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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 |, m and n.
Here let a = 90°, B = 135° and y = 45°

So,

1=cos a, m=cos  and n = cos y

So direction cosines are

| =cos90°=0

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

= The direction cosines of the line are 0, -1/v2, 1/\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, B, v

Let the direction cosines of the line be |, m and n

1=cos a, m=cos  and n = cos y

Here given a = =y (Since, line makes equal angles with the coordinate axes) ... (1)
The direction cosines are

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

We have,

IP+m2+n2=1

cos? o, + cos?P + cos?y = 1

From (1) we have,

cos? o, + cos? o + cos? o = 1

3cosla=1

Cos o = + V(1/3)

=~ The direction cosines are

| = £ V(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
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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

Va2 V2L P2 VELR+ 2
Where,
V2 + P2 £ 2= (—18)2 +122 + (—4)

— /324 + 144 - 16

= /483

=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:

A2, 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)

Where, a; =-3, b; =-5,¢; =-3

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

Hence it is clear that the direction ratios of AB and BC are of same proportions

By

(.F:

b _ S -2
b, 10

And

q_ 3 _ -2
c,

~ A, B, C are collinear.
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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) C(-5,-5,-2)

The direction cosines of the two points passing through A(X1, y1, 1) and B(Xz, Y2, Z2) is
given by (X2 — X1), (Y2-Y1), (z2-21)

Firstly let us find the direction ratios of AB
Where, A=(3,5,-4)and B= (-1, 1, 2)
Ratio of AB = [(X2 — X1)% (Y2 — V1)?, (22~ 71)%]
= (-1-3), (1-5), (2-(-4)) =<4, -4, 6

Then by using the formula,
V(2 = x2)? + (Y2 — Y1) + (22— 21)7]
V(-4)? + (-4)% + (6)4] = V(16+16+36)

= \68

= 2\17

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

(x, — x4 ) [_Y:_Y:] (z; —z;)
AB ~ AB  AB

4/2N17 , -4/2417, 6/2417
Or -2/N17, -2/N17, 3IN17
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Similarly,
Let us find the direction ratios of BC
Where, B = (-1, 1, 2) and C = (-5, -5, -2)
Ratio of AB = [(X2 - X1)2, (yz - y1)2, (Zz - 21)2]
= (-5+1), (-5-1), (-2-2) = -4, -6, -4
Then by using the formula,
V(%2 — Xa)? + (Y2 — Y1)? + (22 — 22)7]
V[(-4)? + (-6)2 + (-4)?] = V(16+36+16)
=68
= 2V17

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

(x, — x4 ) [_Y:_Y:] (z; —z;)
AB ~ AB  AB

AJ2N17, 612717, -4/2N17
Or -2/N17, -3/N17, -2IN17

Similarly,
Let us find the direction ratios of CA
Where, C = (-5, -5, -2) and A = (3, 5, -4)
Ratio of AB = [(Xz - X1)2, (yz = y1)2, (Zz — 21)2]
= (3+5), (5+5), (-4+2) =8, 10, -2
Then by using the formula,
V[(X2 — X2)? + (Y2 — Yo)? + (22 — 21)7]
V[(8)? + (10)? + (-2)?] = \(64+100+4)
=168
=242

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

(x, — x4 ) [_Y:_Y:] (z; —z;)
AB ~ AB = AB

8/242, 10/2N42, -2/242
Or 4/N42, 5/N42, -1/\42
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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 Ly, L, and Lz be Iy, mg, ng; I, my, n2 and |3, ms, ns.
We know that
If 11, my, ny and I, my, n, are the direction cosines of two lines;
And 6 is the acute angle between the two lines;
Then cos 0 = |11|2 + mimy + n1n2|

If two lines are perpendicular, then the angle between the two is 6 = 90°
For perpendicular lines, | l1l2 + mimy + niny | = cos 90° =0, i.e. | l1lo + mamy + ninz | =0

So, in order to check if the three lines are mutually perpendicular, we compute | I11, +
mim;y + niny | for all the pairs of the three lines.

Firstly let us compute, | l1l; + mim; + niny |

12 4) (=3 12T~ -4 3° 48 —36 -12
|1.L—111.1111—11.111|: — X — |+ x4+ | —x—||l= —+ | — |+
o . 13 13/ 11313 13 13 13 13 13

_ 48+ (48)

13

Similarly,
Let us compute, | l2l3 + mams + nans |

[ 4 3 J {12 —4] [ 3 12}
— X— |+ | —x— |+ | —x—
13°13) (13713 (13713
(48)+48 _

13

Ll +m,m; +1n,n,|=

_12_[—48‘_35
13 |13 J 13

So, Lol Ls..... (2)

Similarly,
Let us compute, | Isl; + mgmy + n3ny |
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3 12y (-4 -3 (12 -4y 36 12 [-48
|l_;1._—111_;111._—11_;11._|: —x—]—[—x—]—[—x—]:————[—]
13 13 13 13 13 13 13 13 13
_48—(—48)_
13

So, L1l Ls..... (3)
~ By (1), (2) and (3), the lines are perpendicular.
Li, Lz and L3 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, aj, by, ¢, of AB are

(3-1),(4-(-1),(-2-2)=2,5, 4.

Similarly,

The direction ratios, az, by, ¢, of CD are

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

Then, AB and CD will be perpendicular to each other, if aja; + bib, + ¢1¢2 =0
aiaz + biby + c1c2 = 2(3) + 5(2) + 4(-4)

=6+10-16

=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 be the line joining the points, (4, 7, 8), (2, 3, 4) and CD be the line
through the points (-1, -2, 1), (1, 2, 5).

Now,

The direction ratios, a, b1, c; of AB are

(2-4),(3-7),(4-8)=-2,4, -4
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The direction ratios, ay, b, ¢, of CD are
(1-(-1),(2-(-2),(5-1)=2,4,4.

Then AB will be parallel to CD, if
a_b_a

iz bg o

So, atfa, =-2/2 =-1

bi/b, = -4/4 = -1
ci/co =-4/4 =-1

~ We can say that,
“_h_a

iz N bg 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 3i + 2j — 2k

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 8 and parallel to a given vector b is

—_

f — ﬁ T }l. b .
So, here the position vector of the point (1, 2, 3) is given by
a=1+2j+3Kk and the parallel vector is3 1+2)-2k

~ The vector equation of the required line is:
F=1i+2j+3k+A(31+2j-2k)
Where A is constant.

5. Find the equation of the line in vector and in Cartesian form that passes through

the point with position vector 2i—j+4k and 1+2)-k.

Solution:

is in the direction
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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 b 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- }+4ﬁ:+h(_i+2}—k)

Now the Cartesian equation of a line through a point (X1, v1, Z1) and having
direction cosines 1, m, n is given by

X—X _ ¥y, _Z—4
] m n
We know that if the direction ratios of the line are a, b. ¢, then
b C
] L1 = n=

a
) Jai+b?+¢? Jalibisct Jar+b + ¢

The Cartesian equation of a line through a point (x;. v1.Z{) and having direction
ratios a, b, c is

X-X _¥Y-v._zZ-Z

a b C
Here,xi=2,vi=-l,z1=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
= = f— = =
1 2 —1 1 2 —1

6. Find the Cartesian equation of the line which passes through the point (-2, 4, -5)
and parallel to the line given by

X+3 y—-4 z+8
3 5 6

Solution:

Given:

The points (-2, 4, -5)

We know that

The Cartesian equation of a line through a point (X1, y1, z1) and having direction ratios a,
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b, cis
X—x _Y—h_ Z2—4

a b c

Here, the point (X1, v1, Z1) is (-2, 4, -5) and the direction ratio is given by:
a=3,b=5,c=6
 The Cartesian equation of the required line is:

x—(—ﬁ]_}f—4_z—(—5}j X+2 y—4 z+5

3 5 6 3 5 6

7. The Cartesian equation of a line is
X-3 y+4 z-6

3 7 2 . Write its vector form.
Solution:
Given:
The Cartesian equation is
X-5 y+4 z-6
3 7 2 ...
We know that
The Cartesian equation of a line passing through a point (Xi, y1, z1) and having
direction cosines . m, n is
X—X _Y—-hh_<Z—4
I m  n
So when comparing this standard form-with the given equation, we get
X1:5,y1:-4, 21:6and
=3, m=7,n=2

The point through which the line passes has the position vector
a =51—4j+ 6k and o
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 @ and parallel to a given vector bis T = a+ A b

+» The required line in vector form is given as:

T =(51-4)+6k)+A(31+7)+2k)
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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 —}u(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— 23+ 3K, respectively.

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

F = 0+0j+ 0k + )| (5i—2j+3k) (0 +0j+ 0k}

T =A(51-2)+3k)
Now, by using the formula,
Cartesian equation of a line that passes through twe points (X1, v1, z1) and (xa,
2. Z2) 1s given as
X—x _Y—-hnh _<Z2—4
X2—XxX1 Y2—n 2 — 4
So, the Cartesian equation of the line that passes through the origin (0, 0, 0) and

(5,—2.3)is

x-0 y-0 z-0 Xy yd
= = - — == = —

5-0 —2—0 3—-0 5 -2 3

+ The vector equation is
T =(51-2)+3k)

The Cartesian equation is
X VvV 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).
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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 bis T = a —l(b a)

Here, the posﬂ:mn vectors of the two pmnts (3,—2.-5) and (3, -2, 6)
are a =31—2j— 5k and b=3i— 27+ 6k respectively.

~ The vector equation of the required line is:

I = 3i—2}—51;"}[(35‘33“51;)‘(35_25_51;)_1

-
=2

—2]—51::+}L( i-2j+6k - :,~1+EJ+51<]

T=31-2j-5k+A(11k)

MNow,

By using the formula,

Cartesian equation of a line that passes through two points (x1, y1, Z1) and (Xa,

V2, Z2) is
AX—Xx _¥Y—»n -4

X—x1 y-n n-2n
So, the Cartesian equation of the line that passes through the origin (3, -2, -5)
and (3, -2, 6) is
x-3_ vy—(-2) _z-

3-3 (2)-(-2) 6~ 5)

X-3 y+2 z+5

0 11

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

o 0 11

=
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10. Find the angle between the followmg pairs of lines:

(1)1221—5] —f(31—-] 6k)a11d
r=7i—6k+ p(l -J— k)

(i)t =3i+j— 2k + A(i—j—2k)and
r=2i—j—56k+u(3i—5j—4k)
Solution:

Let us consider 6 be the angle between the given lines.
If 8 is the acute angle between 7 = 3, — A b. and T = a, + b, then

Gk
I e

cos il =

(1)
(1)1221—5] k—x.(31 -j—ﬁl«;)and

T =7i-6k —u(i —2j—21<:)
Heret?.j = 3;—23—61;; and Ez t+2:i;2]::
So, from equation (1), we have

(31 + 2} + 6k ). ({02) #2k)

cosf = - - -
‘3i—2j—61g

li+2j+2k

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

ai Kl=a’+b’ +¢

S50,

3i k|= 3 +2°+ 6" =+9+4+36=4/49=7
And

i+2j+2kl=41+2°+ 2 = 1+4+4 =9 =3

MNow, we know that

(_a._’i‘ +b._j +ck)(al +b:j + c:ﬂ:) =a,a, +b,b, +c,c,
So,
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(31 +2j+6k).(1+2j+2k) =3x1+2x2+6x2=3+4+12=19

By (2), we lla\a;e |
cos = Lt = B
Tx3 21

5

B=cos

24

(i)r =3i+ j— 2k + A(i— j— 2k)and
r=2i—j—356k+u(3i—5j—4k)
[—Iere,E: i—j—2k and b_;:?z-i—Sj—ilk
So. from (1), we have
(i—j—:l&).(si—sj—:tl%)

cosl = |- :

i-i-2

‘3i _5j— 41&‘
g,
We know that,

al + bj+ ck|=+/a> +b* +¢
So,
P J=2K]= 12 (1) 22 = fIo 15 4= J6 = 3342

And
3i-5j-4k

= 3 +(=5) +(~4) =0 +25+16=450=5V2

Now, we know that

(_a._’i‘ +b._j - c_ﬁ:).(_a:f +b:j + cjlni) =a,a, + b,b, +¢,¢,

(1= ]2k ) (31 5] - 4k) = 1x3+(=1)x (=5) + (-2) x (—4) =3+ 5+8=16

By (3), we have
16 8

16
Bx2x52  5x23 58

cosfh =
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=

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

8 =cos™ [

(1) = — and =

2 5 -3 -1 8 4
X ¥V Z X-5 y-2 z-3
(11)—===—and == =

2 2 1 4 1 8

Solution:

We know that

If

X% ¥V _z-z X-X, Y-V, Z-4,

L m, I and L m, " are the equations of
two lines, then the acute angle between the two lines is given by
cos 0=l +mymy +mng | ...... (1)

L X=2 y-1 z+3 X+20 ¥4 z~-95
(1) = and == —
2 5 -3 &l 8 4

Here,aj=2.b1=5,¢;=-3 and
aa=-1.bo=8c=4
MNow,

d
l = ] ] ]
V" a-+b-+c”
Here, we know that

Jai +b! +cf = \/23 +5+(=3) =/4+25+9=1/38

And

e 4C = J(-1) +8 +4° = I+ 64416 = BI=9

So, from equation (2), we have

b
.1

C
.m= —
\/raj—b:—c: \/a:—b:—c: 2
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1 oo m, = b; e 2B n. = “
\/'1 +b +¢’ \/ﬁ ' \/a +bs +c” 38 \/a.__:—b‘—r:‘
B -3
38
And
l. = a; = b, £

8
2 ) - ~ R 111: = 5 _'\ - e 11: = 5 _'\ - =
\/a'—b'—r:' 9 \/ag—bg—cg 9 \fag—bg—cg

‘. From equatn:rn{l} we have

cost= -2 N ) [ 3 ) B[ 3 )u 4)
\/_Sli"gl |x\[§_1 L9 ) |.‘-\|rf£’-.9.{
_|2+40-12|_J40-12|_ 26
| 9v3s | |ovBs| 938
26
B =cos ]
L 9+/38
(ii)E:E:EandK—5:}-'—2:3—3
2 2 1 4 ) 3

Here,a;=2,b;=2,¢c;1=1 and
a=4. bh=1,c==28
Here, we know that

,\/a? b+l =222 1P = far a4

i

,\/a —b‘—r:‘ m J16+1+64 =4/81=9

So, from equation (2), we have

1 = & =E. m, = b, =3. n, = “ _1

C Jieviee 3 Jueviee 300 faleviec 3

And

1, = % :i.m b, = _.n,= © _8
Jai+bi+ci 9 Va3 +b3 +c]

1 :
o0 Jaiebiect 9
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~ From equation (1), we have

(2 4 [2 1 [1 S 8+2+8 18 2

—X— || == |+]| = x—= || = = = —

3 9 3 9 3 9 27 27 3
2
BZCDS'[—J
3

12. Find the values of p so that the lines
l-x Ty-14 z-3 T-7x y-5 6-z

cosf =

. —and ; =

3 =P = 3p 1 3 are at right angles.
Solution:
The standard form of a pair of Cartesian lines is:

4 b, " and % b; P> (D)
So the given equations can be written according to the standard form, i.e.
—-(x-1) 7(y-2) z-3 —T(x-1) y=5 —(z-06)

p— A p— A - m— p—
3 2p Pa— 3p | 5
x-1 y-2 z-3 KSrY vy Jz-6
3 /T2 3o o
3 2p/7 2 g P 1 5 2

Now, comparing equation (1) and (2),we get

2 —
a,=-3.b =L ¢ =2 a, = 31}.131:1&1:—“'1
' T and 7 ) )
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, ajaz + biby + 12 =0
(-3) (-3p/7) + (2p/7) (1) +2(-5) =0
Op/7+2p/7-10=0
(9p+2p)/7 =10
11p/7 =10
11p=70
p=70/11
=~ The value of p is 70/11
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13. Show that the lines

X—-5 y+2 z X ¥

== =—_and —= =

7 -5 1 1 2
Solution:

The equations of the given lines are

X—5 y+2 z X yV Z
== =—and —==-=—
7 —5 1 1 2 3
Two lines with direction ratios is given as
aiar + bibo + c1co =0
So the direction ratios of the given linesare 7, -5, 1and 1, 2, 3
le.,ap=7,b1=-5c1=1and
a =1, b2—2,Cz—3
Now, Considering
aiar, + bibs + c10 = 7X1+(5)X2+1X3
=7-10+3
=-3+3
=0
=~ The two lines are perpendicular to each other.

z
3 are perpendicular to each other.

14 Flnd the shortest distance between the lines
T —(1 2]+ L)—x(l—J—k}and

r :21—J k+ ufﬁl—J—"k]

Solution:

We know that the shortest distance between two
lines T =a, + Ab,and T = a, +pub, is given as:
(6;xb; ) (a3 -,

d = B - - S

- (1)

Here bV cnmparmg the equatmns we get,

—

a._=1—,J L b =1—]+ Lan
;:21—‘1—1& b::-i—:i—ll:;

Now,
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(}:li+j,rj+z.;1::}—['x:"i+y:j+z:ﬁ)—{*c. ~x,)i+(y, -V,)i+(z,-2,)k
a,-a,=(21-j-k)-(1+2j+k)= 1-3j-2k

L (2)
Now,
b, x jz(in—j+1’<‘::]><(2’i‘+j+2£)
i j k
=11 -1 1
2 1 2
— _3i43k

:>b x b, — 81 3k

(-3) —; J— V18 = 3«f

. (4)
Now,
(a._i +b,j +c.k)( ai+b,j+ c:f((] =ad + by,
(E”}—:H;_a):(‘3£+31&J'ﬁ‘3j_ﬂ%):_3_6:_9 .......... (5)

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

—9
d=|—
3v2
9
3v2 [From equation (4) and (5)]
3
V2
Let us rationalizing the fraction by multiplying the numerator and denominator by V2, we
get
P 2 3f

NN

~ The shortest dlstance is 3v2/2
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15. Find the shortest distance between the lines
Xx+1 y+1 z+1 Xx—-3 y-5 z-7
= = and — —
7 —6 1 1 —2 1
Solution:
We know that the shortest distance between two lines
Xx+1 yv+1 z+1 X—3 v-5 z-7
— == = and == =
—6 1 1 —2 1 s given as:

X:_X' }."_‘_}."I Z'\_Z'

d: Fe & e

T T

\/(b._c: -byc, ): +(ca,—cya, ) +(ab, —ab, )

The standard form of a pair of Cartesian lines is:
XX ¥V _Z-4 X—X, ¥V -4

(1)

and 2 b, ¥2

And the given equations are:
x+1 y+1 z+1 -5 2/
7 —6 1 and 1 —2 1
Now let us compare the given equations with the standard form we get,
xi=-l,y1=-1,z1=-1;
X2=3,y2=5,2=7
aj=7,by=-6,c1=1;
aa=1l.bh=-2.c0=1
Now, consider

a, b, C,
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4 6 B8
=7 -6 1
1 -2 1

=4(-6+2)—6(7-1)+8(-14+6)
=4(4)—6(6)+8(-8)
=-16-36-064

=-116

Now we shall consider

\/(b'.c: -b,¢ ): +(ca, —c,a, ): +(a;b, —a,b, ):
_ J((—ﬁxl)—(—ﬁxl]): +((1x1)=(1x 7)) ((7%=2)— (1x=6))

= J(6+2) +(1=7) +(—14+6) = J4) +(=6)" +(-8)

= 16+ 36+64 =+/116
By substituting all the values in equation (1), we get
The shortest distance between the two lines.

—116| 116
= /116 =2+/29

x!llﬁ -6

- The shortest distance is 2v29

d =

16 Flnd the shortest dlstance between the lines whose vector equations are
I = (1 +21+ BL) + 7 (1 — %J — "la)and
1‘:4i—5j—61<: —u(li—Ej—l«;)

Solution:
We knc-w tllat shortest dlstance between two lines

F=a +AbandT =a, —pb is given as:

(b._ xb:).(a: —a._)

d= ———
b, <D, |

Here by comparing the equations we get,
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D —

a,= i+2j+3k b =i-3j+2k

e

a, =4i+5j+6k b,=2i+3j+k

Now let us subtract the above equations we get,

-

(X-_i-I—}ﬂ]—I—Z-_lE)—(Xﬁ—l—}E]—I—Zﬁ) = (X, _K:}i+(Y: -2 )j-l-(Z-_ -z,)k

a, —a, =(41+ 5]+ 6k) - (1+2]j+3k) = 31+ 3]+ 3k _—
And,

—_— —

b, xb, :(i-3j+2§)x(zi+3j+1’&)

i ]k
=1 -3 2

2 3 1
_ —9i+3j+9k

= b xby= —9i+3j+9% ' (g

= J(-9)" +37 0% = JRI+0.781 = 171 = 3419
Now by multiplying equation (2) and (3) we get,
(a._i +D.j +c._k).(a:'1 +byj+c.k)=aa, +bb, +cc,

(b, xb, )(a, -, ) =(-91+3)+9k).(31+3)+3Kk) =-27+9+27 =9

= [ x5;

. (4)

. (5)
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

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

r=(+Di+(2s—1j—(2s+ 1k
Solution:
Firstly let us consider the given equations

_T=(1-t)i+(t-2)j+(3-20)k

T=i-ti+tj—2j+3k -2tk

r= ’i‘—23+31"{+t(_—’i‘+]—21’<‘:)

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

i+i+25j—j—2sk -k
1—j—k+s(i+2j-2k)
So now we need to find the shnrte_st distancepeh:veep . i N
F=i-2j+3k+t(-i+j-2k)and F=i—j-k+s{i+2j-2kK])

I=s
i

T

We know that shortest distance between two lines
r=a,+Ab, afd T =a, +pub, isgiven as:

—_—

(b5 oz,
DED

d= (1)

Here by comparing the equations we get,
_’_ Z'_,)"._ "__’__.'_'._,)"_
a;=1-2j+3kb,=-1+j-2k _ ,

a,=1i-j—k.b,=1+2j—2k

Since,

(X:i"'}r:]"'z'.R)_(X:i"'}':j"'z:ﬁ:) = (X _X:)i"'(y_ —-Y: )j-i-(Z; _Z:)R
S0,

a, — 4, =(_1_J ‘k) _(1 —2] +3k) =Tk e (2)
And,
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—_— —_— EY

b, xb, =(—1+]-2k)x(i+2j-2k|

i i k
-1 1 -2
1 2 -2
2i—4j-3k

e S

= [b, xbs| = 22 + (-4) +(-3) = VA+16+9 =29

.......... (4)
Now by multiplying equation (2) and (3) we get,
(_a._’i‘er._j+c_1"<;).(_a:’i‘+bjj+c:1::):a._a:+13._le+¢:._¢:j

b, xDb, ).(a,—a, ) =(21-4)-3k).(j—4k) ==4+12=8
(buxB:) {2 =) =(21—d =3k {j k) =hizss o

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

s 8
290 29
. The shortest distance is 829

d:
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EXERCISE 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[(0)? + (0)? + (1) = V1
=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)x+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,

V[(1)? + (1)* + (1) =3

Now,

Divide both the sides of equation (1) by V3, we get
xI(N3) + yI(N3) + z/(N3) = 143

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

Where, |, m, n are the direction cosines and d is the distance
= The direction cosines are 1/v/3, 1/7/3, 1/3
Distance (d) from the origin is 1/\'3 units

(c)2x+3y—z=5
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Given:

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

By using the formula,

V[(2)2 + (3)% + (-1)4] = V14

Now,

Divide both the sides of equation (1) by V14, we get
2x/(\14) + 3y/(N14) - z/(N14) = 5/\14

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/\14, 3/N14, -1/N14
Distance (d) from the origin is 5/Y'14 units

(d)5y+8=0

Given:

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

Ox—-S5y+0z=38....(1)
Direction ratio of the normal (0, -5, 0)
By using the formula,
V[(0)% + (-5)° + (0)] = V25
=5
Now,
Divide both the sides of equation (1) by 5, we get
Ox/(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

31+5)—6k.

Solution:

Given: S

The vector 31+ 5)—06k.

Vector eq. of the plane with position vector T is

rn=d. . (1)
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S0,
. @i 3i+5j-6k
11 = T:
|11| J9+25+36
3i+5j-6k

70
Substituting iu\iq_uati-:}n (1), we get
- 3i+5)—6k
£.31+5]—-6k=7~/70

*» The required vector equation is T. 3i+ 5:]' 6k = 7470

~

3. Flnd the Cartesian equation of the following planes:

@ r(i+j-k)=

Solution:

Given:

The equation of the plane.

Let T be the pcnsmc-n vector of P(X, ¥, ) is given by
T=xi+ 1] 7k

S0,

I(i+j-k)=2

Substituting the value of T, we get

(xi+yj+2K).(i+]-k) =2

+» The Cartesian equation is

Xty-z=2

®7.(2i + 35 — 4k)

Solution:

LetT be the posnmn vector of P(X, v, z) is given by
T=xi+ y j 7k

S0,
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I.(21+3]-4k)=1
Substituting the value of 1., we get
(11+}j+zk)(21 +3] —41;:) =1

~ The Cartesian equation is
2X+3y-4z=1

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

r=xi+yj+zk
So,

f.[(s—2t)i+(3—r)j+(zs+r)1%}=15

Substituting the value of 1, we get

m~

('xin+}fi+zl%').[(s —2t)i+(3-1)j+(2s+ )k =15

~ The Cartesian equation is
(s-20)X+(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).
2Xx+3y+4z=12 ....(1)
Direction ratio are (2, 3, 4)
[(2) + (3)* + (4] = V(4 + 9 + 16)
=29
Now,
Divide both the sides of equation (1) by V29, we get
2x/(N29) + 3y/(N29) + 4z/(\29) = 12/N29
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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 2/4/29, 3/~29, 4/29

Coordinate of the foot (Id, md, nd) =
= [(2IN29) (12/729), (3/N29) (12/29), (4/N29) (12/729)]
= 24/29, 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, vy, 2).

Ox+3y+4z=6....(1)

Direction ratio are (0, 3, 4)

V[(0)? + (3)% + (4)°] = V(0 + 9 + 16)

=25

=5

Now,

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

Ox/(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) =
= [(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+ty+tz=1..()
Direction ratio are (1, 1, 1)
V[(D)? + (1) + (1) =L +1+1)
=3
Now,
Divide both the sides of equation (1) by V3, we get
1x/(\3) + 1y/(N3) + 1z/(N3) = 1/3
So this is of the form Ix+ my + nz =d
Where, |, m, n are the direction cosines and d is the distance
= The direction cosines are 1/v/3, 1/7/3, 1/3
Coordinate of the foot (Id, md, nd) =
= [(LN3) (LA3), (1N3) (1N3), (1N3) (1N3)]
=1/3,1/3, 1/3
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(d)5y+8=0

Let the coordinate of the foot of L P from the origin to the given plane be P(x, vy, 2).
Ox-5y+0z=8....(1)

Direction ratio are (0, -5, 0)

V[(0)? + (-5)? + (0)%] = V(0 + 25 + 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

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

1+]—k.

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

Solution:

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

i+i-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:
(-3).N=0

Now,

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 planeis x -2y +z=-1

(F(i-2k))i+ k=0

Since,

(1)

T=xi+yj+ zk
So equation (1) becomes,

. -

(M+}j+zk—1+”k); J k=

_|_
[( x—1)i+ yj+ (z+2) J =
X—1+y—-z-2=0
Xty—-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+4)+6k)

We know that Normal N L to the planeis given as:

N-i-2j+k

Vector equation of the plane is given as:

(-3a)N=0

Now,
S I A\ T
(1 (1 4] ﬁk)]l 21+ k=0 W

Since,
IT=xi+ yj+ zk
So equation (1) becomes,

(xi+ }ﬁ+ zﬁ—i—4]—6ﬁ).i—2}+ k=0
[(x—l)h (y—4)j+ (z—fi)l%}i—lj + k=0
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X-1-2y+8+z-6=0

X-2y+z+1=0

X-2y+z=-1

=~ The required Cartesian equation of the plane is x — 2y + z = -1

6. Find the equations of the planes that passes through three points.
(a) (1’ 1’ _1)’ (6’ 4’ _5)’ (_4’ _2; 3)
(b) (1,1,0),(1,21),(-2,2, -1

Solution:
Given:
The points are (1, 1, -1), (6, 4, -5), (-4, -2, 3).
Let,
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 given 3
points.

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

Let,

1 1 0O
=1 2

-2 2 -1
=1(-2-2)-1(-1+2)
=-4-1
=-5%0

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 (X3,
V3, Z3), L.e.,
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X—-X, V-V, ZI-1Z

%% a7V 474

7% Y5 Z;7%4

Let us substitute the values and simplify

x-1 v-1 z

=x,-1 y,-1 z,

x;-1 y;,-1 2z

x—-1 v-1 z
=1-1 2-1 1
—2-1 2-1 -1
x—-1 v-1 z
= 0 1 1
-3 1 —1

=>(x-1)(-2)—(y-D(3)+3z=0
==-2X+2-3y+3+3z=0

=2X+3y—-3z=5

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

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

Given:

The plane2x+y—-z=5

Let us express the equation of the plane in intercept form
xla+tylb+zlc=1

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

Now divide both the sides of equation (1) by 5, we get
2xI5 +y/5 —z/5 =5/5

2xI5+y/5-2z/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.
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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=0and x+y+z-2=0and 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)+A(x+y+z-2)=0and the plane passes through the points (2, 2, 1).
S0,(3%x2-2+2x1-4)+A1(2+2+1-2)=0

2+30=0

3v=-2

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

Upon simplification, the required equation of the plane.is given as
Bx—-y+2z-4)-23(x+y+z-2)=0

(X —-3y+6z—-12-2x—-2y—22+4)I3=0

/X—-5y+4z-8=0

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

10. Find the vector equation of the plane passing through the intersection of the
planes r.(21+2)-3k)="7.1.(21+5)+3k)=9

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

Solution:

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

r.(21+2)-3k)=7 and T.(2i+ 5+ 3k)=9
Here,

r.(21+2)-3k)-7=0 "

r.(2i+5]+3k)-9=0
1(1+ J+1) o
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The equation of any plane through the intersection of the planes given in equations (1)
and (2) is given by,

E(20+ 2j-3k) -7

Fl(20+2)-3k) + (22 i+50 j+32 k) |-7-9n

2 [i(zi—- 5]+ 311:_)—9_- —0

=0

f.[{2+2:ﬂ.}i+[2+5}.}]+{—3+3}.}f{]—?—9l -0

.. (3)
Since the plane passes through points (2, 1, 3)

(z’i+j+31’£:_).[(3+3;.)i+(2+51)j+(—3

4+40+2+50L-9+04-T7-90L=0

£32)k|-7-9a =0

gh=10
,=10/9
Sow, substituting A = 10/9 in equation (1) we get,
L[(. 20): 50 - 30 | 10
.|| 2+ — 1+ 2+ ]+ 3+ ]{‘ T—9= =0
& 9 9 9 ) 9
.| 20 50 ), 30 - |
|24+ — 14|24 B B - k=17 =0
¢ 9 04 94 )
L 20 507 30))- |
|24+ — i+ |2+ =] P34 k| =17
| 9 9 ) 9 ) |
_[38: 68
r —1——]——1~.|—1
9 9 9

=l

[ 381+ 68] + 312} =153
~ The required equation of the plane is T [38} + 68] + 31::} =153

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.
Solution:

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

(x+y+z-1)+A(2x+3y+4z-5)=0
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QL+ 1) x+GBr+1)y+@A+1)z-1-51=0...... (1)

So the direction ratio of the plane is QA + 1, 3A + 1, 44 + 1)
And direction ratio of another plane is (1, -1, 1)

Since, both the planes are L

So by substituting in a;az + bib, + ¢1¢, =0
Cr+1x1)+@Br+1x(-1))+(4A+1x1)=0
2A+1-3A-1+4A+1=0

IV+1=0

r=-1/3

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

[T ] T 1]}-‘—[4(_1)—1]2—1—5(_1]:0

3 3
"
_X _ _z + 2=
3 3 3

X-z+2=0

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

12 Flnd the angle between the planes whose vector equations are
I (”1—4 3k) 5.1 {31 —ﬁ_]-—qlx) 3.
Solution:
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Given:
The equation of the given planes are

T(21+2j-3k)=5 and (31-3j + 5k)

If n; and n; are normal to the planes, then

q

— — —

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

Angle between two planes is given as

cosh = |2
‘11._ 1,
- 6—6-15
N4 +4+99+9+
-15
0 =cos -
J_ J_ J
S 15
= CO0s
JHlJ

. The angle is cos (15/4731)

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=0and 3x-y-10z+4=0
(b)2x+y+3z-2=0andx-2y+5=0
(c)2x-2y+4z+5=0and3x-3y+6z-1=0
(d)2x-2y+4z+5=0and3x-3y+6z-1=0
(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+6z+30=0and3x—-y—-10z+4=0

Two planes are L if the direction ratio of the normal to the plane is
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aiay + bibo + c1c, =0

21-5-60

-44 # 0

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, ¢

a, b, «c,

7 5 6
— —

3 =1 —10 [both the planes are not || to each other]
Now, the angle between them is given by

aa, + b._b: + ¢,C,

cosh =
\/a‘ + b + c‘\/a + b+ ¢
cosh = —H
49 + 25+ 364/9 -1+ 100
. —44
1104110
_H
110
A
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
2x+y+3z—-2=0andx—-2y+5=0

Two planes are L if the direction ratio of the normal to the plane is
aiay + bibo +cic2=0

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

=0

=~ The given planes are L to each other.

(c)2x—-2y+4z+5=0and3x-3y+6z—-1=0
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Given:
The equation of the given planes are
2x—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
aiay + bibo + c1co =0
6+6+24
36 20
- 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
a, b, ¢

a, b, ¢

-

e

=~ The given planes are || to each other.

(d)2x—-2y+4z+5=0and3x-3y+6z2—-1=0

Given:

The equation of the given planes are

2X—y+3z-1=0and2x-y+3z2+3=0

We know that, two planes are L if the direction ratio of the normal to the plane is

aias + biby +cico =0

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

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, ¢
a, b, ¢
> -1 3
2 -1 3
1 1 1
111

-~ The given planes are || to each other.
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(e)4x+8y+z-8=0andy+z-4=0
Given:
The equation of the given planes are
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
aiay + bibo + c1c, =0
0+8+1
9+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, ¢

a, - b, - c,
0 1 1

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

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

aa, + b._b: + g8,

T n B o
o - Ax0+8x1+1x1
V16 + 64 #1041 +1
9
5
L9
B =cos 9\5
= cos™ L
7
=450

~ The angle is 45°.

14. In the following cases, find the distance of each of the given points from the
corresponding given plane.
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Point Plane
(@) (0, 0, 0) 3X—-4y+12z=3
(b) (3,-2,1) 2X-y+22+3=0
(c) (2, 3, -5) X+2y—-2z=9
(d) (-6, 0, 0) 2x—-3y+62-2=0
Solution:
(@) Point Plane
0, 0,0) 3X—-4y+12z2=3
We know that, distance of point P(x1, y1, z1) from the plane Ax + By + Cz—-D =0'is
given as:
do Ax, + By, + Cz, - D
JA' + B+
Given point is (0, 0, 0) and the plane is 3x —4y + 12z = 3
0+0+0+3
d =
N9 +16 + 144

= |3/+/169|

=3/13
=~ The distance is 3/13.
(b) Point Plane
(3,-2,1) 2X -~y +22+3=0
We know that, distance of point P(xi, yi, z1)-from the plane Ax + By + Cz-D =0is
given as:
do Ax, + By, + Cz, -~ D

JAT + B+ C°
Given pointis (3, -2, 1) and the plane is2x -y +2z+3=0
6+2+2+3
d =
NA+1+4

= 139

=13/3
=~ The distance is 13/3.
(c) Point Plane
(2, 3, -5) X+2y—-2z=9

We know that, distance of point P(x1, y1, 1) from the plane Ax+ By + Cz—-D =0s



2, " Class - XIl _ Maths

edsecu m Ch. 11 — Three Dimensional Geometry
EDUCATION NCERT Solutions
given as:

Ax, + By, + Cz, - D
\/A: LB L (2
Given point is (2, 3, -5) and the plane is x + 2y - 22 =9
2+6+10-9
Ji+4+4

= |99
=9/3
=3
=~ The distance is 3.

d:

d=

(d) Point Plane

(-6, 0,0) 2x -3y +6z2-2=0

We know that, distance of point P(x1, y1, z1) from the plane Ax + By + Cz—-D =0'is
given as:

Ax,+ By, + Cz, - D

\/A: N B: N [‘3
Given point is (-6, 0, 0) and the plane is 2x - 3y +6z-2=0
17 _ 4 "
i :‘ 12-0+0-2
J4+9+36

= |14/49)|

= 14/7

=2
-~ The distance is 2.

d=
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MISCELLANEOUS EXERCISE PAGE NO: 497
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 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 = (a1, b1, c1)=[(2-0),(1-0), (1-0)]=(2,1,1)

And the direction ratios of BC = (a2, bz, c2)=[(4-3),(3-5), (-1 + 1)] = (1, -2, 0)
Given:

OAis Lto BC

Now we have to prove that:

aiar + bibo + c1co =0

Let us consider LHS: aia; + bib, + ciC2

aiar + bibho +cico=2x1+1 X(—2)+1 x 0

=2-2
=0
We know that R.H.S is 0
So LHS = RHS
~ OAis LtoBC

Hence proved.

2. If 13, my, ng and I2, my, nz are the direction cosines of two mutually perpendicular
lines, show that the direction cosines of the line perpendicular to both of these are
(m1nz - mzany), (N1l2 - N2ly), (Iimz - lomt)
Solution:
Let us consider I, m, n be the direction cosines of the line perpendicular to each of the
given lines.
Then, ll; + mmy+nn;=0 ... (1)
And Il + mmz +nn =0 ... (2)
Upon solving (1) and (2) by using cross - multiplication, we get

m n

mmn, -m,n, nl,-nl Im,-lm,
Thus, the direction cosines of the given line are proportional to

(m1nz - meny), (N1lz - n2ly), (limg - lmy)
So, its direction cosines are

mmn, —m,n, nl,-n,l, Ilm,-1m
A A A
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Where,

A= \/(111._113 —m,n,)" + (nl, —n,1.)" + (Lm, - 1l.m, )"
We know that

(|12 + m12 + n12) (|22 + m22 + nzz) - (|1|2 + Mimy + n1n2)2

= (myn; - m2n1)2 + (- n2I1)2 + (lim; - I2m1)2 ... (3)

It is given that the given lines are perpendicular to each other.
SO, |1|2 + mim, + n1n, =0
Also, we have

|12 + m12 + n12 =1
And, |22 + m22 + n22 =1
Substituting these values in equation (3), we get
(mlnz - m2n1)2 + (n1|2 - nzll)2 + (llmg - I2m1)2 =1
rA=1

Hence, the direction cosines of the given line are (m4n; - mzn1), (N1l - N2l), (ltmz - Iomy)

3. Find the angle between the lines whose direction ratios are a, b, cand b — ¢, ¢ — a,
a—Db.

Solution:

Angle between the lines with direction ratios ai, b, €1 and az, b, 2 is given by

aa,+b,b,+c.c,
\/a._‘ +b,"+¢” \/a:' +b, "+
Given:

d; = a, b1 b C1=
a=b-cby=c- a,cgza-b
Let us substitute the values in the above equation we get,

a(b—c)+b(c—a)+c(a—b)
Vs (b —c) +(c-a) +(a-b)

=0
Cos6=0
So, 8 =90° [Since, cos 90 = 0]
Hence, Angle between the given pair of lines is 90°.

cosi =

cosO =

4. Find the equation of a line parallel to x - axis and passing through the origin.
Solution:
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We know that, equation of a line passing through (X1, yi1, z1) and parallel to a line with

direction ratios a, b, c is
XX Y-V Z-Z

a b c
Given: the line passes through origin i.e. (0, 0, 0)
x1=0,y1=0,21=0
Since line is parallel to x - axis,
a=1b=0,¢c=0
=~ Equation of Line is given by
x-0 y-0 z-0

1 0 0

:EZU
0

X
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 ai, b1, ¢1 and az, by, c2 is
given by
aa,+bb,+c.c,
cosO = —_— = =

\/a._: —b._: _C:j \/ﬂjz —'—bjj ~LC3:

So now, a line passing through A (X1, y1, Z1) and B (X2, Y2, Z2) has direction ratios (X; -

X2), (Y1 - Y2), (21 - 22)

The direction ratios of line joining the points A (1, 2,3)and B (4, 5, 7)
=4-1),05-2),(7-3)
=(3,3,4)

ca1=3,b1=3,c1=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)

Lax=6,b,=6,c,=8

Now let us substitute the values in the above equation we get,
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a.a,+b.b,+c.c,
CDSB = 1 -'\ = '\- = .l - = 1 .1
J&‘—b‘—q‘Ja{—b;—cf
IxO6+3x6+4x8
CDSB - .l a1 .l a1 1 a1
‘J}—a-—4v$ﬁ—ﬁ-—3
- 18+18+32 ‘
N9+9+16+/36+36+64
- 68
344136
- 68
V34+/4x34
| 68
34x2
cosB=1

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

6. If the lines
x-1 y-2 z-3 x-1 w~2 z-3
3k 1 =5 ‘and 3k 1 =3 are perpendicular, find the value
of k.
Solution:
We know that the two lines
X-X _¥-V_Z-7 X-X, ¥-V, -7,
a b'- ' and % bl €2 which are

perpendicular to each other if aja; + biby + c1c2=0
It is given that:
x-1 yv-2 z-3

3 2%k 2
Let us compare with
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X=X Y-V Z-4

a, b, c,
We get -

Xx1=l.y1=2,21=3
Andaj=-3.b1j=2k, ¢c1=2

Similarly,

We have,

x-1 y-2 z-3
3k 1 -3

Let us compare with

X-X, ¥Y-V, Z-1Z,

a, b, c,

Weget-
X2=1,¥,=2,2,=3
Anda2=3k, b2=1, C,=-5

Since the two lines are perpendicular,
aias + biby +cico=0

(-3) x3k+2kx1+2x(-5)=0

-9k + 2k -10=0

-7k =10

k =-10/7

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.(i+2j-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)
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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.11 =d

i=-i-2j+5k

Since line is perpendicular to plane, the line will be parallel of the plane
Ab=1=-i-2j+5k

Hence,

T =(11+2)+3k)+A(-1-2j+5k)
P =(1i+2j+3k) - h(i+2j-5k)

*. The required vector equation of line is 7 = ( Li+2j+3k ) — l( i+2j— SR)

8. Find the equation of the plane passing through (a, b, ¢) and parallel to the plane
I(i+j+k)=2
Solution:

The equation of a plane passing through (x1, y1, z1) and perpendicular to a line with
direction ratios A, B, C is given as
AXX-Xx1)+B(y-y1)+C(z-21)=0

It is given that, the plane passes through (a, b, c)

So,x1=a,y1=b, Z1=C

Since both planes are parallel to each other, their normal will be parallel
~ Direction ratios of normal of f.( 1+] +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-y1)+C(z-z1)=0
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1(x-a)+1(y-b)+1(z-¢c)=0
Xx+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)+M(1i-2j+2)

~ o

T =(-4i-k)+p(31-2j-2k)

and
Solution:
We know that the shortest distance between lines with vector equations
F=a,+Ab 4pq I =2,+Ab; given as
(b:xb:)(a:——a:)
b, %D,

It is given that:
T =(61+2)+2k)+A(11-2j+2)
Now let us compare it with T =a, + Ab,. we get

a, :(_6’i+2]+212) b, ={_ﬁ—2fi—5_\)

and

Similarly,
T =(—4i—k)+p(31=2j-2k)
Let us compare it with 1 =a, + ADb, , we get

a, =(-4i-k) b,=(3i-2j-2)

and -~ '
MNow,

~ o

(_—41‘ ~k) —(6i+zj+21%)

((-4- 6)i+(0-2)j+(-1- 2)1’&)
(~101-2j-3k)

And,
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(b,xb, )= =2 2
3 -2 -2

= 8i+8j+4k

So, Magnitude of b, xb, = b, x| = /8’ +8 4" =/64-64+16
=144
=12

Also,

b,xDb, ).(a, —a, ) = (81 +8j+4k).(~10i— 2j— 3k
(0D, )(a, -2, ) = M )

=-80 + (-16) + (-12)
=-108
Hence the shortest distance is given as
b,xb, ).(a, —a,
b, xb, B

+ 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:

We know that the vector equation of a line passing through two points with

position vectors @ 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
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So subtract equation (2) and (1) we get

(E —Ei) = (3’i‘+4j+12) —(51+}+612)
=(3-5)i+(4-1)j+(1-6)k
= (-2i+3j-5k)

r=(5i+j+6k)+h|-2i+3j -5k
(Si+J+6k)+h(-2i+3) -5K) |
Let the coordinates of the point where the line crosses the YZ plane be (0, v, z)
S0,
r=(0i+yj+zk
(- N ) 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 |+ 0 —2i+3j =5k )
=(5—2h)i+(1+3h) j+(6—5N)k
We know that, two vectors are equal if their.corresponding components are equal
So,
0=5-2A
5=2\
A=5/2
y=1+3Ar...(5)
And,
Z=6-5A...(6)
Substitute the value of A in equation (5) and (6), we get -
y=1+3A
=1+3x(5/2)
=1+ (15/2)
=17/2
And
Z=6-5\
=6-5x(5/2)
=6 - (25/2)
=-13/2
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=~ 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:

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
a=>51+]+06k (1)
And the position vector of point B (3, 4, 1) is given as
So subtract equation (2) and (1) we get
(E—ﬁ) :(3i+4j+12)—(51+]+612)
—(3-5)i+(4-1)j+(1-6)k
= (-21+3j-5k)
F =(5i+j+6k)+0(-2i+3j -5k
(Si+j+6k)+r(-2is3j=5k)

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

r= xf+0}+ ik
(- ) e (D)

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

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

(xf+0}+ zﬂ) :(5f+}+6§)+l(—2f+3} — SL)

—(5-2%)i+(1+3%) j+(6—51)k

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

So,

X=5-21...(5

0=1+3\

-1 =3\
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A=-1/3
And,
Z=6-5\...(6)
Substitute the value of A in equation (5) and (6), we get -
X=5-2\
=5-2x(-1/3)
=5+ (2/3)
=17/3
And
Z=6-5A
=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=17.
Solution:
We know that the equation of a line passing through two points A (X1, Y1, Z1) and B (Xa,
Y2, Z2) IS given as

X-X ¥y _Z-z

L7 NN 474

It is given that the line passes through the points A (3, -4, -5) and B (2, -3, 1)
S0, x1=3,y1=-4,2,=-5

And, Xo = 2, Y2 = -3,2=1

Then the equation of line is

x-3_y—(-4) z-(-5)

2-3 —3—(-4) 1-(-5)

Xx—3 _) 4 _z 5 1
—1 1 6
So,x=-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
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5k = 10

k=2

Now substitute the value of k in X, y, z we get,
Xx=-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=5and 3x + 3y + z=0.
Solution:

We know that the equation of a plane passing through (x1, y1, z1) is given by
AX-Xx)+B(y-y)+C(z-21)=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......... Q)

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, required normal is cross product of normal of planes
X+2y+3z=5and3x+3y+z=0

N
Required Normal =|1 2/ 3
3 3 1

Hence, the direction ratios are = -7, 8, -3
~A=-7,B=8,C=-3

Substituting the obtained values in equation (1), we get
AXx+1)+B(y-3)+C(z-2)=0
T(x+1)+8(y-3)+(-3)(z-2)=0
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-IX-7+8y-24-32+6=0
-IX+8y-32-25=0
IX-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, 1) be equidistant from the plane

T.(3i+4j-12k)+13=0 _
- , then find the value of p.

Solution:

We know that the distance of a point with position vector a from the

plane .11 = d is given as

an—d

—_

[

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

a, =1i+1j+pk

And, 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
T.(31+4)-12k)+13=0

So.
(1i+1j+pk ).(31+4j—12k |+ 13 |( =31 +0j+ 1k ).(3i +4j— 12k )+
JF 8+ (-12) JF 4 +(-12)

3+4—-12p+13|_|9+0-12+13

VO+16+144 | | 9+16+144

*0133‘

V169
20—12p|=38
20-12p =+ 8

20-12p=8or,20-12p=-8
12p =12 or, 12p =28
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p=Llor,p=7/3
=~ The possible values of p are 1 and 7/3.

15. Find the equation of the plane passing through the line of intersection of the
T(i+j+k)=1 T(2i+3j-k)+4=0
planes -

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 1, —d_) }k(l n, —d, )

and and parallel to x-axis.

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

~.(_(1—2;a.,)’i‘+(1_ 31) j+(1+4)k) - |- 4hm0

F((1-20)i+(1-3K) j+(1+1)k | =1+44 D
Since this plane is parallel to x-axis.

So, the normal vector of the plane (1) will be perpendicular to x-axis.
The direction ratios of Normal (a;, b1, ¢1) = [(1 - 2X), (1 - 34), (1 +)]
The direction ratios of x—axis (az, bz, c2) = (1, 0, 0)

Since the two lines are perpendicular,

aias + biby +c1co=0
(L-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

((1 20)i+(1- Jﬁ.,)_l—l—(l—i-h)k)—l-l-flh

O
r.(01-j+3k)=6

++ The equation of the required plane is f.( 0i— j +3k ] =0

k|



2, " Class - XIl _ Maths
edsecu m Ch. 11 — Three Dimensional Geometry

EDUCATION NCERT Solutions

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 (x1, y1, z1) and perpendicular to a
line with direction ratios A, B, C is given as

A(X-x1) +B(y-y1) +C(z-21)=0

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

SO,X1=1,y1=2,21=-3

Normal vector to plane is = OP
Where O (0, 0, 0), P (1, 2, -3)

So, direction 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
1(x-1)+2(y-2)-3(z-(-3)) =0
-1+2y-4-32-9=0
X+2y-32-14=0
=~ The equation of the required plane is X + 2y - 3z - 14 =10

17. Find the eq“ual:mn of the plane which contains the line of intersection of
the planes T {1+2J+1k]—4 0 and T. {”1—1—‘] k)+‘§ 0
And which is perpendicular to the plane Y. ( 51+3)3-6k ) +8=0

Solution:
We know,

The equation of any plane through the line of intersection of the planes
ra, =d,andrn, =d, is Enenbv(l n, —d. ) }l.(l n, —d, )

Scn the equation of any plane through the line of intersection of the given planes

[ —4 |} £(-2i-j+k)-5 =0

e

f((l ,a..)1+(z A)j+(3 +1)k)-4-51=0

F(1-20)i+(2- 1) j+(3+1)k )= 4451 "
Since this plane is perpendicular to the plane
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m~

"(51+3)-6k)+8=0

=l

T.(51+3)-6k)=-
~T.(51+3)-6k)=8

F.(-5i —3j+6k)=8
( ) . (2)
So, the normal vector of the plane (1) will be perpendicular to the normal vector of plane
().

Direction ratios of Normal of plane (1) = (a1, b1, ¢1) = [(1 - 2A4), (2 - ), (3 + )]

Direction ratios of Normal of plane (2) = (a2, b2, ¢2) = (-5, -3, 6)

Since the two lines are perpendicular,
aiar + biho + c1co =0
(L-20)x(-5)+(2-M)*x(-3))+B+A)x6=0
S+ 10A-6+3L+18+6A=0
19% +7=0
=-7/19
By substltutlng the value of A in equation (1), we get

((1 M) +(2-0) ]+ (J+A)1~L) 4+5h

_?-\."" Fi -'"’_?"\I _?x""" __r
I. [1—:[_J11‘— :—L_' i3 [_J k :,_5[_J
19)) | 19))7 ¢ 19 19
_(33: 45. 50 41
I. —1——]——LJ
19

19 197 19
F(33i+45j+50k) = 41

~ The equation of the required plane is 7 .(331’ 5j+: ﬁ.) 41

-

18. Find the distance of the point (-1, -5, —10) from the point of intersection of the
line

r z(ﬁi —j+2k)+ﬁh(3i +4j+2k) and the plane f.(i —j+k) =

Solution:
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Given:
The equation of line is

I =(21—j+2k)+r(31+4j+2k

And the equation of the plane is given by

f(i-j+k)=5
(- ) . (2)

Now to find the intersection of line and plane, substituting the value of I from

equation (1) of line into equation of plane (2), we get

(2i-i+2k) 1 (3i4j+2k) | (i-j+K) =3

[(2+33¢,)i+(—1+4$ﬁ.,)j+(2+2}~.,)k}(i ~j+k)=5
(2+30)x1+(-1+4A) = (-1)+(2+20) x1=35
2+30+1-40L+2+20=5

A=0

So, the equation of line is

P =(2i - j+2k)

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

I =xi+vyj+zK

Xi—}-{i—zl; =2i —j+2k

Where,

X=2,y=-1,z2=2

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

Now, the distance between points (X1, Y1, z1) and (X2, Yz, Z2) is given by

-

\/(X: —X,) (¥, —¥,) +H(z,-z,) Units
Distance between the points A (2, -1, 2) and B (-1, -5, -10) is given by
AB=y(2-(-1)) +(-1-(=5)) +(2~(-10))

-

= J3) +(4) +(12)
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9+16+144

=+/169

= |3 units
-~ The distance is 13 units.

19. Find the vector equation of the line passing through (1, 2, 3) and
parallel to the planes f_(i — ] +2k) =5 and f_(3i +]+1:;) =

Solution: ' '

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

So, b is cross product of normal of plane T (;—] —|—71{) 5 and f.(EE +]—|—l}) =
e A
Required Normal =1 =1 2

3 1 1

=i[(=1)(1)-12)J-i[1)=3(2) [k [1(1)=3(-1)]
[ 1- ”] _][1 6]+k[1+3]
=—3i"—5j—41«;
S0,
b=-3i+5j+4k
MNow. substitute the value of a & E in the formula, we get
r=a+hib
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= (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:

Xx-8 y+19 z-10 x-15 y-29 z-5
3 —16 7 and 3 8 -5
Solution:
The vector equation of a line passing through a point with position vector 3 and

parallel to a vector bisr=a+Ab
It is given that, the line passes through (1, 2, -4)
So,

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 agb
S0, is cross product of normal of planes
Xx-8 y+19 z-10 Xx-18"y-29 z-5

3 -16 T and 3 8 —5
ik
Required Normal =3 —-16 7
3 8 -5
=1[(-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 substlrutmg the value of @ & b i in the formula, we get
T=a+ib

= (11+2]—4k) +(241+36]+ 72k

(11+’5'J 41{) +12 (7i+3]+612)
= (11+2)— 4k) + A 21+3)+6k)
* The equation of the line is
F=(1i+2j—4k )+ (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 B 1
i’l: b: C: - pl
Solution:

We know that the distance of the point (X1, vi; 2¢) from the plane Ax + By + Cz
=D is given as

Ax,+By,+Cz, -D
JAT LB 7

The equation of a plane having intercepts a, b, c on the x-, y-, z- axis
respectively is given as
X Vy Z

Ry |

a b ¢

Let us compare it with Ax + By + Cz =D, we get
A=1/a,B=1b,C=1l/c,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, x;=0,y1=0,z;=0
Now,



Class - Xll _ Maths

,g =7
edsecu m Ch. 11 — Three Dimensional Geometry

EDUCATION NCERT Solutions
, Ax, +By.+Cz, -D
Distance = = = —_—
VAT +BY+C?
By substituting all values in above equation, we get
lxﬂ—%xﬂ—lxﬂ—l
p = a 7 'ﬁc 5
HROAH
a b C
0+0+0-1
p =
\/L_L L1
a- b’ ¢
-1
p =
\/L_L L1
a- b’ ¢
1

Now let us square on both sides, we get
1 1 1 1

E TR TR
Hence Proved.

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

\/A: LBYLC?
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,d1=4

Second Plane:

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

2X+3y+4z2=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
J2i+3
—.;‘4

=229
=~ Option (D) is the correct option.

()

+ 47

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

B. Parallel

C. intersect y—axis

D. passes through

Solution:

It is given that:

First Plane:
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2X —y + 4z = 5 [Multiply both sides by 2.5]

We get,
5x-2.5y+10z=12.5 ... (1)

Given second Plane:
5x-25y+10z=6... (2)

So,

(11 2

(i 5

by 2

by 5

) 4 2
o 10 5
Hence,

—

i o EJl e
) N EJg N 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.

(B





