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Introduction

Dear students:

It is extremely great pleasure to introduce the mathematics book for third
preparatory. We have been specially cautious to make learning mathematics
enjoyable and useful since it has many practical applications in real life as well
as in other subjects. This gives you a chance to be aware of the importance of
learning mathematics, to determine its value and to appreciate mathematicians
roles.

This book sheds new lights on the activities as a basic objective. Additionally,
we have tried to introduce the subject simply and excitingly to help attaining
mathematical knowledge as well as gaining patterns of positive thinking which
pave your way to creativity.

This book has been divided into units, each unit contains lessons. Colors
and pictures are effectively used to illustrate some mathematical concepts and
the properties of figures. Lingual level of previous study has been taken into
consideration.

Our great interest here is to help you get the information independently in order
to improve your self-study skills.

Calculators and computer sets are used when needed. Exercises, practices,
general exams, portfolios, unit test, general tests, and final term tests attached
with model answers have been involved to help you review the curriculum
completely.

Eventually, we hope getting the right track for the benefits of our students as
well as for our dearest Egypt hoping bright future to our dearest students.

Authors
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Perpendicular to !7/"%
Parallel to ?
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One of the players threw the ball so, it took the direction shown
in the figure.

This figure represents one of the functions which you will study
and is called " a quadratic function"



Cartesian product

Think a i
’ : : You have previously studied relation between two variables x, y
What you'll learn 1 Find a set of the ordered pairs which satisfy the relation:

y=2x-1Twhenx=0andx=1,x=2

¥ Cartesian product of 2 Represent these ordered pairs graphically in the coordinate plane.
two non-empty sets. ) )
Does the ordered pair (3, 5) equal the ordered pair (5, 3)?

(Use the graph).

From the previous, we notice:
Key terms e

1 In each ordered pair (a, b), a is called the first projection, and |
Ordered pair. b is called the second projection.

A cartesian product. 2 Each pair is represented by one and only one point in the coordinate

An arrow diagram. plane.

A cartesian diagram.

Relation. 3 Ifa=b then(a,b)¢(b,a),Why?
4 (a,b)=z{a,b}
5 If(a,b)=(x,y) thena=x,b=y

f"‘ g WO 1
1

Find x, y if: (x-2,3)=(5,y + 1)

XX ¢

}( . 'Solution. -

»‘

( y=2
o

Find a and b in each of the following:

A (@, b)=(5,9) B @-2,b+1=(,-3)

@ 6b-3-0-a-1) @@-720=02b-1

Student’s Book - first term Qlo
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{ If X={a,b},Y={-1,0, 3)thenfind: X xY,Y x X, What do you notice?
‘ . éolution' -

}{ To find the cartesian product of the set X and Y which is denoted by the symbol

) P Y Y

}( X xY. write the set of all the ordered pairs in which its, first projection is an element of
‘ X, and its second projection is an element belongs toY , and it is written as:

) proj g

\ XxY=ta,byx(-1,0,31=1@,-1),@,0,@,3),b,-1,b,0,b3)

}‘ Y X X = { _1/ O/ 3} X {a/ b } = { (_1/ a)/ (_1/ b)/ (O/ a)/ (O/ b)/ (3/ O)/ (3/ b)}

}1 So: X XY #Y x X
BN < Bt

a b
La) |(1,b)
(0, Q) (0, b)

}( We can get X xY and Y x X from the following tables

(3, Q) (3,b)

\ Think:

{ 6 When X XY =Y XX?

G Are the number of elements of X XY = the number of elements of Y X X?
"

NN N N N N N A A A A ]

We notice that :

1 If XandY are two finite and non empty sets then :
XXY={(a,b):acX ,b e Y}
2 XXY=zYXX where : X #Y
n(XXY)=n(YXX)=n(X)Xn(Y)
where n denotes the number of set elements .
3 If k meXxY thenk€X, m€E€Y
4 If Xisanon-empty set,

then: XXX={(a,b):a,b € X}

0 2 o, 0
and written as X and it is read as (X two).

Qi@ Math - Prcparatorg B



W

HX={1LY=12 3), Z=12, 5, 6} represent the sets of X , Y , Z with venn diagram then find:
First s @ X =¥ By=z B x=z ) y?

Second: (X xY) L (¥ = Z) Third: X = (¥ [ Z)

Fourth: (X =¥) 1 (X% 2) Fifth: (Z-Y) = (X U ¥)

First = z
X =Y ={1) =2, 3] =4{01,2) (1, 3N . @

By ~7=1{2 31 %125, 6} X
= {{2,2), (2, 5), (2, 6), (2, 2), (3, 5), (3, 6. Y
& X =Z=1{1}=(2,5 6={1,2),(1,5) {7, 6)
B Y2 =Y =Y =[2 3} x{2, 3)
={(2, 2}, (2, 3}, (3, 2), (3, 3N
Second : (X =¥y Ly =20 =1{(1, 2), (1, 3), (2, 2), (2, 5), (2, &), (3, 2), (3, 5), {3, 6}
Third : X = (Y [ Z)= {1} % {2} = {{1, 2)}
Fourth : (X =Y) 1) (X Zh={(1, 2 (1, 30 M {01, 2501, 5000, &3 = (01, 200,
Fifth : Z - ¥ = {5, 6] R S S T Complete

T o T 0

WX=§2,-1,Y={4,01,2=14,5, -2 Find
W X=EY Y =<7 B X2
B niXxZ) & nyh B n (2

The representation of the cartesian product:

- =
=
o m

@i x=101,2),¥ 13,4, 5) Fimd: X =Y, and represent it

First: by the arrow diagram. Second: by the cartesian diagram.

Student’s Book - first term Qlo



;‘ Solution

XxY={1,2}x{3,4,51={(1,3),(1,4),(1,5), (2, 3), (2,4), 2, 5)}
X Where the cartesian product of X xY is represented by an arrow diagram, or a grahpical

net, as follows:

) First: An arrow diagram
)‘ Draw an arrow from each element that represents the
" first projection (The elements of set of X)
’1 to each element that represents the second projection (The elements of set of Y) XxY
X5+
:1 i.e: The arrow diagram of the cartesian product represents ats @l
)‘ each ordered pair by an arrow thatstarts from its first projection )
. o L]
}‘ and ends at the second projection. R +)
:( Second: Cartesian diagram (the perpendicular graphical net. 3h R
)‘ On a perpendicular graph net, the elements of set X is repre- 1 ’
sented horizontally and the elements of set Y vertically. The In-
‘ d horizontally and the el f setY vertically. The i |
)1 tersection points of the horizontal and vertical lines represent 1 2
P‘ the ordered pairs of the elements of the cartesian product X x Y. X xY v
\
A e e e e e >
-
/(‘
( If X ={3, 4, 8} then find, X x X and represent it with an arrow diagram.
. :Solution‘ - Arrow Diagram
. o 3
XxX=13,4,8;x{3,4, 8}
={(3,3), 3, 4), 3, 8),(4,3), (4,4),(4,8),(8,3),(8,4), (8, 8)}
Notice in the figure: the ordered pairs are represented by arrows, and
the ordered pairs in which the first projection is equal to the second 8 4

projection as: (3, 3), (4, 4), (8, 8) are represented by a buttonhole to
show that the arrow comes from a point and ends in the same point.

Notice that: n (X) =3, thenn (X xX)=3x3=9

In this case, the cartesian product X X X can be represented graphically by 9 points where each point

represents an ordered pair. But if X is an infinite setc then the number of elements of XxX is infinite.

Think: How can you represent the cartesian product of each of the following?
(\ NxN,ZxZ,QxQandRxR.

N N N N N N N N N NN\ )

Q @ O Math - PreParatorg B



The cartesiem product of the infinite sets and its graphical

representation:
First: To represent the cartesian product of N= N = {(x, ) : x e N, y & N}
-
@ Drawtwo rrer]'}:;rnd'[[_'..LiIE: straight lines, one of them is x x™ horizon- _ !:
tialy and the other ¥ y™ vertically and are intersected at point o. £3 f
: T - ¥
@ Represent the natural numbers N on each of the horizontal and | ¥, _
vertical straight lines starting with the origin point 0 which repre- .:-_u T I,
sents the number zero. ---I,-l | B 255 e A Al

. Draw vertical straight lines and horizontal straight lines from the
points which represent the natural numbers, you will get the opposite figure, and thus, the
points of intersection of the set of these straight lines are represented by the perpendicular
graphical net of the caresian product of N = N.

MNotice that: Each point of this net represents one the ordered pairs In the cartesian product of
NN

For Example: point A represents the ordered pair (3, 21 and point B represents (0, 4],

Complete: point C represents the ordered pair (..., ....), point O represents the ordered pair
I )

Second: To represent the cartesien product of Z < 7 :‘l"‘ Il
={{x, yxEZ v L. 155, 5 58! 5 1
We represent the set of integers on each of the two Ao ;

horizontal and vertical straight lines where the point
(O represents the ordered pair (0, 0). s i S EC R e R e
Thus, each point of the net points represents one of ' &

"-
L= ol

e

the pairs in the cartesian product Z = Z i T
This net is known as the coordinat plane of Z X Z, ' T e
I 5+ . k -l_u

xy

Drill

Identify the ordered pairs which represented by the paints A, B, C and D in the previous graphi-
cal net.

Third: To represent the cartesian product Q = Q = {ix, vl :xe Q. v )

Draw a perpendicular graphical net and represent the set of rational numbers Q on the -
3

two horizontal and vertical straight lines, then identify the points: A (3, %‘.-. B {- <. 4

Ci-3,-and D, -3
Student’s Book - first term QL



Fourth: Representing the cartesian product RXR = [(x, v} ;xR vy R)
the set of real numbers can be represented on each of the two

T ' Y
horizontal and vertical straight lines, and point O represents ~ *ondeudsat o} frst quadrent
the ardered pair (o |, o). k<l y=0 i x=by>0
The horizontal straight line xx™ is called the x - axis, and the ¥ : E
: . st Iy " Tk a2 3 d 4
vertical straight line y v is called the y - axis. 2
! . & . ] it quadreni inrih spesdeeni
Then, the net is divided into four parts (quadrants) as in the «4
ites i xall,y=ll —a =y
opposite figure: v ¥

Draw a perpendicular square net of the cartesian product R = R, then tell the quadrant or the

b axis where each of the following points is located:

A3, 3),B(3,-2),CI-4,-2), D14, 3), EO, -3),F (2, 0)

:""a:1-||_|1'|: b{p] | ]_r'l

A (3,3 15 located in the first quadrant. Ihe : il

B i3,-2) is located in the fourth quadrant. 2

C (-4, -2 is the located in the third qudrant X 1 ¥ x
D -4,3) isthe located in the second qudrant = = | _'_Ir1 i 1 "
E (D, -3} isthe locate on vy - axis Gx -t Al

F (2,00 isthe located on x - axis. 1 —;; -

If X =1-2, 3] find the location which represents X = X.

Shenw which of the following points belongs to the caresian product of X = X
A{1,2),B(3,-1%C(-1,4)and D (-2, 0}

@

For More Exercises, go to MOE website
Math - PreParatorg P



Relations

In the festival "Reading for All", five ‘1’1
students represent the set of X ={a , b, c, d g'

, e} went to the school library to read some

£
books which are represented by the set Reading for all y

What you'll learn

Y = [ science, literature, culture and history] ¢ Avrelation of set of X to

the set of Y.
student A read a book in science and a book SV relationffiomiakset
in culture, student b read a book in histroy, student c read a literary on it self.
book, pupil e read a book of the historical books, but student d didn't
read any of these books. Key terms

‘ Write the previous statements in the form of ordered pairs from +Yr Relation.
XtoY.
‘ Represent a set of the ordered pairs in the form of an arrow
diagram.
Notice that: The expression " read" connects some of the elements of the set
X with the elements of set Y, and it determines a relation
between X and Y which is denoted by the symbol R. This
relation can be represented by an arrow diagram - as shown

in the opposite figure , where we draw an arrow beginning
from the student and ending at the type of books he reads.

We can also express the relation from X toY by the net of the following
ordered pairs:

{(@, Science), (a, Culture), (b, Histrory), (c, Literature), (e, History)}.
This set of ordered pairs are called the relation R.

Thinlk:ls R a subset from the cartesian product X x Z?

f‘”‘ ‘L«M

)1 IfX=1{-1,1,2},Y={2, 4,6, 8}, and R is a relation from X to Y where
)1 aRbmeans: <kb=2a+4» foreachae X, beY

)

) cartesian diagram.

Write and represent R once in an arrow diagram and another by a

Student’s Book - first term Q_lo



'_Euﬂuhr:-n:
When: A = -1 e B=2%1 e d =2

LR ] L
When: A =1 S B=2K1+4=6 Al
Wl‘ll—‘.ﬂ:;"h:}! -.-H=?‘!2+4=H ik -
SR =1, 2), (1, 6), 2, B} 4
=11 I
From the previous, we deduce that S

" The relation from X to Y where X, Y are two non-emply sets is a relation, connecting some
or all the elements of X with some or all the elements of ¥,

'. X =¥ is the set of ordered pairs where the first projection in each ordered pair belongs o
X and the second projection belongs to Y.

" If R is a relation from X toY , then B © X ®Y .

The relation from a set to itself

If B is a relation from a set X to X (itself) then R is called a relation
an X and B < X = X,

P
“’“m

If X=1{-2,-1,0, 1,2} and R is a given relation on X where a R b means:

«The number a is the additive inverse of the number beforeachofa, bE X

Write the relation B and represent it by an arrow diagram and also by, cartesian diagram,
- Sohtion

E. = {':'2, Eh [-]J 1].. [n'; {:”.- I.].l _1]. .I.lr '2]]

..x.

4 ® -

L -

(LA | [ ]

-1 & [

-3 L]

— - & @ -
= B O T

Qi@ Math - PreParatorg 5



IfX={1,2,3},Y={12, 21, 47, 52}, and R is the relation from X toY where a R b means :
(ais a digit from the digits of b ), foreachae X, be Y
First: Write R and represent it by an arrow diagram and also, by a cartasian diagram.

Second: Show which of the following relations are correct and why?
1R 52 2R 21 3R 47

For More Exercises, go to MOE website
Student’s Book - first term



C A
- What you'll learn

1

1r Concept of the

function,
1r Symbolical expression
of the function.
a' Write each relation and represent it by a cartesian diagram,
Which of these relations satifies the following condition: each
element of X is connected to only one element of Y,
Key terms
# Functions. -
% Domain Definition:
i et A relation from X toY is said to be a function if:
¥r Range

Each of the elements of X appears only once as a first projection in
one of the ordered pairs of the relation.

The Symbolic representation of the function:
The function is denoted by one of the following symbals: f or m
ar Q or.., and the function § from the set X to the set Y,

is written mathimatecally as:

f:X=Y¥ andisreadas: «fisa fuction from X o Ye.
Notes:
@ If f is a function from X to itself, we say that f is a function on X,

@ If the ordered pair ix, y} belongs to the function, then the element
y is called the image of the element x by the function f, and we
express it by one of the following two forms:

f:xry Is read as - the function: f maps x oy

Or fixi=sy itis read as: | i5-a function where { ix) =y

CL Math - Prcparatorg %
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If fis a function on X where: X ={3, 4,5, 6}andf(3)=3,f@4)=5,f(5) =4, f(6) =5.
Represent f by an arrow diagram and also, by a N X

( cartesian diagram. 6l
" ° . - 5pF T
}‘ - Solution - 3 4F .
[ 3 ] 6 3 . .
}‘ f: { (3/ 3)/ 4/ 5)/ 5/ 4)/ 6/ )} Q 3. 4. 5. G.X

N N N N N N ) . .
Cartesian diagram

\, N N
%}?2 Arrow digaram
A ‘k&\‘
} X X X
Drill 2 ) 2 o

1
@ 1 X = {1, 2, 3, 4} which of the z<j§
following arrow diagrams represent 8 4 3 3

a function on the set X? @ @ G 4
X X X
5h 5% 5r
. . b 4» 4
G Which of the following z L] P s A s b
cartesian diagrams represent a 20 2 2r
. b 1k 1o o
fuction from X to X. T b, SO I 0 O S O D, SN ) o X
1 2 3 4 5 17 2 3 4 5 17 2 3 4 5

Think: 1s every relation a function? Explain your answer and give examples.

The Domain, the codomain and the range

If f is a function from X to Y.

i.e:f:X =Y, then

The set X is called the domain of the function f.

The setY is called the codomain of the function f.

The set of images of the elements of the domain of X by the function f, is
called the range of the function.

For example: If f: X > Y.

,X={-1,2,3},Y={2,3,5,7}, f={(-1,3),(3,5), (2, 7)} then:
6 The domain of the function fis the set X ={- 1, 2, 3}

6 The codomain of the function f is the setY = {2, 3, 5, 7}

6 The range of the function f is the set of the images of the elements of X by the function f and equal to
(3,5, 7

Note that: The range is a subset of the codomain of the function.

Student’s Book - first term Q&D



Y

fX=1{23,4,Y={y:yEN,2<y<9} where N is the set of natural numbers, and R is a
relation from X to Y where a R b means: « a = —b» for each of a € X, b € Y, write R and

)‘ represent it by an arrow diagram show that R is a functlon from X to Y and find its range.

’{ - Solution -

\ Y=12,3450678 | R=(24,00,4s8)

) Risafunction because every element of the X has only one arrow coming
) outtoone elementofY.

)‘ The function range = {4, 6, 8}

LWAVAVAVAVAVAVEAVA

Q For More Exercises, go to MOE website
Math - PreParatorg B



Polynomial functions

In the functions f:R->R, f,x)=5
ffR->R , f,(x)=3x-8 What you'll learn

f:R_)R/ f3(X)=4X2-5X+8
We notice that: Yr The linear function
’ and its graphical

‘ The domain and the codomain of the function is the set of the representation.
real numbers R.
‘ The rule of function (image of x) is a term or an algebraic expression.

‘ What the power of the variable x in the previous functions? Key terms

Y¢ Polynomial
Deﬁnition function.
) Yr Linear function.
The function f : R - R where: ¥ quadratic Function

Y¥r The graphical
representation of
neN,a, #0,is called a polynomial of degree n. function.

- 2 n
f(x) =a;+a, x+a, x> +..+a, x"wherea, a,a,..a R

And thus: the degree of the polynomial is the highest power of the
variable in the function rule.

‘ Which of the following functions represents polynomial:
A fL)=x3+x2+3 sz(x):x3+%+7
— 32 - .
© f00=x2+V* +8 D F,()=x(x+—-2)

‘ If f: R > R then mention the degree of the function in the
following:

A f(x)=3-2x B f(x)=x2-(x*-3)
C f(x)=x(x-2x?) D) f(x)=x?(x-3)?

Student’s Book - first term QL



e W
)‘ If f (x) = X2 - x + 3 then find: £ (-2) , £ (0), f (V3 )
\ - :Solution‘
): i) =x2-x+3 S 2)=(-22-(-2)+3=4+2+3=9
)4 fo=3, f(Va)=(W3)2-V3 4+3=6-V3

If f(x) = x2 - 3 x , g(x)=x-3

Al Find f(V2)+3g(W2) B Provethatf(3)=g3)=0
Linear function

Definition

The function f: R > Rwheref(x) =ax+b,a, beR, a#0 this function is called a linear function

or a function of the first degree.

The graphical representation of the linear fuction:
-

= g

’1 Represent graphically the function f: R = R, f(x) =2 x - 3

’1 . :Solution‘ .

YA
’1 T fx)=2x-3 ;
3
)‘ S f0)=0-3=-3, f(1)=2-3=-1 ,f2)=4-3=1 - : -
)1 You can put these ordered pairs in a table as the following: T T /z 343 T
>
)‘ i
): X 0o 1 2 /;
:1 y=fx) -3 -1 1 ¥

(
)( The ordered pairs of the cartesian product of R x R is represented on the square net.

A e N e e e e e T >

Qi@ Math - PreParatorg B



Remarks:

6 It is enough to find two ordered pairs belonging to the function, it is prefered to find third
ordered pairs to check the graph.

6 Iff: R = R, f(x) =ax, where a # 0 then it represents graphically by a straight line passing
through the origin (0, 0)

Reprsent graphically each of the following functions:
6f:f(x)zx+2 ag:g(x):Bx eQ:Q(X)=-2X

Special case: If f :R » R, f (x) =b whereb €R A

y
then f is called a constant function. P |
< E =
For example: f (x) = 3
and it is written as 'y = 3
X X >
112 T2 1 2
y=fx) 3 3 3 y'v

It is represented by a straight line paralled to the x-axis.

’:\Qj J
NI

Drill
Represent the following functions graphically:

@ fo=5 @ fo=-4 @ =0 éf(x)ﬂ%

The quadratic function
The function f :R » R where f(x) =a x2 + bx + ¢, a, b, c are real numbers, a# 0
is called a quadratic function and it is a function of second degree.

Student’s Book - first term Q&D



The gmphical representation of the quadratic function.

)
)‘ Represent graphically the quadratic function f, where f (x) = x2, x € R consider x € [- 3, 3]

( - Solution -

" Identify some of the ordered pairs (x, f (x)) which belong to the function f where x € R and
" that the interval is [ - 3, 3] gives some possible values the variable x.
.1 f(-3)=9 f(-2)=4,f-1)=1,f0)=0,f(1)=1,f2) =4, f(3) =

Put these ordered pairs in a table as follows:

X 3/2(1]0/(-1|-2]-3
y = f(x) 914(1|0|1]4]|9

—lNUu-b\nO\\lm\o; ~<
e

Identify in the cartesian plane the points which represent these x

<

Y x

—4+31211] 12 3 4

ordered pairs, then draw a curve passing through these points.

<
<

Notice that:

@ The curve of the function f is symmetrical about the y-axis and the equation of the
symmetrical axis is x = 0
@ The coordinate of the vertex of the curve is (0, 0), and the minimum value of the function = 0

Generylly:

The function f(x) = ax* + bx + c, where a,b,c are real numbers, a = 0 has the following properties:

@ The coordinates of the vertex of the curve = ('zba ,f (%))

@ The curve of the function is open upwards U when the coefﬂaent of x* is positive (a > 0)
and in this case the function has a minimum value equals f( =)

@ The curve of the function is open downward N when the CofﬁClent of x?is negative (a < 0)
and in this case the function has a maximum value equals f( —)

@ The curve of the function is symmetric about the vertical line which passes through the vertex
point of the curve and the equation of this line is:

X= % and this line is called the axis of symmetry of the function.

Q@Q Math - PreParatorg B
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(”“‘ bm

Represent graphically the quadratic function f where:

~<
5
=

f(x)=-x2, x ERwherex &€ [-3, 3] '

q 0
:‘ . i - FEEFIN 234 -
’( . Solution - L
’( Repeat the previous solution steps: / : \

| & \
)1 X 3210 -1 -2 -3 o1
:{ VNN -9 (-4 |-1|0|-1(-4|-9 Ty

): From the previous drawing, we notice:
)‘ ﬁ The curve of the function f is symmetrical about the y-axis, thus, the equation of the
‘ symmetrical axis is x = 0

(N é The coordinate of the vertex of the curve is (0, 0) and the maximum value of the function = 0

N~ N N N N N N ]

For More Exercises, go to MOE website
Student’s Book - first term



Unit 2: Ratio, proportion, Direct
Variation ad Invere Variation

Algebra

W

you Know ? . .
The weight of a humah body on the surface of the ’
moon equals % of the weight on the surface of Earth.

Imagine you are going‘to a trip on the moon:.What'.
will your weight be? - . x

- a



' STiba-
- What you'll learn

Ratio.
Propertics of ratic,

*
"

Key Terms

Antecedent.
Consequent.

The twa terms of the
ratio.

N

We have learned in the previous phases the subject of ratio and
that ratio is: a comparison between two guantaties.

for example: If there are 4 boys and 3 girls
so the ratio between the number of boys
to the number of girls can be written as 4

e 3 or ;— Generally, if a and b are two

real numbers

Then, the ratio between the two numbers a and b

Can be written as a to bor azh or %-

a will be called an antecedant and b is consequent and a and b
together are the two terms of ratio.

Complete and answer the questions:
. s the ratio changed if each of its two terms is multiplied in a
fixed amount not equalling to zero?

i S T

Rw .

. Is the ratic changed if you add a real number to each of its two

termst
T e
3 T g

@ =—i lsa=3; b=5 forthe values of a and b?

Student’s Book - first term Q_Q_Q
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g W
Find the number which if added to the bwo terms of ratio 7 011 it willbe 2 2 3

Salution
Censider the number is %,

x4 7 2 -
S KA T2+ 11)
x+ 11
G334 2T =2 x4+ 22 L Ax-2u=22_-M
. 3-;:]

Find the positive number which if we add its square to each of the two terms of ratio 5: 11 it becomes
3:5.

Q For More Exercises, go to MOE website
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pos

X6 b %

hat you'll learn

Proportion

Properties of
proportion
Continued properties

Key Terms

Proportion

First proportional
Second proportional
Third proportional
Fourth proportional
Extremes

Means

Proportion

C
If% =7 then it's said that a, b, c and d are in proportion.

a

b d

Definition:

The proportion is the equality of two
ratios or more.

If a, b, c and d are in proportion, then

. a C
In ratio vy

So, a is called the first proportional, b is called the second proportional,
c is called the third proportional, and d is called the fourth proportional.

a and d are called extremes, b and c are called means

The proporties of proportion

fiirst: if - = — then:

Cazmc ., b=md where mcR"

C a d = b c (product of the extremes equals product of the means)

b
®:-}

Check the previous properties by giving numerical examples of

your own
a c
Second: If: ad = bc then : o=
a _ b
—d

Check the proporties in the following numeric example:

You know that: 4 x8 =2 x16

Student’s Book - first term Qlo




‘ Jnt 2y
If — == findd the value of the ratio: ———
¥ 3 fiy - x
Consider x =2m, y = 3m iwhere m constant & zero|
Jus 2y A=Fm+ X=Fm 12m 5
ﬁ:.r..p; B B¥dm-2m _,‘IF.\_'m_'d
_Anather Solubon
k-
Divide the numerator and denominator on y, then substitute for the value of —
X
Lk T +2 Jou % +3
. The expression = = 7 * Complefe = —-= =
BT 63
Find the fourth proportional for the numbers 4, 12, 16
fjﬂluhcm_
Consider the fourth proportional to be x
E: PO
12 ]
G4 xx=12 %16 [product of the extremes = product of the means]
12516 P
o= + =48 . The fourth proportional = 48

Find the number that if added to the numbers 3, 5, 8 and 12 it becomes proportional |

Consider the number isx e, 3 4% 5+4x HB+x 12+ xare in proportional
3 8+

ot g R S B4 =13 45 (12 4%)
LR 12+xu

A0+ 13k + 22 = 36 4+ 150 + 52 S 15K -13x =40 -36

o ax =4 K=

Qio Math - PreParatorg 5




a A Find the second proportional of the numbers 2, ........ , 4,6

B. Find the third proportional of the numbers 8, 6, ........ , 12

Qlf%z %findthevalueof 7a+9b:4a+2b

*

Third: s 2 _ < _° _ R

If - =g == e ,m1,m2,m3,...€

ami+cmy+ems+ ...
then: = one of the ratios

bm1+dm2+fm3+ .....

a b C . . . . .

For example: If: 5 = 5 =7 multiply the first two terms of the first ratio by 2, multiply the

two terms of the second ratio by -5 and multiplying the two terms of the third ratio by 3, then

2a-5b+3¢  _ one of these ratios

2x2-3x5+3 x4

i.e.: 2a - 5b + 3c = one of these ratios

/&fm

(

3a-2c 3b-2d
If: a, b, cand d are proportional quantities, then prove that : =
5a +3c 5b +3d
- Solution -
. o C
. Ifa,b, c and d are proprotional quantities % =3

Multiply the first two means by five and the second means by 3, then the sum of antecedents

and the sum of consequents = one of these ratios .

5a +3c
5b + 3d
Multiply the two terms of ratio by 3 and the second by -2 then the sum of antecendents : the

= one of these ratios (1)

sum of consequents = one of these ratios .

3a-2c

= one of these ratios 2)
3b-2d
3a-2c 3b -2d
5a + 3¢ 3a-2c
from (1), (2) .. = = .E.D
(1), 2) 5b + 3d 3b-2d 5a + 3¢ 5b + 3d Q )

Student’s Book - first term Q&D



?- '/;no’cherSOIU’cior: -

a C
" Consider 1 = -3 = m where m is a constant expression
" a=bm ,c=dm and substitute in both sides.
‘vv A Y e aY e A A A W a N a

If + =+ prove that :

. a+b c+d a-b  c-d
First: ——=—3 Second: = —— = —

. . a . . .
Hint: Consider +-= % =m where m is a constant expression # zero and complete or in any

other way.

Continued proportional

2, 6, 18 are three numbers. Compare between the proportions %, 5
6 Is there a relation between (6)? and the product of 2 x 18?

6 If you replace the number 6 with (-6) is there a relation between (-6)* and the product of
2 x18¢

Definition:

The quantities a, b and c are said to be in continued proportional if:
a _b . - . . c :
B = aiscalled the first proportional , b is called the middle proportional,

and c is called the third proportional, where : b2 = ac or b = = { ac

"( Find the middle proportional between 3, 27
)

"- ;Solution: .

~N

’( The middle proportional = +V 3X27 = +9

k

\‘AvAvAvAvAvAvAvAvAvAvAv‘
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o~ Mol
a2+ b? a

b‘ If b is a middle proportional between a and c, prove that : ————— =
b? + ¢2

)‘ - ;Solution .

]

’1 b is middle proportional between a and ¢ i.e. a, b, cin continued proportional
i b o
‘ a

)‘ Consider 5 =—/—=m o b=cm

’( a=bm=cmxm=cm?

:‘ a2+ b2 2 m* + 2 m?

( LHS =——-=

)‘ b2+ 2 2m?+ 2

’( 2 m? (m2+1)

)( =————=m? (1)
)‘ 2 (m2 +1)

" a cm

;‘ RHS=—=——=m2 @)

F 1), @) ‘ a2+b2 a
rom (1), we get —
)1 8 b? + 2

)‘ - P/A-\notl'lerSolutior; -

" ) a b a2 b2
’( Consider : 5 =— = = = m?2

C b2 2

}‘ From the first ratio and the second ratio m? =—— =L.H.S

( From (1), (2) =2

Hint Let%:%:i:m

then c=dm,b=dm?,a=dm3 complete

For More Exercises, go to MOE website

Student’s Book - first term



Direct Variation and Inverse Variation

hat you'll learn

Direct variation
Inverse variation

¥}
*
*

Difference between
direct variation and
inverse variation.

Key Terms

Variation
Direct variation

X ¢ %

Inverse variation

First: Direct variation

\Think and DiscHii m l:

A car moves at a uniform velocity (V) 15 m/sec. If
the covered distance (d) in meter in a time (t) per
second to give the relation: d = v t.

t 1 2 3 4
d 15 30 45 60

A Represent the relation between d and t graphically.

B Does the graphical representation pass through the origin point
0, 0)2

. d . .
€ Find — in each case, what do you notice?

We notice from the above :
% equals a constant expression which is 15 ol 2

=
. . . . 455
i.e.: d =15 nand is said to be directly due to 20| £
n and written symbolically d o< n. 15)&

Time in seconds
1 2 3 4
Definition:

y is said to be varies directly with x and is written as y oc x and written

y = m x (where m constant # 0). If the variable x takes the two values

X;, X, and the variable y takes the two variables y,, y, respectively ,

Y1 Xq

then: — =

Y2 )

Qio Math - PreParatorg 5



From the previous, we conclude:

6 The previous relation is a linear relation between x and y and the two variables x and v,
and is represented by a straight line passing through the origin point.

6 Ify ocxtheny=mx

andif y=mxthenyocx.

S WOEh e 1)

P
{ If y ocxtheny =14 when x = 42, then find

first: the relation between x andy second: find the value of y when x = 60

. Solution .

First: "y oc X Sy =mX (where m constant # 0)
subtitute for the values of x and y in the relation

1 1 o 1
.14 =42 xm som=_5== . therelationis:y == x
Second: when x = 60 Sy = % x 60 =20
. , . Y1 X4 . .
notice : You can find the relation RN to find the value of y in the second
2 2

requirement

NN N N N N )

Second: Inverse variation

If the area of the rectangle m and one of both dimensions x and the other dimension vy, then:
A Write the relation between m, x and y.

B. If the area of the rectangle is constant and equal to 30 cm? complete the following
table:

X 3 5 6 10

Y | s i,

¢ Find x y in each case . What do you notice?

From the previous , we notice that:
xy =30 ie:y= % i.e. y inversely changes with Y and Written symbolically y oc %
Similiarly: X = 370 i.e.: x inverserly changes with Y and Written symbolically x oc L

Student’s Book - first term Q&D
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Definition:

1
y is said to be changed inversely with x and writteny oc —- ifxy=m

(where m constant # 0)

and if the variable x takes the two values x,, x, accordingly, the variable y
X2

. Y
takes the two values vy,, y, respectively: y—1 =
2 1

From the previous, we conclude that :
@ The previous relation is not a linear relation between the two variables x and y and is not
represented by a straight line .

m
@ If y inversely changes with x then: y = — (where m constant # 0)
— X

ﬂiify:%thenyoc%.

)( If y oc = andy = 3 when x =2

)1 first: find the relation between x and y.  second: find the value of y when x = 1.5.

)‘ Solution
)
)1 Y oc % Y= (where m constant # 0)

}( substitute for the two values of x and y in the relation

a 3= m=2x3=6
)1 . the relationis : y = %
:{ when x = 1.5 _-_y=%=4

’1 Note: you can find the value of y from the relation RANNESY
{ Yo X%

\‘.vEEAVEEAVEAVEEAVEEEAVEEAVEAVAVE‘
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Show which of the following tables represents the direct variation and which represents

the inverse variation and which does not represent the direct variation or inverse variation
while mentioning the reason in each case:

X Y X Y X Y X Y
3 20 2 9 5 9 3 6
5 12 4 18 10 18 -2 -9
4 15 12 54 15 27 -18 1
6 10 16 72 25 45 9 -2
/» b2
Connecting with Physics : If the relation between velocity (v) in (m/sec) and time t (sec)
1 isv=9.8t

) Second:

( . golution .

’ First: -. v = constant x t
) Second: A whent=2
( whent=4

| AT

B WhenV =245

First: determine the kind of variation between v and t .
A Find the values of v when t = 2 seconds , t = 4 seconds

B. Find the value of t when v = 24.5 m/sec

ie. Voct

i.e. v directly changes with t.

then v=9.8x2=19.6 m/s
thenv=9.8 x 4 =39.2 m/s

24.5
9.8

then245=98xt ..t= = 2.5 seconds.

q Connecting with Geometry: If the height of a right constant cylinder (constant volume) is (h)

)‘ varies inversely as the square of its radius length r. If the (h) is = 27 cm, when the radius =
10.5 cm, Find (h) when r = 15.75 cm.

Student’s Book - first term Q&D



;‘ Solution :

)1 . Voc r12 Sov=m X rlz (Where m constant # 0)

:‘ v=27 whenr=10.5

)‘ 527 =mx . m=27x(10.5)° )

’( (10.5)2

\ substitute =27 % (105 x = from (1)

(

:1 when r = 15.75 cm V=27 % (10.5) x ————=12 cm
(15.75)

" Use the calculator to find the last step as follows:

)
( x 105 2 10,75 52 —

\\‘vAv N N >

@ For More Exercises, go to MOE website
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Unit 3: Statistics

Ice Cream stores produce different kinds of ice cream. The
manager conducted a survey on the favorite ice cream the
consumers prefer.

Statistics helps you select the sample representing the
consumers.



Collecting Data

. Think and Discuss’

The method of collecting data is considered one of the most

important phases that statistical research mainly depends on.
hat you'll learn Collecting data in such scientific methods will lead to get accurate
outcomes when doing operations of statistical inferrence and proper
decision making.

% Resources of collectin
ke g 6 What are the resources of collecting data?
% Methods of collecting G How is the method of collecting data identified?
" ‘:fta o elot | Resources of collecting data
OWw 10 select a sample
% Types of samples G Primary resources (Field resources):

These are the resources which we originally get data through
interviewing or questionaires (survey). This type is distinguished
by accuracy. However, it needs time and efforts beside it is highly
expensive to conduct such a type.

é Secondary resources (historical resources):
Key terms We can get our data from authorities and
% Pri agancies formally work such as central agency for
fimary resources mobilization and statistics , internet and media This

¢ Secondary resources type is a good type of resources such that it saves |
¥r Method of mass time and money.

population .
S Method of sample The method of collecting data
¥ Biased choice The method of collecting data is determined according to the aim
Y Random choice and the size of the statistical society under study.

sample
* Rangom sample For example: The students of a school
% Layer sample represent a statistical society whose value

is the student .

First : Method of mass population :

It means to collect the data related to the
phenomenon of the statistical society. It's
used to include all the society such as the
population. This type is including all the values
and it's unbiased in addition the outcomes are so accurate.

Qi@ Math - PreParatorg 5




The disadvantages of such a method are ; it needs long time and great efforts. Further more,
it costs much money.

Second: Mehods of samples:
It mainly depends upon selecting a sample from the statistical society that it represents.
We conduct reseaches on the sample. The outcomes we get are generalized on the whole society.

Advantages of using methods of samples:
6 It saves time, efforts and money.
6 The only way to collect data about gigantic societies (like fish).
6 The only method to study some limited societies such as:
A Check the patient blood by getting a sample
(checking the whole blood leads to death).
B Check the production of a factory producting electric lamps to

determine the validity of the lamp.
(Know for how long the lamp can be used before getting burned).

Some of the disadvantages of the sample methods are : the outcomes of such type are not
accurate if the selected sample doesn't represent all the society well in such a case the sample
is called biased.

How e select samples and the conditions must be found in getting a
sample:

First: the biased selction (samples are not randomly selected)

It means that we select the sample in a way to satisfy the objectives
of the research. This is called as the sample delibrate. For example,
when we want to know how the students understood a lesson in
mathematics we must analyze the outcomes of the test by considering
the outcomes of a group of students studied the same topic without
the other students this is not a random selection.

Second: Random seclecion (random samples)
It means to select a sample such that the chance of getting any value from the society is
equal.

Of the most important types of the random samples :

6 Simple random sample:
Is the simplest type of samples and it can be get from the homogeneous socities where
their selection is related to the size and number of units in the society.

A If the size of the society is small:

When we choose 5 students of a 40-student class, then we can prepare
a card for each student on which their names or numbers are written,

|~
Repeat this experiment till you get the sample needed. i!4 7 q

Student’s Book - first term Q&D

where all the cards are identical, put them back again in the box and
draw a card from the box randomly and return the ball back again.




B If the size of the society is big:
suppose we want to select the sample (5 students) from all the students
whose numbers 800. The process of selection will be difficult to be done.
So, we number the students from 1 to 800, then use the calculator or excel
program to give 10 random digits in the field from 0.000 to 0.999 and take
out the decimal point to make the field from zero to 999 you can take out the

decimal digits which are more than 800 as follows:

- @eHn

Repeat pressing on @ the appearence of numbers will be successive.

@ 5 digits unrepreated are enough to give the digits of the sample for the students.
Layer random sample:

When the society needed to be examined is heterogeneous or made up of qualitative sets that
are differenct in characteristics, the society is divided into homogeneous sets according to the
characteristics forming it. Each set is called a layer and the researcher selects a random sample
which each layer is represented according to its size in the society, such as a sample is called
the layer sample .

For example: when we want to study an educational level of a society of
400 persons where the ratio of males to females is 3:2 and we want to
select a sample of 50 persons, we must select 30 persons from the male
layer and 20 persons from the female layer randomly.

@ For More Exercises, go to MOE website
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Dispersion

. Think and Dliﬁa

You have previously learned the central tendancy (mean - domain
- mode) and you used them to calculate a set of data to identify one
value describing the trend of these data in centeralization around
this value.

If the weekly wages in pounds of two sets
of workers A and B in a factory are as follows:

Set A: 170, 180, 180, 230, 240
Set B: 50, 180, 180, 190, 400

‘Find the mean to the wages of the two sets A and B.
‘ Compare the wages of the two sets A and B. What do you deduce?

You know Total of these values
The mean =
that iili i"iiii )

170 + 180 + 180 + 230 + 240
5

then:

the mean of wages for set A =

= 2% = LE 200

50 + 180 + 180 + 190 + 400

The mean of wages of set B = -

=19 = | E 200
5
Compare the wages of the two sets A and B to find :
‘ The mean of wages for set A = the mean of wages of set B

=LE 200

C The median of wages = the mode wage = LE 180 for each
set A and B

What you'll learn

Yr Dispersions
(Range- standard
deviation)

Key term

Yr Central tendency
Yr Mean

¥r Dispersion

¥r Range

Yr Standard deviation

Student’s Book - first term Qlo



We notice that :

(1) The wages of the two sets are different but both have the same measures of central tendency.
(2) The wages of set A are close so the values are included between 170 and 240 pounds where
the wages of set B are divergent so the values are included between 50 and 400 pounds.

i.e. The wages of set B is more divergent than the wages of set A.
So When we compare two sets, we must consider the dispersion of the values of both sets and
being divergent from each other .

@ "

Dispersion: to any set of values means divergent or the differences

between its values. The dispersion is small if the difference between the

values are little whereas th dispersion is great if the difference between the
values are very big (if the difference between the values are great). When
the dispersion is zero, then all the values are equal.

i.e. the dispersion is a measure that express how much the sets are homogenous

From the previous, we deduce:
To compare two sets of data or more, we must have a measure to the central tendency and

another for dispersion for each set.

Dispersions measurements

@ Range: (The simplest measure of dispersions)

It is the diference between the greatest value and the smallest value in the set.
Compare the two sets above :

First set: 51, 53, 55, 57, 58, 60
Second set : 42, 45, 47, 49, 52, 92
We find that the range of the first set =60 -51 =9
the range of the second set =92 - 42 = 50

So the second set is more divergent than the first set
Notice that:
(1) The range is the simplest and easiest method of measuring dispersion.
(2) The range is influenced greatly by the outlier. it is clear that the values of the second set

disparses in a range of 50 when we remove the last value (92) from and the range

=52-42=10o0r % of the previous range .

Q @ O Math - PreParatorg B



(3) Since the range doesn't influence by any value in the set except the greatest and smallest

values, it doesn't give a clear picture to the dispersion of the set.

é Standard deviation :

Is the commonest measure of dispersions and the most accurate (under certain conditions)
which is the positive square root to the average of squares deviations of values from the
mean.

e < ©

X (xX)

n

Standard deviation o =

where O denotes to: (sigma) to tell the standard deviation to the society of data.
X (xBar)  denotes the mean of the values of society.

n denotes the number of values .

> denotes addition.

First : calculating the standard deviation to a set of data :

(&

Calculate the standard deviation for the values : 12, 13, 16, 18, 21

. éolution .

To calculate the standard deviation , form the

( table opposite the mean of a set of values X X - X (X -X)2

‘ — Total of these values

:‘ X Their numbers 12112 - 16 =-4 1 6

i _ yx 13 13-16=-3| 9
SX=T

\ 1616-16=0| zero

‘ 72 12+13+16+18+21=&=16

J 5 5 — 18 18-16=2 4

: "." The standard deviation o = Z(Xn_ x) 21 . 21-16=5 25

5 Sum | 80 54

t .". The standard deviation o = {/_>*_ 108 = =~ 3.286
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econd: Calculating the standard deviation to a frequency distribution :

For any frequency distribution :

the standard deviation o =

where : x represents the value or the center of the set,

k represents the frequency of the value or the set

x k
> k is the total of frequency , X is the mean =

> K
’ g W

" The following are the frequency distribution for a number of defective units which found in

’1 100 boxes of manufactured units :

:{ Number of defective units Zero 1 2 3 4 5

X Number of boxes 3 16 17 25 20 19

)‘ Find the standard deviation to the defective units .
{ . .

) . B

( ,::ru ubion ;

(
’( Consider the number of defetive units (x) and the number of the corresponding boxes (k)

.‘ to calculate the standard deviation to the defective units form the following table :

The mean x Number of Number of _ _ _

( k 2 2k
X X X-X (xX-X)¢ (x-X)

:{ Y xx k _ 30 _, defective units ~ boxes k
( T zero 3 zero -3 9 27
) 2k
\ 1 16 16 | -2 4 64
}: The standard variation o 2 17 34 -1 1 17
)‘ 3 25 75 Zero  zero Zero
)
{ 4 20 80 1 1 20
’ 5 19 95 2 4 76

S
Il

’ 204 . Total 100 300 204
}( = 100 ~1.428 units
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Number of goals Zero 1 2 3 4 5 6

Number of matches 1 4 6 9 5 3 2

Find the standard deviation for the numbers of goals.

Sets 0- 4- 8- 12- 16-20 Total

Frequency 2 5 8 15 10 40

Find the standard deviation for this distribution.

Solution

@ Find the centers of sets x

Then: The center of the first set -0t _H
4+8
The center of the second set = % =

and then record them in the third column.

@ Multiply the centers of sets X its corresponding frequencies: i.e. x X k and record in
> xk
2k

@ Find the deviation of the center of each set (x) from the mean i.e. find (x - X)

the fourth column. Then find the mean x =

@ Find squares of deviations of the center of each set from the mean: i.e (x - )2

@ Find the product of the square deviation of the center of each set from the mean X

frequency of this set; i.e. (x - X)* X k

2(x-%)k
@ Calculate the standard deviation o = 2—
k
Student’s Book - first term ©) @ O



Sets Frequency (k) | Center of sets (x) ~ x xk X -X (x - ;)2 (x - ;)2k
0- 2 2 4 -10.6 | 112.36 224.72
4- 5 6 30 - 6.6 43.56 217.80
8- 8 10 80 -2.6 6.76 54.08
12- 15 14 210 1.4 1.96 29.40
16-20 10 18 180 5.4 29.16 291.60
" Sets 40 504 817.6

i The meanx = 2% = 12.6
‘ 40

’( The standard deviation o =1/817¢ = v 2044 ~ 4.52 marks
40
KVAVAVAVAVAvAvAvAvAvAvAvAvAvAvAvAv‘
You can use the calculator [Fx-82ES, Fx-83ES, Fx-85ES, Fx-300ES, Fx-350ES] to check

the standard deviation.

(1-VAR)

X FREQ

First: State the calculator on statistical

[ On | (Stat)

i
system to enter data

—_—

3

Second: Calculate the standard deviation to

2
8 4:
5: 6
the frequency distribution (Example 2) 7 8

é Enter the centers of sets c stay [ (-VAR)

2 1
26,10, 14,18 2l -Bof-Qiloff-1|+Q-01/sf-
X FREQ
14
50 18

é Go to the initial of the second column oB = SooOoEooan

. X |FRE
(FREQ) and enter the coresponding I 105
frequency for each set 2, 5, 8, 15, 10 Z 18| 10

. i VAR
6 Recall sum (standard deviation) (VAR) xon I E
h 4.521 X |meQ
then 0 ~ 4.5 2wl
5
6 Go back to the original system and 6 0

4.521061822
switch off the calculator.
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Notice that :

(1) The standard deviation is affected by the deviations of all the values and its value is
affected by the outlier.

(2) The standard deviation has the same measuring units of the original data , so it is used to
compare the dispersion of sets which have the same measuring units when the mean is

equal in the mean . The set which contains more standard deviation is more dispersion.

The two frequency tables represent the marks of students of two classes A and B in

third prepartory in an exam:

Sets of marks 0- 10- 20- 30- 40-50 Sum
Class A

Number of students 2 5 11 15 7 40

Sets of marks 0- 10- 20- 30- 40-50 Sum
Class B

Number of students 2 3 18 7 10 40

6 Represent both distribution using the frequency polygon in one figure.
6 Find the mean and standard deviation for both frequency distributions.

6 Which class is more homogeneous in getting marks?

For More Exercises, go to MOE website
Student’s Book - first term



Trigonometry is a angles in degrees, min-

branch of mathematics utes and seconds. Abou

that concerned with study- Alryhan Albyrony had

ing relationships among sides settled a table for tangents of

and angles of triangles. Ancient angles . Al tousi had deduced

Egyptians were the first to apply that the cosinese of the angles are

the rules of trigonometry in con- in proportion with the legs oppo-

structing their immortal pyramids site. West civilization learned about
and temples as well as applying what Arab and Muslims wrote

in astronomy and in calculat- through translating the Arab
ing geographical distances. astronomy books by the
Further more Babylonians German Scientist Yohan

had also measured the Muller

Abou Alrayhan Albyrony
Was a great scientist born in
Algorithm in 973 and died in
1048 AD




What you'll learn

¥

Ratios of the acute
angle in the right angled
triangle.

Key Terms

Circular measure
Sine angle
Cosine angle

XX

Tangent angle

The main trigonometrical ratios of the

acute angle

hin

Use the right angled triangle a, b and ¢ shown in the figure opposite ,

Complete using one of these symbols (>or <or =)

‘ If m(~C)>m (/A)then AB ...... BC

AB AC 1

E ...... BC “““

AB  BC AB

AC_A_C ...... BC

AB BC AB)2 (BO)?
® = 1 @ux.==

AC AC (AC) (AC)

Circular measure of the angles. }
We studied that the product
of the accummlative angles

around a point equals 360°

: B

A

if you divide the angles

into four equal quadrants
then a quadrant includes 90°

(right angle); and a degree is

the circular measuring unit.

Similarly, parts of a degree are as follows:
degree = 60 minutes , minute = 60 seconds
35 degrees , 24 minutes ,42 seconds written

as the follows :

35°, 24 42 you can convert minutes and

seconds into parts of the degree in one of the following two ways:

Student’s Book - first term Q&Q



24
First: Convert 24°to minutes 24> = — =04 , and convert 42" first into minutes then into

60
AN N 42 ~
degrees : 42" =~ =07

07
07" =——=0.0116667
60

then the sum is 35° 24° 42 =35 + 04 + 00116667 = 354116667°

Second: Use the calculator as follows :

The sum is : 354116667 equals 35 m 24 m 42 m

Similarly, convert the fractions of degree into minutes and seconds.

Forexample:54.36° You can convert into degrees , minutes and seconds

by using the following keys:

The sum is : 54° 21° 36™ [on [ o] = JEPRLS

6 Write each of the following angles in degrees:
A 76° 16" B 45° 3" 56 C 85° 38 8™ D 65° 26 43
6 Write each of the following angles in degrees, minutes and seconds.
A 34.6° B 78.08° C 56.18° D 83.246°
The main trigonometrical ratios of the acute angles:
The figure opposite:

The triangle ABC represents the right angled triangle at B where A and C

opposite

are two complementary acute angles, the side opposite angle C is called

leg opposite, the side adjacent to angle C is called adjacent and the side

opposite to the right angle is called hypotenuse. B adjacent
We will know the trigonometrical ratios of the acute angles as the following :

6 Sine angle: is denoted by the symbol m .

6 Cosine angle: is denoted by the symbol m :

6 Tangential angle: is denoted by the symbol .

O @ O Math - PreParatorg B



shE o e AH
cosC - _ ot  BC
e = AC
T =  ppak 4B
adiacant BC

@ ABC is a right angled triangle at C, AB = 13 cm, B C= 12 cm

& Find the length A C

& Find each of the following: sin A, cos A, tan A, sin B, cos B, tan B,

&L Prooe that :sinAcosB + cos AsinB =1

12 em C

B Find: 1 +1an” A
;*imluhun:

Al "7 ABC is a right angled triangle at C SACE= (AR - 1B
SACK=(13F-12¥ =(13+12)(13-12) =25
AT =S5 om

i 12 3 A L o B e P _ 11 -
.ﬂﬂ-mh—-ﬁ,Ct}b;\_n,lanﬁ._f_’,..iimﬂ_w.:_mﬂ_m,lanﬁ_m

& The right side =sin Acos B+ cos Asin B

A e O M R AR

13 13 13 13 i Elity 1

2 1 4 (12%: | _ 169
1+t =Y 4 (B g 2 _ 10
" tan"A=1+1 H) = =

First: find the value of sin {CADY , cos (CAD) |, tan {CAD)

Second: Prove that : Al sin’ C+sin” C=1 B sinB +cos C>1

For More Exercises, go to MOE website
Student’s Book - first term




| What you'll learn

E

1 Finding the
Irigonometric
ratios of angles

W (30", 45", 60" )

Kay Terms

r Trigonometric ratios
r Special angles

. In the figure opposite :
A B Cisan a equilateral triangle of side length 21, is and AD LB C

Complete:

@mim= "

@ niBAaD=..."

.BD: ...... and A D= (b L)

.HD:AE:AD=

From the previous, we notice that :

the triangle A B Cis 307, 60" and the ratio between the lengths of the
triangle sides are BD : AB : AD =1 : 2 : v'3 S0 you can find the basic
trigonometric ratios of the angles 307, 60" as follows:

Complete: sin 30° = cos .. °, tan 30° =1 ,cos 30" =sin .

CL Math - Prcparatorg %



Think and Discuss)

ﬁ In the figure opposite:

ABC is an isosceles triangle and a right angled triangle at C. The length of each leg is L.

Complete: A
é m(A)=...,m(_ B =.... ’
@ AR =(AO  + ... (AB = L” + ... 'L
@ AC:BC:AB=...:....:...

<. (AB)2 =212 JS.AB=vV2 L

From the previous, we notice that:

ABC is a triangle in which m (/A) = m (/B) = 45° and the ratio between the lengths of its sides are
AC:BC:AB=1:1:V2 So you can find the trigonometrical ratios of the angle 45° as follows:

nase ~AC_ 1 _BC _ 1 . AC_
sin 45 —AB—\/z_andcos45 = 3 —vz_,tan45 —E—1

You can put the previous trigonometrical ratios in the following table:

m angle o ° o

_— 30 60 45
. 1 V3 1
Sin 2 EN V2
V3 1 1
Cos EN 2 V2

1 1

Tan \/_T V3
Remarks:

(@) From the previous, we find that : (sine) any angle equals (COsine) the supplementary

angle of this angle and vice versa .

for example: sin 30° = cos 60°, cos 30° = sin 60° and sin 45° = cos 45°.

sin A
6 For any angle A : tan A = :

cos A

Student’s Book - first term Q&D



\
)‘ é Find the value of the following :
( 2 2 2
) cos” 60° + cos” 30° + tan” 45°
)( A cos 60° sin 30° - sin 60° tan 60° + cos 2 30° B
’( sin 60 ° tan 60° - sin 30°
’1 - Solution -
:( A The expression = cos 60° sin 30° - sin 60° tan 60° + cos? 30°
( 11 1 3 3 1
)( :—x—-—\/_xr (\/_)2:———+—:——
) 2727, 4 2 " 4 2
\ T
’1 cos? 60° + cos? 30 °+ tan? 45° 5 ES 4 Lot
( B The expression = = ==, T - 2
) sin 60 °tan 60° - sin 30° EX\/T-(i) R
2 2 2 2
Prove that:

A sin? 30° =5 cos 2 60° - tan 2 45°

B tan? 60° - tan? 30° = (1 + tan 60° tan 30°) + cos? 30°

-
4
): 6 Find the following trigonometrical ratios :
:‘ sin 43° , cos 53° 28 ,tan 64° 37" 49
(
" Roundig the sum to the nearest four decimal numbers .
)
): - Solutxon .
)
): Start — P 43 = sin 43° = 0,6820
" Start L
)‘ _)m53W28u— cos 53° 28" = 05953
" Start

) — N o+ B 37 R 4o ER - Tan 64° 37" 49 = 21089

C}i@ Math - PreParatorg B



Finding the angle given its trigonometrical ratio
You learned that if you have a given angle, you can find its trigonometrical ratios.
For example: If the measure of an angle is 30° then sin 30°
:% and similarly, if the angle measure is 33°, then 1
sin 33° = 0544639035 30°

ELl 33° = 0544639035 Vs

Now, we want to identify the angle given its trigonometerical ratio.
for example: If cos C = 0.544639035 find the value of C .

Use the calculator as follows :

St;rt)! B 0544639035 = [ 33°

’4

)‘ é Find m (/E) in each of the following :
)1 sinE=06 , cosE=06217 ,  tanE=10823

:‘ [ 2 L]

’{ - ?olution‘ -
)1 "o sinE=06 Soom(/E)=36° 52712 B -oo [sin J =
)
): " cos E= 06217 Som(/E)=51° 33°35% B -oe6217 =

:( “* tan E = 1.0823 Som (SE) =47° 15 48 B - 10823 =

A e e e e e )

)‘ é Connecting with Geometry: ABC is an isosceles triangle in which AB = AC = 8 cm
OO
" and BC=12cm.

)
’: Find : First: m (/B)

:( Second: The area of the surface of the triangle to the
" - Solution -
)
(
)
E

nearest two decimal numbers.

—_— —_—
Draw AD 1 BC

*." The triangle ABC is an isosceles triangle.

Student’s Book - first term Q&D



«« [ the midpoint of BC and BD =CD = 6 cm

.:. cos B - .h - j = D:“S‘
& 4

Using the calculator :

= o5 2N B
e M (S B) =417 247 35" D.ED1)

To find the surface area of the triangle @ find AD {From Phythegoran's theorem)

" {AD)E = (ABF - (BD}*

o (ADE =64 - 36 =28 S AD=HT
1 1 =it
" The area of the triangle ABC = xBCHAD=— = 12x2V7

AD AD
- EII\“ B = ";ﬁ' XL ‘:l" B = "i,‘--
5 AD = 8sin (41° 24-357) @

. ; 1 i . A e
The area of the triangle  ABC = — = BC =AD substitute from C’l!j in this relation
— ‘ . . ; -
2" The area of the triangle ABC =— % 12 % Bsin (41" 24° 35') = 31 75cm?

Use the calculator as follows :

ST - BI < BT x Bf x [.- BY - BN - BT [

Complete the following :
a If sin X = ; where X is an acute angle then m [/ X) =
6 If sin % = 1; where X is an acute angle thenm (Xl = ..
ﬁ sin 60° + cos 30° - Tan 60° =
0 IFtan (X + 101 =¥ 3 where X . IS an acute angle then m (X} = ...._....

@ Iftan 2 X =V where X is an acute angle then m (2 X) = .

Q For More Exercises, go to MOE website
Math - PreParatorg B




Coordinatel Unit 5;: Coordinate geometry

geometry

The Radar is used for identifying the range, height,
direction and velocity of moving objects like airplanes
and ships.

The radar tower receives the reflected waves. The
radar screens can determine the coordinates of the
target's location (airplane-ship- ....).



A o

Distance between two points

You represented the ordered pair on the coordinate plane.
Now can you find the distance between the pairs of the following
points?

A3,0,B(-1,0

¥r Finding the distance ‘ G, 0), B¢ )
between two points ‘ C(0,-3),D(O,-1)

by using the distance ‘ M @3,2), N (7,5)

rule.

What you'll learn

From the previous, we notice that : |
. The two points A (3, 0), B (-1, 0) are

both located on x - axis, so :
AB=1|-1-3|=]-4]
So A B =4 unit length .

Key terms

¥ Coordinate plane

Y Ordered pair ‘ The two points C (0, -3), D (0, -1) are
¥ Distance between two both located in the y - axis, so;
points. CD=]3-(1)
=3 +1 = 2|

C D = 2 unit length .

‘ The two point M (3, 2), N (7, 5) can
be represented graphically as in the

following figure opposite. To find
The length of MN we find;
MK=17-3|=4 unit length,
NK=|5-2]=3 unit length . o
A M KN is right angle at K

S (MN)2 = (M K)? + (KN )?

(Pythagoren theory)

MN2=(3)2+#)? (LM)2=9+16

(M N)2 =25 SMN)=5 unit length

Qio Math - PreParatory P




In general : A
N
If M (x4, y;), N (x,, y,) are two points on the coordinate plane (X5 Y5) =
then: KM = [O B - O A| (XTMQ
=|X2—X1| M X, X, K
=[NB-KB|=ly, -yl X:O" A ];;X
- AN KM isaright angle in K (pythagoean theory) y

S MN)Z = (K M)2 + (K N)2
= (X =x9)? + (y, —yy)?

S MN=V (g -xp)? + (y, -yy)?

The distance between two points (X;,Y;), (X,,Y,) =/ 6%+ (y,-y)?

The distance between two points = \/Square difference in the x - axis + square differance in y - axis

Remark: A
In the figure opposite the distance of a point M (x;, y,) fom the origin X1, Y1) M
1771
point O (0, 0), O M =/ ¥ +v% y
;
4—0 X,

If A, B, Cand D are four given points in the perpendicular coordinate
plane, mention the conditions which make those points vertices for each of the following

geometrical shapes:

6 Paralleogram 6 Rectangle 6 rhombus @ Square

— By A

a ABCD is a quadrilateral where, A (2, 4), B (-3, 0), C(-7, 5) and D(-2, 9). Prove that ABCD is a

square.

:Solution -

AB =+ 6P+ = [32P 1042 _ [(52+ 4P _ya

Student’s Book - first term Q&D



BC=y [7P+5-0P — [(42+6P = a1 S
E CD=/[2P+[95P =,/(5P+@p = Vil 5
)1 DAy 2-(DP+[497 _ [ 4P+ (5P _ yar / ] . 0
:1 "*AB =BC = DC =D A= VT \\(05 9
’( .. Figure A B C D whether a square ar arhombus v i x
’( to prove that the figure A B C D is a square, find the lengths = 7 24221} 1 &2
)1 of the two diagonal AC, BD :
:1 AC =y [72P+[5-4F — | (92+1 _yg
)1 BD =+ [2- P+-0F _ [r+0r _ g
:( "." AC=B D =V82 and the sides of the figure AB C D is equal in length
’( . Figure AB C D is a square.
:{ 6 Prove that the triangle of the vertices A (1, 4), B (- 1, -2), C (2, -3) is a right angle.
( Find its surface area.
)
( ,
) - Solution 7
(
:1 (AB2=(-1-1)2 4 (2-42 =4+ 36 = 40 :

At 4)

’( BC2=2-C-D1*+[-3-(-2)12=9+1=10 :/\\
" AC2=02-12+(-3-42=1+49=50 3 - _;_2_1'/1' \\\; .
’1 (AB2 +(BC2=40+10=50, (AC?2 =50 idgilEg e
( " (AO2=(AB)?+(BC)?
)

)1 oM ( B)=90° (The converse to the pytheogeran theary)
N - M(AABC =1 ABxBC=L x Vi x(ii= 1 x 2V10 x Vi0 = 10 square units

N N e e e G e )

)‘ 6 Prove that the points A (3, -1), B (- 4, 6) and C (2, -2), are located in circle whose center is

(

:( the point M (-1, 2), , then find the circumference of the circle.
)1 Solution

)

(

)1 AM=y (LR +2-(DR /(4P +6R _ 35 — 5

:1 BMoy F-(OR+12-62 _ [ GR+ P _ o5 _ s
:1 CMoy (122D P _ /B3P +@? _ a5 _ 5

= = = P and c are located In a circle whose center Is o
1 AM=BM=CM=5 ..A,Band located in a circle wh is M

O @ O Math - PreParatorg B



Prove that the points: A (4, 3), B(1, 1) and C (-5, -3} are collinear.

Complete :
AB= J (1-4P+ 0132 iR
N e

:!.A B + B E LR . = aiasiane

-+ The paints A, B and C are collinear.

For More Exercises, go to MOE website
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The Two Coordinates of the
midpoint segment

\ Think and Rliﬂ

On a perpendicular coordinate plane, find the two coordinates of

the midpoint on C straight segment AB: What you'll learn

First: A (2, 6) and B (6, 6)

Y Finding the two
Second: A(-2,-5andB(-2,-1),

coordinates of the

Third : A (1, 2) and B (5, 6) midpoint of a straight
5 segment .
First: The line segement, which its end are Bl [P
the two points (2, 6), B (6, 6), is parallel to -
the x-axes and the two coordinate of the :
-
point of its midpoint C (4, 6) | : ; Key terms
Yr The two ends of the line
segment
3 L Y¢ The two coordinates of
Second : The straight segment with the L the midpoint of a straight
[ 1 segment .
two ends A (-2, -5), B (-2, -1) is parallel to 1 ) 6
the y-coordinate. The two coordinates of C 3
its midpoints C are (-2, -3) . T !
A 5
y
. . : A
Third : In the figure opposite : L B
Consider that the C is the midpoint 5 LA
C
of the straight segment with the 4
two ends A(1, 2), B (5, 6) from 3
the drawing, we find that the two -
coordinates of C are (3, 4). -
< E e 5 i G G| r’
ieC(H-EYieCi s \
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In general. you can duduce the law of the coordinate of the midpoint of

a straight segment as follows.

Y A
If A (x;, 1), B (x5, y,), M (x, y) where M in the midpoint (x,35y,) B
- >~
of AB that: A BEM, A M D A are cogruent o
;M - E
we find: that AD =ME 2
SoX —X; =Xy =X ) &5y XX, D™ <
. . X1 +X T = >
Se2X =X X, JoX o= N oV
Similarly: MD=BE ..y—-y, =y,-y
. . Y Y
..2y:y1+y2 ..y:%
M +X2/ Y1 +Y2)
2 2
Example 2 If C is the midpoint of ABandA@3,-7),B(-5,-3)
Then the coordinates of midpoint of AB are (3 - , - 3) i,e.(-1,-5)
2 2

Calculate the coordinates of point C the midpoint of A B in the following cases :
@ A2, 4),B (6,0 @A, -5 B(3,5)
@ A(3,6,B3,-6) @A (7,-6),B(-1,0

AT
.

}( é If C (6, -4) is the midpoint of ‘A B where: A (5, -3) then find the coordinates of a point B .
’1 - éolution‘ .
’ [Y o
)1 Consider that B (x,,y,), A (5, -3), and the midpoint of AB is the point C (6 - 4)
E ._.X:X1+X2/y=Y1+Y2
2 2

’( 5+x,
)‘ b= — S5 Xy =12 DXy =12-5=7
)

-3
|2y 3y, =-8
’1 >
}1 y,=-8+3 Y, =-5 soB (7,-5)

Student’s Book - first term Q&D
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F 6 A B C D is a parallorogram, A (3, 2), B (4, -5), C (0- 3) - Find the two coordinates of the

:( point at which the two diagonals intersect. Then find the coordinates of point D.
)1 - Solution -
)
): The figure A B C D is a parallelogram , M is the intersection point of its diagonal.
:( consider D (x; , y;) YA
3+0 2-
): " Misthemidof AC .. Mm( - ,2 3)
2 2 YD
) 3 V1 Y1 =
J N
’ ..M(Z’__) \:\ A (312)
( : t
) . 4+ x, 5+y, -
)1 SooM( 1, ) 1(_4_3_2_1\ - 3\\} q
( .2
N .3 _4+x . . \
)‘ "?: ) ”3:4+X1 a(‘(n:\
)‘ ©xy = -1 I; \
‘ Y B
1T -5+ .
’1 . Y, =4
)( .". The coordinates of the point D are (-1, 4)
.

Q For More Exercises, go to MOE website
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The slope of the straight line

You know that the slope of the straight line passing through two
points (x, , y,), (x, , y,) equals 7271

.:':I - 1";’
= d___.1iim

Find the slope of the straight line passing through each pair of the

following ordered pairs : ¥ The relation between
First: {3, 1), {4, 2) Second: (4, 0), (2, 2) the slope of twa parallel
Third: (-1, 3), (2, 3) Fourth: {2, -1}, (2, 3) siesight lines
What do you notice? 7 The relation between
From the previous, vou can draw the straight lines passing e mﬂ?{_ﬂ:ﬂr ight
through the previous pairs of points in the perpendicular ﬁ:ﬁpm e
coordinate plane as in the following figure:
First:
55 dines sussnllkal jeapnssssallann) Jasssstsa b
Keay tarms
¥ A Positive measure of
e 2, BEas Rl the angle
= 0 W A negative measure of
The positive and the negative the angle
measure of the angle : 30 The siope of the straight
Anangle is positive when it is formed by a counter ling
anticlockwise rotation and it is negative when ¥ Two parallel straight
it is formed by a dlockwise rotation. lines
From the previous figures, we deduce that: % Two perpendicular
straight lines,

L than wara
1 Sl acte Earger than zan
3 .n-_i%_ | biise Smalles than zero
33
= L !
1 m==tte0 zen enual to. zer
i m =-."1%.‘3.1 {unddentified) right uniclentified

Student’s Book - first term QL



We can deduce the slope of the straight line as follows:

Slope of the straight line is the tangent of the positive angle which the straight line makes
with the positive direction to x axis.

i.e slope of a straight line = tan E, where E is the positive angle that the straight line makes
with the positive direction of the x axis.

- 3
y

’: @ Find the slope of the straight line which makes an angle of a measure 56° 12° 48" in the
positive direction to the x-axes.
)‘ @ Find the measure of the positive angle that the straight line makes to the x - axis if m
)‘ =1.4865 (where m is the slope) .

’{ Solution

:4 @ ““m=tanE Som=Tan 56° 12° 48 = 1.494534405

(

) Start

;1 —_— DD DO
’1 @ “m=TanE . Tan E = 1.4865 Som(/ E)=56"4" 13

@ Find the slope of the straight line that makes a positive angle in the positive direction of to

the x - axis, its measure:

A 30° B 45° c 60°

@ Using the calculator, find the measure of the positive angle made by the straight line of

slope (m) in the positive direction of x-axis in the following cases :

A m=0.3673 B m=1.0246 c m=3.1648

O @ O Math - PreParatorg B



The relation between the slope of the two parallel straight lines.
Think and Discuss ! '
The figure opposite: Keproseals b parallel straight lines |
1, ot B h.i|'|-:'-|_'-:. ni,, Bt making o positive angles of
maeasures b, by the posibve direction of the x-ases. 5 /f{ i
Complete the following : /

0 mi Er=mi < L) becauss o
‘ lan k| lan b G m mi,

frivm e previous, e dedoce Hat ;

’F Ll| |"|||I LE “'E“ ITI-| =m2
Lo If twn lines are parallel, then their slopes are equal and vice versa .
Thus If m, = m, then L, /L,

Les If two lines have equal slopes, then the two lines are parallel.

. Prowr that the straight line passing through tfwo points (3, =200 4, 50008 parallel to the

straight line that makes with the posttive direction o the c-axes an angle of 45 7 measure

Solution
) o -y 5w |20 = )
The slope of the first straight line Im 1 = = = = |
Ny - X g f-% :
Iher slope af the second straight line im, ) = Tan 45" =1 Vomy=m,

S The twn straight lines are paralle

Keproesenl graphocally the poines A2, 5, B G, 2)
C{-2 -2vand Di- 2, 1L in the conrdinate olane then
prove that the fipure A B C 1) s trapezoid |

.Ii"n.:n|uf:n::r1h

From the drawing, see ling thal @ ALY B

To prove that anaclvtically, we tind the slope of cach o

Student’s Book - first term Qlo
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;‘ The slope of AD (Letitbe m1)

( .. Y2-y : Sl 21

’ .m:)(z_x1 ..m1_2+2:4:2

" 2 1

’1 and the slope of B C (Letitbe M2)

‘ 2+2 4 1 —_—

)‘ M=o~ % VT my=m, S AD/BC

:{ .. The figure A B C D is a trapezoid unles the points A, B, C, D are collinear ..... (1)
- . —  2+1

" "." The slope of AB = 2—2 = i , the slope of CD = o (unknown)

( 6 242

}‘ .. The two straight lines are not parallel............ (2)

’( From (1), (2) .. The figure A B C D is a trapezoid .

\«AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA

@ Prove that the straight line passsing through the two points (2, 3), (0, 0) is parallel to the
straight line passing through the two points (- 1, 4), (1, 7).

@ Prove that the straight line passing through the two points (2, -1), (6, 3) is parallel to the
straight line that makes an angle its of 45° measure with the positive direction to the x-axis.

@ If the straight line A B // the y-axis where A (x, 7), B (3, 5), then find the value of x.

@ If the straight line ¢ D // the x-axis where C (4, 2), D (- 5,y) then find the value of y.

The relation between the slope of the two perpendicular straight
lines.
Think and Discuss |
—
The figure opposite : represents the two straight lines
L,, L, which their two slopes are m;, m, where L, L L,.
Find the relation between / E, /)

Then complete the following table :

Values of E 20° 40° e
Valuesof) 140° 150° ..
S e e T e
From the previous table, we deduce that :
Tan E; xTan ), = -1 ie:mxm,=-1

O @ O Math - PreParatorg B
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If L,, L, are two straight lines of slopes m,, m, , where m,, m, € R*
IfL, LL,thenm; xm, =-1

i. e: The product of multiplying the slopes of the two perpendicular
straight, lines = -1 and vice versa, if m; xm, =-1 ,then L, L L,

i. e: If the product of multiplying the slopes of two straights lines = -1,

then the two straight lines are perpendiculars.

By W=t o

7
{/6 Prove that the straight line passing through the two points (4, 3V3), (5, 2V3) is perpendicular

( on the straight line that makes with the positive direction to the x-axes to an angle of 30°
’( measure.
)
’( Solution
’( Consider that the slope of first straight line is m; and the slope of the second straight line
’( ism,. ]
’1 ...m=YZYI .'-m1=%=-\/?

X=Xy )
) "m=tankE som, =Tan 30° = —

2

’1 1 v
)( Jompxm, =-V3 X Weil -1 .. The two straight line are perpendicular .

= & O T T ST ST S T S T S T ST S SIS S SN S )

6 If a triangle with vertices y(4, 2),x (3, 5), Z (-5, A) is right angle at y then find the value of A.

’( Solution

’ . -~ 5-2 3 . A-2 A-2
’( Find the slope of "y thus m, = Foiniets -3, find the slope of thus m,= . =

) - 5- 9
’( " AXYy zis aright angle aty Somypxm, = -1

’( . A-z__1 . A

:‘ s S "
(\ SA-2=-3 SCA=2-3 JOA =1
(N

Find the slope of the perpendicular straight line on the straight line through the two points

(3/ _2)/ (5/ 1) .

For More Exercises, go to MOE website @
Student’s Book - first term O O



The Equation of the straight line given its slope

and its y - intercept

You learned the linear relation between two variables x , v, it s :
A x + B y+ C =0 where A, B {each of both) £ 0 What you'll learn

i [ i ine .,
s represented graphically by a straight line * Finding the equatian

- o) 0 B 100 O % 0 e of the straight line with
: m B B i s T e i given the shope and the
= SEEEEE S| intersected part from

Represent the relation :
% -2y+ 4 = 0 graphically .
From the graphical figure, calculate:

=1 the v - axis.
3 Finding the equation
of the straight line

A The slope of the straight line . [ BEER E'TE" & slope:and jig
) The lenght o the verical pant (S g b s
included between the origin point L |
and the intesection point of the straight line w;th ¥ - axis,
Solution to make the drawing easier, select the intersection paint of the
2 axes: as follows : Key terms
y=0 SX+4=0
= -4 (-4, O} satisfies the relation, Yr Equation of straight
% =1 e =y =10 ling.
S dy=4 (0, 2 salisfies the relalion ¥ Slope of a straigh
From the drawing we find that the slupe of ihe straight line lireez,
(M >0 ... (twhy?) thus, m = 00 = #y - intercept ,

The distance between the 2 points o am:l B are called the y - intescept .
intercept and is equal to 2 unit lenght and is denoted by the

symbal (b,

The previous equation is written as:y =mx + b

thus, 2y = x + 4 and by dividing both sides by 2

5 Y= %}; 4 3

We notice in this form that-

The slope the straight line (m} which is the coefficient of x equals
I, and the lenght of v- inlercept b = 2 and these are the same

|'|'--\.|,I|I~i (R :.1"'I!| e pirew s r|r.|L1i|'|§_'|
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Defintion
The equation of the straight line with respect to its slope (m) and the y - intercept (b).

Isy=mx+b where m e R

Notice that : The equation of the straight line is written: ax + by + ¢ = zero, b# 0

In the fromula: y = m x + b as the following :

ax + by + c = zero thus by = ax - ¢
C
.'.yz-%x—? and it is in the formula: y = m x + ¢

-a - Coefficient , .
Where m = + = oo X Where c is the lenght of the y - intercept .

Coefficient y

Py WO

’: 6 Find the slope of the straight line 3x + 4 y- 5 = zero in two different methods

:{ then find the lenght of the y intercept .

( ,

) Solution

(

:{ " The equation of the straight line in the formula of ax + by +c=0,b#0

" .. The slope of the straight line = % .. The slope of the straight line = ;
:‘ or : it is written in the formula of y = mx + ¢

): S 4y=-3x +5 y=%><+%

" .. The slope of the straight line = ; .. The length of y - intercept = ;

LN N NN AL N S N S L N N ]

’: 6 Find the equation of the straight line passing through the point (1, 2) and perpendicular on
)

" the straight line passing through the two points A (2, -3), B (5, -4) .

): Solution

:‘ ~. The slope of the straight line passing through the two points a, b = % = % = ?1
’( thus, the slope of the straight line is perpendicular on = 3

): .. The equation of the straight line is written in the formula: y= 3x + ¢

:‘ ~." The straight line passes through the point (1, 2) so, it satisfies the equation .
( 2=3x2+c

’ ..

(

) S.Cc=2-6=-4

(

’(\‘ .. The equation of the straight is written in this formula : y= 3x -4
= S

S N >

Student’s Book - first term Qﬁi}



0 If Ai- 3, 4), B (5, - 1), C{3, 5 find the equation of the straight line passing through the
F vertex A and bisecting BC .
Solutwon
P — 3#5 5-1 B T =
The midpoint of BC = =3 =35k (4, 2]
. AL, 24 3
H <+ The slope of the required straight line = —— = —
Vy=mx+c .“.':,-:;T'xq-c
" The point of A (-3, 4] passes through the straight line, so it satisfies the equation.
o s
2R St R E = b= .'u::=%
"+ The equation of the straight line is written as in the formulaiy= —x + =< and by the
multyipling two sides in 7
k S My=-2x 422 i etheequation is: 2x + 7y-22 =0

T ™ ™ ™ ™ )

Q For More Exercises, go to MOE website
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Algebra

Unit 1: Equations
(1 - 1) Solving two equations of first degree in two variables

Graphically and AIGEDIraICAIlY ... 5
(1 - 2) solving an equation of second degree in one unknown

Graphically and Algebraically ... 10
(1 - 3) Solving two equations in two variables, one of them is of the first

degree and the other is of the second degree .........oeorccc. 13

Unit 2 : Algebraic Fractional Functions and the operations on them

(2 - 1) set of zeroes of a polynomial function ... 15
(2 - 2) Algebraic fractional function ... 17
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Probability
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(3 = 1) Operations 0N @VeNts ... 30

(3 = 2) Complementary event and the difference between two events ............. 35




<

l Geometry
A Unit 4 : The Circle
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= T O | o] = R
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iy (5 = 1) Central Angle and Measuring ArCS .......cccceeeivuiriuninieninienisniasisrenssssanses
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[0V { (=TT T 1 L= T RPN
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One of the players threw the ball so, it took the direction shown
in the figure.

This figure represents one of the functions which you will study
and is called “a quadratic function”.



Solving two equations of first degree in two
variables graphically and algebraically

\ Think and Dlia

A rectangle of a perimeter 30cm. What are the possible values of its
length and width. If the length of the rectangle = x cm and the width of
the rectangle = y cm

What you’ll learn

then : Y cm

R .
the length + width = - the perimeter e Bl e ETES

of first degree in two

T X+y=15

X cm
variables.

4 This equation is called the equation of first degree in two variables.
4 Solving this equation means finding an ordered pair of the real

number is satisfying equation.
¢ Can(-5.20)be a solution of the previous equation. Explain your Key terms

answer. Dear student: Solve this problem after the following. Y Equation of first
¢ You can solve this equation by putting it in one of the two forms: degree.

@ y=15-x or @ x=15-y ¥r Graphical solution.

Yr Substitution set.

By giving one of the two variables any value, you can calculate the ¥ Algebraic solution.
value of the other variable. ¥ Solution set.

If x € R then the substitutionset is R x R thus there are infinite
number of solutions of the equation of the first degree, in which each
of them is in an ordered pair. (x , y) where its first projection x and its
second projection y.

whenx=8.. y=15-8=7 .. (8, 7) is asolution of the equation
whenx=95 .. y=15-95=55 .. (95, 55) is a solution of the equation
whenx=4V7 - y=15-4vV7

oo (@7, 15-4+7 ) isasolution of the equation

First: Solving equations of the first degree in
two variables graphically :

(" Lm

l‘ ﬂ Find the solution set of the equation 2 x -y =1

Student’s Book - Second term Qlo



;: Solution L L
3
:{ Write the equation in the formy = 2x - 1 I
}: By puttingx =0 .. y=-1 ..(0, -1) is a solution of the equation i ’ i
:1 By putting x =2 .. y =3 .. (2, 3) is a solution of the equation e 102 n
): And by drawing the straight line L passing throught the two vy
‘ represented points of the two ordered pairs (0, -1) (2, 3).
:{ We find that every point € L is a solution to the equation.
’1 i.e for the equation 2x -y = 1 their is an infinite number of solutions
( Tell another four solutions for this equation?

FVAVAVAVAVAVAVAVAVAVAVA‘

) Find the solution set of the following two equations graphically:
( 8 q grap y

Y
" Lyty=2x-3, L,:x+2y=4 i
) Solution .
(
): In the equation y = 2x - 3 x*\T--- .
:1 By putting X=0 .. y=-3 .. (0, -3) is a solution of this equation =~ 7T /z' ; 4\\7: i
=2 Lz
’1 By putting X=4 .. y=5 .. (4, 5)is a solution of this equation .
): Thus: L, in the opposite figure represents the solution set of this %W‘
) of equation @
(
:‘ By putting the equation x + 2y = 4 int the form x = 4 — 2y
’: By putting y =0 Lox=4 . (4, 0) is a solution of this equation
:1 By putting y =1 Sox=2 - (2, 1) is a solution of this equation
): This : L in the opposite figure represents the solution set of the equation (2)
:{ In the figure L, N L, is the point (2, 1)
}t .. The solution set of the two equations is {(2 , 1)}

\vAvAvAvAvAvAvAvAvAvAvAvAvAvAvAvAvAvAv‘

Find the solution set for each pair in the following equations graphically :
@2x+y:O X+2y=3

@y=3x—1 Xx-y+1=0

Q@Q Mathematics - PreParatory b,
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( Find graphically the solution set for each pair of the following equations:
:‘ First: 3x+y=4 (1),2y+6x=3 (2)
s Second: 3x+2y=6 (1),y:3—%x (2)
’( - Solution -

P: First:

" Put the equation (1) in the form y =4 - 3x

" By Putting x =0 .. y =4 thus, (0, 4) is a solution of the equation

)‘ By Putting x =2 .. y=-2thus, (2, -2) is a solution of the equation

’( L, represents a solution set of the equation (1)

\ 3-ox
)( By putting the equation (2) in the form y = ————

:{ By Putting x =0 oy = =2 thus, (0,2-) is a solution of the equation
’1 By Putting x =1 Ly = ‘73 thus, (1, _73 ) is a solution of the equation
)‘ and L, is a solution of the equation (2)

:{ T LNL =9 . No solution for the two equations together.

}1 i.e there is no solution of the two equations (1), (2) when L, /7L,

’1 From the Analytical Geometry :

‘ The slope of L, = _TB =-3 The slope of L, = '—26 =-3 oL L
:( Second: 4
( By Putting the equation (2) in the form of 2y =6 - 3 X LR

6

" i.e. 3X + 2Y = 6 is the same as equation (1) the graph shown illustrates

the graphical representation of the two equations by two coincident

S SH R
v

( straight lines. .
}‘ = i T i vt T AN

" We say that: The two equations (1) and (2) have an infinite ik

=3 L
\ number of solutions. The solution set is {(x, y): y =3 - % x} 2 7

\YAVAVAVA A e e e a a a a a a a a a a a  a  a  a>

Graphically find the solution set for each pair in the following equations:
ﬁ3x+y=5 , y+3x=38 @2x+y=4 , 8-2y=4x

Student’s Book - Second term Q&D
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Second: Solving two equations of first degree in two variables
algabrically.

Solving two simultaneous equations of first degree in two variables is being done by

removing one of the two variables where we get an equation of first degree in one variable.

Solving this equation gives the value of this variable and by substituting in one of the

given equations we get the value of the other which we removed.

g

Find the solution set of the two equations

:1 2x-y=3 (1) x+2y=4 (2)

)( . ?OlUtiO”_ . ( Substitution method )

:{ From the equation (1), y=2x-3

)1 by substitution in the equation (2) X +2(2x-3)=4

)1 thus : x + 4x - 6 = 4 -~ 5x=10 s ox=2
)1 Substituting in equation (1) Ly=2x2-3 sy=1
)‘ .. The common solution set of the two equations = {(2, 1)}

)( - _Ar\other solutign_ * (Omitting method)

) Omitting one of the two variables in the two equations (by adding or subtracting) to get a third

( equation in one variable, and by solving the resulted equation we find the value of this variable.
)‘ q Y 8 q

)‘ 2x-y=3 (1) , X +2y=4 (2)

:{ By multiplying the two sides of the equation (1) x 2 So4x-2y=6 (3)

)1 Adding (2) and (3) - 5x=10 sox=2
)( Substituting in (1) L 2%x2-y=3 y=1

)( . The common solution set of the two equations is = {(2, 1)}.

N e e e e e >

ﬁ Find algebraically, the solution set of each pair of the following equations:

A 3x+4y=24 B 3x+2y=4
X-2y+2=0 ) X-3y=5
@ What is the number of solutions of each pair in the following equations:
Al 7x+4y=6 B 3x+4y=-4 C 9x+6y=24
5x -2y =14 5x -2y =15 3x+2y=28

Qi@ Mathematics - PreParatorg )



Find the values of a, b knowing that (3, -1) is the solution of the two equations.

ax+by-5=0 , 3ax+by=17
. :Solution. .

< (3, -1) is the solution of the two equations
. (3, -1) is the solution of the equationsax +by-5=0

. 3a-b-5=0 ie.: 3a-b=5 (1)

, (3, -1) is the solution of the equations3 ax+by=17

- 9a-b=17 (2)

Substracting both sides of equation (1) from both sides of equation (2) we get :
6a=12 soa=2

Substituting in equation (1)

3x2-b=5 sob=1

A two-digit number of sum of its digits is 11. If the two digits are reversed, then the resulted

number is 27 more than the original number. What is the original number ?

. :Solution .

Consider that the units digit is < and the tens digitis y .

x+y=11 e (1)
o . the value of the
units digit tens digit aumber
The original number X y x+10y
The sum after reversing digits y X y + 10 x
The resulted number after reversed its two digits - the original number = 27
S y+10x) -(x+10y) =27 SLy+10x-x-10y =27
5 9x-9y=27 by dividing by 9 SoXey=3 (2)
By adding both equations (1) and (2)
s 2x=14 Lox=7 substituting in the equation ....... (1)
7+y=11 Ly=4 . the number is 47

N NS T L L N~ ]

For More Exercises, go to MOE website
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Solving an equation of second degree in

one unknown graphically and Algebraically

We have reperesented graphically the quadratic function f where :

fx)=ax2+bx+c,ab,cER, a#0 What you’ll learn

The corresponding equationis f(x)=0 = ax? +bx+c=0 ¥ (2) Solving an equation
of second degree in

You have previously solved this equation by factorizing. one unknown graphically

and Algebraically.
To solve the equation : x2-4x +3 =0

Key terms
We factorize the left side of the equation to be :

¥r Graphical solution

(X = eeeeeeneenns (X eevinnnnn, 1)=0 Y Algebraic solution
X =0  or (x-1)=0 ¥ Solution set
XS e or X = tevereeenns

The solution setis { ......... L s }

First: the graphical solution:

To solve a x? + b x + ¢ = 0 graphically we follow the steps:

* We draw the function curve of f(x)=ax2+b x+cwherea #0
e Identify the set of x coordinates of the points of intersection of the function
curve with the x-axis, thus we get the solution of the equation.

/Avm

’( Draw the graphical representation of the function f where f(x) =x2 -4 x + 3
( in the interval [- 1, 5]
) ’

(

) From the drawing, find the solution set of the equation x?-4x+3 =0

)
(L Mathematics - Preparatory 5
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E - :Solution

( Identify some ordered pairs (x, y) which belong to the function f,

)
" whose first projection x € [-1, 5]

)1 f(-1)=8, f(0) =3, f(1)=0, X A\ x
:1 f2)=-1, f3 =0, f@=3, f(5)=8 g
’1 Put the ordered pairs in a table as follows: LY

:1 X 5(4(3/2]1]0]-1

’1 y=f(x) 8|/3/0/|-1/0 3|8

Plot on the coordinate plane the points which represent these ordered pairs, then draw a curve
i passing through these points.
( From the drawing we find that the function curve f intersects the x-axis in two points (3, 0), (1, 0)
the two numbers 1, 3 are called the two roots of the equation x? -4 x + 3 = 0.
hus, the solution set of the equation is {1, 3}

N N N e S e >

)

(\
N

6 Draw the graphical form of the function f where f(x) = x2 + 2x + 1 in the interval
[-4, 2] and from the drawing find the solution set of the equation: x> + 2 x + 1 =0

6 Draw the graphical form of the function f where f(x) = - x2 + 6 x - 11 in the interval
[0, 6] and from the drawing find the solution set of the equation: x> -6 x + 11 =0

Second : The algebraic solution by using the general rule:

Think and Discuss )

Solving the equation : x? - 6 x + 7 = 0 using the idea of completing the square.

Complete: ~ x2-6x+9+7-9=0
(X = oo 2-2=0 (X = oo 2 =2
X = i =V2 or X oo =-v2
X= i, +V2 or X= .. -v2
X = +V2

Student’s Book - Second term Q&D



You can solve an equation of second degree : a x? + b x + ¢ = 0 where a, b,c €R,
a # 0 using the rule

l
b+ + b%-4ac |

. where a#0,a, b, ceER
a

)

( Find the solution set of the equation 3 x2 = 5 x - 1 rounding the results to two decimal places.
) q g P

o
’1 - Solution -

) e
\

\ v 3x2=5x-1 2 3x2-5x+1=0
:{ “ a=3,b=-5c=1
:1 ooy = —PEY ];2_4ac =5iV25_4X3X1 _5+V13 _ 54 36l
a 2x3 6 6

)1 Asforx= _5+361 144 orx= 2361 —023

6 6
:{ <. The solution set is : {1.44, 0.23}
:{ @ In a disk throwing race the path way of the disk to one of the players
)‘ follows the relation : y = -0.043 x2 + 4.9 x + 13 where x represents
)‘ the horizontal distance in meters, y represents the disk height from the
)1 floor surface. Find the horizontal distance at which the disk falls to the
) nearset hundred.
(
)
(
)

)( . éolution .

)1 - a=-0.043,b=49,c=13

’1 ba /D -dac @) = V(492 -4x(-0.043) x 13
B X = =
)

( 2a 2% (- 0.043)
’( _ _(-49) + 26246 _ -49% 5123
}( -0.086 -0.086
) -4.9+5.123
l‘. = : . = - ?
)( X 0,086 2.59 (refused) why ?
) -4.9-5.123
) or x= T 0.086 =116.5465116 meters
\ -~ The horizontal distance where the disk lands is 116.55 meters

\'AVA“VAVA“‘VA‘VAVAVA“‘V‘

Q For More Exercises, go to MOE website
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Solving two equations in two variables, one
of them is of the first degree and the other is
of the second degree

Introductions:

You know that the equation 2 x - y = 3 is an equation of the first
degree in two variables while the equations: x? +y =5 and x y = 2
are equations of the second degree in two veriables. why?

We will solve the two equations in two varibles one of them is of the
first degree and the other of the second degree, by the substitution
method as shown in the following examples.

Mental Math: If x + y = 10 and x? - y2 = 40 then find x - y.

A D

ﬂ Find algebraically the solution set of the two equations:

y+2x+1=0 , 4AxZ24y? 3xy=1

- :‘Solution -

From the first equation:y = - (2 x+ 1)
Substituting in second equation.

A+ [F2x+ D23 x[F2x+ 1] =1

- A2+ 42 +4x+1+6x2+3x-1=0
“ 14x2+7x=0 X 2x+1)=0

-1

“ x=0o0r2x+1=0 e x= T

Substituting for the values of x in first equation :

When x = 0 Wy=-(0+1)=-1,
-1 -1
s y=-Q2x—+1)=0

. The solution set is : {(0, -1), (T’ 0)}

FVAVAVAVAVAVAVAVAVAVAVA‘

dimensions.

@ A rectangle of a perimeter 14 cm and area 12 cm?. Find its two

What you’ll learn

¥r Solving two equations
in two variables one
of them is of the first
degree and the other of
the second degree.

Key terms

¥r Equation of the first
degree

¥r Equation of the second
degree

Yr Solution set

Student’s Book - Second term C&O



E Solution

): Supose the two dimensions of the rectangle are x and y.

)1 " The rectangle perimeter = 2 (Length + Width)

)1 S 14=2(Kx4+y) ... divide both sides by 2

a SoX+y=7 e, y=7-x (1)

( " The rectangle area = length x width Soxy=120 0 (2)

)‘ Substituting from equation (1) in equation (2)

| Sox(7-x) =12 7x-x2=12

{ Sox2-7x+12=0 (x-3)(x-4)=0

)( Sox=3 or x=4 substitute in equation (1)

( when: x =3 SLy=7-3=4,

( when: x = 4 “ y=7-4=3  thelenght and width of the rectangle are
3 cmand 4 cm.

@ For More Exercises, go to MOE website
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Unit (2) : Algebraic fractional function and the
operation on them

Set of zeroes of a polynomial function

if f: R —— Rwheref (x) = x3 — 3x2 + 2x is a polynomial function
of third degree in X. calculate : f (0), f (1), and f (2) what do you
notice?

¥ Find zeroes of the We notice that: f (0)=0,f(1)=0,f(2) =
polynomial function.

You Will learn

So 0,1 and 2 are called the set of zeroes of the function.

Key terms
Y if f : R — R is a polynomial in x, then the set

¥¢ Polynomial function.
Yr Set of zeroes of the - Generally
polynomial function.

i.e : Z () is the solution set of the equation f (x) = 0

In general, to get the zeros of the function f, put f(x) = 0 and solve the

resulted equation to find the set of values of x.

gwr )
f Find Z(f) for each of the following polynomial :
N @ fo=2x-4 @,x-
): @ rx0=5 @ix-=
E @ .0o=x2+4 @ 0 =xt-32x
:1 @ ,00=x2+x+1

)‘ . éolution: .
)‘ @ f,0=2x-4 putf, (x) =0 S 2x-4=0
ﬁ i.e 2x =4 Sox=2 Seoz(f) = {23
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i: ﬁfz(x):x2—9

’( putf, (x) =0 W x2-9=0
)1 iex2=9 fox= %3 ozf) = {3, 3

)1 @ =5

’1 ~ there is no real number that makes f,(x) = 0 ~oz(fy) is ¢

)1 @ f,0=0

)‘ - all the real numbers R are zeroes to this function ~z(fy) isR

aaputx2+4:0
( ox2=-4 Sox=% vz g R oz(f)is ¢

’( 6 put x6-32x =0

) S x(x°-32)=0 =0 , x> =32

): when x5 =25 =2 v z(f) =10, 2}

)

’1 6putx2+x+1 =0

:( the expression x> + x + 1 could not be factorized so we use the rule to solve the quadratic

" b4 4 Db*-dac

’1 equation X = — . where a=1,b=1,c=1

’1 S V3

)‘ e X=0——— E R

)1 2

’( “ there is no solutions then z (f,) = ¢
e s s s

6 Find the set of zeroes of the following functions :

al fx)=x3-4x? b f(x)=x?-2x+1 g f(x)=x%-2x-1
4 f(x) =x* - x2 e fx)=x2-x+1 & fx)=x*-2
@ For More Exercises, go to MOE website
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Algebraic fractional function

PR

you have previously learned the rational number which is in the
form %where a,bezZ b#0

if p: R » R , p(X)=x+3, What you’ll learn
f:R __,R , f(x)=x2-4. ¥ Algebraic fractional
function.

‘ Find the domain of fand p .
Key terms

‘ If n(x) = p() can you find the domain of n when you know the

£(x) ¥r Polynomial function.

domain of each of p and f ? ¥r The domain of algebraic
fraction.
From the previous, we deduce the following: ¥ The common domain
for two algebraic
n is called an algebraic fractional function or an algebraic fraction fractions.
x+3
where n(x) =
x2-4

The domain in this case is R except for the values of x which makes
the fraction unknown (set of zeroes of the denominator).

i.e : the domain of n(x) isR - {-2, 2}

n:R-z(f)_,R,n(x):T

is called real algebraic fractional function or briefly called an
algebraic fraction.

Note that : the domain of algebraic fractional function = R - the set
of zeroes of the denominator.
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6 Identify the domain of each of the following algebraic fractional function then find n(0),

n (2), n (-2):
_ x+3 . x-2 _ 1
& nix) = 4 by nG) = 2x &) nbd) = X +2
X249 o x2+1 o ox2-1
d nx) = 1o &) nx) =—5 fin(x) = 53
6 If the domain of the function n : n(x) =2"—'1 is R - {3} then find the value of a.
x“-ax+9

The common domain of two or more algebraic fraction:

The set of real numbers where the fractions are identified together completely (at the same time).

W

A

Ifn,, n, are two algebraic fractions where :

1 3 :
n(x) =——, ny(x) = then calculate the common domain of n; , n,
x-1 x2-4

Solution

Let m, the domain of n; , m, the domain of n,.
- m; =R -{1}, m, =R -{-2, 2} then the common domain of the two fractions n;, n, = m; N'm;,

where: m; N m, ={R-{1}} N {R-{-2,2}}=R-{-2,1,2}
N

D e N e N N N e N e e N S e

Remark : For any value of the variable x which belongs to the common domain then , each of n;(x)
and n» (x) are defined (existed).
Generally :

If ny and n, are two algebraic fractions, and if the domain of n; =R - X
(where X1, the set of zeroes of the denominator of ny) of the domainn, =R - X,
(where X, , the set of zeroes of the denominator of n,)

then the common domain of the two fractions ny and n, =R - (X; U X5)
= R - the set of zeroes of the two denominators of the two fractions.
.. the common domain of a number of algebraic fractions

= R - the set of zeroes of the denoinators of these fractions
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Find the common domain for each of the following :

1 2
n,(X)=— n,(X) =
@ "= ;o= —
_ 3 _ 2x-3
@nw=—> r M) =———
3 5 X
n,(X) = n N, (X
6 1( ) x-2 ! 2( X +2 ! 3( ) x3 - 4x
x2-4 3x x2-3x-4
n,XxX)=————— n,(x) = n,(x) = ——~=—~ =~
6 1( ) x2-5x + 6 ! 2( ) x2 - x ! 3( ) x2+x-2

For More Exercises, go to MOE website
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Equality of two algebraic fractions

Reducing the algebraic fraction

’ A Think and Di
X2+ x
If n is an algebraic fraction where : n(x) =

What you’ll learn x2-1
Complete :

¥r The concept the
equality of two . The domainof n = ..........
algebraic fractions.

Yr How to determine
when two algebraic

. The common factor between the numerator and denominator
after factorizing both of them perfect facterization is .......... # Zero

_ where x doesn’t take the value of ............
fractions are equal.

‘ The algebraic fraction in the simplest form after removing the
Key terms common factor=............

¥ Reducing an algebraic Does the domain of the algebraic fraction change after putting it

fraction. . .
in the simplest form ?

¥r Equality of two algebraic
fractions. From the previous, we deduce that :

S

Putting the algebraic fraction in the simplest form is

called reducing the algebraic fraction.

Follow the following steps to reduce an algebraic

fraction :

‘ Factorize both the numerator and denominator
perfectly.

@ Identify the domain of the algebraic fraction before
removing the common factors in the numerator
and denominator.

@ Remove the common factor in both the numerator
and denominator to get the simplest form.

e e
Definition: It is said that the algebraic fraction is in its simplest
form if there are no common fractons between its numerator and
denominator.
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7 - ! V'E'» :
(
’ x3 4+ x2 - 6x
’: If n(x) = : - then reduce n(x) in the simplest form showing the domain of n.
x*-13x% + 36

’1 . éolution: .

}‘ X3+ x2 - 6x x (X2 +x-6) x (x +3) (x-2)
‘ 0 n(X) = = =
" x4 -13x2 + 36 (x2-4) (x2-9) (x+2)(x-2) (x+3)(x-3)
:{ < the domainof n(x)=R -{-3,-2,2, 3}.
X
P: s n(x) = —— thencancel (x + 3), (x - 2) from the numerator and denominator.
h (x+2)(x-3)

Equality of two algebraic fraction to be equal

\ Think and Discuss )

Find n; (x) and n, (x) in the simplest form showing the domain of the following :

x+3 2
@ = ;N (0=

x2-9 2x -6
2x X2 + 2x
Q@ - oy E
2x+4 x2+4x +4

Does n, = n, in each case ? Explain your answer.

From the previous we deduce that :

x+3
é n;(x) = - and the domain of n, =R-{-3, 3}
(x+3) (x-3) x-3
n,(x) = 2 - ! and the domain of n, =R - {-3}
2(x-3) x-3

i.e.: n, and n, are reduced to the same fraction but the domain of n, # the domain n,

2
é n,(x) = * S and the domain of n, =R-{-2}
2(x+2) X+2
n,(x) = xr?) X and the domain of n, =R-{-2}
(x +2)2 X+ 2

i.e.: n, and n, are reduced to the same form, and the domain of n, = and the domain of n,

Student’s Book - Second term Q&D
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From the previous, we deduce that :

It is said that the two algebraic fractions ny and n, are equal (i.e: ny = n,) if the
two following conditions are satisfied.
the domain of ny = the domain of n, , ny (x)=mn, (x) for each x € the common

domain.
.y -
): X X3+ X2+ x
)‘ 6 If n,(x) = e , o NnL(x) = . prove that: n, =n,
) [ 2 °
): . §olution‘ .
.. _ X2 _ x2 . 1
)( S on(x) = o2 T e o) =
)1 the domain of n, =R - {0, 1} @
)( () = X3 +x2 +x _ x(x2+x+1) _ x(x2+x+1)
){ 2 1><4-x x(x3-1) X (x-1) (x2 + x + 1)
)( Cony(x) = —
:{ the domain of n, = R- {0, 1} 2
): from @and @
)
)1 ** the domain of n; = the domain of n, , n,(x) = n,(x) for each
a x ER-{0, 1)
)‘ onp=n
)( A e N N e N e e e e e e e e )
X3 - x2 -6x
:f‘é If n,(x) = Xz"i% ;o n,(X) = Tgxé
): prove that n,(x) = n,(x) for the values of x which belong to the common domain and find
)( the domain.
)‘ . §olution‘ .
)1 () = X2 -4 _ x+2)(x-2) _ X+ 2
)( ! X2+ x-6 (x+3) (x-2) x+3
:( the domain of n, =R - {-3, 2} @
é
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x3 - x2 -6x x(x - 3) (x +2) X+2
e nz(x): = =
x3 - 9x x(x +3) (x-3) x+3

and the domain of n, =R -{-3, 0, 3} @

from @and @

we notice that : n; (x), n, (x) are reduced to the same fraction

X+ 2

x+3
but the domain of n, # domain of n, so n; # n;.

we can say that: n; (x) = n, (x) take the same values if x belongs to the common domain

for the two functionsn, , n,R-{-3,0,2, 3}.

A e e e e e e e

Complete the following :

. . 42 -2
é The simplest from of the function f(x) = % , X#01is ...
, . -2
é The common domain of the function n; , n, where n,(x) = XZ T
X2 -
1
nz(x) = g IS e
X 1+a 4
é ifn,(x) = o LX) = 5 and n,(x) = n,(x) then a=_...........
. , , X2-dx+4 x-2
6 If the simplest form of the algebraical fraction n(x) = ————is n(x) = thena= ...
-a X +
-7 X . .
é Ifn,(x) = , Ny(x) = and the common domain of two function ny , n,

X +2 x -k
isR-{-2,7}thenk= ...........

For More Exercises, go to MOE website
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First : Adding and subtracting the algebraic
fractions

a
‘ If %, % are two rational numbers then find each of the

following : % + % ,

o=
U‘|r>

a C
' If 5, @ two rational numbers then find each of the

. a C
fO“OWlng . 5 + e ,

D‘lsn
Q-|n

From the previous, we can do the operation of adding or subtracting
of two algebraic fractions :

-
If x € the common domain of the two algebraic fractions

n,, n, where:

@nx="" n="20

£,() £,(x)
(two algebraic fractions having a common denominator)
then : n (x) + n,(x) = £, + G B +EK)
£5() £(x) £,()
N f _
n (X) -n, (x) = :T A 53(%) e 1) + 5(%)
T 660
@n0=—""") nw=""
£,(x) £,(x)

(two algebraica fractions having two different denominators)

then : n,(x) + ny(x) = 10 4 &0

£5(x) £,(x)
= £,() X £,(x) + £5(x) X £,(x)
£,0) X £,() ’
1y 0 - (o) = a6 B _ HOOXE0- 660 X 10
fz(X) f4(X) fz(x) X f4(X)
e e — — e ——— |

(L Mathematics - Preparatory 5

What you’ll learn

¥r Doing the operations
of (+,-,%,+)onthe

algebraic fractions

Key terms
Yo Additive inverse of the
algebraic fractions.
¥r multiplicative inverse
on the algebraic

fractions.



( . .
\ @iinw="" , ny=—02

x2 + 2x X2-4

’1 Find n(x) = n(x) + n,(x) show the domain of n.

)( . \:Solution‘

)‘ .o N(X) =1 (x) + ny(x)

)‘ . X X +2 X X +2

Y n(x) = + = +

)( X2 + 2x x2-4 x (x +2) (x-2) (x +2)
)1 domainn=R-{-2,0, 2}

)‘ . n(x) = 1 N 1 _ X-2+x+2 _ 2x

)( X422 x-2 x4+ (x-2)  (x+2)(x-2)

) N N N N N N N NN N N N N ]

)‘ é Find : n(x) in the simplest form showing the domain of n where :

\

3x -4 2x + 6
)1 n(x) = +
‘ X2 -5x + 6 X2 +x-6

)‘ - $olution:

:( (0 = 3x-4 . 2(x +3)
)( ’ (x-2) (x-3) (x-2) (x +3)
(

:1 domainn=R -{-3, 2, 3}

)

’( e = 3x-4 L2

‘ (x-2)(x-3) x-2

)1 .+ L.C.M. of denominators = (x - 3)(x - 2) by multiplying the two terms of the second fraction

:‘ in(x-3)

)1 3x -4 2(x-3) 3x-4+2x-6
) oo n(X): + =

)( (x-2) (x-3) (x-2) (x-3) (x-2) (x-3)
" _ 5x - 10 _ 5(x-2) _ 5

.1 (x-2)(x-3) (x-2)(x-3) x-3
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i‘ é Find n(x) in the simplest form showing the domain of n where :

(Factorize)

0 nx) =——>+ , then find n(0) , n(-1) if possible.

" 12x2-3 2x - 4x2

:( - éolution: .

( 12 2

b o n(x) = +

)‘ 12x2-3 -4x2 + 2x

( - + 2 (descending order) according to the powers of x
g g P

)‘ 12x2-3 - (4x2-2x)

)( B 12 ] 2 B 4 ] 1

)1 3(4x2-1) 2x(2x - 1) @2x+1) (2x-1) x (2x-1)

) domainan—{i,O l}

’( 2 2

’1 L.C.M of denominators = x 2x + 1) 2x-1)

)( 4x 2x +1

n(x) = -

N
’( x(2x +1) (2x - 1)
4x-(2x+1)

x2x +1) (2x-1)

4x-2x -1

‘ oo n(X) = =
)‘ x(2x +1) 2x - 1) x(2x +1) 2x - 1)
)< B 2x-1 1

x(2x +1) (2x-1) - x (2x + 1)

)( n(0) does not exist because zero & the function domain of n,

0 1

n(-1) = =

1x(-2+1) -1 x-

A N N e N e e e e

=1

Find n(x) in the simplest form showing its domain where :

x-2 3+x
@ = +
X 2x
2 x+3
@ 0=
xX+3 x2 + 3x
3 2
@n0=—"--
x-1 x-1
x2 X
én(x): +
x-1 1-x
x+3 X
@ - :
2x 2x -1

2x 4
@ = +
X+ 2 X+ 2
X x+4
@no=-—"—-
x-4 x2-16
5 4
® ~ - +
x-3 3-x
X X
@ nv-——--
X-2 X+ 2
3 2x +1
@ -
x+1 1-x2
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Second: Multiplying and dividing the algebraic fractions

. Think and Discuss ’

For each algebric fraction n (x) # 0, there is a multiplicative inverse. It is the reciprocal of the

fraction and denoted by n-1 (X).

If n(x) = ’;;2

5
= then n-1(x) = % where the domain of n = R - {-5}, the domain
X

of n"1 = R-{-2, -5} and then n(x) xn'1(x) = 1

From the previous, we can do a multiplication or division of two algebraic fractions
as follows :

If n;, n, are two algebraic fractions where:
fl(X) fg(x)

n,(x) = , ny(x)= then :
fz(X) f4(X)
f f £,00) x £5(x)
ﬁ n1 (X) % nz(X) il 1(X) « 3(X) - 1\X 5(X
£5(x) £,(x) £,(x) x £,(x)

where x € the common domain of the two algebraic fractions nqy, n,
ie.R-(Z (f,) UZ(f))

é n, (X) 2 n, (X) — 1) - 2(%) _ 10 ” ()
509 £,00 £,00 £x)

then, the domain of n, + n,is the common domain of ny, ny, ny1

ie.R-(Z (f) UZ(f5) UZ(£))

’ X + x2 + 3x -
’1 élff(x): 1 y 3x-10

x2-x-2 3x2+16x +5

then find f(x) in the simplest form and identify its domain, then find f(0) , f(-1) if possible.

- §olution‘
f(X)= x+1 % (x+5)(x-2)
(x-2)(x+1) (Bx+1) (x+5)
- 1 )
= ke = (The simplest form)
(x-2)(x+1)(Bx+1)(x+5) 3x+1

—.2b, fo)=1,

f(-1) it is not exist because -1 & the domain of f .

Student’s Book - Second term Q&D
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x2-9 3x2 + 6x - 45
@ 1ffx = +

2x2 + 3x 4x2-9

then find n(x) in the simplest form showing the domain of n .

- éolution: .

x2-9 3(x2 + 2x - 15) . (x+3)(x-3) 3(x+5)(x-3)
n(x) = + <o n(x) = -

2x2 + 3x 4x2-9 x (2x + 3) 2x +3) (2x-3)
domainofn=R-{0, - ; , ;,—5,3}

(x+3)(x-3) « (2x +3) (2x-3)

n(x) =
x (2x + 3) 3(x +5) (x-3)
(x+3)(x-3)(2x+3) (2x-3) _ (x+3)(2x-3)
\ 3x (2x +3) (x +5) (x -3) 3x (x + 5)

Third: Find n(x) in the simplest form identifying a domain in
each of the following:

x2+x+1 x2 - x x3-1 x+3
én(x): X 6n(x)= X
X

x3-1 x2-x X2 +x+1
3x-15 5x - 25 X2 +2x-3 x2-1

6n(x)= + én(x)= +
X+3 4x +12 x+3 x+1

Q For More Exercises, go to MOE website
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Unit3: Probability

‘___,_-—-—_v-'-—-_— -




Operation on events

A regular dice is rolled once randomly and the upper

face is observed as :

What you’ll learn
@ Sample space (S)=1{ ..., ..., oo, iy iy b

ploessioiSoerans (2 The event of having 7 is .......... and the event is called ..........

(intersection, union). and the probability of appearnce = ...............

Key terms (3) The event of getting a number less than 9is .............. and the
¥ Union eventis called .......... and the probability of appearance = ..........
Yr Intersection (a) The event of getting a prime even number is .............. and itis a
Y Two mutually exclusive subset of ........ and the probability of occurrance = ———
events. n (A)

If Aisan eventof Sie AC Sthen P (A) =

¥r Venn diagram n®

where n (A): number of elements of the event A, n (S) is the number of

elements of sample space S, and P (A) is the probability of occurring

event (A).

we notice that : probability can be written as a fraction or percentage as
follows :

impossible less likely  Equally likely More Certain |
event as unlikely likely event
0 i 1 3 i
4 2 4
25% 50% 75% 100% J

A box contains 3 white balls and 4 red balls. If a ball is randomly
drawn, then calculate the probability that the ball drawn is...... :

A white. B white or red. £ blue.
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6 The opposite figure is a spinner divided into eight equal colored
sectors Find the probability that the indicater stops on :
Al the green color.
BJ the yellow color.
£ the blue color.

Operations on events :
Events are subset of the sample space (S), so oparetions on events are similar to the operations on
sets such as union and intersection. When the sample sapce (S) is considered the universal set,
we can represent events and operations on the sample space by using Venn diagrams:

First: intersection BNA

If A and B are two events from a sample space (S), then the
intersection of the two events A and B which are denoted by the symbol 0
A N B means the events A and B occur together.

Note that : It is said that an event occured if the outcome of the

experiment is an element of the elements of the set expressing this event.

e )
’ h’
(
’( A set of identical cards numbered from 1 to 8 with no repetition O O
( mixed up and well, if a card is drawn randomly. O O

)

}1 6 write down the sample space. O O O O

’( e write down the following events.

)( Al Event A : The drawn card has an even number.

}‘ BJ Event B : The drawn card has a prime number.

:‘ £ Event C : The drawn card has a number divisible by 4.
){ 6 Use Venn diagram to calculate the probability of :

}1 A occurring A and B together.

’( B occurring A and C together.

:‘ & occurring B and C together.

)‘ . :Solution: .

\ @ s=0,2345678 , =8

! @ & A={24,68) BsB-2357) & C-= 4,8
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i‘ @ Use the venn diagram opposite and find : s

" Al The probability of the occurrence of events A and B

)1 together means A N B where :

)

)‘ Bl ANB={2}itisaoneelementset Xn(ANB)=1

)‘ X the probability of the occurrence of events A and B together = P (A N B)

)‘ _n (A N B) B i

)1 - n (S) )

)( £ The probability of the occurrence of the events A and C together means A N C where :
:{ ANC=1{4,8} XK n(ANC) =

)‘ X The probability of the occurrence of the events A and C together = P (A N C)

)1 _ n(ANC 2 _ 1
)( B n (S) T8 4

( the probability of the occurrence of the events B and C together means B N C where :
) p Y 2

" BN C= ¢ (because B and C are two separate or distant sets), n (B N C) = zero

)1 X The probability of the occurrence of two events B and C together = P (B N C)

) nBNC o

‘ =—————— =— = zero
)‘ n (S) 8

)‘ Notice that : the two events B and C cannot occur at the same time so we say A and B are
\ mutually exclusive events.

\VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAvAvAvAvAvAvAvAvAvAvAvAvAvAvAv‘

\ Mutually exclusive events.

It is said that A and B are mutually exclusive events if AN B =¢ @ -

and it is said that a set of events are mutually exclusive if every pair is mutually exclusive.

Wl

A regular dice is rolled once : ' ﬁv
@ Write down the sample space. =

Q Write the following events:
A A =the event of getting an even number. B, B = the event of getting an odd number.
£ C = the event of getting an a prime even number.

@ Find the following probabilities of :
A The occurrence of two events A and B together.
© The occurrence of two events A and C together.

Second : Union
If A and B are two events from the sample sapce (S) then the union of the two events which is denoted by the

symbol A U B means the occurrance of the two events A or B or both i.e occurance of at least one event.
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( 6 9 identical cards numbered from 1 to 9 a card was drawn

’{ randomally. O O
}1 First  Write down the sample space.

:{ Second Write down the following events : O O
)1 A Getting a card with an even number. O

:{ B Getting a card with a number divisible by 3.

)1 £ Getting a card with a prime number greater than by 5.

:1 Third use the venn diagram to calculate the probability of :

}1 .a) Occurrence of A or B b Occurrence of A or C

’{ < Find PA)+P®B)-P(AN B) , P (A U B) what do you notice ?

’1 - ;501utior1: .

:{ First S={1,2,3,4,5,6,7,8,9 , n()=9
)1 SecondA=1{2,4,6,8,n(A)=4 , B={3,6,9) , nB)=3 , C={7},n(O) =1
:{ Third In the venn opposite diagram : s
}1 A Occurrence of A or B means A U B
:{ where : AUB=1{2,3,4,6,8,9},n(AU B)=6
(
:{ - probability of the occurrence of Aor B =P (AU B) :%=%=%
|
:{ BJ Occurrence of A or C means A U C they are two distant sets.
){ thenAU C=1{2,4,6,7,8} , n(AUC=5
}( . . _ _ nAUQ 5
’( . probability of the occurrence of AorC=P (AU C) e -9
>1
n (A) n (B)
:1 S rA= n(s) 9 ' P(B) n(S) 9
\ AN B=1{6) ~ PAN B):“‘ﬁ—g)m:%
’{ PA)+PB)-PAN B ==+~ -+ == 1
)( (A)+P(B)-P( J=5+9 -9 =3 (M
\ ,P(AU B) =7 @)

(
k from (1), and (2) we get P (A) + P(B)-P(A N B)=P (AU B)

SN N N N N N N N N N N N N N N N N N N )
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Remark: From the opposite figure, A and B are mutually exclusive events from the sample space S,
then :

@ AN B=¢
number of elements of ¢ Zero o
@ rAanB-= = ~ Zero @.

number of elements of S number of elements of S

S

Notic that A and B are mutually exclusive events.

ThenP (A U B)=P(A)+PB)-P(A N B) but (A N B)=zero

. PAU B):%+%-zero

5

=5 As previously found

i.e if A and B are two mutually exclusive events then P (A U B) =P (A) + P (B)

@ If A and B are two events in the sample space of a random experiment

complete :

A P (A) =02 B P(A) =055 S PA) =
P(B)=06 P(B) = P®B) =
P(AN B) =03 PAN B) = ... P(AN B) = zero
PAU B) = ... PAU B) = — P(AU B) =09

20

@ use the venn opposite diagram to find:

S A B
Al PAAN B, P(AU B) QQD

B PANCOC, PAUO 8 C

o pPBNOC, PBUAO

Q For More Exercises, go to MOE website
Mathematics - PreParatorg b)



Complementary event and the difference
between two events

What you’ll learn

¥t The concept of the
complementary even

¥ The concept of the
difference between two
events.

Key terms

¢ complementary event

Yr difference between two
events.

‘Think and DIEEB
In the venn diagram opposite : A O
If S is the universal set, A C S

then the complementery set of A is A’

Complete :
@AvaA=_. , ANA=.
@ 1fS=1{1,2,3,4,56,7} A={2,4,6}then: A" ={ ... .

From the previous, we notice that : If S is the sample space of a random
experiment and one ball is drawn from a box having identical balls
numbered from 1 to 7 and observing the number on it.

A is the event of getting even number : A = {2, 4, 6}

A is the event of getting an odd number : A" = {1, 3,5, 7} and itis a
complementry event to A .

The complementry event :

i.e: IfACSthen A is the complementry event to event A
where AUA =S , AN A =¢

i.e the event and the complementary event are two mutually

exclusive events.

If S the sample space of a random experiment, A CS, A'is the
complementry event to the eventAand S={1,2,3,4,5,6}.
Complete the following table and record your observation.

event A event A’ PA | PA) [ PA+P(A)
{2, 4, 6}
{3, 6}
{5}
{1,2,3,4,5, 6}

Student’s Book - Second term Qlo
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From the previous table, notice that: P (A)+ P (A")=1then:P(A)=1-P(A), P(A)=1-P(A)
Note: P(A)+P(A)=P(S) =1

JATD

(

t{ @ A classroom contains 40 students. 18 of them read Al-Akhbar newspaper, 15 read

}: Al Ahram news paper and 8 read both newspapers. If a student is selected randomly
:{ calculate the probability that the student :

}( Al reads Al-Akhbar newspaper £ doesn’t read Al-Akhbar newspaper
}: £ reads Al-Ahram newspaper DI reads both newspaper.

}( Solution .
}( Let the event A be reading Al Akhbar newspaper and the event B reading Al Ahram : \
}{ 8 pap g

}: newspaper. then A N B is the event of reading both newspapers. -

}(thenn(S):40, n(A)=18 , nB)=15, nA N B)=

A
E Al event A : Read Al Akhbar newspaper then P (A) = 1;(—(5)) = % = 2—90
}( B) Does not read Al Akhbar is the complementary event of the event A and it is A”.
}( number of elements of s set A* 15+7
. S _ _2 _n
:( “ P(A") = o =~ T 1 = 20
(
:( Another solution: P(A")=1-P(A) =1 -%z%
B
}: £ event B : read Al Ahram newspaper then : P (B) = I;((S)) = % = %
D event means reading both newspaper
: D AN B ding both pap
( ANB
}‘ ~ PAN B)zu:izi
n(S) 40 5

’¢
}( Think : Does the event reading Al Akhbar newspaper mean to read Al Akhbar newspaper

}( only? Explain your answer. S

:‘ Notice that: The event of reading Al Akhbar newspaper is

}( represented by venn opposite diagram by set A while the event of
}1 reading Al Akhbar only but not other newspaper is represented by

:{ the set A - B and read as A difference B

N SO S o S S S S S S S S
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The difference between two events
If A, B are events of s, then A-B is the event of the occurrence of A and the non-occurrence of B, i.e.,

the occurrence of the event A only. Note that: (A-B) (AN B)=A

In the previous example Find :

a the probability that the student reads Al - Akhbar newspaper only.
6 the probability that the student reads Al - Ahram newspaper only.
6 the probability that the student reads Al - Akhbar only or Al - Ahram only.

For More Exercises, go to MOE website
Student’s Book - Second term



Drivers are to be familiar

with traffic signs well and
to distinguish between
them.

Search in the different
knowledge resources
(traffic department -
library - internet) for

traffic signs.
A




Basic Definitions and Concepts

~ Think and Discuss ’

Yousef used the program, Google
Earth , on his computer to study

What you’ll learn the geography of Egypt.

5
Yc The basic concepts  Yousef noticed some green,  [EEE

related to the circle. circular areas next to the desert
Y The concept of axis areas so, he asked his father

of symmetry in the about them.

circle.

The father Said: You learn that a drop of water means the source of life.
Therefore, we should minimize the consumption of water in order to
irrigate the land by the central irrigation method (sprinkle irrigation)

Key terms in which, the wheels of the irrigation machine circle around a fixex
Y Circle point which draws those circles.
Y Surface of a circle 1 How can you draw the circle of a football field?
 Radius 2 What is your role in minimizing the consumption of water?
Yr chord
Yr Diameter . .- . .

. The circle: is the set of points of a plane which are

Yo Axis of symmetry

at constant distance from a fixed point in the same plane.
The fixed point is called the centre of the circle and the
constant distance is called the radius length.

in a circle

The circle is usually denoted by its center. So we
say, circle M to mean the circle which its center is
point M, as in the figure opposite.

When drawing circle M in a plane, it divides the
points of the plane in to three sets of points as in
the figure, and they are :

1 The set of points inside the circle

[ ]
like points: M, D, E, ........... X
2" The set of points on the circle
like points: A, B, C, ...........
The set of points outside the circle .
like points: X, Y, Z, ........... ., Y

Student’s Book - Second term Ql@



Surface of the circle :
set of points of the circle U the set of points inside the circle

Inthe figure opposite, complete :

6 AB N circleM=_......... oM
é AB N surface of circle M = ..........

@ ME&cicleM,Me ... B PN____~C A

Radius of a circle : is a line segment with one endpoint at the center and the
other endpoint on the circle.

C
In the figure opposite  MA, MB , MC are radii for circle M where :
MA = MB = MC = radius length of the circle (r)
. . . . B M
Two circles are congruent if their radii
are equal in length.
A
- C
b A
In the figure opposite :
Draw all the chords of the circle which pass through the pairs of points E
A B, C D, E
B

e Which chord in the following figure is a diameter in circle M ?

6 What are the number of diameters in any circle ?

GTO prove that the diameter of a circle is its largest chord in length,
complete :

‘ C E l
In the triangle AM C:AM + MC > ... U

In circle M : CM = BM (radii)
Thus : AM + .......... > bbhoodboos S AB>

()i@ Mathematics - PreParatorg 5
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If the radius length of a circle =r then the diameter length = .......... and the perimeter
of the circle= .......... , area of the circle= .......... .

6 In each of the following figures find the value of the used symbol in measuring :

)1 In the figure opposite : AB is a diameter in circle M. D
—> E—
)‘ BA N DC ={N}. Prove that: NB > ND.

" . :Solution. -

N
’( Draw a radius MD in AN M D :
’( MN+MD>ND
’( * MB=MD (radii)
" S MN+MB>ND
N~ NB>ND (QE.D.)

A A A A S A A S S S S S )

In the previous example, prove that : N C > N A.

Student’s Book - Second term Q&D



Symmetry in the circle

e L
i.'.‘ 4 - 3,

fA::l : ¥ :q!

‘1. -._'-.- l. :

@ Do circle M oan 3 transparent paper using compasses,

(20 Draw the straight line || passing through the cenrer of the circle L
and dividing it in to two ancs,

@' Fealel the: paper araund the straight line L, what de oo nesticed

4 Draw another straight line L, passing through the center of the
circle and, then fold the paper around it - repeat this step a number of times by drawing
the straight lines L, Ly, oo, e, what do you notice in each case {

From the previous activity we deduce that ;

Any straight lne passing through the center of a circle
15t exis of symmetry of ik

& T What is the number of axes of svinmetry in the circle:

&3

Studly each of the following figures (as given in the drawing), What do vou deduce?

P S @ 4 3 s

b il

Deduction : - Decduction: ... Deeciiction :
thee straight fine passing throuvgh the center of the circle and
the midpoint of any chord of it is perpendicular to this chord,

the straight line passing through the center of a circle and
perpendicalar toany chord of it bisects this chord.

‘ Fioa @ the perpendicular hisector of any chord of & circle passes
' through the center of the circle.

Qio Mathematics - PrcParatorg )



6 M circle in each of the following figures complete :

B G
C E A
’ 60°
M M
MScm
B
IfAB=8cm,

IfAB=10cm,
thenCD =..............

6 In the figure opposite : M circle with radius length 13 cm, AB
is a chord of length 24 cm, C is the midpoint of 1
AB ., MC N circle M = {D}.
Find the area of the triangle A D B.

A AlIID

( In the figure opposite: two concentric circles M, AB is a chord in

)( the larger circle intersecting the smaller circle at C and D :
)( Prove that : AC = BD.

( . ;Solution -

]

) Given: aAB N the smaller circle = {C, D}

R.T.P: AC=BD
Student’s Book - Second term Q&D



Proof: In the larger circle ME L ‘AB
In the smaller circle ME L C_D

By subtracting (2) from (1), we get:
EA-EC=EB-ED

In the figures opposite :
What are the lines segments that are
equal in length? Explain your answer.

iy W

(
I‘
\

’(

—>

XM is drawn to intersect CD atY. Prove that Y is the midpoint of CD

. ’Solution. .

Given: aAB // CD,AX=BX
R.T.P: CY=DY

Construction : Draw ME L AB to intersect it at E .

In the figure opposite : M circle, AB // CD, X is the midpoint of AB

- EA=EB (1) (corollary)
~ EC=ED (2) (corollary)

. AC=BD (Q.E.D.)

fig (1)

Proof:  + Xis the midpoint of AB s MX L AB
AB // CD , XY intersects them “ m(ZDYX) =m(/AXY)=90° alternating angles
vy L C_D -~ Y is the midpoint of C_D (Q.E.D)

‘AB and CD are two parallel chords in circle M. AB = 12 cm, CD = 16 cm. Find the distance
between those two chords if the radius length of circle M equals 10 cm. Are there any other

answers? Explain your answer.

% Think If AB and CD are two parallel chords in a circle where AB >CD, which

chord is closer to the center of the circle ? Explain your answer.

Qio Mathematics - PreParatorg 5
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) In the figure opposite : ABC triangle is an inscribed triangle inside a cricle
)‘ with center M, MD L BC , ME 1 AC .

’( Prove that : First: Ep / AB
( Second : Perimeter ACDE = T Perimeter AAB C
) 2

I

)( - Solution -

)1 Given: MD 1 BC and ME 1 AC

{ R.T.P:First: ED // AB

:‘ Second : Perimeter ACDE = ;— Perimeter AAB C

)1 Proof :

:1 First: -. W) 1 E < D is the midpoint of E (1)

:1 “ ME L AC - E is the midpoint of AC )

)1 in AAB C, D is the midpoint of BC and E is the midpoint of AC

) .

)1 * DE // AB (QED 1)
)( DE= % AB 3)

’( Second : From (1), (2), (3) :

< Perimeter ACDE=CD+CE+ED :%CB+%AC+%AB

:%(CB+AC +AB)=%PerimeterAABC

In the figure opposite : In circle M, MX L AB , MY L AC ,
m(/ A)=60° m(/ B)=70°

Find : the measures of the angles of the triangle M X Y.

For More Exercises, go to MOE website o
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Positions of a point, a straight Line and a
circle with respect to a circle.

First: Position of a point with respect to a circle.

Think and Discuss >

What'yowillearn | ,, ihe figure opposite, circle M divides the A
Y¢ Identifying the position points of the plane in to three sets of points.
of a point with respect . o
t0 a circle. 1 How can you determine the position of the
Y Position of a straight points: A, B, and C with respect to circle M ?
li.ne[with respecttoa (94 \What is the relation between (MA, r), -
circle. ?
¥r Relation of the tangent (MB, 1) and (MC,, 1 ¢
with the radius of a If M circle with radius length r and A was a point on the circle plane,
circle. then:

Yr Position of a circle
with respect to another 1 A is outside the circle 2 Ais on the circle 3 Ais inside the circle

circle.
Yr Relation of the line
of centers with the
common chord and A
the common tangent. A
Key terms
¥ Pointis outside a So: MA>r So:MA=r So:MA<r
circle. and vise versa and vise versa and vise versa
Yr Point is on the circle
Yr Point is inside a
circle.
Yr Two distant circles.
¥ Two intersecting If M circle with radius length = 4 cm and A is a point in its plane,
circle. Complete :
¥T Two circles touching G IF: MA=4cm, thenAis . ............ circle M, because ..........

¥r Common tangent
Yr Line of centers

% Common chord 6 IF: MA =23 cm, thenAlis ............. circle M, because ..........
@ IF: MA=3v2 cm, thenAis........... circle M, because ..........
é IF: MA = zero, thenAis............. circle M and represented
DA S B b s

Qio Mathematics - PreParatorg 5



}1 MA = 2x -3 cm. Find the values of X, if A is located outside B
)‘ the circle.
:( . :Solution' -

‘\ ** Point A is located outside the circleM -~ MA > S0:2X-3>5 je.2X>8 ~ X>4

N AN NS S N AN N AN PN PN AN AN AN N N N N AN AN N N N N )

From the previous example, find the value of X in the following cases :

6 MA = 2x + 1, point A on the circle.

6 MA = 8x — 27, point A inside the circle.

Second: Position of a straight line with respect to a circle :
If M circle with radius length of r, L is a straight line on its plane,<1\E%> L L where

MA N L = {A}, Then:

1 the straight line L is located 2 the straight line L is 3 the straight line L is
outside the circle M a secant to the circle M tangent to circle M
LN circleM=¢ LN circle M = {C, D} L N the circle = {A}

CNCR N Y

So: MA >r So: MA<r So: MA =r

and vise verse and vise verse and vise verse
ﬁ Think:  In each of the following cases, Find L N surface of circle M.

If M circle with radius length 7 cm and MA LL whereAEL. Complete the following:

a If MA=4+V3 cm Then the straight line L .................
@ If MA=3V7 cm Then the straight line L ................
@ If 2MA-5=9 Then the straight line L ................

@ If the straight line L intersects circle M and MA = 3X -5 ThenX € ...
@ If the straight line L tangent to circle M and MA = X* -2 JIEnPSESI .
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acts

18 d M
g A tangent to a circle is perpendicular to the radius at its point of
tangency.
gency, L
A
L
'5- If a straight line is perpendicular to a diameter of a circle at one of
its endpoints, then it is a tangent to the circle. M B
. How many tangents can be drawn to circle M ?
First : from a point on the circle.
C> Think Second: from a point outside the circle.
O ‘ What is the relation between the two drawn tangents to the circle from

the two end points of any diameter in it ?

- :
~ m‘]
/ .
( In the figure opposite: M circle with radius length of 5 cm,
\ XY=12cm, MY N circle M={Z}and ZY = 8 cm.

( Prove that : XY is atangentto circle M at X.

:‘ :S l t 2 X 12 cm
- Solution -

‘ - L

\ My N circle M = {7} W MY =MZ+2ZY

)

,1 “ MZ=MX =5 cm (radii) " MY=5+8=13cm

N v MYP=(32=160 ,  (MX2=(2=25 ,  (XY)2=(127 =144

)‘ s (MX)2 + (XY)2 =25 + 144 = 169 = (MY)2

)

" S m( MXY)=90° (The converse of the pythagorean theorem)
( XY L Mmx

)

( XY isatangentto the circle at X. (Q.E.D)

- A N N N N e N e N e N e N e e e
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6 M circle is in each of the following figures and AB is a tangent : Complete :

B
o B g
50°
D C
M
A
B A B A

.......... m(/ADB)= ... m(/AME) =.......
D E C F
C
) " ‘\b
D R ‘
A
Lok 12 o B
B 8cm A B D 10cm A
DB=......... cm

Perimeter AABC =

6 In each of the following figures, explain why AB is a tangent to circle M :

A B G
A
M M
| A
54° c
6° | B D B
B A

Third : Position of a circle with respect to another circle.

Activity

1 Draw a circle with center M and with an appropriate radius

| /_\
M
length = r, cm.

2 Draw one of the axes of symmetry of circle M. Let it be the
straight line L as in the figure opposite.
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B Oma transparenl paper draw a circle with conter N oand willi an
appropriate radius length =r, em where < 1.
A Put the transparent paper where point N balongs ta the straight line 1.

Waolice thal - the straight line 1 = 8N iz callad MM the line of centers of

the two circles M and N and iLis an axis of sermmetry for both of them.

3 Move the ransparent paper Wowords circle
Mowhere N oremains £ L to see different 2 ; \
positions of the tao circles. Measure the m
. N
‘*\_‘j ;

oW Zircies in relation toeacn cther sMesire
lenpth of SN in cach case.

What is the relation hetwesn the langth af

rAt (the distance between the centers of q

the two circles M and Ny, ¢ +r, 00 1 -1,

in each position.

If M and N are two circles on the plane, their two radii ave ¢ and ¢, respectively where
r, = r, . Complete:

alf."-f‘l"ﬂ?r-rl-l- Foothen M M N = ... .

surface of circle M T surface of circle b

= aniel the bao cireles are distant.

a N =r + r then M1 N=.
surlace of circle M Msurlace ol circle N =

and the two circles are touching externally,

ﬁ B r-rpaeMNr 41,
then W 1 N = ...,
surface of circle 8 0 surface of circle N the suface of
the vellow area and the two circles are inlersecting,

Qio Mathematics - PreParatorH 5
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IfMN—r ,thenM N N= ... ,
surface of C|rc|e M N surface of circle N = ............
and the two circles are touching internally.

If:MN<r -r,andthenM N N=_..... ,
surface of circle M N surface of circle N = ..........
and the two circles are intersecting as in figure ........

when M N = zero, the two circles are concentric.
as in figure ..........

| § >

w The line of centers of two touching circles passes through a point of tangency and is
perpendicular to the common tangent.

w The line of centers of two intersecting circles is perpendicular to the common chord
and bisects it.

y g

( Two circles M and N with radii length of 9 cm and 4 cm respectively. Show the position of
( each of them with respect to the other in the following cases:

( MN =13 cm B MN=5cm C MN=3cm
X A = b=
)( D M N = zero E MN=10cm E MN=15cm

) C
’( . ?olutlon‘ .

)( “r,=9cm,r,=4cm o r +r,=13cm and r,-r,=5cm

’1 A MN=13cm  MN=r +r, - the two circles are touching externally.

:( B MN=5em =~ MN= r-r - the two circles are touching internally.

)1 € MN=3cm ~ MN< r-r, MN=0 - circle Nis inside circle M.

)

’1 Dl MN=zero - thetwo circles are concentric.

:{ EMN=10cm - r,-r,<MN<r +r, - the two circles are intersecting.
EMN=15¢cm = MN> ro+r, . the two circles are distant.
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) M and N are two circles with radii length of 10 cm and 6 cm /\
){ respectively and are both touching internally at A, AB is a common

){ tangent for both at A. If the area of the triangle B M N =24 cm? Find

{ —

the length of AB .
){ - Solution -

){ " The two circles are touching internally at A “ Ae MN , MN Ll AB
): then the length of ‘AB is the height of the triangle B M N whose base is MN
where :MN=10-6 =4 cm (why ?)
k Area ABMN=—xMNxAB % 24=—x4xAB © AB=12cm

N S o o R R AR S AR S S S S S

In each of the following figures the circles are touching two - by - two. Use the information
of each figure and complete :

M
N
40°
B A
ZBMN)= ... °

( Mand N are two intersecting circles at A and B, CD is a diameter in
)‘ circle M and CX is a tangent to the circle M at C where CX [ BA = {E},

! SN ‘AB = {F}. Prove that: m (£ DMN) = m (£ CEB).

Qi[} Mathematics - Preparatorg %)
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|
|
(
|

For More Exercises, go to MOE website

Solutlon -

]

[ — >
Given : circle M N circle N = {A, B}, CD is a diameter in circle M and CX is a tangent

to circle M.
R.T. P: Prove thatm (£ DM N)=m (£ CEB).
Proof: * the line of centers is perpendicular to the common chord.

* MN L AB i.em( AFM)=90°
— —
** CD is a diameter in circle M and CX is atangentat C

—_—

S~ CX Lcp iem(/ ECD)=90°
m(/ CEF)+m(/ CMF) =360°-(90°+ 90° = 180° (why ?)
m( DMF+m( CMF) =180°

m(_ DMN)=m(/ CEF) (Q.E.D)

Complete :

Notice that: A
A B C is a right angled triangle at A. If AD L BC then :
(ABY=BDxBC (Euclidean theorem)
,(ADY=DBxDC (Corollary)
,ADXBC=ABXAC Why ? B o c
6 In the figure opposite : M and N are two intersecting A
ciiles at_A,B l‘\\
MN N AB={C}, AM =6 cm, AN=8cm and
MA L AN. ' q,

Find the length of AB
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Think and Discuss'

#9 Why is a compass used in drawing
a circle?
#9 What is the axis of the straight seg-

ment ¢

#9 s the center of the circle located

on the axis of any chord in it?
#7 How can you draw (identify) a circle on a plane?

A circle can be drawn (identified) with given terms:

1 Center of the circle. (2 Radius length of the circle.

First: Drawing a circle passing through a given
point :
Given : Ais a given point on the plane.

R.T.P: Draw a circle passing through
point A.

. AN
Construction : “\

1 Take any choosen point as M on
the same plane.

2 State the tip of the compass at M
and with an opening equalling
MA draw the circle M. The circle
IM passes through point A.

3 State the tip of the compass at another point M; and with an
opening equalling M, A draw circle M, . The circle M, passes
through point A.

4 Repeat the previous work and note :

For each choosen point (center of the circle) it is

possible to draw a circle passing through point A.

Qio Mathematics - PreParatorg 5

What you’ll learn

Yr How to draw a circle
passing through a
given point.

Yr How to draw a circle
passing through two
given points.

Yr How to draw a circle
passing through three
given points.

Key terms

Yr Circumcircle
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#79 What are the number of points on the plane? What are the number of circles that can
be drawn and pass through point A ?

#9 1If the radii of these circles are equal in length, where are their centers located ?

From the previous we deduce that:

1 An infinite number of circles can be drawn passing through
a given point as A.

2 If the radii of these circles are equal in length then their centers
are located on a congruent circle and its center is point A.

If L is a straight line on the plane; A is a given point where A € L. Use the geometric tools
and draw a circle passing through point A, with radius length 2 cm. How many circles can
be drawn? (do not erase the arces).

Second: Drawing a circle passing through two given points:
Given: A and B are two given points in the plane. L
R.T.P: Draw circle M passing through the two points A and B i.e AB
is a chord in circle M.
Construction:
1 Draw the straight segmentA_B.

2 Draw the straight line L, the axis ofﬁ where L K AB = {F}.

(the center of the circle is on the axis of the chord AB ).
3 Take any chosen point M where M € L, state the tip of the compass
at M and with an opening equalling M A, draw the circle M to find
that it passes through point B.
4 State the tip of the compass at another point as M, where M, € L, and
with an opening equalling M, , A, draw the circle M; where it passes through point B.

5 Repeat the previous work and note :

For each chosen point E on the axis of AB (center of the circle), it is possible
to draw a circle passing through the two points A and B.

#7 What is the number of points of the straight line L? What is the number of circles that
can be drawn andpass through the two points A and B ?

#7 What is the radius length of the smallest circle that can be drawn to pass through the two
points A and B ?

#7 Can two circles intersect at more than two points ?
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From the previous, we deduce that :
1 An infinite number of circles can be drawn to pass through two given points like A and B.

2 The radius length of the smallest circle can be drawn in order to pass through the two
points A and B is equal to % AB .

3 Two circles can not be intersected in more than two points.

Using your geometric tools and draw AB with length 4 cm then draw on one figure :

6 A circle passing through the two points A and B and its diameter length is 5 cm. What are
the possible solutions?

a A circle passing through the two points A and B and its radius length is 2 cm. What are the
possible solutions?

e A circle passing through the two points A and B and its diameter length is 3 cm. What are
the possible solutions?

Third : Drawing a circle passing through three given points:

Given: A, B and C are three given points on the plane. L

1

R.T.P: Draw circle M passing through the three points A, B and C.

Construction:
1 Draw the straight line L, axis of AB thus M € L, .

2 Draw the straight line L, axis of BCthus M € L, .

3 IfL, N L, ={M}, state the tip of the compass at point M and

o
with an opening equalling MA. Draw the circle M. You will find B\_/ A
it passing through the two points B and C.

4 IfL, N L, =¢, can you identify the position of point M ¢ Explain your answer.

Notice that : L, L,
If A, B, and C are collinearthen L, /L, and L, N L, =¢

A circle cannot be drawn passing through the three points A, B,
and C. 1 n

From the previous, we deduce that :

There is one and only one circle which passes through three noncollinear points.

Using the geometric tools and draw the triangle A B C in which AB = 4 cm, BC = 5 cm and
CA = 6 cm, Draw circle passing through the points A, B and C. What is the kind of triangle ABC
with respect to the measures of its angles ? Where is the center of the circle located with respect
to the triangle?
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Corollaries

The circle which passes through the vertices of a triangle is

called the circumcircle of this triangle.

It is said to be that a triangle is inscribed in a circle if its vertices are on the circle.

The perpendicular bisectors of the sides of a triangle intersect

at a point which is the center of the circumcircle of the triangle.

For More Exercises, go to MOE website
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The relation between the chords of a
circle and its center

. Think and Discuss)

In the figure opposite :

A'is a point on circle M the chords E, E,

AD /AE , AF were inscribed in it .

1 What is the relation between the
length of the chord and its distance
from the center of the circle ?

What you’ll learn

¥r Deducing the relation
between the chords of a

circle and its center.
If the chords are equal in length, what can you conclude ? ¥ How to solve problems
o ) related to the relation
3 If the chords are equidistant from the center of the circle, what

do we expect ?

Notice that :
The distance of chords AE, from the center of circle M equal M X where

between the chords of
a circle and its center.

X is the midpoint of the chord AE, in circle M which its radius length is .
Thus : (M X)2 + (A X)2=(AM)2=r2 (constant expression) Key terms
ie: ¥r Equal chords.

The closer the chord is from the center of the
circle, the longer its length is and vise versa.

¥r Congruent circles

Qio Mathematics - PreParatorg 5
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6 In the figure opposite MF<ME, Complete:

MF<ME < CD>........
X+1> ... X> .. <
CD is a chord in circle M S CD< D M
X< Thus ......... < X<
ie: Xe........ .
7~ B 7 cm A
Theorem i i f'_'\
‘\\\ If chords of a circle are equal in length, then thay are L
equidistant from the center. /\/
Given: AB=CD, MX L AB, MY 1L CD C A

R.T.P: Prove that M X = MY.
- V )
Construction: Draw MA, MC.
Proof: WLE -'.AX=;—AB. D B
“ My LcD CY:l—CD.

"AB=CD - AX=CY.

" the two triangles A XM and CY M, both have :
AM=CM

m(/ AXM)=m(/ CYM)=90°

AX=CY (Proof)

* A AXM=ACYM We get: M X =MY (Q.E.D.)

In congruent circles, chords which are equal in length,
are equidistant from the centers

In the figure opposite :

The two circles M and N are congruent A B =C D,

WLAB,NY Lcp,then: M X=NY.

B [ |
N X~ A

Student’s Book - Second term Q&D



Study the figure then complete :

A If: C A B If: c A
AB=CD, o AB=CD,
then : : then A 0
MX=.... ME=....
b D
ME=....... B X=... cm,
EX=.... CD=.... cm

€
T Z=
S
@)
Y,
0> N
©
u Z
N—
/-
T <

MX =

. D B

inAMXY: If: M and N are two congruent circles
m (. XMY)=100° AB=CD
m MXY) = o then: MX = ..........

- A

) AB and AC are two equal chords in length in c1rc|e M and X is
)1 the midpoint of AB MX intersects the circle at D, MY 1 AC
)‘ intersects it at Y and intersects the circle at E.
N Prove that : First: XD =YE.
): Second: m(_YXB)=m(/ XYC)

. - _> -
)( Given: AB=AC, Xis the midpointof AB , MY L AC

’<
) R.T.P: prove that:

’1 First: XD =Y E Second: m (Y XB)=m(/ XYCQ)
)( Proof: = Xis the mldpomt of AB # MX L AB .
_
’1 v AB=AC MX LAB, MY L AC = MX=MY
)( ¥ MD=ME=r
)( < MD-MX=ME-MY -~ XD=YE (QED1)
:‘ in AMXY M X =MY “m (LY XM) =m (£ XY M) (1)
s s
\ * MX L AB, MY LAC fm(Z MXB)=m (£ MY Q) =90° ()
\ From (1) and (2) we get: m (LY X B) =m (£ XY C (QED 2)

\VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA
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In the figure opposite :

which :

Triangle A B C is inscribed in circle M, in

m (/ B)=m (~ C), X is the midpointof AB , MY L AC .
Prove that : M X = MY X X

Py

Converse

\ theorem

5

of the

In the same circle (or in congruent circles) chords which are ]

%

@

equidistant from the center (s) are equal in length /
Study the figure then complete :
@ 1 e s
” c f:
ME=ME
MX=MY, [3 2
s Then
YD=7cm, 15] gL M
CD=....
Then D B
CX=.,
AB=.... cm
EM= ... cm, AM=..... cm

If :
MD=MEet
m (/ B) = 65°,
Then :
m(/A=....

MN // BC SCMX =

C \\_/B * the two circles M, and N ................ ,

A€ BC S AB=.......

Student’s Book - Second term Q&D
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6 Two concentric circles M, AB is a chord in the larger circle and
intersects the smaller circle at C and D, AE is a chord in the

larger circle and intersects the smaller circle at Z and L.

If m( ~ ABE) = m(~ AEB), then prove that : CD = ZL.
. ;Solution:
Given: m( ABE)=m(~ AEB)

R.T.P: provethat CD=Z1L

Construction: Draw MX L AB and MY L AE

Proof: In A ABC: “ m( ABE)=m(/ AEB)
In the larger circle : AB = AE.  (proof)

*In the smaller circle MX = MY (proof)
. CD = ZL ((Converse of the theorem))

6 In the figure opposite : M and N are two intersecting
circles at A and B.,

MN N AB = {D}, X is the midpointof BC , NY L EF, c

M X =MD, NY =N D. Prove that: BC=EFE

- :Solution

- AB=AE.
* MX=MY (theorem)

(Q.E.D.)

» Z.

F

Given: X isthe midpointof BC,NY L EF , MX =MD, and NY = ND.

R.T.P: BC=EFE

Proof: = MN is the line of centers, AB is a common chord for the two circles M and N

In circle M : ** X is the midpoint of BC
% MX L BC, MD L AB, MX = MD

- BC=AB (Converse of the theorem) (1)
IncircleN: " NY L1 EF , ND L1 AB and NY =ND
EF=AB (Converse of the theorem)  (2)

From (1) and (2) we get : BC = EF

If M and N are two congruent circles and intersecting at A and

& Think B. Is AB an axis to MN ¢ Explain your answer.

For More Exercises, go to MOE website
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Central Angles and Measuring Arcs

What you’ll learn

Y& The concept of arc
length.

¥r The concept of
measuring an arc.

Yr How to find the relation
between chords of a
circle and its arcs.

Key terms
¢ Central angle
¥r Inscribed angle
Yr Arc
¥r two adjacent arcs
¥r Measuring an arc
Yr Chord
¥r Tangent

. Think and Discuss,

In the opposite figure :

The two sides of ~ AMB divide the cicle M
into two arcs:

. . "

6The minor arc AB and is denoted by AB.
—
eThe major arc ACB and is denoted by ACB.

¢ What is the position of the points of
“AB with respectto / AMB ? C B

¢ What is the position of points ACB with respect to reflected
angle of / AMB ?

¢ If ~ AMB is a straight angle, what do you notice ?

Central Angle It is the angle whose vertex is the center of

n

In the opposite figure we notice that :

N .
6 AB is opposite to the central angle
-~
~ AMB and ACB is opposite to the

central reflective angle ~/ AMB.

a If ~ AMB is a straight angle
(E is a diameter in circle M) then B

AB is congruent to ACB and each

is called “a semicircle”.

Measure of the arc Is the measure of the central angle
opposite to it.

Qio Mathematics - PreParatorg 5
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In the opposite figure :

'AB is a diameter in the circle M, MC 1L AB m (£ AMD) = 60°
Notice that :

@ AD -m(zAMD)=60°
A~
@ ™ CB =m(z CMB) =90°
@ m (DC)=m (£ DMO) = 30° (Why?)

@ mAB =m (2 AMB) = 180°

i.e. Measure of the semicircle = 180° and measure of a circle =360 °

Adjacent arcs are two arcs in the same circle that have only one point in common.
—~
Represent AB and BC in the opposite figure:
thus :
m (AB) + m (BC) = m (ABC)
C

,m(@):m(ﬁ)-m(ﬁ)
fx B
In the opposite figure :
AB is a diameter in the circle M, m (£ AMC) = 60°, m ( LAMD )=40° .
Complete : C
@nm@D) - . ° m(AC)= . °
@ m (CAD) =m (CA) + ...

B 60° A
o M 00
= o =
@m BC) =m(ACB) -m( )=180°-.... . = . ° 5
(Why?)

6 m (DCB) = measure of circle - m ( M oeeeeens e = veeennes °

Student’s Book - Second term Q&D
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)‘ AB is a diameter in the circle M, m ( ~ CMD) = 70°,
e v

’( m(AC):m (DB)=5:6, find m (ACD).

)‘ . ;Solution .

:{ Suppose that m (AC) = 5x « m (DB) = 6x

’( m(ﬁ):m(@)+m(@)+m(§§):180°

;‘ s Bx+70° + 6x=180° 11x=110° ~ x=10°, m (AC) = 50°
b! " m (ACD) = m (AC) + m (CD) = 50° + 70° = 120°

i\u%g': A
oo . , . D
In the opposite figure : AB is a diameter of the circle M,
study the figure, then complete :
@x-. @mAC)=...° c
@ m@D)= ... @m(BO=.°
@ m(CAD)= ... @ m(CBD)= .. B
= ——

Arc length is a part of a circle’s circumference proportional with its measure

The measure of the arc . .
Where the arc length = X circumference of the circle

The measure of the circle
-
e W

)
( :£x2x3.14x5:9.42cm.

’( 360

: In the opposite figure :
:{ M is a circle with radius length of 5 cm, m (AB) = 108".
( Find : the length of AB (m=3.14)
) g
N - Solution -
(
’( Measure of the arc . ) 108°
) Arc length = y x circumference of the circle.
( Measure of the circle B
A
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In the opposite figure : Two concentric circles, the radius length of the minor circle is 7 cm and

the radius length of the major circle is 14 cm (7t = %)

Complete : In the minor circle :

~ T
m(AB)=m¢(... )= °
50 22
length of AB = —2=x2x—= x . = .. cm
length of TD = .. X i, = s cm

"AB (congruent to / not congruent to) CD

In the major circle :

~ T ~
m(EF)=m (... ) = e °,lengthof EF = ... X i = ... cm
length of XY= .. S ST cm

- EF (congruent to/ not congruent to) XY
- Is’AB congruent to EF’ 2 What do you deduce ?

Important corollaries :

In the same circle (or in congruent circles), if the measures of arcs

are equal, then the lengths of the arcs are equal, and conversely.

C D ) D

In circle M ’1 And conversely

B

A (I
— P )( A P
If: m (AB)) = m (CD)) ) If: the length of AB' = the length of CD
—~ ~—~ = L
then: the length of AB = the length of CD !‘then : m (AB) =m (CD)

Student’s Book - Second term Q&D



In the same circle (or in congruent circles), if the measures of

arcs are equal, then their chords are equal in length, and conversely

D D
A In circle M N And conversely
C C
B B
If :m (AB) = m (CD) If : AB = CD
then : length of AB= length of CD then: m (@) =m (@)

In the opposite figure :
m (AB) = 60° et m (BC)=80° , m(AD):
e Mention the arcs equal in measure.
6 Mention the arcs equal in length.
é Draw the chords equal in length.

If two parallel chords are drawn in a
& circle, then the measures of the two
arcs between them are equal.
— — - M
If AB and CD are two chords in circle M, AB // CD :
B A

then : m (AC) = m (BD) . \ ) /
D -
If a chord is parallel to a tangent of a
S—g

—_— -~ ~—~ ~—~
AB // cD then m (AC)=m (BC).

| — C
' circle, then the measures of the two
\ - arcs between them are equal.
If AB is a chord of circle M, CD is a tangent at c,
? \\ A

D

Qio Mathematics - PrcParatorH )
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In the opposite figure : .
M is a circle, CD is a tangent to the circle at C ,E and EF are
B -

two chords of the circle where : AB// EE// CD

Complete the following to prove that CE = CF D C
Solution -
_ _ /N /N
* AB // EF Soom (o) =m(....) (1)
** The tangent CD // AB Som () =m(....) (2)
By adding the two sides of (1) and (2)
— —~
m(EC) =m (... ) CE=....
-
A
D_— A

In the opposite figure :
ABCD is a quadrilateral inscribed in a circle in which
AC =BD, AB =(3x-5)cm, CD = (x + 3) cm.
Find with proof the length of AB.

éolution .

Given : ABCDis a quadrilateral inscribed in a circle,

AC=BD,AB=3x-5)cm, CD=(X+ 3)cm
R.T.P::  Find the length of AB .

Proof: * AC = BD given

:( ~ m (AB) = m (DQ) .~ AB=CD

)1 * AB=CD “ 3x-5=x+3

E 2x =8 “ox=4

E “* AB=3x-5 S AB=3Xx4-5=7cm
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In the opposite figure :

ABCD is a quadrilateral inscribed in a circle M, AC is a diameter
in the circle, CB = CD.

Prove that : m (AB) = m (AD)

- :‘Solution -

Given : AC is a diameter in a circle, CB = CD

R.T.P: m (AB)=m (AD)

Proof: ~+ CB=CD ~ m(CB)=m (CD) )
“* AC is a diameter in the circle
m (AB) = 180°- m (CB), m (AD) = 180°- m (CD) @

TN

from @ and @we get: m (AB)) = m (AD)

Q For More Exercises, go to MOE website
Mathematics - PreParatorg 3



The relation between the inscribed and
central angles subtended by the same arc

. Think and Discuss’

In the opposite figure :

The circle M passes through the vertices
of the equilateral triangle ABC.
e Yokl loeis € What is the measure of central c
Yr How to infer the ~ BMC? Explain your answer. v ’
relation between 4 What is the vertices of  BAC?

the measures of the

o Does the vertices of the angle belong to

inscribed and central ) )
the set of points of circle M ¢

€ What are the two sides of / BAC ?

¢ If ~ BMC is central with arc BC. How do you describe / BAC ?

angles subtended by
the same arc

Key terms ¢ Compare between m(BAC) and m (.~ BMC).
Y Inscribed angle. What do you notice ?

¥r Central angle.

Inscribed An angle the vertex of it lies on the circle
angle “and its sides contain two chords of the circle

In the opposite figure : Notice that :
6 ~ ACB is an inscribed angle and
~~
AB is the arc opposite to it.

é For each inscribed angle, there is
one central angle subtended by
the same arc.

Think

C
A
B

In the opposite figure :

What is the number of inscribed

angles subtended with the central

—~

~ AMB at AB ? A

(Clarify your answer with a drawing) .

Student’s Book - Second term Ql@



Activity In the opposite figure :

AD is a diameter in circle M. Study the figure, then answer
the following questions :

6 Mention two pairs of equal angles in measure.

@ Ifm (/BAD) =40° , find m (/BMD).

@) Ifm (. CAD) =30° , find m (. CMD).

é Compare between m (BAC), m ( ~BMC). What do you conclude?

central angle, subtended by the same arc.

T \ The measure of the inscribed angle is half the measure of the ’

Given: , ACBisan inscribed angle, /- AMB is a central angle.
R.T.P.:  Prove that m (£ ACB) =+ m ( £ AMB).

Proof: There are three cases to prove this theorem.

6 If M belongs to one 6 If M is a point inside 6 If M is a point outside
of the two sides of the inscribed angle. the inscribed angle.

the inscribed angle.
C
C

First case: If M belongs to one of the two sides of the inscribed angle.
v/ AMB is outside A AMC
« m(LAMB)=m (L A) + m (LC)

®e

v AM=CM (radii lengths) S m(( A =m(C)
From @and @ weget: m(/AMB=2m (/C)
. m (. ACB) :% m (.~ AMB) (Q.E.D)

Qio Mathematics - PreParatorg 5
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Activity

Prove that the theorem in the other two cases are correct and save your work in the portfolio.

M is a circle. In each of the following figures, find the value of the symbol used in

measuring:

y= ............
@
BA
X= oo,
C
@ -
B LA 40° A
<
=R s’ S
S— o V= BN

Student’s Book - Second term Q&D



( A is a point outside the circle M, AB is a tangent to the circle at B, AM intersects the

( p 8

" circle M at C and D respectively m (£ A) = 40° Find. with proof m( 2 BDC).

)

(

) STV

" - Solution -

:: Given : AB is a tangent to the circle at B, m( £ A) = 40° ,AM intersects the circle M at C and D.

}‘ R.T.P.: m (£ BDC)

( .
’( Construction: Draw the radius BM.

) ., .
): Proof:* AB is tangent to the circle at B, BM is a radius.
:{ < m (£ ABM)=90°
( In AABM:
’ .
’1 “ m (£ A)=40°, m(£ ABM ) =90°
:‘ - m (£ BMC) = 180° - (40° + 90°) = 50°
)‘ < Inscribed £ BDC and central £ BMC
—~
): are both subtended at BC .
:‘ “ m (£ BDQ) =% m (£ BMC)
( “ m (£ BDC) =5 x50=25° (Q.E.D.)

In the opposite figure : AB is a chord of circdle M, MC L AB .
Prove that: m (2 AMC) = m (£« ADB)

- 'Solution -

Draw BM, Complete : In A MAB :
* MA=MB, MC L AB

m(Z AMCO) =m (£ ... Vet m ) @
inscribed 2 ADB and central 2 ............ are subtended
—
at ...
1
m(L .. y= 3 ML ) @

Qi@ Mathematics - PrcParatorH )



The measure of an inscribed angle
is half the measure of the subtended
arc.

In the opposite figure :

1 TN
m (£ C)=Em(4 AMB), m (£ AMB) = m (AB) A
1
» m(z Q)= m(AB)
The inscribed angle drawn in a c
semicircle is a right angle.
i.e.: If the arc opposite to the inscribed angle equals the B M A

1
semicircle then: m (2 C) = S m (/AE)

m (AB) = 180° s m(z Q) =90°

Think ¢ What is the type of the inscribed angle opposite to an arc less than
a semicircle ¢ Why ?

¢ What is the type of the inscribed angle opposite to an arc greater than
the semicircle ¢ Why ¢

L 2 the inscribed right angle inscribed in a semicircle ?
Explain your answer?

m
.

)( TN TN AN

‘ In the opposite figure : ABC is an inscribed triangle in circle M, m (AB) : m (BC) : m (AC)
:: ' ‘ =4:5:3. find m(£ACB):

)‘ . ?olution‘ .

’( Suppose that : m (AB) = 4x°, m (BC) = 5x°, m (AC) = 3x°

. 4x + 5x + 3x =360°

’1 12x = 360° s x=30°
‘ . AN ° . . . 4x°
)‘ <~ m (AB) =4 x 30 = 120° and opposite to the inscribed 2 ACB .
1 — 1
:1 * m(£ ACB) = S m (AB) -+ m (£ ACB) = Gha 120°=60° Q.E.D.
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Well known problem (1)

If two chords intersect at a point inside a circle, then the measure of the included angle equals

half of the sum of the measure of the two opposite arcs.
. :Solution: .

Given: AB () CD= {E}

R.T.P: m(/AEC) =% [m (AC) + m (BD)]

Construction: Draw AD

Proof:  /AEC is outside the AAED .
A~ o~

“ m(AEC)=m (/D) + m (/A) :% m (AC) + — m(BD)

= % [m (AC) + m (BD)] . Q.E.D.
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){ Well known problem (2)

) If two rays carrying two chords in a circle are intersecting outside it, then the measure of
their intersecting angle equals half of the measure of the major arc subtracted from it half
){ of the measure of the minor arc in which both are included by the two sides of this angle.

){ . ;Solution

’1 Given: AB (N CD={E}

N

)
ﬂ R.T.P: m(LE):% Im(AC) - m (BD)]

){ Construction : Draw BC .
’{ Proof: ' , ABC is exterior to A BEC.

)1 S m(/ ABO)=m (L E) + m (/BCD)

:{ S m(/B  =m(/ ABC) - m (. BCD)

)1 =%m(@)—%m(@)

a =% IM(AC) - m (BD)] Q.E.D
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Find : A m (CE) B)m (LEXC) .
- ;Solution: .
Given: CB | ED =1{A}, m (LA)=40°, DC BE={X}, m (/BCD) = 26°
R.T.P.: a)m (CE) B m (LEXC). i
Proof: ** m(/BCD) = 26°

“ ' m (BD) = 2m ( BCD) = 52°

%’ ﬁmﬁ:{A}
. 1 — A~ C 6 B A
+ m(/A) =5 [m(CE) - m (BD)]

" 40 = % [M(CE) - 52]
m(CE) = 80 + 52 = 132° (Q.E.D. 1)

“* DC N BE ={X} < m (L EXQ) =% Im(CE) + m (BD)]
m ( 1

1
/EXC) =5 [132 +52] = x 184 = 92°
(Q.E.D. 2)

In the opposite figure :

m (L A) =36°, m(EC)=104°, m (BC) = m (DE)
Find: Aym(BD) &) m (DE) .
. :Solution: . §
Complete: * CB N ﬁ)} {A}
: m(éi\):; ...................................... ]
36 =5 [ ]

)= (Q.E.D. 2)

Q For More Exercises, go to MOE website
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Inscribed Angles Subtended by the
Same Arc

[ Think and Discuss ’ D

E
In the opposite figure: m (AB) = 100°
4 Do the inscribed angles  AEB, What you’ll learn
. B A Yr How to infer the
/ ADB et / ACB include the same arc? 100° reletten lhemveen dhe
& Find m (/AEB), m (L ADB) , m (/ACB). inscribed angles that
include equal arcs in
What do you notice ? measure
¢ Do the inscribed angles that include equal arcs in measure
are equal in measue? Explain your answer.
: \ In the same circle, the measures of
Thegrem all inscribed angles subtended by
the same arc are equal in measure.
Given: ,C,/Dand /Eare common inscribed angles at AB
RTP: m(/C)=m(/D)=m (FE) D
1
Proof:  m(£0) =5 m (AB) S
: C
, m(/D) =5 m (@)
1
,m (/E) = m (AB) ’ A
- m (O =m(/D)=m(/E) (Q.E.D.)
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m(LC) = m(C) = ° m(,/ BED)=..... °
m(/B)= ° m(/BDC)=... ° m(/ ABE) = ... °

P

}: In the 6pposite figure :

:{ AB M CD = {E}, EA=ED

)1 Prove that: EB = EC .

:{ . ;Solution: .

s In AAED " EA=ED “mD)=m (<A Q)
)1 “ /ABC, ~ADC are both inscribed and include AC S m(/B)=m (/D) @
:{ * /DCB, / DAB are both inscribed and include BD S m 0 =m(A @
}‘ From @, @ and @ we deduce that: m (/B) =m (/C)

ﬁ In AEBC: m(/B)=m (/C) -~ EB=EC (Q.E.D.)
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In the opposite figure :

M and N are two intersecting circles at A and B.

-
AC intersects the circle M at C and intersects the circle

N at D, AE intersects the circle M at E, and the circle N
atF.

Prove that : m (/EBC) = m (. FBD)

In the same circle or in congruent circles, the measures of the
inscribed angles subtended by arcs of equal measures are equal

B
Notice that : -
6 In the circle M if : m (ZE) =m (TD-F\)
then:m (/' B)=m (/ E) F A
D C
— — E B
6 For any two circles M and N, if : m (AC) = m (DF)
then: m(B)=m (~E) C
F
D A

Student’s Book - Second term Ql@



‘ The converse of the previous corollary is true:

i.e.: In the same circle or in congruent circles, the inscribed angles of equal
measures subtend arcs of equal measures.

Think :

Are each two chords not intersecting inside a circle and subtended by two
congruent arcs are parallel? Explain your answer.
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In the opposile figure : rr‘/ L ™,

AD and Bt are two equal chords in length in the circle, | l.?'v'l . I:}'.,' I|
AD [ BE - iCh Prove that: CD - CE i ok
. ; ]

s #

:I‘:"m}|L:L':f.‘.l|1: . —
Al = BE
Prove that: €D - CEC
- A =BE T -;E_[h:r"] =1m -:ﬁ]
by adding m (DE1 Lo zach of the two sides, we zel: m ADE] = m (BED )
o LB = m A

in A ABC Yom AT =MoL Hl o8 0 = RO '::j-_::
- AlY=BF Es
By subtracting the two sides of 3 from |;'L we gef: O =
In “:E" nppmiil_ﬂ figure : - - _ﬁﬂH
AB and €D ane lwo equal chonds n length in the drele, AB [TCD=4FL #f{‘xk ;"? H'-.,
Prove that = the iriang]e ACE is an isosceles triangle. |I r'?ff |
| .I_,-"' "'-; |
L H&
B ‘q_,/
o
In the opposite figure : i
—— .E'r:h-"'-u Hl"‘-
AB=AC,[eBC i B feo e
I = __"-_.._J
Prove thal : m (2 AEBI = m (.~ AEC) = r
o s
R -

.'“-\-\.":-_.-"-.} .--"'.--
Thinl H- —

What is the number of bisectors of - BEC? Dxplada gour arsieer.,

Student’s Book - Second term Ql@



The »\ Iftwo angles subtended to the same base and on the same side

‘ converse of 1\ of it, have the same measure, then their vertices are on an arc of

theorm 2 a circle and the base is a chord in it.

In the opposite figure, notice that : b~ ,C
N\
2 C , 2 D are both drawn on the base AB, and on one side / \\
ofit, m(2C =m(sD) ) |
Then : The points A, B, C and D lie on one circle where \\ /’
B A

AB is a chord in it.
- —
f WOEcTbe.
/ L ot

7
( In the opposite figure : AB=AD , m (£ A)=80°, m (£ C)=50°

N
~
S

’1 Prove that : The points A, B, C and D have one circle passing through them.

)1 - Solution” - R y
P‘ In A ABD “ AB=AD, m (Z A) = 80° 5
:( s m(D)=m(z ABD)="180"-80" _5no
2
,1 “ m(ZD)=m (s C)=50°
)‘ They are both drawn angles on one base AB and on one side
) ~ <
( of it . B } '\
:1 -~ The points A, B, C and D have one circle passing through them (Q.E.D.)

Which of the following figures can have a circle passing through the points A, B, C and D ?
Mention the reason.

C B

Q For More Exercises, go to MOE website
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What you’ll learn

¥r The concept of the
cyclic quadrilateral.

¢ ldentifying when
the shape is cyclic
quadrilateral.

Key terms

¥r Cyclic quadrilateral.

\ Think and Discuss ’

50
D
In the opposite figure :
ABCD is a quadrilateral, its diagonals o3 E
intersect at E,
m (£ ACB)=58°, m(z CAD) = 35°,
m (£ CED) = 93°.
Can a circle be drawn passing through the € -
vertices of the quadrilateral ABCD ?
Explain your answer?
Cyclic is a quadrilateral figure whose four vertices

quadrilateral

Notice :

é The figure ABCD is a cyclic
quadrilateral because its vertices A,
B, C and D belong to the circle M.

A
D
B
C

é The figure XYZL is a cyclic quadrilateral because:

m (£ YXZ) =m (£ YLZ)

They are two drawn angles on
the base YZ and in one direction
of it, A circle can be drawn
passing through the points

X,Y, Z and L.

i.e. The vertices of figure
XYZL belong to one circle.
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@ D @

/ ’
D°E > B

/c T

C
CD A éD A

C B / - \
C B

g

f
( C
In the opposite figure :

AB is a diameter in circle M, X is the midpoint of B
AC and mintersecting the tangent of the circle at BinY . M
Prove that : the figure AXBY is a cyclic quadrilateral.

. ;Solution: .

Given: AB isa diameter in the circle M where AX = CX ,W is a tangent to

the circle at B. Y
R.T.P. : AXBY is a cyclic quadrilateral.
Proof: = Xis the midpoint of AC SOMX L A_C, m (£ AXY) = 90°

e

" AB is a diameter and, BY is a tangentatB -~ BY L AB, m (£ ABY)=90°
* m (£ AXY)=m (£ ABY)=90°
They are two drawn angles on the base AY and in one direction of it.

Figure AXBY is a cyclic quadrilateral.

Think In the previous example, where is the center of the circle passing

through the vertices of the figure AXBY ? located? Explain your answer.
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In the opposite figure :
A circle with center M. X and Y are the two midpoints of AB and AC

respectively. c \\y A

Prove that : First: AXYM is a cyclic quadrilateral. B
Second: m (. MXY) =m (. MCY)
Third : AM is a diameter in the circle passing through the points A, X,Y and M

P A

ABCD is a cyclic quadrilateral with diagouals intersecting at F, X € AF and Y € DF where
XY //AD.
Prove that : First: BXYC is cyclic quadrilateral. Second: m (£ XBY) = m (£XCY)

. :Solution

Given: ABCD is a quadrilateral inscribed inside a circle, XY // AD
R.T.P.: Prove that: First: BXYC is cyclic quadrilateral.

Second: m (' XBY) = m (. XCY) C B
Proof: XY//AD < m(/CAD) = m (/ CXY) Corresponding
m (.~ CAD) =m (.~ CBD) both are inscribed and common in CD

“ m(/CXY)=m(~CBY)

and they are two inscribed angles on the base CY and in one direction of it.

* BXYC s a cyclic quadrilateral (QE.D1)
~* BXYCis a cyclic quadrilateral (Proof )
- m(/XBY)=m (~XCY)
because they are both inscribed angles common at TD. (Q.E.D 2)
In the opposite figure D N

In the opposite figure : ABCD is a cyclic quadrilateral which has :

'AE bisects ~ BAC and DF bisects ~/ BDC,
Prove that : First: AEFD is a cyclic quadrilateral
Second: EF// BC . C——B

For More Exercises, go to MOE website
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Properties of Cyclic Quadrilaterals

What you’ll learn
Y& Properties of the cyclic
quadrilateral shape.

¥r How to solve problems
on the Properties of the
cyclic quadrilateral
shape.

Key terms

¥r Cyclic quadrilateral.

\ Think and Discuss '

In the opposite figure :

m (/A) = 60°, then m (BCD) =

¢Ifm(BAD)=......... °
¢ Ifm(/BCD)=..... °

4 1fm(/B)=80°then m (/D)=

¢ What do you notice on the sum of the two opposite angles
in the cyclic quadrilateral ?

Theorem )\ In a cyclic quadrilateral, each two opposite
3 angles are supplementary.

Given: ABCD is a cyclic quadrilateral.

R.T.P: Prove that: @) m (LA +m (L) =180°
@ m(B)+m(/D)=180°

Proof: = m (/A =% m (BCD)
1

Similarly : m (/B) + m (/D) = 180°
(Q.E.D.)
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In each of the following figures, find the value of the symbol used in
measuring :

){ ABCD is a quadrilateral inscribed in circle M where M € AB, CB=CD, m /(BCD) = 140°

){ Find : First:m (A) Second : m (/D) A
){ . ;Solution:
)1 " ABCD s a cyclic quadrilateral
)( S~ m(/A) +m(/C)=180° (theorem)
){ “ m (LA =180°-140° = 40° (Q.E.D first) p
E Draw BD, in A BCD " CB=CD
){ ~ m(/CDB)=m (,CBD) =20 _ 5¢°
E “*AB is a diameter in circle M < m(/ADB) =90°
* m(/ADC) =90°+20°=110° (Q.E.D second)

With the assistance of the given figures, find with proof :

o
B

] Y
S Y

measures of figure’s measures of figure’s
m (/ ABD) m (L A) angles ABCD angles ABCD

Student’s Book - Second term Q&D




E
:1
)

(‘bjm

The measure of the exterior angle at a vertex of a cyclic quadrilateral

is equal to the measure of the interior angle at the opposite vertex.
In the opposite figure : D c

ABCD is a cyclic quadrilateral, E € AB, E & AB
~ / EBC is an angle outside the cyclic quadrilateral ABCD,

\

~ D is the inner angle opposite to it. A B E

Thus : m (/ EBC) = m (/D) (The supplements of one angle is equal in measure)

In the opposite figure : C

ECAB, E €AB, m (AB) = 110°, m (/ CBE) = 85°
Find m (~/BDC) . 5°
[ 2 ° A B E:>
- Solution - 110°

m (@) =110°, ~ ADB is an inscribed angle with arc AB
. m(éADB):%m(ﬁ):SS".
* / CBE is exterior angle at a vertex of the cyclic quadrilateral ABCD
* m (L CBE) =m (CDA) = 85° (Corollary)
. m (/BDC) = 85° - 55° = 30° (Q.E.E.)

In each of the following figures, find the value of the symbol used in measuring.

If two opposite angles of a quadrilateral are supplementary,
then the quadrilateral is cyclic.

Qio Mathematics - PrcParatorH )
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In the opposite figure :
If m( /A +m(C=180°
or: m(/B+m(D)=180°
So, ABCD is a cyclic quadrilateral.

If the measure of the exterior angle at a vertex of a quadrilateral
ary figure is equal to the measure of the interior angle at the

opposite vertex, then the figure is a cyclic quadrilateral.

In the opposite figure :

ABCD is a quadrilateral , E EAB,EEAB
~ ~ EBC is an exterior angle at a vertex of the quadrilateral
ABCD and, / D is the inner angle opposite to it.

If m(~/EBC)=m(D)then ABCD is a cyclic

quadrilateral. E

\/

120° 30°

Student’s Book - Second term Q&D
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In the opposite figure : D
AB is a diameter in circle M, AC and AD are two chords in it X

and in one side from AB .

=

B
— M
A tangent to the circle was drawn from B and intersected AC
atX and AD atY .
Prove that : XYDC is a cyclic quadrilateral.
- Solution -
Draw BC " AB is a diameter
m (/- ACB) = 90° and / ABC is complement to ~BAX @

* 'AB is a diameter and BY is tangent to the circle at B.
m (/ ABX) = 90° and / AXB is complement to / BAX @

From @ and @

* m (S ABC) = m (S AXB)
*~ YDC is an exterior angle of the cyclic quadrilateral ABCD
m (L YDC )=m (/ ABC) =m (/ AXB)

*/ AXB is an exterior angle at the vertex of the quadrilateral XYDC and  YDC is

opposite to it.
* XYDC is a cyclic quadrilateral.

Think

State the cases of the quadrilateral to be cyclic. Mention all the possible cases.

A
In the opposite figure, prove that :
The perpindicular line segments on the sides of the triangle B D
from the opposite vertices intersect at one point. X
What is the number of cyclic quadrilaterals in the opposite /
figure? and what are they? C {

Q For More Exercises, go to MOE website
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What you’'ll learn

Yr How to infer the
relation between the
two tangent segments
drawn from a point
outside the circle.

Yr The concept of a circle
inscribed in a polygon.

Yr How to infer the relation
lon the relation between
the tangents of a circle.

Key terms

Yr Chord of tangency.
Yr A circle inscribed in a

polygon.
Yr Common tangents.

The relation between the tangents
of a circle

X Think and Discusg’ L, L

You know that the two tangents drawn at
the two ends of a diameter in a circle are
parallel.

What is the relation between the two tangents
drawn at the two ends of a chord of a circle
that does not pass through its center?

In the opposite figure :
Notice that :

If AB is a chord in circle M,
then the two tangents L, and

hae]
e
=]
<
o
-
=1
.9
oD
s
<
S

L, intersect at the point C.

Both CA and CB are called a
tangent line segment and

AB is called a chord of tangency.

Theore m\ The two tangent - segments drawn to a circle
g 4 )) from a point outside it are equal in length.
Given : A'is a point outside the C
circle M, AB and AC are

two tangent segments of the

circle at B and C.

R.T.P: Prove that : AB = AC

onstruction : B
Draw ﬁ, MC and MA

Proof: - AB is a tangent segment to circle M
“ m(/ABM) =90°

“ ACis a tangent segment to circle M
“ m (L ACM) = 90°

Student’s Book - Second term Ql@



-~ The two triangles ABM and ACM have :

m(/B) =m (.~ C) = 90° (Proof)
MB = MC (Lengths of radii)
AM is a common side. < A ABM = A ACM

We get: AB = AC < AB=AC (QED)

Think  In the opposite figure :
¢ Why is MA the axis of BC? f_]

4 Why does AM bisect / BAC? Q/
¢ Why does MA bisect ~ BMC?

Theorem corollaries:

The straight line passing through the center of the circle

and the intersection point of the two tangent is an axis of
Corollary 1  symmetry to the chord of tangency of those two tangents.

In the opposite figure :

AB and AC are two tangents to circle M at B and C.

Thus: AM 1 BC , and BD = CD

Then : AM is the axis of BC \_//

The straight line passing through the center of the circle and
the intersection point of its two tangents bisects the angle

between these two tangents. It also bisects the angle between
Corollary 2 the two radii passing through the two points of tangenvy.

In the opposite figure :
AB and AC are two tangents to the circle M at B and C.

Then : AM bisects / A

, MA bisects ~ BMC

C
m (. BAM) = m (/ CAM) MA
B

m (- AMB) = m (/ AMC)

Qio Mathematics - PrcParatorH )



In each of the following figures, AB and AC are two tangent segments to the circle M.

Find the value of the symbol used in measuring :

@ C

x°
B

A A

In the opposite figure :

XA and XB are two tangents to the circle at A and B.
m (/ AXB) =70°, m (/ DCB) = 125°

Prove that : First: AB bisects ~ DAX. Second: AD // XB.

. éolution .

Given: XA and XB are two tangents to the circle,
m ( AXB) = 70°and m ( ~ DCB) = 125°.

R.T.P: First: AB bisects / DAX

Second: XD> // Yl;

Proof: - XA and XB are two tangent segments.
in A XAB
< m(/XAB) =m (/XBA), m (/X) =70°
. m (/ XAB) = 180°2—7O° _ 550

" ABCD is a cyclic quadrilateral, m ( ~C) =125°

- m(/ DAB) =180°-125°=55°

From @ and @ we get: m (/ XAB) =m (/ DAB) = 55°

. X];bisects / DAX
* m (XBA) =m (/DAB) = 55°

~ AD // XB

. XA =XB

®

(theorem) @

(Q.E.D First)

alternating angle

(Q.E.D Second)

Student’s Book - Second term Q&D



In the opposite figure :
AB and AC are two tangent segments to the circle M,
AB //CD , m(/BMD) = 130°.

é Prove that : CB bisects ~ ACD

- |

‘( In the opposite figure :

AB and AC are two tangent segments to the circle M at B and C
) 8 8
)1 AM N BC= {X},Y is the midpoint of the chord BD
)( m (L XYM) = 35°. A
:{ A Prove that : XBYM is a cyclic quadrilateral.
(

) B Find m(/A).
( :
(

N Solution -
) g X

:{ = AB, and AC are two tangent segments to the circle M at B and C

)1 . AM is the axis of E, m( BXM) = 90° @
:{ “* Y is the midpoint of the chord BD

)1 “ m (/BYM) = 90° @
)( From @and @

)( “ XBYM is a cyclic quadrilateral. (QED1)

): Draw BM

){ * XBYM is a cyclic quadrilateral, m ( / XYM) = 35°.

:{ <~ m (/XBM) =m (/XYM) = 35°

)1 "*AB is a tangent segment and BM is a radius.

;{ < m(/ ABM) =90°

}1 < m(/ ABC)=90°-35°=55°

:{ “ AB=AC

}1 “ 'm (/ABC) = m (£ ACB) = 55°

}1 < m(/A) =180°- (55°+ 55°) =70° (Q.E.D 2)

Qi@ Mathematics - PrcParatorH )



In the opposite figure :

M and N are two circles touching externally at A. The line

L is a common tangent for both of them at A, C € L, Two

other tangents were drawn from C to the two circles M and N

touching them at D and E respectively CM N DA = {X} and

CN N AE ={Y}

6 What is the number of cyclic quadrilaterals in the
opposite figure ? and what are they ?

6 Prove that : CD = CA = CE, and explain this geometrically.

Definition The inscribed circle of a polygon is the circle which touches all of its sides internally

A
In the opposite figure :
M is the inscribed circle of the triangle ABC because F
it touches all of its sides internally at D, E and F . ” N
i.e. : The triangle ABC is drawn outside the circle M.
C E B

Think  Is the center of the inscribed circle for any triangle the intersection

point of the bisectors of its interior angles ? Explain your answer.

0D

-

” In the opposite figure :

M is an inscribed circle to the quadrilateral ABCD with radius length of 5 cm.
AB =9cmand CD = 12 cm.
Find the perimeter of ABCD, then calculate its area.

- Solution -
* The circle M is an inscribed circle to the quadrilateral ABCD
. The circle M touches the sides of ABCD at X ,Y, Zand L

* AX and AL are two tangent segments to the circle M

- AX =AL

Student’s Book - Second term Q&D



* BX and BY are two tangent segments to circle M ~ BX=BY
Similiarly, CZ=CY <~ DZ=DL

By addition, we get : (AX + BX) + (CZ+ DZ) =AL + BY + CY + DL
1

* AB+CD =AD+8B the perimeter of ABCD

2
Perimeter of ABCD =29+ 12)=42cm,
1 1 1 1
Area of ABCD =§AB><r+EBC><r+?CD><r+EAD><r
1 1
=~ perimeter X r=— %42 x5 =105cm?

Find the value of the symbol used in measuring :

Common tangents of two distant circles :

Al AB is called a common internal tangent to the two
circles M and N because the two circles M and N

are located at two different sides of:A_];, Also CD

is an internal tangent to the two circles.

Notice that : AB () CD = {E}
In the opposite figure : Prove that : AB = CD

B AB is called a common external tangent to the two

circles M and N because the two circles M and N are
are located in the same side of , AB, also CD is an

extermal tangent to the two circles.

Notice that : AB N CD={R
In the opposite figure : Prove that : AB = CD

Qio Mathematics - PrcParatorH )



In the opposite figure : AB is a common tangent to the

two circles M and N externally at A and B respectively. -
Their two radii lengths are 17 cm and 8 cm respecticely. @ -

If MN = 41 cm, Find the length of AB

For More Exercises, go to MOE website
Student’s Book - Second term
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. Think and Discus%'

In the opposite figure :

~ ABC is an inscribed angle with the two
. — —_— /N —

sides BA and BC and arc AC, BD is a

tangent to the circle at B. If we imagine

the revoltion of one of the sides of the

inscribed angle, let it be BC moving

away from E:so, it takes one of the

.. B D
positions BC;, BC,, ............

¢ Does the measure of the resulted inscribed angles increase such

as /ABC, and /ABC,, ......

AC, @) increase, --------- ?

4 Do the mesures of m ( ) and m (

¢ If BC and BD are congruent, what do you notice ?

—_—

Notice that We get a larger inscribed angle in measure when BC

and BD are about to be congruent /. ABD is called the angle of

tangency it is a special case of the tangent angle :

TN

m (/ ABD) :% m (ACD)

The angle which is composed of the union of two

Angleof [RISHONE is a tangent to the circle and the other

Thus :

The measure of the angle of tangency is A
half the measure of the arc between the

two sides.

1 TN

ie.: m(/ ABC)=? m (AB)

Qio Mathematics - PreParatorg 5
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What you’ll learn

¥r The concept of the
angle of tangency

Yr How to infer the
relation between the
angle of tangency and
the inscribed angle
subtended by the same
arc.

Yr The relation between
the angle of tangency
and the centeral angle
subtended by the same
arc.

Yr How to solve problems
on angels of tangency.

Key terms

¥r Angle of tangency.
¥¢ Inscribed angle.
Yr Central angle.



In each of the following figures, calculate m (.~ ABC) .

A @
@ A @
230° D
M
B Cc >

>

A
A

> B C

B C

Theorem \\ The measure of the angle of tangency is equal to the measure of
5 the inscribed angle subtended by the same arc.

Given: , ABCis an angle of tangency and, /D is an inscribed angle.
R.T.P: Provethat: m (ABC)=m (/D)
Proof: * ABCis an angle of tangency

J

: m(éABC)=%m(X§) (D

~ /Dis an inscribed angle

1
. m (/D)= m (AB) @

From @ and @ we get : b c

m (S ABC)=m (/ O Q.E.D.

»

The measure of the angle of tangency is half the measure of
the central angle subtended by the same arc.

In the opposite figure :

BC is tangent to circle M,E is a chord of tangency
- m(/ ABC)=m (/D ) (theorem)
A
1
" m(£D) =75 m(LAMB) (theorem) D)
1
= m(Z ABC) =5 m (£ AMB)
B e
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In each of the following figures : BC is tangent to the circle.

Find the value of the symbol used in measuring.

< B (':

Important notice :

The angle of tangency is supplementary to the drawn inscribed

angle on the chord of the angle of tangency and in one side of it.

i.e.: ~ ABC is supplementary to ./ AEB .

- A
g ABC is a triangle inscribed in a circle, BD is a tangent to the circle

at B, X € AB, Y EEWhereX_Y//E_D».
Prove that : AXYC is a cyclic quadrilateral.

C ¥ B
Proof : \\—%

© BD is tangent to the circle at B, AB is a chord of tangency.
* m(/DBA)=m(/C)
“ XY/ DB, AB intersecting both of them

“ m(/ DBA)=m(/BXY) “ m(/BXY)=m(~C)
* /BXY is exterior from the quadrilateral XYCA.
- XYCA is a cyclic quadrilateral. (Q.E.D.)

Qio Mathematics ~ Preparatorg )



The N\ Kfa ray is drawn from one end of a chord of a circle so that the
angle between this ray and the chord is equal in measure to the

‘ fa ‘o X .
C(t)}r:verse ; inscribed angle subtended by the chord in the alternate side,
R then this ray is a tangent to this circle.

i.e.: .
If we draw AD from one end of the chord AB in circle M and : B

m (/- DAB) =m (~/C) then : AD is a tangent to circle M.

A D
In each of the following shapes show that AD is s_t;ngent to the circle passing through

X @
A
75° D
60
A, 0°
3c
C 6 cm B
5x° 3x°
C B

}I ABC is a triangle inscribed in a circle, AD s a tangent to the circle at A, X € AB,Y EAC
}{ where XY // BC
}{ Prove that: AD isa tangent to the circle passing through the points A, X and Y .

the vertices of the triangle ABC.

@

D

- Solution -

){ L] L] A
:{ Given: AD isa tangent to the circle and, XY // BC
}{ R.T.P.: Prove that: AD is a tangent to the circle passing through the

}1 points A, X andY.

}{ Proof: ** AD isa tangent and, AB is the chord of tangeny N
:1 © m(/DAB)=m (L0 @

}1 XY // BC, AC intersector A m( A =m (20 (2)
}1 From (1)and (2) we get: m (~ DAB)=m (/ AYX)

i.e.. m(/ DAX) =m (/ AYX)
~ADisa tangent to the circle passing through the points A, X and Y .

For More Exercises, go to MOE website
Student’s Book - Second term
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