/ a € A, b € B} be a relation from A to B then the inverse of R is defined by:

R'={(h,a)/bEB,a €A}

Example 21:
Given that A = {0, 2,3}, B={0,2,4,6,9, 16} andR= {(x, ) |[x eAay eBax’=y}.
Verify: DomR™' = RangeR and Range R™' = Dom R

Solution:

Given A=1{0,2,3},B={0,2,4,6,9, 16} andR = {(x,y) /x €A,y € B} »x* =y}
R in tabular form is:

R=1{(0,0),(2,4),(3,9)}

DomR=1{0,2,3} and RangeR={0,4, 9}

Inverse of R is:

R = {(0,0), (4,2),(9,3)}

DomR™' ={0,4,9} and RangeR' ={0,2, 3}

Which shows that:

DomR™! {0,4,9) = RangeR and Range R™'= {0,2,3} = DomR
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- 1. Find the number of binary relations in the following cases. 5

(i) A={1,3},B=1{0,2,4} (i) n(C)=7 (iij) D={1,3,5)

2. Find all possible binary relations in the following cases mentioning the number of binary .|
relations in each case. :
@ A={V2,¥3,45}, B={3} (i) C={r,e} (i) D= {5}, E={1,10} :

3.If P = {7, 8, 9} then find 2 binary relations from P to P. Also find domain and range of each 9
relation. '
4. LetH={5,6,7,8,9} and G = {5, 7,9, 11}. Write the following relations from H to G in

tabular form. Y

(i) ‘is equal to’ (ii) ‘is less than® (iii) ‘is greater than’

(iv) ‘is one less than’ (v) ‘is one greater than’ (vi) ‘is two less than’
 5.LetC=1{2,4,6},D={4,6,8,9,12} and R = {(x, )/ x € C, y € D}  x is factor of y}. z
. (i) Write R in tabular form. (i1) Find domain and range of R.
| (i) FindR. (iv) Represent R by arrow diagram. :
| 6. LetR={(2,0),(4,2),(6,4), (8, 6), (10, 8)} |
| (i)  Write R in set builder form.  (ii) Find domain and range of R .
' (iii) Write R”' in tabular and set builder from. :
| (iv) Represent R and R™' by arrow diagram.

' 7.LetA=1{0,1,3}and B={1,2,3,5,7}. WrittR={(x,y) |[x e A,y e BAy=2x+1}in
i tabular form. Also find R,

|

|

8. IfS={1,2,4,8}, T={3° 3!, 3%}, then write the following binary relations in tabular form. i
' 9. Find the domain and range in each case.
(i) Ri={(x,y)|xeS,ye Tax=y} (i) Re={(x,»)|xeS,ye Tay<x} !

(ii)Rs={(x,y)|xe S,y e Tax+yeE} (iv) Re={(x,y)|xeS,yeTaxxyeO} |
(V) Rs={(x,»)|x€ S, ye TAy>2x} :
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1. Encircle the correct option.
i. Set builder form of A — B is:

(@) ix|xeA} (b){x|xeA Axt B} (c) {x|xeA AxeB} (d) {x | x € B}
ii. IfAB=Aand AnB =B, then:

(a) Ac=B (b)A2 B (c) A>B (d) A#B
iii. fAcBthenA-B=

(a) A (b) B (c) ¢ (d B-A
iv. fFA-B=B-A=¢, then:

(a) A=B (h)BcC A (c)Ac B (d) alla,b&c
v. Set of common elements of A and A®is  set.

(a) infinite (b) null (c) universal (d) singleton
vi. Set of real numbers can be written in:

(a) tabular form. - (b) descriptive form.

(c) set builder form. (d) both b and c.
vii. IfR = {(2, 1), (4, 3), (2, 2)}, then Dom R =

(a) {2,4,2} (b) {2,4) (c) {1,3, 2} (d) none of these
viii. IfR= {(a,b) /a,be Z ~na+b =0}, then:

(a) Dom R = Range R (b) Range R = Dom R

(c) DomR = Range R (d) none of these.

ix. IfFR = {(a,b)/a, be NAax b= 12} then tabular form of R is:
(a) {(1, 12), (2, 6), (3, 4), (4, 3),(6,2), (12, 1)} (b) {(1,12), (2, 6), (3, 4)}

(c) 1(12, 1), (6, 2), (4, 3)} (d) {(1, 12), (4, 3), (2, 6)}
x. fn(A)=p,thenn(AxA)=

(2) p (b) 2p (c) 2p° (d) p’
xi. If n (B) = t, then number of binary relations in B x B is:

(a) t (b) £ (€) 2' d 2

2, If R=1{a,f,h,s} andS={b, e, j, n}, then
(i)  Find the number of binary relations in R x S.
(i) Write any 3 binary relations from R x S.
(iii) Write a binary relation whose domain is equal to set R,
(iv) Write a binary relation whose range is equal to set S.
(v)  Write a binary relation whose domain is equal to set R and range is equal to set S.
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. Shade AUBNC), An(BuC), A-(BnC)and B - (AU C), in the following Venn

diagram.

ﬂ&

. Verify associative properties of union and intersection through Venn diagram for
X = {2x | xe Nax<20},Y = Set of first 6 natural multiples of 3, Z = {6x | xe WA x<20}

. Verify distributive law of union over intersection through Venn diagram for the following
sets.

A={1,273,..}, B={-1-2,%3,.}), C={t1:22 3.}
. Verify distributive law of intersection over union through Venn diagram for the following

sets.
P={ab,cde}, Q={cdefl] R={gh,ij k}
. Create a Venn diagram to illustrate the following information regrading the subsets A and B
in the universal set.
(i) n(A)=60,n(B)=48,n(A n B)=20,n(U) =90
(i) n(A)=34,n(B)=52,n(AUB)= 60, n(U) = 85
_ 10 boys participated in a Qiraat competition. Among them, Haani, Zubair and Haider recited
in Naafi Qiraat style, Abdullah, Umer, Bilal and Ali recited in Al-Kissai Qiraat style while
Hassan, Jaffer and Usman recited in Al-Kufi Qiraat style. Represent boys participated in
Naafi, Al-Kissai and Al-Kufi styles by sets A, B and C respectively. Find:

(i) Find tabular form of A, B and C.
(i1) Draw Venn diagram of situation.
(iii) Find AN(BNCK(AUB)NC,A-(BnC)andA—-(AU B).

100 candidates were appeared in an examination. Out of which 45 candidates passed in
Mathematics, 40 in Science and 50 in Health. If 12 were passed in Mathematics and Science,
15 in Science and Health, 20 in Health and Mathematics and 5 were passed in all three
subjects.

(i) Tllustrate the above information by drawing a Venn diagram.
(ii)  How many candidates were passed at least one subject?
(iii) How many candidates did not pass any subject?
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FACTORIZATION AND ALGEBRAIC MANIPULATION

In this unit the students will be able to:

» Recall factorization of expressions of the following types.
ka+kb+kc, ac+ad+bc+bd,a + 2ab+ b, a*—b, a + 2ab+b -
» Factorize the expressions of the following types:
a+ab+bora' +4b', FHpxt+g, a+bx+te,
(@ +bx+c)a’ +bx+d)+k (x+a)(x+b)(x+c)(x+d)+k
(x+a) (x+b) (x + ) (x + d) + kx*
. d+3d%b+3ab’+ b, @ -3db+3ab’ - b, @+ b
~ » Find highest common factor (HCF) and least common multiple (LCM) of
algebraic expressions.
» Use factor or division i.«ihod to determine highest common factor and least
common multiple.
» Know the relationship between HCF and LCM.
» Solve real life problems related to HCF and LCM.
» Use highest common factor and least common multiple to reduce fractional
expressions involving +, —, %, +,
» l‘:hdnquammﬂfaimicmeﬁonbyfa:mﬁuﬁmmddiﬁaim‘

- B N LT

Ansel Adams (1902 — 1984) was a famous
American photographer known for his style of
detailed and focused photos that showed its
subjects simply and directly. To take sharp and
clear pictures, Adams had to focus the camera
precisely. The distance from the object to the
lens ‘p* and the distance from the lens to the
film ‘q” must be calculated accurately to ensure
that sharp image. The focal length of the lens is
‘f. The formula that relates these measurements

is ~!—+-]—=l~_ This formula involves addition

Sl Y T s
of two_algebraic fractions with the help of

LCM. ‘L




.1 Factorization of an Aleebraic Expression

The process in which an algebraic expression can be expressed as the product of its factors is
called its factorization. For example,

152y = (5x) (3xy)
Here, 5x and 3xy are the factors of 15¢%y.
Hence, the factorization process which converts expressions like 15 ¥’y into (5x)(3xy) is
essentially the opposite of the multiplication process.

hMultiplyﬁ :

Polypumial = Factors
15x°y (5x) (3xy)

l » Factorize

In the previous grades, we have learnt about the factorization of polynomials of the following

types:

(i) kat kb +ke=k (a+ b + ¢)

(i) ac +ad + bc + bd= (c+d)(a+b)

(i) a’+2ab+b = (a b)

(ivy a° -b'=(a+b)a-h)

(v a° +2ab +b’-¢® = (a+b+c) (a+b-0)
(vi) a* -2ab +b'-c® = (a-b+c) (a-b-c)

b

(38 ]

[

Let us learn some more about the factorization of polynomials.

m——» Factorizing Expressions of the Forms

(a) '+ +b  (b) &' +4ab’

(a) To factorize a* + a’b® + b* or a* + 4b*, we shall modify it and try to make it in appropriate
form to utilize the previous results for its factorization.

Consider: a'+a@b* +b* = (&) + &b +(b*)
Here first and last terms are perfect squares but middle term is not twice the product of the
square root of first and last term. So, we shall add and subtract a”b”to make it twice.

1.e. including zero term

a+adh +b = (@) + @B+ aH +(B) -a'b
s [HEJE +232b1+{b:}1 _ﬂ:bz
= (& +b ) =(ab)
= (a*+b +ab)(a@ + b ab)
So, da‘'+a't’ +b = (& +b +ab) (@ +b -ab)
(b) Similarly, a*+64 b* = (a°) + (86")

+ . 3 Zero term
= (@°F +2(d") (8b°) + [szf—?.{u‘]?ﬂh‘}
(@+8°) - 16a°b°

(@ +8b) - {4&&12

= (a* + 8b% + 4ab) (@’ + 8b* — 4ab)
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Example 1:  Factorize the expression 8 x* — 26 x”m’ + 18m".
Solution:  8x*—26x’m’ + 18m’
=2(4x* - 13x’m* +9m")
=2[2x%)*-13 m? + (3m’)]
= 2[2 #)+ 2 2AEm) + (3m) - 22 xH)(3mY) - 13 ¥'m’)
=2[@2 %+ 3m’) —125m’ - 13 X'm’]
=2[2 2+ 3m?) —25°m’]
= 2[(2*+ 3m?) = (5xm)’]
=2 (22 + 3m* + Sxm)2 X* + 3m’ - Sxm)

BETZIM > Factorization of a Trinomial of the Form

(i) F+px+q (i) ax*+bx+ec

To factorize a trinomial of this form means to express the trinomial as the product of two
binomials. To factorize such trinomials keep in mind the following steps:
(1) Make a list of all possible factors of ‘product of extreme coefficients’.
(i)  Select a pair of factors among the list such that:
e their sum is equal to middle coefficient if extremes terms have same signs.
e their difference is equal to middle coefficient if extremes terms have opposite
signs.
Example 2: Factorize the following polynomials.
(@) ¥-Ty+12  (b) m’—2m—15
Solution: (a) y* —Ty+ 12 -
=y’ —4y-3y +12
=y (-4 -3 (-4)
=(r-4(y-3)
So, y‘—?y++2 = (y-3)(y-4)

product of -3 and —4

sum of =3 and 4

(b) m*—=2m-—15

=m’—5m+3m-15
=m(m-5)+3(m-25)
=(m-5)(m+3)

Example 3: Factorize 3x° + 22 x— 16 «— when middle term is positive & last term
is negative.
Solution: 3x?+22x-16
=3x* +24x-2x-16
=(3x +24x) - (2x+16)
=3x(x+8)-2(x+8)
=(x+8)(3x-2)

Unit-04  Factorization and Algebraic Manipulation National Book Foundation
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| Factorize lhe fulluwi.n-g_]:.-c;l;nﬂm.iﬁl:;,
L. 20y -67y + 2y 2.
3. 18+ 108 + 162y 4.  (k+2)-8k+2)+16
6.

3nx — 3x—3ny + 3y

| 5. 9% +4-169" - 12x E-DE+D-p+3HE-1)

7. X' —6ax+9a’ - 16b° 8 1-P-y-y
9.  Find a polynomial whose factorization is (x + y — 2¢) (x + 2¢ + y) by using an appropriate
formula.

10. Show the expression x° + 4y” — 2% + 4xy as the difference of two squares.
11. Find the missing factor in the following.

@ (2-3-2D=@+3)( ) (b) (55 +12x—9)=( ) (x+3)
Factorize the following expressions.
12. x*+4m* 13. m'+m’+1 14,  -3x'-21x' +24%°
15. XF+x*+1 16. 4x'+256)° 17 12-Tx+x*
18. X' —9x+8 19. 1025-29:+10 20. -37+13y—4
21. ¥ -21x+90 22  xX+x-2 23, W +11x+6
24, 28— Sxy -3y 25. B8+6x-5x 26. 6-—Tx=5¢
27. 2a°-4a-6 28. u'-13u%+36 29. y'-12y"-64

w Factorizing Expressions of the Forms

(a) (ax’+bx+c)ax’ +bx+d) +k
(b) (x+a)x+b)x+c)x+d)+k

() (x+a)x+b)x+c)x+d)+ky

The process of factorizing expressions of above types will be explained in the following
examples.
(@ (ax’+bx+c)ad+br+d)+k
Example4: Factorize: (" +3xr—4)(x* +3x+5)+8
We observe here that first two terms inside both the parentheses are same. i.e.
(¥ +3x—4 (F+3x+5) +8

same
Letx’+3x = a , then above expression will take the form
(a-4)(a+5)+8
a(at+5)—-4(at5)+8
a’+5a-4a-20+8 = a +a-12
a’ +4a —3a -12
(a* +4a)-(3a+12) :
a(a+4)-3(a+4) = (a+4)(a-3)
{xz +3x + 4}[,1': + 3x—3) .....by putting the value of a.

[ | [
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(b) (x+a)(x+b)x+c)(x+d)+k
To factorize such expressions, consider the the following examples.
Example 5a: Factorize: (x+5)(x+3)(x+2)(x+6)-88
Solution: (x +5)(x+3)(x+2)(x+6)— 88 notice here, 5+3=2+6
=[x+5)(x+3)J[(x+2)(x+6)] - 88
=("+8+15) (X +8x+12) - 88
Let x” + 8x = g, then above expression will take the form
=(a+15) (a+12)-88
=a’+27a+ 180 - 88
=a’ +27a+92
=a*+4a+23a+92
=(a’+4a) + (23a+92)
=a(a+4)+23(a+4)=(a+4) (a+23)

.. By back substitution .
= (& +8x +4) (&7 +8x +23)
Example 5b: Factorize the expression
(z+1)(z-5)(2z-9)(z-3)+44

Solution: § ¥
(z+1 }{_z;ﬁ][z~9}[z;3}+44

Combine (z+1) with (z—-9)and(z-5) with (z-3).
Re-arranging the given expression, we have
=(z+1)(z-9)(z-5)(z-3) +44
= (£-82-9)(-82 +15) +44
By putting z* - 8z = x in the above expression, (6 ety th et e e &)+ ke

it will take the fi
1t will taxe the lorm Example 6: Factorize the expression.

=(x-9)(x+15)+44 (x+1D(x+ 2)x+3)x+6)-3x°
M/ <yl Solution:  (x+1)(x-+6)(x+ 2)(x+3) -3¢
=x"+13x—-Tx-91 (x* + 64 Tx)Nx" + 6+ 5x)—3x°
=(X+13x) —(7x+91) et Gy

=x{x+13) ~T&x+13)
=(x+13)(x-7) (y+Tx)p+5x)-3x"

Now replacing x by z* — 8z , we have 32 +5xy+ Ty +35x% - 353
=(#-8:2+13)(F#-8-7) ¥ +12xy +32x°

¥ +8xy+dxy +32x°
Yy +8x)+4x(y+8x)
(y+8)y+4x)
putting the value of y
(x* +6+8x)(x* +6+4x)
(x* +8x+6)(x* +4x+6)
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m_' Factorizing expressions of the forms:

(a) a'+3a’b+3ab’+b’
(b) a’—3a’b+3ab’-b’
We have studied in the previous unit that:

0] a’+3a’ + 3ab’ +b* =(a+b)’
(i) a’—3a’b +3ab’— b’ = (a—b)’
The technique of factorization is elaborated through following examples. )

Example 7:  Factorize the following expressions. yiv by
() 27a°+1+27a°+9a i X+=-—-3x
X o

(iii)) 4x?(2x-15)-25(5-6x)

Solution:

p 278 +1+ 2748 + %a B o L 244
3 ¥ ¥ v + (i) x+x > 3x
,.(33} +(1) +3[3a} {l}+3{3a](l} oA g 1]
=(3a)’ + 3[3a] (1)+3 (3a) ( 1)* +(1)° = ARy
=(3a+1) M e N Y
(iii) 4°(2x-15)-25(5-6x) =(x)-3 () [;] +3[:{][;] _[;}
= 8x -60-125+150x [ IT
=l x—=—
= 860+ 150 x 125 <

= 20 -32x*®+320 6 -06)
= 2x-5)

m—' Facturlzlng the sum ami difference of two cubes

(a) a® + b’ (b) a* - b’
We have studied in the previous unit that:

2+ b =(a+b)(@-ab+b’) and a’ - b =(a~b)(a=+_nh¥b°3

Example 8: Factorize: X +27

Solution:

As, 2+ b =@+b) @- ab + b)
v ¥ | A N - ¥

So, P2 = @+G) = @+ W)@ -@6EN+EY]
= @+ W) (¥ -3 +9)

Example 9:  Factorize x*—)°.
Solution: © - =) -
= +y) (¥ -y)

Natignal Book Foundation
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=(x+y)(F-x+))x-y)(F+xp+))
=@+y)E-y)E-xp+y) (P +xy+))

Example 10: Factorize 8a’ - 125b’ - 2a+ 5b
Solution:  8a’ - 125b’ -2a+5b

= (2a)’ - (5b)° - (2a - 5b)

=(2a-5b) [(2a) +(2a)(5b)+(5b)°]—-(2a-5b)

(2a-5b) (4a°+ 10ab+25b%)—(2a—5b)

(2a-5b) (4a”+ 10ab+25b°— 1)«— factor out (2a—5b)

Factorize the following expressions completely.

1. =125 2.8°+1 3. 3p°¢-81a 4. 27+512¢ 5 t*-64 |
6. X*+y" 1. 2-x*+(@-2) 8. 64(x+y) -7 '
9. 27p’ + 144pq® — 108p’q - 644’ 10. 8p’+q’ + 12p°q + 6pg° |
11 1250 - ' — 75 Py + 15xy° 12. p’-9p’q+27pqf -27q° |
13. (2 - 3x +6) (2¢° — 3x) - 55 14. (Y +2y-3)(y +2y+11)+48
15. Wy-1)(y=3)(y-4)+2 16. (k+2)(k-3) (k+5) (k+ 10) + 375
17. (x—5)x-6)x+3)x+2)+12 18. (x+1)(x+2)(x~3)(x—6)-21x’
19. (x—2)x—6)(x—-3)x-4)-2x* 20. (5-x)2+x)10-x)(1+x)-T7x*
21. The expression a® + 729 can be written in two ways as :
(a)  sum oftwo squares (b)  sum of two cubes,

which one will be used for factoring it and why? Also factorize the given expression.

22. Express 8 + 12t + 6t° + " as the product of three factors. Is each factor a binomial or a

trinomial?

Highest Common Factor ol Algebraic Expressions

As algebra is an extension of arithmetic, so we apply almost the same rules for finding HCF of
two or more algebraic expressions (polynomials) as used in arithmetic.

4.2.1

Highest Common Factor by Factorization

A factor of a polynomial is an-other polynomial which divides it completely. The common
factor of two or more polynomials is a polynomial which divides them exactly.

The highest common factor of two or more than two polynomials is a highest degree
pelynomial which divides the given polynomials exactly.

Unit-04
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(a) HCF of Monomial Expressions

To Find the HCF of Monomials:

I. Determine the HCF of numerical coefficients by prime factorization.

I1. Determine the common variables and select their lowest power that appears in all
monomials.
This will be the HCF of variables.

Example 11: Find the HCF of 18ab’c, 30a’b'c’, 24b°c’. :
Solution: First we find the HCF of numerical coefficients 18, 30 and 24 as .

18=2x3*

30=2x3x5
24=2"x3
HCFu{l%,E[]an4d24z=2><3=6 T P
: s t 0
HCF of b*, b’ and b" is b*. +—— least common power of b i g

HCF of ¢, ¢’ and ¢ isc. <+— least common power of ¢
Hence, required HCF = 6b°c

(b) HCF of Compound Polynomial Expressions

To Find the HCF of Compound Expressions:

1. Write each expression in complete factored form. Repeated factors should be expressed as
POWETS.

I1. Select the least power of each common factor.

I11. The highest common factor (HCF) is the product of results of step-IL

Example 12: Find the HCF of 2m’ — 2mn, 4m* — 4m’n’ and 2m’ - 4m’n + 2mn’.
Solution: First factor each polynomial expression completely as
2m’-2mn =2m (m-n)
4m® —4m’n’ =4m’ (m’-n?)
=2’m? (m + n) (m — n)
2m’ — 4m’n + 2mn’ =2m (m’ - 2mn + n’)

=2m(m - nf
Common factors with least power are 2, m, m—n
Required HCF = 2m (m — n) L

Enmple 13: Find the HCF of the following.
ax? + Tax + 12a, ax® — Sax — 24a, 2ax’ + Sax — 3a
Solution: ax’ + 7ax + 12a=a{xz+ Tx+12)
=a( +4x+3x+12)
=a[x(x+4)+3(x+4)]
=alx+3)(x+4)
a’® — Sax—24a=a (¥’ - 5x - 24)
—a(x’ — 8+ 3x—24)
=alx(x—8)+3 (x-8)]
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22 + Sax—3a =a(2x° +5x-3) R b the.

t

. =a(2+6x—x-3) HCF of a’-b® and
| =a[2c(x+3)-1(x+3)] a'+b™?

a(2x-1)(x+3) |
. Required HCF = product of all common factors with least power )

=a(x+3) j
(EERcisE e ) |

1.(a) Find the HCF of the following monomials by completing the table.

e e S R

"hlnlllllnill..tl"-

e e W e, T T
e ——

16p’q, 9pq’r

| lﬂqujr. sp’qr, 151:!211:[1'2

14p'qr', 28p’qr,

2 ]

p qr, lezqzr' i

(b)  Ifall common factors with least power of three unknown polynomials are 2%, 3, pq and
(p+ ) then what would be their HCF?

(¢)  Write any two polynomials of your choice having HCF as 1.

(d)  The only common factor of two polynomials is m — n and the only uncommon factor is
m’ + n’. Can you guess the unknown polynomials?

(¢) CanyougumsHEantwupnlynnmialsx}+Sx+landi+5x+.t]wiﬂmuuny

s =T mE——r——

e e T e b St oy

?
Find the HCF of the following by factorization. _ i
(x+yP, ¥-y 3. (a-b), a*—2ab+b’ !
ab—ab’, a’h’ —a’b’ 5. ¥-49, ¥-4x-21 i

2@ +x-1,152+8+1 7. ¢¢-d’, acx’ —bex+adx—bd t
m’-n?, m*-n*, m*-n®
a + 2% +a’, 2a@ —da’x—6a’, 3 (ax +a’)

Ly
D ohioh B b

4.2.2 Highest Common Factor by Division

Sometimes, it is difficult to factorize the given polynomials completely. In such cases,
we adopt division method to find the HCF of these polynomials.
We will explain the procedure with the help of the following example.

e i e g A D e

Example 14: Find the HCF of two polynomials X +x'—5x+3andx”+3x

Solution: The following steps will be followed for finding HCF.

e e e e
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Step-I: Arrange the given polynomials in ~ x*+3x) x + x — 5x + 3 (x-2

descending order w.r.t. the variables. +X +32°

In this case, polynomials are already in - lrf +x+3
descending order. F2¢° F 6x

Step-II: Consider the higher degree polynomial as x+3)x+3x(x
dividend and lower degree polynomial as divisor and +2° + 3x
start division process. 0
Step-1I1: Since degree of remainder has become smaller

than the degree of divisor, so remainder will be taken as Divisor
divisor and divisor will be considered as dividend.
Continue the same process until we get 0 remainder. As x + 3 is the last divisor which gives
remainder as ‘0’. Therefore, required HCF = x + 3

Example 15: Find the HCF of 12 + 16a + 7a’ + @’ and 13a + 54+ 14 +&’.
Solution: First arrange the given polynomials in descending order w.r.t. the variable.

ie. @ +7a +16a + 12and @’ + 5a°+ 13a + 14. Since degree of both the polynomials is same,
so any one can be taken as a divisor or dividend.

a1’+5a’+l3a+l4) a3+?a=+lﬁa+12(|
ta +5a° +13a+14

2a°+ 3a- 2_):1"+5a3+13a+l4 (a+'f
Geite i s
24’ +10a” +26a+28

+2a’ +3a’ - 2a

7a® +28a+28
x2
14a” +56a+56
+14a’ +2la—- 14
I5a+70=3Xa+2)
a+2) 2.:121—3:1—2(2“—1
o

a’+ 4a

Now divide 24° +3a —2 by a +2.

2
. Required HCF = a + 2 prd 2

a =
a -
+

0
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The least common multiple of two or more polynomials is a polynomial of lowest degree that
contains the factors of each polynomial.

4.3.1 Least Common Multiple by Factorization
The process of determining the LCM is almost identical to that for determining the HCF. Prime

factorization is also useful to determine the LCM of two or more polynomials. The LCM is
obtained by taking product of all factors (common and uncommon) with highest power.

(a) LCM of Monomial Expressions
To determine the LCM of two or more monomials, find LCM of the numerical coefficients and
LCM of each variable. Then find their product for the required LCM.
To understand this concept, consider the two monomials 45x"y and 60x’y"z.
First find the LCM of numerical coefficients 45 and 60 which is 180.
Now consider variables x, y and z.
LCM of x* and ;cl = highest power of x appearing in any monomial = x'
LCM of y and y* = highest power of y appearing in any monomial = Y

LCM of z = highest power of z appearing in any monomial =
Thus, required LCM = product of LCM of coefficients and L C'M of each uanablc
= 180x"y’z

Example 16: Find LCM of 18a’b’c’, 60a’b’c® and 42a'b’,
Solution: First we find the LCM of 18, 60 and 42 by prime factorization as
18 = 2x3%, 60 =2"x3x5 42 =2x3x7
.. LCM of 18, 60 and 42 = product of all factors with highest power
= 22x3*x§5x7=1260

Now we find LCM of each variable as
LCM of a’ and a* = a* (highest power of a) —

LCM of b” and b* = b* (highest power of b) H
aleema 60(x+1
LCM of ¢’and ¢® = ¢’ (highest power of ¢) english ,:l::y hfmk,)
~. Required LCM = 1260a"b"c’ 45(x+1) math fun books
(b) LCM of Compound Polynomial Expressions ﬁﬁ}mm" m” E

all books in groups of
To understand the procedure, let us consider the following examples. | same number. What :u

Example 17: Find LCM of x"ys-xay" and x’y —xy° you think can be the
Solution: First we factorize each polynomial completely. mmﬂﬂm’
Ay -yt =2 (x-y) N\ s e A

Ky-x7 = @@=y = -+
We choose every factor with highest power as: x’y’, x—yand x + y.

Then their product is xjy ’gx + ¥)x — )

Required LCM JJy {f-z + _];;IZ(X »)
(" =)

£ -y
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To find the LCM of Compound Expressions:

powers,
IL. Select the highest power of every factor that appears.
II1. The least common multiple is the product of the results of step II.

I. Write each polynomial in complete factored form. Repeated factors should be expressed as

Example 18: Find the LCM of 2x* — 12xy + 16", x* - 6xy + 8y and 3" - 12",

Solution:
27— 12xy + 16)° = 2(x* - 6xy + 87)
= 2(x—-4y)x—-2y)
Pty + 8P = (x—4)(x-2y)
- 127 = 3(x*- 4

|
I

= 3(x+2y)(x-2y)
All factors with highest powers are 2, 3, x—4y, x -2y, x+2y
. Required LCM = 2 x 3 x (x - 4y)(x — 2y)(x + 2y)

= 6(x— 4y)(x’ - 4y")
Note: Same pattern will be followed for more than three polynomials.

1. Give quick answers to these questions without doing any procedure.
If HCF of two polynomials x* + 5x* + 6x and x* + 9x” +14x is obtained as x” + 2x, then:

(i) What would be the HCF of 5 (x' + 5x* + 6x) and x* + 9x” + 14x?
(i) What would be the HCF of x’ + 5x* + 6x and 2(x’ + 9x° + 14x)?
(iif) What would be the HCF of 3(x’ + 5x* + 6x) and 7(x" + 9" + 14x)?

(iv) What would be the HCF of 15(x* + 5x*+ 6x) and 25" + 9x° + 14x)?

(v) Does HCF of the given polynomials will remain unchanged if both
hy x?

R
|

|

|

I

|
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2. Find the LCM of the following menomials by completing the table.

Vionomials

(i) &, 4z
(i) 125%, 24x°;
(i) 18xz, 9z, 6x%y2°
(iv) .:}za,zsfx, 23.1'3}752

Find the HCF of the following by division method.

3. a’+a-2,a°+2a%+a+2 4 X+ 4x-8, 20+ T +dx -4
8. 2edixy—ar v x—3 6. 3+2p*+5p%, Sp+5p’+3+3p
7. 24x*— 2 — 60 1% — 32x, 18x* — 627 — 39" — 18

8. 2°0+68+x+3,3°49°%-2x 6, +3%+ 2+ 6

Find the LCM of the following expressions.

9. 9a’b—b,6a’ +2a 10. p'q-pq’, pqa’-p’q’

11. 4Py—y, 23 +x 12. ¥-x—6,"+x-2, " -4x+3
13. m*~1,m'-1,m-1 4. X +2°-x-2,"-x-2,°-4
15. ¥ +x-20,—10x+24, ¥ —x—-30

4.3.2 Relation between HCF and LCM

Consider two polynomials P = a’~b’and Q = a’— 2ab + b>. For their LCM and HCF, first
factorize them as
P =a’-b’=(a+b)a-b)
Q = a’-2ab+b*=(a—b)’
. HCFofPandQ=a-b
and LCM of P and Q = (a + b)(a — b)’
Now HCF x LCM = (a—b }(a + b)(a—b)
= (a’-b*)a-b)
= (a’—b’)(a’- 2ab + b?)
Also, product of Pand Q = (a’—b”)(a’—2ab +b?)

Thus, LCM xHCF=P xQ

Hence, it can be generalized that:

product of their HCF and LCM = product of given polynomials
4.3.3 Finding of Least Common Multiple by Division

Sometimes, it is much difficult to find the LCM of given polynomials P and Q by factorization
method. Then in that case, we can find the LCM by division as follows. From the relation (1) we
have,
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Procedure is illustrated through examples.
Example 19: Find the LCM of P=10x* + 3x* + 8and Q = 8*+3x+10
Solution: First we will find their HCF as

5
8x' +3x+ m)mx‘ +31° +8

LCM =

x 4 4———— multiplying dividend by 4

40x" +12x¢" + 32
+40x* 450 +15x
: 12— 18— 15x . HCF is not affected by
where (12x"' - 18- 15x)+3 = 4 -6-5x = 4x’' —5x—6 multiplying or dividing any
Now, we will divide 8x" + 3x + 10 by 4F - 5x -6 polynomial with any number
Ix during the process of finding
HCF.

4x’-sx—ﬁ) 8x* +3x+10
+ &Y -12x . =10y

15x+ 10+ 10x" = 106" + 15x + 10
Again, (10x°+ 15x + 10) + 5§ = 2x" + 3x + 2
2x-3

2x* +3x+2) 4x° -5x-6

+4x° +4x + 67

-
—6x =9 —6
0

s HCFis 2x" + 3x + 2.
Now, we obtain the LCM using the following relation.
PxQ _ (10x* +3x" +8B)8x* +3x+10)

HCF 2x* +3x+2
(Since, the HCF of two polynomials divides both of them exactly. So divide any polynomial of
numerator by denominator.)
5~ 6x+4

2x2+3x+2) 10x* + 3x°+ 0x* +0x+8
+10x* J_rlﬂx‘+mx1
12 — 10X +0x+ 8
~13¢ =18y =10
8x° +12x +8
+ 8 4_r12.7:4_- 8
0
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Hence, required LCM = (5x*— 6x +4)(8x" + 3x + 10)

Example 20: Find the second polynomial Q when first polynomial P = x* — 5x + 6,
HCF = x—3and LCM = x'- 95"+ 26x - 24

Solution: P = x*—5x+6, Q=7
LCM of Pand Q= x"— 9" + 26x — 24 2t 13

it = e x—Z) x =9x? +26x-24
_ HCFxLCM ¥ =2x°

P ~7x% + 26x-24

_ (x=3)(x" -9x* +26x-24) T 7% + 14

x}-5x+6 A
(x=3)(x" =9x* +26x —24) +;Z /52
(x-3)(x-2)
3 2
L X =00 #365-24°" 0 r
x-2

Q

~Tx+12

Find the HCF and LCM of the following.
i, 16—-4, ¥+ x-6 ii. a'-a’-a+l, a'+a’+1
i, 2*+2%-3x, 20 +5¢ - 3x
If HCF and LCM of two polynomials are x — 7 and x' — 10x" + 11x + 70
respectively. Then find product of two polynomials.
Product of two polynomials is x* + 3x’ — 12x* — 20x + 48 and their HCF is x - 2.
Find their LCM. '
The product of two polynomials is y* + 6" — 3y* — 56y — 48 and their LCM is
y*+2y*— 11y — 12. Find their HCF.
Find the second polynomial when,
First polynomial = x*+ ¥’ + x+ 1, HCF=x+ l and LCM = (' + )(x*+ X' ~x - 1)
Find the LCM of polynomials 4x’ — 10x” + 4x + 2 and 3x* — 2" - 3x + 2 1ft]1mr
HCF i IS X — I

In this topic addition, subtraction, multiplication and division of algébraic fractions will be
discussed.
4.4.1 Algebraic Fractions

2
hlgcbratc expressions of the type x? +2x+1 '1'1_ P
22 —5x-3 !+1 ap?

are called algebraic fractions.
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_ 4.4.2 Multiplication of Algebraic Fractions
? We multiply two or more algebraic fractions in the same way as common fractions in arithmetic. '

If% and % are two algebraic fractions, where T+ 0, U#0. ¢
T-hﬂﬂ, £X£=£ ::1
N T i o . |

In general, before finding the product of two or more algebraic fractions, we factorize the
numerator and denominator of each fraction, if possible, and divide out all the common factors,
to get the most reduced form of the resulting fraction.

Example 21: Find the indicated product. ;
x =1 @ x+2 :
x*4+4x+4 x*+2x-3

> s, BRIV 5
x?+4x+4 x'+2x-3
o fevile=l) o 32
(x+2:x+2) (x=1Dx+3)

Solution:

W T : l e S S A |
x+2 x+3 :
x+1 X x+1 f
(x+2)x+3) x* +5x+6 {.

4.4.3 Division of Algebraic Fractions

| If% and%mtwoalgehmicﬁ-acﬁm,ﬂmn _-
.gr.+ %:5 x%n% , where U#0,Q#0and T#0 i

To divide one fraction by another, invert the divisor and proceed as in multiplication because ‘to i
divide’ by a fraction means ‘to multiply” by its reciprocal. L;
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Example 22: Find the indicated operation.
r'-s° r-s

r s
{r+s)(r—s)x s
- r r—s

s{r+8), . ST+S

r r
- 3 2
Example 23: Simplify: 312;6: + (6x° — 15x)
&x +x—6

(6x° - 15x)

I +6x7

2 +x-6
' a6? 1

2x +x-6 6x* -15x
3x* (x +2) v 1

(x+2)2x-3) 3x(2x-5)

Solution:

X

X
- (2x-3)2x-5) 4x* —16x+15

4.4.4 Addition and Subtraction of Algebraic Fractions

Algebraic fractions are added or subtracted just like arithmetic fractions i.e., by
manipulating LCM of their denominators.
Example 24: Simplify the following.
x +2.t+2+ (—2x-2)
2x ix
x*+2x4+2 s (-2x-2)
2x 2x
- X +2x+2+(-2x-2)
2x
_ X +2x+2-2x-2

i
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Example 25: Perform the indicated operations.
-2x o) - 8x-12

x+3 3-x x*-9
-2x 3 8x-12
4 =
x+3 3-x x'-9
=—2x+ =3 = rRx-—12
x+3 x-3 (x+3)x-3)
B ~2x(x=3)+(-3hx+3)—-(8x-12)

Solution:

— " 3-x=—(x-3)

" LCM is (x+3)(x-3)

(x+3)x-3)
—2x* +6x—3x—9-8x+12 T ;
= - lify th enth
(x+3)(x-3) Lo RN
—2x* —5x+3 T
=_=" " °  4——— combine like terms 3
(x+3)x-3)
p— 2 [
=—1Cx" +5x-3) negative sign is taken as common
(x+3)x-3) 2
_ —1(2x-1)x+3)
(x+3)x-3)
_-@x-1)
{x=3]
2_ .
* i 31 «—— reduced form
Ix—

4.4.5 Algebraic Fractions with Combined Operations

When two or more operations occur in any algebraic expression then the rule for order of
operations (DMAS) must be followed.
Example 26: Simplify.
3ul +5uv+2v 2u+6v  u’ +6uv +9v
WS A6V ui-4vi uwiv-2w’
Solution: Division is performed before addition while simplifying an expression.
Therefore, first we will simplify fractions having *+’ sign.
3t 4+ 5uv+ 20 2u+6v  ul +6uv+ N’
- . +—3
w+Suv+ 6 -4 w'v—2uv’
3 +S5uv+2v0  2u+ 6y ulv—2uv’
W +Suv+ 6V -l +6uv+ N

_ 3’ +Suv+ 2 Au+3v)  uw(u-2v)
w4 Suv+ 61t (A2 u-2v)  (u+3)’
3u’ + Suv+ 207 2uv

+
w +5uv+6v:  (u+2vNu+3v)
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3u® + 5uv+2v° 4 2uv
(+2v)u+3v)  (u+2v)u+3v)
3’ + Suv+ 2v' 4+ 2uv

(1 + 2v)(u + 3v)

31 + Tuv+ 20
(1 + 2v)Hu + 3v)
Gu+v)u+2v) _  Jutvy
(e + 2v)(u + 3v) u+3v

1.  Answer these without calculations.

;. Product of what algebraic fraction and x* + 7x— 8 is 1?

x?

¥ +y
+n
jii. f what al ic fraction and —— is— ?
Sum o gebraic Tt PEg

iv. What is the product of an algebraic fraction and its reciprocal?

ii. Which algebraic fraction divided by gives 17

Simplify the following (where all the expressions in the denominator are non-zero).
14x* —7x x.':|'2+2.x a’bl+3abx 2a +1

12x) +24x*  2x-1 : 4a® -1  ab+3

6x’y? L, 3xy

=yt x+y

2.

+6a’ —-13a+5 : 2a* +a’
4a’ +2a° 15a-25 15a°
22 -8x<~9 2*-25 x*+4x-5
x +
X =17x+72 x*-1 x*-9x+8

1., ~luks
2x-3y 4x* -9y’

9.

= § e it

+
xx-y) yx+y)
5x+5 6-2x 41 2a 5 4(3a + 2

32x-1) 2(1-2%) 2a-3 6a+9 3(4a®-9

. 55D 3
2 : 13. 1=p xl q x[1+i)

S+x—18x" 2+5x+2x l+q p+p 1-p
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4.5 Square Root of Algebraic Expressions

The square root of an algebraic expression is defined as one of its equal factors e.g.,
x + y is the square root of x* + 2xy + y* because,

X+ 2y 4yt = (x+y)’

The square root of an algebraic expression P is another algebraic expression Q which, when )
squared, gives P. Thus, if P = (- Q)* then Q and — Q both are square roots of P.

Square root of an algebraic expression can be obtained in two ways. !
i.  Factorization Method ii. Division Method S
4.5.1 Square Root by Factorization Method t
In this method, before applying the square root, given expression is written in the form of a
complete square. For example, to find the square root of 4a” + 12ab + 9b°, first we will convert
the given expression into a cnmzpiete square as follows: '
4a” + 12ab + 9b” = (2a)* + 2(2a)(3b) + (3b)* [
=(2a + 3b) ,

=[% (2a+ 3b)]°
Now, applying square root on both sides, we get.

Vaa® +12ab +9b* =+ (2a +3b)
Example 27: Find the square root of (a+—l-) -4 (a—l].

Key Fact $ [‘

!
a a l
Solution: To find square root of such type of expressions, }
we can adopt two methods.
Method-1I

I

=]
[

+
b2
£

I
e

e

i~

I

Il
B
[2¥)
|
(&
+
|
|
5
r——
B
I

I
oy
=
[
=
|
£
. )
=]

I
B |—
i
+
£

ot =a=1) = = (a-L-2)...coiying square rooo
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Method-1I

) = a’+2+lz-- 4{::—1
a a

= (au;lf] +2-4 (a—%

a——
a

or a-2+ L:=.t‘2
a

= a+ ;li-=x2+2
Substituting values from equations (a) and (b) in equation (i)
2
[a+l} —4[;:-1) (F+2)+2-4x
a a :
= F-dx+4
(x-2)°

Now, replace x by a - % in equation (11)

2 2
()2
a a a
Applying square root on both sides, we get
2
ol e-t) - o)
a a a

Example 28: Find the square root of (2a + 1)(2a + 3)(2a + 5)(2a + 7) + 16.
Solution: ol L A ANE
(2a+ 1)2a+3)2a+502a+T)+16=[(2a+ 1) (2a+ 7] [(2a + 3) (2a + 5)] + 16

= (4a° + 16a + T)(4a’ + 16a + 15) + 16
=(4a’+ 16a + T)4a"+ 16a +7+8) + 16
(2a+ 1)2a+3)2a+5)2a+7)+ 16 =x(x+8) + 16 .....(put 4a’+ 16a + 7 =x)
=x'+8x+16
=x'+2(x)4) + (@) = (x+4)

Now replace x by 4a* + 16a + 7

(2a+ 1)2a+3)2a+5N2a+7)+ 16 =(4a’+16a+ 7 +4) =(4a’+16a+ 11)°
Applying square root on both sides, we get
J(2a+1)2a+3)2a+5)2a+7)+16 = + (4a°+ 16a + 11)
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4.5.2 Square Root by Division Method
To understand this method, consider the following example.
Example 29: Find the square root of 9x” - 42xy + 49" by division method.

Solution: 3x - Ty < root
lw}':?xi = 31]4 3x O’ 42xy +49)°
+3x |+ 9%
l:-— :21:? e} y] 6x—Ty — 42xy +49y2 «— remainder
o [ YOI
—42xy + 49
0 < remainder

2. Square root = + (3x - 7y)

Example 30: Find the square root of 4(;:’ + L;) + 12[.r+ 1] +17,x #0.

x
|

X

12

4
Solution: 4[x2+l1]+12[x+~—]+ﬂ= 4y° +—2~+I2t+—+1'}'
x x

x
12

X

4 : .
=4+ 12x+ 174+ — + — *+— arrange in descending order
X

X

1;r+3+E
X

2x 47+ 12x+ 17+
+ 4y

12 4
——

X X

4x+3
+12x +9

+12x +]'}'+£+—1
x x

4

2
4x + 6 +—

12

3+——~+i1
x x x
A

g

- |
e

. Required square root is + (2x+3+gj
X
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Sometimes the given expression is not a perfect square and to make it a perfect square, we add
(subtract) some value to (from) it. Consider the following example.

Example 31: To convert x*+ 4x’+ 10x* + 10x + 5 into a perfect square,
i. What should be added to it?
ii. What should be subtracted from it?
iii. What should be the value of x?

Solution: First we try to find the square root of the given expression as
¥+2x+3

X Ay 1007 + 10x+ 5

+x*

4 + 106% + 10x + 5
-1-413i4x2

6x° + 10x+ 5

+ 6x +12¢ +9

= 2% —4

For a perfect square, remainder must be zero, but here remainder is — 2x — 4.
Hence,

i. Expression will be a perfect square if weadd — (—2x—4)=2x+4 init.
ii. Expression will be a perfect square if we subtract — 2x — 4 from it.
iii. For the value of x put remainder equal to zero as
-2x-4 =0
—2x=4 or x=-2
. For x =— 2, expression will be a perfect square.
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Example 32: For what values of m and n, 9x*— 24x" — 144" + mx + n is a complete square or
perfect squre? '
Solution: First we try to find the square root of 9x*— 24x* — 14x° + mx + n.

3x* — 4x -5
3’ Ox*— 24’14 + mx+n

+0x*

6x°— 4x “24x’— 14x* + mx +n
i +24x + 161

. 6x"—8x-5 —306% + mx +n
~30x" +40x +25

mx—40x+n—-25
= x (m—40)+ (n - 25)

The, given expression will be a complete square if the remainder is zero. This is only possible if,
m-40=0 and n-25=0
or m = 40 and n=25

Hence, for m = 40 and n = 25 given expression will be a complete square

Find the square root of the following by factorization.
1. 16y*—56y+49 2. 25a'-30a’+ 94"

" |
3. [xz——lzn] +4[12——11-]+4,x#ﬂ' 4, (a1+-1-1—]~3(a—1)+14.ﬂ¥ﬂ
x X a a

5 (a+2)at+4)a+6)a+8)+16

Find the square root of the following by division.

6. x'+87°+20°+ 16x +4 7. X +10°+ 317+ 30x+9

8. 49b* + 18a’b*+ 4a’b + a* + 28ab’ 9, 4x'—12X +20x* —30x+25 .

' 1 4

10. 1 - 10x + 27 — 10" +x* 11. .'7¢7‘+—4+4.t:2——1 +2, x=20
X b
56 49 Tt |
. @-8a+2+ —+—, a=»0 13t =gt S e S e

R L d 2 2 16
14. 4;:"+323c’+Ei'«|5+ﬁ;+~u—2E

b o X
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To make a* - 10a’ + 274" - 9a + 2 a perfect square:

i.  What should be added in it? .ii. What should be subtracted from it?
iii. What will be the value of a?

Find the values of p and q if x*— 12X’ + px + g is a complete square.

For what value of k, the expression y* + 4y” + k + i} + —41— becomes a perfect
W ¥y

square, where y =0.

4.5.3 Application of Factorization in Daily Life

We use various basic principles of mathematics quite unknowingly in our daily life. Like, we are
always using addition, subtraction, division and multiplication everywhere, from restaurants to
public transport. When children learn about numbers and basic mathematics. This happens because,
with time, we become familiar with the concepts. They can frequently apply these concepts in
solving their real life problems. Factorization is a similar example of this, we have a bunch of real-
life examples where we use factorization extensively, making our daily lives easier.

Example 33:

Mustafa is working on a space project to make a cuboid with the volume as the difference of
2 cubes of sides x and y respectively. Help him to find:

a. Expression for volume of the required cuboid.

b. Expression for any one side of required cuboid.

¢. Expression for Area of any one surface of required cuboid.

Solution:

Mustafa is working with cubes of volumes:

Volume 1: x* Volume 2 : y*

Difference of 2 volumes = x* —y*

a. Volume of required cuboid = x*—y?

b. x?'—y* = (x—y)(x*+xy+y?) (by factorizing)
The volume of a cuboid is factorized in one linear and one quadratm factor. So the expression for
length is “x —y”

¢. The quadratic factor in above factorization represents Area of a surface. i-e Area of one surface
isx2+xy+y2

Example 34:

Volume of a cubical container is given by expression (x* — 6x%y + 12xy? — 8y*) m?. Find:

Expression for length of each side s

. Expression for total surface area

a
b. Expression for area of the base

¢

d. Expression for cost of painting all outer surfaces.at the rate of Rs.50/m?.
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Solution:

Volume of cube = 3= x* — 6x?y + 12xy* — 8y°
= (x - 2y)*
Length of each side is (x — 2y) m
Base area = [2= (x — 2y)% m?
Surface area = 612 = 6 (x — 2y)* m?
Cost = rate X surface area = Rs. 50 X 6 X (x — 2y)*

= Rs. 300 (x — 2y)?

Boow

I. Inamap of an industry, expression of area of a rectangular veranda is given by
(x* —2x—3)m?. Find: '
a.  expressions for both dimensions of veranda.
b.  expression for perimeter of veranda.
c.  expression for cost of fencing veranda @ Rs. 200/m.
d.  expression for the cost of carpeting veranda floor @ Rs. 250/m”,

t2

Area of a square shaped surface of a machine is given by the expression

(25x*—30x + 9)m?, Find:

a.  expression for the length of the surface.

b.  expression for the boundary of the surface.

¢.  expression for the cost of polishing the surface of machine (@ Rs75/m?.

d.  expression for the cost of edging around 2 sides of the machine surface (@ Rs 28/m.

3. Volume of a cubical oil tank in an oil refinery is expressed as
(125x*—150x* + 60x—8) m’. Find:
a.  expression for height of oil tank.
b.  expression for surface area of oil tank.
c.  expression for painting it from outside @ Rs32/m’.
4. A mechanical engineer working on wheels of a machine, finds their areas given by

A =nd—6mx + 9nand Az =_|- n ¥*—10m x +25 1. Help him find radii of both wheels.
5. A machine has two squared shape pressers with areas expressed by 25 m? and 36n?
respectively. Difference of these areas describes a rectangular presser. Find dimension of
the rectangular pressers.
6. Distance covered by a missile to hit the target is given by expression (x? + 5x + 6)m.
Find:
a. the possible expression for speed of missile
b. the possible expression for time to reach the target
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®  Factorization of expressions uf-thé-fbllnwing types.

Type-l: ka+kb+kc=k(a+b+c)

Type-II: ac+ad+ bc+bd=(a+b)(c+d)

Type-lll: a’+2ab+b°=(a+b)’ and a’-2ab+b*=(a-b)

Type-IV: a’~b’=(a+b)(a—b)

Type-V: a*+2ab+b’~c*=(a +b+c)a+b~c) and
a’~2ab+b’-c*=(a-b+c)a-b-c)

Type-VI: a'+a’h’+ b= (a® + b*+ ab) (a+ b’ ab)
a*+4b*= (a’+ 2b”+ 2ab)(a’ + 2b - 2ab)

Type-VIL: x* +px+q (factorize it write p as the sum of the factors of q)

Type-VIII: ar’ +bx + ¢ (factorize it write b as the sum of the factors of ac)

Type-IX:| (ax’+ bx + c)(ax’ + bx + d) + k
(x+a)x+b)x+c)x+d)+k (where a+b=c+d)
(x+a) (x + b) (x +¢) (x + d) + kx’

Type-X: a’+ 3a’b+3ab’+ b= (a+b)’ and a’— 3a’b + 3ab® —b’ = (a-b)’
Type-XI:  a’+b’= (a+b)(a’- ab+ b%) and a’— b’ = (a— b)(a’ + ab + b%)

HCF of two or more polynomials is a highest degree polynomial which divides the
given polynomials exactly.
LCM of two or more polynomials is a least degree polynomial which is exactly
divisible by the given polynomials.
Product of two polynomials P and Q = Product of their HCF and LCM i.e.

P x Q= HCF<LCM

An algebraic expression of the form g where P and Q are two expressions and

Q #0 is called an algebraic fraction,

A fraction having rational expression in its denominator or numerator or both, is called a
complex fraction.

In case of division, after converting the fractions into multiplication form, follow the
same rules for

simplification as applied in the product of algebraic fractions.

Use ‘DMAS’ rule while simplifying the algebraic fractions having more than one operation.

Square root of an algebraic expression is defined as one of its equal factors.
Square root of an algebraic expression ‘P’ is another expression ‘Q’ which, when squared,
gives ‘P’

i.e.,if P = (£Q) then, + Q and - Q both are square roots of P.
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(i)

(iii).

(iv).

(v).

(vi)

(vii)

(viii)

(ix)

(x)

MMISCELLANEOL a|
_ EXERCISE4__

Encircle the correct option in the following.

Factors of — 2 —a + a’ are
(a) (a—2)0a—-1) (b) (a+ 1)(a+2) (c)(a+2)a—1) (d) (a+1)¥a—-2)

Factorization of ¥’ —x + % is

1 | . 1
f_ii} [x+5) [I'— E) {h} [I+£] {I—* 1]
(c) {x- i—] (x+1) (d) (x- %J (x- %)

[x2+ m ) x + m) x* 4+ m")( x — m) is the factored form of

(a) x*-m' ® x*+m (@ x*-m* (@ x*+mt
a*+ 64b" is the product of
(a)  a*—4ab+8b and a>+dab+ 86> (b) a’+ 8b® + 4ab and a’— 8b” + 4ab
(¢) (a*+8b% (d) none of these
x(2a+3b+7)+x(2a+3b+5) equals
(2 2x(2a+3b+6) (b) 4x(2a+3b+6)
(c) x(2a+3b+T7)(2a+3b+5) (d) (x +x)2a+3b+12)
Which is the highest common factor of ~12x%, 6xy°, 24x"y"?
@ -6y (b 6 @ 6 d -24cy
What is the least common multiple of 12%)%, 6xy", 24x°y*?
@ 6y (b) 6 € 6x/ d) 244
What is the highest common factor of 7x — 6xy and 5xy° — 3x*?
(a) (7T-6) (5 —3x) (b)  (Tx—6xy) (5°x - 3x°)

ey i (d)  x(7-6y) (5 - 3x)
Least common multiple of 7x — 6xy and 5p°x — 3x is:
@ (7-6) (5 -3%) (b)  (Tx-60) (5’ -3
© x @ x7-6y) (5’ -3x)
HCF of 7+ — 8" and 3’ - 5)" is:
@ |1 ®) (-8 (-5
© -8 @ -5
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LCM of 7x’ - 8)° and 3x" - 5)” is:
@ 1 e (75 - 8°) (3¢’ - 5%
) 7°-8° 3x - 57
What is the product of ;“’2
2 - .

uy~ uv
Iw? 6w’

(a)

2
What is the quotient of 3% - A

AP
(a) 20 (b)

What is the sum of —2o—
a

a 2a-a
b a (a* 1)+ (a? -1}{ ‘

What is the difference of —— —3x and — 7
+F I+Y

2
2 RS, Y 3x -4
(a) 2 () X Ty @
x+y 2x+2y x+y x+y

If product of two polynomials is (a — b)’ (a’ + ab + b®) and their HCF is a — b, what is
their LCM?

(@ -0 (b) (a-b)’{a2+ah+b’)

(¢) (a—b)(a’+ab+b?) (d a’+ab+b’

If product of HCF and LCM of two polynomials is (x* - y*) (x + y) then what will be the

product of these polynomials?

@ -y b)) @-»E+r)

© @E-P)E@E++)) @ - -p+))
(xviii) What is the square root of 36x°y'?

(@ &%'*° b) 6y (€ &) (@ 16x)"°
(xix) What is the square root of (15x* — 7y%)* 2

@ =(157-77% () 15¢-7)

(€) =(15x-7v)} (d) £(15x-Ty)
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(xx)

2,
4,
6.
8.
10.
a8
14.
15.

16.

17.

18.

19.

20.

Unit-04

2
What is the square root of [- [Zx + L + 1]] ?
X

1 2
(a) i(2x+l+l) (b) (2x+l+l] (c) 2x+l+i (d) 1‘2.x+l+l
x x x X

Factorize the following.

(a*-5P-13(a" - 5) +36 3 6" + 19x + 15
G+ E-3)E-5x-9)+44 5 x*-127+16
7 2m* + m’n’ - 3n*
9

¥ + 2ax — bx — 2ab

Bx’+4x-5)(3x*-2+4x)-4
x* + 1027y - 56y

gt —p* 11. 28y +64x’y — 60x"y
4x-y) -(x-y) 13. £p-8y' pi-4F ¢d+32yq
X+ y“ - '?xzyz

Find the highest common factor of the following.
) F+3°-8&-24,°+3"-3x-9
@) 3x'-3"-2¢-x-1,9%"-3"-x-1

Find the LCM of the following.

(M 2x2+3.t+1,2.x2+5x+2,x2+3x+2

(i) 3F+11x+6,37 +8x+4, X +5x+6

Find the HCF and LCM of the following expressions.
a(a+c]—h{b+c},b(b+a}—c{c+a},c{c+h}—a{a+b}

2 3
Find the square root of 9_“_2 _6a 101 4x - 4x
x

5x . 25 15a  9a°

Simplify the following (all the expressions in the denominator are non-zero).

x
x —2%=-15

Y rx—=2 ¥ +5x+4 [(xX*+3x+2 x+3
(i) - x - +
x°—x=-20 x —-x

1 1 1
x+l (x+1)x + 2)+ (x+1)x+2)x+3)

Find the values of a and b if
o+ ax’ + bx* — 4x + 4 is a perfect square.

(i)
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LINEAR EQUATIONS AND
INEQUALITIES

In this unit the students will be able to!

* Recall linear equation in one variable.
* Solve linear equation with rational coefficients.
Reduce equations, involving radicals, to simple linear form and find their
solutions.
Define absolute value.
Solve the equation, involving absolute value, in one variable.
Define inequalities (>, <) and (2, <).
Recognize properties of inequalities (i.e. trichotomy, transitive, additive
and multiplicative). -

r‘l'
We can use equations and formulae to model a variety of real life problems and

situations. Business, industry, science, sports, travel, architecture and banking are
some of the areas that really depend upon equations and

inequalities to find the solutions to their problems. For example, consider the
following problem taken from our daily life. Sarim and Raahim are football
players in their school team.

If we want to compare their scores for the season, only one of
the following statements will be true. ,
¢ Sarim scored less umber of goals than Raahim.
« Sarim scored the same number of goals as Raahim.
+ Sarim scored more number of goals than Raahim.
Let x and y represent the number of goals scored by Sarim and
Raahim respectively. We can compare their scores by using an
inequality or an equation as given below.
= x<y or xX=y or x>Y¥.




A linear equation in one variable is an equation that can be written in the standard form as
ax + b =0 where a, b are real numbers anda # 0 e.g.
2x+3=0,5x+3=5

5.1.1 To Find the Solution of Linear Equations

The solution of a linear equation in one variable is a replacement for the variable that makes

A linear equation in one variable (in standard form) has exactly one solution. For the solution of
such equations, we have to isolate the variable on either side of equal sign by a sequence of
equivalent equations.

- £

vision properties

We follow properties of equality i.e. addition, subtraction, multiplication and di
while solving first degree linear equations.

Example 1: Solve the following equation for x.
-Tx+24=3
Solution: —7x+24 =3 +——— original equation
~7x+ 24 - 24 = 3 - 24 «—— subtract 24 from both sides
—Tx =-21 «——— divide both sides by -7
=13

Check: To check this root, we replace the variable x by its value in the original equation and
simplify both sides.

—7x + 24 = 3 «— original equation

T
~7(3) + 24 = 3 «—— replace ‘x’ by 3

~21+ 24 = 3¢+——simplify L.H.S
3 =3 4+—solution is checked
Thus, x =3 is required root.

Unit-05 Linear Equations and Inequalities National Book Foundation



S.1.2

Solving Linear Equations Involving Fractions

The following examples illustrate this method.

Ix

X

Example 2: Solve — - —=— +1

Solution:

LCMof 5,2and 4 = ZU
3x

2% 2% 20 xin
% xz

12x-10
12x-5x
Tx

X

Thus, x=

2x 4+

4

5x+20
20+ 10
30
30
7

30 . g : !
-; is the required root of the given equation.

Yok E Fomadios- = LU ]

Example 3: Solve

Solution: S Ls

s 3-4x

3 Help students to make such a cootie
utchtr Iﬂ pll&r with frmdl for

5

By cross multiplication we get:
S(2x+3) = 5(3 —4x)
16x +24 = 15-20x
16x+20x= 15-24

x= -9
o e 1

36 4
Thus, x= ~£ is the root of given equation.

Solve 0.7(x-1)-05x=1.1
0.7(x-1)-0.5x = 1.1
0.7x-0.7-05x = 1.
0.2x-0.7
0.2x
2x
x=9
Replace x by its value in the original equation.
0.7(9 —1) - 0.5(9) = 1.1
56-45 1.1

1.1 = 1.1
Thus, x= 9 is the required solution of the given equation.

Example 4:
Solution:

1
A
8

8

nowouonn

—-n—-p—-
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Solve the following linear equations in one variable.

1. S5x-2-x=4-3x-27 2. 4a-3(5a-14)=5(7+a)-9
3. 7(2-5x)+27=18x-3(8 - 4x)
4, 5_I+l = 5. x~2+x+lﬂ=5
I 2 9
.5 4(x+2}_'ﬁ(x_?]...12 7 £+£_f+£:'}'..5_
' 3 7 G 2 A SR g
s e e R ¥ Shopviatay 2o
3 2 2 5 7 5
10 L'l=-"l——1—l'.}’*0 1. 4-0.3(1 =7
< oalnE . . 4-03(1-x)=
12, U5x=63-02x 13. 13x-02=03x-1.5

5.2.1 Radical Equations

An equation in which the unknown letter (variable) appears under a radical sign is called
a radical equation.

Examples: Jx+1 =7, Jx=9, Jx+2=5,J2x-3 = Jx+5

5.2.2 To Solve a Radical Equation
I.  Arrange the terms such that a term with a radical sign is by itself on one side of the equation.

IL.  Square both sides of the equation.
IIl. Solve the resulting linear equation for corresponding variable.
IV. Check the solution in the original equation.

Unit-05 Linear Equations and Inequalities National Boak Foundation
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Example 5: Solve \G b3
Solution: Jx +3=17

Jx=4
(Vx )= @y

x =16
- Check: Replace x by 16 in the original equation. *
: Ji6+3 =7

4+3=17
7 =7 «——— solution is checked

Hence, x = 16 is required solution.
While squaring both sides of a radical equation it is possible to get an extra root called
extraneous root that does not satisfy the original equation. Therefore, it is necessary to check
every root by substituting it into the original equation. Consider the following example for such

case’
Example 6: Solve 4 +2 1||'3 +1=3 9
¥ 4 Check:  4+2 J(==)+1 23
Solution: 4 +2,/3y+1 =3 4
23y +1 =~ ceeueei) 4+24-_3+1;3
@By+1 P = (1)} 4
4By+1) =1 P o g
12y+4 =1 4
Ry=-3 4+1 =3
e 5#3
s

Thus, y= —% is an extraneous root and solution set is ¢.

Note: In example 6, there is no need to solve the equation after step (i). We can directly say that
equation has no solution.

Reduce the following radical equations into simple linear equations then find their solution. In
case of extraneous solution, write ¢ for the solution set.

1. V2x=4 2. Jx-3=2

3. Jx-5=3 4. V2x+1=9

5. J5x—-4 =14 6. V3x-5=-10
7. Jy+4-3=2 8. 5-V2x—1=04

Linear Equnmms and lnequaiities National Book Foundation



| 9. Jy+1-12=-10 10. V5t-2 =3t+4

1L V9-2x= 5x-12 12. 12-\[y+1=14

| 13.4yz+8=40 14, J“+6=J‘”2
' a+2 a—1 ; -
15.‘/ £ =J“2 16. V5x— 4= J7x +2 :
z+3 z+6 .

5.3 Equations Involving Absolute Value

5.3.1 Defining an Absolute Value

The absolute value of a number is its distance from 0 on the number line. If x is any point on the
number line then its distance from 0 is denoted by |x|. The two vertical bars are called absolute
value bars. Since distance between any two points is always a positive number or zero, thus the
absolute value of a number is always a positive number or zero e.g. distance from 0 to 5 or from
0 to - 5 is 5 units on the number line.

Thus, |5 =5and |-5/ =5

The absolute value of a real number x, written as x|, is defined as
o |x=xifx 20
o |x]=-xifx<Oeg [9|=9 or |-3|=-(-3)=3

5.3.2 Solution of Absolute Value Equations

An equation that contains a variable inside the absolute value bars is called an
absolute value equation.

eg [d+1=5, [x-3=4

To solve the equations involving absolute value, we apply the basic definition of absolute value.

Example 7: Solve the equation || = 8.

Solution: To solve such equation we have to consider both the possible values of the number
with absolute value.

Thus, if x| =8 then x=8 orx=-8,

The solution set is {8, 8}.

Example 8: Solve the equation | = - 6.
Solution There is no real number x such that |x| =— 6. So, this equation has no solution. Hence
the solution set is ¢.
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Conclusions
An absolute value equation of the form |ax+B5| = c, where a, b and c are real numbers, a # 0

and ¢ > 0 is equivalent to two equations:
ax+b=¢c or ax+b=-c.
For the required solution set of the given absolute value equation, we solve both the equations
separately. .
Example 9: Solve the equation:
|2x+5| =11, where x € R.
Solution:
Step-I: Remove the absolute value bars and write two equations as
x+5=11 or x+5=-11
Step-11: Now solve both the equations for x.
2x+5 = 11 2x+5 = -11
2x=11-5 2x=-11-5
2x=6 2x = -16
x=3 x=-8
Step-I11: Hence 3 and —8 are roots of the absolute value equations. Thus, the solution set
is {3,-8}

« The cquation | = k and k > 0 has two solutions k an

. m;;q:munﬁwﬂhummm#x-ﬂ _ :
e The equation |y -kmﬁk{HMMmmﬂﬁmﬂmmhﬂmﬂuﬁ

Example 10: Solve the absolute value equation.

10— 2x-5

l 5 xt = I 5 ! x where x e R
Solution: Before we remove the absolute value bars, try to isolate the absolute value
expressions on either side as

|

.;m_£|
" |b| b

-10x 5

Zx=5 2
10-x 3

De=8 2
2(10 —x) = 5(2x - 5) 2(10 —x) = -5(2x - 5)

RIARIG DY G,
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20-2x = 10x-25 20-2x = -10x+25
-12x = -45 Bx =5
45 15 5
= —=— = =
12 4 8
Thus, the solution set is {E, E}
4 8
Example 11: Solve the following absolute value equaiton.
|a—]]=|23—3| , aeR
Solution:
By removing the absolute value bars we get two equations as:
a—1=2a-3 or a-1=-(2a-3)
R a—-1=-2a+3
a=2 Ja=4
4
a= -—
3

The solution set is {2, %}

Solve the following absolute value equations, where x, y,z € R.

L. |'t|= % 2. |x+2=6 3 |5y—l| =9

4 R+1j=2 5. |6-3) =0 6. 3|z-2 -4=-2
7. px-1=5 8. Px+2=7 9. @qz

10, [5q+10=5 1. ]_1—4_5-’)’t=3 |";‘|=[2"1|
13, [5x=3 =|x+7] 14. |z43 =3=5-|2+3

Linear Inequalities (or Inequations) in one Variable

5.4.1 Defining an Inequality

There are many ways in which two expressions may be
unequal. The following symbols express some inequalities.
Inequality Symbeols

is less than e.g. —5<7

is greater than eg. 10>-3

is less than or equal to e.g. 757

is greater than or equal to e.g. 5= 1

is not equal to e.g. 3.# 5

#IVIAV A

Unit-05 Linear Equations and Inequalities

National Book Foundation




A statement that “two algebraic expressions are not equal” is called an “inequality” or
“inequation.”

A linear inequality in one variable is an inequality (inequation) that can be written in the
standard form of ax +b <0 (or ax + b > 0) where a and b are real numbers and a #0.

Examples: x<3, x>-2,x-5<-10, 5p-T<3y+9,-5>-7, 3+x+1

Remark: Above mentioned definition is also valid for the symbols < and 2.
Some examples of linear inequations are 4x+3 >0, y>-7, 8(x-2) <3 —5x and
x+3<-5

An inequality written with the symbols < or > is called a strict inequality.

5.4.2 Solution of Linear Inequalities (in one variable)

The definitions of solution and solution set for inequalities are same as for equations.

A solution of an inequality is a replacement for the variable that makes the inequality true.
Solution set of an inequality is the set of all real numbers that satisfy the inequality.

Procedure:

The procedure for solving a linear inequality in one variable is almost identical to that for solving
a linear equation. Here, also to isolate the variable, we use “properties of inequalities”. These
properties are similar to the properties of equality but there is one important difference that when
both sides of an inequality are multiplied or divided by a negative number then direction of
the inequality symbol is reversed. e.g.

original inequality o _2<5
(= 3}—2) > (= 3)(5) =—— multiplying both sides by -3 and reversing
inequality symbol
6>—15 <«—— simplest form

Two or more inequalities that have the same solution set are called equivalent inequalities
e.g. x+5<8andx <3 are two equivalent inequalities.

Example 12: Solve the following inequality.
Bx+9<6x-7, wherex eR.
Solution: Bx+9<6x-7
fx—Gx<=7=9
2x<-16
x<-—8§
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The solution contais all real numbers less than — 8.
Check the solution by replacing x with any number less than — 8, for example — 9, as
(-9 +9<6(-N-7
72 +9<-54-17
~63 < — 61«+— true statement

Thus the solution setis {x |x € R~x<-8}.

Example 13: Solve the inequality.
3(-4+5y)<-8(1-2y)+6,xe R
Solution: 3(-4+5y)<-8(1-2y)+6
-12+15y -8+ 16y +6
- 12+ 15y < 16y -2
-y< 10
y2-10
. Solution Set={x|x e Ray 2 -10}

Example 14: Solve. %x+32%x+2,x e R
| 1

Solution: —x+3z2—-x+2
2 4

4{% x+3)z 4{% X+ i} +— multiply both sides by LCM of denominators

2x+12 2x+8
x+1228
x2-4
The solution setis {x |[x eR Ax 2 —4}.

Compound Inequalities

Twnhequﬂiﬂesthﬂmjohmdby&ewuﬂ“nd“mﬁewmd“n“m‘emﬂedmpom;d
inequalities e.g. 2x<6 and 3x+2>-4, 3x+5>7 or 4x-1<3

5.4.3 Solution of Compound Inequalities Joined with ‘or’

When two inequalities are joined with connective word “or’, it is necessary to solve each
inequality separately. The solution set of the compound inequality will be the union of both the
solution sets i.e., the solution set will satisfy either one or both
the inequalities.
Example 15: Solve the following.
2x+3>7 or 4x-1<3;, xekR
Solution: We will solve both the inequalities for x separately.
2x+3>T7 or 4x-1<3
2c>4 or 4x<4
x>2 or x<1
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x|[xeRax>2}or {x|xe Rax<l}
Now the union of both the solution sets is

x|xe Rax>2orx<1}
Hence, the solution set of the given compound inequality contains all real numbers greater than 2
or less than 1.

5.4.4 Solution of Compound Inequalities Joined with ‘and’

When two inequalities are joined with the connective word ‘and’ then the solution set of the
compound inequality will be the intersection of both the solution sets i.e. the solution set
contains all the solutions that satisfy both of the inequalities.

Example 16: Solve the compound inequality.
x—5>-landx+3<10,xe R

Solution: Solve both the inequalities for ‘x’.
x-5=>-1 and x+3<10
x=4 and x<7
{x|lxeRax=4} and {x|xeRAx<T}
Intersection of two solution setsis { x |[x eR A4 <x <7}
i.e. Solution set consists of all real numbers that are greater than or equal to 4 and less than or
equal to 7.

Example 17: The sum of two times a number x and 3 is between 5 and 17. Between what two
numbers is the given number x?

Solution: Expression ‘sum of 2 times a number x and 3" can be written as 2x + 3. Then given
compound inequality is ‘5 <2x+3 < 17",
Now we solve this compound inequality.

5<2x+3<17

5-3<2x<17-3 «——subtracting 3 from each part

2<2x<14

l<x<7 +———dividing each part by 2
Thus, x lies in between 1 and 7.
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Check whether the given value of each variable satisfies the inequality.
i) 5v-12>0; y=3 ii) 4-2x<9;, x=-3

iii) S5-2x>-4x+5 x=4 v) (z+4)<6; z=-2

v)  5(x-2) >9x-3(2x-4); x=11

In the following cases, write each solution in the set notation form.

i) 2< x £5, wherexe N ii) y<T, where ye N
i) z<-3, whereze R iv) x <4, wherex e W

v) —-4<x< ?,wherexeﬂ

Solve the following inequalities. -

2. 3Ix-2<7, xe N 3. 6x-5<£35-2x, xe W

4. 16-5y<4(y-1)-7, ye R 5. 10-(7-y)23y-9 yeR
Solve the following compound inequalities, where x € R (6-10).

6. 5-3x<1l1or 2x+3<-9 7. 2x+3<9 and x-5>-6

8. 1<7-3x<22 9, 3x+2l<]l-xor 3x+8>3-2x

'10. 1-5x>16 and 3-3?"59

11. The sum of five times a number x and 10 is less than 35 or greater than —5. What real

. numbers does x represent?
12. “Two times a number decreased by 5 is greater than or equal to the number increased by 8.
Find the possible values for the number.
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1. Encirele the correct option in the following. absolutely correct.

(i).
(ii).
(iii).

(iv).

(v).

(vi).

(vii).

(viii).

(ix).

(x).

Which one is the standard form of linear equation?

(@ a+b=0 () ax+b=-c (¢) ax+b>0 (d) ax+b=0
The exponent of the variable in linear equation is?

(@ 1 (b) 2 () -l (d) 0

Which one is the linear equation in one variable?
(@) ar+y=0 (b) xy+3=0 (c) 2x+3=0(d)2+3=0
Which one is the solution of 12x + 17 = 65?

82 65
(@) 48 O © ST =
What number must be subtracted from the right side of 7x = 30 so that 4 is a solution of
the resulting equation? /
1 N (b)) 2 ) 4 (@ . ~2
Which property of equality will be applied to solve the equation -2x = %?

(a)  Addition (b)  Subtraction

~(c)  Division (d)  Addition and subtraction

Which one is the solution set of 5 [x]| = 25?
(@ {2525} () {25} © {5} @@ {55
Which is the solution set of | +7=3?

W = (b) {4,-4} B & S R

Which one is the solution set of ¥5x =-10?
(a) {} (b)  {-20} (c) {20y ) {2}
Which one is the solution set of v3x+1=5?

(@ 25 b 8 () 24 (d)
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(xi). Which one is the solution of - AN 57

X X

@ -l ® 3 © 2 @ zmo
(xii). Which one is a strict inequality?
. (a) x+3 20 (b) 12 >5 (c) 2y-3<0 (d) 4x+520
(xiii). What should be value of ‘k’ if x < y shows kx > ky?

(@) k=0 () k>0 © k<0 (d k>0

(xiv). Which one is the compound relation?

(a) 1+2x<4+x (b) 4.r+3}5% (c) x+y}5% (d)x<0

(xv). Which one is the solution of 3 - -;.-x;a 0?
(a) x=z2-6 (b) x<6 (¢) x=26 (d) x<-6

(xvi). Which one is the solution of 2(x +6) < 3 (x +4)?
(a) x<0 (by x=0 (c) x<24 (d) x=24

Solve the following.

5 2x—11:2x+lﬂ_(28—-21_1) 3 Ja-i=‘(2+3 |

12 12 4 4 o, - S
g Nerreasc 5.  5—|Sy+1|=-9
10
6. %x~12x+l,xER 7. 4(2y +3) - (6y—-1)> 10, yeR ;
8. ng—S ﬂrzxzfl, xeR .
2 3

9. The difference between three times a number y and 18 is less than 12 or greater
than 39. What real numbers do y represent?
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TRIGONOMETRY AND BEARING

dn this unit the students will be able to:

Measure an angle in sexagesimal and circular systems.

Convert an angle from D°M’S” to decimal form and vice versa.
Convert an angle from sexagesimal to circular system and vice versa.
Find length of circular arc when radius and central angle are given.
Find area of the sector of a circle.

Find the trigonometric ratios of 0°, 30°, 45", 60°, 90°, 180°, 270" and 360°".
Prove and apply trigonometric identities.

Find angles of elevation and depression.

Solve real life problems related to a right-angled triangle.

Interpret and use three figure bearings.

Find bearing of cardinal and intercardinal directions.

Solve real life problems related to bearing and trigonometry.

-
-
L]
L
L
-
-
-
L
-
-
L

/'n'igmometry is the branch of Mathematics that deals with the relationship of sides with
angles in a triangle. With trigonometry, finding out the heights of big mountains or towers is
possible. It is also used to find the distance between stars or planets in astronomy and is
widely used in physics, architecture, engineering and GPS navigation systems. Trigonometry
is based on the principle that if two triangles have the same set of angles, their
corresponding sides are in the same ratio.

The measurement along with direction of angles plays an important role in satellite
navigation. By using trigonometric and bearing principles, navigation has become easier for
the military and hikers . Direction compass supports in getting clear picture of the angle
between cardinal and intercardinal directions.




6.1 Measurement of an Angle

Union of two rays having common end point forms an angle. An angleis positive or negative if
measured in anti-clockwise or clockwise direction respectively.

. Vertex Initial side .
Tl >A
ti-clockwise Ww angle)
{positive angle)
0 >A
Vertex Initial side B

Angle in standard position
An angle when drawn in the cartesian plane(rectangular coordinate system) is in standard
position if its vertex is at the origin and its initial arm. is directed along positive x-axis. Its
terminal arm may lie either on any of the axis or in any of the quadrants.
There are three systems of measurement of an angle.

i Sexagesimal System or English System

il. Radian measure or Circular System

iii. Centesimal or French System
Centesimal or French system is beyond the scope of this book.

6.1.1 Sexagesimal System

Draw a circle and divide its boundary into 360 equal arcs.
The central angle of each arc is of measure 1 degree (1°).
To draw an angle of 30° , we need 30 consecutive arcs of 1°.
As 90° is one fourth of 360°, so 90 consecutive arcs of 1°
form a quadrant of the circle. i.e., central angle of quadrant
of a circle is 90°. There are 180 arcs of 1° in a half circle
and all 360 arcs form a complete circle. i.e., central
angle of half circle is 180° and that of full circle it is 360°.
To measure the central angle of an arc whose length is
smaller than the length of arc of 1°, we divide the arc of 1°
into further 60 equal arcs. The central angle of each of these
small arcs is of measure 1 minute denoted as 1'. So, there are 60° .
in a degree. Similarly, there are 60 seconds(60") in a minute.
Thus, 1°=60' , 1' = 60" ,1°=3600".
i T EY! 0 1Y S 3N

v=(3) .17 =(2), 1" = (3) -

In sexagesimal system, an angle is measured in Degrees, Minutes and Seconds.

Example 1: Convert the following measures of angles into seconds. .
i. 30° ! ii. 60° iii. 45°45'45"
Solution:
i. 30’ =30 x 60" = 1800"
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ii. 60°=60 x60"=3600"=3600 x60" = 216000"

iii. 45°45'45" =45+ 45' + 45"
=45 x 3600"+ 45 x 60" + 45"
=162000" + 2700" + 45" = 164745"
Example 2: Convert the following measures of angles into minutes

i. 36° ii. 45" iii. 36°45'30"
Solution:
i. 36°=36x 60" = 2160"

. 1Y ray

i 45"= (45 x E) = (;) = 0.75'

iii. 36°45'30" =36+ 45' + 30"
=36 x 60" + 45" + (%‘;’)'
=2160" + 45' + 0.5' = 2205.5’

Example 3: Write the following measures of angles into D°M'S".

i. 60.5° ii. 45.125° iii. 3600" iv. 216000"  v. 20.555’
Solution:

i 60.5° =60"+05"

= 60"+ 0.5x60"
7 =60°+ 30" = 60°30'
45.125° = 45"+ 0.125°

=45+ 0.125x60’
=45+ 75
=45°4+ 7"+ 0.5 x 60" = 45°7'30"

[
3600" = (3‘3'1 = 60’ = 1°=1°0'0"

216000" = (“‘“” 3600" = = 60°0'9"

aﬁuru)'-"

20.555'= 20" + 0.555’
= 20" +0.555%60"
= 20" + 33.3" =0°20'33"

Example 4: Write the following measures of angles in degrees correct to 4 dec:mal places.

i. 60°30'30" il. 75°25'35"
Solution:

i 60°30'30" = 60° + (2 ) (mu)

= 60° + 0.5° + 0.0083° = 60.5083"
o ] "o o EED _Ef_u
75925'35" = 75 +(m + (5005

=75% 4+ 0.4167° + 0.0097° = 75.4264"




6.1.2 Circular System or Radian Measure

The ratio between length of circular arc and radius is
called radian. If length of an arc is equal to radius of
circle, then their ratio is | radian. i.e., one radian is
measure of central angle of an arc whose length is equal
to radius of the circle.

The ratio between circumference and radius of a circle
is 2m, therefore measure of a complete angle in circular
system is 2m radians.

In circular system, an angle is measured in radians.

In sexagesimal system measure of a complete angle is 360",
so  2m radians = 360"
m radians = 180"

: 18017
1 radian = =

= 57°17'45"
Similarly,

10 =TEE radians = 0.0175 radians

. .
To convert measure of an angle given in radians to ~ »-3f

ﬂ L1 i
degrees, multiply its value by (%u and to convert ",

measure of an angle given in degrees to radians,

multiply its value by — radians.

Example 5: |

Convert the following measures of angles in sexagesimal system (D°M'S"). '

i. 2.125 radians il. 0.5 radians iii. * radians iv. =" radians !
Solution: N

0 %

i 2.125 radians =2.125 x (2 Y

2 |

~ 2.125 x 57.2958°

~ 121,7535°

=121 +0.7535 x 60’ _
=121°+45.21 ;.
=121°+ 45’ + 0.21 x 60" =121%45'13" \
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0.5 radians = 0.5 x (E)n

m
~ 0.5 x 57.2958°
~ 28.6479°
=28"+0.6479 = 60°
=28° + 38.874'
=28"+38' + 0.874 x 60" = 28°38'52"
4 p _=x 18017
5 radians =3 x (32
_ (180\?
= () = 06t
3 (180 0

4 o

am .
= radians =

(@) -

Example 6:
Convert the following measures of angles in radians.
i, 45° ii. 150° iii. 300° iv. 30°30'30"
Suiuﬁon:
i. 45° =45x1%nmdim-§mdim=-u.?ss4mdm

i ] il x .
il. 150 =150 = “umdums

= -S-E-rndians =~ 2.618 radians
0 2 I A
300 300 = e radians
= %'radians = 5.236 radians
30°30'30" = 30.5083"
=130.5083 x —L:-ﬁndmns

= 30.5083 x 0.0175 radians

1. Convert the following measure of angles in seconds.

£ T ii. 30 iii. 10°30' iv. 20°20'20"
2. Convert the following measure of angles in minutes.

L 75 ii. 120" iii. 50°40 iv. 30°30'30"
3. Convert the following measure of angles in degrees and write the answer

correct to 4 decimals places.

i 138 ii. 150" iii. 60°60° iv. 45°45'45"
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4. Write the following measures of angles in D°M'S".

i. 60.125° . 135375" iii. 60.85 iv. 255.45°
5. Convert the following in radians. Write the answers in terms of .

i. 45° ii. 150° iii. 60°30' iv. 120°
6. Convert the following in radians. Use m=3.1416.

L 2N ii. 60° iii. 180°45’ iv. 75°30'45"
7. Write the following radian measures of angles in D°M'S"".

i I o S5 = " e n

L= ey . iv. o

, P vi. 3.1416 vii. 12n« viii. 3

) 6.2 Sectorof Circle_4

6.2.1 Length of an Are
Length of a circular arc and radian measure of its central a.nglc are directly proportional. i.e.,
ratio between length of an arc and radian measure of its central angle remains constant.
Consider a circle of radius r with centre O. Choose an arc of length [ on circumference. Let 8 be
the radian measure of central angle of that arc. Now choose another arc whose central angle is of
1 radian. The length (/) of such arc is equal to the radius. i.e. [; =r.

[ e s T

FE e

[x1=rx8

I=r1B
So, length of a circular arc is product of
radius and radian measure of central angle.
Fig. (1)

6.2.2 Area of Sector of a Circle
The union of a circle and its interior region is the circular region. The circular region bounded by
an arc and its two corresponding radial segments is called sector of the circle. In figure (i) shaded
region is a sector of the circle with radius r and 0 the radian measure of central angle. Like arc
length, area(A) of sector is directly proportional to the radian measure of central angle.

area of sector : 0 : : area of circle : complete angle

A0 2n Do You Know?
2TA=mr 0 From elementary geometry: :
g Are hmgtn{t} i Central angle of sector(#) = Area of sector of circle (A) :
A= nr 2 nre
2n L ey |
= ﬂ !z:rrr p n - nr? A
.2 : ’ . The v MR W 1
where 0 is in radians. = Arc length( /) = rf and Area of sector(A) = 57?6
S —
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Example 7: : :
Find length of an arc of a circle whose central angle and radius are given below.

B=4:md, r=2cm iil. 0=60" r=30cm

i a-ﬁo"=§nd.r-3uun
Now, [=r18
m
“EHK;
= 10w cm
=10x3.14
=3l.4cm

Example 8:
Find area of the sector of a circle whose central angle is 120” and radius 5 cm.

Solution:
r=>5cm,
0=120°=2" rad

A=T2= -{ )

’j" = 26.18 cm®

Example 9:

Th:lengﬂmfmmaudmufsectorofammlem4cmandlﬁcm respectively. Find radius
and central angle of sector.

Solution:

I=4cm,A=16cm’r =2, 0="2
As, I=r0
= ro=4
gt 208
T r
Now A=§r26
16= 2% x 2 (substituting the value of 0)
16 =2r
r=8cm

@
]

NI @l s

g
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(iswcisgs1)

1 1. Find length of arc and area of sector for given radius and central angle. ;
' i. r=5cm, 0= % radians
it r=12m, 0=120"

i r=6dm, 0= 60%45'30"

e

| 2. A central angle in a circle of radius 4 cm is 75. Find the length of the intercepted arc and
- area bounded by the sector.

3. Find radian measure of the central angle of a circular sector for the following data.
i. | =8cm, r=4cm :

1 ii. !l =85m, r=225m

1 iii. A=45cm’, r=10.70cm

iv. A=100em%/=10cm

e o

4. Find radius of circle for the following information.
A ! =4cm, 0=mnradians : .
i, [ =6m, 8=15° r
iii.  A=200cm’ 0=7radians ¢
iv.  A=100dm’ /=10dm

. 5. A 30 inch pendulum swings through an angle of 30°. Find the length of the arc in inches

| through which the tip of the pendulum swings.

i

6. A motorcycle is traveling on a curve along a highway. The curve is an arc of a circle with
radius of 10 km. If the motorcycle’s speed is 42 km/h, what is the angle in degrees l
through which the motorcycle will turn in 21 minutes? ]

| 7. Find perimeter and area of a half circle in the following figure by using the formulae

k I:rﬂiA:lrEE. /—\ .
2 ,:
A B a-l

8. Find the circular measure of the angle between the hour hand and minute hand of a clock
at:
i 9’0 clock ii. 02:30 iii.  06:45
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1.3 Trivonometric Ratios

6.3.1 General Angle

In coordinate plane, the two axes divide the plane in four equivalent parts called quadrants. If we

place an angle in the coordinate plane such that its vertex
coincides with origin and one of its rays lies along

OX (+ve x-axis), then this angle is said to be in

standard position. The ray along OX is called initial

ray and second ray in the plane is called terminal ray.
Such an angle is called general angle.

Measure of an angle is positive in anticlockwise direction
and is negative in clockwise direction.

In the adjoining figure two angles in standard

position are drawn. Both have same terminal ray.

One of them is 150 (in anticlock wise direction) and

the other is — 210°(in clock wise direction).

Two angles having same terminal ray in standard
position are called co-terminal angles.

The measure of a general angle can be greater than 360”,

To draw a general angle whose measure is greater than 360°,
we subtract any multiple of 360° from its value and try to find a
value less than 360°, Terminal ray of 360° or that of any of

its multiple coincides with 0°, i.e., OX.

In general, two angles are co-terminal if their measures

differ by some multiple of 360°. e.g., to draw an

Mngle of 390°, first find 390" - 360° = 30°,
then draw 30° in anticlockwise direction.
390° and 30 have same terminal ray so they are co-terminal

angles.
Similarly, 150" and — 210" are co-terminal angles.

Thinking Corner!
How many co-terminal angles can be of an angle?

Unit-06 Trigonometry & Bearing
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6.3.2 Quadrantal Angles
If terminal ray of an angle in standard position coincides with any of the axes, then it is called
quadrantal angle. The measure of a quadrantal angle is a multiple of 90°, e
e.g,. 0°,90°% 180° 270°, 360", 450", ... are the quadrantal angles.

In radian measure, quadrantal angle is a multiple of E \ e
e.g.,0, ,n,?': 2m, ET’r,Bn...arequadmnta]anglcs. N i

X
Terminal rays of 0°, 360°, 720, ... are along nx

Terminal rays of 180, 540°, 900“ . are along OX'.
Terminal rays of 90°, 450°, 810", ... are along OY. 4 Yy
Terminal rays of 270°, 630 990°, ... are along OY". B(0, 1)
Unit Circle ]
A circle whose radius is of 1 unit is called a unit circle.

X

P

.5

P(x, y)

A(LD)

In standard position centre of a unit circle is O (Origin).
The equation of a unit circle centered at O is Cry=1.

Trigonometric Ratios
The ratio between any two sides of a right-angled triangle

01(0,0) Q

is called a trigonometric ratio. There are six possible trigonometric ratios corresponding to an i

angle.In triangle ABC, £C = 90", £A = 0, AB = ¢, BC = a and CA = b.With respect to an

acute angle 0, a is the length of perpendicular, b is the length of B :
base and c is the length of hypotenuse. |
Various trigonometric ratios are defined as: a ¢ !
Perpendicular E Fase h Perpendicular __ a

Hypotenuse ¢ Hypotenuse ¢ Base L 8

Hypotenuse _ ¢ Hypotenuse E Base E C ] 5 A
Perpendicular =a'" Base b* Perpendicular a

e  The ratio of perpendicular é;d_hypotenuse is sine of O denoted by sin 6.
" Perpendicular =2
Hypotenuse [

e The ratio of base and hypotenuse is cosine of 8 denoted by cos 6.

Base b

o e = =
/\ cos @ Hypotenuse ¢

e The ratio of perpendicular and base is tangent of @ denoted by tan 6.

P icular a
2~ tan A= %.—-—-—- —_—
Base b

L 8inf@=

e The ratio of hypotenuse and perpendicular is cosecant 8 denoted by cosec 6.
Hypotenuse ¢ = 1

~ cosec O = o eutar  a sn®

o The ratio of hypotenuse and base is secant of 6 denoted by sec 6.

_ Hypotenuse ¢ 1
I.Ismﬂ___-=-=
| Base b cosB
'« The ratio of base and perpendicular is cotangent of 6 denoted by cot 6.
| Pl s T el

Perpendicular a tan @
I e cosec 6, smﬂmdmtﬂmrespccuvelyrmpmcals of sin 6, cos 0 and tan 6.
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6.3.3 Trigonometric Ratios with the Help of Unit Circle
Consider a unit circle centered at O. _ B(0
Mark a point P(x, y) on the circle. Join P with O.

Draw PA perpendicular to x-axis.
OA =x, PA =y and OP = I(radius ofcirnla).

If ZAOP =, thensin 0 =2 = y and cos 0 =X =x .
Su,mmﬂmatesofi‘are{msﬂ sin 0).

i.e., x=cos 8 and y=sin 0. Also, tanf="2,
Rucipmcalofyismsecﬂ,miprmﬂufxism&mdmipmca!of% is cot 6.

If P is a point on a unit circle centered at O and £ZAOP = 6, then coordinates of P are

(cos B, sin 8).

6.3.4 Trigonometric Ratios of 30°, 45" and 60’

Trigonometric Ratios of 30°

To find trigonometric ratios of 30°, choose a point P(x,, y;) on unit circle in standard position
such that 2O = 0 = 30°. Draw PA perpendicular to x-axis. As in a right-angled triangle length of
side opposite to 30° is half of hypotenuse, so in right angled triangle OAP, y, ==.

Equation of unit circle is x* + y* = 1. o
Putx=xland}r=}r|=%inahoveequaﬁonloget

(i, ¥y

X’ =Em'.r| =£ (« P lies in quadrant I)
V3 1
3)

Coordinates of P are
Somsau“=x1=§,smao°=y1 1 tan30°=
P X i ___

sec 30 -;:_ 7 cosec 30° 2, and cot
Trigonometric Ratios of 45
To find trigonometric ratios of 45°, choose a point P(x,, y;) on a unit circle in standard position
such that 20 =0 =45". Draw PA perpendicular to x-axis. Triangle {}M’ is right isosceles.
Therefore, AP = OA or x; = y,.
Equation of unit circle is x> + y* = 1. P(xy, iy
Put x = x; and y = y; = x; in above equation to get

s
x1 ME]
30°=3 =3,

112+112= 1
2% =1
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Coordinates of P are f%' )

£ gl o Wi
So,cos 45" =x; = =, sinds’=y; = = tands'=Z =1,

vz X
sac45“=xi= VZ, msec45"=}1:= VZ,and cot 45° =3t = 1.

1
Trigonometric Ratios of 60"

To find trigonometric ratios of 60°, choose a point P(x;, y1) on unit circle in standard position
such that 2O = 6 = 60°. Draw PA perpendicular to x-axis. As in a right-angled triangle two acute
angles are complementary so ZOPA = 30°. As in a right-angled triangle length of side

opposite to 30° is half of hypotenuse, so x; = ;
Equation of unit circle is x* + y* = 1. A

Pulx=x|=-:- and y =y, in above equation to get

@ vi-1

X1 ¥y

ol x
}"11=1—% = y12=§=vy1=§.aisnxu=§, '
Coordinates of P are %.?
Su,msﬁﬂ“=x1=i-, sinﬁﬂ°=y1=“f?i, o
tan 60° =2 =3, sec60"=—= 2,
1 1
SRR e G S
cosec 60° = - and cot 60" =3 5

6.3.5 Signs of Trigonometric Ratios in the Four Quadrants
If P(x,, ¥,) is a point on a unit circle such that £XOP = 6, then x; = cos 8 and y, = sin 0.
First Quadrant AY

If P lies in first quadrant, then 0 lies between 0" and

90°. Both coordinates of P are positive i.e., x; > 0

and y, > 0. So, in first quadrant cos 6 > 0 and sin 6 > 0.
As the quotient and reciprocals of positive numbers are
also positive so in first quadrant all trigonometric ratios
are positive.

Second Quadrant

If P lies in second quadrant, then 0 lies between 90° and
180°. In second quadrant abscissa of a point is negative
and ordinate is positive i.e. x; <0 and y, > 0.

So, in second quadrant cos 6 < 0 and sin 6 > 0.

As the quotient of a negative and a positive number is
negative so tan 6 <0 and cot 0 <0,

As reciprocal of a negative number is negative and that

of positive number is positive so sec 6 < 0 and cosec 6 > 0.

Unit-06  Trigonometry & Bearing National Book Foundation
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Third Quadrant
If P lies in third quadrant, then 0 lies between 180° and 270"

In third quadrant both abscissa and ordinate of a point are
negative i.e., x; <0 and y; < 0. So, in third quadrant cosf <0
and sinf < 0. As the quotient of two negative numbers is positive
so tan 6 > 0 and cot 0 > 0. As reciprocals of negative numbers
are negative, so sec 8 <0 and cosec 0 < (.

Fourth Quadrant ; AY
If P lies in fourth quadrant, then 0 lies between 270" and 360°.
In fourth quadrant abscissa of a point is positive and ordinate is

negative i.e. x; > 0 and y; <0. i X AL

So in fourth quadrant cos 6 > 0 and sin 0 < 0. As the quotient = 0[~Jo o
of a negative and a positive number is negative so tan 8 <0 and 1

cot 0 < 0. As reciprocal of a negative number is negative and that X1, ¥,)

of positive number is positive, so sec 8 > 0 and cosec 6 < (. ¥

The figure at right would be helpful to ot
understand the signs of trigonometric ratios = - = ‘
in different quadrants. - : - -
X &
¥ “w

To Be Observed!
When point P lies in any of the quadrants or on any of the axis, by joining it to origin,
we get the angle 8 formed by terminal arm OP in standard position, then:
Mﬁwmﬂquﬁmx—uﬂ_ﬁ

distance of P from origin r
g = algebraic distance of P fromy—axis _x
distance of P from origin r

tanl = algebraic distance of P from x—axis _ y
' algebraic distance of P from y—axis x
' (due to the word *algebraic’, x and y will get +/— sign according to the quadrant of P)
. We consider r = 1 in a unit circle.

Unit-06  Trigonometry & Bearing

e T T T ————

T e e e ———




6.3.6 Evaluation of Trigonometric Ratios of an Angle if One of Them is Given
We can find all the trigonometric ratios of a pa:ﬁcuinr angle if one of them is given i.e. if value i
of ‘sin 0’ is given, then we can find the remaining ratios, for the same value of 6.

Example 10:

Ifsin®= —";E and terminal ray of 0 is in first quadrant, then find remaining trigonometric ratios for

same value of 0. :
Solution: Method | -
Consider a right-angled triangle ABC, in which m2C = 90°, mzA = 0. ol
perpendicular == E |

By definition sin 0 = e B
But sin 0= (given) 4 |
So, BC=+v3 and AB=2 '-
By Pythagoras theorem AB’ = AC? + BC? 5 5
3
22 = AC? + (V3)’
4=AC+3 3
4-3=AC o2 ] "
AC’=1=AC=
___base _ AC_1 oo
mse__hypntmu—ﬂn - sec B cos B B
. perpendicular _ BC _ 3 _ S P Sited et
tan 6 = base At % V3, cot® tan® 3’ cosec 0 ne 3
Method Il

Consider a unit circle at O. Mark a point P on the circle in first quadrant whose y coordinate is ?

The equation of unit circle is x* + y* = 1.

Since, P is in first quadrant so x> 0. i.e., x=

Su,msﬂ=x=%

B

- e Sl T
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6.3.7 'Trignnumetric Ratios of Quadrantal Angles

Trigonometric Ratios of 0°

To find trigonometric ratios of 0°, choose a point P(x;, y1) on unit circle in standard position such

that 2XOP =0 =0".

As P lies on x-axis so its coordinates are x; = 1 and y; = 0. e

So,cos 0" =x, = 1
sin0’=y, = 0

0 ;1*01

4

Trigonometric Ratios of 90"
To find trigonometric ratios of 90°, choose a point P(x,, yi) on unit circle in standard position
such that ZXOP = 0 = 90°.

0,1
As P lies on y-axis so its coordinates are x; =0 and y, = 1. 2
So,cos90°=x, = 0
sin90’=y, = 1
Y1 L og°
tan 90° < >

=%=%=M{undeﬁmd)
1

OJ
W
no1

Trigonometric Ratios of 180"
To find trigonometric ratios of 180", choose a point P(x;, y1) on unit circle in standard position
such that 2XOP = 0 = 180",
As P lies on x-axis at left side of O so its coordinates are
x=-1 and j"1=ﬂ.
So, cos 180" =x; = -1

M
sin 180°=y, = 0 Pl
A ) P Lﬂ‘i/ /*a{
R >

- = = o (undefined)
cot 1so"=i;-:-='T1=m(undeﬂned)
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Trigonometric Ratios of 270"

To find trigonometric ratios of 270°, choose a point P(xy, y;) on unit circle in standard position
such that ZXOP = 0 = 270",

As P lies on y-axis below origin, therefore its coordinates are x; =0 and y; = 1.

So, cos 270°=x, = 0
sin270° =y, = —1
tan 270° = 2% = = = oo (undefined)

N

g
sec 2?ﬂ°=x—11= = = oo (undefined) <
cosec270° == L = 1

¥ =
cot270°= 2 =2 =

» "

Trigonometric Ratios of 360"

T
Q .

WP(0, 1)

To find trigonometric ratios of 360°, choose a point P(x,, y;) on unit circle in standard position

such that 2XOP = 0 = 360", It coincides with 0°,

As P lies on x-axis so its coordinates are x; = l and y; =0.

So, cos 360" =x, = 1
sin 360" =y, = 0

tan360° =2 =2 =0
1
sec360°=—=1=1
X1 1
cosec 360"=£-—=%=m{undeﬁnﬁdl
1
nut360“=y—‘=-=oc'{undeﬁned)
1

1. Complete the following table.

A

360" \P

0 0° 30" 45"

180° | 270° | 360°

ﬁ'“l
sin 0 0 . V3
S,

cos B

tan 0 1

cosec B o

sec B .

cot 0 3 0
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2. Evaluate the following.
i sin60°-cos30" .  sec45” cosec 45° sin 30° cos 60°

tan X - an =

P 1 B rholy Sy e ENR

iii. T+ tanTan iv. cos a sin - Y. sin ; COs - cos = sin :
3. For 0 ==, verify the following statements.

__ Z2tan@ 3 . g ey

i tan 26 = i 7 il. sin 30 351:1 0 — 4sin’0

fiii, cos 20 = 1 — 2sin’ 0 iv. sec’0 —tan’0 =1 v. cosec’0 =1+ cot’0
4. Write value of 8 for the following ratios (0 <6 < 2m).

i. sinﬁ=% ii. cosecB=-1 fii. tanB=1

iv. secO= ? v. cos@=0

5. If terminal ray of 0 is in first quadrant and cos 0 = % then find remaining trigonometric ratios

of 6.
6. If terminal ray of 0 is in second quadrant and cosec 0 = 2, then find the value of

okl (sin‘ﬂ - cost@
5in?@ + cos?8)’

7. Iftan 0 =~ 1, and terminal ray of 0 is not in second quadrant, then find remaining
trigonometric ratios of 0.

6.4 Trigonomerric ldentitcs 4

Identity is an equation which remains true for all possible replacements of variable involved in it.

e.g. (x+ 1)(x — 1)=x"— 1 is an identity.
Trigonometric identity is an identity involving different trigonometric ratios in it. Trigonometric
identities are of many types. Some of them are given below.

i Reciprocal identities

iii. Quotient identities

jii. Pythagorean identities

6.4.1 Reciprocal Identities

Cosec t, sec B and cot 0 are reciprocals of sin 0, cos 0 and tan 0 respectively.

" 1 1 1
LE. = — = — s  —
e. cosecB — Sec 3] pareer- and cot® =

Proves of these identities are left for students.
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6.4.2 Quotient Identities

: _ sinB ; _ cos@ !
i. tan@ = m— iil. cotB= - B
Proof:
Consider a right-angled triangle ABC, in which 2C = 90°, . ¢
tA=0,AB=c¢,BC=aand AC=b.
ks ¥ B =5 e ! a
By definition, sin@ = =, cos @ = = and tan 6 = . cO . "
tan@ = % = -E- (dividing numerator and denominator by c)
_sine
cos B
Similarly, we can prove the second quotient identity.
6.4.3 Pythagorean Identities
i. sin®0+ cos’8= 1
ii. sec’8— tan?’6= 1
iii. cosec?®— cot?’d = 1
Proof:
Consider a right-angled triangle ABC,
in which £C=90°, LZA=0, AB=c,BC=aand AC=b. B
i. 5in®0 + cos?8 = 1
By definition, sin 8 = E and cos 8 = ~:- a ¢
By Pythagoras theorem, a’+b’=¢’
Dividing this Pythagorean equation by ¢” we get 3 9 L
b

s o

2 ¢ 2
a2 b\Z_
HIEE Bk
(sin @) + (cos8)?=1 or sin®0+ cos?®@= 1 (= (sinf)* = sin’f)
ii.sec?8 — tan?8 = 1
By definition, sec & = = and tan 8 = -
By Pythagoras theorem, a’+b’=¢
Dividing this Pythagorean equation by b* we get
L - o
b b2 b?
a? c\?
&) +1=(g)
(tan 0)2 + 1 = (sec8)?
tan?0 + 1 = sec?® or sec’d— tan’B =1
iii. cosec?8 — cot?8 = 1

By definition, cosec B = E and cot B = E
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By Pythagoras theorem, a’ +b° =¢

Dividing this Pythagorean equation by a’ we get

a? b _¢

-

1+ (cot8)? = (cosec8)?
1+ cot?8 = cosec®d
or cosec?f — cot’f =1

Example 11:

Use basic trigonometric identities to prove the following relations.

i. cos @ + sin @ tan a = sec a

i tana _ seca+l

ik seca - 1 tana
sin*a+2cos a- 1 4z 1

fiii. =
sin*a+3cos a-3 1-seca

Solution:
i L.H.S. =cos a + sin a tan o
i sina
=cosatsina
CO5 @
sin® a
=cosat
COSs o
_ cos?a+sint a
Cos @
-
- =seca = RH.S.
COS @@
Hence, cosa+ sinatan o= sec o
- tan o
il. LH.S, = ——
seca — 1

_ . handa seca+l
74 seca —1 » seca+l
__ tan a(sec a+1)

~ sec?a -1

_ tan a(seca+1)

3 tan? a

tana _ seca+ 1
seca -1 tan a

Hence,

g sin‘a+2cos a~- 1
sinZa+3cos a—-3

iii. L.HS.

1-cosla+2cosa—1

1-cos?a+3cos a—3
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—cos*a+2cos o
—cosZa+3cos a—2

e L a(cos a-2) Check why

~(cosZo~
(cos?a-3cos a+2) Sin30° cos 30° cos 90° sin90 = 0

cos a(cos a—2)
cos?a—2cos a—cos a+2

cos afcos a—2)
cos a(cos a-2)-1(cos a-2)

cosa(cosa-2) _ COSA _ "Cosa
8 Cosa -1

7= (cos a—1)(cosa—-2) cosa-—1 =

Cosa
1 b Aen
BRI R.H.S.
cos COS @
H sina+2Cosa—-1 1 _ .
Sin?a+3Cos a-3 1-Seca
Example 12:

Solve the following triangles. (Find unknown elements of the following triangles)
i AABC, 2C=90" 2A =30, a=6cm
ii. AABC,2C=90%c=12cm,b=6vV2Zcm
i. Given Elements:
AABC, £C=90" £A=30°, a=6cm
Required Elements:
£B. b, ¢
Solution:
In AABC, £A + £B + £C = 180°
30° + 2B + 90° = 180°
2B = 180" - 90" - 30"
2B = 60"
Perpendicular
Hypotenuse
sin 30" =2
1_8

F 4 C
c=12cm
In AABC, by Pythagoras theorem,
Z=al+b’
12% = 6% + b?
144 = 36 + b’
b’ =144 - 36

6 cm
e )

sinf@=

(¢ ]

Natiomal Book Foundation
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b = 108

b=v108 =6V3 cm

ii. Given Elements:
AABC, £C =90°, ¢ =12 ¢cm, b= 6v2 cm
Required Elements: t
<A, £B, a |
Solution: In AABC, by Pythagoras theorem, i
E=p2 +b?
12 = a® + (6v2)°
144 =a° + 72
a’=144-72
2" =72
a=v72 =6V2Zcm v

Base
€08 § = ——-——
Hypotenuse

Therefore, required elements are £B = 60", b=6v3 cm, c= 12 cm. IE'

B e . s Bl LU 2 Y

B

b
cos LA = -

6V _V3_ 1 2
12 2 w.’_ﬁ‘ i

cos LA =
i ' LA =45
In AABC, 2A + £B + £C= 180" |
45" + £B + 90" = 180"
£B=180"-90" - 45" = /B =45"
Therefore, required elements are A = 45", £B=45", a=6v2 cm.

‘ (BxERaSE 64 )

1. Prove the following relations by using basic trigonometric identities.
i (1 - sin’0) sec’0 = 1

1-5in@
il
1+5in

3 i i-cos8 __  sin8
5 1+cos®  1+cos@ |

sin8-2sin’8 _

= (secH — tan 8)? . .

} o 2cos*@-cos@ tan®
] ¥ Vsec?8 + cosec’B = tan B + cot®
1 s
vi. e S G tan 8 !
i PR g
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vii.  sin®@ + cos*@ =sin*6 + cos%@

& ¥
vili. tan 8+sin @ 23 secf+1
tan f-sin @ secf-1

ix.  sec?0 + cosec?8 = sec*fcosec?d
X. 5in®8 + cos®8 = 1 — 3sin’fcos?0
2. Ifxcos 0+ ysin®=mandx sin 8 —y cos 8 = n, prove that x* +yz=m1+n2.

3. Find values of 0 for the following equations in the interval 0 < 8 < %.

i 2sin’0=> ii.  sin®=cos® iii.  sec’—2tan’0=0
4. Solve the following right-angled triangles

i. AABC, LC=9ﬂ“,a=4cm,c=4\I"fcm,

ii. APQR, £Q =90", 2P =60", PQ =43 cm.

iii. APQR, 2R=90", PR=8m,RQ=8m.

iv. AXYZ, 2X=90°, YZ=16m, XZ =8 m.

v. ALMN,IM=10cm, MN=8cm, NL=6 cm.

If x=r cos a sin B, y = r cos & cos P and z = r sin «, then find value of x* +)* + 2°.

th

levation and Depression

Line of Sight
If an object P is observed from a point of observation O, then the line OP is called line of sight.
Angle of Elevation p

If O is point of observation, OX is a horizontal

line (ray)and an object P lies above the line OX, -

then the angle between the horizontal line and the o
line of sight to an object above the horizontal line Horizontal line
is called angle of elevation . In the adjoining figure £XOP is angle of elevation.

Angle of elevation

Angle of Depression

If O is point of observation, OX is a horizontal

line (ray) and an object P lies below the line OX,
then angle between the horizontal line and the line of
sight to an object below the horizontal line is called
angle of depression. In the adjoining figure £XOP is angle of depression.

orizontal line
Angle of depression
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Applications

Example 13:
A ladder 10 m long leaning against a vertical wall makes an angle of 60" with wall. Find height

of ladder along the wall.

Solution: +
Let AB is a ladder. BC is height of ladder along wall.
AC is along horizontal ground. In triangle ABC, 2C = 90", B

£B=60" and AB=10m.
BC 10m 60°

u—.——
cos 60 =
1_BC

2 10
BC=5m
So, height of ladder along wall = 10 m.

&

Example 14:

An aeroplane at an altitude of 900 m finds that two ships are sailing towards it in the same
direction. The angles of depression of ships as observed from plane are 30° and 60°. Find
distance between ships.

Solution:

In the figure O is position of plane. A and B
are two ships. £XOA and £XOB are angles
of depression. As alternate angles of parallel
lines are equal.
So, £A = 30" and £B = 60°
Let AC =xand BC = y.
In right angled triangle ACO,
9

tan 30" = ==

- o
x

1 —
==
x=900y/3 =1558.85m
In right angled triangle BCO,

00

tan 60° = —
y

V3= ?#y=%=5l9.62m

Distance between ships =x -y
= 1558.85 - 519.62
=1039.23 m
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» From a point at a distance of 20 m from a tree, angle of elevation of top of a tree is 30°. Find
height of the tree.

. The length of shadow of 10 m high pole is 10v/3 m. Find angle of elevation of thesun.

- The window of a room is in the shape of an equilateral triangle. The length of each side is
1.6m. Find height of the window.

- The height of a slide in a children park is 5 m. A girl standing at the top of the slide observes
that angle of depression of its bottom is 30°. Find length of the slide.

- Two pillars of equal height stand on either side of a roadway which is 120 m wide. At a point
on the road between pillars, the angles of elevation of the pillars are 60" and 30" Find height
of each pillar and position of the point.

. From the top of a tower of height 120 m, angles of depression of two boats on same side of
tower at water level are 60° and 45°. Find distance between the boats.

- Two men on opposite sides of a tree are in line with it. They observe that angles of elevation
of top of tree are 30" and 60°. The height of tree is 15 m. Find distance between the men.

From the top of a tree, the angles of elevation and depression of the top and bottom of a
building are 30° and 45° respectively. If height of tree is 12 m, find height of building and
distance between tree and building.

. From a point A on ground at a distance of 200m. angle of elevation of top of a tower is .
There is another point B 80m nearer to the tower. The angle of elevation of top of tower from

Bisp. Iftan o = §, find height of tower and value of .

10. A boat moving away from a light house 206.6 m high, takes 120 seconds to change the angle

of elevation of top of light house from 60° to 45°. Find the speed of boat.

Unit-06 Trigonometry & Bearing Netional Book Fuundation




When we want to move from one position to another, we need to know not only the distance to :
be traveled but also the direction of movement. Direction sense is the ability to know a person's
current location and then find the correct way towards the destination. It helps us in getting clear

picture of bearing. : oﬁ* e
7 N g Murth West | Narth East
N45° W N45°E
| )‘*’«b § &
South

S45°W : S45°E

The four cardinal directions are north, east, south and west. These are marked by the initials

N, E, S and W, Starting from north with an angle of zero degree, east is at right angle to north
and intercardinal direction north-east is at an angle of 45 degrees to north. Similarly south- east
is at angle of 135 degrees to north and so on.

Bearings are the angles measured clockwise from due north and are expressed as three digit
numbers. Bearings are mostly used by sailors and pilots to describe the direction they are
travelling and to navigate from one point to another. N N

B
N

A figa c ; fig.c

In fig.a, the bearing of In fig.b, the bearing of In fig.c, the bearing of
point B from point A is 050", point C from point D is 230, point S from point Q is 128",

Above figures are not drawn upto scale.

%
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Points to ponder!

Example 15:
Find the bearing of boat from lighthouse in
the given figure.

Solution:

For finding the bearing of boat from light
house, first draw the north line at light house,
then draw the line connecting the light house
and the boat. Place your protractor with zero
point north and measure the angle from north
line to the line connecting light house and the
boat. Thus, the bearing of boat from light
house = T70.

(The figure is not drawn accurately)

- Unit-06

Bearing is an angle expressed with three-digit numbers N

measured in clockwise direction from north.

If @ is acute, then § = 180 + a (corresponding angles property)
=a=f— 180

This means that bearing of A from B = 180" + bearing of B from A

Exact north has a bearing of 0", N

L

F Thinking Corner!

For finding the bearing of light house from boat
draw north line at the boat, then draw the line
connecting the boat and the light house. Measure
the reflex angle to get the required bearing.

I'ngonometry & Bearing National Book Foundation




Example 16:

Arsalan travelled at a bearing of 70 for 10km to reach super market. Then, he travelled ata
bearing of 165 for 12km to reach a restaurant. Finally, he travelled at a bearing of 230" for
15km to reach his friend’s house. Make a labelled illustration to show his journey.

Solution:

In the figure, angles are not marked upto scale.

N

We can write bearing of
070" from starting point
to supermarket as N 70°E.

Example 17: Friend's House
A ship sails from port A to port B at a bearing of 040" for 35 km. Then, it sails at a bearing of
130" for 50 km from port B to port C. Find:
(a) the distance between port A and port C
(b) the bearing of C from A
Solution:
(a) By drawing the path according to given information,
we observe that 8 = 130" — 40"= 90’ (since two norths
at A and B are parallel).
Therefore, # = 180" —90°=90".
Thus, triangle ABC is right with right angle at B.
In right AABC by using Pythagoras theorem,
wAC = /GmABY: + (mBCY:

= J(35)2 + (50)2 = V3725 =~ 61.03 km
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(b) Bearing of C from A = 040"+ & .
First we find a in right AABC,

fang= —
maAs

s
i 1. 4286

= a=tan"'(1.4286) =55
Thus, bearing of C from A = 040"+ 055 = 095

1. Measure three ﬁguré_ﬂcaﬁng of B from A with the Eé]p of protractor in each of the fﬂllﬂwing.
i N

(i) N (i) <
A A
B
B
A
\
! B
A N A
2. School A and school B are marked, find
the bearing of school A from school B.
School B
School A

3. Two boats A and B are Skm apart and the bearing of boat B from boat A is 250°. Draw the
diagram showing relative positions of both boats, then find the bearing of boat A from boat B.

4. The positions of three ships A, B and C are such that the bearing of B from A is 045 and ship
C is to the east of A. If bearing of C from B is 180" and mAR = 10km, what is the bearing of
A from C? Also find the distance between ship A and shir C.

5. Babar Azam walked from point P to point Q at a bearing of 050" for 3km. Then, he walked
from point Q to point R at a bearing of 140°. Find the distance QR, if the distance between P
and R is Skm. Also find the bearing of R from P.

6. Rayyan spots a snake directly north from his location. Sarim is 25m east of Rayyan and spots
the same snake. If the bearing of Sarim from snake is 122" how far is Rayyan from the snake?

7. Bilal traveled 12km on his bike to reach school at a bearing of 060" from his home.Then, he
went to football ground from school at a bearing of 150" If the football ground is at a distance
of 5km from school, find the distance he has to cover to reach home from football ground?

8. A car leaves the garage at a beaing of 040° and travels in a straight line for 13km. How many
kilometres north and how many kilometres east has the car travelled from the garage?
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1. Encircle the correct option in each of the following.

(i) Hsinx= ::-, what is the value of cos x ?

Jis 3 N
(a) %% (b) 2 © =
(1) mszTﬂ-:?
1 ey ¢ T
L M ® -3 © -V
_9
W) —sin@ " 1+sind
(a) cosec’® (b) 2cosec’d (c) sec’f
(iv) —3-3tan’8="?
(a) 3cosec’d (b) —3cosec’d (c) —3sec’d
(v) If cosx = sin x, then the value of x is
(a) 30° (b) 45° (c) 60°
(vi) 4cosec’@—4cot’d—4cos0° =7
(@) 0 (b) 1 () -1

(vii) Iftanx= %, then sin x = ?

4

a b
®) Jaz = ® Jaz -b? g Jat +b

(viii) 50°30'=?

(a) 50.2° (b) 50.3° (¢) 504°
(ix) (1-cos’@)sec’@=?
(a) cosec’d (b) cot’8 (c) sec’d
(x) In which quadrant do the angles between 90° and 180° lie?
(a) lst (b) 2nd (¢) 3rd
(xi) The system in which the angles are measured in radians is called
(a) CGS (b) sexagesimal (c) circular
(xii) 270° =7
In i 4 3
(a) %5 (b) ) o) |

Unit-06 Trigonometry & Bearing

(d)

(d)

(d)

(d)

(d)

(d)

(d)

(d)

(d)

(d)

(d)

(d)

|5

i)

2sec’d
3sec’d

90°

Ja: + b
50.5°
tan’@
4th

centesimal

_o%
2
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(xiii) What is the bearing of south-west direction line?
(a) 45° (b) 135° (c) 225 (d) 270°

(xiv) If an automobile travels at the bearing of is 070° from city A to city B, then the bearing

from city B to city A is
(a) 070° (b) 110° (c) 250° (d) 290° i
(xv) A boat sails 4km north from point L to M, then it sails 3km west from M to P, What is the
bearing of P from L? Provide your answer to the nearest degree. t
(a) 037° (b) 053° (¢) 27 (d) 323° t
2. Find sina , tana and seca, if cosa -_:—:*.Whﬁrﬂgfiﬂ-iﬁ. j

. 3. The angle of elevation of a hot air balloon 500 m away, climbing up vertically, changes from
30° to 60° in 100 seconds. What is the upward speed in meters per second?

4. Find the value of a in the following figure.

A

o

- R

5. The area of a right triangle is 50cm’. One of its angles is 45°. Find the lengths of the sides and
hypotenuse of the triangle.

6. If the shadow of a building increases by 12 meters when the angle of elevation of the sun rays
decreases from 60° to 45°, what is the height of that building?

7. From the top of a 100 mem'high building, the angle of depression to the bottom of a second
building is 30°. From the same point, the angle of elevation to the top of the second building
is 20°. Calculate the height of the second building. :

8. A plane is 119km west and 100km south of an airport. At what bearing, the pilot wants to fly
directly back to the airport?

Unit-06 Trigonometry & Bearing National Book Foundarion
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COORDINATE GEOMETRY |

In this unit the students will be able to:

» Use conventions for coordinates in the Cartesian plane for the derivation of
distance formula,

Represent and identify collinear and non collinear points.

Find distance between two points in the plane.

Derive mid-point formula and calculate mid-point of a line segment.
Apply distance and mid-point formulas to solve real life situations.

e

= = = . o ¥ S e — e el e o M A =

Coordinate geometry plays a vital role in our daily
life. The adjoining figure shows a lamp  post
which is equidistant from two homes, so that both
the homes may get light from it equally. To erect
the lamp post at this point, an idea from coordinate
geometry is taken. Coordinate geometry helps us
in analyzing characteristics and properties of two-
dimensional geometrical shapes and develop
mathematical arguments about geometrical
L relationships.




We use the concept of absolute value to define the distance between given points on a coordinate
line.

F3-1|=|1-(-3)|=4 [6-3|]=[3-6|=3
P ESChe, — —
——— e
-3 -2 -1 01 2 TEOERREE s
Fig. (i)
We note that the distance between the points with coordinates 3 and 6, shown in above fig.(i)
equals 3 units. This distance is the difference obtained by subtracting the smaller (left most)
coordinate from the larger (right most) coordinate (6 — 3 = 3).
If we use absolute values, (since |6 — 3| = |3 — 6| = 3), then order of subtraction does not matter.
Let a and b be the coordinates of two points A and B respectively, on a coordinate line. The
distance between A and B, denoted by d (A, B) is defined by
d(A,B)=AB=|b-a|
The number d (A , B) is the length of the line AB,
and d(A,B)=d(B,A)
b—al=la~b]

So, we have
AB=d(A,B)=d(B,A)=BA
Hence, the formula d (A , B) = |b—ad] is true regardless the sign of a and b.
Example 1:
A, B, C, D, E and F have coordinates — 6, — 4, — 2, 0, 2 and 5 respectively on a coordinate line as
shown below.

A B G D E F
—
“EltaEssaiea e 1 23 4 5 6 7 8
Find (a) d(A,B) (b) d(A,C) (c) d(B,E)
(d) d(D,F) (e) d(A,F)

Solution: By definition we know that
(a) d(A,B)=|b-a|,aand b are the co-ordinates of
points A and B respectively.
a=-6,b=-4
d(A,B)=AB=|-4-(-6)|=}-4+6|=2

Similarly,
b) d(A,C)=AC=|-2-(-6)|=|-2+6]=4
(c) dB,E)=BE=]2- (-4)|=2+4(=6
(d dD,F)=DF=|5-0{=[5|=5
() dA,F)=AF=|5-(-6)|=|6+5|=11
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) The Distance Formula ¢

Given the two points Py (x1, y1) and Px(x2 , y2), the distance between these poin

d{Pth)"PlP:=J(-?z—.ﬁ)z“'f)’z_‘")&.r_.,.,.- ) ___._ jﬁ.,_'__ 4

Proof: If x; # x; and y, # y,, then plot two points P, and
P, with coordinates (x;, y) and (x5, y.) respectively as
illustrated in figure (ii).

a yaxis ;
D(0,3) fosbmmmntianan il N
b= i
[ e TR TS el oA lj?s (x2, y1)

Pilxr, 1) ;
- . x—axis
0 A(x,0) bez — x| B(x2,0)

2! Fig. (ii)

In the above figure P|A and P,B are perpendiculars drawn from two points Py(x; , »1)
and Py(xs , y2) on x—axis, and PyC and P;D are perpendiculars on y-axis.
The coordinates of the points A, B, C and D are also shown in figure accordingly.
Let the point where P;C meets P:B be P3;, with coordinate (x; , y;) so that AP,P;P; is a right
triangle with right angle at P;.
From figure, we have

d(A,B) =AB=P\P;=|x; — x|
and d(C,D) =CD=d(P2,P3;)= P:Ps=|y:— |
We next use the Pythagoras Theorem in right
triangle P P;P;

[d(P;, Po)J* = [d(P;, P3)] + [d(P2, P3)]?

or

P1P22 = P]P].z + Pngz
PlPZ: = |-"z_x||2+ |.3"2'".}’1|1

PPy - \[{Iz _xl}l ""(.Vz _J".l)z
So dPiP) =PiP: = Jlx, =x. ) +(r -, ) = Jlx, =x.) +ly,-».)
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Example 2:

Find the distance between the two points A (-1, 3) and B (4, 15).

Solution:

By distance formula distance between two points with coordinates (x1, 1) and(xz, y2) is

d= \((xz _-‘-'l}z +(yz 'J"I)1
Let (-1, 3) be denoted by (x; , ) i.e. x;=-1, y;, =3 and (4,15) be denoted by (xz , ¥2)
ie xu=4, =15
Now put them into the distance formula

AB=d =|(4—(-1)f +(15-3)
d=+(d+1) +(12)
d =5 +12
d=+25+144

d =169
d=13

Collinear and Non-Collinear Point
A set of points that lie on a same straight line are said to be ccollinear.

C

If three points A, B and C are collinear then, by distance formula,

we have: /
d(A,C) =d(A,B) +d(B,C) A

or AC = AB+BC

When three or more points do not lie on the same straight line, they are said to be
non—collinear points.

In the figure, points P , Q and R are non-collinear /\

Example 3:

Prove that A (3, 2), B(4,4) and C (5, 6) are collinear points.
Solution:

In first step we find the distance between them.
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By Distance Formula, distance between two points (x;, ;) and (x3, y;) is

d= J(xz “Il}z"'()'z‘.}’l)z
d(A,B)=AB=/[(4-3) +(4-2) y-axis
AB= V1> +2* = J1+4 !
AB =5 .......(D
d(B,C)= BC= (5-4) +(6-4)
BC=V1*+2* = f1+4
BCw 5 (ii) s
d(A,0) =AC=(5-3f +(6-2) '
AC= 22 +4
=Ja+16 =20

=25 ....... (iii)
From (i), (ii) and (iii), we find that
AC =AB+BC

245 = J5+45
25 =25

Hence, the given points are collinear.

Example 4: :
Prove that the points (3 , 4), (3, 1) and (8 , 4) are the vertices of a right triangle.
Solution:

Suppose A (3,4), B (3, 1) and C (8, 4) are the vertices of a triangle.

In first step we find the distance between them.

d(A,B)=AB=(1-4) +(3-3)  y-axis
= J(-3)* +0° t

9+0
3

(4-1) +(8-3)
VAT ol S L

3 Sl g F ¥ 3N 6
= J9+24

BC= 34 v
d(A,C)=AC= (8-3) +(4-4)

-k W g o

AG4) 8.4)

AB
AB
d(B,C)=BC

]
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= J25+0 =5

In right triangle we know that the greatest length is always the hypotenuse. So, BC is the
hypotenuse. By Pythagoras Theorem,

BC? = AB’ + AC?

(V3a)f =5+ 32
34=25+9
34=34

Hence; A, B and C form a right triangle.

Find the distance between each pair of points.

(i) (=2,1)and(1,5) (i) (1,1)and(7,9)
(iii) (0,-5)and (-2, 1) (iv) (0,-5)and (10,5)
(v) (4,-1)and(2,0) (vi) (-3,1)and(-2,-3)

(vii) (— z]md( 2,1) (viii) G,n]and[l.‘i, %]

(ix) (_ 2 _g) ad (-3,-3) @ [z% 5}) and (5, -1)
Check by distance formula whether these points are collinear or not.
()  (0,1),(2,3)and (3,4)

(1) (-5,-4),(1,0)and(6,7)

(i)  (0,-5),(3,7) and (5, 15)

(iv) (6, 3), (14, 7) and (- 6, — 3)

(v) (0, 15), (2, 9), and (7,-6)

V)  (1,-2),(7,8)and(-2,-7)

Check whether the following points are the vertices of

(a)  an equilateral triangle, (b) an isosceles triangle,

(¢)  aright triangle, (d) ascalene triangle.

(1) (2,3),(5,3)and (2, 1) (i) (0,0),(1, v3)and(2,0)
(i)  (0,1),(8,4)and (0, 8) (iv) (-3, -5),(3, —3)and (0, 6)

®  E1,-D,6, 5}md(4 2) (vi) (1, z) ., Zjnnd('f 8)




4. Showthat A(—4,2).B(1,4),C(3.-1)and D (-2, - 3) are the vertices of a square.
' 5. Showthat A(—4,-1),B(0,-2),C(6,1)and D (2, 2) are the vertices of a
| parallelogram.
' 6. ShowthatA(1,2),B(7,2),C(7,8)and D (1, 8) are the vertices of a rectangle. Prove
that its diagonals are also equal in length.
7. Showthat A (4,2),B(7,2),C(7,5)and D (4, 5) are the vertices of a square. Also
show that the length of its diagonals is same.
8. AreA(-6,2),B(1,2),C(1,5)andD (-6, 5) the vertices of a rectangle? Also plot
them.
. 9. Prove that the points A (-3, 0), B (3, 0), C (6, 4) and D (0, 4) are the vertices of a
parallelogram.
10. Show that A (2,-1). B(8,-1),C(8,3)and D (2, 3) are the vertices of a rectangle and
prove that A ABC and A ABD form right triangles.

Mid-Point of Two given Points in a Coordinate Plane

Suppose, we have two points (2 , 4) and (6 , 10) and we want to find the distance between them.
First, we plot the points on the graph and join them. Then we can draw the lines that form a right
triangle by using these points as two of the corners.

y-axis

4

{10 B(6,10)

19 10-y

8 P(x,y

{E E(6,)

| 5 y-4

4 x-2 6—x

& A2, 4) D(x,4  C(6.4)

2

5

e CR

Fig. (iii)

v

In the diagram, A ABC is drawn by drawing AC parallel to the x—axis and BC parallel to the
y—axis, The coordinates of C are (6 , 4), where two lines AC and BC intersect.

Let P (x, y) be the mid point of AB. Draw PD parallel to the y—axis and PE parallel to the x—axis.
Then the coordinate of D and E are (x , 4) and (6 , y) and, AAPD and APBE are
congruent by (ASA).
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Wehave AD=PE , PD =BE
x-2=6-x, yv—4=10-y

=8 2y =14
x=4 y=1
The mid point of AB is P (4 , 7).

We can also find the mid point of A (2, 4) and B (6 , 10) in this way
p [2+6 4+1ﬂ]

¥

2 2
=P4,7)

Mid-Point Formula

In the above figure (iii) if we take A (x; , y;) instead of A (2, 4) and B (x; , y,) instead of

B (6, 10), then we have:
x—2=x-x; and 6-x=x—x
Similarly, y-4=y-y;and 10-y=y—y

We have already proved that
AD=PE : PD =BE
X=X =X—X ' s i i B o
2c=x; +x : 2y=y+»
_htx - Nt);
ST ; ATy

To apply the mid point formula remember that:
the x—coordinate of the midpoint = the average of the x—coordinates
and the y—coordinate of the midpoint = the average of the y—coordinates

The mid-point P of the line segment from P, (x;, y;) to Pz (x3, y2) is

P(xl+x1 J"J"‘J’;]I
r A
Example 5:

®

By using mid point formula, prove that the diagonals of a parallelogram with vertices (1 , 1),

(2,4), (6, 1)and (7, 4) bisect each other.

Solution:

First we plot these vertices on a Cartesian plane as shown in the fig.(iv). In parallelogram ABCD,

AC and BD are its diagonals. }ﬁxis '

Let both the diagonals intersect each other at point E(x , y). i) o, 4)

By mid point formula, mid point of AC has the coordinates

” B(6,1)

A(l,1) : -

< > X-aX15

l

Fig. (iv)
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(m 4+1}
T

=(4,2.35)........ (i)
and the coordinates of the mid point of diagonal BD is [2;—5,%]

=(4,25)....... (i) -

From (i) and (ii) both the diagonals have the same mid point, so they bisect each other at point
E(4,2.5).

Example 6:

If (1, 4) is the midpoint of the line segment joining (6 , b) and (a , 2). Find a and b.
Solution:

By mid point formula, mid point of the line segment with end points (x; , v; ) and (x2, y,) is

[x]+x2 J’:"'J’z]_

2 2
So, mid point of the line segment joining the end points (6, b)and (a , 2) is

[ﬁ+.:r b+2)

¥

2 2
By using the given condition, we have
[6+a‘rb_-lﬁ]=“' 4)
2 2
By the definition of equal ordered pairs,
0%4 1 ana 2ty
2 2
6+a=2 and b+2=8
a=2-6 and b=8-2
a=-4 and b=6
Hence, =—4 and b=6

Example 7:
Use AXYZ in the adjoining figure to find the following.

(i) Midpoint L and M of XY and YZ respectively (3,12)
(i) d(L,M)andd(X,Z)
(1))  The relationship between LM and XZ .

L
Solution:
(1) By mid point formula the coordinates of L
(2"“5 12+3)=[E,E) Y(23) M Z(14)
g oo 22
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Cootdinates of M are [?:l Ei*.f‘.]{? IJ

250

@ - 35 (-]
(7] {i e
Now, d(X,2) = (12-4F +(5-7F

= /8 +(-2F

- Jea+4 =6 = 2417
(iii) From part (ii), we observe that
d(X,Z)=2timesd (L, M)

Or XZ=21M
2
Hence,

Length of the line which is obtained by joining the mid points of any two sides of a triangle is
half of the length of third side.

1. Find the mid point of the line segment joining the given points.
i 2,5),66,9) (i) (-1,0),(2,2)
(iii) (1.4,-1.5),(2.6, 3.5)

2. Look at the quadrilateral ABCD in the adjoining figure
IfE, F, G and H are the mid points of its sides
as shown in the figure, then
(i) Find the coordinates of E, F, G and H
(ii) Draw line segments EF, FG, GH and HE

by joining the mid points of its sides. D

(iii) Find the distance of EF, FG, GH and HE (-3, 2)
(iv) Guess the type of quadrilateral EFGH.
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. Check by using the mid point formula whether the diagonals of trapezium PQRS with
verticesat P(1,0) ,Q(6,0),R(7,4), S(-1, 4) bisect each other or not.

. If vertices of a rhombus are A (-3,-1), B(0,0),C(1,3)and D (-2, 2)

Show that its diagonals bisect each other.

Also find the length of each diagonal. AG,T)

. Look at the A ABC in the adjoining figure.

(i) Find the coordinates of the mid points D
and E of AB and AC respectively. B(-4,0) C(4, 0)

(i) Findd(D, E)and d(B , C).

(i)  Find half of d (B, C).

(iv)  Compare the length of DE and BC and draw conclusion.

. Hassan and Ali participated in a race
competition. They both have to start running
from different points on coordinate axes at a Al
distance of 6 units from origin but they must

3 » Cé—target
reach at the same target point C, after covering point
an equal distance. If Hassan starting point is on
x-axis and Ali’s starting point is on y-axis as L Hassan
shown in the figure, then find the coordinates

of the:
(i) starting points of Hassan and Ali (i) target point C

\
v

. Label the missing coordinates of the vertices of the following figures.

(i) Square OLMN (ii) Rectangle ABCD .
_v-Jaxis }:u's
N M % B (0,2)
0 G0 TDEay | e
v
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VIISCELLANEOLS

EAXERCISE

1. Encircle the correct option in the following.

) ummuffmupuinmma(%,—ﬂ,n[a, %},qa ,~2) and D[l. %]th:

relationship between the distance AB and CD is:
(a) AB>CD (b)) AB<CD (c) AB=CD (d) AB=%CD

(ii) Ifaand b are any two points on a coordinate line (number line), then its mid
point will be:

a+b a b a b
(a) > (b) (? EJ (c) [E b) (d) [ﬂn EJ _
D (5. 20.0%,0), (1, — 2) and (~1.0) e the verticehof a

(a) parallelogram  (b) square (c) trapezium (d) kite
(iv)  The triangle with vertices (1, -3), (3, 2) and (-2, 4) is:
(a) aright triangle (b)  an isosceles triangle
(c) aright isosceles triangle (d)  an equilateral triangle




(v)

(vi)

(vii)

(viii)

(ix)

(x)

(xi)

(xii)

(xiii)

(xiv)

(xv)

(xvi)

Unit-07  Coordinate Geometry

Mid-point of (¢, — d) and (— 4, ¢) is:
sy —c-d -d-c
(a) [E, _EJ (b) [ 2 5 ]
(c) ("’2”", C;"] d (c-d,-d+c)
If P(2, 3) is the mid point of A (x, 4) and B (- 3, y), then the .
coordinates of (x, y) are:

=1 . 3+b x—3 y+4

—_, — 5,-1 — d)(7,2
® (3.2 w6 ©(32 24 oo
If two ordered pairs (4, 5) and [%H b- 3] , are equal then, the value of a is:
() 4 (®) 8 () 7 d 5
In which quadrant, the point (— 4, — (— 6)) lies?
(a) first (b)  second (c) third (d) fourth
In the adjoining figure of a line: : :
d(A,C)-d(B,C)= A B C
(@) d(B,A) (b)) d(C,B) (c) d(A,B) (d) botha&e
The abscissa on y-axis is:
(a) 1 ) -&% (c) zero d) y
Minimum number of sides in a polygon is:
() 2 ) 3 () 4 (d) 5
If x <0 and y > 0, then (— x, y) will lie in quadrant:
(& I (b) 1 c) I d 1V
The point (3, 5) is at minimum distance from:
(a) x-axis (b)  y-axis (¢) origin (d) botha&b
If M is the mid point of the line segment LN, then LN : MN is:
(a) 2t} (b) i (c) E:l (d 1:3 I
All the bisectors of a line segment always pass through:
(a) x-axis (b)  origin (¢) mid-point (d) y-axis
The below figure is a kite, what will be the coordinates of the point of intersection of
both diagonals? A(2,3)
s

D(0,0)
© (0,00 @ (20 B8(59)
C(2,-3)




(xvii) In the given figure, if S is the mid point of PQ,

then SR is e : SN
@ V2 ®) %5
() 6 d 3
R(1,-1)
(xviii) If distance between two points A(c, 10) and B (0, —1) is 20 units, then the value of ¢ is:
(@) 279 ) 331 e 3 d 40

(xix) The length of the hypotenuse of A XYZ whose vertices are (7, 4), (7, 1) and (-3, 1) is:
@ 3 ® 10 © V109 @ 91
(xx) The mid point of the hypotenuse of a right triangle with vertices (4, 0), (2, 1) and (-1, — 5)is:

1 1 . - 3 =
(a) (2, _E'J ®) (E' —2] (c) [E’ -5) (d) (5- E}
(xxi) If end points of a diameter of the circle are (4, 5) and (6, 9), then coordinates of its center

will be:
@ (7.3 ® (1L,2) © G7 @ (0,0

(xxii) If two points (2, 3) and (4, 5) are at equal distance from (3, t) then, the value of t is:
(@ 5 b)) 4 ¢ 3 @ 7

(xxiii) A point P(x, y) is at equal distance from both the axes and lies in the third quadrant. If it
is at a distance of 4 units from y-axis, then its coordinates are:
@ 44 ® 4,-4) © @*49 @ (4-9

(xxiv) A line AB intersects x—axis at C with a distance of 3 units from origin and y-axis at D
with a distance of 6 units from origin, then d (C, D) is:
@ 35 ® 33 © 3 d 45

- i The consecutive vertices of a quadrilateral are A (0, 0), B (0, 5), C(4, 7) and D(4, 2).
Show that quadrilateral is a parallelogram.

3. Show that the four points (5, 8), (7, 5), (3, 5) and (5, 2) are the vertices of a rhombus.

4. A(3,4),B(-1,7) and C (x, y) are three collinear points such that B is midpoint of AC .
Find values of x and y.
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GEOMETRY OF
STRAIGHT LINES

In this unit the students will be able to;

. Fiﬁd&egmdiantufmaightlimwhmmmdimtﬁoftwnpuimshaplamm

o

Fmdﬂwgnﬂentofpﬂallﬂlaudparpcudlmluhm -

Derive equations of straight line in slope-intercept form, point-slope form, two

points form, intercepts-form, symmetric form and normal form.

e  Show that the linear equation in two variables represents a straight line.
¢ Reduce the general form of the equation of a straight line to other standard

e Find the angle between two coplanar intersecting lines.

e Find the equation nffmmlyuflmmssmgﬂumghth:pnmtofmtmmﬁmﬁ

two given lines.

[ Cﬂcﬂﬂcanglﬁufwﬁmmeshpcsnfmmpm

¢  Apply concepts of coordinate geometry to real world problems.

To go from one floor to another at a library, you can take either the
stairs or the escalator. You can climb stairs at arate of 1.75 feet per
second, and the escalator rises at a rate of 2 feet per second. You
have to travel vertical distance of 28 feet. The equations showing
the vertical distance d (in feet) traveled afterf seconds are:
Stairs: d=—1.75¢+28 Escalator: d=-21+28

a. Graph the equations in the same coordinate plane.

b. How much time do you save by taking the escalator?
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Gradient (slope) of Straight Ling

Inclination of Straight Line
The inclination of a straight line is the angle @ which the line makes
with positive x-axis measured in anti-clockwise direction.

Gradient
When a car rides up a hill, its speed reduces. The steeper

the hill, the harder it is to climb.

The measure of the steepness of hill is called gradient (slope).
Gradient is ratio of the vertical distance to the horizontal

distance.
vertical distance  rise

St =
- horizontal distance run
2 1
I — DD w— g
50 25 o S50m

Where the angle @ is inclination.

Gradient of Straight Line r*:xis

The gradient of straight line is defined as:
rise

B89

run
In the figure line AB is inclined at an angle # with x-axis.

Gindient of HEG AR = 2
run

= difference in y—coordinates of AB

difference in x—coordinates of AB » X-axis
_9-2 7
8-4 4
P § 2-9 -7 7
Alternatively, gradient of AB=——=— =—

=B =5 &
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Generally, gradient of a straight line is denoted by m.
Therefore, m =tan@

Example 1:

(i) Find the gradient (slope) of line whose inclination is 45°,

(i)  Find inclination of line whose gradient is 1.732.

Solution:

(i) Here 6=45°
~ Gradient = tan 45° = |
(i)  Gradient = tan 6 = 1.732
. Inclination = @ = tan™'(1.732) = 60°

Formula of Gradient
If A(xy, _}r;} and B(x;, yz) are two points on a line AB,
“hensgradient of AB is=
e A ) S < W |
Lz — Xy X — Xz

m

Gradient of AB can not be ¥1 Y3 or 2 hn
Xz —Xx; X; —Xx;

y-axis
&

8. A
Alx, y)  Clxa, 1)

» X-Axis

Il

Horizontal line

» X-axis

Unit-08 Geometry of Straight Lines

Vertical line

! » X-axis
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Sign of Gradient ‘ :
elye-2 ovitizon diiw o slans gnmiAsm < bos |\

y-axis imadd yisvito¥oWsal v bne w918 ¢ bne Vo 2nsibeg 1]
4 B ; '
eIt = jIn M
eixs-x ovitizofy diiw ¥ bos » golgns gnidem ¢ bns (§ 2oml wlvsiboeqreq owl zwoda £ 91
mady viovitoaqes «m bas ;wmpis cq bas o ?rs (]I[J.n'l‘a.'!;--': ¢laviinegest
[

Tl

— X-AXi5

Figare 110 2iniberg o) 13Eunq Wg' tt;,r-:ﬁ*.rz o owltl e
In the figure 1, line AB makes an angle & (0° < @ <90°) with the  x-axis, As the *
mofunaummmmm.ﬂ,%mw AB'is positive for
0°< @ < 90°. e v . _

In the figuire 2, fine' LN makes an anglé 8 (90° < < 180%) with the positive X-axis. As the
value of tan £ is negative in second quadrant, therefore gradient of line LM is negative for
90° < § < 180°.

A

Gradien W%erpendicnlnr Lipes, q 918 O by

y-axis y-uu
I h P

A baidl asluoljosgqreg 918 (800 (01 L£) (8 .08 J£ 0)A wsenibroos dirw 1;;2'




Figure 1 shows two parallel lines /; and /; making angle a with positive x-axis.
If gradients of /, and /; are m; and m; respectively then:
m =my
Figure 2 shows two perpendicular lines p; and p; making angles a and f with positive x-axis
respectively. If gradients of p; and p; are m; and m; respectively then:

Example 2:
Find gradients of lines joining: (i) A(1,4),B(3,6) (i) C(-3,5),D(0,3)
Solution:
1 H —Mmﬁ__: =
(1) 'Eirmil1:«:d‘.;*'mli—xz__m:,L i 1
i 1 = L! — Y1 = it ] _—z-
(i)  Gradient of CD i gy -

Example 3:

Prove that lines AB and CD are parallel where A(3, 5), B(4, 6), C(7, 11), D(9, 13).

Solution:
¥=¥ b=b

GtadlmtﬂfAB=ﬂli="H e = ]
: Si13-a1 o3
Gradient of CD = m2= - - 1

As, m=m
Therefore, AB and CD are parallel lines.

Example 4:
Lines AB and CD with coordinates A(0, 3), B(2, 8), C(3, 10), D(8, k) are perpendicular. Find k.
Solution:

8-3 5

Gﬂdientnfhﬂ=m1='z—_—ﬂ .
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As, AB and CD are perpendicular,

Key Fact
Therefore, mixm=-—1
5 k=10
= — X =
2 5
S5k -50
= = -1
10
= S5k—-50 = =10 == 5k=-10+50
= 5k= 40 =3 k= 8

4.

bl Q- N

11,

12,
13.
14,

Find the gradient (slope) of line whose inclination is:

(i) 0° (i) 30° (iii) 60° (iv) 90°
(v) 120° (vi) 150° (vii) 170° (viii) 45.5°
Find inclination of the line whose slope is:

(i) 0 (ii) 0.577 (iii) —1.732 (iv) —0.364

Find gradient and inclination of lines joining:
() A(2,6),B(5,8) (i) C(-2,4),D(1,-3) (i) E(,-2), F(-2,-3)
If A(-2, 6) and B(7, -3), find the slope of line:
(i) parallel to AB. (ii) perpendicular to AB.
Find x if the slope of line passing through A(3, x), B(5, 8) is 4.
Find k if lines passing through A(k, 2), B(3, 5) and C(5, —1), D(8, 7) are parallel.
Find k if lines passing through P(-1, 2), Q(4, 7) and R(2, k), S(7, 10) are perpendicular.
Using slopes, prove that points X(0, —3), Y(4, 7) and Z(6, 12) are collinear.
Find value of y if points P(4, y), Q(5, 2) and R(6, 2y + 1) are collinear.
Prove by using slopes that points A(3, —1), B(-5, -5) and C(1, 3) are vertices of a right
angled triangle.
Using slope, prove that A(-2, 1), B(6, 3), C(10, 5) and D(2, 3) are vertices of
parallelogram.
P(x, ¥), Q(-2, 2), R(1, 4) and S(10, 1) are vertices of a parallelogram. Find P(x, y).
Three vertices of a thombus are A(2, —1), B(3, 4) and C(-2, 3). Find fourth vertex.

If (5, 0), (0, 5) and (8, B) are vertices of a triangle, find:
(i) slopes of sides. (ii) slopes of medians. (iii) slopes of altitudes.

. Unit-08  Geometry of Straight Lines a National Book Foundation '
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# . Syt

ﬁlﬂlﬂﬁl‘“ mhwq.m IBiﬁ ,
remain at a constant distance b from x-axis.
Therefore, all points on the line satisfy the equation:

# X-aXis

1&- 30

e If b> 0, then the line is above the x-axis (line /).
e Ifb<0, then the line is below the x-axis (line m).
o Ifb=0, then the line becomes x-axis and equation of x-axis becomey=0., 1/ 1,1

ol 021
jolz seodw anil _--41'1.’;_m":: wlam baid
1‘;:— il + I
In the figure, alllhepomtamtlnlmcpamlleltoy—uu :

ninio] 29l 1o noilssH o i 1ngbsrg b

remain at a constant distance a ﬁoq:l.?-aﬂl, N (SO L dqx,ut?]f_r',r:.h_.,m
Therefore, all points on the line satisfy the equation: .

-anil To agolz adt bait Y€- V)8 pns (3 £ A fi

e Ifa>0, u:enthelineinunthn‘ljiﬁlif‘dﬂlie"?lhﬂr{iimﬂ 4k ot Islisrsg
idt anigesg amil 1o .-. ol Ir e bt
. H‘a{ﬂ mmthehnelsnnﬂwleﬁofﬂwy-anl{lmem). e e

) bng (2 (S AA H,._rrr] yrizenq onil i A bard

. I:lfa=ﬂltl!:nnﬂ:=lm¢bwmxmmdequupoglll ; bmnx 0.

5 121 DNE | Y L0 O r! 260 201 1i .-"':E.l”i:.l

it ESH =orhsy s (£ [0 bos | e (I- . EM ..i-nui_"""."h.I gaqole gaiew yd ovord
If a line AB intersects x-axis at (a, 0), then a is afgnsin balgn
[ w* i I. A.Ba Fart F O | 1" % F AyH (| & 1 Wiy {1101 (10
called . -of the line AB. .. - | ) (E )8 (1 & -"Bfﬁdl]- i .
If a line AB intersects y-axis at (0, b), then b is AR Bt L
called j; intergsivofthe lingiAB. .10 saoitiov o1 (1 002 bl (& . D (S .20 (v 29

Unit-08  Geometry of Straight Lines




|

Derivations of Standard Forms u!' l-.uu;uium u!‘.‘-.’tr;li_'_giu Lines
(LEE-Y ' - -

W O "'."l.l' +

'L . |l|
munoT. ufmghmﬂ‘{huht-’vé:ﬂml}m s‘lope (gradient) m and y-intercept c

is:
: y=mx+tc
Let P(x, y) be any point on the straight line / with slope m and y-intercept ¢.
ymg;ptcmmﬂhﬂlinemﬁmtsymupmmh(ﬂ,c) m
As P(x, y) and A(0, c) lie on the line /, therefore slope of line Iy
is:
y—c
e Y et
= y—c=mx ]
= y=mx+c P(x,y), ¢
mmmmﬂf}luu‘ri{mmmwm il 2l ..\,'F 3 )i i ol
Ifc= ﬂﬂlmlhe]niey-mpum e - = » X-aXis
Saint Sl
Thuml Equahonofmvnhcal nmght lmepasumgﬂ:mughpomtﬂ{x],yl}
with slope m is: o]
1 M(I Il}
Proof: | (d ,0)H bne RS
Lﬂﬁx,y}bemypommﬁcmmnﬁmﬂuhpem i sail 1o wieols 1oty
and passing through point B(x;, y1).
Mﬂx,yﬁn‘ﬁ(:rg()hi(j‘thelmﬁ therefor slope m : . 3)
of the line is: e _
m:u SVEr 9w il ] 1161 901
X=x B (x1, 1),
=2  y=n=mx-x) '\.ﬂ
Which is equation of line / in point slope form. e o s

3. Two-Point Form
Theorem: Eqmmufmmm:qmwmmmgmghmwmnﬁ(x,,y,)md
B(xs, y2) is:

e "’{x n)m'y yz-h—‘{x n}
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Proof:

Let P(x, y) be any point on the straight line / passing e a"
through points A(xy, y1) and B(xa, y2). ¢ B o )
As A(xy, y1) and B(xs, y,) lie on the line /, therefor slope m ot
of the line is:

s Y3=¥y ,/ Px.)

Xaz— X4 ﬁ{xh_}r]}/

Now using point slope form of line, we have:
¥z=N / <E g
— — = $ X-AXIS
y—n B (x—x1) e o

Y—n X=Xy
or =
Ya—=¥Y1. XX

Which is equation of line / in two-point form.

4. Two-Intercept Form
Theorem: Equation of straight line having x-intercept a and y-intercept b is:
xi

—_ et = = 'l :
a b Y-axis
*

Proof:
Let P(x, y) be any point on the straight line / with \ ok
x-intercept a and y-intercept b. h\{ »b)
Obviously, A(a, 0) a.nd_ B(0, b) lie on the line /. \
Therefor slope m of line is: b P(x, )

b-0 A(a, 0)
= >
W o-a = _ \\ x-axis

Now using point slope form of line, we have:

b-0
u_a(.t—-ﬂ]

V=h %
= —ay+ab=>bx
= bx+tay=ab

% + % =1  (dividing both sides by ab)

Which is equation of line / in 2 intercept form.
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5. Symmetric Form .?-:Iiﬂ
If « is inclination of a line /, then slope of line is:
m = tana

¥y="
xX—Xq

= tana =

sing  y-»
cosa x-—Xx, \a

» X-AXIS

ol LSS At S o A
cosa sina
Which is symmetric form oi equation.
6. Normal Form
Theorem: If p is perpendicular from line / to the origin and « is the inclination of this
perpendicular then:

x cosa +y sin@ = p
Proof: o
Let the line / intersects x-axis and y-axis at points /
A and B respectively. Let P(x, y) be any point on the \B
line / and OC be perpendicular to line from origin, .
then OC =p -
From right angled triangle OCA: éﬁp NG

or OA=——

From right angled triangle OCB:
OC p

Cos (30°- a) =52 =08

P

bl R o M
sina = o0 or OB v

As, OA and OB are x-intercept and y-intercept of AB, therefore using two-intercept form,
we have:
LACIRNNE - (18 5" 2 upipenny

OA OB = DioR: Bsina

Which is normal form of equation of line /.
Example 4:
Find the equation of straight line with the following information:
(i) slope =35, y-intercept =13 (ii)  through (5, 0) with slope —3
(iii) through (2, 4) and (-1, —4) (iv) x- intercept = 6, y-intercept = —4

=] = xcosa+ysinax=p

Unit-08  Geometry of Straight Lines




Solution:

(i) Slope=m=S5, y-intercept=¢=3

| " o aqolz madi \ anil 810 nonenilsn i |
Equation of line in slope intercept formis: y=mx+¢ DI
= y=5x+3orSx-p+3=0

i) GLy)=(,0,m=-3 | Ciy:

Equation of line in point slope form is: y — y; = m(x - x;)

Subshmung f'nr (:r;, }r,}an&m we have: : )

y=hm-3-5) » pR-ABE+1S o Ity-15=0 T T '
() () =(2,4), (x2,2)=(-1,-4) nosups [0 mol stosmorye 21 dad'W

Equation of line in two-point form is:
i it 21 v boe migino adt o1 \ eatl met wimarbirsmqiag & ot imeroad]

.y I)'-J"i i" -fl

V=¥ XX - e
Substituting the values, we have:
y=4 = x-2 ..J: A y—4 =-_1.:;.2- . oo
-4 =4 =1-2 | | L] 16 250E-Y 1 elosaralng \ o 1]
| | xlsvidoagen 8 hos 4

AR TRERE). _jr?'+u??g'f.t¥§,a.j ibnsqroaq od 20 bas \ anil

=8 -3y-4=0
(iv) x-intercept=a =6, y-intercept = b=~ 4
Equanpuof hm*mtnm-mtmueptsfunms

i i & BN e
I R - o 1
a b
Substituting the values, we have:
; + . :1 = 41'1‘6_}“**'&4 signelt balans idun motd
. ‘!._ J” )
or Zx—3y—12-=ﬂ 40 80
Example 5: —=Hd0 0 i T
Find the equation of straight line: =% =
Hi) | i

(i) ‘thfough (3, ~2) and perperidicular to the liné With stope 3.
(ii) having y-intercept = —7 and parallel to the line with slope 4.
(ii1)  through (=5, 1) and perpendicular to the linepassing through (0, 9) and (-2, ﬁ)

(iv) if length ofperpeudwuhrﬁmthsmgm’iﬁ%‘ﬁutfﬂlﬂhbd at 60°, 0

Solution: il 1o noieups 1o mmol lsmion 21 doid

(i) x»)=03,-2)
Slope of given line =3 TOHEATH uriiwollol adi divw sl tigiede 1o i
As, ﬂmm;mrqumupﬂmmlqﬂpﬂmglmlme,memfgm Wmfm@um;lmum:
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=_1
m i anil 11T ¥ DO 1 29l

E‘,quatmnufreqmmdlmem 5 TP AR 1
y+2= *;{1-3} {Pﬁiﬂt'ﬁlﬂl‘e fm}

= Jy+6=-x+3 = x+Iy+9=0

(ii) y-intercept=-7
Slope of given line = 4

I,I

As, the required line is paraliel fo fhe gwen ime, ‘tﬁmfut:, slopi? frbqum hue is:

m=4 |
. Equation of required line is: &
yw =y (slope intercept form) .

= 4x-y-7=0

NS 2Irnge=armaT 0o

(iii) (e, )= (=5, I}mdpemmdmummelmmmgthmugh{n Q)and{—z 6).

_ «_5_9_ .—,3....3
A DA et T QTP (AT TS e A 0
Slope of given line 57 e -

As, the required line is perpendicular to the given line, therefore, slope of required

line is:
2

M5k 4d + xn 90il 1o o

- Equation of required line is: £ 10 1nsiaitisod
¥ 1o 1nsisifisos
y=1=-2@+5) (point-slope form)
= y-3=—u-10 = +Iy+7=0
(iv] p=6 and 8 =60°

Equation of line in norma] fnnn m

o P § . = I roy
G St InSisne 1 HEDS 10 1ot i

xﬂoﬂﬁﬂn+}’3mﬁﬂﬂ’-'ﬁ“:. SITHY DEnnAlE 2UODNEY Ol {1 ) Mol

V3

1
=» xK—+yX—=ﬁ

MARLIDT 11) L 3 (i L 1881 B VLD T2 20W € Debd

saubsn 0k

2 Z st e ow (1) noilsups o

= x+ Y3y =12 or x +V3y-12=0
rl d il d

(seneral Form of u_ll'.lliﬂll ol St .Ii:'_lli Line

General form of a linear equation in o variables x and y is:
bae {(d ,2)0 (S .19 gooity ) &#@-fg-n

f

whma,bandcarer&alnumbersand a and b cannot be both zero.
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Theorem:
A linear equation ax + by + ¢ = 0, in two variables x and y represents a straight line. Here a, b, ¢

are constants, and a and b are not simultaneously zero.

Proof:
ax+by+e=0 (1)

Case 1: When a = 0 and b # 0 then equation (1) takes the form.
by+e=0 or =—§
which represents equation of line parallel to x-axis.

Case 2: When a # 0 and b = 0 then equation (1) takes the form.
axte=0 o x =—§
which represents equation of line parallel to y-axis.

Case 3: When a # 0 and b # 0 then equation (1) takes the form.

a-tel il ¢

by=—ax—c=0 or _}?-—L"I—E—{‘*;I]+(—;]
which represents slope-intercept form of equation of line with:

slope = —*:- and y-intercept = -E

Reduction of General Form of Equation of a Straight Line to Other Standard
Forms
We know that general form of equation of straight line in two variable is:
ax+by+ec=0 (1)
We can reduce equation (1) into various standard forms as follows:

1. Slope-Intercept Form
From equation (1) we can write.

a c a ¢
by=—ax—c=0 or y=—;x—;={—;x}+{—;}

which represents slope-intercept form of equation of line with:
slnpe=—§ and y-intercep =--E
2. Point-Slope Form

Slope of equation (1) is m = — -:-
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A point on equation (1) is (x1, y1) = (0, ~ 3 ).

. Equation of line in point-slope form becomes:
c

y-§=-3@-C§) o y-f=-7G+§)

3. Two-Point Form
Two points on equation (1) can be taken as (x1, y1) = (0, -E ) and (x2, y2) = (—ai. 0).

. Equation of line in two-point form is:

}'"E . 2 W,
U—E x ;—‘U o 'P_b v h{x 0)

4. Two-Intercept Form
From equation (1)

ax+by=—c or — +—=—=1 or

which is equation in two-intercept form with:

x-intercept =,.E and y-intercept = —%
. Symmetric Form

Slope of equation (1) is m = tan8 = -E

. S i
Sind = JEPory | S84 . CUML S ety
A point on equation (1) is (x1, y1) = (0, —: ).

. Equation of line in symmetric form is:
[

xX-x — x-=0 y+
balal o Y
Cos#@ Sing
;azd-lrz as+b

6. Normal Form

T

Equation in normal form is:
xcosf + ysinf = p (2)
From equation (1), we have:
ax+by=-c¢ (3)
Equations (2) and (3) are identical, therefore:
a b -C

— i e I m—

cosa sina p

-l p _ cosf  sinf _#cas=3+siniﬂ
- a b +VaZ+b?

—

++ aZ+b?

= p=

Unit-08  Geometry of Straight Lines
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Now, dividing both sides by +Va? + b7, we get (%= .0
+VaZ+b?  +VaZ+b? +VaZ+bZ? |
o e{caen) i) - R Mo
¥ +VaZ+b? y ;t;\l"ahh! iv‘a1+h§
Which is required normal form of equation of line.) ~+ /o000 o s (1 nonmips mo s

The sign of radical is choosen in this way that right hand side becomes positive. '

Example 6: . : B k..
Reduce the equation 6x — Sy + 15 = 0 into: : ' =3
(i) slope-intercept form (ii) two-intercept form (111) point-slope form

(iv) two-point form (v) normal form (vi) symmetric fqm

HoIaUES Mt |
Solution:

(1) 6x—5Sy+15=0 = Sy-&x+15 = y=Ex+3

R I

where m=§ and ¢=3
(i) 6x-5p+15=0 = 6x-5y=-I5
O
(-15) (—15) SN —151’ﬁ+15!5 > - ) nois

_.5!2 3 -mtmept—-— andy-mtm'cept 3
(iii) Apumlmthehnels(xl,y;} (0, 3). Alsoslopeofimem=m —_(:5) B

Equation of line can be written as y —3 = —{x—l]}

Wirve m sl 1o
(iv)  Two points on the line are (x, y1) = (0, 3}::1:!(&.}’2} (— D}

Equation of line passing through both points is:
y-3 x-0

0-3 'Tg-u

(v) Given equation can be written as 6x — 5y=—15

Or —6x+5y=15 (Makenghtmdepomtm:} el LT ,,
Dmdmgbmhmdesof 6x+5y=15 byJ(Ta)=+5=—ﬁﬁ + ’z_ w'*s_

|||J_I iR (£ 1 15)

1"_ v'_y Ve ( y(\;—) _.
Wh:chwnurmalfmmufequm iztBozool  @nl:

(vi) Glmequauun:sﬁx Sy+15=0." \ _
m= tanﬂ-— which implies smﬂ=‘i,_ mdmﬂm% - I.”_r_'____r
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o

4 ¥

7
8.
9.

A point on the line is (x1, 1) = (0, 3). -
Thus equation in symmetric form is: %

x-0 y-3

Fmdthneqtuhbﬁﬂfhorhontaumeplmgﬂmugh. _

@3 ) @O | () 59" {w] (2 %)
l 121 O

Fmdthnoquaumufwmwlhn:puamgthmush'

@ (i 5 (i) (5,6 ; (iiiy (-4, -T}'I | U‘” G :)

' Find aquanm of the line mmtuefunowmg information:

- (1) slope=2, y-intercept =-3 (ii) — through (-5, T}mmslupea,

" (iil) through (4, -5) with slope 0 (iv) through (-2, mmmmw
(v) through (-6, 1).and (2,4) | (V) through (2, -4 and (8,4) . .
(vii) x-intercept = 6, y-intercept = 5 (viii) slope=-1, x-ifitereept = 11

iFmdeqmtionut‘ﬁmmwﬁmwhm i = U gt bas o= 0 nel 2A

M "t =14, i)“é‘i&ﬂﬁ” ‘m’} (1) = (6, -ﬁ}m¢d =3 - o

14 ol sregam =61 bnil

Iéf :iglm . SA i
gh (-4, —4) anc parullﬂi B R vihope s, e
(i1) through (5, —l}andperpendbmlﬂ'toﬂwlmﬁmthm‘i bis | = 1\ 'To sqold

(iii) having y-intercept = 4 and parallel to the line with :‘Pﬁ'z"’ (AT J-.-I;:-r-.; 6t ad © 1
(iv) ham:z-mmpt=—2mdpeqmdwulartothﬂm:hmﬂuln;;: :

(v) through (-1, 4) and perpendicular to the line passing through (3, 0) and (1, -2)

(vi) mmawmmmmmmmmw 2) and (3, 6). ..
Find equation of the line through (3, 7) and parallel fo the line 4x ~ 3y +1=0. . 1.
Find equation of the line through (-2, —ummpmaiummuhmx 2y=Q . .
Find equation of perpendicular bisector of line segment joining (0, ﬁ}msz *2)

{i}mpwindl-ﬂlﬁ +1 &= (ii) p=10 lndtmﬂ -’

10. Fmdeqmonofmndunsmda]hhﬂunfmmglewuhvm

A(©, 4), B4, 6) and C(-2,-2). 0
Rachnethn (a) ﬁr+By—ll==ﬂl (b} 41 3y+? ﬂ mto

(i) llopo'-u;tgrgq;fmm {u'.i two-mtauptform ; {m] pumt-:lnpefnrm
(iv) two-point form (v) mnormal form 0! (1) rsymmetric form 00/
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1 b N \ 3 . v 2
"l.[l'_]_!l. Between Two ( :-lri__|j|,t| |||'|‘_-1\,L.,_1|“-_|L l.ines

lheorem:

Let I, and I; be two non-vertical non-perpendicular coplanar lines making angles @ and § with
positive x-axis respectively as shown in figure. y-axis
4

If m; and m; are the slopes of I, and /; L*
respectively, then the angle 8 from /, to /; is N l
'y 1
4 \\ H -f.___.'f
o e
F L ] _,e"{-ﬁ"‘\_‘
Proof: In AABC, B and 6 are two interior G A T
sl
angles and a is non adjacent exterior angle. =
44
a = p+8

= 8 = a-8
=  tand = tan(a-p)

- tana — tan §
1+ tanatanp

Astan @ =m; and tan B = m, ,

m; —m
1+mym,

= tan &

Example 7:

Find the measure of angle from /; to /;
if: slope of /; =— 1 and slope of 1, =2
Solution:

slopeoff;=m;=— 1 andalopenﬂz-m;=2
If @ be the angle from /; to /; then:

—-ilig =My - Rfsgy T
o 1+m3m1*1+2(—1}__3

6=tan"' (- 3)=108.43°

Example 8:
Find the interior angles of triangle whose vertices are A(-2, 0), B(3, 0) and C(6, 5).
Solution:
Let the slopes of sides AB, BC and AC be denoted by m,, m; and m; respectively.
'. mn—-—_ﬂ—ﬂ mz=i.£=£. m;=ﬂ=5
3+2 6-3 3 6+2 B

Let @, § and y be interior angles of AABC at vertex A, B and C respectively, then:
Angle is measured from AB to AC.

National Beok Foundation
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e e e e e

s, i e ——

s 0
Mg=—1M, i
tana = - =
1+mamy;  14(=)(0)

= a =tan™ (%) =32° A2, 0) Siope =

5
my-ma _ O=s 5

1+mam;  14(0)() S0
= p=tan! (- )= 121°

tan § =

£ 5 25 25
My—Mjy 3 B Ery
tan = = = = —

9
=Sy=tan" (-7)=27°

Point of Intersection of Two Straiecht Lines

Let /, and /; be two non-parallel straight lines such that:
h:ax+by+c=0 and hiax+by+ec=0

where a;b: — azb; # 0 otherwise [ | /5.

Let P(x), 1) be the point of intersection of /, and /;, then:

ayx) +bp +¢=0 (1
ay + by +e2=0 (2) b'><.c!
Solving (1) and (2) simultaneously, we get:

by €2
T
bycz=bycy @zci—asc; A by-azby
byca—bycy a;C,—a41C;
= =22 21 and , =212
¥ T aib,-azb, '~ @ by-azb,

=
ov®

m; B(3,0)

A rough ske

e e e

Ti fDI'ﬂ, (hﬂg—biﬂl - ﬂz#l—ElCz)is . Ipﬂiﬂtﬁf' )

ajbz—a,by ' ayby—ayby

Example 9:

Find point of intersection of following lines.
x+2y=3 (i)
x-y=2 (ii)

Solution:

Multiplying equation (ii) by 2 we get:
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6x -2y - .4 . (1i1)
Adding (i) and (iii), we have:

Tx=T7 or x=1}

Substituting x = 1, in equation (i), we get: 32 ¥
1+2y=3 = 29<2 ‘or y="1"" _ U il ;
. Required point of intersection is (1, 1). Ko

ation of Family of Lines

Let Iy aﬂd&beiﬂa hon-pinllﬂl‘*mm@tlmes

fyt In,am-!-ﬁw'!'cnﬂﬂ e (1)
hiax+by+c=0""" (ii)
el

with point of intersection P{II'yI}-P(%_::'—-_:iL - :lz_;;:::ﬂz whmmh—l;ablaf:ﬁ. .ﬁ

We can find a family of lines through the point of inte
For a non-zero k, the equation:

g1z lollgmeg-non ow? od o\ ba 15, ]
a|x+b5_p+c|+k(a2x+b,y+cz} D Eiii} | s !_Ir__.___” ’
lsalsulmﬁarnndrepmamtsammhtlme " i 1.;; - |.'f. o e s
Equation {m) repmsmts infinite number of!mes fur dlﬁ‘erent values of k ami tl:mfor: lt is
known as./arm| o 7 - o |
It can be easily proved that if (x;, y;) is poml of i mters?ctmﬂ of (i) an It(ﬁlj mcpa[uauqn{ug also
passes through (x}, y1). " ' |
Thus equation (iii) is the required family of lines pmmgﬁ:rough pumt—uf nmrsmof
equations (i) and (ii). As mentioned abuvethatqqmon (m)represcnumﬁmta nmnber oflmes
by changing values of k. For particular value of k; apurm:ularhneuf fa:ml;.r from (jii) can be
determined by lmposing B BBRIN By boviupon of (52 | HTRT)  nctonat -
Example 10: ; i >
Mm&mmwmmtnfmmumoflm x+2y ﬂx-—y 3
(a) pasamgﬂlmughpﬂmt(l 1) B parallelto % - 4y + 7 = n Lk

..... g1 owl o nopulos .

'Soluﬁﬂn raikn hidy
fitf .";-’j:.p‘.iyirnrrrnrr owT e (i)
1nioq 000 (lou bes o b
e 2onk ‘r,ﬂﬂf&ﬁtunlmllf « (1)

A family of lines ﬂ'n‘nuﬁfl lﬁg pnmt of intersection of lines (1} md (n) is:

Unit-08  Geometry of Straight Lines




(a)

(b)
|
|
|
i
.
‘.
| -
1 2
|
E

=

=

x+2y+kix-y-3)=0
(1+kx+(2-k)y-3k=0
As equation (iii) passes through (1, 1), therefore:
(1+k)}1)+(2-k)1)-3k=0
1+k+2-k-3k=0 =

(1+1)x+(2-1)y-3x]
Slope of line (iii) is:
mi = - (ﬂ
2=k
3x-4y+7=0

Slope of line (iv) is:

() =
L ol Bty
-4/ 4

(iii)

3-3k=0 = k=1
Substituting the value of k in equation (iii), we get the required line as follows:
=0 = 2+y-3=0

(iv)

It is given that lines (iii) and (iv) are parallel, therefore:

(1+k _g

=-1-k
—2+k

3
—_——
4

H-1-k)=3(=2+k) = —4-4k =—6+3k

2
Tk=2 or k-;

Substituting the value of kinx + 2y + k(x—y-3)=0.

Which is required line.

Find the measure of angle from /; to ; if:
slope of /; =— 0.5 and slope of ; = 4.5

(1)

x+2y+§(x—y—3}=ﬂ = Tx+14y+2x—2y-6=0

= Wx+12y-6=0

slope of /; = 0 and slope of /; = 1

(ii)

(iii) slope of I; = tan45” and slope of /; = tan135°
Find the measure of angle from /; to /; if:

(1)
(ii)
(i)
(iv)

[,: joining (2, 0) and (5, 0)

l): joining (-2, 1) and (3, 4)
ly: joining (-5, — 4) and (5, 1)
[y: joining (2, —6) and (5, -9)
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l;: joining (2, 0) and (5, 5)

I;: joining (-1, 3) and (4, 8)

l;: joining (-3, 2) and (0, 5)

l;: joining (5, -5) and (-10, -5)
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11.

(v)  I: joining (0, -3) and (7, ~9) I: joining (2, -2) and (-8, —12)

Find the interior angles of triangle ABC when:

()  Slopeof AB=0, Slope of BC =—1, Slope of AC=1
(i)  Slope of AB = 0.25, Slope of BC = 1.25,  Slope of AC =1
(iii)  Slope of AB = 0.4, Slope of BC=—1.5,  Slope of AC = 1.667
(iv)  Slope of AB= -1, Slope of BC = 0.8, Slope of AC= 0
Find angle between lines:

(i) 3x+2+5=0 and 2x-3y+8=0

(i) x+29-6=0 and 2x-4y+9=0

(iii) 6x-y+1=0 and x-Ty+12=0

Find the interior angles of triangle XYZ whose vertices are:

()  X(-2,3),Y(-3,-4),Z(5,2 (i) X(3,2),Y(0,-1),2(3,3)

(1) X(=2,0), Y(1,-4), Z(6, 6) (iv) X(-4,1), Y(0,-3), Z(4,3)
Find the point of intersection of lines:

(i) 2x+y+1=0 and x-y-4=0

(i) x+y+3=0 and 2x-5y+8=0

(iif) 2x+35y+3=0 and 3x-4y-5=0

Find equation of line passing through point of intersection of lines
Ix+2y+1=0,x-2y+3=0and

(8) passing through point (-1, 0). (b) parallel to 3x— 4y +3 =0.
Find the equation of family of lines passing through point of intersection of
6x+5¢+3 =0 and 2x-S5y+ 13 =0 with slope 3,

Find equation of line passing through point of intersection of lines
2x-5y+4=0,6x—4y+5=0and

(a) parallel to x-axis. (b) parallel to y-axis.

Find equation of line passing through point of intersection of lines S
2x-y+2=0,x-2y+1=0and

(a) paralleltox—2y+11=0 (b) perpendicularto2x+5y+2=0.
Find equation of line passing through point of intersection of lines
x—2y+4 =0,3x—y-3=0and

(a) parallel to line passing through (2, -3) and (0, 4).

(b) perpendicular to line passing through (2, -3) and (0, 4).

v
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Real World Py

Example 11: In the linear equation y = 1.12x + 8 if “x” represents the number of kilometers
and “y" represents the cost of the bus fare.
(i)  What will be the cost of bus fare after travelling 50 km?
(i)  Asif paid a bus fare of Rs. 480 in a journey. Find number of kilometers travelled by him?
Solution:
Given: y=1.
(i) Substituting x = 50 in equation (i), we have:
y=112x50+8=064
». Cost of bus fare = Rs.64
(ii) Substituting y = 480 in equation (i), we have:
480=1.12x+8 = 1.12x=480-8=472
x=472+1.12=421.43
. Numbers of kilometers = 421.43
Example 12:
Saadia buys mangoes @ Rs. 150 per kilogram and melon @ Rs. 80 per kilogram. She has Rs. 620
to spend on fruit. Write an equation in standard form that describes the situation. If she buys 2
kilograms of mangoes, how many kilograms of melon can she buy?

Solution:

Suppose x denotes number of kilograms of mangoes and y denotes number of kilograms of

melon.
The equation that describes this situation is:

150 x + B0 v = 620 (i)
As she buys 2 kilograms of oranges, substituting x = 2 into the equation (i) we get:

150(2) + 80 y =620 or 300+ 80 y=620

= 80y=620-300=320 = y=320+80=4

. Saadia can buy 4 kilograms of melon.
Example 13:
The pollution index in a large city increases in an approximately linear fashion from 8 am until
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3 pm in autumn season. On 24" November, the reading at 10:00 hours is around 80 parts per
million (ppm) and at 14:00 hours, the reading is 110 ppm.

(a) Write an equation for this situation.

(b) What does the gradient (slope) mean in terms of pollution?
(¢) What does the y-intercept mean in terms of pollution?

(d) What will be the pollution index at 12 pm?

Solution:
(a) Iftdenotes time and p denotes pollution index then:

(t1, p1) = (10, 80) and (tz, p2) = (14, 110)
Using equation of line in two-point form, we have:

=t _ PP
tz=t; pPz-;

Substituting the values, we have:

a0 e
=  30(t—10)=4(p—-80) = 30t—300=4p-320
= 30t—-4p+20=0 = 15t-2p+10=0 ...... (i)
Which is required equation.

(b) From (i), we have:
2p=15t+10 = p=75t+5 ...... (i1)

= m=75andc= 5
Here the gradient 7.5 means that pollution index is increasing (@ 7.5 ppm per hour.

(¢) y-intercept = ¢ = 5 means that pollution index at 00:00 hours (12am) is 5 ppm.
You can plot graph to understand in a better way.
(d) Substituting t = 12 in equation (ii), we get:
p=75x%x12+5 =95 ppm

‘1. Nasir sold ‘fruiters’ @ Rs.120 per dozen and ‘Shakri Malta’ @ Rs.150 per dozen and earned
Rs. 1200. Write an equation in standard form that describes the situation. If he sold 4 dozen
of “Shakri Malta’, how many dozens of ‘fruiters’ he sold?
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The linear equation y = 1450 x + 2000 describes the total cost for staying in a hotel

for one day, where Rs. 2000 is the rent of room for maximum 8 people and

Rs.1450 is the food cost per person.

(i) Find the cost paid to hotel if a group of 7 people stays for one day.

(i) How many people can stay in the hotel for Rs. 13,600 for one day?

If one company provides Rs. 5500 per week along with extra bonus of Rs. 700 and

the other offers Rs. 800 per day. Convert the data into linear equations and tell

which is better deal for two weeks?

A man earns Rs. 120 per hour. He has Rs. 500 in addition with him.

(1) Write a linear equation for the situation and tell how much will he get after 12 hours?
What does slope show in this situation?

(11)  What does y-intercept represent here?

Ali shifted in a rented house on first September. The electric meter of house was showing 44

units on that day. If the average electricity consumed is 18 units per day:

(i) Represent the situation through linear equation.

(ii)  How many units are consumed till 30 September?

(iii)  What will be the bill after one month @ Rs. 20 per unit?

(iv)  Afier how many days, the meter shows 404 units?

Alia hired a taxi with a fixed charge of Rs. 1500 plus Rs. 450 per 30 minutes.

(i) Represent the relation as a linear equation.

(ii) W];atwi]]betheoustuftaxifareaﬂerihuurs?

(iii)  What is the slope of equation in the case?

()  Derive the relation between Fahrenheit and Celsius scales in slope-intercept form.

(ii)  What does y-intercept and slope show in the equation?

(iii)  What is temperature in Fahrenheit when temperature in Celsius is 5°C?

A cricket team scores 96 runs in 16 overs and 180 runs in 30 overs.

(1) Write an equation of line for this situation.

(ii) What does the gradient mean in terms of scores?

(iii)  What does the y-intercept mean in terms of scores?

(iv)  What will be the predicted score after 45 overs?

(v) After how many overs, the predicted score will be 2407
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Abdullah rented a truck for one day. The truck company charged Rs. 5000 per day and some | |
additional money per kilometre. He drives 125 kilometres and paid Rs. 30,000,

(1) Write an equation in point-slope form that describes this situation.

(ii) Findmenmmmtperﬁlnmq&eﬂiemmkmmlmmpﬁnychmgmandmlmitmth
(1)  How much would it cost if Abdullah drove 180 km?

A ship starts travelling from Karachi with latitude of 25° N and longitude 67° E. If the ship |
travels in a straight line and reaches a destination with latitude of 32° N and longitude 54° E,
then derive the equation of line in point-slope form. If the ship moves to another location
with a latitude of 39° N, what is longitude of that location?

Length and width of a plot are in the ratio 2 : 1. |
(i) Write equation of line and find the length of plot if the width of plot is 30 feet.

(ii)  "What is slope in this case and what does it mean?
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EXERCISE S

Encircle the correct option in the following.

(@

™

(vi)

Shpcnftwoﬁmmﬂmdm.Wh&th.mglebetwombmhlinbs?

(a) 0° (b) 60° (c) 90° (d) 180°
One angle of right triangle ABC is determined by the line joining A(1, 2) and B(2, 3).
Find the third angle. |

(a) 30° (b) 45° (c) 60° (d) 80°
Slope of (—1, 6) and (1, y) is 3. What is y?

(a) 10 (b) 1 (c) -12 @ 12
The line 5x — ky — 3 = 0 passes through (1, 2). What is k?

(a) 1 ® -1 () —2 (d 2
The line 5x — 6 = 0 represents a line:

(a) parallel to x-axis (b) parallel to y-axis

(b) passing through origin (d) touching both axis

Line y = 0 represents: -

(a) X-axis (b) y-axis (c) aplane (d) apoint
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_(vi))  The line y = b, is above the x-axis, if

(@) b=0 (b) b<0 (€) b>0 (d) b0
(viii)  The line x = a, is left to the y-axis, if
(@) a=0 (b) a#0 (€) a=0 (d)a<0

(ix)  Slope of a line / is — 4. What is slope of a line perpendicular to /?
I 1

(a) 3 (b) =3 (c) 4 (d) -4
(x)  Whichof the following line has slope % ?

(8) 2x+3y=0 (b) 2x—3y=2 (€©) 3x-2y=1 (d) 3x+2y=3
(xi)  The line y = 5x — 3 is written in the form:

(a) point-slope (b) two-intercept  (c) slope-intercept (d) two-point
(xii)  x-intercept of the line x + y =5 is:

(a) 1 (b) —1 (¢) 5 (d) -5
(xiii) A line intersects both axis at (2, 0) and (0, 7) respectively. Its y-intercept is:
(a) -2 (b) 2 (¢) -7 (d) 7
(xiv)  Point of intersection of lines 9x — Ty=0and 8x— 11y =0, is:
(2) (0,0 () (0,7) (e) (9,0) (d) (7,9)

2. Prove that A(3, -10), B(1, 4) and C(2, -3) are collinear points.
3. x-intercept of a line is double of y-intercept. Find equation of line if it passes

through (2, 1).
4. Reduce 5x — 2y + 1= 0 into slope intercept form and two intercept form.
- (1) Reduce x — 3y = 3 into intercept form and find x- and y-intercepts.
(1) Find its slope and transform the equation into point slope form.
6. Normal form of an equation of line is x cos150° + y sinl150° = 10. Transform the

equation into slope-intercept form and find its slope and y-intercept.
7. (i) Find vertices of triangle ABC.

(i1) Calculate slopes of its sides.

(ii) Find interior angles of triangle.

=
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8 Two points P(4, —1) and Q(8, 3) lie on a line. Find: }
(i) coordinates of mid-point M of PQ. *'
3 (i1) slope of PM.

(i11) the equation of line parallel to PQ through (=2, 2).
(1v) the equation of line perpendicular to PQ through (-2, 2).
9. Two points A(2, —2) and B(4, 6) lic on a line. Find:
(1) length of AB. (it) slope of BA.
(111) values of @ and b when the line AB is ax + by — 10=0.
(iv) the equation of line parallel to AB passing through (0, 3).
10. Find equation of line passing through mid-point of (4, 4) and (8, 0) parallel to the line
having slope E

AV
11. Lines OC and AB are shown in the graph. Find WEEAE AT
(i) coordinates ofend pointsof 00 4
OC and AB. LS 1T Y A |
(ii) slopes of both lines. RS P @ ! |
(iii) equations of both lines. WMENWEG.IVATEEENN
(iv) coordinates of point of intersection HNGEANSAEED NS
* of both lines. —_—1 :
\ ¥ PP %
EENERNSENREEE

12, Locate two points on the coordinate plane that satisfy the equation x — 2y = 2. Find:
(i) the slope of segment / connecting two points.
(ii) slope of segment p perpendicular to /.
(iii) mid-point of the segment /.
(1v) equation of line passing through mid-point of segment / and slope of p.
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GEOMETRY AND POLYGONS

In this unit the students will be able to:

Differentiate between mathematical statement and its proof.

. Differentiate between an axiom, conjecture and theorem.

e  Formulate simple deductive proofs (algebraic proofs that require showing LHS
equal to RHS e.g. (x—3)* +5=x"—6x + 14

e Identify similarity of polygons and area and volume of similar figures.

e  Solve problems using relationship between areas of similar figures and volumes
of similar solids.

. Solve real life problems that involve the properties of regular polygons,
triangles and parallelograms,

e Solve real life problems using the following loci and the method of intersecting
loci for sets of points in two dimensions which are:
* at a given distance from a given point.
* at a given distance from a given straight line.
= cquidistant from two given points.
= equidistant from two given intersecting straight lines.

/’.

Geometry has many uses. It is used whenever we
ask questions about the size, shape, volume, or
position of an object. As a school subject, it helps
to develop logical reasoning. Architects and
engineers use geometry in planning buildings,
bridges, and roads.

Geometry is used by navigators to guide boats,
planes, and even space ships. Military personnel
use geometry to guide vessels and aim guns and
missiles. Almost everything you do in your daily life involves geometry in some way. We
observe many geometrical shapes used in the construction of buildings like masjids, forts and in

other buildings.
, J




It is a branch of geometry in which geometrical statements are proved through logical reasoning.
The reasons can be taken from given information, basic assumptions or already proved results
and their corollaries etc.

Reasoning
Reasoning is a way of proving results. The statements without logical reasoning are not
acceptable. Different forms of reasoning are accepted in different cases. There are two types of
reasoning.

L Inductive reasoning i Deductive reasoning
i. Inductive Reasoning

For example, if your school starts at 8:00 am daily and you left your home at 7:15 am for school
today, you arrived at school on time. So, to arrive at school on time you should leave your home
45 minutes before the school time daily. ;

Inductive reasoning is commonly used in science. It is not always valid logically because it is not
always accurate to assume a general principle to be correct. In above example, perhaps ‘today’
there was less traffic, and if you leave the house at 7:15 am. On any other day, it might take

longer and you might be late for school due to heavy traffic.
ii. Deductive Reasoning

For example, if your school starts at 8:00 am and you leave your home at 7:15 am daily for
school, you arrive at school on time. So, to arrive at school on time today you should leave your
home 45 minutes before the school time.

Example 1:

Prove that 3x+9=3(x+3)

Solution:

Letx=1

LHS=3(1)+9=12, RHS=3(1+3)=34)=12
Similarly, the statement is true for all real numbers.
Hence proved.

Example 2:

Find (102)* =?

Solution:

General: (a + b)’ =a’ + b* + 2ab
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Particular: (100 +2)*= 100" + 2>+ 2 x 100 x 2
= 10000 + 4 + 400 = 10404

Applicability of Deductive Approach

Deductive approach is suitable for giving practice to the student in applying the formula or
principles or generalization which has been already arrived at. This method is very useful for
fixation and retention of facts and rules as it provides adequate drill and practice.

I Statemaoent

Viathematica

When we solve any problem in mathematics, our solution is either right or wrong. There is no
midway to solve the problems.

L

Examples:
1. Look at the following sentences:
(i) Sum of 2 and 5 is 7.
(ii) Square root of 36 is 6.
(iii) No line can pass through a point.
Here the first two sentences are true and third one is
false. :
Above are mathematical statements.
2. x+4=2(x+2)
This is a mathematical statement since both sides of the
sentence are equal when any real number is substituted
for x.
3. Now observe the following sentence.
(i) Product of numbers x and y is 10.
We are not sure the statement is true or false as the values of x and y are not known to us.
The above statement is an open sentence.
(ii) If we write the sentence as follows:
‘Product of numbers x and y whenx=5and y = 2, is 10",
Then the sentence is a mathematical statement (being true).
(iii) Again, if we write the sentence as follows:
‘Product of numbers x and y when x=4 and y =3, is 10°.
Then the sentence is again a mathematical statement (being false).
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Proposition
A statement which may or may not be true is called a proposition.
There are three parts of proposition.
(i) The premise
It is an assumption that something is true.
(ii) The argument
The logical chain of reasoning that leads from the premises to the conclusion is known
as an argument,
(iii) The conclusion
The result obtained after giving argument to the premises is called conclusion.
The conclusion must be true if the premises are true and the argument is valid.

Fundamental Assumptions

Fundamental assumptions are statements which are regarded true without any proof.
These assumptions play an important role in geometry.

1. Axiom
The word ‘Axiom’ is derived from the Greek word ‘Axioma’ which mean ‘true without any
proof’. Thus, an axiom is a mathematical statement which is assumed to be true without any
proof. Axioms are truths that have been derived on the basis of everyday experience and form
the basis for all other derivations. Axioms deal with numbers and their relations.
For example:
(i) A number is always equal to itself (reflexive property).

i.e. if x is any real number then x = x.

In geometry we can say that if AB is any line segment

then AB = AB.
(ii) Ifa = band b = ¢ thena = c¢ (Transitive property)

Or in geometry, if LA = 4B and £B = £C, then £A = £C.

2. Postulate
Axioms related to geometry are called postulates.

Some postulates of geometry are given below.
(i) Infinite number of lines can pass through a point.
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(ii)  Through two different points one and only one line can pass.
(iii) If two points of a line lie in a plane, then whole line lies in that plane.

3. Conjecture
A statement that is believed to be true but its truth has not been proved is called a conjecture. In

other words, it is a true statement that needs proof.
For example, observe the following pattern of numbers:
4870296
If we are asked, ‘what is next number in the pattern?’. We observe that each next number is 4
more than previous one. So, the answer is 20.
. One of the conjectures is that, ‘the next number is 16 + 4 = 20".
Another conjecture could be ‘the next number is 16 + 5 - 1 = 20".
None of the two has a proof but both conjectures follow simple mathematical rules and axioms.

Proof
A proof is a series of conjectures and axioms (postulates) and proved theorems that combine

together to give a true result.

No assumptions can be made in a mathematical proof. Every step must be proved in the logical
sequence. Mathematical proofs use deductive reasoning where a conclusion is drawn from
multiple premises. The premises in the proof are called statements.

Theorem

The word theorem is derived from Greek word ‘theorien’ which means “behold, contemplate or
consider.”

A mathematical statement which can be proved or supposed provable through logical reasons is
called a theorem. -

Important Steps of Proof of a Theorem

i. Statement
A description of a geometrical theorem in words should be written first. It is called statement of

the theorem.

ii. Figure
After writing the statement a neat figure should be drawn to explain or understand the given

information and the result to be proved.
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iii. Given

in the proof.
iv. Required to Prove

that our attention does not divert from the main objective at any stage.
v. Construction

figure is called construction.
vi. Proof

which we obtain the required results.
Corollary

Converse of a Theorem

theorem. It is not necessary that converse of a theorem is also a theorem.

1. What is the difference between axiom and conjecture?

- 2. Which of the following are mathematical statements?
(1) Difference of 19and 12is7. (ii)) -2+7-3=2
(i) 34+16%50 (iv) a+b=9
(v) {::+.’:r)z==a"'+2ab+b'z (vi) 2+2x%x2=6
(vii)  The product of x and y is smaller than 5.
(viii) Ifxis real then eitherx<Oorx>0orx=10.
(ix) IWfa>bandb>cthena<ce

3. The sum of @ and b is equal to 0.

- statement?
4. Prove(x+ 1) +5=x"+2x+6 bytakingx=2, 5and 10.
5. Find the next number in the pattern using conjecture.
LT I8aT,
State the conjecture used.

(i) Ifa=bthenb=a (1) 2 plus 2 make 4.
(i)  One and only one line can pass through two points.
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(x) xpt+z=12 (xi) s—t=4ifs=4andt=0

(iv)  If two sides of a triangle are equal then opposite angles are also equal.

In this step only given information should be written symbolically so that it becomes easy to use
After given information it is necessary to write the result symbolically which is to be proved so
: The necessary addition in the figure can be done to prove the theorem easily. This addition in the
It is the most important step. It consists of statements and facts along with their reasons through

Some results which can be deduced directly from theorems are called corollaries.

If given and to prove of a theorem are interchanged, the new statement is called converse of a

Is this sentence a mathematical statement? If no! How can we make it a mathematical

. 6. Which of the following are axioms? How many of the axioms are postulates?
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(v)  Product of two negative real numbers is always greater than zero.

(vi)  All right angles are equal to one another.

(vii) The whole is greater than its part.

(viii) Ifa>bandc >dthena+c>b +d

(ix)  Itis possible to extend a line segment continuously in hnth directions.

(x) When we add three consecutive even numbers, their sum is even. .
7. Explain all the steps of geometrical proof.

Similar Figures
Two or more figures that have the same shape but not the same size are called similar figures.
Figures (i) and (ii) below represent the pairs of similar figures.

Fig. (i) Fig. (1) Q

The symbol for similarity is ‘~'. Thus, if two figures A and B are similar, then we write A ~ B.
Example 3: Are the following pairs of figures similar? Explain.

Fig.(a) Fig.(b) Q

Solution:
In Fig.(a), two quadrilaterals do not have the same shape. Hence, they are not similar.

In Fig.(b), two circles have the same shape but not the same size, therefore they are similar.

Class Activity 1: -
Look at the following triangles ABC and DEF. They have the same shape but not the same size. -

Therefore AABC and ADEF are similar.
Now measure corresponding angles of both the triangles.
You will see that: ZA = ZD ZB=4E and £LC=ZF.

Ve "
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Class Activity 2: Draw the following figures.
R

It APQR and AYYZ

0., R L
XY XZ XZ

PQ QR

© XY YZ XZ

i.e. corresponding sides are proportional.
Hence APQR ~ AXYZ

Class Activity 3:
Look at the following figures.
In AABC and ADEF

ZA = /2D =40°

AC ABS2
As ZA S 2D oot 0 O
3 DF DE 3

. AABC ~ ADEF
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Example 4:

Check whether the following
figures are similar.
All measurements are in centimetres.
F ']
2 45
(i) 4 -4
5 45 2
A B D E
(i) H
D i ) G
45°
=
» 5 45°
Solution: E F
AC BC 1
i —=—=— and ZC & ZF
® DF EF 2
So AABC ~ ADEF

(i)  In quadrilaterals ABCD and EFGH
ZA=/FE , ZB=/F, ZC=/ZGand thus £D=<2H

Therefore, both quadrilaterals are similar.
Example 5: In the figure below ALMN ~ AXYZ . Find values of x and y.

X

6ecm

and
and
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Example 6: In the figure height of pole is 7.5 m.
Find the height of wall.

Solution:

Let height of wall=CD=x

Join A to E and D.

Here BE || CD in the AACD

. 4B _ BE

" AC €D

15x=45x17.5
§m NEIS iy
15
So, height of wall = 22.5m
Example 7:
In AABC, AB=10¢em, AC=5 cm. Take D and E on AB

and AC respectively such that AD =4 cm and AE =2 cm.
IsDE // BC ?
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And g—g =§ [As EC = AC — AE] ....(ii)

From (i) and (ii)
AD _ AE
DB EC’

which shows that DE intersects AB and AC in the same ratio.

DE /| BC

1. Which of the following pairs of figures are similar?

U]
30° 60°
(iii) 3
4
(iv)
120°
6

(vi)

16

30°

=
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4.5

1.5
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5 Find the unknown quantities in the following similar figures.
All measurements are in centimetres.

M
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Two Triangles ABC and DEF are similar.

If AB =6 cm, BC =8 cm, CA = 4 cm, find the lengths of sides of ADEF.

While going back to home from school, Wajid noted that his shadow was %

of his height. Find the height of pole nearby having shadow of 12 m.

Pole

2 12

Find the length of the larger rope of the hanging bridge, where x = y.

A :
In the figure, OA is object lying in T\Q I

front of a convex lens at a distance of o !
10 em. Find the distance of image from ;
the lens if its size is twice that of the object.

In the figure, an electricity tower is seen
through the telescope. Find height of Tower
tower if°height of its image is 0.5 m.

Sm

0.5m 100 m
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8.  Find the values of unknown quantities in the following figures. All the
measurements are in centimeters.
(b)

@ UV |¥Z BC || DE

(c)

' 9, In the following figure, find the measure of £C
and ZAED.ISED | CB? J ] :
C B
10. Inmeﬁgure,AX}'Zismequilateraltﬁmgle X

andL-M_HE.Findmusumufaand b.
Whattypenfuiangleisﬂ.ﬁfwimmpm

LA (A M
to sides and angles?

i 4 Z
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11.
observer is at a distance of 25 m from th
S5m.

Find the height of shorter tree if longer one is 12 m hi

gh from the ground level, where
e shorter tree and distance between both trees is

Observer

1\ olume 0l "‘~iH'|H:H

LR e T S R——

Area of Similar Figures

Figures

1. In the figure, AABC and ADEF are similar because:

3
If A; and A; denote the areas
of AABC and ADEF respectively, then:

| D

' A

: Sem bem Lo

| cm‘ z

. B 4cm C E Scm F

1 1 1
- Ap=>x4x3=6cm’ and Ay =3x8 x 6=24cm’
Fix

AB BC CA 1 AP of (1)

| N R 2 ™ R e =

' 2 2 2

1 Al Ay (BC Ay (CA

| fl:l y T——= (—) r —=f= —_—  —

'. e T \ns). ® 4 \ee/ " L\

We notice that:

2. In the figure, ABCD and EFGH are similar
L e A
EF FG 2 -
2cm
If A; and A; denote the areas B Tom

rectangles because:

E; H
C
4em
D
F 6cm G

of rectangles ABCD and EFGH respectively, then:
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and  A;= 4 x6=24cm’

Figure shows two similar circles with radii 2cm and 3cm respectively.

If ry = 2cm and r; = 3em, then:

n_s

rz 3 '

If A; and A; denote the areas @
of circles with radii r; and r; respectively, then:

Ai=mx2=4mwcm’ and A= mx 3 =97cm?

1
Now T3 and

"
N & o
1;7_31-‘1:!'4 H3GAA ot =) Bd
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Example 8:

- A
Triangles ABC and ADC with bases 3cm and 7cm respectively
have common height 6 cm. 6
Prove that the ratio of their areas is equal to ratio of bases
of both triangles. B.3°C 7 D

Solution:

AreanfﬂABC=%K3 % 6= 9cm?

Area of AADC =% x 7 x 6=2lcm’

Areaof AABC 9 3 BaseofAABC

Areaof AADC 21 7 Baseof AADC

Example 9:
The ratio of the areas of the bases of two similar cylindersis 9 : 4.

The area of the base of the smaller cylinder is 240cm”.
(i) What is the area of base of larger cylinder?
(ii) Write the ratio of heights of both cylinders.

Solution:

(i) If A, and A, are areas of bases of larger and smaller cylinders respectively, then:
L o 7RG
g % 240 4

» A= E x 240 = 540cm’
(ii) Again, if i) and h; are heights of larger and smaller cylinders respectively, then:
(ﬂz_ - h)2=5ﬂ=1
Bl ha 240 4
S
2

h
= .u.l —
ha
Example 10:

In the figure, BC || DE. Find:
i E‘ (ii Area of AADE
) BC 1) Area of AABC

(iii) find the area of AADE if area of AABC is 256cm”.
(iv) area of trapezium DBCE.
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25

Area of AADE (5 )2
64

(i) Area of AABC “\e

8
Area of AADE 25 25
(1i1) R Y = Areaof AADE = . * Area of AABC

: = ArealoLAADE = -E-f; X 256 cm? = 100 cm®

(iv)  Area of trapezium DBCE = Area of AABC — Area of AABC
=256 — 100 = 156 cm’

1. Following pairs of shapes are similar. Find unknown area in each case. All measurements
are in cm and cm’.

61 A=36
30°
i)
( A=162 oy
g 4
3 6
(iii)
A=1 Az = 996
C

(iv)
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2. Following pairs of shapes are similar. Find unknown length x in each case. All
measurements are in cm and cm’.

X
1) 10
P ol A, =900 iﬂ’ ‘ﬁg=]ﬂﬂ -;
(iv) _

3. Radii of two spheres are 6cm and 8cm respectively. Find: !
(i) the ratio of areas of both spheres. ,
(i) area of larger sphere if area of smaller sphere is 360cm”,
(iii) area of smaller sphere if area of larger sphere is 1600cm’.
. 4. Ratio of areas of two regular pentagons is 16 : 25. Find the ratio of sides of pentagons. Also
| find length of side of second pentagon if length of side of first pentagon is 8cm.
5. Inthe figure, AB || YZ. If areas of triangles XAB X
and XYZ are in the ratio

XB AB
25.36,ﬁndﬁandﬁ, g
Are the ratios equal?

6. Ina map, length of a 10m wall is shown by Scm. %

| If area of wall shown on the map is 1400cm®, find the area of actual wall.
7. Two cuboids are similar. Height of smaller cuboid is one-third of bigger one.
' (1) Find the ratio of surface area of larger cuboid to that of smaller one.
. (i)  Find the surface area of bigger cuboid if surface area of smaller cuboid is 350cm’.

8. In the figure, BC || DE. Find:

_ BC  AB _ Areaof AABC
M ™™ ap (i) Area of AADE
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(i)  the area of AABC if area of AADE is 507cm’.
(iv)  area of quadrilateral BDEC. !
What type of the quadrilateral is?

Yolumi

Two solids are said to be similar if they have same shape. The ratio of corresponding lengths
(sides etc.) of two similar solids is constant called the scale factor of the solids.
I.  In the figure two cuboids are similar. Therefore:

Y

a b ¢

Ll — o — j 1
": aTEF T 2 $ B '.
| = azdkjb:e_klc‘——ﬁ e

b d
a

| Now if V; is volume of cuboid A and V; is the volume of cuboid B, then
| Vi abe_ dkekfk _ i
: kg i o e B £V,
) — : +
] _j_Mwhmofmthfmﬂn 1
i .,.-. I‘

oo
R H h
= r=Rk and h=Hk

Now if V; is volume of cylinder P and V; is the volume of cylinder Q, then

' Vi  mrth _ rh _ RKHK _
V, ®RH RH RN =k V=KV,

' — :
.- If ; and /; are any two corresponding lengths of two similar figures then i
the ratio of corresponding volumes is:

_'f ( ) m*':,

If both solids are made from the same material or have the same density,
ﬂ:nnhnnfﬂmrmmuh;tmw

1
LG
my Iy

e e R T S i e et
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Example 11: Check whether the prisms are similar or not?

Solution:
Leta=4,b=3,c=5andd=6,e=45,f=175.
a 4 2 b 3 0 2 c 5 50 2
Then, =====_ S ST R el
d 6 3 e 45 45 3 F 75 75 3

Therefore, the two prisms are similar.

Example 12:
Find a: it the following solids are similar. Also find the ratio of volumes of both. How many times

is the volume of larger solid than smaller one?

dcm

Solution:
Let hy = 2cm, h; =4cm, a; = 4em, a; =7

As the figures are similar, therefore:

h‘i a4 alh? 4 % 4
—_———-— = = e E e e — Ecm
hz s 9 h’l 2
3 3
v h 2 1
o o5 =(_1) =(.) e
V3 ha 4 B
= V=8V

Hence, volume of larger solid is 8 times the volume of smaller one.

Example 13: |
In the figure two geometrically similar cylinders are shown. Find:
(i)  the ratio of volume of smaller

cylinder to larger cylinder.
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(ii) curved surface area of smaller cylinder if that of larger one is 250cm”.
(iii) volume of larger cylinder if volume of smaller one is 162c¢m *

Solution:

¥ (i) IfV;and V; are volumes of smaller and larger cylinders respectively, then:

ﬁ=(3)3 A A
v, 5 ¥V, 125

(ii) If A; and A; are areas of smaller and larger cylinders respectively, then:
A _ (3)2 Pt T
Ay 5 250 25
= A= — x250 = 90cm®
25

162 [3\3 162 27
(111) £ = —=—

E= Vs 125
227XV, =162X 125 = V = —2 = 750cmy’

1. Determine whether the solids are similar or not.
(i) -
. > i
3.cm &m
(ii)

Unit-09  Geometry and Polygons National Book Foundarion




% e T e ———— e S T

e T e W e v

i

(iii)

(iv)

KE.S ft

Sf

2lm

12 fi

10 ft

29m

‘/Ijﬁ

10t

20m

2. Solids are similar. Find the values of unknowns. Also find the ratios of volume

of solids.
(1)

(ii)

3. Solids are similar. Find the unknown volume.

(i)

(i)
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— i e

(i) (iv)
15cm
fHcm

V=12 Vs = 460cm’ V) =288m’

4. Find the ratio of scale factors of the following pairs of similar solids.

V=512m’ V=1728 m’

' 5. Two swimming pools are similar with a scale factor of 4 : 5. The amount of chlorine mixture to

] be added is proportional to the volume of water in the pool.
i Ifthmecupsafchlnrinemixmareneededfurﬂmsmall:rpml.huwmuchofﬂwchlaﬁm
] mixture is needed for the larger pool?
6. A model bus is built with a scale of 1 : 10. The model bus has a volume of 30 m*.  °
What is the volume of the actual bus?

7. Solid A shown below is similar to solid B (not shown)
with a scale factor of 2 : 3. Find the surface area and
volume of solid B if surface area and volume of solid A
are 130 cm? and 280w cm” respectively.

8  Solid I is similar to Solid I1. Find the scale factor of solid I

to solid 1L
Il
1.

V = 8nft’

V= 125rft’
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9. Solid A and solid B are mathematically similar. The volume of solid A is
32 em’. The volume of solid B is 108 cm’. The height of solid A s 10 cm.

- Find the height of solid B.
'10. P and Q are two similar solids. Solid P has surface area and volume 108cm? and

135cm’ respectively. Find volume of solid Q if Q has surface area 300cm’.
11, XandY are two similar cylinders such that:
base area of X : base area of Y = 16 ; 25. Find:
(1) ratio of heights of both cylinders.
(1) Ratio of areas of curved surface of cylinders.
(iii) Ratio of volumes of cylinders.
12. The volume of one right circular cone is 8 times the other one. If the radius of larger cone is

12cm, find the radius of the smaller one.
13. Masses of two similar objects are 8 kg and 27kg respectively. If the height of first object is

2m, what is the height of second object?

Properties of Recular Polveons

Polygon

‘Polygon’ is the Greek word where ‘poly " means ‘many” and ‘gon’ means ‘angles’,

A polygon is a two-dimensional convex figure that has a finite number of sides (at least three
sides). The sides (edges) of a polygon are made of straight line segments connected end to end to

form a closed shape.

The point where two line segments meet is called vericx of polygon.

Regular Polygon

If all the sides and interior angles of the polygons are equal, they are known as regular polygons.

Regular polygons are also equiangular.
The examples of regular polygons are equilateral triangle, square, pentagon, hexagon etc.

Irregular Polygon
If in a polygon at least one angle or one side is not equal in size then the polygon is called

irregular.

Navional Book Foundation
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Interior Angle of Polygon

Interior angles are the angles that are inside the
polygon formed by two adjacent sides.

Exterior Angle of Polygon

Exterior angle is the angle formed by any

side of the polygon and the extension of its adjacent
side.

Sum of Measures of Interior Angles of a Polygon

(i) Sum of measures of interior angles in a triangle is 180°.

N
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(ii)  Sum of measures of interior angles in a quadrilateral is 360°,

In this way, we can find the sum of the interior angles of any polygon by splitting it into

triangles.

| ...

From the above discussion, it can be concluded that:
The sum of measures of all the interior angles of a polygon having n sides is:

(n—2) = 180°
For example, if a polygon has 10 sides, then n = 10.
Therefore, sum of measures of interior angles is:

(10 - 2) x 180° = 1440°

Interior Angle of a Regular Polygon
The measure of each interior angle of n-sided regular polygon is given by the formula:

(n—2) x 180°
r n
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Example 14:

Find interior angle of a regular nonagon.
Solution:

A nonagon has 9 sides, therefore n =9

If 8 is an interior angle of the nonagon then:
_ (9-2) x180°
. s

6 = 140°
Example 15:

Find the value of x in the following polygons.
(1) (i1)

Solution:
(i)  The given polygon is hexagon and sum of measures of its interior angles is 720°.

90° + 155° + 112° + x + 140° + 98" =720°
= x+ 595 =720
= x=T20- 595 =125
(i)  The given polygon is heptagon and sum of measures of its interior angles is 900°.
(x+ 18%) + x + 138° + (x + 10°) + 130° + 130° + 132° = 900°
. = 3x+558°=900°
| = 3x = 900° - 558° =342°
342°

= = el
= x - 114

{ : Sum of Measures of Exterior Angles of a Polygon
Figure shows a regular hexagon. >\
As interior angle of a regular hexagon is 120° Exterior angle
and sum of measures of an interior and exterior
angles is 180°, therefore:
| Interior angle + Exterior angle = 180°
. ; 120° + Exterior angle = 180°
: =  Exterior angle = 180° - 120° = 60°

Now, hexagon has 6 sides, therefore:
Sum of measures of exterior angles of regular hexagon = 6 x 60°

= 360°
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For a regular polygon having » sides:
exterior angle + interior adjacent angle = 180°

Sum of all exterior angles + Sum of all interior angles
=n % 180°
So, sum of all exterior angles

=n % 180° — Sum of all interior angles
Sum of all exterior angles = n x 180° — (n — 2) x 180°

=nx 180°-n x 180° + 2 x 180°

= 180°n — 180°n + 360° = 360°
2. Sum of measures of exterior angles of a polygon is 360°.
Exterior Angle of a Regular Polygon
The measure of each exterior angle of an n-sided regular polygon is:

E_ﬁ_l:
n

Example 16:

Exterior angle of a regular polygon is 120°. Identify the name of polygon.
Solution:

Measure of exterior angles = 360°

Measure of one exterior angle = 120°

360°
Number of exterior angles = r1 e 3

Since the polygon has 3 exterior angles therefore, it has 3 sides.
Hence it is an equilateral triangle.
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| Example 17:
Inaceﬁainpuiygun,ﬂmmnfﬂwmmofallﬂmh]teriurang!esisequaimmrinematufﬂm I
exterior angles. What is the name of that polygon? [
Solution:

Given that
Sum of interior angles = 2 x the sum of exterior angles

r If n is number of sides of polygon, then:

: (n—2) * 1800 =2 x 3600

= n_2=z><3r:n° = n-2=4 = n =26
180°

Hence the polygon is hexagon.

Example 18:

The measure of the exterior angles of a polygon are (x + 4)°, (3x —4)°, (7x - 3)°,
[ (2x +3)°, (8x— 1)° and (9x + 1)°.

(i) Identify polygon.  (ii) tindx. (iii) Find the measure of each angle.

Solution: ;
| (i)  Since there are 6 exterior angles in the polygon, therefore polygon is hexagon.
s' (ii) As the sum f measures of exterior angles in a polygon is 360°, therefore:
(x+4)° + (Bx— 4)° + (Tx = 3)° + (2x + 3)° + (& — 1)° + (9x + 1)° = 360°
o x+4°+3x—4°+ Tx— 39+ 2x +3° + 8x— 1°+9x + 1° = 360°
j = 30x=360° = x=12°
(iii) Substituting the value of x in above expressions of angles, we get:
- (12 +4)°, (3 x12—4)°, (7 x12—3)°, (2 x12+3)°, 8 x12-1)°, (@ x12+1)°
| Or 16° 32" 81°, 27°, 95° 109°

A A S
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10.

11.

12.

13.

Find the number of sides of a regular polygon if each of its exterior angle is:

(a) 45° (b) 60° (c) 120° (d) 40°

Draw a regular pentagon whose exterior angles are p, g, r, s, ¢ and each interior
angle is k. What is the measure of:

(a) each interior angle (b) each exterior angle
Each interior angle of a polygon is five times the exterior angle of the polygon.
Find the number of sides.
Find the minimum interior angles and maximum exterior angles possible in a
regular polygon. Give reasons to support your answer.
Find the exterior angle of a regular polygon of:

(a)5sides  (b)9sides (c)15sides  (d) 20sides
The ratio between an exterior angle and the interior angle of a regular polygon is
1: 2. Find:

(a) the measure of each exterior angle.

(b) the measure of each interior angle,

(¢) the number of sides in the polygon.
Is it possible to have a regular polygon each of whose exterior angle is 50°? Give
reason to support your answer,
Name the polygon whose sum of interior angles is equal to the sum of its exterior
angles. _
The sum of all the interior angles of a regular polygon is four times the sum of its
exterior angles. Identify the polygon.
An exterior angle of a regular polygon is 12°. What is the sum of all the interior
angles?
Prove that each interior angle and its corresponding exterior angle in any
polygon are supplementary.
Find the number of sides in a regular polygon when the measure of each exterior
angle is 72°.
The exteriors angles of a pentagon are (y + 5)°, (2y + 3)°, (3y + 2)°, (4y + 1)°
and (Sy + 4)° respectively. Find the measure of each angle.

14. A convex polygon has 14 diagonals. Find the number of sides of the polygon.

15.
16.

Find the sum of all the interior angles of a polygon having 13 sides.
The sum of all the interior angles of a polygon is 2880°, How many sides does the polygon
have?
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Real Life Problems Involving Regular Polygons, Triangles and Parallelograms

The variety of polygons are commonly used in the modern
constructions. Because of its reasonably strong design, the
triangle is commonly used in construction. The usage of the
polygons minimizes the number of resources used to
construct a structure like lowering costs and increasing profits
in a corporate setting. The rectangle is another polygon which

is used in a variety of applications. For example, most of televisions are rectangular to make

watching easier and more enjoyable. Photo frames and phone screens are in the same boat.

Perimeter of Polygon
Perimeter of any polygon is sum of measures of all sides.

Perimeter of pentagon shown in adjoining figure, is:

P=a+b+ct+d+e+f

Perimeter of Regular Polygon

Perimeter of regular polygon = (number of sides) * (length of one side) D
P=nxg

Perimeter of a regular pentagon shown in adjoining figure, is:
P=s+s+s+s+s =35s

Area of Regular Polygon

Area of a regular polygon is defined as:

A== (P)a)
Where ‘P’ is perimeter of regular polygon and ‘a’ is called
apothem. Substituting the value of ‘P’, we have:

A=%{ns]{a}=§ x (sa)
Where ‘s’ denotes the length of side.

. A=2(P)a) =5 * (sa)
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Example 19:
Basement of a water tank is in the shape of regular pentagon having the side length 8 feet. Its
apothem is 7 feet. Find the perimeter and area of basement of tank.

Solution:

Number of sides of basement = 5
Side length of basement =s = 8 fi
Apothem of basement = 7 ft
Perimeter of basement = 5 * 8 =40 ft

Amanfbasement-#% (40)(T) = 140 £

1. Alawn is in the shape of equilateral triangle. Find the perimeter of lawn if length of one
side is 5m. Also find the cost of boundary wall of lawn @ Rs. 220 per metre.

2. Cricket ground in a village is in the shape of parallelogram. One side of ground is 65m
long and distance between parallel sides having length 65m is 42m. Find the cost of
planting grass @ Rs. 10 per square metre.

3. Base of a minaret of a Masjid is built in the shape of regular

pentagon as shown in the figure. Find the perimeter and area ‘ &
of base of minaret. i

4. A plot in the shopping area is in the shape of regular hexagon. One side of the plot is 10m
long. Find:

(i) the cost of fencing the plot @ Rs.160 per metre.
(ii)  area of the plot.
(iii) the cost of filling the plot @ Rs. 500 per m’
5. Aroom is in the shape of square having perimeter of 48 feet. Find: ' ¢
(i)  the cost of carpeting the floor @ Rs. 350 per m”
(i)  the inner area of each wall if room is 10 feet high.
(iii)  the cost of painting inner sides of the room @ Rs.100 per m’.
6. Atile is in the shape of regular hexagon. Each side of the
tile is one foot long. Find the perimeter of four tiles joined
together as shown in the ﬁgufe,
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A locus is the set of points that satisfy a given condition. It is a path traced by a moving point
which moves according to some given geometrical condition.

Locus of a Point from a Fixed Point

A circle with centre 0 and radius r cm s the locus of apoint P~
moving in a plane in such a way that its distance from a ;':‘“——
fixed-point 0 is always equal to r cm. ;
This theorem helps to determine the region formed by all

the points which are located at the same distance from a

single point.

Locus of a Point from a Given Straight Line

Locus of a point that moves in such a way that its

distance from a fixed line [ is always equal to @ cm. -

As clear from the figure, the locus of moving point

is a pair of straight lines m and n each parallel to /

and are located on either side of / at a distance a cm

from the line /.

This theorem helps to find the region formed by all the points which are located at the same

distance from a single line.
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Locus of a Point Equidistant from Two Given Points
The locus which is equidistant from the two given points

say A and B, is the perpendicular bisectors of

the line segment that joins the two points.

Here, in the figure PM is the perpendicular bisector

of AB.

This theorem helps to determine the region formed by all

the points which are located at the same distance from points

Aand B. *
The region formed should be the perpendicular bisector of the line segment AB.

=

4
I
1
I
|
I
1
1
1

PA-HWMA,.“*_ i _.; =5

Locus of the Point Equidistant from Two Given Intersecting Lines

The locus of point which is equidistant from the
two intersecting lines say m and n, is considered
to be a pair of lines that bisects the angle
formed by the two lines m and n.

In the figure, locus of point P forms a line /
which bisects the angle formed by two
intersecting lines m and n, and is equidistant from
both lines. We say P lies on the bisector of angle formed by m and n.

Similarly, locus of point Q forms a line /; which bisects the angle formed by lines m and », and is
equidistant from both lines. Thus, / and /; are the pairs of lines that bisect the angle formed at O.
We say Q lies on the bisector of angle formed by m and n.

This theorem helps to find the region formed by all the points which are located at the same

distance from the two intersecting lines.

Example 20:
Loci of three points A, B and C are equidistant from a fixed point O. Prove that they form

concentric circles. Also sketch the figure.
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Solution:

Since the loci of the three points A, B and C are
equidistant from a fixed point O, therefore, point O
is the centre of circles formed by the movement of
three points.

Hence the three circles formed are concentric circles.

Example 21:
A point P is moving parallel to a straight line / at a distance of 5m.
(1) Draw the locus of the path.
(ii) Prove that the point is moving in straight line.
(iii) How many paths are possible for the moving point P?
(iv)  Another point Q is moving 8m away from the line /. Explain why the point Q is not
the part of the locus?

Solution: e

=

-
o

-

(i) Locus of the path of point P is possible along <
the lines m and » that are Sm apart from /.
(ii)  As the point P is moving parallel to straight e
line I, therefore it follows straight path too. &=""
(iii))  Two paths which are along m and n.
(iv)  As the point Q is moving along straight line 8m away from /, therefore it is not part of

locus of point P which is 5m away from /.

Example 22:
Figure shows two isosceles triangles XAB and YAB on the same base AB. Show the produced
line XY bisects AB and is perpendicular to AB. 4

Solution:

Draw line through X and Y intersecting AB at M.

As AXAB is isosceles, therefore: £
XA =XB (i)

I
1
M B
I
- ¥
Which shows that X is equidistant from A and B and hence lies on the perpendicular bisector of
AB. Similarly, AY AB is isosceles, therefore:
YA=YB (ii)
Which shows that Y is equidistant from A and B and hence lies on the perpendicular bisector of
AB.
This shows that XY is perpendicular bisector of AB.
Also, (i) and (ii) show that every point on XY is equidistant from A and B.

Since M lies on XY, therefore M is mid-point of AB and consequently XYM is perpendicular
bisector of AB.
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Example 23:

Take three non-collinear points and find a point O which is equidistant from these non-collinear
points. Draw the locus of point passing through these three non-collinear points. What could be
the name of this locus? Give the point O a specific name.

Solution:

Let A, B and C be three non-collinear points in the plane. o A

Join AB and BC. o O

Draw perpendicular bisector m of AB and n of BC. Soud

Both bisectors meet at O. 40

As O'lies on perpendicular bisector of AB, therefore: B —-1____%
OA=0B (i) ' C

Again, as O lies on perpendicular bisector of BC, therefore:
OB =0C (ii)

= OA=0B=0C (fromiandii)

Hence O is equidistant from points A, B and C, and if we draw a circle with centre O, we get a

locus of circle passing through three non-collinear points A, B and C called circumcircle.

Point O is called circumcenter.

1. Draw AB = 6cm. Bisect AB at O and draw a locus of point P equidistant from O and
above AB. What could be the name of locus?
' 2. Draw coordinate axes. Take two points A and B on x-axis and y-axis respectively at a
' distance of 4.5cm each. Draw a locus of points from A to B equidistant from origin. What
, is specific name of this locus? How many such loci can be drawn around the origin?
' 3. Draw a horizontal line /.
(i) Take a point T above / at a distance of 3cm and draw a locus of points through T
i parallel to /.
- (ii)  Now take a point Q below / at a distance of 3.2cm and draw a locus of points
through Q parallel to /.
(iii)  What is distance between both loci?
4. Diagram shows a circle with centre P, X and Y
are two points on the circumference of the circle.
(i) Draw locus of points which are equidistant
from X and Y through P.
" (i)  Take another point Z on the locus outside
the circle and draw another circle of radius PZ.
(iii)  What is the relation of this circle with given circle?
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5. Draw a line AB. Let P and Q be two points not on AB but coplanar with AB.
Draw the locus of points from P to Q.
(1) What is the name of that locus?
(ii)  Is there any point on the locus PQ if extended which lies on line AB?
(iii)  How can we take points P and Q such that no point of the above locus lies in line
AB?
(iv)  How can we take points P and Q such that every point of line AB may lie on
locus?
. Draw an equilateral triangle PQR of suitable measurement.
(1) Draw right bisectors of any two sides and locate a point A where both bisectors
meet.
(i)  Draw angle bisectors of any two vertices and locate a point B where both
bisectors meet.
(ili)  What is the relation between locus of A and B?
. Figure shows an isosceles triangle ABC. A
Prove that the locus of bisector of angle /\\
A is right bisector of side BC. A
\\.

B c

. Draw three non-collinear points in the plane.

Fmdﬂ:elmofthepummwhﬂxmeqmdamfuﬂnmﬁethmepumm

How many such points exist?

. Take two lines AB and CD inclined at 60° intersecting at O.

(i) Draw a locus of points which are equidistant from both lines.

(i)  Draw bisector of 60°.

(iif) ~What is relation between locus of points equidistant from lines and angle
bisector?

(iv)  Draw bisector of adjacent angle at O find the relation between both angle
bisectors.
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A mathematical statement which can be proved through logical reasons is called a theorem.

The ratio of areas of two similar figures is equal to the square of ratios of any two

corresponding lengths of the figures. .,

The ratio of volumes of two similar solids is equal to the cube of the ratio of any two

corresponding lengths of the two solids.

If all the sides and interior angles of the polygons are equal, they are known as regular

polygons. |

If in a polygon at least one angle or one side is not equal in size then the polygon is called |

The sum of measures of all the interior angles of a polygon having n sides is:
(n—2) > 180° ,

Sum of measures of exterior angles of a polygon is 360°.

The locus of points in the plane equidistant from a given point is a circle.

The locus which is equidistant from the two given points say A and B, is the perpendicular

bisectors of the line segment that joins the two points.

The locus of point which is equidistant from the two intersecting lines say m and n, is

considered to be a pair of lines that bisects the angle formed by the two lines m and ».

The locus of every point on the angle bisector of two intersecting lines, is equidistant from the

(1)

(11)

(iii)

(iv)

(v)

(vi)

(vii)
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Encircle the correct option in the following.

Which of the following is polygon?

(a)circle (b) pyramid (¢)quadrilateral (d) sphere
Which of the following is regular polygon?

(a)kite (b) rhombus (c)rectangle (d) square
If two triangles are similar, their corresponding sides are.
(a)proportional (b) equal (c) congruent (d) parallel
What is the sum of interior angles for an irregular hexagon?

(a)120° (b) 720° (c) 135° (d) 360°
What is the sum of interior angles for a regular 12 sided polygon?

(a) 1800° (b) 2160° (c) 1980° (d) 360°
How many sides a regular polygon has if its exterior angle is 157

(a)20 (b) 21 (c) 24 (d) 25

In the figure, AB =21 ¢m and A > A
P divides AB in the ratio 3 : 4. What is length of AP ?

(a)8 cm (b)10 em (c)12 em (d)9 cm
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(viii) In the figure, E- = = Which one is true?
(a) DE =BC (b) DE>BC
(c) DE = BC (d) DE I/ BC

In the figure if x=y. Then the value of b is:
ac ad

(a) 1) I =

(c)

a c
cd c
a

b =

In the figure, AABC is equilateral and pf // BC.
then AADE is

(a) right angled (b) scalene

(c) isosceles (d) equilateral

In the figure, GH // EF .
Thena:b=7?

(a) DG:DE (b) DG : DH
(¢) DG: GE (d) DE: EF

E 7 F
(xii) What is the sum of all the exterior angles of a 13-sided polygon whose one interior
angle is equal to x°7
(a) 90° +x (b) 360° (c) 360° +x (d) 180°+x
(xiii) Which polygon has both its interior and exterior angles the same?

~ (a) pentagon  (b) triangle (c) square (d) hexagon
(xiv) The formation or expression of an opinion or theory without sufficient evidence for

proof is known as:
(a) axiom (b) conjecture (c) corollary (d) theorem
(xv) A mathematical statement that is proved true based on already accepted
statements is called:
(a) axiom (b) conjecture (c) postulate (d) theorem
(xvi) A mathematical statement that is assumed to be true without proof is called:
(a) axiom (b) conjecture (c) postulate (d) theorem
(xvii) Two solids with equal ratios of corresponding linear measures:
(a) are similar (b) are congruent
(c) have different area (d) have same volume

Find the exterior angle of a polygon with 6 sides.
Is it possible to have a polygon, in which sum of interior angles is 9 right angles?
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Unit-09

Is it possible to have a polygon whose sum of interior angles is 7200°7
Find the measure of each angle of a regular nonagon.
In the figure XY is a concave mirror OA is object and /B is its image.

(1) Show that AOAP ~ AIBP
(11)  Find height of object if /B =2 em, OP = 10 cm, IP = 4 cm.

A

Concave
mirmor

In the figure, AB =6 em, BD =9 cm.
Find the diameter of smaller circle,
if diameter of bigger one is 80 cm.

- A
A B D

Prove that if vertex angles of two isosceles triangles are equal then the two triangles are
similar. '
Find the length of BC and DE in the figure.

E
C
x+2 2x
! [
A f oin Bd4em D
Triangles SQT and PQR are similar.
Find the ratio of area of triangle SQT .
to that of triangle PQR.
fem
5

3c

Q 2em T 4em R
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11.  The following pyramids are similar and

larger pyramid has a surface area of 392 cm’.
What is the surface area of smaller pyramid?

12 The two cylinders are similar. What is the volume of the larger cylinder if the volume of
smaller cylinder is 40 ft'.

13. The following pairs of solids are similar. Find the surface area of red solid.
(i)

(1)

Surface area = 1800 in’,
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PRACTICAL GEOMETRY

In this unit the students will be able to:

e  Construct a triangle when two sides and included angle are given.
e  Construct a triangle when one side and two angles are given. th 5
e Construct a triangle when two sides and angle opposite to one side are given. {
«  Draw angle bisectors, perpendicular bisectors, medians and altitudes of given
triangle. !
e Verify the concurrency of angle bisectors, perpendicular bisectors, medians and
altitudes of given triangle. }
4 A

Pyramids of ancient Egypt remain among the largest and most impressive structures
constructed by any civilization. The building of the pyramids required a mastery of art,
architecture, engineering and social organization at a level unknown before that time.
Observe an image of those pyramids, shown in below and try to visualize their excellence
in the field of construction.

Can you relate the geometrical shapes used in these pyramids with practical geometry?




Construction of Trianeles

Construction of Triangle when Measures of Two Sides and Included Angle are Given
Example 1:
Construct a triangle ABC when AB = 2.5 cm, BC=2.6 cm and £ B = 75"
Solution:
Steps of Construction:
(i)  Draw AB=2.5 cm.
(i)  Construct an angle of 75° at point B with the help of
ruler and compasses and draw BD.
(iii)  With center B, draw an arc of radius 2.6 cm
intersecting BD at C.
(iv) Join Cto A.
ABC is required triangle.

Construction of a Triangle when Measures of One Side and Two Angles are Given

Example 2:
Construct a triangle POR when QR = 3.8 cm, £P =60° and £0 = 90°.

Solution: Angle R is required for construction. We know that:
ZP +Z20+ZR =180°
60°+90°+ ZR= 180"
ZR=130°
Steps of Construction:
(i) Draw QR = 3.8 em.

(i) Construct an angle of 90° at O and draw OA.
(iiiy  Construct an angle of 30° at R and draw RB . &
(iv) Both Q4 and RB intersect at point P.

Thus, POR is required triangle.

Construction of a Triangle when Measures of Two Sides and Angle Opposite to One of the
Sides are Given (Ambiguous Case)

In such construction, we are not sure that how many triangles can be constructed.

.. The above case is also called ambiguous case.

Let us solve some examples to explain this case.
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Example 3:
Construct a triangle ABC such that AB = 5.3 cm and BC =4.8 cmand £4 = 60°.

Solution:

Steps of Construction:

(1) Draw AB = 5.3 cm.

(i)  Construct ZBAP = 60°.,

(iti)  With centre B, draw an arc ufradluw 8 cm
which intersects AP at point C.
ABC is required triangle.

. 53cm i
Example 4:
Construct a triangle having lengths of two sides 4. 8 em and 4.3 ¢cm and angle of 60° opposite to
the side 4.3 cm long. D
Solution:
Steps of Construction:

(i) Draw a line segment say AB of length 4.8 cm.

(ii)  Construct £ABD = 60°.

(iii) = With center 4, draw an arc of radius 4.3 em
intersecting BD at points C and C.

(iv) Join Cand C" to 4.

Thus, two triangles ABC and ABC" are constructed. A

Example 5:
Construct a triangle having lengths of two sides as 2.3 ¢m and 5.4 ¢m and angle of 30° is
opposite to the side 2.3 em.

Solution:

Steps of Construction:

(1)  Draw a line segment LM of length 5.4 cm.
(i1) Construct ZMLA = 30",

(iii) With centre M, draw an arc of radius 2.3 cm

which does not intersect IA.

: g i 3 5.4
. Construction of triangle is not possible. i
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|. Construct the following triangles.

.(a)
(b)
(c)
(d)

e

(a)
(b)
(c)
(d)
(e)

(N

I

AABC when AB =58cm, AC =42cm, £ZA =90°
ALMN when LM =4cm, MN =47ecm, ZM = 120°
APQR when PQ =72cm, LP =45°, £Q =75°
AXYZ when XY =5em, Z£X =30°, ZZ =105°

Construct the following triangles where possible.

AB =6.8cm, BC=8.1cm, £A =90°

DE=52¢m, DF=4c¢m, ZE =45°

OR =7.0cm, PQ=5.6cm, £R =175°

XY=38em, XZ=5cm, ZY =60°

If two sides of lengths 5.7 ¢m and 7.5 cm are given and angle of 105 is opposite
to the side of length 7.5 em.

If two sides of length 6.1¢m and 3.8 cm are given and angle of 30° is opposite to
the side of length 3.8 cm.

disectors of Angles of a Triangle

A ray which divides a given angle into two equal parts is called

bisector of that angle. In the figure BD divides angle ABC
into two equal angles ABD and CBD.

Suﬁj

If we draw the bisectors of all the three angles of a triangle,
they meet at a single point inside the triangle. We say that the

is the bisector of angle ABC.

angle bisectors of a triangle are concurrent.

Example 6: Construct a triangle ABC such that 4B = 4.7 cm,
BC=4.5 cm and AC = 4.6 cm. Draw bisectors of three

angles.

Solution: Steps of Construction:

(1)
(1i)
(iii)

(iv)

Are they concurrent?

Draw BC = 4.5 cm.

With centre B, draw an arc of radius 4.7 cm.
With centre C, draw another arc of radius 4.6 cm
intersecting first arc at 4. Join 4 to B and C.
ABC is the required triangle.

Draw bisectors of £4, ZB and ZC which

meet at point 0. B 4.5 cm

. Angle bisectors of triangle are concurrent.
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Q _Aliitudes of a Triangle ¢

A perpendicular line segment from a vertex to opposite sides of triangle is called altitude of
triangle.

In the adjoining figure, CE L AB . Also, CD is the
distance between point C and AB.
If we join C to 4 and B, a triangle ABC is formed.
We say that CD is altitude of triangle ABC with
respect to base AB.
Similarly, we can draw altitudes with respect to
other sides. All the three altitudes meet at a single point.
.. The altitudes of a triangle are concurrent.
Example 7:
Construct AXYZ when:

XY=6cm, £LX=45°, £Y =60’
Draw altitudes of triangle. Are they concurrent?
Solution:
Steps of Construction:
(1) Draw XY =6 cm.

PE

(ii) Construct £¥X4 =45 and
ZXYB =60°

(iii) XA and YB meet at Z,

(iv) Draw altitudes XD L YZ, YE L XZ
and ZC L XY.

(v)  The three altitudes meet at O.
.. Altitudes of a triangle are concurrent.

NI

et 'ghl' '.| Ligl

sl == gt ey,
'I..-l'_:’.&{

e |
gy,

- ) |
-
B,

) 1~
BE

BV,
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Perpendicular Bisectors of Sides of Triangle

Bisector is a line which divides a line segment -
into two equal parts. In the figure, lines /,
m and n are the bisectors of AB . Among the
2 bisectors, the line m is perpendicular to AB . A 0 B
| E So, m is a perpendicular bisector or right
e bisector of AB. Point O is mid point of 4B.
i.e. OA=0B
Example 8: .
Construct a A LMN when LM =4.1 cm, MN =4 cm
and / M = 90°, Draw perpendicular bisectors of sides of triangle. 4 A i
Are they concurrent?
Solution:
Steps of Construction:
(i) Draw LM =4.1 cm.
! (i)  Construct ZLMA=90°,
| (iii) . With centre M, draw an arc of radius 4 cm
intersecting MA at N.
(iv) Join Nto L.
(v)  Draw right bisectors of LM , MN and

LN which meet at point O.
.. Right bisectors of sides of a triangle arc concurrent. f

Note: Look at the figures below.

(a)  Right bisectors of an acute angled triangle meet inside the triangle.

(b)  Right bisectors of a right-angled triangle meet at the mid point of the hypotenuse.
(¢)  Right bisectors of an obtuse angled triangle meet outside the triangle.

e -

e el
—r—————

——

- Unit-10  Practical Geometry National Book Foundation




VMledians of a Triangle

Median of a triangle is a line segment joining the mid point
of a side to the opposite vertex.

In AABC, D is the mid point of AB.

». CD is the median of A ABC.

Example 9: A D B . B
Construct a triangle and prove that the medians of a triangle are concurrent. . ;
Solution: Steps of Construction: ;
(i)  Constructa A POR . 3
(i)  With centres P and O, draw two arcs of equal :
radius (more than half of PQ), which meet at : {
two points L and M. LM bisects PO at A. C B ;
(i1i)  Similarly find midpoints B and C of the sides R l
OR and PR respectively. 4k |
(iv) AR ,BP and CQ are medians of triangle P A Q |
which meet at point O. ‘M q
Thus, medians of a triangle are concurrent. :
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1. Show that angle bisectors of the following triangles are concurrent.
(a) AABC when AB=58cm BC=49cm, ZB =60°
(b) AXYZ when XY=55em £X=45, LY =75
2. Show that altitudes of the following triangles are concurrent.
| (a) AABC when AB=4em, BC=5cm AC=6¢cm.
(b) APOR when PO =4.6cm, QR =6.5cm, ZP =90°
(¢©)  ALMN when LM=42cm MN=4cm, <M =105
3. Show that right bisectors of the following triangles are concurrent.
(a) AXYZ when XY =45cm, YZ =5 cm, ZX =48 cm
(b) APQOR when POQ=4cm, QR=58cm, £Z0 =90°
(c) ADEF when DE=5cm, EF=4cm, ZE=120"
4. Show that medians of the following triangles are concurrent.
(a) AABC when AB=58cm, BC=5cm, £ZB =45"
(b)  ADEF when DE=6¢m, /D =90°, ZE =30°
5. Construct a right triangle ABC such that ZB = 90°
(a)  Find its orthocentre, where does it lie?

(b)  Find circumcentre M of the triangle. Is M the mid-point of hypotenuse AC. Is BM |

=CM?
6. Construct an obtuse angled triangle DEF. Find its (a) circumcentre
(b) orthocentre. Check whether they lie inside or outside the triangle?
7. Construct an isosceles triangle and find its
(a) centroid
(b) inscribed centre.

8. Recognize altitudes, perpendicular bisectors and medians in the following triangles.

A R
(a) (b)

u T
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| KEV POINTS

« If two sides and their non included angle are given, more than one triangle can be
constructed but sometimes construction of such triangles becomes impossible.

« Only one triangle can be constructed if:
(a) three sides are given.
(b) two sides and their included angle are given.
(c) two angles and any side are given. [

« The case in which we are not sure about the number of triangles to be constructed is '
called an ambiguous case.

« Angle bisectors of a triangle are always concurrent inside the triangle.

« A line segment which joins vertex of a triangle to its opposite side perpendicularly is
called its altitude.

« Altitudes of acute angled, right angled and obtuse angled triangles are concurrent inside,
at the vertex of right angle and outside the triangle respectively.

« Perpendicular bisectors of acute angled, right angled and obtuse angled triangle are
concurrent inside, at the mid point of hypotenuse and outside the triangle respectively.

» Medians of triangles are concurrent inside the triangle.

The point of concurrency of

Angle bisectors of a triangle is called in-centre (inscribed cenire)

Altitudes of a triangle is called orthocenter.

Perpendicular bisectors of a triangle is called circum-centre.

Medians of a triangle is called centroid.

Medians of a triangle divides each median in the ratio 2:1.

0 0O 00
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(i) A line which bisects an angle into two equal parts is

1. Encircle the correct.

(a) right bisector (b) angle bisector (c) altitude (d)  median
(i) 'Which of the following is divided by a point called midpoint?
(a) an angle (b)  aline (c) aline segment(d) aray

(iii) A line passing through mid point and perpendicular to a side of a triangle is
called
(a) right bisector (b)  angle bisector (c) mid point (d) altitude
(iv)  Two sides making arms of a right angle in right triangle are its

(a) altitudes (b)  medians (¢) wvertices (d) bisectors
(v)  Right bisectors of a right triangle meet at mid point of
(a) medians (b)  altitude (c) side (d) hypotenuse

(vi) Medians of a triangle are

(a) collinear (b)  concurrent (c) perpendicular (d) parallel
(vii) In an equilateral triangle angle bisectors, medians, altitudes and right bisectors

(a) are parallel (b) are perpendicular (c) coincide (d) are collinear
(viii) Right bisectors of equiangular triangle are its

(a) angle bisectors (b) altitudes (¢) medians (d) Alla,b,c
(ix) If three lines meet at a point, they are called

(a) intersecting (b)  perpendicular (c) collinear (d) concurrent
(x) Medians of a triangle intersect each other in the ratio.

(a) 1:32 (b) £:3 () 3:1 (d) 253

2. Construct the following triangles.
(i) APOR when PQ= 6cm, ZP =30°, ZR = 90°.
(ii) AXYZ when XY= 5.6ecm, XZ = 5.2cm, £Y = 60°.
(ili) AABC when BC= Tem, AC = 43cm, ZB = 45"
3. Construct a right isosceles triangle whose hypotenuse is 6 cm.
4. Construct an equilateral triangle ABC. Find its
(a) incentre (b) circumcentre (c) orthocentre (d) centriod

Do they coincide?

5. A student wants to find incentre of an equilateral triangle but he does not know how to bisect
the angles. Can he find incentre by using any other method? Explain your answer by taking

an example.
6. Construct a triangle and find its centre of gravity. (Hint: Find centroid)
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BASIC STATISTICS

In this unit the students will be able to:

« Construct grouped frequency mﬁlc, Histogram(unequal intervals) and frequency

polygon.

‘. Calculate weighted mean.

» Related real life word problems

. Wihtyofsmglemts

~ Probability of complementary events.

. T BT i L

Expected frequency.
¢ Related real life word problems.

Relative frequency as an estimate of probability.

. Calcnlateﬁnthm&hcm&m,h!cd:an, Mode of grouped data.

\.__......,....__,, 37 MOS0 Mg

-

The famous Biologis Gregor Mendel demonstrated that pea
plant characteristic were transmitted as discrete units from
parent to off springs i.e in a genetic cross, the probability of
a pea plant of purple flowr with a pea plant of yellow flowrs,
the dominate trait is expressed in 3 out of 4 of the offspring
and recessive trait is expressed in one out of 4 as shown in
the adjoining figure.

S




Statistic plays vital role in our day to day life as in our lives we have to come across frequent
decisions based on some relevant past experiences or the related statistics already available. For
instance we may use statistics in eficient budgeting of our family , in finding the best prices for sale or
purchase of products of our interest, to predict risks in our business, to estimate best time to perform
various routine activities. Online shopping is an easily understandable example of this era where the
customers see reviews of others about a product and make decision to purchase or not to purchase. If
more than 50% reviews are in the favour it may be predicted that the product will be out of stock
soon. Similarly , to estimate the chances of failure or success of a project, probability has great
application. Quantifying and estimating investment and risk assessment in a project are very
important for financial planning , investment comparison and decision making.

1.1 Frequency Distribution

In statistics it is very important to represent a data in a manageable way so that it becomes easy
to understand, analyze and to draw useful results. This useful presentation of data can be made
by various methods. Grouped frequency distribution is one of the most important methods to
represent the quantitative data, Data can be classified as:

Raw Data / Ungrouped Data

Data which has not been arranged in a systematic order is called raw data or ungrouped data.
Grouped Data

A tabular arrangement of data in which various items / values are arranged or distributed into
some classes and the number of items falling in each class is stated is called grouped data or a
frequency distribution. :

Let us try to understand the above two categories of data with the help of an example. The points
scored by 50 participants of Maths Olympiad out of 100 are recorded below.

10 18 38 15 30 27 41 39 16 50 50 45 34 37 34 09 12 45 19 23 29 31 28 17 08

19 2539 42 48 11 30 21 34 37 50 46 08 15 15 16 21 28 32 37 41 19 29 48 50
This presentation of data is called ungrouped data. It is difficult to draw any useful conclusions
from the above data. To analyze the above results easily , it is better to distribute the students in
some groups according to their marks as follows.
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From the table it is easy to get the following results.

There are 4 participants whose scores are from 1 to 10.

There are 12 participants whose scores are from 11 to 20.

There are 11 participants whose scores are from 21 to 30.

There are 11 participants whose scores are from 31 to 40.

There are 12 participants whose scores are from 41 to 50.

34 participants scored more than 20 points.

Data represented in this form is called grouped data.

To convert an ungrouped data into grouped form, the students should be familiar with the
following terms.

(i) Number of Groups
A number of groups depends upon the size of data. There is no hard and fast rule for a number of
groups, but it is usually between 5 and 15.

(ii) Class Limits

A group or class is defined by two numbers. The smaller number is called lower class limit and
larger one is called upper class limit. In above example first group is (1 — 10), 1 is its lower class
limit and 10 the upper class limit. Both the lower and upper limits are included in the respective
groups.

(iii) Class Boundaries

In above example the values / marks between 10 and 11 are not included in any group. If marks
of a student are 10.5, then above mentioned classes are not suitable. To include such values we
should write the classes as

0.5 - 10.5, 10.5 - 20.5, 20.5 - 30.5, 30.5 — 40.5, 40.5 - 50.5.

The participants having scores between 0.5 and 10.5 including 0.5 are considered in the first
group. The participants having scores 10.5 will be in second group. The largest value of 0.5 —
10.5 and smallest value of 10.5 — 20.5 are same.

0.5 and 10.5 are lower and upper boundaries of first group. The class boundaries can be formed
from class limits as follows. First of all find difference between the lower class limit of second
class and upper class limit of first class. Then subtract half of this difference from lower limits of
all classes and add it to the upper limits of all classes. :

Adjustment factor = % (lower limit of a class — upper limit of the preceeding class) = 0.5

To understand the difference between class limits and class boundaries, look at the following
table.
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(iv) Size of Class Interval

Size of a class interval is the difference of lower limits or upper limits of two consecutive
classes. It is usually denoted by *h’.
e.g. in 110, 11 —20, 21 — 30, the size of class intervals is 10.

(v) Class Marks / Mid Values
It is the average of lower and upper limits or boundaries of a class. Class marks are denoted by x.

Class mark of 1 — 10 is |+2m=5.iandﬂ1&t0f1l—2t}is “";2“=15.5

Note:
1. The difference of class marks of two consecutive classes is equal to the size of class interval h.

2. Class boundaries may be derived from the class marks x and size of class interval i by using
the formula (x + % ).

(vi) Frequency

Number of repetitions of an individual value in an ungrouped data is called its frequency. In a
grouped data, number of values present in a group is called frequency of group. In Table 1
frequency of group 1 — 10 is 4, because there are four students whose obtained marks are
between 1 and 10 both inclusive.

(vii) Cumulative Frequency
The sum of frequency of a class and the frequencies of all the preceding classes is called

cumulative frequency.

10.1.1 Construction of Frequency Distribution Table

We can construct a frequency distribution table in two ways.

(i) Tally bar method (i) Direct observation method

Tally Bar Method

Step I: Decide how many groups should be made in the table.

Step 11: Find approximate size of class interval by the formula 5 = - e
n

Where h = size of class interval
x; = largest value in ungrouped data
x, = smallest value in ungrouped data
n = approximate number of classes

Step I11: Draw a table and write the class limits in first column according to the size of class
interval.

Step 1V: Choose the values from ungrouped data one by one and draw small tally marks in
second column against the respective group. If 5 or more values fall in a same group, then draw
5" tally mark diagonally. It will make the counting of tally marks easier.

Step V: Count tally marks of each group and write their number against the respective class in
third column (column of frequencies).

Step VI: Find sum of all frequencies and check that it must be equal to the number of values

present in ungrouped data i.e
number of total items in ungrouped data (n) = sum of frequencies in grouped data (3f)

Natiomal Book Foundation
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Example 1:

The following are masses in pounds of 40 boys at a gym.

147, 138, 164, 150, 132, 144, 125, 149, 157, 146, 158, 140, 136, 148, 152, 144, 168, 126, 138,

Eﬁ, lgg, 126, 154, 165, 146, 173, 142, 147, 135, 153, 140, 135, 161, 145, 135, 142, 150, 156,
5, 128.

Make a frequency distribution table using an appropriate size of class interval by tally bar

Solution: -
Step I: Let us distribute the data in 5 classes.
Step I1; =176, x=125,n = 5.
R el s 176 -125 _ 102 ~11
n 5

Step 111:

136 - 146
147157

158 - 168
169179

Direct Observation Method

In this method the values of ungrouped data are written in second column of table against the
respective group instead of tally marks. The remaining process of construction of frequency table
by direct method is same as that of tally bar method. When ungrouped data are not arranged in
any order, then it is better to use tally bar method.

In example 1, the frequency table by direct method can be constructed as follows.

m.m

Discrete Frequency Distribution
If data is not in fractions and some values occur most often to constitute the whole data, then
data is called a discrete data there is no need of class boundaries and size of class interval is 1.
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Example 2:

A cubical die is rolled 30 times and numbers of dots on front face recorded each time are as
follows. o

2,6,2,3,2,4,5,4,3,1,2,6, 5,3, 4,&,2,2,4,6, 5,1,3,4,6,5,1,1,6,3

Make a discrete frequency distribution. Also make a column of cumulative frequency

Solution:

11.1.2 Construction of Histogram

Different types of charts and graphs are used to represent a data effectively. It becomes very easy
to get a quick idea about the data and to analyze by means of graphs and charts. In histogram,
data are represented by adjacent rectangles having bases along horizontal axis (marked off by
class boundaries) and areas proportional to the class frequencies. If the class interval sizes is the
same, the heights of rectangles are proportional to the class frequencies as you have done earlier
in grade 8. If the class interval size is unequal, then the heights of rectangles are to be adjusted.

Construction of Histogram with Unequal Size of Class Intervals
If sizes of class intervals are unequal, then to make areas of rectangles of a histogram
proportional to their frequencies, the heights of rectangles have to be adjusted. In a histogram
area of rectangle is proportional to class frequency.
Area o frequency or height x width o frequency
= height oc Tequency
width
Thus height of rectangle may be found by dividing the frequency by width of class interval. The
ratio TSR s called frequency density.
To make a histogram with unequal sizes of class intervals, we plot class boundaries on x — axis
(horizontal) and frequency densities on y — axis (vertical).
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Example 3: The heights in cm of 44 students of a school is given below.

Solution:

1.8 4 represents 15 cm
:E 1.6 | on horizontal axis. {
§ .
-
g 12 4
=
g 10 1
[
08 4
06 4 5
04 4 ;
02 4 i
J:;‘ T T T T - T
1295 1345 1395 1445 1495 1545 1595 1645 1695 1745 |79.5
Class boundaries (heights in cm)

11.1.3 Construction of a Frequency Polygon

Polygon is a many sided closed figure. To draw a frequency polygon mid points (class marks)
are marked on the horizontal axis and frequencies are on the vertical axis. Points are plotted with
class frequencies and their corresponding class marks. These points are joined by straight line
segments. To complete a closed polygon we add extra classes at both ends with zero frequencies.
In this way two extra points on x-axis are obtained on both ends. The points are joined by their
nearer plotted points. Finally a closed frequency polygon is obtained. It is easy to draw a J
frequency polygon on a histogram. To do so we find mid points of the top edges of rectangles i
and join them by segments. Then find two extra points on both ends on x-axis to complete the

closed polygon.
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Example 4:
At a farm house there are 40 lambs , their masses are recorded as given below.
Represent the following frequency dmtrihmmby a frequency polygon.

Title: A frequency polygon showing masses of 40 lambs
Y4  atafarm house

14 ¢+

12 ¢
10 +

119 130 141 152 163 174
Class Marks (masses in pounds)
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Example 5:
Use the frequency distribution in example 4 and draw a frequency polygon on a histogram.

Solution:

Title: A frequency polygon on a histogram showing
masses of 40 lambs in pounds

Ly

g Al il

1 \
N

By 21 N R

1125 1245 1355 1465 1575 1685 1795 1905
Class boundaries (masses in pounds)
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(i)  What is the total number of readers in the data?

(i) Which group contains highest number of readers?

(iii)y Which group contains least number of readers?

(iv) 'What is the lower limit of the last class?

(v) What is the lower boundary of the last class?

(vi) What is the size of the class interval?

(vii) Find class marks (mid points) of all groups.

2. Number of gratitude cards made by 80 student of class 9 is given below.
TE,69.?4.59,55,93,51,&?,39,Tl,Tl,dﬁ,ﬁl,ﬁﬁ,69,42,?5,EE,TI,??,TE,&J,B?,S?,?E,
91, 82, 73, 65, 94, 48, 87, 62, 81, 63, 66, 65, 49, 45, 51, 69, 56, 84, 93, 63, 60, 68, 51, 73, 54,
50, 88,76, 93, 48, 70, 40, 76, 95, 57, 63, 94, 82, 54, 89, 64, 77, 94, 72, 69, 51, 56,67,88,81,70,
81,54, 66,87

(i) Prepare a frequency table to represent the above data using the classes 40 — 49 etc.

(i) Add cumulative frequency column in the table .

(iiiy How many students made less than 70 cards?

(iv) What percent of students made less than 50 cards?

(v)  Which group has the greatest frequency?

(vi) What is the size of the class interval?

1. The number of medals won by 45 players in a certain sports festival is given as :
mZLmLLL&&LLLL%&&Lilti&hllmmlithiﬁztihl
46,2, 3 LT3
Prepare a discrete frequency distribution. Also make a column of cumulative frequencies.

4. The ages of workers in a factory were recorded as below.

Draw a frequency polygon to represent the data.
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5. Represent the following data by a histogram.

6. In a saving group, there are 400 mﬂmhers and the number of savings certificates held by them
is shown in the f‘nllomug table. Construct a hlstugram of the distribution of mmg certificates.

e e e e

7. The Fulluwmg ﬁ'aqucm:}f polygon represents the per-capita income of some states, recorded in

a particular year. 4

131

124

f

§ +

R

] e

- = 51

i i |

4 ir

y sl .

1 IL

] 0N N R N T T ) .2

¢ Per capita income (in thousand dollars)
() What is the total number of states?

(i) What is the number of states which have the least per-capita income?
(iii)  What is the number of states having highest per-capita income?
(iv)  What percent of states have per-capita income $14000 and $16000?
(¥)  How many states have per-capita income $18000 and above?
(Vi) Represent the frequency polygon by a frequency table.
8. The masses measured to the nearest kg of 50 boys are given in the frequ:ncy distribution as :

(i) Construct a histogram. (ii) Constructa frequency polygon.
9. Atasale, number of items placed an:mrdmg to the price range is given below:

T e i Wl e . sl il .

——

| Construct a histogram .
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11.2 Measures of Central Tend

In this unit we are looking for a better representation of data. The purpose of summarizing a data
is to draw meaningful results, to analyze the data and to compare two or more data having same
characteristics. When the data have been arranged into a frequency distribution the information
contained in it is easily understood. The data becomes clearer when it is represented by graphs.
Still we need a simpler way to represent a data in more efficient way to analyze and understand
better. A single value that represents a set of data is called an average. Since the averages tend to
lie in the center of a data, they are called measures of central tendency. They are also called
measures of location because they tend to be located at the center of the data. Here we will
discuss 3 very common measures of central tendency.

(i)  Arithmetic Mean

(i) Median

(ili) Mode

11.2.1 (a) Arithmetic Mean

There are two sections A and B of class 9 in a public school consisting of 10 and 12 students
respectively. The marks secured by each student in a test out of 100 are given below :

A : 35, 40, 90, 45, 50, 80, 70, 65, 55, 50

B : 25, 50, 30, 35, 60, 45, 45, 85, 90, 65, 45, 35

It is required to compare the performance of two sections and we have to decide that which one
of them is better than the other. It is difficult and lengthy to compare the individual performance
of students. Let us see the total marks secured by the students in each section. The total of both
sections are same. It is not good to say that performance of both sections is same, because they
have different number of students. We have to compare sum of scores and numbers of students
in each section simultaneously. To do this we will find the ratio of sum of scores and number of
students in each section separately and then we will compare the two results obtained.

In section A, sum of scores: number of students = 610:10 = 61

In section B, sum of scores: number of students = 610:12 = 50.83

As 61 > 50.83 so average performance of section A is better than that of section B.

“The ratio of sum of values of a data and number of values is called an arithmetic mean.”

Arithmetic Mean for Ungroup Data
The values of data are usually denoted by x. In case of more than one data, their values are
denoted by x, y or z etc. The sum of the values of the data ‘x’ is denoted by “ % x” and number

of values is denoted by n. The arithmetic mean of data x is symbolized a ¥ and by above

L
definition: Foer AR of values
n numbers of values
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e e e ua

=2 31.20%03.42.52.3.4.5,2,1,3, %1

Arithmetic Mean for Group Data

e

If values of data occur more than once, the sum of values can be found by using frequencies e.g.

Then, ¥ x = 2+3+14+24243+2+3+4+2+5+2+3+4+45+2+1+34+5+1 =55
In this data frequency of | is 3 i.c. | occurs three times. Similarly frequencies of 2, 3, 4, 5, are 7,
5, 2, 3 respectively.

Yx=Ix3+2x7+3x5+4x2+5x3=3+14+15+8+15=55
Also n = number of values = sum of frequencies=3+7+5+2+3=20
SoiF = X =222 01s

n 20

The above data can be summarized in frequency distribution as follows:

e —— T T

sum of values fo=£§=2_?5

ithmeti is X =
The SERw T numbers of values XL f 20

The arithmetic mean for a grouped data can also be found by using class marks ‘x’ and class
frequencies *f* with the help of formula ¥ = Zz?,ifsizeafumin:maiismmml

Example 6: Find the arithmetic mean of the following data

e AT e e e A T i o T e © T

——

Solution:

Xfx_ 725 |
SF 3%

I =
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11.2.1 (b) Median

When data is arranged in some order, it can be represented by a single value that lies exactly at
the centre of data. “The central or middle most value of an arranged data is called its median
represented by X read as x tilde .

Median for Ungroup Data

e If the number of values of a data is odd, then the middle value of the arranged data is the
median.
If the number of values of a data is even, then there are two middle values, the arithmetic
mean of these two middle values is called median of the data. These definitions of median

can be expressed for an ungrouped data as following formulas.
(i) Ifn (number of values) is 0dd, then median = "; ! th value of the data

(ii) If nis even, then Median = Arithmetic mean of the two middle values
=% {nth value + “zzthvaluﬂ}

Example 7:

The selling prices of the seven articles sold by a shopkeeper in rupees were 1075, 1050, 2050,
1030, 2045, 1090 and 1530. Find the median selling price of these articles.

Solution:
Arranging these values in the ascending order as 1030, 1050, 1075, 1090, 1530, 2045, 2050.

Here n = 7(odd), so
Madian=-"—ﬂthval ?;‘mvﬂw-imvﬂwﬂmue-mm

So, median sellm,g price of seven articles is Rs.1090

Example 8:
Find the median of the following set of values.
40, 35, 45, 60, 50, 35, 40, 45, 35, 50
Solution: Arrange the numbers in ascending order as 35, 35, 35, 40, 40, 45, 45, 50, 50, 6
Here n = 10 (even), so
Median = X = half of sum of two middle most values

= l{ﬂﬂl“ﬂ ﬂﬂ]m }
2 2

{]+2

10
th value
ala

th value }
= —{Sth value + 6th value )

=2 (4u+45) 35 =425
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Median for Grouped Data
In a grouped data or frequency distribution the median is taken as %m value. To find median
for a grouped data we first find the group which contains the median. To locate the median group
we form cumulative frequency table. The formula used to find median of a group data is
Median= % = | +;(§—c)
Where / = lower class boundary of median group
h = size of class interval

f= frequency of median group
n = Zf = Number of items

¢ = Cumulative frequency of class preceding the median class.

Example 9: Marks obtained by 100 students in an examination are given below,

Find the median marks.

Solution: Median = %ﬂ: value = -lf?th value = 50" value,

From the above table, it is clear that 50" value lies in the group 29.5 — 39.5.
So 29.5 — 39.5 is the median group.
L
7
Median =29.5 + l‘_’(‘_ﬂ_‘l -39)
40\ 2

n
Median =/ + {E—cJ where /=295 , h=10,n=100,f=40,c=30

f &

=295+ %{su—m]

=29.5+i_“
=295+ 5=734.5 marks
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11.2.1 (¢) Mode

The number of pairs of shoes sold in a day according to their sizes at a shoe store are given
below.

According to the data, the most commonly used shoes are of size 9. In other words we can say
that the average size of shoes sold in a day at a shoe store is 9. The average found in this way is
called mode. “The most frequent (repeated) value of a data is called mode of the data.” If two or
more values occur the same numbers of times but more frequently than any of the other values,
then there is more than one mode. In this respect, mode differs from mean and median because
they have unique values. If each value of data occurs same numbers of times, then there is no
mode.

Example 10: Find mode of following data sets.

(i 30,25,40,30,45,25,30,40, 30

Gy 1;3.308,1 35052

(i) 125,130,115,125,135,120, 135,130, 120

Solution:

(i) As 30 is the most frequent value so it is mode of the data.The data is called unimodal.

(ii) As the values 1&2 occur equal number of times, so there are 2 modes. This data is called
bimodal data.

(iii) As the values 120 , 125 and 130 occur two times each and frequencies of remaining values
are lesser. So 120, 125 and 130 are threemodes of the data. This data is called trimodal data.

Mode for Group Data

To find mode for a frequency distribution or a group data, we first find the modal class. A class
or group having largest number of items (frequency) is called modal group and it contains mode
of the data. The mode of a grouped data can be found by the formula.

Mode = i+ —U"‘—ﬁ]— x h
zfl 2T fli = fi
Where ! = lower class boundary of the modal class.
fw= frequency of the modal class (the highest frequency)
fi = frequency of the class preceding the modal class
f» = frequency of the class following the modal class
h = size of class interval

Note: If first group of the distribution have the largest frequency, then f; = 0 and if modal group
is the last group of frequency distribution, then f; = 0. But these are very rare cases.

Unit-11 Basic Statistics Newthoned Book Foundation
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Example 11:
Fifty workers of a factory are distributed in 7 groups according to their wages in rupees per hour.

Find mode of the distribution.  §
Solution:

As 20 is the largest frequency, so (39.5 — 44.5) is the modal group.
1=395,/m=20,/i=8,2=6,h=5

Modsw i Setd) 4

2fn-fi-1
Mm=39.S+M
2x20-8-6
12 x5

=305 +

=395+12  5=305+ %
26

26 G LSS LY ’T’Ju
=395+231 = 41.81Rupees = =

R
& S by il PR
Example 12:

Find median and mode for the following discrete frequency distribution.
2 3 B 5

Solution:
Here n=%f =16
Median = class containing %m observation= %ﬂ: observation = 8th observation

8 observation

So Median =3 (8" observation lies in the group where c.f, is 12.)
Hence Mode = most frequent observation = 3
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11.2.1 (d) Empirical Relation between Mean, Median and Mode
If any two of mean, median and mode of a data are given, then we can find an

approximate value of the third measure of central tendency by using an empirical relation.
mode = 3 median — 2 mean

Or  median = %(mode+2mm)

Or mm=%{3median-mode)

11.2.2 Weighted Mean

If it is required to find the average of some values which are not equally important, then we

assign them certain numerical values to express their relative importance. These numerical

values are called weights. To find arithmetic mean of data whose values are not equally

important, we use the weights instead of frequencies.

If x denotes the items of a data and w denotes their respective weights, then arithmetic mean is
Zwx

Zw
Example 14: 'I'hefullnwmgmllﬂmmlhlyexpendlm of a house according to their weights,
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1. Find arithmetic mean for the following data by definition
(i) x=2,4,6,8,10,12
(i) y=3,4,-1,7,-8,-5,0
(iii) z=0,4,8,12,16,20,24,28
(ivyu=3.1,42,53,64,75,86,9.7,108
(v) v=5,5,5,5,5,5,5,5
2. Following are the scores made by two batsmen A and B in a series of innings:

Find arithmetic mean of scores of

3. Marks of four students of class 9 in four subjects out of 100 are given below. The weights of
subjects according to their importance are also given.

Find weighted mean of marks of each student.
4, Following frequency distribution represents number of liters of fuel consumed against the
distance in km. Find arithmetic mean of this data set.

' 6. Find median for the following data. :
"} 114521513;?|ﬁ (“} :h!,iri,:l:ﬁ,iﬂ [IH}“!1:_21_314|5:613

“V) 41 3: 11-3! 21_31 3‘1 41 1 ("] 4: 4: 4: 4! 414
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between Ocm and 2cm. the data given below is recorded.

Find median radius of the circle.

8. At an old age house, there are people of different age groups as given below.

=

% =

Find an average median age of people residing in that old age house.

9. Find mode for the following data.
(01,2,3,4,5,6 (ii)2,4,2,3,2,5,3,2,5,4,2

(ifi) 120, 130, 140, 225, 125,225,120  (iv)2,4,3,5,5,3,4,2

10. Find mean, median and mode for the following discrete frequency distribution.

(2)

(b)

7. In a practical of geometry and shapes students are required to construct a circle of any radius
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L 1 Probabiliiy ¢

We often come across such situations where we have to make guess about occurrence or non
occurrence of something that it would happen or not. For instance we often make such
statements ;
* 40% students of class 9 are predicted to be absent tomorrow because of severe heat wave.
e  You will probably win Maths Olympiad this year .
e [ hope you will get at least 90% marks in your board exam .
In these statements one can notice the uncertainty or doubt of occurrence. These are few of
the guesses made in our daily life for the possibility of an event that the event is likely to
happen or not. Probability is synonymous to possibility. Simply speaking the measure of
chance of an event is called probability and its vlues are from 0 to 1.For example
e Probability of a new prophet after Hazrat Muhammad (SAW) is 0.
¢ Probability that Haleema will win the toss among Haleema, Hajra &Haani is 1/ 3.
e Probability of sun setting in west is 1.
In these statements we have seen that probability is between 0 and 1 both inclusive. This
range can also be presented pictorially for better understanding as

In previous classes you have learnt about various terms necessary to understand the problems of
probabilitty i.e.

Experiment, trial, outcome , sample space, event, impossible event, sure event, equally likely
Jlikely, unlikely, mutually exclusive events, exhaustive events, independent and dependent
events etc. Here we will discuss single event and events not happening in a bit detail .

11.3.1 Single Event Probability

An event which has single sample point is called a single event or simple event or singular event. Eg
in tossing a coin the sample space is {H, T}, where E, = {H} and E, = {T}, as only one out of 2
outcomes is possible . Here both E, and E, are single events. '

Example 15: Write sample space for single roll of a die and enlist all the events. Discuss
whether any compound event is present in this case.

Solution: Here we notice if a single die is rolled once then any one of the outcome may occur
from 1,2, 3,4, 5 and 6. Therefore S = {1, 2, 3,4, 5,6}

Mow all possible events are {1}, {2}, {3}, {4}, {5}, {6}

from events listed above, its evident that all events are single .So no compound event in this case.
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The probability of such events is obtained by the formula:
No.of favourable outcomes

P(E)=
(E) total no.of outcomes

Example 16: Write sample space for single spin of a spinner of 3 primary colours and enlist all
the events. Discuss probabilities of all events .

Solution: Here S = {blue, red , green}, the pointer of the spinner can stop at only one of the
colour so Ei= {blue}, Ez= {red}, Es = {green}

P(E1) = P(E2) = P( E3) = %

Example 17: Ali picked a book at random from a library shelf which had 3 history books of
grade 6, 4geography books grade7, 9 science books of grade 8, 3 science books of grade 7, 6
geography books of grade 8 and 5 science books of grade 6. Find the probability of getting:

a. ascience book b. a geography book c. abook of grade 7
d. abook of grade 9 e. a book of mathematics

Solution: Here total number of books is 33.
1
a, total science books are 17 . So P(Ei)= =

b. total geography books are 10. So P(Ez) = % = %
c. total books of grade 7 are 7. So P(E3) = ;?ﬂ-

0
d. there is no book of grade 9. So P(E4) = = 0

e. there is no book of mathematics. So P(Es) = % =
11.3.2 Probability of an Event not occurring

An event which describes the non occurrence of another event is called non occurring event.
If 4 boys Affan , Jaffar, Hassan and Maaz are playing ONO, then probability of winning of each

1
boy is i If the event of winning of jaffar is represented by J, then P(J) = - Now the event that
3

1
Jaffar won’t win is represented by J' and P(J") = |-P(J) = 1- .

The two events in which one shows non occurrence of other are called complementary events,

REMEMBER: Sum of Probabilinies of 2 TeTary: Gvenls . is unit

Example 18: There are 12 teachers in maths department among them 2 are higher secondary
teachers, 4 are secondary teachers and 6 are senior elementary teachers. If good performance
award is to be given to only one teacher then find probability
4. That a secondary teacher will get the award
b. That a secondary teacher will not get the award _
Solution: Here total number of teachers is 12. If this is assumed that all teachers are equally
hardworking, dedicated and showing excellent performance throughout their career then the

events will be equally likely.

. 4 1
a. Probability that a secondary teacher will get the award is P(E) = s

b. Probability that a secondary teacher will not get the award is P(E") = 1 — P(E) =1 —% = ;
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11.3.3 Relative Frequency as an Estimate of Probability

When theoretical probability is not certain, we use relative frequency to estimate probabilities, as
in most of the cases it 1s hard to predict the probability of an event happening finely.

Relative frequency is defined as the ratio between no. of times an event is occurring in an

experimental trial and total number of trials in the experiment. i.e.
frequency of an event occurring

Relative Frequency =
9 y total no.of trials in an experiment

e The relative frequency is often calculated after performing experiment so it is often called
experimental probability.

e More the no. of experiments done, closer the relative frequency becomes to the theoretical
probability.

¢ Empirical probability is another name of relative frequency.

L]

Example 19: A spinner of 5 equally likely colours red, blue, green, yellow and white is spun 50
times and it landed 10 times on red, 12 times on blue, 9 times on green, 9 times on yellow and 10
times on white colour. Find the relative frequency for the event that it lands on green colour.
Solution: Total No. of trials = n = 50
No. of favourable outcomes for landing on green colour=f =9

frequency of an event occurring _ 9
total no.of trials in an experiment 80
Example 20: A fair coin is tossed 150 times and head comes up 70 times. What is the relative
frequency of getting head up.
Solution: Total No. of trials = n = 150 No. of favourable outcomes for getting head up = f= 70
frequency of an event occurring s 0.466. ..
total no.of trials in an experiment 150

11.3.4 Expected Frequency

In probability we often come across the situation where the probability of an event becomes
slightly different from its theoretical probability. The expected frequency is defined as how often
(we think) an event should happen on the basis of theoretical probability or on the basis of
previously happened experiments (relative frequency).

For instance, If Ali rolled a fair die it is expected that 4 will happen1/6 times. If he rolls it 120
times, then he expects 4s to happen 120 x 1/6 = 20 times .Hence expected frequency is given by
the formula : Expected Frequency = No. of trials x probability of the event =n x p

Relative Frequency =

Relative Frequency =

Example 21: 5 students out of a section of 30 students are expected to be absent everyday in
summer camp. What No. of students is expected to be absent every day from 12 such sections of

same strength.

Solution: Total no. of students in 12 sections=n=12 30= 360

5 1

Probability of absent students = p = e

1
Expected frequency = No. of trials x probability of the event =n x p = 360 = . 60
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Example 22: If Probability of a person to be Hafiz e Quran in a village is . What do you

expect the no. of Hafiz e Quran in 2500 such villages?
7 3
i Solution: Total No. of villages = n= 2500 and Probability =p = 5
Expected No. of Hafiz e Quran = No. of villages x probability of the event
3
A =n>tp—25{lﬂ><ﬁ—?5ﬂ

1. A letter is chosen randomly from the word ‘ALLAH’. Now find the probability of getting
(i) avowel (ii) anH (iii) anL (iv) aconsonant

y 2. A garment factory shipped an order which contained 7000 jackets, 2000 sweaters, and 3000
trousers in which 7 trousers, 5 jackets and 9 sweaters are faulty. If the quality inspector
| unpacked one item at random, find the probability that it is
(i) atrouser (ii) notajacket (iii) a faulty item

3. A number wheel is divided into 8 equal sectors labelled as pansy, lily, orchid, tulip, jasmine,
rose, marigold and sunflowe:. »4aazz spins the wheel once. Find the probability that pointer:
(i) Stops at rose (i)  stops at a 4 letter flower name  *
(ilfy Doesnot stop at marigold (iv)  stops at a 3 letter flower name
(vi) stops at a flower name

4. Adecagonal dielabelled4,4,4,4,5,5, 6,7, 8, 8isrolled once. Find the probability of getting:

] i a4 (i) aneven number (ili) amultiple of 4 ,
! (iv) nota7 (v)  an odd number (vi) a prime number

(vilj LCMof4and8 (vilj) HCF of4and8 (ix) factor of 12 I
5. A one digit whole number is chosen at random. Find the probability that it is:

| () less than 5 (if)  greater than 10

| (iif)  not the largest 1 digit number  (iv)  additive identity of whole numbers

! (v  HCFof3and5 (vi)  multiplicative identity of real numbers
i . (vil) not a prime number (vill) factor of 9

g =

6. A coin is tossed 10 times. Complete the given table and answer the questions below the table.

| .
! Event frequency Relative frequency
3 head 6
[ tail 4

(i) What is the expected frequency of getting head, if it was tossed 520 times?
(i) What is the expected frequency of getting tail, if it was tossed 305 times?
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Number

Frequency

15 :

Relative frequency

25

15

20

30

S| Ln ) | L D =

15

science ol

(i) ifitwasmliadﬁﬂﬂﬂtimes,hownmn}rﬁmasmmmeufaﬁiscxpectad? .
(i)  ifit was rolled 3000 times, how many times occurrence of a | is expected? ’ f
(iii)  if it was rolled 400 times, how many times occurrence of a 2 is expected? 4

Unit-11  Basic Statistics

8. There are 6 girls sections of class 9 in a public school, namely Teal, orchid, mauve, hazel, 5
zaffre and denim. Only one girl is to be chosen randomly from all sections for national )

ympiad.

(a) Find the probability of selecting a girl from hazel section. 4

(b) Find the probability of not selecting a girl from hazel section.

(c) Verify that answers of both parts a and b add up to unity.

(d) If 6 girls are to be selected, find expected frequency of selecting from orchid section.

(e) If 60 girls are to be selected, what number of girls is expected to be chosen from Teal.

National Book Foundation




1. Encircle the correct option in the following.
i. Which of the following is a class mark of the interval (10 — 15)?
(a) 10 (b) 12.5 (c) 15 (d) 16
ii. What is size of class interval (4 — 7)?
(a) 4 (b) 5 (c) 6 (d) 7
iii. Which of the following is chart of adjacent rectangles?
(a) bar graph (b) Frequency polygon (c) histogram (d) ogive
iv. Which of the following is measure of central tendency? ’
(a) variance (b) standard deviation (c) range (d) arithmetic mean
v. Which of the following is a formula of arithmetic mean for grouped data?

Lx A % fx Um=f1)%h
OF ®i+:G-0 @ @ Ll

2fm=Ni—f
vi. If arithmetic mean of 25 values is 10, then what is sum of values?
(a) 250 (b) 125 (c) 25 (d) 2.5
vil. What is median of the data 4, 3,0, 2, 17
(a) O (®) 2 () 3 (d) 4
viii. Which measure of central tendency can have more than one value?
(a) weighted mean (b) median (¢) mode (d) arithmetic mean
ix. The probability of getting M in ‘MUHAMMAD" is
(a) -18- (b) % (c) % (d) none of these
x. Probability of picking an ace from a well shuffled pack of 52 playing cards is
(a) 511 (b) 115 (c) 4 (d) none of these
xi. A normal fair die is rolled 6000 times. The expected number of 5 is
(a) 100 (b) 5000 (c) 1000 (d) none of these
xii. A fair coin is tossed 500 times. Expected number of tails is
(a) 100 (b) 250 (c) 1000 (d) none of these
xiii. in a group of 5 people, 4 like peach juice. The expected no. of people in a population of
1200 who like peach juice is
(a) 240 (b) 600 (c) 960 (d) none of these

Unit-11 Basic Statistics 63 National Book Foundation




xiv. How many times Haani should toss a fair coin if he expects to get 100 tails

(a) 100 (b) 200 (€) 1000 (d) none of these :
Xv. An event which can never happen is called
(a) sure event (b) certain event (c) possible event (d) impossible event *_
xvi. Two such events whose probabilities are ¥ each are called i
(a) likely (b) equally likely (¢) unlikely (d) none of these ¥
xvii. The probability of a certain event is °
@ 0 ®) 3 ©) (d) 1 ;
xviii. The probability of an event can take the value f
(a) 0 ) 1 © 4 (d) all of these |
xix. The probability of an event cannot take the value !
(a) 0 (b) 1 () 2 (d) all of these '
xX. The probability of an impossible event is \
(a) 0 (b) 1 (c) 172 (d) all of these

1. For the following data, find mean, mode and median . .

4. The arithmetic mean of 10 values is 35.5. If nine values are 20, 23, 37. 48, 29, 33, 45, 40, 45,
find the tenth value
5. Find mean, median and mode for the following frequency distribution.

30-30

6. Affan is learning to play dart. He plays it 20 times each day and probability of hitting bull's
eye is 1/10. Find:

(a) expected number of hits in 25 days. (b) expected number of misses in 25 days. “a

7. Shifaa usually gets late for her school 2days out of 6 working days of a week. What is the
expected no. of days of her late arrival in 4 weeks.

8. As’ha tries her best to score 100% in each maths assessment, but the probability of getting this
is 0.8. Find the expected number of assessments in which she will score 100% out of total 20 i
assessments.

9. In alab shelf there are 50 repoorts of covid 19. Among these 13 are females and 2 of the
females are covid positive. If a report is picked at random, find:

a) The probability of getting a female report
b) The probability of getting a male report I
¢) The probability of getting a female covid negative report.
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Exercise 1.1

=1

L@ Sttt (i) ' 3

7 4= 4 3 -2 -1 0 1 11 &

4

.......... 2
([ Semmer e s P (iv) to (viii) Do yourself.

2. (i) multiplicative identity (if) multiplicative inverse (fii) commutative property w.r.t. “+'
(iv) additive inverse (v) associative property w.r.t “+’
(vi) distributive property of multiplication over subtraction

BES ]

3. (i) . (ii) >

f——t—
4 3 2-1 0 1 2 ¥4 5

g (iv) to (vi) Do yourself
(i) reflexive property {ii) transitive property (iil) symmetric property
(iv) multiplicative property (v) transitive property (vi) cancellation property

(vii) transitive property (viii) cancellation property

Exercise 1.2

2

L6 apV2®,2  am¥x*,x (iv) product rule is not applicable

1
) Y5 . x? i) V107,10 (vii) /107,10  (vii) product rule is not applicable

2.() Y2167 , 36 (ii) V29 mug,% (iv) {216}",%:\«]{4’1900.10 (vi) V39
: :
) 10°=100 (iii)-6*=-36 (iV)6'=36 (v) -5} (vi) =10 = 100

nt 13 2
() 2 W7 -7 (2% () s ® 1 o

N
Exercise 1.3

o )5

. 16,289 6. Rs.77.7
. No O
3. 435 8. Capital = Rs.12,00,000, debt = Rs. 8,00,000
. 42km 9. F=-128.56 ,K=183.8
14 10. Farah= 76,144.83, Maryam = 152,289.66, Tehreem = 228,434.49




Miscellaneous Exercise 1

1. (i) (b (ii) (d) (ii) (d) (iv) (c) (v} (a)
(vi) (d) (vii) (c) (viii) (c) (ix) (b) (x) (a)
(xi) (c)
31 ’{
L e T e ) R 5 4 .
—2cxcd xzb
Lt Tr T T9
(iii) * R A Ad AT T T i) 01 2345 61
3. ® 6 () Y(-3),-3 G 2*,128 Gv) (2)°,-256 (V) x"".iﬁ
X
1
4. () (-2),-8 (i) 2¢.3°
5. a. False b. False ¢ True ¢ True
Exercise 2.1
1. (i) 5.3407 x 10 (ii) 5.340 x 107 (iii)1.20 x 10" (iv) 2.5326 % 10°
2. (i) 0.00009067 (ii) 5.64 (iii) 0.00000653 (iv) 3141500000
3. (i) 1.4318234 x 10* (ii) 2300000 (iii)1.2915783x 10 {iv) 9988000
4. 1389 hrs app. & 58 days app. 5. 8.3535 minutes
Exercise 2.2
1. (i) no (i) no (iii) yes (iv) no
2. (i) 6 =216 (i) logy 2401 =4 (iii) 5*=x (iv) logy = =3 (v) log,y525= X
7 4 3

(vi) 102 =107 (vii) hgmé=%iﬂii} F+1=3 (ix) (2x-3)=5" (x)log:(2x+1)=3

3, 6 x=3 (i) x=2 (i) x=4 ) x=5 (V) x=16 (V) x=+3
4. (iii) 3125 (iv) 81 (v) 2 (vi) 12 (vii) -3
(viii) 2 {ix) 4 (x) 3.5
Exercise 2.3
1. 3.7253 2. 3.6609 3. 0.9828 4. 2.0449 5. 1.7192
6.—1.9183 or 20817 7. —2.0315 or 39685 8. 12.00 9. —4.3979 or 5.6021
10. 0.6020 11. 3.6020 12. 1.7324 13. 0.0039 '
14. 1.0039=-09961  15. impossible
Exercise 2.4
Lo 27052 - 3RE2 . . 3 1TiR 4. 3661 5. 10000 6. 1.009
7. 0.1749 8. 0.08474 9. 0.003326 10. 1.000 11. 0.0010 12. 997700
13.309.0 14. 3.090 15. 2188
National Book Foundation
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Exercise 2.5

1. (i) 2log3+ logt (ii) log 59— log s (iif) log 5+ logp + 2 log q - log x — 3log y
; 1 1
(iv) -l;‘ﬂﬂg 533 -log46.4) (v) 2log5+5logt+ %luga——glﬂgfi.-‘l— ;lngt—ﬁ loghb

2 3 1 6 2
(vi) = log7+= logt+ —logp——lo d- —logh
3 g P g = £ p - 4 5 g

(vii) %logisu+tlugp+ —;:lugm- ilngs.ﬂl ~2tloga—tloghb

x Jix¥{r # 57.7x (36.6)"

2. (i) log — (ii) og—F=— (iii) log
&y s (924)° x(23.3)
T
(iv) log ﬁjﬁxara_f (v) lngdm
S i TR
V322 % (9.42) 53.71
3, (i) 3.9069 (i) % (i) 3.7997  (iv) 7.7942 (v) 6
4, (i) 0.0791 (i) 1.0458 (i) 0.1688  (iv) —1.6198 or 2380 (v) 0.1046
Exercise 2.6
1. () 15 (i) 201 (i) 4 (iv) 26 (v) 82 (vi) 21

It

(i) 140.6 (ii) 8.914 (iii) 6.209 (iv)  0.5664 (v) 0.6647 (vi)  0.5631
(vii) 1.090 (viii) 0.03301 .
3, app. 5 times

Miscellaneous Exercise 2
1) (d) (i () (iil) (d) (iv) (a) v) (a) (vi) (b)
(vii) (d) (viii) (c) (ix) (b) (x) (d) (xi) (b) (xii) (b)
(xiii) (b) (xiv) (b) (xv}) (c) (xvi) (a) (xvil) (c) (xviii) (c)
2. (i) 5.336 X 10" (ii) 1.02 X 107"* (iii) 5.234 x 10"
3. (i) 0.07232 (ii) 21386.43 (iii) 5.6 4 (i) 0 (i) 2 (iii) 1
5. (i) 2 (ii) 16 (iii)) £2 (iv) 8

6. (i) 1.4771 (i) 13802 (iii) 2.5563 7. 31626957.07

_ Exercise 3.1
(i)
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12. Arabic only:40, French only: 100, Both:152

U
5 10
Algebra Geometry

25 students like geometry.

U 125
P S
400 175

Out of school children: 125

Exercise 3.2

~

s

480 S 10. 18

13. (i) 210 (i) 20 (1) 380

. (i) a=7,b=-1

Answers

(v) x=-6,y=-16 (vi) x=1.y=~_i;

(ii) a=-5,b=-1

n(B - A) = 19, n(B) = 21

4
U
Car porch
17
8
Houses without lawn & porch: 8
6 U 3
v el
14)
56 26
only mango: 80, only vanilla: 56
only chocolate: 26
(1) 51
(i) 17
(i) 103
11. 96
14. 38, 22
Exercise 3.3
(ili) a=6,b=-5 (iv) x=-14,y=8
(vi1) x=§,y= %

National Book Foundation
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2. (i) AXBG{{L1],[1,0},(4,]],{4,{]},[8,l}.(S,ﬂ]_} 6 elements
(i) BxA={(1,1),(1,4),(1, 8),(0, 1),(0,4), (0, 8)} 6 elements
(1) AxA={(1,1),(1,4),(1,8),(4,1),(4,4),(4,8), (8 1),(8,4), (8, 8)} 9elements
(iv) BxB={(l, 1), (1,0),(0, 1), (0,0)} 4eclements

3., Graph ofE x Fand F x E:

f—r

S |

-

HHT

4
=
I

¥
Draw graphs of E x E and F x F yourself.

4. L={0,1},M={2,3,4}, MxL={(2,0),(2, 1), (3,0), (3, 1), (4, 0), (4, 1)}
() 1(1,2),(1,4),(1,6),(1,7),3,2),(3,4), (3,6),3,7), (52, (5,4), (5, 6), (5, 7}

L

(i) {(1,2),(1,4),(3,2),(3,4),(5,2),(5,4),(1,6),(1,7), (3, 6), (3, 7). (5, 6), (5, )}
(iii) Verified from (i) and (ii).
. () {(a,¢),(e,c)(i,c)} (i) {(ac)(ec)(i,c)} (iii) Verified from (i) and (ii).
7. (1) LHS=RHS= {(1,1),(2, 1)} (ii) Verify yourself.

=,

Draw arrow diagram for X * Y yourself.

X Y

Exercise 3.4
1. (i) 2°=64 gy 2¥* @i 2
2. (@) 8Ri={},Ra={(vZ ¥5)}, Rs = {(v3,¥B)}, Re = {(v5,¥5)},
Rs ={(vZ,¥5),(v3,V5)}, R ={(V2.¥5), (5, V5)}, R, = {(3,V5), (¥5, V5)},

Nattonal Book Foundation
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4.

- |

Ay b (i) ¢ (iii) ¢

Rs = {(v2,V5),(v3,V5).(V5,V5)}.
(i) 16, Ry = { }, Ra={(m, M)}, Rs = {(m, €)}, Re={(e, M)}, Rs = {(e, &)},
Rs = {(m, 1), (, )}, Ry = {(, ), (e, M)}, Rs = {(m, ), (e, &)}, Rs = {(m, €), (e, )},
Rio = {(m, ), (e, &)}, Ris={(e, ™), (e, )}, Riz= {(r, m), (m, €), (e, ™)},
Ry = {(m, @), (m, e), (e, &)}, Ris={(m, ), (e e), (e,m)},
Ris = {(m, e), (e, e), (e,m)}, Ris={(m, 1), (m e), (e, ). (e, €)}
Giny 4Ry ={ }, Ra={(5, 1)}, Rs={(5,10)}, Ra={(5,1),(5,10)}. (iv) Do yourself.
R, = {(7,7), (7, 8)}, Dom R, = {7}, Rang R; = {7, 8}
Rz = {(7,9), (8, 7), (8, 9)}, Dom Rz = {7, 8}, Rang R2 = {7, 9}
(i) {(5,5), (7.7, 9}
(i) 465, 7). (5, 9), (5, 11), (6, T), (6, 9), (6, 11), (7,9), (7, 11), (8, 9), (8, 11), (9, 1 1)}
(iii) {(6, 5), (7, 5), (8, 5), (8, 7), (9, 5), (9, M)} (iv) {(6,7), (8,9}
(v) {(6,5), (8, T} (vi) {(5,7),(7,9),(9,11)}
(i) R={(2,4), (2 6),(2,8), (2, 12), (4,4), (4, 8), (4, 12), (6, 12)}
(i) DomR = {2,4,6}, RangR={4,6,8, 12}
(i) R = {(4,2), (6,2), (8,2), (12, 2), (4, 4), (8,4), (12, 4), (12, 6)}
{iv) Do yourself.
(i) R={(x,y)/x—p=2} (ii) DomR={2,4,6,8, 10}, Rang R = {0, 2,4, 6, 8}
(iii) R = {(0, 2), (2, 4), (4,6), (6,8), (8, 10)} = {(3,x) /y—x=2} (iv) Do yourself.

R={(0,1),(1,3), (3, N}, R = {(1,0), 3. 1), (7, 3)}

(i) Ri={(1,3%}, DomR; = {1}, Rang R; = {3}

(i) Ra={(2,3%, (4,3%, (4,3"),(8,3",(8,3")}, DomR; = {2, 4, 8}, Rang R, = (3%, 3

Giiy Re={(1,3%,(1, 3", (1,3%)}, DomR; = {1}, Rang Ry = {3°, 3, 3%

(v) Ra={(1,3%, (1,3"), (1, 39)}, Dom Ry = {1}, Rang Ry = {3, 3", 3%}

() Rs=1(1,3", (1, 3%, (2, 3). (4, 39}, Dom Rs = {1, 2, 4}, Rang Rs = {3', 3"}
Miscellaneous Exercise 3

ivia (v b (i) d (vii) b (viii) ¢

{ix) a (x) d (xi) d

() 2" (i) Ri={(a,b)}, Ra= {(a, e} (£ 1)}, Ra= {(a, ]), (f, n), (£, &)}

(i) {(a,b), (£, b), (h, e), (s, n), (s, )} (iv) {(a, b), (£, e), (h, j), (s, m)}

(v) {(a,b),(f,}),(h,e), (s, n)}

Nariomal Book Foundation
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B 1ol

2 25

3. i  §
B ;
B
AU(BNC) AN(BUC)

Exercise 4.1

1. 20y (xy—3x+y) 2.3n-1D(x-y) 3. 180 + 3% 4. (k-2)
5. (3x+13y-2)3x-13y - 2) 6.-2(x+1)(x=1) 7. (x—3a+4b)(x—3a-4b)

8 (1+x+y)(l -x-y) 9. P +y + 2y -4 10. (x+2y)P - ()

11. (a) 2y-9 (b) 5x-3 12, (P +2m* + 2 xm)( ¥* + 2m* -2 x m)

13. (m* + 1 + m)(m* + 1 —m) 14, 32 (x—~ 1)(x+8) 150" -2+ DEE +x+1)(P—x+1)
16. 407 + 87 +4x) (P + 87 —dny) 17, (x=3) (x - 4) 18. (x— 1) (x—8)

19. (2z-5)(5z-2) 20. By-1)(4-y) 21 (x-6)(x—15)

22. (x—1)(x+2) 23. (x+3)(3x+2) 24. 2x+y)(x—3y)

25. (4+5x)(2-x) 26. 2+x)(3-5x) 27.2(a+1)(a-3)

28. (u+2)(u-2)(u+3)(u-3) 29. (y-4)(y+4)(y* +4)

Answers




Exercise 4.2

1. (x-5)x*+5x+25) 2 (2x+ 1)@ 2 -2x+1) 3. 3(pq - 3x) (p’q" + 3pgx + 9x)
4 (+800-24x+64%) 5 (t+2)(t-2)(F-2+4)(E+2+4)6 (F+y) ' -xy +y)

¢ 7. (y-x)(F+y -6x—6y +xy+12) 8, (dx + 4y —2) (1653 + 16y° + 32xy + dxz + dyz + Z°)
9. (3p-4q) 10. (2p+q)° 1. (5x-y) 12. (p-3q)
13, (x2-3x+ 1) (x+1)(2x-5) 14, (Y +2y+3) (¥ +2y+5)
y - 15, (Y -4y +1) (¥ -4y +2) 16. (K + 7k - 5) (K*+ Tk— 15)
17. (¢~ 3x-12) (' -3x - 16) 18. (X' —8x—6)(x" +2x—6)
- 19, (x* =9x+12)(x* —6x+12) 20. (10410x—x")(10+2x—x")

21. (a* +9) (a* - 9a + 81), sum of two cubes because of positive sign between the terms.
22. (t+2) (t+2) (t+ 2), each factor is a binomial.

Exercise 4.3
)
‘ 1{a). | P q -
: 5 | | a | ¢ |5par
i 7.1 P I | 2] e
b 12pg(p+ Q) e (x+y), (x—y) etc. d.m-n (m-n)m’+n") 2x+y 3. a*—2ab+b’
4. abla-b) 5 x-7 6. 3x+1 7. cx+d §. m'-n® 9. a(x+a)
Exercise 4.4

LY P+2x (i) @+ 2 (i) ¥ +2x  (iv) 5(F +2) (v) No, HCF is x* + 2x*

1.

(i) g | 2Ll » z 8x"yz

Gy | 24 | 2 1 z | 24xy'z

@iy | 18 | »* | ¥ | = |1&%s

v | 28| * | ¥ | £ |28%yZ
3.a+2 X+4x+4 g x=1 - 6.p°+1 1.x(3x+2)
§.x+3 9. 2ab(9a’-1 10. P’ (p+ @)(p* —q*) 11. xy (2 + IN2x 1)
12, (x=3) (x=1) (x +2) 13, (m? + 1}m®~1) 14 x* -5 +4 15 (x+ 5N x—4)x-6)

Exercise 4.5

- 1.() x=2,-4(* —4)(x+3) (i) HCF: @+a+1, LCM: (@-1)(a@-a+1)(a-1)

(i) x(x + 3), x(x + INx— 12 x-1)
j 4 LA =1T° +81F°P-Tx-490 3 ©+5¢°-2x-24 4.y+4
§ X'+ -x-1 6. (3 + 8+ x = 2)(4° - 10" +4x + 2)

Exercise 4.6

Nagional Book Foundation
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I+2_}' Q, .t2+_1-'2 10. i 11. 12ﬂ2—4ﬂ+T

12. 13. 1-¢
H4a’-9) (1+2x)2+ x)5-9x) 0

P

23x
4x* —9y* xﬂx’ -*Jﬁz :l

Exercise 4.7
L £ @y-7) 2+ a(5a-3) e e N R UL
X a
Sox(@+10a+20) 6. (F+4x+2)
L2 -3x+5) 10 £(1-5x+ %)
i{f+2—iz} 12, +[a—4—3J
b

a

7. (2 +5x+3) 8. +(7b%+ 2ab + a?)

13. i{x‘wn%} 14. i[h2+8+11}
X

(i) —a—1 (i)a+1 (i) a=-1 16. p=216,9q=324 17. k=8
Exercise 4.8

I.a) (-3)m, (x+1)m  b) P=(4x4)m c) Rs.(80x-80) d) Rs.250(x? — 2x — 3)

2. a) (5x-3)m b) P(20x-12)m ¢) Rs. 75

d) Rs.75(25 x* — 30x +9)

3. a) (5x-2)m b) 6 (5x—2)> c¢) Rs. 192 (5x— 2)2

4. radius 1=x-3, radius2=x-5 5

- 5m-6n, 5Sm+6n 6. if speed =x+2 then distance = x+3 and vice
versa

Miscellaneous Exercise 4

H @ () (@ G () Gv) (@ (V) (@ i) () (vi) ()
i) ) () (@ (0 (@) (i) (b) @) @) (i) ®) (xiv) (b)
(xv) (d) (xvi) (8) Ovil) (€) (xviil) () (xix) (@) (xx) (c)

- (a+3)(@-3)(@*-14) 3. (2x+3)3x+5) 4. (P -8 -T) (" —8x+13)
(F+2x-4) (" -2x-4) 6o Bx*+4x -1)(B3x?+4x-6) 7. (m+n)(m-n)(2m’+3n?)
(x +2y) (x - 2y) (¥ + 14y°%) 9. (x+2a)(x-b)

.. (a+b)(a—b)(a®+b’) (a’+ab + b?) (a® —ab + b?) (a* - a'b* + b*)

. 4dy(x+ 3) (Tx - 5)

12 (x-y) (2x-2y+ 1) (2x -2y - 1)
1 (p+29)(p-29) (x-2y) (F + 2y +4yY) 14 (F+yP+3xy) (2 + v - Bay)

r N

) x+3 (i) 32+1

(x4 IMx+2)2e + 1) (1) (x+2)(x+3)3x+2)
17. a+b+c,(a+b+cla—-b)b-c)c-a)

j:(}f-%Jri—:} 19. () x (i) LI—SETM 0. a=-2,b=5
Exercise 5.1

I - R U R e

e 0 {31 g ) B
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Exercise 5.2

) L. (8 2 {1} "3 (4 4 feo} S fa0} 6
P; 8. {13} 9. B} 1. 8} 1. B} 12..¢ 15
- Exercise 5.3

|
L {E;_E} 2 (4,-8) 3.{2,-8)  4Q,-3)
' g 5
l
% 8.2 8. {-3,%} 9. {9,-9} 10. ¢
14. {1,-7)

Exercise 5.4

1(a). (i) Yes (ii) No (iii) Yes (iv) Yes
(i) {z|z €ER A z = -3} (iv) {0, 1,2, 3,4}

6. {x|]xERA x>-20r x< -6}

; 4y
5
|

10. {x|x ER A —4=<x< -3}
1. {x|xER A x =13}

(v) Yes (b)
(vi(x|x ERA —4{1{_%}
S5.{y|yER Ay= 6}

7. {x|x ER A -1< x =3}

B. {x|]xERA-5<x<2} 9 {x|[xERAx<-50rx>-1}
1. {x|]x ERA Xx< -9 or x> -3}

¢ 7 {2

{64} 14. {0} 15 {6} 16 {-3}

i) {2,3,4,5} (i) {1,2,3,4,5,6}

Miscellaneons Exercise 5

L@ @ (@) (a) (i) (c) (iv) (c)

(vii) (d) (vii) (c) (ix) (a) (x) (b
(xiii) (c¢) (xiv) (d) (xv) (b) (xvi) (b)
2. x=10 TSR G {%—3}

7. {yIreRhyps _Tl} 8. {xixERAx<-2or x=6}

(vy (b) (viy (c)
(xi) (b) (xii) (b)

6. {x|x ER A x<- 8}

9. {ylyERAy<10o0ry>19}

(ivy 73,220"

e Exercise 6.1
s 1. (i) 18,000" (i) 18,00" (iii) 37,800"
2. (i) 4,500' @iy 2' (iii) 3,040'
.M 225 (iiy 0.0417° (iii) 61°

4. (i) 60°7'30"

(iiy 0°2'15"

(iii) 1051

(iv) 1,830.5'
(iv) 45.7625°
{iv) 255°27

National Book Foundarion
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5. (i) %md (i) S?Erﬂd (iif) %mﬂ (iv) -%;;md
6. (i) 4.71 rad (iiy 1.05 rad (iif) 3.15 rad (iv) 1.32rad
7. () 45° (iiy 150° (iiiy 15° (ivy 31°30'
(v) 57°17'45" (vi) 180° (vii) 2160° (viii) 286°28'44"
Exercise 6.2
L. (i) 5.24cm, 13.09em® (1) 25.13m, 150.77m* (i) 6.36dm, 19.08dm*
2. 5.24em, 10.48em’
3.(i) 2 rad (ii) 3.78 rad (iiiy 0.79 rad (iv) 0.5 rad
4.() 1.27em (i) 22.9m (ili) 22.57cm (iv) 20dm
5. 15.71inch 6. 84° 7. 30.85¢m, 56.55¢m’
8. (i) = i) = i) =
2 12 8
Exercise 6.3
1. Complete yourself.
2.0 (i) E- (iii) —1— {iv) —l (v) l
4 B 2 2
4. (i) 45° (i 270° (iii) 45° (ivy 30° (v) 90°

T

-

L]

- | 2
; smﬂ=—,tanf?=ﬁ, cot@ =—=, secl =2, cosecl =— 6.
2 NE) 3

5

* &

1 1
. sinf=——=, cosf=—, cotf=-1, Ezﬁ,ﬂME:-JE
2 N7 w2

Exercise 6.4

() 30 (i) 45° (iii) 45
M) LA=ZB=45" b=4cm (i) ZR=30°, OR =12cm, PR =83 ¢cm

(i) ZP=£0=45", PO=8V2m (iv) ZY=30°, ZZ=60°, XY =83 m
(v) ZN=90°, ZL=3687, LM =53.13° 5 r

Exercise 6.5
11.55m 2. r 3 13%m 4, 10m
2 m 6. 50.7m 7. 34.7m 8 1893m,12m
80m, 33.69° 10. 0.73m/s
Exercise 6.6
. measure yourself 2. find yourself 3. 070 4. 7.07km, 270
4km, 103° 6. 156m : 7. 13km 8. 9.96km , 836km
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Miscellaneous Exercise 6

L)@ @) ®) @)@ (e Mb) @ i) Eidd xd)
(x)(b) (xi)(c) (xii)(a) (xiii)(c) (xiv)(c) (xv) (d)

2. sina=—1§ .tanu=—1:+ seca="2, 3.577ms 4. 2.69
5. 10cm, 10em, 10\2em 6. 2839 m 7. 163 m 8. 050°
Exercise 7.1
* 1. (i) 5 (ii) 10 (iti) 2V10 (iv) 10v2 (v) J5
. Wi i i) 2 IR @B

2. (i) non-collinear (i) non-collinear (iii) collinear (iv) collinear (v) collinear
(vi) non-collinear
3. (i) right triangle; perimeter = 5+ /13 units
(ii) equilateral triangle; perimeter = 6 units
(iii) scalene triangle; perimeter = 24.49 units
(iv) right triangle; perimeter = 27.21 units
(v) isosceles triangle; perimeter = 6 + 2./34 units
(vi) right isosceles triangle; perimeter = 12+ 6 2 units 8. Yes

Exercise 7.2
. ®@n @G 1) Gy
2. (i) B3, 1): F(2,4); G(-3,4): H-1D) (ii) Draw yourself.
(i) EF = GH =% units; FG = HE = 4units (iv) rectangle
3. Diagonals do not bisect each other. 4. Lengthof diagonals are 4yZ units, 22 units.
5. () D(-0.5,3.5 ; E(3.53.5) (i) DE =4 units ; BC = 8 units
(iff) 5 BC = 4 units (iv) DE=3BC
6. (i) Hassan's starting pnin; is (6, 0) and Ali’s starting point is (0,6) (i) CVZ, W2 )
% 7. () M3, 3); N, 3); O0,0) (i) A(0,0) ; C(-4,2)
¥ Miscellaneous Exercise 7

1. (i b {i1) a (iii) a V) ~ ¢ (v) ¢ (vij d

(vii) ¢ (viii) b (ix}) d (x) c (xi) b (xii) a
(xiii) b (xiv) a (xv) ¢ (xvi) d (xvii) d (xviii) b
(xix) c (xx) ¢ (xxi) ¢ (xxii) b (xxiii)d (xxiv) a
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Exercise 8.1 |
1.() 0 (i) 0.577 (u) 1.732  (iv) undefined (v) —1.732 (vi) - 0.577 ‘
(vii) —0.176 (viii) 1.018 .
2. (i) 0° (ii) 30° (iii) 120° (iv) 20°
3. () m=3,0=33.69° (i) m=-I 8=11320° (i) m=2,60=8.13°
4. (i) m=—1 (ii) m=1 5. x=0 6 k=3 7. k=15 9. y=1
12 P(x, W =P(7,-1) 13.  Fourth vertex: (-3, -2) . »
14. Slopes of sides: 1,2, 2; Slopes of medians: — 3, — ., 1; Slopes of altitudes: 1, - &, 2 g
Exercise 8.2
1. (i) ¥=3 (i) y=0 (i) y=-9 {iv) y=u§
2. (i) x=1 (i) x=9 (iii) x=-4 (iv) x=1%
3. (i) 2x-y-3=0 (i) 4x-—y+27=0 (ui) y+5=0
(iv) x+2=0 (v} S5x+8y+22=0 (vi) 4x-3y-20=0
(vii) 5x-6y+30=0 (viii) x+y-11=0
4. (i) 14;_,}—‘=3;;-§ (i) 2= 228 5. (i) x~VEYP+10=0 (il) x+y-2vi0=0
6. (i) Sx+y+24=0 (i) 4x+y-19=0 (iii) x-2y+8=0
(iv) x+4y+2=0 (vi x+y-=-3=0 (vi) x-2y-14=0
7. 4x-3y+9=0 8 2x+)y+5=0 9 x-4y+7=0

10. Equations of medians: 2x+y —4=0, x-y+2=0, Tx-4y+6=0
Equations of altitudes: 3x+4y—16=0,y x+3 —22=0, 2x+y+6=0

. - z __'E E = L = L L:
1. (a}Slup&mw form: y = :X*t35 +  Two-intercept form: 11f6+11fu 1
g P o S ST i L ¥=11/8 x-0
Point-slope form: y = 5 (x-0); Two-point form: i T
< xf3 s RS N : .x-0 _y-11/8 (b) Do yourself.
Normal form: x(5)+}’ (5) 3 (x=0) ; Symmetric form: = v e (
Exercise 8.3
1. (i) 45° (i) 104° (i) 90° 2. (i) 59° (ii) 14° (iii) 18.4° (iv) 45° (V) 85.6°
3. (1) 45° 45° 9%0° (i) 31°, 143° 6° (1) 37°, 78° 65° (iv) 45°% 96° 39° g
4. (1) 90° (ii) 53° (iii) 108° "
3. (1) 90° 45° 45° (ii) 54°, B2° 44° (iii) 63°, 90°,27° (iv) 599 79° 42°
6. (1) (1,-3) (i) (—? %) (iii) (;—:——% 7. (a) X+1=0 (b) 3x—4y+7=0
8 15x-5y+39=0 9. (a) lly-7=0 (b) 22x+9=0

10.(a) x-2y+1=0 (b) 5x-2y+5=0 1. (a) 7x+2y-20=0 (b) 2x-Ty+17=0

Answers National Book Foundation




Exercise 8.4
1. 4x+5y=40, 5 dozen 2. (i) Rs.12150 (1) 8 people
3. y=5500 x+700,b=800a ; First deal is better.
4. (i) y=120x+ 500, total amount = Rs.1940 (i) eaming per hour (1i1) additional amount
5 (i) y=18x+44 (ii) 584 units (i) Rs.11680  (iv) 20 days
6. (i) y=900x+ 1500 (i) Rs.6000  (iii) charge per hour
7. () F=3C+32 (i) 4I°F {iii]y—imerceptshnwuthattm:pmm‘mFmﬁnmﬂmd
slupeshuwsrntanfinnrﬁaseintcmpua,mr_ﬁnﬂ :
8. (i) ¥y=6x (ii) run rate per over (iii) scores start from0  (iv) 270 runs (v) 40 overs
9. (i) (y-5000)=200(x-0) (ii) Rs.200, slope shows the amount per kilometre (ii1) Rs.41000
10.() (y- 67) === (x-25),41°E
11.(i) y=2x, Length of plot =60 feet (ii) Slope is 2 which shows relation between length and width.

Miscellaneous Exercise 8
1. ) c (ii}) b (iii) d (ivy a W) b (vi) a (vil) ¢
(viti) d (ix) a (x) b () ¢ (xit) ¢  (xii) d (xiv) a

X _ i apd S¥onloa
3. :v+2—1 4. yrokts, + 1

5.G) Z+L=1, =3, b=-1 (i) m=1 yr1=2(x-0) 6. y=v3x+20, m=v3,c=20
g =1 3 3

7. A(-4,2),B(,5.C(1,9) (i) m=1,m=-% my=¢ (i) Interior angles: 40°, 44°, 96°
8. ()M(6,1) (i) Slope of PM =1 (iii) ‘x— y+4=0 (iv)' x+y=0

9. (i) V68 units (i) Slope of BA=4 (iii) a=4,b=-1 (iv) 4x-y+3=0
10.2x-5y-2=0 11. (i) O(0,0), C(5, 6), A(-3,5), B(5, 2)

(i) 51opeufcu:=§,51npenma=_% (ifi) 6x—Sy=0,3x+8y-31=0 (i¥) =9

12. I: A(0, 1), B(2,0) (i) Slope nfl-% (ii) Slope of p=—2

2 ¥ 1

(iii) m:d-p-mntuffﬂ(l,**;) - (iv) 4x+2},_.3=u

Exercise 9.1

2. (i), (i), (i), (v), (vi), (viid), (ix), (xi) 3. No, by assigning particular values to 8and b.
5. 63, ‘the next number is 2 x 31 + 1 =63 :
6. Axioms: (i), (ii), (v), (vii), {viii}!. (x) Postulates: (iii), (vi), (ix)

Neither axioms nor postulate: (iv).
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Exercise 9.2
1. Similar pairs: (1), (i), (iv), (vi), (vii)
2. (i) x=10em,y=6cm (i) a=30" (i)x=75cm (iv) X=2cm,y=3.6cm, z=8 cm
V) a=4em, b=42cm (vi) a=4cm,b=6cm (vil) a=12 cm

3. DE=3cm EF=4c¢cm,FD=2cm 4 DE=18m 5. DE=15m 6. 20cm 7. 10m

8. (@ a=3cm (b) X=24cm,y=525em (c) a=16cm (d) x=72cm, y=4.5cm

9. £C=ZAED=5(°, ves 10. ZA = £B = 60°, equilateral and acute angled 11. 10m .
Exercise 9.3

1.0 16em® (i) 32em® (i) 249 om? (iv) 45 em?

Z (i) 6cm (1) 5em (111) 30 em (iv) 19.6 cm

3.()9:16 (1) 640 cm® (i) 900 cm® 4. 4:5, 10 cm 5. XB:XZ=AB:YZ=5:6

6. 5600 m’ 7.(0) 9:1 (i) 3150 cm?

8. (i) 8:13 each (ii)64: 169 (iii) 192 cm? (iv) 315 em?, trapezium
Exercise 9.4

1. (D) yes (i) no (iii) ves {(iv) no

2 () d=20em, V,:V,=125:1 (1) h=9m,c¢=95m,b= 18m, V,:V,=27:8

30) V2=33333mm® (i) Vv, =208.33 i’ (i) Vi=2944cm® (i) Va=121.5m®

4. 8:27 5 58 cupsapprox 6. 10000 7. Area = 292.5m cm®, Volume = 9457 ¢m’

8 2:5 9. 15cm 10.625em®  11.(i) 4:5 (i) 16: 25 (iii) 64 : 125

12 6 cm 133m
Exercise 9.5

L@8 ®m6 (o3 (d)9 2 (a) k=108 (b) p=q=r=g=t=72°

3. 12sides 4. Minimum interior angle = 60°, maximum interior angle = 179.99999....(< 180°%)
If maximum interior angle is 180°, then adjacent sides of polygon become collinear.

S. (a) 72° (b) 40° (c) 24° (d) 18° 6. (a) 60° (b) 120° (c) 6

7. No, because 360° is not a multiple of 50°, 8. square 9. decagon  10. 5040° 12. 5 sides 5

13 28°, 49°, 71°, 93°. 119° 14. 7 15. 1980°  16. 18 sides .
Exercise 9.6

I. P=15m, cost=Rs.3,300 2. Rs.27.300 3. P=30m, A=60m?

4. (1) Rs.9,600 (ii) 259.81 m? (iii) Rs.129,900

5. (i) Rs.50,400 (ii) 120 f2 (iii) Rs.4,800 6. P=141f

Answers National Book Foundation




Locus is perpendicular bisector

of AD.
3‘" .‘._._._._-.....,_I_____________'
' >/
ol S e Tl .
Q
(ii1) 6.2 cm
5. (1) line segment (ii) yes

(iii) by drawing PQ paralle! to AB.
(iv) by taking P and Q on AB.

- (111)) Points A and B coincide.

8. Join non collinear points D, E and F.
Find point of intersection of right bisector of sides.
Locus of point equidistant from given points is O.

Only one such point exists.

9. (ui) Locus /and angle bisector are same.

(iv) Both angle bisectors are perpendicular.

Q National Beok Foundation
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Exercise 9.7

2. v
el [
gl
o ,
A
< A
- ol a5cm g

Locus: Line making equal intercepts

(1) Second circle passes through the
centre

-

By measuring angle ADC, and sides
BD and CD, we see that AD is right
bisector of BC.




Miscellaneous Exercise 9

(1) c d | a { h vl c {¥1) c
vl d d b d LX) a (xity b

{ J c a a -
60° 3. No 4. .vyes 5. 140 (ii) S5cm 7. 32c¢m
BC =8 cm, DE=12 cm 10.1:9 41.200cm* 12 135f°

13. (i) 756 m* (i) 1012.5 in® ;
Exercise 11.1
1.(iy 30 (iiy31—40 (iil) none 51 (v)50.5 (vi)10 (vii)5.5,155,2535,355, 45.5 55.5
2, (i), (ii) ' C:;Iiﬂ_lll_lthfﬂ_i
(i) 42 {iv) B.75% (v). 60-69 (vil). 10

3.
N Ll ek o S
| ¥
P 5. Do yourself =

15

Workers

10 -

E- / H\
ﬁ_

5 /4

7 - A
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M

Do Yourself 7. @) 48 (i) 8 (iii) 1  (iv) 48%app (v) 8
(viy |LCI | 9-11 [11-13]13-15]15-17]17-19]19-21|21-23]

i

£ [g ] 9 s Toipupasniag (e |
8. Do Yourself 9, Do Yourself
8

i Exercise 11.2

| 1. (i) 7 (i) 0 (iii) 14 (iv) 6.95 (v) 5 2. X,=48, X, =33.6,A is better
' 3. 78,675,69,77 4. 1133 5 2351 6 () 4 @) 0 (Gii)?2 (iv) 2 (v) 4

7. 1.0 8. 6409 o @mno ()2 (i) 120,225 (iv)no
'. 10. mean = median = mode =2 11.(2)9.83 (b) 14.38

Exercise 11.3

1. (i) 2/5 @@ 15 @) 2/5 (@v)3IS5 2.4) 1/4 (i) 512 (iii) 0.00175

3. () 1/8 (i) 14 (i) 72 (iv) O (v) -1

(i) 2/5i) 7/10 (i) 3/5 (iv) 9/10 (v) 3/10 (vi) 3/10 (vii) 1/5 (viii) 2/5 (ix)1/2

(i) 12D 0 (iii) 9710 (iv) 1/10 (v) 110 (vi) 1/10 (vii) 3/5 (viii} 3/10

relative frequencies 3/5, 2/5 (i) 312 (ii) 122 7. relative frequencies 1/8, 5/24, 1/8, 1/6, 1/4, 1/8
J (i) 750 (i) 375 (iii) 83 app 8. (a) 1/6(b) 5/6 (d) 1(e) 10

o

=

Miscellaneous Exercise 11

L{d). (b (ii). (a) (i) (© (@v). (@ (v). () (vi) (@ (vii) (b)
- (viii). (c) (ix). () (x) () (xi) () (xii). (b) (xiii). (c) (xiv). (b)
(xv). (d) (xvi). () (xvil).(d) (wviii). (d) (xix). (c) (xx).(a)
E 2. a. mean 2344, median = mode 25 3, 53.594, 35 5. » Mean=median=mode=25 ; (.,
50 hits (b) 450 misses 7. Bdays 8§ 16 assessments 9.(a) 13/50 (b) 37/50 (¢) 11/50
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TABLES OF LOGARITHMS

L I 2 i 4 5 [ 7 & 9 I 3 ¥ i 5 & 7 9
10 | ooDO o043 0086 0128 0170 4 913 1721 26 30 34 34
0212 0353 0204 0334 0374 4 B 12 15 20 24 28 32 36
11 0414 0453 0492 03531 0369 4 B 12 1519 » 273t -3
0607 0645 OGE2Z OTI9 0755 4 T 11 15 19 22 26 30 33
12 | 0792 OR2E 0864 OH99 09M4 3 % 11 4o 2 25 A
0960 1004 1038 1072 1106 3 T 10 4 17 20 4 17 31
13 1139 1173 1206 1239 1271 X =F 0 13 1§ 20 23 26 30
{303 1335 1367 1399 1430 3 7 10 13 16 19 22 35 29
14 | 1461 1492 1523 1553 1384 3 6 9 12 15 B 2 B 1’
1614 1684 1673 1703 1732 3 &6 9 2 1% 17 W 23 26
15 | 1761 1790 1818 1847 1875 3 06 9% 11 14 16 W 23 6
1903 1931 1959 1987 2014 3 6 & 11 14 17 19 12 M
16 | 2041 2068 2095 2123 12148 3025 8. 11 14 17 1% & M4
2175 2201 2227 2253 MW 3 5 g 10 13 16 18 21 2
17 | 2304 2330 2355 2380 2405 : it g 1013 15 18 20 I
2430 2455 2480 2504 2529 1 5 70100 42 1F T 2022
18 2553 2577 2601 2623 2648 o i AL 12 14 16 19 2]
2672 2695 278 2742 2965 2 5 19 11 14 16 18 21
19 | 2788 2810 2833 2856 2878 z 4 7 9 1l 13 16 18 20
2000 2923 2045 2967 2989 I 4 &8 213+ 15 T 18
20 | 3010 3032 3054 3075 309% 3118 3139 3160 3181 3201 2 4 ¢ & 11 13 15 17 19
21 737 3243 3263 3284 3304 3324 3345 3365 3385 344 1 4 & B 10 12 14 l& 1B
29 | 3404 3444 3464 3483 3502 3522 3541 3560 3579 3398 2 4 & & 10 12 14 15 17
a3 | 3617 3636 3655 3674 3692 3711 3729 3747 3766 3784 2 4 & T, 9 H 13 15 I7
34 | 3802 3g20 3838 3856 IKT4 3892 3909 3927 3IM5 A2 2 4 - e SN e 3 EREY SN L |
35 | 3979 2997 4014 4031 4048 4065 4082 4099 4116 413 S £ 7 9 10 11 14 15
26 | 4150 4166 4183 4200 4216 4232 4249 4265 4248] 298 2 3 £ T2 010 H A 1S
27 | 4314 4330 4346 4362 4378 4393 4409 4425 440 4456 2 3 L g B9 VLY 14
28 | 4472 4487 4502 4518 4533 4548 4564 4579 4594 4609 2 13 5 8 E 5 1111 14
20 | 4624 4639 4554 4669 4683 4698 4713 4728 4742 4757 | 3 4 6 | g 10 12 13
30 | 4771 4786 4800 4814 4EI9 4843 4857 4871 4886 4900 1 i 4 & 7 % 1 1 12
31 | 4914 4028 4942 4955 4969 4983 4997 5011 5024 5038 ) 3 A0 k- TR 12
32 | 5051 s065 s079 s092 S108 S119 5132 5145 5158 5172 1 3 &5 T OB % 12
13 | 5185 5198 S211 5224 5237 5250 5261 5276 5289 532 1 3 &5 & B % 1o 12
34 5315 5328 5340 5353 5366 5378 5391 5403 5416 35428 | 3 4. 5 L] i 9 10 1
35 | s441 5453 5465 S478  S490 5502 5514 5527 5539 5551 1 2 4 8 & 7 % 101
36 5563 5575 5SB7 5599 5611 5623 5635 5647 5658 sS670 1 2 4 5 6 T & 10 11
37 | 5682 sS604 S705 S717 5729 5740 5752 5763 5775 5786 1 2 Al oo BB U
38 5708 SBO9 5B21 SR31  SB43 SB35 GB66 5877 SESE SE99 1 2 - A0, ] T 8 ? 10
39 | 5911 %922 5933 5044 5955 5966 5977 S9BR 5999 6010 1 2 Yo EES T R & 0
40 | 6021 6031 6042 6053 6064 6075 GOBS 609 6107 6117 1 2 2 4 5% B % W
41 6128 6138 6149 6160 6170 6180 6191 6201 6212 6122 1 2 3 4 5 &5 7 B 9
42 | 6232 6243 6353 6263 6274 6284 6294 6304 6314 6325 1 2 3.4 S8 T ‘B 9
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Absolute value: The absolute value of a number is its distance from 0 on the number line.
Absolute value equation; An equation that contains an absolute value symbol,

Additive identity: Additive identity of real numbers is zero but additive identity of matrices =
are null matrices,
Additive inverse: The element which is inverse to a given clement with respect to addition. s

Algebraic expression: An expression consisting of variables and constants, connected by algebraic operations.
Altitude: A line segment between a vertex and a side of a polygon, that is perpendicular to

the side,

Angle bisector: A ray that divides an angle into two equal parts.

Anti logarithm: Inverse operation of logarithm,

Arithmetic mean: It is ratio of sum of quantities and number of quantities.

Axiom: It is a mathematical statement which is assumed to be true without any proof,

Base of logarithm: The number in terms of which a given number is expressed as a logarithm or exponential,
Bearings: Bearings are the angles measured clockwise from due north and are expressed as three digit numbers.
Binary relation: A binary relation R is a subset of the Cartesian product of two sets,

Cartesian plane: the two dimensional, the ponts of which are identify by their coordinates.

Cartesian product of sets: Cartesian product of sets A and B is the set of ordered pairs (x, ¥) such that re A and
yEB.

Characteristic: The integral part of logarithm of a number,

Circular region: The union of a circle and its interior region is the circular region.

Circular system: The system in which angle is measured in radians.

Coefficient of variation: The percentage ratio between standard deviation and mean of a data.

Collinear points: The points lying on same straight line,

Common logarithm: Logarithm having base 10,

Complement of set: Let ACU, then the set of all elements of U, which are not in A, is called complement of A,
Complementary events: Two events in which one shows non-occurrence of other,

Compound inequalities: Two inequalities that are joined by the word “and” or the word “or”.

Conjecture: A statement that is believed to be true but its truth has not been proved. It is a true statementi that needs
proaf.

Converse: A proposition derived from another by interchanging its subject and predicate terms.

Corollary: A proposition that follows directly from the statement of anothcr proposition,

Coterminal angles: Two angles having same terminal ray in standard position. »
Deductive reasoning: In deductive reasoning we work from some general result to a specific conclusion.

Diagonal: A line joining any two vertices of a polygon that are not joined by any of its edges. )
Difference of sets: Difference of sets A and B is a collection of those elements of A which are not presentin B, -
Disjoint sets: Two sets are said to be disjoint if they have no common elements.

Distance formula: It provides distance between two points in a plane or line.

Domain of binary relation: Set of the first elements of ordered pairs in a binary relation.

Equality: A mathematical statement with the equality sign is called an equality.

Equivalent equations: Two or more equations, having the same solution.

Equivalent inequalities: Two or more inequalities that have the same solution,

Expected frequency: The expected frequency of an event is the frequency we expect to see based on probabilities,

Exterior angle of polygen: Angle formed by any side of the polygon and the extension of its adjacent side,

Extraneous root: A solution of equation which does not satisfy solution of equation,
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Factor: Any integer or polynomial that exactly divides a given integer or polynomial,

Factor theorem: A polynomial p(x) has a factor x — ¢, if and only if p(c) = 0.

Factorization of algebraic expression: The process in which an algebraic expression can be expressed as the
product of its factors.

Family of lines: For a non-zero k, the equation /,+ ki, = 0, is also linear and represents family of lines where [, and /,
are lines.

Frequency: Number of repetitions of an individual value in an ungrouped data.
Frequency table: A table consisting of values of a data along with their frequencies is called a frequency table.

Fundamental assumptions: Fundamental assumptions are statements which are regarded true without any proof.

Geometric mean: It is a measure of central tendency which is usually used to find the average rates of change in different
intervals.

Gradient: It is the tangent of angle which the line makes with positive direction of the x-axis.

Grouped data: A tabular arrangement of data in which various items are arranged or distributed into some classes.
Harmonic mean: It is ratio of number of values to the sum of reciprocal of values of data.

Histogram: The representation of data by a chart having adjacent rectangular bars.

Identity: It is an equation which remains true for all possible replacements of variable involved in it.
Inclination of straight line: Inclination of a straight line is the angle
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SYMBOLS AND ABBREVIATIONS USED IN MATH
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