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Chapter 11
Three-Dimensional Geometry

Question 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° = 135°and y = 45°

So,

l=cosa, m=cosfandn=cosy

So, direction cosines are

l=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/v/2

Question 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, 3, v

Let the direction cosines of the line be ], m and n
l=cosa, m=cosfandn=cosy

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

l=cosa, m=cosfBandn=cosy

We have,

I2+m2+n2=1

cos2a + cos?f +cos?y=1

From (1) we have,

cos?a + cos?a+cos2a=1

3costa=1

Cosa=++/(1/3)

~ The direction cosines are

I=+v(1/3),m=+v(1/3),n=%+ (1/3)
Question 3

If a line has the direction ratios -18, 12, -4, then what are its direction cosines?
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Solution:

Given

Direction ratios as -18, 12, -4

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

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

Then the direction cosines are
a b C

VaZ + b2 + cZ Va? + bZ + c2 VaZ + b2 + c?

Were,
VaZ + b2 + c% =,/(—18)2 + 122 + (—4)?2
= /324 + 144 + 16

=484

=22
-~ The direction cosines are
-18/22,12/22,-4/22 =>-9/11,6/11,-2/11

Question 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)

Where, a1 =-3, b1 =-5, c1 =-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,bz=10and c2=6

Hence it is clear that the direction ratios of AB and BC are of same proportionsBy
a1 -3

—:—:-2
ay 6

b =5
A-2==-.2
b, 10
And

c -3
—1:—:-2
Co 6

~ A, B, Care collinear.

Question 5

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

Solution:

Given: The vertices are (3, 5, -4), (-1, 1, 2) and (-5, -5, -2).
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The direction cosines of the two points passing through A(x1, y1, z1) and B (x2, 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 - y1) 2, (2% - z1)?]
=(-1-3), (1-5), (2-(-4)) =-4,-4,6

Then by using the formula,

V[(x2=%1)2 + (y2 - y1)2 + (22 - 21) 2]

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

= 2V17

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

X2—X1) (y2—y1) (z2—21)

AB AB AB
-4/2\17, -4/2N17, 6 /2N 17
Or-2/v17,-2/717,3/V17
Similarly,

Let us find the direction ratios of BC

Where, B=(-1, 1, 2) and C = (-5, -5, -2)
Ratio of AB = [(x2 - x1)?, (y2 - y1)?% (22 - z1) ?]
= (-5+1), (-5-1), (-2-2) = -4, -6, -4

Then by using the formula,

V[(x2-x1)2 + (y2 - y1)? + (22 - 21)?]

V[(-4)2 + (-6)2 + (-4)2]

= (16+36+16)

=68

= 2V17

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

X2—X1) (y2—y1) (z2—2z1)

AB AB AB
-4/2/17,-6/2N17,-4/2\17 Or
-2/V17,-3/V17,-2/N17
Similarly,

Let us find the direction ratios of CA
Where, C = (-5,-5,-2)and A= (3, 5, -4)
Ratio of AB = [(x2 — x1)?, (V2 - ¥2)? (z2 - 21)?]
= (3+5), (5+5), (-4+2) =8, 10, -2
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Then by using the formula,

V(xz - x1)2+ (y2 - y1)? + (22 - 21) 2]

V[(8)2 + (10)2 + (-2)7]

=/ (64+100+4)

=168 = 2v/42

Now let us find the direction cosines of the line AB

By using the formula,
(X2—X1) (y2—y1) (z2—21)

AB_ ' AB °~ AB
8/2V42,10/2V42, -2/2V42
Or 4/\42,5/V42,-1/V42

Exercise 11.2

Question 1

Show that the three lines with direction cosines
12 3 ~4 —412 3 3 412 Are mutually perpendicular
13’13’13°13’13°13713’ 13713 y perp )

Solution:

Let us consider the direction cosines of L1, L and L3 be 11, m1, n1; 12, mz, nz and I3, ms, ns.
We know that
If 11, my, n1 and Iz, nz are the direction cosines of two lines;
And 0 is the acute angle between the two lines;
Then cos 6 = [l1lz + mim2 + niny|
If two lines are perpendicular, then the angle between the two is 8 = 90° For perpendicular lines, | 11
I +1mz +ninz | =cos90°=0,ie,|lib+mimz+nin2 [ =0
So, in order to check if the three lines are mutually perpendicular, we compute | 1112 + m1 mz + n1 nz |
for all the pairs of the three lines.
Firstly, let us compute, | 11 I2 + mi mz2 + n1nz |
12 _ 4 -3 12 -4 3 48  (-36 -12

itz + mama + minz | = (¢ 5) + (55 x53) + (5 x5)| =5+ (55) + (55)

_48+(48) _

13
So,LalL (1)

Similarly,
Let us compute, | 12 I3 + m2 m3 + nz n3 |

4 3 12 —4 3 12\| _12  [—48 36
lilz+mimz+nin :|(—><—) (—x—) (—x—)|:—+(—) =
il + mimz +ninz | X))t G X)) TG xs )t

13 13
_ (—48)+48 -0
13
So, L3l L3ureriirinnne (2)
Similarly,

Let us compute, | 1311 + m3 mq + n3 ny

3 12 —4 -3 12 —4 36 12 —48
ks mime +nim | = (5 5) + (5 x5) + (5 x5)| =55+ (55)

13 7 13 13 713/ 713 13
48+(—48)
= — 0
13
So,LiL L3 e (3)
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~ By (1), (2) and (3), the lines are perpendicular.
L1, L2 and L3 are mutually perpendicular.

Question 2

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

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, a1, b1, c1 of AB are

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

Similarly,

the direction ratios, az, b2, cz of CD are

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

Then, AB and CD will be perpendicular to each other, ifa; a2+ b1 bz +c1¢c2=0
ataz+bib2+cic2=2(3) +5(2) +4(-4)

=6+10-16

=0

-~ AB and CD are perpendicular to each other

Question 3

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

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, a1, b1, c1 of AB are
(2-4),(3-7),(4-8)=-2,-4,-4.
The direction ratios, az, bz, c2 of CD are
(1 - ('1))1 (2 - ('2))' (5 - 1) =2,4,4.
Then AB will be parallel to CD, if
a; by 1
a a b, a (&)
So,aifa=-2/2=-1
bi/bz=-4/4=-1
ci/c2=-4/4=-1
= We can say that,
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ag by

a; by ¢
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)

Question 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 given point whose position
Vector is @ and parallel to a given vector b is

7 = a+ Ab.

So, here the position vector of the point (1, 2, 3,) is given by
a@=1+2j + 3k and the parallel vector is 3i +2j-2k

=~ The vector equation of the required line is:

F=i+2j +3k+A(31+2j-2k).

Where A is constant.

Question 5

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

Solution:

It is given that

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

Vector is d and parallel to a given vector his 7 = @ + Ab

Here,let,a = 2i-j + 4k and b =i+ 2j - k

So, the vector equation of the required line is:

P=2i-j+4k+r(I+2j-k)

Now the Cartesian equation of a line through a point (x1, y2,z1) and having direction cosines 1, m, n, is

given by
X=X1 _yY=y1_272—71
1 " m  n
We know that if the direction ratios of the line are a, b, c, then
a b c

- VaZ+b2+c?’ m= VaZ+b2+c?’ n= VaZ+b2+c?’
The Cartesian equation of a line through a point (x1, y1,z1) and having direction ratios a, b, ¢, is:
X—X1 _yY—y1 _2—171
a b ¢
Here,x1=2.y1=-1,z1=4anda=1,b=2,c=-1
=~ The Cartesian equation of the required line is:
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x—2_y—(-1) _z—-4_x—-2_y+1_z—-4
1 - 2 T -1 1 2 T o4

Question 6

Find the Cartesian equation of the line which passes through the point (-2, 4, -5) and parallel

to the line given by
E_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,b, c is
X XIS YN 22

a 3 b - c
Here, the point (x1, y1,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—(=2) _y—=4_z—(-5) x+2 _y—-4_ z+5

3 ~ 5 6 3 5. 6

Question 7

-5 y+4 z-

. J DR 6 -
The Cartesian equation of a line is™ " : > Write its vector form.

Solution:

Given

The Cartesian equation is:
x=5 _y+4 z—6

; I T e (D)

We know that

The Cartesian equation of a line passing through a point (x1, y1, z1,) and having direction cosines |, m,
nis

XX1 _yy1_Z_"7%1

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

x1=5,y1=-4,2z1=6 and

1=3,m=7,n=2

The point through which the line passes have the position vector

a = 5i- 4j+ 6k and

The vector parallel to the line is given byb = 31 + 7 j + 2k

Since, vector equation of a line that passes through a given point whose position vector is @ and
parallel to a given vector bis¥=a +A b

=~ The required line in vector form is given as:

7 = (5 - 4j+ 6k) + A(31 + 7] + 2k)

Question 8
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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 @ and b is
Ff=a+A(b+a)

Here, the position vectors of the two points (0, 0, 0,) and (5, -2, 3) are @ = 0i + 0j + Ok and b = 5i - 2j +
3k, respectively.

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

7 =01 + 0j+ 0k+ A[(51 — 2 + 3k) — (0i + 0f + 0k)]

r =\(5% — 2f + 3k)

Now, by using the formula,

Cartesian equation of a line that passes through two points (x1, y1, Z1) and (Xz, y2, Z2,) is given as
X—X1 _ Yy=V1 _ Z—Z1

X2 —X1 _Yz—Y1 Z2—721

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 X_ ¥y _
5-0 [=2EE 3G e
=~ The vector equation is

7 =A(5i — 2j + 3k,)

The Cartesian equation is
X y Z

5 2 3

wIN

Question 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 equation of as line which passes through two points whose position
Vectorsareaandbisir=a+A (b - a)

Here, the position vectors of the two points (3. -2, -5) and (3, -2, 6)

are a=31-2j-5k and b = 31 - 2j+6krespectively.

-~ The vector equation of the required line is:

7 = 31 - 2j- 5k+ A[(3i — 2j + 6k) — (3i — 2j — 5K)]

7 =31 - 2j- 5k+ A (3i — 2j + 6k) — (3i — 2j — 5k)

7 =31 - 2j- 5k+ A (11Kk)

Now,

By using equation of a line that passes through two points (x1, y1, z1) and (x2, y2,z2) is.
X—X1 YY1 Z—Z1

X2—X1 - Y2=)1 - Z2—71

So, the Cartesian equation of a line that passes through the origin (3, -2, -5) and (3, -2, 6) is
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x3 _ y—(=2) _z-(=5)
3-3  (=2)-(-2) 6—(-5)
E _y+2 _z+5
o 0 11

~ The vector equation is
7=31-2f-5k+ A (11k)

The Cartesian equation is
x=3 _y+2 _z+5
o o 1

Question 10

Find the angle between the following pairs of lines
(i) 7 = 2i- 5j + k+ A (3i + 2j + 6k) and

7 =7i- 6k+ pu (i + 2j + 2k)

(ii) #=3i+j- 2k + A (i-j- 2jk) and

7 =2i-j- 65k +n (3i-5j-4k)

Solution:

Let us consider 0 be the angle between the given lines.
If 0 is the acute angle between 7 =a; + A b; and 7a; + u b, then

b1b,
CosO=|==.occoicinen. (1
059 = [51ks] (1)

(i) r=2i-5j+Kk+A(3i+2j+6k)and
7 = 7i - 6k + p(i+ 2j + 2k)
HereE:31+2j+6lAcandb_2):i+2j’+Zl?
SO, from equation (1), we have

3i+2j +6k),(i + 27 + 2k
Cos @ = |(|3i - +6k)”(i+2;+2,}|) ................ 2)
We know that,
|at + bj + ck|=VaZ +DbZ + 2
So,
|3t + 2 + 6k| =V32+22+62=V9+4+36=V49=7
And
|t +7 + k| =vV1Z+22+22=V1+4+4=19=3
Now, we know that
(a1 + bij + c1K), (ai + byJ + k) =araz + bibz + cicz
So,
(Bi + 2j + 6k).(i + 2j + 2k)=3x1+2x2+6x2=3+4+12=19
By (2), we have

19 19
Cosf=—=—

71333 21
0= cos1—

21

(i{i)#=3i +j + 2k+A(i— j— 2k)and
7= 2i— j— 56k +u(3i — 5] — 4k)
Here, by =i— j— 2k and b, = 3i — 5] — 4k
So, from (1), we have
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_|G—j—2k),(3i—5] —4k)
Cos 6= | li—j—2k||3i—5j—4k| | (3)

We know that,

|ai + b + ck| =vaZ +bZ + 2

So,

li—j— 2k| =12+ (-1)2+22=VI+1+4=V6=V3x2

And

|3i — 5j— 4k|= /32 + (—=5)2 + (—4)?=vV9 + 25 + 16 =50 = /2

Now, we know that

(a;1 + bij + 1K), (api + byj + k) =aiaz + bibz + C1C2

w(i—j— 2k), (31— 5]— 4k)=1x3+(-1)x(-5)+(-2)x(-4)=3+5+8=16
By (3), we have y .

Cos 6 = \/§X\/7x5\/§=5x2\/3=%

0= 005'1(5%)

Question 11

Find the angle between the following pair of lines:
N X—2 _y—1_z+3 dx+2_y—4_z—5
(i) —- =5 - an =

5 3 1 8 4
any X z X — — z —
(11)—=X=—and =Y
272 1 4 1 8
Solution:
We know that
If
X—X — 7Z—7 X—X - Z—7 . q
LY _ZA apd =22 =122 2781 416 the equations of two lines, then the acute angle
11 mq nq I m3 ng

between the two lines is given by

cos 0 = |31, + mym, + nyny .. (1)
N X—2 _y_—l_ﬁ x+2_y—4_z—5
)= =5 -Zad—=7 4

Here,a1=2,b1=5,c1=-3 and
az=-1,b2=8,c2=4

Now,
a b c

1= m = N=——..rrreune 2
VaZ+b2+c2’ VaZ+b2+c?’ VaZ+b2+c2 ( )
Here, we know that

Ja12+b12 +c12=4/22+52+ (—3)2=V4+25+ 9=+38
And
Ja22+b22+c22 =J(-1D)2+82+42 = V1+64+ 16=/81=9

So, from equation (2), we have
a1

2 b1 5 n C1 -3
—————————— 1 =T
/38’ / 38 / V38

a12+ by’ +cq2 a12+bq %+ cq2 a12+bq %+ c 2

And

1=
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ay -1 bz

_—= Y m; =—
322+b22+C22 322+b22+C22

~ From equation (1), we have

cos 0=|(755) (5) + (7)) + () G|

_ |—2+40—12| _ |4o-12 _ 26

Lz2-

|
O | ®
=}
[\S]
1
s8]
flry
)
+
o
fory
N
+
a
-
[N
|
|

9\/_26 9v38 | 9v38
9—c051EN_]
iy X y—2 z—3
(11)5:—_ d_:T:

Here,a1=2,b1=2,C1=1 and
az=4,b2=2,C2 8
Here, we know that

11:\/a12+b12+c12:x/22+22+12:\/4+4+ 1=49 =3
And

11:Ja22 +by’ +c2 =/(-1)2+82+42 =1+ 64+ 16=/81=9

So, from equatlon (2) we have

2 C1 1

a12+b1 +C1 a12+b1 +C1 312+b12+C12
4 _1 (¢ 8
2:—=— - Ny =Fr—— =
9’ ’ 9 9

a22+b22+c22 a22+b2 +C2 312+b12+C12

. From equation (1), we have

2 _ 4 2 1 1 8 8+2+8 18 2
=|Gx3) +(Gx3) + Gx3)| =[5 =55 =3
Cos§ |(3 9) K (3 9 A 3 9 27 27 3

0= c05'1(§)

Question 12

Find the value of p so that the lines
1-x _ 7y-14 _z-3 7-7x _y-5 _ 6—
BT & TR and 5 i —5 are at right angles.

Solution:

The standard form of a pair of Cartesian lines is:
X —X - Z—1Z7 X —X - Z—Z7
1:}’ Y1: 1and 2:}’ y2: 2 (1)

aq by cq ay by C2
So, the given equation can be written according to the standard form, i.e.
-(x-1) 7(-2) Z-3 -7(x-1) y—-5 —(z—-6)
— -~ 2 -""and = =
3 2p 2 3p 1 5
x=1 _y—-2 _7Z-3 x—1 _E_Z—6
ey and ey R (2)
Now, comparing equation (1) and (2), we get
2 -3
a1:-3,b1:7p,C1:2andaz:Tp,bz:1,Cz:-5

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,
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So, aiaz + bibz + ci1c2 =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 pis 70 /11

Question 13

Show that the line

x—5 +2 z X z -
— = y_—s =7 and 1= % =;are perpendicular to each other.

Solution:

The equations of the given lines are
x=5 a2 z x z
I _¥re _Zondi=2=2%

7 -5 1 1 2 3

Two lines with direction ratios is given as
ajaz + bibz + c1c2 =0
So, the direction ratios of the given lines are 7, -5, 1 and 1,2,3
i,e,a1=7,b2=-5,c1=1and
az=1,b2=2,c2=3
Now, considering
ajaz +bibz+cic2=7x1+(-5)x2+1x3
=7-10+3
=-3+3
=0
=~ The two lines are perpendicular to each other.

Question 14

Find the shortest distance between the lines
r=({+2j+Kk)+A(i-j+Kk)and
¥=2i-j-K+pu(2i+j+2Kk)

Solution:

We know that the shortest distance between two
Lines # = a; + Ab; and 7 = a; + b, is given as:
(b1x b3 ).(az—ay)

d= —
|b1xb2|

Here by comparing the equations we get,

a; =1+2j+k b, =1-j+kand

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

Now,

(xil+y1+ Z1i€) - (Xl+y2+ ZZE) = (x1-%2) I+ (y1 - y2)j+ (z1 - 22) k
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a,—a,=(20-7-K)-(1+2j+K)=1-3j-2k e (2)
Now,
bix by =(1-j+k)x (2i+]+2K)
i 7 K
=1 -1 1
2 1 2
=-37+3k
ob x by =-3i+3k e (3)
=|by x by| = /(=3)2+32=V9+9=VIBVZ oevervrren. (4)
Now,
(a1i + biJ + 1K), (@i + byJ + ck) =asaz + bibz + C1C2
(b x by), (@ x @) = (-31+3k), (1-3j-2k) = —3 —6=—9 ‘.. (5)

Now, by substituting all the values in equation (1), we get
The shortest distance between the two lines,
-9
d ‘9|ﬁ
= ?7 [ From equation (4) and (5)]

V2
Let us rationalizing the fraction by multiplying the numerator and denominator by v/2, we get
d = 3 BNEEN2

TVZiVE . 2
= The shortest distance is 3 V2/2

Question 15
Find the shortest distance between the lines
Sy _zbl a3 oS 27
7 - 6 1 2 E T
Solution:

We know that the shortest distance between two lines

x+1  y+1 z+1 X3 B0 £ 22T A
— =—=—and — =—=—is given as:
7 —6 1 -2 -2 1
X2—X1 Y2—YV1 Z2—Z1
ai by €1
a b c
d= - - L (1)

V(b1cz—bacq)?+(craz—cpaz)?+(arby—azby)?
the standard form of a pair of Cartesian lines is:
X—X1_ Y=y _Z-71 and X—Xp _Y~Y2 _Z7Z2

aq b1 C1 an bz Cc2
And the given equations are:
x+1 +1  z+1 x—3 -5 2-7
L Ve [ A

7 -6 1 -2 -2 1

Now let us compare the given equation with the standard form we get,
X1 = -1, V1= -1. Z1 =-1:

X2=3,y2=5,7Z2=7

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

az=1,b2=-2,c2=1

Now, consider
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X2—=X1 Y2=WN Z2— %11 |3—-(-1) 5—-(-1) 7—-(-1] |3+1 5+1 7+1
a by 1 |= 7 -6 1 =| 7 -6 1
a, b, 2 1 -2 1 1 -2 1

4 6 8
=7 -6 1
1 -2 1

=4(-6+2)-6(7—1) +8(-14 + 6)
=4(4)-6(6)+8(-5)
=-16-36 - 64
=-116
Now we shall consider
V(b1c; —byci)? + (craz — ¢za)? + (arb, — azby)?
=J(=6x 1) —(—2x1)2+ ((1x1) — (1x7)%+ ((7x — 2) = (1 x = 6))?
=J((m6x 22+ (1=7)2+ (14 + 6)2 =+/(B2 F (—6)? + (-8)2
=V16 +36 + 64 =116
By substituting all the values in equation (1), we get
the shortest distance between the two lines,

-116] 116
d= |ﬁ = == /116 = 2v/29
~. The shortest distance is 2v/29

Question 16

Find the shortest distance between the lines whose vector equations are
r=a;+A(T-3j +2k)and
T =47 +5j - 6Kk + n(2i + 3j + k)

Solution:

We know that shortest distance between two lines
I =a; +Ab; and T =a, + pb, is given as:

(1)

Here by comparing the equation we get,

a;=i+2j+3k, b, =1-3j+2kand

a, =4i+2j+3k, b, =21-3j+k

Now let us subtract the above equations we get,

(xaf + yif + 1K) - (xoi+ y2j + 22k) = (x1 - x2) T+ (y1 - y2) | + (z1 + z2) k
a,-a;=(41+57+6Kk) - (1 +2] +3k) =31+ 3]+ 3K wceeo.ce.. (2)

And,

bTij = (i+ 3j+ 2k) x (21 + 3] + k)

i 7 k
1 -3 2
2 3 1
=-91 + 3]+ 9k
=b; X by =- 91+ 3] + IRevreeeren.. (3)

=[by x by|=/(=9)2 +32+92=vBT + 9+ 81 =V171=3VI9  cccooorccrn (4)

(b1xby),(a7—a1)

|b1Xb—2)

d=
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Now by multiply equation (2) and (3) we get,
(aif + b1f + 1K), (azf + b2j + c2K) = azaz + bibz + cicz
(byxDby), (@, — 35) = (-91+ 3] +9K).(31+ 3]+ 3k) =-27+9+27=9 ...(5)
By substituting all the values in equation (1), we obtain
The shortest distance between the two lines.

9 9 3
4= 575l =3vm =75
». The shortest distance is 3v/19

Question 17

Find the shortest distance between the lines whose vector equation are
7 =(1-t)i+(t-2)j+ (3 -2t)kand
¥ =(s+1)i+(2s-1)j- (2s + 1)k

Solution:

Firstly, let us consider the given equations
=7 =(1-ti+(t-2)j+ (3 -20k

a

r=0-ti +tj-2j+3k-2k

7 = 12§43k + t (1+ - 2K)

=7 =(s+1)i+ (2s- 1)j- (2s + Dk

T =si+i +2s j- j-2sk-k

7 =i-j+k+s ([ +2j-2Kk)

So now we need to find the shortest distance between

7 =1-2j+3k+t(-i+j-2k)andF=1-j -k +s (i + 2j - 2k)

We know that shortest distance between two lines
¥ =a; +Ab; and 7 = a, + pb, is given as:

— (EX E)J(ﬁ_@ (1)
|EX b_2)| ................

Here by comparing the equations we get,

a;=i-2+3k b, =—i+j-2kand

a =1—j-kb,=1+2j-2k

Since,

(xaf + yif + Z1K) - (x2f + y2j + 22K) = (x1 - x2)1 + (y1 - y2)f + (z1 - z2)k
So,

a;—a, =(0-7-k-0-27+3K)=7-4k (2)
And,
b_l)Xb_z):(—i+T-2R)X(f+2j-2E)
i j k
=l-1 1 -2
1 2 -2
= 21- 4j- 3k
=>b, x b, =21-45-3k (3)
=>[by X by| =22+ (—4)2 + (=3)2=VE4+ 16 +9=V29 s (4)

Now, by multiplying equation (2) and (3) we get,
(a1f + b1j + c1K), (@zf + baj + c2k) = a1az + bibz + cic2
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(bixb, )@ — @)= (21— 4 —-3k), §—4k) =-4+12=8 s (5)
By substituting all the values in equation (1), we obtain
The shortest distance between the two lines.

a=|2-2
~ V29l T V29
~ The shortest distance is 8v29

Exercise 11.3
Question 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:

(a)z=2

Given:

The equation of the plane,z=2or0x+ 0y +z=2 .... (1)
Direction ratio of the normal (0, 0, 1)

By using the formula,

V(0) 2+ (0)2 + (1)2] = V1

=1

Now,

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

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

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 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) 2+(1)2+(1)2]=V3

Now,

Divide both the sides of equation (1) by V3, we get
x/ (V3)+y/ (V3) +z/ (V3) =1/V3

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

Where, 1, m, n are the direction cosines and d are the distance
= The direction cosines are 1/v3, 1/v/3, 1/V/3
Distance (d) from the origin is 1/V3 units
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(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[(2)2+(3)2+(-1)2] =V14

Now,

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

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 2/vV14, 3/V14,-1/V14
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)

By using the formula,

V[(0) 2+ (-5)2 + (0)2] =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, |, m, n are the direction cosines and dare the distance
=~ The direction cosines are 0, -1, 0

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

Question 2

6262969699

Find the vector equation of a plane which is at a distance of 7 units from the origin and normal

to the vector. 3i + 5§ — 6k.
Solution:
Given:

The vector 31 + 5] - 6k.
Vector eq. of the plane with position vector T is

T e S (1)
So,
~ 7@ _ 3145j—6k
=R T VorasTae
31457—6k
V70

Substituting in equation (1), we get
2 31+5/7—6k _ 7m

"N70
# .31+ 57— 6k = 74/70
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- The equation vector equation is #,31 + 5] — 6k = 74/70

Question 3

Find the Cartesian equation of the following planes:
@rFd+j-k)=2
Solution:

Given:
The equation of the plane.
Let 7 be the position vector 08f P (x, y, z) is given by
7 =xI +yj+ zk
So,
FA+j—k)=2
Substituting the value of 7 . we get
(xi+yj+zk).(A+]—k) =2
-~ The Cartesian equation is
X+y-z2=2

(b)7.(21+3j—4k) =1
Solution:

Let 7 be the position vector of P(x, y, z) is given by
P=xi+yf+zk

So,

721+37 -4k =1

Substituting the value of 7, we get

(x4 yj+zk).(21 + 3] —4k) =1

= The Cartesian equation is

2x+3y-4z=1

() 7[(s-20)i+ (3-0)j+(2s +)k] =15
Solution:

Let 7 be the position vector of P (x, y, z) is given by

#= xl +yj+zk

So,

7[(s-20)i+(3-t)J+(2s+t) k] =15

Substituting the value of 7, we get

(i +yf+zk).[(s- 201 + 3-t)j+ (2s + k| =15
=~ The Cartesian equation is

(s-20)x+ 3-ty + (2s + )z =15

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

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

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

()x+y+z=1

(d)5y+8=0

Solution:

(@A)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). 2x + 3y + 4z =12
. (1)
Direction ratio are (2, 3, 4)
VI[(2)2+(3)2+ (4?2 =V (4+9+16)
=29
Now,
Divide both the sides of equation (1) by V29, we get
2x/ (V29) + 3y/ (\/29) + 4z/ (V29) = 12//29
So, this is of the form Ix + my + nz = d
Where, |, m, n are the direction cosines and dare the distance
= The direction cosines are 2/v/29, 3/v/29, 4//29
Coordinate of the foot (ld, md, nd) =
= [(2/7/29) (12/7/29), (3/V/29) (12//29), (4/729) (12/V/29)]
=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,y,z). 0Ox + 3y + 4z =6
. (1)

Direction ratio are (0, 3, 4)

VI(0)2 +(3)2 + (49)2] =V (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, |, 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

(cJx+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+y+z=1 ... (1)
Direction ratio are (1, 1, 1)

V12 + (1)2+ (1)2]

=V (1+1+1)

=3

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

1x/ (V3) + 1y/ (V3) + 1z/ (V3)

= 1/+/3 So this is of the form Ix + my + nz

=d Where, ], m, n are the direction cosines and d are the distance
~. The direction cosines are 1/v3, 1/v3, 1/v/3

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

= [(1/¥3) (1/¥3), (1/¥3) (1/¥/3), (1/¥3) (1/¥/3)]
=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,y, z).0x-5y +0z =8 ....
(1)

Direction ratio are (0, -5, 0)

V [&0)2 +(-5)2 + (0)2] =V (0 + 25 + 0)

=v25

=5

Now,

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

0x/ (5) - Sy/ (5) + 0z/ (5) =8/5

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 0, -1, 0

Coordinate of the foot (I1d, md, nd) =
=[(0/5) (8/5), (-5/5) (8/5), (0/5) (8/5)]
=0,-8/5,0

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

Solution:

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

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

a=(i-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:

(#-d).N=0

Now,

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

Xx-2y+z+1=0

Xx-2y+z=-1

=~ The required Cartesian equation of the planeisx - 2y +z=-1
(7-(-2k).i+7—-k=0 . (D)

Since,
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Pty

+ yj + zk

i

=X
So, equation (1) becomes,
xI+yj+zk—1i+2k).i+j—k=0
[(x-1)=1+yj+(z+2)k].i+j—k=0
x-1+y-z-2=0

x+y-z-3=0

=~ The required Cartesian equation of the planeisx+y-z=3

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

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

a= (Ii" — (2j)" + 6k)

We know that the normal N1 to the plane is given as:
N=1-2j+k

Vector equation of the plane is given as:

(t-3).N=0

Now,

F-(i+4+6k).i—2j+k=0 ... (1)
Since.

So, equation (1) becomes,
xi+yj+zk—1—4j—6k)i—2]+k=0
[(x-1D)i+(y-4)j+(z-6)Kk]. 1—2]+k=0
x-1-2y+8+z-6=0

x-2y+z+1=0

x-2y+z=-1

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

Question 6

Find the equations of the planes that passes through three points.0
(a) (1! 1, _1)1 (6, 4, _5)! (_4‘: -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

=16 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.
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(b) (11 11 0)1 (1’ 21 1); (_2: 2: _1)
The given points are (1,1,0), (1, 2, 1), (-2, 2, -1).

Let,

1 1 0
=1 2 1

-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, y1, z1), (X2, y2, Z2) and (X3, y3, Z3), i.e.,
X=X Y=V Z—2
Xo=X1 YV2—=N 22— 21
X3—X1 YV3—V1 Z3— 2
Let us substitute the values and simplify
x—1 y—-1 2z
=|X2 — 1 Vo — 1 Z)
x3=1 y3—=1 z3
X R ~
=11 2—1" 1
— 2
x—1 y—1 z
=] 0 1 1
-5 1 -1
=>x=-1)(2)-(y-1)(8) +3z=0
=>-2x+2-3y+3+3z=0

=2x+3y-3z=5

=~ The required equation of the plane is 2x + y -z = 5.

Question 7

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

Given:

The plane 2x+y-z=5

Let us express the equation of the plane in intercept form
x/a+y/b+z/c=1

Where a, b, c is the intercepts cut-off by the plane at x, y and z axes respectively.
2X+y-z=5 (D

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

2x/5+y/5-z/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.

Question 8
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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

Question 9

Find the equation of the plane through the intersection of the planes 3x -y +2z-4=0and x +
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
(3x-y+2z-4) + A (x+y+2z-2) =0 and the plane passes through the points (2, 2, 1).
So,(3x2-2+2x1-4)+A(2+2+1-2)=0

2+312=0

3A=-2

A=-2/3 i (D

Upon simplification, the required equation of the plane is givenas (3x-y +2z-4)-2/3 (x+y+z-2)
=0

(O9x-3y+6z2-12-2x-2y-2z2+4)/3=0

7x-5y+4z-8=0

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

Question 10

Find the vector equation of the plane passing through the intersection of the planes7. (21 +
2]—3K) =77 (I +5]+3k)=9

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

Solution:

Let the vector equation of the plane passing through the intersection of the plane are
.21+ 27—3k)=7and 7. (21 + 57+ 3k) =9

Here.
PRI+27-3k)-7=0 e (1)
#21+57+3k)-9=0 (2)

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

[F21 + 27— 3k) - 7] + A [#(21 + 57+ 3k) -9] = 0

P[2T+ 27— 3K) + (2AT+5A7+3Ak)]-7-91=0
PIR2+20)T+(2+507+(-3+3A0)k]-7-92=0 e (3)

Since the plane passes through points (2, 1, 3)
QI+2]=3k).[2+20)1+(2+5X0)7+(-3+3A0)k]-7-91=0
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4+4A+2+51-9+9A-7-9A=0

92 =10

A=10/9

Sow, substitutingA = 10/9 in equation (1) we get.

7. ;(2+j?z)i+(2+zgz)j+ (—3+33030)A12]—7—9% =0
T. :(2+g)i+(2+g)j+(—3+ g)lf]—lho

T. 3&2+ES)1+3(2]+;)j+(—3+ ?)k] =17

7. |=1+=]+=k| =17

F.[398i+28j+9312]=153

=~ The required equation of the plane is ?[38? + 68] + 31A<] =153

Question 11

6262969699

Find the equation of the plane through the line of intersection of the planes x +y + z = 1 and 2x

+ 3y + 4z = 5 which is perpendicular to the planex -y + z = 0.
Solution:

Let the equation of the plane that passes through the two - given planes
X+y+z=1and 2x+3y+4z=5is
(x+y+z-1)+A(2x+3y+4z-5)=0
(CA+)x+(BA+1)y+ (42 +1)Z2-1-5A=0...coccvrrunnen. (1)
So, the direction ratio of the plane is (2A+ 1,34+ 1,4A + 1)
And direction ratio of another plane is (1, -1, 1)

Since, both the planes are L

So, by substituting in aiaz + bibz + c1c2 =0
(2A+1-3A-1+4A+1=0

2A+1-3A-1+42+1=0

3A+1=0

A=-1/3

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

22+ 1)x+ 32+ 1)y +(4 2 +1)2-1-552 =0

1 1 2
-x--z+-=0
37 3 3
Xx-72+2=0

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

Question 12

Find the angle between the planes whose vector equations are
7.(2i+2j-3k)=5,7 (31 — 3] — 5k) = 3.

Solution:

Given:
The equation of the given planes is
7.(21+2f—3k)=5and # (31— 3]+ 5k) =5
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If n1 and nz are normal to the planes, then
T_l),ﬁ_;=dz and?‘;.ﬁ;= d>
Angle between two planes is given as

n n
CosH = |—===%

1l Inal
6 —6-—15 |

\/4+4+9\/9 +9+25
| —15

o=cost(5)

als
= cos(75;)
= The angle is cos'! (15/v/731)

Question 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.

(aA) 7x+5y+6z2+30=0and 3x-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

(e)4x+8y+z-8=0andy+z-4=0

Solution:
(a) 7x+5y+6z2+30=0and 3x-y-10z+4 =0

Given:

The equation of the given planes are

7x+5y+6z+30=0and 3x-y-10z+4=0

Two planes are L if the direction ratio of the normal to the plane is
ala2 +b1lb2 +clc2=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; _by _cq

ay bz Co
7 , 5 6
3F S [both the planes are not ||to each other]

Now, the angle between them is given by

ajaz+biby+cicy

CosH =
\/a1zb1zc12\/azzbzzczz
—44
CosH =
\/49 +25 + 3649 + 1 +100
- \/110\/110
110
12
0 = cos1=
5
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=~ 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 1 if the direction ratio of the normal to the plane is
alaZ +b1lb2 +clc2=0

2x1+1x(-2)+3x0=0

=~ The given planes are 1 to each other.

(c)2x-2y+4z+5=0and 3x-3y+6z-1=0

Given:

The equation of the given planes are

2x-2y+4z+5=0andx-2y+5=0

We know that, two planes are 1 if the direction ratio of the normal to the planeisajaz + by b2+ c1 c2
=0

6+6+2436%0

-~ 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; _by _cg
an - bz - C2

2 -2 4
3 -3 6

2 2 2

333

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

(d)2x-2y+4z+5=0and3x-3y+6z-1=0

Given:

The equation of the given planesare 2x -y +3z-1=0and 2x-y+3z+3=0

We know that, two planes are 1 if the direction ratio of the normal to the plane is
ataz+bib2+cic2=0

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

140

=~ 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
a1_bi_«a

a, by o
173

1
~ The

RN N
1= 1l

iven planes are || to each other.

09 —

(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
aiaz + bib2+cic2=0

0+8+1
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9«0
=~ Both the planes are not 1 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_bi_<
ap - bz - C2

=~ Both the planes are not || to each other.
Now let us find the angle between them which is given as

ajaz+biby+cicy

CosH =
Ja12b12012J322b22C22

4x04+8x1+1+4x1
V16+4+64+1v/0+1+1

CosO =
9

T o2

9
® = cosl—
9/2

= cos IS
<o)
=450

=~ The angle is 459°.

Question 14

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

Point Plane

(a) (0,0,0) 3x-4y+12x=3
MBE,2,1) 2x-y+2z+3=0
(c) (2, 3,-5) X+2y-2z=9

(d) (-6,0,0) 2x-3y+6z-2=0
Solution:

(a) point plane

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

We know that, distance of point P (x1, y1, z1) from the plane Ax + By + Cz-D =0 s

Given as:
d= AX1+BY1+CZ1—D|
| vazZyBZ+c?
Given pointis (0, 0, 0) and the plane Is 3x - 4y + 12z =3
d=|o+0+o+3

VO +16 + 144

= [3/V169]

=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 (x1, y1, z1) from the plane Ax + By + Cz - D = 0 is given as:
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d= Axq1+By1+Cz1—D

| VAZ+BZ+C2
Given point is (3, -2, 1) and the plane is 2x-y + 22+ 3 =0
d= |6 +2+2+3

Virita

=13/V9|
=13/3
=~ The distance is 13/3.
(c) Point Plane
(2,3,-5) X+2y-2z2=9
We know that, distance of point P (x1, y1, Z1) from the plane Ax + By + Cz - D = 0 isgiven as:
d= Axq1+By1+Cz1—D

VAZ+BZ+ (2
Given pointis (2, 3, -5) and the planeisx + 2y - 2z=9
d= | 2+6+10-9

Vitd+4

=9/+/9]
=9/3
=3
=~ The distance is 3.

(d) Point Plane
(-6,0,0) 2x -3y+6z-2=0

We know that, distance of point P(x1, y1, z1) from the plane Ax + By + Cz - D = 0 is given as:
Ax1+By1+Cz1—D

d= e
Given point is (-6, 0, 0) and the plane is 2x -3y + 6z-2 =0
4= |—12—o+0—2
VE+9+36
= |14/+/49|
= 14/7
=2

~ The distance is 2.

Miscellaneous Exercise

Question 1

Show that the line joining the origin to the point (2, 1, 1) is perpendicular to the line
determined by the points (3, 5, -1), (4, 3, -1).

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 = (al,b1,c1)=[(2-0),(1-0),(1-0)]=(2,1, 1)
And the direction ratios of BC = (a2,b2,c2)=[(4-3),(3-5), (-1 +1)] =(1,-2,0)
Given:

OAis L to BC

Now we have to prove that:

For more Info Visit - www.KITest.in

11. 28




For Enquiry — 6262969604 6262969699

ajaz + bib2 + c1c2=0

Let us consider LHS: ai1az + bib2 + cic
ataz +bib1+cic2=2x1+1x(-2)+1x0
=2-2

=0

We know that R.H.Sis 0

So LHS = RHS

~ 0Ais 1 toBC

Hence proved.

Question 2

If 11, m1, n1 and Iz, mz, n2 are the direction cosines of two mutually perpendicular lines, show
that the direction cosines of the line perpendicular to both of these are (minz- mzn1), (n1l1-
nzly), (lamz- lzmy)

Solution:

Let us consider |, m, n be the direction cosines of the line perpendicular to each of the given lines.
Then, lI1 + mm1 +nn1=0 ... (1)
Andll2+mm2 +nn2=0 ... (2)
Upon solving (1) and (2) by using cross - multiplication, we get
1 m n

my Ny — MpNy 1 n;l; —nyly B lim; —l;my
Thus, the direction cosines of the given line are proportional to
(min1 = mzn1), (n1lz - n2l1), (limz - lmy)
So, its direction cosines are
m;n; — myng Nyl —nyl; lym; —1;my

A A A
Were
A :\/(mlnz —myny)? + (ngl; —nyly)? + (Iym; — I;my)?
We know that
(1,2 +m; 2+ 0y 2) (1,%+ my2 + 1,2) - (lilz + mimy + niny)?

=(m1n2 - m2n1)2 + (nllz— n211)2 + (11m2 - 12m1)2 ................. (3)
It is given that the given lines are perpendicular to each other.
So, lilz + mim2 + nin2=0
Also, we have
2+ my%+n2=1
And, L%+ m,% +n,2 =1
Substituting these values in equation (3), we get
[m1n2 - m2n1)2 + (nﬂz - n211)2 + (11m2 - 121’1’11)2 =1
A=1
Hence, the direction cosines of the given line are (minz - mzn1), (nil2 - nzl1), (limz - lomy)

Question 3
Find the angle between the lines whose direction ratios area,b,cand b -c,c-a,a-b.

Solution:
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Angle between the lines with direction ratios al, b1, c1 and a2, b2, c2 is given by

ajaz+biby+cicy

Ja12b12012J322b22C22

Cos 9 =

Given:

ai=a,bi=b,c1=c

az=b-¢cb2=c-a,c2=a-b

Let us substituting the values in the above equation we get.
a(b—c) +b (c—a)+c (a—b)

Cost :|\/az +bZ +c2/(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°.

Question 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 (x1, y1, z1) and parallel to a line with direction
ratios a, b, cis

X—X1 il Y=y1 _ 271

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=1,b=0,c=0

= Equation of Line is given by
ﬂ _y—-0 _z-0

1 0 0
-0
0

=l Ra

Question 5

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

Solution:

We know that the angle between the lines with direction ratios a1, b1, c1 and a2, b2, c2 is given by

aiaz+biby+cicy
Jalzb12C12J322b22C22
So, now, a line passing through A (x1, y1, z1) and B (x2, y2, z2) has direction ratios (x1 - x2),
(y1-y2), (z1-22)
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)
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~a1=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)

~a2=6,b2=6,c2=8

Now let us substitute the values in the above equation we get,

ajaz+biby+cicy

\/312b12C12\/322b22C22
3 X 6X%X3X%xX6+4 %8 |

V32+ 324+ 42762+ 62+ 82
18+18 + 32 |

- V9 +9+16+/36 + 36 + 64
68
e
3 | 68
" |V3avax3a
68
B |34 X 2
Cosb6=1
So, 8 = 0° [ since, cos 0 is 1]
Hence, Angle between the lines AB and CD is 0°.

CosH =

CosO =

Question 6

If the lines

xg;kl J ? = % d J:—kl — ? = % are perpendicular, find the value of k.
Solution:

We know that the two lines
X—X - Z—1Z7 X—X — Z—1Z7 .

LR A s R Land =22 =122 — 2 which are
ag by C1 a by C2

perpendicular to each other if aiaz + bib2 + c1c2=0

It is given that:
= ¥-F &>

-3 2k 2
Let us compare with
X—=X1 _yY—V1 _ Z—12
al B b1 - C1
We get -

X1=1,y1=2,Z1=3
Andai=-3,b1=2k c1=2
Similarly,

We have

Let us compare with
X7X2 _Y7V2 _ 2772
az by 2
We get -
x2=1,y2=2,722=3
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Andaz;=3k b2=1,c2=-5

Since the two lines are perpendicular,
aiaz + bib2 + cic2=0

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

-9k +2k-10=0

-7k =10

K=-10/7

7

~ The value of kis - 10/7.

Question 7

Find the vector equation of the line passing through (1, 2, 3) and perpendicular to the plane
£ (i+2j-5k)+9=0

Solution:

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

F=3+Ab

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

So,a=1Ii+2j+3k

Let us find the normal of plane

= (i+2§-5k) +9=0

t=(i+2j-5k)=-9

T=(1+2§-5k)=9

L (-1i-2§+5k)+9=0

Now compare it with ¥.n = d

n=-1-2j+5k

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

Hence,

t=(li+2j+3k)+A(-1-2]+5k)

t=(I1+2j+3k)-A(i+2j-5k)

». The required vector equation of line is ¥ = (If + 2j + 3k) - A (1 + 2j - 5k)

Question 8

Find the equation of the plane passing through (a, b, c¢) and parallel to the plane
fL@+j+k)=2

Solution:

The equation of a plane passing through (x1, y1, z1) and perpendicular to a line with direction ratios
A, B, Cis given as

AXx-x1)+B(y-y1)+C(z-z1)=0

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

So,x1=a,yi1=b,z1=c
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Since both planes are parallel to each other, their normal will be parallel
=~ Direction ratio of normal of 7. (i + j+ E)

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-x1)+B(y-y1)+C(z-2z1)=01(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

Question 9

Find the shortest distance between lines
F=(6i+2j+2k)+A(li-2j+2)and £ = (- li- k) + p ( 3i- 2j - 2k)

Solution:

We know that the shortest distance between lines with vector equations
F=a; +Ab, andf=a, +Aby is given as
(b;xby). (a3 — ay)
|b1x by |

It is given that:

t=(61+2]+2k) +A(li-2]+2)

Now let us compare it with ¥ = a; + Ab,, we get

a; =(-4i-K)andb; = (1i-2j- 2)

Similarly,

= (-41-Kk) + (31 - 2§-2)

Let us compare it witht = a; + A b_z), we get

@,= (-41- k) and b, (31 - 2§-2k)

Now,

(a;-a7) = (-41-k) - (61+2]+ 2k
=((-4-6)i+(0-2)j+(-1-2) k)
=(-10i- 2§ - 3k)

And,

N A N

(bixby)={1 -2 2
3 -2 =2

[(-2x-2)-(-2%x2)]-F[(1%x2)-(3%x2)-(3x2)]+k[(1x-2)-(3x-2)]

= 81+ 8j + 4k
So, magnitude of byx b, = |b; X by|=V82 + 82 + 42 =64 + 64 + 16
=/ 144

=12
Also,
(byx by). (@;-a;) = (81 + 8] + 4Kk). (-10i - 25 - 3K)
=-80 + (-16) + (-12)
=-108
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Hence the shortest distance is given as
— (bg Xbp).(az—ay) — |_108| — |_9|
[b1x by 12
=9
~. The shortest distance between the given two lines is 9.

Question 10

Find thee coordinate 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 passing through two points with position vectors @ and b is
given as

t=3+A(b-3)

So, the position vector of point A (5, 1, 6) is given as

a=5SiFpEek N A (1)
And the position vector of points B (3, 4, 1) is given as
b=31+4]+K.orrrrren 2)

So, subtract equation (2) and (1) we get
(b-3)=(31+4]+Kk) -(51+] + 6K)
=(3-5)i+(“4-1)j+(1-6)k
= (-2 + 3j- 5Kk)
r=05i+j+6Kk)+A(-21+3j-5k) (3)
Let the coordinates of the point where the line crosses the YZ plane be (0, y, z)
So,
P = (01 +y] +2zK)orerrrrnnns (4)
Since the point lies in line, it satisfies its equation,
Now substituting equation (4) in equation (3) we get,
(01 +yj +zk) = (51 +j + 6K) + A (-21+ 3] - 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
5=2A
A=5/2
y=1+3A..(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=6-5A
=6-5x(5/2)
=6-(25/2)
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=-13/2
=~ The coordinates of the required point are (0, 17/2, -13/2).

Question 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 d and b
is given as

r=3+A(b-3)

So, the position vector of point A (5, 1, 6) is given as

a=5t+f+6k (1)
And the position vector of point A (5,1,6) is given as
=3 A 090 .- (2)

So, subtract equation (2) and (1) we get
(b-3)=(3i+4j+K) - (51+]+6K)
=(3-5)i+(“4-1j+(1-6)k
= (- 21 + 3§ - 5K)
P =(51+]+6K)+A(-21+37-5K) wcovevrennas (3)

Let the coordinates of the point where the line crosses the ZX plane be (0, y)
So,
F=(xi+ 0]+ zK)errrirerennns (4)
Since the point lies, satisfies its equation,
Now substituting equation (4) in equation (3) we get,
(xi + 0] + zk) = (51 +] + 6k) + A(-21 + 3] + 5k)
=(5-20) 1+ (1 +31)j+(6-50k
We know that, two vectors are equal if their corresponding components are equal

Substitute 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=6-5A

=6-5x(-1/3)

=6+ (5/3)

=23/3
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=~ The coordinates of the required pointis (17/3, 0, 23/3).
Question 12

Find the coordinates of the point where the line through (3, -4, -5) and (2, -3, 1) crosses the
plane 2x +y+z=17.

Solution:

We know that the equation of a line passing through two points A (x1, y1, z1) and B (x2, y2, z2) is given
35)41 _ Y-y _ 72771

X2—X1 B Yy2=Yy1 - Z2—Z1

It is given that the line passes through the points A (3, -4, -5) and B (2, -3, 1)
So,x1=3,y1=-4,21=-5

And, x2=2,y2=-3,22=1

Then the equation of line is
x—=3 _y=(=4 _z=(-5

2-3 —3-(-4) 1-(-5)

x =3 +4 z+5
1 1 6

So,x=-k+3|,y=k-4|,z=6k-5 = ... (D

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 substitute the value of k in %, 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).

Question 13

Find the equation of the plane passing through the point (-1, 3, 2) and perpendicular to each
of the plane’sx+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-x1)+B(y-y1)+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

A(x+1)+B(y-3)+C(z-2)=0...... (1)

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

3 x b is perpendicular to both 3 and b
So, required normal is cross product of normal of planes
Xx+2y+3z=5and3x+3y+z=0
i j k
1 2 3
3 3 1
i[2(1) -3(3)] -J[1(1) - 3(3)] + k[ 1(3) - 3(2]]
i[2-9]-j[1-9]+Kk[3-6]

=-71+8j-3k
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
7(x+1)+8(y-3)+(-3)(z-2)=0
-7x-7+8y-24-32+6=0
-7x+8y-3z-25=0
7x-8y+3z+25=0
~. The equation of the required plane is 7x - 8y + 3z + 25 = 0.

Required Normal =

Question 14

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

Solution:

We know that the distance of a point with position vector @ from the plane r.1l = d is given as

an—d
||

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

ar=11+ 1j+pk

And the position vector of point (-3, 0, 1) is given as

a,=-31+0j+1k

It is given the points (1, 1, p) and (-3, 0, 1) are equidistant from the plane

7.(31+4j-12k)=13=0

So,

(1i+1j+p12).(3i+4j—1212)+13|_ (-3i+0j+1k). 3i+4j—12k)+13
V32 + 42 + (—12)2 V32 + 42 + (—12)2
3+4—12p+13 |—9+0—12+13|
VO + 16 + 144 VO +16 + 144
20—12p |
V169
|20—12p|—8
20-12p=+8

20-12p=8or,20-12p=-8
12p=12or,12p=28p=1or,p7/3
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=~ The possible values of pare 1 and 7/3
Question 15

Find the equation of the plane passing through the line of intersection of the planes
7.(i+ j+ k) =1and?. (2i + 3j— k) + 4 = 0 and parallel to x - axis.

Solution:

We know that,

The equation of any plane through the line of intersection of the planes

7.ny =djand 7. n; = d, is given by (.n;, = dy) + A(*.n; = d;) =0

So, the equation of any plane through the line of intersection of the given planes is
[7.(i+j+ k)—1]+A[7.(-2i+-3j+ k)—4] =0

.((1—2/1)i+ (1-30j+ (1-Dk)-1-42=0

.((1—2,1)i+(1—3,1)j+(1+/1)12)=1+4/1 .................. (1)

Since this plane is parallel to x - axis.

So, the normal vector of the plane (i) will be perpendicular to x - axis.
The direction ratio of Normal (a;, by,c;) = [(1=22), (1-32),(1 +)]
Since the two lines are perpendicular,

aa; + ble A CCy = 0

(1-22) x1+(@1-32) X0+ (1+1) x0=0

1-22)=0

=

=

A=1/2
Substituting the value of 4 in equation (1), we get

?.((1—2/1)i+ (1-30j+ (1+/1)12)=1+ 42
?.((1—2 (%)>i+<1—3 (%))H (1+ %)l}>=1+4 (%)
7.(00—j+3k)=6

~ The equation of the required plane is 7. (Oi —j+3 E) =6

Question 16

If O be the origin and the coordinate of P be (1, 2, -3), then find the equation of the passing
through P and perpendicular to OP.

Solution:

We know that the equation of a plane passing through (x;, y;,z;) and perpendicular to a line with
direction ratio A, B, C is given as

A-x)+B(y-»)+C(z-2)=0

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

So,xy =1Ly, =2,z = -3

Normal vector to plane is = oP

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

So, direction ratio of OP is = (1-0),(2-0),(-3,0)

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

Equation of plane in Cartain form is given as
1(x-1)+2(y-2)-3(z-(-3))=0
x-1+2y-4-3z2-9=0

Xx-2y-3z-14=0

= The equation of the required planeisx + 2y -3z -14=0

Question 17

Find the equation of the plane which contain the line of intersection of the planes 7. (i +2j+
3 k—4=0andr.2 i+ j+ £+5= 0 and which is perpendicular to the 7. 57/+3 /-6 £+8=0

Solution:

We know,
The equation of any plane through the line of intersection of the planes
7.ny =djand 7. n; = d, is given by (7.n; — d;) + A (#.n; = dy) =0
So, the equation of any plane through the line of intersection of the planes is
[F(1+2j+3k)—4]+ 2[F.(-2i— j+ k) =5] =0

F(@=-20i+ 2= DB+ Dk)-4-51=0
F.((l—ZA)i+ (2 - DjGE+ ;1)12)—4—5,1 .................... 1

Since this plane is perpendicular to the plane

7.(5i+3j+ k)+8=0

7.(5{+3j+ k)=-8

7.(5143f+ k) =8 2

So, the normal vector of the plane (1) will be perpendicular to the normal vector of plane (2)
Direction ratios of normal plane (1) = (a;, by, ¢;) = [(1 —24),2—-21),(3+ )]
Direction ratios of normal plane (2) = (a,,b;,¢c;) = (—5,—3,6)

Since the two lines are perpendicular,

aa; + bzb + CrCy = 0

A-22) x(-5+ 2-2) x(-3)+ B+ 1) x6=0
-5+104-6+31+18+641=0

191+7=0

A= =7/19

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

F.((1—u)z+(2—/1)}+(3+A)12):4+5/1

) — 17\ . -\ . [-7\- —7
r_<(1_z(F))l+(z_(E))H(E)k)zm(ﬁ)
_ /33 45 50\ 41

T.(El-I-E]-I-Ek):E

7.(331+45]+50k) = 41

=~ The equation of the required plane is 7. (33 {+45j+50 E) =41
Question18
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Find the distance of the point (-1, -5, -10) from the point of intersection of the line
= (2i—j+2k)+A(31 + 4] + 2k ) and the planef (i—j+ k) = 5

Solution:

Given:

The equation of line is

r= (21 —j+ 2k) +A(31 + 4] + 2k) IR & )
And the equation of the plane is given by
E(i—7+k) =5 (2)

Now to find the intersection of line and plane, substituting the value of r from equation (1) of line
into equation of plane (2), we get
[(21—5+2k) + 2 (Bi+4j+2k)].(1—j+ k) =5
[2+30)i+ (-1+40)j+ 2+ 20k].(1-j+k) =5

(2+31) X 1 + (-1+4A4) X (-1) + (2+21) X 1=5
2432+ 1-41+2+21=5
So, the equation of line is

= (21—7j+ 2k)
Let the point of intersection be (x, y, z)
So,

r=xi+yj+ zk
xi +vyj +zk = 21 —j + 2k

Were
x=2,y=-1,z=2
So, the point of intersection is (2, -1, 2).
Now, the distance between points ( Xq,y;,z;) and X3, y,, Z, is given by
V&= %2)2 + (71 —y2)? + (21 — 22)? Units
Distance between the points A (2, -1 2) and B (-1, -5, -10) is given by
AB=(2— (-1D)?+ (-1 - (-5)% + (2 — (-10))?

=(3)2 + (4)? + (12)?
=9+ 6+ 144

=169

= 13 units

~ The distance is 13 units.

Question19

Find the vector equation of the line passing through (1, 2, 3) and parallel of the planes
r(i—-j+2k)=5and r.(3i+j+k)=6

Solution:

The vector equation of a line passing through a point with position vector a and parallel to a vector b
is
r=a+Ab
[t is given that line passes through (1, 2,3)
So,
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a=1i+2j+3k
[t is also given that the is 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 X b is perpendicular to both @ and b
So, b is cross product of normal of plane r_(i -+ ZR) = 5and F(Bi —-j+ R) =6

~

i J k
Required Normal=|1 —1 2
3 1 1

i[(-D( - 1(2)] - j[1(1) = 3(-1)
i[—1—-2] —j[1 —6] +Kk[1+ 3]
=-31+ 5] + 4k
So,
b=-31+ 5j + 4k
Now, substitute the value of a&b in the formula, we get
r=a+Ab
= (11 + 2j + 3k) + A(—31 + 5] + 4k)

=~ The equation of the line is
I = (11 + 2j + 3K) + A(—31+5j + 4k)

Question20

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
= = and = =

3 —16 v/ 3 8 -5

Solution:

The vector equation of a line passing through a point with position vector
a and parallel to a vector bis T = a + Ab
It is given that, the line passes through (1, 2, 4)
So,
a=11+2j+4k
It is also given that; line is parallel to both planes.
We know that
a X b is perpendicular to both a&b
So, b is cross product of normal planes

x—8 y+19 z-10 x—15 y—-29 z-5

and

3 16 7 3 8 =5
i jJ k

Required Normal=(3 16 7
3 8 5

=1[(=16)(=5) = 8(7)] =7 [3(=5 = 3(7] + k [3(8) — 3(-16)]
= 1[80 — 56] — j[—15 — 21] + k[24 + 48]
= 241+ 36j + 72k
So,
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b = 241 + 36j + 72k
Now, by substituting the value of @ & b in the formula, we get
r=3a+Ab
= (11 + 2§ — 4k) + A (241 + 36] + 72k
= (= (11 + 2j — 4k) + 12A(21 + 3] + 6Kk)
= (11 + 2§ — 4k) + A (21 + 3] + 6k)
=~ The equation of the line is
r = (11 + 2] — 4k) + A(21 + 3] + 6k)

Question21

Prove that if a plane has the intercepts a, b, c and is at a distance of p units from the origin,
1 1 1 1
thena—z + b_z + c_z = p_z

Solution:

We know that the distance of the point (xq, y,z;) from plane Ax +By +Cz =D is given as
AX1 + BY1 7h CZl —D

VA? + B? 4 C?
The equation of a plane having intercepts a, b, c on the x-, y- z axis respectively is given us
d L W
R B

a
Let us compare it with Ax + By +Cz = D, we get

A=1/a,B=1/b,C=1/c, D=1

It is given that; the plane is at a distance of ‘p” units from the origin.
So, the origin pointis o (0,0, 0,)

Were, x; =0,y = 0,2, = 0

Now,

Ax1+By1+Cz1-D

By substituting values in above equation, we get

Distance =

lx0+ix0+ix0-1
a b C

R EECRG]
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Now let us square on both sides, we get

Hence proved.

Question22

Distance between the two planes: 2x+3y+4z=4and4x+ 6y + 8z =112 is
A. 2 units
B. 4 units
C. 8 units
D. 2/v29 units

Solution:

We know that the distance two parallel planes Ax + By + Cz = d; and Ax + By + Cz = d, is given as
di — d;
VA? + B? + ¢?
It is given that
First plane:
2x+3y4z=4
Let us compare with Ax + By + Cz = d; we get
A=2,B=3,C=4,d, =4
Second plane:
2x + 6y + 8z = 12 [Divide the equation by 2]
We get
2x+3y+4z72=6
Now comparing with Ax + By + Cz = d; we get
A=2,B=3,C=4d, =6
So,
Distance between two planes is given as
4—6

224 32 4 42
|\/4+9+1 |

=2 /V29
=~ Option (D) is the correct option

Question 23

The planes: 2x -y + 4z = 4 am=nd 5x - 2.5y + 10z = 6are
Perpendicular

Parallel

Intersect y - axis

Passes through

SOowm»
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Solution:

It is given that:
First plane:

2x-2.5y+10z=125 (D)

Given second plane: L (2)

So,

dq _ 2

do B 5

b, 2

b, 5
GG 4 2
C;, 10 5

ap by g
do - bz - ©)

It is clear that the direction ratio of normal of both the plane (1) and (2) are same.
- Both the given planes are parallel.
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