Equation of Planes

Q.1. Find the coordinates of the point where the line joining the points (1 ,- 2, 3) and (2
, —1,5) cuts the plane x — 2y + 3z = 19. Hence, find the distance of this point from the
point (5, 4, 1).

Solution : 1

Equation of line passing through the points (1, -2, 3)and (2,-1,5)is
(x-1)/1=(y+2)/1=(z-3)/2=k.

Any point P on this line will be (k + 1, k-2, 2k + 3)

P lies on the plane , x - 2y + 3z = 19

Thenk +1-2k+4+6k+9=19=>k=1.

The point Pis (2, -1, 5) and given pointQis (5, 4, 1)
PQ=V{(5-2)2+(4+1)2+(1-5)2%

= V(9 + 25 + 16) = V(50) = 5V2..

Q.2. Find the equation of the plane through the point (1, 2, 3) and perpendicular to the
planes X +y + 2z =3 and 3x + 2y + z = 4.

Solution : 2

The equation of plane passing through (1, 2, 3) is
Ax-1)+B(y-2)+C(z-3) =0 ------------- (1)
The given equation are :
X+y+2z2=3------------- (2)

and 3x + 2y +z =4 ----—-------- (3)

(1) is perpendicular to (2) and (3)

Therefore , A+ B + 2C = 0 -------------- (4)



And3A+ 2B+ C =0 -------------- (5)

Eliminating A, B and C from (1), (4) and (5) we get
Ix-1y-22z-3|

|112| =0

| 321 |

Or,( x-1)(1-4)-(y-2)(1-6)+(z-3)(2-3)=0
Or,-3x+3+5y-10-z+3=0

Or,3x-5+z+4=0.

Q.3. Find the equations to the two planes passing through the points (0, 4 , — 3) and (6,
-4, 3) , if the sum of their intercepts on the axes is zero.

Solution : 3

Let the equation of plane be :

x/a + y/b + z/c = 1.

As (0,4 ,-3)and (6, -4, 3) lieon it, then
4/b - 3/c =1 ——=-mmmmmmmmm e (1)

and 6/a -4/b + 3/c=1

Il
N
Il
\
o]
Il
V)

Adding we get , 6/a
Also,a+b+c=0=>b+c=-a=-3

Putting in (1) we get

4/b +3/(3+b) =1

Or,b2-4b-12=0

Or,(b-6)(b+2)=0

Therefore, b=60orb =-2and hencec=-9o0orc=-1.

Therefore, equation of planes are : x/3 +y/6 -z/9 =1o0rx/3-y/2-2/1=1.



Q.4. A plane passes through the point (4, 2, 4) and is perpendicular to the planes 2x +
5y +4z+ 1 =0and4x + 7y + 62 + 2 = 0 . Find the equation of the plane.

Solution : 4

Let the equation of the required plane be
ax+by+cz+d=0---------------- (1)

As the plane passes through (4, 2, 4),
4a+2b+4c+d=0---------------- (2)

As the plane is perpendicularto2x + 5y +4z+ 1 =0and4x+ 7y +6z+2 =0,
Hence, 2a + 5b + 4c = 0 --------------------—--- (3)
and4a + 7b + 6c = 0 ----------------m-mmoo - (4)
From (3) and (4) we get,

a/2 =b/4 =c/-6 =k

Or, a = 2k, b = 4k, c = -6k.

Putting the values of a, b and cin (2) , we get

8k +8k-24k+d=0=>d=8k.

Putting the values of a, b, cand d in (1), we get
2kx + 4ky - 6kz + 8k = 0

Or,2x+4y -6z+8=0.

Q.5. Find the angle between the line (x - 6)/3 = (y - 7)/2 = (z - 7)/-2 and the plane x
+y+2z=0.

Solution : 5
We have lineas (x - 6)/3=(y-7)/2=(z-7)/-2andplaneasx+y +2z2=0
Let I, m1 and nl1 be direction cosines of normal to the plane , then

|1 = 1/\/6 , M1 = 1/\/6 , N1 = 2/\/6 .



Let I, my and ny be the direction cosines of the given line, then

12 = 3/V/17 , my = 2/V17, ny = -2//17.

Let '8’ be the angle between normal of the plane and the given line , then
cos 6 = I1l + mimy + niny

Or, cos 8 = 1/V6 x3/V17 + 1/V6 x2/V17 + 2/V6 x(-2/V17)

= (3+2-4)/(V6 xV17)

= 1/(V6 xV17).

Therefore, angle between line and plane = 90° - cos ~"1[1/(V6 xV17)]

Q.6. Find the cosine of the angle between the planes :

X+2y-2z4+6=0
2X+2y+z+8=0

Solution : 6
Let angle between the given planes be 6,
a; =1/V(1+4+4)=1/3,by =2/3,c1 =-2/3,

a,=2/V4+4+1)=2/3,b,=2/3andcy; = 1/3

Therefore, cos 8 = 1/3.2/3 + 2/3.2/3 + (-2)/3.1/3 =(2+ 4 - 2)/9 = 4/9.

Q.7. Find the equation of the plane passing through (1, 2, 3) and perpendicular to the
straight line x /-2 = y/-4 = z/3.

Solution : 7

Let equation of the planebe AXx + By + Cz+ D =0, ------===------- (1)
where A, B and C are direction ratios of the normal to the plane.

The straight linex /-2 =y /-4 = 2z/3

is perpendicular to (1) i.e. is normal to (1)



Equation of straight line passing through (a, B, y) is

(x —a)/a=(y-B)b=(z-Y)c

where a, b and c are direction ratio of the line.

By comparing, we geta = -2, b = -4 and c = 3.
Therefore, direction ratio of the normal to the plane are - 2, - 4, 3.
Hence, A=-2B=-4C=3.

Putting the value of A, B and Cin (1), we get
-2X-4y+3z+D=0

This passes through (1, 2, 3)

Therefore, -2 (1)-4(2)+3(3)+D=0=>D=1
Therefore, equation of the planeis - 2x -4y +3z+1=0

Or,2x+4y-32z-1=0

Q.8. A plane is passing through the point (2, -3, 1) and perpendicular to the straight line
joining the points (3, 4, -1) and (2, -1, 5). Find the equation of the plane.

Solution : 8

The given line joining (3, 4, -1) and (2, -1, 5) is perpendicular to the required plane.
Hence direction ratio [(3 - 2), {4 - (-1 )}, -1-5}] = (1, 5, - 6) of the line is direction
ratio of the normal to the plane. The plane passes through (2, - 3, 1).

Therefore, equation of the plane is
1(x-2)+5{y-(-3)}-6(z-1)=0
Or,x-2+5y+15-6z2+6=0

Or,x+5y-6z2+19=0.

Q.9. Find the equation of the plane which contains the line (x - 1)/2 = (y + 1)/-1 = (z -
3)/4 and is perpendicular to the plane x + 2y + z = 12.



Solution : 9

Equation of the plane through (1, - 1, 3) is given by
Ax-1)+B(y+1)+C(z-3)=0

This is perpendicular to the given line and plane
Therefore, 2A-B +4C =0

andA+2B+C=0

Eliminating A, B and C from these two equation we get,
| x-1y+1z-3|

|2-14]=0

|121]

Or, x-1)(=9)-(y+1)(-2)+(z-3)5=0

Or,-9%x+2y+5z2-4=0



