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Exercise 11.3

Note: Formula for question numbers 1 and 2.
If p is the length of perpendicular from the origin to a

A
plane and n is a unit normal vector to the plane, then

- A
equation of the plane is r . n = p (where of course p
being length is > 0).
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1. In each of the following cases, determine the direction
cosines of the normal to the plane and the distance from

Sol.

the origin.
(a) z=2 B)x+y+2z=1
) 2x +3y-2=5 d 5y +8=0
(a) Given: Equation of the plane is z = 2
- -
Let us first reduce it to vector form r n =d
where d > 0
or Ox +0y +1z2=2 (Hered =2 > 0)
A A A A A A
= (i +yj +2zk). 0 +0j + k)=2
A A A A A A
(o agag +bibg +cicg=(aji +byj +cik).(agi +byj +cyk))
- -
= r . n = 2 where we know that
- A A A
r =xi +yj +2zk = (Position vector of point P(x, y, 2))
- A AA
and here n =0; +0; + &
- — = A
Now let us reduce r . n =d to r . n =p
- =
. . & ron
Dividing both sides by | n |, - Y4
%
Inl
- Ao
4 7> £_. where;\l n 0i+0j+k
.e., R = 2= - — - —- =Y 7
P o Jor0+T-1
n

()

A A AA
ie, n =00 40j + %k andp =2

By definition, direction cosines of normal to the plane

A VANAN A

are coefficients of i, j, £ in n ie, 0,0, 1 and length
of perpendicular from the origin to the plane is p = 2.
Given: Equation of the planeisx + y +z =1
> lx+1ly+1z=1 (Here d =1 > 0)

A A A A A A
= i +yj +zk). (i +J +k)=1
- = - A A
e, r . n =1 where n =1 + j + k
. - 2,12 , 12
Dividing both sides by | n | = {1°+1*+1° = /3, we have
— ? 1
r _ = —
- —
A Inl



(c)

(d)

A A

) - A 1 A Z) §+j+k
e, r .n=ﬁ=pwheren=:=%7
Inl  Inl=3
. A 1 A 1 A 1 2 d 1
le., n=-—1i7+—73j + — an =
BB T G

By definition, direction cosines of the normal to the
1 he coeffi £7, 7,k inn 11
plane are the coefficients of i, j, k& in n ie, —, —,
! BB

% and length of perpendicular from the origin to the plane
isp= L
Nk

Given: Equation of the plane is 2x + 3y —z =5
= 20+3y+(-1z=5 (Here d = 5 > 0)

A A A A A A
= (i +yj +zk). 21 +3j —k)=5

- N — A A A
ie, T .n =5 where n =27 +3J) -k

%
Dividing both sides by | n | = J4+9+1 = 14,

- 5
we have r —

EN

Inl Inl

%
e, r

A 5 o
.n=ﬂ=pWheren= ﬁzmz\/ﬁ
n

A
l

+
ﬁ‘ w
S

.
=]
S

) 2
i.e., n =T
By definition, direction cosines of the normal to the
AN A AN 3

A 2
lane are coefficients of i, j, k& in e, —, —,
P J " iz’ 14

-1
iz and length of perpendicular from the origin to the

| . 5
plane is iz
Given: Equation of the plane is
5 +8 =0 or 5y=-8
Dividing both sides by — 1 to make R.H.S. (= d) as positive,
-5y =8 or Ox +(-5)y+0z=8 INowd =8> 0

A A A A /\ A
= (@i +yj +2zk).(0i -55 +0k)=38
- N - A A AN

ie, r .n =8 where n =07 —5j +0k



Dividing both sides by | 72 | = 02 + (— 5) + 02

. -
Le., lnl= .25 =5
- 7 8 . - A 8
wehave r . — == e, r .n =—-=p
- 5 5
Inl
- A A A
A n 0i-5j+0k
where n = — = ——%——
- 5
Inl
0or 5% 0% A 8
= -1 - - +—k—0 - +Okand = —
5' 57 - P=3
. By def1n1t1on direction cosines of the normal to the

AAA A
plane are coefficients of i, j, 2 in n i.e, 0, -1, 0 and

length of perpendicular from the origin to the plane is g

2. Find the vector equation of a plane which is at a distance
of 7 units from the origin and normal to the vector

A A A
3i +5j -6k.

N A A A
Sol. Here n =3i +5j —6k
*. The unit vector perpendicular to-plane is

: W 3i+5j6k _ 3i+5j-6k
2 NG+ R (-6 V70
Also p=17 (given)

— A
Hence, the equation of the required planeis r . n =p

> 3i+5] -6k _
) J70
%

A A A
or r .@Bi +5j —6k)="7470.
3. Find the Cartesian equation of the following planes:

le.,

- A A A - A A A
@ r . (i +j-k)=2 b r .2i +3j -4k) =1

N A A A
@ r . [s-2Di +3B-tj +2s+DE] =
Sol. (a) Vector equation of the plane is
- A AA
r (L +J—k)—2 (D)
- A
Putting r =xi +yj + zk in (i) (we know that in 3-D,
%

r is the position vector of any point, P(x, y, 2)),



Cartesian equation of the plane is

A A A A AA

xi +yj +zk).(i + ] —k)=2
= x(1)+y(1);z(—1)=2 = x+y-—2z=2.

(b) We know that r is the position vector of any arbitrary

point P(x, y, z) on the plane.
- A A A

r =xi +yj +zk,
— A A A
r .(2i +3j —4k) =1 (given)
AN /\ N A /\ A
= @i +yJ +zk).2i +3) —-4k)=1
= 2¢ + 3y — 4z =1

which is the required Cartesian equation of the plane.
(¢) Vector equation of the plane is

- A N A
r . s=200i +B-8j +2s+t)k]1=15 ()
%

We know that r is the position vector of any point P(x, y, z) on
plane (7).

- A A A

r =xi +yj +zk

—> A A AN

Putting r =xi +yj +zk in (i), Cartesian equation of
the required plane is
A A A

A A A
(xi +y] +zk).[(s-20i +@B-0j+2s+t)k]1=15
ie., x(s — 2t).+y(3 —t) + 2(2s + t) = 15.

4. In the following cases, find the coordinates of the foot of

Sol.

the perpendicular drawn from the origin.
(@) 2x +3y +42 -12=0 b)3y+4z2-6=0
) x+y+z=1 0(0,0,0)
d) 5y + 8 = 0.
(a) Given: Equation of the plane is
2¢ + 3y + 42 -12=0 D)
Given point is O(0, 0, 0)
Let M be the foot of perpendicular drawn i
from the origin (0, 0, 0) to plane (@).
By definition, direction ratios of 2x+3y+4z-12=10
perpendicular OM to plane (i) are coefficients of x, y, z in (i)
ie, 2,3,4=a,b,c.
Equations of perpendicular OM are

x-0 y-0 z-0 _ X=% _Y=Nh _2-%
5 "3 = a "MW b c
S XY _Z o L =nand Z =2
2 3 4 2 3 4
= x =2\ y =3\ z =4\
Point M of this line OM is M(2A, 3A, 4)) .(@0)

for some real A.



(®)

(c)

But point M lies on plane (i)
Putting x = 2\, y = 3A, z = 4A in (i), we have
2(2M) + 3(3A) + 4(40) — 12 =0
= 40 + 90 + 160 = 12 = 291 = 12
12

= A= =
29

12
Putting A = 29 in (i), foot of perpendicular M

For figure, see figure of part (a).
Given: Equation of the plane is 3y + 4z — 6 = 0 ..(0)
Given point is O(0, 0, 0)
Let M be the foot of perpendicular drawn from the origin to
plane (@).
By definition direction ratios of perpendicular OM to
plane (i) are coefficients of x, y, z in (7) i.e., 0, 3, 4 = a, b, c.
Equations of perpendicular OM are

- - - X—% Y-y 22—z
x0=y 0=z 0=?»(say) i _ 1_ 1

24 36 48
29729729 |

0 3 4 a b c
:>£=Z=E=Msay) :§=}»,X=kandi=k
0 3 4 0 3 4
= x=0,y =3\ 2z =4\
Point M of this line OM is M(0; 3A, 4\) .(@0)

for some real A.
But point M lies on plane (i)
Putting x = 0, y = 3A, z = 4A 'in (i), we have
3(3L) + 4(4)) —6.=0 or 9\ + 16A =6
6

= 26L=6 = A= —
25

Putting A = —2% in (i7), the required foot M of perpendicular

. 18 24
is |0,—,—|.
25° 25

For figure, see figure of part (a).
Given: Equation of the plane is
x+y+z=1 ..(0)

Given point is O(0, 0, 0)
Let M be the foot of perpendicular drawn from the
origin (0, 0, 0) to plane (7).

By definition direction ratios of perpendicular OM to
plane (i) are coefficients of x, y, z in (7) i.e.,, 1,1, 1 = a, b, c.

Equations of perpendicular OM are

x-0 y-0 z-0 X—% _y-y _Z—2

1 1 1 a b c




e, -2 _Z _jcay ~ T =12 =rand 2 =2
1 1 1 1
= xX=AYy=A2z=XA
Point M of line OM is M(A, A, A) ..(@1)

for some real A.
But point M lies on plane (i)
Putting x = A, y = A, z = A in (i), we have

A+A+r=1 = =1 = x=§

Putting A = % in (ii), required foot M of perpendicular is

111
3’3’3/
(d) For figure, see figure of part (a).
Given: Equation of the plane is
5 +8=0 (2)
Given point is O(0, 0, 0)
Let M be the foot of perpendicular drawn from the origin (0, 0, 0)
to plane (7).
By definition, direction ratios of perpendicular OM to
plane (i) are coefficients of x, y, z in (i) i.e., 0, 5, 0 = a, b, c.
Equations of perpendicular OM- are

x-0 y-0 2z-0 X—% _Y-Nn_2-&
N\ a b c
. x y z x y z
N S e = A =~ =A = =Aand = = A
2§ NS4 0 5 99
= x=0,y=5\2z=0
Point M of line OM is M(0, 54, 0) ()

for some real A.

But point M lies on plane (i)

Putting x = 0, y = 50 and z = 0 in (i), we have
5(6.) + 8 =0 or 25A=-8

= A=— 8
25
Putting A = — % in (i), required foot M of perpendicular is

- 40 -8
0,=2 0] ={0,=8,0].
o) =[050)

5. Find the vector and cartesian equations of the planes
(a) that passes through the point (1, 0, - 2) and the normal
A A A
to the plane is i + j - .
(b) that passes through the point (1, 4, 6) and the normal
A A A
vector to the planeis i -2 + k.



Sol. (a) Vector form of equation of the plane
The given point on the plane is (1, 0, — 2)
The position vector of the given point is

N A A A A A
=1,0,-2)=1i +0; -2k =i -2k
Also Given: Normal vector to the plane is
— A A AN
n=1i+j -k
Vector equation of the required plane is
- - - — b -
(r —-a). n = le, ' . n —a n =0
e
le., r n =a .n
— —
Putting values of @ and n ,
- A A A A A A AA
r. (i +j-k)=0i -2k).(i +j —Fk)
- A AA
e, r .(i +j —k)=1D+0D+=2)-D=1+2=3

- A AA
ie, r .(i +j —-k)=3
Cartesian form of equation of the plane
The plane passes through the point (1, 0, — 2) = (xy, ¥4, 2;)
A A

= A
Normal vector to the plane is n = i. +"j — &
Direction ratios of normal to the plane are coefficients

AAA N
of i, j,kinn e, 1,1, -1

Cartesian equation of the required plane is
ax -x) +b(y-y) +c(z-2) =0

or Ilx =D+ L(y-0-(=+2)=0
ie., x—1+y—-2-2=0
ie., x+y—2z=3.

(b) Vector form of the equation of the plane
The given point on the plane is (1, 4, 6).

. The position vector of the glven pomt is
A

@ =(L,4,6) =7 +4] +6k

— A A A
Also Given: normal vector to the planeis n = i —-2j+ k.
— N —
. Equation of the planeis (r — a). n =0
— — - . g — - =
or r .n —a.n =0 e, r n =a.n
Putting Values of a and n
N A A A A A A A
r . (i —2] +k)—(i +4j +6k). (i —=2j + k)
=1-8+6=-1 (l)

Cartesian Form

The plane passes through the point (1, 4, 6) = (x;, ¥, 2,).
- A A A

Normal vector to the planeis n = 1 —2j + k.



AN
D.R.’s of the normal to the plane are coefficients of i,
AA N
Js kin n
le., 1,-2,1=a,b,c
Equatlon of the requlred plane is
ax —x) +b(y —y) +clz-2)=0

or 1(x—1)—2(y—4)+1(z—6)—0
or x—1-2y+8+2-6=0
or x—2y+2z+1=0

Alternatively for Cartesian form

A A A A A A
Fromeqn. (i), (xi +yj +2zk).(1 —=2] + k)=-1

or x—2y+z=-1or x—2y+2z+1=0.
6. Find the equations of the planes that passes through three
points:
(a) (19 1, - 1)’ (6’ 4, - 5)9 - 4, - 2, 3)

b)

1,1,0,@1,2, 1), (-2,2,-1)

Sol. We know that through three collinear points A, B, C i.e., through
a straight line, we can pass an infinite number of planes.

(@)

()

The three given points are
A, 1, - 1), B(6, 4, — 5), C(— 4, — 2,:3)
Let us examine whether these points are collinear.
Direction ratios of line AB are
6-1,4-1,-5+1 X5 — %1, Y9 — Y1, 29 — 21
=5,3,—4=ay,b,¢
Again direction ratios of line BC are
-4-6,-2-4,3-(-5)==10, -6, 8 = ay, by, ¢y

Here ﬂ=b—1=c—1:>i=i=_é
a2 b2 02 -10 -6 8
= —l=—l=—lwhichistrue.
2 2 2

Lines AB and BC are parallel.
But B is their common point.

Points A, B and C are collinear and hence an infinite
number of planes can be drawn through the three given
collinear points.

The three given points are

A(1, 1, 0) = (xq, ¥1, 21), B(1, 2, 1) = (xq, ¥y, 29)
and C(- 2, 2, — 1) = (x3, y3, 23)
Let us examine whether these points are collinear.
Direction ratios of line AB are

1-1,2-1,1-0 | X9 — %1, Y9 — ¥1, 29 — 21
ie., 0,1,1=ayq, by,
Direction ratios of line BC are
-2-1,2-2,-1-1=-3,0, -2 = ay, by, ¢y
Here ﬂ=ﬁ=i1:>i=l=i
a2 b2 Cz —3 O _2

which is not true.



Sol.

Sol.

Sol.

Points A, B, C are not collinear.
Equation of the unique plane passing through these
three points A, B, C is

X =X y-mn z2-z

Xg=%; Y2-¥1 22-%| =0
X3—X1 Y3~V 23—3%
x-1 y-1 z-0 x-1 y-1
= 1-1 2-1 1-0| =0= 0 1 1| =0
-2-1 2-1 -1-0 -3 1 -1

Expanding along first row,
x-1DEE1-1D)-@-1DO+3) +20+3) =
-2x-1)-3y-1) + 3z =
- 20 +2-3y+3+32=0
- 2x-3y+3z2+5=0
2¢ + 3y — 3z -5=0
2t +3y -3z =5
which is the equation of required plane.
Find the intercepts cut off by the plane 2x +y - z = 5.
Equation of the plane is 2x + y — 2z = 5
Dividing every term by 5, (to make R.H.S. 1)
2x y z €2 y z

sliiu

+ < - =1lor —+ =+ — =1
5 5 5 5 5 -5
2
Comparing with intercept form X + % + 22 1, we have
a Cc
a= g, b =5, ¢ =—-5 which are the intercepts cut off by the

plane on x-axis, y-axis and z-axis respectively.
Find the equation of the plane with intercept 3 on the y-axis
and parallel to ZOX plane.
We know that equation of ZOX plane is y = 0.
Equation of any plane parallel to ZOX plane is y = & (D)
(". Equation of any plane parallel to the plane
ax +by+cz+d=0isax +by +cz+k =0
i.e., change only the constant term)
To find k. Plane (i) makes an intercept 3 on the y-axis (= x =
0 and z = 0) i.e., plane (i) passes through (0, 3, 0).
Putting x =0,y =3 and z = 0 in (1), 3 = k.
Putting £ = 3 in (i), equation of required plane is y = 3.
Find the equation of the plane through the intersection of
the planes 3x -y + 2z -4 =0and x +y + z - 2 = 0 and the
point (2, 2, 1).
Equations of the given planes are
3x—-y+22-4=0 and x+y+2z2-2=0



10.

Sol.

(Here R.H.S. of each equation is already zero)
We know that equation of any plane through the intersection of
these two planes is

L.H.S. of plane I + A(L.H.S. of plane II) = 0
ie., 3x—-y+2z2-4+AMx+y+2z-2)=0 ..(0)
To find A. Given: Required plane (i) passes through the point
(2, 2, 1).
Putting x =2,y =2 and z = 1 in (7),
6-2+2-4+M2+2+1-2)=0

or 243=0 = 3AA=-2 = A=-—

w| o

Putting A = — % in (i), equation of required plane is

3x—y+22—4—§(x+y+z—2)=0

= 9 — 3y + 62 -12 - 2x — 2y — 22 +4 =0
= Tx — 5y + 4z — 8 = 0.
Find the vector equation of the plane passing through the

- A A A
intersection of the planes r . (2i + 2 g - 3k) =1,

- A A A
r.(2i +5j +3k) =9 and through the point (2, 1, 3).

Vector equation of first plane is

ad A A A A A A A A A

r .2i+2; -3k)=T7 ie(xi +yj+zk). 20 +2j-3k)=7
le.2x+2y—32—T7=0 (making R.H.S. zero) (1)
Vector equation of second plane is

— A A A A A A A A A

r .20 +5j +3k)=9 iexi +yj+zk). 27 +5j+3k)=9
l.e.2¢+5y+32-9=0 (making R.H.S. zero) .(@0)

We know that equation of any plane passing through the line of
intersection of planes (i) and (i7) is

LHS of @) + A L.H.S of (i) = 0

ie. 2 +2y—-32-7T+A 2x+5y+32-9 =0

e 2c+2y—32—-T+2x + 50y + 3z —-9A =0
ie.(2+20)x+2+50)y+(-3+3A0)z="7+ 9\ ...(1i)

To find A : Given plane (iii) passes through the point (2,1,3)
putting x = 2, y = 1, z = 3 in (7i1),

(2+20)2+2+50)1+(3+303=7+9
or 4 +4L+2+51-9+9A =7+ 9A
10

IN-3=17 =>9)»:10=>}»:3



11.

Sol.

12.

10
Putting A = ry in (iif), equation of required plane is

20 50 30
24+ = 24— B+—|z=
( 9]x+( 9jy+( 9jz 7+ 10

38 68 3
or ;X+ 3y+ §Z=17
Multiplying by L.C.M. = 9, 38x + 68y + 3z = 153
or x (38) + y (68) + z (3) = 153
A A A A A A
or (xi +yj +zk). (381 +68j +3k) =153

— A A A
ie. r .(38; +68; +3k) =153
which is the required vector equation of the plane.
Find the equation of the plane through the line of
intersection of the planes x + y +z=1and 2x + 3y + 42 =5
which is perpendicular to the plane x -y + 2 = 0.
Equations of the given planes are
x+y+z=1 and 2¢ + 8y +4z =5
Making R.H.S. zero, equations of the planes are
x+y+2z—-1=0 and 2x + 3y + 4z ~5 = 0.
We know that equation of any plane through the intersection of
the two planes is
(LH.S.of I) + A(L.H.S. of IT) = 0
ie., x+y+2z2-1+M2x+3y+4z2-5)=0 ..(0)
ie., x+y+2z-—1+2\x +3hy +4hz-5L=0
te, (1 +20x + (1 +30M)y +(1 +40M)z—-1-5A=0
Given: This plane is perpendicular to the plane
x—y+z=0
R aa, + bbby, + c105 =0
i.e., Product of coefficients of x + ... = 0
. T+20-AQ+30)+1+40=0
= 1+2A-1-3A+1+41=0 =2 3A+1=0 = 3A=-1
-1

- =3

Putting A = _?1 in (i), equation of required plane is

x+y+z—1—%(2x+3y+4z—5)=0

Multiplying by L.C.M. = 3,
3x+3y+3z2-3-2x—-3y—-42+5=0 =x-2z+2=0.
Find the angle between the planes whose vector equations
are

N A A A - A A A
r .2i +2j -3k)=5and r .8i -3j +5k)=3.



Sol. Equation of one plane is

13.

Sol.

— A A AN
F Q2% +2) —3k)=5 (D)

- -
Comparing (i) with r . n, = d;, we have

- A A A
normal vector to plane (i) is n; =27 +2; -3k

- A A A
Equation of second planeis r .(3i -3 +5k) =3 ...(i1)

- -
Comparing (i) with r . n, = dy, we have

— A A A
normal vector to plane (ii) is ny =3i —3; + 5k

Let 6 be the acute angle between planes (i) and (ii).

- -
By definition, angle between normals n; and n, to planes (i)

and (ii) is also 6.

- =
Ing.ngl 12(3) +2(=3) + (- 3)5|
cos 0 = =
- JA+4+9,9+9+25
Inyllngl
16-6-151  1-15] 15 15

=2 - - 0= cos! ——.
Ji7Ja3  ~ rxa3 73l RNCET

In the following cases, determine whether the given planes
are parallel or perpendicular and in case they are neither,
find the angle between them.
(@) Tx +5y +62 +30=0and3x-y-10z +4 =0
b) 2x+y+3z2-2=0andx -2y +5=0
() 2x -2y +42 +5=0and 3x -3y +6z2-1=0
d) 2x-y+32-1=0and 2x -y +3z+3 =0
(e) x + 8y +z-8=0andy +z2-4=0.
(a) Equations of the given planes are
Tx + 5y + 62+ 30 =0
(@x +by +cz+d;=0)

and 3x—y—-10z2+4 =0 (ay,x +byy +cyz+d,=0)

Here L — LY = 9 becomes 7 = 5 = s which is
(12 b2 C2 3 -1 - 10

not true.

.. The two planes are not parallel.

Again a,a, + bb, +¢c, =21 -5-60=21-65=-44#0
.. Planes are not perpendicular.

Now let 6 be the angle between the two planes.

lajay + biby + cicy |
\/a12+b12+012 \/a§+b22+c§
[7(8) +5(-1) + 6(-10) |
J@2 + 52 + 6% {(3)? + (-1 + (- 10)?

. cos O




®)

(c)

(d)

(e)

121-5-601 |- 44
J49+25+36/9+1+100 110110

- 2
= |- 441 = 44 = g 6200571 [)

110 110 5 5
Equations of the given planes are
20+y+32-2=0 (ax+dby+cz+d; =0)
and x -2y +5=0 ie, x—2y+0z+5=0
(agx + bgy + coz + dgy = 0)
Are these planes parallel?

c 1
Here % - b =1 2 == =3 which is not true.
aq bz Co 1 -2 0
\

(Ratio of coefficients of x in equations of two planes)
The given planes are not parallel.
Are these planes perpendicular?
Q109 + by + 165 =2(1) + 1-2)+ 30 =2-2+0=0
l

(Product of coefficients of x)
Given planes are perpendicular:
Equations of the given planes are
2c— 2y +4z +5 =0 (ax +by +ciz+dy=0)
and 3x —3y +62—-1=0 (agt+ byy + c9z + dy = 0)
Are these planes parallel?
Hereﬂzﬁzc—lﬂg:_fz:é = g=g=
ay by Cy 3 -3 6 3 3
which is true.
The given planes are parallel.
Equations of the given planes are
20—y +32—-1=0 (ax+by+ciz+d =0)
and 2x -y +3z2+3=0 (agx + byy + c9z +dy=0)
Are these planes parallel?

Hereﬂzﬁzcil2>2=;l=§:>1=1=1

ay b, Cy 2 -1 3
which is true.

The given planes are parallel.

Equations of the given planes are

4x+8 +z2-8=0 (ax+by+cz+d;=0)
and y+z—-4=0 de, Ox+y+2z-4=0

(agx + byy + c9z + dy = 0)

Are these planes parallel?

Here LS. ﬁ =49 4 4 = 8 = 1 which is not true.
Qg by Cy 0 1 1



14.

Sol.

The given planes are not parallel.
Are these planes perpendicular?
Here ajaq + b1by + 109 = 4(0) + 8(1) + 1(1)
=0+8+1=9=0 (D)
The given planes are not perpendicular.
To find the (acute) angle 6 between the given planes.

%
cos 0 = 2|01(:2+l2)1b2'f2'01022| _ - Iny . nyl
\/a1+b1 +ci \/a2+bz+cz |Z||;2>|
_ 14(0) +8(1)+11)1 _ 18+11
JI6+64+1J0%+12 412 V8142
9 1
= —= = —= = cos 45° o0 = 45°
NP

In the following cases find the distances of each of the
given points from the corresponding given plane.

Point Plane
(a) (0,0, 0) S3x -4y + 122 = 3
®) 8,-2,1) 2 -y +224+3=0
(e 2, 3,-5) x+2y-22=9
d) (-6,0,0 2x - 3y +6z-2=0.

(a) Distance (of course perpendicular) of the point (0, 0, 0) from
the plane 3x — 4y + 122 =3 or 3x —4y + 122 -3 =0
(Making R.H.S. zero) is

| ax, + by, + ez, +d | _ 13(0) - 4(0) +12(0) - 3|
Ja? +b% + ¢ J3)? + (- 42 +(12)°
[-31 3 3

Jo+16+144 169 13~

(b) Length of perpendicular from the point (3, — 2, 1) on the
plane 2x —y + 22 + 3 =0
(Substitute the point for x, y, z in L.H.S. of Eqn. of plane

and divide by /a2 + b2 + ¢2)
120 -2 +2)+31 _ 16+2+2+31 13
Jor+c12+@?  JAirled=Vo o 3
(¢) Length of perpendicular from the point (2, 3, — 5) on the

plane

x+2y—2z2=9o0rx + 2y — 2z — 9 = 0 (Making R.H.S. zero)

_12+2@)-25-91 _12+6+10-91 _ 9 _ 9
JO? + @7 + (- 272 Jlrd+a Vo o 3

(d) Distance of the point (- 6, 0, 0) from the plane
20— 3y + 62 —-2=0
(Here R.H.S. is already zero)



lax +by ez +d] 12(-6)-3(0) + 6(0) - 21
Ja? +b% + ¢ V@2 + (- 3)% +(6)?
I-12-21 1-141 14

C J4+9+36 49 7






