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Chapter: Three-dimensional Geometry.
Exercise: Miscellaneous

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

Solution: Let us consider the points be 8(3151_1) and C(413’ _1) and the line joining the
origin 0(0.0,0) ang A(2.12)

We can tell that the direction ratios of OA and BC will be 2, 1, 1 and
(4_3) 21(3_5) =—2 and (‘1+1) =0 respectively

As we know that for lines to be perpendicular, then &8, +B0, +¢,¢, =0
Now, &8 +0b, +¢c, =2x1+1x(-2)+1x0

=2-2+0

=0

Therefore, the lines are perpendicular

2. We needed to show that direction cosines of the perpendicular to both of the lines
mn, —myny, il =l bm, =1, My \when b My gng LMo Ny are the direction
cosines of two mutually perpendicular lines.

Solution: Let us take hl #mm, +nn, =0..(1), I +mf +nf =1...(2), 17 +my +nf =1....(3)
Let us consider I,m,n be the direction cosines of the line with direction cosines
L,m,n gng lo:m,.n,

We got, I, +mm +nn, =0 44 Il, +mm, +nn, =0

) 1 B m _ n
m,n, —m,n, n1|2 - n2|1 I1mz _|2m1

|2 m? n?

= 2 2 2
(m1n2 - m2nl) (nlIZ - nzll) (Ilmz - IZml)

12 +m?+n?
- . (4)

(myn, —mznl)2 +(nl, - n2I1)2 +(1,m, —Izml)2

As we know that I, m, n are the direction cosines of the line, we get that

IZ

As we know that,
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(17 +mf +n)(12 +m3 +n2 )= (L), +mm, +nyn,)
=(mn, —m,n, )’ +(nJ, =n,,)* +(Lm, —1,m,)*

Now, from (1)(2)(3) we get
=11-0=(mn, —mznl)2 +(ny, —n2I1)2 +(Im, —Izml)2

(mn, —mn )’ +(nl, —n,l )"+ (m, —1,m, )" =1....(6)]|
By putting the values from equation (5) and (6) in equation (4), we get

|2 m> 2
= = _1

(mlnz_mznl)z (n1|2_nz|1)2 (Ilm2_|2n11)2_

=1l=mn,—m,n,

n

m=nl, -n,l,
n=1m,-I,m
Therefore, the direction cosines of the required line are MMz =My, Mul, =gk, Lm, —I,m,.
3. The direction ratios are a, b, ¢ and b-c, c-a, a-b, find the angle between the lines

Solution: As we know that, for any angle 0, with direction cosines, a, b, c and b-c, c-a, a-b

can be found by,

a(b—c)+b(b-c)+c(c-a) ‘

cosf =
\/a2 +b? +c? +\/(b—c)2+(c—a)2+(a—b)2 ‘

Solving this we get, €05¢ =0
@=cos 0
= 0 =90°

Therefore, the angle between the two lines will be 90°
4. Find the equation of a line passing through the origin and line parallel to x-axis
Solution: As it is given that the line is passing through the origin and is also parallel to x-axis
IS X-axis,
Now,
Let us consider a point on x-axis be A
So, the coordinates of A will be (a, 0, 0)

Now, the direction ratios of OA will be,
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—(a-0)=a,0,0

x-0 y-0 z-0 x vy z
TheequationofOA:> 2 0 0 :>I=6:6=a

Therefore, the equation of the line passing through origin and parallel to x-axis is

X y 2

1 0 0

5. Find the angle between the lines AB and CD 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.

Solution: It is given that coordinates A, B, C, D are (1, 2, 3), (4,5, 7), (-4, 3, -6) and (2, 9, 2)
respectively
We know that,

a,=(4-1)=3h=(5-2)=3,6,=(7-3)=4
o, ~(2-(-2)) =6, ~(9-3) =6, - (2-(-6) =8

_a_b_ g 1
a2 b2 C2 2

— AB||CD

We get to know that the lines are parallel to each other.

Therefore, the angle between AB and CD is either 0% or 180°

_ _ ooox=1 y-1 z-6 x-1 y-2 z-3
6. Find the value of k if the lines 3K 1 5 and 3 oK o are

perpendicular.
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Solution: From the given equation we can say that & =3B, =2K,¢, =2 gpq
a, =3k,b, =1c,=-5

We know that the two lines are perpendicular, if 08 +0b, +¢,¢, =0
—3(3k)+ 2k x1+2(-5)=0

= -9k +2k-10=0

=7k =-10

-0
7

=k

-10
Therefore, the value of k is _T

7. Find the vector equation of the perpendicular to the plane r'(' +2] _5k)+9 =0 and

passing through (1, 2, 3)

Solution: According to the question, we can say that we have

r:(f+2j+3|2)

As we know we can express the equation of a line passing through a point and
perpendicular to the plane in form | =F +AN, 2R
We got,

F:(f+2j+312)+/1(f+2j—512)

Therefore, the vector equation to the plane will be | = (i +2] +3k)+/1(' +2] _5k) .

8. Find the equation of the plane parallel to the plane '(' ++ k) =2 and passing

through (a, b, ¢)

Solution: According to the question, plane is parallel to plane '?1'(- +J+ k) =2 and it also

passes through point (a, b,c)
From this we get the equation,

(af+bi+cl2).(f+ j+l€):i

=a+b+c=41

Now, putting value in equation, we get,

Pz
Il

-

_l_

N

—

|
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>

=l
-
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Fl.(f+ ]+I€):a+b+c

Now we will put F1'()(' +Y)+ Zk) in equation, we get

(xf+ yj+zl2).(f+ j+l2)+a+b+c:> X+y+z—a+b+c
Therefore, the equation of the plane will be X+Y+Z=a+b+c
0. What is the shortest distance between these two lines T =61 +2]+2k+ i(f_ 2j+ 2‘2)
=4 K+ (3 - 2] - 2K)
Solution: According to the question, we need to find the distance between the lines,

l_;

6f+2j+2l2+/1(f—2j+2|2)
r=—4f—|2+y(3f—zj—2|2)

As we know we can find the shortest distance by,

d- (ﬁxbi)(ﬁi—%)‘
|b1><b2| ‘

Now, from the equation of lines we get

a =61 +2]+2k

b =i-2j+2k
a, =41 —k
b, =31 —2] -2k

= a, ~a, =41 —K)- (67 +2]+2k) = -10 2] -3

:>bj><bj=ll —Jz |;=(4+4)f—(—2—6)j+(—2+6)|2
3 2 =2

=8 +8] +4k

(Bxb, ).(a, ~a,) = (8 +8] +4K). (107 - 2] - 3K)

- -80-16-12

=-108
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Now, putting these values in d =

‘ —108| _

Therefore, shortest distance between the above two lines is of 9 units.

10. Find the point of intersection where the line passing through (5, 1, 6) and (3, 4, 1)
intersecting through the YZ plane.

Solution: We know that the equation of the line passing through the points is

X=X _ Y-V _2-%

=X Y.=¥% 4,14
Now, according to the question, the line is passing through the point, (5, 1, 6) and (3, 4,

1), we get
x—5_y—1_z—6:>x—5_y—1_z—6_
3-5 4-1 1-6 -2 3 -5
=>x=5-2k,y=3k+1,z=6-5k

Now we know that any point on the line will be of form (5-2k,3k +1,6-5k),
Now for YZ plane, x=0, we get
x=5-2k =O:>k=g

= y:3k+1:3x§+1:£
2 2

765k =6-5x> =13
2772

17 13
Therefore, the required point of intersection 0,— 5

11. Find the point of intersection where the line crosses through the ZX plane and through
(5,1,6),(3,4,1)
Solution: As we know that the equation of the line passing through the point is

X=% _¥Y=% _ =%
=X Y.=¥% 4,14
According to the question, the line passing through (5, 1, 6) and (3, 4, 1), we got
Xx-5 y-1_ z—6:> Xx-5 y-1 7-6
3-5 4-1 1-6 -2 3 -5

=k
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= x=5-2k,y=3k+1,z=6-5k
As we know for any point on the line, it will be in the form of (5-2k,3k+1,6-5k),
Now, for ZX plane, y=0
= y:3k+1:0:>k:_?1

17
3

:>z=6—5k=6—5x[_—1j=§
3) 3

:>x:5—2k:5—2x[%1j:

17 23
Therefore, the required point of intersection 3’0’3

12.  Find the point of intersection where the line crosses through the plane 2X+Y+Z=7
and through (3, -4, -5), (2,-3,1)
Solution: As we know that the equation of the line passing through the points

X=X _ Y-V _2-%

=X Y=Y 4,4
According to the question, the line passing through (3, -4, -5) and (2, -3, 1), we get,

Xx-3 y+4 _z+5:>x—3_y+4_z+5_
2-3 -3+4 1+5 -1 1 6

=x=3-K,y=k—-4,z=6k-5

k

As we know that the point on the line will be in the form of (3—k,k—4,6k-5)

As the point lies on 2X+Y+Z=7, we get
2(3—k)+(k—4)+(6k—-5)=7

=5k-3=7

=k=2

Now, by putting the value of k in equation, we get
(3—k,k—4,6k—5)=(3-2,2-4,6(2)-5)=(1-2,7)
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Therefore, the point on the required plane (1, -2, 7)
13. Find the equation of the plane passing through the points (-1, 3,2) and perpendicular

to each of the planes X +2Y+32=5 gng 3X+3y+2=0
Solution: As we know that the equation for plane passing through the point can be given as,
a(x+1)+b(y—3)+c(z-2)=0
Now that we know a, b, c are direction ratios of normal to the plane,
We know that &8 + B, +€.¢, =0 jf the lines are perpendicular to each other,

Now, if X+2Y+3Z=5 js perpendicular then,
a.l+b.2+c3=0

=a+2b+3c=0

And if 3X+3Y+Z=0 s perpendicular then,
a3+b.3+cl1=0

=3a+3b+c=0

Now,

a b c
2x1-3x3 3x3-1x1 1x3-2x3

a b ¢

- — = —=
-7 8 -3
= a=-7k,b=8k,c=-3k

By putting values of a, b, ¢ we get
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—7K(x+1)+8k(y—3)—3k(z-2)=0
= (~7x=7)+(8y—24)-3z+6=0
=—Tx+8y-3z2-25=0
=7x-8y+3z=25

[
e m e at ) e o fe——
5 L
-
=
CJ
&
.
K
&

\
/

Therefore, the equation of the plane will be 7X=8y+3z=25

14. For = (3f +4] ‘12|2)+13 =0, the points (1, 1, p) and (-3,0,1) are at equal distance
from the plane, then find the value of p
Solution: According to the question the vectors are,
a =i+]j+pka,=—4i+k
And the plane ‘s equation is F=(3+4j-12k)+13=0
As we know that the perpendicular distance between vector and the plane can be found by
r.N=d,

Now,

D=

N

é.N—d‘

N=31+4]j-12k z,q d=-13
Then, the distance between the point (1, 1, p) and the given plane is
(f+ j+ pﬁ).(3f+4j—12|2)+13‘
D, = — =
31 +4)-12k

1
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3+4-12p+13 ‘
JF +4 +(-12)

=D, =

20-12 .
=D, = 3 p‘ ....... (i)

Similarly, the distance between the point (-3,0,1) and the given plane is
D, =‘(—3| +k).ﬂ(3l -|:4j —}2k)+13
‘ 3 +4j-12k

—9-12+13

=D, =
’ \/32 +47 +(—12)2

Now, from the given conditions,
D, =D,

|20-12p| 8
- — = —
13 13

=20-12p :8,—(20—12 p):8
=12p=12,12p=28

7
:>p=11p=§

Therefore, the value will be, P = Lp= 3
15. Find the equation of the plane parallel to x-axis and passing through the line of

intersection of the planes F'(' +j+k):1 and F'(z' +3j_k)+420

Solution: We have been given the two planes, F-<i ]+ k) =l= F-<i +J+ k)‘lz 0 and
r(ﬁ+3j—@+4=o

Now, we know that the equation of line passing through the line of intersection will
be,

[F(f+j+ﬁ)-i}+z[r(2f+3j—ﬁ)+4]=o
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F(22+1)1+(32+1) f+(1-2)K |+ (42+1) =0

a,=(22+1),b =(32+1),6 =(1-2),

As we know that the required plane is to be parallel to x-axis, the normal will
perpendicular to x-axis,

Now, the direction ratios of x-axis will be 1, 0, and 0, which means
a,=1b,=0,c,=0

1.(24+1)+0(32+1)+0(1-1)=0

=24+1=0

=>A=—=.
2

1
By putting A= 5 in(1)

. 1*.\ 3" =7 ”
:”_[_EJ+Ek}+(—3):0:>r(j—3k)+6:o

Therefore, the required Cartesian equation of the plane is y—3z+6=0

16. If O be the origin and the coordinates of P be (1, 2, -3), then find the equation of the
plane parallel to x-axis and passing though P.

Solution: From the question we know that the direction ratios of OP will be

a=(1-0)=1b=(2-0)=2,c=(-3-0)=-3
Now, we know that the equation will be as,
a(x—x)+b(y-y,)+c(z—z)=0
As we can tell, the direction ratios of the normal are 1,2,3
Therefore, the point is P(1,2,-3)
Therefore, the equation of the plane is
1(x-1)+2(y—2)-3(z+3)=0
=>X+2y-3z2-14=0
17.  Find the equation of the plane which holds the line of intersection of the planes

F'(' +2] +3k)_4 =0, f.(2| +] _k)+5: 0 and is perpendicular to the plane

r.(5f+3j—6|2)+8=0

Solution: According to the question, it is given that,
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r(i+2j+3K)-4=0 .o )
F(2+]-K)+5=0 (2)

18.

Now, we know that the equation of the required plane will be,

| (i+2i+3K)-4 |+ 4 (27 + [-K)+5]|=0

Now according to the question, the plane is perpendicular to the plane,
So, T-(51+3]-6k)+8=0

~.5(22+1)+3(2+2)-6(3-1)=0
=194-7=0

:>/1=1
19

7
By putting value of A= 19 inequation(3)

#{335 45°+50|2}—4—1:o

1129 "9 19| g
Therefore, the required Cartesian Equation of the plane is 33X+49y+502-41=0
Find the distance of the point (—15.—10) from the point of intersection of line

I

F =20 j+2K+A(37+4]+2K) ang the plane T-(T—1+K) =5

Solution: According to the question, it is given that line is,

F =20~ j+2k+2(31+4]+2K)...(1) and the plane s, T-(T ~1+K)=5.-(2)

Now, we will put the value of F from (1) into (2), we get
[Zf—i+2l2+i(3f+4j+2l2)}.(f— j+l2)=5

o 2

=[(32+2)1 +(42+1) j+(24+2)k |.(I- j+K)=5
=(3824+2)—(41-1)+(24+2)=5

=1=0

Now if we put the value in equation, we will get the equation of the line as

F=2i—j+2k
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Therefore, the required distance between both the points is,

d = \(-1-2)° +(-5+1)° +(~10-2)’ =0+16+144 /169 =13

Therefore, the distance between the |points is 13 units.

19. Find the vector equation of the line parallel to the planes F'(i =E Zk) =9 and

F-(3l + )+ k) =6 and passing through (1, 2, 3)

Solution: Let us consider that line parallel to vector b s given by, b=bi+b,j+bk

Now, the position vector of point (1, 2, 3) will be a=i+2j+3k

From this we get that the equation of line passing through (1, 2, 3) and is parallel to

vector b will be,

F=a+Ab

Therefore, the equation of the given planes are

As we can tell that the line in equation (1) and plane in equation (2) are parallel, so we
get that the normal to the plane of equation (2) and the given line are perpendicular
= (- 2]+2Kk).A (b +b,+bgk) =0

= (b, ~b, +20,)=0

=Db-b+20,=0 4)

Similarly,

<3f+ i+|2)./1(blf+b2i+b3I2):0

= A(3b,+b, +b,)=0

=3b +b,+b,=0 ... (5)

From equation (4) and (5), we get

A
(—1)x1—1><2 2x3-1x1 lx1—3(—1)

=l
Il
—_—
-
+
N
[N
+
w
>
N —
+
NS
—_
k=)
-
+
&
[N
+
=2
>
y
—
[
N—"
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3 5 4

Now, the direction ratios of b are ~35,4
Which means b =bif +b,j +bk =31 +5] +4k
Putting the value of b in equation (1)
r =(f+2j+3l€)+z(—3f+5j+4|2)
20. Find the vector equation of the line passing through the points (1, 2, -4) and

x-8 y+19 z-10 x-15 y-29 z-5
perpendicular tothetwo lines “3~ =" 15"~ 7 and T3 " g T &

Solution: According to the question, we get that b =bji +b,j+bk and = i +2]—4k
We know that the equation of the line passing through point and also parallel to

vector, we get
F= f+2]—4I2+/1(b1f+b2j+bslz)...(l)

Now, the equation of the two lines will be
x-8 y+19 z-10
3 -16 7
x-15 y-29 7-5 (3)

3 g =
As we know that line (1) and (2) are perpendicular to each other, we get
3p, —16b, +7b, =0.....(4)

(2)

Also, we know that the line (1) and (3) are perpendicular to each other, we get
3b, +18b, —5h, =0.....(5)

Now, from equation (4) and (5) we get that

b, _ b, _ b,
(—16)(—5)—8(7) ~7(3)-3(-5) 3(8)-3(-16)
_b_ b _b_b

24 36 72 2 3 6

Therefore, direction ratios of b are 2,3,6
Which means b = 2i +3]j+6k

Putting P = 2i +3j+6k jp equation (1), we get
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F=(i+2]-4K)+ 2 (20 +3]+6k)

x-8 _ y+1% _ 210

i 6 7

/ F=[ i+ 2f-dk |+ A 2i+aj+6k |

Therefore, the vector equation will be " = (' +2] _4k)+ 1(2' +3]+ 6k)

21.  Prove that if a plane has the intercepts a,b,c and is a distance of p units from the

. 1,1, 1 1
origin, then a2 b2 2 pi
X y 2
Solution: We know that the equation of the plane is 7 * 1, * ¢ =1
The distance of the plane will be,
0, g 0 .
p=|—2—— = p=—
1 1 1 1 1 1
JU (o) +() e
a b c a b C
1 1 1
[ 1 _2+c_2
bt
1 1 1 1
Therefore, we have proved that 7z © 17 * 2 I

22.  Distance between the two planes ;: 2X+3Y+42=4 gng 4x+6x+82=12 jq
(A) 2 units
(B) 4 units
(C) 8 units
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(D) \/— units
Solution: According to the question, the equation of the planes are
2x+3y+4z=4
4X+6y+8z=12

As we can tell, the given planes are parallel,
We know that the distance between two parallel planes, is given by,

o_|__d-d, :>D_‘ 64
Va? +b® +¢? 22+ 3+ 4
2
=>D=—
J29

2
Therefore, the distance between two parallel planes is —@ units.

Therefore, the correct answer is D.
23.  Theplanes: 2X—Y+42=5 34 5X—-2.5y+102=6

(A) Perpendicular
(B) Parallel

(C) Intersect y axis

5
(D) Passes through (0' 0, Zj

Solution: According to the question we get,
2X—Yy+4z7=5
9X—2.5y+10z=6

As we can see that,

3 _2hb_ - E& 4.2
a, 5b —25 5c, 10 5
a_b_¢
a, b, c

As we can see that the given lines are parallel,
Therefore, the correct answer is B.
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Exercise: 11.1
1 Find the direction cosines if the line makes angles 90°,135% 45° with x y and z axes
respectively
Solution: Let us consider 1,m and n be the direction cosines of line
Then,
1=c0s90° =0,
m = c0s135°
= c0s(90° +45°)
=sin45°
__1
J2
d. N=c0s45° L
An = = T
’ 2
o : o+ 1
Therefore, the direction cosines of the line are ¥ NA and 2
2. Find the direction cosines if the line makes equal angles with the coordinates axes.
Solution: Let us consider that the line makes an angle « with coordinates axes
Which means 1=cosa,m=cosa,n=cosa Now, we know that
12 + m? +n* = c0s® ar +Cos” o +Cos” &
=3cos’a =1
1
= C0s° @ ===>C0sa = +—
3 N
1
Therefore, the direction cosines of the line are +——=,+—,+
f f N
3 Find the direction cosines of a line having direction ratios -18,12,-4

Solution: We have the direction ratios as -18, 12-4,

Now, the direction cosines will be as
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-18

ETEmE
12

J(=18Y +(22) +(-4)

4

1:
m:
n=

J(-18) +(12)° +(-4)’
1812 -4 -9 6 -2
22 '22'22 T11'11'11

}
=
. and =
4. showthat (2.34).(-1-21),(5.8.7) are collinear.
Solution: Let us consider the points be A(2, 3, 4), B(-1, -2, 1) and C(5, 8, 7).
Now, as we know that direction cosines can be found by (x,-x),(y,—Y;), and
(z-12)
Therefore,

Therefore, direction cosines of the line are —,— an al
11 11
Direction ratios of AB and BC be -3, -5, -3 and 6, 10, 6 respectively.
As we can see that AB and BC are proportional, we get that AB is parallel to BC.

LB

Therefore, the points are collinear.
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5. If the vertices of a triangles are (35-4).(-112).(-5-5 _2)’ find its directions

cosines.

Solution: Let us consider the points be A(3,5,-4),B(-11,2) and C(-5,-5,-2).

A(35.-4)

(-1.1.2) C (5,53}

Now, the direction ratios of AB will be -4, -4 and 6, we get

J(4) +(-4) +(6) =68 = 2J17
Now,

- 4 & 4 6

J(-4) +(~4)" +(6)

-2 —2 3

NN T N

=1=

Therefore, the direction cosines of AB are 2 2 3

V17T AT

Similarly, the direction ratios of side BC will be -4, -6 and -4.

Now,

4 6 4

1= ,m= ,nN=
217 217" 217

-2 -3 -2

17T T

Therefore, the direction cosines of BC is

'—\
Il
<
N
N
N—
N
+
—_ |
S
N
N
+
an
aN
~—
N
3
Il
< %
/T\ 'L
= g
™ N
= &
& & h
+
~ —_
+ 2
—~ N
| -
o S
S [
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Similarly, the direction ratios of CA will be -8, -10 and 2.

Now,

-8 10 2

1: ,m=

J(-8) +(10)° +(2y

-8 -10 2

1= ,m= n= :
42" a2’ 2\a2

] ) . . 4 -5 1
Therefore, the direction cosines of CA is , (
J42 42 42
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Exercise: 11.2

L Show that the three lines are mutually perpendicular if they have direction cosines be
12 -3 -4 4 12 3 3 412

13'13'13'13'13'13°13'13'13

Solution: As we know, if 1L + MM, +MN, =0, the Jines are perpendicular

. o 1IN e 412 3
i Now, from direction cosines 737373 and 73'73'13" We get

11, +mm, +nn, 12 4+(_—3jxg+[_—4jxi
M ~13713 \13) 13 (13)713

48 36 12
: — -
169 169 169
=0

Therefore, the lines are perpendicular.

4 12 3 12 -3 -4
ii. Similarly, if we take 1373773 and 737373 we get

11, +mm, +nn 4 3 +(12j (_4)+ix(£j
i bk 13 13 (13 13 13 \13
12 48 36
- —_ —_ =
169 169 169

Therefore, the lines are perpendicular.

-3 -4 12 12 -3 -4
iii. Again, if we consider 7373773 and 737313’ We get

1L, +mm, +nn, =3 E+(_—4jx(_—4j+2x(_—4j
13 13 (13 13) 13 \13
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36 12 48

3 ® o e
169 169 169
Therefore, the lines are perpendicular.
Therefore, we can say that all the lines are mutually perpendicular.
2 How can you show that the line passing through the points (1' -1 2)(31 4, _2) is
perpendicular to the line through the points (0, 3, 2) and (3, 5, 6) ?
Solution: Let us consider that AB and CD are the lines that pass through the points,
(l -1 2)’(3’ 4, _2) and (0'3’2)’(3’516)1 respectively,
L.'
Now, we have & =(2).b=(5),¢, =(—4) and &, =(3).b,=(2),c, =(4)
As we know that if AB L CD then &8, +bb, +¢c, =0
Now,
a3, +lib, +¢,C, =2x3+5x2+(-4)x4
= 2x3+5x2-4%x4=6+10-16
=0
Therefore, AB and CD are perpendicular to each other.

3. Show that the line through the points (4’7’8)(21 3, 4) is parallel to the line through the
points (L _2’1)(L 2, 5).

Solution: Let us consider the lines AB and CD that pass through points (4’7’8)’(2’ 3, 4)’ and
(_l _2’1)' (125) respectively.
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Now, we get
8 =(2-4),b,=(3-7).¢,=(4-8) and & =(1+1).b,=(2+2),¢,=(5-1)
& =(-2),b=(-4),c,=(-4) and & =(2).0,=(4).c,=(4)
Now, we know that if ABI|CD then % = % = c&
2 2 2
Now,
iz__zz_lyﬂzj:_]_,&:jz_l
a 2 b, 4 c, 4
& _b_g¢
Wegot 7 =1 =
¢ go a2 b2 C2
Therefore, AB is parallel to CD.
4. Find the equation of the line if it is parallel to vector 3i+2j—-2K and which passes
through point (1, 2, 3).
Solution: Now, let us consider the position vector A be @ =1+2]+3K and Jet
b=3i+2]-2k
Now, we know that the line passes through A and is parallel to b,

As we know T =8+4D \where 4 is a constant

:>r=f+2j+3|2+z(3f+2j—2l2)

Therefore, the equation of the line is F =1 +2]+3K+ 4(3' +2] - 2k)
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5. If the line passes through the point with positive vector 2i — j -4k and is in the

direction i+2j-k . Find the equation of the line in vector and in Cartesian form.
Solution: We know that the line passes through the point with positive vector
Now, let us consider =21 = j+4K gng b=i+2j-k
Now, line passes through point A and parallel to b, we get
F=2f- j+4|2+,1(f+2j—12)
Therefore, the equation of the line in vector form is T = 21 =+ 4k +’1(' +2]- k) .
Now, we know
F=xi—yj+zk = Xi —yj+ 2k = (1 +2)i +(24-1) j+(-A+4)k
X-2 y+1 z2-4
Therefore, the equation of the line in Cartesian form willbe —— ="~ = "1
6. If the line passes through the point (-2, 4, -5) and parallel to the line given by
X+3 y-4 z7+8
3 5 g ' find the Cartesian equation of the line.
Solution: We know that the line passes through point (-2, 4, -5) and also parallel to
X+3 y-4 z+8
3 5 6
Now, as we can see the direction ratios of the line are 3,5 and 6.
X+3 y-4 7+8

As we know the required line is parallel to 3~ = "5 6
Therefore, the direction ratios will be 3k, 5k and 6k
As we know that the equation of the line through the point and with direction ratio is

X=X _Y=%_2-%4
a b c

shown in form

X+2 y-4 z+5
Therefore, the equation of the line 3 = 5 = 5
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JZ

7. Write the vector form of the line if the Cartesian equation of a line is

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

Solution: As we can see the Cartesian equation of the line, we can tell that the line is passing

through (5’ 4, _6)’ and he direction ratios are 3, 7 and 2.

Now, we got the position vector & =51 —4]+6k

From this we got the direction of the vector be b=3i+7j+2k
Therefore, the vector form of the line will be F=5i-4j+6k+ /1(3i +7]+ 2k)

8. If the line passes through the origin and (5-2, 3), find the vector and the Cartesian

equation of the line.

Solution: According to the question, line passes through the origin,

Now, the position vector will be @ =0
As the line pass through the point (5, 2, 3), the direction ratios of the line through
origin will be 5, 2, 3

As the line is parallel to the vector P =51 =2 +3k

We can say that the equation of the line in vector form will be r= /1(5' -2] +3k)

Y
2

o] <
wI|N

And, the equation of the line in the Cartesian form will be
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9. If the line passes through the point (31 =2, _5)’(31 =2, 6)1 find the vector and the

Cartesian equation of the line.

Solution: Let us consider the points be P(37 2, _5) and Q(B’ 2, 6)7 so the line passing
through the point will be PQ.

Therefore, the position vector will be 8=31-2]-5K and the direction ratios will be
(3-3)=0,(-2+2)=0,(6+5)=11

As the equation of the vector in the same direction as PQ, we get

b=0l—0]j+11k =11k

Therefore, the equation of the line in vector form will be T =31 —=2j =5k +11k4 gnq

_ _ @ X-3 y+2 7+5
in Cartesian form it will be 11 11 11

H={3 .2 .3b+ A0 01
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10. Find the angle between the lines
(i) T =20 ~5]+K+ (38 -2]+6K) gng 7' =7 6K+ (i +2]+2K)
Solution: Let us consider the angle be 0

55,
e

As we know that the angle between the lines can be found by €0S& =

b,
As the line are parallel to b, =31 +2j+6K gng b, :f+2j+2k,we got
by = /37 +27 + 62 =7,[b,| = V1" +22 + 27 =3 g

bb, = (3f + 2] +6K) (7 +2]+2k) =19

Therefore, the angle between the lines will be

cosd = 19

7 %
=0= cos‘119
21

iy F =81+ 1-2k+ A(F = J=2K) gng 7 =81 56K+ (3 -5] - 4K)

— ~ A A~

Solution: As the lines are parallel to the vectors B =1—J—2K gang b, =31 -5 +—4K,

we get ‘bl‘ \/1 +(-1)° +(-2)° \/_‘b‘—\/32 +(-2)" =52 ang

bb, _( —j- 2k)(3| ~5]+-4k) =16
Therefore, the angle between them will be,

cose—i
1043
8
= C0S0=—F+
573
8
=6@=cos" —=
573
11.  Find the angle between the lines
o x=2_y-1 743 X+2 y-4 7-5
() 2 5 zad ;g Ty

Solution: Let us take & and b be the vectors parallel to the lines, we get
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Now ‘61‘ =y2’ +5° +(-3)’ =«/@,‘52‘=,/(—1)2 +8°+4° =9
And,
bb, =(2f+5j—3|2)(—f+8j°+4lz)

—2(-1)+5(8)+4(-3)

=26

We can find the angle by using €06 = |5lfl|l|3l§2|
Therefore,

cosé = %

— @ =cos™ (%)

26
; cost| ——
Therefore, the angle will be (9\/@)

Solution: Similarly let us consider by and b be the vectors parallel to lines, we get
b=20+2]+K gng b, =41+ j+8k

o ||51|=,/22 +22 4+ (1) =3,\62\=\/42 +12+8 =9 g

bb, = (2f+2j+1l2).(4f+ j+8l2)

~2(4)+2(1)+1(8)
=18

As we know the angle can be found by €0S0 = |5?l|l|)32|
Therefore,

cosd = 18_2

17 3
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=@ =cos™ (gj
3

a2
Therefore, the angle is €05 1&)

_ o 1-x _7y-14 z-3
12.  We needed to find the values of p so the line 3 2p — and

7—7x _y-5 6-2 )
3p 1 T are at right angles.

Solution: As we know that the correct form of the equation is as follows,

x-1 y-2 7-3 x-1 y-5 7-6
3 2p o and -3p 1 -5
7 7

From this we get the direction ratios as

2 -3
a1:—3,bl=7p,cl=2 and & =Tp,b2 =1c,=-5

As we know the lines are perpendicular, we get
a,a, + blbz +cc, =0

9—p+ﬂ:10
77

—11p=70

) 4
11

=

=P

70
Therefore, the value of pis 77 .

X-5 y+2 1 X Yy z
13. We needed to show that the lines 7~ "~ ~ 7 and | ~ 5 ~ 3 are perpendicular

to each other.
Solution: From the given equation, we get the direction ratios as,
a,=7,b=-5c¢=La,=1b,=2c,=3

As we know, if 218 +BB, +¢.C, =0, the Jines are perpendicular to each other

Now,

7(1)+(-5)2+1(3)=7-10+3=0
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Therefore, the lines are perpendicular.
14. If the lines are ' — . - r= - .
the shortest distance between them.
Solution: We have been given lines, T =1 +2]+K +ﬂ‘(' =] _k) and
F=20— K+ u(2l+ j+2K)
) (le_’z) é:2_3’1)‘
As we know that the shortest distance can be found as d = |51 - | ‘
2
Now, from the given lines we get that
a=1+2]+k,
b=f—j-K
a,=21—j—Kk,
b, =2 +j+2K
a,-4, = (2 - j-k)-(7+2j+K)

NN
X
N
Il
N = =
|
[
N x>
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= b, xb, =31 +3k

Then, |51><52|=\/(—3)W=3\/§

Now, if we put all the values in theirs places, we get

i (—3?+3I€)(f—3j—2l€)‘ i ~3(1)+3(2)

- 3V2 ‘j _‘ 32 ‘
9 32

“ﬁ\:’d:T

32

Therefore, the shortest distance between the lines is 5 units.

X+1 y+1 z+1
15. Find the shortest distance between the lines —~ = 6 = 1 and

Xx-3 y-5 z-7
1 -2 1

Solution: As we know that the shortest distance can be found by,

X=X Yo=Y 2,77
a b, G,
a, bz C,

Vbe, -be) +(ca,—ca) +(ab, -an)
Now, from the given lines we got that
X\ =-1y,=-1z=-1a=7b=-6c=1
X,=3,Y,=52,=7,a,=Lb,=-2,c,=1

d=

And,

X=X Y=Y Z,-z| |4 6 8
a b, ¢ |=|7 61
a, b, C, 1 21

=4(—6+2)-6(1+7)+8(—14+6)

=-16-36-64

=-116

And,
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16.

Solution: We have been given lines

J(be, —b,c, )’ +(ca, —ca, ) +(ab, —aly )’ =(-6+2) +(1+7) +(~14+6)

J(be, —b,c )’ +(ca, —c,a ) +(ab, —ab) =2429
Putting all the values, we get
-116

d=—22
229

458 _ 5829

J29 29

d="22_ |d|=2/29

J29

Therefore, the distance the distance between the lines is 2729 units.

Find the shortest distance between the lines whose vector equations are

r:f+2j+3l€+/1(f—3j+212) and r=4f+5j+612+,y(2f+3j+|2)

r=f+2j+3|2+z(f—3j+212)
and

Fz4f+5i+6l€+,u(2f+3j+l2)

As we know that the shortest distance between the lines can be found by,

d = (Elx%)(?z _51)‘
‘blxbz‘ ‘

Now, from the given lines, we got

o~ A A -

=i +2]+3k,b =1 -3]+2k

!
|

a,=4i +5]+6k,b, =21 +3]+k

a,~d, = (47 +5]+6k),(+2]+3K)
=3 +3]+3k
;

-3
3

|

ReN
X
N
Il
N B =
=N

= b xb, =97 +3] +9k
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b, xb,| = /(~9)° +32 +9* =3V19

Now, putting all the values, we get

ek

3J19| V19
- - - 3 -
Therefore, the shortest distance between the lines is E units.

17.  We needed to find the shortest distance between the lines whose vector equations are
F=(1-t)i +(t=2) J+(3-2t)K gng F=(s+1)i +(25-1) j—(2s+1)k_

F=(1-t)i +(t-2) j+(3-2t)k .

Solution: We have been given lines d

F=(s+1)i +(2s-1) j—(2s+1)k
=T =f—2j+3lz+t(—f+ j—2l€) and F=1- j+|2+s(f+2j—2l2)
Now, the shortest distance can be found by,
d- (leﬁz)'(éz_gi)‘
bxB] |

Now, from the given lines we got,

=—4+12

o o | sk R R
X X o = I [ I
o & % Nl o = T'>
>~ & I | 8
—_ | [ _— =% —
) <__ Il = _— |

I\ N N.) | =~ EL_J
[ ~— | N P - ‘—|> R Y
S I =~ I O

b | | > —— _—

I _L I NN 2 T I|I
—_—— -

) ) _%) +.) \r_\) I

+

| PRI N | —
I | = N

— w + >~ N
= w AN}
w > 4
~> 1l ~~—

> %I S >

| © L

o

> >
N— =
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Putting all the values, we get

d_‘ 8 ‘_ 8
J29| 29

- - - 8 -
Therefore, the shortest distance between the lines is _\/E units.
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Exercise: 11.3

L Determine the direction cosines of the normal to the plane and the distance from the

origin.
(@) z=2

Solution: It is given that equation of the plane is z=2
Now we can tell that the direction ratios are 0,0,1.

Which means 0+0+1* =1

Now we will divide both sides of equation by 1, we get

0+0+2=2
1

Therefore, the direction cosines and distance of the plane is (0’ 0’1) and 2 units
respectively.

(b) X+ y+z:1

Ans : X+Y+Z=1 js the equation of the normal
Now, from the equation given we can say that the direction ratios of normal are 1,
land 1.

Which means VI +1°+1° =/3
Now we will divide the equation by V3, we get
B B BB

1
Therefore, the direction cosines and distance from the origin (_3

¥

&l

1
And ﬁ units respectively.

(©). 2X+3y—-2=5

Solution: 2X+3Y—Z=5 js the equation of the normal

Now, from the given equation we get the direction ratios of normal as 2, 3,-1.
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Which means y2° +3 +(-1)" =14

Now, we will divide the equation by ‘/1_4 we get

3 1 5

2
X+ — Z=
NN VRN v N )

Therefore, the direction cosines and the distance from the origin of the normal are
2 3 -1 5

; , and ; .
\/ﬂ \/ﬂ \/ﬁ \/ﬂ units respectlvely.
(d) oy+8=0

Solution: °Y +8=0=0x+5y+02=-8 js the given equation

Now, from the equation we can tell that the direction ratios of normal are 0,-5 and 0.

2
Which means 0° +(-5)" +0* =5

Now, we will divide the equation by 5, we get
8
5
Therefore, the direction cosines and the distance from the origin of the normal are 0,-
8

1,0 and 5 units respectively.

2. Find the vector equation of plane which is at the distance of 7 units from the origin

and the normal vector 31 +5] —6k
Solution: Let us consider the normal vector be @ =31 +5] —6k

. i 3i+5j-6k 3i+5j-6K

A=—= =
We know that |ﬁ| m \/ﬁ

As we know the equation of the plane with position vector is shown in form ra=d,

Therefore,
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_(3i+5]-6k
=7 — |=7
(o]

o - 3 +5]-6K |
Therefore, the vector equation is in the form - —\/ﬁ

3. Find the Cartesian equation of planes

(a) F.(f+ j—|2)=2

=l

Solution: We have been given equation of the plane as '(f+ ]—IZ) =2
As we know, the position vector is T =X +Yi— 7K

Putting the values of " in equation, we get

(xf+yj—zl2).(f+ ]—K):Z

=>X+y-2=2

Therefore, the cartesian equation will be X+Y—2=2

(o) T-(2+3]-4k)=1

Solution: We have been given equation of the plane as F'(Zi +3) _4k) =1

As we know the position vector s given by,

F=xi+yj—zk

Putting the values of " in equation, we get

(xi +yj - zIZ).(zi +3j—4|2) =1

=2x+3y-4z=1

Therefore, the Cartesian equation will be 2X+3Y—4Z=1Xx+y-7=2

© T((s-2)i+(3-t) j+(2s+t)k) =15
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Solution: We have been given equation of the plane as

r.((s—2t)i +(3-t) j+(25+1)k) =15

As the position vector is in form as T = Xi +Yi —2K
Putting the values of " in equation, we get

(40 +Yj - 2K).((s—20)T +(3-t) f+ (25 +1)K) =15
=(s—2t)x+(3-t)y+(2s+t)z=1

Therefore, the cartesian equation will be (S—28)X+(3=t)y+(2s+t)z=1
4. Find the coordinates of the foot of the perpendicular drawn from the origin.
a) 2x+3y+4z-12=0

Solution: Let us consider the coordinates of the foot be (Xp Yis 21)

Now, we have been given equation as 2X+3Y+42-12=0

As we can tell the direction ratios will be 2, 3 and 4.

Which means, V 2 +3 +42 =29

Now, we will divide the equation by V29 , We get
2 3 4 12
NN RN RN
The coordinates of the foot of the perpendicular will be,

( 2 12 3 12 4 12 j

24 36 48
by - = =
[29 49 29)

24 36 48
Therefore, the coordinates of the foot of the perpendicular will be (2—94—92—9j

(b) 3y+4Z—6=0
Solution: Let us take the coordinates of the foot of perpendicular be (% ¥, 2,)

Now, we have been given equation as 3Y +42—6=0

As we can tell the direction ratios will be 0,3 and 4.
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Which means, 0+3°+4° =5
Now, we will divide the equation by 5, we get

3. 4.6
OX+-y+—-2=—
5" 5 5

Now, the coordinates of the foot of the perpendicular will be,

18 24
Therefore, the coordinates of the foot of the perpendicular will be (0' 2—52—5j

(c) X+y+zZ =1
Solution: Let us consider the coordinates of the foot of perpendicular be (Xl’ Yis 21)

Now, we have been given equation X+Y+2=1

As we can tell the direction ratios will be 1, 1 and 1.
Which means, VI +1°+1° =43

Now, we will divide the equation by V3, we get
2t 11

J3 3T N3 B

Now, the foot of the perpendicular will be,

(L O 91 i)

111
= =0z
(3 3 3}

Therefore, the coordinates of the foot of the perpendicular will be E

Wl
~—

Wl
Wl

(d) :>5y+8:0\

Solution: Let us consider the coordinates of the foot of perpendicular be (Xv Yis 21)

Now, we have been given equation as °Y +8=0=0x-5y+0z =8
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’ Now, we can tell that the direction ratios will be 0,5 and 0.

Which means, V0+5*+0=5

Now, we will divide the equation by 5, we get

.8
5
8
Therefore, the foot of the perpendicular will be 0’(_1)-5’0

8
Therefore, the coordinates of the foot of the perpendicular is (0’ _(gj ' OJ.

5. Find the vector and Cartesian equation of the planes

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

i -2k

Solution: Now, according to the question, the position vector of point (1' 0, _2) be @

Now, the normal vector N perpendicular to the plane will be N=i+]-k

!

Now, the vector equation of the plane will be in form (F—ﬁ). =0

|

Now,

(40 +yj+ 2K) = ([ =2K) |:(7+ T-K) =0 = [ (x-2)i + yi +(z+2)K ].(+ j-K) =0

Therefore, the equation will be X+Y—2=3,
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(b) That passes through the point (1,4,6) and the normal to the plane is i—2j+k

Solution: Now, according to question, the position vector of point vector of point (1,
4, 6) will be

a=i+4]+6Kk

ol Il
1

As we know that the normal vector N perpendicular to the plane, N=1-2j+k

So, the vector equation of the plane is will be in form,
[r—(f+4j+6|2)].(f—zj+12)=o

As, T is the positive vector of any point p(x,y,z) in the plane,

Now,

=(x-1)-2(y-4)+(z-6)=0
=(x-1)-2(y-4)+(z-6)=0
=>Xx-2y+z2+1=0

Therefore, the equation of the plane will be x-2y+z+1=0.

6. If the plane passes through the given points, Find the equations of the plane.

(a) (11-1),(6,4,-5),(-4,-23)

Solution: Now, let us consider the points be A(Ll_2)1 B(6’ 4, _5)’C(_41 _2’3)

1 1 -1
Now,[6 4 -5/=(12-10)-(18-20)—(12+16)=2+2-4=0
4 -2 3

Therefore, A,B,C are collinear points,
The number of planes passing through will be infinite

(b) (1,1,0), (1, 2, 1), (-2,2,-1)
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Solution: Now, let consider the points be A(LLO)), B(:L 2'1)'0(_2' 2,0

1 1 0
Now, |1 2 1|=(-2-2)—-(2+2)=-8=0
-2 2 -1

From this we get to know that a plane will pass through the points A, B, C

Now, the equation of the plane through the points will be,

=X Y=Y -7 x-1 y-1 1z
XX Y=Y Z,-7|=0=| 0 1 1{=0
X

Ys=Y1 4377 -3 1 -

X
X,
X3

=(-2)(x-1)-3(y—-1)+3z2=0=-2x—-3y+3z+2+3=0

= 2X-3y+3z=-5=2x+3y-32=5

\ -
Therefore, the equation of the plane is 2x+3y -3z =5.
7. Find the intercepts cut off by the plane 2x+y—-z=5
Solution: Now, the equation of the plane is given as 2x+Yy—z=5
Now we will divide both sides by 5, we get intercepts,

ﬁ+X—E 1=

= y+i=1
5 5 5

+_
5 -5

X
S
2
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. _ . X z
Now, as we know the equation of a plane in intercepts form is g+%+ —=1 As

c

5 .
We can see that we got a = > b =5,c=-5 as the intercepts of the plane.

. : 5
Therefore, the intercepts of the plane will be 5,5 and 5.

8. Find the equation of the plane parallel to ZOX plane and having intercept 3 on the y-
axis.
Solution: We have been given plane ZOX with intercept 3
As we know, if the plane is parallel to the equation, it will be in the form y=a
Since the y-intercept of the plane is 3, we get
A=3
Therefore, the equation of the required plane is y=3.

9. Find the equation of the plane through the point (2,2,1) and the intersection of the
plane 3Xx—y+2z2—-4=0 and Xx+y+z-2=0

Solution: As it’s given that the equation of the plane pass through the intersection of the

planes 3x—y+2z—-4=0 and X+Yy+2-2=0, and passes through the point (2, 2, 1)

We know that (3x—y+2z—4)+a(x+y+2-2)=0,aeR

Therefore, (3x2—2+2x1-4)+a(2+2+1-2)=0

:>2+3a=0:>a:—§
. 2
Now, putting a = 3 we get

(3x—y+22—4)—§(x+ y+2-2)=0

=3(3x—-y+2z-4)-2(x+y+2-2)=0
= (6x—3y+62-12)-2(x+y+2z-2)=0

= 7x-5y+4z-8=0
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Therefore, the equation of the plane will be 7Xx—-5y+4z-8=0
10. Find the vector equation of the plane passing through the point (2, 1, 3) and the

intersection of the planes f.(2f+ ]2—3I2) =27 F.(Zf+5j+3l€) =9

Solution: It is given that the equations for planes passes through (2, 1, 3) and the intersection
of the given planes,

- r.(2f+2j—312)—7=0 and r.(2f+5i+3|2)—9=o

Now, the equation of the required plane will be
[F.(2f+2j—3l2)—7]+/1[f.(2f+5j+3I2)—9}=O,/1€ R
r.[(zh2j—3|2)+/1(2f+5j+3|2)}=9,1+7

r.[(2+2,1)f+(2+5z) j+(31-3)k]=92+7

As plane passes through (2, 1, 3), the position vector will be,

F=21+2]+-3k

Putting this in equation F.[(2+21)f+(2+5/1) j+(3&—3)l€] =94+7 we get,
(2f+2j+—3|2).[(2+2ﬂ)f+(2+5z)j+(3,1—3)|2]=9/1+7

=(2+22)+(2+51)+(31-3)=91+7
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’ =181-3=91+7
10

:>9/1:10:>/1:§

After putting this value in equation F.[(2+ 22)1 +(2+52) J°+(3/1—3)I2} =91+7 we
Will get,
F.[§f+§i+§q:17
9 9 9
- r.[38f+68j+3|2]=153

Therefore, the vector equation will be F.[38f +68] + 3@ =153

11. Find the equation of the plane perpendicular to the plane x—y+z=0.
And through the line of intersection of the plane X+Yy+z=1 and 2x+3y+4z=5
Solution: It is given that the equation of the plane is perpendicular to Xx—Yy+2z =0 and pass

through the intersection of planes, we got
(x+y+z-1)+A(2x+3y+4z-5)=0

= (24+1)x+(34+1)y+(41+1)z—(51+1)=0

From this we can tell that a, =(24+1),b,(31+1),c, =(44+1)

Now, according to the question the plane is perpendicularto x—y+z=0
We got, a,=1b,=-1c, =1

We know that if planes are perpendicular, then,

aa,+bb,+cc, =0

=(24+1)—(32+1)+(44+1)=0

:>32+1:O:>ﬂ:—%

By putting the value in equation (24+1)x+(34+1)y+(44+1)z—(54+1)=0, we

got
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2x+3y+4z=§

\/
N T PR
N

Therefore, the equation of the plane will be x—z+2=0
12.  For these vectors equations of planes F.(Zf +2] —3I2) =5 and F.(Bf 3]+ 5l2) =3,

find the angle between them.

Solution: According to the question we have been given two equation of planes,
r.(2f+2]-3k) =5 and r.(3f—3i+5|2) -3
Now, we know that if 1, and 1, are normal to the planes, then,

r.n =d, and r.n, =d,,

=

|

1'n2

Il

As we know, we can find the angle by cos@ =

|

5l

|
We got,
f,=21+2]—-3k and i, =31 —3] +5k

s, = (20 +2]-3K) (37 -3] +5K) = 2.3+ 2(-8)+(-8)5=-15,

i =2+ 27 4(-3)" =17
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1) =3+ (-3 +(5) =43
Now, by putting all these values in equation cosé = |Pl||nf |
nl n2
cosd = ‘_—15
V1743
15 15
= C0S0=—F—==0=005"| —
V731 [\/731}
- 4| 15
Therefore, the angle between them is 6 =cos™ | —— |.
V731

13.

Determine whether the given planes are parallel or perpendicular, and in case they are
neither, find the angles between them.

Solution: We know that the direction ratios of normal to the plane are a,,b,,c, and a,,b,,c,,

We know that if lines are parallel then, & b — % and if lines are
a2 2 CZ

Perpendicular then aa, +bb, +c.c, =0

aa, +bb,rcc, |

The angle between the planes can be found by, 8 =cos™
J& +b7 42 \Ja2 b2 |

(@ 7x+5y+6z+30=0 and 3x—y—-10z+4=0

Solution: The equations are given as 7X+5y+6z+30=0 and 3x—y-10z+4=0
From the equations we got & =7,b, =5,¢c,=6 and a, =3,b, =-1,¢, =-10

Now we will check whether the planes are perpendicular or parallel, then

Now, a,a, +bb, +¢,c, =7x3+5x(—1)+6x(-10)=-44=0

Therefore, the planes are not perpendicular.
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b_5¢_ -3

Now a1 7 =
a, 3'b, -1'c, 5

It can be seen that 2t = b LG
a b, c,
Therefore, the given planes are not parallel.

The angle between them is given by

7><3+5><(—1)+6><(—10)

J77 45 1673 +(-1)" +(-10)°

6 =cos™

6 =cos™ 44 cos ™ = 2
110 5

(b) 2x+y+3z-2=0 and x-2y+5=0
Solution: The equations are given as 2X+Yy+3z2—2=0 and Xx-2y+5=0
From this we got, &, =2,b, =1,¢,=3 and a,=1b,=2,c,=0
Now, aa, +bb, +¢c, =2x1+1x(-2)+3x0=0

Therefore, the planes are not perpendicular to each other.

_2b _3
a2 “1'b, 20 0

Now, =+

It can be seen that a # E # &
az b2 C2

Now, the angle between them will be

Ll 2x1+1x(2)+3x(0)
2% +1% + 32 ,/12 +(2)2 +0?
2

4, 4 _
6 =cost—— =cos™

70 5

() 2x—-2y+4z+5=0 and 3x—-3y+6z-1=0

6 =cos

Solution: The equations are given as 2Xx—2y+4z+5=0 and 3x—-3y+6z—-1=0

From this we got, &, =2,b, =-2,¢c,=4 and a,=3,b,=-3,c, =6
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Now, aa, +bb, +cc, = 2X3+(—2)><(—3)+4><(6) =36=0

Therefore, the given planes are not perpendicular.

N0W1i:z’£:g’&_g
a, 3b 3¢c 3

La_ b o

a b, c

Therefore, the given planes are parallel to each other.
(d) 2x—y+3z-1=0 and 2x—-y+3z+3=0
Solution: The equations are given as 2Xx—y+3z—-1=0 and 2x—y+3x+3=0

From this we got, a, =2,b, =-1,¢c,=3 and a,=2,b, =-1,c, =3

Now, as we can see ai_gzl,i_ 1_1 1
a 2 b, -1 ¢ T1-

”i:ﬂ:&

a2 b2 C2

Therefore, the given planes are parallel to each other.
(e) 4x+8y+z—8=0and y+z—-4=0
Solution: The equations are given as 4Xx+8y+z—-8=0and y+z-4=0
From this we get, & =4,b,=8,c,=1and a,=0,b,=1c, =1
Now, aa, +bb, +cc, =4x0+8x(1)+1=9+0
Therefore, the given planes are not perpendicular.
Now, -4 B 8 _g¢& 1
1 1
It can be seen that 2 bl +4
a, b2 C

Therefore, the given planes are not parallel.
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Therefore, the angle between them will be,
4><O+8>< +1><1 ‘

N +82+12«/0+

9 1
6 =cost—==cos™ (—j =45°
N2 J2

Therefore, the angle between them is 45°.

0 =cos™*

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

corresponding given plane.

Solution: The distance between a point and a plane is given by,

AX, + By, +Cz, - D|
VA +B*+C? ‘

(a) (0,0,0)3x—4y+12z=3

d:

Ans: The given point is (0, 0, 0) and the plane is 3x—4y+12z =3
Now the distance will be,

3><O—4><0+12><O—3L 3 :i
J(3) +(-4) +122 | V169 13

Therefore, the distance will be % )

d:

(b) (3-21)2x—y+2z+3=0

Ans: The given point is (3,—2,1) and the plane is 2x—y+2z+3=0

Now the distance will be d =

2><3—(—2)2><1+3‘_‘E‘ _13

J) (-7 +22| 131 3

Therefore, the distance will be % )

(©) (2,3-5)x+2y-2z=9

Ans: The given point is (2, 3, -5) and the plane is x+2y-2z=9
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’ Now the distance will be,

‘2+2x3 2x(-5)-3

N >2

Therefore, the distance will be 3.

=2-3
3

(d) (-6,0,0) 2x-3y+62z-2=0)
Ans: The given point is (-6, 0, 0) and the plane is 2x-3y+6z-2=0

Now, the distance will be,

_2><(—6) 3x0+6x0-2 ‘—14

J(2) +(-3) +6°

Therefore, the distance will be % )




