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Thanks to God who helped us to introduce one of our famous series
“El Moasser” in mathematics.

We introduce this book to our colleagues.
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New Application

Interactive application presented from...

GPS
How to use the application ?

Download the app Use the book code

a You can find the code
Studentaccount @ on the back cover of the

Parents account @

¢ Download on the |

. App __S_’fore Teacher account a@
. \.

Enjog Interactive learning on all subjects and get
all the app features free.

Connect with
your teacher

Follow up
reports

Educational
games

Educational
videos

Educational
news

Explanation
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Relations
and functions

Lesson One Cartesian product.
Lesson Two Relation - Function (Mapping).

Lesson Three The symbolic representation /
of the function - Polynomial /

functions.

Lesson Four The study of some
polynomial functions.

Use

Unit Objectives : By the end of this unit, student should be able to:
: . S your smart phone or
» recognize the concept of the Cartesian product of two finite sets. sablat o sear the
- represent the Cartesian product of two finite sets by the arrow diagram and QR code and endoy
the graphical (Cartesian) diagram. weiching videos /=

- recognize the concept of the Cartesian product of two infinite sets. O

- find the Cartesian product of two intervals.

- recognize the concept of the relation from a set to another one.

- recognize whether the relation is a function or not.

- represent the function by the arrow diagram and the graphical (Cartesian) diagram.
- recognize the domain , the codomain and the range of the function.
- express the function symbolically.

- search the degree of the polynomial function.

- represent the linear function graphically.

- recognize the constant function and represent it graphically.

- represent graphically the quadratic function.

- find the vertex of the curve of the quadratic function.

- find the maximum or the minimum value of the quadratic function.
- find the equation of the axis of symmetry of the quadratic function.




Lesson

Cartesian
product

In this lesson » we shall know the concept of the Cartesian product and how to find it and how
to represent it graphically.

Before dealing with this subject 5 we shall remember together what we had studied about the
ordered pair.

I The ordered pair

(a, b) is called an ordered pair
* als called the first projection
* b is called the second projection

and the ordered pair (2 s b) could be represented

by a point as shown in the opposite figure.

~—

Remarks
eIfazbsthen(a sb)#(bsa)
For example: (2 53)# (3 52)
and when representing them graphically

as shown in the opposite figure » we find

that they are represented by two different points.

* The ordered pair is not a set. i.€. (a sb) # {a s b}
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* (a » a) is an ordered pair » while in the sets s we don’t write {a s a} s but we write
{a} without repeating the element a

UNIT

» There is an empty set of elements and denoted by the symbol & s but there is not
an empty ordered pair.

E The equality of two ordered pairs
If(asb)=(Xsy)sthena=X » b=y

For example:
eIf(asb)=(35-4) sthena=3 , b=-4

eIf (X »2)=(-5 )}’) sthen X=-5 » }’22

Exumple II Choose the correct answer from the given ones :

113 58)= (354 ) sthen |y = o
(2)-4 (b) 4 ©8 (d) 64
2 I (B2sX+y)=(y 52) sthen X =
(@) 0 (b) 2 (©)4 5
3R ! 5=3)=(1sy) sthen2 X —y = oreeeeees
(2)-3 (b)-1 ()3 )5
4 TE(X2—1,4)=(48 527y) sthen Xy = rorreeen
(@)-7 (b)7 (c) 14 (d) =14
?%@Etﬂ&ﬁﬁﬁ 1 (b) Thereason: ' (3 ,8)= (3 ,ﬁ) ﬁ: 8
ny=82=64 Ay =Nea=4
2 (a) Thereason: - (32 s X +y)=(y° 52)
n Yy =32 o y=2 «because 2° = 32»

s X +y=2substitutingbyy=2 . X+2=2
L X=0
3 (d) Thereason: - 2%~ ' ,-3)=(1,y) Ly=-3

52%"1=1,thenX—-1=0 LX=1
L2X-y=2x1-(-3)=2+3=5

4 (d) Thereason: ' (X%>—1,4)=(48 52y) hX2-1=48

o X2=49
.‘.th’\/4_9:4_r? s2y=4 .'.y=%=2

L Xy=xT7x2=+14
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Lesson One ﬂ

Find the values of X and y in each of the following :

(1) x+15y)=@3,9)
2] (x3-5,8)=(3-3y-7)
Bx>-2,2y)=(y Vo4 )

I The Cartesian product of two finite sets

For any two finite and non empty sets X and Y » we get :

The Cartesian product of the set X by the set Y and it is denoted by X xY
is the set of all ordered pairs whose first projection of each of them belongs to X
and the second projection of each of them belongs to Y
ie.XxY={(asb):aEX,>bEY}
For example :
Bix={1,2} , Y={5,7,8} then:

/NN
XxY ={[ 52})({5 97 98}

={([ »5) s (1 »7)>(+8)5(255)5 (2 s.0) (2 98)}

* We can represent X x Y by two ways as follows :

e

1% way : The arrow diagram 2" way : The graphical (Cartesian) diagram

(11:8) (2]s8)

(b7 L7
(1h5) (2h3)

Second projection

I 2 |X

First projection

Where we draw an arrow going from Where the elements of the set X are represented
each element representing the first horizontally and the elements of the set Y
projection (the elements of the set X) | are represented vertically and the points of

to each element representing the second | intersection of the horizontal and vertical lines
projection (the elements of the set Y) represent the Cartesian product of X x Y

2

Y PNS [pF - oW oot palagll 9



1

UNIT

Bhiex={1,2} » Y={5,7,8} sthen:

/'- | ™ ’ﬁ
yxx ={5; 7 8} {4;’3} i

_{(5,[) (5 2) (7 s)5(752)5(851),(8,2)}

 Similarly » we can represent Y x X by two ways as follows :
X

(5}2) (7)2) (8]s2)

(5 )1)(711)(811)

Second projection

5 i g |Y
First projection

The arrow diagram The Cartesian diagram

I The Cartesian product of a set by itself

The Cartesian product of the set X by itself and we denote it by | X x X or by '_X 2]

(it is read X two) is the set of all ordered pairs whose first projections and second
projections belong both to X

Le. XXX={(& sb):aEX abEX}

For example: If X = {1 ,2} »then:

~ \1 3

xxX ={l2}x{l»2}={dsD>>2)>@ >, s 2y |

X
ST (1p2) (2)s2)

* We can represent X x X by two ways as follows :
(p1)GpL)
= 1
V k e ') ';J, 1
I 3X

J;O
O]/f
First projection

The arrow diagram The Cartesian diagram

Notice that : The figure O] is called a loop to
show that the arrow goes from the point and returns
to the same point.

10

Second projection

I\J
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Lesson One ﬂ

! Remarks

= For any two finite and non empty sets X and Y sthen X x Y#Y x X where X #Y
eForany set X sthen X x = x X = where & is the empty set.
elf(asb)&XxY sthena&eX s bEY

For example: If (3 ,5) EX xY sthen3EX > 5EY

E"C"“F"Lﬁ ¥X={253,4} and Y={a b} »find each of :

1 XxY 2 YxX 3 XxX 4 Y?

Solution XxY={(252)5(25b)»(3>a)5(35b) »(452) »(4sb)}

‘ 2 YXX={(332)9(&33)9(&54)9(13 92)s(bs3) (b 74)}

| 3 XxX={(252)5253)5234)5352)5(313)5(34) »4»2)
‘ (4 53) 5(4 54}

4 Y'={(@s>a)>@sb)»bra),b,b}
syyourself IfX={3s4,5 and Y ={5,6}, find each of the following :

Y x X and represent it by an arrow diagram

X 2 and represent it by a Cartesian diagram

l The number of the elements of the Cartesian product

If we denote the number of elements of the set X by n (X) and the number of elements
of the set Y by n (Y) » then the number of elements of the Cartesian product X x Y is
denoted by n (X xY) sand :

*n(XxY)=n(YxX)=n(X)xn(Y) Notice that :
en(XxX)=nX)xnX)=[n (X)]2 If X »Y are two finite and non empty
‘I'I(XX@):I'I(X)XH(@) sets s X #Y sthen X X YzY xX

sbutn (X xY)=n (Y x X)

=4 [Because n () = 0]

For example :

IfX={25-150}andY={5,-7}sthenn(X)=3 » n(Y)=2 sthen:
'n(XxY)=3x2=6 'n(YxX)=2x3=6

n(X*)=3*=9 n(Y)=22=4

Find the previous Cartesian products and verify the number of their elements.

1]
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Example E’ Choose the correct answer from the given ones :

1 IfX:{O ,2} s N(Y)=5sthenn (X xY)=-ieoiee
(a) 2 ()5 ©)7 (d) 10
2 Ifn(Y)=4 » n(XxY)=8sthenn (X)=-reerene
(a)2 (b)4 (c) 8 (d) 32
3InX*»)=9 5> n(Y?)=16sthenn (Y xX) = reeem
(a) 7 (b) 12 (c) 36 (d) 144
M I (d) Thereason: ' n(X)=2 s n(Y)=35
An(XxY)=2x5=10
2 (a) The reason : n (X) =% = % =2
3 (b) Thereason: - n (X% =9 son(X) :VE=3
s n(Y) =16 S n(Y)=\16 =4

Ln(YxX)=4x3=12

Choose the correct answer from the given ones :

@If[’l(X)=3 2 H(XXY):]Z ,thenn(Y): ............

(a) 4 (b) 9 (c) 15 (d) 36
2JEY={-1,0,1} » n(XxY)=15sthenn (Y?) = o
(a) 5 (b) 9 (c) 15 (d) 25
(3)Ifn(X)=4 » n(XxY)=4sthenn (Y2 = e
(a) 1 (b) 2 (c) 4 (d) 16

I Remember the operations on sets

If X={1,2,3,4} , Y={3,4,5,6} ,then: ,1
%2

* X (Y = the set of elements which are common in X and Y ={3 4}
* X U Y = the set of all elements in X or Y without repeating =41 52 53 54 5556}
* X — Y = the set of elements which are in X and notin Y ={1 ,2}

* Y — X = the set of elements which are in Y and not in X = {5 3 6}

|12
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Lesson One ﬂ

E"ﬂPl_eq fX={asb} » Y={3,5,7} » Z={5+7,9}

» represent the sets X » Y and Z by Venn diagram » then find :
1 Xx(YUZ),XxY)YUXx2)

2 Xx(YNZ)»XxY)NXxZ)

3 XXx(Z-Y)»XxZ)-(XxY)

X Y z
Solution
= {ll 2 vUz=18,5.7 8}

W Xx(YUZ)={a>b}x{3,5,7,9}
={@53),@555@>7) @19 5(b33) 515 5(b>7) (b9}
»XxY={a>b}x{3,5,7}

={@+3)5@>5@>7) (b +3) (b5 5(b>7} (1)
»XxZ={a>b}x{5,7,9}

={@+5),@>7)5@>9 (55 50,7 (b,9} 2)
From (1) and (2) :
L XxNUEXx2Z)=

{@3:3)5@55)5@57) @59 5(+3)5 (655 2(b57) 5 (b9}
“YNZ=45+7}
o Xx(YNZ)={asb}x{5,7}
={@55)5@>7) 565507}

From (1) and (2) :
S XxY)NXxZD)={@s5s@s7) 55 b7}

(3]

3 wZ-Y=49}
W Xx(Z-Y)={asb}x{9}={@>9) 0,9}
From (D) and (2): . XxZ)-XxYV)={@->9 b -9}
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! Remark

In the previous example » we can represent X x (Y (] Z) by an arrow diagram and

a Cartesian diagram as follows :
v . 8

[ @n em

| @9 09

The arrow diagram The Cartesian diagram

DIRIEST 17X ={2,3} » Y={1,3,5} » Z={2}

, represent each of X, Y and Z by Venn diagram , then find :

(1)zxxNY) (2)@xX)U@xY)

I The Cartesian product of two infinite sets
» We know that if X is a finite set (having n elements) s then the Cartesian product X x X is
also a finite set (having n® elements).

For example: If n(X)=3 sthenn (X xX) =9

» But if X is an infinite set » then X x X is an infinite set also
As examples for that :
NxN={(X»>y): XEN,yEN} » ZxZ={(X»>y):XEZ syEZ} »
QxQ={(X>y): XEQ,yEQ} » RxR={(X,y): XER,yER}

» We know that if X is a finite set » we represent the Cartesian product X x X graphically by

a finite number of points.

» But if X is an infinite set s then the Cartesian product X x X is represented graphically by

an infinite number of points.

The following is the graphical representation of eachof : NXN ¢ ZXZ 9 RxR:

4
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Lesson One B

m Representing the Cartesian product N x N (N?)

* Represent the natural numbers on two perpendicular straight %
lines > one of them XX is horizontal and the other }_; is . j__ i
vertical » where they intersect at the point which represents T ——1—
the number zero on each of them i.e. O = (0 ,0) j ||

* The opposite figure shows a small part of the perpendicular | R il | !
graphical net of the Cartesian product N x N which consists of X = 3 581 X
the vertical and the horizontal straight lines that pass through N
the points which represent the natural numbers on each
of XX and ‘y_yt

* And each point of the points of this net represents an ordered pair of the Cartesian
product N x IN

For example :

» The point A represents the ordered pair (3 » 2)

* The point B represents the ordered pair (5 5 0)

¢ The point C represents the ordered pair (0 » 4)

» The point O represents the ordered pair (0 5 0)

m Representing the Cartesian product Z x Z (7Z?)
y

» Represent the integers on each of XX and ;; ‘ CEN l_k_ =]
which are intersecting at O (0 5 0) | |B I I '

» The opposite figure shows a small part of the . SLR) I] !
perpendicular graphical net of the Cartesian product Z x Z S _’l = ]' b T o

* And each point of its points represents an ordered pair of ‘ C | L= 1
the Cartesian product Z x Z "— N EREE Dj

3

For example:

* The point A represents the ordered pair (2 +4)

* The point B represents the ordered pair (- 2 » 3)

» The point C represents the ordered pair (—4 »—2)
* The point D represents the ordered pair (4 5 — 3)

* The point E represents the ordered pair (3 5 0)

* The point N represents the ordered pair (0 »—2)
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21.1:l Representing the Cartesian product R x R (RR?)

» The perpendicular graphical net of the Cartesian

product R x IR is an infinite extended surface from 41
all sides and the opposite figure shows a small part B, 3
of this region. :

» Each point of this region represents an ordered pair  x*

of the Cartesian product R x R sy 22

For example: 21

* The point A represents the ordered pair (3 »—2)

* The point B represents the ordered pair (—4 5 3)
! Remarks

@ The horizontal straight line XX is called X-axis or the horizontal axis
and the vertical straight line ;; is called y-axis or the vertical axis.

@ The point of intersection of the two axes XX and S;? is called the origin point.

© If the point A represents the ordered pair (X »y) in the Cartesian product R xR » then :

» The first projection X is called the X-coordinate of the point A
« The second projection y is called the y-coordinate of the point A

@ The two axes XX and ‘y—; divide the plane into four

i
quadrants as shown in the opposite figure and we can i s ) | Megliet |
determine the quadrant in which any point lies by X0 | g3 | X0
knowing the signs of its two coordinafes. d Y=o ! ‘ ke

© If the X-coordinate of the point =0 » " 3219 i % 3
then the point lies on y-axis. [ 3% quadrant | :i [ 4 quadrant

@ If the y-coordinate of the point=0 » ._x <0 __; ! ‘ x>0 |
then the point lies on X-axis. y<o Ry y<o |

Exqmple E Choose the correct answer from the given ones :

1 The point (4 s—3) lies on the ............ quadrant.
(a) first (b) second (c) third (d) fourth
2 Which of the following points lies on the third quadrant ?
(a) (2 55) ®@2,5-5 (©(-2,5) (d) (=2 ,-5)

6
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Lesson One ﬂ

! 3 If the point (a » 3 — a) lies on the X-axis sthen a = -

(a)—3 (b)0 ©) 3 5
4 If b<2 ,then the point (b —2 »4) lies on the -+ quadrant.
(a) first (b) second (c) third (d) fourth
5 If the point (X -3 »4 — X) where X &Z lies on the fourth quadrant
sthen X = oo
(@2 ()3 (4 (d)5

So lon
Solution I (d) The reason : Because the X-coordinate is positive and the

y-coordinate is negative.

2 (d) The reason : Because the X-coordinate and the y-coordinate of all
the points on the third quadrant are negative.

3 (c) Thereason: ' (a y3 —a) ExxX
v 3=a=0 SHass
(b) The reason: - b<?2

. The X-coordinate of the point (b —2 »4) is
negative and its y-coordinate is positive.

! =N

- (b—2 »4) lies on the second quadrant.
(d) The reason : Because at X =15 >then (X -3 54 — X)=2,-1)

n

I.e. The X-coordinate is positive and the y-coordinate

is negative.

=
o,

5 Choose the correct answer from the given ones :

[I] The point (— 2 5 —7) lies on the ------e-- quadrant.
(a) first (b) second (c) third (d) fourth
@ If the point (b — 5 5 b) lies on the y-axis >then b= «-e...
(@-5 ®O0 ()1 (d)5
[B If (x -2 aﬁ) = (=3 »y) s then the point (y » X) lies on the -+ quadrant.
(a) first (b) second (c) third (d) fourth
@ The point (X2 » yz) where X#0 5 y=#0liesonthe - quadrant.
(a) first (b) second (c) third (d) fourth

¥/ ¥ - oW olsl,) palagll 17 ‘




UNIT

The Cartesian product of two intervals

We studied that the interval is a subset of the set of the real numbers (IR) and then the

=

Cartesian product of two intervals is a subset of the Cartesian product R X IR and we can

explain that in the following example.

Example @ rx=[0,3] » Y=[1,3]
, represent graphically using the perpendicular graphical net of the
Cartesian product R x R the region which represents each of :
1 XxY 2 XxX 3 YxY
, then show » in each case » which of the following points belongs to the

previous Cartesian products : (2 52) »(1 50) 5 (0 » 3)

.

>

slution

=)

[

| To represent X x Y graphically s do as follows :

*Represent the interval X on X-axis
» Represent the interval Y on y-axis 1

= The intersection region of the

two colours represents X x Y
(2 »2) EX x Y because it 2t

belongs to the region which
represents X X Y 2

S -

*(1 »0)& X x Y because it 1 0 R
lies outside the region which -1
represents X X Y

<(0,3)EX XY

2 To represent X x X graphically

» do as follows : *
» Represent the interval X one 3

time on X-axis and another 5
; ; i XxX
time on y-axis.

» The intersection region of the B

two colours represents X x X 1 0

°(2 aZ)EXXX 5 (1 90)EXXX

and (0 »3)EX x X y
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Lesson One B

3 Similarly s you can represent Y x Y )
as shown in the opposite figure : 3
*2:,2)EYxY 2 Y
»(1s00EYXY 1
X X
and (0, 3)EY x Y T 0] B
=
y\

Now at
all bookstores
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Relation -

Function
(Mapping)

m The relation

The relation from set X to set Y is a connection that connects some or all the elements

of set X with some or all the elements of set Y and it is denoted by "R"

« The relation R from X to Y is a set of ordered pairs whose first projection belongs to X

and its second projection belongs to Y and the first projection is connected with the second
projection by this relation.
If(asb)ERwherea&EX sbEY
So » we express this as "aR b"
» The relation R from set X to set Y is a subset of the Cartesian product X x Y
lLe. RCXxY

« The relation can be expressed by an arrow diagram or a Cartesian diagram (graphical).

20
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Lesson Two B

ExﬂPL@n IfX= {2 5 5} s Y= {]. ' 4 -,-7} and R is a relation from X to Y where
"aR b" means "a <b" forevery a&EX s b EY » state the relation R and

represent it by an arrow diagram and by a Cartesian diagram.

W "+ 2 is not less than 1 (20w I)GE R
e 2<4 L (24)ER
2 BLT L @2sTER
.+ 5 is not less than 1 L (5sDER
.+ 5 is not less than 4 L (5sHER
¢ Sl L (5sDER

. TherelationR={(2:4) »(2,7) s (557}

The following figures represent the arrow diagram and the Cartesian

diagram of this relation :

< |

2 5 X

The arrow diagram The Cartesian diagram

FX={1,2,3} » Y={354,5,6} and R is arelation from X to Y where
"aRb"means "a+b=6"foreverya&EXandbEY

» state the relation R and represent it by an arrow diagram.

! Remark

If R is a relation from X to X s then : R is a relation on X and the relation R C X x X

21
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Example F]

Solution

Example H

Solution

TRY

.byyourself

-

IfX= {—2 5—1505152 } and R isarelation on X where "a R b" means
"a is the additive inverse of the number b" for every a &EX and b&X
s state R » then represent it by an arrow diagram and a Cartesian diagram.

R={(—2 52) 5(=151)5(050) 5(15-1)5(25-2)}

* The arrow diagram : * The Cartesian diagram :

X X
0 2 J~
5 |
:\h | &
_j e ] ‘
(\\»:I_I\_,‘;, | 0 |

or

o / | |- -__. |

o =00 s, af) 1 2 [X
"-\-\_.___\_\_‘_\—._'_'___,_.-“I

—

If the opposite arrow diagram represents the

relation R on X

s state R s then represent it by a Cartesian diagram. (“\/e \ v :
“-\-\.—"?I "
R={(a)C)9(&ad)a(b3b)a(bac) X |
»(d »d) »(d »a) 5 (e sa)} l
de 8 S N W— .
b ! — I
| |
- _i
“:I b £ d :: X

If X = {1 32 4} and R is a relation on X where "a R b" means

"ais twice b" foreverya&EX and b&eX

s state R and represent it by a Cartesian diagram.
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Lesson Two B

m Function (Mapping)

‘ntrOdUCtory HX={O 5152 53} L] Y={0 3132353 .445 96} and R is a relation

example
P from X to Y where "a R b" means "a = % b" foreacha&€E X »bE Y
» write R and represent it by an arrow diagram and a Cartesian diagram.
SOlUtion ¢ _1(0,0)5(152)52+4) 3 »6)}
Y
| t T
| 5
| Y 44 .
0
| [ 4 -
- 2 26 ————
4
. 2 0
T
0 ! > 3 |X
The arrow diagram The Cartesian diagram
SO In the previous relation , we notice that :
Each element of the set X has been connected with one and only one element of the
elements of the set Y v
Such as » this relation is called a function or (mapping). A
e | \\_
*The set X = {0 51925 3} feimd \\.\_
is called "the domain of the function". 3 _‘,\Rangé
eid x "
'TheSGtY={03172 394,45 36} 5 //"
is called "the codomain of the function". s 9 4
*The set {0 52 54 56} Codomain
is called "the range of the function" and it is a subset from the codomain of the function.
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Generally
A relation from X to Y is said to be a function if one of the following cases is satisfied :

1 In the relation s each element of the set X appears only once as a first projection in

one of the ordered pairs of the relation.

2 In the arrow diagram which represents the relation s each element of X has one and

only one arrow going out of it to one element of Y

3 In the Cartesian diagram which represents the relation > each vertical line has one

and only one point lying on it of the points which represent the relation.

Example B} 1rx={1,2,3,4} » Y={1,3,5,7}

» show which of the following relations represents a function from X to Y

and if it is a function » mention its range :
*Ry={(2:3)5(151)5(355)5(37) »(453)}
*R,={(157) 525 (4,1}
*Ry={(253)»(3:3)5(155) @7}

Solution . R, is not a function because the element 3 & X appears as a first
projection twice in two ordered pairs of the relation (3 » 5) and (3 »7)

* R, is not a function because the element 3 & X does not appear as a first
| projection in any ordered pair of the relation.

* R, is a function because each element of X appeared only once as a first

projection in an ordered pair of the relation » the range of R, is {3 55 7}

Example B 1rx-{3,5,7,90]

» show which of the following arrow diagrams represents a function on X

(i-e. from X to X) and if it is a function » mention its range :

X X X

9
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50!Uti@i‘_i * F, is a function because each element of X has only one arrow going out

of it to one element of X , the range of the function F is {3 s 7y 9}

. F2 is not a function because for the element 5 ©X there are no arrows

going out of it or because the element 3 &X has two arrows going out of it.

* F, is not a function because the element 7 &X has two arrows going out of it.

Exﬂpﬁ_q fX={0,1,253} > Y={5,6,7,8,9}
» show which of the following Cartesian diagrams represents a function

from X to Y and if it is a function > mention its range :

Solution <R isnot a function because there are two points lying on the vertical

line which passes through the element 2 & X

* R, is a function because each vertical line has only one point lying on it

| » the range of the function R, is {6 58 59}

* R, is not a function because there is no point on the vertical line which

passes through the element 1 & X

Example fi irx- {0-1,2,3} » Y={2,3,4,5,6} andR is arelation from
X toY where "aR b" means "a+b=>5"foreachaEX sbEY
» write the relation R and represent it by an arrow diagram.

Mention giving reasons if R is a function from X to Y or not.

And if it is a function s find its range.

L0V [ ¥ - o olsl,) palagll 25
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Solution . g - {051,423 32}

* R represents a function from X to Y because each element

of X is connected with only one element of Y

The range of the function= {5 54,3 ,2}

Exﬂpliﬂ IfX={3 s2 51 »zero ;% ,—%}andRisarelationonX

where "a R b" means "a is the multiplicative inverse of b"

for eacha&X » b &X » write R and represent it by an arrow diagram and

mention giving reasons if R represents a function or not.

solution . g—{(s,4) >+ )50 (1) o(49) X

|
| :.-:‘

* R does not represent a function because the element

zero & X is not connected with any element in X

(There is no arrow going out from zero in the arrow

diagram which represents the relation)

fX={1,2,3} » Y={15,4,6,9}andR is arelation from X to Y where
"a R b" means ”a=%" foreachae X b Y

s write the relation R and represent it by an arrow diagram. Mention giving

reasons if R is a function from X to Y or not s and if it is a function »

mention its range.



Lesson

The symbolic
representation
of the function

- Polynomial

functions

I The symbolic representation of the function

* The function is usually denoted by one of the letters f or gork or ...

and the function f from the set X to the set Y is written mathematically as :
f:X——Y and is read as f is a function from X to Y
org: X —— Y and is read as g is a function from X to Y and so on ...

* If the ordered pair (X » 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: XF——yanditisread as f maps Xtoy

or f:f(X)=yanditisread as f is a function where f (X) =y

For example:
If f : X —» Y where £ : X—» X » then f : 3 }——» 9
s also can be written in the form : f (X) = %7, hence f3)=9

! Remark

The mathematical form f (X) = X ? is called the rule of the function f, and it is used to
find the image of any element of the domain by the function f

7]
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- Remember that

If f is a function from the set X to the set Y i.e. f : X ——Y s then:

'1]X is called the domain of the function f

'2]Y is called the codomain of the function f

‘3| The set of images of the elements of the set X by the function f is called the range

of the function f which is a subset of the codomain Y

Example

Solution

Remark

3 ==ED

fX= {~ 1,051} 5 Y= {0 s—1 ,-2} and the function f : X ——Y
where f (X)=X 2_1 ,find the set of the function f and represent it by

an arrow diagram » then write its range.

L FOO0=x%-1

S fED=(1%-1=0 <. (=1 50) E the set of the function f
s fO)=(0)?-1=-1 . (0 5— 1) € the set of the function f
s f(D=1)"-1=0 2 (1 »0) € the set of the function f

. The set of the function f={(~=150) »(0 5—1) (1 ,0)}

The range of the function f = {0 >—1}

If f is a function from the set X to itself : i.e. f: X —X »
then we say «f is a function on X»

28
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Example B}

If f : N— N where N is the set of natural numbers and f (X) =X + 1
find £ (0) s f (1) s f (2) s f (3) and f (4) » then graph a part of the square
net of the Cartesian product N x N and represent on it five elements of this

function. What is the range of the function f ?

_Solution

fX)=X+1foreach XE N

means that the image of any natural number

by the function f is "the number + 1" Ef[
A FO)=0+1=1 LR BN
sf ()=2 j
VF(2)=3 5|4

1 i M
1 Bk=4 O 1 2 3 4 -
sf(d) =5

L051)5(152)5(253)5(3B3 54)5(4595)
are five elements of f

« The range of f is all the natural numbers except zero. (because there is

no natural number added 1 gives zero)

i.e. The range of f=N-{0}

1 IfX={2,4,6,8}
sY={1,253,4,5,6}
and the function f : X ——Y where f (X) = % X

» write the set of the function f and represent it by a Cartesian

diagram » then find its range.

29
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I Polynomial functions

_Definition—

The function f : R——R » f (X) =a,+a; X+ a2x2+---+anx“

where ay sa; »a, 5 sa, ER »n €N is called a polynomial function.

€. | The polynomial function is a function whose rule is a term or an algebraic )
( expression in condition that the following should be identified :

g Each of the domain and the codomain of the function is the set of real numbers.

| The power (the index ) of the variable X in any of its terms is a natural number.

For example: The following functions are all polynomial functions :
f f(X)=2X+5 egig(X)=x%2-2x+1
skik(X)=8 -n:n(X)=1+'\(5x—9x3
! Remark
If the domain or the codomain of a function is not the set of real numbers » then that

function is not a polynomial function.

For example :

s fi f(X) =ﬁis not a polynomial function because f (X) doesn’t exist in IR if X equals

a negative number.,

For example : f (- 1)%Rbecause‘\l—1$]?&

s so the domain of the function f is not the set of real numbers.
*h:h(X)= % is not a polynomial function

because h (X) doesn’t exist in R if X equals zero. i.e. h (0)& R

> 50 the domain of the function h is not the set of real numbers.

30
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! Remark

When we search if the function is a polynomial or not » we do not simplify its rule.

For example:

The function f, : f; (X)=X (X + %) doesn’t represent a polynomial function

because f, (0) & R while the function frif (X=X 241 represents a polynomial function.

And notice that: x (X + 31"(“ ) = X2 + 1 for all real numbers except 0

syyourself 2 Which of the functions defined by the following rules represents

a polynomial function :
(1) §, () =X(x2-3) fz(x)=x(%+5)
B)f00=x2-Yx+1 (4)f, 0 =x2-(x%-4)

I The degree of the polynomial function

The degree of the polynomial function is the highest power of the variable in the function rule.

For example:

e The function f, : f, (X)=3X —% is of the first degree (a linear function)

* The function f, : f, (X) =V§ X% -3 X+ 4 is of the second degree (a quadratic function)
» The function £, : f5(X) =X’ —5 X? + 4 s of the third degree (a cubic function)

! Remarks

» The function f : f (X) =a whereaER- {0}
is a polynomial function of zero degree (a constant function) as f: f (X) =3
In the case of a=0 i.e. When f (X) =0 » then the function f has no degree.

* When you want to determine the degree of the function you should simplify its rule to the

simplest form before telling its degree.
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Exa mple E Choose the correct answer from the given ones :
1 The function f: f ) =X> (2 +X)’isa polynomial function of

;7 T degree
' (a) first (b) second (c) third (d) fourth

2 The function f : f (X) = X? — (X — 5)? is a polynomial function of

the ceoveeeeenn. degree

(a) zero (b) first (c) second (d) fourth
3 The function f: f (X) = X*— (X% + 1) (X? - 1) is a polynomial

function of the - vovevno degree.

(a) zero (b) first (c) second (d) fourth
4 IEFOO)=X>—X—-2sthen f (=3) = covrrriunnns

(a)-3 (b) 4 (c) 10 (d) 14
S5IEFOO=X2-2X+5 sthen f (0) = vrerreeree

(a) 2 (b) 4 ()5 (d)7
6 If £ () =x2-43 X »then f (_'\E) e,

()0 (b3 ©6 @273
7 HEFO)=X3sthen f 3) + F (= 3) = corevvrrinnes

(a) 54 (b) 27 )6 (d)0
8 IHf(X)=aX-6 5 f(2)=0sthena=-rcocver

(a)—6 (b)-3 ©)3 (d)0

Solution 1 (d) Thereason: =~ f(X)=X2(4+4xX+Xx)=4x2+4%x3+x*

e}

.. f 1s a function of the fourth degree.
2 (b) Thereason : * f (X)=X%—(X*-10 X+25)=X*-X?+10 X-25
=10X-25
~. f is a function of the first degree.
3 () Thereason: " f () =X*-(x*'-D=x*-x"+1=1
. f 1s a function of the zero degree.

(c) The reason : Substituting by X = — 3 at the function rule
s FE3y= CRP -8 22943 2=10

"N
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i

(¢) The reason : Substituting by X = 0 at the function rule

L f0)=02-20)+5=0-0+5=5

=

(c) The reason : Substituting by X = —W/E at the function rule
1 ()= (AR ~(13) (43) =3 +3=6

(d) Thereason : - f (3)=33=27 , f(=3)=(-3)%}=-27

e |

Sf@)+fE3)=27T+(-27)=0

8 (c) Thereason: '» f(2)=0 Lax2-6=0

s2a=6 2a=3

yourself j Choose the correct answer from the given ones :

W @ The function f: f (X) = X (X A 2) is a polynomial function of the - ..eveveve..

degree.

(a) first (b) second (c) third (d) fourth
(2] F 0 =3-5X then f (= 2) = oo

(a) 1 (b) 5 (c)7 (d) 13
BIEF O =X2+X=1 sthen F (1) + £ (= 1) = e

(a)-2 (b)0 (c)2 (d)3
(4)IFF () =4X+k » F(2) =15 sthenk= er..n

(a)2 (b) 4 (c)7 (d) 15

Example BY 1t (0=x2-2x+5
sprovethat:f(2 2+1)=2f(1—'\{5)

Solution 2 f (2 2+1)=(2\E+1)2—2(2 24+1)+5

=8+1+4Y2-442-2+5=12 (1)
F(1-12)=(1-42)" -2 (1-42) +5
=1+2-2Y2-2+2V2+5=6 )

From (1) and (2) : = f (242 +1)=2f (1-Y2)

0ENN [p¥igt - o olal palagdl 33 |
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Example H

Solutionj

FfX)=2X+bandg(X)=X2+bandif f (2)+g(-4) =30,
then find : f (—2)—g(2)

o f(@2)=2x2+b=4+b 5 g(-4)=(=4’+b=16+D

» o f@Q)+g(=4)=30 L44+4b+16+b=30
L 20+2b=30 S 2b=30-20=10
v 10 _
Soh= 5 =3

(= F0=2%+5],[g00=%24+5

A fED=2xE=D+5=1 5 g@2)=22+5=9
L f-2)-g2)=1-9=-8

- Free part

\ Your Way to Success

Notebook

= Accumulative tests. g '

e Important questions.

» Final revision.

(GICLMOASSER]

* Final examinations.
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The study
of some
polynomial
functions

m The linear function

—Definition

The function f : R —=IR where f (X)=aX+b,aER-{0} ,bER
is called a linear function (it is a polynomial function of the first degree).

Examples of linear functions : Notice that :
«f:R Ryf(X)=X—1 In each of the shown functions ,
the index of X is 1, therefore each of
cf I R—e=RHyf(X)=2X+1 them is a function of the first degree.

'f:IR—-—]Raf(X):SX

I The graphical representation of the linear function

* The linear function f : R ——R where f (X)=aX+b>aE R- {0} ,bE Ris
represented graphically by a straight line intersecting :

— The y-axis at the point (0 5 b) — The X-axis at the point (_Tb 50 )
* To represent a linear function , it is enough to find two ordered pairs belonging to the function.

* You can find a third ordered pair to check that the three points are on the same straight line.

Example I1 Graph each of the following linear functions :

1 f:f(X)=2X-3 2 rir(0)=-1x
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%@ﬂu}‘ti@ﬁ 1 Determine three ordered pairs belonging to the function.

wif = 2X-3
LfD)=2-1)-3=-5 LE=1s=-5€ef
and f (2)=2x2-3=1 L EasDES
You can arrange these [

. X =111 |2 }
ordered pairs in the [
opposite table : ‘ y=fXx) | -5|-1] 1 J
Locate these three points which represents )
the three ordered pairs in the Cartesian plane I. LT /L
and draw the straight line L. which passes % |] = l j -
through any two points of them. i / |“_
Then check that the third point lies on the same UL ]
straight line. | 14 |
Then this straight line is the graphical / =0
representation of this function. o
~Notice that : -

» The point of intersection with y-axis = (0 »b) =(0 »-3)
« The point of intersection with X-axis = (—% s 0) = (% 50 )

s B _ 1 o '
2w r0=-5% ‘ X 0 ’ 2 | -4 |

i
From the opposite graph notice that » .
the straight line L passes through the S .
origin point O (0 50) X, - || gk
| =g U 15:\
o

Generally

The function f : R — R where f (X) =aX a ER’
is represented graphically by a straight line passing through the origin point (0 5 0)

6y YOUI'SE j:_.* Represent graphically each of the following linear functions :
(Mf:feo=3x-3 2)f:fo0=2x
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E?F_E'ml?iﬂ 1 If the point (a »— a) lies on the straight line representing
the function f : f (X) = X— 6 » find the value of a

2 If the straight line representing the function f : R —— IR where
f (X)=aX+b intersects the y-axis at (0 s3) and f (2) =7

s find the value of eachof a s b

SM 1 - (a »—a) lies on the straight line representing the function f

". (a y—a) satisfies the function

sLa—-6=-a S2a=6 |a=3‘

2 - The straight line intersects the y-axis at (0 » 3)

. (0 5 3) satisfies the function L3=ax0+b

|
. |

s 2a=4 [ﬂ

TRY &

If the straight line representing the function f : R —— IR where
f (X) =4 X —a intersects the X-axis at (2 s b)
» find the value of each of a s b

m The constant function

—Definition
The function f : R —— R where f (X)=b s b & R is called a constant function,

| b o F(2)=17 5 7=2d4+3

For example:

f:f(X)=>51is aconstant function where f (1) =5 s f(0)=5sf(-2)=5 5. and so on.

I The graphical representation of the constant function

The constant function f : f (X) =b (where b & R) is represented by a straight line parallel
to X-axis and passing through the point (0 » b) and this line is :

s above X-axis ifb>0 s below X-axisifb<0 s coincident with X-axis if b=0

37 ]
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The following examples illustrate that :

—{ f:f00=2

_\.

The straight line is above
X-axis and passes through
052)

%

Y
_\!.\

The straight line is below
X-axis and passes through
0--3)

(Ffo0=-3 J———{F:£ =0}

The straight line is
coincident with X-axis and
passes through (0 s 0)

A

Exa mple E’ Choose the correct answer from the given ones :

(a) <

W

(a) 6

(a)— 14

2 Iff(X)=4 >then f (2)

a straight line intersecting y-axis at the point

(@) (=350)

»0)

1 The function f : R —— IR where f (X) = — 3 is represented by

(d)(©0-3)

(d) #

(d)3f(2)

(d) 14

(b) (0 5-3) (c) (3
............... £3)
(b) > () =
IF£(X)=5sthen2 f (3) = oo
(b) 1 (6) (c) 10
4 IEF(X)=7 sthen £ () + £ (= 7) = cveerrrvenee
(b)—7 ©7
5 IEF(X)=2 sthen f (X —2) = oo
(b)0 ©2

L @-2

Solution 1 (p)

-

(¢) The reason : .’ f is a constant function

(D)4

L f@=F@)=4
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3 (c) Thereason : . f is a constant function .. 2 f(3)=2x5=10

4 (d) The reason : ‘. f is a constant function

D+ fEN=T+T=14

5 (¢) Thereason : " f is a constant function .. f(X—-2)=f(X)=2

by yourself 3 Represent graphically f : f (X) = -1 , then find the following :

| 1) The degree of the function f (2)F5)
Blf@+fE2) (4)f (-x)

m The quadratic function

_Definition

The function f : R—» R where f (X)=a X2 +bX+c

where a » b and ¢ are real numbers sa #0

1s called a quadratic function (it is a polynomial function of the second degree).

Examples of quadratic functions :

cf R—R, f(X)=X?
—Notice that : —
| In each of the shown functions » the

cf I R—aRHf(X)=Xx2-2

f R—=RLF(X)=3X2-7X+2 highest index of X is 2 » therefore each

of them is a function of the 2™ degree.

cf R—=RHf(X)=6-X%+Xx

I The graphical representation of the quadratic function

We know that the domain of the quadratic function is the set of real numbers R which is an

infinite set. So » to represent this function graphically s we should represent it on a certain
interval by determining some of ordered pairs which belong to the function. Then we draw

the curve (paved curve) passing through the points which represent these ordered pairs.

The following examples illustrate that :
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Solution

Graph each of the following quadratic functions :
I f:f(X)=Xx?%,taking XE [-3 53]
2 f:f(X)=—X2,taking XE [-3 3]

1 f(X)=x?

[x—3—2—10 112 3‘

‘f(x)9410149‘

Notice that :
[ The coefficient of X2 >0 ]

* The point (0 » 0) is the point of
the vertex of the curve » it is
considered as a minimum value
point of the curve because
the whole curve lies up on it.

* The minimum value of the
function is zero which is the
y-coordinate of the vertex of
the curve.

* The curve is symmetric about
y-axis
I.e. The y-axis is the line of
symmetry of the curve and its
equation is X =0

Notice that :

( The coefficient of X? < OJ

» The point (0 s 0) is the point of
the vertex of the curve » it is
considered as a maximum value
point of the curve because
the whole curve lies below if.

e The maximum value of
the function is zero which is
the y-coordinate of the vertex
of the curve.

* The curve is symmetric about
y-axis
i.e. The y-axis is the line of
symmetry of the curve and its
equation is X =0
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Generally
The quadratic function f : f (X) =a X% +b X+ c where a » b and ¢ are real numbers

s a # 0 has the following properties :

2a

2 If a (the coefficient of X?) is positive » then the curve is open upwards and the function has

1 The vertex of the curve = [ —2 , f (i)
2a

.. b
a minimum value equals f (=——
quals f (52)
3 If a (the coefficient of x?) is negative s then the curve is open downwards and the function
; .
has a maximum value equals f (K)

4 The curve of the function is symmetric about the vertical line which passes through

the vertex of the curve and the equation of that line is : X = ;—b and it is called the axis
a

of symmetry of the curve.

ExiampLEE Graph the function f : f (X)=X%-2X-3 s taking X E[-2 +4]
s then from the graph ; find :

1 The point of the vertex of the curve.

2 The equation of the line of symmetry.

3 The maximum or minimum value of the function.

SOWHION  xfmac5.20-3

‘xi—2‘—1 0|1]2|3]|a4]

|
;f(x)‘s 0 |-3|-4 _3‘0‘5 o

From the graph , we deduce that :

[

The vertex of the curve is (1 »—4)

b2

The equation of the line of symmetry is

X =1 »itis astraight line parallel to y-axis and passing through the

vertex of the curve,

W

The minimum value of the function = — 4

VNS [ - oW obaly) palzell 41 |
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Remark
We can form the table used in graphing the function f: f (X) =X 2_2 X -3 where
X E [-2 »4] by using the scientific calculator which supports (Table) as follows :

[ &

MODE SETUP

@ Turn the calculator on (Table) as follows : Press i s then choose 1RBLE

@ Input data ;: Write the rule of the previous function press successively the following

ALPHA %

buttons : >, . ﬁﬁ

© Press the button » then at the beginning of the interval START? write 3

then press &P
. X |F(Xx)
@ At the end of the interval ENDP write the number N ; -2 E
then press . Et _'-'3
© To determine the length of the interval 7P write @ » then : ; :;
press &) e
ik H 5

The table is formed in the display s you can move by using

button e up or down.

MODE SETUP
» To exit the programs press successively the buttons : '

= 1

E)(ﬂpliﬂ Graph the function f : f (X) =—X*+3X+2 s taking X E[- 1 » 4]
9 then find :

1 The maximum value or minimum
value of the function.

2 The equation of the line of symmetry.

Solution

\x—101234\

o) |-2]2]|4]4]2]|-2 |

When we represent these ordered pairs
» we notice that the point of the vertex
of the curve is not among these points
which makes the drawing of the dotted @

. part in the opposite figure is inaccurate » so the studying of the curve will
‘ be difficult » then we should find the vertex point of the curve algebraically
as the following :

vy



o~
Lesson Four B

Finding the vertex point

At the point of the vertex of the curve of the quadratic function s it will be :

® = 1 — _.T_b e s 1 —_ __b_
The X-coordinate = s The y-coordinate = f ( 5 a)

where b is the coefficient of X » a is the coefficient of X2

. s AT P |
. X at the vertex of the curve = AR ke 1-2—
s f(15)=-F+ 3 +2=41
. The vertex of the curve is (1% 4 %) il taLad)
EEME:RNEERE
From the vertex of the curve » s gl o\ L 1]
we find that : Ef BN
1 The maximum value = 4 % I ; i i
e =5 |1
S48 N T
2 The equation of the line of symmetry ) % _ \
isX=1 N ¥
.\I\ ; =5l

TRY 4
Graph the curve of the function f : £ (X) = X° + 2 X -3 on the interval [-4,2]
From the graph, find :
The maximum or minimum value of the function.

@ The equation of the line of symmetry.

Exam ple il In the opposite figure : %
ABCO is a square and the curve represents
the function f : f (X) = X2 B
Find the coordinates of the points :
c A
AsBandC
% e
= -
}'\“
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Solution

44

Draw the square diagonal AC to intersect

the another diagonal BO at the point M

» The two diagonals of the square are equal
in length and bisect each other.

. MA=MB =MC = MO and let : MA = {
.. MA=MB=MC=MO={

sAd b el b yB@,20

A (f.g s f.’) & the function f : f (X) = x?
By substituting in the rule of the function
=02 2 {2-l=0
o =0 (refused) or {-1=0
ZAAQsD)sB(0s2)andC (-1 51)

X { %
X > .
_\.-\W
~ld-p=0

=1



Ratio, proportion,
direct variation
and inverse
variation

Lesson One Ratio and proportion.

Lesson Two Follow properties of
proportion.

Lesson Three Continued proportion. 4

Lesson Four Direct variation
and inverse
variation.

Unit Objectives: By the end of this unit, student should be able to: your smart phone or
; . tablet to scan the
- recognize the concept of the ratio. QR code and endoy
- recognize the properties of the ratio. watc;:_mg;deos;;—??
: i ; Iz
recognize the concept of the proportion. & )=

- recognize the properties of the proportion.

- recognize the concept of the continued proportion.

- use the properties of the ratio and the proportion for solving a lot of problems.
- recognize the concept of the direct variation.

- recognize the concept of the inverse variation.

- differentiate between the direct variation and the inverse variation.

- solve real life problems on the direct variation and the inverse variation.

- appreciate the role of mathematics in solving a lot of real life problems.




Lesson

Ratio and
proportion

We have studied in the primary stage that the ratio is one of methods of comparison between

two quantities.
For example:
If a pie is divided into four equal parts and Hany ate one part only of it » then :

* The ratio of what Hany ate to the whole pieis 1 : 4

and it may written as 1

4

* The ratio of what was left of the pie to the whole pieis 3 : 4

and it may written as Z

4
¢ The ratio of what Hany ate to which was left of the pieis 1: 3

and it may written as 1

3

-benerally' e = —

If a and b are two real numbers s then :

The ratio between a and b is written as a: b or %
and is read as a to b where :

a 1s called the antecedent of the ratio » b is called the consequent of the ratio s a and b are
called together the two terms of the ratio.

a6
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Lesson One B

I Properties of the ratio
Property (1]

The value of the ratio does not change if each of its terms is multiplied or divided by

the same non-zero real number,

1 ioet & I
a:b=ak:bk ,kER" | __ a:b:%:%»nEIﬁi 1
For example: : For example:

1:2=1x@) :2x@) 4;6=i;%

@

ie.1:2=4:8 e.4:6=2:3

The value of the ratio (# 1) changes if we add or subtract (to or from) each of its two terms

a non-zero real number.

Le.
a:bza+k:b+kkER" | a:bza-k:b-k ,kER" \
S where a # b where a #b |
For example: For example:
3:423+(1):4+QQ) 5:8%5-(3):8-(3)
i.e. 3:4£4:5 6. 5:8#2:5
Second | Proporton
WATCH
The opposite table shows two sets of numbers. bty
If we look at these sets » we can notice that : ‘ Theset(A) | 2 | 4 | 7

2_4_7_3_56 1 { J
S=16-728 12 - 74 each of them equals 7 Theset(B) | 8 | 16 | 28 | 12 | 24

In this case s we say that the numbers of set (A) are proportional to the corresponding

numbers in the set (B)

The previous form which expresses the equality of two ratios or more is called proportion.

—Definition of proportion -
It is the equality of two ratios or more.

47
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i.e.

If % = % » then the quantities a s b 5 ¢ and d are proportional.

And vice versa : If a s b 5 ¢ and d are proportional » then : % = %
. [@ is called the first proportional. . @ is called the second proportional.
* (¢ is called the third proportional. «(d]is called the fourth proportional.

a and d |are called extremes and | b and ¢ |are called means.

For example: The numbers 1 54 » 7 and 28 are proportional numbers » because 1_7

4- 28
And: @ is the first proportionals | 4 | is the second proportional » [?‘J is the third proportional »

(28] is the fourth proportionals | 1 and 28 |are the extremes of this proportion and [ 4 and 7
are the means.

E Properties of proportion
Property @ —

If % = % sthen : a x d =b x ¢ (the product of the extremes = the product of the means)

The reason : If we multiply each ratio by b d s we get : % xbd= % xbd

le.axd=bxc

Exﬂgﬂin Choose the correct answer from the given ones :

1 The third proportional for the quantities 2 54 and 20 is «----eoeve
(a) 10 (b) 15 (c) 20 (d) 40

2 The fourth proportional for the numbers 4 5 12 and 16 is «--voveveve
(a) 24 (b) £ 24 (c) 48 (d) £ 48

3 If2 » X 54 and 6 are proportional s then X = oo
(a) 1 (b)3 (c) 5 (d)8

SOlutIO_l‘l I (a) The reason : Let the third proportional be X

. The quantities 2 » 4 s X and 20 are proportional

: 2 X ; .
v ate L2x20=4x X
L40=4X S X=10



S
Lesson One B

2 (c) The reason : Let the fourth proportional be X
. The numbers 4 5 12 5 16 and X are proportional

.4 _16 B . oA 12x16 _
i 75 5 L4X=12x16 ..X-———4 =48

3 (b) Thereason : " 2 5 X »4 and 6 are proportional

R
X% L4 X=12 H.X=3

Sl If the quantities X 5 23 » 15 and 69 are proportional » find the value of : X

ExamP"e E Find the number that will be added to each of the numbers : 1 513 57 and
31 to get proportional numbers.

Solution Letthe numberbe X .. 1+X513+X 37 +X 531 + X are proportional.
1+X T7+X
X T alex K DX#3D=(X+T7)(X+13)
X2 +32X+31=%%+20 X+ 91 5 32X-20X=91-31
S 12 X=60 & X=5 .. The required number = 5

@M If(2X+5):(3X-3)=5:4 ,find the value of : X

Solution .- g’;ig:% L A4(2X+5=53X-3)
L 8X+20=15X-15 L20+15=15X-8X
| L35=7X nx=2 =5

EXGQPIG q Find the number that if we add to the two terms of the ratio 17 : 22
s the result will be 6 : 7

Solution i il + X 6

S0l Let the required number be X e T
STAT+X)=6(22+X) S119+47X=132+6X
S TX-6X=132-119 . X (The required number) = 13

urself Find the real number that if we subtract from both terms of the ratio %

W » it will become 3

2

YNNG fe¥(rs - ol ol palagll 49
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UNIT

/—‘\j“-\
Ifaxd=bxc 5131'1611—
= b d

[

axd

The reason : If we divide each side by b d » we get : i

— Also we can deduce that :

In each of the following » find % if :

Example ﬂ

!
Solution 1

112X=3y

o 12X=3y AT

| P

2w 4X-3y=0
Example q

L4X=3y

faxX-3y:2X+y=

Solution 4X-3y 4
L S 4 LTEX-3y)=42 X+
Xty 7 ( y)=4( )
S 28X-2ly=8X+4y L 28X-8X=2ly+4y
; _ . X _ 25
L 20X=25y -V =20
E_.’_‘f‘_“lple f2x2-6y*=Xy,find: X:y
Solution --2x%2-6y?=xy 2X*-Xy-6y=0
C2X+3Y)(X—2y)= L 2X+3y=0
sthen2 X=-3y g:-%l
or X—2y=0sthenX=2y % %—i
i.e.iz—%or _ch_:% e )

50

2 4X-3y=0

% » find in the simplest form the ratio X : y
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Lesson One < B

X
2)1t-2*2Y _ 7 | then prove that : = = 3
4x-3y 6 y ~ 2

(3)1f4a2-9b2=0,find:a:b

a _ b

If ==, then = —
b d o d
i o, _The antecedent of the first ratio _ The consequent of the first ratio

The antecedent of the second ratio  The consequent of the second ratio

. ; : - b .a b _ e b
The reason : If we multiply each ratio by — > we get: Y2 ke
i
C d
le:f 2= b a_4 2=l
For example: If R then TRl and — 7
ExamPle El  1nthe opposite figure : A
ABC is a right-angled triangle at B in which :
— — _— D
D &€AC , E €BC where DE L BC
Jem.
» DE=3 cm. and EC =4 cm. Find : AB : BC -
C 4em. E B

Solution In AAABC ,DEC:m (£ B)=m (£ DEC) =90° s £ C is a common angle
s m (L A)=m (£ EDC)

. AABC ~ A DEC 5 then we deduce that : AB = BC
DE EC

. AB _BC L AB _
3 4 BC

If —g— = % sthen a=cm and b= dm (where m is a constant = 0)

For example: If% = % sthen:a=3m »b=4 m (where m is a constant # 0)
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E._?_‘E_mp q Ifa:b=3:5,findtheratio20a—7b:15a+b

S@Eutwn b = 5 wa=3m » b=5m (wheremz0)

Substituting by a and b in terms of m :

. 20a-7b _60m-35m _ 25m _ 1

15a+b 45m+5m 50m 2

Another solution :

s 5 . 20a-7b
———byb
By dividing the terms of the ratio e y
s then substituting by the value % = %
a 3
Co0a7b 0(H)T Vx5 g 5

a
15a+b a - 3 T 941 107 2
15(b)+1 15x5+l

3
(7aX+4by)s(llay+bX)s12and 14 are proportional quantities.

Example If %: 2 and%: % s prove that :

Solution sa=2m s b=3m (where m#0)

W X=3k s y=3k (wherek#0)
[Notice that : We used two different constants m and k]

Substituting by a sb » X and y

. 7ax+4by_7x2mx3k+4x3mx5k
"1lay+bX  1I1x2mx5k+3mx3k

42mk+60mk _ 102mk _ 6

T 110mk+9mk 119mk 7

12 _6
14 =7

S~ (TaX+4by)s(1lay+bX) 12 and 14 are proportional quantities.

Im

Ifi_

quantme

s prove that : (2 X+y) s (X+2y) s 12 and 16 are proportional

“
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Lesson One D

Example The ratio between two real numbers is 4 : 7

If we subtract 16 from each of them » then the ratio between the two
obtained numbers is 2 : 5 Find the two numbers.

Solution Let the two numbers be a and b

.%:% L sa=4m sb=7m (where m#0)
 4m-16_2 . En ~
CTmie=% o l4m-32=20m-g0

£ 80-32=20m—14m . 48=6m 48

.'.I’D=F'--8

na=4x8=32.b=7 x.8 =56 i.e. The two numbers are 32 and 56

byyourself

5 The ratio between two integers is 2 : 5 If 2 is subtracted from the first integer

and 1 is added to the second » then the ratio becomes 1 : 4
Find the two integers.




Lesson

Follow
properties of

proportion

In this lesson » we will study the property (5) from properties of proportion » before studying
this property » we will study an important remark in proportion to help us solving problems.

! Important remark

*Ifa sb »cand d are proportional quantities and we assume that : % == =m sthen

(a=bm » (¢)=dm

For example:
< | e | =
Ifb—d—4-,-thena—4bac—4d

* Generally
Ifasbscsdsesf .. are proportional quantities and we assume that :

a ¢ i—...:m,then @:bm s @:dm L) @':fm""

EXJM Ifa sb s c and d are proportional quantities » prove that :

| 2a+3c_2b+3d 5 Atc a2+ c2
Ta=5e¢ Th=54d b+d ~ ab+cd
Solution Let--=—=m . @=bm » (©)=dm
2bm+3dm _ m@b+3d) 2p434d
LHS.= = = =R.H.S.
7bm—-5dm m(7b—-5d) 7b-5d L

| 54
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a _ ¢ e ~ _

2 Let—=--=m s (@=bm 5 (¢)=dm
a+c _bm+dm_m(b+d)_m )
b+d =~ b+d = (b+d)
Ca2+cr o (bmP?+(dm)? _PPm?+dm? _ m? (b2 +d?)

= = =m (2)
ab+cd bmxb+dmxd bZm+dZm m(bZ+d?)

' a+c a2 + c2
From (1) and (2) we deduce that : o R —

Example F] 1, »b sc »d »e and f are positive proportional quantities
2 2 2
rove that : ﬁ‘ arete.. 2.
B p2+d?+f2 b
Solution Let%=i=i=m s(@=bm , (9)=dm , (&)=fm
. a2+ c2+e? (bm)? + (dm)* + (fm)* _ [ b% m? + d? m? + f2 m?
Vo222 b2 +d? + f2 b2 + d2 + f2

(b2 +d?+£?2) 5}
=fm?=m
\] (b? + d? +£2)

. =% . la?+c?+e?2 _ a
b e i —————————— i—
b b2+d?+f2 b

ﬂrséff' ol 8 .5a-2c¢c _4a+3c¢
If?—Tap.VOl’ethﬂt. Sb_2d 4b+3d

We know that : i~g~§ :

* If we add the antecedents and consequents of the 1 and the 2" ratios we get the ratio
9+6 _ 15 _3

eI A which is one of the given ratios.

» Also if we add the antecedents and consequents of the 2" and the 3" ratios s we get

. 6+3 9 y ;
the ratio ———— = === = one of the given ratios.
0+s5 15 &

* If we add the antecedents and consequents of the three given ratios » we get the ratio

1_2%% = % = % = one of the given ratios.

55|
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* Since the ratio does not change if we multiply its two terms by a non-zero real number »
then if we multiply the two terms of the first ratio by any number as 2 and multiply the
two terms of the second ratio by any other number as (—4) » then the previous proportion

stays true,
T30 T _40 5

*If we add the antecedents and consequents of the first and the second ratios » we get

18-24 _ =6 = 3 _oneofthe given ratios.

30-40 -10 5
* If we add the antecedents and consequents of the three ratioss we get the ratio

18-24+3 5 _ o
30_40+5 5 =one of the given ratios.

the ratio

=
-5
From the previous points » we can say that :

If we have some equal ratios » then we can obtain many other ratios s each of them equals
any of the initial ratios. This will happen by adding the antecedents and consequents of
all the ratios or some of them directly or after multiplying the two terms of each ratio by
a non-zero real number.

i.e.
F2=C-C . . andm m, s .- are non-zero real numbers
b = d f 1 sTTLZ > 1M, 2
mya+m,c+myet - . .
s then - = one of the given ratios.

mlb+m2d+m3f+m

Remark : The first problem in example (1) can be solved by using the previous property as
follows :

.~ asbscandd are proportional quantities.

s % = % multiplying the two terms of the 1% ratio by 2 and the 2" by 3

Then the sum of antecedents : The sum of consequents = one of the given ratios.

. 2a+3c

Joas = of the given ratios. |
LT R & 10 (D

Multiplying the two terms of the 1% ratio by 7 and the 2" by (- 5) then

the sum of antecedents : the sum of consequents = one of the given ratio

. 7Ta=5¢

P Lo i -atios. 2
Th_5d one of the given ratios (2)

2a+3c_Ta-5¢ . 2a+3c _2b+3d
"2b+3d 7b-5d " 7a-5¢ 7b-5d

From (1) and (2) : .

|56



Example F]

Solution

Example ]

S@ﬂu'tj'@im

=)
Lesson Two B

a_b_c
If4—5 %
find a—-b+c

Multiplying the two terms of the 2™ ratio by (- 1) » then add the

antecedents and the consequents of the three ratios :

. a—b+c=a—b+c
T 4-54+3 2

= one of the given ratios. (1)

Multiplying the two terms of the 3" ratio by (— 1) s then add the
antecedents and the consequents of the three ratios :

. a+b—c:a+b—c
T A%5 -3 6

From (1) and (2) : .. E1—g+c =a+2—c

= one of the given ratios. (2)

.a-b+c_2 1

""a+b-c 6 -3

If a+b = bide._cda ;

11 9 4

prove that ; — 2+b+c _ 6

S5a+4b+3c 25

Adding the antecedents and consequents of the three ratios.

The sum of antecedents

; = one of the given ratios.
The sum of consequents

W = one of the given ratios.
ol +1b2+ € — one of the given ratios. (D

Multiplying the two terms of the 1% ratio by 3 and the 3™ by 2 and adding
the antecedents and consequents of the three ratios

The sum of antecedents
The sum of consequents

= one of the given ratios.

. 3a+3b+b+c+2c+2a

= one of the given ratios.

33+9+8
7 W:one of the given ratios. 2)
From (1) and (2) :
. a+b+c_Sa+4b+3c ) a+b+c _ 12 _ 6
12 50 " S5a+4b+3c S50 25

ATV [p¥ (e - ol olsl) palagll 57 ‘
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Example [ [ at4b _4b+7c _Tc+a
X+2y 2y+5z 5z+X
a _ X

2b Y

prove that :

Solution Multiplying the two terms of the 2™ ratio by (~ 1) » then add the

antecedents and the consequents of the three ratios :

a+4b—-4b-T7c+7c+a 2a _a g ;
-'o - = — ) l
X+2y—2y—52+52+X 2X X one of the given ratios (1)

Multiplying the two terms of the 3" ratio by (— 1) » then add the
antecedents and the consequents of the three ratios :
a+4b+4b+7c—-T7c-a _8b _2b

b — =Y = : . . 2
X+2y+2y+52-52-X 4y v one of the given ratios (2)
From (1) and (2): . £ =282 LA _X
m(1)and (2): . == T=

X ¥ Z

B =50c "c-a °

X+2y-z y+2z

prove that . Aaete Bl




Continued
proportion

_Definition

The quantities a s b and ¢ are said to be in continued proportion if or|b>=ac

In this proportion » a is called the first proportional » ¢ is called the third proportional
and b is called the middle proportional (proportional mean).

For example:

The numbers 4 » 6 and 9 form a continued proportion because : % = % or because : (6)° =4 x 9
where 6 is the middle proportional » 4 is the first proportional and 9 is the third proportional.
—Notice that : -

If a s b and c are in continued proportion »then: b>=ac i.e.b=xYac
and the two quantities a and c should be either both positive or both negative.

For any two positive numbers or any two negative numbers X and y » there are two

middle proportional (\' xyand-Yxy)

Example El Choose the correct answer from the given ones :

1 The middle proportional between 5 and 20 is «--voocoovee
(a)—10 (b) 10 (c)x10 (d) 100

2 The middle proportional between 3 and % 18 sevvvininnniins
@)=1 (b) 9 © 5 @=9

3 The middle proportional between 3 X PG 2T Ko e
(@) 9 x?2 (b) £ 9 X2 ©9x* (d) =9 x*
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(a) 8

(a) - 24
Solution 1 (c) The reason

2 (a) The reason

3 (b) The reason

4 (a) The reason

un

(a) The reason

! Remark

If a s b and c are in continued proportion and we assume that :
w(b)=cm

.. a=bm

athen—b =m
C
a
§ r =m

Substituting for b from (1) : .. a=(cm) m

4 The first proportional of 12 and 18 i «+-oocoeerins

(b) =38 (c) 12 (d) 27

5 The third proportional of — 6 and 12 15 «-+oeeevv

(b) 6 (c) 18 (d) 72

: The middle proportional = iW/ 5x20= i"J 100 ==10

: The middle proportional = =+ ,/ 3 % = i’\ﬁ: 1

: The middle proportional = -_l-‘\/ 3% %27 %= i‘\j 81x*

=+09x?
: Let the first proportional be a
: Let the third proportional be ¢
%:% C=12_><612=_24

ZYouiscl (1] Find the middle proportional between 32 and 18
i @ Find the first proportional of 8 and 16

a_ b
—mr—== Tl

b ¢
(1)

(@)= o

LE.

b=cm

Ifi=3=m,then{ ,

b ¢ a=cm”

EXﬂple If a » b and c are in continued proportion »

432-3b% _a
rovethat: ——=—
E 4p2-3¢2 ¢
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Solution . % .0

Lesson Three

&)

o o Y o
c=m ..L\t_))_cm » (a)=cm

C4a2-3b2 _4(em?P-3(mP 4c2mi-3c2m?_ ?m?(dm?-3)

.

T 40232 4empP-3c¢2 42m?-3¢? 2 (4mP-3)
a_cmzm 2
b s us -
From (1) and (2) » we deduce tha‘r:uzi
Ap2-3c2 €
Another solution :
i a_b . T
E F_T b = ac
4a2-3 4a-3
AT R SR RO 3T B

T 4ac-3¢2 c(@a-3c) ¢

Example B 1rb is the middie proportional between a and ¢ » prove that :

1 a-b_a-c
a a+b

2 ab-c?’=(b-c)(a+b+c)

Solution .. is the middle proportional between a and ¢
- a s band c are in continued proportion
Let > = L. m
b ¢
f\’tj):ﬁ =cm » @t,l = cm?
1_,a—b_ymﬁ—mn_cm@nFD__m—l
Coa cm? cm? m
a—c_ cml-c _cm?>-1) cm-1)(m+1) m-1
“a+b " cm?+cm cm (m+ 1) cm (m+ 1) m

byyourself

From (1) and (2) s we deduce that :
a-b_ a-c
a ~a+b

2 rab-c=cm?xem-c?=c?m’-c?=¢? (m3— 1)

a(b—c)(a+b+c)=(cm—-c)(cm2+cm+c)
=c(m—1)><c(1n2+m+1)

= (m-D)m*+m+1)=c>(m’-1)

From (1) and (2) » we deduce that : ab — = (b—c)(a+b+c¢)

3c2-4b2 2

If a » b and c are in continued proportion » prove that : P

(1)

(2)

(1)

(2)
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For example:

The numbers 16 s 24 5 36 and 54 are in continued proportion

;16 . 24 . 36 i
because : 54 =36 = 54 (eachlatlo— 3)
! Remark
Ifa sb scand d are in continued proportion and we assume that : 2= % = % =m s then:
c _ 2 -
S=m . (c)=dm (1)
aE=m 2 DR
Cc
Substituting for ¢ from (1) : . b= (dm) m - (b) = dm? 2)
: %:m Soa=bm
Substituting for b from (2) : .. a= (dmz) m @ =dm’
Le,
a_b_ ¢ S A2 — A3
IfE_?—?_m athen{c—dnﬂ, b=dm ancl
Exﬂple Ifa »b »cand d are in continued proportion
s prove that : bil_-{f-d :;:E
luti . -
570 utlon Let —E— = % :—3~ =m o '(C): dm » r\l?): d]n2 ) (@ = de
a+d _  dm’+d  d(m3+1)
"b-c+d  dm’-dm+d dm?-m+1)
B
=0n+Dm11n+D=m+1
m?-m+ 1
; 3_ 2_ _
ja—c_dmd—dm_dm@w’-D)_(m-D@med_
b-¢ dm?2-dm dm(m-1) (m-1)
From (1) and (2) s we deduce that : bizfd = E:g

syyourself

a+2b _c+a
b+2c d+b

If a s b s c and d are in continued proportion , prove that :




Example B

Solution

S
Lesson Three D

If the quantitiesa s 2 b » 3 ¢ and 4 d are in continued proportion »
prove that : (2 b — 3 ¢) is the middle proportional between (a — 2 b)

and 3c—-4d)
Let-ﬁj—:%:i—i:m ~(30)=4dm > @b)=4dm? » (a)=4dm’

Proving that : (2b — 3¢) is the middle proportional between
(a—2b) and (3c —4d)
means proving that : (2b —3¢)? = (a— 2b) (3¢ — 4d)
“ (2b=3¢)? = (4 dm? — 4 dm)?
= (4dm m-1)" =16 > m? (m - 1) 1)

> (a—2b) 3¢ —4d) = (4 dm® — 4 dm?) (4 dm — 4d)

=4dm? (m—1) x4d (m—1) = 16 d*m? (m — 1)? 2)
From (1) and (2) s we deduce that : (2b — ?ac)2 =(a—2b) 3c—4d)

. (2b = 3c) is the middle proportional between (a — 2b) and (3¢ — 4d)

Another solution :

" a s2b s 3c and 4d are in continued proportion.

. _a _2b _ 3c
T 2b 7 3¢ 4d

Subtracting the terms of the 2" ratio from the terms of the 1% ratio

. a-2b _ - -
s op_ag = one of the given ratios. (1)
Subtracting the terms of the 3" ratio from the terms of the 2™ ratio
. 2b-3c _ g . ;
© Ro—4q = oOme of the given ratios. 2)
a-2b _ 2b-3c

From (1) and (2) » we deduce that : R et

*. (2b - 3c) is the middle proportional between (a — 2b) and (3¢ — 4d)
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Lesson

Direct
variation
and inverse
variation

(First | The directvariation

_Definition

It is said that y varies directly as X and it is written y oc X if
4

; y )
{ le. & = m , where m is a constant # 0

» the relation : y = m X is represented graphically by a straight line passing through the
origin point (0 5 0)
For example:

The perimeter of the square (P) is varying directly with its side length (f) and it is written
asPoc !

Because : P=4{ or -%:4 P
and the following table shows some values of =
{ and the values of P corresponding to them. i
124
‘ Side length () 1 3 4 }
8 2 b
‘ The perimeter (P) 4 12 16 ‘

and the opposite figure represents graphically

the relation between P and f 0 1 2 4
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Example II Show which of the following graphs represents a direct variation

between X and y :
a b c d
y Y ¥
X % X X ' %
(8] Q Q
y y y
e f g
Y, y
}.’
hY Y x
y y 0

M The graphs which represent a direct variation between X and y are :

€ 5 € and g because in each of them » the straight line passes through

the origin point.

EXAM If a> + 4 b =4 ab sprove that:aoc b

SOIUtion To prove that a oc b we prove that a =m b where m is a constant # 0
v a’+4b*=4ab a’-4ab+4b2=0
S (@a=2Db)%=0 L a-2b=0
g 4228 s.aocb
TRY

syyourself 3X-0y 1 i s
W Ifw =5 for every values of XER_ »y ER, 5 prove that : X « y

If y oc X » the variable X took the two values X | and X, and y took the two values y, and Yo

X

. Vi X,
respectively sthen:| — = —
¥, 2
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The reason : " y o« X then y =m X where m is a constant # 0

atX=X, » y=y, then y, = m X, (1)
sat X=X, » y=y, theny,=mX, (2)
Dividing (1) by (2) : .~ ﬁ =m7361 ﬁ= ﬁ
% mK, L X,
Ex&ple IfyoXandy=20when X =7
{ » then find the value of y when X = 14
Solution .., x %:%
wherey,; =20 » X, =7 »y,=? » X, =14
%_T’% .‘.y2:20:14=40
Another solution :
 yoc X S, ¥y =m X (m is a constant # 0)
cy=20asX=7 L 20=mx7
.'.m:% .-.;;:%x
s when X = 14 .'.y=%.0—x].4 s y=40

E"ﬂpiﬂ If X and y are two variables where y varies directly as the multiplicative
1

inverse of =5 y =18 when X =2
» find the relation between X and y » then find the values of y when
xe{0,1,4}
%'@H&ﬁﬁ@ﬁ' .y oc the multiplicative inverse of —;—__’-

| Ly X? L ysEm X ? where m is a constant # 0
cy=18asX=2 - 18 =mx (2)° .-.m=l§3~=%
Sy % X ? This is the relation between X and y
as X =0 .‘.y=~3—x0=0
asX=1 .-.;::%x].:%:%
as X =4 Ly=9 x64=144
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Exﬂplia If (V) denotes the volume of a right circular cone » its height is constant and
if (V) varies directly as the square of radius length of the base of the cone (r)
and the volume of the cone was 477 cm? » when the radius length of its

base = 15 cm.

Find the volume of the cone when the base radius length = 10 ¢m.

Solution ..y . 2 Ll ._1_(EL)2
K . = L donc 9

whereV]=47?cm? > rp=15cem. » V,=7 » r,=10cm.

%: (%)2= % V2

:477)(4:212 cm?

by YOl

_Definition

It is said that y varies inversely as X and it is written y oc % it| y=

—

n
x|

i.e. Xy =m > where m is a constant # 0 w

For example:
The uniform velocity (v) varies inversely as time (t) when the covered distance (d) is constant

Because : v :% or vt=d

» in this case we say that the velocity varies directly as the multiplicative inverse of time and

it is written as : v cc %

Exﬂpliq If 2% b* — 10 ab® = — 25 , prove that : a varies inversely as b’

Solution T, prove that a varies inversely as b* we prove that : ab’> = m where m # 0

a?b*— 10 ab?=-25 satb*—10ab*+25=0
- (ab®>—5)>=0 s ab’—5=0
soab’=5 .. a varies inversely as b?
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TRY

by yourself 1

If a2 b% + 49 = 14 ab, prove that : a o =

Ifyo & » the variable X took the two values X, and X, and as a result for that y took the

¥y 26, |
two values y, and y, respectively » then : - ‘
Yo~ X |
The reason : "' y Hoe 2 theny = where m is a constant # 0
m
at X=X, sy=y, stheny, =— (1
| x]_
m ;
vat X=X, »y =y, stheny, =— (2)
X,
Dividing (1) by (2) :
h om m _wm Fp Xo
Yo X, X, X, m X,

@P'e If the length of a rectangle (f) varies inversely as its width (w) » when the
area is constant and { = 12 cm. as w = 8 cm. » find : { when w = 3 cm.

Solution ., 1

* W

! W,

ﬂ_l F,where€1=120m.3w1:80m.992=?aw2=3cm.
1

2

2 3 [ _Bx12

Soe—= R R =32 cm.

[ 8 27 3

7
Another solution :

1
OCW

. { w=m » where m is a constant # 0
+{=12cm.asw=8cm. Sm=12x8=96 lw=96
. 3(=96 .'.ﬂ:%g=32cm

i When w =3 cm.
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E.xE mple B Ity varies inversely as X and y = 6 as X =2.5 » find the relation between
X and y 5 then find the value of y if X =35

Solution .. y o« % 2. Xy=m » where m is a constant # 0
Fy=6as X=25 & mEeRIS=18
.. The relation between X and y is [ xm
| satX=5 s 5y=15 noy=12=3

Example EI If y =1+ b where b varies inversely as X2 and y=17as X = %
» find the relation between X and y » then find the value of y when X =2

Solution .}« é % b= % » where mis a constant 20 .. y=1+ %
m
swy=1TesX=q 517 =195 2 1T=1+7
(2) 3
Subtracting 1 from both sides : .. 16 = %
T
4
m:]ﬁxﬁ:dl- y:].'l'?
4
atxX=2: y=1+§=1+%=2

TRY 4
If y varies inversely as X and y =2 as X = 6 s calculate the value of y as X =1
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Statistics

Lesson One Collecting data.

Lesson Two Dispersion.

Unit Objectives : By the end of this unit, student should be able to :

- recognize the different resources of collecting data.

- recognize the methods of collecting data, and the advantages and the disadvantages of each method.
- recognize the concept of the sample.

- recognize the methods of selection of samples.

- recognize the types of the samples.

- choose the best method to select a sample for studying a certain phenomenon.

- use the calculator and the computer for generating random numbers used in the samples.

- recognize the dispersion measurements.

- recognize the advantages and the disadvantages of the range as one of the dispersion measurements.
- calculate the range of a set of individuals.

- calculate the standard deviation of a set of individuals.

- calculate the standard deviation of a simple frequency distribution.

- calculate the standard deviation of a frequency distribution of sets.

- use the calculator to calculate the standard deviation.



Collecting
data

» The statistical investigator collects » classifies » represents and analyses data in purpose of
deducing some results on which he depends in making the suitable decisions.

» The more data is accurate » the more the decisions will be true and reliable.

« Collecting data in such scientific methods will lead to get accurate outcomes when doing
operations of statistical inference and proper decision making.

* Collecting statistical data demands knowing the resources of collecting it and determining
the methods of collecting it.

i Resources of collecting data is classified into

Primary resources (field resources) :
These are the resources from which we get data directly.

Secondary resources (historical resources) :
These are the resources from which we get data that previously collected and registered
by some authorities s formal organisations or persons.

There are some examples for each resource with representing the advantages and the
disadvantages of each one :

n Primary resources a Secondary resources
e Central agency for public
» Personal interview. mobilization and statistics.
Examples : » Questionnaires (survey). e Mass-media and internet,
« Observing and measuring. » Documents of data of employees

in a company.

Advantages : Accuracy. Saves time , effort and money.

It needs more time, effort and
Disadvantages : | money besides it requires more It is less accurate.

investigators in large societies.
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I Methods of collecting data

* The method of collecting data depends on the aim of collecting these data and it also
depends on the size of the statistical society under study.

* The statistical society is defined as all individuals which have general common characters.

For example:

* The workers in a factory represent a statistical society »
whose individual is the worker.

* The pupils of a school represent a statistical society »
whose individual is the pupil.

We will show two methods of collecting data :

Method of mass population :

It is based on collecting the data related to the phenomenon under study from all
individuals of the statistical society.

Method of samples :

It is based on collecting data related to the phenomenon under study from a representative
sample of the society > and applying the research on it » then generalizing the results on
the whole society.

There are some examples for each method with representing the advantages and the
disadvantages of each one :

[ n Method of mass population Method of samples

e A sample of a patient's blood to make

e Elections. o
some clinical check up.

s Census. 5
Examples : _ e A sample of some products of a factory
o Setting up a data base of all . o
; A to find out if it matches the standard
employees in an organization. o
specifications.

e Saving time s effort and money.

e It is the only method for collecting data
about large unlimited societies such as
the search on contents of the desert sand.

o It is the only method for collecting data
about some limited societies in which
mass population method leads to a great
loss in it such as checking a sample of a
patient's blood because of checking the
whole blood of the patient leads to death.

e Accuracy.

o Inclusiveness.

Advantages : e Neutrality.

e Representing all the society
individuals.

e The results sometimes are not accurate
* Sometimes it needs long time » specially if the sample doesn't represent

Disadvantages ; S : ; ;i
great effort and a great cost, the statistical society authentically » in this

case the sample is called a biased sample.
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Lesson One ﬂ

In the following , we will explain the concept of the sample and its types and how we select it :

—The concept of the sample.
It is a small part from a large society that looks like the society and represents it well.

I How can we select the sample ?

The types of samples according

to the method of selecting it

[ ]

The biased selection
not a random sample or
deliberate sample

The randomly selection
random sample

|
[ ]

Simple random sample { Layer random sample _}
s)

(in case of the homogeneous societies) (in case of the heterogeneous societies

At the following » we explain each type in details :

m The biased selection (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 the deliberate sample.
For example:

If we want to know how the students understood
a lesson in algebra s we must analyze the
outcomes of the test by considering the outcomes
of a group of students studying the same topic

without the other students s this is not a random

selection.

* The biased selection is not representing the statistical society.
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H Random selection (random samples)

It means to select a sample such that every member of the population has an equal chance of
having selected.

The following are the most important types of the random samples which are :

Simple random sample. Layer random sample.

1| simple random sample

‘ = It is used for the homogeneous societies which are not naturally divided into groups or classes. |

kY

-« It is selected by two ways according to the number of individuals of statistical society as
the following.

S S —

' The first method : If the size of the society is small :

* This method will be carried out as follows :

Each individual of the society takes a number s this number
is written on a card such that all cards are identical.

i.e. There is no difference in colour or size.

#J) Each card is folded well such that the number does not appear

» then they are put in a box and mixed well.

We select the sample by drawing one card from the box blindly s then we turned well the
cards and select the next card » and so on till we reach the required number of the sample.

This method is suitable if » for example s we select a sample of 10 workers from
a factory that has 50 workers.

‘\IE L The second method : If the size of the society is large :
In this method » every individual of the society has a number » then

we select the sample using the property of the random number in the
scientific calculator as in the opposite picture.

* We press the following keys respectively from the left :

ON SHIFT Ran#
then a decimal will appear on the display in the field from 0.000 to 0.999 |
t

* If we get a 1-decimal digit » add two zeroes to make it a part of 1000
For example: (0.2 — 0.200)
* If we get a 2-decimal digit » add one zero to make it a part of 1000
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For example: (0.64 — 0.640) and so on.
* Take the number neglecting the decimal point s then the individual who has this number is

5 ()
selected as a member of the sample » then repeat pressing on to get more numbers.
* We will ignore the numbers which are greater than the number of society under study.
* And we ignore the repeated numbers which we selected before.

* The percentage 10% of the number of the society is suitable for holding the survey.

This method is more suitable for selecting a sample of 25 students from a school that has
900 students.

2 | Layer random sample

* It is used in the statistical societies which are heterogeneous or made up of qualitative sets
that are different in characteristics.

* In this case s we cannot select the sample by the simple random sample method because
the sample will not represent the society well because it will not represent all the classes
of the society.

Therefore we have to follow the following steps :

ED we divide the society into homogeneous sets according to the characteristics forming it »
each set is called a layer,

We find the number of individuals of each layer » then we find its ratio referring to the
total number of the society.

To form a sample s we select from each layer a certain number of individuals such that
the ratio that represents each layer in the sample is the same ratio of the layer in the

whole society » and this by using the following law :

The number of individuals of the layer in the sample

the total number of individuals in the layer S
= T . **L_ X the number of individuals of the sample
the total number of individuals in the society

«approximating the result to the nearest unit»
For example:
When we want to study the educational level of the students of a school of 500 students
(boys and girls) and if the ratio between the number of boys to the number of girlsis 1 : 4
and we want to select a sample formed from 50 students » we should select 10 students from

boys and 40 students from girls s for the sample representing all the society well.
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Example Eli

calculator,

Solution

300 should be ignored.

For example:

ON
By pressing the keys i
to right.

SHIFT Ran#

()
- S L

.. The number of the random sample =

The number of workers in the factory = 300 workers.

Then we want to select 30 workers to hold this survey.

o If we get the decimal 0.049 » then the number of the selected person is 49

of this factory want to develop this magazine by doing a survey of

Show how the selection of this sample can be carried out using the

L. - o
106 x 300 = 30 workers.

The selection operation can be carried out as follows :

1 EBach worker in the factory is given a number from 1 to 300

» If we get the decimal 0.132 , then the number of the selected person is 132

» If we get the decimal 0.12 » then the number of the selected person is 120

» If we get the decimal 0.453 » it must be ignored because
453 is above 300 and so on till we get 30 numbers.

» Assuming that the calculator gave us the shown
numbers in the opposite table s then the workers who
carry these numbers are the selected sample to carry

out this survey.

A factory has 300 workers. The people in charge of the monthly magazine

a sample representing 10% of the total number of the workers in this factory.

2 Use the calculator to select 30 numbers randomly » such that these

numbers are included between 0 and 301 and the number that is above

(=) e
> successively from left

49 [132]120] 141249272 |
1254256 | 4 [213] 74 | 198
131| 2 |156] 47 [172] 13 |
| 8 [ 3|85[8 9|38
41 ] 14 | 34 [279] 118 | 103




Example B3

Solution

sy yourself
=

)
Lesson One D

A factory produced 200 TV sets
from the type A 5 300 TV sets from
the type B and 500 TV sets from the
type C » if we want to select a layer
sample formed from 50 TV sets
such that it represents all the types
to examine them.

Calculate the number of TV sets which
should be selected from each kind.

* The total number of TV sets = 200 + 300 + 500 = 1000 TV sets.

* The number of TV sets of the type A in the sample = % x50 =10TV sets.

¢ The number of TV sets of the type B in the sample = 1300(% x50=15TV sets.

¢ The number of TV sets of the type C in the sample = 1500[?0 x50=25TV sets.

A school has 300 male students and 500 female students wanted to do a survey

on a sample of 24 male and female students representing each layer according

to its size. Calculate the number of students of each layer in the sample.

—

— For all educational stages

For the next term
Ask for
& CL-MOASSCR]
in

Maths & Science
& English
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Lesson

Dispersion

» You studied before some of statistical measures which were known as

“measures of central tendency” as the mean s the median and the mode.

» And we know that each of them describe the frequency distributions and the statistical

data by identifying one numerical value s where the left values centralize about it.

* But in some cases the measures of central tendency are not enough to describe clearly
the data.
To explain that s let's study the following case :

Two sets of 5 students each » an exam of
maximum mark 50 marks is given for each sets »
the marks of the students were as follows :

'The set A:29 ,26 ,35 ,35 ,35
;EThe setB:8,35,49,35,33
At calculating the mean »

the median and the mode of the marks of the

students in each set alone s we find the shown

results in the following table :
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Remember that

the sum of values
* The mean =

mean | median | mode the number of this values

SetA| 32 35 35 * The median of a set of values is the value which lies

— at the middle of the set of values after ordering them.
SetB| 32 35 35

* The mode of a set of values is the most common
value in the set.

» In the previous case s the two sets are different s and in spite of that s we found that they
have the same mean > median and mode s which don’t mean that these sets are necessarily

homogeneous.

¢ Therefore » the measures of central tendency only are unable to describe all the

characteristics a set of frequency distributions and statistical data.

So we need besides the measures of central tendency that depends on determining one
value that the other data centralize around it» another kind of measures which depends on
determining a degree of convergence or divergence of data.

For example:

In the previous example » the marks of the set A are convergent because their values are
included between 26 and 35 marks while the marks of the set B are divergent because
their values are included between 8 and 49 marks.

i.e. The marks of the set B are more divergent than the marks of the set A

* These new measures are called the measures of dispersion. We will study each of the range
and the standard deviation.

_Dispersion of a set of values —

It means the divergence or the differences among its values.

* The dispersion is small if the difference among the values is little while the dispersion is
great if the difference among the values is great » the dispersion is zero if all the values
are equal.

i.e. The dispersion of a set of values is a measure of the degree to which these values

spread out and that expresses how much the sets are homogeneous.
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E Dispersion measurements

|1

Er The range (the simplest measure of dispersion) :

It is the difference between the greatest value and the smallest value in the set.
i
‘ The range = the greatest value — the smallest value

For example:

* If the values of set A are 60 558 562 » 61 and 59
.. The range=62-58 =4

e If the values of set B are 72 5 78 546 5 65 and 39
. The range =78 — 39 = 39

So the set B is more divergent than the set A
The advantages of range :

« It is an easy and simple method that gives a quick idea about the divergence or

convergence of the values.

« It is considered as the simplest and the easiest method to measure dispersion.

':] The disadvantages of range :

» It does not reflect the influence of all values because its measure depends on the greatest

and smallest values only » therefore it does not give a full idea of the dispersion of the set

of values.

« It is influenced greatly by the outlier.

For example:

- The range of the set of values : 21 922 » 61 524 and 26 is (61 — 21 =40)

- While if we ignore the value 61 from the set s then the range becomes (26 — 21 = 5)

I.e. The range equals % the previous range » therefore the range is an approximated

measure and we cannot depend on it.
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Standard deviation :

It is the most important s common and accurate measure of dispersion. We can
calculate it by calculating the positive square root of the average of squares of
deviations of the values from their mean. It is denoted by ¢ and it is read as (sigma).

m Calculating the standard deviation of a set of values :
=5 |
The standard deviation ¢ = ,\/@ !
Where : -

X denotes a value of the values »

X denotes the mean of the values and it is read as X bar »
n denotes the number of values »

> denotes the summation operation.

@M Calculate the standard deviation of the values : 8 »9 ,7 »6and 5

S_OIUtio"i I We find the mean of the values (E): ZHX pld Dt 14043y

Ln

2 We form the opposite table : X X=2 (X-Xx)
8 8-7=1 1
9 9_-7=2 4
7 T-7=0 0
6 6-7=-1 1
5 5 i i) 4
Total 10

3 We calculate the standard deviation as follows :

a2
The standard deviation (6) = J &nx)_ _ ILSQ 2 ~141

TRY

byyourself If 25 524 525 530 5 28 and 30 represent the marks of one of the pupils in

examination of algebra in different months > find :

The mean. The standard deviation.
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f'.'; Calculating the standard deviation of a frequency distribution :

= j
~—— For any frequency distribution : The standard deviation ¢ = , F'(x—ggz_k —

Where :
X represents the value or the centre of the set »

k represents the frequence of the value or the set »
2 (X x k)

> k is the sum of frequences and X (the mean) = Sk

Calculating the standard deviation of a simple frequency distribution :

Exa mple E The following table shows the distribution of ages of 20 persons in years :

[ Theage | 15 [ 20 [ 22 | 23 [ 25 | 30 [ Total |

Number
of persons

2 3 5 5 1 <+ 20

Find the standard deviation of the ages.

Solution 1 We find the mean of the ages (X) by using the following table :
The age (X) | Number of persons (k) Xxk
15 2 30
20 3 60
22 5 110
23 5 115
25 1 25
30 4 120
Total 20 460
The mean (E) = % = % = 23 years.
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2 We form the following table :
X k %% (X< | (M=K xk
15 2 15-23=-8 64 128
20 3 20-23=-3 9 27
22 5 22-23=-1 1
23 5 23-23=0 0
25 1 25-23=2
30 4 30-23=7 49 196
Total 20 360
3 We calculate the standard deviation as follows :

Tl
Standard deviation (o) = \[ 2 (X _Zxk) il =\[ % ='\’E =424 years.

The following frequency distribution shows the nhumber of days of
absentees in a class :

[ Number of absence days 0 1 2 3 4 Total ‘
| Number of pupils s |7 7] s | 6 | 30|

Calculate the mean and the standard deviation for the number of days of absence.

Calculating the standard deviation of a frequency distribution of sets:

Exq_m ple [E} The following is the frequency distribution of weekly incentives of

100 workers in a factory :

{ Incentives in pounds 35— | 45— | 55— | 65— | 75— 85— \

l Number of workers 10 14 20 28 20 8 ‘

Find the standard deviation of this distribution.




X

UNIT

Solution

1 We find the mean (E) _@ Remember that

by using the followi imi imi
y using the following iy S lower limit + upper limit
table : 2
Sets Centres of sets (X) | Frequence (k) Xxk
35 - 40 10 400
45 — 50 14 700
55 - 60 20 1200
65 — 70 28 1960
75 - 80 20 1600
85 — 90 8 720
Total 100 6580
) — _ = (Xxk) 6580
.. The mean (X) = Sk =100 = 65.8 pounds.
2 We form the following table :
X k X% (X~X ) (X=XPxk
40 10 40-658=-258 665.64 6656.4
50 14 50-658=-1538 249.64 349496
60 20 60-658=-58 33.64 672.8
70 28 70-658=42 17.64 49392
80 20 80-658=142 201.64 4032.8
90 8 9 -658=242 585.64 4685.12
Total | 100 20036

| 84

3 We calculate the standard deviation as follows :

Standard deviation (G) = \/

S (X-X )2 xk _\/ 20036
>k V100

=14.15 pounds.
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! Remarks

@
» The standard deviation is influenced by all values not by the two terminal values only
(the smallest and the greatest value) as the range » therefore it represents the dispersion
better than the range.

» The standard deviation has the same measuring units of the original data.

e The values which are more homogeneous have less dispersion and their standard
deviation is small.

« If the standard deviation equals zero that means the all values are equal » it is the perfect
homogeneous case (the vanished dispersion)

TRY %
' For the following frequency distribution , calculate :

The mean. The standard deviation.
‘ Sets Fies 3 5- Tl 1) 100 ‘
‘ Frequency 7 3 5 3 2 J

I Using the calculator to calculate the standard deviation :

* We can use the calculator CASIO (f X -82ES s f X-85ES » f X— 500 ES»
fX—95ES Plus s f X—991 ES Plus) to calculate the standard deviation.

* The following steps show how to solve the previous example (example 3) using the

calculator :

* We will use the calculator (f X — 95 ES Plus)

I Step (1)

Before inserting the data of the previous example > we
should set the calculator system by pressing the following

keys from left :

Start SHIFT  MODE SETUP

. @ @ ©@ s @ o [ | * | Frea | |
i i
| 2 i

MODE SETUP T = <
SHIFT o

() (STAT) (1-VAR)

MODE SETUP ot

Then the screen will appear as in the opposite figure.
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23
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| Step (2)

* We insert the values (X) in the case of simple frequency
distribution or the centres of sets (X) in the case of
frequency distribution of sets in the first column (X)

* With respect to the previous example :

We insert the centres of sets :

40 550 560 570 5 80 and 90 by pressing the following

keys from left as follows :
¢ Aod-JAsdod-Js Lol -

Then the screen will appear as in the opposite figure.

| Step(3)

Use the key .

10 514 520 528 » 20 and 8 by pressing the following keys from left as follows :

Thus we insert the data of the previous example on the calculator.

| Step (4)

For finding the value of the standard deviation s we press

the following keys from left : |
SHIFT 415485782 N

0000

MODE SETUP. O

- )

Then the screen will appear as in the opposite figure.
.. Standard deviation ¢ = 14.15
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Trigonometry |

Lesson One The main trigonometrical
ratios of the acute angle.

Lesson Two The main trigonometrical

ratios of some angles.

s e Use
Unit Objectives : By the end of this unit, student should be able to : your smar'; phone or |

- recognize the main trigonometrical ratios of the acute angle. tablet to scan the
QR code and endoy

- recognize the main trigonometrical ratios of the angles of measures 30°, 60° and 45 watching videos /~—=—)

- find the main trigonometrical ratios of a given angle.
- find the measure of an angle if one of its trigonometrical ratios is given.

- use the calculator to find the main trigonometrical ratios.

Enriching information :
- Trigonometry is one of mathematics branches and it is one of the general geometry branches, it

concerneds studying the relations between the sides and angles of the triangle and the trigonometric
ratios as the sine and cosine of the angle.

- Ancient Egyptians were the first to use the trigonometric theorems and rules in building pyramids and temples.

- Trigonometry has many applications in surveying roads and manufactoring motors, TV sets, football
playgrounds, calculating geographic distances and astronomy discovering.




Lesson

The main
trigonometrical
ratios of
the acute angle

Prelude
* You studied before the units of the degree measure of the angle which are :

The degree which is denoted by 1° »  the minute which is denoted by 1 and

the second which is denoted by )

For example: .
The angle whose measure is 22 degrees » 36 minutes and 48 seconds is written as g 3648

The relation between the degrees, the minutes and the seconds
1°=60 - 1=60
i.e. 1° = 60 x 60 = 3600

EXGI\‘IPIQ II 1 Write in degrees : 22° 36 48

2 Write in degrees » minutes and seconds : 45.18°

§°IUt'°n 1 Convert the minutes into degrees » as the following :
36=3%=06°
Convert the seconds into degrees 5 as @ Remember that
the following : 0.003 is read as the
3= _y01%° recurring decimal 0.003
48 = 3600 =0.013

. 22°3648 =22°+06°+0.013 =2261%°
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UNIT
I

Another solution by using the scientific calculator :

Press the keys in sequence from left as follows :

e (AT, (fT— e Y A e A e R oY)
0DV DDODO®

Then the result will be 22.61333333

2 Convert 0.18° into minutes as the following : 0.18 x 60 = 10.8
Convert 0.8 into seconds as the following : 0.8 x 60 = 48
i.e. 45.18° = 45° 10 48

Another solution by using the scientific calculator :

Press the keys in sequence from left as follows :
o

Then the result will be 45° 10 48

EXﬂple If the ratio between the measures of two complementary anglesis 7 : 9 »

find the degree measure of each of them.

[ ~4

Solutio M Let the measures of the two angles be :

7 Xand 9 X - Remember that

© TX+9X=90° * The sum of measures of two
s 16 X =90° complementary angles = 90°
SoX = %0 = 5.625° ¢ The sum of measures of two

.. The measure of the first angle supplemenityigneles L5

' =5.628% w1=39375
‘ =39° 23 30
» the measure of the second angle = 5.625° x 9 = 50.625° = 50° 37 30

* The sum of measures of the interior
angles of any triangle = 180°

i
—— If the ratio between the measures of two supplementary anglesis 5: 11 »
l find the degree measure of each of them.




@ The main trigonometrical ratios of the acute angle

—The trigonometrical ratio of the acute angle.

Lesson One %Ij

It is the ratio between two side lengths of the right-angled triangle that contains this angle.

There are three main trigonometrical ratios of the acute angle and they are :

The sine of the angle :

abbreviated (sin) and equals

The cosine of the angle :

abbreviated (cos) and equals

The tangent of the angle :

abbreviated (tan) and equals

the length of the opposite side to the angle |

the length of the hypotenuse

the length of the adjacent side to the angle

the length of the hypotenuse

the length of the opposite side to the angle

the length of the adjacent side to the angle

T ioec

[ According to angle A

C Hypotenuse A

. Opposite BC
Y sinA=——=—
. Hypotenuse AC

Opposite _ BC
.tanA Adjacent AB

COSA— Adjacent  AB
- " Hypotenuse ~ AC

If A ABC is a right-angled triangle at B s then :

'
'

According to angle C ]

0 it AB
nsinc=_EM__

Adj t BC
B cos ¢ = Adizoen  BC

_ Opposite  AB
~ Adjacent  BC

Hypotenuse ~ AC

Hypotenuse AC




=
=4
=

3cm,

12em.

For example: A
In the opposite figure :
If A ABC is aright-angled triangle at B » 55
AB=3cm.sBC=4cm.and AC=5 cm. 5 then :
% sin C= 2 C 4em B
% B cosC= %
% tan C = %
Example ] In the opposite figure : ¢
A ABC is right-angled at A where
AB=9cm.and AC=12 cm.
1 Find each of : sin B scos B stan B
»sin C 5 cos C and tan C
2 Prove that:sinBcosC+cosBsinC=1 B—-g-gm_——a

Solution .. 1n AABC:m (£ A)=90°
- (BC)?=(AB)? + (AC)? (Pythagoras' theorem)

. (BC)* =81 + 144 = 225 - BC=15cm.
1 sinB=g—g=%=%,
AB o 3 - Remember Pythagoras’ theorem :
B:—:—:— T N
cos BC 15~ 5’  IfABC isaright-angled triangle at B
_AC_12 _ 4 then :
tanB—AB—9—3s ’ ]
; AB 9 13 * (AC)? = (AB)* + (BC)
[ Slnc=ﬁ=ﬁ=‘§ 3
| * (AB)” = (AC)* - (BC)?
| _AC_12 _4
- SCERETIS TS T cBOP=(ACP-(ABY L——10
_AB_9 _3
‘ ElEaE T T g
2 i s Bty 3316 . 9 .. 25 _
2 sinBcosC+cosBsinC= 5 X 5 + S X T =55 + 55 =55 =

XYZ is a right-angled triangle at Y s XY =4 c¢cm. and XZ = 5 cm.
Find the value of ;2 sin X cos X
Prove that :sin X cos Z + cos X sinZ =1




Lesson One %ﬂ

! Remarks

In the previous example, note that :

oSinB:COSC:% ’ san:cosB:%

and by noticing : m (£ B) + m (£ C) = 90° "Complementary angles"

— We can deduce that : - —

| % y
- The sine of any acute angle equals the cosine of its complementary angle

‘ i.e. If m (£ A)+m (£ B) =90°
[

| ]
» then| sin A =cos B | sin B =cos A

and vice versa

~l.e.If £ A and £ B are acute angles and sin A = cos B
| then m (£ A) + m (£ B) = 90°

4
smnB _F 4 _ 4 . sin B
COSB___3____§ ’ tanB_§ ..{tanBzcosB

5

3 T
sinC. 8§ 8 _3 . _sin

’cosC 4 4 : tanC—4 i tanC_COSCJ
5

] _ The sine of the angle
Generally : The tangent of the angle = The cosine of the angl:]

Exqu Choose the correct answer from the given ones :

1 If sin 30° = cos @ where 0 is the measure of an acute angle
b thCI’l e = iereensassaiens

(a) 15° (b) 30° (c) 60° (d) 90°
2 If X and y are the measures of two complementary angles and

COSX:%,thengi}]y: ..............

(@ 3 OF © 5 @
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UNIT
N

3 InAABC sif m (£ A) =60° and sinB=cosB
UL o) [——

(a) 30° (b) 75° (c) 90° (d) 105°
4 Tf A ABC is right-angled at B s then sin A+ 2 cos C = e
(a)2sin C (b) 3 sin A (c)2sin A (d)3 cos A
Sol ""!"ﬁa"‘f-‘“"'-fi 1 (¢) The reason : " sin 30° = cos 6 - 30° +6=90°
| " §=60°

2 (b) The reason : - X and y are the measures of two complementary

angles
. siny =cos X siny:%
3 (b) The reason : . sin B =cos B om (£ B) =45°

s m (£ C)=180° - (45° + 60°) =75°
4 (b) The reason : . m (£ B) =90° sm (£ A)+m (£ C)=90°
. sinA=cos C

v sinA+2cosC=sinA+2sinA=3sinA

Choose the correct answer from the given ones :

@ If m (£ A) =75° »sin B = cos A where B is an acute angle
s then m (Z_ B) R —

(a) 15° (b) 45° (c) 75° (d) 105°
(2)In AABC »if m (£ B) =90° s then cos A +5in C = -oooovveee
(a)2cos C (b) 2 cos A (c)2sin A (d) tan A

Example [J ABC isa triangle in which : AB =AC=10cm.»BC=12cm. 5

AD is drawn perpendicular to BC to cutitatD
1 Find the value of : sin B + cos C
2 Find the value of : tan (£ CAD)

3 Show that : sin C + cos C > 1 and find the value of : sin C + cos? C

and deduce that : sin? C + cos”> C < sin C + cos C
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Solution - AD 1L BCand AB =AC
». D is the midpoint of BC
L BD=DC=6cm.
InAADB :

> m (£ ADB) = 90°

~. (AD)? = (AB)? - (BD)? (Pythagoras’ theorem) = 12em. "
- (AD)? =100 - 36 = 64 -+ AD =8 cm.
| oo Bl B 4 _ED._6 _3
SmB—AB— 0=3 ° cos C = == =%
.'..sinB+cosC=%+%=%
5 ..
. tan (£ CAD) = il
_AD_8 _4 ]
smC—AC_ 0-75 ° cos C = 5
sinC+cosC=f1—+i=l S8inC+cosC>1
55 5
. 2 20_(4N\2, (3\2_16 ., 9 _
s sin“ C + cos C_(g) +(5) =35 + 5z =1
=, sin? C + cos? C < sin C + cos C

Example K] In the opposite figure :
ABCD is a quadrilateral in which :

D 6em. A

E
=
e

m (£ A)=m (£ BDC) = 90°

» AD // BC s AD = 6 cm. and AB = 8 cm.
Find the length of DC

Solution InAABD:

wm (L A)=90°

- (DB)? = (AB)? + (AD)? = 64 + 36 = 100

.. DB =10cm.
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» .+ AD // BC and §5 is a transversal
.. m (£ ADB) =m (£ DBC) "Alternate angles”

. tan (Z ADB) =tan (£ DBC)

. AB _% . 8 _ DC
" AD  BD 6710
. DC= 1{}6>< 8 _ 13—% cm. (The req.)

Notice that : Also. you can solve this example by using the similarity.

-
y.VourseIf In the opposite figure :

ABC is a triangle in which :
m (£ B)=90° s DEBC »EEAC
where DE L AC » DE =3 c¢m. and EC =4 cm.

Prove that : sin A cos C + sin C cos (£ EDC) = 1 C kxR

Now at
all bookstores

For all in
educational | a1 & Science

stages
4




Lesson

The main
trigonometrical
ratios of
some angles

In the opposite figure :

ABC is a right-angled triangle at B in
which : m (£ A) = 60° and m (£ C) = 30°
and it is called "thirty and sixty triangle".

And in it » the length of the side opposite to the angle of measure
30° equals half the length of the hypotenuse.

i.e. AB= % AC

Assume that : The length of AB = { length unit » then the length of AC =2 { len gth unit.
By applying Pythagoras’ theorem to find the length of BC s we find that :

BC = U (AC)*-(AB)? = \/4 fz o 92 =\/3 fz = ﬁflength unit.

ie. AB:AC:BC=(:20:{3( =1:2:43

¥ Lk
And from A ABC > we can find the main trigonometrical ratios A =
of the angles measuring 30° and 60° as follows :

B ciriage = AB - 1 ‘B AB _ 1
30°) sin30°=—~= = 200 = BC _V3 tan 30° = 2= =
[ g AC 2 cos 30 AC ) BC ﬁ

5y o _BC _13 60° < AB _ 1 . _BC _
Léox) sin 60° = c- 2 Cos c= 2 tan 60° = AR - 3

WS e s - oW olsl,) palzgll 97



In the opposite figure :
ABC is an isosceles triangle where AC = BC = { length unit
and m (£ C) =90° som(ZA)=m (£ B)=45°

By applying Pythagoras’ theorem to find the length of AB

s we find that :

i.e. AC:BC:AB

From A ABC » we can find the main trigonometrical

ratios of the angle

uring 45°

(AC)* +(BC)?
=W.2+£’2 VZ W/_ length unit. |
=€:€:Wf_2_t¢=1:1:’\f5- |

measuring 45° as follows :

cs 1
o) sin45° =—
{4_5__.. T

cos 45° = 1 tan 45° = }

12

# And the following table summarizes the main trigonometrical ratios of the angles

whose measure

s are 30° ¢ 60° and 45° :

The g
Tatig

The p,
t Casup,
S0nom, ‘Pfca;bean e COf| 3Q° 60° 45°

sin

1
2
13

cos

3
2
1
2

B[Sk

2
b

tan \G qﬁ 1

Exﬂ&l‘

Solution

|

Exﬂlﬂiq

Solution

Find the value of : sin 30° cos 60° + cos? 30° + 5 tan 45° — 10 cos? 45°

Thecxpless1on._2x2+ 5 +5x%x1 10><1!E
B R S L1 19 e R
—4+4+5 2—1+5 ge |

Prove that : sin® 60° + sin® 45° + sin” 30° = cos” 30° + % tan? 60° — cos? 60°

Las.=(BF o (£Pe (7= +4+4-3
jits.=(Bf e L (5 - (-3 +1-4-3

. The two sides are equal.



Lesson Two %‘:

byyourself 1 (1] Find the value of : (1) cos 60° + sin 30° — tan 45°  (2) sin? 30° + sin? 60°
Prove that : 2 sin 30° + 4 cos 60° = tan® 60°

Example Find the value of X which satisfies :
1 X sin 30° cos® 45° = cos® 30°

2 2 sin X = tan® 60° — 2 tan 45° where X is the measure of an acute angle.

. ]- —_ 3 —3
x [ x

[

" 2sin X = tan® 60° ~ 2 tan 45° - 2sinX= (Y3 ) ~2x1=3-2=1

. sinX:% . X =300

2 Find the value of X which satisfies :
X cos 30° = tan 60°

tan X = _2tan_230_ where X is the measure of an acute angle.
1 — tan” 30°

Exa mple II Choose the correct answer from the given ones :

1 Ifcos4 X= % where X is the measure of an acute angle
sthen X = .ccocinennn
(a) 15° (b) 30° (c) 45° (d) 60°
2 If tan (X + 10°) =13 where (X + 10°) is the measure of an acute angle
sthen X = . cccoeeeennnn.
(a) 20° (b) 40° (c) 50° (d) 70°
3 IfsinX= —é— where X is the measure of an acute angle
sthen sin 2 X = o
@1 () = ©) V_; (d) 1/%

3
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.

4 Ifcos (X+15°) = % where (X + 15°) is the measure of an acute angle
s then sin (75° — X) = ovvvviennnns

(@) 5 (b) @ @1

© ﬁ

5 If 4 cos 60° sin 30° = tan X where X is the measure of an acute angle
s then X = s
(a) 30° (b) 45° (c) 60° (d) 90°
§@-Iu“0n 1 (a) Thereason: ' cos4 X = % o4 X=060°
oo 00 _ s
L X= = 15
2 (c) The reason : " tan (X + 10°) =’\E S X+ 10° = 60°
S X =607 =10%=30"
3 (c) The reason : . sin X = % 5 E=E0R
. 8in 2 X = sin 60° = g
4 (a) The reason : ' cos (X + 15°) = -% S X+ 15°=60°
s X =60°-15°=45°
~. sin (75° — X) = sin (75° — 45°) = sin 30° = %
5 (b) The reason : . 4 cos 60° sin 30° =4 X % X %: i

Sotan X =1 s X =45°

_. Choose the correct answer from the given ones :

2c03230°—1= ...............

(a) cos 60° (b) sin 60°
(c) 2 sin 30° (d) tan 60°
@ If tan (X + 15°) = 1 where (X + 15°) is the measure of an acute angle
sthen X = «eereeeees
(a) 15° (b) 30° (c) 45° (d) 60°

If (cos X %) = (-é— »sin'y) where X and y are the measures of two acute
angles 5 then X + y R

(a) 30° (b) 60° (c) 90° (d) 120°




Lesson Two %}:

In the calculator » there are three keys : @ » » @
The key @) means sine.
The key @3 means cosine.

The key @) means tangent.

By using these keys we can find the main trigonometrical

ratios of any angle if its measure is known.

Example E By using the calculator s find the value of each of the following
approximated to the nearest four decimals :

1 sin 36° 2 cos72° 33 3 tan 50° 46 25

Solution  Use the keys of the calculator as the following sequence from left :
‘o090

. sin 36° = 0.5878

. @ 7 [VEEE] 3 0232

. cos 72° 35 =~ 0.2993

3 () (T (T (T (e (T

- tan 50° 46 25 = 1.2250

TRY

sy yourself By using the calculator, find the value of each of the following
approximated to the nearest three decimals :

sin 35° 12 (2] tan 58° 24




| Finding the measure of an angle if one
of its trigonometrical ratios is given

Second

If sin A =0.6218 » then A is the measure of the angle whose sine is 0.6218

To find the measure of this angle » we can use the calculator as the following sequence from left :

@0 VVVVOOD /=%

_E_"_G_MM Find A in each of the following > where A is the measure of an acute angle :
1 sinA=0.8 2 cos A=0.7152 3 tanA=1.5156

Solution Use the keys of the calculator as the following sequence from left
SHIET

T 000D
f A=53°748

Qo 0VVOVOD
 A=44°2025

SHIFT
o
@000V OD

- A=56°3459

. 5 Using the calculator , find A in each of the following where A is
the measure of an acute angle :

sin A = 0.3945 cos A =0.3824
Egm ple [i§ In the opposite figure : - 2
ABCD is a rectangle in which : B Gem.
AB =6 cm. and AC = 13 cm. Find :
1 m (£ ACB) - ’
2 The area of the rectangle ABCD to the nearest one decimal digit.




Lesson Two %]:

Solution .. ABCD is a rectangle.

som (£ B)=90°

In AABC :

: ~AB_ 6
sin (L ACB) = A= 13

And by using the calculator :

<. m (£ ACB) =27°29 11 (First req.)
-+ cos (£ ACB) = % Notice that :

. Also s you can find the length of BC
, c0s27°29 11 = % by using Pythagoras' theorem in A ABC

~ BC =13 x cos 27° 29 11
. The area of the rectangle ABCD = AB x BC

TRY .
‘byyourself In the opposite figure :

ABCD is a rhombus » whose diagonals intersect at M
IfAB =5cm. and AM =4 cm.

» find :
m (£ BAD)
The area of the rhombus ABCD

- Free part
Notebook

* Accumulative tests.
« Important questions.

* Final revision.

* Final examinations. ©"‘ ASSCR -]

Your Way to Success
-

A

=6x 13 xcos27° 29 1T = 69.2 cm?
(Second req.)



Analytical
geometry

Lesson One Distance between two points.

Lesson Two The two coordinates of
the midpoint of a line segment. SRS

Lesson Three The slope of
the straight line.

Lesson Four The equation of
the straight line
given its slope and
the intercepted part
of y-axis.

Unit Objectives : By the end of this unit, student should be able to:

your smart phone or |

- find the distance between two points in the coordinates plane. S e il
QR code and endoy
- find the two coordinates of the midpoint of a line segment. watching videos /—=—)
N
- recognize the slope of the straight line. i‘% aﬁ
- find the slope of the straight line given the measure of the positive angle which el (= 2"

this straight line makes with the positive direction of the X-axis.
- recognize the relation between the two slopes of two parallel straight lines.
. recognize the relation between the two slopes of two perpendicular straight lines.

« find the slope of the straight line and the length of the intercepted part from y-axis given the equation of
the straight line.

. find the equation of the straight line given its slope and the length of the intercepted part from y-axis.

- use the slope of the straight line for solving some life problems.



Lesson

Distance
between
two points

Let M (X, »y,) and N (X, 5 y,) be two points in the same coordinates plane.

From the geometry of the figure we find that :

NL=NB-1LB=y,-y,

Generally NL=|y, -y, | ; ;
Similarly LM = BO—AO = X, - X, ST (XeWN_
Generally LM = X, — X | Ii
- i L /s;l
.+ ANLM is right-angled at L P o H
A 155
s, (MN)?= (LM)? + (NL)” 2% | 41X
i o) I B
© (MNY? = (X, - X,)? + (7, - y))* T
A y |

S MN =Y 00, -X) +(y,-y)

&
The distance between the two points M and N equals | (X, = x,? +(y, -y,

and we know that :
(X, - )Cl)2 = (X, - X2)2 s and similarly : (y, - yl)2 =y, - y2)2 » therefore :

The distance between the two points M and N equals also| (X, ~ X, +(¥,-¥,)

Generally :

The distance between two points =
ﬁuare of the difference between X-coordinates +square of the difference between y-coordinates

VNS ¥ (s - oW olel) palagll 105
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For example : IfA (3 ,6) and B (- 1 »4) » then
the length of AB =1 (x,~ X * + (y, -y P =\ (- 1-3)7 + (4 -6 =\ 4)? + (- 2)°

:"J 16 + 4 :ﬁ: Zﬂjglength unit.

you can find the length of AB as follows : the length of AB

=Y 06 =% +(y, -y, =B~ 1P +(6-4) =47+ 22 =Y16 + 4 =20 = 24/5 length unit.

Exa mple II Choose the correct answer from the given ones :

106

| =3

1 The distance between the two points (6 »0) and (0 s 8) equals -------......

length unit.
(a) 12 (b) 10 (c)8 (d)6

The distance between the point A (’\,{E s 4) and the origin point equals
-------------- length unit.

@712 ®272 (©312 @412

The distance between the point (~ 7 » — 3) and y-axis equals «+ooeevennn
length unit.

(a)=7 (b)-3 ()7 (d)3
ABCD is a rectangle in which A (-1 »—3) and C (2 5 1) » then the
length of BD = «-vvvovv.. length unit.

(@) 25 (b)5 ©y7 @Ys

I (b) The reason : The required distance =’\/ (0-6)*+(8-0)

=Y (6% +(8)% =136 + 64

=100 = 10 length unit.

2 (¢) The reason : The distance between any point (X » y) and the origin

point (0 » 0) equals | x? + y?
2
. The required distance = ('\E) + (4)?

:'\Iz-i-—lﬁ:m=m

=3 ﬁ]ength unit.

3 (c) The reason : The distance between the point (- 7 5 — 3)

— : :
and yy equals | — 7 | because the distance is
a positive number.

. The required distance = 7 length unit.
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4 (b) The reason : The length of BD = the length of AC because

the rectangle diagonals are equal in length.

<. The length of BD =4/ (2 + 1)? + (1 + 3)?

=V32+42=V9+16

=425 = 5 length unit,

Exumple E If the distance between the two points (a » 5) and 3a—1 »1) equals
5 length units s find the value of : a

Solu_tior_l '\/(3 a-1-a)Y+(0-57°=5

1](2 a-12+(=42=5 "Squaring the two sides"
o (a-1)%+16=25

~(2a-1*=9 "Taking the square root of the two sides"

n2a-1=%3

s 2a-1=3 thus »2 a =4 ~(a=2]
| or2a—-1=-3 thus s2a=-2 L?—l_'

o yourself IfA (2 »5) and B (— 1 5 1) » finid the length of : AB

Example [F] IfABC s a triangle where A (0 50) 5 B(354)andC (-4 53) 5
find the perimeter of A ABC

Solution .. The perimeter of A ABC = AB + BC + CA
s AB =1 3%+ 42
=m:’\’2_5= 5 length unit.

yBC=4(-4-3+(3-4)

=72+ 17

=1!497+='\/§= Sﬁlength unit.
s CA=1(-4)* +(3)? =416 +9 :’V?S: 5 length unit.
. The perimeter of AABC =5 + 5’\[E+ 5= (10 + 5’\,3) length unit.
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UNIT

Example ] Prove that : A ABC is an equilateral triangle where : A (6 50) » B (2 50)

and C (4 ) 21!?) » then find its area.

Solution - AB =Y(6-2)?+(0-0)? =416 + 0 =116 = 4 length unit.

s BC =1j(2_4)2 + (O—Zﬁ)z =V4+12 :ﬁ:ﬁllength unit.

and AC = 42 _ 3
V6-47+0-273) C,24)
=Y4+12 :ﬁ= 4 length unit.
S AB=BC=AC . AABC is equilateral

Let M be the midpoint of the base AB

P — B(2,0 : M 'l

-~ CM LAB GO W AGH
Illustrative drawing

.. By using Pythagoras' theorem » we find that :

<. The height MC ={(AC* —(AM)? =1 42- 22 =412 = 23 length unit

. The area of AABC = % x AB x MC = % x 4 x 2’\]5: 44 3 square unit.

2 Prove that : A ABC is an isosceles triangle where : A(3,3) s B(5,9)

andC(=1,7)

! Remark ©®

To

prove that three given points are collinear (i.e. They lie on one straight line) we can

find the distance between each two of these points » then prove that the greatest distance
equals the sum of the two other distances.

E’_‘GMP'G q Prove that : The points A(—2 57) » B (-3 ,4)and C (1 »16) are collinear.

Solution - AB=1(-2+32+(7-47 ={1+9 =10 length unit.

» BC =Y (=3-172+(4-16) ={16 + 144 =160 = 4410 length unit.

and AC :V(—Z— 1% +(7-16)? =’\/9 +81=Y90= 3'\/1—Olength unit.

S BC=AB + AC .. A » B and C are collinear.
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! Remark ©

« To prove that the points A » B and C are the vertices of a triangle » we can find AB » BC and

AC 5 then prove that the sum of the smaller two lengths is greater than the third length.

» To determine the type of the triangle ABC according to its angle measures
(where AC is the longest side of the triangle ABC)

» we compare between (AC)? and (AB)2 + (BC)2 as the following :

(1)1f (AC)? > (AB)? + (BC)* » then the triangle is obtuse-angled at B
@ If (AC)? = (AB)2 + (B.C)2 s then the triangle is right-angled at B
(3)1f (AC)? < (AB)? + (BC)? » then the triangle is acute-angled.

Exumple la Prove that : The triangle whose vertices are A(3 92) » B(=4 1)
and C (2 5 - 1) is right-angled » then find its area.

Solution -- AB=1(3+ 4+ (2-1)

:'\/ 49 +1 =ﬁlength unit.

»BC=Y (- 4-2)* + (1 + 1)

=4.} 36 + 4 :Mlength unit.

and AC =\ (3-2 +(2+1)?
:m ='\’E length unit.
+ (AC)? + (BC)? = 10 + 40 =50
s (AB)” = 50
» (AC)* + (BC)” = (AB)?
. A ABC is right-angled at C
.. The area of the triangle ABC = % AC x BC

- Lo x130

= % xﬁx 2m= 10 square unit.

' FA(-15-1) » B(253)andC (6 ,0)

> prove that ; A ABC is right-angled at B » then find its area.
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! Remark ©®
If ABCD is a quadrilateral :
E] To prove that ABCD is a parallelogram » we prove that : AB = CD , BC = AD
l?_} To prove that ABCD is a rhombus s we prove that : AB = BC = CD = DA
@ To prove that ABCD is a rectangle » we prove that : AB=CD , BC=AD »AC = BD
@ To prove that ABCD is a square » we prove that : AB = BC = CD = DA »AC = BD

_Exampleﬂ IfFAB5>-2) » B(-550) » C(0s~7)andD (8 5—9) »

prove that : ABCD is a parallelogram,

Solution -: AB =YB+5P+(-2-07=\64+4

5 =1 68 length unit.
‘ sBC=1(-5-00+(0+ 72 =125 + 49

:ﬁ length unit.
»CD = (0-82+(7+97%=164+4

:ﬁ length unit.
and DA =V(8 ~ 3P +(=9+2)? :1/ 25+49 :m]ength unit.
. AB=CD sBC=DA . ABCD is a parallelogram.

Example ] Prove that : The points A (=1 54) » B(151) » C (1 y—2)

and D (-3, 1) are the vertices of a rhombus and graph it » then find its area.

¥
4

Solution - AB =1(-1-17+(4-1
=V4_+9=‘\fglength unit.

s BC =4 (1+ 12 + (1 +2)
:W:ﬁlengtﬁh unit.

sCD = (-1+37 + (=217
:Wﬂfﬁlength unit,

and DA=1(=3 + 1) + (1 - 4)?

| ={4+9 =’\/E]ength unit.

1 lAdke, ] [
|

N
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| 4 AB=BC=CD=DA
.. The quadrilateral ABCD is a rhombus.

o AC=\(1+12+(4+2) =10+36 =ﬁ= 6 length unit.

‘ sBD =A{(1+3)* + (1-12 =116 + 0 =16 = 4 length unit.

. The area of the thombus ABCD = 4 x 6 x 4 = 12 square unit.

2
Prove that : The points A(—153) > B(551) 5 C(6+4)andD (0 »6) are
l the vertices of a rectangle » then find its area.
! Remark ©®

* The axis of symmetry of a line segment is the straight line that is perpendicular to it at
its midpoint.

« Any point on the axis of symmetry of a line segment is at equal distances from its
terminals.

The converse is true » I.e. If a point is at equal distances from the two terminals of a line

segment » then this point lies on the axis of this line segment. i

&
For example:
In the opposite figure :
IfCA=CB
P } & 1
» then C & the axis of symmetry of AB B D A

Example Bf] A1 ,-1)andB (1 ,3)
» prove that : The point C (- 1 » 1) lies on the axis of symmetry of AB

Solution - CA=Y(-1-17+(1+1?=Y4+4 =18 = 22 length unit.
,CB ZV(_ 1141 =7 ='\[4 +4 :VE: 2ﬁ1ength unit.
5 Ch=CH

. The point C lies on the axis of symmetry of AB



5
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! Remark &
* If A & the circle M 5 then the radius length of this circle (r) = MA

* To prove that : Three points as A » B and C lie on the same circle of centre M
we prove that : MA = MB = MC B

* Remember that : A
- The circumference of the circle =2 JU r

- The area of the circle = 7T 12 2

Exam ple [Ii] Choose the correct answer from the given ones :

1 The diameter length of the circle of centre A (— 2 > 3) and passing
through B (2 s—1) equals --+.coooveovvn length unit.

(a) 812 )42 ©5 (d) 4
2 Acircle is of centre (3 »—4) and its radius length is 5 length unit.

Which of the following points belongs to this circle ?
(@) (=3 54) (b) (0 5 0) © G50 (d@© -4

(a) The reason : r = the length of AB =4 (2 + 2)? + (- 1 - 3)2

=412 length unit.
. The diameter length =2 r=2 x 4’\{5
= Sﬁlength unit.

Solution

o

(b) The reason : The right answer is the point whose distance from
the centre of the circle equals the radius length of
the circle. Finding the distance between each point
and the centre of the circle (3 s—4) » you find that

(0 5 0) is the right answer because
Y(B-02+(-4-07=49+16 =Y25 = 5 length unit = r
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Example Prove that : The points A(~652) s B (0 58)and C (-8 »4) lic on the
circle whose centre is M (— 4 » 6) and find its area where T = 3.14

Solution .. MA={(c6+47+(2-62=4+16 =120 =275 length units.
s MB =10+ 47 +(8-6)? =116 + 4 =20 = 245 length units.
and MC =’\f(— 8+47+(4-67=116+4=120= 2'\fglength units.
S MA=MB=MC
. The points A » B and C lie on the circle M whose radius length
r= 2'\Glength units.
. The area of the circle M = % = 3.14 x (2’\{5)2 ~ 62.8 square units.

Prove that : The points A (-2 50) » B (5,1)and C (6 »—6) lie on the circle
whose centre is M (2 » — 3) and find the circumference of the circle in terms
of T

Vo r/Ne /¥ e - ol olsl,) palaedl 113



Lesson

The two
coordinates of
the midpoint
of aline
segment

IfA (X, »y,)and B (XX, 5 y,) are two points in a coordinates plane

and M (XX 5 y) is the midpoint of AB

From the opposite figure :

¥ b/
J A
A AEM and A MNB are congruent - B (X %)
v 17
. AE=MN > EM=NB 3 M(xﬁ)/“'f"
b ~---ON
B 5 7 v I={X—X)
n X=Xy =Xy —X g Y=H=¥Y o i j
1 (XoMAL-- O
. . Ar - oo i (x_x])E
2X=X,+ X, > 2y=y,+Y, T ® i E | X
) _\']+,\’\ Yi*Y, 5 (\)n
g M — ’ yY=—"3g A E

For example:

IfX35-2) 5> Y(~15,—4)andM is the midpoint of XY » then :

M=(3+;— 1) ’—-2+2(—4))=(1 ,—3)

14
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Example q If C (10 »—4) is the midpoint of AB where A (4 5—2) »
find the point B

Solution 1etB (x>y)

L Notice that :
" C is the midpoint of AB If (asb)=(c »d) » then
< - X+4 }H“(—Z) a=csb=d
L(10,-4)= (224,22 22) ’
. x;4=10 A X44=20 nX=16
5 y;2:_4 Ly—-2=-8 Ly=-6 . B=(165-6)

If C is the midpoint of AB , then find the value of each of X andy in
each of the following :

(1JA@255) » B(=25-3)andC (X »y)
(2JA(X54) 5 B(~15-6)andC (-2 y)

! Remark

If AB is a diameter in a circle of centre M » then M is the midpoint of AB

E’“lmP_l_e ﬂ If AB is a diameter in the circle M where A (4 s— 1) and B (- 2 »7) » find
the point M » then find the circumference and the area of the circle.

Solution .. ABis a diameter in the circle M . M is the midpoint of AB

20 -
.'.ThepointM=(4+; i, 1;7):(1,3)

s =AM =’V(1 -4 +(3+1)? =’\{9 +16 =‘V 25 = 5 length units.
.. The circumference of the circle =2 7t r =2 JU x 5 = 10 JU length units.
» the area of the circle = 0 12 = 7T x 52 =25 7T square units.

Another method to calculate the radius length of the circle :

- AB =Y(c2 -4 + (7 + 1)* =/ 36 + 64 =1 100 = 10 length units.

» - AB is a diameter S % AB =5 length units.

» then complete the solution to find the circumference and the area of the circle.

--"’V"““"’"ﬁ’ If AB is a diameter in the circle M where A (4 5 1) and B (— 6 »3) » then find
the point M

11|
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E{qm ple Prove that : The quadrilateral ABCD is a parallelogram where

A@s3) » B(Os2) 5 C(=2s-3)andD (2 ,-2)

S@EW’J@ .+ The two diagonals of the quadrilateral are AC and BD

» the midpoint of AC = (“é‘” ,3+§3) )=(150)

andthemidpointof@: (0;2 52+§_2)):(1 s 0)

~. The midpoint of AC is the same

A Notice that :
midpoint of BD

You can solve this example by

.. The two diagonals bisect each other. | using the distance between two
points as the previous.

.. ABCD is a parallelogram.

Exqmp_l_e Prove that : The pointsA(551) » B (1 »—3)andC (-5 53) are

116

the vertices of a right-angled triangle at B » then find the
point D that makes the figure ABCD a rectangle.

Solution - AB=Y(1-5)+(-3-1)> ={16 + 16 =/ 32 length unit.

»BC =1/(~5—1)2 +(3+3)? ='\/36 +36 =Y 72 length unit.

» AC =4 (-5-57 +(3-1)> =1/ 100 + 4 =104 length unit.
. (AB)? + (BC)* =32 + 72 = 104 = (AC)?
.. AABC is aright-angled triangle at B

Let D (X »y) such that the figure ABCD is a rectangle.
~. AC and BD bisect each other.

. The midpoint of AC = the midpoint of BD

,'.'themidpointofzfz(s_sa1+3)=(092)
amemidpointofﬁﬁ=(x;lay;3)
X+l y=3)_

| = )=0,2)
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_x;1:0 L X+1=0 X=-1

T2 y-3=4 y=7
2

D=(—1 97)

m‘ﬂiﬂ Prove that : The triangle whose vertices are A(—1 ,4) » B(3,1)and

C (-5 5 1) is an isosceles triangle » then find its area.

Solution - AB =G+ 1)?+(1-47=116+9
=5 length unit.

s BC =V(3 +57 +(1-1)* =1 64 = 8 length unit.

+AC =1f(~5+ 12 +(1-4) ='\/16 +9
=5 length unit.
S AB=AC

». A ABC is an isosceles triangle.

Let D (X »y) be the midpoint of BC A1,4)
e (3-8 141} _
+p=(32,20) =151
s+ D is the midpoint of BC
.. AD L BC cesy D BGD

Ilustrative drawing

s .o AD =’\/(— L4 1P (=) =’\/§= 3 length unit.
s BC = 8 length unit
| .. The area of A ABC = % BC xAD = —% x 8 x 3 = 12 square unit.

3 If C is the midpoint of AB where A (2+3)sB (4 s—7)and Cis
the midpoint of DE where D (— 3 » 5) » find the point E




The slope of
the straight

You studied before the slope of the straight line given two points on it.

If A and B are two points in the coordinates plane where A (X, »y,) and B (X, s y,)

YQ_yI

x2_x1

sthen:  The slope of the straight line AB =

In this lesson s you will learn :
e How to find the slope of the straight line given the measure of the positive angle which
this straight line makes with the positive direction of the X-axis.

* The relation between the slopes of two parallel straight lines.
* The relation between the slopes of two perpendicular straight lines.

And before studying these topics s you will study the positive and negative measures of
an angle.

I The positive measure and the negative measure of an angle

In the opposite figure : 4
e A3 A
If AB intersects the X-axis at the point C 5 then AB makes
: e : X, cA %
two angles with the positive direction of the X-axis. = 0 /(_-/E 5
* One of them is positive (i.e. It has a positive /
measure) taken from the positive direction of B B

the X-axis to the straight line in the direction of

anticlockwise and itis £ DCA

e
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* The another one is negative (i.€. It has
a negative measure) taken from the positive
direction of the X-axis to the straight line in the

direction of clockwise and itis 2 DCB

| The slope of the straight line I

_Definition-

The slope of the straight line is the tangent of the positive angle which this straight line
makes with the positive direction of the X-axis.

i.e. The slope of the straight line = tan © where 6 is the measure of the positive angle
which the straight line makes with the positive direction of the X-axis.

For example:
In the opposite figure :

The straight line L makes an angle of measure 45°
with the positive direction of the X-axis» then :

the slope of the straight line L = tan 45° =1

—Notice that :

The straight line passes through the two points (2 »0) and . 30
(755) »then : the slope of the straight line S

L: yz_yl =S_O=§-=
X,-x, 1-2 9
! Remark

The angle which the straight line L makes with the positive direction of the X-axis takes
one of the following cases :

/ @ Acute angle \'/® Obtuse angle\‘/ @ Zero angle e @ Right angle b

/ % ' y/ d 3 Ny )
L
-l——h——b-L
X, X | % x
> —
y\V y\l
The slope is The slope is The slope is The slope is
positive | negative g zero l undefined
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Exa mple Find the slope of the straight line which makes a positive angle with
the positive direction of X-axis where the measure of the angle is :

1 45° 2 124°15 12

S_Olutﬂ_@_ﬁ\ I The slope of the straight line = tan 45° = | Start

2

The slope of the straight line = tan 124° 13 12 = — 1 4685

Start P — % % —— 9% ¥ 8 — ¥ T (s
— 2 4 0333 ] 5 fSLELY 1 fit11] =

Exa mple Find the measure of the positive angle (0) which the straight line makes

with the positive direction of X-axis if the slope of the straight line is :

1 1.486 B 1
3
Solution | - m=tang - tan 0 = 1486
“. The slope is positive - £ B 1s an acute angle.
Start L — % Y . ¥ . ¥V . ¥ T
- 900000 OD

~m (£ 8)=56° 341

2 'm=tan 0 tan8:——]~

V3
s ' the slope is negative ~. £ 0 1s an obtuse angle.
By using the calculator as follows :
y
A
" @
We will find the calculator gives \ Positive
g L0 angle X
the result — 30° = & Negf;ti\'c
angle

Where the calculator is programmed to get P
the acute angle only either negative or positive.
But the required is the positive angle s so we find m (£ 8) by finding
the supplementary of the angle of measure 30°
Then : m (£ 6) = 180° — 30° = 150°
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Example EI Find the measure of the positive angle (8) which the straight line L makes
with the positive direction of X-axis if the straight line (L) passes through

the two points :

1 (~2,3),(1,493) 3 (3 55y sl )

Solution I . The straight line L passes through

the two points (—~2 s'\lg) ’ (1 94W/§)

.. The slope of the straight line L

_43-43_ 393 13

The slope is positive s then
the angle is acute.

(Notice that : ——

1-(-2) 3
CL ﬁ - m (£ 8) = 60°

2 - The straight line passes through the two points (=2 s 3) and (- 3 »4)

.. The slope of the straight line L
4-3  _

- =} Notice that :
-3-(=2 The slope is negative s then
By using the calculator as follows : the angle is obtuse.
Start f"& ﬁ

We will find that » the calculator gives the result — 45° (a negative

acute angle)
We will find the positive obtuse angle as follows :

m (£ 0) = 180° —45° = 135°

syyourself Find the slope of the straight line which makes a positive angle with the
positive direction of X-axis with measure :

(1) 30° (2) 54° 30 6 (3) 120°

@ Find the measure of the positive angle which the straight line makes with
the positive direction of X-axis if the slope of the straight line = 6.2

@ Find the measure of the positive angle (8) which the straight line L makes
with the positive direction of X-axis if the straight line L passes through
the two points (4 5—1) and (5 »-3)

VNS ¥ (e - ol olsl,) palapll 121‘



| The relation betwee

n the two slopes of two parallel straight lines |
In the opposite figure :

If L, and L, are two parallel straight lines of slopes

m, and m, respectively and make two positive angles with
the positive direction of X-axis of

measures 0, and 6, respectively » then = ‘ -
N P O . 0, = 0, corresponding angles I Pl /_ IERN
<. tan O, =tan 0, Som; =m, -

thus we deduce the following :

i.e. If two straight lines are parallel s then their slopes are equal.

Also , we can deduce the opposite :

I.e. If the two straight lines have equal slopess then the two straight lines are parallel.

Example n Prove that : The straight line which passes through the two points (2 » 3)
and (-1 5 6) is parallel to the straight line which makes with the positive
direction of X-axis a positive angle of measure 135°

6-3 _ 3

Solution The slope of the first straight line m, = =-1

-1-2 3
» the slope of the second straight line m, = tan 135° = -1

Somy =m, .. The two straight lines are parallel.
Exclmple E IfA(-152) s B(253) 5 C(—451)and D (X 5 2) are four points in
the Cartesian coordinates plane and AB // CD » find the value of : X
Solution .. 35 /D

.. The slope of the straight line passes through A (- 1 s2) and B (2 5 3) is
equal to the slope of the straight line passes through C (-4 5 1)

and D (X »2)

. 3=2 2= 11
"B ) T3 T X +4
SLX+4=3 X=-1
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Example In the Cartesian coordinates plane s prove that the points A (-1 5 6)
»B (3 s—4) and C (2 »—1.5) are collinear.

Solution - The slope of AB = el edd, O

—‘ 3-(-1) 4 2
| the slope ot Beacld=CH_25. 51 .5

2-3 -1 2 2
| . The slope of AB = the slope of BC .. AB/BC

» " B is a common point between __Notice that :

AB and BC If the slope of AB = the slope of BC s
“ A »B and C are collinear. then A » B and C are collinear points.

2 Prove that : The straight line L, passing through the two points (1 »5)

and (— 2 »— 1) is parallel to the straight line L, that passes
through the two points (0 s— 1) and (5 5 9)

If the straight line AB // the X-axis where A 5s—4)andB (-2 »y)
» find the value of : y

The relation between the two slopes of two perpendicular (orthogonal) straight lines

If L, and L, are two straight lines of slopes m; and m,

respectively and | L, LL, |sthen [ m; X m,=-1 ‘ > unless one of them is parallel to one
of the coordinate axes.

i.e. The product of the slopes of the perpendicular straight lines = — 1

and vice versa : If L, and L, are two straight lines of slopes m; and m,

respectively and l m; X m,=-1 I s then

i.e. If the product of the two slopes of two straight lines equals —1 5 then the two straight
lines are perpendicular (orthogonal)

Exa mple Prove that : The straight line L, which passes through the two points

(—1 s 4) and (3 5 7) is perpendicular to the straight line L, which passes
through the two points (1 s 1) and (4 »-3)

. 7-4 3 -3-1 4

ll.lt = = = = = _ -

Solution The slope of L, 3" 4’ the slope of L, e 3
» . the slope of L, x the slope of L, = % X —%f« =-1 D PR )
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E_xample I:I In the Cartesian coordinates planes if the points A(1 s7) » B (2 s4) and
| C (5 »y) represent the vertices of a right-angled triangle at B

find the value of : y
Solution .. pe slope of AB = —:' :; =-3 » the slope of BC = —; _j =3 ; %
- AB L BC .. The slope of AB x the slope of BC=-1
n3xdtan y-4=1 fy=5
! Remark
IfL, LL, » the slope of L, is m; and the slope of L, is m, where m; ER*  m, ER*
-1 -1
,thenmzza am1=-ﬁg

For example:

¢ If the slope of the straight line L is 2 » then the slope of the perpendicular to it = —%
¢ If the slope of the straight line L is —% » then the slope of the perpendicular to it = -g—

Example [f] In the opposite figure : 4
1Pl LT

_ Find : The value of k
Solution

" The straight line L, passes

through the two points B (—1 s0)and C (0 » 1)

: O Lo | (P
. The slope of L = 1) =1
» . the straight line L, passes through the two points A (0 sk) and D (4 50)
. 0-k k
4T ==
he slope of L, i 3 (D
s+ L, LL, stheslopeof L, =1 . The slope of L,=-1 2)
From (1) and (2) : .-.-%:-1 k=4

3 @ IfA(=255) » B(l52)andC (3 »4) are three points in a Cartesian
coordinates plane » prove that : AB L BC
Prove that : The straight line which passes through the two points (7 5— 1)

and (5 »—3) is perpendicular to the straight line which makes with the
positive direction of X-axis an angle of measure 135°
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| Remarks to solve the problems on quadrilateral |

To prove that a quadrilateral is a trapezium , we prove that :W

Two opposite sides are parallel and the other two sides are not parallel.

To prove that a quadrilateral is a parallelogram ,
we prove only one of the following properties :

Each two opposite sides are parallel.

Each two opposite sides are equal in length.

Two opposite sides are parallel and equal in length.
The two diagonals bisect each other.

To prove that a quadrilateral is a rectangle, rhombus or square,
we prove at first that the quadrilateral is a parallelogram, then :

* To prove that the parallelogram is a rectangles we prove only one of the following
two properties :

@ Two adjacent sides are perpendicular.
(2) The two diagonals are equal in length.

* To prove that the parallelogram is a rhombuss we prove only one of the following
two properties :
(1) Two adjacent sides are equal in length.
@ The two diagonals are perpendicular.

* To prove that the parallelogram is a squares we prove only one of the following
properties :
(1) Two adjacent sides are perpendicular and equal in length.
(2) Two adjacent sides are perpendicular and its diagonals are perpendicular.
@ Two diagonals are equal in length and perpendicular.
@ Two adjacent sides are equal in length and its two diagonals are equal in length.
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Exumple “:I On a Cartesian coordinates plane s represent the points
ABs-2) » B(-5+0) » COs-7)andD (8 ,-9)
s then prove that the quadrilateral ABCD is a parallelogram.

Solution - TedopeofB5=02C2 %
2 1 X T TEE0 [,
T34 EERS =N 1Tel 8]
j ‘;““HH_H_A (313)] |
» the slope of CD = —2-C7) "_'_'?_'R'_ AEENEEAND
A=l _ \ 8 \ j
. The slope of AB — " = ﬁg,_g}
= the slope of CD LA S FAEE ] E
. AB// CD u) '
x 7 I e s _=7-0 _-7
. The slope of AD = E3 5 s the slope of BC = 05" 5

. The slope of AD = the slope of BC
. AD// BC )
From (1) and (2) : .. The quadrilateral ABCD is a parallelogram.

Example Prove that : The points A (2 »—2) sB (8 54) »C(5>7)and D (-1 5 1)
are vertices of the rectangle ABCD
D i

Solution - AB = i
The slope of AB 23 ¢ 1
o S ) N - W

» the slope of CD = s Cn- 6 = ]
.. The slope of AB = the slope of CD - AB//CD (D)
< =i -
. "l"heslopeofAD—2 CD ™3

4-7 -3

athesiopeofBC— 55 T-»—l
. The slope of AD = the slope of BC . AD // BC (2)
From (1) and (2) we deduce that the quadrilateral ABCD is a parallelogram.
. The slope of AB x the Slopeof‘B_éz Ix-1=-1
~ ABLBC . The quadrilateral ABCD is a rectangle.
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Exa mple On a Cartesian coordinates plane » represent the points
A(=35-3) » BBs1) » C(155andD(-2,3)
» then prove that the quadrilateral ABCD is a trapezium.

. y == 5-3 3 )
Solution - The slope of CD = o= 3 v
] C{1.3) '
APt 4 2 1T PTPRITTTT
atheslopeofAB_3_(_3)_6_3 : | |=/ \\
. The slope of CD = the slope of AB D(_I;_ji_‘ i \
~. CD// AB (1) B0 0 BBPU
The slope of BC = Fr i -2 N ENEEC NP
» the slope of AD = i ) 6 /' - i | Iy
) % -4 S
— — AL3-3 i i 5
.. The slope of BC # the slope of AD v ' '

- BC is not parallel to AD  (2)
From (1) and (2) :

.. The quadrilateral ABCD is a trapezium.

—  For the next term
Ask for
& IR

n

Maths & Science
& English

— For all educational stages
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Lesson

The equation of
the straight line

given its slope and

the intercepted
part of y-axis

We studied before that the relation : a X + by + ¢ =0 where a # 0 » b # 0 together is a linear

relation represented graphically by a straight line and we can find its slope (m) by one of

the following methods : [ T
o vertical change _ Yo— ¥ ‘ | Y | ] n
. horizontal change X, -X; WECAL e ‘
| e

Where (X, »y,) and (X, > y,) are two points on x‘—_y‘ {ﬁ) x_l_
the straight line ERCd e'| adli
il 1

m =tan 0 ‘ | |

Where 0 is the measure of the positive angle which the straight line makes with

the positive direction of the X-axis.

* We will continue our study about this subject by studying how :
- To find the slope of the straight line and the length of the intercepted part from y-axis
if we know the equation of the straight line.
- To find the equation of the straight line if we know its slope and the length of the

intercepted part from the y-axis.
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Lesson Four %ﬁ

Finding the slope of the straight line and the

length of the intercepted part of y-axis

Prelude Represent graphically the relation : 2 X —y + 3 = 0 and from the graph

example
Ll » find the slope of the straight line which represents the relation and the

intercepted part of the y-axis by the straight line.

Solutior_i To graph the straight line which represents the relation » find two points
of the points of the straight line at least » to facilitate that » put one of
the variables X or y in a side of the equation

C2X—y+3=0  —y=—2X-3 e y=2E+3 \
AtX=0 Ly=0+3=3 S
.~ (0 » 3) is one of the points of the straight line.

Atx=-1 Ly=-2+3=1

.~ (=1 5 1) is one of the points of the straight line.

I.e. The straight line passes through the two points (0 »3) and (-1 5 1)

. cpei, 27N 1-5 -2 1
. The slope of the straight line = e o[-0 @ ,

* From the graph» we find that :

OB = 3 length units. - | il

i.e. The straight line intercepts

|| The length of
| the intercepted
i Lpartfrom y-axis
1T =

5
[

from the positive part from

y-axis| 3 length units

Observing the graph of

|
the straight line: y=2 X+ 3 T K T L i i

V\ Y

We find that :
« The slope of the straight line The slope of the straight line
= the coefficient of X =2 '
. d‘?_) X + |
* The length of the intercepted part ,
from y-axis = | absolute term | = 3| 11,0 Iength of the mtercepted
= 3 length units. part from y-axis
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i.e.
If the equation of a straight line is in the form : y =m X + ¢ » then :
- The slope of the straight line = m
- The length of the intercepted part from y-axis = | c |

and it passes through the point (0 » c)

Exa mple II Find the slope of the straightline : 2 X+5y—-15=0
s then find the intercepted part of y-axis.

Solution Write the equation of the straight line in the form: y=m X +¢

A 5y=-2X+15 .—.y=‘5—2x+3

. The slope of the straight line = _5—2 and the intercepted part of the

positive part of y-axis is of length = 3 length units.

Remark

@ -

In the previous example s observing the equation in the form : 2 X+5y-15=0
s we find that :
—coefficientof X _ -2

« The slope of the straight line = e 5

— absolute term
coefficient of y

« The straight line cuts y-axis at the point (O s ) i.e. (0 53)

— absolute term

I.e. The straight line intercepts a part of y-axis of length =
coefficient of y

=|3| =3 length units.

i.e.

If the equation of a straight line is in the form: a X+ by + c =0 s then

; : —coefficientof X —a
« The slope of the straight line = ety B
 The straight line cuts y-axis at the point (0 s _bc )
i.e. The length of the intercepted part from y-axis = | :,.TC |
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Lesson Four %:’

For example:

» The straight line whose equationis : X -2y +3=0

festnmes = ol e - 3
Its slope = —5 = and cuts y-axis at the point (0 >3 )
I.e. The straight line intercepts a part of length % length unit from the positive part of y-axis.

e The straight line whose equationis: 3 X+y+4=0
Its slope = — 3 and cuts y-axis at the point (0 s —4)

i.e. The straight line intercepts a part of length 4 length units from the negative part of y-axis.

_E_xg_rp_ple If the straight line that passes through the two points (-1 » 7) and (9 » 3)
is perpendicular to the straight line whose equationis : X +ky—-13=0 »
find the value of : k

Solu_tm Let the slope of the straight line that passes through the two points
(— 1 ?) and (9 L] 3) be m,

m Yoy 37 -4 -2
17%x,-x,79-(-D" 10~ 5

Let the slope of the straight line whose equationis: X+ky~-13=0bem,

DR = ]
27 bk

. The two straight lines are perpendicular

Somy xm,=-—1 .'.%x%:—&
. 2 e R G B2
| SRS 1 SemD k=2 o = 5

TRY 1
If the two straight lines : 3y + X—7=0and y =k X + 5 are perpendicular

» then find the value of : k

Find the measure of the positive angle which is made by the straight line

whose equation is : 3 X — 3 y + 5 = 0 with the positive direction of X-axis.

@ Find the length of the intercepted part from y-axis by the straight line whose
equationis: 2y =3 X+ 12




5

UNIT

Finding the equation of the straight line given its
slope and the length of intercepted part of y-axis

The straight line whose slope = m and cuts y-axis at the point (0 » ¢) its equation is in the form :

Exa mple q Find the equation of the straight line :

1 Whose slope =— % and intercepts from the positive part of y-axis

3 length units.

2 Whose slope = 2 and intercepts from the negative part of y-axis

7 length units.
Solution y=mX+c
1 '.'111:—% 5 ©=3 .'.Theequationis:y:—%x+3
2 vm=2 5 c=-7 .. The equationis : y =2 X -7

Example Il Find the equation of the straight line which makes with the positive
direction of X-axis a positive angle of measure 135° and intercepts from

the positive part of y-axis a part of length 7 length units.

SOIUtEOH -+ The slope =tan 135°=-1

.. The equation of the straight lineis : y =— X+ 7

' Remarks

@ The equation of the straight line which passes through the origin point O (0 5 0)
is [ y =m X | » where m is the slope of the straight line.

@ The equation of X-axis is | y= 0T| © The equation of y-axis is |E

© The equation of the straight line which is parallel to X-axis and passes through the point
©->0is [y={]

© The equation of the straight line which is parallel to y-axis and passes through the
point (k »0) is [ x =k |

FE)
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Solution Let the equation of the straight line be in the formy =m X + ¢

Find the equation of the straight line which passes through

*.* The slope (m) =

Lesson Four %}:

the two points (1 5 1) and (2 »2) B

Yo =¥ =2—(— 1)=3
Xy~ X5 2-1

.. The equation of the straight line is in the form : y =3 X +¢
(1 »—1) belongs to the straight line.
n=1=3x1+c S p=—1—3=2~4

.. The equation of the straight lineis: y=3 X -4

Exa mple 3 Find the equation of the straight line which passes through the point (1 »2)

Solution

and parallels the straightline2 X+3y-6=0

. The slope of the given straight line = _c(;(:;ﬁ‘fi:?eﬁtooffyx = _3—2
.. The slope of the required straight line = %2

.. The equation of the required straight line is : y = — % X+c
*. The straight line passes through the point (1 »2)
.'.2=—%><1+c .'.c=%

.. The equation of the required straight line is : y = — % X+ %

EXGmPIG ﬂ Find the equation of the straight line which passes through the point (2 » 3)

and perpendicular to the straight line passing through the two points
A@B,-4)and B (5 ,—3)

SOIUti_O“ .+ The slope of the straight line which passes through the two points

3 s—-4)and (5 5-3) equals%: %

.. The slope of the required straight line = -2

. The equation of the required straightlineisy=-2 X +c¢
.+ The straight line passes through the point (2 » 3)

-~ It satisfies the equation.

n3==-2x2+c 4, g="7

.. The equation of the required straight lineis: y=—2 X +7
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UNIT

TRY 2
@ Find the equation of the straight line which intercepts from the positive part
of y-axis 5 length units and it is parallel to the straight line passing through

the two points (-2 s3)and (— 1 »— 6)

Find the equation of the straight line which passes through the point (3 » 4)
and perpendicular to AB » where A (2s—3)andB (5 ,4)

IEXCI mple ABC is a triangle whose vertices are A (1 s2) sB (=2 +3) y C(—4 5—3)
» AD is a median of it » find the equation of AD

SLlutiﬂ’ -+ AD is a median of AABC

~. D is the midpoint of BC

S (=244 3+(=3))_
»p=(Z2EER 30D _ (3,0
; -1—)--_ 2_0 ,_l

.. The slope of AD = —C3-2

.. The equation of AD is : y= % X+c

.- AD passes through the point A= (1 »2)

.~ It satisfies its equation

;g o8
.2—2><1+c ..0_2

i .. The equation of AD is : = % X+ %

TRY 3
' ABC is a triangle whose vertices are A(—1 55) » B (4 s—2)and C (-3 ,0)

Find the equation of the straight line passing through A and perpendicular to BC

EXGmPIE ﬂ Using the slope and the intercepted part of y-axis» represent graphically
the straight line whose equationisy =2 X -3

2 _ vertical change
I~ horizontal change

Solutior! The slope of the straight line =2 =

and the straight line passes through the point C (0 5 — 3)
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Lesson Four %ﬂ

From the point C s we move horizontally B

towards the right one unit (the horizontal

change (+1)) to reach the point D A

» then we move vertically towards up two

—
units (the vertical change (+2)) L L4 | /"

to reach the point E s then CE is the graph of

the equation of the straight liney =2 X -3 34 i

Example II:I The opposite graph d (kllm.)

represents the motion of | =

a car moving with I

a uniform velocity where

the distance (d) is

measured in km. and the

time (t) in hours » find : | | - | e (h)
0 1 2 3 4 5 6

1 The distance (d) at the beginning of the motion.
2 The velocity of the car.

3 The equation of the straight line representing the motion of the car.

Solution

ot

The distance (d) at the beginning of the motion = 50 kilometres.

2 The velocity of the car = the slope of the straight line passing through

the two points (0 » 50) and (6 » 200) = 2060_‘050 - 120
=25 km /hr.

3 The equation of the straight lineis:d=mt+c¢

e | d=25t+50




Exqmple Find the equation of the straight line which intercepts from the coordinate
axes (X-axis and y-axis) two positive parts with lengths 3 and 4 length units
respectively s then find the area of the triangle included between the straight

line and the two axes.

(] H i

Solution .. The straight line intercepts from the positive \
part of X-axis 3 length units. 4
... The straight line passes through the point A (3 5 0)
| » The straight line intercepts from the
positive part of y-axis 4 length units.
| .. The straight line passes through o A X
the point B (0 » 4) -0 M
.. The straight line passes through the two
points A(3 s0)and B (0 5 4)

Let the equation of the required straight line be y =m X + ¢

4-0__ 4 . ._ 4
(-3~ 4 | wEs=Egae

s mc=4 .'.Theequationis:y=—%x+4

‘ afh&&l‘&ﬂOfﬂABO:%XAOXBO= % X 3 x 4 = 6 square units.

» where the slope (m) =

/ s
L4 A person moved between the cities A

and B using his car with a uniform d(km.)

velocity and the opposite graph T S S S S
. B3 (AR T |
represents the relation between the i i -
distance (d) in kilometres and the time 250 |—

(t) in hours. 200
Answer the following : 150 |

(1) What is the uniform velocity of the car ? 10

[@ Find the equation of the straight line A 50 ¥
representing the motion of the car.

(3 Find the distance between the car and O (0 »0)
after 3 hours from the beginning of the motion.

t{hour)
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