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Topic-1: Direction Ratios & Direction cosines of a Line, Angle between two

lines in terms of dc's and dr's, Projection of a Point on a Line

I MCQs with One Correct Answer

A line AB in three-dimensional space makes angles 45°
and 120° with the positive x-axis and the positive y-axis
respectively. [f AB makes an acute angle 8 with the positive
z-axis, then 0 equals [2007 (S), 2010]
(a) 45° (b) &0° (c) 75 (d) 3r

A line makes the same angle 6, with each of thexand z
axis. Ifthe angle B. which it makes with y-axis, is such that

sin® B =3sin> 0. then cos?® equals [2004]
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Topic-2: Equation of a Straight Line in Cartesian and Vector Form,
Angle Between two Lines, Distance Between two Parallel Lines

I MCQs with One Correet Answer

Let Q be the cube with the set of vertices {(x,X,,X;) e R 3
DX, X5, X3 €{0,1}}. Let F be the set of all twelve lines
containing the diagonals of the six faces of the cube Q.
Let S be the set of all four lines containing the main
diagonals of the cube Q; for instance, the line passing
through the vertices (0, 0, 0) and (1, 1, 1) is in S. For
lines #;and £, , letd( £, /, ) denote the shortest distance
between them. Then the maximum value of d(¢,, /5),

as £y varies over F and £, varies over S, is
l 1

b} —= cifse— d)r—

(b) B (©) NG (d) D

[Adv. 2023]

1
a) ——=
( \6

If the lines

S s and g intersect, then
2 3 4 1 1

the value of & is [20048]

(a) 372 (b) 972 (c) —2/9 (d) =372

6 MOQs with One or More than One Correct Answer
Three lines [, : F=hiLeR

Ly:r=k+pj,peRand

L :;:.-:'—.:'--.f..-. R
are given. For which point(s) O on L, can we find a point P
on L and a point R on L_sothat P, O and R are collinear?
[Adv. 2019]
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(a) X ®) %

LetL, and L, denote the lines

s L
© k+j (d) k+=J

=it M—i+2]+2k) LR

and sz(??—_}# Qil.pe R

respectively. If L, is a line which is perpendicular to both
L, and L, and cuts both of them, then which of the following
options describe(s) L, ? [Adv. 2019]
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(a) -*‘.‘F:514}—}+!‘;\+I’(3;+2|j—fc},fE R
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(b) é(zf‘—_;'+2.ﬁ-)+t(25+2_f—r<=}_-reﬂ
(© 7=1Qi+2j-k)teR

Lol e A s o=
(d) r)—_§{2f+k]+)‘[2f+2j—f().!n:R
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From a point P(A, 2, 1.). perpendicular PO and PR are drawn
respectivelyonthe linesy=x.z=landy=—x,z=— L. If
P is such that ZOPR is a right angle, then the possible

value(s) of % is/(are) [Adv. 2014]
@ 2 (1 © -1 @ 2
A line | passing through the origin is perpendicular to the
lines /:(3+ )i+ (—142t) j+(4+2t)k, —m<t<w

5 :(3+Zs)i+(3+25):j+{2+s]fc, —LLS<W

7 Mateh the Following
Let y € R be such that the lines

cx+ll- b2l  z+29

x+16 y+11 z+4
L: dL: =L
- 2

3an-3 > .

B77

Then, the coordinate(s) of the poini(s) on /, at a distance
of /17 from the point of intersection of / and /, is (are)

[Adv. 2013]
o BS
@ (3’33

(© (LL1D)

(b) (-L-L0)

:

o=

7
(@ (5’

intersect. Let R, be the point of intersection of L, and L,. Let O = (0, 0, 0), and n denote a unit normal vector to
the plane containing both the lines L, and L,. Match each entry in List-I to the correct entry in List-11I.

List-I List-Il
(P) v equals (1) —?—}‘H’}
: - {9) 3
(Q) A possible choice for (2) 3
nis
-
(R) OR, equals @) 1
S) A possible val ) (e itk
(S) A possible value 4) JE \/E \/E
of O_;El ;I is
2
&) 3
The correct option is
@ P)—>03) Q—->@ ®—->(1) ©()—@Q
® P)=>(3) Q->@) ®W->(1) )—=Q)
© P)=03) Q- ®—=>1) =0
(@ P)>B) Q->(1) ®RK->E) ()—>06)

Match the statement in Column-1 with the values in Column -II
Column -1

x—2- y=1__z5l

(A) A line from the origin meets the lines = :
8
ad_3_y+3_z-1
By ACY 1 uia)
If length PQ = d, then d is
(B) The values of x satisfying

tan~!(x+3) —tan"!(x—3) = sin”"' [g] are

at P and QO respectively.

[Adv. 2024]

[2016]
Column 11

P -4

(@ 0
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(C) Non-zero vectors 3, b and ¢ satisfy 55 =0.
(b-a)(b+7)=0and 2|b+C|=b—-a|.

If @ = pb +4¢ , then the possible values of 1 are
(D) Let fbe the function on [, «] given by /(0)=9

and f{x) = sm(i—x)/sin[g)farx =0

2¢m
The value of =[" f(x)dx is

r 4

(s) 5

(t)y 6

Topic-3: Equation of a Plane in Different Forms, Equation of a Plane Passing
Through the Intersection of two Given Planes, Projection of a Line on a Plane

The equation of a plane passing through the line of
intersection of the planesx + 2y +3z=2andx—y+2z=3

2
and at a distance 75" fromthe point (3, 1 .-1)is [2012]

(b) \Ex+y=3\6—l
d x-2y=1-2

(c) _r+_;+:=\ﬁ 3

The point P is the intersection of the straight line joining
the points (2, 3. 5) and R(1.-1, 4) with the plane 5x —4y
—z= 1. 1f§is the foot of the perpendicular drawn from the
point 7{2. 1. 4) to OR, then the length of the line segment
PSis [2012]

1
1 Mo

7= @ 242

Ifthe distance of the point P (1,-2, 1) from the planex +2y
—2z= a.. where o> 0,18 5, then the foot of the perpendicular

(@ Sx—1ly+z=17

0 2 (c) 2

from P tothe plane is [2010]
L (4 4 1)
W39 ) Ll e
(12 10) L
©.13"3"3) @ (337
Equation of the plane containing the straight line
x Z
5 3 i and perpendicular to the plane containing the
straieht 1 ‘_;li__i d'_r_i_i' 2010
s:a;g_t.rnm3—4—23n 3o g [ 1
@) x+2y—2z=0 (b) 3x+2y—2z=0
() x-2v+=z=0 (d) 5x+2y—4z=0

A linc wath poshiive direction cosines passes through the
point A2 1. 21 and makes egual angles with the coordinate
axes. The line meets the plane 2x+ y+2z=9 at point Q. The
length of the line segment PQ equals [2009]

() 1 b) 2 © 3 (d) 2

T

)

Let P (3, 2, 6) be a point in space and O be a point on the
line 7 = (7 — j+2k) + u(=3f + j + 5k)

Then the value of 1 for which the vector PQ is parallel to
theplanex—4y+3z=11is [2009]

1 1 1 1
@7 TOee s
A plane which is perpendicular to two planes 2x —2y +z=

Oand x—y+2z=4, passes through (1,-2, 1). The distance
of the plane from the point (1,2, 2)is  [2006 - 3M, 1]

(a) 0 (b) 1 © V2 @ 242

A variable plane at a distance of the one unit from the
origin cuts the coordinates axes at 4, B and C. If the
centroid D (x, y, z) of triangle 4BC satisfies the relation

1 1 1

;z"fy—z’fz—fk , then the value k is [2005S]
1

(@) 3 (b) 1 © 3 d 9

The value of & such !hatx; i = y’—Z = z;k lies in the

plane 2x —4y +z=17,is [2003S]

(@ 7 (b) -7

(c) noreal value (d) 4

- S A B e
10. LetOP:u—i+j+k,OQ=;‘+%j+kand
o

o
OR=i+j +Ekbe three vectors, where a, b € R — {0}

e
and O denotes the origin. If (OPx OQ).0OR =0 and the

point (e, B, 2) lies on the plane 3x + 3y —z + /=0 then the
value of / is : [Adv. 2024]
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Let P be the plane Px+2y+3z=16 and let
S={a;+ﬁ:i+yl.i:u3+ﬁz+y2zlandthcdislance of

71 DU
(a, B, y) from the plane P is — . Letu.vand w be three

i 18.

distinct vectors in S such that lfl = ;i = F—;‘\ = 1; = ﬁ};.
Let V be the volume of the parallelepiped determined by
B == 80
vectors u, vand w . Then the value of _\E Vis [Adv. 2023]
Let P be a point in the first octant, whose image Q in the
plane x+ y=3 (that is, the line segment PQ is perpendicular
to the plane x + y = 3 and the mid-point of PQ lies in the
plane x +=3)lies on the z-axis. Let the distance of £ from
the x-axis be 5. If R is the image of P in the xy-plane. then
the length of PR is : [Ady. 2018]
If the distance between the plane Ax — 2y + z=d and the

=l ey 2acZ=d
B 4

veih s X
plane containing the lines and

y—13

_2=3_2=% i /6. then findld]. [2010]

16.

value of (6A)2 equals

=4
17,

Three lines are given by r =i A e R:

= p(§+}),p eRand r= v(: + }‘+£),ve R _Letthe

lines cut the plane x + y+ z= 1 at the points A, Band C
respectively. If the area of the triangle ABC is A then the
[Adv. 2019]

e SRR

A nonzero vector a is parallel to the line of intersection of
the plane determined by the vectors i + j and the plane

determined by the vectors 7 _,r i +k. The angle between

a and the vector § —27 +2 k i$ ..o [1996 - 2 Marks]
The unit vector perpendicular to the plane determined by
P(1,-1,2),Q(2,0,-1)and R(0, 2, 1) is.......

[1983 - 1 Mark]
Let R denote the three-dimensional space. Take two points
P=(1,2,3)and Q= (4,2.7). Let dist (X, Y) denote the
distance between two points X and ¥ in &3, Let
S= (X e B3 :(dist (X, P))? — (dist (X, Q))* =50} and
T={Y e R3: (dist (Y, Q))* - (dist (Y, P))*=50}.

Then which of the following statements is (are) TRUE?
[Ady. 2024]
(a) There is a triangle whose area is | and all of whose
vertices are from S.
(b) There are two distinct points L and M in T such that
cach point on the line segment LM is alsoin T.

(i}

20.

B79

(c) There are infinitely many rectangles of perimeter 48,
two of whose vertices are from S and the other two
verticesare from T

(d) Thereis a square of perimeter 48, two of whose vertices
are from S and the other two vertices are from T

A straight line drawn from the point P (1. 3. 2), parallel to

=2 ‘y-4 z-6

TFN I

L,:x—y+ 3z=6at thepoint Q. Another straight line which

passes through Q and is perpendicular to the plane

L, intersects theplane L, : 2x—y +z=—4 atthe point R.

Then which of the following statements is (are) TRUE?

[Ady. 2024]

(a) The length of the line segment PQis /6
(b) The coordinates of Rare(1,6, 3)

the line . intersects the plane

(4 14
(c) The centroid ofthe triangle PQR |~‘>;.§§ ]

s | un

4

(d) The perimeter ofthe triangle PQR is V2 + V6 ++/11
Let P, and P, be two planes given by [Adv. 2022
P,: 10x+ 15y +12z—60=0,

P,:—2x+5y+42z-20=0.

Which of the following straight lines can be an edge of
some tetrahedron whose two faces lieon P, and P, ?

x=1  p=l z-1
0 0 5

=000 Ve
(b) o

(a) =
ik
(d) i

s

y=4 =z

s, e S e
G T

Let S be the reflection of a point O with respect to the

W m

plane given by 7 =—(¢+ p)i +4 +(1+ p)k

where 1, p are real parameters and {, j, k are the unit
vectors along the three positive coordinate axes. If the
position vectors of O and S are 10i +15/ + 20k and

i +Bj + vk respectively, then which of the following
is/are TRUE 7 [Adv. 2022]
(@) 3(a+p)=-101 () 3(B+y=-71

(¢) 3y+a)=-86 (d) 3a+p+y=-121

Let L, and L, be the following straight line.

ey vzl x=1_y _z-1
e Lyt—= =

1 1 ] 3 and Lo 3 = |
x—a yv-1 z-

Suppose the straight line L: e -; = _;

lies in the plane containing L, and L. and passes through
the point of intersection of L, and L,. If the line L bisects
the acute angle between the lines L and L,. then which of

the following statements is/are TRUE?  [Adv. 2020]
(@) a—y=3 ® 1+rm=2
(c) a-y=1 di1+m=0
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22. Leta, B, 7, d be real numbers such that ¢ + |32 + 1'2 #0
and o +y = 1. Suppose the point (3, 2, —1) is the mirror
image of the point (1, 0, —1) with respect to the
plane ox + By + yz = 8.

Then which of the following statements is/are TRUE?
(@ a+p=2 () 6-y=3 [Adv.2029]
(c) 6+Pp=4 (d 86+p+y=3

23, Let R:2x+y—z=3 and B:x+2y+z=2be two

planes. Then, which of the following statement(s) is (are)

TRUE?
[Adv. 2018]
(a) The line of intersection of P, and P, has direction
ratios 1,2, -1
. 3x-4 1-3y =z
(b) Theline 3 S :
is perpendicular to the line of intersection of P, and
P,

(c) The acute angle between P, and P, is 60°.

(d) If P, is the plane passing through the point (4, 2, - 2)
and perpendicular to the line of intersection of P| and
P,, then the distance of the point (2, 1, 1) from the

plane P5 is =

24. Consider a pyramid OPQRS located in the first octant
(x2 0,y20,z2=0)with O asorigin, and OP and OR along the
x—axis and the y-axis, respectively. The base OPQR of the
pyramid isa square with OP =3, The point S isdirectlyabove
the mid-point, T of diagonal OQ such that TS=3. Then | Adv. 2016]

(a) the acute angle between OQ and OS is g

(b) theequation of the plane containing the triangle OQS

(©) ;181: l_ezgztl? of the perpendicular from P to the plane
containing the triangle OQS is %

(d) the perpendicular distance from O to the straight line

containing RS is %

25. InR> let L be astraight line passing through the origin.

Suppose that all the points on L are at a constant distance

30. Let ¢, and /£, be the lines = PL(

l+j+E] and

26.

27,

V3 28.

29,

Mathematics
from the twoplanes P, : x +2y—z+1=0 and P, : 2x—y+

z—1=0.Let M be the locus of the feet of the perpendicu-
lars drawn from the points on L to the plane P,. Which of

the following points lie (s) on M? [Ady. 2015]
5 2 1 1 1
L E s
g4 Ty ) [ 6 3 6)
[25-3F) g
- —"'-.0,_I __‘:0!_
(c) e 6,! (d) [ 3 3]

In R®, consider the planes P, : y=0and P, : x+z= 1. Let P,
be the plane, different from P, and P,, which passes
through the intersection of P, and P,. If the distance of
the point (0, 1, 0) from P, is 1 and the distance of a point
(. B. y) from P, is 2, then which of the following relations
is (are) true? [Ady. 2015]
(a) 2a+B+2y+2=0 (b) 2a—-pB+2y+4=0

() 20+B-2y-10=0 (d) 20—-B+2y-8=0

; I o NS
TwolinesZ, : x 5’3—(1 ) and L, :x Sy
are coplanar. Then o can take value(s) [Adv. 2013]

(@ 1 (b) 2 © 3 @ 4

If the straight lines 'xf;lzy_ﬂz
2 k

xfl =y—+1=i are coplanar, then the plane (s)
5 2k

containing these two lines is (are) [2012]

@ y+2z=-1 (b) y+z=-1

© y—-z=-1 (d) y—2z2=-1

Let A be vector parallel to line of intersection of planes
P, and P,. Plane P, is parallel to the vectors 2j+3k
and 4 -3 and that P, is parallel to j—k and 3/ +3],

then the angle between vector 4 and a given vector

2% +j-2k is [2006 - 5M, —1]
T 14 T In
(a) 5 (b) 2 (© 6 (d) i

ry = (] - f:) - p(i+ 12) ,respectively. Let X be the set ofall the planes H that contain the line {,.For a plane H, let d(H) denote
the smallest possible distance between the points of ¢, and H. Let H,, be a plane in X for which d(H,) is the maximum value of

d(H) as H varies over all planes in X.
Match each entry in List-I to the correct entries in List-II.
List-I

(P) The value of d(H,) is

(Q) The distance of the point (0, 1, 2) from H,, is

List-IT
1) 3

1
@) B
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3

3z

e
o

(R) The distance of origin from H, is 3 0
(S) The distance of origin from the point of intersection of @
planesy=z. x=1andH,is
1
o
-
The correct option is: [Adv.2023]

(@ (P)=(2)L(Q) =)L (R)=(5).(S)=(1)
) (P)=(5),(Q)—=4),(R)—(3),(5)—=(1)
() P)=(2).Q)—=(1).(R)—=>(3).(8)—=(2)
(d) (P)—=(35).(Q)—(1),(R)—>(4),(S)—>(2)

Contidiciba b L_g_i_:+3L_t—4__v+3_:+3 Stk
OHSIEI'IEIHES1-2——_1—I‘2]—1—2aﬂ e

planes P, : 7x +y+2z=3, P, =3x + 5y— 6z =4. Let ax + by + cz= d be the equation of the plane passing through the point

of intersection of lines L; and L,, and perpendicular to planes P, and P;.

Match List I with List II and select the correct answer using the code given below the lists : [Adv. 2013]
List1 List IT
P a= IS &
@ 5 2 -3
R e¢= 2 N |
S. d= 4 -2
Codes:
P -0 RS
@ 3 2 Huidheyird
o s Gl YRRl W
(eki=3 2 1 4
d 2 4 e 3
Match the statements/expressions given in Column-I with the values given in Column-II. [2009]
Column-I Column-II
(A) The number of solutions of the equation (P 1

; 7
x eSN¥_ cosx = 0in the interval (0.5}

(B) Value(s) of k for which the planeskx +4y+z=0,4x+ky + 2z=0 (q) 2
and 2x + 2y + z=0 intersect in a straight line
(C) Value(s)ofk forwhich |x—1 |+ |x-2|+|x+1]|[|+|x+2|=4k ® 3
has integer solution(s)
(D) If p'=y+1andy(0)=1, then value(s) of y (1n 2) (s)
®

o

Consider the following linear equations
ax+by+tez=0; bxt+ecy+taz=0; ex+tay+bz=0
Match the conditions/expressions in Column I with statements in Column IT and indicate your answer by darkening the

appropriate bubbles in the 4 x 4 matrix given in the ORS. [2007]
Column I : Column I1
(A) a+b+c=0anda’+b%+c?=ab+bc+ca (p) the equations represent planes meeting
only at asingle point
B) a+b+c=0anda’+b*+c?#ab+bc+ca (q9) theequations represent the linex =y =z.
(© a+b+c#0anda*+b2+c2#ab+bc+ca () the equations represent identical planes.
D) a+b+c=0anda’*+b*+c2=ab+bc+ca (s) the equations represent the whole of the

three dimensional space.
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35.

36.

Match the following :
Column 1

(A) Tworaysx+y=|a|and ax — y =1 intersects each other in the
first quadrant in the interval a € (a,, ), the value of ¢, is

(B) Point (a, S, y) lies on the planex+y+z=2.
Let ;:ct.f+ﬁf+7§,éx{izxa):O,theny:
1 : 0
(C) -{(l -y )({1' B J'(}_Z —])d_l'
0 1

(D) IfsinA sinB sinC +

S Compreh
Con51der the lines
x+1 y+2 z+1 x—2 y+2 z-3
3 1 2 1 3
{2008]
The unit vector perpendicular toboth L, and L, is
i —f+?j‘+?;’5 5 —f—?}+5£
@ —Jos O s
. —i+7j+5k . 7i-7j-k
S @ T
The shortest distance between L,andL,is
S
(a) O (b) \.-r3‘ (c) 5\5 (d) 53

37.

39.

The distance of the point (1, 1, 1) from the plane passing
through the point (-1, -2, —1) and whose normal is
perpendicular to both the lines L, and L, is

2 7 13 23
O OF O@ 07
9 Assertionand R
Consider three planes
Py:x ~_v+z=l Py:xty-z=-1
P,ix-3y+3z=2

Let L L,, L,be the lines of intersection of the planes P,
and P P, and P,, P, and P,, respectively.
STATEME\IT l At least twoofthelines L, L, and L,
are non-parallel and
STATEMENT - 2 : The three planes doe not have a
common point. [2008]
(A) STATEMENT - 1 is True, STATEMENT - 2 is True;
STATEMENT - 2 is a correct explanation for
STATEMENT - 1
(B) STATEMENT - 1 is True, STATEMENT - 2 is True;
STATEMENT - 2 is NOT a correct explanation for
STATEMENT- 1
(C) STATEMENT - 1 is True, STATEMENT - 2 is False
(D) STATEMENT - 1 is False, STATEMENT - 2 is True
Consider the planes 3x— 6y—2z=15and 2x + y—2z=>5.
STATEMENT-1 : The parametric equations ofthe line of
intersection of the given planesarex=3 + 14t,y=1+24,z
= 15¢. because

cosA cosB = 1, then the value of sinC=

Mathematics

[2006-6M]
Column II
(p) 2
(q) 3
ke otffo
Ijv’l—xd +|J.V'l+xdr
[0 -1
(s) 1

STATEMENT-2: The vector 14i +2j +15k is parallel

to the line of intersection of given planes. [2007 -3 marks]|

(a) Statement-1 is True, Statement-2 is True; Statement-
2 is a correct explanation for Statement-1

(b) Statement-1 is True, Statement-2 is True; Statement-
2is NOT a correct explanation for Statement-1

(c) Statement-1 is True, Statement-2 is False

(d) Statement-1 is False, Statement-2 is True.

40.

41.

42,

43.

44.

Find the equation of the plane containing the line

2x—y+z—-3=0,3x+y+z=5and atadistance of =

from the point (2, 1,-1). [2005 - 2 Marks]
P, and P, are planes passing through origin. L, and L,
are two line on P, and P, respectively such that their
intersection is origin, Show that there exists points 4. B,
C, whose permutation 4'. B', C can be chosen such that
(i) 41s onL,, BonP, butnotonL and Cnoton P, (ii) 4'

ison L,, B'on P, but not on L, and C' not on P,
[2004 - 4']\Ia rksj

A parallelepiped ‘S’ has base points 4, B, C and D and
upper face points 4', B!, C' and D'. This parallelepiped is
compressed by upper face 4'B'C'D' to form a new
parallelepiped ‘7" having upper face points 4", B", C" and
D", Volume of parallelepiped Tis 90 percent of the volume
of parallelepiped S. Prove that the locus of *4"’, is a plane.
[2004 - 2 Marks|
Find the equation of plane passing through (1, 1, 1) &
parallel to the lines Z,, L, having direction ratios (1,0, -1),
(1,-1,0). Find the volume of tetrahedron formed by origin
and the points where these planes intersect the
coordinate axes. [2004 -2 Marks]|
(i) Find the equation of the plane passing through the
points(2,1,0),(5,0, ) and (4, 1, 1).
(1)) If P is the point (2, 1, 6) then find the point O such
that PQ is perpendicular to the plane in (i) and the mid
point of PQ lies on it. |2003 - 4 Marks]|
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? Answer Key

Topic-1 : Direction Ratios & Direction cosines of a Line, Angle between fwo lines

in terms of dc's and dr's, Projection of a Point on a Line

Lot 2D
Topic-2 : Equation of a Straight Line in Cartesian and Vector Form,

Angle Between two Lines, Distance Between two Parallel Lines

1. (@ 2. (b 3. @d) 4 (@bd) 5 (© 6 (bd 7 (0 8. (A)t;(B)-p.1; (O)=q,s:(D)r
Topic-3 : Equation of a Plane in Different Forms, Equation of o Plane Passing

Through the Intersection of two Given Planes, Projection uf a Line on a Plane

e AR 3 (@ A0 5 e L@ 9 e ®
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Hints & Solutions

Topic-1: Direction Ratios & Direction cosines of a
Line, Angle between two lines in terms of dc's and

=) dr's, Projection of a Point on a Line

(b) As per question, direction cosines of the line :

f =cosd5° = l_ » m=cosl20° :i » n=cosb
V2 2

where 6 is the angle, which line makes with positive

Z-axis.

We know that, 2+ m2+n2= |

1
— %+Z+00529=l
::oszi':lzl
4

= cosf= % = cos% (8 being acute)

= g==
3

(¢) As per question the direction cosines of the line are
cos B, cosP, cosO
cos” 0+ cos? B +cos’ =1
2c0s* 0 =1-cos’ 0
= 2cos’ 0= sin> B=3sin’0
(given)
= 2c0s>0=3-3c0s’0
2 3
cos“ 0 =—
5

Topic-2: Equation of a Straight Line in Cartesian
and Vector Form, Angle Between two Lines,

=) Distance Between two Parallel Lines
(a) )/
E(0, 0, 1)
(1, 1,0)
F(,1,1)
(1,0,0)
= X
(0,0,0) C
A(0,0,1) B(1,0,1)

Equation of face diagonal OD line is

ly:r=2(i+])
Equation of main diagonal BE is

L :r‘:_}+p(i—}+£]
ili+3)x(i-j+k)

Shortest distance = (; 5 J) x(i _«i+ 12]

i-5-2k) o o
=22 | e
In other case S.D is zero.
x=1 y+1 z-1
Let —=——= =3
®) 2 3 4
= x=2A+1Ly=3\A-1and z=4%+1
d‘l-3"l_k—:‘
i R =g =

= x=3+p,y=k+2pand z=p
Since given lines intersect each other

= 2h+1=3+p ()
A—1=2u+k (i)
w=4L+1 ..

Solving (i) and (iii) and putting the value of A and i

in (ii) we get, k = g

-

(a, d) Let any point
P(2,0,0) onL,, Q(0,11,1) on L,andR(L,Lv) onL,

»* P, Q, Rare collinear, . PO || PR

VRS S
A=l =}

>

L —1
A
Clearly from above that A = 0.]

A
Q("*r_l'i}

:::»u———)L v=
A=

.
For O =k——]j
(@) For O 2_1
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A 1 = 3k+3u=1 (1)
Vs = 3\ =+1, which is possible. 6L—3u=0 ..(ii)
% e ) 1 2
(b) For 0=k Solving (i) and (ii) we get : 1=6,p=§
A

——=0= A =0, not possible
R o

(© ForQ=k+]

L: 1= A =A —1, not possible
A-1
ot 1=
(d) ForQ“k"“EJ
—-7L—=l:>2?\.=?\.—1=>1=—1
A-1 2 !

which is possible
Hence options (a) and (d) are correct and options (b) and
(c) are incorrect.

e ~ -~ o
4 (@b d L :r =i+M-i+2j+2k)L,:r
= (2 - j+2k)

Since L, being perpendicular to both L, and L,, is the
shortest distance line between L, & L,.

- Direction vector of line L, : (—?+2}'+2§_} X

(2i-j+2k)
A
=|-1 2 2/=6i+6j-3k
9 VD

L, and L, are skew lines

Let any point on L; and L, be

A(1-A4,21,2)) and B(2p, — 1, 211).

S dr'sof AB=2u+h—1,—pu—21,2u—-2%
ABand L, are representing the same line

2u+i-1  -p-2) _2u-2)
T R ST

(§EE] [i:&ﬁ]
A 91999 andB 9a959

Equation of L, is given by
. %(4?+}+£)+:(2f+2j-£)
.. (a) is correct.

=y D m m s : o
or r =—g'(21—j+2.k)+l‘(21+2j—k)

.. (b) is correct

2
Also mid-point of AB is 3 ,0, 3

L; can also be written as

—
ryr =

(21 +k)+1(2 +27-k)  wheret e R

| —

.. (d) is correct.
Clearly (0, 0, 0) does not lie on

(40 +j+ k) +1(2i+2] - k)

=1 ]

F:

F =1(2i +2 — k) can not describe the line L,.

.. (¢) is incorrect.
(¢) Given thatlinesarex=y,z=1

x-0_ y-0_ 2z-1

= = 1
=1L, ] 1 0 (1)
s Q(a, 0, 1)
andy=—x,z=-1

x-0 -0 z+]
=L,-——=2"-2"_p (i)

-1 1 0
- R(=B, B,~ 1) (say)
Direction ratios of PQare L —a,, A— o, A— 1

and direction ratios of PR are A + B, A — B.A+1

. PQis perpendicular to L,

Lik=a=0=1=0 ..(1ii)
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P

@ o

" PR is perpendicular to L,
S=A+P)+A-B=0 =B=0
s dr’s of PQare 0, 0, A —1
anddr’sof PRare \, A, A +1

v ZQPR=90°=>(A-1)(A+1)=0=21=1or—1

But for 1 = 1, we get point Qitself
S wetake h=—1
6. (b,d) Thegiven lines are

/ :(35—}+4£)+r[f+2}+2£)

4, :(35+3j+2£)+3(2§+2}+§)

Direction vector perpendicular to bo fiand 4,

i jk
b=t1xty=[122|=2f4+3j_2¢

221

21 s

Anypointon £, is(t+3, 2/ 1, 2 +4) and any point on ¢

is(24,-31,22)
*. Let intersection point of # and ¢ beP:
t+3=2), 2t—1=-3), 2t+4=2)
= t=-1, A=1
Any point Q on £,is(25+3,25+3,5+2)
According to question PO = /{7
= (25+1)+25+6)% + s2=17

-10

= 95°+28s+20=0 = §=-2, 5

= B
O |-
O | oo

.. Point O can be(-—l,ul,(})and( 17

x+11  p+21 z+29
1. (@ LetLl:—l——=—2——= 3

o

,'c+16ny+ll_z+4_
& 2 ¥ i

and L::

S 2319

x=A-11 =3u-16=>1-3u=-5
y=2A-21=2p-11 =2h-2u=10
z=3l—29=m—4:>31—p7 =25
from (i) & (ii)

A=10,u=5

Now from (iii)

3(10)- 5y =25 ny=1
So,R, = (-1,-1, 1)

Now, OR = - - j 4+

f P
A=l 2 3=—4i-(-8)j-4f
3 3

=40 +8]+4k =—4(G-2]+£)

A= M=2+K) | (-2j+k)

46 V6
OR i = £(f - jm(ﬁ_jgﬁJ

(A)—>t; B)>p,r; ©O)—q,s; D)>r

Let the line through origin be L : LI S
a 'h g
since line L intersects
x—2 =] 1
L X W e O
| -2 1
-8/3 +3 -1
and L2: i—i—:z——=———z
-1 1
atPand Q,
line L and L, coplaner.
ol B St R ST
Using a b\] Cl =}
a3 b, (5
v | -1
wegetla b c=0=a+3b+5=0

1 -2 1

Also L and L, coplaner

B253

(1)
(1)
.(iii)

v (i)

..(1V)
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83 -3 1 2 laf
- Lo B,
andla b d=0=>3a+b-5¢=0 (V) 4 4
2 =1 1 7 5
= (4—pu)lb| —lal =0 (1
On solving (iv) and (v), we get ( "')H || (i)
@ = DG aueb= v Also,
5155 1545 1-9 "5 .8 2 4
2fpee|=fp-a|= 2 L5+ 2 ‘ -
s Ll SR
Hence equation (i) becomes§='_—5=5=h
2 -2 11 —i2 e e
Any point on L, P(5A, 5%, 21) = (4—p)*|B +[af = 4|p| +4fa [+ ab=0]
which lies on (11) also 5 2
2 o L = »
Sh=3= Sh-f o aa] = (- -4]p[ =3)ai )
= = = k=1
1 -2 1 From (1) and (i), we get
© P(5,-5,2) 2
(4-p) -4 3
Also Any point on L, Q(54,—5A.21) d—p '=T
which lies on (ii1) also
5%=8/% | S50F3 il = W -8u+12=12-3p = p’-5u=0
= & =1 =2/3
3 -1 = pu=0ors
Q[IG -10 41
S n G T ein oL
2 e D) [=£I Sll.'1(9xl/22)E =E><2I 5!{19)6;22 e
25 25 4 mY-n sin(x/2) T 0 sinx
Henced” —PQ —4—+—|=6 . :
- WOIE ) [ f(x) is even function]
43
@) tan'(x+3)-tan"'(x3)=tan :E Let§=9:ba'x=2d8
e 13
v i tan % Alsoatx=0,0=0 andatx=7,0= /2
= tan"(—x+3—x+sj—tan"' . =Gt I’ff sm9B
1+x2-9 4/ 31119
6% 5 8 T‘J’Z{sin%—sin?e (sin 70 —sin 50)
= ———=—=x =16 = I=— + +
-4 g of x=ih % ﬂjﬂ sin O sin @
) o a=nk en o c S :
© - c'r':,ub+4ﬁ::>cza 1 (smSBI 51n39)+(s1n38 smﬁ)+sm9 0
sin® sin 6 sin B
Then (b -a|.(6+¢)=0 16 (52 8 /2
- - (cosse+cosse+cos4e+cosze)de+—f do
ndo
T i = i —i_,l};\‘ ]
= (b-d)| b+ 20 16[sin89 sin60 sindd sin20T°> g
n| 8 6 4 2z s
e £+E]=o &
k 4 4 _0+_[_Tt.__ ]:4
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Three Dimensional Geometry

Topic-3: Equation of a Plane in Different Forms,
iﬁ Equation of a Plane Passing Through the Intersection
E‘J of two Given Planes, Projection of a Line on a Plane

1. (a) Equationofthe plane passing through the intersection
line of given planes is

(+2y+32-2+Mx—-y+2-3)=0

or (1+A)x+(2-A)y+(B3+A1)z+(-2-31)=0

Its distance from the point (3,1, -1) is Vel

31+4)+12-4)-163+1)+(-2-30)| >
- NA+R)? +(2-2)2 +(3+A) ‘_ﬁ

‘ -2 2
=T | = —

Va3rZian+14| V3
= 302 4 43 +14 = 302 :L:-% 3,

.. Required equation of plane is

7
(x+2y+32-2)- 5 (x—y+z-3)=0

or Sx—1ly+2z=17

2. (a) Equation ofsst. line joining Q(2, 3, 5)and R (1,—1,4)is
x-2 = y=3 = 2—5: A
-1 -4 1

Let P(-A+2,—4h+3, -1 +5)
Since Palsolies on Sx -4y —z=1

SoSA+10+16A-12+0-5=1

2 [4 1 13)

— = =— o Aid =
120.=8 = & 3 3'3°3

Now let another point § on OR be
(-u+2,-4p+3,-p +5)
Since §'is the foot of perpendicular drawn from
T(2,1,4)to OR, wheredr’s of STare p, 4u—2, u -1
and dr’s of OR are —1,—4, -1

~pu—=16p+8—pu+1=0 = 18u=9 =>p.=EI

NER)
2o

Distance between Pand §

|'1111

== = i
V3679 " 36 N7

T(2,1,4)

Q(2,3,5)
S
b
-
‘3

g

=

|
[ =
o

~

’

(]

Ad)

(a) Since perpendicular distance of x+2y—2z— =0
from the point (1,—2, 1)is 5

‘1—4—2—:1 E
3
P(1,-2, 1)

/N/
x+2p-2z=q
—5—(1:501__5

3

= a=-200r10
Buta>0= a=10
Equation of plane : x+2y—-2z-10=0

We know that foot of perpendicular from point (x, y. z) to
the plane ax + by + cz+ d=01s given by

x~x1 — _1"‘}’] = Z‘_‘Z| ms —(a.x] +b_}'] +('Z] +a')
(@ +b% +¢?)

a b c

¥=1_ y+2 -1 —{I—-4-2-10) _3

1 2 =2 9 3
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4. (¢) Equationofplane containingtwo]inm% = f- = % and

%=%=§ is given by

Xy

3 4 2/=0= 8-y-10z=0
4. 2= 3

Now equation of plane containing the line

X
o % = % and perpendicular to the plane

8x —py—10z=0is given by,

Ry z
AR 4/=0
8 -1 -10

=>-26x+52y-26z=0 or x-2y+z=0

5. (¢) Since line makes equal angle with coordinate axes
and which has positive direction cosines

fi=wl
D-¢’s= 5\/‘ \/—
= Drs=11,1
Equation of line is

x=2 _}f-‘rl: 2—2:2_

I ==y

S QL +2,0 =1, + 2) be any point on this line where it
meets the plane 2x+ y+z=9
= 2A+2)+A-1+A+2=9 = A=1

Q has coordintes (3, 0, 3)

ro

Vor= (= 42k 4 w3 + f +5E)

=23y +(-1-0> +(2-3)® =3

= (1=3u)i + (=14 W) j+ (2 + Sp)k
Let coordinates of O be (=3u+1,pu ~L5u+2)
d.r’sof PO=~3u-2, u-3 Su—4
Giventhat PQ is parallel to the plane x —4y+3z=1

L(=3u~2)-4.(p-3)+3.(5u—-4) =

= 8u=2 orp=—

7. (d Weknow that the equation of plane through the
point (1,2, 1) and perpendicular to the planes

10.

g Mathematics|

2x-2y+z=0and x—y+2z=4 is

x=L_.y+2 z-1
2 =2 1
1 = 2

= = X+y+l=0

It’s distance from the point(1, 2, 2) is

=22

1+2+1

V2

@ LetX + j +—= 1 be the eq” of variable plane which

meets the axesat4 (a,0,0), B(0,b,0)and C(0.0, c).

Centroid of A ABC is (-‘; E,E]

23
gt b B
e
putting these values in
I | ! D0
-7+ 3 Sk = —2—+—'2—+—2—=k
ERE deShi=S
s sy (VB ¢ i
= =t = ()
a® B 29

Also given that the distance of plane Z4 2 Z_ 1 from

a b e
(0,0,0)is 1 unit,
= 1 =] = —-I—+—1-+1 1
A SR
. k :
From(;)wegetaﬂ i.e.k=9
; P e TR e e oy BT
(a) Since the line = = lies in the plane

1 7)
2x=4y+z =17, then the point (4, 2, k) on line also lie on
the given plane and hence
254-4x2+4k=7 = k=7

(5) Given that (OP x 0Q).0R =0

L e

o

- Bl ey
p

1 1

1| —
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:“—_l[u— ]—(1—1}1(1—@}:0
o \ 2B 2 B

« \ 28 ) 2 B
SR

2

_oafta-B-1
s 2ap
S of+2a=apfp+a-P-1=a+p+1=0

()
Since (o, B. 2) lies on plane 3x +3y—z+1=0
=3(a+p)-2+I=0
=-3-2+[=0=1=5

.(i1)

Given, |ﬁ—;r|=i;—-;=|\_v.—a!
So, AUVW is one equilateral triangle
Given that distances of points U, V, W from plane

7 7
P=—= AQ=—

2 Q 2
Distance of plane P from origin

0+0+0-16

N3+4+9 =
©0A=0Q-AQ=4 1_1
Sl e

In AUVW, is circumcenter

3
US=Rcos30°:>UV=2Rc033{]°=§
2
ﬁ[aj 93
cOAr AUVW = 1\5 = 16

Volume of tetrahedron with coteminous edges

< |

u, v, w= 5 (Ar AUVW) * OA

93 33
32

. -

L | =

1

% —=
=
2

12,

13.

14.

8257
Volume of parallelopiped:
V = 6 x volume of tetrahedron = i 3J§ = &
32 16
W
A
30°
U 3 \4
Now, &V =S—P_x%= 45
V3316

(8) Let coordinates of Pare (a, b, ¢).

So, coordinates of Q are (0, 0, ¢) and coordinates of R are
(a, b, —).

Given that, PQ is perpendicular to the planex + y=3.

So, PQ is parallel to the normal of given plane

1c (af + bj) is parallel to (1 + j) on comparing

= a=b
As mid-point of PQ lies in the plane x +y =3, so

=3

|
| o

= a+b=6=a=3=b
Therefore, distance of P from the x-axis

=62+ =5
= b+c?=25
= ?=25-9=16
= c=+4
Hence, PR=|2¢|=8
(6) The equation of plane containing the given lines:

(given)

x=1 y=2
2 3
3 4

z-3
4 |=0 =>x=2y+z=0
5

. Distance between x —2y+z=0and Ax—2y+z=d

= Perpendicular distance between parallel planes ( A= ])

d
= ) =6 =|d|=6.
V6
(0.75)
Equation of plane containing vectors i and -+ ; is

x—1

[F-iiiei]=0 |1
1

i
(==, )
Il
=}

=z=0 ..{i)
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So. S will contain a triangle of area 1. So(a) is correct.

Similarly, equation of plane containing vectors i — j and Hence (b) and (c) are correct but (d) is incorrect.

WG 18. (a, ¢) Equation of line parallel to *—2 _ ¥ —4

|

NZ=5
e 1

i'.r—] y+1 :z

16.

17.

[r-G-Ji-ji+kl=0=| 1 -1 o/=0
1 o 1}

::»(.\‘—I]{—I—0]—(1'*]}(1—0}+:{0+1}=0

=-xtl—y=1+z=

=x-y+z=0 sis(ii)

Let c}-——a§+b:f+ci'

Since a is parallel to (i) and (ii)
Sec=0andat+b-c=0=a=—5}

-

. @ vector in direction of g is?—;
Let 6 is the angle between a and ; — 2:;' + 2k then

L1+ (-1)(-2) 3

cosb =+ =+
V+11+4+4 ~ 23

=cos ==+
V2
= 0=n/4 or 3n/4
Unit vector perpendicular to plane, =+ @x_‘?
PO~ PR
PO=i+j-3k; PR=—1+3) -k
Juignd
POxPR=[1 1 -3
-1 3 -1

= (149)i~(-1-3)j+ 3+ Dk =8i+4}+ 4k

[@xﬁ':dﬂﬂéﬂtﬁ:@:%@

ek Lkl g 0
n:iL8:+4j+4k\=+ 21+]+k\

4\/EJ_LJE

(a, b, c) Let X = (x, y) S: (= 1P+ (y-2P+ (- 33—

(Ce=4) + (- 2P+ (2~ 7)) = 50}
=8: {6x+82-105=0}
Similarly T= {6x+ 825 =0}

Both S and T represents the equation of plane and

parallel to each other.

105-5
36+ 64

Other Distance between plane =

=10 unit

—
I L

¥—=3
2
Now;, putting any point (A + 1, 22 + 3,A+2)inplaneL,,
A+1-22-3+3(A+2)=6
=i=1
So, point Q (2, 5, 3)
Equation of line through Q (2, 5, 3) perpendicular to L,
x=2 ¥=0 LRl
I 1 =1 artalegin 28 (000
Putting any point (u + 2, —u+5,3u+3)in planeL,
=p=-1
So, point R (1, 6, 0)

@)PQ=+v1+4+1=1/6
(d)R(1,6,0)

A (let)

through P(1, 3, 2) is “"_l‘_‘ =

7
I

1s

(¢) Centroid [ i,ﬁ,i)
3'3°3

(d)PQ+QR+PR = /6 + Vi1 + Vi3

19. (a, b) We have planes P, and P, given as

Py:10x+ 150+ 122—60=0and

Py:2x+5y+42-20=0

Thus, equation of pair of planes is

S:(10x+ 15y + 12z - 60) (=2x+5y+4z-20)=0

Now we will obtain a general point of each line and we
will solve it with S. If we get more than one value
of variable A, then the line can be the edge of given
tetrahedron.

(a) From option we have _x_o__] xrl zsl

=1 1 =
Let —=
Sy
So, pointis (1, 1,53+ 1)
So, (601.—23) (201 17)=0
l=23 17

=T and—t
60 20

So, it can be the edge of tetrahedron.
(b) Similarly for option (b)

pointis (=54 + 6, 2, 31)

So, (16) (324.—32)=0

= A=0and]

So, it can be the edge of tetrahedron.
(c) Similarly for option (¢)

Pointis (-2, 51+ 4, 4))

So, (1032) (451)=0

A=0only

So, it cannot be the edge of tetrahedron,
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20.

21.

(d) Similarly for option (d)

Point is (i, —24+4, 31)

= (16A)(20)=0

= i=0only

Hence, it cannot be the edge of tetrahedron.
(a, b, ¢) We are given that equation of plane is
F=—(r+p)f+rj+(l+p)§

This can be written as

F =£+:(—f+}')+p(-f+£)
Now, equation of plane in standard form is
[F-k—i+j-i+k]=0

x+y+z=1 Q)
Coordinate of @ =(10, 15,20)
Coordinate of S =(a., B, )
a-10 B-15 y-20 -2(10+15+20-1)
1 1 1 3

X=X

-+ point of reflection is given as

_y=n_z-z _—2ax; +by +¢z +d)

b c a* + b + 2
(1—10=ﬁ—15=7—20=——8-3§
o B e e
37y 3

(a+B)=-101,3(B+y=-T1
3y+a)=—86and3 (a+Pf+y)=—129
(a, b) The point of intersection of L, and L, is (1,0, 1)
+ Line L passes through the point of intersection
(1,0,1)of L, and L,
Jd-a 1 _1-y :
7 5 )
.+ Line L, bisects the acute angle between the lines L, and
L,, then

L e

J11

;=f+ﬁ+l{

:>?=f+i€+t(f+}‘—2£]

:>£=E=-£:>fzm=l
Frivl 2

1=
From(i), —— =12 «=2

mdl;;=—1:>?=—l

Loa—y=2—-(-1)=3and/+m=1+1=2

22.

23.

B259
(a.b.e)
P(l1,0,-1)
A
P@3,2,-1)

Mid-point of PQ=A(2, 1, -1)

Dr’sof PQ=2,2,0

Since PQ perpendicular to plane and mid-point lies on plane
.. Equation of plane :

2(x-2)+2(y-D+0(z+1)=0

=x—2+y—-1=0

= x+y =3 comparing with ax + By +yz=9,
wegeta=1,B=1,7=0andd=3.

.. option (a). (b), (c) are true.

(c,d)

(a) Direction vector of line of intersection of two planes
will be given by 7 x ;.

~

iip ok
LAxAy=|2 1 -1|=3i-3j+3k
2
.. dr’s of line of intersection of P, and P, are 1, - 1, 1
.. (a) 1s not correct.
(b) The standard form of given line as

STl

3 =5 3
w1 x3+(=D)(3)+1(3)=9=0
.. This line is not perpendicular to line of intersection
.~ (b) is not correct.

(c) Let O be the angle between P, and P, then
_[2x1+1x2+ (=1)x1| _3

cosﬁ—l \/E\/E | s

1
2
.. B =60°
Heznce (¢) is correct.
(d) Ecuation of plane P5:
I(x—4)—1(y—-2) +1(z +2)=0
= x—y+z=0

2=ixl 2

Distance of (2, 1, 1) fromP; = ———
: : dacdl=i+1 (B
.. (d) is correct.
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24. (b, ¢, d) According to question the coordinates of vertices 2T
of pyramid OPQRS will be o )
= b=l 2 -l=i-3j-5k
0(0501 0).,P(3,0.0),Q(3.3,0),R(0,3,0), S[E‘E’3J 2 _I l
X z
S Li—=—="_=}
1 -3 -5 (Say)
P X Any point on line L is (A, =3, =51)
0 Equation ofline perpendicular to P, drawn from any point
5 onlLis
5 X=X _y+3h_ z45h
1 e Q 1 2 R
M(p+A,2p -3, —p-51)
£ But M lies on P, so, it satisfy the eqn. of P;.
drsof0Q=1,1,0 FAAA—GA p A+ 1=0=> p= 2
drsof OS=1,1,2 e gt iy

.. acute angle between OQ and OS

SMRRET

.. (a) is not correct

Xy
Eqn of plane OQS = el
1 1

N O N

=2x-2y=00rx—y=0
.. (b) is correct.
length of perpendicular from P (3, 0, 0) toplane x —y=0is=

‘3_—_0_1
V2| V2
26.

- (c) is correct.

X=P=F | B R B3 L &
E N ——— = _=__=_'=?L
gn of RS e 301'1 = >

2 2
. Any point ONRSis N (A, -A + 3, 21)
Since ON is perpendicular to RS,

" ONLRS = IxA—1(=A+3)+2x2)1 =0

1 15
?-.=-::>N(—,—,l]
S 2’2

(=25 15
. =, |=4=—t] = |
.. ON + 5

.. (d) is correct
(a, b) "~ All the points on L are at a constant distance from
P, and P, that means L is parallel to both P and P,

25.

i 1
vk mraSh —]
M{ FE TNt

For locus of M,

1 1 1
X=A——,y=-3A—_,z=51+ —

6% 3 6
x+1/6 _y+1/3 z-1/6 <5

1 -3 =3

-5 -2
On checking the given point, we find (0??] and

-1 -1 1
[?.?g] satisfy the above eqn.
(byd)Py:(x+z-1)+Ay=0=>x+Ay+z-1=0
Distance of point (0, 1, 0) from P

r—1 -1
T 5| S1202- 20 +1=0242 =3 0= —

2+ L 2
Distance of point (a, B, y) from P, :

1
a+iB+y—1 a-cBiy-1
o | 22 =+2
2+22 3 2%
2

1
= a—5B+y—l=i3 =20-pB+2y-2=16
= 20-B+2y-8=0o0r2a-B+2y+4=0

27. (a, d)Given that L, and L, are coplanar, therefore

5-a 0 0
0 3—0'.. _2 20
0 -1 2-a
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28.

29,

30.

= (5-a)6-5a+a’-2]=0
S>0G-a)oa-)a-4)=0 =a=14,535.

(b, ¢) Given that lines are coplanar.

X=X y2-nn-z 2 00
a bl q =12 & 2=0= k=22
5] 1)2 Ca Sk
For k=2, equation of the plane is given by
-1yl 2
2 2 2/=0=y-z+1=0

5 TR
For k =-2, equation of the plane is given by

=l y+l =z
2 -2 2{=0=y+tz+1=0
] 2 -2

(b, d) Normal vector of plane P, is

A oA -

i j ok

n=0 2 3|=-18
0 4 -3

Normal vector of plane P, is
i j K

n2=0 1 -1|=3i-37-3k
330

A isparallel to +(n; xn2) = +(—54 ) + 54%)
Now, angle between A and 2i+ _} ~2k is given by
(=547 + 54k).(2i + | — 2k)

5423

cosb =+ =

1
V2
LS
(b) For largest possible distance between plane H_ and L,, the
line 1, must be parallel to plane HY

“ H,, will be the plane containing the line 1, and parallel to 1,
ok

Normal vector n=|l 1 1{=i-k
JEN: Y

S Hyix-2z=¢/(0,0,0)=>c=0

0:x—z={]

(P) Distance of point (0, 1, ~1) from H,.

9‘(1)’ﬁi

V2| 2

(Q) The distance of the point (0, 1, 2) from Hiw

s o]

d(Ho)z

31.

32.

8261

(R)

(S) Point of intersection of planes y = z, x = | and H, is
(1,1, 1).

Distance = m = \E
(@ LetanypointonL,is(2A+1,-4,A-3)
andthaton L, is(u+4, u—3,2p-3)
For point of intersection of L, and L,
2+ 1=p+4,-A=p-3,A-3=2u-3
= A=2,u=1

Intersection point of L,andL,is(5,-2,-1)
Equation of plane passing through, (5, -2, —1) and
perpendicular to P; & P, is given by

0
The distance of origin from H, = 'El =0

x=35 y+2 z+l
7 1 2
3 5 -6

=0

= x-3y-2z=13
a=1,b=-3,e=-2,d=13
or (P) =>(3)(Q —(2) (R) =»(4)(S) = (1)
A->p;iB—qs5;Coqrns,t;Dor
(A) Let us consider two functions
sinx

y=xe " andy=cosx

The range of y = xe®"* is [0, %) and

dy sin x

; T
aze +x€5"¥ cos x> 0, for JH_(O‘EJ’SU’ it

is an increasing function on (0, g‘] . Their graph are as

shown in the figure below :

AY _
sinx
y=xe

V=Cosx

Clearly the two curves meet only at one point, therefore

the given equation has only one solution in [(}, %) 3
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33.

(B) Since given planes intersect in a straight-line 1
= —E(a+b+c)[{a-b}2 +(b-c)? +(c-a)*]

k4
SHE e 2= (A) When a+b+¢c=0and
e a*+b*+e? —ab-bec—ca=0
2 2 2
= k(k—-4)-44-4)+1(8-2k)=0 = (a=b)"+(b-c) +(c-a)" =0

5 B dresat= (k=2 = a=b=c (but#0asa+b+c#0)
This equation represent identical planes.
= kednt (B) Whena+b+c=0and

We h = x-1 2|+ x+1|+|x+2
(© Wehave f(x)=x=1|+[x=2|+[x+1|+|x+2| v S

= A=0anda, b, carenotall equal.

= All equations are not identical but have infinite many
—2x+4, -2<x<-l1 solutions.
e B -~ ax+by=(a+b)z ... (i) (using a +h+c=0)
2x+4, l<x<2 —(x-1)isx<1 i
and bx+cy=(b+c¢)z ... (11)
4x , x=2 ( ; ),
On Solving eqn. (i) and (ii) we, get
The graph of the above function is as given below =5 (b2 —ac)y = {b2 —ac)z = y=z
= ax+by+cy=0 = ax=ay = x=y
/
i = x=y=z
I .. The equations represent the line x=y =2z
- (C) Whena+b+c#0 and
a*> +b* +¢? —ab—bc—ca#0
= A#0 = Equations have only trivial solution
5 o o 0 1oy 3 A ie, x=y=z=0
\ the equations represents the three planes meeting at

a single point namely origin.

Clearly, from graph, f(x)26 (D) When a+b+¢=0 and
3 a’+b% +c* —ab—bc—ca=0
= 4kz26 = k>2—
2 = a=btcandA=0:> a=b=c=0

k=2,3,4,5,6.,..... = All equations are satisfied byall x, y, and z.
i = The equations represent the whole of the three
D) I—y = Idx = In|y+lE=x+c dimensional space (all points in 3—-D)
i 34. (A) > (s); (B) > (p); (O) — (@), (r); (D) —>(s)
Atx=0,y=1 = c=In2
£ A xty=|d
s InptlEx+in2 = y4l=2e"= y=2¢"~1 ax—y=1
y(in2)=2e"% _1=2x2-1=3 (1+a)x =1+|a|
(A)—>r;(B)—>q;(C)>p;(D)—>s 2|1
The determinant of the coefficient matrix of given equation, — M = p= i i
as a+l a+l
*.* Rays intersect each otherin I quadi.e. x> 0.y >0
ar e =a+1>0andala—-1>0=a>1
A=b ¢ a 2 2 2 e ﬂ0=1(A)—)(5)
T, =—(a+b+c)a” +b" +c" —ab—bc—ca) (B) Given that(a, B, y) lies onthe planex+y +z=2

=So+pty=2
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3s.

36.

B263

Also k x (k xa) = (ka)k - (kk)a
=> ;rai'—ﬂ?*ﬁ}'—‘;‘i'ZU :Da;+}3_}={)

Sa=0=p=y=2 (vat+B+y=2)

(B)—=(p)

PRRR o N T2 ot e
(© !JUI_]—_‘F laﬁi !I[J(_l Ddy

= 2;_[;{1 —y? }dy! = %

v y=Vl-x,=2y=-@x-Dand y=1+x
=37 =(x+ 1) Itis clear from above figure that

4

e

_[_OIJEdr

+

i

=2J';J1~—x dx

= 2](; Vx dx [ Usingj; F(x)dx = j; fla—x }dx}

1
=[2‘2‘x3f2] =E7
37 e 3

(D) Given that sin 4 sin Bsin C+cos 4 cos B=1
We know that sin 4 sin B sin C + cos 4 cos B < sin A sin
B +cosAcos B=cos(4—B)
=cos(4-B)=1=cos(4-B)=1
= A-B=0=A4=8
. Given relation becomes sin®4 sin C+ cos? 4 =1
=sinC=1,
(D)= (s)

() Vector in the direction of [, =5 =37 + j+ 2k

(C) > (r)and(q)

Vector in the direction of Ly =b, =i +2j+3k
.. Vector perpendicular to both Lyand L,
5 ‘ ij
=bxb =3 |
2

=—i-7j+5k
f

L7 I 5 I

.. Required unit vector

foi=Tj45k _—i-7j+5k
V1+49+25 5v3
(d) The shortest distance between Lyand L, is

37.

38.

_{5;—&1).%52
T |axb)

Since, gy =i -2j -k

=(ay—ady).b

s =2£—2}+3£

c @y =G =3 +4k ~(@,-a)b

o oo [—i-7]+5k) 1=3420 17
S

(¢) The plane passing through (-1, -2, —1) and having
normal along & is

—lx+1)-7(y+2)+5(z+1)=0

= x+T7y=-5z+10=0

<. Distance ofpoint (1, 1, 1) from the above plane is

1+7x1-5x1+10 13
e e R

(d) The given planes are

Pyix—y+z=1 D)
Pyixty—z=-1 wl2)
Py:ix—3y+3z=2 -(3)

Since, line L, is intersection of planes P, and P;.
.. L, is parallel to the vector

gk
=[(1 1 -1|=—4j-4k
I =8

Line L, is intersection of Pyand P,
.w L, is parallel to the vector

i
=11 =1
1

Gl
11=-27-2k
2353

And line L, isintersection of P and P,
= Ly is parallel to the vector
P dcrk
S by e R |
1

= =2j+2k
1 -1

Clearly lines L, L, and L are parallel to each other.
.. Statement—1 is False
Also family of planes passing through the intersection of

P and P, is B +iP, =0.

= x(1+1)+y(A-D+z(1-1)+ (A-1)=0
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39.

40.

The three planes have a common point

1+4 _A-1 1-2 1=2

- i -3 =D
1+4 1-A4 1 i
Taking ——=-——, we get A=—-—= and taking
1 2 3
1+4 1-4 e
T g oreEptdso

.. There is no value of A which satisfies eq (i).
.. The three planes do not have a common point.
= Statement 2 is true.
.+ (d) is the correct option.
(d) The line of intersection of given plane is
3x—6y—2z-15=0=2x+y—2z-5
For z=0,weget x=3 and y=-1
Line passes through (3,1, 0).
Direction vector of line is

b=3%x%,
i< 23k
=[3 -6 -2
2 1 -2

=14{ +2j+15k

e ]
Eqn. of line is ST :—2- =E_
whose parametric form is
x=3+14t,y=2t-1,z=15¢
Statement-1 is false
Statement 2 is true.
Equation of plane containing line of intersection of two
given planes is given by
Rx-y+z-3)+ABx+y+z-5)=0
= CA+2x+(A-Dy+(L+1)z+(-51-3)=0

since distance of this plane from the pt. (2, 1,— 1) is s

=2

(31+22+ (.= DI+ (+ 1D+ (SA-3)|_ 1
JOL+22 + (=12 + (L +1)2 V6

A—-1 1

= S e e el [t
VinlZ+12a+6| V6

Squaring both sides, we get

41.

42.

-1 i

102 +12046 6
= A =12+ 6—1TIR =12k 6 =1

5A2 4240 =0 = A(5L+24)=0

A =0 or—24/5
The required equations of planes are

2x—y+z-3=0

R

or  62x+29y+19z-105=0
Following fig. shows the possible situation for planes
Aand P, and thelines Z; and L,

A corresponds to one of A', B', C' and B corresponds to
one of the remaining of A', B', C' and C corresponds to
third of A', B', C',

Hence six such permutations are possible

e.g., One of the permutations mayA=A',B=B',C=C"
From the given conditions : A lies on L,, Blies on theline
of intersection of P, and P, and 'C' lies on the line L, onthe

- planeP,.

Now, A' lies on L, =C, B'lies on the line of intersection of
P andP,=BandC'liconL, on planeP, =A.

Hence there exist a particular set [A', B, C'] which is the
permutation of [A, B, C] such that both (i) and (ii) is
satisfied. Here [A", B', C'] =[C, B, A].

D' el
A' ’
D
o 2 z Mol
e ,/"'.
R b L e S s -~
(o, B, v) %
D
C
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Let
Let equation of plane 4BCD be

ax+by+cz+d =0, h be the height of original
parallelepiped S. and A4"(a,B.y)
Then height of new parallelepipe dT is the length of
perpendicular from 4" to 4BCD

ao+bp+ey +d

\J'a2+b2 o2

90V

i=—F
T " 100*

ac+bB+cy +d

a® +b% +¢?

=(arABCD) % h <09
But given that,

(ar ABCD) x

ac+bB+cy +d

=0.9%
va? +6% + 2
= aa+bB+cy+(d-09ha? +b2 +c%)=0

Locus of 4"(w,B.y) is

ax+by+cz+(d-09m/a* +b% +¢%)=0

which is a plane parallel to 4BCD . Hence proved.
43. Equation of plane through (1, 1, 1)is

x—-1 y-1 z-1

= @-1DO0-D-@-DO+D)+z=-1)(=1-0)=0
= -Ux-D-Iy-D-(z-1)=0 = x+yp+z=3
Z

S i L
3 373

- plane intersect the axes at
A(3,0.0), B(0,3,0), and C(0,0,3)
Vol.of tetrahedron O4BC

A1)

= é x Area of base x altitude

= é x Ar(A4BC) x length of 1'** (0,0,0) to plane (1)

1. a8
=_x—{:Tx[AB| :rx :j

-3

'\.;l-i-l+'l

O 2

44,

(. AABC isan equilateral triangle)

el B 2 _3)<18_2 . :
_EXTX(?’JE) x3 = 45 o cubic units.

()  Equation of plane passing through (2, 1, 0).(5,0,1)
and(4, 1, 1)is

x-2 y—']. z—0 x=2 y_] z
e 0al 1eblen o L e

4-2 1-1 1-0 5 nobppasn

= (x=2)(-1-0)-(y-1)(3-2) +z(0-(=2))=0
= —X+2-yp+1422=0 = x+y-2z=3

(1)

P(2,1,6)

|

,,23“:3

<

B annhenveinsn
(%]

Eq" of PQ passing through P(2, 1, 6) and L to plane
x+y—2z=3, is given by

x—2=y—l=z-+6=l
1 1 -2
o Q(A+2,A+1,-2046)
Mid. pt. of PQ
i M[2+x+2’1+x+1,6—21+6J
2 2 2

__(JL+4 A+2 !2—21]
2
But Mlies on plane x +y—2z=3
A+4 A+2
+
2 2
= A+4+A+2-24+40=6= 6L=24 = L =4
0(4+2,4+1,-8+6)=(6,5,-2)

~(12-21) =3
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