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Q1. Find a normal vector to the plane 2x — y + 2z = 5. Also, find a unit vector normal to the
plane.

Q2. Find the equation of plane passing through the point i+ }+ k and parallel to the plane
F-(2i - j +2k) =5.
Q3. Write the equation of the plane whose intercepts on the coordinate axes are — 4, 2 and 3.

Q4. Reduce the equation of the plane 2x + 3y — 4z = 12 to intercept form and find its intercepts
on the coordinate axes.

Q5. Find the angle between the planes r-(2i — j+ k)=6 and r.(j + j +2k) =5.
Q6. Show that the planes 2x+ 6y + 6z=7 and 3x + 4y — 5z = 8 are at right angles.
Q7. Find the angle between the line 7 = (i +2j — k) + A(i — j + k) and the plane7. (2i — j + k) =4.

Q8. Iftheline F-(i —2j + k) + A (2i + j + 2k) is parallel to the plane 7 (3i — 2 + mk) =14, find
the value of m.

Q9. Wirite the distance of following plane from origin, 2x—-y +2z+1=0.

Q10. Find the vector equation of a plane which is at a distance. of 8 units from the origin and
which is normal to the vector 2i + }+ 2k.

Q11. Find the distance of the point (2, 1, 0) from the plane 2x+ y + 2z+ 5 = (.

Q12. Find the length of the perpendicular drawn from the origin to the plane2x -3y +6z+21 =0.
Q13. Find the distance between the parallel planes x+ y-z+4=0and x+y-z+5=0.
Q14. Find the angle between the normal to the planes 2x-y+z=6and x+ y +2z=7.

Q15. Find distance of the plane 3x— 4y + 12z = 3 from the origin.

Q16. Write the intercept cut-off by plane 2x + y — z = 5 on x-axis.

Q17. Reduce the equation r- (3? — 4} +12§) = 5 to-normal form and hence find the length of
perpendicular from the origin to the plane:

Q18. Find the equation of the plane passing through the point (1, — 1, 2) having (2, 3, 2)as
direction ratios of normal to the plane.

Q19. Prove that if a plane has the intercepts a, b, ¢ along their respective axes and is at a
1 1 1

a—z +? +c—2 2?.

Q20. Ifthe points (1, 1, A) and (-3, 0, 1) be equidistant from the plane 7. (3i + 4f —12ir) +13 =0,
find the value of A.

distance of p units from the origin, then
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Q21. If from a point P (a, b, c) perpendiculars PA and PB are drawn to yz and zx-planes, find
the vector equation of the plane OAB.

Q22. Find the equation of the plane passing through the point (-1, 2, 1) and perpendicular to
the line joining the points (- 3, 1, 2) and (2, 3, 4). Find also the perpendicular distance of
the origin from this plane.

Q23. A vector n of magnitude 8 units is inclined to x-axis at 45°, y-axis at 60° and an acute
angle with z-axis. If a plane passes through a point (/2, - 1,1) and is normal to n,find its
equation in vector form.

Q24. Let n be a vector of magnitude 2J§ such that it makes equal acute angles with the
coordinate axes. Find the vector and Cartesian forms of the equation of a plane passing
through (1, -1, 2) and normal to n.

Q25. Avariable plane which remains at a constant distance 3p from the origin cut the coordinate
axes at A, B, C. Show that the locus of the centroid of triangle ABC is x2+ y 2+ z2=p=2

Q26. Find the equation of the plane passing through the intersection of the planes 4x— y+z=10
and x + y — z= 4 and parallel to the line with direction ratios proportional to 2,1, 1. Find
also the perpendicular distance of (1, 1, 1) from this plane.

Q27. State whether the line 7 =3 + \b is parallel to the plane 7.7 =d.Show that the line
F=1i+]+M2i +] +4k) is parallel to the plane 7.(-2i + k) =5.-AlSo, find the distance
between the line and the plane.

Q28. Show that the line whose vector equation is F = (2i =2 +3k)+ A(i — j + 4k) is/parallel
to the plane 7.(i +5j + k) =5. Also find the distance between them.

Q29. Find the vector equation of the plane which contains the line of intersection of the planes
r-(i +2j+3k)-4=0and r-(2i + j - k) +5 = 0"and which is perpendicular to the plane
r-(5i +3j-6k)+8=0.

xX—2 y+1 z-2

3 4 2
plane x - y + z—- 5 = 0. Also, find the angle between the line.and the plane.

Q30. Find the coordinates of the point, where the line intersects the

x+1 _y+2 z+3

Q31. Find the coordinates of ‘point where the line = 3 4

x+y+4z=6.

meets the plane

Q32. Find the equation.of the plane passing through the points (1, 0, - 1), (3, 2, 2) and parallel
x-1 y-1 z-2
> 5 =3

to the line

Q33. Find the equation of plane that contains the point (1, —1, 2) and is perpendicular to each
of planes2x + 3y—-2z=5and x+ 2y - 3z=8.

Q34. Find the plane passing through (4, — 1, 2) and parallel to the lines
x+2:y—2:z+1 and x—2:y—3:z—4
3 -1 2 1 2 3

Q35. Find the vector equation of the plane through the points (2, 1, —1) and (-1, 3, 4) and
perpendicular to the plane x—- 2y + 4z=10.
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Q36. Prove thatthe lines x;' _y+3 _z+5 aX-2_Y-4_Z-6 ,.6coplanar. Also, find
5 7 1 4 7

the plane containing these two lines.
Q37. Find the equation of the plane through the line of intersection of r-(2i — 3j + 4k)=1 and
r-(i - j)+4=0 and perpendicular to r-(2i — j + k) +8=0.

Q38. Showthatthelines 7 = (i + j — k) + M3i —j)and 7 = (4] — k) + u(2i +3k) are coplanar. Also,
find the plane containing these two lines.

Q39. Find the vector equation of the plane that contains the lines r = (f + }) + Mf +2}' —ft)and
r= (f + j) + J( - +} —2!?). Also, find the length of the perpendicular drawn from the point
(2, 1, 4) to the plane thus obtained.

Q40. Find the equation of plane(s) passing through the intersection of planes x+ 3y + 6 =0 and
3x - y -4z =0 and whose perpendicular distance from origin is unity.

Q41. Find the equation of plane passing through the point A (1, 2, 1) and perpendicular.to the
line joining points P (1, 4, 2) and Q (2, 3, 5). Also, find distance of this plane from the line
x+3 y-5 z-7

2 14

Q42. Find the Cartesian equation of the plane passing through points A{0, 0,0) and B (3, -1, 2)
x-4 y+3 z+1
1 -4 7

and parallel to the line

Q43. Find the equation of plane passing through the point (-1, 3, 2) and perpendicular to
each of the planes x+ 2y + 3z=5and 3x+ 3y +z=5.

Q44. Find the vector equation of plane passing through-the points A (2, 2, - 1), B(3, 4, 2) and
C(7, 0, 6). Also, find the Cartesian equation of plane.

Q45. Find the equation of plane passing through point (1, 1, — 1) and perpendicular to planes
x+2y+3z-7=0and 2x-3y+4z=0.

Q46. Find the vector and Cartesianwequation of a plane containing the two lines
F=(2i+j-3k)+ (i +2j+5k)and 7 = (37 + 3 + 2k) + (37 - 2] + 5k). Also, show that
the line 7 = (27 +5] + 2k) +@, (37 — 2] + 5k) lies in the plane.

Q47. Find the equation of planepassing through thepoint (1, 2, 1) and perpendicular to line
joining points (1, 4,2) and (2, 3, 5). Also, find the coordinates of foot of the perpendicular
and the perpendicular distance of the point (4,70, 3) from above found plane.

Q48. Find the equation of plane passing through point P(1, 1, 1) and containing the line
F=(-3i + J+5k) + M3i — j—5k). Also, show that plane contains the line
F=(~i +2] +5k)+ p(i —2j - 5k).

Q49. Find the equation of plane passing through the point (-1, — 1, 2) and perpendicular to
each planes 2x+ 3y -3z=2and 5x-4y + z=6.

Q50. Find the equation of plane determined by the points A(3,-1,2), B(5, 2,4)and C(-1,-1, 6).
Also, find distance of point P(6, 5, 9) from plane.
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Q51. Find the equation of plane passing through points (3, 4, 1) and (0, 1, 0) and parallel to line
x+3 y-3 z-2
2 7 5

Q52. Find the coordinates of the point where the line through (3, —4,-5) and (2, -3, 1) crosses
the plane, passing through the point (2, 2, 1), (3, 0, 1) and (4, -1, 0).

Q53. Find the vector equation of the line passing through the point (1, 2, 3) and parallel to the

planes 7-(i — j+2k)=5 and 7-(37 + j+ k) =6.
Q54. Find the equation of the plane through the points (2,1,— 1) and (-1, 3, 4) and perpendicular
to the plane x — 2y + 4z = 10. Also, show that the plane thus obtained contains the line

F=i+3j+4k + M3i —-2j —5k).

Q55. Find the equation of plane passing through the line of intersection of planes

r- (f+}+£’) =1and r- (2?+3}'—§) + 4 = 0 and parallel to x-axis.

Q56. Find the equation of the plane passing through the line of intersection of the ‘planes
7-(i+3j)-6=0 and 7-(3i - j— 4k) =0, whose perpendicular distance_from origin is
unity.

Q57. Find the equation of plane passing through the line of intersection of planes 2x+ y—z=3

-1 y-3 z-5

and 5x— 3y + 4z+ 9 = 0 and parallel to line X 2 5

Q58. Find the coordinates of image of point (1, 3, 4) in the plane 2x—-y+z+ 3 = 0.

Q59. Find the image of the point having positiontvector j+3j+4k in the plane
F-(2i - j +k)+3 =0.

Q60. Find the image of the point (3, — 2, 1) in the-plane 3x -y + 4z =2,

Q61. Find the coordinates of the foot of perpendicular and the perpendicular distance of
point P(3, 2, 1) from the plane 2x— y'+ z + 1 = 0. Find also image of the point in the plane.

Q62. Find the length and foot of perpendicular from point P(7,144,5) to planes 2x + 4y — z= 2.
Also find the image of point P in the plane.

Q63. Find the distance of the point (2, 3, 4) from the line' X.* 3 _¥- 2 — %2 measured parallel
3 6 2

to the plane 3x+ 2y + 2z-5=0.
Q64. Find the distance: of the point (-1, —5, =10) from the point of intersection of the line
r =(23—}'+2.‘?)+k(3f+4}+2§) and the plane r -(f—}+§) = 5.

Q65. From the point P(1, 2,4) a perpendicular is drawn on the plane 2x+ y—2z + 3 = 0. Find the
equation, the length and the coordinates of foot of perpendicular.

Q66. Find the distance of point (2, 3, —4) from the line X+2 _2y+3 _32+4 | .asured
3 4 5
parallel to the plane 4x+ 12y -3z+1=0.
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MATHEMATICS - Xl | Planes NCERT-Solution

S1.

S2.

S3.

S4.

S5.

Date: 19/10/2021

We know that the coefficient of x, y and z respectively in the Cartesian equation of a plane
determine the direction ratios of a vector normal to the plane. Therefore, direction ratios of a

vector n normal to the given plane are proportional to 2, -1, 2.

n = 2f—f+2!2

Thus, a unit vector normal to the plane is given by

- ﬁ 2;—}+2.‘2 1 . = -
n = —= =—(2i —j+2k
- Vaitia 3o T

The equation of a plane parallel to the plane 7 -(2/ — j +2k) =5/is
Fo2i-j+2k) =d
Since it passes through / + j + k . Therefore,
(F+j+k)-(2i—j+2k) =d = 2-1+2=d = d=3.
Hence the equation of the required plane is . 2/ - j +2k)=3

We know that the equation of a plane whose intercepts on the coordinate axes are a, b and ¢
respectively, is given by

X z
a c
Here, a=-4, b =2, and ¢ = 3. So; the equation of the required.plane is

Y
+=—+—=1
b

X
—+=+
-4

N

=1=>-3x+6y+4z=12

WlN

The equation of the.given plane is

b = —+=+—=1

E3y42_1xyz
12 12 12 6 4 -3

X z
This is of the form » + % +E =1. So, the intercepts made by the plane with the coordinate axes

are 6, 4 and —3respectively.

We know that the angle between the planes r-n, =d, and r -n, =d, is given by
ﬁ1 'ﬁz

cos 0 =7 172
|n, || n, |
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Here, n, =2 -j+k and n,=i+j+2k

@ -j+ky-(i+j+2k)  2-1+2 1

COS O = T T k| |T+]+2k| JAiliiA1+r4 2
0 T
= [ —
3

$6. We know that the angle between the planes ax+ b y+cz+d =0andax+b,y+c,z+d,=0
are atright angles, if

cos 6 =aa,+bb,+cc,=0

We have, (2) (3) + (8) (4) + (B) (- 5) =6 + 24 —30 =0

Therefore, planes 2x + 6y + 6z =7 and 3x + 4y — 5z = 8 are at right angles.

S7. We know that the angle 6 between the line r = a + Ab and the plane r.n =d is given by

b-n
sin = ——=
|b|-[n|
Here, b =i-j+kandn=2i-j+k
Gino = (I—j+k)-Qi-j+k)  2+1+#1 4 22
JE+2+ P22+ (12 +7 BB+ 3V2 3
— 0 = sin‘{%}

s8. The given line is parallel to the vector b =2+ j + 2k and the givenplane is normal to the vector
=3 —2j + mk.

If the line is parallel to the plane, then normal to the plane is perpendicular to the line

3

b L

0

= b-n
= (2] +4+2k)- (3 —2j+mk) =0
= 6-2+2m=0=>m==2

$9. Given equation of plane is 2x— y + 2z + 1 = 0 and the pointis (0, 0, 0).
On comparing with Ax+ By+ Cz+D=0
We have, A=2, B=-1, C=2, D=1
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And point x,=0, y,=0, z,=0

4= |20) —1(0) +2(0) + 1 “d_|Ax1+By1+Cz1+D|
J2) + 02+ 27 | JA? +B% + C?
= d: ;
Ja+1+4
= i‘:lumt
Jo| 3
$10. Here, d=8and n = 2/ + j + 2k.
o —2f+}+2§—gf+1}+3;2
= |n| Ja+1+4 3 3" 3

Hence, the required equation of the plane is

F-[gf+1}+3k“]=8 = r-(2 + ] + 2k) = 24.
3 3" 3
$11. We know that the distance of the point (x,, y., z,) from the plane ax +.by+ ¢z + d = 0 is given by

|ax, + by, +cz, +d |

Ja? + b +¢?

So, required distance = |2><2+1+2><0+5|=|4+1+0+5|=E

2?2+ 4+ 22 Ja+1+4 3

Ax,+By,+Cz, +D

VA? + B? + C?

$12. The distance from point (x,, y,, z,) to the plane Ax+ By+ Cz+ D=0 is

Given, equation of plane is
2x—-3y+6z+21=0

Length of the perpendiculardrawn from the origin to this plane
2:0-3:0+6-0+21|
Y277 + (=37 + (8)°

0-0+0+21_ 21 21

JA+9+36 | V4 7

= 3 units.

$13. Let P(x,, y,, z,) be any pointon x + y—z + 4 = 0. Then,

X, +y,—z +4=0
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The length of the perpendicular from P(x,, y,, z,)tox+y—-z+5=0is

X, +y,-z,+5| _|-4+5] 1

JE+P 7| 3 B

1
Therefore, the distance between the two given parallel planes is ﬁ .

S14. Let ny and n2 be vectors normal to the planes 2x—y+z=6and x+ y+2z=7.

Direction ratios of normal to 2x — y + z= 6 are proportionalto 2, -1, 1
So, m =2i-j+k
Direction ratios of normal to x+ y + 2z =7 are proportionalto 1, 1, 2

So no =1+j+2k

Let 6 be the angle between the normal's n1 and n2 . Then,

N -nz
Cosﬂ = =
| n|| nz |
- cos 0 = 2x1+(-1)x1+1x2 B 4 -1 3
J2 (P + R+ 2422 JAa+1+a+T+4 J6v6
0= ="
= Cos = 2 = 0= 3

S15. Given equation of planeis 3x—4y + 12z -3 = O0.and the point is (0, 0, 0). We know that distance
of the plane Ax + By + Cz + D = 0 to the paint(X;, y,, z,) is

= |Ax, + By, +Cz, + D|

JA? + B2 + C?

Here, x,=y,=z,=0and A= 3,B=-4,C=12,D=-3,

oy 3(0) — 4(0) + 12(0) -3
JBY2 + (—4)% + (122

-3
d= ‘ =2 =3 unit
J9+16+144 169 13
S16. Firstly we convert the given equation of plane in intercept form i.e., X4 % +Z =1, which cutthe
a c

x-axis at (a, 0, 0).

Given equation of plane is
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2x+y—2z=5
Divide both sides by 5, we get

2_X+£_E =1 or L_+£+_ =
5 5 5 (E] 5 (-5
2
Comparing above equation of plane with the intercept form of equation of plane.
X y z
—+=+—=1
a b c

where, a = x-intercept, b = y-intercept, ¢ = z-intercept

5

We get, a= —
g 2

N | o

i.e., Intercept cut off on x-axis =

S$17. The given equation is
r(3i-4j+12k) = 5

— r-n=5, where n=3i —4j+12k

Since |B | = JSZ +(—4)>+12° =13 # 1. Therefore the given,equation is not in normal ferm. To
reduce it to normal form, we divide both sides by | n{ ie,,

- n 5
r——= 1=
|n| [n]
L p[(354s,12 5
13 13 / 13 13
This is the normal form of the equation of given plane. The length of the perpendicular from the
... D
origin is 13"
$18. Here the plane passes through the point having position vector a=i- j+2k and is normal to

the vector n =27 + 3f +2k. So, the vector equation of the plane is

(r-a)-n = 0
— F-n = a-n
N r(2i+3j+2k) = (- j+2k) (27 +3] +2K)

= r-(2i +3j+2k) = 2-3+4
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S19.

S$20.

S21.

= r-2i +3j+2k) = 3

The Cartesian equation of the plane is

(xi +yj+zk)- (2] +3j+2k) = 3 [Putting r = xi + yj + zk]
= 2x+3y+2z =3
The equation of the plane having intercepts a, b and ¢ on the coordinate axes is g +% + g =1
It is given that this plane is at a distance of p units from the origin. Z
0 0 O
E+5+E_1 .
1T 1 - P
@ b
1 1 )
o = = =
K B KR I H 7 Y
a®> b* c? a® b* ¢
., (I O IO B
2 2 2 2
i2+i+i b* ¢ p i
a- b° c X
Hence proved.
[+ ]+ 2K)- (37 +4] —12k)+13| _ |(=37 + OJ« K)-(37 + 4] ~12k) +13|
| J9+16 + 144 Jo+16+144 |
\3+4—127L+13 . —9+0—12+13|
= | 13 B 13 |
= | 20—12% | =8
= 20-12).=+8
= 20—-121=8or, 20121 =-8

7
=121 =120r, 122 =28 => AL =101 L= 3

The coordinates A and B are (0, b, ¢c)and (a, 0, c) respectively.

—a -

OA = bj +ckand OB =ai +ck

The plane OAB passes through O(ﬁj and is perpendicularto n = OA x OB.
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We have 7

o i = OAx OB
_ ) _ I J ok . . . . Alo, b, )
n=0OAx0OB = |0 b c|=bci+ac—-abk
B(a, o, ¢) 2, b, )
a 0 c T
So, the equation of plane OAB is ‘
F-0)n =0 . | ¥
(r-0)-n = X
= F-n =0= r-(bci +caj —abk)=0.

$22. The required plane passes through the point (-1, 2, 1) having position vector & = —i + 2] + k and

is perpendicular to the line joining the points A (-3, 1, 2) and B (2, 3, 4). Therefore, a vector
normal to the plane is given by

fi=AB-= (2:+31+4k) (3:+j+2k) 5:+2;+2k

We know that the vector equation of a plane passing through a point having.position vector a
and normal to vector n is given by

(r-a)-n =0 = r-n=a-n TA(3.1.2)
Therefore, the equation of the required plane is
Fo(5i +2j +2k) = (=i +2] +K)-(51 +2] +2K) IB(2.3.9)
= F-(5/ +2j+2k) ==5+4+2
A | f T g7
N /fj//!///!!/
- e ' My LS VL T 7]
= r-(5i+2j+2k) =1. Vo A
[T77 7777777777777
. . . ™ L L TN T 777777777
To find the distance of this plane from the erigin, 77 1777 // / / //7
. . /
we reduce its equation to normal form. ST IT T 7777 H+
I 1117777777577 74

l//!fl!/!;‘f!!P(l.-Z-l

LT T 777777 4 yos g
We have, | i |= /52 + 22 +22 =4/38

s23, Lety be the angle made by n-with z-axis. The direction.cosines of n are

1 1
] = c0845°=— m =¢0s60°=— and n = cos
2 2 !
E+m?+n® =1
2 2
EIRR
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= n =Z:>n=§ [-- yis acute .. n=cosy> 0]
We have, ln| =8
n = |n| (Ii + mj + nk)
= =8| Lis i k| =ayaisaj+ak
2 2772

The required plane passes through the point (+/2, —1,1) having position vector a =/2i — j + k.

So, its vector equation is

(r—a)-n =

o

- rn= a-n

© |

r- (427 + 4] + 4k)

(N2i — ]+ K)- (42 +4] + 4k)

U

U

r-(42i +4j+4k) = 8—4+4

(42 +4]+ak) = 8

~!

=
= F-(ﬁfﬂhﬁ) = 2.

s24. Let o, B and y be the angles made by n with ox, oy and'ozrespectively. Then,

o =pP=y=>cosa=cosB='cosy=I1=m=n,

where 1, m, n are direction cosines of n.

But, F+m*+n* =1
1=m=n:>312=1:>f=i3 [+ o is acute .. cos o= 1> 0]
Thus, f = 2\/5[%f+ij+i;€) [Using 7 =|7 | (if + mj +nk)] |
3 V37 A3
= n = 2f+2}+2l?

The required plane passes through a paint{(1, — 1, 2) having position vector a =/ — j + 2k andis

normal to*n. So, its vector equation is

r-n = a-n

N r-2i+2j+2k) = (i —j+2k)- (2 +2] +2k)
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= r-2i+2j+2k) = 2-2+4

= (F+j+k)=2

=~

The Cartesian equation of this plane is

Xi+yj+2zk)-((+j+k) =2 =>x+y+z=2
$25. Let the equation of the plane be

X
—+
a

o<
_|_
OIN
]
—

where a, b, ¢ are variables
This meets X, Yand Zaxes at A(a, 0, 0), B(0, b, 0) and C(0, O, ¢)
Let (o, B, v) be the coordinates of the centroid of triangle ABC. Then,

_a+0+0_a B = 0+b+0 _b _ 0+0+C=£
3 3 3 3’ 3 3
The plane (i) is at a distance 3p from the origin. Z
3p = Length of perpendicular from (0, 0, 0) to the plane (i)
000 ‘ %
—+—+—-=1
3p= a b c
: —
1 1(‘1 LY
a b c (o, B, 7)
1 1 1 1 1
O e e B P R S L . ’
a2 et
From (ii), we have A
a=3ua, b=3pand.c = 3y. X

Substituting the values of a;b,c in (iii), we obtain

1 1 1 1

Py |
9p> 9a’ 9B° 9y

1 T 1 1
= - 2 w2

2 a By
So, the locus of (o, B, v) is

$26. The equation of a plane passing through the intersection of the given planes is
Ax-y+z-10)+ A (x+y—-2z-4)= 0
= x4+ 1) +yh-1)+z(1-1)-10-41=0

()

()]

. ()
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This plane is parallel to the line with direction ratios proportionalto 2, 1, 1.
2+ )+ 10.-1H+ (1 -1 =0 = 2L+8=0 =>Ai=-4
Putting L=—41in (i), we obtain

-8y +5z+6=0 - (i)
This is the equation of the required plane.

Now, Length of the perpendicular from (1, 1, 1) on (ii) is given by

_|-5x1+5x1-6| 6 3.2

d = = =
J52+(-5)F | 52 5

$27. Theline r = a+ Ab is parallel to the plane 7 - 7i = d, if the normal to the plane is perpendicular to
the linei.e.

blA =b-fi=0

Here,

fV R
|

= [+j,b=2i+j+4kandn=-2i +k.

(2i +j+4K)- (-2 +0j+K) =—4+0+4=0

Wehave, b-ni

= bln
= Given line is parallel to the given plane.

Distance between the line and the plane

Length of perpendicular from the poeint g =/ + j tothe plane(F - n=d.

(@-i-d| [0 +D)-(2I4K)-8 _|(2-0+0)-5). 07"
1A J(22(0)* + V5 V5

$28. The given line passes through the point having position vector & =2/ — 2/ + 3k and is parallel to
the vector b=/ — j + 4k .
We have, b.n = (i —j ¥4k)- (i +5j +k)=1-5+4=0
So, b perpendicularto 7.

Hence, the givenline is parallel to the given plane. The distance between the line and the parallel
plane is thedistance between any point'en the line and the given plane. Since the line passes

through the point g = 2j — 2}’ + 3k. Therefore,
Distance between the line and the plane

= Length of perpendicular from 3 =2/ - 2 + 3k to the given plane
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_ |@i-2j+3k)- (i +5]+k)-5) 1(2-10+3)-5] 10

P +5% + P J27 V27
§29. Let, the given equation of plane in Cartesian form are
m,=X+2y+3z-4=0 (. ?—(f+2}+3kA)—4=0)
and n,=2x+y—-2z+5=0 (v r-Qi+]-k+5=0)

Equation of plane passing through intersection of the planes =, and =, is
(x+2y+3z—-4)+k(2x+y—-z+5)=0
— x(1+2k)+y(2+k)+23-k)—4+5k=0

and 5x+3y—6z+8=0 ( F’-(5F+3j’-6f2)+8=0)

Ifa,x+b,y+c,z+d=0and a,x + b,y + ¢,z + d, = 0 Lto each other then their normal also L to
each other. Then,

a,a, + b,b, + c,c, =0

5(1+2k)+3(2+ k) —6(3—k) =0

- 5+ 10k + 6 + 3k— 18 +6k = 0
= 19k-7=0
7

k=_

- 19

Required plane will be

)([1+Ej+y(2+i)+2(3-1)—4+§ =0

19 19 19 19
(2 ()R- 4 -

= TYAMET 19) 19 ~
= 33x + 45y + 50z -41=0.

§30. Given, equation of lineis

_ _z=2
3 4 2 o B

[ x=31+2,y=4)L-1,2=2)+2]

Then, ((31 + 2), (41— 1), (21 + 2)) be any point on the given line.
This point lies on the plane x—y+z-5=0
S (BA+2)—(4h-1)+(21+2)-5=0
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= 3L+2-4)L+1+2)0+2-5=0

=0

Point of intersection=(3x0+2,4x0-1,2x0+2)=[2, -1, 2]
Let 0 be the angle between line and plane.

sin 0 =

3)(1) + 4(=1) + 2(1) csinB= al + bm+cn
JO+16+4 [1+1+1 Ja? + b2 +¢% I + m? + n?
('.‘a=3,b=4,c=2;j=1,m=1,n=1)

sin 0 = 3-4+2 _ 1
J293 87
. 1
0=sin"' —.
V87
$31. Given equation of lineis X*+1 = V;Z - 213_ Q

. Any variable point on the givenline is

X+1 _ y+2=z+3 - % [Say]
2 3 4 P

= X=2rh—=1,y=3L-2,2=40L-3
Arbitrary point on the lineis P(2. -1, 3L —-2,4%L-3)

Now, as point P lies on the plane. So, it satisfies the equation of plane

X+y+4z=6
(2r—=1)+Br—-2)+4(4)-3)=6

= 2L —1+3L-2+16L-12=6
= 212—-21=0
= 21.=21
r=1

Putting 2 = 1 in point P, we get the required point
P2-1,3-2,4-3)=(1,1,1)

$32. The equation of a plane passing through(1, 0,—1) is
ax-+1)+b(y—-0)+c(z+1) =0 .. ()
This passes through (3, 2, 2). So,

aB-1)+b(2-0)+c(2+1) =0=>2a+2b+3c=0 .. (i)

-1 y-1_z-2

The plane (i) is parallel to the line X > 3
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Therefore, normal to the plane is perpendicular to the line
a()+b(-2)+c(3) =0

Solving (ii) and (iii) by cross-multiplication, we get

a b c

@B)-B)-2) B -@E) @2-@))

. a_b_c_a b_c_;say
12 -3 -6 4 -1 -2 y
= a=4,,b=-xc =-2xr

Substituting the values of a, b, ¢ in (i), we obtain: 4, (x —1) -y —-2AL(2+1)=0
= 4x -4 -y—-2z-2=0
= 4x-y—-2z-6=0
This is the equation of required plane.

$33. Equation of plane passing through point (1, -1, 2) is given by
ax=1)+by+1)+c(z-2)=0
Now, given that plane (i) is perpendicular to planes

2x+3y—2z=5
and x+2y—3z=8

We know that when two planes

ax+byy+ciz=d and a,x+ b,y + ¢,z = d, are perpendicular, then

a,a, + b1b2 +C,C, = 0

We get, 2a+3b—-2c=0 [FromEgs. (i) and (ii)]
and a+2b-3c=0_'[From Egs. (i) and (iii)]
or we may write 2a+3b=2¢

a+2b=3c

Multiplying Eq. (v) by 2 and subtracting it from Eq. (iv), we get

2a+3b= 2c¢
_2ai4b=_60
-b=-4c
= b=4c

Putting b = 4cin Eq. (v), we get
a+8c=3c

. (iii)

. ()

.. (i)
.. (i)

. (iv)
. (V)
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= a=-—2>5¢
Now, putting a =—5c and b =4c in Eq. (i), we get the required equation of planes as
-5c(x—=1)+4c(y+1)+c(z-2)=0

= -5x-1)+4(y+1)+(z-2)=0 [Divide both sides by c]
= —-5x+5+4y+4+z-2=0
= 5x—4y—-z-7=0

$34. The equation of a plane passing through (4, -1, 2) is
ax—4)+b(y+1)+c(z-2)= 0 (1)

It is parallel to the lines

X+2 y-2 z+1 x-2 y-3 z-4

and

3 -1 2 1 2 3
3a—b+2c=0
at+2b+3c=0
Using cross-multiplication, we get
a b c a b ¢
of,—=—=—=)ora=Ab=2%c= =k

3-4 2-9 641 1 1 -1

Substituting the values of a, b, ¢in (i), we obtain

A(X=4)+L(y+ 1) =1 (z-2)=0

x-4)+(y+1)-(z-2)=0 or x+y—-z-1=0

as the equation of the required plane.

$35. The required plane passes through two points P (2, 1,—1)and Q (-1, 3,4)"Let a and b be the
position vectors of points P and Q respectively.

Then, 5=2+j%~k ‘and b=-i+3]+4k

PQ

ba'=—i+3]+4k—(2i 4] =k)

~3/ +2j +5k

The required plane.isperpendicular to the plane x= 2y + 4z = 10. Let n: be the normal vector to
this plane, then m= - 2f+ 4k.

Let n be the'normal vector to the required plane. Then,

i j k
n=mxPQ=|1 -2 4/ =-18i -17j — 4k
-3 2 5
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The required plane passes through a point having position vector @ = 2i + j — k and is normal

to the vector 7i,= —18i — 17 — 4k. So its vector equation is

Ffi=an

= F-(-187 =17j—4k) = (27 + j - k) (-187 = 17] - 4k)
=  F-(-18i —=17j - 4k) = -36-17 +4
= 7-(18/ +17j+4k) = 49

$36. We know that the lines

X — X, _y—y.I_Z—Z1 X=Xy Y-V, Z-2,

are coplanar if

X=Xy Vo= ¥y 2,24,

Here, x,=-1,y,=-3,2,=-5x,=2,¥,=4,2,=6,,=3, m,=0,n, =7, L=1,m,=4,n,=7

X=Xy Yo=V¥i 2274 3 7 1
m, n, | =|3 5 7(=21-98+77=0

1, m, n, 14 7

So, the given lines are coplanar.
The equation of the plane containing the lines is
x+1 y+3 z+5

3 5 7
1 4 7

Il
(e

= (x+1)(35-28)—(y+3) (21-7)+ (z+5) (12=5)=0

= x+7 =14y -42 +72+35=0
= TX—=14y +7z+42-42=0
= x=2y+z=0

$37. The equation of any plane through the line of intersection of the given planes is

[F-2f = 3]+ aky-1]+[r-G-J)+4] = 0

= ri2+1)i —(3+1)j+4k] =1-4L (1)

If plane (i) is perpendicular to F-[(Zf —} + 12) +8=0, then
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[(2+1) —(B+A)j+4Kk]-(2i —j+k) =0 [Using 7, - 73, = 0]
22+ M)+ (3+1)+4=0

11
= P+M=0=0= -

11
Putting 2. = Y in (i), we obtain the equation of the required plane as

| . . 44
- (2-ﬂ]f-[3-ﬂJf+4k = 1+—
S 3 3 3

= F (=50 +2] +12k) =47.
$38. We know that the lines =&, + b, and r = &, + pb, are coplanar if
a,-(b,xb,) = &,-(bxb,)

and the equation of the plane containing them is

4

F-(b,xb,) = & -(b xb,)

Here, é}:f+f—f€,51=Sf—f,é2:4f+0f—§ and 52=2f+0f+3ﬁ.
i j k
bxb, = |3 -1 0|=-3i -9f +2k
2 0 3
= a -(byxb,) = (i+]j—k)(«3F-9j+2k)=-3-9-2=-14
and, 8, (b,xb,) = (4 #0j—K)-(-3/ -9j+2k)=-12+0-2=-14
= 51*(51><52) = 52‘(B1X52)

So, the given lines are coplanar.

The equation of the plane containing the given lines'is

Fubyx b,) = a, - (b, x b,)

= r-(b,xb,) = —14
— F(-3i-9j+2k) = —14 [‘.‘51x52=—3f—9f+2ﬂ
= F-(3i +9j—2k) =14

$39. The two given lines pass through the point having position vector 3 = + j and are parallel to the
vectors b, =i +2j —k and b, = —i + j — 2k respectively. Therefore, the plane containing the given
lines also passes through the point with position vector a =i + j. Since the plane contains the
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lines which are parallel to the vectors 51 and 52 respectively. Therefore, the plane is normal to

the vector. - -
- e oA 1= b x
i ] ok ‘
A= bxb,=|1 2 —1=-3i+3j+3k
-1 1 -2
Thus, the vector equation of the required planes is
L A7 L [ T T 7T ~
F_A\.h = FR = 3.7 A VA i N R Y § X
(r—a)-n=0or r-n a-n gf{ //ff/!/{l//!/f/ I ;( b
B s A - s A s A [T IV I T T 7 17777777
- = (- =L
= r-(-3j+3j+3k) (F +J)-(=3i +3j +3k) 5 r:sj*lr/ﬁ?// ////////////7
TIL 777777777
=  F(-3j+3j+3k) = -3+3 A+ D73
. Srugi
= r-(-i+j+k) =0 e

The length of perpendicular from P(2, 1, 4) to the above plane is given by

(20 + ] +4K)-(~i + ] +K)
JE 4P 4P

|-2+1+4)

\/52\/5

$40. Eq. of plane Passing through the intersection of planes x + 3y + 6=0and 3x—-y—-4z=0 is
(x+3y+6)+L(B8x—y—-42)=0

X+3y+6+3ix—Ay—4rz=0

X(1+ 30+ y(3—2)—42z+6=0 . (i)

which is the general form of equation of plane. Now; given that perpendicular distance of plane (i)
from origin is unity.

We have,

=

Distanee of point (x,, y;, z,) from]

A3 (0)+ B -M(O) - 4)“(0)+6| aplane ax +by +cz+d=0

| J+30)7 + (3= 1) + (40

|ax1+by1+cz,+d|
| Ja? + b? + ¢ ‘

6 |
=1
1+ 902+ BX+ 9+ A2 — 6 + 1612 |

6

= e\ =1
V2612 10

= 6= v261° +10
Squaring both sides, we get 36 = 2612 + 10
= 2622 =26
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= 22 =1
= A= t1

Now, putting A = 1 in eq. (i), we get

= 4x+2y—4z+6=0

= 2x+y—-2z+3=0 ... (i)
and putting . =—1in eq. (i), we get

= -2x+4y+4z+6=0

= x—-2y—-2z-3=0 ..... (iii)

Egs. (ii) and (iii) are the required equations of the plane.

S41. Equation of plane passing through the point A(1, 2, 1) is given as
ax-1)+by-2)+c(z—-1)=0 (i)
[ Equation of plane passing through (x,, ¥,,Z,) having
DR'sa, b,cisa(x—=x,)+b(y-y,) *C(z-2z)=0]
Now, DR’s of line PQ, where P(1,4,2)and Q(2,3,5)are2-1,3-4,5-2=1,-1, 3.
Since, plane (i) is perpendicular to line PQ.

. DR’s of plane (i) are 1, -1, 3
Le., a=1, b=-1, ¢=3

Putting values of a, b, ¢ in Eq. (i), we get the required equation of plane as

1Tx-1)-1(y-2)+3(z-1)=0
= Xx-1-y+2+3z-3=0
or Xx—y+3z-2=0 .. (i)

To find distance of the above plane fromthe line

x+3=y—5=z—7 i)
2 -1 -1
Now, DR’s of above line.are«(2, — 1, — 1) and DR's of.normal of Plane of Eq. (ii) are (1,—-1, 3)

Now, we have a,a,* bb,+cc,=0
Now 21)=1(-1)-1(3)=2+4-3=0
= Line.(i).is parallel to plane (ii).

The required distance = perpendicular distance of the point (— 3, 5, 7) to the plane (ii).
We have,
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d= |30 '; (5)(_13 ~ 7(32)_ 2 ax+by +cz+d =0,
VAP + (17 +(3) | _ |ax, + by, + ¢z, +d|

Ja? +b? +¢?

d

_|-8-5+21-2| _ |11
| Vi+t+9 | A

= J11 units.

S$42. Equation of plane passing through the point A (0, 0, 0) is
ax—=0)+by-0)+c(z-0)=0

or ax+by+cz=0

[ Distance of the point (x,, ¥,, Z,) to the plane |

. (i)

[Using one point form of plane a(x— x,) + b(y—y,) + ¢(z—z,) = 0]

Since, the plane (i) passes through the point B(3, -1, 2).
Putx=3,y=-1,z=2IinEq. (i), we get
3a-b+2c=0

Also, the plane (i) is parallel to the line

X-4 _y+3_z+1
1 -4 7

. (ii)

a(1) + b(—=4) + ¢(7) =0 [If plane is parallel to the'line, then normal to the plane is
perpendicularto.the line .. a,a, + b,b, ¥'c,¢, = 0]

= a-4b+7c=0
Now, multiplying Eq. (iii) by 3 and subtracting it from Eq. (ii), we get

33— b + 2c =0
_33;12bi21c=0

116 —-19¢ =0

Putting b = %c inEg: (ii), we get

19
3a——c +2c=0
11

- 3::'3+—_1901:'|'22C =0

... (iii)
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S$43.

3a+— =0
= 11
3¢
3a=——
= a 17
- a:_i
1
. c 19 . . . .
Now, putting a = 11 and b = ﬁc in Eq. (i), we get the required equation of plane as
-C
—X+——y+cz =0
TIIETI
x 19y
-——+—+z =0
- TREET
= X+ 19y +11z=0
=S Xx—19y—-11z=0

Note: If aline is parallel to the plane, then normal to the plane is perpendicular to the line.

Let the required equation of plane passing through (-1, 3, 2) is
ax+1)+b(y—-3)+c(z-2)=0

. ()

[-- Equation of plane passing through (x,, y,, z,) is-a(x= x,) + b(y — y,) + ¢(z =z,) = O]

Given that plane (i) is perpendicular to the planes whose'equations are
x+2y+3z=5
and 3x+3y+z=5

We have, a.a,+bb,+c,c,=0
Using the above result first in Eqgs. (i),(ii) and then in Egs. (i) and'(iii), we get
a+2b+3c=0

and 3a#3b+c=0
Multiplying, (iv) by 3 and subtracting it from Eq. (v),/we get

3a+3b+ c =0
_3aJ_ert90=O
-3b-8c=0
= -3b=8c or =—8?C

Putting b = —E;—C in Eq. (iv), we get

. (i)
.. (iii)

. (iv)
. (V)
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or

—@+30 =0
3
_16c_,. _16c-8c _7c
3 3
7c
a=_

8c
Finally, putting a = Z—C and b= ——- in Eq. (i), we get the required equation of plane as

3

7c 8c _
?(x+1)—?(y—3)+c(z—2) =0

Divide both sides by ¢, we get

7 8
SN -2y =3 +(z-2) =0

= 7Tx+7—-8y+24+3z-6=0
or 7x—8y+3z+25=0

S44. First, we check whether the points are collinear or not.
Given pointsare A(2,2,-1),B(3,4,2)and C(7, 0, 6).

AB=\/(3—2)2+M—2)2+(2+1)2

[ Distance = (X, — X;)? +(¥o— ¥1)? +(2, — 2,)? ]

= J144+9 = 14

BC="Y(7 = 3)% + (0 — 4)? + (6~ 2)?
= [16+16+ 16

= J48 = 443

CA=\ﬂ2—ﬂ2+Q—Of+G4—6f

=/25+4+49 = 78

AB + BC = CA, so points A, B, C are not collinear.

Now, the equation of plane passing through three non-collinear points (x,, y,, ), (X,, ¥, Z,) and

(X5, V5, Z5) is given by
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X=X, Y-y, z-2
Xp =Xy Ya=Y1 Z—-2% =0

X3 =Xy Ya=VY1 2434

We get,
X=2 y=2 z+1
3-2 4-2 2+1 =0
7-2 0-2 6+1

Xy, ¥y, 24) = (2, 2, 1), (X,, ¥, Z,) = (3,4, 2) and (X, ¥,, Z;) = (7, 0, 6)

X—2 y—-2 z+1
1 2 31=0
5 -2 7

Expanding along R,
= (x-2)(14+6)-(y—-2)(7-15+(z+1)(-2-10)=0

= x—2)-20-(y—2)(-8)+(z+1)(-12)=0
= 20x—40+8y—-16-12z-12=0
= 20x+8y—-12z—-68=0

Dividing both sides by 4, we get

5x+2y-3z=17
is the required Cartesian equation of plane.

Also, we have to find the vector equation of plane.

We know that vector form of Cartesian equation ax + by + cz = d.of plane is given by
r‘(af+bj:+ck“) = d.

Required vector equation of plane is
r-(57 +2j =3k} = 17
S45. Let the required equation of plane passing through (1, 1,—-1)is

ax—1)+bly—1)+c(z+1)=0 ()
[:.. Equation of plane passing through point (x,, y,, z,)

isgivenbya(x—x,)+b(y-y,) +c(z-2)=0]
Given that the plane (i) is perpendicular to the planes whose equations are
x+2y+3z-7=0 ... (i)

and 2x—-3y+4z=0 .. (i)

We have, a.a,+ b,b,+c,c,=0
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Using the above result first in Eqgs. (i) and (ii) and then in Egs. (i) and (iii), we get
a+2b+3c=0 .. (iv)
and 2a-3b+4c=0 . (V)

Using cross multiplication method, we get

a _ -b ¢
2 3 |13 |1 2
-3 4 [2 4 |2 -3
- a _ b ¢
8+9 4-6 -3-4
a -b
Z =—=-Z =k [S
- 7= o ok sl

a=17k, b=2k and ¢ =-7k
Putting above values in Eq. (i), we get the required equation of planes as
17Tk (x—=1)+2k(y—-1)—-7k(z+1)=0

= 17X - 17+2y-2-7z-7=0 [Divide by k]
= 17x+2y—-72-26=0

S$46. Given equations of lines are
Fo= (27 + ] =3k)+ 17 +2] +5k) ()

and F = (37 +3] +2k)+ (37 — 2] +5K) ... (i)
Comparing egs. (i) and (ii) with the vector equation of line whichis r = a +1b , we get
a,= 2 + ] —3kib, = [ +2]+5k

and a,= 343w 2k, b,=3-2]+5k

Now, the required plane which contalnsthe lines Eqgs.«(i) and (ii) will pass through a =2/ + ; 3k.
Also, the required plane has b and b2 parallel to'it.

The plane is'normal to the vector

i(10+10)— j(5—-15)+ k(-2 —6)

20/ +10) — 8k
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S47.

The vector equation of required plane is given by

(r—a)n=0o0r r-n=a,-n [Here,§= 51]
= 7-(20 +10j - 8k) = (2i + ] - 3k)-(20i +10] - 8k)
or F-(20i +10j—8k) =40 +10+24 =74
or 7-(10/ +5] - 4k) = 37 [Divide by 2]
is the required equation of plane. .. (i)

Also, its Cartesian equation is given by
10x + by —4z=37 [ Vector form of plane r ‘(a.,f + agf + a3§)= d can be
written in its Cartesian form as a,x + a,y + @,z = d]
Next, we have to show that the line
F o= (2 +5]+2k)+ 1, (37 — 2] + 5k) .. (iv)
lies in the plane (iii).
Now, the above line will lie on plane (jii) when it passes through the point'a = 2/ + 5/ + 2k of line (iv)
7-(10i +5] —4k) = (27 +5] +2k)- (107 + 5] — 4k)
=20+25-8=37
a lies on plane whose equation is given by Eq. (iii):
Hence, line (iv) lies on the plane (iii).

Hence proved.

First we find equation of plane passing through point R(1, 2, 1) and is perpendicular to line PQ
where P(1, 4, 2) and Q(2, 3, 5).

DR’s of the line PQ are

=(2-1,3-4,6—-2)=(1,-1,3)
Let the required equation of plane which passes through point R (1,2, 1) is
ax—-1)+bly-2)+c(z-1)=0 .. ()

Plane (i)is perpendicular to line PQ.

We have,
1x-1)-1(y-2)+3(z-1)=0 [ Since, planeis perpendicular to the line,
the DR’s of normal to the plane is proportional
tothe DR'sofalineie.,ax1, box—-1,cx 3]
or X—1-y+2+3z-3=0
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or Xx—y+3z-2=0 .. (i)
is the required equation of plane.

Next, we have to find the foot of perpendicular and perpendicular distance of the point (4, 0, 3)

from above plane.
So, let B(x,, y,, z,) be the foot of perpendicular on above plane (ii). It must satisfies Eq. (ii).
X,—y,+3z,—-2=0 ... (iii)
, _ . . A(4,0,3)
Also, DR’s of line AB normal to above plane (i) are given by
x,—4,y,-0,z, -3

.. We have, x.,1—4 = y1—10 21;3 / B(xﬁym/

[-- DR’s of line AB and plane (iii) are propertional]

_y:-0_2z-3 _
Let, = = =i [S
e 1 1 3 [Say]

= X, =rt4, y ==z =31+3 (V)

Putting above values of x,, y, and z, in Eq. (iii), we get

A+4+0+00+9-2=0
= 1MA+11=0
= 1Mi=-11 or AL=-1

Putting A =—1in Eq. (iv), we get the required foot of perpendicular as
B(x,, ¥;, Z;) =B(L+4, =), 3k+3)=B(3,1,0)

Also, perpendicular distance AB where A(4,0, 3)and B(3, 1, 0) is given byusing distance formula
ie.,

AB= A/(3-4) + (1-0) + (023)?

[ Distance = \/(xz — X4 Y + (Y2—¥4 )+ (z, — 2, )2]

= V1+1+9 =11 units.

Note: Ifline is perpendicular to the plane, then DR’s of normal to the plane is proportional to the
DR’s of a line.

S48. Equation of plane passing throughpeint P(1, 1, 1) is given by
ax=1)+by-1)+c(z=-1)=0 .. ()

[ Equation of plane passing through (x,, y,, z,) is given as a(x—x,) + b(y—y,) + ¢(z—z,) = Q]
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Given equation of line is

r = (=37 +j+5k)+A(3 - j - 5k) (i)
DR’s of the parallel vector line are 3, — 1 and —5 and the line passes through point (-3, 1, 5).

Now, as the plane (i) contains line (ii), we get
a3-1)+b(1-1)+c(5-1)=0
As plane contains a line, it means point of line contains a plane

— —4a+4¢c=0 ... (iii)
Also, since DR’s of plane are normal to that of line
3a—-b-5c=0 (V)

[ Plane contains line, it means DR’s of plane is
perpendicular to the line i.e., aa, + bb, +.cc, = 0]

From Eq. (iii), we get

—4a=-4c = a=c

Putting, a = cin Eq. (iv), we get

3c-b-5¢c=0
or -b=2¢c=0
or b=-2c

Finally putting a = cand b=-2cin Eq. (i), we get the required equation of plane as

cx—1)—2c(y—1)+c(z—-1)=0
Divide both sides by ¢, we get
x-1-2y+2+z-1=0

or x—2y+z=0 e (V)
Next, we have to show that the;above plane (v) contains.the line
r= (=i +2j +5k)+uli —2j - 5k) ... (vi)
Vector equation of plane (v) is
r-(i-2j+k)=0 ... (vii)

The plane (vii) will contains line (vi), if

(i-2j-5k)-(i-2j+k) =0 [+ b,-b,=0]
= (H(1)-2(-2)-5(1)=0
= 1+4-5=0
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$49.

or 0=0
which is true.
The plane contains the given line.

Let the required equation of plane passing through the point (-1,-1,2) is
ax+1)+b(y+1)+c(z-2)=0

Given that plane (i) is perpendicular to the planes whose equations are

2x+3y—-3z=2
and 5x-4y+z=6
We know that when two planes are perpendicular, we have

aa,+bb,+cc,=0
where, a,, b,, ¢, and a,, b,, ¢, are DR'’s of two planes.
Using above results in Egs. (i) and (ii) and then in Eqgs. (i) and (iii), we get

2a+3b-3c=0
and 5a—-4b+c=0
Multiplying Eq. (v) by 3 and adding itto Eq. (iv), we get

2a + 3b =3¢c=0
15a-12b+3c=0

17a— 9b =0
= 17a=9b
-2,
= a= 17

9
Putting a= —— b in Eq. (v), we get

17
5(%)—4b+c =0

17
45b — 68b
= ———+c =0
17
S c= 22
17
. =9b _23b . !
Putting a = 17 andc= 17 in Eq. (i), we get

9b 23b
— X+ +b(y+1)+——(z-2) =0
17 XFN+by+ 1) +—==(2-2)

. (0)

... (ii)
.. (iii)
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Divide both sides by b, we get

9 23
—(X+ND+(y+1)+-——=(z-2) =0
SN H () + 322 -2)

= Ox+9+17y+17+23z2-46=0
or 9x+17y+23z-20=0
is the required equation of plane.

$50. Given pointsare A(3,-1,2),B8(5,2,4), C(-1,-1,6).

First we check whether the points are collinear or not. Using distance formula, we have

AB = J(5—3)2 +(2+ 12+ (4=2)?

[ Distance = \/(xz —X)2+ (Vo = Y, )+ (Zp— z1)2]
=J4+9+4 = 17
BC = \[(-1-52 +(—1-2)2 + (6-4)? = \36+9+4 = /49
CA= JB+1? +(=1+12+(2-6)> = J16+0+16 = /32

AB + BC #CA

Given points are non-collinear.

Now, we know that equation of plane passing through three non-collinear points (x;, y,, z,),
(X5, Yo 2,), (X3, Va3, 2Z5) IS given by

Xo =Xy Yo=Yi_ 2,-2| =0 . (1)
X3 =Xy Vs =V¥1 Z3—Z4

We have (x,, y,, Z,) = A3, -1, 2), (% ¥,, Z,) = B(5, 2, 4) and (X, y,, Z;) = C(-1, -1, 6). Putting
above values in Eq. (i), we get the required equation as

x=3 y+1 z=2
5-3 2+1 4=2/ =0
-1-3 -1+#4.6-2

X-3"y+1 z-2
= 2 3 2 (=0
-4 0 4

= (x-3)(12-0)—-(y+1)(B8+8)+(z—-2)(0+12)=0
12x-36-16y—16+12z-24=0
= 3x—4y+3z-19=0 [Divide by 4] ... (ii)

U
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Next, we find distance of point P (6, 5, 9) to the above plane (ii) by using the formula.

J= |Ax, + By, + Cz, + D|
VA? +B? +C?
Here, A=3,B=-4,C=3,D=-19
X, =6,y,=512z =9

g |18-20+27-19 | 6 |_ 6
| Jo+16+9 | |J34| /34

6J34 | sﬂu
17

Distance = ——— units = nits
34

S§51. Equation of plane passing through the point (3, 4, 1) is given as
ax-3)+b(y—4)+c(z-1)=0

.. (i)

[Using one point form a (x — x,) + b(y—y )+ e¢(z—z,) = 0]

Since, given plane (i) is also passing through point (0, 1, 0).
So, this point also satisfies equation of plane.
a(0-3)+b(1-4)+c(0-1)=0

or -3a-3b-c=0
or 3a+3b+c=0
Also, given that plane (i) is parallel to the line
X+3 _y-372-2

2 7 5
a,a, + b,b, + c,c, =0

(D))

[+ Lineis parallel to the plane; therefore normal to the plane is perpendicular to the line.]

where, a,=ab,=b,c,=c¢
and a,=2,b,=7,c,=9
We get, 2a+7b+5¢c=0

Multiplying Eq. (ii).by 2 and Eq. (iii) by 3 and'subtracting, we get

6a+ 6b + 2c =0
_83121bt150=0

-15b-13c =0

- _15b=13¢c — b=%c

... (iii)
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-13c

Putting b = in Eq. (ii), we get
3a+3(_1scj+c =0,
15
= Sa—Ec+c =0
5
8c
Ja—— =0,
= 5
8c
= a=—,
15
. 8c 13¢
Puttin a=—., b= ———
9 1 15

In Eq. (i), we get the required equation of plane as

8¢ 13¢ _
E(x—3)—ﬁ(y—4)+c(z—1) =0

Divide both sides by ¢, we get
8 13
—(X=3)—-—=(y-4)+z-1=0
FX=3-2y-4)

= 8x—24-13y+52+152-15=0

or 8x—-13y+15z+13=0

S§52. Equation of the line passing through the points(3, =4, -5)and (2, -3, 1) is

X—-3 _ y+4 [ 7+5
2-3 —B8+4 1+5

x=3, wy+4 z+5
<7 16

Any variable point on thisline be (-4 + 3, L — 4, 6 —5)

or =2 [say]

Now, equation of plane-passes through the points(x., y,, z,), (x,, ¥,, Z,) and (X, y,, Z,) is

X=Xy Y=Y Z-Z,
Xo =Xy Yo Va 2~ 7
X3 =Xy ¥3g=Y1 23— 4

Where (x,,y¥,,2,) =(2,2, 1), (X,, ¥5, Z,) = (3, 0, 1) and (x;, y,, Z;) = (4 -1, 0)
x—-2 y—-2 z-1

Equationofplane 3—-2 0-2 1-1=0
4-2 -1-2 0-1

. (i)
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x-2)2-0-(y-2)-1-0+(z-1)(-3+4=0
2x—4+y—-2+z-1=0
2x+y+z-7=0 ... (1)

The variable point of line lies on plane (i)
2(-2+3)+(L—-4)+(BL-5)-7=0
—20L+6+A—-4+6L-5-7=0
5L-10=0
L=2

Put the value .. =2 in Eq. (i)

Point of intersection of line and plane (1,-2, 7).

S$53. Consider the required line be parallel to vector b given by,

b = bi+b,j+bk
The position vector of the point (1, 2, 3) is

a = +2j+3k
The equation of line passing through (1, 2, 3).and parallel to b is given by

r =a+ab
i = (i +2] +3k)+ (b + b5 % bsk) 0
The equation of the given planesare
Fo(fmf¥2k) =5 )
and ((3i+j+k) =6 ... (iii)

The line in Eq. (i) and plane in Eq. (ii) are parallel. Therefore, the normal to the plane of Eq. (i) and
the given‘ine are perpendicular.

(i = j+2k)-(bi +b,j+bsk) =0
= (b, —b,+2b)=0
= (b, — b,+2b)=0 .. (iv)
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Similarly,
(37 + j+k)-(byi +b,j +bsk) =0
N 3b, + b, + b, = 0

From Eq. (iv) and (v), we obtain

b, ) b, b,
(N x1-1x2  2x3+(=)x1 1x1-3(-1)

1 = —b3
-3

D2 _
5 4

Therefore, the direction ratios of b are =3, 5and 4.

b = bj+b,j+bk = —3i +5] +4k
Substituting the value of b in eq. (i), we obtain

F o= (i +2j+3k)+ (=37 +5] + 4k)
This is the equation of the required line.

S54. The equation of any plane through (2, 1,-1)is
ax—-2)+by-1)+c(z+1)=0

If it passes through (-1, 3, 4), then
a(-1-2)+b3-1)+c(4+1)=0

= -3a+2b+5¢c=0
If plane (i) is perpendicular to the plane x= 2y + 4z = 10, then
a-2b+4c=0

Solve (ii) and (iii) by the method of cross-multiplication, we obtain

a b ¢
8+10 5+12 /62

a b ¢
—=_=_:?Lsa

- 18 AT g W)

= a=18), b=17)and c=4.

Putting a=18xi, b=17X and ¢ =4 in (i), we obtain
18h(x—2)+170(y—1)+40(z+1)=0
18x—-36+17y—17+4z+4=0

. (V)

. (i)

... (i)

... (iii)
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= 18x + 17y + 4z =49 ... (iv)
This is the required equation of the plane.

The coordinates of any point on the lines are (34 — 1, =24 + 3, — 54 + 4). Substituting in (iv),

we obtain
LHS.=18(3L—-1)+17(—21L+3)+4(-51L+4)=49=R.H.S.
So, (3L —1,—2A+ 3, —5A+ 4) lies on (iv). Hence, plane in (iv) contains the given line.

Alter: The required plane passes through the points P(2, 1,-1) and Q(-1, 3,4). Let a and p

be the position vectors of points P and Q respectively. Then, & =2 + j -k and b =i + 3 + 4k

and PQ=b-a=-3/ +2j +5k

The required plane is perpendicular to the plane x— 2y + 4z=10. Let E be the normal vector to
this plane. Then, n, =i — 2j + 4k.

Let n be the normal vector to the desired plane. Then,

~ ~

i J k
n=nmxPQ=|1 -2 4|=-18/-17] -4k
3 2 5

The required plane passes through a point having position'veetor a = 2/ + }— k andis’hormal to

the vector n=-18i —17 - 4k. So, its vector equation is

r-n=a-n

Fo(=18i =17 —4K) = (2 + j —k)- (=181 =17 — 4k)

U

F(-18i —17j —4k) =-36—-17+ 4

U

= F-(18i +17] + 4k) = 49 .. (i)

The position vector of any:point on the given lines is

Gh =N +(3-21)/+(4 -5k
Put the point inEq. (i)

LH.S = ((BA—1)i +(3-24)] + (4—-51)k)- (18] +17] + 4k)
=18 (3h— 1)+ 17 (3—21) + 4 (4 — 51)
=543 —18 + 51 — 342 + 16 — 200,
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=49 =R.H.S.
Clearly, it satisfies (i). Hence, the plane in (i) contains given line.

The Cartesian equation of the plane is 18x + 17y + 4z = 49.
$55. Given equation of planesare r-(/ + j +k) =1and r-(2i +3] —k)+4 =0
Put r = xi + yj + zk in above equations, It can be written in Cartesian form as

x+y+z-1=0 .. (i)
and 2x+3y—-z+4=0 ()]

Let the required equation of plane passing through the line of intersection of planes (i) and (ii) is
x+y+z-1)+r(2x+3y—-2z+4)=0
= x(1+20)+y(1+30)+z(1-AL)+(-1+41)=0 ... (i)

DR’s of the above planes are 1 + 2, 1 + 3L, 1 —A.
Also, DR'’s of the x-axis are (1, 0, 0).

Now, since given that the above plane (iii) is parallel to the x-axis.

We have, a,a, + b1b2 +c,.c, = 0
where, a,=1+2)b,=1+3%c¢,=1-h
and a,=10b,=0,¢c,=0

11+2))+0(1+32)+0(1-2)=0

= 1+2L=0
= 2A =1
1
A= ——
- 2
Putting . = —— in Eq. (iii), we get.the required equation of plane as
x(1—£)+ y(1—§)+z(1+1]+(—1—i) =0
2 2 2 2
- —y 437 6 _
2. 2 2
= y—-3z+6=0.

$56. Given planes are r - (f + 3}) —6=0and r- (Sf - f— 4§) = 0. The equation of any plane passing
through the line of intersection of these planes is

[r-(F+3f)-6]+n[F-(37-j-4k)] =0
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or rl@Gr+1)7+@-1)j-4rk]-6 =0 - ()

Given that, perpendicular distance from origin on this plane is unity.

| (3L +1)x0+(3-1)x0 -4 x0-6| iy

Le.,
JBL+12 +(B=L)% +(~4LY?

- 6= \JOA2 + 1+ 6L+ 9+A% — 6L+ 1612

= 6 = V26)\% +10

Squaring on both sides, we get

= 2622+ 10=36
= 2602 = 26
= A =1

= A=+1

Required equation of planes are

r-(4i +2j — 4k)— 6 =0, when (A = 1)

and  r-(-2i+4j- 4k)—-6 =0, when (L =—1)

S§57. Given equation of planes are

2x+y—-z-=3=0 .. ()

and 5x—-3y+4z+9=0 .. (i)

Let the required equation of plane which passes through the line of intersection of planes (i)
and (ii) is

(2x+y—-z-3)+x(5x-3y+4z+9)=0 .. (iii)

= x(2+5L)+ y(1—30)+z(-1+4L)+ (-3+91)=0 .. (iv)

Here, DR’s of plane are 2 + 5).,1— 34, — 1 + 4) given thatithe plane (i) is parallel to the line whose

X=1_¥=3¥ _z-5
4 5

DR’s of the line are 2, 4, 5.

equation is

Since, the'plane is parallel to the line.
We have, a,a, + b,b,+ c.c,=0

where, a, =2+ 5k, b,=1-31,¢c,=-1+4)anda,=2,b,=4,¢c,=5
= 22+5)L)+4(1-31)+5(-1+41)=0
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S58.

= 4+100L+4-12L-5+20L=0
= 181 +3=0
or }u=—i=—1
18 6
1
= ——
6

Putting & = —% in Eq. (iii), we get the required equation of plane is

(2x+y—-2z-3) —% (5x—-3y+4z+9)=0

= 12x+ 6y —6z—-18-5x+3y—-4z-9=0
= Tx+9y—-10z-27=0
Let Q(x,, ¥,, Z,) be the image of the point P(1, 3, 4) on the plane whose equation is
2x—y+2z+3=0 P(1, 3, 4) ()]
Now, the line PTis normal to the plane, so the DR’s of PT
are proportional to the DR’s of plane which are 2, -1 and 1.
T
-. Equation of line PT where P(1, 3, 4) is given by
x-1_y-3 z-4 iy
2 - _1 - 1 Q(Xh Y1:z1) o (”)
[ Equation of line passing through one point is x=h_Y ;y1 _Z- 21]
c
x-1_y-3 z—%
Let = = =i [Sa
> > 7 [Say]
= X=2+1,y=3-A2z2=4+)
Coordinates of the point Tare (2L + 1,3 -4, 4+ ) ... (iii)

From the figure, we see that the point T lies on plane, sowe putx=24+1, y=3- A and
z=4+} in Eq. (i).

220 +1) 3 —) +(4+21)+3=0

= 4% +2-3+1+4+1L+3=0
— 6L+6=0
= 6L=—6 or rL=-1

Putting 2 =-1in Eq. (iii), we get the point T(-1, 4, 3)
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Since, T is the mid-point of line PQ. So, by using mid-point formula, we get

X, +1 y,+3 z,+4) _ [”Mid- 0int=(x1+x2 Vit Yo z1+22)]
(2’2‘2 U e U

=

x1+1=_,I y1+3=4 zi+4 _
2 b2 T2
or x,=-2-1,y,=8-3,2,=6-4

3

or X, ==3,y,=5,2,=2
Hence, image Q of the point P(1, 3,4) is Q(-3, 5, 2).
s59. Let Q be the image of the point P(j + 3] + 4k) in the plane 7 -(2i — j + k) +3=0. Then, PQis

normal to the plane. Since PQ passes through P and is normal to the given plane, therefore
equation of line PQis

F= (I +3]+4Kk)+ 027 — ] +K)
Since Q lies on the line PQ, so let the position vector of Q be

(7 +3j+4K)+ M2 — j+K) = (1+20)F +(B=1)j + (4 + Wk.

P(i + 3] +4k)

LA 777777 a0 ~
AV AV - > j — =
L L [T 77 RE- ///f/{///fl;/ r.(2l j+k)+3_0

7 .
NN
//f‘///!f!f/{f/f/f/!/?!}'/_!/
LT 77 T 7777 7777 77

Q
Since R is the mid-pointof PQ. Therefore, position vector of R is

[(1+ 2R) + (3 = A)j % (4% WK] +[i +3] +4K]
2

. 2 AP
= (A+Mi+|3——=1j+|4+— |k
0D [ 2]’ [ 2]

Since R lies on the plane 7. (2 — j + k) +3=0

{(?.+1)f+(3—%J}+[4+%J§}-(2f—}+§)+3 =0
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= 2%+2—3+%+4+%+3 =0=>1=-2
Put the value % in point Q
Thus, the position vector of Q is

(F+3] +4k)—2(2 — j+k) = -3i +5] + 2k

Which is required Image of given point.

$60. Let Q be the image of the point P(3,-2, 1) inthe plane 3x—y +4z=2. Then, PQ is normal to the
plane. Therefore, direction ratios of PQ are proportional to 3, =1, 4. Since PQ passes through
P(3,-2, 1) and has direction ratios proportional to 3, — 1, 4. Therefore, equation of PQ s

x-3 y+2 z-1
3 -1 4
Let the coordinates of Q be (3r+ 3,-r—2, 4r+ 1). Let R be the mid-point of PQ.

=r(say)

P(3,-2,1)

I 7 777 [ 7 7 777
////!///!f
o i v //!;‘f}f;‘

[ /77
/ff/////K f 77T

a
I~
-
™~

/
A
f!l!!f!!f!!!flf/ffff}!ff

 OGr+341—2.4r+1)

Then, R lies on the plane 3x — y + 4z:= 2. The coordinates of R are

Ir+3+3 —r-2-2.4r+1+1
2 ’ 2 : 2

{3r+6 —r—4
or ;

,2r+1]
2

Since Rlieson 3x=y + 4z = 2.

3(3r+6]—(_r_4]+4(2r+1)=2

2 2
9 r
—+—=+8r+9+2+4=2
2 2
= 13r=-13 = r=-1
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put the value of rin point Q which is required image of given point.
Hence, the coordinates of Q are (0, -1, — 3).

S61. Let Q be the foot of perpendicular and R(x,, y,, z,) be the image of point P(3, 2, 1) on the plane
whose equation is

2x—y+z+1=0 .. (i)

Here, the line PQ is normal to the given plane. So, DR’s of line PQ are proportional to DR’s of
plane.

P(3,2,1)
Now, DR’s of plane (i) are 2, -1, 1.
Equation of line PQ where point P(3, 2, 1) is given by
Xx-3 _y-2_ z-1
2 -1 1 ®0
x-3 y-2 z-1
Let 5 T T 1 =i [Say]
= X=3=2ry—-2==),z-1=)
= X=27\.+3,y=2—7-.,2=3\.+1 R(X,,_V,,Z,)
Coordinates of Qare (2L +3,2 -4, A+ 1) .. (i)

As point Q lies on the plane, so the coordinates must satisfy equation;ofplane.
Putting x=2L+3,y=2-2%,z=)+ 1in Eq. (i), we get

2 +3)=(2-3)+(L+1)+1=0
= 4).+B-2+L+1+1+1=0

= 6L+6=0
6L==6 or iA=-1

Putting, » =—1 in eq. (ii), we get coordinates of foot of perpendicular on Q as
Q2r+3,2-1 A+ 1)=Q(1,3,0)
Also, perpendicular distance PQ is given by using distance formulaas

PQ = J1=3)%% (3—2)% + (0 —1)?

[ Distafice = \/(x;2 =X+, =y +(z, - 7)) ]

= J4+1+1 = \/6 units

Finally, we find image of point P(3, 2, 1) from the figure, we see that point Q is the mid-point of
line PR.

- Using'mid-point formula, we have

X +3 yi+2 z;+1) _ ['Mid- 0int=(x1+x2 Yi+Y, z1+zz']]
[2‘2‘2 (1.5.0 P 2 2 2
- x1+3=1 3./1+2=3 z1+1=0

2 L2 T2
= X, =2-3,y,=6-2,z,=0-1
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or R(x,, y¥,, z,) =(=1,4,-1)
Hence, the image of point P(3,2,1)is (1,4, -1).

S62. Let P'(x, y, z) be the image of the point P(7, 14, 5). The equation of line PMin plane is given by

x=7 =" 14 _Z- S [+ DR’s of a line normal to a plane are same as that of the plane]

2 4 —1
1P (7,14, 5)
x-7 _y-14 z-5 |
Let = —] =7L Sa :
2 4 -1 Y
- X=2L+7, y=4L+14,z=-1L+5 .fM 2 +4y—z=2
Let coordinates of point Mbe f
(2h + 7,40 + 14, =) + 5) .. (i)
P (x) yi 2')

Since, M lies on the given plane 2x+ 4y —z=2

220+ T)+A(AL +14) — (=) + 5) =2
- 4).+ 14+ 161+ 56 + ). —5 =2
63

= 217L+63=0j}\.=ﬁ=—3

Putting, . = -3 ineq. (i) we get, M= (1, 2, 8)

Foot of perpendicular Mis (1, 2, 8)

Also, Length of perpendicular, PM = Distance between points P and M

= J(A=7)% +(2 - 14) + (8 - 5)?

[ Distance = \/(x2 - X4 )2 (Y= ¥, )2 +(z, - 21)2 ]

=../36+144 +9 = 189 units
. M = Mid-point of P and P'

_ (1'2,8)=(x+7‘y+14,z+5]
2 2 2
- x+7=1‘y+14 -2 and z+5=8
2 2
= X=2=7,y=4-14 and z=16-5

x'=-5 y'=-10,z=11
Hence, image of point P(7, 14, 5) is P' (-5, -10, 11).

$63. Let P(2, 3, 4) be the given point and given equation of line be

X+3 _y-2_z
3 6 2
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Any random point T on the given lines is calculated as

X+3 _y-2_

z
3 6 2

=) [Say]

orx=3L-3,y=6AL+2,z=2L
Coordinates of T are (30— 3, 64 + 2, 21)

Now, DR’s of line PT are
(Br=-3-2,61L+2-3,2)-4)=Br=5,61L-1,21-4)
Since, the line PT is parallel to the plane

3x+2y+2z-5=0
a,a, +b,b,+c,c,=0
[~ Lineis parallel to the plane, therefore normalto the
plane is perpendicular to the line]
where, a,=3L-5b,=6L-1,¢c,=2L-4
and a,=3,b,=2,¢,=2
[~ a,, b,, c, are DR’s of plane whose equation
is3x+2y+2z-5=0]
We get,

3(31L—5)+2(6% — 1)+ 2(2h —4) = 0
=  OL-15+12L—-2+4).—-8=0

= 250L—-25=0
— 25). =25
or A =1
Coordinates of T= (31— 3,61 +2, 24)=(0, 8, 2) [Put . =1]

Finally, the required distance between points P(2, 3, 4)and 7(0, 8, 2) is given by

PT= \J(0—2)2 + (8 =3) + (2 — 4)2

[,y 2) = (2, 3,4) and (x,, ¥,, Z,) = (0, 8, 2)]
= 4425+ 4 = /33 units.
S$64. Given equation of line and plane are

Fo=(27—j+2k)+n(37 +4] +2K)

and Fi-j+k) =5

Xi +yj+zk = (24 30)i +(=1+4L)] + (2 + 20k
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and (xf+jd+z§)-(f—j+§)=5 [Put F=xf+yj+z!2]

Above equation in Cartesian form can be written as

3 = 2 = > .. (i)
and X—y+z=5 .. (i)
First, we solve Eqs. (i) and (ii) and find their point of intersection. Let the point of intersection
be Q.
Let X=2 _ y+1=z-2 =% [say]

3 4 2

xX—2 2 y+1 Y z-2 Y

= 3 " 4 o2 7
= X=3L+2,y=4L-1,2=2)L+2

Any point Q on the given lineis Q (3L + 2,41 -1, 2k + 2)
Point Q lie on the plane, so coordinates of Q satisfies Eq. (ii).
o BA+2)—@dr-1)+(2L+2)=5

3IL+2—-4)L+1+2)+2=5
= 2=0

Putting A =0in Q31 + 2,41 -1, 2. + 2), we get the point'of intersection as Q(2, -1, 2).

Now, using distance formula, the required distance

PQ = 2+ 12+ E1+5) + (2+10)

[ Distance = \/(X2 =X)? + (Yo = Y1) +(2, - 7)) ]

=x/9+16 + 144 = \/169.,/=13 Units
Hence, the required distance =13 units.
S$65. Let PT be the perpendicular drawn from the paint P (1, 2, 4) to the plane whose equation is
given by
2x+y—2z+3=0 ()

We have to:find equation, length .and coordinates of foot of

perpendicular. P(1,2,4)

2x+y—-2z+3=0
From Eq. (i), DR’s of plane are 2, 1, — 2. Since, the line PT is l
normal to the plane, so DR’s of line normal to plane are 2, 1, - 2. T

-. Equation of line PT where P(1, 2, 4) is given as
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X-1_y-2_z-4
2 1 =2
.~ Equation of line passing through one point

. (i)

a b C
x=-1_y-2 z-4
Let = = =) [Sa
2 R
= X=2L+1, y=r+2,2z=-2)+4
.. Coordinates of any variable point on plane is T(2L+1, A +2, -2} + 4) ... (iii)

From the figure, T lies on the given plane, sowe putx=2.+1,y=A+2and z=-21L+4in Eq. (i).

220+ 1)+ (A+2)—-2(-21.+4)+3=0

= 43 +2+ ) +2+4),—-8+3=0
- 9.-1=0

=t
= 9

Putting value of & in Eq. (iii), we get the foot of perpendicular.

T(g+1,1+2,-g+4) = T(ﬂﬁgj
9 9 9 9 9 9

Also, length of perpendicular PT = distance between points Pand T
2 2 2
(-5 3)
9 _ 9 9
11 19 34
[(x1, Y1, Z3) =12, 4)and (x,, y,, 22)=(3,—,—)]
2N (1Y (2Y
TG
\f 9 -9 9
[4 1 4 _F_\F
_+_+_ - _ - —_
81 81 81 81 9

1
3

unit

Finally, the equation of perpendicular PT where, P(1,2,4)and T (g g %} is given as

x-1_y-2 z-4
11 19 -~ 34
—=1 =2 -4
9 9 9
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[Using two points from ——

x=1_y-2 z-4
: @ ()
9 9 9
- x -1 _ y—2:z—4‘

2 1 -2

§66. Let P(—2, 3, —4) be the given points and the given line is
X+2 _2y+3 3z+4

3 4 5
3 4
X +2 2(“5) 3(“5)
or = — =
3 4 5
.3 ,.4
or X+2=y 2_ 3

Let 3 5 _ (Qj - % [Say]
3
y+4 z+i
= X+2 _ . iy 3,
et
3
41 -3 S5L—4
:37\,_2’ = L z=
= X y 52 3
Coordinates of+/ are (3%— 2, 412— 3, 513— 4)

Now DR’s of line PT are

47&—3_3’ 5?»—4+4) - (3%, 4L-9 5?&+8)
3 2 3

(31—24—2,

Since, the line is parallel to the plane
4x +12y-3z+1=0

1 —

Y-y,

Yo— VY4

_ z—z1]
Z, = Z4

. (i)
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.. We have, a.a,+ b1b2 +c.c, = 0

where, a =3r b, = 4;&2—9 | = 51; 8 [DR's of line]
and a,=4, b,=12, c¢,=-3 [DR's of plane]
.. We get,
4(31)+12(4}“"9J—3(5“8) =0
2 -3

= 120+ 24).—-54-5L-8=0

= 31A-62=0

= 31\ =62

or A=2

. Coordinates of T are

(3&—2, 41—3!59»—4) _ (4’52]
2 3 2

. The required distance = Distance between the points P(-2, 3,=4)and T (4, 22) .

". Using distance formula, we have

\2
d= J(4+2)2+(%—3) +(2+4)°

= J36+1+36 = Jw
4 4

= @ = E units

4 2
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Y__E!:_B_g Nurturing Success...

Nurturing Success...

MATHEMATICS - XIl | Straight Line NCERT

Date: 19/10/2021

x_32 4 ;3 =2 ;5 and passing through

Q1. Write the equation of line parallel to the line
point (1, 2, 3).

Q2. Find the distance of point (2, 3, 4) from x-axis.

Q3. If a unit vector a makes angles T with i, T with j and an acute angle 6 with k, then
find the value of 0. 3 4

Q4. Find the value of ), such that the line X = 2_y-1_2z+5 5 perpendicular to the plane
3x—-y—-2z=1. A 4

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

Q5. If the equation of line AB are
parallel to above line AB.

, write the direction ratiosof.line

Q6. IfP=(1,5,4)and Q = (4, 1, -2), find the direction ratios of PQ.

Q7. Write the direction cosines of the line parallel to line.
4-x y+3 z+2
2 5 6

a4 = 3 '

Q8. The equation of a line is the direction cosines of the line

parallel to this line.

Q9. Write the direction cosines of a line parallel to the line

3-x _y+2 z+2
3 -2 & -
Q10. Write the vector equation of the line given by
x-5 y+4 z-6
3 7 27

Q11. Find the Cartesian equation of the line which passes through the point (-2, 4,-5)and is
x+3 4-y +z+8
3 5 6
Q12. Find the direction cosines-of a line parallel to line.
4-x y+3 z+2
2 2 17

Q13. If the pointsiA(~1, 3, 2), B(-4, 2,—2) and C(5, 5, 1) are collinear, find the value of A.

parallel to the line

Q14. Show that the lines r = 3i + 2j -4k + A (i +2j+2k); r = 5i 2]+ pn(37 +2j + 6k) are
intersecting. Hence, find their point of intersection.
Q15. Show that the following pair of lines do not intersect each other.

x-1 y+1 z-1 x+2 y-1 z+1
3 2 5 4 3 -2

Q16. Aline passes through (2,-1, 3) and is perpendicular to the line r =(f + :r + f\") + 3\.(2:: - 2} + f()
and r = (2f -j- 3}}) +u(f +2j+ 2.‘?). Obtain its equation.
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x—-2 2y-5
==

Q17. Find the direction cosines of the line
of the line.

z=-1.Also, find the vector equation

Q18. Find the vector equation of a line passing through a point with position vector 2i — j + k
and parallel to the line joining the points —i + 4j + k and i + 2]+ 2k. Also, find the
Cartesian equivalent of this equation.

Q19. Show that the line X;1 _ y;2 - 213 and X=4 _¥Y~1_7 intersect. Find their point
5 2
of intersection.
Q20. Find the angle between the following pair of lines
x-2 y+1 x-1 2y+3 z+5
= ,Z=2 and = = .
3 2'° 1 3 2

Q21. Find the angle between following pair of lines
—x+2=y—1: zZ+3 and xX+2 _2y-8 _z-5
-2 7 -3 -1 4 4
and check whether the lines are parallel or perpendicular.

Q22. Find the shortest distance between the lines whose vector equations are
F=(i+2j+3k)+1(2i +3j+4k) and 7 =(27 +4j +5k) +p(4i + 6 +8k)

Q23. Find the shortest distance between the lines

x-1_y-2 z-3 and x-2 _y-4 _ 2—5.
2 3 4 3 4 5

Q24. Find the shortest distance between the lines
F=(4i -j)+a(i+2j-3k) and F=(i-j+2k)+pn(2i+4j-5k).

Q25. Find the value of 1, so that the lines
1-x =y—2=z—3 and x+1=y—1=6—z
3 2\ 2 3A 1 7
are perpendicular to each other.

Q26. Find the value of A, so that thelines

1-x 7y=14 5z-10 and 7-Tx " y-5 6-2z
3 2 1 3Z 1 5
are perpendicular to.each other.

Q27. Find the angle between pair of lines given by
r=2i-5j+k¥r(3i +2j+6k) and r'=7i -6 — 6k + p(7 + 2] + 2k).
Q28. Show that the distance d from point P to the line /having equation r =a + Ab is given by
b x PQ
4= BxPQ
b
Q29. Find the value of ), so that following lines are perpendicular to each other

X+ 2-y 1-z and X _2y+1_1-z
5+2 5 -1 1 4 -3

-, Where Q is any point on the line L
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Q30. Find the shortest distance between the lines
r = (f+2}+l})+l(f—}'+ﬁ)
— a a a~ a~ a~ ~
r=(2i-j—k)+p (27 +j+2k)
Q31. Find the shortest distance between lines
ro=6i+2j+2k+a(i -2j+2k)
— ~ A a ~ A
r = —4i —k+p(3i -2j-2k)
Q32. Find the shortest distance between lines whose vector equations are
F=(1-t)i+(t-2)j+(3-2t)k, r = (s+1)i+(2s-1)]—-(2s+1)k
Q33. Find shortest distance between lines
= (1+20)i + (1=1)j + Ak
= 2f—f—f(+|1(23+}'+2f()

~l

_>
r

Q34. Find shortest distance between lines
r o= (+0M)i +(2-0)j+ (A +1k
—3 ~ ~ ~ ~ ~ ~
r o= (2i - j—k)+p(2i + j+2k).
Q35. Find the shortest distance between lines /, and I, whose.vector equations are given
below

!1:?=f+f+l(2f-}+ff) L r= 2f+}'—ﬁ+u(3f—5}'+2§)

Q36. Find the shortest distance between the lines
x-1 y-2 z-1

L :
LR -1 1
x-2 y+1 z+1
L: = = .
2 1 2

Q37. Find the shortest distance between lines
x=-3 y-5 z-T7 x+1 y+1 z+1
— — d — —
1 2 4 T e T

Q38. Find the length of the perpendicular from the point(1, 2, 3) to the line
x-6 y-7 z-7

3 2 =2
Q39. Find the points on the line “:2 - y;— \ = 2;3 at a distance of 5 units from the point

P(1,3, 3)

Q40. Vertices B and C of AABC lie along the line x;rz _ -V1_1 _ ZZO, Find the area of the

triangle given that A has coordinates (1, —1, 2) and line segment BC has length 5.
Q41. Find the length and foot of perpendicular drawn from the point (2, — 1, 5) to line

x-11 y+2 z+8
10 -4 11
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Q42. Find the vector and Cartesian equations of line passing through point (1, 2, — 4) and
perpendicular to the lines
x-8 =y—19 =z-10 and x—-15 =y-29= z-5.
3 -16 7 3 8 -5
Q43. Find the equation of the perpendicular drawn from the point (3,-1,11) to line
X _y-2 _2z-3
2 3
of perpendicular.

. Also, find the coordinates of foot of perpendicular and the length

x—1_y+1_z+10
- -3 8
Also, find the coordinates of foot of perpendicular and equation of perpendicular.

Q44. Find the perpendicular distance of point (1, 0, 0) from the line

Q45. Find the equation of line passing through points A(0, 6, —9) and B(-3, -6, 3). If D is the
foot of perpendicular drawn from the point C(7, 4, — 1) on the line AB, then find the
coordinates of point D and equation of line CD.

x+3_y—1_z+4
- 3

Q46. Find the foot of the perpendicular from the point (0, 2, 3) on the line
Also, find the length of the perpendicular.

Q47. Find the perpendicular distance of the point (2, 3, 4) from the line 4; X_Y_ 1_2_

Also find coordinates of foot of perpendicular.

Q48. Write the vector equations of following lines and hence find the distance between them
x-1 y-2 z+4 x-3 y-3 z+5
2 3 6 4 6 g2

Q49. Find the image of the point (1, 6, 3) on the line %: VT_*I _Z ; 2 . Also, write the equation

of the line joining the given points and its image and find the length of segment joining
the given point and its image.

Q50. The points A (4, 5, 10), B (2, 3, 4) and C (1, 2, — 1) are three vertices of parallelogram
ABCD. Find the vector equations of sides' AB and BC and also find coordinates of point D.
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Nurturing Success...
MATHEMATICS - XII | Straight Line NCERT-Solution
Date: 19/10/2021
S1. The line passing through (x,, y,, z,) and parallel to the given line is X —3x1 _Y —2y1 ~2-% Use
this result and simplify it.
Given equation of line is written as
x—2=y+3=z+5 (0
-3 2 6 h
Since, required line is parallel to given line.
So, DR’s of required line will be proportionalto —3, 2 and 6.
Equation of line passing through point (1, 2, 3) and parallel to Eq. (i) is
x-=1_y-2 _2z-3
-3 2 6
S2. Let any point on x-axis be P (2, 0, 0). Then, distance of point B (2, 3, 4) from P is given as
=J0,= X2+ (v, =y )+ (z,- 2,0
Here, ;¥ 2,)=(2,0,0)
and (X, ¥ 2,) =(2,3,4)
= J(2-2)* +(0-3)" 4 (0~ 4)
= J9+16 = 25,25
S3. cos’ g + cos? % +co0s’0 =1 [- cos?a + cos?B + cos?y = 1]
1 1 5 1
= —+—+4+cos° 0 =1 =  cos%0 =—
4 2 4
1 1 .
= cos 0 = iE cos 6 = 2 as 0 is an acute angle.
n
= 0=—
3
S4. Given thatrline X =2 _ y;‘ _ Z* Odgperpendicular to plane 3x— y— 2z = 7.
6_4_-4
3 -1 =2

[~ When a line is perpendicular to a plane, their DR’s are proportional]
= 2=-% = —-A=2

or =-2
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S$5. Given equation of line can be written as

X=3 _y+2 _z-5
-1 -2 4

DR’s of line parallel to above line are — 1, —2, 4. [Since, parallel lines have same DR'’s].

S§6. Given points are P(1,5,4)and Q (4, 1,-2).
Direction ratiosof PQ=4-1,1-5-2-4

=3,-4,-6

[~ DR'sofaline P (x,, y,, z,) and Q (x,, y,, Z,) are x,— x,, ¥, = ¥,, Z,— Z,]

S§7. DC’s of aline parallel to

a b C
‘J 2 2 2 ﬂJ 2 2 2"J 2 2 2
a+b +c a+b°+c a+b +c

Given equation of line is written as

X—-4 _y+3 _z+2
-2 5 6

Direction cosines of a line parallel to Eq. (i) are

—2 5 6
JE22+ (5 +(6)° {(=2)> +(5)° +(6)*. (=2)* +(5) + (6)°

_ -2 5 6
J4+25+736 '[4+25+36 \[4+25+36
_ 2.5 6

657 /65 " \/65

$8. DC’s of a line parallel to

a b c
Ja?+ b2 ke?  Jai+b 402 Aai+b?+c?

Given equation of line can be writtenas

x—[2
2) _y+4 _z-6
2 3 -6
Direction cosines of the line parallel to above equation are

Add.: 855, Nitikhand-I, Indirapuram, Gzb. | Ph.: 7292077839, 7292047839 | www.smartachievers.in | info@smartachievers.in

Page 2



2 3 —6
J2P2 + (3P +(=6)* (22 +(3)*+(=6)>  |J(2)* + (3)’ + (—6)?

2 3 -6
" a9 Jas a9
-23_6
777
S9.
Given equation of line is written as
X-3 _y+2_ z+2 (0
-3 2 6

DC'’s of line parallel to Eq. (i) are given by
-3 —2 6
JE3)2 + (=22 +(6)° (32 +(=22+(6)*  \(-3)? +(=2)? +(6)’

DC's of a line parallel to/ 2 Xt =¥ = Y1 _ 27 %
a b c

a b c
Ja? + b2 +e2mla? +b? +c% Ja® + b2 +¢?

is

- 3 =2 6 _ 3126
J49' J49' Ja9 7T T

$10. Given equation of line in Cartesian formis

X—-5 _ y+4 _ zZ-6
3 7 2

The pointon thelineis (5,—4, 6)and DR’s are (3, 7, 2), we know.vector equation of a line, if point
is a and direction of a line is.b;.is

— — 1 x_x1_y-y‘1_z_z1
F=a+L\b [Usmg a b c]

Here, a=(5,-4,6) and. b=(3,7, 2)

Its equation in'vector form is

L. A
r = (5 —4j+6k)+A(37 +7] +2k)

S11. If two lines are parallel, then they both have same direction ratios. Use this result and simplify it.

Since, the required line is parallel to the line
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X+3 _y—-4_2z+8

DR’s of both lines are proportional to each other.

X+2 y—-4 z+5
3 -5 6

The required equation of the line passing through (-2, 4,-5) is

$12. Given equation of line can be written as

X—4 _y+3 _z+2
-2 2 1

.. DC’s of line parallel to above line given by
-2 2 1
JE22 + (27 + (17 (=27 + (27 + (17 (=2)? +(2)* + (12

2 2 1

S Va4 1 A+ a+1 A+ 441
or 22 1 __221
Jo'Jo'Jo 373’3

Hence, required DC’s of a line parallel to the given line is (— % % %]

Note: Before we can use the DR’s of a line, first we'ensure that coefficient of x, y'and z are unity
with positive sign.
S$13. The equation of the line passing through A (=1, 3, 2) and B(—4, 2, =2).s

x+1 _y-3 A z-2
-4+1 2-3 .-2-2

x+1 . y—3 z-2
= = =
-3 —1 -4
x+1 _y-3 z-2
3 1 4

.. (i)

If the points’ A (-1, 3, 2), B(—4, 2,-2) and"C(5, 5, 1) are collinear, then the coordinates of C must
satisfy equation (i). Therefore,
5+1 _ 5-3 A-2
3 1 4

rA=2
4
= A

= =2

10.
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S$14. Given, vector lines are

r =3 +2j—4k+A(i+2j+2k) and T =57 —2j+p(3i+2j+6k)

It's Cartesian form are

X-3 _y-2 z+4

] = > > = r[Say] .. ()
and X;S = y;rz:Z;O = p [Say] . (i)

Let(r+3,2r+2,2r—4)and (3p+5, 2p -2, 6p) are the any points on the lines Eq. (i) and Eq. (ii)
respectively.

If this line intersect each other, then

r+3=3p+5 = r-3p=2 ... (i)
2r+2=2p-2 = r-p=-=2 . (V)
and 2r—-4=6p = 2r-6p=4 = r-3p=2 (V)

Now, subtracting Eq. (v) from Eq. (iv),
2p=-4 = p=-2

Putting p =-2in Eq. (iv), we get
r-(=2)=-2 = r=-4
Using Eq. (iii), we get
-4-3p=2 = -3p=6 = p=-2

Any point on line Eq. (i) is
(-4+3,-8+2, -8-4)=(-1,-6,-12)

and any point on line Eq. (i) is
(-6+5-4-2,-12)=(-1,<6,-12)
Both point are same i.e.;'both lines intersect each other at point (-1, -6, —12).

S15. We have,

x—1=y+1_z—1
3 2 5
= x=3r+4, y=2L-1, z=56L+1

=i (Say)

So, the coordinates of a general point on this line are (34 + 1, 2L —1, 54 + 1).

The equation of the second line is

x+2 _y-1_z+1
4 3 =2

=u (Say)
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= X=4u-2,y=3u+1,z=-2pn-1.
So, the coordinates of a general point on this line are (4pu—2, 3u+ 1, -2u—1).
If the line intersect, then they have a common point. So, for some values of A and p, we must

have
3A+1=4u-220-1=3p+1andSh+1=-2n-1
= 3L—4p=-3 .. (i)
2L —3u=2 ... (i)
and S5hL+2u=-2 ... (iii)

Solving Eq. (i) and Eq.(ii), we obtain . =—=17 and p=-12.

These values of A and p do not satisfy the third equation.

Hence, the given lines do not intersect.
$16. The required line is perpendicular to the lines which are parallel to vectors b, = 2i =2 + k and
bj = | +2j + 2k respectively.

So, itis parallel to the vector b = b, x b,

i J ok
Now, b=b x b,=[2 -2 1| ==6i=23j+6k
1.2 2

Thus, the required line passes through the point(2,,— 1, 3) and is parallel"to the vector
b=-6f—3j+6k.

So, its vector equation is

F = (2i% j+3k)+ (-6 —3] +6kK)

or Fo=A27 — j+3k)+ (27 +j=2k), where p =32
S17. The given line is X=2, _ 23’_51 7=—1
2 -3
- x—2=2y—5=z+1
2 -3 0
5
x=2 Y750 7+1
= = =
2 —_3 0
2

This shows that the given line passes through the point (2% —1] and has direction ratios

proportional to 2, —%, 0. So, its direction cosines are

Add.: 855, Nitikhand-I, Indirapuram, Gzb. | Ph.: 7292077839, 7292047839 | www.smartachievers.in | info@smartachievers.in Page 6



2 2 0
2 ' 2 2
J22+(—§) +0° \/22+[—§] +0? J22+(—§) +0°

2 2

3
2 o 4 -3

or E,?,O or g,?,o

2 2

Thus given line passes through the point having position vector a = 2i + g} — k andis parallel to

the vector 5=2f—g}+0f€.
i . - . > 5. ~ ~ 3= ~
So, it's vector equationis r = [2; +§j—k)+k(2f -§j+0k).

S18. Let A, B, Cbe the points with position vectors 2 — }+ k, —i +4}+i€ and i + Zf + 2k respectively.

We have to find the equation of a line passing through the point A and parallelto BC. We have,

BC = Position vector of C — Position vector of B

= BC = (i +2]+2k)—(—i +4] + k)
=2/ -2j+k

We know that the equation of a line passing through a point @ and parallel to ' is

F=a+ib
Here, a=2i—-j+k
and b =2i—-2j+k

So, the equation of the requiredline is
Fo=(27 = j+k)+n(2i-25 +k) .. ()
Reduction to Cartesian form:
Putting /= Xi + yf+ zk in (i), we obtain
Xi +yj+zk = (24 20)i +(=1-20)j + (1+ R)k
= X=2+2Ly=-1-2)12z=1+)

X=2 y+1 z-
2 -2

L which is the Cartesian form of equation (i).

Add.: 855, Nitikhand-I, Indirapuram, Gzb. | Ph.: 7292077839, 7292047839 | www.smartachievers.in | info@smartachievers.in Page 7



$19. We have

x-1_y-2 z-3
2 3 4
20.+1,y=3L+2andz=41+3

=A (Say)

=

>
I

So, the coordinates of a general point on this line are (2. + 1, 3L + 2, 4. + 3).

The equation of second line is

x-4 y-1 z-0
= = = S
3 > =M (Say)

= XxX=5u+4 y=2u+1,z=pn
So, the coordinates of a general point on this line are (5p + 4, 2 + 1, p).
If the lines intersect, then they have a common point. So, for some values of A and p, we must
have
2L+ 1=5u+4, 30+2=2u+1 and 4ir+3=p
or 2h—5u=3, 3h—-2nu=-1, 4), — n=-38.
Solving first two of these two equations, we get

A==1 and p=-1.
Since A =—1 and n = —1 satisfy the third equation. So the given-lines intersect.

Putting A=—1in (21 + 1, 31 + 2, 4). + 3), the coordinates ofthe required point of intersection are

(-1,-1,-1).
$20. The given equations are not in the standard form. The equations of the given lines can be
written as
x—2=y+1_z-2 (0
3 24,0 "’
y+ >
X =" 2 z+5 "
and 2 3 = ... (i)
2

Let E and E,; be vectorsparallel to Eq. (i) and Eq«(ii) respectively. Then,

b, = 3i —2j+0k and b, = f+§j’+2k“.

N

If 0 is the angle between the given lines, then

b b, (3)(1) + (—2)@) +(0)(2)

_ bbb, _
= bl 2
TR 3%+ (-2)2 + 07 \}FJ’(S] +22
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S21.

S22,

_ 3-3+0

== Y - _0
32
2
T
e =
= 2
Above equations can be written as
X-—2 _y—-1 z+43 ()
2 7 -3 )
XxX+2 _y—-4 z-5 .
and = = . (i
-1 2 4 (i)
Comparing Egs. (i) and (ii) with one point form of equation of line
X=X _ Y=y _Z-2 and X=X Y-V, _2-2
a, b, Cy a, b, C2
we get
a=2, b,=7 ¢=-3
and a,=-1, b,=2, c,=4
Now, we know that angle between two lines is given by
cos 0 = aa, + bb, +c,c,
Ja? +b? + c? - \[a? + b? + 2
o8 b = QN+ (1) (43)(4)
V(@) + (1) + (3) (1% + (2)2 + (4)?
— cos 6 = M = ‘0— =0
J62 <21 - 62 %21
= cos 0 = cos @ [ 0=cos E]
2 2
T
==
= 2

Hence, angle between them is g Since;angle between the two lines is % , therefore the above

pair of lines are perpendicular to each.other.

The given lines are

= (7 +2j +3k) + 1 (27 + 3] + 4k) ()

it

=l

and = (27 + 4] +5k) +2u(2f + 3] + 4k) ...(ii)
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Equation (ii) can re-written as
r = (2f+ 4j + 5!2) +u' (2.fT +3j+ 4!\:) ....(iii)
where u’' = 2.

These two lines passes through the points having position vectors a_{ =f+2}'+ 3k and

a? =2/ + 4] + 5k respectively and both are parallel to the vector b =2/ + 3/ + 4k .

| (a; - a) x5 |
Shortest distance = T .. (iv)
We have, (a, —a;)x b = (i +2j +2k) x (27 + 3] + 4k)
i j ok
= (a,—a)xb=|1 2 2/ =(8-6)i-(4-4)j+(B-4)k =2 —0j=k
2 3 4
= |(52'—51')><5|=\/4+0+ = 5 and |b| = V4+9+16-=29
Substituting the values of ‘(a_é - a_{) X 5| and ‘B‘ in (iv), we get
. (&, - a)xb
Shortest distance = T
Shortest distance = £ )
V29
$23. The equations of two given lines are
x=1_ y—2=z—3 ()
2 3 4
x—2 _y-4 z-5 ..
and 3 2 5 ... (i)
Line (i) passes through (1, 2, 3) and has direction ratios proportional to 2, 3, 4. So, its vector
equationis
F = a, +Ab ... (i)
where, a, = ["+2j+3k and b, = 2/ +3] + 4k.

Line (ii) passes through (2, 4, 5) and has direction ratio proportional to 3, 4, 5. So, its vector
equation is

Add.: 855, Nitikhand-I, Indirapuram, Gzb. | Ph.: 7292077839, 7292047839 | www.smartachievers.in | info@smartachievers.in Page 10



F = a,+ub, .. (iv)

where, a,

2i +4j+5k and b, = 3i + 4] +5k.

The shortest distance between the lines (iii) and (iv) is given by :

We have, a,—a, = (2f +4j+5k)—(i +2j+3k) = i +2j + 2k
i j ok
and b,xb, =2 3 4= -i+2j-k
345
it = (i avi = B
and (a, —a;)-(byxby) = (7 +2j+2k)- (=i +2j k) =—1+4-2=1.

Shortest distance = %(% _ 5") (E X b;)| 1

bixb,| | 6

S$24. We know that the shortest distance between the lines r = aT + ?LE and.r= aE + ub_z' is given by

a, - a)- (b, xb,)|

RN
by xb,| |

Comparing the given equations with the equations r = aj + ?L.L‘: and r = a—2 + uE respectively,

we have
a =4 -] a =i —-j+2k b =7+2j—3k and b, = 2 +4] — 5k
Now, a,—a, = -4+ £(-1+1)] +(2-0)k =— 37 +0/4 2k
HE
and b,xb, = |12 3| =2/ —j+0k
2 4 -5

(35 — @) (Bieby) = (37 +0] + 24)-(2£27 + 0k)
=6+0+0=-6

and, ‘E{xb:‘=,14+1+ =\/§

a8, ~ a)-(Bxby)
by xb,| |

Shortest Distance = I(
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$25. Given equations of lines are

S26.

1-x _y-2 z-3
3 2n 2

x+1 _y-1 6-2z
and = =
3A 1 7

So, Egs. (i) and (ii) can be written as

x-1_y-2 z-3

-3 21 2
x+1 _y-1 z-86
and = =
3 1 7
N ; o X=Xy _ YY1 _ZZ X=Xy _Y=Yo_ 225
Comparing (iii) and (iv), with 1= = and = =
paring (i) a b1 C1 a, b, C

a;=-=3, by=2% ¢,=2
and a,=3k, b,=1, ¢,=-7

Now, since the two lines are perpendicular.

a,a, +b,b,+c,c,=0
= =3@M) +2M1)+2(-7)=0

= -9L+21L-14=0

= —-7L-14=0

= -7L=14

e k:—ﬁ =_2
7

Hence, L==2.

Given equations of lines are
1-x _ 7y-14 5z-10

3 20 11
7-7x _y-5 6-2
and 3 1.°.58

First, we convert the above equations.oflines in the symmetrical form
Egs. (i) and (ii) can be written as

x=1_17y-2)_ 5(z-2)

-3 2\ 11

. (i)

.. (i)

.. (i)
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or 3 (2—_)’=m (lV)
7 5
and 71-x) _ y-5_(z-6)
3A 1 -5
x—1 y-5 z-6
or = = (v
-7 ?
7
o L X=X, Y-V, Z-2 X=X, Y-V, 2Z-2,
Comparing (iv) and (v), with 1= = and = =
a b, C1 a, b, C,
a,=-3, b1=2—l, c:1=ﬂ
7 5
and a,= —%, b,=1, ¢,=-5

Since, the two lines are perpendicular so, we have
a,a,+bb,+c,c,=0

S22 (B)en

9h 2
i 11=0
- 77
Oh+20—T77 _
= el =0
2
= MA=77=0
77
A s YE T
= T
Hence, AL=7.
$27. The given equation of lines are
=12 —5] +k)+r(37 +2] 4 6k) 0
and 7 = (77 -6 — 6k)+ i+ 2] + 2k) ... (i)

Comparing:Eqs: (i) and (ii) with vector form of equations of line which is
7

— — - = —
ai+Ab1 and r=azx+ub2

a,= 2/ -5j+k, b, = 3/ +2j +6k
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=70 —6] -6k, by= 1 +2] +2k

and
Now, we know that angle between two lines is given by

b, - b,
cos 0 =
[by]|b,|
. cos 0 = (37 +2j+6k) (i +2] +2k)
JBZ +(2 +(6)7 (1% +(2) + (2)?
N cos 0 = 3+4+12
J49 x 9
19
x 3
\3&-

7
cos 0 = E
21

or
Hence, angle between two lines is
19
0 = cos™ 6
(30) Q
$28. Let PM be perpendicular from Pto line /and Q be point on it s@t PQ makes an angle 6 with
f— S >
(NN EEEEEEEEEEN \'
f!!l!.’!!!!l!% >*
e 11 2
ANEEEEE JQ@

[+

11711711

AV e
r;-m-ll-...

........!‘.’i‘!

NN 111 11 -1T1 NN

i W 1 | L | g% [

.......'ﬂi.ﬂ.ﬂ."."‘. - N

ILVEEARNDZARNY. T

NN lﬂﬂ.’ HLEARIF.L AN

sNadENNENENEERL 9NN
RS S
NN - g Fooi*

[ | ] L el ] _lﬂ"",ﬁ!ﬂ....

...r‘i% Alkid Fo'b. NN EN

[
AL [ [ T T T [T T[4 J« ] ]/

In right triz&h;’(), we have t$
S i
sin 0= 2

sinf = —
PQ

=
d=PQsin 0
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= d|bl = |PQ||b| sin 6

= dlbl = |bx PQ|

[ b is parallel to the line /. So, angle between b and PQ is also 9]
b % PQ
bl

= d=

$29. Given equations of lines are

x+5 _2-y 1-z
5A+2 5 -1

and £=2y+1=1-z
1 4} -3

Above equations can be written as

x+5 _y-2 z-1

= N {
5L+2 -5 1 W
2(y+—)
and X = 2)_z-1
1 4 3
Y+1
or x_~ 2_2-1 (i)
1 2\ 3
. . o X=Xy Y AWy 22 X=X, _ YomVYs Z-12,
Comparing Egs. (i) and (ii) with 1= = and = = , we get
a by C a b, Ca
ay=5.+2,b,=-5,¢,=1
and as=1,b,=2106,=3
Since, the two lines are perpendicular,
a,ay+ byb, +c.c,=0
= 1xBr+2)+2x(-5)+3(1)=0
= SL+2-10L+3=0
= -5L+5=0
e 5L=5
= A=1.
$30. Given equation of lines are
ro=(f+2j+k)+a(f=j+k) .. (i)
ro=(2i—j-k)+p(2f +]+2k) ... (i)
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We know that vector form of equation of line is

e — -
r =a+xib ... (iii)
Comparing Eqgs. (i) and (ii) with Eq (iii), we get
— ~ ~ = - - ~
a1 =i+2j+k b1=i-j+k
— Ao A = P ~
a =2i—j—k, bo=2i +j+2k
We know that distance between the lines are given by
By x B)- (32— 31)
g = [(L1xb2)-(a2=a1) . (iv)
— -
| b1x b2 | |
ik
Now, bixby, = |1 -1 1
2 1 2
=i (2=-10-j(2-2)+k(1+2)
— — - ~
= bix bz = =3i + 3k (V)
and |b1x bz| = (=32 +(3)2 = 9+9
= /18 = 3\2 .. (vi)
- = A a ~ - roon
and az— ay =(2i—j—k)—(i+2j+k)
ar—ai =i-3]-2k .. (i)
From Eqgs. (iv), (v) (vi) and (vii), we get
J- (- 37 + 3k) - (=3 — 2k)|
32 |
_ —3+0—6| _ ‘ -9 |
32 | [3V2
9 .3 32
32 2 2
Hence, shortest distance = % units.
S31. Given equations of lines are
7 =6 +2]+2k + (i - 2] +2k) (i)
r = —4i —k+u(3f —2] - 2Kk) ... (i)
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S32.

We know that vector form of equation of line is
r=a+ AB
Comparing Egs. (i) and (ii) with Eq. (iii), we get
a1 = 6f +2j+2k b1=[-2]+2k

— ~ ~ ~ ~ ~
az = —4j —k, b2 = 3/ —=2j -2k

We know that the shortest distance between two lines is given by

d= (31 X 82)~(52—g1)

| b1x by | ’
i j ok
Now, bixbz={1 -2 2
3 -2 =2

i (4+4)— j(2-6)+k(=2+6)

8/ +8j + 4k

U
g
pas
>
[\%]

I

and | b1 x bz | = V(B)+(8) +(4)°

= [64+64+16 = 144 =12

Also, 2 a1 = (—4 —k) (6 +2j +2k]
2,—a, = =10/ =2j -3k

So, from Egs. (iv), (v), (vi) and (vii), we-get

J- (8785 + 4k) -(— 107 — 2] — 3#)|
12 |
_|-80-16-12| _ |-108[:_ 108 _
- ¢ 12 | k120 12 9

Shortest'distance = 9 units.
Given equationsare r = (1—t)7 +({=2) j + (3 - 2t) k
and rFo=(s+Ni+@s—-1]-(2s+1)k
First we convert both equations in the vector form of
r=a+ }LB

Now, Eq. (i) can be written as

. (iii)

. (iv)

(V)

.. (vii)

. (i)
... (ii)

.. (iii)
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[ —ti+tj—2]+3k -2tk

~] =

or =(f—2j+3§)+t(—f+f—2§) . (iv)
and Eq. (ii) can be written as
ro=si+i+2si—]—2sk-k
or ?=(f—}—k")+s(f+2}—2ﬁ) (V)
Now, we know that the shortest distance between the lines is given as
‘(Bw(gz)-(gg—gﬂ .
= - = o (VI)
‘ bix b2
Now, from Egs. (iii), (iv) and (v), we get
ar=i-2j+3Kk b= —i+]-2K
az=i-j—k by=i+2j-2k
i j ok
bixbr=|-1 1 -2/ = j(2+4)—j(2+2)+k(2-1)
1 2 -2
- bix by = 2f —4] — 3k
and | b1 x ba| = \(2)2 + (—4)2 + (-3
= J4+16+9 = /29
Also, az—ar=(i—j—k)—(i —2]+3k)= ] -4k
Therefore, from Eq. (vi) shortest distance.is\given by
e (27 - 4 -3k)- (7 - 4k)|
J29 |
_|0=4+ \ 8
m | V29
d 8 it
= —== units.
V29
$33. Given equations of lines are
T o= (14 20) 7 41 1) ] + Ak (i)
and ro= (2 = j—k)+ @i + ] +2k) . (ii)
Eq. (i) can be written as
— ~ ~ ~ ~ ~
r=i+j+A2i —j+k) ... (i)
Now, we know that shortest distance between two lines is given by
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3 _ |(b1xbj) (32—31) (V)
| | 1 sz‘ ‘
Now, from Eqs. (ii) and (iii), we get
- A A A > A ~
a, =2i—j—k, b= 2i +j+2k
and 52)=f+j, 32=2f—j+!§
ik
bixb=2 1 2
2 -1 1
= [(1+2) - j(2-4) + k(=2 -2)
= b1 x bz = 3 +2] — 4k (V)
and | b1 x b2 | = /(32 +(2)° +(~4)2 = \J9+4+16 = /29 .. (vi)
and az—ai= ({+]) - (2 - j-K) = - +2] +k - (vii
So, from Egs. (iv), (v), (vi) and (vii), we get
= (3?+2}—4F‘€) : (—f+2f+!?)
V29
- —3+4—4| _ 3 s
J29 | V29
$34. Given equations of lines are
7= A+ @50)] + (A + Dk (i)
ro= (@0 -F—k)+n(2f +j+2k) ... (ii)
Eqg. (i) can be written as
or r= (7 +2j+k) w0 (7 - jir k) .. (i)
Comparing Egs. (iiy and (iii) with vector form of line
? = ;1+?L.B1, and ?=§2+u32
We get, a,=2i—j—k, b,=2f+j+2k
and 32=f+2f+!2, b2=f—}+kh
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Now, we know that shortest distance between two lines is given by

d= (b1x b2)-(az—a1) (V)
| bix b2 | ‘
i J Ok
Now, bixby =2 1 2
1 -1 1
= i(1+2) = j(2-2) + k(=2 = 1)
= B1><Bz =3.\‘?—3k“ (V)
and | b1 x bz |= y/(3)? +(=3)?
= /9+9 =18 =32 ... (vi)
Also, a2—a1 = (I +2]+k) = (21 - j-k)
= - +3]+2k .. (vii)
From Egs. (iv), (v), (vi) and (vii) we get,
J- (37 —3K)- (—F +3] +2K)|
- 32 |
- ﬂ‘ - ‘—_9
32 32
= i = iunits
W2 2 A
§35. Given equation of lines are
2= (7 wyen(2i -+ k) - (i)
> 2.(24 j - k) + (37 - 5] + 2k) ... (i)
Comparing aboveeguations with vector equation
F=a+ AB,
we get ;1=f+f, bi'=2i - j+k
and a,=2+j—k by =31-5]+2k
Now, we know that the shortest distance between two lines is given by
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... (iii)

o |(BixB2)-@2-30)
= S S |
|b1>(b2|
i j Kk
Now, bixba =2 —1 1| = [(=2+5)—j(4—3)+Kk(=10+3)
3 -5 2
bix bz = 3 — j - Tk .. (V)
and | b1 x b2 |= (32 + (=12 +(=7)2 = J9+1+49 = /59 . (V)
Also, ay—ar=(2i+j-k)-((+])=7-k ... (vi)

From Egs. (iii), (iv), (v) and (vi) we get

(37 — j—7k)-(T = k)|

d=
J59 |

J 3-0+7 10
@ 59

units.

Required shortest distance = 10
V59

$36. The shortest distance between the lines
X=X _ Y=Y _2-2

a b, C
X —X - 742
and 2 = Y=V _ :
a, b, Cb
X=Xy Ya= Y1 234
a b, C
r: b, Ca

d =
J(bie, — byc,)? + (i@ = Cya, ) + (s, — agb,

using this resultand simplify it.
Given equations of lines are
x-1_y-2 z-1
1 -1 1

- ()

Page 21
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X—2 _Y +1 z+1
2 1 2
Comparing Egs. (i) and (ii) with the one point form of equation of line

and

X=X; _Y=V:i_Z-1

a b c
We get, X, =1,y,=2,2,=1
a=1,b,=-1,¢,=1
and Xy, =2,y,=-1,2,=~1

a,=2,b,=1,¢,=2
Now, we know that the shortest distance between two lines is given by
Xo=Xy Yo= Y1 2274
a, b, Cq
a b, G,

\/(b102 — by, )2+ (Cia, — C25"1)2 +(a;b, — ayb, )?

2-1 -1-2 -1-1

1 - 1
2 1 2
We get, d=
JE2 =12 +(2-2)2 + (1+2)2
1 -3 =2
1 -1 1
2 1 2

= d=

JI9+0+9

_ =2 +32-2)-2(1+2)|
J18 |
J18 32 42

Hence, the required shortest distance = Y units.

J2

$37. Given equations'of lines are

Xx-3_y-5_z=(

1 -2 1
and x+1=y+1=z+‘|
7 -6 1

Comparing above equations with the one point form of equation of line which is

X=X _Y=V1_2-7%
a b c

... (ii)
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we get, a=1b,=-2,¢,=1,x,=3,y,=5,2,=7

We know that the shortest distance between two lines is given by

X2 =Xy Vo=V 2272

a, b, C
d= 8 b, Cy
\/(b102 - b201 )2 + (0162 - C231 )2 + (a1b2 - 62b1 )2
-4 -6 -8
17 =2 1
7 -6 1
.. We get, d

) JE246)2 + (7 =1 + (-6 +14)°

—4(-2+6)+6(1—-7)—8(-6+14)|
JE4)2 +(6)2 +(8)

~4(4)+6(-6)-8(8)| _ ‘—16—36—64|
J16+36 +64 NI

—116| _ 116 _ (W116)° _ s
Ji116| V116 116

Hence, the required shortest distance = +/116 units:

§38. Let L be the foot of the perpendicular drawn from the point P(1, 2, 3) to the'given line.

X=6iy-7_2z-7

The coordinates of a general point on 3 5 > are given by

X—6_y~7_z-7 -
3 2 2
X=3L+6,y=2L+7,Z==20L+7

ie.,
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NENENEEEEEENENEEEEEEEEE

Let the coordinates of Lbe (3L +6,20L+7,-2L +7)
Direction ratios of PL are proportional to
20+ 7 =2,

3 +6-1,
3L+5 2L+5 —2)+4, C’)

-2L+7-3

N

ie.,
Direction ratios of the given line are proportional to 3, 2, -2.
Since PL is perpendicular to the given line. Therefore, %
3@BL+5)+2(21L+5)+ (—2)(-21L+4)= 7k+17 0 = A=-
Putting L = -1 in (i), we obtain the coordinates o % 5,9) @
= /49 =7 units

PL=\/(3-1 +“:_5}—2) +(9-3)" =4
Hence, the required length of the per ris 7 units. \,

$39. Given equation of line is ‘bt
y+1 z-3 ,é.,
é%"‘ v
We find any random R?r!n the line is as follow%Q
2

z
&» X 3& y=2h-1, z=2L+3
()

. We have the point
Q@BA—-2,2L—-1,2L+3)
Now, given that distance between point P (1, 3, 3) and Q (3. -2, 2A -1, 24 + 3), is 5 units. i.e

X+2 y+1

3

PQ=5

Page 24
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= \/(31'2‘1)2 +(20n=-1=-3)2 +(20+3-3)*> =5

=

[ Distance = \/(xz =)+ (Y2 - Y1) + (22 -7 )2]

JBL=32 +(2h— 4 +(24)? =5

Squaring both sides, we get

= Either

=

(3L —3)2+ (21— 4)2+ (202 =25

92 +9— 181 +412+ 16— 16) + 412 =25

1702 - 341 =0
170 (L —2)=0

17.=00rr—-2=0
A=0 or 2

Putting . =0 and A = 2 in Eq. (i), we get the required points as (-2, -1, 3)or (4, 3, 7).

S$40. Clearly, height h of AABC is the length of perpendicular from A(1, -1, 2) to the line

x+2 y-1 z-0

2 1

Now,

and

which passes through P(=2, 1, 0) and is parallelto'b = 2/ + j + 4k.

4
PA x b
_lPAxb
o)
A(1!"1:2)
h
B P(-2,1,0) ] c
PA= (=21 +(14+1)] + (04 2k ==3/ +2j -2k and b = 2 + j + 4k
i j k
PAxb = |-3 2 -2/ =10i+8j -7k
2 1 4

bl = Ja+1+16 = J21

[PAxb| = 100+ 64+ 49 = 213
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b= ‘ﬁx5‘= ’213=JE
5| 21 7
It is given that the length of BCis 5 units.

1
—(BCxh
5 (BCxh)

1 71
—x5x [—
270\7
’1775 .
sg. units.
28

S41. Let AB be the line whose equation is

Area of AABC

X-11_y+2 _z+8
10 —4 11
Let Q is the foot of perpendicular and PQ is the length of perpendicular.

Any point Q on the given line is given as P(2,-1,5)
x=11_y+2 z+8 _
0 4 - o~ G
= x=10L+11,y=—41-2,z=-111-8

. Coordinates of Q are (10A + 11, —4% -2, -11). - 8).
Now, DR’s of the line PQ are

A Q B
(10L+11-2,-43—=2 +1,-11L -8 -5)
DR’s of PQ = (101 + 9, -4k — 1, ~114 — 13)
PQ 1 AB
a,a, + b,b,+c,c,=0
where, a, = 10X+ 9b, =—-4r-1,¢,=-114=13 [DR’s of PQ]
and a,=10,b,=-4,c,=-11 [DR’s of AB]

We get

10 (10% + 9) =4(=4%. — 1) —11(=111 — 13)=.0
= 1002 +90 + 16 + 4 + 1212 + 143'= 0

- 2374237 =0
- 237). = —237
= h=—1

Putting 4 = -1 in coordinates of point Q , we get
Foot of perpendicular= Q (-10+ 11,4 -2, 11 - 8)
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=Q(1,2,3)

Also, length of perpendicular PQ is given as

PQ = \(2=172 + (1= 2% +(5-3)?

= J1+9+4 = \/ﬁ units

S42. Let the required equation of line passing through (1, 2, —4) is
X=1_y-2_2z+4

. b - . (1)
Given that line (i) is perpendicular to lines
x-8 y-19 z-10 .
3 16 7 - )
and x=15 _y=29 _z-5 .. (il
3 8 -5

We know that when two lines are perpendicular, then we have a,a, + b,b, + e,c, =0, where a,,
b,, ¢, and a,, b,, ¢, are the DR’s of two lines.

Using property in Egs. (i) and (ii) and then in Eqgs. (i) and (iii), we get

3a—-16b+7¢=0 [ a,a, +b,b, + c,c, =0] . (iv)
and 3a+8b-5¢c=0 ... (V)
Subtracting Eq. (v) from Eq. (iv), we get
3a—-16b=-T7c
-3a- 8b =-5¢
—24b=-12¢
or p=2
2

Putting b = % in Eq. (iv), we'get
33—16(%]+7c: =0

= 3a=8c+7c=0

= 3a—-¢c=0 = a=

wlo

Putting a = % and b = % in Eq. (i), we get the required equation of line as

X =1 - y—-2 - Z+4

5 G
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- X=1_y-2_1z+4
2c 3c 6¢c
Multiply denominator by 6
x=-1_y-2 z+4
or = =
2 3 6

Also, the vector equation of line is

r = (i +2j—4k)+ (27 + 3] +6K)

Nofte: Vector equation of line is r
ratios of a line.

$43.
Given equation of line ABis

22200 say
2~ 3 4

= X oo Y22 25 and Z235%
2 3 4

= X=2h, y=3L+2

and Z=4)+3

— —3 - . . . e . .
a+ A b where a is apointon aline and b is adirection

0 (3, -1, 11)

Any point P on the given lines = (2, 34 + 2, 44 + 3)

Let P be the foot of perpendicular drawn from point O (3, -1, 11) on line AB.
OP=(2x-3,3L+2+1,4L+3-11)
OP =2} - 3,31+ 3,41 -8)

Now, DR’s of line
= DR’s of line

Since, OP L AB
We have a,a,+ b,by+¢,c,=0

where a,, b,, ¢, are DR’s ofline OP and a,, b,, ¢, are DR’s of line AB.

We have a, =2h-3, b, =3k +3,

a,=2, by=3,

c,=4rL-8
and
From Eq.. (i),

c,=4

2 (2. —3)+ 3 (31 +3)+4(4.—8)=0
4)-B6+9L+9+161—-32=0
29 —-29=0

=

=
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= 290=29 or L=1
Coordinates of point, P= (2, 3L + 2, 4) + 3)
Foot of perpendicular, P= (2,3 + 2, 4 + 3)
=(2,57)

Now, equation of perpendicular OP where O(3, -1, 11)and P(2,5,7) is

x-3 _y+1 _z-7
2-3 5+1 7-11

['.'Using two points form 2 — Xt = Y=V _ 274

of equation of Iine]
Xo=X1 Ya—=VY1 224

x-3 _y+1 _z-7
~1 6 -4

Finally, length of perpendicular OP = Distance between points O(3, —1, 11) and P.(2, 5,/7).

= J(2-3)2 +(5+1)% +(7 =112

2

[ Distance = \/(x2 - X1) + (.Vg = Y4 )2 + (22 - 21)2]

= J1+36+16 = /53
Length of perpendicular = x/ﬁ

S44. Let AB be the line whose equation is given as

x=1_y+1_z+10

0(1,0,0)
2 -3 8
Let P be any variable point on line AB.
- 1 1
Let X 1=y+ _Z+ O=?\, [Say]
2 -3 8
Xx=1_. y+1_, z+10"
= 2 = l’ _3 _)\'! 8 _l’ A P B
= x=2L+1,y=-31.-1,z=81L-10
Coordinates of Pare (2L + 1, -3L=1,81 - 10)
= DR’'s of line OP=(2x+1-1,-3L.-1-0,8L.-10-0)
= (21, -30L—-1,8L-10)
Since OP L AB
a,a, +b,b,+c,c,=0 ..(1)
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where a,, b,, ¢, are DR'’s of line OP and a,, b,, ¢, are DR’s of line AB.

We get, a, =2k b,=-3rL-1,¢,=8,L-10
and a,=2,b,=-3,¢,=8
From Eq. (i)
2(20)—-3(-3L—-1)+8(Br-10)=0
= 4)+90+3+64L-80=0
= 77.-77=0
= 77n=77
= A =1
= Coordinates of point P=(2r+1,-31-1,8L-10)
=3, -4,-2)
Now, since P is the foot of perpendicular, so coordinates of foot of perpendicular
=(3,-4,-2).

Using distance formula, O (1,0, 0), P (3, -4, -2)

OP = [(3—1)% +(~4—0)? + (-2 — O)?

[ Distance = \/(xg =) +(y=y.) +(ze= 2, )2]
= [4+16+4 = J24)= 2.6 units
OP = 24/6 units

Finally equation of perpendicular OP, where O (1, 0, 0) and P (3, —4, —=2) is given by

x=1~y=0 z-0
3-1 =4-0 -2-0

['.'Using two poifitform of line ~— 4 — ¥ =1 _ 2'21]
Xo=Xq Ya—Y1 2Zo—Z4

N x-1_y
2

= —22- IS the required equation.

s45. Ve know that equation of line passing through the points (x,, y,, z,) and (x,, y,, z,) is given by

Xo — X4 Yo=V¥1 22744

.. (i)

Here, (x,, ¥,, z,) = (0, 6, = 9) and (x,, ¥,, Z,) = (-3, =6, 3)
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Equation of line AB is given by C(7,4,-1)
x-0 y—6 _ z+9
-3-0 -6-6 3+9
X _y-6_z+9
-3 12 12 A(0,6,-9) D B (-3,-6, 3)

X _ y-6 z+9

p—

1 -4 4

Next, we have to find coordinates of foot of perpendicular D.

Now, let — = *——=—— =) [Say]

= X=—L, y—6=—-4L and z+9=4)L

X=—=A, y=—4rL+6 and z=4L-9
Let coordinatesof D = (—Ai,—4L+6,4)L-9) .. (i)
Now, DR’s of line CD are

(—A—7,—41L+6-4 40—9+1)= (~h—7,—4L+2, 40— 8)

D is the foot of perpendicular.

Now, CD 1 AB
= a,a,+b,b,+cc,=0
Where, a,=-h—=7,b,==4).+2,¢c,=4).-8 [DR’s of line CD]

a,=-1,b,=<4,¢c,=4 [DR’s of line AB]
=1 =T7)-4 (40 +2)+4(4)-8)=0

= L+7+ 161 -8+ 161 —-32=0

= 330=33=0

= 331 =33

= A =1

Putting = 1 in Eq. (ii), we get required foot of perpendicular,
D=(-12,-95)

Also, we have to find equation of line CD,where C(7,4,—-1)and D(—1, 2, -5).

. .. X =7 y—-4 z+1 . .
Required equation is = = Using Eaq. (i
q q e Bl vt [Using Eq. (i)]

X=7 _y-4 z+1
-8 -2 -4

X—=7 -
N _y 4=z+1

-4 9 27
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S$46. Let L be the foot of the perpendicular drawn from the point P(0, 2, 3) to the given line.

HHHHHE'HIII,IIIIHI!!
NENNENNENNEENEEEEEEEEER

The coordinates of a general point on

X+3 _ y—1=z+4 are given by X+3 - y—1=z+4 -
5 2 3 5 2 3
ie., x=5L-3,y=20L+1,z=31L-4
Let the coordinates of Lbe (5. —3,2L + 1,31 —4) .. ()

Direction ratios of PL are proportional to

5L-3-0,20+1-2,3.-4-3
ie., B5n-3,2L—-1,3L-T7.
Direction ratios of the given line are proportional to 5, 2, 3.

Since PL is perpendicular to the given line.
56L=-3)+2(2L-1)+3 @Br-7)=0=r=1.
Putting 2 = 1 in (i), the coordinatesof L are (2, 3, —1)

.. Length of the perpendicularfrom P on the given line

PL = \/(2-0) +(3=2)? +(-1-3)* = [4+1+#16,= /21 units.

$47. The given equation 6f e is 4 =X = ¥ _ 1= Z.whieh can be written
_ 2 6 3 P(23,4)
in standard ferm as
x-4 'y z-1 .
Let T be any variable point on Eq (i). Then, its coordinates are A T B

calculated as follows

Add.: 855, Nitikhand-I, Indirapuram, Gzb. | Ph.: 7292077839, 7292047839 | www.smartachievers.in | info@smartachievers.in Page 32



2 6 3 s
X4 o L=nand 22 =)

= 5 "M g Thand = =2

= x=-2)L+4, y=6lLandz=-31L+1

Coordinates of point T are (21 + 4,61, =31+ 1)
Now, DR’s of line

PT=(-21L+4-2,61L-3,-3L+1-4)
= (-2).+2,6).—3,-3).—3)

- PTL1LAB
a,a, + b,b, +c.c,=0
where, a,=-2.+2,b,=6L-3,c,=-3L-3
and a,=-2,b,=6,¢,=-3
We get,

—2(-20+2)+6(6L-3)-3(-3L—-3)=0
- 4).—4+361L-18+91L+9=0

13
= 491—13—0:>A—E

Coordinates of T are

(_26 78 39 1] (170 78 10)

—+4r—)_—+ = sy T~
49 49’ 49 49749 49

The required perpendicular distance= Distance PT
170 78 10 . 2 2 2
\/(Z_E] (S_E] (4—5) [-.-D|stance\/(x2—x,) +(yo—yi) +(z—2y) ]
) J(_ Q)z . (g)z i (@T _ \j5184 + 4761+ 34596
49 49 49 2401

‘;504 =.4/18.55 =4.31 units.

$48. Given equation of lines are

x=1_y-2 z+4
2 3 6

and x—3=y—3=z+5
4 6 12

Now, the vector equation of lines are

Add.: 855, Nitikhand-I, Indirapuram, Gzb. | Ph.: 7292077839, 7292047839 | www.smartachievers.in | info@smartachievers.in Page 33



r=(i+2j-4k)+ (27 +3] +6K) .. (i)
[ Vector form of equation of line is r=a + Ab]

and r = (3i +3j —5k)+p(4i + 6] +12k) ... (il

Here, aj = i +2] — 4k, b1 = 2] + 3] + 6k

— ~ - -~ = ~ - ~
and a, = 37 +3] -5k, by = 4i +6] +12k ... (iii)
i j k
Now, bixbr =12 3 6
4 6 12

(36 = 36) — (24 — 24) + k(12 - 12)

0i —0j+0k =0

— - — — — — — —
b1x b2 =0 = Vector b, parallel to b, [~ If byx b2 =0;then a || b]

. The two lines are parallel.

b = (Zf +3j 4+ 6!2) [Since, DR’s.of given lines are proportional]
Since, the two lines are parallel, we use the formula for shortest distance between two parallel
lines :
BX (32— 51) .
We know that d=|——_— ... (iv)
| b

. From Egs. (iii) and (iv), we get

(27 +3j46Kk) x (27 + | - k)|

d= .- (V)
J27 @767 |
ij ok
Now, (27 +3j+6Kk)%(2i+j-k)=1[2 3 6
2 1.1
= [(=3=%6)— j(-2-12)+ k(2-6)
= 0/ +14] — 4k
From Eq. (v), we get
g2 |F97 £ 14— akl| _ o7 + 14y + (-4
Jag | 7
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_ V81+196+16 _ /293

units.
7 7
$49. First find the coordinates of foot of perpendicular Q. Then, find the P
image which is point T by using the factthat Q is the mid-point of line
PT.
Here, T is the image of the point P (1, 6, 3). Q is the foot of A Q. B
perpendicular PQ on the line AB. First, we find Q. !
Equation of line AB is given by :T
x_y-1_2z-2 ()
1 2 3 P(1,6,3)
x y-1 z-2
Let — = — =i [S
© 1 2 3 [Say} R LQ :
= X=Ay—-1=2%2-2=3h |
= X=h y=20+1,2=30+2 1
1
Let coordinatesof Q= (A, 2L+ 1,314 +2) ()] T

Now DR’'sof line PQ=(A-1,2L+1-6,3L+2-3)
DR’s of PQ=(L—1,2L-531L-1)

Now, line PQ L AB.

a,a, +b,b,+c,c,=0

where, a,=r-1, b,=2L-5 ¢ =8»-1

and a,=1 b,=2, ¢,=3
1T(A=-1)+221L-5)+3@Br-1)=0

= A=1+4L-10+90L-3=0

= 14%—14=0

= r=1

Putting 2 = 1in Eq. (ii), we get

QM.2+1,3+2)=(1,3,5)
Now, as discussed earlier Q is the mid-point of PT.
Let coordinatesof T=(x,y, 2)

.. Using by mid-point formula,

Q = Mid-pointof P(1,6, 3)and T (x, y, 2)

_ (x+1,y+6’z+3) ['.'Mid—pointis(x‘;x2 Vit Yo z1+zz]]

2 2 2 22
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But Q= (1, 3, 5)

"(x+1’y+6’z+3)=(1’3’5)
2 2 2
x+1 . y+6 __ z+3 _
= > -1 3, 2 5
= x=2-1, y=6-6, z=10-3
= x=1, y=0, z=7

.. Coordinatesof T=(x,y,2)=(1,0,7)
Hence, coordinates of image of point
P(1,6,3)=T(1,0,7).

line joining the point Pand Tis

>
-
=<
|
(o)}

zZ-3

-1 0-6 7-3

—

>
|
—
-
|
(0]
N
|
w

O ’
|

(o)}

n

and length of PT

JA=1? + (0 - 6)% + (7 —8)>

= J0+36+16 =52
= =213 .

S$50. First, we find vector equation of AB where A (4,5, 10) and B (2, 3, 4).

D (x,y, z) c(1,2,-1)

A (4,5, 10) B (2, 3,4)

We know that two.points vector form of line is given by

F =a+Mb-a) .. (i)

where, a-and b are the position vectar of points through which the line is passing through.

Here, a= 54 = 4/ +5] +10k
and B}=CTB) = 2/ +3) + 4k

. Using Eq. (i), the required equation of line AB is
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=~

= (4f+5f+10£?)+l[(2f+3}+4A¢)—(4f+5f+10§)]

= (4i +5] +10k) + A (—2f —2j —6k)
Similarly, vector equation of line BC, where B (2, 3,4)and C (1, 2,-1) is

~l

ro=(2f +3]+ak)+ 1 [(F+2] —k)- (27 +3] +4k)]
r o= (27 +3] +4k)+ 1 (-7 — j - 5k)
Next, we have to find coordinates of point D. From figure parallelogram ABCD, we have
Mid-point of diagonal BD = Mid-point of diagonal AC
[-.- Diagonals of parallelogram bisect each other]

(x+2 y+3 z+4)=(4+1 5+2 10—1]
2 ' 2 2 2 2 2

1 1 )

Comparing corresponding coordinates

Xx+2 5 y+3 7 z+4 9
= = —, =— and =—
2 2 2 2 2 2

= x=3, y=4, z=5

Coordinates of point D (x, y, z) = (3, 4, 5).
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