Long Answer Questions-ll (PYQ)

[6 Mark]

Q.1. Find the coordinates of the foot of perpendicular and the length of the
perpendicular drawn from the point P (5, 4, 2) to the line

- 2 3 o : & T
r=-i4+3j+k+A(2i +3j k). Also find the image of P in this line.

Ans.
Given line is
v =—i+3j+k+A(2i+35-k)

It can be written in cartesian form as

Let Q (a, B, Y) be the foot of perpendicular drawn from P(5,

image of P on the line (1)

P (5,4, 2)

Q (e, B, 7)

i -

P03k (20 3=-7)

"PI(X]'}']', 2.1)

4, 2) to the line (1) and P’ (x,, y1, z;) be the



“ Q (0, B,Y) lie on line (i)

>0a=2A-1;B=3A+3andy=-A+1 ..(i)
_} w & %
Now,PQ= (a-5)i + (B—4)j + (v- 2)k
o o ox U
Parallel vector of line (i) b = 2i +3j —k.

— — —
b

= PQ. b

Il
o

Obviously P—Q) 3
2(@-5)+3(B-4)+(-1) (y-2) =0

=20-10+3B-12-y+2=0

=20+3-yYy-20=0

=2 (2A-1)+3 (3A+3) - (A + 1) - 20 = 0 [Putting value of @, B, Y from (if)]
=24h-2+9A+9+A-1-20=0

=S 4A-14=0=>A=1

Hence the coordinates of foot of perpendicular Qare (2 x1 -1, 3x1+3,-1+1),ie,(1,6,0)

Length of perpendicular = /(5 -1F + (4—- 6F + (2- 0)

= V16+4+4 = /24 = 2,/6 units.

Also, since Q is mid-point of PP’

- =-2"5 — J

Therefore required image is (-3, 8, -2).



Q.2. 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.

Ans.

Equation of plane containing the point (1, -1, 2) is given by

a(x-1)+b(y+1)+c(z-2)=0..(1)

wn

(1) is perpendicular to plane 2x + 3y - 2z =
~ 2a+3b-2c=0 ..(i)
Also, (1) is perpendicular to plane x + 2y - 3z =8
a+2b- 3c=0..(if)

From (if) and (iif), we get

a b e
944 246~ 4 -3

a - b_g__ ,7‘. .'.
= 5 =1=1=A (say)

= a=-5\b=4\ c=1

Putting these values in (1), we get

~5h (x-1) +4\(y+ 1) +A (z-2) = 0
=-5(x=-1)+4(y+1)+(2-2)=0

= -5x+5+4y+4+2-2=0=-5x+4y+2z+7=0

= 5x -4y -2z-7 =0 .. (iv) is the required equation of plane.



Again, if d be the distance of point P (-2, 5, 5) to plane (iv), then

5% (-2)4(-4)x54(-1)x5 7
VER (AP (1)

d:

_ls1e-28=6=7| a2 3
_l — )_ \/4_2_\/42umt5

z:~1:y"2:z~3andz—-1:y"2:z~-3
Q.3.If thelines 2 -2k 2 k 1 % are perpendicular,
then find the value of k and hence find the equation of plane containing these
lines.

Ans.

Given lines are

— —
Obviously, parallel vectors by and b of line (i) and (i) respectively are:

—r ~ - & —r ~ . =
by ——3i — 2kj+2k and bs — ki + j+ 5k

_ _ - —
Lines (‘i’) h I (ii) = b L1 b

=3 =)
=2 b1.b=0 = -3k-2k+10=0

=>"51\T10=0=>]\::-—lg-:



Putting k = 2 in (i) and (i), we get

z-3 |, z-1.__¥-2 z-3
3 =—3 =3 ad = ="7— =21

Now, the equation of plane containing above two lines is

-1 y-2 z-3
-3 -4 2 =0
2 1 5

=(x-1) (=20 -2) - (y-2) (-15-4) + (z-3) (-3+8) =0
=-22 (x-1)+19(y -2)+5(2-3) =0
= - 22x+22+ 19y-38+52-15=0

= -22x+19y+52-31=0=> 22x- 19y-52z+31=0

! : - z vV o z-z
Note: Equation of plane containing lines a.z' =5 L= = L and
1

T—X1 Y- 22— T— T2 Y- Y2 22— 22
Tz Y- U Z-2 =
- = - by c1 =0, or ai by C1 =0

as bs Co as b2 C2

Q.4. Find the vector equation of the plane passing through the points (2, 1, -1)
and (-1, 3, 4) and perpendicular to the plane x — 2y + 4z = 10. Also show that the

— 2 %% 7 S % I
plane thus obtained contains the line © = ° 3l g i)

Ans.

Let the equation of plane through (2, 1, ~1) be
a(x=-2)+b(y-1+c(z+1)=0..(i)

(1) passes through (-1, 3, 4)
»a(-1-2)+b(3-1)+c(4+1)=0

= -3a+2b+5¢c=0 (u)



— A A A
nq (ai + bj +ck)
—

Y

(- 27 + ak)

x—2y+4z=10

Also plane (i) is perpendicular to plane x - 2y + 4z = 10
= ﬁf 1 n—; = E). ;2) =0
la-2b+4c=0..(ii)

From (ii) and (iii), we get

RO || IR (- [ SRR, | \/ SR .
8+10 5412 6 - 2 = E_W_Z_’\(S;W)

=a= 18\ b=17 A, c= 4\
Putting the value of a, b, cin (i), we get
18N (x-2)+17A (y- 1) +4A (z+ 1) = 0
= 18x~-36+17y-17+4z+4=0
= 18x+ 17y+4z= 49
Required vector equation of plane is
v (181 + 175 + 4k) = 49 _.(iv)
Obviously plane (iv) contains the line

Y= (+ 8jHaR)+ A (3 - 25-5k) .(v)



Since, point (—i + 37 + 4k ) satisfy equation (iv) and vector ( 187 + 17j + 4k) is perpendicular to,
(3i — 25+5k), as (i +3j+4k). (18i +17j+4k) = -18 + 51 + 16 = 49

and (187 +17j + 4k). (3i — 2j —5k) = 54 - 34 - 20 =0
Therefore, (iv) contains line (v).

Q.5. Let P (3, 2, 6) be a pointin the space and Q be a point on the line

T = (i— j+2k) +p(-3i + j+5k)
s
vector H 18 PQ parallel to the planex -4y +3z=1

’ then find the value of for which the

Ans.

Let P(3, 2, 6) be a point in the space and Q(a, B, 7y) be a point on the given line represented in cartesian

form as

Q(a, B, v) lie on line (i)

== =1—"=p

a1 Bi1 y-2
3 1 5

a=3p+1,8=p—- 1,7y=5p+2...(i)

o X R .
Now, PQ=(a—-3)i+(B-2)j+(v- 6)k

: ; = O T Y.
Normal vector of plane, n = i — 45+ 3k



. =t —
Obviously, PQ is perpendicular to n .

—
~ PQn=0

(a-3)1+ (8- 2).(-4)+ (v- 6).3=0

a—- 48+ 3y- 13=0

4

= a—-3-48+8+3y-18=0
Putting the value of a, 8, -y from (if), we get
- 3u+1-4(p—-1)+3(5u+2)-13=0
= —-3u+1-4pu+4+150+6- 13=0

]
o | -

= 8u-2=0 = pu=

Q.6. Find the vector and cartesian equations of the plane which bisects the line
joining the points (3, -2, 1) and (1, 4, -3) at right angles.

ANs.

— —
Let P(3, -2, 1); Q(1, 4, —3) be two points such that R (a point of plane) is mid point of PQ and PQ is

perpendicular to required plane.
Now, coordinate of R = (3;21’%’%) =(2,1,-1)

— 2 A X £ % %
Also, PQ = (1- 3)i + (4+2)j+ (- 3— 1)k =2i +6j — 4k

—
Now, we have a normal vector PQ and a point R(2, I, ~1) of required plane.



Therefore, vector equation of required plane is
_} ~ ~ ~ ~ ~ ~
(r — (2i+7— k).(2i +6j— 4k)=0
_> ~ ~ -~ -~ ~ ~
{r - (2i+j5- k)}.(: -3j+2k)=0
= T
= r.(i—-37+2k)- (2-3-2)=0
= T.(i-3j+2) +3=0
r— 3y+22+3=0

Also, cartesian equation of required plane is
Q.7. Find the vector and Cartesian equations of a plane containing the two lines.
T =(2i+j— 3k)+A(1+2j+5k)and T = (31 +3]+2k)+ p(3i - 2j+5k)

ANs.

Given lines are

5 af A B i ol R ;

r = (2i+j- 3k)+A(i+25+5k) ..(i)

= Bl ks el S gheake e
r o= (3i+35+2k)+pu(3i - 25+5k) ..(i)

Here a; =2i+j+3k;  a» =3i+3j+2k

- . i A — 2 B %

b1:i+2j+5k,' b2:3i—2j+5k
— = i j k
Now, by x b2 =|1 2 5
B — 2 B



= (10+10)i — (5— 15)j+ (-2 — 6)k =207 + 105 — 8k
Hence, vector equation of required plane is
- =
(7 - a).(by x by ) =0
- =y = o

= 7 .(by x by)=ay.(by x bs)
= 7. (200 +10j— 8k)= (2i + j— 3k). (207 + 107 — 8k)

3 5 - "
= 1 .(20¢ +10j — 8k)=40+10+24

7. (207 +107 — 8k) =174 = 7 .(20i+10j— 8k)=T4 =

Therefore, Cartesian equation is 10x + 5y — 4z = 37

zH2.

T .(107 + 57 — 4k) =37

2y+3

3z+4

Q.8. Find the distance of the point (=2, 3, =4) from the line 2
measured parallel to the plane 4x + 12y -3z + 1 =0.

ANs.

Let given point be P (-2, 3, =4) and given line and plane be

z42 2y 43 3z 14 5
e s { 1)
4x+ 12y-3z+1=0 o (11)

Let Q (0, B, Y) be the point on line ({), such that
—
PQ parallel to plane (i)
L g s
= PQ L n [normal vector of (ii)]

— Z 7 A
Now, PQ= (a+2)i+(8-3)j+ (v+4)k

and n —4i +125 - 3k

4

)



— —y
n

.« PQ.n =0
=4 (a+2)+12 (B-3)-3(y+4)=0
=240+8+12-36-3y-12=0

=40+ 123 - 3y = 40 .. (i)

x+2 _ 2y+3 _ 3z+4
3 - 4 T 5

Also, Q (@, B, Y) lie on line (i)

a2 2843 3744 o
I 5= = A (say)

Putting the value of @, B, y in (iif), we get

4(30-2)+12(22)-3 (2 1) —40
= 12A-8+24A- 18- 15A+ 4 = 40

= 31A-22=40

= 31A = 62

=A=2

i =aXa—="2 = 4, 8= 4x2'3:g, ,Y=5x2 4 _o

Hence Q = (4, %,2)

« Distance, PQ = 4/ (4+2P + (§-3))"+ (2+4F — /36+36+ % —

289 17

4

2

units.



Q.9. Find the equation of the plane passing through the point (-1, 3, 2) and
perpendicular to each of the planes x + 2y+ 3z=5and 3x + 3y +z =0.

Ans.

The equation of plane through (-1, 3, 2) can be expressed as
A(x+1)+B(y-3)+C(z-2)=0
As the required plane is perpendicular to x + 2y + 3z=5and 3x+ 3y + z= 0, we get

A+2B+3C=0 and3A+3B+C=0

A B c A_B_C
= Z-9 9-1_ 3-0 = 7T~ 8 =3
Direction ratios of normal to the required plane are -7, 8, -3.

Hence, equation of the plane will be

-7(x+1)+8 (y-3)-3(z-2) =10
= -7X-7+8y-24-3z+6=0
or 7X-8y+3z+25=0

Q.10. Find the distance of the point (2, 12, 5) from the point of intersection of the
line

¥ =9i— 43‘ 4+ 2k 4 X (3%+43+2ic)andtheplane 7. (;— 23+if):0-
Ans.

Given line and plane are
=% - ™ s W W ;
r o= (20 - 45+2k)+A(3i +45+2k) ... (0

and 7 .(i — 2j+k) = 0 ... (ii)



P(2.125)

¢
§
;
.
7
!
!
/
/
{
Qe
.
“.
X
LY
.
s

For intersection point Q, we solve equations (7) and (ii) by putting the value of = from (i) in (i)

AN

(27 — 47+ 2k) + (37 + 47+ 2k)). (i - 25 +k)=0

= [(2+3X)i— (4— 4X)j+ (2+22\)k].(i — 25 +k)=0
= (2430) +2 (4-4A\) + (2+2\) =0

=243+ 8-8A+2+2h=012-3A=0

=>A=4

Hence position vector of intersecting point is 147 + 127 + 10k.

Co-ordinate of intersecting point, Q = (14, 12, 10)

Required distance = /(14— 2P + (12 - 12 + (10— 5)°

=+/144 + 25 = /169 units

= |3 units.

Q.11. The points A (4, 5, 10), B (2, 3, 4) and C (1, 2, -1) are three vertices of a
parallelogram ABCD. Find the vector equations of the sides AB and BC and also
find the coordinates of point D.

Ans.



The points A (4, 5, 10), B (2, 3, 4) and C (1, 2, ~1) are three vertices of parallelogram ABCD.
Let coordinates of D be (x, y, 2)

Direction vector along AB is

d=(2=4)i+(3-5)j+(4- 10)k= 2i — 25— 6k

~ Equation of line AB, is given by

—¥ e g " o s

b = (4i+5j+10k)+ (2% +2j +6k)

Direction vector along BC is

— - ~ ~ - ~ A

¢ =(1-2)i+(2-3)j+(-1-4)k=i- j— 5k
~ Equation of a line BC, is given by .

_) -~ A~ ~ -~ A~ ~
d = (2i+3j+4k)+p(i+ j+5k)

Since ABCD is a parallelogram AC and BD bisect each other

441 542 10 -1| _ |24z 34y 44z
20 e X2 R

Coordinates of D are (3, 4, 5).

Q.12. Find the coordinates of the foot of the perpendicular and the perpendicular
distance of the point P (3, 2, 1) from the plane 2x -y + z+ 1 = 0. Also find the
image of the point in the plane.

Ans.



Let O (a, B, Y) be the image of the point P (3, 2, 1) in the plane

2x-y+z+1=0

PO is perpendicular to the plane and S is the mid-point of PO and the foot of the perpendicular.

Dr’s of PSare 2, -1, 1.

~ Equation of PSare 2= =~ ~ — —

~ General point on line is S (2U + 3, - P+ 2, p+ 1)
If this point lies on plane, then

2 (2p+3) = (-u+2)+1 (p+1)+1=0
= 6p+6=0 = p=-1

=~ Coordinates of S are (l, 3, 0).

As S is the mid point of PO,

+The coordinate of § = (42,52,47) = (1,3,0)

*P(3.2,1)

--e
w

2x—y+z=-1

® Ofa.p.y)
By comparing both sides, we get

e —1 =3 @ —=1

2

w

=3 = p=4

M|

st A = ¥y =-1

Image of point Pis (-1, 4, -1).



Q.13. Find the coordinate of the point P where the line through A(3, -4, -5)
and B (2, -3, 1) crosses the plane passing through three points L(2, 2, 1), M(3, 0,
1) and N(4, -1, 0). Also, find the ratio in which P divides the line segment AB.

Ans.

Let the coordinate of P be (a, B, y).

Equation of plane passing through L(2, 2, 1), M(3, 0, 1) and N(4, —1, 0) is given by

A(3 —4,-5)

\P(u P, 7)

410)

\
« M(3,0,1) \

|_
B(231)
z—2 y4-=2 zZz-1x

3-2 0-2 1-1[=0
4 -2 —1—20—1|

z — 2 y—?;—l%
=» ¥ =2 0 =0
2 -3 25 |
= [(x-2)(2-0)=-(y-2) (-1 -0)+(2z-1) (-3+4)=0
= 2(x-2)+(y-2)+z-1=0
= 2x-4+y-2+z-1=0



Now, the equation of line passing through A(3, -4, -5) and B(2, -3, 1) is given by

T 3-3  5ia_ 135 f == oL - g

z-3 vi4 z+5 z -3 Y4 zZ45 (1.1.)

P (q, B, Y) lie on line AB

3 B4 145

43
ﬁ1 1 6

— )
= a=-A+3,b=A-4g=6A-5

AlsoP (@, B, Y) lie on plane (i)

= 20+B+Y-7=0

= 2(-A+3)+(A-4)+(6A-5)-7=0

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

= S5A-10=0
= A=2
: A=1Lf==2,¥y=7

~ Co-ordinate of P= ( 1,-2,7)

Let P divides AB in the ratio K: 1.

K x 211x 3

% L= Ki1

= K+1=2K+3=>K=-2

= P divides AB externally in the ratio 2 : 1.

Q.14. Find the shortest distance between the lines x +1 =2y =—12zand x =y + 2
=6z - 6.

ANsS.



Given lines are

These lines may be written in vector form as

=* % e ne g o BE, iz

r=(-i+0j+0k)+A(i+55- k) --.(4)
oz el & e i %1% .z

and v = (00 - 2j+k)+A(i+j+ gk)...(ii)

We know that the shortest distance between

- = 7 e
r =a; +Aby and r =as + Aby is given by

(@) — ay).(by x by)

SD: » >
|b|)(bz|
s S ol - . i 5
Here, a; — i+0j+0k, by =i+3j- 5k
= 5 % = n s 4
az = 0i — 2j+k, br=1i+j + gk
Now, @ —aj—(0i-2j+k)— (—i+0j+0k)=1i—2j+k
s o B F B ; ; A
bixb=|1 1/2 -1/12|=(5+w)i- (s+w)i+t(1- )k
1 1 1/6
=1 - 15+ 1k
=& = 2 2 2
by x bal =/ (3)"+ (-3)"+ (3)
1 1 1 419436 49 7
=\/%+E+Z:\/T=\/m=ﬁ
(i 254k).(Li - L1501k W |
. Required S.D. — (j it 3t
1z 1z 12




Q.15. From the point P(a, b, c), perpendiculars PL and PM are drawn
to YZ and ZX planes respectively. Find the equation of the plane OLM.

Ans.
Obviously, the coordinates of O, L and M are (0, 0, 0), (0, b, ¢) and (a, 0, c).

Y

A
(0,b,c)L P(ab,c)

0] » X
M (a, 0, c)

z

Therefore, the equation of required plane is given by

z—0 y—-0 z-0
0-0 b-0 e¢-0(=0
a—-0 0-0 ¢-0

(S

:iO

\
&
S B i
o o e
e B

I
|
= x(bc - 0) - y(0- ac) + z(0 - ab) =0
= bex+acy - abz=0

Q.16. Find the equation of the plane passing through the point (1, 1, -1) and
perpendicular to the planes x +2y +3z—-7=0and 2x -3y + 4z =0.

Ans.



Let the equation of plane passing through point (1, 1, ~1) be
a(x=1)+b(y-1)+c{z+1)=0 ..{1)

Since (f) is perpendicular to the plane x+ 2y + 3z-7 =0
l.a+2.b+3.c=0 =a+2b+3c=0 oo ()
Again plane (i) is perpendicular to the plane 2x - 3y + 4z =0

2.a-3.b+4.c=0 =>2a-3b+4c=0 .. ( 111)
From (if) and (iii), we get

a:b:c =

[f
(E1E=S
|

als
s:l”

= a=17Nb=2\c=-7A

Putting the value of a, b, ¢ in (i), we get

17A (x=1)+2A (y-1)-7A (z+1) =0

= 17 (x-1)+2(y-1)-7(z+1)=0

= 17x+2y-7z-17-2-7=0

= 17x+ 2y -7z~ 26 =0 is the required equation.

[Note: The equation of plane passing through (xj, y;, z)) is given by a2 (x - x;) + b (y = y) + ¢ (2~ z1) =

0, where a, b, ¢ are direction ratios of normal of plane.]

Q.17. Find the equation of the plane through the line of intersection of the
planes x +y +z=1 and 2x + 3y + 4z = 5 which is perpendicular to the
plane x —y + z = 0. Also find the distance of the plane obtained above, from the

origin.

Ans.



The equation of a plane passing through the intersection of the given planes is
(x+y+2z-1)+A(2x+3y+4z-5)=0

= (1+2N ) x+ (1 +3A) y+ (1 +4N) z- (1+5A) =0 ... (§)

Since, (i) is perpendicular to x - y+ z= 0

= (1+2A) 1+ (1+3A) (-1) + (1 +4A) 1 =0

=2 1+2A-1-3A+1+4A=0

= 3A+1=0

=

o=

Putting the value of 1 in (), we get

2 4y | z
(-3)z+(1-1y+(1-3)z—(1-3)=0 = 3=
= x-2z+ 2 =0, itis required plane.
Let d be the distance of this plane from origin.

0.z + 0. y+0. (-2)42

- d= = ‘il = +/2 units.
V124024 (1) vz
. . Rk onns bAieyid
Note: The distance of the point ( Q, B, V)to the plane ax + by + ¢z + d = 0 is given by ﬂ'——’ .
[ E ( B Y) I / g J \/m

Q.18. Find the coordinates of the point where the line through the points A (3, 4,
1) and B (5, 1, 6) crosses the XY-plane.

ANsS.



Let P (a, B, Y) be the point at which the given line crosses the XY plane

Now, the equation of given line is

N )

1
s = —3 = —— = A (say)

= 0=2A+3; P=-3A+4 and Yy=5A+1
Also P (@, B, Y) lie on given XY plane, ie, z= 0
~ 0.0+0.p+y=0

= 5A+1=0

1
= A_—g.

Hence, the coordinates of required point is

a=2x (- %)+3:%;,8:~3x(— l)+4:% and y=5x (- %)+1:0

13 23 )

i.e, required coordinates are (T’ =5

Q.19. Find the vector equation of the plane passing through the points (3, 4, 2)

and (7, 0, 6) and perpendicular to the plane 2x — 5y — 15 = 0. Also show that the
— 4 % 2 e &

plane thus obtained contains the line @~ +37— 2k +A(T=j+ k).

Ans.



Let the equation of plane through (3, 4, 2) be
a(x-3)+b(y-4)+c(z-2)=0 ..(i
(1) passes through (7, 0, 6)
a(7-3)+b(0-4)+c(6-2)=0=4a-4b+4c=0
= a-b+c=0..(il)
Also, since plane (1) is perpendicular to plane 2x - 5y - 15 =0
2a - 5b+ 0c = 0 ...( i)

From (if) and (iii), we get

Putting the value of a, b, ¢ in (1), we get
S5A(x-3)+2A (y-4)-3A(z-2)=0
= 5x-15+2y-8-32z+6=0
= 5x+2y-3z=17
: B c o RN 4 = z .
Required vector equation of plane is 7 . (5i + 2j - 3k)=17 ..(iv)
Obviously, plane (iv) contains the line
= B el & Mo
r = (i+3j-2k)+A (i- j+k) ..(v)
Since, point ( i+3j- 2]2:) satisfy the equation (iv) and vector is perpendicular to ( 57 + 23’ ~3k ).
as (i+3j— 2k). (51 +2j— 3k)=5+6+6=17 and (5i+2j— 3k).(i —j+k)=5-2-3=0
Therefore, (iv) contains line (v).

Q.20. Show that the lines



T =3i+2j— dk+ A(i+ 2]+ 2k);

%
r

5i — 2j+ (3@ + 25 + 6k);

are intersecting. Hence find their point of intersection.

ANs.

Given lines are

=37 4+92j— Akt A(i+2j+2) and 7 —5i +2j +p(3i +27+6k)

Its corresponding cartesian forms are

L2285

If two lines (1) and (17) intersect, let interesting point be .

= (a, B, Y) satisfy line (1)

. 3 B-2 Y4 e
..Q1 = 5 = 5 :A = (Sd)‘)

S R AT B TR DN = I

Also, (@, B, y) will satisfy line (i)

A3 -5  2X4242  2x 4




-4

|

landll = 2222 = Y. 9_3x46 = A
2

Hand I = M2_A

&
U
>

——4

The value of 1 is same in both cases.
Hence, both lines intersect each other at point
(O, B Y) S (-4+3,2x(-4)+2,2(-4)-4) (-1,-6,-12)

Q.21. Find the vector equation of the plane passing through three points with
position vectors +J-2k2i- j+k and ¢ + 27+ k- pi50 find the
coordlnates of the point of intersection of this plane and the line

T =3i- j - k+A(2z - 2]+k}
Ans.

The equation of plane passing through three points i+ 3 = 2]%, 92i — }'+ kand i + 23’ +k
ie, (1,1,-2),(2,- 1, 1) and (1,2, 1) is

-1 y-1 2z+42
2-1 -1-1 1+2{=0
1-1 2-1 1+2

r—-1 y-1 z+2
=% | X -2 3 |=0
0 1 3

—)

=3i—]-k+an2-2/+k)

11-2) \
(@)

2.1,1) ‘"“-.“(1,2',1)

\




= (:X-l)(-6 =3) - (y—l') (3 —-i0) & (z+ 2) (l +0) =0
= -9%+9-3y+3+2z+2=0

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

Its vector form is T . (93’+33’ - I::) =14

The given line is T = (3i — j—k)+A(2i— 2 +k)

Its cartesian form is

z-3 ¥l z41
B R “'(,”)

Let the line (ii) intersect plane (i) at (@, B, Y)

v (0, B, Y) lie on (if)

=2aA=2A+3B=-2A-L;y=A-1

Also, point (@, B, Y) lie on plane (i)
=9%a+3b-g=14

=9 (2A+3)+3 (-2A-1) - (A~-1) =14
= 18A+27-6A-3-A+1=14

= 1IA+25=14

= 11A=14 - 25

=11A=~11

=>A=-1

Therefore, point of intersection = (1, 1, - 2).



Q.22. Find the coordinates of the point where the line through the points A (3, 4,
1) and B (5, 1, 6) crosses the plane determined by the points P (2, 1, 2), Q (3, 1, 0)
and R (4, -2, 1).

Ans.

The line through A (3, 4, 1) and B (5, 1, 6) is given by

4 » 4 - A
z 3 lll z-1 :> r—3 _ ¥ __z-1 (1)

The equation of plane determined by the points P (2, 1, 2), Q (3, 1, 0) and R (4, -2, 1) is given by,

r—-2 y-1 z-2 -2 y—-1 z—-2
3-2 1-1 0-2{=0 = 1 0 -2 |=0
4-2 -2-1 1-2 2 -3 -1

x-3 y-4 z-1

2 -3 5
II
S (. B, 7)
A
hY
hY
h
A
2x+y+z-7=0 N

= (0-6) (:.\'—2} - (= 1+4) (¥-1)+(=3-0) (z-2)=0
= -6x+12-3y+3-32+6=0

= -6x-3y-3z+21=0

= 2x+y+z-7=0..(i)



Let S (0, B, Y) be intersecting point of line (I) and plane (II)

© S (a, B,Y) lie on line (1)

© S (a, B,Y) also lie on plane (II)
2a+b+g-7=0

=2 (2A+3)+ (-3A+4)+(5A+1)-7=0
> AN+ 6 =3N+4+5A+1=T7=0

> 6A+4 =0 = A==25=—12

B:—3x(—%)+4: 2+ 4 = 6andy= 5x(%)+1:%0+1:—

wl=a

= Required point of intersection = (%,6,— %)

Q.23. Find the direction ratios of the normal to the plane, which passes through
the points (1, 0, 0) and (0, 1, 0) and makes angle %with the plane x +y = 3. Also
find the equation of the plane.

Ans.



Let the equation of plane passing through the point (I, 0, 0) be
a(x-1)+b(y-0)+c(z-0)=0

= ax-a+by+cz=0

= ax+ by + ¢z = a..(i)

Since, (7) also passes through (0, 1, 0)

= 0+b+0=a

= b= a..(i)
Given, the angle between plane (7) and plane x + y = 3 is .
= e B a.11b.14c.0
4 Va2 b et /12417

V2 Va2 b’ e yTi1
= L e atb i 2o alb

vz Vaz b e 2 Va2 1b% i c?
> JETETE —+(atb) = @B+ = (atbp
S22+ +F=2>+P +2ab
= & = 2ab
= ¢ = 2a° [From (il)]
= a2 +b2+c2 =+(a+b) = a®+b*+c®=(a+bp

Now, equation (i) becomes
ax +ay ++v2az—=a
= z+y++/22=1, is the required equation of plane.

Therefore, required direction ratios are 1, I, +/2 .



Q.24. Find the equation of the plane which contains the line of intersection of the
planes

7. (i-2j+3k)-4 = 0and 7. (2i +j+k)+5=0

and whose intercept on x-axis is equal to that of on y-axis.

Ans.

Given planes are r. (z e 3k) ~4=0 and r. (—2% +j+ k) +5=0

These can be written in cartesian form as

X-2y+3z-4=0 ..(J)

and-2x+y+z+5=0 ..(i)

Now the equation of plane containing the line of intersection of the planes (i) and (ii) is given by
(x-2y+3z-4) +A(-2x+y+z+5) =0 ...(ifi)

= (1- 2M) x- (2 ~-N) y+(3+A)z-4+5A=0

=>(}l—2)\_).\"—(2—A)y+(3+)\)z=4—5)\

T y z o
= 475A+4—54\+4—54\—1
1 -2 242 31A

According to question 23 _ 4 _S5A

12X E2%N

=1 -2A=-2+A

= 3A=3

= A=



Putting the value of A = 1 in (iif), we get
(x=-2y+3z~-4) +1 (=2x+y+2+5)=0

= A =
~-X-y+4z+1=07r (i+j—4k)-1=0
= x+y-4z-1=0

= [ts vector form is

Q.25. Find the distance of the point (1, -2, 3) from the plane x —y + z =5 measured
parallel to the line whose direction cosines are proportional to 2, 3, —6.

Ans.

Let Q (a, B,Y) be the point on the given plane
X=y+2zZ=95 (1)
Since PQ is parallel to given line

e N, e B ..(1i) where P (1, =2, 3) is the given point.

v PQ s parallel to given line (i1).

— || )
-~ PQ H b (parallel vector of line).



3
:al_ﬂﬂ Y A

2 3 6

=20=2A+1,B=3A-2,y=-6A+3
Now, = Q (@, B, ¥) lie on plane (1)
a-B+y=5

2A+1-3A+2-6A+3=5

~7TA+6=5 = -7\ = -1
1
A:7
a=2x1+1=2;8=3x2-2=- L andy=—6x3+3=2

Therefore required distance

PQ — \/ g_ _‘71+2)2+(373— 3)2

4 , 9 36
49+4949:‘/T:1

unit.

o
Q.26. Find the value of p, so that the lines 3 P 2 and
l2,777z_y’5_6—::

3p 1 5 areperpendicular to each other. Also find the
equations of aline passing through a point (3, 2, —4) and parallel to line I1.

Ans.

Given line /; and I, are

o fe—g WAL a8
ll: = f—
3 p 2
— z—1% __ ¥ 2:::3
3 P 2
7
e T W P =
I, = = =




Since I} 1L I

=3 (- Z)+Ex1+2x (-5)=0 242 100 => 2_g
ﬁp:% = p="T

The equation of line passing through (3, 2, -4) and parallel to /, is given by

z-3 _Y-2 _ zi4
3 2 — 2
ie, T3 22 _ 2 (- p=T)
Long Answer Questions-Il (OIQ)
[6 Mark]

Q.1. Amirror and source of light are situated at the origin O and at a point
on OX respectively. A ray of light from the source strike the mirror and is
reflected. If the Dr’s of the normal to the plane are 1, —1, 1, then find dc’s of
reflected ray.

Ans.
(1,-1,1)
N B
A
(a, 0, 0)
NI
X'e * X
0
(0,0, 0)

Let the source of light be situated at (a, 0, 0) and AO and OB be incident and reflected rays. ON is the

normal to the mirror at O.

Now Dr’s at OA are (a - 0), (0 - 0), (0 - 0) ie, a 0,0

e a 0 0 -
. Dc’s of OA ; ; ie, 1,0,0.
= = -
Va2 102102 /aZ10%10% " /a2 0% 0%

Given, Dr's of ONare 1, -1, 1

~ Dc’s of ON are %, o R
v



Again let £ZAON = £ NOB = q [Law of reflection]

~cos =1.- +0+0 [“cosO@=1 L+m m+n n]

V3

Let [ m, nbe Dc’s of reflected ray OB.

0sfh = L S S RS
cos @ \_3.l+( ‘/_3) +\_3
X U WG —_— -m+n =
7 B AV A [-m+n 1 (1)

Also,c0s208=1.1+0.m+0.n

= 2¢0s?20-1=1

1 23 1
Putting in (i), we getm — n = —3 s (1)
Also P+m*+n* =1
m?24+n?=1- ——1-)2:§ (#i)

3 =

and n= % , Hence, direction cosines of reflected ray are — %, -

(if) & (iif) = m=—

|t

Q.2. Find the cartesian as well as vector equations of the planes through the
7. (2046j)+12=0 and 7.(3i — j+4k)=0

intersection of planes
, Which are at a unit distance from the origin.

Ans.

2
33

2
3



The equation of the plane passing through the intersection of the planes
T .(25 +67)+12—=0and r.(37 — j+4k)=0 is
= 7. {(2+3X)i+(6- A)j+4rk} +12=0 (i)

The planes are at a unit distance from origin. Therefore, length of the perpendicular from the origin to the
plane (1) = 1 unit.

. 12 :1

V2132 E(6 - AP 11632
= 144 = (2+ 3A)* + (6 - A)* + 16A° = 144= 40 + 26\’ = 26A\% = 104
=M\ =4 =>A=1+2

Putting the values of A in equation (i), we get

v . (8% +47+8k)+12—=0 and 7. (47 +8j — 8k)+12=0

which are the equations of the required planes. These equations can also be written as
(24 +2%)+3—0and r.(—7+2j— 2k)+3=0.

The above equations can be written in cartesian form as follows:

2x+y+2z+3=0 and ~X+2y=-22+3=0

Q.3. A plane meets the coordinate axes in A, B, C, such that the centroid of the
triangle ABC is the point (a, 3, y). Show that the equation of the plane is

z Y L
;+E+;—3.

Ans.



Let the equation of required plane be

+-+==1 w{1)

aln
al

o @

Then the coordinates of A, B, Care (a0, 0), (0, b, 0) and (0, 0, c) respectively. So, the centroid of triangle

AABC is (%,g,g) . But the coordinates of the centroid are (@, {3, Y) as given in problem.

a:%,ﬁzg,and'yzé’ = a=30, b =3B, c= 3y..

Substituting the values of a, b and ¢ in equation (1), we get the required equation of the plane as follows

z 2 T y
ok +3—=1 = E-*-—B

gl
3

Q.4. Find the distance of the point (1, -2, 3) from the plane x —y + z =5, measured
parallel to the line.
z-1_ Y3 _ 242

2 3 -6

ANs.

Let Q (a, B, Y) be the point on the given plane

X-y+z=5 wd)

ot SRS ot 2 . ..(1f) where P (1, =2, 3) is the given point.
" PQis parallel to given line (ii).

— ||
-~ PQ “ b (parallel vector of line).




=20=2A+1,=3A-2,y=-6A+3
Now, ~ Q (@, B, ¥) lie on plane (i)
a-B+y=5

2A+1-3A+2-6A+3=5

-7A+6=5 = -7 = -1
1
Az'.i
a=2x1t+1=2;8=3x2-2=- L andy=6x1+3=2

Therefore required distance

unit.



