Three-dimensional orthogonal coordinate system

Equation of x-axis
x=0,y=0

% (0,0,2)

yz plane

* The coordinates of its points are ( 0,y, z)
1) * The equation of this plane is x =0

W
e %@¢Q : :
RS ____ ZEquation of x-ams]

\ A4 >
S 0.y, 0) x=02=0
.\0%\6 &\\9\%
000&\,\000 x y plane
N O
'Q(‘X\e & * The coordinates of its points are ( x, y, 0)
‘ (x.0,0) * The equation of this plane is z= 0

Equation of x-axis
y=0,z=0

A XY, 2)

Xy plane|is (x,y,0) X-axis |is (x,0,0)

The projection of A on< |yz plane|is (0, y, z) The projection of A on < | y-axis | is (0, y, 0)

x z plane| is ( %, 0, 2) z-axis |is (0, 0, 2)
A (XY, 2)
Xy plane| = vz2 = |z| X-axis | =

Distance between A and< |yz plane| = vx2 = || Distance between A and< | y-axis | = vxZ + 22

x z plane| = \/y2 = |y| z-axis |= /x2 + y2

If A (X1, y1, 1) and B (X2, Y2 ,Z2) are two points in space, then

The distance between two points is AB =/ (x, — x1)2 + (y, — y1)% + (2, — 7;)?

X1+tx2 Y1t Y2 Z1+Zz)

The coordinates of the mid-pointofﬁ=( T, T



Plot each point in space
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Find the distance between the point (-2, 3, 4) and

‘% (2) xy plane (b) yz plane
(c) xz plane (d) x-axis
(e) y-axis y (f) z- axis
P —
sOLUTICN

(@) the distance between the point (-2, 3, 4) and xy plane = |z| = |4| =4

(b) the distance between the point (-2, 3, 4) and yz plane = |x| = |—-2| =2
(c) the distance between the point (-2, 3, 4) and xz plane = |y| =|3| =3

(d) the distance between the point (-2 , 3, 4) and x-axis = /(3)2 + (4)2=5

)A(2,-3,3) ii)B(-2,6,12) m)c(1,4,0) ivyb(2,2,-3)

(e) the distance between the point (-2, 3, 4) and y-axis =/ (=2)2 + (4)2=2+5
() the distance between the point (-2 , 3, 4) and z-axis = y/(—=2)2 + (3)2 = V13

coordinates of each of the following points B, C, D, E.

¢O®UTION :
B (5, 8, 0) =
C(0,0,4) .

D (5, 0, 4) -

E (0, 8, 4) & ;

W The opposite figure represents a cuboid in an orthogonal system. two of
b the vertices of the cuboid are O (0, 0, 0) and A (5, 8, 4), find the



Complete

3 (a) the two straight lines X x* and yy ‘determine the ... plane whose

"% } cquation is ...

(b) the two straight lines yy ¢ and zZ ‘determine the coordinate plane
.. whose equation is ....

(c) the x z and y z planes intersect in ....

(d) the coordinate planes x y and y z intersect in ...

(e) if the point (X, Yy, z) € y z plane , then x = ...

(f) the point (0, 5, -3) lies in ... plane whose equation is ....

(g) the point (0, 3, 0) lies on ... axis and the point (0, 0, 4) lies on ...

axis

(h) the point (2, 0, -3) lies in ... plane and the point (1, -3, 0) lies in ...

plane

(i) the distance between the point (-3, 2, 5) and y z plane equals ....

Units of length

(j) the length of the perpendicular segment drawn from the point (8, 6, -

4) to z-axis = .... Unit of length

(k) the prOJectlon of the point (-1, 2, 3) on x-axis is the point .... And

its projection on y z plane is the pomt e

%@MTI@
@ xyplane,z=0 (b)y zplane,x=0
(c) z-axis (d) y-axis
(e)x=0 (f)y zplane,x =0
(9) y-axis, z-axis (h) x z plane, x y plane
()3 () 10

(k) (-1,0,0), (0, 2,3)

="\ Find the value (s) of a if the point (x, a° - 4, a - 2)
"% 1) lies on x-axis

% ] ii) lies on x z plane v
sOLUTICW
i)wa?-4=0 and a-2=0
nat=4 a=2
a=z=x2
~a=2
ii)-a2-4=0
a?=4



. Find the coordinates of the point

"% (@) A (1K, 2k, 3+ k) where A € xy plane

| (b) B (2+m, 3-m, m)where B € xz plane

(c) C (0, n+5,n—4)where C € z -axis

(dD (3¢, ¢+3,5¢) where D € y-axis

(e) E (£ +5, 2 ¢, ) which is far from x-axis by 2 v/5 units
(f) F (2 + k, 4k, - K) if its distance from yz plane is 5 units

%
38LVTICN
@A@R-k 2k, 3+k)eExyplane=>z=0 =3+k=0 = k=-3
~A=(4,-6,0)
b)B(2+m,3-m,m)€Exzplane=>y=0 =3-m=0 = m=3
~B=(5,0,3)
ce)C@O,n+5n-4) €ezaxis=x=0andy=0 =>n+5=0 =>n=-5
~C=(0,0,-9)
dD@?¢ ¢+3,5¢) €y-axis=>x=0andz=0 =3¢=5¢=0 =>¢=0
~D=(0,3,0)
(e)E (£ +5,2¢, ) is far from x-axis by 2 V5 = /(2£)2 + #2=2+/5
= [£|V5=2+5
> =2
~E=(7,4,2) or E=(3,-4,-2)
(F) ~ F (2 + k, 4k, - k) is far from yz plane by 5 units

o x| =5 =2+ k|=5
2+k=5 or 2+k=-5

k=3 k=-7

~F (5,12, -3) F(-5,-28,7)

AB , BC and AC respectively.

* if the sum of the lengths of two segments = the length of the third segment, then A,
B, C are collinear.

* if the sum of the lengths of two segments > the length of the third segment, then
ABC is a triangle, and if AC (say) is the length of the greatest side, then

(AC)? = (AB)? + (BC)?> = B is right.

(AC)? > (AB)? + (BC)> = B is obtuse.

(AC)? < (AB)? + (BC)?> = B is acute.

Consider the three points A B C and AB, BC and AC are the lengths of the segmentﬂ




S.B. 2017
Prove that the points A (4, 4, 0), B (4, 0, 4) and C (0, 4, 4) are the
vertices of an equilateral trlangle and find its area.

g@um:@ I

AB=\(4 — 92 + (4 — 02 +(0 — H?=4+2
BC=y(4 — 02 + (0 - 42 +(4 — D?=42
AC=J/(4 — 02 + (4 — D% +(0 — 4)2=42
+ AB=BC=AC

~ A ABC is an equilateral triangle

Area of A ABC =~ (AB) (BC) sin 60

:%><4\/§><4\/§><\/7§
= 8+/3 units of area

S.B. 2017
Prove that the triangle ABC where A (2,-1,3),B (-4, 4, 2) and C (-
2,5,1)isrightangledatC.

P
sOUTIC W
(ABY? = (2+4)2+ (-1-4)%+ (3-2)2=62
(BC2=(-4+2)2+(4-5)?2 +(2-1)2=6
(AC?=(2+2)2+(-1-5)% +(3-1)>=56

= (AB)2 = 62 and (BC)? + (AC)? = 6 + 56 = 62

That is (AB)? = (BC)? + (AC)?

~m(C)=90

S.B. 2017
Find the point on y-axis equidistant from the points A (2, 5, - 3), B (- 3,
6, 1)

s®LUTICON
Let the point A (2, 5, - 3), B (- 3, 6, 1) and a point C (0, y, 0) on the y-axis
C (0, y, 0) be a point on y-axis
~CA=CB
2 J(0=2)2+ (y =52 +(0 + 3)2=,/(0 + 3)2 + (y — 6)2 +(0 — 1)2
~J13 + (y = 5)2 =,/10 + (y — 6)2
=~ 13+ (y -5)2 =10 + (y -6)?
~13+y?—10y+25=10+y*>-12y + 36
~38-10y=46-12y
~ the required point is C (0, 4, 0)




S.B. 2017

‘\ If A (1, -3, 2) and B (4, - 1, 4), find the coordinates of the mid-point of
) } 4B

g« &@‘i‘l@m

' i X1tx +Yy Z1+Z
the coordinates of the mid-point :( - Z 3’1 3’2 1 2)

2
(1+4 —3—1 2+4)
2’ 2

5
2

) )

N If C (2, 2, 6) is the mid-point of AB where A (1, - 4, 0) , find the
» coordinates of the point B

sOWTICN
Let the point B (X, Y, 2)
= C is the mid-point of AB
1 y—4 z+0
~2.2 6):(x+ ,y ,z+ )
2 2 2
x_+1 =2 y—_4 =2 ﬂ =6
2 2
~X=3 y = z=12
-~ B (3 ,8 12)

\ If C (-1, 6, -5) is the mid-point of AB where A (k - 2, - 1, m+ 3) , of
* the pointB (2,n—-7,-2), find the value of K+ n—m

- ;@D@ﬂ@m
 C is a mid-point of AB

2 (1,6 _5)=(k—2+2 n-7-1 m+3—2)

2 ’ 2 ! 2
n-8=12 m+1=-10

E
-k

-1
-2 n=20 =-11

~sk+n-m=-2+20+11=29



The sphere
The sphere is defined as the set of point in space which are equidistant from

fixed point (the center of the sphere), the distance between the center and any point of

the sphere is called the radius of the sphere.

The standard from of the equation of a sphere

If the point (X, y, z) lies on the sphere of center (¢, k, n) and

radiusr, thenr=/(x — 02 + (y — k)2 + (z — n)?

squaring both sides, we get

(X=8)?+(y-K?+(@z-ny=r

The general equation of the sphere

[ XE Fhyeh aeadP D £ 2L S 2 ikz#id= 0 ] where = #2 + k? + n? — 12
This equation represents a sphere whose center is (coef_ Jofx el oy coellol Z)

and radius r =vV#2 + k2 + n2 — d where 2+ k2 +n2>d

m xy palnc,thenr = |n| )

(1) If the spere of center (¢, k, n) touches { xz palnc,thenr = |k|
zy palnc, thenr = |#|
(2) if the sphere touches the cartesian planes and the coordinates of its center are all
positive numbers, then the coordinates of its center are (r, r, 1)
(3) if the sphere touches the cartesian axes and the coordinates of its center are all

0ng « . r r r
positive numbers, then the coordinates of its center are (ﬁ'ﬁ’ﬁ)
(4) the cross section of a sphere with a plane is a circle.

e w

M1 , M, are the centers of two spheres and are r1 , I, are their radii where r; > r,
MiM2<ri-r2 | MiMz=ri-12 [l1-12< M1 Mo<ni+rl MiMz=ri+r2 | MiM2>r1+12

M: inside My Touch each | Intersecting sphere | Touch each Distant sphere
other internally other externally




S.B. 2017

Find the standard from of the equation of the sphere

(a) whose center is (2, - 1, 4) and its radius is 3 units .

(b) whose center is the origin and its radius is 5 units.

(c) inwhich A (-1, 5,4) and B (5 1 -2) are the end point of a diameter.

sOUTICH
(a) the standard form of the equation of the sphere is
(X=2+(y+1)°+(z-4y=9
(b) the equation of the sphere is x? + y? + z2 = 25

— (=145 5+1 4-2
(c) the center of the sphere is the mid—pointofABz( 2+ , er - ):(2, 3, 1)

=J2 + 12+ (3 -52+1 - 42=v22
= the equation of the sphere is (x — 2)? + (y - 3)* + (z - 1) =22

S.B. 2017

‘% Find the center and the radius of each of the following spheres
| (@) X2+ y?+72+4x-2y-62+11=0

(b)x2+y2+22:62

(C) X2 +y?+72-2x+4y=0
(d)3x2+3y?+372-3x-9y- 62+3 0

SOLUTICN
(@) the center is (-2, 1, 3)
ar=y(=2)2 4+ (1)2 +(3)2 — 11=+3

(b) the center is (0, 0, 3)
“r=v0+0+9 —0=3

(c) the center is (1, -2, 0)
ar=41)2 + (=2)2 +(0)2 — 0=+5

d)~3x2+3y?>+322-3x-9y-6z+3=0 + (3)
SXP Y+ Z2-x-3y-22+1=0
=~ the center is (l,i,l)

22

o O o e




Find the equation of the sphere whose center is
(@) (-5, 1, -2) and touches xy plane
(b) (0, 4, -2) and touches xz plane

SOLUTICN
(@) r = |— 2| = 2 units of length

= the equation of the sphere is (x+5)?+ (y —1)> + (z + 2)° =4
(b) r = |4| = 4 units of length
= the equation of the sphere is x2 + (y —4)*+ (z + 2)> =16

Find the equation of the sphere whose radius is 2 units and touches the
cartesian planes given that the coordinates of the center of the sphere are
| positive.

SOLUTICN
The center is (2, 2, 2) and are r = 2
The equation of the sphere is

(-2 +(y -2 + (@~ 2P =4

\ [f the x-axis cuts the sphere (x — 2)2 + (y +3)? + (z — 1)? = 14 at the two
* point A and B, find the length of AB

s® uﬂ?l@ W

To find the intersection point of the x-axis and the sphere, puty =0, z=0
S(X=22+9+1=14

~(X=2)%2=4

L X=-2=2 or X—-2=-2
X=4 x=0
~A4,00) B=(0,0,0)

~ AB = 4 units of length

The equation of two sphere are (x — 2)> + (y + 4)> + (z—2)?>=1an
Y (x+4)°+ (y-4)°+ (z—-2)* =4 find the distance between their centers
and show that they are not mters 2cting

g‘@wn@m
M= (2, -4, 2), Mz =(-4,4,2)
rn=1, r,=2
rn+r=3, rh—-rn=1

MiM2=y/(2 + 42+ (—4 — 9%+ (2 — 2)? =10 units
sMiMo>r+n

« tha hwwn enhara ara nnt intarcartinn



W\ If the two-sphere touching each other are (x — 1)> + y? + (z — 3)> = 16
b and (X + 1) + (y — 2)? + (z — n)? = 25, find the value of n .

@@&@TI@W
M:=(1,0,3), rn=4 and M= (-1, 2, n), r=>5

MiM2=y(1 + 12+ (0 — 2)2+ (3 — n)2=8+ (3 — n)?
*» the two sphere touch each other

Externally or Internally
MiMo=nr1+1 M1 M2=r1-17
J8+ (3 — n)2=9 J8+ (3 —n)2=1
~8+(3-n)?=81 8+(3-n2=1
&~ (3—-n)>=73 (3-n)y>=-7
~3-n=%+73 (x)
=N :31@

Find the equation of cross section (trace) of the sphere whose equation is
| (x-3)°+(y—2)+ (z+4)* = 25 with xy-plane, find the area of the
section

sOUTICN
*» every point on xy plane is in the form (x, y, 0)
Put z = 0 is the equation of the sphere

S (X-3)2+(y-2)+16=25

I.e. the equation of the crosse section is
(x-3)°+(y-2)*=9

“r= \/6 =3

-~ the area of the section = Area of the circle
=1 I

=n (3)

= 9 1 squared units



S.B.2017

S.B.2017

S.B.2017

S.B.2017

S.B.2017

S.B.2017

S.B.2017

S.B.2017

1) find the distance between the two point A and B in each of the
following :

(@) A (7,0, 4),B(1,0,0) [2v13 ]
()AL, 1,-7),B(-2 -3, -7) [2v/13 ]
2) find the coordinates of the mid-point of 4B in each of the following

(@) A (3,-1,4), B (2,0, -1) C.=.2)]
(b)A(-3,5 5), B (-6, 4, 8) (Z.22)]

3) if C (- 1, 4, 0) is the mid-point of AB where B (4, -2, 1), find the
coordinates of point A [(- 6, 10, - 1)]

4) find the equation of the sphere if

(a) the center is point (3, -1, 2), and its radius length is V7
[(x-3)+(y+1)*+(z-2)*=2]

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

2
(-3 +o-32+Er12=2
(c) the center is point (1, -6, 1)and passe through point (2, -1, 5)
[(x-1)*+(y+6)+(z-1)° = 42]

5) find the center and the radius length of the sphere in each of the

following
(@) x> +y?+72=9 [(0, 0, 0), 3]
(C) X2 +Vy2+Z2_2x+4y=0 [(1, - 2,0), V5]

6) find the equation of the sphere whose radius is 3 units and touches
the cartesian planes (given that the three coordinates of the center are
positive . [(x-3)2+(y-3)*+(z-3)?=9]

7) if x-axis cuts the sphere (x - 2)> + (y + 3 )% + (z - 1)?> = 14 at the two
points A and B find the length of AB [4]

8) if all point in the space in the form of (x, y, 0) lie in xy plane whose
equation is z = 0, find the equation of the plane in which all of its point
are in the form (x, y, 2) [z =2]




Choose the following:

S.B.2017

S.B.2017

S.B.2017

S.B.2017

S.B.2017

S.B.2017

S.B.2017

S.B.2017

S.B.2017

9) the straight lines Xx ¢ and zZ ¢ form the coordinate plane whose
equation is ......

@x=0 (b)y=0 (©)z=0 (dy=2
10) the distance between point (3, -1, 2) and the cartesian xz plane is
...... unit length.

(a) 3 (b) -1 ()2 d1

11) xy plane ad yz plane intersect at .....
(a) origin point (b) x-axis (c) y-axis (d) z-axis

12) the length of the perpendicular line drawn from point (-2, 3, 4) to x-
axisis ....... Unit length.

() 2 (b) 3 (€5 (d) 4

13) the coordinates of the mid-point of the line segment whose terminals
are (-3,2,4),(5,1,8) are ......

@ (12,6) (b) (2, -1, 4) ©@©-149 @ (1-22)

14) the equation of the sphere whose center is the origin and the radius
length is 5 units .....

(@ x2+y*+2z°=5

(b) x> +y?+2z2=0

(€) (X =57+ (y-57°+(z-5)°=25

(d) x> +y*+2z*=25

15) the equation of sphere with center (2, -3, 4) and touches xy plane is
@ (x—-2?2+(y+3)°+(z-4)3>=4

(b) (x =2+ (y+3)*+ (z-4)°=9

(€) (x—=2*+(y+3)*+(z-4)°=16

(d) (x+2)*+(y-3)°+ (z+4)°> =16

16) if the point A (-1, -1, 2), find the coordinates of the point B which

lies on y-axis , given that AB = v/14 units of length .
[(0,2,0)o0r (0, -4, 0)]

17) ABC is triangle in which A (-4, -1, 2), B (3, 5, - 5) find the point C
given that the mid-point of AC lies on y-axis and mid-point of BC lies in
the plane xz [ (4,-5,-2)]




S.B.2017

S.B.2017

S.B.2017

S.B.2017

MOE 2017

S.B.2017

S.B.2017

S.B.2017

S.B.2017

S.B.2017

S.B.2017

18) if the point (7, 1, 3), (5, 3, k), (3, 5, 3) are the vertices of triangle ,
prove that this triangle is isosceles , then find the value of k which make
the triangle equilateral . [3+2+6]

19) if A € x-axis , B € y-axis, C € z-axis and if point (1, -1, 0) is the
mid-point of AB and point (0, -1, 2) is the mid-point of BC , find the
coordinates of the mid-point of AC [(1,0,2)]

20)if (X =22+ (y+4)2+(z-2%=1and (x +4)>+ (y-4)*+(z-2)*=
4 are the equations of two sphere , find the distance between the centers
of the two spheres and show that the two sphere do not intersect .  [10]

21) if the two spheres (x — 3)> + y2 + (z — 3)2 =16 and (X + 1)? + (y - 4)?
+ (z — k)? = 25 are tangential , find the value of k [ -4 or 20]

22) if a sphere touches the planes xz, xy and yz at the points A,B and C
respectively and AD is a diameter where D (3, 6, 3), find the equation

of the sphere [(x—3)?+(y-3)*+(z-3)?=9]
23)iIfA(7,-1,8)and B (11, 2,-4),then AB=......... cm

(a) 10 (b) 11 (c) 12 (d) 13
24) X2 +y? + 72 + 4x — 6y + 8z + 4 = 0 is an equation of a sphere whose
diameter length = ...... cm

(@) 5 (b) 10 () 15 (d) 20
25)ifA(7,-1,8) and B (11, 2, - 4), then AB=......... cm

() 10 (b) 11 () 12 (d) 13
26) X2 + y? + 72 + 4x — 6y + 8z + 4 = 0 is an equation of a sphere whose
diameter length = ...... cm

(@) 5 (b) 10 () 15 (d) 20

27) if x? +y? + 72+ 6x — 4y + 10z - 8 = 0 is the equation of a sphere
whose center is M, then M = ......
(@) (-3, 2, -5) (b) (4, -2, -5) (€) (-3, -2, -5) d) 3., 25)

28) if (X, y, z) is the mid-point of AB , where A (-4, 0, 5) and B (-2, 4, -
13),thenx+y+z=........
@-5 (b) -6 (€3 (d) 4




S.B.2017

MOE 2017

MOE 2017

MOE 2017

MOE 2017

MOE 2017

MOE 2017

29) the standard from of the equation of the sphere whose center is (3, -
2, 1) and its radius length equals =5 cm is ........

(@ (x+3y°+(y-2)°+(z+1)°=5

(b) (x +3)* + (y-2)*+ (z +1)* =25

(€ (x=3)°+(y+2)?*+(z-1)*=25

(d) (x-3)*+ (y+2)* + (z-1)*=+5

30) the radius length of the sphere x? + y?> + z2-2x — 6y + 10z -1 =0

equals ....... Units of length

(a) 3 (b) 4 €5 (d)6

3 ifA(2,-1,3)and B (-2, 2 ,- 9), then the length of AB = ..... units
of length

(a) 15 (b) 13 (c) 12 (d) 10

32) if the y-axis cuts the sphere whose centre is (3, -4, 12) and its radius
length equals 13 cm in the two point A and B, then AB equals ......

(@) 6 units of length (b) 8 units of length

(c) 24 units of length (d) 26 units of length

33) the equation of the sphere whose center is M (1, -2 , -5) and is
touched by the xy plane is ......

@ (x-17+(y+2) +(z+5)7°=1

(b) (x-1)*+(y+2)*+(z+5)°=4

€ (x—1y+(y+2)?*+(z-5°=25

(d) (x-1)°+(y+2)*+ (z2+5)*=25

34) A sphere whose centre is M is put inside a cube of an inner edge of
length 10 cm such that the sphere touches all the faces of the cube . if
one of the cube vertices is the origin point and three other vertices lie on
the coordinate axes , then the equation of the sphere is ......

(@) x?+y?+z%2-20x-20y—-20z+50=0
(b)x2+y2+z2+10xy+10yz +50=0
(C)x?+y?+z2%2-10x-10y—-10z+50=0
()x2+y2+z2+10x-10y—-10z+50=0

35) the length of the diameter of sphere whose equation :
X2+y2+722-6Xx+8y—4z+4=0equals........ units of length
(@5 (b) 10 (c) 15 (d) 20




MOE 2017

MOE 2017

MOE 2017

36) if x-axis cuts the sphere (x — 2)? + (y + 3)? + (z — 1) = 14 in the two

point A and B then the length of AB = ....... Units of length
(a) 2 (b) V14 (c)4 (d) V28

37) the two straight lines XX’ , YY’ form the cartesian plane whose
equation is ......

@x=0 (b)y=0 (c)z=0 dy=2

38) the radius of the sphere x2+y2+z2-4x+6y—-2z+5=0equals

(a) 1 (b) 2 (c) 3 (d) V19

Complete the following:

S.B.2017

S.B.2017

S.B.2017

S.B.2017

S.B.2017

S.B.2017

S.B.2017

S.B.2017

S.B.2017

39) the equation of the sphere whose center is (2, - 3, 1) and its radius
length equals 2v/5 s ......

40) x2+y2+z2-4kx+4y—8z+2k=0is the equation of a sphere
radius length 2v/5 , then the value of k= ........

41) if C (-1, 9, -5) is the mid-point of AB, where A (k — 2, -1, m + 3)
andB (2,n—-7,-2),thenk+m-n=.......

42) the radius length of the sphere x> + y? + z2-4x-6y+8z+4=0
equals ........

| 43) the center of the sphere X2 + y? + 72+ 8x - 12y + 2z + 1 =01s ........

44) the length of the perpendicular drawn from the point (-2, - 3, 1)to
the x-axis equals ......

45) the standard form of the equation of the sphere whose center is (3, 4,
- 5) and touches yz-plane is ......

46) the radius length of the sphere (x — 2)? + (y + 4)> + (z — 5)*> = 64
equals ......

47) the radius length of the sphere: x? + y?> + 22+ 2x -2y -4z -3 =0
equals ......




Vector in space

The vector :

Is a directed line segment determined by a magnitude and direction

* Position vector in space :

the position vector of the point A (Ax, Ay, A;) with respect to the origin point 0(0,0,0)
Is the directed line segment whose starting point is the origin point and its end point
is the point A

* the position vector of the point A is denoted by 4 = (A, Ay, A;)

* A is the component of 4 in direction of x - axis

* A, is the component of A in direction of y - axis

* A, is the component of A in direction of z - axis

The norm of vector :

is the length of the directed line segment that represents this vector

*If A = (A Ay, A,) then ||A]| = \](Ax)z + (4,) + (4,)?
(from rule of distance between two points)

If A =(2,-1, 3), B = (0,4, -3) then

. sOLUTICN

* component of A in direction of x - axis is 2

* component of B in direction of z - axis is - 3

JAllI1=vE =T + 9=Via |B| =v0 + 16 + 9=v25=5
* the vector B lies in the coordinate plane yz

(component of B in direction of x - axis vanishes).

IfA=(-1,4,2),B =(3,10)find: a) A, + By b) [|A]| +[|B]

s®UTION

a)Ax+By='1+1=0

b) ||A]| + ||B]| =vT + 16 + 4+v9 + 1 + 0= v21++10



Adding 3D vectors:

*if A= (Ax, Ay, A;), B=(Byx, By,B;,)thenC=A + B
C = (Ax+ By, Ay + By, A;, +By)

C = (C«C,,C))

For example :
If A=(-2,3,1), B =(0,-2,4) then A + B = (-2,1,5)
If A=(4,-4,0), B=(-15,2)then 4+ B =(3,1, 2)

* Properties of adding 3D vectors : For any two vectors A, B E R3 then:
1) Closure property: A + B € R®

2) Commutative property: A + B=B + A

3) Associative property: (A+B)+C =A+ (B + ()

4) The neutral (identity) element over addition is the zero vector
0=(0,00)inR3*whereA+0=0+4 =4

5) The additive inverse for any vector A = (A4, Ay, A;) € R®

is-A4 =(-Ax, -Ay, - A;) ER3, where A +(-A)=(-FA)+A =0

* Multiplying a vector by a scalar (real number):
IfA =(Ax Ay, A;) € R®and K € R, then:

KA =K (A Ay, Ay) € R? — KA = (KA, KA, KA,) ER®
for example:

3(2,-1,4)= (6, -3,12) , %(4,9,6):(2,3,3) 2(1,-3,-4)=(-2,6,8)

Properties of multiplying a vector by a scalar (real number):
IfA BeR3andk, | € R then

1) Distributive property: k (A + B)=kA +kB,(k+1)A =k4A +lA
2) Associative property: k (14) = 1 (k4) = (kl) A

If4 =(-1,5,2),B=(4,-1,3), find:

1) 24 - 3B 2)|f3A +2C=2Bfind C
8@ @T:@R
1) 24-3B = 2(-1,5,2)-3(4,-1, 3) = (-2, 10,4) - (12, -3,9) = (-14,13,-5)
2) 34 +2C = 2B

2C = 2B - 34= 2(4,-1,3)-3(-1,5,2) = (8, -2,6)-(-3,15,6)

= (11,-17,0) = € = (121,_717,0)



if C = (2, -3,1), D = (0,2,-2) find
a) K7 - 27 th%A 4D =c find A

%@\m@?IC)W
(a) 5C - 2D = 5(2 -3,1) - 2(0,2,-2) = (10, -15,5) - (0,4,-4) = (10,-19,9)
(b) 3A=C+4D = (2,-3,1) +4(0,2,-2) = (2, -3,1) + (0,8,-8) = (2,5,-7)

5_(2 5 —7)
T \3’3’ 3

Equality of two vectors:
If j - (Ax, Ay, Az) & E - (BX1 By, )
Then A = B If and only If: Ay =By, Ay=By, A;=B;

Find the values of I, m and n which make A= (I -4, m?-3,1) and B =
(5.1. n?) eaual.

SOUTICW
|-4=5, ~1=9&m?-3=1 ,m?=4, -.m=%2
~n==1

if (2x+ 1,5 k+4)=(-1,y?-4x+ 1) find x, y, k?

¢®LUTICN
, 2X = - , ~X=-1
,y2=9 , ~y=4%3
k+4=x+1=0 |, ~k=-4

* The Unit Vector : Is a vector which its norm equals one length unit.

34 12 9 16 . 144  [169
A= is a unit vector as: ||4|| = + + =
13 "13 13 169 = 169

169 ] 169
= ||A|| = 1 unit length




Show which of the following vectors represents a unit vector:

_ 2 =il =2 = 1 4 -5
A:(_,_,_)’B:(_’_’i)
33 3 5°5 5

sOUTICN
4 1 4 _ _ :
|A]l = 5+ 5+ 5 =1 Unit length , .. A is aunit vector

_ ’22 _ _ . .
IBll= [+ —+ — = Py Unit length , - B is not a unit vector

The fundamental unit vectors (i, j, k):
Is a directed segment whose starting point is the origin point and its norm one length
unit and its direction is the positive direction of the coordinate axes (X,y,z)

respectively.
1=(1,0,0),7=(0,1,0),, k = (0,0,1)

Write the vectors(-1,0,0), (0,-1,0), (0,0,-1) in terms of the fundamental
unit vectors.

. s®UTION
(-1,0,0)=-(1,0,0)=-1 , (0,-1,0) =-(0,1,0) = -7,

(0,0,-1) =-(0,0,1).= - k

* Expressing the 3D vector in terms of the fundamental unit vectors.
A= (A Ay, A;) ER?

A = (Ax0,0) + (0, Ay,0) + (0,0, A)

A=A (1,0,0) + A,0,1,0) + A,0,0,1)

A=Ad+ A+ Ak



IFA=21-3j+k, B=--2j
Find: a) 24- 3B b 1A+ BIl . Al + 1Bl . what do vou

&
®
?é
=5
ey
=

A=(2,-31) , B=(1,-20)

a) 24 - 3B = 2(2, -3,1) - 3(-1, -2,0) = (4, -6,2) + (3,6,0) =(7,0,2) =71 + 2k
b) A+ B =(2,-3,1) + (-1, -2,0) = (1, -5,1)

|4+ B|| =vI+ 25 + 1=+27 Unit length

lA]| +||B||=v4 + 9 + 1 =vI + 4 + 0=V14++5

deduction: V27 + V14 +v5 , |4+ B| #]4] +||B||

IFA=-3j-k +51, B=-2k +31 Find: a)34-5B  h)||A—B]|

©\m@i.1()@

AA = (5.-3,-1), B = (3,0,-2) a) 3A - 5B = 3(5,-3,-1) - 5(3,0,-2) = (15,-9,-3) - (15,0,-10)
=(0,-9,7)= -9/ + 7k

b) A - B = (5,-3, -1)-(3,0,-2) = (2, -3,1)

|4 — B|| =v4+9 + 1 = V14 Unit length.

Expressing the directed line segment in the space in terms of the coordinates of its
ends.

Let A, B be two pomts in the space, their position vectors(with respect to the origin
point)are 0A and OB respectively: -
Accordlng to the trlangle rule OA + AB = OB

0OA=A-0=A &0B=B-0=B - fi
AB=0B-0A=B-A ‘/’ y

IFA = (-2,3,1), B = (4,0, 2) find AB and BA.

\9/
sOUTION
= (4,0,2) - (-2,3,1) = (6,-3,1)
(-2,3,1) - (4,0,2) = (-6,3,-1)






