Plane

1 Mark Questions

1. Write the vector equation of the plane passing
through the point (a, b, c) and parallel to the

plane i+ j+k) =2 Delhi 2014

The required plane is passing through the
point (a,b,c) whose position vector is

—3 ™ A ~
p = ai + bj + ck and is parallel to the plane
o, |

r-(i+j+ k=2

So, it is normal to the vector
— A X ~
n =i+ j+k

Hence, required equation of plane is

p—

-f+f+ )=(af+bf+c§)-(f+f+£)

-(f+f+ﬁ)=a+b+c (1)
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2. Find the length of the perpendicular drawn
~from the origin to the plane 2x—3y +62+21=0.
All India 2013

f‘) ‘The distance from pomt (x], yl, zl }to the plane

Ax+By+Cz+D=0is ikl Sl e
\/A2+82+C2

Given, equation of plane is
2x~3y+6z+21=0 ()

. Length of the perpendicular drawn from the
origin to this plane

2 U=a»0+0 DFd] [0=030+21
Ve s ve? ([0
_ 21 A
Ja9 7
=3 units (1)

3. Find distance of the plane3x— 4y + 12z =3
from the origin. Delhi 2011

- Given equation of plane is
3x -4y +12z — 3 =0 and the point is (0,0, 0).
We know that, distance of the plane
Ax + By + Cz + D =0 fr~= +he point (%, y4, Z4)
is
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|Ax + By, + Cz, + D
JAZ + B2+ C2

Here, x, =y, =2, =0

and A=3B=-4C=12,D=-3

.. Required distance

_BO) - 40) +12(0) -3

V372 + (=42 + (12)2

-3 3

J9+16+144 N

4. Write the intercept cut-off by plane
2x + y — z =5 on X-axis, HOTS; Delhi 2011

d =

3 umts (1)

= d=

i

) Flrstly, we convert the gwen equatlon of plane

" in intercept form, i.e. 2 4 i:+ = =1, which cut
| a C

| the X-axis at (q, 0, 0).

leen equation of plane is 2x +y—-2z=5.
On dividing both sides by 5, we get

25 A

—+

5 5 5

X Zz
X LY.z

+
(;_] 5 (-5
2 y

On comparing above equation of plane with
the intercept form of equation of plane
,_X_ + Z + E =1
a b c
where, a = x-intercept, b = y-intercept and
Cc = z-intercept

5
We get, a=—
: 2

i.e. intercept cut-off on X-axis = g (1)
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5. Write the distance of following plane from
origin,2x -y +2z+1=0. All India 2010

Do same as Que. 3 l:Ans. % unit}

6. Find the value of A, such that the line
Xsd gyl I+95

6 A —4
plane3x—y—-2z=17. All India 2010C

is perpendicular to the

Given, line W ot W 55 IS
A —4
perpendicular to plane3x -y -2z = 7.
Therefore, DR’s of the line are proportional
to the DR’s normal to the plane.
3 -1 =2

= A=-—2 (1)

4 Marks Questions

7. A plane makes intercepts -6, 3, 4

respectively on the coordinate axes. Find
the length of the perpendicular from the
origin on it. Delhi 2014C
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Given, intercepts on the coordinate axes are
(-6, 3, 4), then equation of plane will be

(1)

or

Distance of a point from plane is given by
D_la;q + by, +cz; +d
’ VaZ+ b2+ 2

Here, distance of origin from above plane

(1)

-1 1 1

Il

|

6

)'0+(3

o

).0_1
4

IE

J

)+

1]"‘
4

3
-1 ~1 12
\j 111 29 | 29
36 9 16 144
Hence, required length of the perpendicular
. . 32 .
from origin to plane is — units. (1

V29

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

?sz-f+2E+k(3f+hf+2!?)andthe

plane ?—(f ~j+k) =5
Delhi 2014; All India 2014C, 2011; HOTS
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) Firstly, convert the given equations of line and
. * plane in cartesian form and then solve them to .
| get their point of intersection, then use !
' distance formula to find the required distance.

i
| SRS

Given equations of line and plane are
=

r =(2j-f+2§)+h(3f+4f+2!2)

-

and r-(f—f+§)=5
Above equations in cartesian form can be
written as
X=—2 + 1 -2 .
s IF 2 X -..(i)
3 4 2
and X-y+z=5 (i) (1)
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Let the point of intersection of line (i) and

plane (ii) be Q.
Let x—2=y+1=z—2=;JL
3 4 2
oy A2 g ¥l g 22 g
3 4
= X=3A+2,y=4A—-1,z=2A+2
. Any point Q on the given line is
QQBA+2,41L-121+2) (1)

Since, plane also passes through Q, so
coordinates of Q will satisfy Eq. (ii).

BAL+2)—-BA-1N+Q2A+2)=5
= 3A+2—-4A+1+2A+2=5
=5 A=0 (M
On putting A =0inQ BA +2, 4\ —1,2A + 2),
we get the point of intersection as
€32, —12)
Now, the required distance

PQ =@ + N2 +(=1+5)2 + (2 +10)? =13

oy A2
-+ distance = (X2 = x%)" + 2 = 1)
+(z5 - 2;)

= /9 +16 +144
=.[144+25
=169

=13 units '
Hence, the required distance is 13 units. (1)

9. Sht)i..'s.'thaittheIines.S_X=y_?a,__z+3

—4 4 -5

== = - = 23 are coplanar.:
7 2 3 P Delhi 2014

and
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Given lines can be written as
K—5 V¥—F T4l
4 4 -5
x=B y=4 Z=0
7 1 3
On comparing both lines with,

(1)

and

X=X YN _ £ 7240 regpectively, we get
a b b

x=5w=72z=-3a=4b=4c,=-5
and XZ:B,}/2=4,22=5,32=7, b2=1,
If given lines are coplanar, then

| x2=% ya-n z,- 27|

& b o |=0 (1)

| a b, ¢y |
8-5 4-7 5+3 3 -3 8
LHS =| 4 4 -5 |=|4 4 -5
7 1 3 7 1 3

=3(12 +5)+3(12 + 35) + 8(4 - 28)

=3X17+3x 47+ 8(-24

=51T+141-192=192 -192 =0 = RHS
Therefore, given lines are coplanar. (1)

10. Find the image of the point having position
vector i +3j + 4k in the plane

-
r2i—j+k+3=0. All India 2014C

Given, position vector of point is (f + 3}: + 4!2).

So, coordinates of point P are (1, 3, 4) and
vector equation of plane is .

?- Qi —f + kﬁ) + 3 =0, then cartesian equation
of planeis2x -y + z + 3 =0.
Let Q be the foot of perpendicular from P on
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the plane.
Pe (1,3, )

/ Q4 /Qx—y'+z+3—0

iR (1)
Since, PQ is perpendicular to the plane.
Hence, Dr’s of PQ will be 2, -1, 1.
So, equation of PQ will be

=l §¥=—3d 24 :
I Isay]
Coordinates of Q = 2A +1, - A + 3, A + 4),
also Q lies on plane, so it will satisfy the
equation of plane.

S 22A 4D - -A+3)+A+4H+3=0

= AN +2+A-34+A+4+3=0
=% 6A = -6 |
— & =] (1)

So, coordinates of Q will be (-1, 4, 3). Since,
Q is the mid-point of PR and let R be (x, y, z),

then(x+1,y+3,z+4)5(*1,4,3} (1)
2 2 2
On comparing corresponding coordinates,
we get
] s =B b -3
y+3
—5—=4:>y+3:8:>y=8—3=5
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and 3—:2-!"—4~=3:>Z+4=6:>Z=6—4:2

Hence, required coordinates of image point R

11. 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.

All India 2013
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The required plane passes through two points

- —~
P2,,-1)and Q (13, 4. Let a and b be the
position vectors of points P and Q, respectively.

Then, a=2i+j-k
s & s ~
and b=-i+3j+ 4k
—3 = & s
PQQ =b~- a= f:+3;+4!<) i +j—k)
= — 3 +2] + 5k (1)
g

Let n; be the normal vector to the given plane,

— & A A
X—=2y+4z =10, thenn, =i - 2j + 4k.

%
Let n be the normal vector to the required

plane. Then,

|
W)= 1 =]
-3 2

L0 B S

=i(-10 —8) = j(5 +12) + k(2 — 6)
=—18i —17] - 4k (1)
The required plane passes through a point

having position vector a = 2] 44} ~k and is
_>

normal to the vectorn,=—-18: ~17] — 4k. So,
Its vector equation is
- = - —>
r-n = a-n (1)
— A -~ A A ™ ~
=  r-(-18i-17j -4)=Qi+j -k
(=180 =17] - 4k)
— = e A
= r-(-18i-17j-4k)=-36 -17 + 4
— ~ i ~
r-(18i +17j + 4k) = 49 (1)
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12. Find the coordinates of the point, where the

]mex—2:y+1=z—2

intersects the plane

x—y+z-5=0. Also, find the angle between
the line and the plane. Delhi 2013

Given equation of line is
X—2 =y+1:_z--2___}L
3 < 2
X=3A4+2,y=4A-1,2=2A+2

Then, [BA +2),(4A 1), 24 + 2)] be any point
on the given line. | (1

[say]

This point lies on the plane x—y+z -5=0
BA+2)-(4A-1)+2A+2)-5=0

= 3A+2—-4A+1+2A+2-5=0

= A=0 ...(0) (1)

- Point of intersection of line and the plane

=(3x0+2,4x0-12x0+2)=(2,-12) (1/2)

Let O be the angle between line and plane.

Then,
; al + bm+cn
sinf = e

JaZ+b2+c2I2 +m? +n?
Here, a=3,b=4,c=2;l=1m=-1n=1
(3)(1) + 4(—=1) + 2(1)

sinf = r
JI+16+41+1+1
s Sin8_3—4+2_ 1
J2943 487
» 1
= D=8 —— (11%)
V87

which is the required angle.
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13. Find the vector equation of the plane which
contains the line of intersection of the planes

= am| E Lg ™ s R B
r-(i+2j+3k)-4=0and r -(2i +j-k)+5=0

and which is perpendicular to the plane
...9

r (51 +3j -6k) +8=0. HOTS; Delhi 2013
Let the given equation of plane in cartesian
formbe m=x+2y+3z-4=0
and Ty=2x+y-z+5=0
Equation of plane through n; and 1, is
(X+2y+3z - +kQx+y -2z +5)=0
= x(1+ 2k +y2 +k +z3 -k —4+5k=0 ...(0)
(1

This plane is perpendicular to the given plane
—3 A

r-(5i +3f—612)+8=0wh05e cartesian
equation is
5x+3y-6z+8=0
s 5(1+2k+32+k-6(3-k =0
[ I, +mym, +mn, =0]
= 5+10k+6+3k-18+6k=0

s 19k—7=0 = k=_" 2)
- 19

On putting k:ilg in Eq. (i), we get the

equation of plane as

x(1+ﬁ)+y(2+ij+z[3—i}—4+§3=0
19 19 19 19

33 (45) (50} 41
= X —|[+y|—|+2z|—{——=0
[19] 19 19) 19

= 33x+45y+50z - 41=0 (1)

Get More Learning Materials Here : & m @&\ www.studentbro.in



14. 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.
HOTS; All India 2010C

() Firstly, write the required equation of plane as |
* (x+3y+6)+ ABx— y—4z)=0. :
Then, convert the above equation in general .
form of plane which is ax+ by+ c+ d=0.
Finally, use the formula for distance from a
point  (xy, y1,27) to the plane

ax+ by+cz+d=0.

Let the required equation of plane passing
through the intersection of planes
Xx+3y+6=0 and3x -y -4z =0 be
(x+3y+6)+A(3x—-y—-4z)=0 skl
Above equation can be written as
X+3y+6+3Ax—Ay—4Az =0
= X(1+3A)+yB-A)—4Az +6 =0 ...(i1) (1)
which is the general form of equation of
plane.

Also, given that perpendicular distance of
plane (i) from origin, i.e. (0, 0, 0) is unity,
l.e. one.

1+3M)0)+3-A)(0)-44(0) +6

JO+302 + G = 12 + (—4h)? |
--distance of point (x, vy, z;) froma |
planeax + by + cz + d =0isgiven by
J—| & (+'by1 +cz; +d |
ya‘+b +c® |
here,a=1+3A,b=3—-A,c =—4A,
(X, v1, Z7) = 10,0, 0) 1M

Get More Learning Materials Here : & m @&\ www.studentbro.in



6 =1

:). NI S— ==
V14902461 +9+ A2 —6A +16A2

6
= ! _ =1
V2647 +10
= 6 =26A2 +10
On squaring both sides, we get
36 =26A% +10

= 26A'=26 = A’=1 = A=21 (1)
Now, on putting A =1in Eq. (i), we get
X+3y+6+3x—-y-4z=0
= _ 4+ 2y -4z +6=0
— 2x+y-2z+3=0 (i)
Again, on putting A = - 1in Eq. (i), we get
X+3y+6-3x+y+4z=0

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

= x-2y-2z-3=0 ...{1v)
Egs. (iii) and (iv) are the required equations of
the plane. (1)

15. 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 -1 -1 Delhi 2010C

Equation of plane passing through the point
A (1, 2,1)1s given as
alx-N+bly-2)+c(z-1=0 L) (1)
[ equation of plane passing through
(%, ¥4, ;) having DR’s a, b, c is
alx—x)+bly—-y)+c(z-2)=0]
Now, DR’s of line PQ, where P(1, 4,2) and
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Q(2,3,5)are2-13-45-2,i.e.1,-13.
Since, plane (i) is perpendicular to line PQ.

~. DR’s of plane (i) are 1, -1, 3

i.e. aslbae-le=3 (1)
On putting values of a, b and c in Eq. (i), we
get the required equation of plane as

Ix=N-1y-2)+3(z-1=0
=5 x—1-y+2+3z-3=0
= x—y+3z-2=0 ...(ii)
Now, the given equation of line is
X+3 y=5 Zz~-7F
2 -1 -1
DR’s of this line are (2, =1, —1) and point
(-3, 5, 7).
Now, From Egs. (ii) and (iii), we get
2M=-1-1-13)=2+1-3=0
| [by using a, a; + b; by + ¢y ¢, =0]
So, line (iii) is parallel to plane (i).
. The required distance = Distance of the
point (-3, 5, 7) from the plane (ii)

=3) () +5) (=1 + 7() -2
J02 + (=12 +03)?

.. (if1) (1)

e

~distance of the point (x, y;, Z)
to the plane ax+ by +cz +d =0is
d=|ax1 + by, +cz; +d |

Jaz +b?+c?

| =3-5+21-2|_| 11 ]_| 112
J1+1+9 V11 V11
= /11 units (M
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16. Find the cartesian equation of the plane
passing through points A (0, 0, 0) and
B (3,-1, 2) and parallel to the line

_YEe_rel
1 & . 7 HOTS; Delhi 2010

Q The equation of any plane passmg through
(X1, y1, 21)is |

a(x-x;)+b(y—y)+clz—z)=0.

This pTane is parallel to the line

Ay Y o &7 RS
0 b; G

. Normal to the plane is perpendicular to the |
Ilne i.e. aa; + bb; + cc; = 0. Use these results

!
1
i
1
|
|
I
t
%
1| and solve it

Equat:on of plane passing through the pomt
A(0,0,0)is

alx-0+bly-0+c(z-0)=
= ax+ by +cz=0 oL
[using one point form of plane
ax—x)+bly-wy)+c(z-2z)=0]
Given, the plane (i) passes through the point
B(3, -1 2).
- Putx=3,y=-1and z =2 in Eq. (i), we get
3a-b+2c=0 (1)
Also, the plane (i) is parallel to the line
X=#_ w3 Z+l
1 -4 7
a(l) + b(-4) +c(7)=0
if plane is parallel to the line, then normal

to the plane is perpendicular to the line.
s aap + bbby +cicy =0
=5 a-4b+7c=0 -..(iii) (1)

Now, on multiplying Eq. (iii) by 3 and
subtracting it from Eq. (ii), we get

-~ ] “ ~ Fa
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3a — D+ ZC=U
3&;12b+ 2le=1

11b-19¢c =0

= b=—c
' 11

On putting b = %’1 in Eq. (i), we get

33—%+2c=0' O W s s
= 3a+§(—:~=0 = 33:—3—C
11 1
a:—.E_ (1)
11

Now, putting a = ~ % and b = % c in Eq. (i),

we get the required equation of plane as

_Cx+1gcy+cz=0 .
11" 11’
= ——’i+w+z=0

11 11

[dividing both sides by c]
=5 -Xx+19y +11z2 =0
[multiplying both sides by 11]
= x—19y =11z =0 (1)

17. 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.

Delhi 2009C

Get More Learning Materials Here : & m @&\ www.studentbro.in



> “The equatton of any plane passmg through
(X1, 31,21) 18
ax—x;) + bly—-y)+clz=2)=0
and if it is perpendicular to the planes
a;x+ by y+ c;z+d, =0and
a,x+ byy+ cpz+d; =0.
Then, aa; + bby + ¢c¢c; =0
and aa, + bb, + cc; =0.

Use these results and solve it.

Equatlon of plane passing through point
(1, -1, 2) is given by

a(x—1)+b(y+1)+c{z—2)=0 (1) (1)

Now, given that plane (i) is perpendicular to
planes

2x+3y—-2z=5 (1)

and x+2y—-3z=8 co (i)
We know that, when two planes
ax+ by+cz=dyandayx+ by +cyz=d,
are perpendicular, then

a2, + bib, +¢ic, =0 (1)

2a+3b-2c =0 [from Egs. (i) and (ii)]

and a+2b-3c=0 I[fromEgs. (i) and (iii)]
=5 2a+3b=2c ...(iv)
and a+2b=3c LAV

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

2a+3b =
2a+ 4b=_6¢C
—b =-4c
=3 b =4c
On putting b = 4c¢ in Eq. (v), we get
a+8c=3c
= a=-5C
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Now, on putting a = —5c and b = 4c in Eq.
(i), we get the required equation of plane as
-S5cx-N+4cly+N+c(z-2)=0
= S5Kx-1N+4y+1)+(z-2)=0
[dividing both sides by ]
=3 5x+5+4y+4+2z-2=0
= 5x—-4y—-z-7=0 (1)

18. Find the coordinates of point, where the line
X &l Y+d 43

2 3
X+y+4z=6. All India 2008

meets the plane
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Given equation of line is
x+1 y+2 z+3

!

2 3 4
then Jvc+1:)w'+2=z+3=?L [say] (1)
3 4
==p x=2A—-1y=3A-2,z=4A-3
Q
P

. Any point on the line is
PQA—13L—2,4A - 3) (1)

Now, as point P lies on the plane. So, it will
satisfy the given equation of plane which is

X+y+4z =06
s A-1D+BA-2)+4(4A-3)=6 (1)
i 2A-1+3A-2+16A-12=6
=5 2. -21=0 = 21A =21
= A=1
On putting A = 1in point P, we get the
required pointP (2 -1,3-2,4-3)=P(111).

(1)

6 Marks Questions

19. Find the equation of the plane passing
through the line of intersection of the plane

?-(f+f+§) =1 and ?-(2f+3f—§)+l+:()and
parallel to X-axis. All India 2014C, 2011
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Given equation of planes are
— —

rG+j+R=1and r-Qi+3j-k+4=0

Above equations can be written in cartesian
form as
X+y+z-1=0 oekl)

and 2x+3y-z+4=0 i) (1)

Let the required equation of plane passing
through the line of intersection of planes (i)
and (ii) be

X+y+z-D+A2x+3y—-z+4=0
=X+y+2zZ-1+2Ax+3Ay-Az +4A =0
=x(1+2A) +y(1+30)+z(0-A)

+ (=1+ 4A) = 0...(i1) (1)
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. DR’s of the above planes are 1+ 24, 1+ 34,
T-A.
Also, DR’s of the X-axis are (1, 0, 0). (1)

Also, given that the above plane (iii) is
parallel to the X-axis.

1(+2A)+0(1+30)+0(1-2)=0 (1)

&a, + bbby, +c,c,=0 I
where, a; =1+2X, b, =1+3A, ¢, =1-A
and a,=1b,=0,c,=0

= 1+2A=0 = 21 =—-1
1

= A == m 1
5 (1)

On putting A = = 1/2 in Eq. (iii), we get the
required equation of plane as

x(1—aﬂ]+y(1—§-)+z(1+1)
2 2 2
+(—1—i]=0
A
3z 6

= :-K+——+=O~:>y—3z+6=0
2 2 2

. The vector equation of plane is

— A A

r-{i—3K+6=0. (1)

e

20. Find the distance between the point (7, 2, 4)

and the plane determined by the points
Al2,5,-3),B(-2,-3,5)and C(5,3, -3).
Delhi 2014
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Given points are A(2,5,-3),B(-2,-3,5) and

C(5,3,-3).

Consider (x;, y;, 21)'= AQ2,5,-3)
(X2, V2, Z5) =B (=2, -3, 5)

and

(X3, Y3, 23) =L (5, 3, - 3)

(1

Now, equation of plane passing through three
collinear points is

X—X|
' X2_X-|

X3 —X

Y =W
Y2 =¥
Ys— ¥

Z_Z-I
.22"'21 =
Z3 = Z4

(1

On putting the values of three points , we get

X—2
-2 -2
5-=-2

y—5
-3-5
3-5

x—2 y=-5 z+3

Z+3
5+3|=
-3+3

-4 -8 8| =

3 = 0
= x-2)0+16)—-(y-5)0-24
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=16x—-32 +24y-120+3224+96=0

=5 16x+ 24y +32z -56 =0

=3 2x+3y+4z-7=0 ...(1) (1)
Now, distance between the plane (i) and the
point(7,2, 4) is

2(7)+3(2) + 44) - 7

(1)
V22 £ 32 + (42

d=

" distance between the plane
ax + by +cz + d =0 and the point

by s ax + by, +cz; —d
| \/a,-12+b?'+c2 d
_|14+6+16-7[
29
29
29
= 4/29 units (1)

21. Find the equation of the plane through the
line of intersection of the planesx+y +z=1
and 2x + 3y + 4z = 5, which is perpendicular
to the plane x — y + z = 0. Also, find the
distance of the plane obtained above, from
the origin. All India 2014
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Equation of any plane through the line of
intersection of the given planes x+y + 2z =1
and2x + 3y + 4z =5, is
x+y+z-1+A2x+3y+4z-5=0

= 1+2A) x+(1+3A)y

+(1+40M) z-1-5A=0 ...(0) (1)
The direction ratios &, b;, ¢; of the plane are
2A+1),3A+1) and (41 +1).
Also, given that the plane, i.e. Eq. (i) is
perpendicular to the plane x-y+z =0,
whose direction ratios a,, b,, ¢, are 1, — 1and

1 (1)

Then, 8182 +b1b2 +C-|C2 =0
= 11+2A)-11+30) +11+40) =0
= 142A-1-3A+14+ 41 =0
— 3&:—1:1:-% (1)

On substituting the value of A in Eq. (i), we
get the equation required plane as

(1—-2—]“» 1—3]y+ 1—ﬂ z—1+-5—=0
L 3 3 3

3 3 3
= X—z+2=0 (1
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Now, we know that, distance between a point
P(x;, v5, Z;) and plane Ax + By + Cz =D is
d = Axy +By; + Cz; =D

JA2+BZ+C2
Here, point is (0,0,0) and the plane is
X— Z +2=10,
. Required distance,

| _
d=|1x0+0+( Nx0+2 :E—:ﬁunit
|

Jo2eEn? | V2

(1

(1

22. Find the distance of the point (2,12, 5) from
the point of intersection of the line

?’:2?-&f+2§+k(3f+4?+2E)andthe

¥ A - 5
plane r-(i —2j +k) =0. All India 2014
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Given equation of line is

T =20 -4 +2k+AGi+4] 420 ..G0)
and the equation of plane is

(-2 +k=0 i)

(1

For point of intersection of Egs. (i) and (ii), we

get
[27 — 4f + Zk'+ (i +4] +28]
[ =27 4 4] =00
[on putting the value of T from

Eq. (i) to Eq. (ii)]
= 2+8+2+3A-8A+2A=0

= [3d=3Ir=0
=3 -3A=-12 = A=4 (1)
On putting A = 4 in Eq. (i), we get

T =20 — 4] +2k + 437 + 4] +2k)

=14i +12] + 10k (1)

Since, T is the position vector of the point
(14,12,10). (1)

~.Distance between the points (2,12,5)
and (14,12, 10)

=2 =142+ (12 -12)% + (5 - 10)?

=\/(-12) 0 =5
= 144 + 25

=169

=13 units (1)
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23. Find the equation of the plane that contains
the point (1, -1, 2) and is perpendicular to
both the planes 2x+3y -2z =5 and
X+ 2y — 3z = 8. Hence, find the distance of
point P(-2, 5, 5) from the plane obtained
above. Foreign 2014

Given point is (1, =1, 2) whose position vector
is E} =i -f +2k. |

Also, given equation of planes are
2x+3y-2z and x+2y-3z=8 (1)

Vector forms of these planes are
Ny=2i +3] —2kandN, =i +2j -3 (1)

Now, required planes is prependicular to
given planes, so the normal vector of the
required plane

ik
%
N=PR 3 -2

1 2 -8

=79 + 4 ~ (-6 + 2) + k(4 - 3)
= —5i + 4f + k _ (1)
So, the equation of the required plane is

- = =

(r-a)-N=0
S [r=G=]+20]-5i+4i+k=0 ()

—3 - A -~
=r(-5i+4j+k+7=0 is the vector
equation and 5x —4y —z = 7 is the cartesian
equation of required plane. (1

Also, the distance of point P(-2, 5, 5) from the

plane obtained = |5(_2) —43) —(3) —
| V25416 +1

l"“ V42 units (1
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24. Show that the lines 7 = (7 +] k) + A7 =)
and 1 =(4i —k) +p(2i +3k) are coplanar. Also,
find the equation of the plane containing
them. Delhi 2013C

-~

Given lines are ? =0+ f - x2} + AGi — f)
o

and ro=(4i — E} + ].L(Q.;: +3K)
On comparing both equations of lines with
- -

_>
r = a+ A b respectively, we get

A - A o &
ay=i+j— kb =3i—]

and a,=4i — k by=2] +3k (1)
i T k

then, b; x 5; =13 -1 0
5B g

=i(=3-0)= (9 -0) +k(0 +2)
w3 =97 4 2k (1)
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anda, -2 =(@4i-RK-G(+j-K=3 -] (@

Now, (“} —a1 (b| ng)" 3i -;)
(-3i =9] +2K)
=-9+9=0
Hence, given lines are coplanar. (1)
Now, cartesian equations of given lines are
x—1=y—1: z+1and
3 =1 0
x-4 y-0_2z+1
2 0 3
Then, equation of plane containing them is
X=% Y=% Z-2%

!

aj b, ¢ |=0
a) b, C2
x-1 y-1 z+1
= 3 -1 0 |=0 (1)
2 0 3

= x-1)(-3-0)-(—-1)9 ~0)
+(z+10+2)=

= =-3x+3-9y+9+2z+2=0

. 3x +9y -2z =14 (1)

23. Find the distance of the point (1, — 2, 3) from

the plane x— y +z = 5 measured parallel to

. y-3 z+2
the line = 3 = & Delhi 2013C
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Let P(1, — 2, 3) be the given point.

Given equation of line is
x=1 y=3 Z+2 _

5 3 - [say]
= x=2A+1y=3A+3,z=-6A-2
Any point on the line is
QA +1 3\ +3,-6A - 2).
Now, direction ratios of PQ are

RA+1-13A+3+2,-6A-2-3) ’

i.e. 2A, 3L +5,-6A - 5) (1
According to question, the line PQ is parallel_

to the plane

X—y+2z=5
Therefore, normal to the plane is
perpendicular to the line.
i.e. a;a, +bby+cic, =0
L 2AMDH+BA+5) =1+ (-6A-5)1)=0 (1)
=3 2A-3AL-5-6A-5=0

- -71—1o=o=¢x=1359 (1)
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. Coordinates of Q are

o e)ra ()]

-13 -9 46
18, T (1
e o P T
Hence, distance between the points
-13 -9 46
P(1-2,3)and , =,
L ) Q( 7 7 7]
2 2 2
= 113-—1 +[j+2) +(46—3) (1
F 7 7

-» distance
= (kg — %) +lyz — 1) + (25— 2,
() (&)
=.l—1 +|=]| +|—
7 7 7
=17JE00+25+625

= ”1350 . 5‘V67x e 5\/57 anits (1)

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

?-(f +3j)-6=0 and ?-(3?—;5— 4k)=0, whose
perpendicular distance from origin is unity.
All India 2013C
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. h_'-) -~ ~
Given planes are r -(i+3j))-6=0 and

— i h A
r -(3i — j — 4k) =0. The equation of any plane

passing through the line of intersection of
these planes is

=¥ = = i A -~
[r-G+3)—6]+A[r-Bi—-j-4k]=0
-

st [BA+1)] +B=A)j —4rk]-6 =0...(0) (1)

Given, perpendicular distance of origin from
this plane is unity.
(BA+1)%0+(3 - A)x0— 4% x0 -6

JBA+12+ G- 17 + (=40
= 6=y9A2+1+6A+9+A2— 6L +16)%

=1 (1)

= 6=y26)2+10 (1)

On squaring both sides, we get
2602 +10=36 = 26A°=26

= AM=1 =  A=+1 )

On putting A = Tin Eq. (i), we get the required
equation of plane as

TG +1i +B-1)] -4k -6 =0

sy T4 +2] -4k -6=0 1)

On putting A=-1 in Eq. (i), we get the
required equation of plane as

TIG=1) +1i + B +1)] —4-1K -6 =0

- r-2i +4j +4kl-6=0 (1)
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2'1. Find the vector equation of the line passing
through the point (1, 2, 3) and parallel to the

— A oA ~ — .
planes r -(i—j+2k)=5and r-(3i +j +k)=6.
All India 2013
Suppose the required line is parallel to vector

b which is given by b = byi + b,j + bsk.

The position vector of the point (1, 2, 3) is
o i # ~
a=1i+2] +3k

The equation of line passing through (1, 2, 3)

_}
and parallel to b is given by

- - —
r=a+Ab
—r=(+2]+ 3K) + A(bﬁ + b;_,f + b3§) .sikl)
(1)
The equation of the given planes are
r(i-j+200=5 (i)
and rGi+j+k=6 (i) ()
The line in Eq. (i) and plane in Eq. (i) are

parallel.

Therefore, the normal to the plane of Eq. (ii)
and the given line are perpendicular.

(=] +2K-A(byi + by + bsk) =0 (1)

= Alb;—by,+2b3)=0

= b,-b,+2b; =0 (1)

Similarly, from Eqgs. (i) and (ii), we get
(3?+f+l§)-l(b,?+b2f+ b3§)=0

=3 A(Bb, + by, + b3)=0
= 3b,+b,+ b3 =0 (VD)
From Egs. (iv) and (v}, we get

b, b, br
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COX1-1%x2 2x3-1x1 1x1=3(-1)

— b] - b2 - b3 (1)
-3 5 4
i
Therefore, the direction ratios of b are -3,5
and 4.

—3 & B A o % e A
. b==3i+5j+ 4k [ b=bji + byj + bsk]

5
On substituting the value of b in Eq. (i), we
get

b A - A 5 & ~
r=0+2j+3k+A=3i +5j +4k) (1)
which is the equation of the required line.
28. 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). Delhi 2013

Equation of the line passing through the points
(3,—4,—-5) and(2,-3,1)is
Xx-3 _y+4 z+5
2=3 =344 1+5

{;X-&,_y—ygz z -z

X2=% Ya—Nn 2274
x-B_Xi_f-}"__z+5

~1 1 6
= x=—-A+3,y=A-4,7Z=6A-5
. Any point on this line be
(—A+3,A—4,6A1-5). (1/2)
Now, equation of plane passes through the
pDiﬁtS (X'EJ yh 21) ! (XZJ YQ.' 22) aﬂd (xf-lr YB.* 23) iS
X—% V=W Z-y |
X2=X Ya=n 2277 M
BT BTH 434
.. Equation of plane passes through the points
2,2,1),3,0, 1and (4, -1, 0) is

—

=A  [say] (1%)
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x—2 y-2 z—w
3-2 0-2 1-1|=0
4-2 —1-2 0-1|

x-2 y-2 z-1
— 1 -2 0 |=0
| 2 -3 =] |
L, x=22-0-(y-2)}-1-0)
+(z-N(-3+4) =
= 2x—4+y-2+z-1=0
= 2x+y+z—-7=0 ...(iX1)

Also, the point of line lies on plane (i).
2-A+3)+(A-4+6BA-5-7=0

= -2A+6+A-4+6A-5-7=0

= 5A-10=0

— A=2 (1)

Hence, point of intersection of line and plane

is

(245 3410 -5 Teli-2 7 (1

29. Find the vector equation of the plane passing
through the three points with position
vectorsi+j—2k,2i—j+kandi+2j+k. Also,

find the coordinates of the point of
intersection of this plane and the line

— A A ~ ~ ~ -

r=3i-j-k+AQi-2j+k) Delhi 2013
Given position vectors of three points are
G +j-2K,2i —; +kand( +2,' + k).

We know that, the vector equation of the

plane passing through the three points is
- = = =

(r=a)-(bxc)=0 (1)
| i ]k
N . = %
Now, bxc=[2 -1 1|=-3i-j+5k(1)
1 2 1
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|
. Equation of plane is

— " - A = =X -
[r—(+]—2k)]-(=3i = +5k=0

_'_} s I o~
— r(-3i —j+5k=-3-1-10

—3 ” - A
=3 r-(=3i — j+5k=-14

— o = A
= rGi+j-50=14  ..()(1%)
Also, given equation of line is
— ~ A ~ A A A~
r=3i —j —k+AQ2i —2j +k) ...(ii)

This line intersect the plane (i), so
[B+2A) +(=1-2A)j
| (=1 +0K-Gi+]-5K=14

=  3:-B+2M+1-(-1-2A)-5(-1+A)=14
= 9+6A-1-2A+5-5A=14

=% -A=14-13

ey -A=1

A=-1 (1%%)

On putting A =-1in Eq. (ii), the required
point of intersection is |
= - o A
r=i+j-2k (1
30. Find the equation of plane determined by
points A(3,—1,2), B(5,2,4)and C(-1,-1,6) and
hence find the distance between planes and
point (6,5,9).
Delhi 2013, 2012; All India 2009, 2008C
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Given points are A(3,—1,2)B(5, 2, 4), and
C(-1,-16).

Now, AB =15 - 32+ (2 +1)? +(4-2)?

= [4+ 9+ 4 =17 units

BC = /(-1- 52 + (~1=2)% + (6 - 4)2
=36 +9+4
= /49 = 7 units

and CA=GB+12+(-1+12+ @2 —6)?
=16 +0+16

= +/32 units.

- AB + BC # CA, so given points are
non-collinear. Now, equation of plane
passing through three non-collinear points
(X, ¥4, Z1), (X3, ¥2, Z9) and (x3, y3, Z3) is given
by

Xx—% Y¥Y~h =4
X8 Yo% Za—H|=0
X3=X% Y3—WN 23— 4
Here, (%, Yi,Z1)=18,—12),
(X9,¥2,29)=1(5,2,4) (n
and (x3,¥3,2Z3) = (=1,—16)
Equation of plane is
Xx-3 y+1 z-2
5-3 241 4-2|=0
-1-3 -1+1 6-2
x=3 y+1 z-2
=5 2 3 2 =0 (1)
-4 B 4

= (x=-3)[12-0]-(y+1)(8 +8)
+(z-2)(0+12)=0

e i I P n 1L e v 1V 10 1~ TN N

(1)
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= lL'\.ﬁ_J}‘*IUUfTI}TIL\L_L}—U
= 12x-36-16y—-16+12z-24=0
= 12x—-16y +12z-76=0
On dividing both sides by 4, we get the
required equation of plane as

3x—4y+32-19=0 (1) (1%%)
Now, distance of above plane (i) from point
P@®,5,9) is

4 _BO+AHG) +B39) 19
VO + (42 + (37

“d=|Ax1 + By, + Cz; + D|

JAZ+ B2+ C2
_18-20+27-19|
1/‘3 +16+9
6 . \
= —— units (1=
34

31. Find the length and foot of perpendicular
from point P(7,14,5)to plane2x + 4y —z=2.
Also, find the image of point P in the plane.

HOTS; All India 2012

Let P’ (x,y, z) be the image of the given point

P(7,14,5) and M be the foot of perpendicular

lie on the plane 2x + 4y — z = 2. The equation
of line PM in plane is given by

¥i—¢ p—1 Z-—5
< , 4 &

P(7,14,5)

i
|

|

|

|
oM _
1 X+ 4y~z2 =2
|

|

PX, . 2)

I DR’s of a line is proportional to the
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normal to the plane] (1)

X—-7 y-14 z -5

— = = =h sa
2 4 al

= x=2A+7y=4r+14and z=-A+5

Let coordinates of point M be

Let

QA+ 7,40 +14, — A +5) LW (1)
Since, M lies on the given plane
2X+ 4y -2z =2,
2QA+ 7+ 44N +14) = (=X +5) =2
- 4N +14+161 +56 + L —5 =2
= 2 +63=0
— A= 83 -3
21
(1)
On putting A = - 3 in Eq. (i), we get
M =il 2 B}
. Foot of perpendicular M is (1,2, 8). (1)

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

= J0-72+2-142+@8 - 5)2

- N
- )2 _
(-.'distance — g =%)" + 2~ ¥
L + (22 ) 21

)2

)2

=36 +144+9
= /189 units (1
Now, M = Mid-point of P and P’
X+7 y+14 z+5]

= (1,2,8)=( F v
| 2 2 2
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On equating corresponding coordinates, we

get
x+7=1,y+14=2and Z+5 -8
2 2
b x=2-7,y=4-14andz=16 -5

o Xx=-5y=-=10and z =11
Hence, image of point P(7,14, 5) is
P(~5,~10,11). (1)

32. Find the equation of plane which contains
the line of intersection of planes

?~(f+2f+3!2)—4:0,?-(2f+ }‘—EH 5=0
and which is perpendicular to plane

3 a e A
r-61+&—6m+8=0 All India 2011

Given, the required plane contains the line of

intersection of planes whose equations are
%

roli 2] + 3~ 4= 0 (D)
—¥ i A a
and r-i+j-k+5=0 ... (1)
Egs. (i) and (ii) can be written in cartesian

form
X+2y+3z-4=0
and 2x+y—-z+5=0 (1)
‘So, the required equation of plane is
X+2y+3z-49+A 2x+y-z+45)=0
..(11)
= X+2y+3z—-4+2Ax+ Ay
-AzZ+5A=0 (1/2)
=x(1+20)+yQR+AM)+z3-2A)
+(=4+50)=0 ..(iv)(1/2)

Also, given that plane in Eq. (iv) is
perpendicular to the plane

—2 i % ~
r-(5i+3j-6k+8=0

which in cartesian form can be written as
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5x+3y—-6z+8=0 ..V
50+20)+3R2+AM)-63-A)=0
" qay + bby +cic, =0,
where a; =1+ 2A, b, =2+ A,c;=3-A
land a;=5,b,=3,c,=-6

=

(1)
= 5+10AL+6+3A-18+6A=0

19A—7=0 = A=— (M
19

J

On putting A = % in Eq. (iii), we get the
required equation of plane as

(x+2y+3z—4)+Tg-'(2x+y—'z+5)=0

=  19x+38y+57z-76 +14x
+7y—7z+35=0 (1)
= 33x+ 45y + 50z - 41=0

In vector form, the required equation of plane
%

is r -(337 + 45] + 50Kk = 41 (1)

33. Find the equation of plane passing through
the line of intersection of planes
2x+y—z=3and 5x -3y + 4z+9=0and

¥—3 &2

4 5
HOTS; All India 2011

parallel to line : ; e
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Given equations of planes are
2x+y- ..=3=0 saskl]
and 5x-3y+4z+9=0 (1) (1)
Let the required equation of plane which
passes through the line of intersection of
planes (i) and (ii) be
2x+y—-z-3)+A0Bx-3y+4z+9)=0
...(iii)
=Xx2+5A)+y1-3\)+ z(-1+4A)
+(=34+9A) =0 ...(iv)(1)
Here, DR’s of plane are 2 + 5A,1- 34,
~1+ 4. Also, given that the plane (i) is
parallel to the line, whose equation is
X1 W=3 Z-—+3
TR S
DR’s of the line are 2, 4, 5.
Since, the plane is parallel to the line.
Therefore, normal to the plane is
perpendicular to the line. |
i.e. aa,+bby,+cic,; =0 (1
Here, a;, =2 + 5A, by =1-3A,¢; =~ 1+ 4A
and a,=2,b,=4c,=5
22 +50+401-30)+5(=-1+40)=0
= 4+10A+4-12A-5+20A=0

= 18AL+3=0 = k:-i=_l(1%)
18 6

On putting A = - % in Eq. (iii), we get the
required equation of plane as
2x+y—2Z -3)-%(5x—3y+4z +9) =0

= 12x+6y—-6z -18 -5x+3y—-4z-9=0
7x+9y —-10z -27=0 (1%2)
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34. Find the equation of plane passing through
the point (-1, 3, 2) and perpendicular to each
of the planes x + 2y + 3z = 5 and
3x+3y+z=>5. Foreign 2011; All India 2009

Let the required equation of plane passing
through (-1, 3,2) be

alx+1)+by-3+c(z-2)=0 (D) (D)
- equation of plane passing through |
(%1, Y1, Z4)1s
| a(x—x) +bly—-y)+c(z-2)=0 |

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

X+2y+3z=5 ... (i)
and 3x+3y+z=5 (i)
did) + b-|b2 o CiCa = 0 (1)

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

and 3a+3b+c=0 (D)
On multiplying Eq. (iv) by 3 and subtracting
it from Eq. (v), we get

3a+3b+c =0

3a+6b+9c =0

—-3b-8c =0
= -3b =8¢
= b:—-—a—c—

3
. 8c . :
On putting b = — T in Eq. (iv), we get
a+2(—§§)+3c=0

16C

— . R nina s By 7o Y )
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= a=— (112)

Now, on putting a = %C and b = - B?C in Eq.

(i), we get the required equation of plane as
ZE(:rc+1)——8—c(y-?a)+c(.:*_' -2)=0
3 3
On dividing both sides by ¢, we get
7 8
—x+D)-—ly-3)+(z-2)=0
3 3 i

=% 7X+7-8y+24+3z2-6=0
[multiplying both sides by 3]

7x~8y+3z+25=0  (1%)

35. 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. Foreign 2011

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=B -2 +(4-2)7 + 2 +1)?

. (x5 = %) 45 =¥ )?
- distance = 2= %)+ 2 =%
+(z,—Z4)

=J1+4+9='\/174Uﬂit5

2
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BC =(7-32+0 - 4% +(6 — 2’

= J16 +16 + 16 = /48 = 4y/3 units

and CA =2 - 7% +@2 -0 +(-1-6)?
=\/25+4+49=\/%unit5

-+ AB + BC # CA, so points A, B, C are
non-collinear. (1)
Now, the equation of plane passing through
three non-collinear points (x;, 1, Z9),

(x5, V2, Z5) and (X3, y3, Z3) is given by

X =% Y =W £ — £
X3—%  Ya=-W Z3-%|=0
X3 =X 3=V 4374
Here , (x, 4, 1) =2, 2, =1), (X3, ¥2, Z3)
=(3, 4, 2) and
(X3,¥3, 23) =1(7,0,6)
. Equation of plane is
x—2 ¥ — 2 Z+1
3-2 4-2 2+1|=0
7 -2 0-2 6+ 1
S Y =2 z+1
= 1 2 . 3 |=0 (1)
5 -2 7

Expanding along R,, we get
(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 (1%)

On dividing both 51des by 4, we get

- " =
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DX+ 2y =532 =1/

which is the required cartesian equation of
plane.

Now, we know that, vector form of cartesian
equation ax + by + cz =d of plane is given

by
— Y 2 A
r-(ai + bj +ck)=d (1
. Required vector equation of plane is
- . # ~
r-(5i+2j -3k=17 (1)

36. Find the equation of plane passing through
poirit (1, 1, -1) and perpendicular to planes
x+2y+3z2-7=0and2x -3y + 4z =0.

Foreign 2011

Do same as Que. 34.
[Ans. 7x + 2y — 7z - 26 = 0]

3. Find the vector and cartesian equation of a
plane containing the two lines
?=(2f+f—3§)+?u(f+2f+ 5k) and
r =06 +3] +20) + u B - 2] + 5k).

Also, show that the line

F =@ +5] +2K +P (37 —2] + 5k lies in the
plane. All India 2011C
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Given equations of lines are
—p

F=Qi =30 +AG+2]+50 ()

— % ™ s A A
andr =@i +3j +2k) + w31 —2j +5k)...(Gi)1T)

On comparing Egs. (i) and (ii) with the vector
- - —

equation of line r = a + A b respectively, we
get

—3 & I A = - L ~
a,=2i+j-3k b,=i+2j+5k

—3 A& = Yy ~
and a,=3i +3j+2k b,=3i-2j+5k (1)
Now, the required plane which contains the

lines (i) and (ii) will pass through
_>

a, = 2i + ; - 3k. Also, the required plane

- —
has b, and b, parallel to it.

. The normal vector to the plane

i ik
- - —
n=b,xb,=|1 2 5
3 -2 5
7104100 -5 -15)+k (-2 - 6)
=20i +10j — 8k (1)
.. The vector equation of required plane is
given by
- = 5 > e
(r-a)-n=0 = r-n=a,-n 5 5
[ here, a = a1]

S,
= r-(20i +10j -8k} =(Q2i +j — 3k) -
(20i +10] - 8Kk) (1)
_>

= r -(20i +10] —8k) = 40 +10 + 24 = 74

— A A A
= r -(10i + 5] — 4k) = 37 [dividing by 2]...(iii)
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which is the required equation of plane.
Also, its cartesian equation is given by
10x+5y—4z =37

— —

— - " -
-~ vector formof plane r-(ai + a,j + a;k) =d

can be written in its cartesian form as
X+ ay+ayz=d

~ Now, we have to show that the line
—

=Qi+5]+20+PGBi -2} +5k ...(iv)
lies in the plane (iii). (1)
The above line will lies on plane (iii) when it

passes through the point a =2i + 5,- + 2k of
line (iv) and it is parallel to line (iv).

3 g @
a-(10i +5] - 4k)
= (27 +5] +2K)-(0i +5] — 4k
=20+25-8=37

— 2 lies on plane whose equation is given
by Eq. (iti).
Hence, line (iv) lies on the plane (iii). (1)

38. Find the equation of plane passing through
the point (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, 0, 3) from above
found plane. HOTS; Delhi 2011C
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Required equation of plane passing through
pointR (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

=2-13-45-2)=(1,-113) (1
Let the required equation of plane which
passes through point R(1, 2, 1) be

alx—-N+bly-2)+c(z-1=0 el
Plane (i) is perpendicular to line PQ.

[-.a;a, + by b, + ¢ycp =0]
1x-1N-1y-2)+3(z-1=0

- line is perpendicular to the plane, then
Dr's of normal to the plane are proportional

tothe Dr'sofalinei.e. ae<l, boc—-1cCco3 |

= x-1-y+2+3z-3=0
= X~¥+3Z—2=0 L)
which is the required equation of plane.

Now, let B(x, vy, ;) be the foot of
perpendicular on above plane (ii). So, it must
satisfies Eq. (ii).

X —y; +32;,-2=0 .. (iii)
A(4,0,3)

/ B(Xj,y1,21) /
(1)

Also, DR’s of line AB normal to above plane
(i) are given by
x—4v;-0,2z,-3
-4 -0 _ z-3
1t -1 3
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[ DR’s of line AB and plane (iii) are
proportional]
x—4 v _z;-3
R
= X=A+4y,=—Az;=3A+3 ..(iv)
On putting above values of x;, y; and z; in
Eq. (iii), we get
A+4+A+9A+9-2=0

=% TA+11=0 =2 11A=-11
A=-1 (1%2)
On putting A = —1in Eq. (iv), we get the
required foot of perpendicular as

B(x,v5,Z)=B(A+4,-A,3A+3)=B(3,10)
Also, perpendicular distance AB, where |
A(4,0,3)and B(3,10)

AB=13-42+01-07+(0 -3

2
— _|_ e
'.'dis;tance_.‘/(x2 )"+ 2=
{2y — 2y}

- m = 11 units (1%2)

NOTE If line is perpendicular to the plane, then
DR’s of normal to the plane are proportional to the
DR’s of a line.

Let = A [say]

)2

2

39. Find the equation of plane passing through
point P(1, 1, 1) and containing the line

= (-3i + f +5k) + A (3i - ] — 5Kk). Also, show
that plane contains the line

= (= +2] + 5K +p -2 - 5k
All India 2010
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Equation of plane passing through point P(1, 1, 1)
is given by

alx=N+bly-+c(z-1=0 (D
[.* equation of plane passing through

(X,¥4, Z7) isgivenas a(x —x) + by —y)
+c(z -2z =0]

Given equation of line is
.—)

F=(=3i+]+50+AGi-j =50 ..G0)
DR’s of the line are 3, —1 and -5 and the line
passes through point (-3, 1, 5).

Now, as the plane (i) contains line (ii), so
a(-3-D+b(@-1+cbG-1=0
as plane contain a line, it means point]
of line lie on a plane.

=3 —-4a+ 4c =0 L) (1)
— - 4a=4c
— a=cCc
Also, since DR’s of plane are normal to that
of line.

3a—-b-5c=0 ...(iv)

[ plane contains line, it means DR’s of plane
are perpendicular to the line, i.e.

aa; + bby + ccy =0]
On putting a = c in Eq. (iv), we get

3c—-b-5¢c=0 (1)
= -b-2¢c=0
e b=-2c

On putting a = ¢ and b = —2c in Eq.(i), we
get the required equation of plane as
cix-1N-2cly-1V+c(z-1=0
On dividing both sides by ¢, we get
x=1-2y+2+2z=1=0
= x-2y+2z=0 ..(V)(1%2)

Kokisiar  cerm leasuise e mlbusseaeslask e aloare vl oo
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NOW, WeE Ndve L0 SITUW Lidl Uit auuve piaric

(v) contains the line
—>

F=(-i+2] +5K +p i =2 -5k ...(vi)
Vector equation of plane (v) is

ﬁ ) . i "
r-(i—-2j+k=0 . {vii)

The plane (vii) will contains line (vi), if
% - =

(-2]-5k)-(G-2]+k=0 [ bi-b2=0]
= 1M-2-2)-5M0=0
=% 1+44-5=0
0 =0, which is true. (1%2)

e
Hence, the plane contains the given line.

40. Find the coordinates of the foot of
perpendicular and the perpendicular
distance of point P(3, 2, 1) from the plane
2x—y+2z+1=0. Also, find image of the
point in the plane. All india 2010

Do same as Q. 31.
" Ans. Foot of perpendicular = (1,3,0), |

perpendicular distance = V6 units

Image point =(-14,-1)

41. Find the distance of the point (2, 3, 4) from

Rt {; 2 - Z measured parallel
tothe plane3x+2y +2z-5=0. '

HOTS ; All India 2009C

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

Xx+3 _y-2_z

3 6 2

X+3 = z
Let =l-——=—=A say
5 vt [say]

= x=3A-3,y=6A+2,z=2A
. Coordinates of any point T on given line are
(3h —3,6A +2,2M). (1%%)
Now, DR’s of line PT
= BA-3-2,6A+2-3,2A-4
=3A—-56A—-12A -4 (1)
Since, the line PT is parallel to the plane
3x+2y+2z-5=0
& &a,; + biby+cicy; =0
- line is parallel to the plane, therefore normal |
to the plane is perpendicular to the line,
where a, =3A -5,b;=6A -1, =2A -4
_and az=3, b2=2,'C2=2 ]
= 33BA-5+206AL-1V+2Q2A-4=0(1%)
= 9L —-15+12A-2+4A-8=0
= 254 —~25 =0 = 25A =25

= A= (1
~.Coordinates of T =(3A = 3,6A +2,2))

=(0,8, 2) [ putA =1]
Now, the required distance between points
P2,3, 4 and T(0, 8, 2) is given by
PT =0-22+@ - 32 +(2 - 4’
[o (%, v, 21)=Q2,3,4 and
(x4, Y2, Z7) = (0, 8, 2)]
= J4+25 + 4 =133 units §)
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42. Find the distance of point (-2, 3, —4) from the
X+2 2y+3 3z+4
= Z = measured
parallel to the plane 4x + 12y -3z + 1=0.
HOTS; All India 2009C, 2008C, 2008

line

17 .
Do same as Que. 41. [Ans. 5 umts}

43. Find the coordinates of image of point
(1,3,4)inthe plane2x -y +z+3=0.
All India 2008

Let Q(x,y;, z;) be the image of the point

P(, 3, 4) on the plane whose equation is |
2x-y +z+3=0 .. (i)

P(1,3,4)
[ ¥
!
:
'Q (X1, ¥1, Z1) (1)

Now, the line PT is normal to the plane, so
the DR’s of PT are proportional to the DR’s of
plane which are 2, -1 and 1.

~.Equation of line PT, where P(1, 3, 4) is given

by
x-1 y=-3 z-4 .
=5 = LL(H(T)
5 — 1 (i1)(
-+ equation of line passing through
one pointis = = Y™N _ 27 %4
a b C
et x—1=y—3=zﬂ-4=k
2 -1 1
= x=2A+1ly=3-A,z=4+A

Fal I= . Fall | Pl
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~.Loordinates or the point | |
=Q2A+13-2A, 4+ 1) ..(it)

Since, the point T lies on the plane, so we

putx=2A+1y=3-Aandz=4+Ain

Eq. (i), :

weget 2QA+10)-B-A+(@+A)+3=0

= A+2-3+A+4+A+3=0"

= 6A+6=0
=3 6A=—-6
A=-1(1%)

On putting A = — 1in Eq. (iii), we get the
point T(-1, 4, 3).

Now, T is the mid-point of line PQ. So, using
mid-point formula, we get

’ !

2 2 2
- mid - point 1
___(’ﬁ TX _ Nty _ 4 "‘7—2]
L 2z 2 2
On equating corresponding coordinates, we
get
X1+1=“1IY1+3=4’Z~'+4=3
Z 2 2

=% x=—-2-1y,=8-3,2,=6-4
= X ="-3,y] =5,Z1 =2

Hence, image Q of the point P(1, 3, 4) is
Q(-3,5, 2). (1'2)

44. From the pointP (1, 2, 4), a perpendicular is

drawn on the plane2x + y -2z + 3 =0. Find
the equation, the length and the coordinates
of foot of perpendicular. All India 2008
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Let PI be the perpendicular drawn from the
point P(1, 2, 4) to the plane whose equation is
given by '

2x+y—-2z+3=0 k1)

2{1,2 4

[ - |

2X+y-22+3=0

From Eq. (i), DR’s of plane are 2, 1, -2.
Since, the line PT is normal to the plane, so
DR’s of line normal to plane are 2, 1, =2. (1)
. Equation of line PT,
where P(1, 2, 4)is given as
=l yp=2d z—=4
2 1 —2
~* equation of line passing through one

X=X _Y~WN _Z~-Z

...(i)

point is

a b C
x-1 y=-2 z-4

Let = = = ) sa

> 1 3 [say]
8 Bl g Yok g B-% 4

2 1 -2
= X:2A+1fy:}‘-+2;z:_2}b+4
.. Coordinates of any random point on plane
are

TRA+TA+2,-2A+4) .. (1) (1%2)

Since, T lies on the given plane, so we put
x=2A+ly=A+2andz=-2A+4inEq.
(i), we get
2RA+1)+A+2)-2 (2L +49+3=0

! AA+2+A+2+40L-8+3=0
) 9L -1=0

l:l (112}
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g °
On putting value of A in Eq. (iii), we get the
foot of perpendicular

=T(%+1,-1—+2,—%+4] put?Lzl
9 9 9 9
,4ugzgﬂ

Also, length of perpendicular PT = Distance
between points Pand T

¥ 2 2
T
9 9 9
a (x‘lr y1r Z'I} = (1; 2.# 4)

11 19 34
and (x,, V2,22)=(— — ——)

999
-2 +(-3)+(3)
=== +|—-=1 +|=
9 9 9
=Ji+l+i=_2=1:1mn“,
81 81 81 81 9 3

Now, the equation of perpendicular line PT,

where P(1, 2, 4) and T[u , L , 3—4) is given as
9 9 9

X—1 Y=d Ewd
W g B_, 3t _,
9 9 9

" using two points form of aline
X— X-! _ y — y1 _ Z — 7
Xo2—=X Ya—N L2714

» x—1=y—2_=z—4

(5) () [55)

x-1_y-2 z-4
¥ 1 -2

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

5x -4y + z=6. Delhi 2008
Do same as Que. 34.
[Ans. 9x +17y + 23z — 20 = 0]

46. Find the equatfon of plane passing through
points (3, 4, 1) and (0, 1, 0) and parallel to

H3”=”;3=Z' HOTS; Delhi 2008

line

Equation of plane passing through the point
(3, 4, 1) 1s given as

alx-3)+bly-4d+c(z-1=0 1)
[ using one point form of a plane
alx—x)+bly—y)+c(z-z)=0]

Since, given plane (i) is also passing through
point (0, 1, 0).

So, this point also satisfies equation of plane.
al0-3+b(1-49+cO-1=0

=3 -3a-3b-c=0

— 3a+3b+c=0 ..(i) (1)

Also, given that plane (i) is parallel to the line
X+3 Y—-3 Z—2
2 7 5
[ ..line is parallel to the plane, therefore
normal to the plane is perpendicular to the
line, i.e. a,a, + byb, +c,c, =0
where, a; =ab =b,c;=c
landa,=2,b,=7andc,=5 |
2a+7b+5¢c =0 -..(ii) (1%2)
On multiplying Eq. (ii) by 2 and Eq. (iii) by
3 and then subtracting, we get
6a + 6b + 2c =0
6ba+ 21b+ 15¢c =0
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~15b —13c =0

== -15b=13c¢
i
15

On putting b = -_1153—(: in Eq. (ii), we get

3a+3("13c)+c=0
15

::»' 3a—?c+c=0
= 3a—-8—£=
5
= 3a=§’£
5
8c
a=— (1%)
15

: 8¢ 13c . ;
On puttinga=—and b = - —in Eq. (i),
P 8 15 15 q-

we get the required equation of plane as

8c 13c
—(Xx=3)——y—-4+c{z-1)=0 (1)
15 15 4 ‘ (
On dividing both sides by ¢, we get
8

13
— (x~P-—ly=4+z-1=0
ls(x ) 15(3«' ) + z

= 8x-24-13y+52+152-15=0
: 8x—-13y+15z+13=0 (1)
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