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Chapter -11

Three Dimensional Geometry
Class — Xl
Subject —Maths

Exersise-11.1

1. If aline makes angles 90°, 135°, 45° with x, y and z-axes resp
direction cosines.

Sol.

®
Let direction cosines of lineare=1,m & n c%

®

l=c0s90 =0

O

1
n=cos45’ = —
AN
®
2. Find the directio of a line which makes equal angles with the
dinat .
coordina Q‘
Sol. %
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Let direction cosines of line make angle «

| =cosa
m =cosa
n=cosa

2 2 2
I“"+m°+n" =1
2 2 2
COS a +C0S a +cos a =1
2
3cos a =1
1

2
cos a = —
3

L
‘5

CoOSa =

3. If aline has the direction ratios -18, 12, -4, then‘what are its direction cosines?
Sol.

Direction ration are = -18,12 & -4

Direction cosines are:

B -18 12 -4
\/(—18)2+(12)2+(—4)2 \/(—18)2+(12)2+(—4)2 \/(—18)2+(12)2+(—4)2
-18/12 -4

22,22 22
-9 6 -2

T1111 11

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

Sol.
Get SOLVED Question Papers, Updated Syllabus, Sample Papers, Online Test, Study
Material, NCERT solutions and much more...........
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Points are:
A=(2,34)
B=(-1-2,1)
C =(58,7)

Direction ratios of AB = (—1— 2),(—2 —3),(1—4)

=-3,-5,-3

Direction ratios of BC = (5 +1),(8 + 2),(7 —1)

=6,10,6

Direction ratios of BC = -2 x Direction ratios of AB

Thus, AB is parallelto BC. A, B & C are collinearpoints.

5. Find the direction cosines of the sides of the triangle whose vertices are (3, 5, -4),
(-1,1,2)and (- 5,-5, -2)

Sol.

Verticesoftriangle are:
A'=(3,5,-4)
B=(-1,12)

C=(-5-5-2)

Get SOLVED Question Papers, Updated Syllabus, Sample Papers, Online Test, Study
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Direction ratios of AB are:
=(—1—3),(1—5),(2+4)
=-4,-4,6

Direction cosines of AB are:

) 4 4 6
\/(—4)2+(—4)2+62 \/(-4)2+(-4)2+52 \/(4)2+(4)2+6®
-4 -4 6

B -2 -2 3

IV ERNTEN T Q

=—4,-6,-4

%s
Direction ratios of BC are: ° %
=(-5+1),(-5-1),(-2-2) \
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Direction cosines of BC are:

—4 —6 —4
Y8 +(28) +(-4) =) +(=6) +(-4)" (=4)" + (=6) + (-4)’
-4 -6 -4
o8 'fes o8
2 -3 -2

R IAN TN

Direction ratios of CA are:
= (—5—3),(—5—5),(—2+ 4)
=-8,-10,2

Direction cosines of CA are:

-8 =10 2

J8) +(-10) + (2)° J(-8) +(-10)"w(2) (-8) +(-10) ¢ (2)’

-8 -10 2

2442 2+J42 24/42
-4 -5 1

iz Va2 a2

Exercise-11.2

1." . Show that the three lines with direction cosines

-, —;—,—,—;—,—,—aremutually perpendicular.
13 13 13 13 13 13 13 13 13

Sol.
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12 -3 -4 4 12 3

For lines: - — — —& —,—,—
13 13 13 13 13 13

= LL+mm,+nn,

12 4 -3 12 -4 3
= —X—4 —X—+ —X —

13 13 13 13 13 13
48 36 12

169 169 169
=0

Hence, this lines are perpendicular

. 4 12 3 3 -4 12
For lines: - — —, —& —, —, —

13 13 13 13 13 13
+mm, +nn,

= 11,

4 3 12 -4 3 12
= —X—F —xX —+ —x —
13 13 13 13 13 13
12 48 36
= - +

169 169 169

=0

Hence, this lines are perpendicular

_ 12 -3 =4 3 -4 12
For lines: -—y—/ — & —,—, —

13 13 13 1313 13
+mm, +nn,

= Ll

12 3 -3 -4 -4 12
= —x —dEx —+ —x —
13 (13 13 13 13 13
36 12 48
= =+ —
169 169 169

=0

Hence, this lines are perpendicular

All lines are mutually perpendicular
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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).

Sol.

LetA=(1,-1,2)

B =(34-2)
C =(0,3,2)
D =(3,5,6)

Direction ratios of AB = (3—1),(4 +1),(—2 - 2)

= 2,54

Direction ratios of CD =(3-0),(5-3),(6=2)

=3,2,4
= a,a, +bb, +c.c,
:2><3+5><2+(—4)><4
=6+10-16

=0

Thus, AB & CD linesare perpendicular to each other.

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).

Sol.

Get SOLVED Question Papers, Updated Syllabus, Sample Papers, Online Test, Study
Material, NCERT solutions and much more...........




Let A= (4,7,8)

B =(2,3,4)
C=(-1-21)
D =(1,2,5)

Direction ratios of AB = (2—4),(3—7),(4—8)

2,-4,-4

Direction ratios of CD = (1+1),(2 + 2),(5 —1)

=2,4,4

al bl Cl
j -__= =
aZ b2 CZ
—2 -4 -4
: -_ ==
2 4 4

X
O
(\\Q

®

Find the

ion gf

parallct%orsi +2j-2k .
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line which passes through the point (1, 2 3) and is
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Point A =(1,2,3)

Position vector through point a = i+ 2] + 3k

Given vector, b = 3i+ 2] ~ 2k

W hen a line is passes through a point & parallel to a vector

then,
r=a+Ab

F=i+2]+3|2+,1(3?+2]—2|2)

This is the required equation of line.

Find the equation of the line in vector and.in Cartesian form that passes through
the point with position vector 2i - j+ 4k and is in the directioni + 2j -k .

Sol.

Get SOLVED Question Papers, Updated Syllabus, Sample Papers, Online Test, Study
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Q|
I
N
-
|
—
+
S
=

T |
I
-
+
N
—
|
=

We know that, equation of line will be:

;:ZE—Aj+4I2+/1(?+2Aj—I2)

Now,

The equation of line in vector form is:

- ~

r=xi—ij+zI2

r=(A+2)i+(22-1)j+(-2+4)k

cartesian form of the equation is:

X -2 y+1 z-4
1 2 -1
This is the equation of line in cartesian form.

6. Find the Cartesian equation of the line which Passes through the Point (-2, 4 -5)
+3 y-4 z+8

and parallel to the line given by X

5 6
Sol.
Point A =(-2,4,-5)
. . . ] X+ 3 y—4 z+8
Direction ratios of the line = = is:

=3,5,6
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Direction ratios of the required line is = 3k,5k, 6k

We know that, the equation of a line passing through the point (xl, yl,zl) & with the

X=X y-y, -1z

direction ratios a,b,c is
a b c

Thus, the equtaion of required line will be:

X+ 2 y—-4 z+5

3k 5k 6k
X+ 2 y-4 z2+5
3 5 6
. . . . X-5 y +4 Z-6 .
7. The Cartesian equation of a line is = = . Write its vector form.
3 7 2
Sol.

Cartesian equation of line is:
X-5 y+4 z-6
3 7 2

This line is passes through the point = (5,-4,6)

The position vector of this point, ';1 —5i— 4] + 6k

The direction ratios of this line =3,7,2

The line through ;1 & in the direction of 6 is:
r=a+ab

F:s?—4]+6|2+z(3i+7]+2|2)

This is the equation of line in vector form.
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8. Find the vector and the Cartesian equations of the lines that pass through the
origin and (5, -2, 3).

Sol.
The line is passes through origin.
L a=0
The direction ratios of the line through origin & (5,-2,3) are=(5-0),(-2-0),(3-0)

—5,-2:3
b=5i-2]+3Kk

Thus, equation of line in vector form is:

r=a+ Ab

= |

=0+,1(5i—2]+3|2)
F:A(5?—2]‘+3|§)

Hence, the equation of required dine.in cartesian form is

x -0 y—-0 z-0

5 -2 3
X y z
5 -2 3

9.. Find the vector and the Cartesian equations of the line that passes through the
points (3, -2, -5), (3, -2, 6)

Sol.

Let point A=(3,-2,-5)
B=(3-2,6)

Line AB is passes through A.
Thus,

a=3i-2j-5k
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The direction ratios of AB = (3—3),(—2 + 2),(6 +5)

=0,0,11

The equation of vector in the direction of AB is
b =0i+ O] + 11k

The equation of AB in vector form is:

r=a+ Ab

F:s?—z]—5|2+/1(11|2)

The equation of AB in cartesian form is:

Xx-3 y+2 745

0 0 11

Find the angle between the following pairs of lines:
()r=20-55+ K+ (30-23+ 6k )& r=7i-6k +p(i+2]+2K)
(i) r= 3i+ a2k 0 (i--2K) & ;=zi-j-56ﬁ+p(3i-sj-412)

Sol.

a, =8i-2]+6k
a =i+2Aj+2I2

a .a
Angle between the given pair of lines,cos 8 = |[——>

a,(|1a,

Material, NCERT solutions and much more...........
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—_ ~

a,a, = (3i-2j+6k)(i+2]+2k)
=3x1-2x2+6x2
—3-44+12
-11

=3*+2°+6° =7

al
a,|=1%+2%+2° =3

19 11
cosf = = —

7x3 21

L (11
d =cos —

1) A

.. ®
(i) Q
a, =i-j-2k Q\
a,=31-5]-4k %

a,.a,

a,

Angle between the giv ir of'lines,cosé@ =

a,

V12112 4 2% =6
—3% 452142 =542

a,




Mathematics Class 12" NCERT Solutions

£ josh

Simplifying Test Prep

16
c0sf = ———

V6 x 542

16

N3

0
__8
53

6 =cos ' (
L

1

8 )
53 )

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

X-2 -1 z+ 3 X+ 2 -4 z-5
1) :y = and :y =
2 5 -3 -1 8 4
X z X -5 -2 z-3
2) —=l=—and =Y =
2 2 1 4 1 8
Sol.
1)
X -2 y-1 z+3 X+2 y-4 z-5
2 5 -3 -1 8 4

a, = 2+ 5] ~3k

a2=—i+8Aj+4I2

a .a,

a,

Angle between the given pair of lines,cos@ =

a,

aj. 2=(2i+5Aj—3l2 )(—i+8]+4|2)

2><—1+5><8—3><(4)

-2+40-12

26

Get SOLVED Question Papers, Updated Syllabus, Sample Papers, Online Test, Study
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a,|= \/22 +57+(-3)" =38
a,|= \/(—1)2 182442 =9
26
c0sf = —
V38 x 9
26

2

X oy

2 2 1 4 1 8
PRI Q
a, =41+ ]+ 8k 'b

=2x4+2x1+

=8+ Q®
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12. Find the values of p so that the line

l1-x 7y-14 z-3 7-7x y-5 6-2 .
= = and = = are at right angles.
3 2p 2 3p 1 5
Sol.
l-x 7y-14 z-3 7-7x y-5 6-12
= = and = =
3 2p 2 3p 1 5
x-1 y-2 z-3 X -1 y-5 -6
= = and = =
-3 2p 2 1 -5
7 7

Direction ratios of the above lines will be:

2
a, = -3, b1=—p, c,=2
7
-3
a2=—p, b,=1,c¢,=-5
7

Two lines are perpendicular.to each other if

a,a, +bb, +cc,=0

-3 2
—3><( p\+_p><1+2><(_5)=0
7 )TE
9 2
PP 9-0
7 7
11
_p:]_O
7
70
p——
11
. x-5 y+2 z X 'y z .
13. Show that the lines — = = —and —= —= —are perpendicular to each
7 -5 1 1 2 3
other.

Get SOLVED Question Papers, Updated Syllabus, Sample Papers, Online Test, Study
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Direction ratios of the above lines will be:
a,=7,b,=-57¢ =1
a,=1,b,=2,c¢,=3

Two lines are perpendicular to each other if

a,a, +bb, +cc,=0

= 7><1+(—5)><2+1><3

=7-10+3

Thus, the lines are perpendicular to each other.

Find the shortest distance between the lines

;:(f+ 2j+lz)+x(i-}+lz)and

; (Zc-j-lz)+p(2i+}+212)

Sol.

£ josh

Simplifying Test Prep

r=(iv2iek)ra(ioek)andr=(2i-j-k)eu(2ie e 2k)
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I

a, =i+2j+k

>

+

[S—1

b, =i -
o —2io -k

b2=2i+]+2lz

Shortest distance between the above lines,d =

b, x b,
A m=2i-j-k-(iv2jk) Q
—=i-3])-2k Q
®
i j ok
bxb, =1 -1 1 N
2 1 2

—3><1—3><0+3><(—2)

32




d=—3—6
32
)
J2
NS
J2
N
2

15. Find the shortest distance between the lines:

x+1 y+1 z+1 x-3 y-5.z
= = and = —=

7 -6 1 1 -2

™ Josh
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4 6 8
=7 -6 1
1 -2 1

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

2 2 2
\/(blcz _bzc1) +(C1a2 _Czal) +(a1b2 _azbl) Q
=\/16+36+64 < '
®

5t
%

16. Find the shortest distan tween the lines whose vector equations are:
; ZJ + (
r= 4? + ﬁu i+ 3] + k

%




F:(?+2]+3Q)+1(?-3]+2E)and

;=(4€+5]+6I2)+,u(2i+3]+lz)

a1=i+2Aj+3I2
b, =i-3j+2k
a,=4i+5]+6k

b2=2f+3Aj+lz

Shortest distance between the above lines,d

az—;1=4i+5Aj+6l2—(i+2]+3lz)
= 3i+3]+3k ¢
ik
b, xb, =1 -3 2
2 1
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(—9?+3]+9|Z).(3?+3]+3|2)
d =
319

L —9x3+3x3+9x3|

) N |
d < -27 +9+ 27

RN
d =

3
Jie

JAGRA

N
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Find the shortest distance between the lines whose vector equations are:

r=(1-t)i+(t-2)j+(3-2t)k and

~ ~

;:(s+1)i+(23-1)1-(25+1)k

Sol.

>

r=(1-t)i+(t-2)]+(38-21)

~

;=(3—2]+3I2)+t(—i+ j—2|2)

A~

r=(s+1)i%(2s-1)j= (25 +1)k

F=(i-]‘+|2)+ s(i+ 2]—2!2)

a, =li - 2] +3k
o = i+ ]2k
a,=i-j+k

Get SOLVED Question Papers, Updated Syllabus, Sample Papers, Online Test, Study

Material, NCERT solutions and much more
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blxb2
;:—a:=|—1+|2—(i—2]+3I2)
= j- 4k
i Kk
b xb, =|-1 1 -2
= 2i-4j-3k Q
®
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Exersise-11.3

1. In each of the following cases; determine the direction cosines of the normal to
the plane and the distance from the origin.

@z=2
(b)x+y+z=1
(c) 2x+3y—-z=5

(d) 5y +8=0

Sol.

(@) Given,z=2

The direction ratios of normal are = 0, 0, and'1
The equation of the plane is:

Ox+0y+z=2

We know that,

In the form Ix + my # nz = d, where |, m, n are the direction cosines of normal to the
plane and d is the«distance of the perpendicular drawn from the origin.

Therefore, the'direction:.cosines are =0, 0, 1 & d = 2 units
(b) X+y+z=1

The direction ratios of normalare =1, 1, and 1
=A1°+17 +1° = \/g
By dividing the equation with \/?T , equation becomes as:

X y z 1
——+ =+ —F==—F

3 3 3 3

Get SOLVED Question Papers, Updated Syllabus, Sample Papers, Online Test, Study
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In the form Ix + my + nz = d, where |, m, n are the direction cosines of normal to the
plane and d is the distance of the perpendicular drawn from the origin.

o . 1 1 1
Thus, the direction cosines of the normal are = —, —, —

NERVERNE]

. L 1
The distance of normal from the origin is = T

3
(©) 2x+3y—z=5

The direction ratios of normal are =2, 3, and —1

= \/22+32 +(—1)2 = \/1_4

By dividing the equation with \/1_4 , equation becomes as:

2X 3y z 5

Ny vEEN VRN

In the form Ix + my + nz = d, where I, m, n are the direction cosines of normal to the
plane and d is the distance of.the perpendicular drawn from the origin.

2 3 1

NVEN YR

Thus, the direction cosines of the:normal are =

. L 5
The distance of normal from the origin is = —

N
(d) 5y+8=0

Thus equation is:

=>0x—-5y+0z=8

The direction ratios of normal are = 0, —5, and 0

= \/02 +(-5) +0° =5
By dividing the equation with 5, equation becomes as:

Get SOLVED Question Papers, Updated Syllabus, Sample Papers, Online Test, Study
Material, NCERT solutions and much more...........
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<
Il
|

-y =

oo g |®

In the form Ix + my + nz = d, where I, m, n are the direction cosines of normal to the
plane and d is the distance of the perpendicular drawn from the origin.

Thus, the direction cosines of the normal are = 0,-1,0

. ... 8
The distance of normal from the origin is = —
5

2. Find the vector equation of a plane whichis at.a distance of 7 units from the
origin and normal to the vector 3i + 5 -6k .

Sol.

n=3i+5j-6k

H\/3+5+ =\/%

We know that, the equation of the plane with position vector is:

S
II

r.
( +5 j - 6k )
)
This is the vector equation of the plane.
3. Find the Cartesian equation of the following planes:
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(@) r(?+]|2)= 2
(b)F.(2?+ 3j-4k)=1
(C);.[(S—Zt)i+(3-t)j+(25+t)|2]= 15

Sol.

@ Equation of the plane is:

(i i-k)-2

For any arbitrary point P (X, y, z) on the plane, position vector is:

r=xi+yj-zk

Thus, equation of plane becomes as:

This is the Cartesian equation of the plane.

(b) Equation of plane is:

F.(2?+3]‘ - 4k) =1

For any arbitrary point P (X, y, z) on the plane, position vector is:
Xi + y] ~ 7k

Thus, equation becomes as:

(xi+ y] - zlz).(2i+3Aj - 4I2)= 2

2x+3y—-4z=1

This is the Cartesian equation of the plane.
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(c) Equation of plane is:

rl(s-20i+(3-0) i+ (2s+1)k]=15

For any arbitrary point P (X, y, z) on the plane, position vector is:

r=xi+ y] ~ 7k
Thus, the equation becomes as:

(xi+ y]‘-z&).[(s—zt)i+(3—t)}+(zs+t)q=1s

(s—2t)x+(3-t)y+(2s+t)z=15

This is the Cartesian equation of the given plane.

4. In the following cases, find the coordinates of the foot of the perpendicular
drawn from the origin.

(@) 2x+3y+4z-12=0

(b) 3y+4z-6=0

(© X+y+z=1

(d b5y+8=0

Sol.

(a)Let the coordinates of the foot of perpendicular P from the origin to the plane is:

P =(X1,Y1, Z1)

2x +H3y+4z—-12=0

2Xx+3y+4z=12

The direction ratios of normal are = 2, 3, 4
V22 +3% + 4% =29

By dividing the equation by /29 , we have

Get SOLVED Question Papers, Updated Syllabus, Sample Papers, Online Test, Study
Material, NCERT solutions and much more...........




Mathematics Class 12" NCERT Solutions

£ josh

Simplifying Test Prep
4 12

2 3
X y z=
29 ' V29 ' V29 \29

In the form Ix + my + nz = d, I, m, n are the direction cosines of normal to the plane
and d is the distance of normal from the origin.

The coordinates of the foot of the perpendicular are:

= (Id, md, nd)
(2 12 3 12 4 12 )
- . + . + .
(V2o Yz Jas 2o 2o N )
_[24 36 48)

29'29’29J

(b) Let the coordinates of the foot of perpendicular P from the origin to the plane
is:

P = (X1, Y1, Z1)
3y+4z-6=0
Ox+3y+4z=6

The direction ratios of normal are = 0, 3, 4

Vo’ +3°+4° =5
By dividing the equation by 5, we have

3 4 6
0X+—y+—2=—
5 5 5

In the form Ix + my + nz = d, I, m, n are the direction cosines of normal to the plane
and d is the distance of normal from the origin.

The coordinates of the foot of the perpendicular are:

= (Id, md, nd)

Get SOLVED Question Papers, Updated Syllabus, Sample Papers, Online Test, Study
Material, NCERT solutions and much more...........




Mathematics Class 12" NCERT Solutions

™ Josh

Simplifying Test Prep

_(,36848)

L 5'5'5'5J

=(0,£,ﬁ\
25 25J

(C) Let the coordinates of the foot of perpendicular P from the origin to the plane is:
P = (X1, y1, Z1)
X+y+z=1

The direction ratios of normalare=1,1, 1

1P 117 12 =3

By dividing the equation by V3, we have
1 1 1 1

— X+ =Y+ —F=1=—F

EEE T

In the form Ix + my + nz/= d, I, m, n are the direction cosines of normal to the plane

and d is the distance of normal from the origin.

The coordinates of the foot of the perpendicular are:

= (Id, md, nd)

(d) Let the coordinates of the foot of perpendicular P from the origin to the plane is:
P = (X1, y1, Z1)
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5y +8=0

Ox+5y+0z=8

The direction ratios of normal are =0, 5,0

Vo2 +5% 402 =5

By dividing the equation by 5, we have

Ox—-y+0z=

o |

In the form Ix + my + nz = d, I, m, n are the direction cosines of normal to the plane
and d is the distance of normal from the origin.

The coordinates of the foot of the perpendicular are:

= (Id, md, nd)

=(o(—1)§o
03]

5. Find the vector and Cartesian equation of the planes

() "That passes through the point (1, 0, —2) and the normal to the plane is

i+jok.

(b) . That passes through the point (1, 4, 6) and the normal vector to the plane
iSi-2j+k.

Sol.
@ The position vector of point (1, 0, —2) is:

a=i—2|2
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The normal vector perpendicular to the plane,n =i + j - k

The vector equation of the plane is:

(r—a).n=0
[F—(?—zﬁ)}.(h]—ﬁ):o

Here, r=xi+ y} +zk
Thus, vector equation of plane becomes as:

[(xi+ ij+zI2)—(i—2I2)}.(i+Aj—lz)=0
[(x—l)i+ ij—(2+2)|2](€+]—|2)=0
(x-1)+y-(z+2)=0

X+y—-—z=3

This is the Cartesian equation of the required plane.

(b) The position vector of point (1, 4, 6) is:
2:1 —i+ 4] + 6k
The normal vector perpendicular to the plane,n =i -2 + k

The vector equation of the plane is:

(r—a).nzo

[?—(h 4]+6|2)](i—2]'+|2)=0

Here, r=xi+ yij+zk

Thus, vector equation of plane becomes as:
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{(Xl+yj+2k) (+4j+ )}(—2]+k):
[ (y- 4)j+ (z-6) ] —2]+k)=
(x -

1)+ (y-4)+(2-6)=0

X-2y+z=-1

This is the Cartesian equation of the required plane.

6. Find the equations of the planes that pass through three points.
(@) 1,1,-1), (6,4,-5), (—4, 2, 3)
(b) 1,1,0),1,2,1),(—2,2,-1)
Sol.
@ A=(,1,-1)
B (6, 4, -5)
C(-4,-2,3)

Now,

=1(12-10)-1(18-20)-1(-12+16)
—2k2-4

=0

A, B, C are collinear points. Thus, there will be infinite number of planes passing
through the given points.

(b) A=(1,1,0)
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B(1,21)
C(2,2,-1)
Now,

1 1 0
1 2 1
-2 2 -1

=1(-2-2)-1(-1+2)+0
=—4-1
=-5=0

Thus, a plane passes through the points A, B, and C.

The equation of the plane through the points is:

(x-1)(-1-1)-(y-1)(0+3)+2z(043)=0
-2X+2-3y+3+3z=0
-2x-3y+3z+5=0

2x+3y-3z=5

This is the Cartesian equation of the required plane.

7. Find the intercepts cut off by the plane2x+y-z=5
Sol.
2X+y—-z=5

Divide the equation by 5

£ josh
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2
5
1
5
2

Thus, the intercepts cut off by the plane are = {i 5, —5}
2

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

Sol.

The equation of the plane ZOXis: y=0

A plane parallel to the given plane is: y =a
We have, y =3

Weget,a=3

Hence, the equation of the required plane isy =3

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)

Solk:

Equations of planes are:

3x-y+2z-4=0andx+y+z—2=0

The equation of plane through the intersection of the above planes is:

(3x-y+2z-4)+a(x+y+2-2)=0
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Point=(2, 2, 1)

(3x2—2+2><1—4)+a(2+2+1—2)=0

2+3a =0

The equation of required plane becomes as:

2
(3x—y+2z-4)-—(x+y+12-2)=0
3

3(83x-y+2z-4)-2(x+y+2-2)=0
I9x-3y+6z2-12-2x-2y-2z2+4=0
7x-5y+4z-8=0

10. Find the vector equation of the plane passing through the intersection of the
pIanesF.(z? +2j-3k) =17, F.(zf + 5% 3!2) = 9 and through the point (2, 1, 3)

Sol.

Equations of planes are:
F.(2?+2]‘—3|2)=7 & F.(23+5]+3|2)=9
F.(2?+2]—3|2)—7=o & F.(2?+5]+3|2)—9=o

The equation of a plane passing through the intersection of the given planes is:

[F.(zh 2]-3@)—7}+,1[F.(2i+5]+3|2)—9]=0
F{.(zh 2]—3&)—7+/1(2€+5}+3|2)—9}=o

r[(2+2/1)i+(2+5/1)]'+(3,1—3)|2]=9z+7

Point = (2, 1, 3)
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Position vector of plane passing through the give point is:
; — 2i+ ] + 3k
Now, the equation of desired plane becomes as:

(2i+]'+3|2)[(2+2/1)i+(2+51)]'+(3z—3)|ZJ=91+7
(2+22)2+(2+52)+(32-3)3=94+7

44+ 42 +2+54+94-9=92+7

94 =10

10

9

Now,

r(2+22)i+(2+52) 1+ (32 -3)k =04 +7

;{(2+2><%J?+{2+5x?}]+(3x%—3}&}=91+7
;[1—8€+Z—8]+§£}=10+7

F(38i+68}+3|2)=153

This is the vector equation of the required plane.

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 planex -y +z=0

Sol.
Equations of planes are:
X+y+z=1land2x +3y+4z=5

The equation of the plane passing through the intersection of the given planes is:
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X+y+z-1)+A(2x+3y+4z-5)=0
y

(24 +1)x+ (34 +1)y+(44+1)z2-(54+1)=0
The direction ratios of this plane are:

a1= (A + 1)

by =(GA+1)

CL=(4r+1)

The given plane x —y + z = 0 is perpendicular to the equation of desired plane
Direction ratios of plane, x —y + z =0 are:

=1

b, =-1

=1

Both planes are perpendicular. Thus,

aa, +hbb, +cc,=0
(24 +1)- (324 +1)+(44+1)=0

32+1=0

1
A=-=
3

Equation of desired plane becomes as:

(o (-1 Y (. (-1y Y ( (-1)y Y (_ (-1} )
LZXL?J-’_]-JX—'—LSXL?J+1Jy+L4XL?J+1JZ_L5XL?J+1J:0
1 1 2

—X-—z+—=0

3 3 3

X—2+2=0

This is the required equation of the plane.
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12. Find the angle between the planes whose vector equations are

F.(2i+ 2j-3k)=5and F.(si-3j+512): 3
Sol.

The equations of the given planes are:
F.(2?+ 2j-3k)=5

F.(3?—3] +5Kk)=3

Now,

n, =2i+2]j-3k
n, =3i-3j+5K

n,.n,

"

Angle between the given pair of lines,cos 8 =

nl 2

n,n, = (2i+2]-3k)(3i-3]+5k)

2><3+2><(—3)—3><5

6—-6—15
=-15

=\/22 +2° +(—3)2 =\/1_7

nl

n,|= \/32 #(-3)" +5° =43
n..n

c0s 0 = |[——=
nl n2

p -15

€0s6 = |———
AJ17 A/43
15

cosf =

\/731
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13. In the following cases, determine whether the given planes are parallel or
perpendicular, and in case they are neither, find the angles between them:

a)
b)
c)
d)
e)

Sol.

7X+5y+6z+30=0and3x-y-10z+4=0
2x+y+3z-2=0andx-2y+5=0
2x-2y+4z+5=0and 3x-3y+6z-1=0
2xXx-y+3z-1=0and2x-y+3z+3=0

4x +8y+z-8=0andy+z-4=0

The equations of planes are:
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7X+5y+6z+30=0and 3x-y-10z+4=0

Now,

a, 7 b, -5 ¢ -3
a, 3 b, 1 ¢, 5
al bl Cl

Q05

aZ b2 CZ

Thus, these lines are not parallel

a,a, +bb, +cprc,
:7><3+5><(—1)+6><(—10)

21-5-60

-44 =0

hence, these lines are not L

Now,
c0sQ = a,a, +bb, +c.c,
2 2 2 2 2 2
\/a1 +b, "+ .\/a2 +b,” +c,
-44
cosQ =
2 2
\/72 + 5%+ 62.\/32 + (—1) + (—10)
—-44
Q= cos f——-—
\/110.\/110
Q —cos'l(i\
s

b) The equations of planes are:
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2Xx+y+3z-2=0andx-2y+5=0

a =2,b =1,¢c, =3

1 T T

a, =1,b, =-2,c, =0

2

Now,
a,a, +bb, +c.c,

=2x1+1x(-2)+3x(0)

()Q

Hence, these lines are perpendicular to each oth Q®

C) The equations of planes are:
®

2x—-2y+4z+5=0 and 3x3y+62\Q

ines are parallel to each other.

he equations of planes are:
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2x—-y+3z-1=0and 2x-y+3z+3=0

Now,

a, 2 b -1 ¢ 3

a2_2’ bz_—1’ 02_3

a, b, ¢

ey (Q
Thus, these lines are parallel to each other. Q

®

e) The equations of planes are: Q
4x+8y+z80andy+z4Q\

a,a, +bb, +cc,

=4x0+8x1+1x1
=8+1
=9

Hence, these lines are not perpendicular as well
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cosQ

cosQ

Q =cos

a,a, +bb, +c.c,

2 2 2 2 2 2
\/a1 +b," +c .\/a2 +b,” +c,

: |

\/42+82+12.\/02+12+12|

‘ o

1

S

92

Q = cos (L\
V2

Q =45

°
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14. In the following cases, find the distance of each of the given points from the
corresponding given plane.

Point Plane

(@) (0,0,0)3x -4y +12z=3
(b)  GB,—2,1)2x-y+224+43=0
€ (2,3,-5)x+2y=2z=9
(d)  (=6,0,0)2x-3y+62-2=0
Sol:

1.

P =(0,0,0)

Equation of plane is:

3x -4y +12z=3
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Distance between a point P (x,,y,,z, ) & the plane ax + by + cz = d is:

d - ax, +by +cz, -D
va‘+bi+c’
q 3><0—4><O+12><0—3‘
\/32 +(-4) +(12) ‘
3
d = —
13
2.
P=(3-2,1)

Equation of plane is:

2x—-y+2z+3=0

Distance between a point P (x,,y,,z, ) & theplane ax + by + cz = d is:

d - ax, +by +cz, -D
\/a2+b2+c2
2><3+(—2)><(—1)+2><1+3‘
d:
\/22+(-1)2+(2)2 ‘
6+2+2+3
d=|——
Js
13
d = —
3
3.
P=(2,3,—5)

Equation of plane is:

X+2y—-2z=9
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Distance between a point P (xl, Y, zl) & the plane ax+ by +cz=d is:

d - ax, +by +cz, - D
Va‘+b+c’
2><1+3><2+(—5)><(—2)—9‘
d:
\/12 274 (-2) ‘
2+6+10-9
d=|— =
Jo
9
d=—=3
3
4,
P =(-6,0,0)

Equation of plane is:

2x-3y+6z2-2=0

Distance between a point P (x;,y,,Z, ) & the plane ax + by + cz = d is:

d - ax, +by +cz, -D
va’+bi+c’
2x(-6)-3%0+6x0-2
d:
\/22+(—3)2+62
-12 -2
d = |——
V49
14
d=—=2
7
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