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1- The right hand rule

when the 3-dimensional orthogonal coordinate system is formed, we
should follow the right hand rule.

where the curved fingers refer from the +ve direction of x-axis towards the
positive direction of y-axis, your thumb points at the direction of positive

Z-axis.
ﬁ
2~ Cartisian planes Iap 7Y
~ All points in space with coordinates (x, y, 0) are y=0

located in x y plane whose equationis Z =0

~ All points in space with coordinates (x, 0, z) are 72=0 >~ o
located in x z plane whose equationis y =0 \ f?mt

~ All points in space with coordinates (0, y, z) are
located in y z plane whose equationis x =0
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@‘?}% Example . .
o (Identifying the position of a point in space)

1. Identify the position of each of the following points using 3D-orthogonal coordinate system:

a A(-2,3,2) b B(3,'l, 5) ¢ C(4v Oa'l)
{» Solution 14‘
a To identify the point 3

A (-2, 3, 2), we identify the
point (-2, 3) in the x y plane,
then move 2 units in the +ve

direction of z-axis to get
point A (-2,3, 2)

b To identify the point B
B (3, -1, 5), we identify the
point (3, -1) in xy plane
then move 5 units in the +ve
direction of Z-axis to get

B R |

point B.

¢ To identify the point 4
C (4,0, -1), we identify point
(4, 0) on x-axis, then move
one unit in the -ve direction of

Z-axis.

ﬁ Try to solve

(1) a TIdentify the position of each of the following points using 3-dimensional orthogonal
coordinate system:
A(3,2,3) B (-1,4,3) C(0,0,4)
‘b Complete:
1- The distance between point A (-1, 2, 3) and the Cartesian xy-plane = ....... unit length.
2- The distance between point B (4, -2, 1) and the cartesian yz-plane = ....... unit length.
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3-Dimensional Coordinate System

3-Dimensional Coordinate System
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T he Mis bonce between buwo PO\W\CS A S pace
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Sl on
Ay = l 5D (2--2) "% (3-%) = 2/E

Example @

2 Prove that the triangle ABC where A (2, -1, 3) , B(-4,4,2) and C (-2,5, 1) is right angled at C.

“3+ Solution
AB = (xy - X))+ (2 - y)2 + (23 - 2))? the distance rule
= Q+a)2+(1-42+(3-22 =/62
BC= J(4+2)+(4-52+2-1)? =46
AC= | (@+22+(1-52+(-1" =/36

" (AB)? = (V62)> =62, (BC)-T(AC)Z—(«/(;)2+( 5)2 =6+56=62
. (AB)2 = (BC)? + (AC)? m(C)=90°

@i% Try to solve
Y Prove that the points A(4, 4,0), B(4.0,4), C(0, 4, 4) are the vertices of an equilateral triangle

J@ L»\Vvd"\

and find its area.
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3
The coordinates of a midpoint of a line segment L—
If A(X, ¥1, 21)s B(Xa, ¥2, 25) are two points in space, then the coordinates of point C which lies

at the midpoint of AB is :

X1t yitys 2yt 2y
C"'( 2 ’ 2 il 2 )

@?& Example
! ‘3,\' IfA(1,-3,2), B (4, -1. 4), find the coordinates of the midpoint of AB

2 Solution

: o x|+ X + z)+
The coordinates of the midpoint = 17 2 y;OYz , 1222 )
_(1+4 -3-1 2+4)
- 2 0 2 2
—(3 2
=(3,-2.3)

(3) Find the coordinates of the midpoint of CD where C 0, 4,-2),D(-6, 3, 4)

Critical thinking: If C (2, 2, 6) is the midpoint of AB where A (1, -4, 0), find coordinates of

the point B
Solu bon
leb &= (x,9,2) L o= AxC
¢ (nn )= (EX, 2k Z,—;:O)
o.c_i"il-\:.)l s X\ s x= 5
240 - 5 Z=\% 2o ez (3,3)\2)

| ﬁv

1¢ _A L A= -8
Z(l,’z—/‘{)"(\/‘—q'/“‘))
= Lo, u\0y—(\,=4,9) = (%, %\2)

Equation of sphere in space

The sphere is identified by a set of points in space equidistant
from a fixed point called (the center of the sphere) and the
distance called (the radius length of the sphere ).

&

I

If point (X, y, z) lies on the sphere of center (¢, k, n) and radius
length r according to the rule of the distance between two points,

then r = y (x - L)2 + (y - k)2 + (z - n)* by squaring both sides, we
get the standard form of the equation of the spherel(?- L)%+ (y - k)2 + (z-n)? =12
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%&%@ Example -

4 Find the standard form of the equation of the sphere where center is (2, -1, 4)and radius
length is 3 units.

#7» Solution

the equation of the sphere is (x - 2)? + (y + 1)> + (z-4)>=9

Try to solve
(4) Find the equation of the sphere whose center is the origin and its radius length is 5 units.

Example

5 Find the equation of the sphere in which A(-1, 5 4) , B(5, 1, -2) are the end points of its
diameter.

£ Solution
The center of the sphere is the midpoint of AB

_ (-1 +5 S+1
T2 02
The radius length is the distance between the center and point A

r=d 2+ 124 (3-52+(1-42 =422

4-2 _
s 2 )_(273,1)

.*. The equation of the sphere is: (x - 2)2 + (y - 3)%> + (z - 1)2 =22

{21 Try to solve
<5> Find equation of the sphere whose diameter is AB where A (-1,4,2), B (3, -2, 6)

Example

\6\ Identify the center and the radius length of the sphere whose equation is
x2+y2+z22+4x-2y-62+11=0

& Solution

The coordinates of the center = ( - —i« coeff. of x, - coff. of y, - %coeff. of z) =(-2, 1, 3)

szl 8+kent-d =4 (222+ (12 +(3)%- 11 =43 unit length

ﬁ Try to solve

(6) Identify the center and the radius length of the sphere whose equation is
x2+y2+722+6x-8y+4z+1=0
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Exercises 1 -1

Complete the following:
”ﬁ; If point (x, y, z) lies in X y - plane, then z =

. . A E e . .
i{ﬁ The two straight lines xx> and zz' form the coordinate plane ... whose
equation 1S ...

f{.’if; The opposite figure represents a cuboid in an orthogonal coordinate
system. One of it's vertices is the origion O(0, 0, 0) ,then

‘<V

the coordinates of the point Bis ... ... X

Coordinates of the point CiS ... . B

(4) IfA(1,-1,4), B (0, -3, 2), then the coordinates of the midpoint of AB is

’is:l The equation of the sphere of center (2, -1, 4) and radius length 5 units is

Choose the correct answer from the following:
{ib? The distance between point (3, -1, 2) and the Cartesian xz plane is ... unit length
a 3 b -1 c 2 d |

57:} The length of the perpendicular drawn from point (-2, 3, 4) to the x-axis is ... unit
length.

a 2 ' b 3 c 5 d 4
i}_;} The coordinates of the midpoint of the line segment whose terminals (-3, 2, 4), (5, 1, 8) is
a: (1,%,6) b (2,-1,4) ¢ (8.-1,4) d (1,_%2)
i:g} The equation of the sphere whose center is the origin and radius length 5 units is
a X2+y2+12=5 b X2+y2+z7':0
C (x-52+(y-5)2+(z-52%=25 d x2+y2+72=05
ié The equation of a sphere with center (2, -3, 4) and touches xy-plane is
3 (x-2P+(y+3)?+(z-47=4 b (x-272+(y+3)+(z-47=9
€ (x-20+(y+3)P?+(z-47 =16 d x+272+(y-3)2+(@z+4)?%=16

Answer the following questions :

ij} Find the distance between the two points A and B in each of the following :
a A(7,0,4,B(,0,0 b A4,1,9,B2, 1, 6)
€ A(l,1,-7), B(-2, -3, -7
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Unit One: Geometry and Measurement in two and three dimensions

sz} Prove that the triangle whose vertices are the given points is a right angled triangle and find

its Area:
a (‘2’592)9(()-0’2)3(0’4~0) b ('4,49])9(25—1 2)9('25550)
z A
ﬁé} The opposite figure represents a cube
whose volume is 27 cubic unit and one of its vertices is the origin,
. - >

find coordinates of the other vertices . ¥ 0 y

Il
X

44} If the points (7, 1, 3) , (5, 3, k), (3. 5. 3) are the vertices of a triangle , prove that this triangle
is isosceles, then find the value (values) of k which make (s) the triangle equilateral

"’1“_‘5} Find the coordinates of the midpoint of AB in each of the following:

a AG.-1,4) , B(2,0,-1) b A(-3,5,5), B(-6,4,8)

}"

fi(; If C (-1, 4, 0) is the midpoint of AB where B 4, -2, 1), find coordinates of point A.
;ﬁ;; Find the equation of the sphere if:
a  the center is point (3, -1, 2) and its radius length v 7

b (3,4, -3), (0, 2, 1) are terminals of a diameter.

¢ the center js point (1, -6, 1) and passes through point (2, -1, 5)

ﬁﬁ} Find the center and the radius length of the sphere in each of the following:
a x2+y2+72=9
b x2+ y2 +7%-2X + 4y =0

€ 2x2+2y?+22°-2x-6y-4z+5=0

2N o . . . . .
;,1_9;} Find the equation of the sphere whose radius is 3 units and touches the Cartesian planes

(given that three coordinates of the center are positive).
N . sy
20, Creative thinking:
If A e x -axis, B € y -axis, C € z-axis and if point(1, -1, 0) is the midpoint of X]—B— and point

(0, -1, 2) is the midpoint of BC , find the coordinates of the midpoint of AC

112 Third Form secondary - Student Book




The three- dimensional orthogonal coordinate system | 1-1 ;‘55

21 Creative thinking:

i

If x-axis cuts the sphere (x - 2)? + (y + 3)> + (z - 1)2 = 14 at the two points A and B, find the
length of AB

éi;f Writing in math: If all the points in the space in the form of (x, y, 0) lie in x y-plane whose
equation z = 0, find the equation of the plane in which all of its points in the form (x, y, 2)

4
3 |

-

scover the error: If point B (-1, 4, 2) is the midpoint of AC where A(1, 0, 2), find C

Ashraf’s solution Zeiad's solution
C=((file) (M%) (BrZ) lCHy2)
2 2 2 1+x

1+1 4+0 242 e ————=-] — x=-3
=) ) (2R 2

L
=(0,2,2) 2

W )

Which answer is correct? Why?
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Corplele Answer o Exerwse(l V) P\ \_\j
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B w(s,2,2)
@ A= 2c~ (3

h=2(\, 4, o)~ C4,—\V)
A= (-1, 3,0)- (&, =1\ )
A= (—¢\s,=-D)
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