NCERT solutions for class 12 maths chapter 11 three dimensional

geometry-Exercise: 11.1

Question:1 If a line makes angles 907, 135°,45° yith the X, Y and z-axes respectively,

find its direction cosines.
Answer:

Let the direction cosines of the line be I,m, and n.

So, we have
[ = cos90° =10
m = cos 135" = —L

‘ V2

1
n =cosdd’ = —
V2
1 1
0, ——.and —

Therefore the direction cosines of the lines are v@ \./E )

Question:2 Find the direction cosines of a line which makes equal angles with the

coordinate axes.

Answer:

If the line is making equal angle with the coordinate axes. Then,

Let the common angle made is v with each coordinate axes.

Therefore, we can write;



[ =cosa, m = cosa, and n = cosa
. 2 2 2
And as we know the relation; I© + m~ +n- =1

& 7 &
= COS" (v + o8~y + cos o = 1

5 1
= COS O = —
3

1
coso = T——
or x/E
1 1 1
+— t—. and £ —
Thus the direction cosines of the line are \/ﬁ \/ﬁ \./E

Question:3 If a line has the direction ratios =18, 12, — 4, then what are its direction

cosines ?
Answer:
Glven a line has direction ratios of -18, 12, — 4 then its direction cosines are;

Line having direction ratio -18 has direction cosine:

—18 —18 =9

JEBZ+ (12)7+ (42 22 11

Line having direction ratio 12 has direction cosine:

12 _z_°
VERZ + (122 + (-4 22 11

Line having direction ratio -4 has direction cosine:

12 —4 =2

VP (22 (42 22 1l




-9 6 -2

Thus, the direction cosines are 117117 11

Question:4 Show that the points (2, 3, 4), (- 1,-2, 1), (5, 8, 7) are collinear.
Answer:

We have the points, A (2, 3,4)B(-1,-2,1),C (5, 8,7);

And as we can find the direction ratios of the line joining the

points (%1, y1, 21) and (2, Y2, 22) is given by -2 — 1. ¥2 — ¥1. and z3 — 1.

The direction ratios of AB
are (=1 —2),(—=2—-3), and (1 —4)je —3, =5, and —3

The direction ratios of BC
are (5 — (—1)), (8 — (=2)), and (7~ 1), 6, 10, and 6

We can see that the direction ratios of AB and BC are proportional to each other and is -

2 times.
.. AB is parallel to BC. and as point B is common to both AB and BC,
Hence the points A, B and C are collinear.

Question:5 Find the direction cosines of the sides of the triangle whose vertices are (3,

5-4),(-1,1,2)and (- 5,-5, - 2).
Answer:

Given vertices of the triangle A ABC (3,5,-4),(-1,1,2)and (- 5,-5, - 2).



A (3.5.-4)

B C
(-1,1,2) (-5,-5,-2)

Finding each side direction ratios;
= Direction ratios of side AB are (—1 — 3), (1 —5), and (2 — (—4)) ie.,
—4, —4. and 6.

Therefore its direction cosines values are;

Similarly for side BC,;
= Direction ratios of side BC are [—5 - [—1]].- (—5 - 1]'.~ and [—2 - 2]' ie.,
—4, —6. and — 4.

Therefore its direction cosines values are;

= Direction ratios of side CA are (—5 - 3:'.~ (—5 - 5:'.- anid (—2 - (—4:':' i.e.,
—8. —10, and 2.

Therefore its direction cosines values are;



NCERT solutions for class 12 maths chapter 11 three dimensional

geometry-Exercise: 11.2

Question:1 Show that the three lines with direction cosines

are mutually perpendicular.

Answer:

Glven direction cosines of the three lines;

I 12—3—4L 4123L 3 —4 12
"lrzaz ) V1313 ) 7 V130137 13

And we know that two lines with direction cosines {1 1: 11 and 2, M2, 72 gre

perpendicular to each other, if [1l2 + m1ma + nyng = 0

Hence we will check each pair of lines:

Lines L1 and Ly,

48 36 12 0
| 169 169 169|
~.the lines L1 and La gre perpendicular.

Lines L2 and Lj ;



12 48 36 0
169 60| " |160| =
. the lines L2 and L3 are perpendicular.

Lines Lz and Ly,

(2] [

" the lines L3 and Ly gre perpendicular.
Thus, we have all lines are mutually perpendicular to each other.

Question:2 Show that the line through the points (1, — 1, 2), (3, 4, — 2) is perpendicular
to the line through the points (0, 3, 2) and (3, 5, 6).

Answer:
We have given points where the line is passing through it;

Consider the line joining the points (1, — 1, 2) and (3, 4, — 2) is AB and line joining the
points (0, 3, 2) and (3, 5, 6).is CD.

So, we will find the direction ratios of the lines AB and CD;

Direction ratios of AB are 1 b1,y

(3—1), (4—(=1)), and (=2 —=2) o 2, 5, and — 4



Direction ratios of CD are @2: b2, 2

(3—0), (5—=3))., and (6 —2) 3. 2, and 4

Now, lines AB and CD will be perpendicular to each other if @12 + biby + c1c3 = 0
arag + bibg +c1e0 = (2 x 3)+ (5 x2) + (—4 x 4)

=6+10—-16=0

Therefore, AB and CD are perpendicular to each other.

Question:3 Show that the line through the points (4, 7, 8), (2, 3, 4) is parallel to the line
through the points (- 1, -2, 1), (1, 2, 5).

Answer:
We have given points where the line is passing through it;

Consider the line joining the points (4, 7, 8) and (2, 3, 4) is AB and line joining the points
(-1,-2,1)and (1, 2, 5)..is CD.

So, we will find the direction ratios of the lines AB and CD;
Direction ratios of AB are @1 b1, €1
(2—4), (3—T), and (4 —8)or—2, —4, and —4

Direction ratios of CD are “2: b, co

(1—(=1)). (2—1(-2)). and (5 —1)or2, 4, and 4



ap b oo

Now, lines AB and CD will be parallel to each otherif@z b2 €2

Therefore we have now;

Hence we can say that AB is parallel to CD.

Question:4 Find the equation of the line which passes through the point (1, 2, 3) and is

parallel to the vector 3¢ + 2j — 2k
Answer:

It is given that the line is passing through A (1, 2, 3) and is parallel to the
vector b = 31 + 2j — 2k

We can easily find the equation of the line which passes through the point A and is

parallel to the vector b by the known relation;
7= d+ Ab , where \is a constant.

So, we have now,

— =1+ 2j+3k+ A3+ 2j— 2k)

Thus the required equation of the line.

Question:5 Find the equation of the line in vector and in cartesian form that passes

through the point with position vector 21 — j+ 4k and is in the direction ¢ + 2j — k



Answer:

Given that the line is passing through the point with position vector 2t — j+4k and is

in the direction of the line © + 27 — k

And we know the equation of the line which passes through the point with the position

vector @ and parallel to the vector b is given by the equation,
F=d+ A

= F=2—j+4k+Ai+2j—k)

So, this is the required equation of the line in the vector form.
F=ai+yj+ 2k =(A+2)+ (20— 1)j + (=X +4)k

Eliminating A , from the above equation we obtain the equation in the Cartesian form :

r—2 y+1 =z-4
12

Hence this is the required equation of the line in Cartesian form.

Question:6 Find the cartesian equation of the line which passes through the point (- 2,
r+3 B y—4 B z+ 8

4, — 5) and parallel to the line given by 3 ) 6
Answer:

Given a line which passes through the point (- 2, 4, — 5) and is parallel to the line given
r+3 y—4 z+8

by the 3 5 6

r+3 y—4 z+8

The direction ratios of the line, 3 D 6 are3,5and6.



So, the required line is parallel to the above line.

Therefore we can take direction ratios of the required line as 3k , 5k , and 6k , where k
is a non-zero constant.

And we know that the equation of Iir}e palg,sing ;hrozrgh the point (21,91, 21) and with
r— I y—m |

direction ratios a, b, c is written by: a b c

Therefore we have the equation of the required line:

r+2 y—4 2495
3k bk 6k

=k

r+2 y—4 z+5
5 6

or 3 5}

The required line equation.

r—a y+4 -6

Question:7 The cartesian equation of alineis 3 T 7 . Writeits

vector form .
Answer:

Given the Cartesian equation of the line;

.1‘—5_3;—!—4_::—6
3 7 7

Here the given line is passing through the point (5, —4,6) |
So, we can write the position vector of this point as;

d =51 —4j + 6k



And the direction ratios of the line are 3,7 , and 2.
This implies that the given line is in the direction of the vector, b=31+7j+2k
Now, we can easily find the required equation of line:

As we know that the line passing through the position vector @ and in the direction of

the vector b is given by the relation,
F=d+ A\, AeR
So, we get the equation.

51— 4] + 6k + A3i + 75+ 2k), AeR

r

This is the required equation of the line in the vector form.

Question:8 Find the vector and the cartesian equations of the lines that passes through

the origin and (5, — 2, 3).

Answer:

Glven that the line is passing through the (0,0,0) and (5, —2,3)
Thus the required line passes through the origin.

.. its position vector is given by,

=0

So, the direction ratios of the line through (0, 0,0) and (3, =2, 3) are,

(5-0)=5,(—2-0)=-2,(3-0)=3



=

The line is parallel to the vector given by the equation, ¥ = 51 — 2j + 3k

Therefore the equation of the line passing through the point with position vector @ and

parallel to b is given by;
F=d+ M\, where \eR
= 7= 0+ A5 — 2] + 3k)
— 7= A5i — 2] + 3k)

Now, the equation of the line through the point (1,91, #1) and the direction ratios a, b,
c is given by;

L=y Y= L2
a b c

Therefore the equation of the required line in the Cartesian form will be;

r—0 y—-0 =z2-0

Question:9 Find the vector and the cartesian equations of the line that passes through

the points (3, - 2, - 5), (3, — 2, 6).

Answer:

Let the line passing through the points A3, -2, -5) and B(3,-2,6) is AB;
Then as AB passes through through A so, we can write its position vector as;

] o~

d=23i—2j— 5k



Then direction ratios of PQ are given by,

(3—-3)=0, (-2+2)=0, (6+5) =11

Therefore the equation of the vector in the direction of AB is given by,
b=0i—0j+11k= 11k

We have then the equation of line AB in vector form is given by,
F=d+ M\, where \eR

= 7= (3i —2j —5k) + 11Ak

So, the equation of AB in Cartesian form is;

s T e T |
a b c

r—3 y+2 z+5
or 0 0 11

Question:10 Find the angle between the following pairs of lines:

s

()T =2i—5] +k+A31 +2j + 6k) and 7 = 71 — 6k + p(i + 2j + 2k)
Answer:

To find the angle A between the pair of lines b1 and by we have the formula;

by.by

101][2]

cos. A =

We have two lines :



T =2 —5j+ k+ A3i + 2j + 6k) and

T =Ti— 6k + p(i + 25 + 2k)

—

The given lines are parallel to the vectors by and by :

—

where b1 = 3t + 2j + 6k and b2 = @ + 2j + 2k respectively,

Then we have

—_ —

by.by = (31 + 25 + 6k).(1 + 25 + 2k)

=3+4+12=19

and |1 = V32 + 22+ 62 =7

Therefore we have;

Tx3| 21

N 1 (19)
A =cos —
or 21

Question:10 Find the angle between the following pairs of lines:

‘ 19 ‘ 19
cos 4 =

)T =31+ —2k+ i —j —2k) and 7 = 2i —j — 56k + pu(3i — 55 — 4k)
Answer:

To find the angle A between the pair of lines b1 and by we have the formula;



by.by

01][2]

cos A =

We have two lines :
T =31+ —2k+ Mi —j —2k) and

T =2 — j — 56k + pu(3i — 55 — 4k)

—

The given lines are parallel to the vectors by and by :

— ] -

where 01 =@ — j — 2k and b2 = 3¢ — 5] — 4k respectively,

Then we have

1

br.by = (i —j —2k).(3i — 5j — 4k)

(=]

—3+5+8=16

and |b_{| =12+ (—1)2+ (-2)2 = V6

|ba| = /32 + (=5)2 + (—4)2 = V50 = 5v2

Therefore we have;

cos 4 =

‘ 16 ‘ 16
VB x 5v2| 103

= (5)
A =cos
or 5v/3

Question:11 Find the angle between the following pair of lines:

r—2 y—1 2+3 r+2 y—4 z-35

(i) 2 5 —3 and —1 3 4



Answer:

Given lines are;

r—2 y—1 =2+3 r+2 y—4 z-95

2 5 —3 and -1 8 4

So, we two vectors b1 and by which are parallel to the pair of above lines respectively.

by =2i+5j —3k gngba = —1 +8j + 4k

To find the angle A between the pair of lines b1 and ba we have the formula;

Then we have

—

b

=
L\.‘il

= (20 +5j — 3k).(—i + 8] + 4k)

= —2+40— 12 =26

and |61] = V22 + 52+ (—3)2 = V38

lba] = /(=12 + (82 + (4)2 = V81 =9

Therefore we have;

A ‘ 26 ‘ 26
cos A = =
a8 x 9 04/38

e ()
A = cos —
or 91/38

Question:11 Find the angle between the following pair of lines:



i
(ii) 2

Answer:

Given lines are;

So, we two vectors b1 and by which are parallel to the pair of above lines respectively.

by =2i+2j+kangbs =4i+ j+ 8k

To find the angle A between the pair of lines b1 and by we have the formula;

Then we have

—_— —

bi.by = (20 + 25 + k).(41 + § + 8k)
=8+2+8=18

and |01l = V22 +22+12 =0 =3

63 = P+ (12 + (3% = VBI =9

Therefore we have;

- 18 9
S =139 T 3



A =rcos —
or 3

Question:12 Find the values of p so that the
l—x Ty—14 2-3 T—Tr y—o 6—=z

lines 3 2p 2 and 3p 1 5 are at right angles.

Answer:

First we have to write the given equation of lines in the standard form;

Then we have the direction ratios of the above lines as;

2 —3
_3.* _p: 2 —pr 1: D
7 and 7T respectively..

Two lines with direction ratios @1 01: €1 and @2, b2, €2 are perpendicular to each other

if, (1012 + bibg + 100 = 0

(—3). (‘733’) + (). (1) +2.(=5) =0

9  2p
= =+ —==10
7 7

= 11p=T0

70

70
Thus, the value of pis 11 .



r—>d y+2
Question:13 Show that the lines 7 —3

=]
Q

>

o
il

perpendicular to each other.
Answer:

First, we have to write the given equation of lines in the standard form;

r—>d y+2 oz
7 -5 landl

r oy
2

Ll | e

Then we have the direction ratios of the above lines as;
7. =95, Land 1, 2, 3 respectively..

Two lines with direction ratios @1: 91, €1 and @2, b2, €2 are perpendicular to each other

if, (1012 + bibg + 100 = 0
LT+ (=5)(2) +1(3) =T—-10+3=0
Therefore the two lines are perpendicular to each other.

Question:14 Find the shortest distance between the lines

P

T =(i+2j+ k) + M-+ k) and T = (21— — k) +pu(2i +§ + 2k)
Answer:

So given equation of lines;

P

T =i+ 2+ k) +Mi— G+ k) and T = (21— — k) + p(2i + 7+ 2k) in the

vector form.



Now, we can find the shortest distance between the

lines 7' = a1 + Aby and 7 = a2 + pba2 is given by the formula,

Now comparing the values from the equation, we obtain

—

Gi=i+2j+kbi=1—j+k

Then calculating

by xby=(—2—1)i—(2—2)j +(1+2)k = —3i + 3k

So, substituting the values now in the formula above we get;

(—3?+ 3?) (G —3j—2k)

d =
3v/2
—3.1+3[—2]‘
d—
N ‘ 32
d_‘—ﬂ‘_ 3 32
Clsvzl vz 2

33

Therefore, the shortest distance between the two lines is 2 units.



Question:15 Find the shortest distance between the lines

r+1 y+1 z+1 r—3 y—a2 =T
7 -6 1 and 1 —2 1

Answer:

We have given two lines:

r+1 y+1 z+1 r—a3  y-—29 -7
7 -6 1 and 1 —2 1

[

Calculating the shortest distance between the two lines,

T — I Y — 1 z— 2 T—Ty Y—Y2 T— I3

ay b €1 and a2 b 2

by the formula

Now, comparing the given equations, we obtain

ry = —1_. = —1_. o = —1

E'11=T_. b1=—5_. I‘L'1=1
1223 yg=-3 ,’:g:?
t‘lg=1_. bgz—z, L‘g=1

Then calculating determinant



=4(—6+2) —6(7T—1)+8(—14+6)
= —16 — 36 — 64
— —116

Now calculating the denominator,

= /16 + 36 + 64
— /116 = 2v/29

So, we will substitute all the values in the formula above to obtain,

—116 -8 —=2x29

d=zv/ﬁ=@= 75 = —2v/29

Since distance is always non-negative, the distance between the given lines is

2v29 ynits.

Question:16 Find the shortest distance between the lines whose vector equations
are 7 = (i + 2j + 3k) + A(i — 3j + 2k) and

T o= (4457 +6k) +pu(20+ 37+ %)
Answer:

Given two equations of line

P =(i+2j+3)+Ai—3j+2k) T = (4i + 5] + 6k) + p(2i + 37 + k) in the

vector form.



So, we will apply the distance formula for knowing the distance between two

lines 7 = a1 + Aby and 77 = a3 + Abs

After comparing the given equations, we obtain
i =i+2j+3kb=1—3j+2k

o~

d3 =41+ 5j + 6k b

]

=2i+3j+k

ra

— —

a3 —dj = (4i + 5] + 6k) — (i + 2j + 3k)
=31+ 35 + 3k

Then calculating the determinant value numerator.

= (—3-6)i—(1—4)j+(3+6)k=—9+3j+9k

= /(=9)2+ (3)2 + (9)2

‘zﬁ % by

That implies,

— VBRI £9 181 =171 = 3v19

=(—9x3)+(3x3)+(9x3)=9

Now, after substituting the value in the above formula we get,

‘3\;’1

El‘ 3
=7



3

Therefore, v 19 is the shortest distance between the two given lines.

Question:17 Find the shortest distance between the lines whose vector equations are

o

T o= (1—t)i+(t—2)j+(3—20k gng 7 = (s +1)i +(2s — 1) — (25 + 1)k
Answer:

Given two equations of the line

To=(1—ti+(t—=2)+3=20k 7 =(s+ 1)1+ (2s — 1) — (25 + 1)k in the

vector form.

So, we will apply the distance formula for knowing the distance between two

lines 7 = a1 + Aby and 7 = a3 + Abg
After comparing the given equations, we obtain

aj=1i—2j+3kby=—i+j—2k

Then calculating the determinant value numerator.

= (=244 — (2+2)j+ (-2 —1)k =2i — 45 — 3k



That implies,

b1 x by| = /2P + (—47 + (=3P
= VI+16+9=v29

Now, after substituting the value in the above formula we get,

- |78~ 7
R

8

Therefore, V' 29 units are the shortest distance between the two given lines.

NCERT solutions for class 12 maths chapter 11 three dimensional

geometry-Exercise: 11.3

Question:1(a) In each of the following cases, determine the direction cosines of the

normal to the plane and the distance from the origin.
z=2

Answer:

Equation of plane Z=2, i.e. 0 + 0y + z = 2

The direction ratio of normal is 0,0,1



Divide equation 0= + 0y + z = 2 by 1 from both side
We get, 0z + 0y + 2 =2

Hence, direction cosins are 0,0,1.

The distance of the plane from the origin is 2.

Question:1(b) In each of the following cases, determine the direction cosines of the

normal to the plane and the distance from the origin.

x+y+z=1

Answer:

Given the equation of the plane is T + ¥ + = = 1 or we can write 17 + 1y + 1z =1
So, the direction ratios of normal from the above equation are, 1, 1, and 1 .

Therefore V12 + 12 + 12 = /3

Then dividing both sides of the plane equation by V3 , we get
T Y z 1

==

Vi V3 V3 V3

So, this is the form of lx+my+nz=d he plane, where [. m, 1 gre the direction
cosines of normal to the plane and d is the distance of the perpendicular drawn from the
origin.

1 1 1
.". The direction cosines ?f the given line are NENRVENRVE and the distance of the

plane from the origin is V3 units.



Question:1(c) In each of the following cases, determine the direction cosines of the

normal to the plane and the distance from the origin.
2x+3y-z=5

Answer:

Given the equation of plane is 27 + 3§ — 2z =9

So, the direction ratios of normal from the above equation are, 2, 3, and —1

Therefore V2 43+ (-1)2 = V14

Then dividing both sides of the plane equation by V 14 | we get

2T 3y z 5]

Vi Via  vid  Jid

So, this is the form of [T + my + nz = d the plane, where [: M 7 are the direction
cosines of normal to the plane and d is the distance of the perpendicular drawn from the
origin.
2 3 —1
.- The direction cosines of the given line are NAURRVAURRVAT! and the distance of the
o

plane from the origin is V 14 ynits.

Question:1(d) In each of the following cases, determine the direction cosines of the

normal to the plane and the distance from the origin.
5y+8=0

Answer:



Given the equation of plane is oY + 8 =0 or we can write 00 — oy + 0z =

So, the direction ratios of normal from the above equation are, 0, =5, and 0

Therefore VO + (=52 +02=5

Then dividing both sides of the plane equation by 5 , we get

So, this is the form of lx+my+nz=d e plane, where [. m, 1 gre the direction
cosines of normal to the plane and d is the distance of the perpendicular drawn from the

origin.

.". The direction cosines of the given line are 0, —1, and 0 anq the distance of the

1] o0

plane from the origin is 2 units.

Question:2 Find the vector equation of a plane which is at a distance of 7 units from the

origin and normal to the vector 31+ 5j — 6k
Answer:

We have given the distance between the plane and origin equal to 7 units and normal to

the vector 91 + 9j — 6k

So, it is known that the equation of the plane with position vector 7 is given by, the

relation,
r.n = d , where d is the distance of the plane from the origin.

Calculating 7 ;



. (3i+5j —6k
r. —
V' 70

=T

) is the vector equation of the required plane.
Question:3(a) Find the Cartesian equation of the following planes:
Tli+j—k)=2

Answer:

Given the equation of the plane T G +3 - ?:' =2

So we have to find the Cartesian equation,

Any point Alx, ¥, 2) on this plane will satisfy the equation and its position vector given

by,
F=ri+yj — 2k

Hence we have,

— - -~

(1 +yj+2k).(i+F —k) =2

or,r+y—z=2

Therefore this is the required Cartesian equation of the plane.
Question:3(b) Find the Cartesian equation of the following planes:
T2 +30 —4k) =1

Answer:



Given the equation of plane ?-(21 + 31 —4k) =1
So we have to find the Cartesian equation,

Any point Alz, ¥, %) on this plane will satisfy the equation and its position vector given

by,

F=ri+yj — 2k

Hence we have,

(ri+yj+ 2k).(20 + 3] — 4k) = 1

Or, 2r +3y —4z =1

Therefore this is the required Cartesian equation of the plane.
Question:3(c) Find the Cartesian equation of the following planes:

Tol(s—20i+(3—t)]+ (25 + f)ﬂ — 15

Answer:
| | 7. [[3 )T+ (3 t)]+ (25 + f)}?} — 15
Given the equation of plane

So we have to find the Cartesian equation,

Any point Az, ¥, 2) on this plane will satisfy the equation and its position vector given

bmF:.z?—i—y?—:E

Hence we have,



Or ls —2t)r + (3 —tly+(2s + 1)z =15
Therefore this is the required Cartesian equation of the plane.

Question:4(a) In the following cases, find the coordinates of the foot of the

perpendicular drawn from the origin.
2x+3y+4z-12=0
Answer:

Let the coordinates of the foot of perpendicular P from the origin to the plane

be [.1'1 s :1]
Given a plane equation 27 + 3y + 4z —12=10
Or, 2T + 3y + 4z = 12

The direction ratios of the normal of the plane are 2, 3, and 4

Therefore V(22 +(3)2+ (4)2=v29

So, now dividing both sides of the equation by V29 we will obtain,

2 3 4 12
——x+ y+ z=
V2o vl T Va . VB

This equation is similar to lr +my+nz=d where, [. m, 1 gre the directions

cosines of normal to the plane and d is the distance of normal from the origin.
Then finding the coordinates of the foot of the perpendicular are given by (ld, md, nd)

.". The coordinates of the foot of the perpendicular are;



{24 36 48]
or 29749729

Question:4(b) In the following cases, find the coordinates of the foot of the

perpendicular drawn from the origin.
3y+4z-6=0
Answer:

Let the coordinates of the foot of perpendicular P from the origin to the plane

be (1. 91, 71)
Given a plane equation 3y +4z —6 =0

or,0r+3y +4z=6

The direction ratios of the normal of the plane are 0, 3, and 4

on

Therefore V002 +(3)2+ (4)2 =

So, now dividing both sides of the equation by 2 we will obtain,

3 4
Or + -y +
o

e
o

[y I [y

)

This equation is similar to [ + my + 1z = d where, [. M. 1 gre the directions

cosines of normal to the plane and d is the distance of normal from the origin.
Then finding the coordinates of the foot of the perpendicular are given by (Id, md, nd)

.". The coordinates of the foot of the perpendicular are;



(D (D 18 24)
g or \ 25725

Question:4(c) In the following cases, find the coordinates of the foot of the

[aEg Il Rt}
o
[uiy I TN
[akg I Ry
S

perpendicular drawn from the origin.
x+y+z=1
Answer:

Let the coordinates of the foot of perpendicular P from the origin to the plane

be (1. 91, 71)
Given plane equation * + ¥ + 2 =1

The direction ratios of the normal of the plane are L1, and 1

Therefore V2 +(1)2+(1)2=V3

So, now dividing both sides of the equation by V3 we will obtain,
z 1

T y z
V3 B3

This equation is similar to [ + my + 1z = d where, [. M. 1 gre the directions

cosines of normal to the plane and d is the distance of normal from the origin.
Then finding the coordinates of the foot of the perpendicular are given by (ld, md, nd)
.". The coordinates of the foot of the perpendicular are;

(1 1 1)
or \37373



Question: 4(d) In the following cases, find the coordinates of the foot of the

perpendicular drawn from the origin.
5y+8=0
Answer:

Let the coordinates of the foot of perpendicular P from the origin to the plane

be ['111 Y1, :1]
Given plane equation ?¥ +8 =10
or written as 07 — Sy + 0z =

The direction ratios of the normal of the plane are 0, =5, and 0

Therefore V (0)2 + (=5)2 + (0)* =5
So, now dividing both sides of the equation by 5 we will obtain,

| oo

This equation is similar to [ + my + 1z = d where, [. M. 1 gre the directions

cosines of normal to the plane and d is the distance of normal from the origin.
Then finding the coordinates of the foot of the perpendicular are given by (id, md, nd)

.". The coordinates of the foot of the perpendicular are;

(a_. —1[2]_. D) . (0_. _:_.D) |




Question:5(a) Find the vector and cartesian equations of the planes (a) that passes

through the point (1, 0, — 2) and the normal to the plane is i+ j— k.
Answer:

Given the point A(1,0,-2) and the normal vector 7i which is perpendicular to the plane
isi=i+j—k

The position vector of point A is @ —G— 2%k

So, the vector equation of the plane would be given by,

(F—d)ii=0

o [F- (=20].G+7 =R =0

where 1 is the position vector of any arbitrary point Alz, y, 2) in the plane.

- =

F=ri+yj+ 2k

Therefore, the equation we get,

[[.z‘?—i— yj +2k) — (1 — Z?‘E]I} (G+j—k) =0
= [[.1‘ —1i+yj+ (2 + 2]?5} (G+j-k =0
=(r—1)+y—(2+2)=0
=r+y—z—3=0grx+y—2=23

So, this is the required Cartesian equation of the plane.



Question:5(b) Find the vector and cartesian equations of the planes
that passes through the point (1,4, 6) and the normal vector to the plane is 1—2j+k
Answer:

Given the point A(1, 4.6) and the normal vector 72 which is perpendicular to the plane

The position vector of point A is @ =  + 4j + 6k
So, the vector equation of the plane would be given by,

(F—d).i=0

o [F— (1+4j + BE}} (i—2j+k) =0

r

where 1~ is the position vector of any arbitrary point Az, 4, 2) in the plane.
=11+ yj + 2k

Therefore, the equation we get,

= (o= i+ (y—4] + (- 0F] .G-2j+F) =0

(r—1)—2(y—4)+(z—6) =0
= r—2y+z+1=0

So, this is the required Cartesian equation of the plane.



Question:6(a) Find the equations of the planes that passes through three points.
(1,1,-1),(6,4,-5),(—-4,-2,3)
Answer:

The equation of the plane which passes through the three
points A(1, 1,—1), B(6,4,=5), and C(—4, —2,3) s given by:

Determinant method,

11 -1
6 4 —5|=(12—10)— (18 —20) — (—12 + 16)
—4 -2 3

Or,=2+2—-4=10

Here, these three points A, B, C are collinear points.

Hence there will be an infinite number of planes possible which passing through

the given points.

Question:6(b) Find the equations of the planes that passes through three points.
(1,1,0),(1,2,1),(-2,2,-1)

Answer:

The equation of the plane which passes through the three
points A1, 1,0), B(1,2,1), and C(-2,2, 1) is given by:

Determinant method,



2 1|=(-2-2)—(2+2)=-8#0
2 2 -1

As determinant value is not equal to zero hence there must be a plane that passes

through the points A, B, and C.

Finding the equation of the plane through the

points, (1, Y1, 21), (T2, Y2, 22) and (x3,ys, z3)

After substituting the values in the determinant we get,
r—1 y—1 =
0 1 1{=0

—3 1 —1
= (r—1)(-1—-1)—(y—1)0+3)+2(0+3)=0
= —2r+2—-3y+3+32=0
2r+ 3y —32=05
So, this is the required Cartesian equation of the plane.
Question:7 Find the intercepts cut off by the plane 2x + y—z = 5.
Answer:

Given plane 2T +y —z =19

We have to find the intercepts that this plane would make so,



Making it look like intercept form first:

By dividing both sides of the equation by 5 (as we have to make the R.H.S =1) , we get

then,

o
=
L

So, as we know that from the equation of a plane in intercept

i + E + E =1
form,a b ¢ where a,b,c are the intercepts cut off by the plane at x,y, and z-
axes respectively.

Therefore after comparison, we get the values of a,b, and c.

D
—., b, and —5H
Hence the intercepts are 2=

Question:8 Find the equation of the plane with intercept 3 on the y-axis and parallel to

ZOX plane.

Answer:

Given that the plane is parallel to the ZOX plane.
So, we have the equation of plane ZOX as ¥ = 0.
And an intercept of 3 on the y-axis = b = 3

Intercept form of a plane given by;



So, here the plane would be parallel to the x and z-axes both.
we have any plane parallel to it is of the form, ¥ = @ |
Equation of the plane required is ¥ = 3

Question:9 Find the equation of the plane through the intersection of the planes 3x —y

+2z-4=0andx+y+z-2=0and the point (2, 2, 1).
Answer:

The equation of any plane through the intersection of the planes,
dr—y+2z—4d=0andr+y+2—2=10

Can be written in the form of; (37 —y + 2z —4) +alr+y+2—-2)=0

where e R

So, the plane passes through the point (2; 2, 1) | will satisfy the above equation.
Bx2—-2+2x1—-4)+a(2+2+1-2)=0

That implies 2 + 3a = 0

—2
3

y =

Now, substituting the value of «v in the equation above we get the final equation of the

plane;

Br—y+22—4) +alr+y+2-2)=0



—2
(3r —y+ 2z —4) —|—?[.r—|—y—|—::—2]=[l

=97 —3y+62—-12 —2r —2y —2:24+4=10
= Tr —dy + 42 — 8 = U jg the required equation of the plane.

Question:10 Find the vector equation of the plane passing through the intersection of
the planes T20+2j —3k) =T , T(2i +5j + 3k) =9 and through the point (2, 1,
3).

Answer:

Here 11 = 21 + 2] — 3k and 12 = 2i + 5j + 3k

and @ = Tanddy =9

Hence, using the relation 7 (711 + Ari2) = dy + Ada | we get
P20+ 2 — 3k + M21 + 55 + 3k)] = 7T+ 9\

=

or T[(24 20)i + (2 4+ 5A)7 + (3A — 3)k] = 7+ 0A ™)

where, A is some real number.

Taking I" = i+ yj + zk , we get
or T(2 4 2X) +y(2 +5A) + 2(3A —3) =T+ 9A
or2r+2y =3z T+ AM2r +5y+32-9) =0 2)

Given that the plane passes through the point (2,1,3) , it must satisfy (2), i.e.,



(4+2—-9—-T)+A4+5+9-9)=0

10
A= —
or 9

Putting the values of Ain (1), we get

Ak~ B8~ 1?_: 17
r 914—9 —|—3L =

or
7 (38?+ 657 + 3?) — 153

or

which is the required vector equation of the plane.

Question:11 Find the equation of the plane through the line of intersection of the planes

x+y+z=1and 2x + 3y + 4z = 5 which is perpendicular to the plane x—y +z=0.
Answer:

The equation of the plane through the intersection of the given two

planes, T + Y + 2 = 1 and 2= + 3y + 42 = 3 j5 gjven in Cartesian form as;
(r+y+z—1)+A2r +3y+42—-5)=0

or(1+2X0)x(1+3Ny+ (1+4Nz —(1+5MN) =0 . (1)

So, the direction ratios of (1) plane are 1 b1, €1 which

Then, the plane in equation (1) is perpendicular to © — ¥ T = = U whose direction

ratios ﬂ'Er'bZ_-CZ are L, -1, and 1 )



As planes are perpendicular then,
ayas + byby + c1cp = 0

we get,

(1+2X) —(1+3X\) +(1+4A) =0
orl +3A =10

1
A =——
or 3

Then we will substitute the values of A in the equation (1), we get

orr—z+2=0
This is the required equation of the plane.

Question:12 Find the angle between the planes whose vector equations

Answer:

Given two vector equations of plane
F(2i+2] —3k)=5anq T.(31 — 3] +5k) =3

The formula for finding the angle between two planes,



Q
>
o
I
Il
X
WS
L
b
_|_
—
I
W%
L—
(S
_|_
—
on
R
b
Il
5
urle}

Now, we can substitute the values in the angle formula (1) to get,

—15
cosd = |————=
‘wl?wcﬂ
1.'-'
cos A = d_
or V731

A _1( 15 )
A = oS
or V731

Question:13(a) In the following cases, determine whether the given planes are parallel

or perpendicular, and in case they are neither, find the angles between them.
7x+5y+6z+30=0and 3x-y—-10z+4 =0

Answer:

Two planes

Lytayr + by + ez = whose direction ratios

are ™ D1;€1and L2 * @p% + bay + 22 = 0 whose direction ratios are @2; b2, €2,

are said to Parallel:



ap b o

If, (2 B bg N o
and Perpendicular:
If, arag + byby + ciep = 0

And the angle between Ly and L jg given by the relation,

Here,
] = T_.Ib-l =5_.C1_ =5and iy = 3_.{322 —1_.12'2 = —10

So, applying each condition to check:

a; by o

Parallel check: @2 D2 2

a; b,

Clearly, the given planes are NOT parallel. @2 by © 2
Perpendicular check: @1@2 + biby + c1ca = 0

= 7(3)+5(=1)+6(—10) =21 —5—60 = —44 £ 0
Clearly, the given planes are NOT perpendicular.

Then find the angle between them,



—44
-1
= CO8
VT2 +52+62.,/32 + (—1)2 + (—10)2
_1 —44 ‘
o —_—
V1104110

o
B R T

Question:13(b) In the following cases, determine whether the given planes are parallel

or perpendicular, and in case they are neither, find the angles between them.
2x+y+3z-2=0andx-2y+5=0

Answer:

Two planes

Li:ayr + by +c1z2 =0 whose direction ratios

are @1, b1, €1 and Lo : apx + by + 22 = 0 whose direction ratios are @2, b2, 2

are said to Parallel:

by o

ifaz by e

th

and Perpendicular:

If, (2102 + bibg + cqep = 0



And the angle between Ly and Ly jg given by the relation,

So, given two planes 2T + ¥ + 3z —2=0andr —2y+5=10

Here,

ap =20 =1,ci =3 g2 = 1,0 = =2,00 =0

So, applying each condition to check:

Perpendicular check: @1%2 + biby + crop =0

= 2(1)+1(-2)+3(0) =2-2+0=0

Thus, the given planes are perpendicular to each other.

Question:13(c) In the following cases, determine whether the given planes are parallel

or perpendicular, and in case they are neither, find the angles between them.
2x—2y+4z+5=0and 3x-3y+6z-1=0

Answer:

Two planes

Ly :ayr + by +cpz =0 whose direction ratios

are @1, b1, ¢1and Lo agr + bay + 22 = 0 \whose direction ratios are @2; b2, 2

are said to Parallel:

ap by o

If a2 by e



and Perpendicular:

If, (2102 + bibg + cqep = 0

And the angle between Ly and Ly jg given by the relation,

Here,

iy =2_.EJ1 = —2_.&'1_ =-’-landt‘lg =3_.Elg= —3,Cg=5

So, applying each condition to check:

a; by o

Parallel check: @2 D2 2

ap b o

Thus, the given planes are parallel as 2 ba €2

Question:13(d) In the following cases, determine whether the given planes are parallel

or perpendicular, and in case they are neither, find the angles between them.
2x—y+3z-1=0and2x-y+3z+3=0
Answer:

Two planes



Ly :ayr + by +cpz =0 whose direction ratios

are @1, b1, ¢1and Lo agr + bay + 22 = 0 \whose direction ratios are @2; b2, 2

are said to Parallel:

ap by o

f az by
and Perpendicular:
If, (1ag + biba + c1e0 = 0

And the angle between L1 and Ly ig given by the relation,

So, given two planes 2 — ¥+ 3z —1=10 and 2r —y+ 3z +3=10

Here,

1y =2_.EJ1 = —]._.Cl =3andﬂ,g =2_.EJZ= —]._.C2=3

So, applying each condition to check:

a; b

Parallel check: 2 b 3

ap by o

Therefore @2 B by B g

Thus, the given planes are parallel to each other.



Question:13(e) In the following cases, determine whether the given planes are parallel

or perpendicular, and in case they are neither, find the angles between them.
4x+8y+z-8=0andy+z-4=0

Answer:

Two planes

Ly:ayr + by +c12 =0 whose direction ratios

are @1, b1, €1 and Lo : apr + by + 22 = 0 yhose direction ratios are @2; b2, 2

are said to Parallel:

ap b o

ifaz by e

and Perpendicular:

If, arag + byby + ciep = 0

And the angle between Ly and L jg given by the relation,

So,giventwoplanes‘l-r'"gy-i-z—8=Dn:ndy+::—c1=[]

Here,

1 ==1_.EJ1 =8_.C1 =1and o =D,bg= 1_.Cg=1

So, applying each condition to check:



ap b oo

Parallel check: @2 bo )

b LG
Clearly, the given planes are NOT parallel as 2 ba €2

Perpendicular check: @1%2 + biby + crea = 0
=40 +8(1+1{1)=0+8+1=9#£0
Clearly, the given planes are NOT perpendicular.

Then finding the angle between them,

9
-1
= COoS
VE+E+ 12/ + 12+ 12
]9 ‘
= €05 — =
V8142
9 1
1 -1
= COS —— | = cos —
() == ()
= 45°

Question:14 In the following cases, find the distance of each of the given points from

the corresponding given plane

POINT PLANE




a. (0,0, 0) 3x—4y+12z=3

b.(3,-2,1) 2x—-y+2z+3=0

c.(2,3,-5) X+2y—-2z=9

d.(-6,0,0) 2x—-3y+6z-2=0
Answer:

We know that the distance between a point P(x1,y1,%1) and a

plane <4z + By + C'z = D 5 given by,

q_ ‘.—1..1‘1_ + By +C'z — D‘

VA? + B2+ C?

So, calculating for each case;

(a) Point (0,0,0) and Plane 37 — 4y + 12z =

~[3(0) — 4(0) + 12(0) — 3
| V(A2

3 3

v 169 13

Therefore,

(b) Point (3, =2, 1) and Plane 2T — ¥y + 22 +3 =0

C{203) = (=2) +2(1) +3
| V(T2

13
3

Therefore,



(c) Point (2,3, —5) and Plane = + 2y — 2z =9

_|2+2(3)—2(=5)-9| _ 9

d — -
V12 +22 4+ (-2)2 3

Therefore,

=3

(d) Point (—6,0.,0) and Plane 2z — 3y + 6z =2 =0

Therefore,

NCERT solutions for class 12 maths chapter 11 three dimensional

geometry-Miscellaneous Exercise

Question:1 Show that the line joining the origin to the point (2, 1, 1) is perpendicular to

the line determined by the points (3, 5, — 1), (4, 3, - 1).
Answer:

We can assume the line joining the origin, be OA where (0,0, 0) and the

point (2, 1,1) and PQ be the line joining the points £(3, 5, —1) and @(4,3, —1) |

Then the direction ratios of the line OA will

be (2 —0),(1—0), and (1 —0) =2, 1,1 and that of line PQ will be
(4—3),(3—5), and (-1 +1)=1,-2,0

So to check whether line OA is perpendicular to line PQ then,
Applying the relation we know,

ayas + bibo + ciea =10



= 2(1)+1(-2)+1{0)=2—-2+0=0
Therefore OA is perpendicular to line PQ.

Question:2 If | 1, m1,n1and | 2, m 2, n 2are the direction cosines of two mutually

perpendicular lines, show that the direction cosines of the line perpendicular to both of

these are M172 — manq, nyls — naly, lymg — lymy
Answer:

Given that [1: 1,11 and Iz, m3, 13 gre the direction cosines of two mutually

perpendicular lines.

Therefore, we have the relation:

l1ls + mymo +nyns =0 (1)

Now, let us assume [,m,n be the new direction cosines of the lines which are

perpendicular to the line with direction cosines. l1,my,ny and Iy, ma, ny

[ m n

Or’ Mg — 1maing nﬂg — Hgf-l E1mg — Egm1

12+ m?+n®

= (manz —man1)? + (nilz — nalt ) + (lima — bm)? (3

So, I,m,n are the direction cosines of the line.



where, 2+ m?+n% =1 o, (4)

Then we know that,

= (B +m? +nd) (13 +m3 +nd) — (I11o + myma + nyng)?

= (miny —many)? + (n1ly — naly)? + (lyma — lmy)?

So, from the equation (1) and (2) we have,

(1)(1) = (0) = (myng — many)* + (n1ly — naly)* + (lymg — lamy)?
Therefore, (m1na —many)? + (n1ly — naly)? + (lima — lomy)* = 1 _(5)

Now, we will substitute the values from the equation (4) and (5) in equation (3), to get

Therefore we have the direction cosines of the required line as;

[ = Mg — 1maiy

Question:3 Find the angle between the lines whose direction ratios are a, b, cand b —

c,c—a,a-b.
Answer:

Given direction ratios @ 0:¢ andb — ¢, ¢ —a, a —b



Thus the angle between the lines A is given by;

A — alb —c) + b(c—a) + cla — b)
V@ + 2+l + (e —a)? + (a—b)?

= cosd =10

= A=cos }{0) =90°,

Thus, the angle between the lines is 90°

Question:4 Find the equation of a line parallel to x-axis and passing through the origin.
Answer:

Equation of a line parallel to the x-axis and passing through the origin (0,0,0) is itself x-

axis .

So, let A be a point on the x-axis.

Therefore, the coordinates of A are given by (ﬂr 0, '3:' , Where aefi .
Now, the direction ratios of OA are (@ —0) = @,0,0

So, the equation of OA is given by,

t—0 y—-0 2-0



Question:5 If the coordinates of the points A, B, C, D be (1, 2, 3), (4,5, 7), (-4, 3, - 6)
and (2, 9, 2) respectively, then find the angle between the lines AB and CD.

Answer:
Direction ratios of AB are (4 —1). (5 —2).(7 —3) = 3,3,4

and Direction ratios of CD are (2 — (—4)). {9 — 3),(2 — (—6)) = 6,6,8

a; by o

So, it can be noticed that, @2 b2 2

1
2
Therefore, AB is parallel to CD.

Thus, we can easily say the angle between AB and CD which is either 0° or 180°,

r—1 y—2 z-3 r—1 y—1 =z-6

Question:6 If the lines —3 k 2 and 3k 1 —5 are

perpendicular, find the value of k.

Answer:

Given both lines are perpendicular so we have the relation; @12 + b1bg + c1e9 =0
For the two lines whose direction ratios are known,

ay. by, e1 and as. ba. g

We have the direction ratios of the
r—1 y—-2 z-3 r—1 y—1 =z-6

lines, —3 i 2 and 3k 1 =5 are—3:2k,25pg

3k, 1, =5 respectively.

Therefore applying the formula,



—3(3k) + 2k(1) + 2(-5) =0

= —9% +2k—-10=0

o —10
= Th=—100or 7
o —10
.. For, " T thelines are perpendicular.

Question:7 Find the vector equation of the line passing through (1, 2, 3) and

perpendicular to the plane T.(i+2j—5k)+9=0
Answer:

Given that the plane is passing through the point A(1,2,3) so, the position vector of the
point A is ra=1+2j+ 3k and perpendicular to the
plane 7.(i +2j — 5k) + 9 = 0 whose direction ratios are 1: 2, and — 5 and the

normal vector is 7T = 1 + 2j — 5k

So, the equation of a line passing through a point and perpendicular to the given plane

is given by,
=7+ Mi , Where AeR
= = (1+ 2] +3k) + Ai+2j —5k)

Question:8 Find the equation of the plane passing through (a, b, c) and parallel to the
plane?-G+J +k) =2

Answer:



Given that the plane is passing through (@, b.¢) and is parallel to the
plane i+ +k) =2

So, we have

The position vector of the point Ala, b, ] is, ra= ai + 'r-’}"‘ ck

and any plane which is parallel to the plane, . G"‘j"‘ ?]' = 2js of the form,
TL+T+E) =X (1)

Therefore the equation we get,

(ai +bj +ck).(i+7+ k)= A

Oor,a+b+c=A

So, now substituting the value of A = @ + b + ¢ in equation (1), we get
Tlitj+k)=a+brc ... 2)

So, this is the required equation of the plane .

Now, substituting 7" = i+ yj + 2k in equation (2), we get

(i +yj+zk).(i+j+k)=a+b+c

ortty+tz=a+b+c

Question:9 Find the shortest distance between
lines 7 = 61+ 2 + 2k + A(i — 2j — 2k) ang 7 = —4i — k + p(3i —2j — 2k) |

Answer:



Given lines are;
T =61+ 2j + 2k + A1 — 2j — 2k) ang
T = —di — k+ pu(3i — 2j — 2k)

So, we can find the shortest distance between two

lines 7" = ai + Aby and " = ai + Ab1 by the formula,

Now, we have from the comparisons of the given equations of lines.
d =6i+2j+2k by =1— 2+ 2k

o~ —

a3 = —41 — k by = 3i — 2j — 2k
So,

and

= 81 + 8j + 4k

— /82 1 82 4 42 — 12

‘EJ'I * bg

Now, substituting all values in equation (3) we get,

—108
d=|—1=9

Hence the shortest distance between the two given lines is 9 units.



Question:10 Find the coordinates of the point where the line through (5, 1, 6) and (3,

4,1) crosses the YZ-plane.

Answer:
We know that the equation of the line that passes through the

points (1,1, 21) and (T2, Y2, 22) is given by the relation;

T — I _ Yy — 1 _
W2 — 2

Ty — I
r—>s y—1 z-6

and the line passing through the points, 3 —5 4—1 1 —6

5 y—1 z—6
Y =k (say)
5

= r=0—2k y=3k+1, 2=06—>5k
And any point on the line is of the form (5 — 2k, 3k + 1,6 — 5k)
So, the equation of the YZ plane is & = ()

Since the line passes through YZ- plane,

we have then,

H—2k =0
:’:r."::ﬂ
2
D 17 D —13
3;L+1=3_+]._— —F;,_=ﬁ—"'_—=—
or (2] 2 and ? J(zj 2
Dl? —13
T2



Question : 11 Find the coordinates of the point where the line through (5, 1, 6) and (3,

4, 1) crosses the ZX-plane.

Answer:
We know that the equation of the line that passes through the

points (1,1, 21) and (T2, Y2, 22) is given by the relation;

T — I _ Yy — 1 _
W2 — 2

Ty — I
r—>s y—1 z-6

and the line passing through the points, 3 —5 4—1 1 —6

5 y—1 z—6
Y =k (say)
5

= r=>0—2k y=3k+1 z=06-5k

And any point on the line is of the form (5 — 2k, 3k + 1,6 — 5k)

So, the equation of ZX plane is ¥ = 0

Since the line passes through YZ- plane,

we have then,

+1=0
1
= k= —=
3
1 17
5—21L=a—2(——)=— 65k — 651y 23
3 3 and [3]| 3



(1? 23)
So, therefore the required point is 3773

Question:12 Find the coordinates of the point where the line through (3, — 4, — 5) and

(2,—3, 1) crosses the plane 2x+y +z=7.
Answer:

We know that the equation of the line that passes through the
points (1,91, 21) and (T2, Y2, 22) is given by the relation;

r—ry Y= S|
T2 — 1 y2 — i 2z — 2

and the line passing through the points, (3, —4, —5) and (2, —3,1)

T —3 y+4 z+0D
— = = — =k (say)
2—3 —=3+4 1+5

r—3 y+4 z2+95
1 -1 6

— =k (say)

— r=3—k y=k—4, z=6k—-05

And any point on the line is of the form. (3 =k, k—4,6k—5)
This point lies on the plane, 2T + ¥ + 2 =7

2B —k)+(k—4)+(6k—=5)=T

— Hk—3=T7

ork =2

Hence, the coordinates of the required point are (3 — 2,2 — 4,6(2) — 5) or (1, -2,7) .



Question:13 Find the equation of the plane passing through the point (- 1, 3, 2) and

perpendicular to each of the planes x + 2y + 3z=5and 3x + 3y + z = 0.
Answer:

Given

two planes x +2y + 3z=5and 3x + 3y + z= 0.

the normal vectors of these plane are

ny =1+ 25+ 3k

ng=31+35 +k

Since the normal vector of the required plane is perpendicular to the normal vector of

given planes, the required plane's normal vector will be :

=l
Il

I_i1_)<ﬁg

A=(1+2j+3k) x (31 +35+F&)

i=—Ti+8 — 3k
Now, as we know

the equation of a plane in vector form is :

Foii=d
Fo(=Ti+ 85 —3k) =d



Now Since this plane passes through the point (-1,3,2)
(— +3j+2k) - (-T1+ 87 —3k) =d
T+24—-6=d

d =25

Hence the equation of the plane is

Fo(=Ti+ 85 — 3k) = 25

Question:14 If the points (1, 1, p) and (- 3, 0, 1) be equidistant from the
plane 7.(3i +4j — 12k) + 13 = 0 then find the value of p.

Answer:

Given that the points A(1, 1,p) and B(—3,0,1) are equidistant from the plane
T3 +4—12k)+13=0

So we can write the position vector through the point (1,1,p) is ai =?+3+ PE
Similarly, the position vector through the point B(—3,0.1) s

a5 = —di + k

The equation of the given plane is T3 +4) —12k) + 13 =0

and We know that the perpendicular distance between a point whose position vector

is @ and the plane, 7 = 3i+4j — 12k and d = —13

Therefore, the distance between the point A(1.1.p) and the given plane is



34— 12p+13]
/2t (-12)2

|20 —12p|

Dy
13 (] o 157 o 1A (1)

Similarly, the distance between the point B(—-1,0.1) , and the given plane is

|—9 — 12+ 13|
Dy =
V3E+ 42+ (—12)2
g
Dy = —
[ (2)

And it is given that the distance between the required plane and the

points, A(1, 1,p) and B(—3,0,1) is equal.

_ 20129 8
13 13

therefore we have,
= 12p=12

7
p=7

or?=1lor 3

Question:15 Find the equation of the plane passing through the line of intersection of
7. (?+f+!:) =1 d_r’. (2?+ 37 — I-;) +4=0

the planes an and parallel to x-axis.



Answer:

So, the given planes are:

7. (?+}+E) -1 7. (2?+3}—E) +4=0

and

The equation of any plane passing through the line of intersection of these planes is

P

FI2A+ 1+ (BA+ 1)+ (1= Nk + (4 +1) =0 (1)
Its direction ratios are (2A +1),(3A + 1), and (1 = A) =0

The required plane is parallel to the x-axis.

Therefore, its normal is perpendicular to the x-axis.

The direction ratios of the x-axis are 1,0, and 0.

S L2A+1)+0(3A+ 1) +0(1=A) =0

= 2A+1=0

1
—_— _}l,_:——
2

1

Substituting 2 in equation (1), we obtain

o (—3) =0
—_ T. 2__}"|_2L'|_ =

— 7j—3k)+6=0



So, the Cartesian equation is ¥ — 3z2+6=0

Question:16 If O be the origin and the coordinates of P be (1, 2, — 3), then find the

equation of the plane passing through P and perpendicular to OP.
Answer:
We have the coordinates of the points O(0,0,0) and P(1,2, —3) respectively.

Therefore, the direction ratios of OP
are(l —D] = 1,[2—[]] =2, and {—B—D] = —3

And we know that the equation of the plane passing through the point (T1,91.21) is
alz —x1) + by — y1) + elz — 21) = 0 where a,b,c are the direction ratios of normal.
Here, the direction ratios of normal are 1.2, and —3 and the point P is (1.~ 2, —3:' .
Thus, the equation of the required plane is

e —1)+2(y—2)—3(z+3)=0

= r+2y—3z—14=10

Question:17 Find the equation of the plane which contains the line of intersection of the

planes and which is perpendicular to the plane 7 -(3i + 3j — 6k) + 8 = 0
Answer:

The equation of the plane passing through the line of intersection of the given plane in



FIRA+ i+ (A +2)j + B =Nk +(BA—4) =0 4

The plane in equation (1) is perpendicular to the plane,

7 (5?+ 37 — 51-;) L8=0
Therefore 2(2A +1) +3(A +2) —6(3 =) =0

= 19A—-T=10

T
= A= —
19
B T
Substituting 19 in equation (1), we obtain
—> 7330 +45j +50k) =41 =0 ()

So, this is the vector equation of the required plane.

The Cartesian equation of this plane can be obtained by

substituting == T = (xi + yj + 2k) in equation (1).
(1 + yj + 2k).(331 + 455 + 50k) — 41 =0

Therefore we get the answer 337 + 49y + 50z —41 =0

Question:18 Find the distance of the point (— 1, — 5, — 10) from the point of intersection
T =5 2+ A (34 4 + 28) 7 (i-7+k) =5

of the line and the plane

Answer:



Given,

Equation of a line :

T =2i—j+2k+ A (3?+ 45 + 2?)

Equation of the plane

7 (? g+ }zf) —5

Let's first find out the point of intersection of line and plane.

putting the value of 7 into the equation of a plane from the equation from line

(2+3A) —(4A—1)+(2+2)) =5

Now, from the equation, any point p in line is
P=(2+3X4\x—1,2+2))

So the point of intersection is
P=(2+3%0,4+%0—-1,2+2%0)=(2,-1,2)
SO, Now,

The distance between the points (-1,-5,-10) and (2,-1,2) is



d=/(2—(=1))2+ (=1 —(=5))2+(2—(—10))2 = /O + 16 + 144
d =169 =13
Hence the required distance is 13.
Question:19 Find the vector equation of the line passing through (1, 2, 3) and parallel
A7 —F+2k) =5 A3i+5+k) =
7 J+ 20 T (3i+j+k)=6
to the planes and .
Answer:
Given
A point through which line passes
d=1+2j+ 3k
two plane

7. (?—}+ 2?)

5}
And

7. (3?+f+??) —6

it can be seen that normals of the planes are

i — J+ 2k

=1

1

fig=3i+j + k
since the line is parallel to both planes, its parallel vector will be perpendicular to

normals of both planes.

So, a vector perpendicular to both these normal vector is



d = —3i+5j + 4k

Now a line which passes through @ and parallels to d is
L=d+ A

So the required line is

L=da+M

L=1i+2j+3k+ A—3i +5j + 4k)
L=(1—=3A1+(245))]+(3+4Nk

Questio n: 20 Find the vector equation of the line passing through the point (1, 2, — 4)

and perpendicular to the two lines:

r—8 y+19 z-10 r—15 y—29 z-95
3 —16 7 and 3 & =5
Answer:
Given

Two straight lines in 3D whose direction cosines (3,-16,7) and (3,8,-5)

Now the two vectors which are parallel to the two lines are



b=3i+8j— 5k

As we know, a vector perpendicular to both vectors @ and bisd xb , SO

@ x b =241+ 36j+ 72k
A vector parallel to this vector is
d = 2i + 3j + 6k

Now as we know the vector equation of the line which passes through point p and

parallel to vector d is

L=p+A

Here in our question, give point p = (1,2,-4) which means position vector of this point is
p=1+2 —4k

So, the required line is

L=p+Ad

L—=1+2j—4k+ A2 + 35 + 6k)

L=(2N+1)1+(2+3)N)7 +(6)—4)k

Question:21 Prove that if a plane has i[he intercepts a, b, c and is at a distance of p

— =
units from the origin, then @* 8% ¢?

-2

P,



Answer:

The equation of plane having a, b and c intercepts with x, y and z-axis respectively is
g‘iven_ by

) Yooz
—+Z4+S=1
a b r

The distance p of the plane from the origin is given by

Hence proved

Question:22 Distance between the two planes: 2x + 3y + 4z =4 and 4x + 6y + 82 =12
is

2 )
—utiit

(A) 2 units (B) 4 units (C) 8 units (D) V20
Answer:

Given equations are
2r + 3y + 4z =+« — (i)
and
dr + 6y + 8z = 12
2(2r + 3y +4z2) = 12
2r +3y + 4z = — (i)
Now, it is clear from equation (i) and (ii) that given planes are parallel

We know that the distance between two parallel

planes AT + by + cz = dy and ar + by + ¢z = dy ig given by
iy — dy

vaz + b4+ 2

Put the values in this equation

we will get,



6—4
V22 + 32 + 42
2

9
B ‘\f4+9+15‘ B ‘JE‘

Therefore, the correct answer is (D)

-

Question:23 The planes: 2x—y + 4z =5 and 5x — 2.5y + 10z = 6 are

D
0,0, —)
(A) Perpendicular (B) Parallel (C) intersect y-axis (D) passes through ( 4
Answer:

Given equations of planes are

2r —y+4z2=05 — (1)
and
dr — 2.0y + 10z =
2.5(2r —y+4z) =6
2r —y+42 =24 — (41)

Now, from equation (i) and (ii) it is clear that given planes are parallel to each other

Therefore, the correct answer is (B)
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