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EX

ERCISE 11.1 PAGE NO: 467
1. If a line makes angles 90°, 135°, 45° with the X, y and z-axes, respectively, find its direction cosines.
Solution:

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

Here let a.=90°, p = 135° and y = 45°

So,

1=cos o, m=cos f and n=cos y

So, the direction cosines are

I=c0s90°=0

m = cos 135°= cos (180° — 45°) = -cos 45° = -1/2

n = cos 45° = 12

= The direction cosines of the line are 0, -1/72, 1/7/2

2. Find the direction cosines of a line which makes equal angles with the coordinate axes.
Solution:

Given:

Angles are equal.

So, let the angles be a, B3, v

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

l=cosa, m=cosandn=cosy

Here, given a = 3 =y (Since, line makes equal angles with the coordinate axes) ... (1)

The direction cosines are

l=cos o, m=cos and n=cosy

We have,

P+mz2+nm=1

c0s? o + cos?p + cos?y =1

From (1) we have,
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C0S? o+ cos? o+ cos? a = 1

3costa=1

Cos a =+ V(1/3)

=~ The direction cosines are

| = +(1/3), m = £ V(1/3), n = £ V(1/3)
3. If a line has the direction ratios —18, 12, -4, then what are its direction cosines?
Solution:

Given:

Direction ratios as -18, 12, -4

Where,a=-18,b=12,c=-4

Let us consider the direction ratios of the line as a, b and ¢

Then the direction cosines are

a b c
Vat bR+ VRt R+t VAT R+ &2
Where,

Va LB L2 =/(—18)2 + 122+ (—4)?
=324 +144 - 16
= 484
=22

-~ The direction cosines are

-18/22, 12/22, -4/22 => -9/11, 6/11, -2/11

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

Solution:

If the direction ratios of two lines segments are proportional, then the lines are collinear.
Given:

A(2,3,4),B(—1,-2,1),C(5,8,7)

Direction ratio of line joining A (2, 3, 4) and B (-1, =2, 1), are

(—-1-2), (—2-3), (1-4) = (-3, -5, -3)
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Where, a, =-3, b, =-5,¢,=-3
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Direction ratio of line joining B (=1, =2, 1) and C (5, 8, 7) are

(5= 1), 8= (=2)), (7-1) = (6, 10, 6)

Where, a, =6, b, = 10 and ¢, =6

Now,

a -3

And
S:i:—"
Cx _3 -

~ A, B, C are collinear.

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

Solution:

Given:

The vertices are (3, 5, -4), (-1, 1, 2) and (-5, -5, -2).

A(3, 5, - 4),

B(-1, 1, 2)

The direction cosines of the two points passing through A(X,, Y1, z,) and B(X,, Y», Z,) IS given by (X, — X.), (Yo-Y4), (2:-2.)
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Firstly let us find the direction ratios of AB
Where, A=(3,5,-4)and B=(-1, 1, 2)
Ratio of AB = [(X, — X.)%, (Y2 — V)3, (2. — 2,)]
= (-1-3), (1-5), (2-(-4)) = -4, -4, 6
Then by using the formula,
V(e — X0 + (Yo — Va2 + (2o — 2.)]
VI(-4) + (-4)2 + (6)7] = V(16+16+36)
=68
= 2317
Now let us find the direction cosines of the line AB
By using the formula,
(22— %) (y2—¥1) (zy —z;)
AB ~ AB  AB

-4/2\17 , -4/2N17, 6/2N17

or 217, 217, 317

Similarly,

Let us find the direction ratios of BC
Where, B = (-1, 1, 2) and C = (-5, -5, -2)
Ratio of AB = [(X, — X.)2, (Y2 — Y1)?, (2. — 2,)7]
= (-5+1), (-5-1), (-2-2) = -4, -6, -4

Then by using the formula,

V(e = %) + (Y2 = Vi) + (2~ 2:)]

V(-4 + (-6)2 + (-4)2] = V(16+36+16)
=68

=217

Now, let us find the direction cosines of the line AB
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By using the formula,

(X2 - x;) (v2—¥:) (2, -27)
AB ~ AB  AB

-4/2N17, -6/2N17, -4/2N17

or 217, -3117, 217

Similarly,

Let us find the direction ratios of CA

Where, C = (-5, -5, -2) and A = (3, 5, -4)

Ratio of AB = [(X, — X.), (Y. — V)3, (2. — 2,)]

= (3+5), (5+5), (-4+2) = 8, 10, -2

Then, by using the formula,

V[ = Xa + (Yo = Yo + (22— 2]

VI(8)2 + (10) + (-2)7] = \(64+100+4)

=168

=242

Now, let us find the direction cosines of the line AB

By using the formula,

(22— %) (y2—¥1) (zy —z;)
AB ~ AB  AB

8/242, 10/2N42, -2/2N42

Or 4/\42, 5/\42, -1/\42
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EXERCISE 11.2

1. Show that the three lines with direction cosines

13‘ 13 ‘ 13 ‘ 13‘ 13 ‘ 13‘ 13‘ 13 ‘ 13 Are mutually perpendicular.

Solution:

Let us consider the direction cosines of L,, L, and L; be I, m,, ny; I,, m,, n, and I, ms, ns.
We know that

If I, m,, n, and I,, m,, n, are the direction cosines of two lines,

And 0 is the acute angle between the two lines,

Then cos 0 = |ll, + mym, + n;n,|

If two lines are perpendicular, then the angle between the two is 6 = 90°

For perpendicular lines, | LI, + mym, + n;n, | = cos 90° =0, i.e. | LI, + mim, + nn, | =0

NCERT Solutions for Class 12 Maths Chapter 11 —
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So, in order to check if the three lines are mutually perpendicular, we compute | I.l, + mm, + nin, | for all the pairs of

the three lines.

Firstly let us compute, | LI, + m.m, + n,n, |

|L_l: +m,m, +n,n,

48+ (-48)
13

So, LiL Ly ...... (1)

Similarly,

Let us compute, | lI; + m,m; + n,n; |

L, +m,m; +n,n

-
a2
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(—48)+48
A — )
13
So, Lol Ls.....(2)
Similarly,
Let us compute, | I, + msm, + nsn, |

|3 12y, (4 -3 (12 -4\ _36 12 (-48
f13713) (13713) (13 13) 13 13 | 13

48+ (-48)
a 13

S0, LiL Ls ..... (3)

~ By (1), (2) and (3), the lines are perpendicular.
L, L, and L, are mutually perpendicular.

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).

Solution:
Given:
The points (1, -1, 2), (3, 4,-2) and (0, 3, 2), (3, 5, 6).

Let us consider AB be the line joining the points, (1, -1, 2) and (3, 4, -2), and CD be the line through the points (0, 3, 2)
and (3, 5, 6).

Now,

The direction ratios, a,, b,, ¢, of AB are

(3-1),(4—-(-1)), (-2-2)=2,5, -4.

Similarly,

The direction ratios, a,, b,, ¢, of CD are

(3-0),(5-3),(6-2)=3,2,4.

Then, AB and CD will be perpendicular to each other, if a,a, + b.b, + c.c, =0

ad, + bib, + ¢.c, = 2(3) + 5(2) + 4(-4)
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=0

~ AB and CD are 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).

Solution:
Given:
The points (4, 7, 8), (2, 3, 4) and (-1, -2, 1), (1, 2, 5).

Let us consider AB to be the line joining the points, (4, 7, 8), (2, 3, 4) and CD to be the line through the points (-1, -2,
1), (1, 2,5).

Now,

The direction ratios, a;, b,, ¢, of AB are
(2-4),(3-7), (4-8)=-2,-4, -4,

The direction ratios, a;, b,, ¢, of CD are
1-(1),2-(-2),(6-1)=2,4,4.
Then, AB will be parallel to CD, if

iy b1_ 1

iz bg o

So, a/a, =-2/2=-1

b1/b2 = '4/4 = '1
C1/C2 = '4/4 = '1
~ We can say that,

I EJ-l 1

2 N EJg N o
1=-1=-1

Hence, AB is parallel to CD where 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)

4. Find the equation of the line which passes through the point (1, 2, 3) and is parallel to the
vector 31 + 2j — 2k
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Solution:

Given:
Line passes through the point (1., 2, 3) and is parallel to the vector.

We know that
Vector equation of a line that passes through a given point whose position

vector is a and parallel to a given vector b is

—_

So, here the position vector of the point (1, 2, 3) is given by
a=1+2]j+3Kk and the parallel vector i53i +2)-2K
~ The vector equation of the required line is:

T=1+2j+3k+A(31+2)-2k)

E

Where A is constant.

5. Find the equation of the line in vector and in Cartesian form that passes through the point with position
N YL an S A T

~1=] 41“an 1+<] k. is in the direction

vector d

Solution:
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It is given that

Vector equation of a line that passes through a given point whose position
vector is @ and parallel to a given vector h isT = a+ A b

Herelet, a=2i— j+4kand b= 1+2j-k

So, the vector equation of the required line is:

~ o

F=2i- ]+41::+l(_i+2]-k)

Now the Cartesian equation of a line through a point (X1, y1, z1) and having
direction cosines 1, m, n is given by

X-X, _¥Y-Vi_Z—1
] m n
We know that if the direction ratios of the line are a, b, c, then
1= 1 m= b n= <
\fa:—b:—c: \/a:—b:—c: \/a:—b:—c:

The Cartesian equation of a line through a point (Xi, v1, Z1) and having direction
ratios a, b, c is
X-X, _¥Y-V._zZ-z

a b C
Here,x1=2,vi=-l,Zz1=4anda=1.b=2,c=-1

* The Cartesian equation of the required line is:
x-2 y—(-1) z-4 x-2 y+1 z-4
= = — = =

1 2 -1 1 2 -1
g. Find the Cartesian equation of the line which passes through the point (-2, 4, -5) and parallel to the line given
y
Xx+3 y—-4 z+8
3 5 6
Solution:
Given:

The points (-2, 4, -5)
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We know that the Cartesian equation of a line through a point (X, y., z;) and having direction ratios a, b, ¢ is

X=Xy _¥Y—hn_Z£—241

a b c

Here, the point (X1, yi1, Z1) is (-2, 4, -5) and the direction ratio is given by:

a=3,b=5c=6

~ The Cartesian equation of the required line is:

K—[—E]:}f—4_z—(—5]:}

x+2 y—-4 z+5

3 5

7. The Cartesian equation of a line is

X—-5 y+4 z-6
3 7 2

Solution:

Given:

The Cartesian equation is

X-5 y+4 z-6
3 7 2

We know that

3 5 6

. Write its vector form.

(1)

The Cartesian equation of a line passing through a point (xi, y1, z1) and having

direction cosines |, m. n is
X=X _YV—Wn_Z—4

/ m n

So when comparing this standard form with the given equation, we get

X, =5,y,=-4,z, =6 and

I=3,m=7,n=2
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The point through which the line passes has the position vector
a=5i—4]j+ 6k and S
The vector parallel to the line is given by b =31+ 7+ 2k

Since, vector equation of a line that passes through a given point whose position
vector is 4 and parallel to a givenvector bisT= a+ A b

+ The required line in vector form is given as:

T =(51-4)+6k)+A(31+7)+2k)

8. Find the vector and the Cartesian equations of the lines that passes through the origin and (5, -2, 3).

Solution:

Given:

The origin (0, 0, 0) and the point (5, -2, 3)

We know that

The vector equation of as line which passes through two points whose position

—

vectors are 3 and b isT=a —l(b a)

Here, the position vectors of the fwo points (0, 0, 0) and (5, -2, 3)
are a =01+ 0j+ Ok and b = 51— 2j+ 3k, respectively.

~ The vector equation of the required line is given as:

r= oi—0]—012;—:-{(_5i—2j—312;)—(_oi—0]—013;)_-

T =(51-2j+3k)

Now, by using the formula,

Cartesian equation of a line that passes through two points (X1, yi, Z1) and (X,
1, Z2) 1s given as

X—x% _Y—h _£2—4

X2 — X1 y2—hn D — 10
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So, the Cartesian equation of the line that passes through the origin (0, 0. 0) and
(5,—2,3)1s
x-0 y-0

Z-
5-0 —2-0 3-

0
—
0

tad | M

¥
—2

X
5
~ The vector equation is

= A(51-2j+3k)
The Cartesian equation is

X y z
3

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

Given:

The points (3, -2, -5) and (3, -2, 6)

Firstly let us calculate the vector form:

The vector equatmn of as line which passes through two points whose position
vectorsared and his T = @ —l(b a

Here, the pnsﬂmu vectors of the two pmnts (3,-2,-5) and (3, -2, 6)
area=31—2]j— 5k and b=3i— 2j+ 6k respectively.

* The vector equation of the required line is:
I=3i —zj—sk—}k[(si —2}—613;)—(35 —zj—sll;) -
T =31-2j—5k+A(31-2j+6k - 31 +2j+ 5k)

~ o

T=31-2j-Sk+A(11k)
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Now,
By using the formula,
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Cartesian equation of a line that passes through two points (X1, yi. z1) and (X,

V1. Z2) is
X—X _V—Wh Z—24

X2—x1 Y2—hn L — O

So, the Cartesian equation of the line that passes through the origin (3, -2, -5)

and (3, -2, 6) is
Xx-3 }"—(— )
- -2

o 0 11
+ The vector equation is
F=31-2)-5k+A(11k)
The Cartesian equation is
X-3 y+2 z+5

o 0 11

10. Find the angle between the foIIowmg palrs of lines:

(1)1221—5] '—.L{31—.2J.6k)ﬂ11d

r=7i—6k +u(i+2j+2K)

(11)1—31—J—"la—ﬁ(1—1—"k]and
_] 56k + u[31—5j 4k)

Solution:
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Let us consider 6 be the angle between the glven lines.
If 6 is the acute angle between 7 — a ¥ l,b and 1 = a —pb then

bib;
il 2]

cos il =

{J}
(1)1-4—5] k—x.(31 21+ 6k)and

7i— 6k + p(l —HJ "1«:)

Herel?.j = 3;—23—61;; and Ez i—Z:i—El::
So, from equation (1), we have

@i—ﬁ—ﬁk)ﬁ—zj—mﬂ

cost = - - e - -
Pi—zj—ﬁkHi—zj—Ek

...... (2)
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We know that,

ai+bj+cl&‘:\/aj b

S0,

31+2j+6k|=v3 +22+ 6" =9+4+36 =49 =7
And

i+:j+zfc‘= V2422422 = 1+4+4=109=3
Now, we know that
(a:i +sz+c.51::].(a:in+bjj+czl’<‘:) =a,a, +b;b, +¢,¢,

So,
(31+2)+6Kk).(1+2j+2k) =3x1+2x2+6x2=3+4+12=19

By (2), we have

19 19
cosB = =
Tx3 21
(19
B:c-:}s_"[—]

21

So,
(31+2)+6k).(1+2]+2k) =3x1+2x2+6x2=3+4+12=19

By (2), we have
19 19
Ix3 21

(19
B:cns_‘[—]

cosB =

-
Vo
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(i)r=3i+j— 2k + A(i—j—2K)and
r=2i—j—56k+u3i-35j—4k)

Here, b, = i— j—2k and b, =3i—5j—4k
So. from (1). we have

(i—j-2k).(3i-5j-4k)

cosf=|——— —_— -

|i—j—3kH31—5j—4k|

o (3)

We know that,
ai + bj+ ck|=+/a> +b* +¢
S0.
i-j-2k|= 1P +(-1) +2* = I+ T+ A =B =342
And

31-5]—4k|= f3* +(=5) +(~4)" =9+ 25+16 =450 =512

Now, we know that

(_ai+bij+c¢__f{_).(a:i+ b:j+c:§;) =aa, +bb, +cc,
o (1=J=2k)(31 - 5] 4k) = 1x3+(=1)x (=5)+(=2)x(—4) =3+5+8=16

By (3), we have

cost = = =
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11. Find the angle between the following pair of lines:
x—2 y—-1 z+3 Xx+2 yv—4 z-5

(1) = and = —
2 5 —3 -1 8 4

X yV zZ X—5 y-2 z-3
(11)——‘———&11:1 == =

2 2 1 4 1 8
Solution:
We know that
If
K_K*_}'_}"_z_z' K_K: }F_}':_Z_z:

L 1, I, ond L m, 0y are the equations of
two lines, then the acute angle between the two lines is given by
cos 0= Ll +mmy +mny | ...... (1)

Here,a; =2, b1 =35, ¢;1 =-3 and
ar=-1.bz=8 c=4
Now,

= a m= fi= €
\/a:;b:;cj‘ \/ﬁ:+b3+c:- \/a:+b:+

Here, we know that

\/a§+bf+t:‘ \/’? 152 4 (3) =~f1+2519=1/38
And

o A 2)

J 4G = J(-1) +8 +4° = I 64+16 = BT =9

So, from equation (2). we have
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| a, 2
- = — . In‘ =
C Jalebied B8
And

a -1
b= = = — My =

NCERT Solutions for Class 12 Maths Chapter 11 —
Three Dimensional Geometry

b, 5

Jitbire B8

(2 ) (1), 5).(8)
wtx | e Il
_|-2+40-12| |40-12| 26
o5 | o8| ol
( 26 °
B =cos 9\/3_8]

https://byjus.com

1., =

S

\/a +b] +c;



https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

m BYJ Uls NCERT Solutions for Class 12_ Matr_ls Chapter 11 —

The Learning App

(ii)i:E:EandX_S:' - =
2 = 1 4 1 8

Here,aj=2,b;=2,c1=1 and

aa=4, bh=1,c=8

Here, we know that

\/q,—b-—c- N2 2+ =45 4+1=J0=3
,\/a‘ b +cl =42 +12+8 = 16 +1+64 = /81 =9

So, from equation (2). we have

a 2 b, 2
Jiom= =—_.m=—— =—.1n,=
\/ +bl4+e 3 \/a,_‘—h‘—c‘ 3
And
a, b, 1
l,= = =_—,m,= = =—.1n,=
\/a_*b_*c‘ 9 \/35 by+c; 9
+» From equation (1), we have
(2 4 [2 l] [1 8 8+2+8| 18
cosf = L—x— +H —x— |+ —x—||= = =
3 9)\3 9/ \3 @ 27 27
(A
8 =cos —]
L3
~ From equation (1), we have
2 4] 2 1Y [l 8'] 8§+2+8| 18
Cosl= || —%— 4] ==+l =%k =] = = =
3 9 LS 9 {3 9 27 27

12. Find the values of p so that the lines

l-x 7Ty-14 z-3 7T-7x y—-35 06-z
= = ﬂnd = =
3 2p 2 3p 1

https://byjus.com
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Solution:

The standard form of a pair of Cartesian lines is:

X-X _¥-yV_z-z X—-X, Y-V, -1
a, b, ¢\ and & b, S ()
So the given equations can be written according to the standard form. i.e.
—(x-1) 7(y-2) z-3 -7(x-1) y-5 —(z-6)
= — =— = =
3 2p 2 nd 3p 1 5
x-1 y-2 z-3 x-1 y-5 z-6
3 /7 2 _3pn /T o
3 Hp ! L) " aﬂd 3p ! L) l 5 .. (2)
Now, comparing equation (1) and (2), we get
2 -3
a::—S.b::Tp.c._:E a::Tp.bjzl.c::—S
and

So, the direction ratios of the lines are
-3, 2p/7,2 and -3p/7, 1, -5

Now, as both the lines are at right angles,
So, a.a, + bib, + ¢.c, =0

(-3) (-3p/7) + (2p/7) (1) +2(-5) =0
9p/7 +2p/7-10=0

(9p+2p)/7 = 10

11p/7 =10

11p =70

p=70/11

~ The value of p is 70/11

13. Show that the lines

X-5 y+2 z X
7 =5 1 1 2

il
3 are perpendicular to each other.

Solution:
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The equations of the given lines are
X-5 y+2 z X Vv Z
7 -5 1 1 2 3

Two lines with direction ratios is given as

a,a, + b.b, + ¢.c,=0

So the direction ratios of the given linesare 7, -5, 1 and 1, 2, 3
ie,aa=7,b=-5c=1and

a=1b,=2¢c=3

Now, considering

ad, +hb,+cc,=7x1+(-5)x2+1x3

=7-10+3

=—3+3

=0

~ The two lines are perpendicular to each other.

14. Find the shortest distance between the lines

r=(1+2j+k)+2(i-j+k)and
r=2i—j—k+u(2i+j+2k)
Solution:

https://byjus.com
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We know that the shortest distance between two
linest = a, + Ab,and 1 = a, +ub, is given as:

(5:%5;) (2 -)
DED

d =

e (1)

Here by comparing the equations we get.
__ '1;"11'_. i __ .‘_".;"_
a, = 1+2] L‘b,h—1 Itk 4

a,=2i—j-k b,=2i+j+2k

Now,

https://byjus.com
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(X1 +¥,i+2K) — (X1 + 2]+ 2:K) = (%, =%,) 14y, - ¥2)J +(2 - 2,)K
k)= 1

a, —a, =(2i—j—k)—(i+2j+ ~3j-2k

- {(2)
Now,

b, x b, (1—_]+K)><("1+j+3f()

i j ok
= -1 1
3 0 @
= —3i+3k
=bxby = -3i+3k (3)
= [b, x| = J(-3) +3* = Vo +9 =18=342

Now,

(a._in +bj+ c.k}( a,i+b,j+ czi::) =a,a, +bb, +cc;

(b, xb, ).(a, -2, ) =(-31+3k).(1-3]-2k) =-3-6=-9

Now, by substituting all the values in equation (1), we get
The shortest distance between the two lines.

https://byjus.com
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= |
d=|—=
B
_ 9
372 [From equation (4) and (5)]
3

V2

Let us rationalizing the fraction by multiplying the numerator and denominator
by V2, we get

3 3 A2

V2 N2
342

—

. The shortest distance is 3v2/2

Let us rationalizing the fraction by multiplying the numerator and denominator by V2, we get

_ 3 N2 32
V2 2 2

= The shortest distance is 3v2/2

d

15. Find the shortest distance between the lines
Xx+1 +1 z+1
=2 = and

7 -6 1 1 -2 1

Xx-3 y-35 z-7

Solution:
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We know that the shortest distance between two lines

X+1 y+1 z+1 X—3 v-5 z-7
= = and == =

7 —6 1 1 —

K:_K: }."_‘_}.": z'\_z'_

-

1 s given as:

d= : - :

-

\/(b._c: —byc, )1 +(ca, —ca; ) +(ab, - E:lzb'_):

The standard form of a pair of Cartesian lines is:

(D)

X-X _¥-yV_z-1 X-X, ¥V Z-1Z,
a, b, ¢, and & b, C,
And the given equations are:
x+1 y+1 z+1 x-3 y-5 z-7
7 —0 I and 1 —2 1

Now let us compare the given equations with the standard form we get,
x1=-lL.yi=-lL.z1=-1;

X2=3,y2=5,02="7

ai=7,b1=-6,c1=1;

a=Llbh=-2,c:=1

Now, consider

X,-X, Y,-¥ 2zZ,-z| P-(-1) 5-(-1) 7-(-1) B+1 5+1
a b a (=4 ¥ —6 1 =|| —6
a, b,: c, 1 -2 1 1 -2
4 6 8
=7 -6 1
1 -2 1

https://byjus.com
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=4(-6+2)-6(7-1)+8(-14+6)
=4(4)—6(6)+8(-8)
=.16—36—64

=-116

Now we shall consider

\/bcﬁ bc] +(¢ aw—cwa) (aibj—ajbj}:
= J(~6xD—(-2x1)) +((1x1)~(1x7))* +((7%-2) ~ (1% -6))

-

\/Hi+} £(1=7) +(-14+6) = (—4)’ +(=6) +(-8)
= J16+36+64 =+/116

By substituting all the values in equation (1), we get
The shortest distance between the two lines,

~116| 116
ag 11 _"'I_J_
116 \/116

= The shortest distance is 2v/29

==

nd the shortest distance between the lines whose vector equations are

16.
= (1+J,J 3k]+;[1—3]+3k]and
r=4i+5)—6k +n(2i+3j+k)
Solution:

We kuow t!lat shortest dlstance between two lines
T =a, —Ab and T = a, +ub, is given as:

(b: xb: )‘(a: —ai')
P

d=
(1)

Here by comparing the equations we get,
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= Z'_:,,"'.; - _‘_ 'I_ "._,:I"_
a, = 1+2] 31\?13:.—1 3)+2k _ 4
a, =4i+5j+6k b,=2i+3j+k

Now let us subtract the above equations we get,

(X;’i‘-i—}’:_:i+Z:}’<‘I)—(in+}’:]+23f{): (X, _X:Ji"‘(Yt —Ya JJ"‘(Z _z:]l&

a,—a, =(4i+5)+6k)—(i+2)+3k)=3i+3j+3k

.......... (2)
And,

b, xb, =(1-3j+2k)x(2i+3j+k)

]

ok

=1 -3 2
2 3 1
_ —9i+3j+9k

= b, xb, = —9i+3j+9k

=5 ‘bijz

= J(-9) +3*+9% = JB1+9+81 =4171=3419 w

Now by multiplying equation (2) and (3) we get,
(a,i+bj+ck)(ai+b,j+ck)=aa, +bb, +cc,

(b, xb, ) (2, —a, ) =(-9i+3j+ 9k (3i+3j+3k) =27 +9+27 =9

By substituting all the values in equation (1), we obtain
The shortest distance between the two lines,

1|9 9 3
3./19

NN

. The shortest distance is 3V19

. (5)

17. Find the shortest distance between the lines whose vector equations are
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r=(1-1)i+(t-2)j+(3-20kand
r=(s+Di+(2s—1Dj—(2s+ 1k

Solution:

Firstly let us consider the given equatinﬂs
_.T=(1- t)1+( ]J—k(w—"’[)k

T=i-ti+tj—2j+3k -2tk

L

i—2j+3k+1(-1+j-2k)
_T=(s+1)i+(2s-1)j—(2s+])k

T

—1—”3] J—.,SL k

§- k+5(1+”J "k)

So now we need to ﬂud the shortest distance betweeu

e 1_‘?J+qk+g( S ’J'k)and r=1—j- k+5(1+flj "k]

51
i—

We know that shortest dls_tance between two lines
I =4a, —lb and T = = a, + b, is given as:

(5D -4

d= sl

Here by cnmparmg the equatmns we get.
a, = 1—_J—%Lb —1—]—”h

&a
I
II

];'_ = l = B HJ —21{
Since.

(X:i*]'}":j"'zzﬁz)_(X:i"'}"::i"‘zzl;}: (X, _X:)i"'(Y: —¥3 )j"'(z:_zz)f“:
S0,

- =(i-j-k)-(i-2)+3k) = |4k

https://byjus.com
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b, x b, :(—i+j—2}})><('i+2]—2};)

i j k
=1 1 -2
1 % g
=2i-4j-3k

= b, xb, =21—-4j-3k e (3)

= [b; b, = 22 +(~4)" +(-3) = VA+16+9 =29

Now by multiplying equation (2) and (3) we get,

(aj+b,j + c,k)( a1+ D] +c3f;] —a,a, +bb, +¢c,
(b, xb, )(a, —a, ) =(21-4)-3k).(j-4k) =—4+12=8

By substituting all the values in equation (1), we obtain
The shortest distance between the two lines,

3 8
29 29

d:

= The shortest distance is 8v29
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EX

ERCISE 11.3 PAGE NO: 493
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

Solution:

@z=2

Given:

The equation of the plane, z=2 or Ox + 0y +z=2 .... (1)
Direction ratio of the normal (0, 0, 1)

By using the formula,

V) + ) + (1 =1

=1

Now,

Divide both the sides of equation (1) by 1, we get

Ox/(1) +0y/(1) +z/1 =2

So this is of the form Ix + my + nz=d

Where, I, m, n are the direction cosines and d is the distance
=~ The direction cosines are 0, 0, 1

Distance (d) from the origin is 2 units

(b)yx+y+z=1

Given:

The equation of the plane, x +y+z=1.... (1)

Direction ratio of the normal (1, 1, 1)

By using the formula,
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V(L) + (1) + (1) =3

Now,

Divide both the sides of equation (1) by V3, we get

xI(\3) + yI(N3) + zI(\3) = 13

So this is of the form Ix + my + nz=d

Where, I, m, n are the direction cosines and d is the distance
~. The direction cosines are 1/7/3, 1/\3, 1/7/3

Distance (d) from the origin is 1/4/3 units
(c)2x+3y-z=5

Given:

The equation of the plane, 2x + 3y —z=5.... (1)

Direction ratio of the normal (2, 3, -1)

By using the formula,

V() + (3) + (-1)7] = V14

Now,

Divide both the sides of equation (1) by V14, we get
2x/(V14) + 3y/(N14) — z/(N14) = 5N14

So this is of the form Ix + my + nz=d

Where, I, m, n are the direction cosines and d is the distance
~. The direction cosines are 2/N14, 3/N14, -1/N14

Distance (d) from the origin is 5/V14 units

(d)5y+8=0

Given:

The equation of the plane, 5y + 8 =0

-5y =8or

0X -5y +0z=8.... (1)

Direction ratio of the normal (0, -5, 0)

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

m BYJ ch NCERT Solutions for Class 12 Maths Chapter 11 —

The Learning App Three Dimensional Geometry

By using the formula,

V[(O) + (-5) + (0)] = V25

=5

Now,

Divide both the sides of equation (1) by 5, we get

0x/(5) — 5y/(5) — 0z/(5) = 8/5

So this is of the form Ix + my + nz=d

Where, I, m, n are the direction cosines and d is the distance
=~ The direction cosines are 0, -1, 0

Distance (d) from the origin is 8/5 units

2. Find the vector equation of a plane which is at a distance of 7 units from the origin and normal to the vector
3i+5j—6k.
Solution:

Given: S
The vector 31+ 5)—06k.
Vector eq. of the plane with position vector T is

rn=d._ (1)
S0,
@i 3i+5j-6k
I]:T:
|11| \/9—25—36
3i+5j-6k
70

https://byjus.com
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So,
i 3i+5j-6k
]]:T:
|11| J9+25+36
3i+5)-6k

N 70
Substituting in equation (1), we get
_3i+5j-6k
. o ;

I.31+5]—-6k=7~/70

* The required vector equation is T. 3+ 5:]' —6k=7+/70

3. Find the Cartesian equation of the following planes:
r.1+1-k)=2

@ 1+1-K)

Solution:

Given:

The equation of the plane.

Let T be the position vector of P(x, . z) is given by

I =Xi+yj+zk
S0,

£ (i+j-k)=2
Substituting the value of T, we get
(11+}j+2k)(1+_] —1?:) =2
~ The Cartesian equation is
Xty-z=2

https://byjus.com
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®M7.2i + 35 — 4k) = 1
Solution:
Let 1 be the position vector of P(X, v, 2) is given by

T =xi ;}fj;zk
So,
I.(2i+3)-4k)=1
Substitut'mg the value of T, we get
(xi+}ﬁ+zﬁ).(li+3] —412) =1
* The Cartesian equation is
2x+3y-4z=1

© (s —20i+(3-1)j+(2s +Dk] =15
Solution:
Let T be the position vector of P(x, v, z) is given by

I = xi—}f:i—zk
So,
T.[(s —2t}f+(3—t)j+(25+ﬂﬂz15
Substituting the value of T, we get
(_xf +}ﬁ+z§:).[(s —21)i +(3- t)] +(2s+ t}ﬁ:} =15
~ The Cartesian equation is

(s-20Xx+(3-t)y+(2s+t)z=15

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
C)x+y+z=1
(d)5y+8=0

Solution:

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

Let the coordinate of the foot of L P from the origin to the given plane be P(x, y, z).

https://byjus.com
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2x +3y+4z=12....(1)

Direction ratio are (2, 3, 4)

V[ + (3% + (4] = V(4 + 9 + 16)

=29

Now,

Divide both the sides of equation (1) by V29, we get
2x/(N29) + 3y/(N29) + 4z/(N29) = 12/+29

So this is of the form Ix + my + nz=d

Where, I, m, n are the direction cosines and d is the distance
~. The direction cosines are 2/729, 3/7/29, 4/29

Coordinate of the foot (Id, md, nd) =

= [(2IN29) (12/N29), (3/129) (12/7/29), (4/N29) (12/N29)]

= 24129, 36/29, 48/29

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

Let the coordinate of the foot of L P from the origin to the given plane be P(x, v, z).
0x +3y+4z=6....(1)

Direction ratio are (0, 3, 4)

VL) + (3) + (4)] = (0 + 9 + 16)

=25

=5

Now,

Divide both the sides of equation (1) by 5, we get

0x/(5) + 3y/(5) + 4z/(5) = 6/5

So this is of the form Ix + my + nz=d

Where, I, m, n are the direction cosines and d is the distance
~ The direction cosines are 0/5, 3/5, 4/5

Coordinate of the foot (Id, md, nd) =

https://byjus.com
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= [(0/5) (6/5), (3/5) (6/5), (4/5) (6/5)]

=0, 18/25, 24/25

C)x+y+z=1

Let the coordinate of the foot of L P from the origin to the given plane be P(x, y, z).
x+tyt+tz=1../()

Direction ratio are (1, 1, 1)

Vi@ + 1+ (1) =V1 +1+1)

=3

Now,

Divide both the sides of equation (1) by V3, we get

1x/(V3) + 1y/(N3) + 1z/(\3) = 1/V3

So this is of the form Ix + my + nz =d

Where, I, m, n are the direction cosines and d is the distance
~. The direction cosines are 1/7/3, 1/N3, 1/\3

Coordinate of the foot (Id, md, nd) =

= [(L3) (13), (LN3) (1A3), (1N3) (1N3)]
=1/3,1/3,1/3

(d)5y+8=0

Let the coordinate of the foot of L P from the origin to the given plane be P(x, v, z).
OX—-5y+0z=8....(1)

Direction ratio are (0, -5, 0)

VI(0) + (-5)? + (0)7] = V(0 + 25 + 0)

=25

=5

Now,

Divide both the sides of equation (1) by 5, we get

Ox/(5) — 5y/(5) + 02/(5) = 8/5
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So this is of the form Ix + my + nz=d

Where, I, m, n are the direction cosines and d is the distance
=~ The direction cosines are 0, -1, 0

Coordinate of the foot (Id, md, nd) =

= [(0/5) (8/5), (-5/5) (8/5), (0/5) (8/5)]

=0,-8/5,0

5. 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.

(b) that passes through the point (1,4, 6) and the normal vector to the plane is
i-2j+k

Solution:

(a) That passes through the point (1, 0, —2) and the normal to the plane is
i+j-k.

Let the position vector of the point (1, 0, -2) be

a=(li+0j-2k)

We know that Normal N 1 to the plane is given as:

—_

N=i+j-k

Vector equation of the plane is given as:
(T-a)N=0

Now,

Xx-1-2y+8+z-6=0
X—=2y+z+1=0
X—-2y+z=-1

~ The required Cartesian equation of the plane isx —2y +z=-1
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(f—ﬁ—zknj—j—ﬁzo.

Since,

(1)

T=xi+vyj+ zk

So equation (1) becomes,

-

(x1+}j+zk—1+?k)f+] k=

[(x 1)1+}j+ 21::} +i-k=0
Xx—1+y—-z-2=0

X+ty—-z-3=0

~ The required Cartesian equation of the plane isx +y—z=3

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

Let the position vector of the point (1, 0. -2) be

a=(1i+4j+6k)

We know that Norlﬁal N L to the plane is given as:

N=1-2j+k
Vector equation of the plane is given as:
(T—a)N=0
Now,
(f—ﬁ;4j+ﬁﬁnj—1}+K:0
- & (1)
Since,
r=xXi+ v+ zk

So equation (1) becomes,
(xi+ yj+ zk-1-4j-6k)i-2j+ k=0
“x—nhwy—4ﬁ+(z—mﬁ}Laj+%=0

X-1-2y+8+z-6=0
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X-2y+z+1=0

X-2y+z=-1

-~ The required Cartesian equation of the plane isx -2y + z=-1

6. Find the equations of the planes that passes through three points.
(a) (11 11 _1)1 (61 41 _5)1 (‘41 _2; 3)

(b) (1,1,0),(1,2,1),(-2,2,-1)
Solution:
Given:

The points are (1, 1, -1), (6, 4, -5), (-4, -2, 3).

Let,
1 1 -1
=6 4 -5
—4 -2 3

=1(12-10) - 1(18 - 20) -1 (-12 + 16)

=2+2-4

=0

Since, the value of determinant is 0.

-~ The points are collinear as there will be infinite planes passing through the 3 given points.

(b) (1,1,0),(1,2,1),(-2,2,-1)
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The given points are (1, 1, 0). (L, 2, 1), (-2, 2, -1).

Let,

1 1 0
=1 2

-2 2 -1
=1(-2-2)—-1(-1+
=-4-1
=-5£0

2)

Since, there passes a unique plane from the given 3 points.
Equation of the plane passing through the points, (x1, v1. Z1). (X2, ¥2, Z2) and (X,

V3, Z3), L.e.,

X_X: }."_

¥

— X:_X-_ }."_‘_}T:

X3 =% ¥57Y

L—Z,
Z,—Z,
Z;—Z;

Let us substitute the values and simplify

x—-1 v-1
:Xﬁ—l }":—1

X;—-1 y;-1

x—-1 vyv-1
=1-1 2-1
—2-1 2-1
x—-1 y-1
= 0 1
-3 1

z
z,

Z;

-1

= (x-1)(-2)=(y-1)(3)+3z=0
=>.2x+2-3y+3+3z=0

=2X+3y—-3z=5

 The required equation of the plane is 2x + 3y — 3z =35.

. Find the intercepts cut off by the plane 2x +y -z =5.
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Solution:

Given:

The plane2x+y—-z=5

Let us express the equation of the plane in intercept form

xla+ylb+zlc=1

Where g, b, ¢ are the intercepts cut-off by the plane at x, y and z axes, respectively.
2X+y—-z=5....(1)

Now dividing both the sides of equation (1) by 5, we get

2x/5 +y/5 —2z/5=5/5

2xI5+yl5-2z/5=1

x/(5/2) +y/5 + z/(-5) =1

Here,a=5/2,b=5andc=-5

~ The intercepts cut-off by the plane are 5/2, 5 and -5.

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

We know that the equation of the plane ZOX isy =0

So, the equation of plane parallel to ZOX is of the form,y = a

Since the y-intercept of the plane is 3,a=3

~ The required equation of the plane isy = 3

9. Find the equation of the plane through the intersection of the planes 3x -y +2z—-4=0andx+y+z-2=0
and the point (2, 2, 1).

Solution:

Given:

Equation of the plane passes through the intersection of the plane is given by
(Bx—-y+2z-4)+ L (x+y+z-2)=0 and the plane passes through the points (2, 2, 1).
S0,(3x2-2+2x1-4H+A(2+2+1-2)=0

2+3A=0
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=-2

A=-2/3....(1)

Upon simplification, the required equation of the plane is given as

(Bx—-y+2z-4)-2/3(x+y+z-2)=0

(OxX—3y+6z-12-2x—-2y—-2z+4)/3=0

7X—-5y+4z-8=0

~ The required equation of the plane is 7x -5y + 4z—-8=0

10. Flnd the vector equatlon of the plane passmg through the intersection of the

(31+‘7'J 31{]— (Hl—SJ 3k] 9

planes and through the point (2, 1, 3).

Solution:

Let the vector equation of the plane passing through the intersection of the
planes are

-~

r.(2i+2j-3k)=7 and 7.(2i+5)+3k)=9

Here,

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

S G e
r.21+51+3k|-9=0

1( i+5j+ ) 5

The equation of any plane through the intersection of the planes given in
equations (1) and (2) is given by,

The equation of any plane through the intersection of the planes given in equations (1) and (2) is given by,
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%(20+ 2j-3K)-7| +1 | E(20+ 55+ 3K)-9]=0

f[(_zi} 2j-3k) + (22 {+ 5% j+32 k) [-7-90 =0

@20 i (2S¢ (=33 ]=7=92 =
1.[{_+_1_}1 (2+51)]+ h+,3;]1\] T=02% o_‘_m
Since the plane passes through points (2, 1, 3)
(Ei+j+3§:).[(2+2}.)i+(2+51}j+(—3+3l]k]—?—91 =0

4+45+2+5L-9+094-T-9L=0

Ol =

A= 10/9

Sow, substituting A = 10/9 in equation (1) we get,

_| 20 50\: [ 30~ | 10
Ll |24+ — i+ |24+ —=|j+| B+— [k [-T-9— =D
A 9 \ 9 \ 9 9
_| 20 \: 50 ) 30\ |

r.||2+ —1+|2+— |1+ —37—1{]—1?:0
. 9 \ 9 \ 9/ |

_[(. 20): 50 307 |

r.j| 2+ — 1+ |2+ — |1+ —3'+—1{]=1T
i 9 9 9/ |

_[38: 68- 3-]

r —1*—]——1~LI—IT

9 9

"'"“l

[ 381 + 68 +3};}: 3
+ The required equation of the plane is f|:3 81+ 68} -+ 3}1] =153

11. Find the equation of the plane through the line of intersection of the planesx+y+z=1and 2x + 3y +4z=5

which is perpendicular to the plane x -y + z = 0.

Solution:

Let the equation of the plane that passes through the two-given planes
Xx+y+z=1land2x+3y+4z=5Iis

x+y+z-1)+A(2x+3y+4z-5)=0
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Cr+DHx+Cr+1)y+(@r+1)z-1-51=0...... (1)

So the direction ratio of the plane is QA+ 1, 30+ 1, 40 + 1)
And direction ratio of another plane is (1, -1, 1)

Since, both the planes are L

So by substituting in a,a, + b,b, + ¢,.c, =0
CL+1x1)+@GL+1x(-1)+(@L+1x1)=0
2A+1-3A-1+41+1=0

3A+1=0

r=-1/3

Substitute the value of A in equation (1) we get,

2 i)k (3D 41.]}r+[.4ﬂ ‘1
3 3

=
o =8
3 3 3

X—-z+2=0
~ The required equation of the planeisx—z+2=0

12. Find the angle between the planes whose vector equations are
r.(2i+2j-3k)=35.1.(31 —3j+5k) =3.

Solution:
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Given:

The equation of the given planes are
I(2i+2j-3k)=5andT(3i-3j+5k)=5
If n; and n; are normal to the planes. then

1., =d; andnn, =d;

Angle between two planes is given as

cosh = |2
.o
_‘ 6615
NA+4+979+9 + 28
-t
B =cos -
rr]

*. The angle is cos (15//731)

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.

(@) 7x+5y+6z+30=0and3x-y-10z+4=0

(b)2x+y+3z-2=0andx-2y+5=0

(c)2x—-2y+4z+5=0and 3x-3y+6z-1=0

(d)2x-2y+4z+5=0and3x-3y+6z-1=0
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(e)4x+8y+z-8=0andy+z-4=0
Solution:

(@) 7x+5y+6z+30=0and3x-y-10z+4=0
Given:

The equation of the given planes are
7X+5y+6z2+30=0and3x-y—-10z+4=0
Two planes are L if the direction ratio of the normal to the plane is
a3, + bib, +c.c, =0

21-5-60

44 40

Both the planes are not L to each other.

Now, two planes are || to each other if the direction ratio of the normal to the plane is

a, b, ¢
i - E B :
?i 5 _ 6
3 -1 -10 [both the planes are not || to each other]

Now, the angle between them is given by

cosb = 20t S 5

Jai + b + ¢ faj + b} + ¢
cosh = 1%
J49 + 25+ 3649+ 1+ 100
I
11040110
4
110
2
B0=cos —
5
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—44

~/110+/110
il
110

2
B=cos —
5

~ The angle is cos* (2/5)
(b)2x+y+3z-2=0andx—-2y+5=0

Given:

The equation of the given planes are
2Xx+y+3z-2=0andx—-2y+5=0

Two planes are L if the direction ratio of the normal to the plane is
&, +bb,+cc, =0

2x1+1x(-2)+3x0

=0

-~ The given planes are L to each other.
(c)2x—-2y+4z+5=0and3x-3y+6z-1=0

Given:

The equation of the given planes are
2Xx—2y+4z+5=0andx-2y+5=0

We know that, two planes are L if the direction ratio of the normal to the plane is
a3, +bib, +¢.c,=0

6+6+24

360

=~ Both the planes are not L to each other.

Now let us check, both planes are || to each other if the direction ratio of the normal to the plane is
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a, b, ¢
a, b, ¢,
2 -2 4
3 -3 6
2 2 2
3 3 3

-~ The given planes are || to each other.
(d)y2x—2y+4z+5=0and3x—-3y+6z—-1=0

Given:

The equation of the given planes are

2X—y+3z-1=0and2x-y+3z+3=0

We know that, two planes are L if the direction ratio of the normal to the plane is
a3, + bib, +c.c, =0

2x2+(-1)x(-1)+3x%x3

14#0

-~ Both the planes are not L to each other.

Now, let us check two planes are || to each other if the direction ratio of the normal to the plane is

a, b, ¢
Ty
2 -1 3
2 -1 3
1 1 1
111

~ The given planes are || to each other.
(e)4x+8y+z-8=0andy+z-4=0
Given:

The equation of the given planes are
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4x+8y+z-8=0andy+z-4=0

We know that, two planes are L if the direction ratio of the normal to the plane is
a,a, + bb, +¢.c,=0

0+8+1

940

-~ Both the planes are not L to each other.

Now let us check, two planes are || to each other if the direction ratio of the normal to the plane is

]
(%]
=
[ ]
[

O |
H-
— | oo

H
— | =

-~ Both the planes are not || to each other.

Now let us find the angle between them, which is given as

a,a; + b;b: + €&,

cosh =
\/a-—b‘-—c‘\/a—~b—c:
4x0+8x1+1x1
cosl =
JI6+64 +140+1+1
B
9\2
. 9
B=cos™
N2
=cos™ 1]
N2,
=450

~ The angle is 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) (3,-2,1)2x-y+22+3=0

©(2,3,-5)x+2y-2z=9

(d) (-6,0,0)2x -3y +62-2=0

Solution:

(@) Point Plane

(0,0,0)3x—-4y+12z=3

We know that, distance of point P(Xi, yi, z;) from the plane Ax + By + Cz — D =0 is given as:

i Ax, + By, + Cz, - D
\/A: LB : (2
Given point is (0, 0, 0) and the plane is 3x — 4y + 12z2=3
0+0+0+3
d=
N9 +16 + 144
_‘ 3
V169
3
13

Given point is (0, 0, 0) and the plane is 3x — 4y + 12z = 3

0+0+0+3
d=
NJoO+16+144
1l 3
169
= [3/N169)
=3/13

~ The distance is 3/13.
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(b) Point Plane
(3,-2,1)2x-y+2z2+3=0

We know that, distance of point P(x,, Y., z;) from the plane Ax + By + Cz — D = 0 is given as:

i AX, + By;+Cz, = D
\/A: LB : (2
Given point is (0, 0, 0) and the plane s 3x — 4y + 12z=3
04+0+0+3
d=
N9+ 16 + 144
_‘ 3
V169
3
13

Given point is (3, -2, 1) and the plane is 2x -y + 22+ 3 =0

d=

6+2+24+3
J4+1+4‘

=139

=13/3

=~ The distance is 13/3.

(c) Paint Plane

(2,3,-5)x+2y—-22=9

We know that, distance of point P(X,, yi, z,) from the plane Ax + By + Cz — D = 0 is given as:
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i Ax, + By, + Cz, - D
\/A: LB : (2
Given point is (0, 0, 0) and the plane is 3x — 4y + 12z2=3
04+0+0+3
d=
N9+ 16 + 144
_‘ 3
V169
3
13

Given point is (2, 3, -5) and the plane is x + 2y —2z2 =9

2+6+10-9
d=
J1+4+4
= |99
=9/3
=3

~ The distance is 3.
(d) Point Plane
(-6,0,0)2x -3y +6z2-2=0

We know that, distance of point P(X, Y., z;) from the plane Ax + By + Cz — D = 0 is given as:
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i Ax, + By, + Cz, - D
\/A: LB : (2
Given point is (0, 0, 0) and the plane is 3x — 4y + 12z2=3
04+0+0+3
d=
N9+ 16 + 144
_‘ 3
V169
3
13

Given point is (-6, 0, 0) and the plane is 2x -3y +6z-2=0

—-12-0+0-2
d=
J4+9+36
= |14/N49|
= 14/7
=2

~ The distance is 2.
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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).

Solution:

Let us consider OA to be the line joining the origin (0, 0, 0) and the point A (2, 1, 1).
And let BC be the line joining the points B (3, 5, —1) and C (4, 3, —1)

So the direction ratios of OA = (a;, b, ¢,) =[(2-0), (1-0),(1-0)]=(2, 1, 1)

And the direction ratios of BC = (a,, b,, ¢;)=[(4 - 3), (3-5), (-1 + )] =(1, -2, 0)
Given:

OAis Lto BC

Now we have to prove that:

&, +bb,+cc, =0

Let us consider LHS: a,a, + b;b, + c.c,

a8, + bib, + ¢.c, =2 x 1+1x(=2)+1x%x0

We know that R.H.Sis 0
So LHS = RHS

~OAis LtoBC

Hence proved.

2. If I, m, n, and 1, m,, n, are the direction cosines of two mutually perpendicular lines, show that the direction
cosines of the line perpendicular to both of these are (m.n, — m,n,), (n.l, — n,l,), (l.m, — I,m,)

Solution:

Let us consider I, m, n to be the direction cosines of the line perpendicular to each of the given lines.
Then, Il + mm, + nn, =0 ... (1)

And I, + mm, +nn,=0 ... (2)

Upon solving (1) and (2) by using cross — multiplication, we get
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1 m 1

mmn,-m-mn, nl,-nl lm,-Im,

Thus, the direction cosines of the given line are proportional to
(min, —myny), (Nl — noly), (im; — Lmy)

So, its direction cosines are

mn, —m,n, n,l,-n,l, lm,—-1m,

A A A
Where,

)= \/[111._113 ~m,n,)” + (0,1, -n,1)" + (Lm, - L,m, ):

Where,

A= \f(m._n: —m,n,)* + (@], -n,1)* + (Lm, —Lm, )’
We know that
(I + mg2 + ng?) (I2 + mz2 + n2) — (LI, + mym, + nyn,)?
= (MmN, — mn.)? + (N, — L) + (L, — L.my)? ... (3)
It is given that the given lines are perpendicular to each other.
So, LI, + mim, + n;n, =0
Also, we have
l2+m2+n2=1
And, I+ mz2+nz2=1
Substituting these values in equation (3), we get
(m.n; — myn,)? + (n.l, — n,l)? + (Im, — Im,)2 =1
r=1

Hence, the direction cosines of the given line are (m,n, — m,n,), (n.l, — n,ly), (I.m, — I.m,)

3. Find the angle between the lines whose direction ratiosare a, b,candb-c,c—a,a-b.

Solution:
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Angle between the lines with direction ratios a,, b, ¢, and a,, b,, ¢, is given by

aa, —b._b: +c,C,

»\/H-__ _b'__ _C'__ \/ﬂ:_ _b:_ _C:_

cosi =

Given:
a=ab.=b,c=c
aa=b-cb,=c—ac,=a->b

Let us substitute the values in the above equation. We get,

a(b-c)+b(c—a)+c(a—-Db)

a:;b1+c:\/(b—c) +(c—a) +(a=b)

cost =

=0

Cos =0

So, 6 =90° [Since, cos 90 = 0]

Hence, Angle between the given pair of lines is 90°.

4. Find the equation of a line parallel to x — axis and passing through the origin.

Solution:

We know that, equation of a line passing through (x., yi, z;) and parallel to a line with direction ratios a, b, c is

X—-X, Vy-Yy, zZ-1Z

a b C

Given: the line passes through origin i.e. (0, 0, 0)

x=0,¥:=0,2,=0
Since line is parallel to x — axis,
a=1,b=0,c=0

-~ Equation of Line is given by
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x-0 y-0 z-0

1 0 0
E :0
1

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.

Solution:

We know that the angle between the lines with direction ratios a;, b;, ¢, and a, b, ¢, is given by

aa,+b,b, +cc,
\/a:‘ +b, " +¢° \/a:‘ +b,"+¢,”

So now, a line passing through A (s, yi, z.) and B (X, Y2, Z2) has direction ratios (X, — X.), (Y1 — Y2), (2. — Z,)

cosO =

The direction ratios of line joining the points A (1, 2,3)and B (4, 5, 7)
=4-1),5-2),((7-3)

=(3,3,4)

~a=3,0b=3c=4

The direction ratios of line joining the points C (-4, 3, -6) and B (2, 9, 2)
=(@2-(-4), (9-3), (2-(-6))

= (6, 6, 8)

. a=6b,=6,c,=8

Now let us substitute the values in the above equation. We get,
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a,a, —b._b: +¢,C,

0 \/a._: _b:: _C:: \/a::—b:: _C::
o8O 3x6+3x6+4x8
\f32—3:—4:\/6:—6:—8:
) 18+18+32
- J9—9—16J36—35—64‘
| 68
freee
| 68
- \/3_4\/4><34‘
68
:‘34}:2
cosB=1

So, 8 =0° [since, cos 0 is 1]
Hence, Angle between the lines AB and CD is 0°.

6. If the lines

3k 1 -5 are perpendicular, find the value of k.

Solution:

Three Dimensional Geometry
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We know that the two lines
X-X; ¥-V, z-Z X-X, Y-V, zZ-1Z,

a, b'- < and 2 2 2 which are

perpendicular to each other if aja; + biby + cic2=0
It is given that:
x-1 y-2 z-3

3 2k 2
Let us compare with
X-X _ Y-V _z-z

We;get-
X1=l,v1=2,z1=3
Andaj=-3.b1=2k, ¢c1=2

Similarly,
We have,
x-1 y-2 z-3

3k 1 -5

Let us compare with
X—X, VY-V, Z-Z,

a-. b, C,

We get —

xX,=1,Y,=2,2,=3
Anda,=3k,b,=1,¢c,=-5

Since the two lines are perpendicular,
a.a, + bb, + ¢c.c,=0
(-3)x3k+2kx1+2x(-5)=0

-9k +2k-10=0
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-7k =10
k=-10/7

~ The value of k is -10/7.

7. Find the vector equation of the line passing through (1, 2, 3) and perpendicular to the plane
r.(1+2)-5k)+9=0
Solution:

The vector equation of a line passing through a point with position vector g and
parallel to vector b is given as

F=a+hb
It is given that the line passes through (1, 2, 3)

So,a =1i+2j+3k
Let us find the normal of plane

T.(i+2)-5k)+9=0

i.(i+2)-5k)=-9

—7(1+2)-5k) =9

T.(-1i-2j+5k)+9=0

Now compare it with T.il =d

i=—i-2j+5k

Since line is perpendicular to plane, the line will be parallel of the plane

“b=i=-i-2j+5k

Hence,

I = (_ﬁ+2}+3£)+h(_—i—2}+5§)

P =(1i+2j+3k) - ,(i+2j-5k)

*» The required vector equation of line is 7 = (154—2}4—332) — 1(E+ 2.} - 5“{)

8. Find the equation of the plane passing through (a, b, ¢) and parallel to the plane
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I(i+]j+k)=2
Solution:
The equation of a plane passing through (x,, yi, z:) and perpendicular to a line with direction ratios A, B, C is given as
AX=x)+B(y-y)+C(z-2)=0
It is given that, the plane passes through (a, b, ¢)

So,x;=a,y:=b,z,=c¢

Since both planes are parallel to each other, their normal will be parallel
» Direction ratios of normal of f.(i +] +k) =2

Direction ratios of normal = (1, 1, 1)
So,A=1,B=1,C=1

The Equation of plane in Cartesian form is given as
AX-x)+B(y-y)+C(z-2)=0
Ix—-a)+1(y—-b)+1(z-c)=0
X+y+z—(a+b+c)=0

X+y+z=a+b+c

~ The required equation of planeisx +y+z=a+b+c
9. Find the shortest distance between lines

T=(61+2j+2K)+A(11-2j+2)  T=(-41-k)+p(31-2j-2K)

and

Solution:
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We know that the shortest distance between lines with vector equations

_— —

F=a,+Ab, . T=a,+Ab

t and ! - 2 is given as
(o) )
b, b,

It is given that:
T =(61+2)+2k)+A(1i-2j+2)
Now let us compare it with 1 = ?T + lb_ﬁ._, we get

a, =(61+2j+2k) ; b, =(11-2j+2)
| . |

Similarly,

-

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

Let us compare it with T =a,+Ab, , we get

-

a, =(-4i-k) b, =(31-2j-2)

and

Now,

a, —a._' =(-4i-k)- 6’i‘+23+2§:'

(8: -, )=(—4i-k)~( )
:(_(—4—6)’i‘+(0—2)]+(—1—2)1})
=(-101-2;-3k)

And,

i ik

(byxb, )=l =2 2

| 3 2 -2
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=i (—2x=2)—(—2x2) |- j[ (1x=2) = (3%2) [+ k[ (1x-2)—(3x-2) |
=i[4+4] - j[-2 - 6]+k[-2+6]
— 8i+8j+4k
So, Magnitude of b, xb, = b, x| = /8’ +8" +4* =/64+64+16
=144
=12
Also,

(b;xb, ).(a, —a; ) = (8i+8j+4k).(~101 - 2j - 3k)

= .80 + (-16) + (-12)
=-108
Hence the shortest distance is given as

_ (b xb, )(a —a, ) log
b, xb, —‘

 The shortest distance between the given two lines is 9.

10. Find the coordinates of the point where the line through (5, 1, 6) and (3, 4,1) crosses the YZ — plane.

Solution:
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We know that the vector equation of a line passing through two points with
position vectors 4 and b is given as

r=a+A(b-a)

So the position vector of point A (5, 1, 6) is given as
a=5i+j+6k ()

And the position vector of point B (3, 4, 1) is given as

So subtract equation (2) and (1) we get

(E —5) = (3§+4j +f{) —(51+]+6f{)
= (3-5)i+(4-1)j+(1-6)k
=(-21+3)-5k)

F=(5i+j+6k)+n(—2i+3j -5k

(35 76k} ).

Let the coordinates of the point where the line crosses the YZ plane be (0, y. z)

S0,

7 =(0i+ }§+ ik
(- ) e (4)

Since the point lies in line, it satisfies its equation,

Now substituting equation (4) in equation (3) we get,

(0i+ yj+ k) =(5i+ j+6k )+ 2i+3j -5k |

=(5-20)i+(1+30) j+(6-50)k
We know that, two vectors are equal if their corresponding components are equal

So,

0=5-2A

W
Il
]
>

A=5/2
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y=1+3%...(5)
And,
Z=6-51...(6)

Substituting the value of A in equation (5) and (6), we get —
y=1+3

=1+3x(5/2)

=1+ (15/2)

=172

And

z2=6-5\

=6-5x(5/2)

=6-(25/2)

=-13/2

~ The coordinates of the required point is (0, 17/2, -13/2).
11. Find the coordinates of the point where the line through (5, 1, 6) and (3, 4, 1) crosses the ZX — plane.

Solution:
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We know that the vector equation of a line passing through two points with
position vectors a and b is given as

—_

T=a+A(b-4)
So the position vector of point A (5, 1, 6) is given as
And the position vector of point B (3, 4, 1) is given as
b=3i+4j+k
So subtract equation (2) and (1) we get
(E—Ei) :(3’i‘+4j+1::)—(5’i‘+]+612)
—(3-5)i+(4-1)j+(1-6)k
= (-2i+3j-5k)
F=(5i+j+6k)+0(-2i+3j -5k
(sresesk) a2y -5k)

Let the coordinates of the point where the line crosses the ZX plane be (0, y)
S0,

P =(xi+0j+ k)
- ceee (4)

Since the point lies in line, it satisfies its equation,

Now substituting equation (4) in equation (3) we get,

(.rf+0}+ z,.&) :(_5f+}+6§)+l(_—lg+3} — SL)
=(5-21)i+(14310) j+(6 - 50k

We know that, two vectors are equal if their corresponding components are equal

So,
X=5-2A...(5)

0=1+3x

A=-1/3
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And,

z2=6-5h...(6)

Substituting the value of A in equation (5) and (6), we get —
X=5-2A

=5-2x(-1/3)

=5+ (2/3)

=17/3

And

z=6-5\1

=6-5x (-1/3)

=6+ (5/3)

=23/3

~ The coordinates of the required point is (17/3, 0, 23/3).

12. Find the coordinates of the point where the line through (3, -4, -5) and (2, -3, 1) crosses the plane 2x +y + z
=T7.

Solution:

We know that the equation of a line passing through two points A (Xi, i, Z.) and B (X,, ¥, ) iS given as

X-X Y-V _Z-Z

L% Yo 4,74

It is given that the line passes through the points A (3, -4, -5) and B (2, -3, 1)
S0, x, =3, yi=-4,2,=-5

And, x,=2,y,=-3,2,=1

Then the equation of line is

x-3 vy—-(-4) z-(-5)
2-3 3-(—4) 1-(-5)
X-3_y+4 _ z+5 _

-1 1 6
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So,Xx=-k+3|,y=k—-4|,z=6k-5... (1)
Now let (x, y, z) be the coordinates of the point where the line crosses the given plane 2x +y +z+7=0
By substituting the value of X, y, z in equation (1) in the equation of plane, we get

2X+y+z+7=0

2(-k +3)+ (k—4)+ (6k —5) =7

5k-3=7

5k =10

k=2

Now substituting the value of k in x, y, z we get,

X=—k+3=-2+3=1

y=k-4=2-4=-2

z=6k-5=12-5=7

~ The coordinates of the required point are (1, -2, 7).

13. Find the equation of the plane passing through the point (-1, 3, 2) and perpendicular to each of the planes x
+2y+3z=5and3x+3y+z=0.

Solution:

We know that the equation of a plane passing through (x,, yi, z,) is given by
AX-X)+B(y-y)+C(z-2z)=0

Where, A, B, C are the direction ratios of normal to the plane.

It is given that the plane passes through (-1, 3, 2)

So, equation of plane is given by
Ax+1)+B(y-3)+C(z-2)=0......... @)

Since this plane is perpendicular to the given two planes. So, their normal to the plane would be perpendicular to
normal of both planes.

We know that

a x b is perpendicular to both @ and b

So, the required normal is the cross product of normal of planes
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[
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LY}

Hence, the direction ratios are = -7, 8, -3

~A=-7,B=8,C=-3

Substituting the obtained values in equation (1), we get

AX+1)+B(y-3)+C(z-2)=0
SI(x+1)+8(y-3)+(-3)(z-2)=0
-IX—T7+8y—24-3z+6=0
-IXx+8y—-32-25=0

7X—-8y+3z+25=0

-~ The equation of the required plane is 7x — 8y + 3z + 25 = 0.

14. If the points (1, 1, p) and (-3, 0,

T.(3i+4j-12k)+13=0

Solution:

1) be equidistant from the plane

, then find the value of p.
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We know that the distance of a point with position vector 3 from the
plane .11 = d is given as

an—d

a
Now, the position vector of point (1, 1, p) is given as

a, =li+1j+pk

ﬁ_-lld.. the position vector of point (-3, 0, 1) is given as

a, =—3i+0j+1k

It is given that the points (1, 1, p) and (-3, 0, 1) are equidistant from the plane
I.(3i+4j-12k)+13=0

So,

(_11—1}—p11;).(_3i" +4] —121&)—13 (_—3i —0_]‘—11&).(_31—4}— 1212;)—

J§3—43—(—12f ) J§3—4J—(—12f

3—4—1my43+_—9—0—12—u3

JO+16+144 J9+16+144
ﬂ01m;‘
169
20-12p|=8
20-12p=+8

20-12p=8or,20-12p=-8
12p=120r,12p=28
p=Llor,p=7/3

~ The possible values of p are 1 and 7/3.
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f.(_i+j+f{)=

15. Find the equation of the plane passing through the line of intersection of the planes

d [(2i+3j-k)+4=0

an and parallel to x-axis.

Solution:

We know that,
The equation of any plane through the line of intersection of the planes
rn, =d, and 1, =d, is given by (1 n, —d_) }b(l 1, d_): 0

So, the equation of any plane through the line of intersection of the given planes
is

(5 (+50K) -1 [ £ (-2 ~3jk) 4]
1-

((1=20)1+(1-3)) j+(1+)k ) - \

0

=il

4h=0

F((1=20)i+(1=30) j+(1+ 1)k ) =1+4h "

Since this plane is parallel to the x-axis.

So, the normal vector of the plane (1) will be perpendicular to the x-axis.
The direction ratios of Normal (a, by, ¢,) =[(1 —24), (1 —3%), (1 +)]

The direction ratios of the x—axis (a, b, ¢,) = (1, 0, 0)

Since the two lines are perpendicular,

a,a, + bb, + ¢.c,=0

(L1-20)x1+(1-30)x0+(1+1)x0=0

1-20)=0

A=1/2

Substituting the value of A in equation (1), we get
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~

T((1=24)i+(1=31) j+(1+A)k) = 1+4A

(A pobA o

f{ui—j+3ﬁ)=6
++ The equation of the required plane is f.( 0i— j +3k ] =0

k|
e

D |

§

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.

Solution:

We know that the equation of a plane passing through (x,, yi, z.) and perpendicular to a line with direction ratios A, B,
Cis given as

AX-%)+By-y)+C((z-2z)=0

It is given that the plane passes through P (1, 2, 3)
So,x,=1,y.=2,2,=-3

Normal vector to plane is =

OP

Where O (0, 0, 0), P (1, 2, -3)

SO_,C'iiI’eCtiOI’] ratios of
OPis=1-0),2-0),(3-0)

=(1,2,-3)

Where, A=1,B=2,C=-3

Equation of plane in Cartesian form is given as
Ix-1)+2(y-2)-3(z—-(-3))=0
X—-1+2y-4-3z-9=0
X+2y-3z2-14=0

~ The equation of the required plane isx +2y -3z -14=0
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17. Find the equation of the plane which contains the line of intersection of
the planes T. Fn+’?‘|+3k2 4=0 and T. (’H—I—J k)+5 0
And which is perpendicular to the plane 1 (51 +3]-06k ) +8=0

Solution:

We know,
The equation of any plane through the line of intersection of the planes
T. n, =d, and T. n, =d, is gwenby(l 11. —d) }'.(1 1, — d_): 0

So, the equation of any plane through the line of intersection of the given planes
is

[?.(_i—zj—ﬂ&)— -—:{ (- ﬁi—.j—ﬂ;)_s.:

=l

{(1=28)i+(2- );+(3+l}ﬂ) 4+51m(1}

Since this plane is perpendicular to the plane
.(51+3j—6k)+8=0
r.(51+3)-6k)=-
—1.(51+3)-6k) =
F(-5i—3j+6k)=38

- e (2)
So, the normal vector of the plane (1) will be perpendicular to the normal vector of plane (2).
Direction ratios of the normal of plane (1) = (a,, by, ¢,)) = [(1 — 2A), (2 — 1), (3 + V)]
Direction ratios of the normal of plane (2) = (a,, b, ¢,) = (-5, -3, 6)
Since the two lines are perpendicular,
aa, + bib, +¢.c,=0

(1-20) % (B)+ (2-N) X (3)+(B+N) x6=0
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S+10A—6+3A+18+6L=0
1I9A+7=0
A=-7/19

By substituting the value of A in equation (1), we get

((l M]H( ]—I—(S—i—h)k) 445M

[ T A
19 19
. E ——_]— kJ
19 19 19 19
7.(33i+45j+50k) = 41
~ The equation of the required plane is 7 .(33; + 45}+50£ ] =41

=1

=

18. Find the distance of the point (-1, -5, —10) from the point of intersection of the line
T =(21—j+2k)+A(31+4])+2K) and the plane T.(1—j+K) =

Solution:
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Given:
The equation of line is

F=(21-j+2k)+A(31+4]+2k
(2ijeak)onsleafeak)
And the equation of the plane is given by

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

Now to find the intersection of line and plane, substituting the value of T from
equation (1) of line into equation of plane (2), we get

[(zi ~j+2k )+ (3i+4j+2k ) | (i-j+k) =5
[(3+3}~.,)’i‘+(—1+41)j+(2+21)1’&}(i ~j+k)=3
(2+30)x 1+ (-1+4A) =< (-1)+(2+20) *x 1 =5
2430+ 1-40+2+20=5

%=0

So, the equation of line is

F=(2i - j+2k)

Let the point of intersection be (X, v, z)
S0,

f=xi+ }":i +7k

xi+yj+zk =21 - j+ 2Kk

Where,

Xx=2,y=-1,2=2

So, the point of intersection is (2, -1, 2).

Now, the distance between points (Xi, yi, Z.) and (X,, Y,, Z,) is given by
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Jx %)y -w) Ha-n)
Distance between the points A(2,-1,2)and B (-1, -5, -10) is given by

AB= \/2 —1-(=5)) +(2=(-10))’
= J3) +(4)‘+(1zf

= J9+16+144

= /169

= 13 units

9+16+144
=169

= 13 units

~ The distance is 13 units.

19. Find the vector equation of the line passing through (1, 2, 3) and

parallel to the planes T (1 —_|+71{) 5 and 1 (31+J+k)
Solution: '
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The vector equation of a line passing through a point with position vector 3 and
parallel to a vector b is

F=a+hb

It is given that the line passes through (1, 2, 3)

S0,

a=1i+2j+3k

It is also given that the line is parallel to both planes.

So line is perpendicular to normal of both planes.
i.e b is perpendicular to normal of both planes.

We know that
a xb is perpendicular to both & and b i e
So, b is cross product of normal of plane T. (1 —_]+7k) 5 and f.(3i +j+k) =

1 j k
Required Normal={1 -1 2
3 1 1

S0,
b=-3i+5j+4k
Now, substitute the value of 8 & b in the formula, we get
r=a+Ab
=(1i+2j+3k )+ A(-31+5]+4k)
» The equation of the line is |

F=(1i+2j+3k)+A(-3i+5j+4k)

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

m BYJ UIS NCERT Solutions for Class 12 Maths Chapter 11 —

The Learning App Three Dimensional Geometry

= (11+2+3k)+ A -31+5]+4k)
 The equation of the line is
F = (1i+2j+3k)+A(-3i+5j+4k)

20. Find the vector equation of the line passing through the point (1, 2, — 4) and perpendicular to the two lines:

x-8 y+19 z-10 x-15 y-29 z-5
3 —16 T and 3 8 -5

Solution:

The vector equation of a line passing through a point with position vector 3 and

parallel to a vector b is r=a+ib

It is given that, the line passes through (1, 2, -4)

S0,

a=1i+2j—4k

It is also given that, line is parallel to both planes.

So we can say that the line is perpendicular to normal of both planes.

i.e b is perpendicular to normal of both planes.
We know that

a XE is perpendicular to both aghb
So,b is cross product of normal of planes

x-8 y+19 z-10 x-15 y-29 z-5

3 -16 7 and 3 8 -5
i j Kk
Required Normal=|3 -16 7
3 8 5

=i[(-16)(—5)=8(7)|-i[3(-=5)-3(7) [+k[3(8)-3(-16)]

= 1[80-56]— j[-15-21]+k[24+48]
= 241+36j+72k
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S0.

b =241+36j+72k
Now, by substituting the value of a & b in the formula, we get
T=a+hb

= (1i+2)—4k)+1(241+36]+72k)

= (11+2j~4k)+12 A(2i+3j+6k)

=(1i+2]—4k)+A(21+3j+6k)
~» The equation of the line is
F=(li+2j—4k)+1(2i+3j+6k)

21. Prove that if a plane has the intercepts a, b, ¢ and is at a distance of p units from the origin, then

1 1 1 1
H: ) b: C: pl
Solution:
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We know that the distance of the point (X1, vi, z1) from the plane Ax + By + Cz
=D is given as

Ax,+By,+Cz, -D
AR 1Bt v’

The equation of a plane having intercepts a. b, ¢ on the x-, y-. z- axis
respectively is given as

By Ly By
a b c

Let us compare it with Ax + By + Cz=D, we get
A=1/a,B=1/b,C=1l/k, D=1

It is given that, the plane is at a distance of 'p’ units from the origin.
So, the origin point is O (0, 0, 0)

Where, x1=0,v1=0,z;1=0

Now,

Ax,+By,+Cz, -D
JA?+B?+C?

Distance =

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

Distance =

By substituting all values in above equation, we get
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Ax,+By,+Cz, -D

1
C

JA2 4Bl ec?

lxﬂféxﬂf—xﬂ—l
p=t— :
HES!
a \_’o
0+0+0-1
p:
\/L_L_i
H: bl C:
-1
p:
\/i_i_i
E: bl 'CJ
1
p:
\/1 11
a b ¢’
1_ \]L_L_i
p - ﬂ: bl C:

Now let us square on both sides, we get

1 1

_—_+_

p? a2

1+l
b e

Hence Proved.

22. Distance between the two planes: 2x + 3y + 4z =4 and 4x + 6y + 8z = 12 is

A. 2 units
B. 4 units
C. 8 units

NCERT Solutions for Class 12 Maths Chapter 11 —
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D. 2/729 units
Solution:

We know that the distance between two parallel planes Ax + By + Cz = d, and Ax + By + Cz = d, is given as

d, —d,
JAT+B (!

It is given that:

First Plane:

2X+3y+4z=4

Let us compare with Ax + By + Cz = d,, we get
A=2,B=3,C=4,d,=4

Second Plane:

4x + 6y + 8z = 12 [Divide the equation by 2]
We get,

2X+3y+4z=6

Now comparing with Ax + By + Cz =d,, we get
A=2,B=3,C=4,d,=6

So,

Distance between two planes is given as

4-6

\/!H: HESIPE
—2
J4—9—16‘

=229

~ Option (D) is the correct option.

23. The planes: 2x —y + 4z =5 and 5x — 2.5y + 10z = 6 are
A. Perpendicular
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B. Parallel

C. intersect y—axis

D. passes through

Solution:

It is given that:

First Plane:

2x —y + 4z =5 [Multiply both sides by 2.5]
We get,

S5X =25y +10z=12.5... (1)
Given second Plane:
5Xx-2.5y+10z=6... (2)

So,

._.
|hl'.:1|b~:“;:1|l.\:l

=
[uky I I e

It is clear that the direction ratios of normal of both the plane (1) and (2) are same.

~ Both the given planes are parallel.
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