~a=(-2)+3=1,
=—(-2)—4=-2
c=—6(—-2)—-5=7
Therefore, co-ordinates of point of intersection of given line and plane are
P=(1,-27)
21. Question

Find the distance of the point (2, 3, 4) from the plane 3x + 2y + 2z +5 =0, measured parallel to the line *"; - = < -:I?..

Answer
Given :
Equationof plane : 3x + 2y + 22+ 5=0

Equation of line :

x+3 y—-2 z

3 6 2
Point: P = (2, 3, 4)

To Find : Distance of point P from the given plane parallel to the given line,

Formula :
1) Equation of line :

Equation of line passing through A = (X3, Y3, Z1) & having direction ratios (a, b, ¢) Is

x_-":.:y_}’l:z_zl
a b c

2) Distance formula :

The distance between two points A = (a & B = (by, by, b3 is

d=/(a;,—by)2+ (a; — b,)2 + (ay

For the given line,
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x+3 y-—-2
3 6

Direction ratios are (a, b, ¢) = (3, 6,2

_z
2

Let Q be the point on the plane such that pgis parallel to the given line.

Therefore direction ratios of given line and line PQ will be same.

Therefore equation of line PQ with point P = (2, 3, 4) and with direction ratios (3, 6, 2) is

X=2 y=5 8%

3 6 2

Let co-ordinates of Q be (u, v, w)

As point Q lies on the line PQ, we can write,

u—-2 v—3 w-—4 "
T 6 oz e

=U = 3k+2,v=06k+3, w=2k+4 .........(1)
Also point Q lies on the plane
3u+2v+2w=-5

=3(3k+2) + 2(6k+3) + 2(2k+4) = -5 ..... from (1)
=29k +6+12k+6+4k +8=-5

=225k = -25

=Kk = -1

su=3(-1)+2=-1,
v=6(—-1)+3=-3

w=2(-1)+4=2

Therefore, co-ordinates of point Q are

Q=(-1,-3,2)



Now distance between points P and Q by distance formula is

d=,(2+1)2+(3+3)2+ (4—2)2
=J(3)2+(6)2+ (2)?
=v9+36+4

= V49

=17

Therefore distance of point P from the given plane measured parallel to the given line is
d = 7 units
22. Question

Find the distance of the point (0, -3, 2) from the plane x + 2y -z = 1, measured parallel to the line* = - 2~ - Z.

Answer

Given :

Equation of plane : x + 2y -z =1
Equation of line :

=1L ¥¥ri 32

3 2 3
Point: P = (0, -3, 2)

To Find : Distance of point P from the given plane parallel to the given line.
Formula :
1) Equation of line :

Equation of line passing through A = (X3, Y1, z;) & having direction ratios (a, b, ¢} is
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£—Xy F—WH %
a b c

2) Distance formula :

; bz. hg} Is

The distance between two points £

d = \/(ﬂl = bl)z + (ﬂz = bz)z + (ﬂ;
For the given line,

x+1 y+1
-

Direction ratios are (a, b, ¢) = (3, 2, 3)

Z
3

Let Q be the point on the plane such that pg is parallel to the given line.

Therefore direction ratios of given line and line PQ will be same.
Therefore equation of line PQ with point P = (0, -3, 2) and with direction ratios (3, 2, 3) is

*—0 y+3 T2
3 2 3

Let co-ordinates of Q be (u, v, w)

As point Q lies on the line PQ, we can write,

u v+3 w-—2
=il = 3. V=213, W = KD .....cou (1)

Also point Q lies on the plane
u+2v-w=1

=(3k) + 2(2k-3) - (3k+2) =1 .....from (1)
=23k+4k-6-3k-2=1

=24k =9

9
=k =~
4



4
——3(9)+2—3!5
W=2\3 %

Therefore, co-ordinates of point Q are

27 6 35
o= (243)
4°4" 4

Now distance between points P and Q by distance formula is

2

= [0+ (- -3
- GGG

= v45.5625 + 20.25 + 45.5625

=+v111.375
= 10.55

Therefore distance of point P from the given plane measured parallel to the given line is

d = 10.55 units

23. Question

Find the equation of the line passing through the point P(4, 6, 2) and the point of intersection of the line ’T'I - § E "'; * and the planex +y -Z
= 8.

Answer

Given :

Equationof plane : x +y-z=8
Equation of line :

x—1 y z+1

3 2 7
Point: P = (4, 6, 2)
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To Find : Equation of line.

Formula :

Equation of line passing through A = (x4, y1, 1) &
B = (X3, ¥2, 25) IS

X—%  ¥—¥ Z—&

Xy—X2 V1Y 23— 12,

let Q (a, b, c) be point of intersection of plane and line.

As point Q lies on the line, we can write,

a—1 b c+1
3 2 7 W)

=3 =3k+1, b= 2k, c= 7k-1
Also point Q lies on the plane,
a+b-c=8
=(3k+1) + (2k) - (7k-1) = 8
=3k+1+2k-7k+1=8
=2k =6
=k = -3
~a=3(-3)+1=-8

= =2(=3) = -6
c=7(-3)—-1=-22
Therefore, co-ordinates of point of intersection of given line and plane are Q = (-8, -6, -22)

Now, equation of line passing through P(4,6,2) and



Q(-8, -6, -22) is

=% F=0 T3

4+8 6+6 2+ 22

X—4 y—6 =22

12 12 24

A=% Y-8 K3
1 1 2

This is the equation of required line

24. Question

-1_2-2

~1.2-2 and the plane x -y + z = 5 from the point (-1, -5 -10) is 13

Show that the distance of the point of intersection of the line = 3 2aY
units.

Answer

Given :

Equation of plane : x-y+2z=5
Equation of line :

X—& Y+i E8—2
s 4 12

Point : P = (-1, -5, -10)

To Prove : Distance of point P from the given plane parallel to the given line is 13 units.
Formula :
1) Equation of line :

Equation of line passing through A = (X3, y3. 2;) & having direction ratios (a, b, ¢) is

X=Xy Y= Z2—2,
a b c

2) Distance formula :

The distance between two poin 2. A o by, by, b3) is C I q S S 2
.-| 1 £I

d=./(a,—b,)? + (a, — b,)? + (8

For the given line,

xX—2 ¥Y¥i F—2
T 4 12

Direction ratios are (a, b, ¢c) = (3, 4, 12)

Let Q be the point on the plane such that pQ is parallel to the given line.

Therefore direction ratios of given line and line PQ will be same.
Therefore equation of line PQ with point P = (-1, -5, -10) and with direction ratios (3, 4, 12) is

x+1 y+5 2+ 10
3 4 12

Let co-ordinates of Q be (u, v, w)

As point Q lies on the line PQ, we can write,

u+1 v+5 w+10 ’
T T L

=u = 3k-1, v = 4k-5, w = 12k-10 .........(1)
Also point Q lies on the plane

u-v+w=>5

=(3k-1) - (4k-5) + (12k-10) =5 .....from (1)
=3k-1-4k+5+12k-10=5

=11k = 11

=k =1

su=3(1)—1=2

v=4(1)—-5=-1

w=12(1)—-10=2



Therefore, co-ordinates of point Q are
Q=(2,-12)

Now distance between points P and Q by distance formula is

d=(-1-2)2+(-5+1)2+(-10 - 2)2

= J(=3)2 + (=92 + (-12)

=9+ 16 + 144

= v 169

=13

Therefore distance of point P from the given plane measured parallel to the given line is
d = 13 units

Hence proved.

25. Question
Find the distance of the point A(-1, -5, -10) from the point of intersection of the line r =|2/ - j<2k|~ i3/ -4]-2k| and the plane r |/ -] <k | =5,

HINT: Convert the equations of the line and the plane to Cartesian form.
Answer

Given :

Equation of plane : 7. (E —j+ E) - -

Equation of line :

F=(2f—j+ 2k) + A(31 + 4j + 2k)

Point: P = (-1, -5, -10)

To Find : Distance of point P from the.g )arallel to the given line.
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@ direction ratios (a, b, ¢) is

Formula :
1) Equation of line :

Equation of line passing through A

Xy Y—)g &%
a b c

2) Distance formula :

The distance between two points A = (a;, a,, a3) & B = (b, by, b3) is

d=.(a,—b,)?+ (a,—b,)2+ (a; — b,)?
for the given plane,

F.(i-j+k)=5

Here, 7 = xi + yj + zk
(xi+yj+zk).(i-j+k)=5
=2X-yY+2=5.........eq(1)

For the given line,

F=(20—j+2k)+ A(3i + 4f + 2k)

Here, 7 = xi+ yj + zk

« (31 + 4j + 2k)A = (xi + yf + zk) — (21 — j + 2k)
~ 3+ 4A] + 22k = (x = 2)i + (y + Dj + (z— 2)k

Comparing coefficients of j j & k

231=(x—-2).4A=(y+1)&21=(z-2)

¥»~2 41 =z-2
—_ —_— — — IlllIIi'l’e 2
A== - a(2)

Direction ratios for above line are (a, b, ¢) = (3, 4, 2)

Let Q be the point on the plane such that pQ is parallel to the given line.

Therefore direction ratios of given line and line PQ will be same.



Therefore equation of line PQ with point P = (-1, -5, -10) and with direction ratios (3, 4, 2) is

x+1 y+5 z+10
5 B 2

Let co-ordinates of Q be (u, v, w)

As point Q lies on the line PQ, we can write,

u+1_v+5_w+10_k
i . e

=u = 3k-1, v = 4k-5, w = 2k-10 ......... (3)
Also point Q lies on the given plane
Therefore from eq(1), we can write,
u-v+w=>5

=(3k-1) - (4k-5) + (2k-10) = 5 .....from (3)
=3k-1-4k+5+2k-10=5

=k =11

=2k =11

~u=3(11)—1=32.
v=4(11)-5=39

w=2(11)-10= 12

Therefore, co-ordinates of point Q are
Q=(32,39,12)

Now the distance between points P and Q by distance formula is

d=(-1-32)2+(-5-39)2 + (—10 — 12

= /(=337 + (—44)7 + (-22)?

= 1089 + 1936 + 484

= V3509
= 59.24
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Therefore distance of point P from the'¢ easured parallel to the given line is

d = 59.24 units

26. Question

Prove that the normals to the planes 4x + 11y + 2z + 3 = 0 and 3x - 2y + 5z = 8 are perpendicular to each other.
Answer

Given :

Equations of plane are :

4x + 11y + 22+ 3 =0
3x-2y+5z2=8

To Prove : j7; & i, are perpendicular.

Formula :
1) Dot Product :

If # & b are two vectors

]

a=a,i+a,j+azk

b= b,i+ b,j+ bk

then,

a.b= (a,xby)+ (a, X b,) + (az X b)
Note :

Direction ratios of the plane given by
ax+by+cz=d

are (a, b, c).



For plane

4x + 11y + 22+ 3 =0

direction ratios of normal vector are (4, 11, 2)
therefore, equation of normal vector is

m, =41+ 11j+ 2k

And for plane

3X-2y+5z2=8

direction ratios of the normal vector are (3, -2, 5)
therefore, the equation of normal vector is
n, = 31 — 2j + 5k

Now,

.7, = (41 + 11f + 2k).(3i — 2j + 5k)

(4x3)+(11x(—-2))+(2x5)

=12-22 + 10
=0
WAz =0

Therefore, normals to the given planes are perpendicular.

27. Question
Show that the line r=(2 -2j-3ki -4 |/ - j -4k| is parallel to the plane r [/ =5j-k|=7.

Answer

Given :

Equation of plane : : 7 (i + 5] + k) =

Equation of a line :
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F=(20—2]+3k)+ A(f — j+ 4k
To Prove : Given line is parallel to't
Comparing given plane i.e.
F(i+5j+k)=7

with ¥ 71 = @ 1, we get,
n=i+5+k

This is the vector perpendicular to the given plane.

Now, comparing the given the equation of line i.e.

F=(20—2f+3k)+A(i—j+ 4k)

with 7 = @ + b ., we get,

b=i—j+4k
Now,
i.b=(i+5j+k).(i—j+ 4k)

—(1x 1)+ (5% (=1)) + (1 x 4)

=1-5+4
=0
~ib=0

Therefore, a vector normal to the plane is perpendicular to the vector parallel to the line.
Hence, the given line is parallel to the given plane.
28. Question

Find the equation of a plane which is at a distance of 3v3 units from the origin and the normal to which is equally inclined to the coordinate
axes.

Answer



Given :

d=3y3

a=p=y

To Find : Equation of plane

Formulae :

1) Distance of plane from the origin :

Iif i = ai + bj + ck is the vector normal to the plane, then distance of the plane from the origin is

d =

5|

Where, |71| = Va2 + b2 + c2
2)P+m?+nt=1
Where | = cosa,m = cosf,n = cosy

3) Equation of plane :

If i = ai+ bj + ck is the vector normal to the plane, then equation of the plane is
rmn=p

PRg=f=

4 CoS@ = CcospP =cosy

=2|l=m=n

P+m?+n?i=1

~3l1°F=1

v class24

Now,

distance of the plane from the origin is

~afE==E
1
ap = 3V3
Therefore equation of required plane is
ran=p
 (xi+ yj +z§).(i5 +i-j +iﬁ) = 3V3
V3 V3 V3
% + j’§+ ji =3V3
~X+y+2z=3/3.V3
»X+y+2z=9

This is the required equation of the plane.



29. Question

A vector z of magnitude 8 units is inclined to the x-axis at 45°, y-axis at 60° and an acute angle with the z-axis, if a plane passes through a
point (v2, -1, 1) and is normal to find its equation in vector form.

Answer
Given :

|ii] =8

a = 45°

B = 60°
P=(v2,-1,1)

To Find : Equation of plane

Formulae :

DE+mP+nt=1

Where | = cosa,m = cosf,n = cosy

2) Equation of plane :

Iffi =ai+ bj + ck is the vector normal to the plane, then equation of the plane is
Fil=p

As @ = 45° & B = 60°

X
sl =cosa = cos45° = ﬁand

1

m = cosf = cos60° = )

But, “+m?+n*t=1

2

) Y -
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1+1+2

S G A

3

- D

n 1 2
1
e =
=3
1
"ﬂ,—z

Therefore direction cosines of the normal vector of the plane are (I, m, n)
Hence direction ratios are (kl, km, kn)

Therefore the equation of normal vector is

ii = kli + kmj + knk

« |7] = kD2 + (km)? + (kn)?

- |

2

@ +6) +)

2

RE E* K"
-';B: ?'l'T‘l'T
~ 8= k2
s k=

ol =420 + 4f + 4k

Now, equation of the plane is

=|

rn=p

AT (W2 + 4] +4k) =p oo eq(1)



But 7 = (xi+ yj +zk)
~(xi+yj+zk).(4V2i+4j+4k)=p
=24V2x + 4y + 4z =p

As point P (vV2, -1, 1) lies on the plane by substituting it in above equation,
4V2(V2) + 4(-1) + 4(1) =p
=28-4+4=p

=P =8

From eq(1)

«7.(4V2i+4j +4k) =8

Dividing throughout by 4
«F.(V2i+j+k)=2

This is the equation of required plane.

30. Question
Find the vector equation of a line passing through the point 2/ -3j-5k) and perpendicular to the plane r 6/ -3j-5k|-2=0.

Also, find the point of intersection of this line and the plane.
Answer

Given :
a=2i—3j—5k
Equation of plane : . (E,f ~3j + 5§) |
To Find :
Equation of line

Point of intersection

Formula :
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Equation of line passing through 0| actor g and parallel to vector j is
F=a+Ab

Where, i = (xi + yj + zk)
From the given equation of the plane
7. (61— 3] +5Kk) = =2 wweeeve. eq(1)
The normal vector of the plane is

N =6 —3j+ 5k

As the given line is perpendicular to the plane therefore 7 will be parallel to the line.

~n=D>b

Now, the equation of the line passing through g = (Zi’ —-3j - 5&) and parallel to j = (51‘ - 3j+ 52) 13

¥ = (2i — 3j — 5k) + A(61 — 3] + 5k)
...eq(2)

This is the required equation line.

Substituting ¥ = (xi+ yj + zk) in eq(1)

(xi +yj+ zk).(6i —3j + 5k) = —2

=26X -3y +52=-2.........eq(3)

Also substituting 7 = (x'f-;- yj + zﬁ) in eq(2)

(xi +yj+ zk) = (2i — 3j — 5k) + A(6i — 3j + 5k)

« (61 — 3j + 5k)A = (xi + yj + zk) — (2i — 3] — 5k)
Z6Al =34+ SAk =(x=2)i+(v+3)j+ (z+ 5)k



Comparing coefficients of j j & k

=261 =(x—2),-3A=(y+3)&51=(z+5)

R e S mall)
6 -3 5

Let Q(a, b, c) be the point of intersection of given line and plane

As point Q lies on the given line.

Therefore from eq(4)
a—2_b+3_c+5_k
6 = =3 == 5 — (Sﬂy)

=a = 6k+2, b = -3k-3, ¢ = 5k-5

Also point Q lies on the plane.
Therefore from eq(3)

6a - 3b + 5¢c = -2

=6(6k+2) - 3(-3k-3) + 5(5k-5) = -2
=36k + 12 + 9k + 9 + 25k - 25 = -2

=10k =2
1
==k*=;;;
_ _6(1)+2_?5
e T
1 -108
b=-3(35) 3= 55
5(1) " —170 -—34
— Y\35 38 9

Therefore co-ordinates of the point of |

Q= (?5 -108 -34)

38" 35 " 7

of line and plane are
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 plane r-(3i-4j+12k)=9.

Exercise 28C

1. Question

Find the distance of the point (21 =

Answer
1 * +Cz, +D
Formula : Distance = lAx, + By, +Cz, +D|
VA + B2 +C*

where (x,,y,,z,) is point from which distance is to be calculated

Therefore ,

Plane r.(3i — 4j + 12k) = 9 can be written in cartesian form as
3x-4y + 122 =9

3x-4y +122-9=0

Point = (2i - | - 4k)

Which can be also written as

Point=(2,-1,-4)

[(2x%3) + (—1x—4) + (—4x12) + (-9)|
(3)* +(—4)* +12°

Distance =

B |6 + 4 — 48 — 9|
V9 + 16 + 144

|—47|

e e —
—

V169

47 .
= 13 units

2. Question

Find the distance of the point (1 : E:i + Sk) from the plane I( i+ _] + k) +17=0.



Answer

|Ax, + By, +Cz, + D|
JAZ+ B2 +C?

Formula : Distance =

where (x,,y,,2,) is point from which distance is to be calculated

Therefore ,

Planer.(i + j + k) + 17 = 0 can be written in cartesian form as

X+y+2z2+17=0
Point = (i + 2j + 5k)
Which can be also written as

Point=(1.,2.5)

[(1x1) + (2x1) + (5x1) + (17)|

Distance = (s

1 +2+ 5+ 17
JIT+1+1

125

e

V3

25V3
3

3. Question

units

Find the distance of the point (3, 4, 5) from the plane f(:l - S:i +3fg) =13.

Answer

|Ax, + By, +Cz, + D|
JAZ+B2 + (T

Formula : Distance =

where (x,,v,,2,) is point from whigh'
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Therefore ,
Plane r.(2i — 5j + 3k) = 13 cafitb¢
2X -5y + 32=13
2x-5¢y+32-13=0
Point=(3,4,5)

[(3%2) + (4x—5) + (5x3)—(13)|

Distance = LTSS

|6 — 20 + 15— 13|
v + 25 + 9

|—12]

e,

V38
12/38 638

38 = —19 units

4. Question

Find the distance of the point (1, 1, 2) from the plane f(j_i b 23+4ﬁ) +5=1.

Answer

|Ax, + By, +Cz, + D|
JAZ + B2 4+ 2

Formula : Distance =

where (x,,v,,2,) is point from which distance is to be calculated

Therefore ,

Plane r.(2i — 2j + 4k) + 5 = 0 can be written in cartesian form as

2Xx-2y+4z+5=0
Point=(1,1,2)

[(1%2) + (1x=2) + (2x4) + (5)|

Distance = OEYE I



|2—2 + 8 + 5|
 JE+ 4+ 16

13|
V24

13 136
2V6 12

5. Question

—
—

units

Find the distance of the point (2, 1, 0) from the plane2x +y + 22+ 5 = 0.

Answer

|Ax, + By, + Cz, + D|
JA?+ B2 4 C?

Formula : Distance =

where (x,,y,,2,) is point from which distance is to be calculated

Therefore ,
2X+y+22+5=0
Point=(2.,1,0)

[(2x2) + (1x1) + (0x2) + (5)|

Distance = DY YL

_|4+1+0+5]
vé + 1 + 4

110

V9

10 .
= — units
3

6. Question

Find the distance of the point (2, ] -2y + 4z =09,
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Formula : Distance =

where (x,,v,,z,) is point from which'distance is to be calculated

Therefore ,
X-2y+4z=9
X-2y+4z-9=0
Point=(2,1,-1)

[(2%1) + (1%—=2) + (—1x4)—-(9)]

Distance = 1+ 2 2 (0
- 12—-2-4-9|

vl + 4 + 16

|—13|
- V21
_ 18 wvar
V21 21
7. Question

Show that the point (1, 2, 1) is equidistant from the planes ;(l+2]— 2k) =5 and ;(21 —2}+f()+3 =(.

Answer

|Ax; + By, + Cz; + D|

Formula : Distance = =
JA% + B2 4+ C2

where (x,,y,,z,) is point from which distance is to be calculated

Therefore ,

First Plane r. (i + 2j —2k) = 5 can be written in cartesian form as

X+2y-22=5



X+2y-22-5=0
Point=(1,2,1)

[(1x1) + (2x2) + (1x=2)—(5)|

Distance for first plane = )2+ (2) + (-2)°

B 11 + 4—2-5|

vi+ 4+ 4
-2

Vo

-
-SHHIIS

Second Plane r.(2i— 2j + k) + 3 = 0 can be written in cartesian form as
2X-2y+2+3=0
PO =4{1:.2.1Y)

[(1x2) +(2x-2) + (1x1) + (3)|

Distance for second plane = 22+ (22 +Q)7

2—4 + 1 + 3|
B T TR
_

NC)
= 3 units

Hence proved.
8. Question

Show that the points (-3, 0, 1) and (1, la& equidistant from the plane 3x + 4y - 12z + 13 = 0.
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Answer

Formula : Distance =

where (x,,y,,2,) is point from whik

Therefore ,
Plane=3x +4y-12z2+ 13 =0
First Point=(-3,0,1)

I(=3x3) + (0x4) + (1x-12) + (13)|

Distance for first point = B s (4 (12)

~|-9+ 0-12 + 13|
~ J9+ 16 + 144

18|

V169

- units
13

Plane =3x +4y-122+ 13 =0

Il

Second Point=(1,1,1)

[(1%3) + (1x4) + (1x=12) + (13)]

Distance for first point = (3)2 + (4)2 + (-12)2

13 +4—12 + 13|
- J9 ¥ 16 + 144

18|

T —————

V169

Il

- It
73 units

Hence proved.

9. Question
Find the distance between the parallel planes 2x + 3y + 4 =4 and 4x + 6y + 8z = 12.



Answer
Formula : The distance between two parallel planes, say
Plane l:ax + by +cz+dl =0&

Plane 2:ax + by + ¢z + d2 = 0is given by the formula

1dz_d1|
VE D + 2

Distance =

where (d,,d,) are constants of the planes

Therefore ,

First Plane2x + 3y + 4 =4
2x+3y+4-4=0...... (1)
Second plane 4x + 6y + 8z = 12
4x + 6y +82-12=0

22x +3y+4z-6)=0

2x 4+ 3y +4z-6=0...... (2)
Using equation (1) and (2)

: B |-6~(~4)|
Distance between both planes = m
. _ -6 +4

v + 9 + 16
|2

V29
- - = 2y29 units
V29 29

10. Question

Jusiclass24

Find the distance between the paral
Answer
Formula : The distance between two par
Plane l:ax + by + cz +dl = 0&
Palne 2:ax + by + cz + d2 = 0is given by the formula

Idz_dll
va? + b + ¢?

Distance =

where (d,,d,) are costants of the planes

Therefore ,

First Planex +2y-22+4+4=0...... (1)
Second planex + 2y -2z2-8=0...... (2)
Using equation (1) and (2)

B |-8—(4)|
Distance between both planes = TR+ 08
_ 112

vi+ 4+ 4

12
RE

= 4 unit
= 3~ = 4units

11. Question

Find the equation of the planes parallel to the plane x - 2y + 22 - 3 = 0, each one of which is at a unit distance from the point (1, 1, 1).
Answer

Formula : Plane=r.(n)=d

Where r = any random point



n = normal vector of plane

d = distance of plane from origin

If two planes are parallel , then their normal vectors are same
Therefore ,

Parallel Planex -2y +2z2-3 =0

Normal vector = (i - 2] + 2k)

. Normal vector of required plane = (i - 2] + 2k)
Equation of required planesr. (i- 2] + 2k) = d
In cartesian form x - 2y + 2y = d

It should be at unit distance from point (1,1,1)
[(1x1) 4+ (1x=2)+ (1x2)-(d)|

Distance = IR O
1-2 + 2—d|
Y EZ TS
11— d]|
9
3 +(1—-d)
B 3
3=+(1—-4d)

For+sigh=>3=1-d=>d=-2
For-sign=>3=-1+d=>d=4
Therefore equations of planes are : -
Ford=-2Ford=4

X-2y+2y=dx-2y+ 2y =d
X-2Y+2y=-2X-2y+2y=

class24

X-2Yy+2y+2=0x-2y + 2y =4

Required planes = x - 2y + 2y +
X-2y+2y-4=0
12. Question

Find the equation of the plane parallel to the plane 2x - 3y + 5z + 7 = 0 and passing through the point (3, 4, - 1). Also, find the distance
between the two planes.

Answer

Formula : Plane=r.(n)=d

Where r = any random point

n = normal vector of plane

d = distance of plane from origin

The distance between two parallel planes, say
Plane l:ax + by +cz+dl =0&

Palne 2:ax + by + cz + d2 = 0is given by the formula

ld, — d,|
Vaz + 12 + ¢2

Distance =

If two planes are parallel , then their normal vectors are same
Therefore ,

Parallel Plane 2x -3y + 52+ 7=0

Normal vector = (2i - 3] + 5k)

“ Normal vector of required plane = (2i - 3] + 5k)

Equation of required planer.(2i-3j+ 5k) =d

In cartesian form 2x - 3y + 5y = d

Plane passes through point (3,4, - 1) therefore it will satisfy it.



2(3)-3(4)+5(-1)=d

6-12-5=d

d=-11

Equation of required plane 2x - 3y + 52 =-11
2x-3y+52+11=0

Therefore ,

First Plane2x -3y + 52+ 7=0...... (1)
Second plane2x -3y + 52+ 11=0...... (2)
Using equation (1) and (2)

|11-(7)]

Distance between both planes = ===y

o |4
V4 + 9 + 25

4

V38

438 2738
38 19
13. Question

units

Find the equation of the plane mid - parallel to the planes 2x -3y + 6z + 21 =0and 2x-3y+62-14 =0
Answer

Formula : The equation of mid parallel plane is , say

Plane l:ax + by +cz+dl =0&

Plane 2:ax + by + cz + d2 = Ois given L

Mid parallel plane = ax + by +

class24

where (d,,d,) are constants of the

Therefore ,
First Plane 2x -3y + 62+ 21 =0.......
Second plane2x -3y +6z2-14=0 ...... (2)

Using equation (1) and (2)

21-14
F

=0

Mid parallel plane= 2x — 3y + 6z +
4x -6y + 122+ 7 =0

Exercise 28D

1. Question

Show that the planes 2x -y + 62 =5 and 5x - 2.5y + 15z = 12 are parallel.
Answer

Formula:Plane=r.(n)=d

Where r = any random point

n = normal vector of plane

d = distance of plane from origin

If two planes are parallel , then their normal vectors are either same or proportional to each other
Therefore ,

Planel:-2x-y+6z=5

Normal vector (Plane 1) = (2i - j + 6k) .....(1)

Plane 2 : -5x - 2.5y + 152 = 12

Normal vector (Plane 2) = (5i - 2.5] + 15k) ..... (2)

Multiply equation(1) by 5 and equation(2) by 2

Normal vector (Plane 1) = 5(2i - ] + 6k)



= 10i - 5] + 30k

Normal vector (Plane 2) = 2(5i - 2.5] + 15k)

= 10i - 5j + 30k

Since, both normal vectors are same .Therefore both planes are parallel

2. Question

Find the vector equation of the plane through the point (31 + 4:i - k) and parallel to the plane - ( s 3:i - Sk] +5=0.

Answer

Formula : Plane=r.(n)=d
Where r = any random point
n = normal vector of plane
d = distance of plane from origin

If two planes are parallel , then their normal vectors are same.
Therefore ,

Parallel Planer.(2i-3j+5k)+5=0

Normal vector = (2i - 3] + 5k)

“. Normal vector of required plane = (2i - 3] + 5k)

Equation of required planer. (2i-3j+ 5k) =d

In cartesian form 2x -3y + 5z =d

Plane passes through point (3,4, - 1) therefore it will satisfy it.
2(3)-3(4)+5(-1)=d
6-12-5=d

d=-11

Equation of required plane r. (2i #

class24

gh the point (a, b, b) and parallel to the planef-( i+j+}!{)=2,

r.(2i-3j+5k)+11=0
3. Question

Find the vector equation of the plane

There is a error in question ...... the point should be (a,b,c) instead of (a,b,b) to get the required answer.
Answer

Formula : Plane=r.(n) =d

Where r = any random point

n = normal vector of plane

d = distance of plane from origin

If two planes are parallel , then their normal vectors are same.
Therefore ,

Parallel Planer.(i+j+ k) =2

Normal vector = (i + ) + k)

“. Normal vector of required plane = (i + | + k)

Equation of required planer.(i+j+ k)=d

In cartesianformx +y+2z=d

Plane passes through point (a,b,c) therefore it will satisfy it.
(@) + (b) + (c) =d

d=a+b+c

Equation of required planer.(i+j+ k)=a+ b +c

4. Question

Find the vector equation of the plane passing through the point (1, 1, 1) and parallel to the planei:-(_.'!i — j+ 21() =5,

Answer



Formula : Plane=r.(n) =d

Where r = any random point

n = normal vector of plane

d = distance of plane from origin

If two planes are parallel , then their normal vectors are same.
Therefore ,

Parallel Planer. (2i-j+ 2k) =5

Normal vector = (2i - j + 2k)

" Normal vector of required plane = (2i - j + 2k)

Equation of required planer.(2i-)+ 2k)=d

In cartesian form 2x -y + 2z =d

Plane passes through point (1,1,1) therefore it will satisfy it.
2(1)-(1) + 2(1) =d

d=2-1+2=3

Equation of required planer.(2i-] + 2k) =3

5. Question

Find the equation of the plane passing through the point (1, 4, - 2) and parallel to the plane 2x -y + 3z + 7 = 0.
Answer

Formula : Plane=r.(n) =d

Where r = any random point

n = normal vector of plane

d = distance of plane from origin

If two planes are parallel , then their norn Ors are same.
Therefore , CIG 5324
Parallel Plane 2x -y + 3z 4+ 7 = | '

Normal vector = (2i - | + 3k)
“. Normal vector of required plane =
Equation of required planer . (2i-] + 3k) = ¢
In cartesian form 2x -y + 3z =d

Plane passes through point (1,4, - 2) therefore it will satisfy it.

2(1) - (4) + 3(-2) =d

d=2-4-6=-8

Equation of required plane 2x -y + 32 =-8

2x-y+32+8=0

6. Question

Find the equations of the plane passing through the origin and parallel to the plane 2x -3y + 72 + 13 = 0.
Answer

Formula:Plane=r.(n)=d

Where r = any random point

n = normal vector of plane

d = distance of plane from origin

If two planes are parallel , then their normal vectors are same.

Therefore ,

Parallel Plane 2x -3y + 72+ 13 =0

Normal vector = (2i - 3] + 7k)

“. Normal vector of required plane = (2i - 3] + 7k)

Equation of required planer.(2i-3j+ 7k) = d

In cartesian form 2x -3y + 7z =d



Plane passes through point (0,0,0) therefore it will satisfy it.
2(0)-(0) + 3(0) =d
d=0
Equation of required plane 2x -3y + 72=0
7. Question
Find the equations of the plane passing through the point ( - 1, 0, 7) and parallel to the plane 3x - 5y + 4z = 11.
Answer
Formula : Plane=r.(n)=d
Where r = any random point
n = normal vector of plane
d = distance of plane from origin
If two planes are parallel , then their normal vectors are same.
Therefore ,
Parallel Plane 3x -5y + 4z = 11
Normal vector = (3i - 5] + 4k)
“» Normal vector of required plane = (3i - 5] + 4k)
Equation of required planer . (3i- 5] + 4k) = d
In cartesian form 3x -5y + 4z =d
Plane passes through point ( - 1,0,7) therefore it will satisfy it.
3(-1)-5(0) + 4(7) =d
=-34+28=25

Equation of required plane 3x - Sy + 4z = 2!

8. Question ’
Find the equations of planes parz + 22 = 3 which Cfa tSSQ ﬁnint (1, 2, 3).
Answer |
Formula:Plane=r.(n)=d
Where r = any random point
n = normal vector of plane
d = distance of plane from origin

If two planes are parallel , then their normal vectors are same
Therefore ,

Parallel Planex -2y + 2z2-3 =0

Normal vector = (i - 2] + 2k)

“. Normal vector of required plane = (i - 2] + 2k)

Equation of required planesr . (i- 2] + 2k) = d

In cartesian form x - 2y + 2y = d

It should be at unit distance from point (1,2,3)

[(1x1) + (2x-2) + (3x2)—(d)|

Distance = (1) + (-2)2 + (2)2
I1-4 + 6—d|
Vit a+a
|3 —d|
V9
_ *(3-d)
- 3
3 =+(3-4d)

For+sign=>3=3-d=>d=20
For-sign=>3=-3+4+d=>d=6

Therefore equations of planes are : -



Ford=0Ford =6

X-2y+2y=dx-2y+2y=d

X-2y+2y=0x-2y+ 2y =6

Required planes = x-2y+ 2y =0

X-2y+2y-6=0

9. Question

Find the distance betweenthe planesx + 2y + 32+ 7=0and2x+ 4y + 62+ 7 = 0.
Answer

Formula : The distance between two parallel planes, say

Plane l:ax + by +cz+dl =0&

Plane 2:ax + by + ¢z + d2 = Ois given by the formula

]dq_dﬂ

va? + b2 + c?

Distance =

where (d,,d,) are constants of the planes

Therefore ,

First Planex + 2y + 324+ 7=0
20x+2y+32+7)=0

2x+ 4y +62+14=0...... (1)

Second plane2x + 4y +6z+7 =0 ...... (2)
Using equation (1) and (2)

|7=(14)]

Distance between both planes = —=== AP

|
v4 + 16 + 36
-7

V56

7 .
= —— UNILs

V56

Exercise 28E
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1. Question

Find the equation of the plane through the line of intersection of the planesx + y +z=6 and 2x + 2y + 4z + 5 = 0, and passing through the
point (1, 1, 1).

Answer

Equation of plane through the line of intersection of planes in Cartesian form is
Ax+By+Ciz+D; +A(Ax+B,y+C,z+D, )=0 (1)

For the standard equation of planes,

Aix+Byv+Ciz+Djand Ayx+B,y+C,z+D;

So, putting in equation (1), we have

X+y+26+A2x + 2y + 4z 4+ 5)=0

(1 + 2A)x + (1 + 2A)y + (1 + 4A)z-6 + 5A=0 (2)

Now plane passes through (1,1,1) then it must satisfy the plane equation,

(1 4+ 2A).1 + (1 + 2A).1 + (1 + 4A).1-6 + 5A=0

14+2A+14+22+ 1+ 4)A6 + 5A=0
3 + 8A-6 + 5A=0

13A=3
oo
13

Putting in equation (2)



[1+2.i}x+[ I+2.i]}f+[1+t4.iJz—~‘5+.‘3.i =0

13 13 13 13
[13+6

X+

13

[13+6
13

{ 13+12 -78+15
V- }Z-i- =0
13 13
19x + 19y + 252-63=0
So, the required equation of plane is 19x + 19y + 252=63.
2. Question

Find the equation of the plane through the line of intersection of the planes x -3y +z+ 6 =0and x + 2y + 32 + 5 = 0, and passing through
the origin.

Answer

Equation of plane through the line of intersection of planes in Cartesian form is
Ax+By+Ciz+D; +A(A,x+B,y+C,z+D, )=0 (1)

For the standard equation of planes,

Ax+B,y+Cyz+D;and A,x+B,y +C,z+D,

So, putting in equation (1), we have

X-3y + 2+ 6 +AlX+ 2y + 32+ 5)=0

(L+A)x+(-3+2A)y +(1+ 3A)z+ 6+ 5A=0(2)

Now plane passes through (0,0,0) then it must satisfy the plane equation,

(L+A).0O+(-3+2A).0+(1+ 3A).0+6 + 5A=0
5A=-6

Putting in equation (2)

[1+_—6Jx+[-3+lj]y+(l
5 5 |

[5+(—6)]x+{-15-1zly +[
3

S
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-X-27y-13z=0
X+ 27y + 13z=0
So, required equation of plane is x + 27y + 13z=0.

3. Question

Find the equation of the plane passing through the intersection of the planes 2x + 3y-z+ 1 =0andx + y - 2z + 3 = 0, and perpendicular
to the plane 3x -y -2z -4 = 0.

Answer

Equation of plane through the line of intersection of planes in Cartesian form is
Ax+By+Ciz+D; +A(A,x+B,yy+C,z+D, )=0 (1)

For the standard equation of planes,

Aix+B,;y+Cyz+D;and A,x+B,y+C,z+D,

So, putting in equation (1), we have

2X + 3y-2z+ 1 + Ax + y-2z + 3)=0

(24+ANx+(3+A)y+ (-1-2A)z + 1 + 3A=0 (2)

Now as the plane 3x-y-2z-4=0 is perpendicular the given plane,
For 6=90°, cos90°=0

A;A,+BB,+C,C, =0 (3)

On comparing with standard equations in Cartesian form,

Al =:+?‘~..B1 =3+}»...C1 = —1—21.&11(1!12 =3.BJ_ = —LC: =2



Putting values in equation (3), we have
(2 + A).3 + (3 + A)(-1) + (-1-2A).(-2)=0
6 4+ 3A-3-A + 2 + 4A=0

5 + 6A=0
&

e
6

Putting in equation(2)

-5
[2+—]x+
6

-

6

[12—5] [18-5] [—6+10] 6-15
X+ y + Z+ =0
6 6 6 6

-5 -5
3+—]y+{—1—2. ]z+1+3.—=0
6 6

7X + 13y + 42-9=0

7x + 13y + 42=9

So, required equation of plane is 7x + 13y + 42=9,
4. Question

Find the equation of the plane passing through the line of intersection of the planes 2x - y = 0 and 3z - y = 0, and perpendicular to the plane
4x + 5y -3z = 9.

Answer

Equation of plane through the line of intersection of planes in Cartesian form is
Ax+B,y+C;z+D; +A(A,x+B,y+C,z+D, )=0 (1)
For the standard equation of planes,

Ax+B;y+Cyz+D;and A,x+B,y 65

So, putting in equation (1), we haw _
class?24
2X + (-1-A)y + 3Az=0 (2)
Now as the plane is perpendicula

For 8=90°, cos90°=0
AA,+BB,+C,C;, =0 (3)
On comparing with standard equations in Cartesian form,
A;=2.B;=-1-A.C;=3Aand A, =4.B, =5.C;, =-3
Putting values in equation(3),
2.4 + (-1-A).5 + 3A.-3=0
8-5-5A-9A=0
-14A=-3

o

14
Putting in equation(2)

zx+[._1_i]y+3[i]z=o
14 14

2}{+{ —-14—-3] 9

v y +ﬁ.z =0

28%x-17y + 92=0

So, required equation of plane is 28x-17y + 9z=0.
5. Question

Find the equation of the plane passing through the intersection of the planes x -2y + 2z =1 and 2x + y + z = 8, and parallel to the line with
direction ratios 1, 2, 1. Also, find the perpendicular distance of (1, 1, 1) from the plane.

Answer



Equation of plane through the line of intersection of planes in Cartesian form is
Ax+B,y+Cyz+D; +A(A,x+B,y+C,z+D, )=0 (1)

For the standard equation of planes,

Ax+By+Cyz+Dyand A5x+B,y +C>z+D,

So, putting in equation (1), we have

X-2y + 2-1 + A(2Xx + y + 2-8)=0

(1 4+ 20)x + (-2 + A)y + (1 + A)z-1-8A=0 (2)

For plane the normal is perpendicular to line given parallel to this i.e.
AA,+BB,+C,C; =0

Where A,, B,, C; are direction ratios of plane and A, B>, C, are of line.

(1 +2AN).1+(-24+A).2+(1+A).1=0
14204 +20+ 1+ A=0
-2 + 5A=0

=

R

Putting the value of A in equation (2)

[1+2.[§]].x+{—:+§].y+[1+§]z—1—3.[%]:0

5+4 -10+2 5+2 -5-16
e 2o e

9x-8y + 7z-21=0
9x-8y + 7z=21

For the equation of plane Ax + By

y1l,z1), a distan@'&Slee calculated as

Ax,+By,+Cz,-D
VA?+B*+C?

9.1-8.1+7.1-21 | _[9-8+7-2
V(9) +(-8)° +(7)H)|  [VB1+64+49

So, the required equation of the plane is 9x-8y + 7z=21, and distance of the plane from (1,1,1) is

g 13
V194
6. Question

Find the equation of the plane passing through the line of intersection of the planes x + 2y + 3z-5=0and 3x - 2y -z + 1 = 0 and cutting
off equal intercepts on the x-axis and z-axis.

Answer

Equation of plane through the line of intersection of planes in Cartesian form is
Ax+B,y+Cyz+D; +A(A,x+B,y+C,z+D, )=0 (1)

For the standard equation of planes in Cartesian form
Ax+B,v+Cyz+D;and A,x+B,y+C,z+D,

So, putting in equation 1 we have

X+ 2y + 325 +A3x-2y-z+ 1)=0

(1 + 3A)x + (2-2A)y + (3-A)z-5 + A=0

Now equation of plane in intercept form

XV Z

=]

a b c

As given equal intercept means a=c



First, we transform equation of a plane in intercept form

X y Z e
T + 1 + =0 A
(1+3%) (2-22) (3-2)

X y z
- -

5-A 5-A S5-A

(1+3) (2-=2%) [3=%)

=1

On comparing with the standard equation of a plane in intercept form

54 S
a= L=
(1+32)  (3-2)

Now as a=b=c

. B
da’, = — a = 3-A=1+3A
(1+32) (3-2)

AR=2=> A=

13| —

Putting in equation (2), we have

[1+3.l]x+( 2 —Z.lJy-f-[S—-l]z —5+l= 0
2 2

ﬁ

[2+3J [4—2] [6—1] —-10+1
X+ y+ Z+ =0

.. ‘) 2

5x + 2y + 52-9=0
5x + 2y + 52=9

So, required equation of plane is 3

7. Question

class24

Find the equation of the plane thit f the planes 3x - 4y + 52 =10 and 2x + 2y - 3z = 4 and parallel to the line x = 2y =

3z.
Answer

Equation of plane through the line of intersection of planes in Cartesian form is
Ax+B,y+Ciz+D; +~A(A,x+B,y+C,z+D, )=0(1)

For the standard equation of planes in Cartesian form
Ax+By+Ciz+Dyand A,x+B,y+C>,z+D,

So, putting in equation (1), we have

3x -4y + 52 -10 + A(2x + 2y - 32 - 4)=0

(3 + 2A\)x + (-4 + 2A)y + (5-3A)z-10-4A=0

Given line is parallel to plane then the normal of plane is perpendicular to line,
A/A,+BB,+C/C, =0

Where A,, By, C; are direction ratios of plane and A;, B,, G, are of line.

(34 2A).6 + (-4 + 2A).3 + (5-3A).2=0

18 + 12A-12 + 6A + 10-6A=0

16 + 12A=0
l =__16:> j
12 3

Putting the value of A in equation (2)

(oA o3



[9—8} [—12—3} (15+12) -30+16
— |x+ y+ z+ =0
3 3 3 3

x-20y + 272-14=0
So, required equation of plane is x-20y + 272-14=0.

8. Question

Find the vector equation of the plane through the intersection of the planes f( 1 +33—IE) =() and f( _| -~ Ek) = (), and passing through the
point (2, 1, -1).
Answer

Equation of plane through the line of intersection of two planes in vector form is
I.(0, +20, )=d,+Ad, wherer = Xi+yj+2zk (1)

Where the standard equation of planes are

ran, =d;andr.n, =d,

Putting values in equation(1)

F(i+3j-k+2(]+2k)=0+2.0

F(i+(3+2) j+(-1+22)k) =0 @)

Now as the plane passes through (2,1,-1)
F=2i+j—k

Putting in equation (2)

(2i+3—E)((i+(3+l)j+(—l+2h}ﬁ

2.1 4+ 1.(3 +A) + (-1)(-1 + 2A)=0
2+ 3+A+1-2A=0
A=6

class24

Putting the value of A in equation
[(1+(3+6)j+(-1+2(6))k)=0
F(i+9j+11k)=0

So.required equation of planeist| 1+97+1 lk) =0.

9. Question

Find the vector equation of the plane through the point (1, 1, 1), and passing through the intersection of the planes ;(l ~j +31E) +1=0
and ;(21 +_|—k) -5=0.

Answer

Equation of plane through the line of intersection of two planes in vector form is
(i, + 41, ) = d, +Ad, whereT = xi+yj+2k (1)

Where the standard equation of planes are

rany =d;andrn, =d,

Putting values in equation(1)
T(i-j+3k+2(20+-k)=-1+25
F((1+22)i+(=1+2)j+(3-)k) = -1+ 5% @)

Now as the plane passes through (1,1,1)

F=1+]j+k



Putting in equation (2)
(1+J+Kk)(((1+22)1+(=1+2) j+(3-2) k) = —1+ 5

1.(1 + 2A) + 1.(-1 + A) + 1.(3-A)=-1 + 5A
1+ 2014 A+ 3-A+ 1-5A=0

-3A + 4=0
A=2
3

Putting the value of A in equation (2)

(oo

{{3+8): (-3+4\- (9-4)\- 3420
(555
( 3 3 3 3

f(lli+j+5ﬁ) =17

So.required equation of planeisf( 11i+j+ SE) =17,
10. Question

Find the vector equation of the plane passing through the intersection of the planes ?( 2i- 73 + 411) =3 and E(B 1 - S:i - 4k) +11=0, and
passing through the point (-2, 1, 3).
Answer

Equation of plane through the line of intersection of two planes in vector form is
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I (i, +2di, )= d, +Ad, wheref =
Where the standard equation of
rny =dyandran, =d,

Putting values in equation(1)

[(21—7)+4k+2(3i - 5)+4k) =32

F((2+3%)1+(=7-5%) j+(4+42)k) =3-11% (2

Now as the plane passes through (-2,1,3)

T =-2i +:i+3];:

Putting in equation (2)

21+j+3K)(((2+30)i+(=7 - 52) j+(4+42)k) =3-11n

-2.(2 + 3A) + 1.(-7-5A) + 3.(4 + 4A)=3-11A
-4-6A-7-5A + 12 + 12A-3 + 11A=0
-14 + 12 + 12A=0

Yo
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Putting the value of A in equation (2)

f((2+3.%Ji+(-?—5.%}j+(4+4%]];;] .—.:3_11,%

- [12+3J: [—42—5]: (24+4J-' 18—-11
14+ ]+ k =
( 6 6 6 6

F(151-47j+28k) =7



So.required equation of planeisf( 151 —4Tj +28f:) =17.

11. Question

Find the equation of the plane through the line of intersection of the planes 5(21 -3j+ 41-:) =] and f(1 -_|) + 4 =0 and perpendicular to
the plane ;(21 —j-i- k) +8=0.

Answer

Equation of plane through the line of intersection of two planes in vector form is
T(f, +4, )= d; +d, whereT =xi+yj+zk (1)

Where the standard equation of planes are

r.n; =d;andr.n, =d,

Putting values in equation (1), we have

T(21-3)+4k+n(i-])=1-24

T((2+2)i+(-3-2)j+4k)=1-4 @)

Given a plane perpendicular to this plane, So if n1 and n2 are normal

vectors of planes
ﬁlfl: =0
(2i -3+l::).({2+l)i+[—3 -}.)j+4f{) =0

2.(2 + A) + (-1).(-3-A) + 1.4=0
442\ +3+A+4=0
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Putting the value of A in equation (2

f([z+'_“]i+[-3—il]‘+4£:]:1—4.
| 3 3 3

- [6—11]: (—9+11
Ir 1+
{ 3 3

T(-5i-2j+12k)=47

3+44

j+4ﬁ]=

So required equation of planeis f(—Si = 2:i+12R) =47.
12. Question

Find the Cartesian and vector equations of the planes through the line of intersection of the planes f( 1 —j )+6= 0 and

i:.(3i+ 33—4[}) = (). which are at a unit distance from the origin.

Answer

Equation of plane through the line of intersection of two planes in vector form is
(i, +2d, )= d; +2d, whereT = xi+yj+zk (1)

Where the standard equation of planes are

ran; =d;andr.an, =d,

Putting values in equation (1)

F(1—]+2(31+3)—4k) =6+3.0



T((1+3%) 1+(-1+3%) j+(—42)k) =6 (2)
For the equation of plane Ax + By + Cz=D and point (x1,y1,z1), a distance of a point from a plane can be calculated as

Ax,+By,+Cz,-D
VA +B*+C*

(1+32)0+(~1+3%.).0+(-42.).0—6
V(1+31)" +(=1+30)" +(—41)%)

-6
14922 +6A+1+90°% —60+16A°

N2+340° =6
243422 = (-6’
3422 =36-2
342.° =34

Al =1=>a=L-1
Putting value of A in equation (2)
A=1

T((1+3.1)i+(-1+3.1)j+(-4.1)k) =6
[(41+2)-4k)=6=T(2i+]-2k)=3

A=-1
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F((1+3.(=1))i+(-1+3(-1))]

'i"(—ﬁ -—4:]'+4fc) = 6:>f.(i+2 '
For equations in Cartesian form put
r=xi +y_‘i+7_1"c

For A=1

(xi+y§+zﬁ ).(ﬁ{i— 2k-3)=0
X.2 +vy.1l+2(-2)3=0

2x 4+ y-22-3=0

For A=-1

(xi+};j+zf: J{ 1+2j— 2ﬁ+3) =0
x.1+y.2 +2.(-2) + 3=0

X + 2y-22 + 3=0

So.required equation of plane

in vector form aref.(2§+j— 2k) =3fori =1

I(i+2j-2k)=-3forx=-1
In Cartesian form are 2x + y-22-3=0 & x + 2y-2z + 3=0

Exercise 28F

1. Question

Find the acute angle between the following planes :



(i) f-(i+:i—21;:)=5andi‘--(2§+2j—f£)=9
(i) r-(i+2j-k)=6and r-(2i-j-k)+3=0
(i) r-(21-3)+4k)=1and r-(-i+])=4

(v) T-(2i-3j+6k)=8 and r-(3i +4j-12k)+7=0

Answer

To find the angle between two planes, we simply find the angle between the normal vectors of planes. So if n1 and n2 are normal vectors
and 6 is the angle between both then,

cosf = _1-':41115
ENER

(i)On comparing with the standard equation of planes in vector form

f.ﬁl = dl ﬂlld i:ﬁl = dl

iy =i+j-2kandii, =2i+2j-k
Then
(i+)-2k).(2i+2j-k) 1.241.24(=2).(~1) 24242

0=|—1— 3 | B T B
- i+j-2k[2i+2j-K] (\ﬁ:+11+(—3)2)=(\'31+3:+(—1)2) Vil adie

S8 |-|ve
J6p| |3

B=cns'1[-ﬁ}
3

class24

(ii) On comparing with the standarg vector form

f.ﬁl =d1 ﬂﬂdf.l-lz = dz

-~ o

=i

Ill = l+2]-f(m]dﬁ1 = 2; --:i-l::
Then
(i+2j-k).(2i-j-k) 1.24+2.(=1)+(=1).(-1) 2-241

cosl = |—— ” —| =

2i - j-k| («ﬁz+:*’-+(-1)2).(\':3+(-1}3+(-1)2) VI+a+13+141

0=cos”!| |
6

(iii) On comparing with the standard equation of planes in vector form

f.ﬁl =d1 El]d Fﬁ: =d3

ﬁl = 2;—3j+4ﬁﬂﬂdﬁl =—i+:i

Then

(20 -3j+4k ).(-i+]) 2.(-1)+(-3).1+4.0 Ha{-3)
‘25—3:i+4ﬁ“—i+j| (\E:+(-—3):+41)-(\1("1)2+1:) (ﬂ+9+16)(\ﬁ+1)

cost =

ﬁ

— s
V58

-5
V292



q
0 =cus“l(q;—a}

(iv)On comparing with the standard equation of planes in vector for

il-ll =dl ﬂﬂdf.ﬁl — dl

iy = 21 - 3j+6kandii, = 3i+4j-12k

Then

. ( 2 —3j+6£ )(31+4J —12];:) ~ 2.3+(-3).4+6.(-12)

12— 3j+6Kk|[3i+ 4j- 12| (JE:+(_3)1+61).( 3 4% 4 (-12)

6+(-12)+(-72)

(V4+9+36)(Vo +16+144)

| 78 ‘ |—78
— = —
Va9 f169| |[7.13
0= cus'I( E ]

7

2. Question

Show that the following planes are at right angles:

() T-(41-7j-8k)=5 and r-(3i-4j+5k)+10=0

(i) 1-(21+6j+6k)=13 and (3]

Answer

ind the angle heQel g§a§t2 of !anes. So if n1 and n2 are normal

To show the right angle between
vectors and 8 is the angle betwe

cosb = _11111: for right angle 8=90¢

| 1)

Cos90°=0

ﬁl'ﬁl =) {1)

(1))On comparing with standard equation

l-ll =4i--7j-31;ﬂlldﬁ: =3;—4:[+51;

LHS =1idi, = (41— 7j-8k )(31-4)+5k) = 4.3+ (-7).(4) + (-8).5

=12+28-40=40-40=0=RHS
Hence proved planes at right angles.

(i) On comparing with the standard equation of a plane
ny = Zi-+6:i+6ﬁandﬁ3 =3i+4j-5k
LHS =i, i, = (2i+6)+6k ) (3i+4j—-5k) =23 + 6.4 + 6(-5)

=6+24-30=30-30=0=RHS
Hence proved planes at right angles.
3. Question

Find the value of A for which the given planes are perpendicular to each other:

(i) i("-’.i—}-iﬁ):? and f-(3§+lj+2ﬁ)=9

(i) 1-(%1+2)+3k)=5and r-(i+2j-7k)+11=0



Answer

For planes perpendicular Cos90°=0
ﬁl'ﬁl =0 (1)

(i)On comparing with the standard equation of a plane

Ny = Ei-j-?.}zaudﬁ: =3i+2j+2k
i, i = (21— - 2k).(31+2)+2k) =0
2.3 + (-1).2 + (-A).2=0

6-2-2A=0

2A=4

A=2

(ii) On comparing with the standard equation of a plane
n;=a+2j+3kandn, =1+2j-7k

i iy =(%i+2j+3k).(1+2j-7k)=0

Al+ 22+ 3.(-7)=0A + 4-21=0 A=17

4. Question

Find the acute angle between the following planes:
(D2X-y+z=5andx+y+2z2=7

(i) x+2y+22=3and2x-3y+62=28

(i) x+y-z=4andx+2y+2z=9

(V) x+y-2z=6and2x-2y +z=

e class24

Answer

To find angle in Cartesian form,

Alx +B1}" +C12+D1 =0and A

A1A2+B1B2+Ci '-

— \J(A11+B13 +Cf)xf(Af+Bf+cf)

(i)On comparing with the standard equation of planes

Al =ﬂ.B1 =—1.C1 =1.andA3 =1.B: =LC1 =2

o 2.1+(-1).1+1.2 " 2+(-1)+2 3 |
COS0 = A8 L
1’22 +(_1)3+111f13 1%+ ﬁ+l+1~.ﬁ+l+4 V66

S . 14
) —
6 2

0 =cns‘l(l} =:>~E
2 3

—

(ii)On comparing with the standard equation of planes

Al =1..Bl — 1C1 = Zﬂﬂdﬁz =2.B3 = —3.(.13 =6

o 1.2+2.(-3)+2.6 2+(-6)+12 | S |
COsS0 = p— -
E+22+23E+(—3)2+53 Jl+4+434+9+36 VOV 49

8 8
= =

37 21
Bzcus"l(i]

21

(ili) On comparing with standard equation of planes



A;=1B;=1C;=-landA, =1.B, =2.C, =1

s 1.1+41.2+(-1).1 1+2+(-1) 2
COSo = . =
212+ (- 1) 2 J2 2 2|7 N1+1+11+4+1] [V3V6
V2

E)

6 =cns_l[£J
3

(iv)On comparing with the standard equation of planes

A;=LB,=1Ci=-2and A, =2.B, =-2,C; =1

-

()

L3s1.(-2)+(-2).1 24 (~2)+{-2} _| .

0= " [VeV
cos 712-+12+(_2)2\/';+(_:); 9 = N+1+4J4+4+1| [VeVo

2

V6.3

9=c°5_1(3j ]

5. Question

 —
.

Show that each of the following pairs of planes are at right angles:
(i)3x+4y-5z2=7and2x+6y+62+7=0
(i) x-2y+4z=10and 18x + 17y + 4z = 49

Answer

To find angle in Cartesian form, fo
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IA" +3152 +C1C'1
‘J(Al'+Bl +Cy° )\f(AJ +B,*° +C:")

A;x+B,y+C,z+D; =0and A, X+ ) cosB =

For 8=90°, cos90°=0
AlAl +BlB: -+ C‘IC; =0
(i)On comparing with the standard equation of a plane

Al=3.Bl=4.cl=-53ﬂdA1—"B‘r‘_ﬁf}: 6
LHS =A,A, +B,B, +C,C, = 3.2+4.6+(=5).6=6+24-30

=0=RHS
Hence proved that the angle between planes is 90°.

(ii) On comparing with the standard equation of a plane

A, =1B; =-2.C; =4andA, =18.B, =17.C, =4
LHS =A;A,+B;B,+C,C, =1.18+(-2).17+4.4=18+(—-34)+16

=0=RHS

Hence proved that angle between planes is 90°.
6. Question

Prove that the plane 2x + 2y + 4z = 9 is perpendicular to each of the planes x + 2y + 2z -7 =0 and 5x + 6y + 7z = 23.
Answer

To show that planes are perpendicular
AIAE +B1B: = i CICE =)
Where A4, B,, C; are direction ratios of plane and A, B,, C, are of other

plane.



21+ 2.2+ 42=2+ 4 + 8=14=0

Hence, planes are not perpendicular.

Similarly for the other plane

254+26+2.7=10+ 12 + 14=36%0

Hence, planes are not perpendicular.

7. Question

Show that the planes 2x -2y +4z+ 5 =0and 3x- 3y + 6z -1 = 0 are parallel.
Answer

To show that planes are parallel

A _B G
A, B, C,

On comparing with the standard equation of a plane

Al =2ﬂB1 ="2.C1 =4ﬂﬂdA: =3.B1 =-3'Cl =6

Ay 2B, -2 20, 4 2
=—. = —_— = —

So,

Ay, B G 2

As By T 3

Hence proved that planes are parallel.
8. Question

Find the value of A for which the planes x -4y + Az + 3 = 0 and 2x + 2y + 3z = 5 are perpendicular to each other.

B tioflof e C'a SS 24

Answer

To find an angle in Cartesian form

Ax+B;v+Ciz+D; =0and Aj |

AIAI'FB]BJ T+ U
V(A7 By +C% JV(A* +E

cost =

For 8=90°, cos90°=0

AA,+BB,+CCy =0

On comparing with the standard equation of the plane,

A =1B;=-4.C; =AandA,=2B, =2.C, =3

AA,+B;B,+C,C, =1.2+(-4).2+2.3=0

2 + (-8) + 3A=0

-6 + 3A=0

A=2

9. Question

Write the equation of the plane passing through the origin and parallel to the plane 5x -3y + 7z + 11 = 0.

Answer

Let the equation of plane be
Aix+Byy+Ciz+D; =0
Direction ratios of parallel planes are related to each other as

Ay, B (G
A, B, C,

=K (constant )

Putting the values from the equation of a given parallel plane,



A1=B1=ﬂ=k
5 -3 7

Al - SL.BI — "'31(.C1 =7k

Putting in equation plane

Skx - 3ky +7kz+D; =0

As the plane is passing through (0,0,0), it must satisfy the plane,
5k.0-3k.0+7k.0+D; =0

Dy=0

5kx-3ky + 7kz=0

5x-3y + 7z2=0

So, required equation of plane is 5x-3y + 72=0.

10. Question

Find the equation of the plane passing through the point (a, b, ¢) and parallel to the planef.(i+j+f() =2,

Answer

Let the equation of a plane

Direction ratios of parallel planes are related to each other as

A C
Lot Y = 7.(constant )
Ay B, G
Putting the values from the equation.of @ given parallel plane,
X1 _X_2_ 2
T CICQSS

Putting values in equation (1), we ha
I(M+2+2k)=d(2)
A plane passes through (a,b,c) then it must satisfy the equation of a plane

(ai+b}+cﬁ).( 7\.{+lj+ }.k) =d

(ol +bj+ k)i +] +k) = d

Aa.l +b.1 +c.1)=d
Ala+ b+ c)=d

Putting value in equation (2)

f.(i+j+f:)l=l(a+ b+ c)
f.(i+j+l::)=a+ b+ c

So.required equtaion of planeis f.( i +J+k) =a+ b+ cC

11. Question
Find the equation of the plane passing through the point (1, -2, 7) and parallel to the plane 5x + 4y - 11z = 6.
Answer

Let the equation of plane be
Ax+By+Ciz+Dy=0

Direction ratios of parallel planes are related to each other as



