PLANE

311en35

Look closely at a roomin your house. It has four walls, a roof and a floor. The floor and roof are
parts of two parallel planes extending infinitely beyond the boundary. You will also see two pairs
of parallel walls which are also parts of parallel planes.

Similarly, the tops of tables, doors of rooms etc. are examples E H

of parts of planes. : a

If we consider any two points ina plane, the line joining these
points will lie entirely in the same plane. This is the characteristic
ofaplane.

Look at Fig.35.1.You know that it is a representation of a A
rectangular box. This has six faces, eight vertices and twelve Fig. 35.1
edges.

The pairs of opposite and parallel faces are
()  ABCDand FGHE
(ii) AFED and BGHC
(i)  ABGFand DCHE
and the sets of parallel edges are given below :
()] AB, DCEH and FG
()  AD,BC,GHandFE
(i)  AF, BG,CH and DE

Each of the six faces given above forms a part of the plane, and there are three pairs of parallel
planes, denoted by the opposite faces.

In this lesson, we shall establish the general equation of a plane, the equation ofa plane passing
through three given points, the intercept form of the equation of a plane and the normal form of
the equation of a plane. We shall show that a homogeneous equation of second degree in three
variables x,y and z represents a pair of planes. e shall also find the equation ofa plane bisecting
the angle between two planes and area of a triangle in space.

r
L@ OBJECTIVES

After studying this lesson, you will be able to :
. identify a plane;
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. establish the equation of a plane in normal form;

. find the general equation of a plane passing through a given point;
. find the equation of a plane passing through three given points;

. find the equation of a plane in the intercept form and normal form;
. find the angle between two given planes;

EXPECTED BACKGROUND KNOWLEDGE

. Basic knowledge of three dimensional geometry.

. Direction cosines and direction ratio ofa line.

. Projection of a line segment on another line.

. Condition of perpendicularity and parallelism of two lines in space.

35.1 VECTOR EQUATION OF A PLANE

A plane is uniquely determined if any one of the following is known:
() Normal to the plane and its distance from the origin is given.
(i) One point on the plane is given and normal to the plane is also given.
(i) It passes through three given non collinear points.

35.2 EQUATION OF PLANE IN NORMAL FROM

Let the distance (OA) of the plane from origin O be d and let n

be a unit vector normal to the plane. Consider r as position vector

of an arbitarary point P on the plane. A P(r)
Since OA is the perpendicular distance of the plane from the origin
and n is a unit vector perpendicular to the plane. T

OA = dn dn //

Now AP = OP-OA=r—dn 4
OA is perpendicular to the plane and ap lies in the plane, there- Fig. 35.2
fore OA | AP

= AP.OA = 0

i.e (r—d ﬁ) n=0

ie rn-d =0

ie. rn = d .(3)

which is the equation of plane in vector from.

35.3 CONVERSION OF VECTOR FORM INTO CARTESIAN FORM

Let (X, y, z) be the co-ordinates of the point P and I, m, n be the direction cosines of n.
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Theny = Xi + y]+zl2
n = li+mj+nk
Substituting these value in equation (3) we get
(Xi+y]j+zK).(li+my+nk) = d
= IX+my+nz =d

This is the corresponding Cartesian form of equation of plane in normal form.

Note : Inequation (3), if r.n=d is the equation of the plane then d is not the distance of
the plane from origin. To find the distance of the plane from origin we have to convert n into

n - d
n by dividing both sides by | n|. Therefore m is the distance of the plane from the origin.

SEN I HNERN  Find the distance of the plane r . (6i —3j—2k)—1=0 from the origin.
Also find the direction cosines of the unit vector perpendicular to the plane.
Solution : The given equation can be written as

r.(61-3j-2k) = 1
|6i—3j—2k| = V36+9+4=7
Dividing both sides of given equation by 7 we get

r.(6i-3j-2k) 1

:
: ; [ﬁi_éj_égj _ 1
1.e. 7 7 7 =7

6 -3 -2
d.c.’s of unit vector normal to the plane are P and distance of plane from origin

1
=

354 EQUATION OF A PLANE PASSING THROUGH A GIVEN

POINT AND PERPENDICULAR TO A GIVEN VECTOR

Let a be the position vector of the given point Aand r the position vector of an arbitrary

point on the plane. n is a vector perpendicular to the plane.
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Now AP =

c,;\
o

P(r)

=
|
QD
= |

Now nl(r-a)

(F-a).n=0 ..(4 -

This is vector equation of plane in general form.

35.5 CARTESIAN FORM Fig.35.3

Let (x,, y;, Z;) be the coordinates of the given point Aand (x, y, z) be the coordinates of

o

point P. Again let a, b, ¢ be the direction ratios of normal vector p.

Then = Xi+y]+zK
a= x1f+y1]+zllz
n = ai+hj+ck

Substituting these values in equation (4) we get
{(x=x)i+(y—yp)j+(@z—-2z)k}.{ai+bj+ck} =0
= a(x—=x)+b(y-y)+c(z-z) =0

which is the corresponding Cartesian form of the equation of plane.

='ENglo] SR Find the vector equation of a plane passing through the point (5, 5, —4)
and perpendicular to the line with direction ratios 2, 3, -1.

5i+5]— 4k

Solution : Here a
n 2?+3] —k

and
Equation of plane is (F_ (5i+5] - 4|2)) (2i+3j-k) =0

35.6 EQUATION OF A PLANE PASSING THROUGH THREE

NON COLLINEAR POINTS

(@ Vector Form
Let a,b and ¢ be the position vectors of the given points Q, R and S respectively.

Let r be the position vector of an arbitrary point P on the plane.

Vectors QR =h—a,QS =c—aand QP = —a lie in the same plane and QR x QS is
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a vector perpendicular to both QR and QS . Therefore QR x QS is perpendicular to
QP also.

P(r)

Q(a)
QP.(QRxQS) =0
R(b) S(c)

Fig. 35.4

G—a{@—ax@—a}:o ..(5)
This is the equation of plane in vector form.

(b) Cartesian Form
Let (X, Y, 2), (X3, Yys Z9)s (X5, Yor Z,) @nd (X3, Y3, Z5) be the coordinates of the points
P, Q, R and S respectively.

QP =r—a=(x—x)i+(y-y)j+ -2k

QR=b-a= (X, —X1)€+(YZ - Y1)] +(2, _21)lz

QS =C—a=(Xs—%)i+ (Y5~ V1)] + (2 - 2)k
Substituting these values in equation (5) we get.

X=X Y=-Y1 -7
Xo=X Yo=Y1 Z,—-7430 =0
X3—=X% Y3—YN1 ZL3—74

which is the equation of plane in Cartesian form.

SE RN Find the vector equation of the plane passing through the points
Q(2, 5, -3), R(-2, -3, 5) and S(5, 3, -3).

Solution : Let a,b and ¢ be the position vectors of points Q, R and S respectively and

r be the position vector of an arbitrary point on the plane.

Vector equation of plane is {F—é}.{(ﬁ—é) x (5—5)} =0

Here a = 2?+5]—3I2
b = —2i—3j+5k
¢ = 51+3j-3K
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—4i -8 +8k
3i-2j

ol Tl
|
[SS RN

Required equation is {r — (2i +5] —3k)}.{(-4i 8] +8k) x (31 —2])} =0

35.7 EQUATION OF A PLANE IN THE INTERCEPT FORM

Let a, b,c be the lengths of the intercepts made by the plane onthe x,y and z axes respectively.
It implies that the plane passes through the points (a,0,0), (0,b,0) and (0,0,c)

Putting X =a y; =0 ;=0
Xy =0 y, =b z, =0
and X3 =0 y3 =0 z3 = cin(A),
we get the required equation of the plane as
X-—a y z
-a b 0 =0
—-a 0 c

which on expanding gives bcx + acy + abz —abc = 0

X vy z
—+=+—-=1
or s pteTr e (B)

Equation (B) is called the Intercept form of the equation of the plane.
=0 CRERN  Find the equation of the plane passing through the points (0,2,3), (2,0,3) and

(2,3,0).
Solution : Using (A), we can write the equation of the plane as
x-0 y-2 z-3
2-0 0-2 3-3 | =0
2-0 3-2 0-3
X y-2 z-3
or 2 -2 0 =0
2 1 -3

or X(6-0)-(y—-2)(-6)+(z-3)(2+4)=0

or 6x+6(y—-2)+6(z-3)=0

or X+y—-242z-3=0 or X+y+z=5

Show that the equation of the plane passing through the points (2,2,0), (2,0,2)

and (4,3,1) isx=y+z.
Solution : Equation of the plane passing through the point (2,2,0) is
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a(x-2)+b(y-2)+cz=0 .. (0
-+ (i) passes through the point (2, 0, 2)
a(2-2)+b(0-2)+2c=0
or c=b . (i)
Again (i) passes through the point (4, 3, 1)

a(4-2)+b(3-2)+c=0
or 2a+b+c=0 ...(1i)
From (ii) and (iii), weget 23 + 2b =0 Ora=-b
(i) becomes
-b(x-2)+b(y-2)+bz=0
or -(x-2)+y-2+z=0
or y+z-x=0
or X=Yy+2Z

S'E1lo] FRIHN Reduce the equation of the plane 4x — 5y + 6z — 60 = 0 to the intercept
form. Find its intercepts on the co-ordinate axes.

Solution : The equation of the plane is
4x -5y +6z2-60=0 or 4x -5y + 62 =60 ...(I)

4x 5y 6z X y z

e (i ; A Ay | —t+——+—=1
The equation (i) can be written as 60 60 80 or 15 (-12) 10

which is the interecept form of the equation of the plane and the intercepts on the co-ordinate
axesare 15, -12 and 10 respectively.

el WA Reduce each of the following equations of the plane to the normal form:

2x -3y +4z-5=0 (i) 2x+6y—-3z+5=0
Find the length of perpendicular from origin upon the plane in both the cases.
Solution : (i) The equation ofthe planeis 2x -3y +4z-5=0 ... (A

Dividing (A) by /22 + (32 ) + 42 or, by \/29
. 2X 3y N 4z 5 _0
We st V29 V29 V29 V29
2X 3y 4z 5

or 29 29 29 29

which is the equation of the plane in the normal form.

5
. Length of the perpendicular is E

(i) Theequation of the planeis 2x + 6y -3z +5=0 .. (B)
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or by —7 we get, [ refer to corollary 2]

+ = +
7 7 7 7 7 7 7 7
Notes | which isthe required equation of the plane in the normal form.

5
. Length ofthe perpendicular from the origin upon the plane is 7

el RERN The foot of the perpendicular drawn from the origin to the plane is (4, -2, -5).
Find the equation of the plane.

Solution : Let P be the foot of perpendicular drawn from origin O to the plane.

Then P isthe point (4,-2,-5). 0

The equation of a plane through the point P (4, -2, -5)is
a(x—-4)+b(y+2)+c(z+5)=0 .. ()

Now OP | plane and direction cosines of OP are proportional to

4-0,-2-0,-5-0 )

ie. 4,-2,-5.

Substituting 4, -2 and — 5 fora, band cin (i), we get Fig.35.5
4(x-4)-2(y+2)-5(z+5)=0

or 4x -16 -2y -4-52-25=0

or 4x — 2y — 5z = 45

which is the required equation of the plane.

Q
\ & § CHECK YOUR PROGRESS 35.1

1.  Reduce each ofthe following equations of the plane to the normal form:
() 4x +12y -6z -28=0
() 3y+4z+3=0
2.  Thefoot of the perpendicular drawn from the origin to a plane is the point (1, -3,1) . Find
the equation of the plane.

3. Thefoot of the perpendicular drawn from the origin to a plane is the point (1, -2, 1). Find
the equation of the plane.

4, Find the equation of the plane passing through the points
(@) (2,2,-1),(3,4,2)and (7,0,6)
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10.
11.

12.

(b) (23-3),(L1-2)and (-1,1 4)

© (2,2,2),(3L1)and (6,—-4,-6)

Show that the equation of the plane passing through the points (3, 3,1), (-3,2 — 1)and
(8,6,3)is 4x + 2y —13z =5

Find the equation of a plane whose intercepts on the coordinate axes are 2,3 and 4
respectively.

Find the intercepts made by the plane 2x + 3y + 4z = 24 onthe co-ordinate axes.
Show that the points (-1,4,-3),(3,2,-5),(-3,8,-5)and (-3,2,1) are coplanar.
() What are the direction cosines of a normal to the plane x — 4y + 3z = 7.?
(i) What is the distance of the plane 2x + 3y — z = 17 from the origin?
(i) The planes r.(i— j+3k)=7 and r.(3i—12j—5k) = 6 are ... to each other.

Convert the following equation of a plane in Cartesian form: r.(2j + 3] — 4k) =1.

Find the vector equation of a plane passing through the point (1, 1, 0), (1, 2, 1) and
(-2, 2, -1).

Find the vector equation of a plane passing through the point (1, 4, 6) and normal to
the vector j— 27 +k.

35.6 ANGLE BETWEEN TWO PLANES

P, 2
Let the two planes p;and p, be given by \‘}-
aX + by + ¢z + dy = 0 0, 4 n,
and a,x + by + Coz +dy =0 ...(i) / | /|o2
Let the two planes intersect in the line land let n; and n, be
normals to the two planes. Let ¢ be the angle between two —
planes. Fig.35.5
. The direction cosines of normals to the two planes are
8 by Cy
_\/al +by? + ¢ \/al +by? + ¢ \/al +by? + ¢
and 42 by : C ,

T y 4+ +
2 . 2, 2 -
Jag2 + b, + ¢, Ja2 + 0,2 0,2 aa,® + by? + ¢,
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ic i aja, + bbo + cqC
.. cos O isgivenby cos0 = + 192 + D102 + C4Cp

\/alz + b12 + c12 \/azz + b22 + c22

where the sign is so chosen that cos © is positive
Corollary 1:
When the two planes are perpendicular to each other then 6 = 90° i.e., cos® = 0

The condition for two planes a;x + byy + ¢z +d; =0
and  a,x + b,y +c,z+d, =0 tobe perpendicular to each other is

djan + blb2 + CCy = 0

Corollary 2 :

If the two planes are parallel, then the normals to the two planes are also parallel
a_b_o
a; by ¢

. The condition of parallelism of two planes a;x + byy + ¢,z + d; = 0 and

q b _¢

a)X+byy+coz+d,=01s a, b, ¢,

This implies that the equations of two parallel planes differ only by a constant. Therefore, any plane
parallel to the planeax + by + cz+d =0 isax + by + cz + k=0, where K is a constant.

SElo] CRIRCR Find the angle between the planes

3X+2y-6z+7=0 ... 0]
and 2Xx+3y+22-5=0 ... (i)
Solution : Here a; = 3,b; =2,¢; = -6
and ap =2,by =3,cp =2

. If @ isthe angle between the planes (i) and (ii), then
32+23+(-6).2

V32 +22 4 (-6)° 22 432 4 22

cosO = =0

o0 =90°
Thus the two planes given by (i) and (ii) are perpendicular to each other.

S'ETglo] FRWINN Find the equation of the plane parallel to the plane x —3y + 4z -1=0
and passing through the point (3,1,-2).

Solution : Let the equation of the plane parallel to the plane
9. () What are the direction cosines of a normal to the plane x — 4y + 3z = 7.?
(i) What is the distance of the plane 2x + 3y — z = 17 from the origin?
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(i) The planes r.(i— j+3k)=7 and r.(3i—12j—5k) = 6 are ... to each other.

10. Convert the following equation of a plane in Cartesian form: r.(2i + 3] — 4k) =1.

11. Find the vector equation of a plane passing through the point (1, 1, 0), (1, 2, 1) and
-2, 2, -1).

12. I(:ina tr’1e Vt)actor equation of a plane passing through the point (1, 4, 6) and normal to
the vector j— 27 +k.

X—-3y+4z-1=0bex-3y+4z+k=0 ... 0]

Since (i) passes through the point (3,1, -2, it should satisfy it

. 3-3-8+k=0 or k=8

. Therequired equation of the planeis x -3y + 4z + 8 = 0

el MEN Find the equation of the plane passing through the points (-1, 2,3)and
(2,-3,4) and which is perpendicular to the plane 3x + y —z +5=10

Solution : The equation of any plane passing through the point (-1, 2,3)is

a(x+1)+b(y-2)+c(z-3)=0 .. ()
Since the point ( 2, -3, 4) lies on the plane (i)
3a-50+c=0 ...(i)
Again the plane (i) is perpendicular totheplane 3x + y -z +5=10
3a+b-c=0 ....(ii)

From (i) and (iii), by cross multiplication method, we get,
a b ¢ a b

C
4 6 18" 273 9
Hence the required equation of the plane is

2x+D) +3(y-2)+9(z-3) =0 ...[From(i)]

or 2Xx +3y +9z =31

S'ENglo] CISMIPA Find the equation of the plane passing through the point (2, -1,5) and
perpendicular to each of the planes

X+2y-z=1 and 3x -4y +z =5
Solution : Equation of a plane passing through the point (2, -1, 5) is
a(x-2)+b(y+1)+c(z-5)=0 .. ()
As this plane is perpendicular to each of the planes
X+2y-z=1 and 3x-4y+z=5
We have al+b2+c(-1)=0
and a3+b(-4)+c(@=0
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or a+2b-c=0 . (i)
3a—-4b+c=0 (iii)
From (ii) and (iii), we get
a b ¢
2-4 -3-1 -4-6
or _12=_£4=_L10 or 222y
s a=»A,b=2randc=5)
Substituting for a, band c in (i), we get
AM(x—-2)+2r(y+1)+5r(z-5)=0
or X—-2+2y+2+52-25=0
or X+2y+52-25=0

which is the required equation of the plane.

Q
\ & 4 CHECK YOUR PROGRESS 35.2

1. Findthe angle between the planes
()2x-y+z=6andx+y+22=3
(i)3x —2y+z+17=0and 4x +3y —-6z+25=0

2. Prove that the following planes are perpendicular to each other.
(M)x+2y+2z=0and 2x +y—-2z2=0
(i) 3x +4y—-5z=9and 2x + 6y + 62 = 7

3. Find the equation of the plane passing through the point ( 2,3,-1) and parallel to the
plane 2x +3y +6z2+7 =0

4. Find the equation of the plane through the points (-1,1,1) and (1,-1,1)and
perpendicular to the plane x + 2y + 2z = 5

5. Find the equation of the plane which passes through the origin and is perpendicular to
eachofthe planes x + 2y + 2z =0and 2x +y -2z =0

35.9 DISTANCE OF A POINT FROM A PLANE

Let the equation of the plane in normal form be
XCOS o +Yycos p+zcos y=p wherep>0 ... Q)

Case | : LetthepointP (x',y', z") lie onthe same side of the plane in which the origin lies.
Let usdraw a plane through point P parallel to plane (i).Its equation is
XCO0S o +ycosp+zcosy=p'" .. (i)
where p'is the length of the perpendicular drawn from origin upon the plane given by (ii). Hence
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the perpendicular distance of P fromplane (i)isp — p'
As the plane (i) passes through the point (x',y', z"),
X'CoS aa+y'cos p+2z'cosy=p'
. The distance of P from the given plane is
p—p'=p—(x'cos a+y'cos B+z'cos y)

Case Il : If the point P lies on the other side of the plane in which the origin lies, then the
distance of P from the plane (i) is,

p'—p=X'cCoSa+Yy' cosp+z'cosy—p
Note : If the equation of the plane be given as ax + by + cz + d = 0, we have to first
convert it into the normal form, as discussed before, and then use the above formula.

ST lo) CRINER Find the distance ofthe point (1,2,3) fromthe plane 3x — 2y + 52 +17 =0

31-22+53+17 31
Solution : Required distance = \/32 T (-2)2 1 52 ~ /38 units.

=enloCRIMEN Find the distance between the planes
X—-2y+3z2-6=0

and 2X -4y +62+17 =0
Solution : The equations of the planes are
X—-2y+3z-6=0 ()]
2X —4y +62+17=0 (1))
1 (-2) 3
Here 2 m "%

. Planes (i) and (ii) are parallel
Any point on plane (i) is (6, 0, 0)
. Distance between planes (i) and (ii) = Distance of point (6,0,0) from (ii)

2x6-4.0+6.0+17
S J(2)7 + (-4) + 62
I R
\/%unls zmunls

Q
\ & @ CHECK YOUR PROGRESS 35.3

1. Find the distance of the point
(i) (2,-3,1) fromthe plane 5x — 2y + 3z +11 =0

(i) (3, 4,—5) fromtheplane 2x -3y + 3z + 27 = 0
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VMODULE Xy Find the distance between planes
ectors and three

dimensional Geometry 3X+y—-z—-7=0and 6x+2y-2z+11=0

52
ezl | ET Us sum UP

Notes |. A planeis a surface such that if any two points are taken on it, the line joining these two
points lies wholly in the plane.

74

- A

. r n=d isthevector equation of a plane where n isaunit vector normal to the plane and

d is the distance of the plane from origin.

. Corresponding cartesian form of the equation is | x +my +n z =d, where I,m,n are the
direction cosines of the normal vector to the plane and d is the distance of the plane from
origin.

- 2>\ -
. ( r— aj .n =0 jsanother vecter equation of a plane where g IS position vecter ofagiven

point on the plane and ﬁ isa vecter normal to the plane.

. Corresponding cartesion form of this equation is a(x-x,) + b(y-y,) + ¢(z-z,)=0, where
a,b,c are the direction ratios of normal to the plane and (x,,y,,z,) are coordinates of
given point on plane.

. ( r- aj -{(b— aj X ( C— aj} =0 js the equation of a plane possing through three points

with position vecter 5 |y and . respectively.
. Its corresponding cartesian equation is:
X=% Y=Y -7
X=X Yo=Y1 Z,—73)=0
X=X Ys=Y1 4374
z

X
. Equation of a plane in the intercept from is 2 + % + c =1

where a,b and c are intercepts made by the plane on x,y and z axes respectively.
. Angle g betweentwo planes a;x + byy + ¢;z+d; =0
and a,x + byy + Cyz + d, = 0 isgivenby
+ +
oSO = + 13y + by +¢1C)
\/alz + b12 + 012 \/azz + bzz + 022

. Two planes are perpendicular to each other if and only if

djan + blb2 + CCy = 0
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Two planes are parallel if and only if g = E = c,

Distance ofapoint (x',y',z") fromaplane
XCOSOL + YCOSP + zCoSy = pIs

|p—(x'coso +y'cosP +z'cosy )|, wherethe point (x',y',z") liesonthe same
side of the plane in which the origin lies.

e\ SUPPORTIVE WEB SITES

http:/Mmww.mathopenref.com/plane.html

http://en.wikipedia.org/wiki/Plane_(geometry)

el TERMINAL EXERCISE

10.

11.

12.

Find the equation of a plane passing through the point (-2, 5, 4)

Find the equation of a plane which divides the line segment joining the points ( 2,1, 4 ) and
(2,6,4)internally in the ratio of 2:: 3.

Find the equation of the plane through the points (1,1,0), (1,2,1) and (-2, 2,-1).
Show that the four points (0,-1,-1),(4,5,1),(3,9,4 )and (-4, 4,4) are coplanar.
Also find the equation of the palne in which they lie.

The foot of the perpendicular drawn from(1, -2, -3 )to aplaneiis (3,2, -1). Find the
equation of the plane.

Find the angle between the planes x + y + 2z = 9and 2x —y + z =15

Prove that the planes 3x -5y +8z -2 =0 and 12x — 20y + 32z + 9 =0 are
parallel.

Determine the value of k for which the planes 3x - 2y + kz-1=02and

X + ky + 5z + 2 = 0 may be perpendicular to each other.

Find the distance of the point (3,2, -5 ) fromthe plane 2x — 3y -5z = 7

Find the vector equation of a plane possing through the point (3,-1,5) and perpendicular
to the line with direction ratios (2,-3,1).

Find the vector equation of a plane perpendicular to the vecter 3j.5 gk andata

distance of 7 units from origin.
Find the vector equation of a plane passing through the points A(-2,6,-6), B(-3,10,-9),
and C(-5,0,-6).
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MODULE - IX A
Vectors and three N
dimensional Geometry lV, ANSWERS

CHECK YOUR PROGRESS 35.1

L) X 1y ez, o —3y_4,.3
1t Ot T ) —5¥-5%273
2. X-3y+z-11=0 3. x-2y+z-6=0 4. (a) 5x+2y-3z-17=0
X y z
(b) 3x-y+2=0 () x+2y-2=4 6 —+7 Z=1

7. Interceptson x,y & z axes are 12,8,6 respectively.

1 -4 3 17
0. ()] /26 ' 426 ' V26 (in) ﬁunits (iin) perpendicular

10. 2Xx+3y-4z =1 11. ;.(2>A<+3§/—3I2j=5 12. ;.(§—2§/+I2j+1=0
CHECK YOUR PROGRESS 35.2

.0 g (ii)g 3. 2X+3y+62=7 4 2Xx+2y—-32+3=0

5. 2X —2y+z2=0
CHECK YOUR PROGRESS 35.3

1. ()] %units (i) iunits. 2. iunits.
38 J22 2411
TERMINAL EXERCISE
1. a(x+2)+b(y-5)+c(z-4)=0
2. a(x—-2)+b(y-3)+c(z-4)=0
3. 2X+3y—-32-5=0 4. 5x—-7y+11z+4=0 5 Xx+2y+z2=6

18

T > Ao A
_ = ok =-— = ) {r—(—3|+J+5kj}.(2|—3]+kj:0
6 3 8. k 1 9 /38 10

> 3i+5j-6k
22170
N

1 {?.(—2?+6}—6&)}.{(—%4}—3&){—3?—6}j}:o

11.
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