CHAPTER

Vector Algebra and

Three Dimensional Geometry

I YT o1, . N JEE Advanced/ IIT-]EE

A Fill in the Blanks

Let P s B s 3 be vectors of length 3, 4, 5 respectively. Let
A be perpendicular to B+C,BtoC+Aand Cto A+B.
Then the length of vector A+ B+C is.......

(1981 - 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)
The area of the triangle whose vertices are 4 (1,—1, 2), B (2,
1,-1),C(3,-1,2)is....... (1983 - 1 Mark)
A, B, Cand D, are four points in a plane with position vectors
a, b, ¢ and d respectively such that

(@-d)b-¢)=(b-d)c—-a)=0 (1984 - 2 Marks)

Thepoint D, then,isthe................... of the triangle 4BC.
a a* 1+d°

If | »* 1+b° |=0 and the vectors 4 =(1,a,a?),
¢ ¢ 1+

B = (l,b,bz), C = (l,c,cz), are non-coplanar, then the

product abc=....... (1985 - 2 Marks)

If 4 B C arethree non-coplanar vectors, then —

S (1985 - 2 Marks)

If 4=(1,1,1), C =(0,1, —1) are given vectors, then a
vector B satisfying the equations 4 xB =C and

A4-B = (1985 - 2 Marks)

If the vectors af+j’+l€, f+bj’+/€ and f+j'+cl€

(a # b # ¢ # 1) are coplanar, then the value of 1-a)

R
(-0

(1987 - 2 Marks)
(1-5)

10.

11.

12.

13.

14.

16.

Letb= 4i +3; and ¢ be two vectors perpendicular to
each other in the xy-plane. All vectors in the same plane

having projections 1 and 2 along 5 and c, respectively,
aregivenby........ (1987 - 2 Marks)

The components of a vector a along and perpendicular to

anon-zero vector  are.....and ....... respectively.
(1988 - 2 Marks)

1), ab =3 and
(1991 - 2 Marks)

Giventhat a =(1,1,1), ¢ =(0, 1, -

—axl7=g,then b =
A unit vector coplanar with i +j +2k andi +2j +k

and perpendicularto i +j +k is....... (1992 - 2 Marks)

A unit vector perpendicular to the plane determined by the
points P(1,—1,2) 0(2,0,-1)and R(0,2, 1)is........
(1994 - 2 Marks)

A nonzero vector g is parallel to the line of intersection of

the plane determined by the vectors i i + j and the plane
determined by the vectors i — j, i + k. The angle between

a and the vector { —2j+2 k is....... (1996 - 2 Marks)

If b and ¢ are any two non-collinear unit vectors and a is

any vector, then (2.5)b+ (a.2)¢ + 282D (G )=
|bxc|
(1996 - 2 Marks)
Let OA=a, OB=10a+2band OC= bwhere O, A and C are
non-collinear points. Let p denote the area of the quadrilateral
OABC, and let g denote the area of the parallelogram with
0OA and OC as adjacent sides. If p=kq, then k=.......
(1997 - 2 Marks)

B True / False

Let 4, BandC be unit vectors suppose that

A B=A4.C=0,and that the angle between B and C is

n/6.Then 4 =42 (Bx C). (1981 - 2 Marks)
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2. If X A=0,XB=0,X.C=0 for some non-zero vector X,
then [4 BC]=0 (1983 - 1 Mark)

3. The points with position vectors a+ b, a— b, and a + kb are
collinear for all real values of k. (1984 - 1 Mark)

4.  For any three vectors a, b, and c,

(@-b).(b—c)x(c—a)=2a. bxc (1989-1Mark)

C MCQs with One Correct Answer

1. Thescalar 4 .(§+ E')) x (74)+ B+ 8) equals :
(1981 - 2 Marks)

@ 0 ® (4 B C1+[B C 4)
(©) [74’ B 6’] (d) None of these

2. For non-zero vectors g

¢, |@xbye=|a| 8|z |
holds if and only if (1982 - 2 Marks)
@ da.b=0, b.c=0 () bE=0, ¢.a=0
(© ¢.a=0ab=0 d da.b=b.c=¢.a=0

3. The volume of the parallelopiped whose sides are given by
OA=2i-2j, OB=i+j —k, OC=3i —k, is

(1983 - 1 Mark)

hd 4
@ 3 (b)
2
© 7 (d) none of these
4.  The points with position vectors 60i +3/,40 i—8 j, ai—52
jare collinear if (1983 - 1 Mark)
@ a=-40 (b) a=40
(© a=20 (d) none of these

5. Let Zb—,Zbe three non-coplanar vectors and

I —  bxc

p, g, r, are vectors defined by therelations p = ——,
[abc]

— p x o — - N

q = cxd r o= a_%ﬁ then the value of the expression

[abc]’ " [dbc]
(@+b). p +(b+c). g+ (c+a), r isequalto
(1988 - 2 Marks)
@ O b 1 () 2 @ 3.
6. Leta, b, c be distinct non-negative numbers. If the vectors
ai +aj+ck,i +k and ci +¢j +bk lieinaplane, then cis
(1993 - I Marks)
(@) the Arithmetic Mean of @ and b
(b) the Geometric Mean of @ and b
(¢) the harmonic Mean of a and b
(d) equal to zero

10.

11.

12.

13.

14.

Topic-wise Solved Papers - MATHEMATICS

Let p and q be the position vectors of P and Q

respectively, with respect to O and | 17 = p, | c; |= ¢ .The

points R and S divide PQ internally and externally in the
ratio 2 : 3 respectively. If OR and OS are perpendicular

then (1994)
(@) 9¢°=44* (b) 4p?=94*
(c) 9r=4q (d) 4p=9q

Let a, B, y be distinct real numbers. The points with position
vectors of +Bj + vk, Bi +y+ ok, vi +oj +Bk  (1994)
(a) arecollinear

(b) form an equilateral triangle

(c) forma scalenetriangle
(d) form aright angled triangle

]_/etazf_j,z;zj_/éj:/é—f.lfc?isaunitvector

such that 4.d = 0 =[b ¢ d], then d equals (1995S)

SRy Pk
@ =+ tJ-<K b +1FJ/ -k
J6 3
i+j+k .
() £+—F— @ =*k
NG
If @, b,¢ are non coplanar unit vectors such that
ax(bx¢)= b+0) , then the angle between G and b
V2
is (1995S)
3n L
hddd — 12
(@) 2 (®) 2 (© = @ =

Let %, v and w be vectors such that w + vV + w=0. If
lii|=3,|9|=4and || =5, then @¥ + V. + Wi is

(1995S)
@ 47 ® -25 (© 0 @ 25

If G, b and ¢ are three non coplanar vectors, then (19955)
(@+b+¢).[(@+b)x(a+ ) equals

(@ 0 (b) [abc]

(© 2[abé] (d -[abé]
Leta=2i+j—2kandb=i+j. Ifcisa vector such thata .
c¢=|c|,|c-a|=2+/2 andthe angle between (a x b) and ¢ is

30°, then | (@ x b) x c|= (1999 - 2 Marks)
@ 23 (b) 32 © 2 @ 3
Let a=2i+j+k, b=i+2j—k and a unit vector ¢ be coplanar.
If ¢ is perpendicular to a, then ¢ = (1999 - 2 Marks)
1 1
—(—j+k —(i—-j-k
(@) NG (=j+k) ®) NE (-i—j—k)
—-2)) o =ik
© NG J (d) NE] J
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15.

16.

17.

18.

19.

20.

21.

22.

o M-135

-
If the vectors Z,Z and ¢ form the sides BC, C4 and AB
respectively of a triangle ABC, then (2000S)

5> SO o5
@ a.b+b.c+c.a=0

e e

(b) axb bxc=cxa

5> O oo

©ab=b.c=c.a

> o0 5 o

(d) axb+b><c+cxa—0

- > > -
Let the vectors q,b,c and d be such that

> > > o .
(ax b)x(cx d) =0.LetP, and P, be planes determined
. - > -> > .
by the pairs of vectors g, » and ¢ , d respectively. Then
the angle between P, and P, is (2000S)
0 L L o =
@ ® 7 © 3 @ -

- S5 - .
If a, »p and ¢ areunit coplanar vectors, then the scalar

(2000S)

@ 3

R e T T e Y
tripleproduct | 2a—-b,2b—-c,2c—a |=

N

k,b=xi +j+(1-x)kand

@ o0 b 1 (©
Letd=i —

C=yi +x+(1+x- y)lz Then [555]depends on
(2001S)

(b) onlyy
(d) both x and y

(a) onlyx
(¢) Neither x Nory

If g, l; and ¢ are unit vectors, then

T T P A Ty

8] +|b—¢[ +[¢ —a|" doesNOT exceed (20015)
(@ 4 ®) 9 (¢ 8 d 6

If @ and b are two unit vectors such that @+2b and
5G—4b are perpendicular to each other then the angle

between g and b is (2002S)

(@ 45° (b) 60

(© cos™! [%) (d cos™! (%)

Let V=27 +j—k and W =i +3k .If U is a unit vector,
then the maximum value ofthe scalar triple product | UVW | is
@ -l ®) V10+6
© 59 @ oo

The value of k such thatx_4= y;2 i

(2002S)

k lies in the

plane 2x -4y +z=17,is (2003S)
@ 7

(¢) noreal value

(b) -7
(d) 4

23.

24.

26.

27.

28.

29.

The value of ‘@’ so that the volume of parallelopiped formed

by i +aj+k, j+ak and ai + k becomes minimum is

(2003S)

@ -3 ®) 3 © Y3 @ B

IfG=(+j+k),ab=1and Gxb=]—k, then b is

@ i-j+k ) 2j-k (2004S)

() i @ 2

If the lines

x—1=y+1=z—1an x_3=y_k=iintersect, then
2 3 4 1 2

the value of & is (2004S)

@@ 312 (b) 92 © -2/9 @ -312

The unit vector which is orthogonal to the vector

3i+2j+ 6k and is coplanar with the vectors 2i + j +k

and - j+k is (20045)
—6j+k 2i -3j
3 -k 4i +3j -3k
- d PR A——
© "o @

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 ABC satisfies the relation

1 1
x_z"'?"'_z =k , then the value £ is (2005S)
1
(@ 3 (b) 1 ©) 3 @ 9

> > >
If 4, b, ¢ arethreenon-zero, non-coplanar vectors and

Z—) Z—)
> - a=> -2 - .a—
b=b- a,by=b+ a,
02 )
lal lal
- > Z—) - - l—;l—)
- - ca—’ c> 2 2 c.a— e
c]=c—_)2 2b1 G=c-———a-——b,
af e laf 1P
> > Z—) o o
e d e d C.a—) .C—) . .
a=c a+——b ALy bcbl
2 2 e 1B
lcl lcl
then the set of orthogonal vectors is (2005S)

@ (a.b.o) ® (a,b,c)

© (a,b,c) @ (4,5,

A plane which is perpendicular to two planes 2x —2y +z=0
and x —y + 2z=4, passes through (1,-2, 1). The distance of
the plane from the point (1, 2, 2) is (2006 - 3M, -1)

@ 0 (b) 1 © V2 @d 242
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30.

31.

32.

33.

34.

Topic-wise Solved Papers - MATHEMATICS

Let a=i+2j+kb=i-j+kandc=i+j-k. A
vector in the plane of a and b whose projection on ¢ is

1 .
f,ls

@ 4i-j+4k b) 3i+j-3k

© 2i+j-2k @ 45+ -4k
The number of distinct real values of A, for which the vectors

(2006 - 3M, -1)

A%+ j+k,i-A?j+k and i + j— 2%k arecoplanar, is
(2007 -3 marks)
(b) one (d) three

Let d,b,¢ be unit vectors such that @ +b+¢=0_. Which
one of the following is correct ? (2007 -3 marks)

(@) zero (¢) two

(@ dxb=bxé=c¢xa=0
(b) Gxb=bxi=cxd=#0
(© b #0

(d) Gxb,bx¢,c xa are muturally perpendicular
The edges of a parallelopiped are of unit length and are

parallel to non-coplanar unit vectors a, l;,é such that

o>

A pn A ] .
ab=bc=ca= > . Then, the volume of the parallelopiped
is (2008)
1 1 3 1
7 ®yp @7 O
Let two non-collinear unit vectors 4 and j, form an acute
angle. A point P moves so that at any time ¢ the position
vector Qp (where O is the origin) is given by

@

dcost+bsint. When P is farthest from origin O, let M be
the length of Op and § be the unit vector along OP .

Then, (2008)
~ &+l; ~ IN\1/2
U= —and M =(1+a-b
@ =T (A+a-b)
. a-b A AN1/2
U= —and M =(1+a-b
N &+E A N1/2
u= ~—and M =(1+2a-b
© “ars ¢ )
@ #= ‘f‘li and M = (1+24-b)!'?
la-b|

Let P(3, 2, 6) be a point in space and Q be a point on the line
F=( = j+2k)+ u(3i + j+5k)

Then the value of i for which the vector PQ is parallel to

the plane x —4y +3z=1is (2009)
1 1 1 o 1
@7 ©® -7 © 3 @ -3

36.

37.

38.

39.

40.

41.

42.

If G,b,¢ andd are unit vectors such that

(2009)

(&xl;)-((?xg):l and 5-5=%,then
b

@ a,

(b) b,¢,d arenon-coplanar

,C arenon-coplanar

(¢) b,d arenon-parallel

(d) &,d areparallel and b,¢ areparallel

A line with positive direction cosines passes through the

point P(2, -1, 2) and makes equal angles with the coordinate

axes. The line meets the plane

2x+y+z=9

at point Q. The length of the line segment PQ equals
(2009)

@@ 1 ®) V2 © 3 @ 2

Let P, Q, R and S be the points on the plane with position

vectors —2i — j,4i,3i +3 and —3; + 2 respectively. The

quadrilateral PQRS must be a (2010)

(a) parallelogram, which is neither a rhombus nor a

rectangle

(b) square

(c) rectangle, but not a square

(d) rhombus, but not a square

Equation of the plane containing the straight line

g = % = % and perpendicular to the plane containing the
oht lines ~. =2 = = *_rY_Z.

straight lines 3272 and 4 23 is (2010)

(@ x+2y-2z=0 (b) 3x+2y-2z=0

() x-2y+z=0 (d) 5x+2y—-4z=0

Ifthe distance of the point P (1, -2, 1) from the plane x + 2y
—2z=oq, where o > 0, is 5, then the foot of the perpendicular
from P to the plane is (2010)

(§i_l]
@ (3373
2 15

CCES IR+

Two adjacent sides of a parallelogram ABCD are given by

AB=2i+10j+1lkand AD =i + 2+ 2k
The side AD is rotated by an acute angle a in the plane of

the parallelogram so that AD becomes AD'. If 4AD' makes a
right angle with the side AB, then the cosine of the angle a

o (533

is given by (2010)
8 7 1 45
(@ 9 () 5 (©) ) () 5

Let G=i+j+k,b=i—-j+k and =i —j—Fk be three
vectors. A vector v in the plane of 4 and b, whose

1

projection on ¢ is E , 1s given by (2011)
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43.

44.

46.

o M-137

@ i-3j+3k (b) -3i-3j-k

(© 3i-j+3k @ i+3j-3k

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

1
@ 75 b) V2
The equation of a plane passing through the line of
intersection of the planes x + 2y +3z=2 and x— y+z=3 and

2
at a distance ﬁ fromthe point (3,1 ,-1)is (2012)

© 2 @ 22

@ Sx-1ly+z=17 (b) 2x+y=3v2-1

(d) x-2y=1-2
Z+Z‘=\/§ and

ix (Zf +3] +4I€) = (2? +3] +4I€)><E, then a possible

) x+y+z=+3

If 2 and p are vectors such that

value of (3 +5).(—71 +2] +3k)is (2012)

@ 0 (b) 3 (© 4 d 8
Let P be the image of the point (3,1,7) with respect to the
plane x — y+ z= 3. Then the equation of the plane passing

through P and containing the straight line ? = % = % is
(JEE Adv. 2016)

@ x+y-3z=0 (b) 3x+z=0

() x-4y+7z=0 (d) 2x-y=0

1) I MCQs with One or More than One Correct

Let and

a=aitayj+ask, b =bi+bhyj+bk
c= cii+cyj +c3k be three non-zero vectors such that ¢

is a unit vector perpendicular to both the vectors ¢ and

b . If the angle between g and b is %, then

qQ a a3 ?

b by, b3| isequalto (1986 - 2 Marks)
aq & 4

(@ 0

b 1

© (@t +ad+a)) (BF +8 +b))

3
@) @ +a3+ad) (B +b5 +63) (o +c5 +3)

10.

The number of vectors of unit length perpendicular to
vectors ¢ =(1,1,0)and » =(0, 1, 1)is (1987 - 2 Marks)

(a) one (b) two (c) three (d) infinite
(¢) None of these.

Let G=2i-j+kb=i+2j—k and ¢=i+j-2k-2k
be three vectors. A vector in the plane of b and ¢ , whose
projection on g isof magnitude ,/2/3, is: (1993 - 2 Marks)
(b) 2+3j+3k

) 27+j+5k

@ 2i+3j-3k
(© -2i-j+5k

The vector %(25 —2j+k) is (1994)

(a) aunit vecotr

T ~ A A
(b) makes an angle 3 with the vector (2i — 4 +3k)

I A
(c) parallel to the vector (—i +J _Ekj

(d) perpendicular to the vector 3i +2j — 2k

Ifa=i+j+k,b =4i+3j+4kand c=i+aj + Bkarelinearly
dependent vectors and | ¢ |= /3, then (1998 - 2 Marks)
@ a=LB=-1 (b) a=1p=4I
() a=-1pB==I1 d) a=zLp=1

For three vectors u, v, w which of the following expression
is not equal to any ofthe remaining three?(71998 - 2 Marks)
@ us(vxw) (b)) (vxwyru
(€) ve(uxw) @ (@mxv)ew
Which of the following expressions are meaningful?

(1998 - 2 Marks)
@ u(@xw (b) (uev)ew
© ev)w @ ux(@ew
Let a and b be two non-collinear unit vectors. Ifu=a— (a . b)
band v=a x b, then |v|is (1999 - 3 Marks)
@ |ul ®) fultlu.al
(© lul+|u.b] D |ultu(atbd)

Let 4 be vector parallel to line of intersection of planes
P, and P,. Plane P, is parallel to the vectors

2}'+3I€ and 4}'—3/2 and that P, is parallel to
j —kand3i+ 3j, then the angle between vector A anda
given vector 2 + } —2k is (2006 - 5M, -1)
W e ©r ©F

The vector (s) which is/are coplanar with vectors 7 + j +2k
and i +2j+k , and perpendicular to the vector 7 + } + &
is/are (2011)

@ j-k () -i+] © i-j (@ -j+k
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x-1_y+1_z X+l _y+l_z
kK 2 5 2k

are coplanar, then the plane (s) containing these two lines is

(are) (2012)

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

© y-z=-1 d) y-2z=-1

A line / passing through the origin is perpendicular to the

lines (JEE Adv. 2013)

13+ 01 +(=1+2t) J+(4+20)k,

11. Ifthe straight lines =—

12.

—00<t<oo

1 :(3+25)i+(3+25) J+(2+s)k,
Then, the coordinate(s) of the point(s) on /, at a distance of

—00<§ <00

J/17 from the point of intersection of / and /, is (are)
[Z 7 §)
@ (333

© 4,L1)

(b) (-1,-1,0)

778
@ [5’5’5)

and L, :x=a,~

18.

y_ z
-1 2-a
(JEE Adv. 2013)

d 4

_y T e—
x=35, o 2

are coplanar. Then a can take value(s)

@ 1 (b) 2 © 3

13. Twolines L :

- o -
14. Let x, y and z be three vectors each of magnitude /2

. R S
and the angle between each pair of them is 3 If a isa
- - -
non-zero vector perpendicularto x and yx z and b isa

> -
non-zero vector perpendicular to y and zx x,then

(JEE Adv. 2014)

@ zz(z -;)(;_::)
o {355
© 4 zz_(z.;)(z:)
0 (i3]

From a point P(A, A, M), perpendicular PQ and PR are drawn
respectively on the lines y=x,z=1andy=-x,z=-1.If P
is such that ZQPR is a right angle, then the possible value(s)
of A is/(are) (JEE Adv. 2014)

@ 2 (b) 1 © -1 @ -2

16.

19.

R? such that

following statement(s) is (are) correct?

Topic-wise Solved Papers - MATHEMATICS

In R3, 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 (a, B, y) from
Py is 2, then which of the following relations is (are) true?

(JEE Adv. 2015)
(@ 20a+B+2y+2=0 (b) 20—-B+2y+4=0
(© 2a+B-2y-10=0 d) 2a-B+2y-8=0
In R3, let L be a straight line passing through the origin.
Suppose that all the points on L are at a constant distance
from the twoplanes P, : x +2y—z+1=0and P, : 2x-y +z
—1=0. Let M be the locus of the feet of the perpendiculars
drawn from the points on L to the plane P,. Which of the
following points lie (s) on M? (JEE Adv. 2015)

(0 _5 _Z] (_l 1 l]
@ %7673 ® 76736

51 12
o [303) o [-503)

Let APQR beatriangle. Let G = OR, b = RPandé = PQ . If

|| =12, [b|=4V3, 5.¢ = 24, then which of the following

is (are) true? (JEE Adv. 2015)
@) | | |a| =12 (b) | | |a| 30
© |ax5+5xa|=48J§ @ 5,5=_72

Consider a pyramid OPQRS located in the first octant (x > 0,
y2>0,z2>0)with O as origin, and OP and OR along the x—axis
and the y—axis, respectively. The base OPQR of the pyramid
is a square with OP = 3. The point S is directly above the
mid-point, T of diagonal OQ such that TS=3. Then

(JEE Adv. 2016)

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

3
(b) theequation of the plane containing the triangle OQS
isx—y=0
©

the length of the perpendicular from P to the plane

3
containing the triangle OQS is ﬁ
()

the perpendicular distance from O to the straight line

15
containing RS is \/;

20. Let u=u,i+u, j+u;k be a unit vector in R® and

A

1 (+»~» =~ . . -
W= ﬁ i+ j+2k | Given that there exists a vector v in

4

uxv =1 . Which of the

=land VAV(‘AIX V]

(JEE Adv. 2016)
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o M-139

(a) Thereis exactly one choice for such v
(b) There are infinitely many choices for such v
(© If ﬁ lies in the xy-plane then [u,| = |u,|

(d) If u lies in the xz-plane then 2 fu,|=|u,|

E Subjective Problems

From a point O inside a triangle 4BC, perpendiculars OD,
OE, OF are drawn to the sides BC, CA, AB respectively.
Prove that the perpendiculars from 4, B, C to the sides EF,
FD, DE are concurrent. (1978)

A Ay A, are the vertices of a regular plane
polygon with n sides and O is its centre. Show that

n-1__ _ . .
D (04; xO4i11) =(1-n)(OAz x Od1) (1982 - 2 Marks)

i=1
Find all values of ), such that x, y, z,# (0, 0,0) and
(+ ) +3k)x+(Gi =3j +k)y+(—4i+5 )z

= M(xi X J— y+1; z) where i J—', k areunit vectors along

the coordinate axes. (1982 - 3 Marks)

A vector 4 has components 4,, 4,, A, in a right -handed
rectangular Cartesian coordinate system oxyz. The
coordinate system is rotated about the x-axis through an
T
2
system, in terms of 4, 4,, 4. (1983 - 2 Marks)
The position vectors of the points 4, B, C and D are
3 —2j —k,2 +3] — 4k,—i + ]+ 2kand 47 +5] + M,
respectively. If the points 4, B, C and D lie on a plane, find
(1986 - 2% Marks)

If4, B, C, D are any four points in space, prove that —
(1987 - 2 Marks)

angle —. Find the components of 4 in the new coordinate

the value of A .

AB xCD + BC x AD + CA x BD | = 4 (area of triangle

ABC)

Let OA CB be a parallelogram with O at the origin and OC a
diagonal. Let D be the midpoint of O4. Using vector methods
prove that BD and CO intersect in the same ratio. Determine
this ratio. (1988 - 3 Marks)

If vectors ;,E, ¢ are coplanar, show that

=0 (1989 - 2 Marks)

SR
SR =
SR
S S S
SR
o] 8] o

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

In a triangle O4B, E is the midpoint of BO and D is a point
on AB such that AD : DB=2:1.IfOD and AE intersect at P,
determine the ratio OP : PD using vector methods.

(1989 - 4 Marks)

Let 4 =2i +k,B=i +/ +k ,and

C=4i - 37 +7k . Determine a vector R . Satisfying

RxB=CxBandR-4=0  (1990- 3 Marks)
Determine the value of ‘¢’ so that for all real x, the vector

cxi —6 ~3k and xi +2] +2cxk make an obtuse angle
with each other. (1991 - 4 Marks)
In a triangle 4BC, D and E are points on BC and AC
respectively, such that BD=2 DC and AE=3EC. Let Pbe
the point of intersection of 4D and BE. Find BP/PE using
vector methods. (1993 - 5 Marks)

If the vectors b,¢,d , are not coplanar, then prove that the
vector

(@xb)x(@xd)+(@x¢)x(d xb)+(@xd)x(bx¢) is
(1994 - 4 Marks)
The position vectors of the vertices 4, B and C of a

parallel to 3 .

tetrahedron ABCDarei + j+k, i and 37 , respectively. The
altitude from vertex D to the opposite face ABC meets the

median line through 4 of the triangle ABC ata point £. Ifthe
length ofthe side AD is 4 and the volume of the tetrahedron

242
is TJ_ , find the position vector of the point £ for all its

possible positions. (1996 - 5 Marks)
If 4, B and C are vectors such that | B|=| C|. Prove that
[(A+B)x(A+O))x(BxC)(B+C)=0. (1997 - 5 Marks)
Prove, by vector methods or otherwise, that the point of
intersection of the diagonals of a trapezium lies on the line
passing through the mid-points of the parallel sides. (You
may assume that the trapezium is not a parallelogram.)
(1998 - 8 Marks)

For any two vectors u and v, prove that (1998 - 8 Marks)
@ (@-v?+luxvP=|uf|v[and
®) AHuP)(A+|vP) = —u-vy2+lu+v+@xv)
Let u and v be unit vectors. If w is a vector such that
wHwx u)=v, then prove that |(u x v) - w|< 1/2 and that the
equality holds ifand only if  is perpendicular to v.

(1999 - 10 Marks)
Show, by vector methods, that the angular bisectors of a
triangle are concurrent and find an expression for the
position vector of the point of concurrency in terms of the
position vectors of the vertices. (2001 - 5 Marks)

Find 3—dimensional vectors v, V,, V; satisfying
\-1'1 .\71 = 4,\71 .\-1'2 = —2,\71 .\-1.3 = 6,\72 .\-1.2

=2,¥, 7 = 5,737 = 29 (2001 - 5 Marks)
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2. Let A(@®)=f,(9)i+ f, (1) and (@-d)(b-c)#0ie ab+dc#db+ai
B(e)=g,00i +g, )t € [0,1], (2004 - 2 Marks)
(1)=8:0i +8:) ) 04 ) . 26. Find the equation of plane passing through (1, 1, 1) & parallel
where f|, /5, &), &, are continuous functions. If A (¢) and tothe lines L,, L, having direction ratios (1,0, -1), (1,-1,0).
- forall rand 3(0V=25+3 7 (1 Find the volume of tetrahedron formed by origin and the
B(t) are nonzero vectors for all rand 4(0)=2i+3j, A(1) points where these planes intersect the coordinate axes.
—67+27 BO)=3i+2} B(1)=27+6}. Thensh ' . (2004 - 2 Marks)
62 ~ /> ({ 3i+2jand B(1)=2i+6 j. Then show 27. A parallelopiped ‘S’ has base points 4, B, C and D and
that 4(z) and B(?) are parallel for some #.(2001 - 5 Marks) upper face points 4', B', C' and D'. This parallelopiped is
22. Let V be the volume of the parallelopiped formed by the compressed by upper face 4'B'C'D' to form a new
t G=ai+ar i+ adk i r_p? 4 ; parallelopiped ‘7" having upper face points 4", B", C" and
veetors X N ‘fll @2) T a3 b=bi+byj+bik D". Volume of parallelopiped T'is 90 percent of the volume
¢ = clf +cyj+ezk Ifa, b, c,, wherer=1,2,3, are non- of parallelopiped S. Prove that the locus of ‘4", is a plane.
3 (2004 - 2 Marks)
negative real numbers and Z (a, +b, +¢,)=3L, show 28 P and P, are planes passing through origin. L, and L, are
o two line on P, and P, respectively such that their
3 intersection is origin. Show that there exists points 4, B, C,
that v <. . (2002 - 5 Marks) whose permutation 4', B', C' can be chosen such that (i) 4 is
23. () Find the equation of the plane passing through the on L, Bon P, butnot on L, and Cnot on P, (ii) 4'is on L,,
_points(2,1,0),(5,0,)and (4,1,1). B' on P, but not on L, and C' not on P,
(i) If Pisthepoint (2, 1, 6) then find the point O such that (2004 - 4 Marks)
PQis perpendicular to the plane in (i) and themid point 29, Find the equation of the plane containing the line 2x—y +z
of PQ lies on it. (2003 - 4 Marks) i
24. If i, v, w, are three non-coplanar unit vectors and a, B, y -3=0,3x+y+z=>5and at a distance of E from the point
are the angles between # and v and w, W and # 2,1,-1). (2005 - 2 Marks)
respectivelyand X, y, Z are unit vectors along thebisectors 39,  If the incident ray on a surface is along the unit vector 7,
of the angles a, B, v respectively. Prove that the reflected ray is along the unit vector w and the normal
[Fx§ §xZ Zx¥]= L[L—, 7 w]* sec? % sec? Esecz Y is along unit vector 4 outwards. Express w in terms of a
16 2 2 2 and 9. (2005 - 4 Marks)
(2003 - 4 Marks)
25. If G,b,¢ and d are distinct vectors such that A a 8
\'%
dx¢=bxd and dxb =¢cxd .Prove that
Match the Following
DIRECTIONS (Q. 1-6) : Each question contains statements given in two columns, which have to be P qQr s t
matched. The statements in Column-I are labelled A, B, C and D, while the statements in Column-1I are
labelled p, q, 1, s and t. Any given statement in Column-I can have correct matching with ONE OR A@OOO0
MORE statement(s) in Column-11. The appropriate bubbles corresponding to the answers to these B @@e@@
questions have to be darkened as illustrated in the following example : cCl@OOB®
If the correct matches are A-p, s and t; B-q and r; C-p and q; and D-s then the correct darkening of D|®@OO®
bubbles will look like the given.
1. Match the following : (2006 - 6M)
(A) Tworaysx +y=|a| and ax — y =1 intersects each other in the () 2
first quadrant in the interval a € (a, «), the value of a;, is
4
(B) Point (e, B, ) lies on the planex +y +z=2. (@ 3
Leta = af+|3j'+y/€,/€x(/€x5) =0,theny=
1 ) 0 ) 1 0
© j(l—y )dy+.1[(y —l)dy © .([\/l—xdx+ Il\/l+xdx
0 —
(D) Ifsind sinB sinC + cosA4 cosB = 1, then the value of sinC= (s) 1

GP_3480



Vector Algebra and Three Dimensional Geometry )
2.

Consider the following linear equations
ax+bytcz=0; bx+tcytaz=0; cx+tay+tbz=0
Match the conditions/expressions in Column I with statements in Column II and indicate your answer by darkening the

appropriate bubbles in the 4 x 4 matrix given in the ORS. (2007)
ColumnI Column II
(A) a+b+cz0anda®+b*+ct=ab+bc+ca (p) the equations represent planes meeting only
at asingle point
B) a+tb+c=0anda®>+b*+ct#ab+bc+ca (q) the equations represent the linex=y=z.
©) a+b+c#0anda?+b*>+c2#ab+bc+ca (r) the equations represent identical planes.
D) a+b+c=0anda®+b*+c*=ab+bc+ca (s) the equations represent the whole of the
three dimensional space.
Match the statements / expressions given in Column-I with the values given in Column-II. (2009)
Column-I Column-1I
(A) Root(s) of the equation 2 sin? @ +sin?26 =2 ) %
. . L . 6x 3x z
(B) Points of discontinuity of the unction f(x) = [7} cos[;}, @ 7

f where [y] denotes the largest integer less than or equal to y

(©) Volume of the parallelopiped with its edges represented by the @

w |

vectors 7+ j,i+2jandi+ j+mk
- R - . T
(D) Angle between vector g andb where 4, b andc are unit vectors  (S) 3

satisfying G+5++/3 ¢=0

® =
Match the statements/expressions given in Column-I with the values given in Column-II. (2009)
Column-I Column-1I
(A) The number of solutions of the equation (p) 1

. n
x e8™¥—cos x = 0 in the interval (0,5)

(B) Value(s) of k£ for which theplanes kx +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 y'=y+1andy(0)=1, then value(s) of y (In 2) (s) 4
® 5
Match the statement in Column-1 with the values in Column -11 (2010)
Column -1 Column -1I
-2 -1 z+1
(A) Aline from the origin meets the lines ad - y_ > z 1 (p) -4
8
73 3 z-1 ~
and 3 _Y*5 _ 271 at Pand Qrespectively.
2 -1 1

Iflength PQ=d, then d? is
(B) The values of x satisfying

tan~!(x +3) —tan~!(x —3) = sin™’ [%) are (@ O
(O) Non-zero vectors 3, b and ¢ satisfy 5 =0.
(b-d).(b+¢)=0and 2|b+G|=|b-a|.

If G = ub +4¢ , then the possible values of w are ® 4
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(D) Let fbe the function on [-m, 7] given by f(0)=9
and f(x) = sin(%)/sin(gjforx #0 (s) 5

2
The value of — j i Sf(x)dx is
TYy-n

t) 6
6.  Match the statements given in Column-I with the values given in Column-I1I. (2011)
Column-I Column-1I
(A) If G=j++3k b=-]++3k and ¢ =243k form a triangle, then (p) g
the internal angle of the triangle between @ and b is
b
T . 2n
®) 1f] (F(x)=3x)dx=a?— b2, then the value of / (E) is @ 3
a
11:2 5/6 T
(C) The value of =— _[ sec(mx)dx iS o =
(n3 3
7/6
(D) Themaximum value of Arg(%)‘ for z|=1,z# 1 is given by (s) =w
-z
K2
®© 5
DIRECTIONS (Q. 7-9) : Each question has matching lists. The codes for the lists have choices (a), (b), (c) and (d) out of which ONLY
ONE is correct.
7. Match List I with List II and select the correct answer using the code given below the lists : (JEE Adv. 2013)
ListI List IT
P.  Volume of parallelepiped determined by vectors &,5 and ¢ is2. 1. 100

Then the volume of the parallelepiped determined by vectors
2(@xb),3(bx¢) and 2(¢ x @) is

Q. Volume of parallelepiped determined by vectors ,5 and ¢ is 5. 2. 30
Then the volume of the parallelepiped determined by vectors

3(@+b),3(b +¢) and 2(¢ +d) is

R Area of a triangle with adjacent sides determined by vectors z and 3 24
b 15 20. Then the area of the triangle with adjacent sides determined
by vectors (2 +3b) and (d-b) is

S.  Area ofa parallelogram with adjacent sides determined by vectors 4 6

a and b is 30. Then the area of the parallelogram with adjacent

sides determined by vectors (G +5) and g is

Codes:

P Q R S
(a) 4 2 3 1
(b) 2 3 1 4
(©) 3 4 1 2
(d) 1 4 3 2

GP_3480
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9.

. . x-1 y z+43 . x-4 y+3 z+43
Consider the lines Lj : > ST L ] 1 >

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,.

and the planes P, : 7x +y +2z=3, P, =3x + S5y - 6z=4. Let

Match List I with List II and select the correct answer using the code given below the lists : (JEE Adv. 2013)
List1 List IT
P a= . 13
Q b= 2 -3
R ¢= 31
S. d= 4 -2
Codes:
P Q R S
@ 3 2 4 1
b 1 3 4 2
© 3 2 1 4
@ 2 4 1 3
Match List I with List II and select the correct answer using the code given below the lists : (JEE Adv. 2014)
List-1 List-1I
P Let y(x)= cos(3cos'1 x) ,xe[-L1], x= i% . Then . 1
Sl )
() 2 & | equals
Q Letd4,,4,,..., 4, (n>2)bethe vertices of a regular 2. 2

5
polygon of n sides with its centre at the origin. Let a;

be the position vector of the point 4,, k=1,2, ..., n.

n—I(_) - \

If ZZ;{Z;X 01::1) = |Zk=1Lak ~ak+1J

>

then the minimum value of n 1s

R Ifthe normal from the point P(%, 1) on the ellipse 3 8
2 2
- + y? =1 is perpendicular tothe linex +y =8, then
the value of 4 is
S.  Number of positive solutions satisfying the 4 9
. g 1 ) _1( 1 ) _1[2).
t +t =tan | —
Squation tar (2x+1 T e 2"
P Q R S
@ 4 3 2 1
® 2 4 3 1
© 4 3 1 2
@ 2 4 1 3
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DIRECTIONS (Q. 10 & 11) : Refer to Directions (1-6).
10. Match the following :

11.

A)

®)

©

®)

ColumnI
In R?, if the magnitude of the projection vector of the vector

ai+Bf on 37 + ] is 3 andif a = 2++/3B, then possible

value of |(l| is/are
Let a and b be real numbers such that the function

f(.X)= —3ax2—2,x<1, 3 .
bx + az, x>1 if differentiable for all x ¢ R

Then possible value of a is (are)
Let o= 1 be a complex cube root of unity.

If 3-30+202)"3 + (2+30 -302)"""? +(3+20+30?)4*3 =0,
then possible value (s) of n is (are)

Let the harmonic mean of two positive real numbers a and b be 4.

If g is a positive real number such that a, 5, g, b is an arithmetic

progression, then the value(s) of | g — a | is (are)

Match the following :

A)

®)

©

®)

Column I
In a triangle AXYZ, let a, b, and ¢ be the lengths of the sides opposite
to the angles X, Y and Z, respectively. If 2(a? — #%) = ¢ and

kzsm(X—Y)

snZ ° then possible values of n for which cos(nnA) =0 is (are)

In a triangle AXYZ, let a, b and ¢ be the lengths of the sides opposite
to the angles X, Y, and Zrespectively. If 1 + cos 2X —2cos 2Y

a

=2 sin X'sin Y, then possible value (s) of b

is (are)

In B2, let \3i+j,i ++/3j and Bi +(1-B)j be the position vectors of X, ¥

and Z with respect to the origin O, respectively. If the distance of Z from
. — . 3 .
the bisector of the acute angle of oy with Qy is E , then possible

value(s) of |B| is (are)
Suppose that F(a) denotes the area of the region bounded by x = 0,

x=2,y*=4xand y=|ox—1|+|ox—2|+ox, where a {0, 1}.

Then the value(s) of F(a)+ gﬁ ,whena=0and a=1, is (are)

®)

@

®

()

®)

()

®

Column II

(JEE Adv. 2015)
Column II

(JEE Adv. 2015)
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(¢l Comprehension Based Questions
Consider the lines
x+1 +2 z+l1 x=2 +2 z-3
L: =2 = Ly: =2 =

3 1 2 1 2 3
The unit vector perpendicular to both L, and L, is (2008)

i +7]+7k —i-7]+5k
@ o9 5\3
i +7]+5k 7 -7j -k
(©) 53 @ N
The shortest distance between L, and L, is (2008)
0 17
(@) (b N
4 , 1
© 3 NG @ 5 NE]

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 (2008)
2 7

© s RN
13 23

© s @ 75

Assertion & Reason Type Questions

Consider the planes 3x— 6y —2z=15and 2x +y —-2z=5.
STATEMENT-1 : The parametric equations of the line of
intersection of the given planes arex=3 + 14¢,y=1+2t,z=
15¢. because

STATEMENT-2 : The vector 147 +2 +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-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.

the sides of a regular hexagon.

STATEMENT-1: PQx (RS + ST)# 0 . because

STATEMENT-2: PQx RS = 0 and PO x ST # 0 .
(2007 -3 marks)

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

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

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

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

Consider three planes
P ix-y+z=1
Py:x-3y+3z=2

Let L,, L,, L, be the lines of intersection of the planes P,

and P;, Py and P, P, and P,, respectively.

STATEMENT - 1Z: Atleast twoofthe lines L, L, and L,

arenon-parallel and

STATEMENT -2 : The three planes doe not have acommon

point. (2008)

(A) STATEMENT - 1 is True, STATEMENT - 2 is True;

STATEMENT - 2 is a correct explanation for

STATEMENT - 1

STATEMENT - 1 is True, STATEMENT - 2 is True;

STATEMENT - 2 is NOT a correct explanation for

STATEMENT - 1

STATEMENT - 1 is True, STATEMENT - 2 is False

STATEMENT - 1 is False, STATEMENT - 2 is True

Py:x+y-z=1

®)

©
©)

| Bl Integer Value Correct Type

If @ andb are vectors in space given by &= i-2j
J5
and p = m, then find the value of (25 +b )
iz

(2010)

[(axg)x(a—zﬁ)] ,

If the distance between the plane Ax — 2y + z = d and the

plane containing the lines x—1 = y;Z = 223 and

¥=2 _y=3_2=% 5 /6, then find |d) (2010)
3 4 5

Let G=—i —k,b=-i+j and =7 +2j+3k be three given

vectors. If 7 is a vector such that 7 x5 =¢ xb and 7.d =0,

then the value of 7.5 is (2011)

If @,b and € are unit vectors satisfying (2012)
|G-b|*+|b—C|? +|¢—d =9, then |24 +5b +5¢ | is
Consider the set of eight vectors

V= {af+bj+cﬁ:a,b,ce{—l,l}}. Three non-coplanar

vectors can be chosen from V in 2P ways. Then p is
(JEE Adv. 2013)
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6.

A pack contains n cards numbered from 1 to n. Two
consecutive numbered cards are removed from the pack and
the sum of the numbers on the remaining cards is 1224. Ifthe
smaller of the numbers on the removed cards is k, then
k-20= (JEE Adv. 2013)

- > - )
Let a, b and ¢ bethree non-coplanar unit vectors such

T
- . If

that the angle between every pair of them is 3

e e e
axb+bxc= pa+ qb+ rc,wherep, qand rare scalars,

¢ pz+2q2+r2

q2

JEE Main / GIEEE

A plane which passes through the point (3, 2, 0) and the line

then the value o is (JEE Adv. 2014)

Section-B

x-4_y-T_z-45 2002]
1 5 4

(@ x-y+z=l (b) x+ty+z=5

(© x+2y-z=1 d) 2x-y+z=5

If |G|=4,|b |=2 and the angle between Gand b is n/6

then (@xb)? is equal to [2002]
(@ 4R (b) 16

© Z (d) none of these

NN -S>

If ¢, b,c are vectors such that [@ b c]= 4 then
-5 S5 5 5 >

[axb bxc cxal= [2002]
(@ 16 (b) &4 © 4 d 8

> 5> > o o
If a,b,c are vectors show that a+ b+ c = 0 and

- - - -
|al=17, b|=5,] ¢ |=3then angle between vector b and

-

cis [2002]

(@) 60° (b) 30° (c) 45° d 90

If |G|=5, |b|=4,|¢|=3thus what will be the value of
. > o o

|ab+bc+cal,giventhat a+ b+ c =0 [2002]

(@ 25 (b) 50 () 25 d -50

If the vectors ¢, @ = xi + yj + zk and b= j are such that

d,¢ and b form a right handed system then & is :[2002]

b O
(d) —zf+x/€

@) zi-xk

© ¥

7.

10.

11.

12.

Topic-wise Solved Papers - MATHEMATICS

Suppose that p,g and 7 are three non-coplanar vectors in
R3 - Let the components of a vector 5 along p,g and 7
be 4, 3 and 5, respectively. If the components of this vector
5 along (-p+4¢+7),(p—¢G+7) and (-p—g+7) arex,y
and z, respectively, then the value of 2x +y +zis

(JEE Adv. 2015)

-
cisa

= AN AN = AN AN
a=3i-5j and b =6i+3jaretwo vectors and

- 2 2 > 5 o
vector such that ¢ = ax b then lallblc]

@ 34:45:439 () 34:445:39 [2002]

(c) 34:39:45 (d) 39:35:34

e T T S S > o o
If axb=bxc=cxa then a+ b+c= 12002]
(a) abc b) -1 © 0 d 2

The d.r. of normal to the plane through (1, 0, 0), (0, 1, 0)
which makes an angle r /4 with plane x +y=3 are [2002]

@ 1,42, (b) 11,42
© L1,2 @ 2,11
Leti=i+j, v=i—)and w=i+2j+3k.If A isaunit

vector such that #.A=0 and ¥A=0, then |w.7| is equal
to 2003]
@@ 3 ) 0 © 1 d 2

A particle acted on by constant forces 4; +}—3/€ and
3 +}'—I€ is displaced from the point i+2}—312 to the

point 5i+4]+k . The total work done by the forces is

(@) 50units (b) 20 units [2003]
(¢) 30units (d) 40 units.

The vectors AB =37 + 4k & AC=5 -2 +4k

are the sides of a triangle ABC. The length of the median
through A is 12003]

@ 288 ®) V18 (© V72 @ B33
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13.

14.

16.

17.

18.

19.

20.

The shortest distance from the plane 12x+4y+3z =327
to the sphere x2 + y2 +z2 +4x -2y —6z =155 is

4
39 nt
® 13

(b)) 26 © @ 13

Thetwolinesx=ay+b,z=cy+dandx=a'y+b’,z=c'y+d

will be perpendicular, ifand only if [2003]

(@ aa tcc'+1=0

(b) aa’+bb +cc'+1=0

(©) aa +bb +cc'=0

d) (@ata)(d+b)+(c+c)=0.

Thelines =2 -2=3 _Z=4 and xl_y-4_z25 are
1 —k k 1 1

coplanar if [2003]

(@ k=3o0r-2 (b) k=0or-1

(© k=1lor-1 (d k=0or-3

@b, are 3 vectors, such that a+b+c=0 |
la|=1 |b| =2[¢|=3, ,then Gb+bZ+Cd isequalto [2003]
@ 1 (b) 0 © -7 @ 7
The radius of the circle in which the sphere
x2+y%+22+2x-2y—-4z-19=0 is cut by the plane
x+2y+2z+7=01s [2003]

(@ 4 b 1 (c) 2 @ 3
A tetrahedron has vertices at O(0, 0, 0), A(1,2, 1) B(2, 1, 3)
and C(-1, 1, 2). Then the angle between the faces OAB and

ABC will be 2003]
(@ 90° (®) cos"(é—i]
() cos_l(llJ @ 30°
31
a a® 1+ad°
If |b b2 1+b°|=0 and vectors (l,a,a%),
c ¢ 1+¢°

(l,b,bz)and (l,c,cz) are non- coplanar, then the product

abc equals [2003]
@@ 0 b 2 (c) -1 @ 1

Consider points A, B, C and D with position
vectors 7i —4j+7k,i — 6] +10k, —i -3 +4k and
5i — j + 5k respectively. Then ABCD is a [2003]

(a) parallelogram but not a rhombus

(b) square
(c) rhombus

(d) rectangle.

21.

22.

23.

24.

26.

@ M-147
If u,vand w are three non- coplanar vectors, then
@ +v—W).(—v)x(¥— w) equals [2003]
@ 3uvxw ® 0
© uvxw d) uwxvy

Two system of rectangular axes have the same origin. If a

plane cuts them at distances a,b,c and a',b',c' from the

origin then [2003]
1 1 1 1 1 1
A —+—+———F———— =0
@ 2 bE 2 a? p? o2
1 1 1 1 1 1
b) w+—+—+—+—F+—5=0
(b) 2 bE 2 at p? o2
1 1 1 1 1 1
R A
1 1 1 1 1 1
Gy
Distance between two parallel planes
2x+y+2z=8and4x+2y+4z+5=0is 12004]
9 5 7 3
@5 5 © @ 3

A line with direction cosines proportional to 2, 1, 2 meets
each of the lines x=y+a=z and x+a=2y=2z.The

co-ordinates of each of the points of intersection are given
by [2004]

@ (2a,3a,3a),(2a,a,a) (b) (Ba,2a,3a),(a,a,a)
(d) (Ba,3a,3a),(a,a,a)
12004]

(©) (3a,2a,3a),(a,a,2a)
Ifthe straight lines

t
x=1+s,y=-3-As,z=1+As and x=5,y=1+t,z=2—t,

with parameters s and t respectively, are co-planar, then A
equals.

@ 0 ®) -1

1
© i)

The intersection of the spheres

@ -2

x?+y*+22 +7x-2y-z=13 and

x2+y2+z2 —3x+3y+4z=8

is the same as the intersection of one of the sphere and the

plane [2004]
@ 2x-y-z=1 (b) x-2y-z=1
© x-y-2z=1 d x-y-z=1
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27. Let G,b and¢ be three non-zero vectors such that no two

of these are collinear. Ifthe vector G+ 2b is collinear with

¢ and p 43¢ is collinear with 5 (A being some non-zero

scalar) then g+ 2p + 6¢ equals [2004]
@ 0 ®) b © ¢ d ra
28. A particles is acted upon by constant forces 4i +j—3l€
and 3i + j —k which displace it from a point § + 2 + 3 to
the point 57 +4 + £ . The work done in standard units by
the forces is given by [2004]
@ 15 ®) 30 © 25 d 40
29. If g, b, ¢ are non-coplanar vectors and A is a real number,
then the vectors 7+ 25 + 3¢, Ab +4c and (2A—1)c are
non coplanar for [2004]
(@) novalue of A
(b) all exceptone value of A
(c) all except two values of A
(d) all values of A
30. Let u#,v,w be such that |u|=1,|Vv|=2, |w|=3. If the
projection y along j is equal to that of 3 along 3 and
v, w are perpendicular to each other then
| —v +w|equals [2004]
@@ 14 ® V1 © 4 d 2
31. Let g,b and ¢ be non-zero vectors such that
(5x5)x6=%|5||5|c7. If 0 is the acute angle between
the vectors 5 and ¢, then sin6 equals [2004]
12 V2 2 1
@ == 0 5 © 3 @ 3
32. If Cis the mid point of AB and P is any point outside AB,
then [2005]
(@ PA+ PB=2PC (b) P4+ PB=PC
(o PA+PB+2PC=0 () PA+PB+ PC=0
+1 -1 -2
33. Ifthe angel @ between the line xl = y2 =2 > and
the plane 2x—y+ VA z+4=0is such that
. 1 .
sin @= = then the value of A is [2005]

3

34.

36.

37.

38.

39.

Topic-wise Solved Papers - MATHEMATICS

5 -3
a) — -
@ 3 (b) 5
3 -4
c) = d) —
© 2 () 3
The angle between the lines 2x = 3y = — z and
6x=-y=-4zis [2005]
@ O (b) 90°
(c) 45° @ 30°

If the plane 2ax — 3ay + 4az + 6 = 0 passes through the
midpoint of the line joining the centres of the spheres

x*+y*+z% +6x-8y—2z=13 and

x2+3? +22 -10x+4y-2z=8 thenaequals  [2005]
(@ -1 b 1
© -2 @ 2
The distance between the line
F =2{ —2j+3k+\i— j+4k) and the plane
rG+5j+k)=5is [2005]
10 10
o 0 10
(@) 9 () 35
3 10
c) — d —
© 0 (d) 3
For any vector a , the value of
(@ xi)? +(a x )? +(a xk)? is equal to [2005]
. —2
@ 3a ® a
. —2
© 2a° @ 4a

Ifnon zero numbers a, b, ¢ are in H.P,, then the straight line

X % + 1 0 always passes through a fixed point. That
a c

point is [12005]
@ (12 ) C1,-2)
© (1,-2) %) (1,—%]

Let a, b and ¢ be distinct non- negative numbers. If the

vectors ai + a}' +ck , i+k and ci + cj’ +bk licina plane,
then c is [12005]
(@) the Geometric Mean of a and b

(b) the Arithmetic Mean of a and b

(c) equal to zero

(d) the Harmonic Mean of ¢ and b
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40.

41.

42.

43.

44.

46.

o M-149

Ifa,b,c arenon coplanar vectors and A is a real number
then [Ma +b)A%b Ac]=[a b +c b ] for [2005]
(@) exactly one value of A

(b) no value of A

(c) exactly three values of A
(d) exactly two values of A

A

Let a = i-k, b =xi+] + (1 - x)k and

¢ =yi +xJj +( +x—y)/€.Then [a ,b ,c ] dependson

[2005]
(a) onlyy (b) onlyx
() bothxandy (d) neitherx nory
The plane x + 2y — z= 4 cuts the sphere x? +y2 +22x+z
—2=0inacircle of radius [2005]

@ 3 (b) 1 @ 2

If @xb)xc=ax (b xc) where z,b and ¢ are any three

(© 2

vectors such that g5 20, b.c # 0 then @ and ¢ are
[2006]

(a) inclined at an angle of % between them

(b) inclined at an angle of % between them

(c) perpendicular
(d) parallel
The values of a, for which points A, B, C with position

vectors 2/ - j+k, i-3j-5k and ai-3j+k respectively are

the vertices of a right angled triangle with C = g are

(@) 2andl (b) —2and-1 [2006]
(¢) —-2andl (d) 2and-1

The two lines x=ay+b, z=cp+d; and x=a'y+b',
z=c'y+d" areperpendicular to each otherif ~ [2006]

@ aa'+cc'=-1 (b) aa'+tcc'=1

© “2.°_ @ 2.5

a ¢ a c

The image of the point (-1, 3,4) in the plane x -2y =0 is

@) (—1?7,—?,4) (b) (15,11,4) [2006]

(d) None of these

47.

48.

49.

Ifa line makes an angle of 1 /4 with the positive directions
of each of x- axis and y- axis, then the angle that the line

makes with the positive direction of the z-axisis  [2007]
T T
a) — z
(@) 2 (b 5
T r
© % @ 3
If 4 and V are unit vectors and 0 is the acute angle between
them, then 2 x3 ¥ is a unit vector for [2007]

(@) no value of 9
(b) exactly one value of 9
(c) exactly two values of 9

(d) more than two values of 9

If (2,3, 5) is one end of a diameter of the sphere x? + 2 + 22
—6x— 12y —2z+20=0, then the cooordinates of the other

end of the diameter are [2007]
(@ (43,5) (b 4,3,-3)
© 4,9,-3) d) 4,-3,3).

Letd=i+j+kb=i-j+2k and ¢ =xi +(x-2)j—k.

If the vectors ¢ lies in the plane of g and b, thenx equals
[2007]

(@ -4 b -2

© 0 d L

Let L be the line of intersection of the planes

2x+3y+z=1andx+3y+2z=2.IfL makes an angle o with

the positive x-axis, then cos o equals 12007]

1
1

(a) () 5
1 1

© 5 (d) >

The vector G = oi +2] +pk lies in the plane of the vectors

b=i+jand ¢= }+I€ and bisects the angle between p

and ¢ . Then which one of the following gives possible

values of o and B? [2008]
(@ a=2 =2 ®) a=1,B=2
(©) a=2,B=1 d a=1,p=1

The non-zero vectorsare @, b and ¢ are related by d = 8b

and ¢ = —7b . Then the angle between g and ¢ is [2008]

@ 0 ® 5
© 3 @
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54.

n
n

60.
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The line passing through the points (5, 1, a) and (3, b, 1)

(17 13
crosses the yz-plane at the point 0,7,7 . Then

@ a=2,b=8 b) a=4,b=6
(c) a=6,b=4 d) a=8,b=2
) . x-1 y-2 z-3
Ifthe straight lines 2 3 and

x-2 y-3 z-1

intersect at a point, then the integer k

3 ko2

is equal to [2008]

@ -5 (b) 5

(© 2 @ -2

Let the line X2 = y-l = Z2+2 lie in the plane
3 =5 2

x+3y—az+pB=0.Then (a, B) equals 12009]

@ (6,7 (b) (,-15)

© (55 d (6,-17)

The projections of a vector on the three coordinate axis are
6,-3, 2 respectively. The direction cosines of the vector are :
[2009]

RS

2 6 =3
5 ® 7.7

@ 6,-3,2

If 4,9, w arenon-coplanar vectors and p, g are real numbers,
then the equality [3i pv po]—[pV @ qii]-[20 ¢V qii]=0
holds for : [2009]
(a) exactly two values of (p, q)

(b) more than two but not all values of (p, q)

(c) all valuesof(p, q)
(d) exactly one value of (p, q)

Let d=j—k and ¢=7i-j—k. Then the vector b
satisfying @xb +¢ =0 and d@.b =3 [2010]
@ 2i-j+2k

© i+j-2k d) —i+j-2k

If the vectors a=i—j+2k, E=2f+4j'+lg and

E=M+j+ ul@ are mutually orthogonal, then (A,u) =
[2010]

(b) 23)

@ 3.2

@ 2-3)
© G,-2)

61.

62.

63.

64.

66.

Statement -1 : The point A(3, 1, 6) is the mirror image ofthe

point B(1, 3, 4) in the planex—y +z=5.

Statement-2: The plane x —y + z=5 bisects the line segment

joining A(3, 1,6)and B(1, 3, 4). [2010]

(a) Statement-1 istrue, Statement -2 is true ; Statement -2
is not a correct explanation for Statement -1.

(b) Statement -1 is true, Statement -2 is false.

(c) Statement-1 is false, Statement -2 is true .

(d) Statement- 11is true, Statement 2 is true ; Statement -2

is a correct explanation for Statement -1.

Aline AB in three-dimensional space makes angles 45° and

120° with the positive x-axis and the positive y-axis

respectively. If AB makes an acute angle 8 with the positive

z-axis, then 0 equals 12010]
(@) 45° (b) 60° (c) 75° @ 30°

. y-1 z-3
Ifthe angle between the line x = T and the plane

x+2y+3z=4iscos! (\/%J’ then A equals [2011]

@ (b)

Wl W
Wi wniN

© GV

Ifa =%(35+/€) and b =%(2f+3}'—6/€),thenthevalue

of (2a-B)[ (axb)x(a+25)] is [2011]
(@ -3 ® 5 (¢ 3 @ -5
The vectors @ and b are not perpendicular and ¢ and d

are two vectors satisfying 5 x¢ = b xd and @.d =0 . Then

the vector 4 is equal to [2011]
. (adc)\s - (b
@ c+(7)b ®) 5 +[¥Ja
ab ab
. (aé\: - (be
c) c—|—=|b d »-|—=|c
© (5.b) @ [a.b}
Statement-1: The point 4(1, 0, 7)) is the mirror image of the
. . . x y-1 z-
point B(1, 6, 3) in the line : T=T= 3 |2011]
.oox y-1 z=-2 .
Statement-2: The line 1 = > = 3 bisects the line

segment joining 4(1, 0, 7) and B(1, 6, 3) .

(a) Statement-1 is true, Statement-2 is true; Statement-2 is
not a correct explanation for Statement-1.

(b) Statement-1 is true, Statement-2 is false.

(c) Statement-1 is false, Statement-2 is true.

(d) Statement-1 is true, Statement-2 is true; Statement-2 is

a correct explanation for Statement-1.
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67.

68.

69.

70.

71.

72.

73.

o M-151

Let and bbe two unit vectors. If the vectors
¢ =a+2band d =54 — 4b are perpendicular to each other,

then the angle between a and bis: [2012]

T T T

® © 3 @ 7

A equation of a plane parallel to the plane

x—2y+2z-5=0and at a unit distance from the origin is :
[2012]

(b) x—2y+2z+1=0

(d x-2yp+2z+5=0

T
(@ 6

(@ x-2y+2z-3=0
(©) x-2y+2z-1=0

If the line *=L= y+l_z-1 and x-3_y-k_z
3 4 1 2 1
intersect, then £ is equal to: [2012]
2
-1 ol
(@) (b) 9
9
- d o0
© 5 @

Let ABCD be a parallelogram such that AB = q,zﬁ =p

and ZBAD be an acute angle. If 7 is the vector that coincide
with the altitude directed from the vertex B to the side 4D,

then 7 is given by : [2012]
s 3(P4) . (pd).

(@) 7=37 _ﬁ.f?)p ®) r——q+(ﬁ'ﬁ)p
). o e 36

R N N

Distance between two parallel planes 2x + y + 2z = 8 and

4x+2y+4z+5=0is [JEEM 2013]
3 5 7 9
@ 3 ® 3 © 3 @ 3
. x=2 y-3 z-4 x-1 y-4
Ifthe lines T -1~ =% and PR
z-5
= —— are coplanar, then k can have [JEEM 2013]

1
(a) any value (b) exactly one value

(c) exactly two values (d) exactly three values

If the vectors AB = 37 + 4k and AC = 5] — 2]+ 4k are
the sides of a triangle ABC, then the length of the median

through A is [JEEM 2013]
@ Jis ® 7
© 33 d a5

74.

76.

77.

78.

79.

80.

The image of the line x;l = yI?’ = 2_54

in the plane

2x—y+z+3=0 is the line: [JEE M 2014]

x=3 y+5 z-2
@ =3 1 -5

x=3 y+5 z-2
®) -3 -1 S

x+3 y-5 z-2
© =3 1 -5

d xX+3 y-5 z+2
@ -3 -1 5

. The angle between the lines whose direction cosines satisfy

2 2

the equations /+m+n=0 and /2= m? + n? is
[JEE M 2014]
n n n n
@ % (b Y © 3 @ 1

[JEE M 2014
@ o0 ®) 1 (© 2 d 3

> > -
Let a,band c be three non-zero vectors such that no two

- - - 1
of them are collinear and (axb)xc =

_§|E| lela 1f6 is the

- -
angle between vectors band ¢, then a value of sin 0 is :

[JEE M 2015)
2 -2 242 -2
@ 3 Tﬁ © Tf @ Tf

The equation of the plane containing theline 2x — Sy +z=3;

X +y+4z=35, and parallel to the plane, x + 3y + 6z=1, is
[JEE M 2015]

@ x+3y+6z=7 (b) 2x+6y+12z=-13

(©) 2x+6y+12z=13 (d) x+3y+6z=-7

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

-2 1 z-2
intersection of the line PR AL W and the plane
3 4 12
x—y+z=16, is [JEE M 2015]
@ 321 () B © 2414 () 8

Xx-3 y+2 z+

4
Iftheline, lies in theplane, Ix +my—z=9,

2 -1 3
then 12 + m? is equal to : [JEE M 2016]
@ 5 (b) 2 (© 26 (@ 18
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M-152 ®
-> > -
81. Let a,band c be three unit vectors such that

-> (> ) 3>~ - -
ax| bxc = b+ c |. If bisnotparallelto c, then

- -

the angle between a and b is: [JEE M 2016]
2n 3n i
@3 ®F ©5 @3

82. Thedistance ofthe point(1,-5, 9) fromthe planex—y+z=5

measured along thelinex =y=zis: [JEE M 2016]
10 20

@ 7 b

© 3410 @ 1043
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Section-A : JEE Advanced/ IIT-JEE

A 1L 5/ 2. % NG 3. 13 4. orthocentre 5. -1 6. 0
(a5)~ — (adb)~
2"\ 3“- EA F_" a_.— b - a_.— b
7. 3l+3j+3k 8. 1 9. 2i—y 10 L|b|2J a L|b|2J
5i+2j+2k J-k —j+k (204 j+k) n 3

11. — 12. T or 7 13. L NG J 14, Jor= 15. a
16. 6

B 1. T 2. T 3.7 4. F

C 1 () 2. (@ 3. @@ 4. (@@ 5. () 6. (b 7. (@)
8. (b 9. @ 10. (2 11. (b) 12. (d) 13. (b) 14. (a)
15. (b) 16. (2 17. (@ 18. (¢) 19. (b) 20. (b) 21. ()
22. (@) 23. () 24. () 25. (b) 26. (c) 27. (d) 28. (b)
29. (d) 30. (@ 31. (© 32. (b) 33. (a) 34. (a) 35. (a)
36. (0 37. (© 38. (@ 39. (©) 40. (a) 41. (b) 42. ()
43. () 4. () 45. (0 46. (©)

D 1L (o 2. (b 3. (o 4. (ac,d) 5. () 6. (©
7. (a0 8. (a0 9. (bd) 10. (a,d) 11. (b,c) 12. b,d)  13. (a,d)
14. (a,b,0) 15. (©) 16. (b,d) 17. (a,b) 18. (a,c,d) 19. (b,c,d) 20.(b,c)

A 146 o 4

E 3. A=0,-1 4 Aj-Aj+4k T 10. —7-8j+2k M. —3<c<0
12. 8:3 14. (-1,3,3)or (3,-1,-1)
20. v =2i;vy=—i+];v; =3 +2j+4k are some possible values. 23. (i) x+y-2z=3 (i) 0,5, -2)

9 . . A A A A A
26. x+y+z=3;5cublc units 29, 62x+29y+19z-105=0 30. o=v-2(a-v)a

F 1. A->s5B->p;0->rqd->s 2. A)>r1,B)> ¢O)—> p;(D)>s
3 A)->95B->pLst(C)>tD)>r 4. A)->pB->q50)->qrLs,tD)>r
5. A)->tB->p50)>qsD)>r 6. A > B ->pC)>s;D)>t
7. (©) 8. (@
9. @ 10. (A) > ¢;(B) - p,¢;(C) > p, .5, (D) - q,t
11. (A) - p,,s;(B) > p;(C) > p,q; (D) > s,t
G 1. (b 2. (@ 3 ©
H 1. (@ 2. (o) 3. @
I 1. 5 2. 6 39 4. 5. 5 6. 5 7. 4
8. 9
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Section-B : JEE Main/ AIEEE

L. () 2. (b) 3. () 4. () 5. (a) 6. () 7. (b)
8. (0 9. (b) 10. (a) 11. (d) 12. (d) 13. (d) 14. (2)
15. () 16. (c) 17. (d) 18. (b) 19. (c) 20. (none) 21. (c)
22. (a) 23. (0) 24. (b) 25. (d) 26. (a) 27. (c) 28. (d)
29. (¢) 30. (c) 31. () 32. () 33. (a) 34. (b) 35. (c)
36. (b) 37. () 38. () 39. (a) 40. (b) 41. (d) 42. (b)
43. (d) 4. @) 45. (a) 46. (d) 47. (b) 48. (b) 49. (c)
50. (b) 51. (o) 52. (d) 53. (d) 54. (c) 55. (a) 56. (a)
57. (b) 58. (d) 59. (d) 60. (d) 61. (a) 62. (b) 63. (d)
64. (d) 65. (c) 66. (2) 67. (¢) 68. (a) 69. (c) 70. (b)
71. (¢) 72. (0) 73. (¢) 74. (c) 75. (c) 76. (b) 77. (©)
78. (2) 79. (b) 80. (b) 81. (b) 82. (d)

| LYW JEE Advanced/ IIT-JEE

A. Fill in the Blanks
1.  Given that |}i| =3

3. Areaof AUBC = %’ﬁ X R’|

ﬁ=—§—2}'+3fc, B—C=f—2}+3fc

AL (B+C)= A(B+C)=0 =2 AB+A4.C=0..())
BL(C+A) =>B(C+A)=0 >B.C+B.A=0 ..(2) N e
- = = SA==|-1 2 3|==|6j+4k| =|37+2%| — —
C1(d+B) = C(d+B)=0 = C. 4+C.B=0..0) 2 S, 2|’ | <13)+2k] =B+ =13
Adding (1), (2) and (3) we get
2(Z§+EE‘+E' Z):O e 4. Giventhata, b, cl d a;le 11)10$ltlon vectors ofpomtsA B,
C and D respectively, such that
L 2 = oy e = —
Now, |A+B+C‘ =(A+B+C)‘(A+B+C) (a—d).(b—c)=(b—d).(c—a)=0
=AA+BB+CC+24B+2BC+2C A . D
A.;4+B.129+C.62’+2A.B+2B.C+2C.A — DACE-DE.AC=0
=‘A‘ +|B| +|C’ +2(A.B+B‘C+CA) —DALCB and DB L AC B o
=9+16+25+0 (using equation 4) Clearly D is orthocentre of A ABC
=50 ‘Z+§+E“=5«/§
a a* 1+d°
2. Required unit vector, n= M 5. Giventhat b »% 1+53|=0
‘PQxPR‘ :
I, c 2 1+
PQ=i+j—3k;PR=—i+3j—k
i } i a a* 1 1 a a?
~POxPR=|1 1 -3 = b 1l+abcll b b*=0
-1 3 -l c 21 1 ¢ &
= (-1+9)i+B+1)j+B+Dk =8i+4]+4k Operating C, <> Cjandthen C, «> C, in first determinant
S 2 2
|PO x PR| = /64 +16-+16 =96 = 4/6 1 aa 1 aa
= b b*+abcll b b=0
- (8i+aj+ak) _ [2i+j+k) ) , 1 )
T )7 U ) ¢ ¢ ¢ ¢
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1 a d* a 1 1
= (+abo)ll b b*|=0 wluvw]=0=|l b 1]=0
1 ¢ ¢ . ble
Oeprating C, - C,, C, - C;
1 a o a-1 0 1
1-b b-1 1|=0
=either 1 +abc=0o0r |l 5 b*|=0
0 1-c¢ ¢
1 ¢ ¢

Also given that the vectors 4,B,C are noncoplanar
1e., [Z?E] #0 where 4= f+a}+ a*k
1 a d*
B=i+bj+b*k, C=i+cj+c?k = b b*|#0
1 2
. We must have 1 + abc =0 = abc=-1
6. As given that 4,B,C are three noncoplanar vectors,
therefore, [21—36] #0
Also by the property of scalar triple product we have
A(BxC)= [ZEC] B(4xC)=-[4BC]
_ABxC) .\ B.(4xC)
" (CxA).B (CxA4)B

S

7. Given A=i+j+k, C=j—k

LetB=xi+yj+zk

>

~.

j ok
ATQ, AxB=C=[1 1 1
xX y z

=@-y) j+@x-2)j+0-0)k =]k
z—y=0
= x-z=1 = y=z (D

y—x=-1 x=1+z

Also, AB=3 =>x+y+z=3 Q)
Using equations (1) and (2) we get

1+z+tz+z=3

=z=2/3=>y=2/3,x=5/3

8.  Given that the vectors u = a;+}'+1:t , {)=’l:+b}'+]’\\7 and

w=i+ j+ck wherea=b#c #1 are coplanar

Taking (1 - a), (1 - b), (1 - c) common from R,, R, and R,
respectively.

|

-1 0
1-a
=>(-a)(1-b)(1-¢)|1 -1 ﬁ=0
0o 1 =
1-c

= (1-a)(1-b)(1-c) -{l“c _ ! }+ _la

:>(1—a)(l—b)(l—c)_ L, 1. . ]:0

= (1-a)(1-b)(1-¢)

= (l—a)(l—b)(l—c)[l_l

Buta# b+ c#1(given)
1 1 1 1 1 1
+ +
l-a 1-b 1-c l-a 1-b l-c
Let E=af+[3}‘

As b1 ¢ (given) bc=0

= @i+37).(ai +B])=0=40+3p=0

sa=-P 2 _P_
4743 4
= o=+3%, p=—4A (1)

Now, let a = xi+ y}' be the required vectors.
Then as per question

.. - - ab 4x+3y
Projection of g along b =— => ——— =
6] 42432
= 4x+3y=5 Q)
Also, projection of a along c=2
a c _ox+By _ -4y
\/a +p° ,/ 3)? + (-4n)>
= 37\.x—47»y— 10A
= 3x—-4y=10 -03)

Solving (2) and (3), we getx=2,y=—1

. The required vector is 2j —

GP_3480



Vector Algebra and Three Dimensional Geometry o M-s-331

10. Component ofa along b = 0D = OAcos0.b x-1 y
() B \_ [;—; i ;+]:| 0=>1 0
“Uzlisi \|b|2J 11

. dicul =z=0 (D)
Component o erpendicular to b A A A
P @ peip / Similarly, eq" of plane containing vectors i — j and i+k is
=DA=a-0D =a—L~ x-1 y+1 z
. [r-G-pi-ji+k)=0 = 1 -1 0=0
11.  See the solution to Q-7 ) 0 1
12. Let xf+y}+zl} be a unit vector, coplanar with ;+}'+2/:7 >x-1)(-1-0)—-(y+1)(1-0)+z(0+1)=0
A7 . 2 N7 >-x+t1-y-1+z=0
and i+2j+k and also perpendicular to i+ j+k& x4y_z=0 .0
r oz Let a=a1;+a2}+a3l:r
Then, (1 1 2|=0 -
121 Since a isparallel to (1) and (2)
a;=0anda, +a,-a;,=0=>a,=-a,,a;=0
=>3x+y+z=0 .. (M) . a vector in direction of @ isi—j
and x+y+z=0 ... (11)

: Now if @ is the angl a and ;—2j+ 2k th
Solving the above by cross multiplication method, we get ow if § is the angle between a and -2+ 2k then
1.1+ (=1)(=2) 3
r_Y_Z *_Y_“Z_ cos@ =+ =
0"4"Z T oM Vi+Vi+4+4 23

=>x=0,y=Az=-A

=cos 0 = +— = 0=m/4 or 3n/4

As xi+ y}'+zlAc is a unit vector, therefore V2
04224 232=1 2 A2 = %:M,:i% 15. Letusconsider p=; and ¢ = j then bxc=k%k
Leta=xi+yj+zk
Sb e o
". The required vector is —— or ——— ~=\~ —---~ abxc - - A A A A
q ﬁ 2 Then, (ab)b+(a‘c)c+—|l_)x2|(bxc) =xi+yj+zk = ¢
13. Wehave position vectors of points P(i —j + 2k) , 0 (21 -k ) > 16. g=areaofparallelogram with 04 and OC as
R (21 + k) adjacent sides = @ x O—C" = |5 x l;‘
. QP= (f—}+21:r)—(22—1:r) = —f—}'+31:r and p = area of quadrilateral O4BC
ZOR=2j+k-2i+k=-21+2j+2k =l|mx0—3‘+l|@xo—c|
Now any vector perpendicular to the plane formed by pts 2 2
PGk =~ Jax(10a-+ 28)| + (104 + 28) x 3
=|-1 -1 3|=-8i-4j-4k 2 2
PQR is given by OP x OR 5 9 o =‘ax5‘+5‘5x5‘=6‘5x5‘ L p=6g=>k=6
(g 4] 4 o B. True/False
. Unit vector normal toplane = L 64+16+16 J 1. A, B, C arethree unit vectors such that
Z““Co D
2454k dangle between B and C is /6
=t —F—— and angle between B an is /6.
%) ;

Now eq. (1) shows that A is perpendicular to both Band C.

n - 2 2N o
14. Eq" of plane containing vectors 7 and 7+ 7 is s.BxC|| A = BxC=AA4 where A isany scalar.

=|BxC|=|A4| =>sinn/6==A
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(as /6 is the angle between B & C)

1 _
SA=+—-=BxC(C= +1A:>A +2(BxC)
2 2
.. Given statement is true.

2. X A=0=ceither 4=0or X 1 4

X B =0 = either B=0 or X 1B

X.C=0 =>either C=0 or X L C
In any of three cases,

if 4 0r§0r6=0:>[2§(—7]

0
Otherwise if X L 4, X 1 B,X L C then 4,B,C are
coplanar = [Z EE] =0
.. Given statement is true.
3. Let position vectors of pts A4, B and C be a+b, a-b and

a+kb respectively.
Then, AB =p.v.of B—p.vof4 = (Zz_iy)_(a +B) =2b
Similarly, BC = a+kb—a+b=(k+1)b

Clearly 4B ||BC Vk eR
= A,B, Carecollinear vk ¢ R
.. Statement is true.

4.  For any three vectors Zz,l-w and ¢ , we have
LHS. =(a-b).(b—c)x(c—a)

=(a-b).(bxc—bxa-cxc+cxa)

=(a-b)(bxc+axb+cxa)

=a(bxc)+a(axb)+a.(cxa)

~b.(bxc)-b(axb)-b.(cxa)

=[abc]-[abc] =0=RHS.
.. The given statement is false.

1. (@

C. MCQs with ONE Correct Answer
A(B+C)x(4+B+C)
=A[BxA+BxB+BxC+CxA+CxB+CxC]
=ABxA+ABxC+A.CxA+A.CxB

(Using @ x a =0)
=0+[ABC]+0+[ACB]
(as [ZJI;E] =0 ifany two vector are equal out of a, Z;,E)
=[4BC]-[4BC] [Using [abe] = —[ach]
=0
[(axb)cl=allbllc

=|la|lb|sin®@nc|=allb|c|

=

where 0 is angle between aand .

la|b|lc] |sin @ cosa|

@

@

@

o)

@

Topic-wise Solved Papers - MATHEMATICS
= IcAzlllAallél where a is angle between ¢ and n
= |sin@||cosa|=1=>0=n/2anda=0
= albandc|n = ab=bc=ca=0
Vol. of parallelopiped = [(3 b E]

2 2 0
=1 1 —1|=20D+2(-1+3)=2
3 0 -1

Three pts 4, B, C are collinear if AB| AC
AB =-20i-11j; AC =(a—-60)i—55]

AB| AC 876055 40
=20 -1
Given that a,b,¢ arenon coplanar
.'.[&BE];tO
Also p=2XE ocxa o _axb

[abc]’" [abcl’ [abc]
Now, (a+b).p+(b+c).(}+(2+a).;

- - bxc - - cxa b
—(a+b)‘®+(b+c).[;d;_] (c+ )[ZJJE]
abxc bexa caxb
= ettt ===

[abc] [abc] [abc]

[Using bbxc=ccxa=aaxb=0]
[abc] [abc] [abc]

[abc] [abc] [ab ]
a, b, c are distinct non negative numbers and the vectors

=1+1+1=3

ai+aj+ck,i+k and ci+cj+bl? are coplanar.

a a c a a c—a
“1 0 1f[=0=[1 0 O
c ¢ b ¢c ¢ b-c

Operating C; — C,-C,
Expanding along R,, we get
a c-a

=c(c—a)—a(b-c)=0

¢ b-c

=ct-ac—ab+ac=0

=>c2=ab= a,c,barein GP.
cisthe GM. of g and b.

— 3p+2¢g 1 — -
We have OR = =—@Bp+2
352 20PtH)
[Internal divison]
— 3p-29 .- .-
and OS = =3p-2
3-2 P
[external divison]
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Given OR L OS = OROS=0 =(@+b+c)laxc+bxa+bxel [ axa=0]
| = e .. 4 o
= _[3p+29].G3p-29)=0 =aaxc+abxa+abxc+baxc o
3 +bhxa+bbxc+caxc +chxa+chxc
= 9|pP=4lqf = 9p* =44 = [abe] - [abe] ~[abe] = —[abe]

8. Let the given position vectors be of point 4, B and C S I D d PP
© epestvely, then P 3. 0 |@xB)xel=laxb|<|sin30

| 4B 1= (B -0 +(y -B)* + (@-7)? =plaxblel D

—_— W h ﬁ: ’: A.— A _'=/: A.
|BC|=(y B+ (@—1)> + (@—B)? NeNAe a =20+ j-2kandb=iv )
g . - - = axb=2i-2j+k = |axbl=9=3
|CA|= (=) +B-0)" +(y-PB) Alsogiven |2_a|=2\/5
| 4B |=| BC |=| C4|

: . , = |c-af’=8 = (c-a)(c-a)=8
= AABCis an equilateral A. S T S

— A A A = ¢ —ca-ac+|al"=8

9. (@ Letd=xi+yj+zk R IR
As |al=3anda.c 5 c|, we get

T - lcl> =2lc|+1=0 (lc|-1)*=0 = |¢|=1
(:(:xbfg?i gn;;eit;)r) "(2‘;“1 =0 Substituting values of |a x5 |and | ¢| in (1), we get
- o o] 3

b =—x3x1==
0 1 -1 [(axb)xc]| 2x X 5

where x? +y2 +22 =1 (D

[l; p 3] o= 0 1=0 14. (@) Asciscoplanar with a and b, we take,

x y oz c=da+pb (1)
Sx+y+z=0 where o, are scalars.
=2x+z=0 (using (2)) As cisperpendicularto a, c.a=0
=>z=-2x (3 o From(l)weget, 0 = aa+pBb.
From (1), (2) and (3) (Dweget, 0=aga+pba

1 = 0=a(6)+p2+2-1)=32a+B) = B=—"2a

2t +al=1= x=t— Thus, ¢ = a(a —2b) = a(=3j +3k) = 30(—j +k)

T 7 = |C|2=9(12(l+1)=18a2 = l=18a2
I ERNUERE PR~y

1 1
NN 6 J6 J = a=t—fF—= Le=x—=(—j+k).
o 3\/5 \/5( Jjt+k)
10. (@ Since(}x(BxE)=b+c Thus, we may take ¢ =—(—j + k).
JE : [
o (@0)b—(ab)e=——b+——¢ = ac=— 1 15. 0 C_'iivellc;i-l;j—Z:qO 3 (l)ytrlanglelaw)
\/_ ‘/_ V2 Soooax(a+b+c)y=ax0=0
[-- b and ¢ arenon-coplanar] — axa+axBiaxe=0
- 1 - - o N
and ab=-—=cos0=—— = axb=cxa [ axa=0]
V2 V2 ) . ¢
3 Similarly; axb=b><c;
= cos Tn=cos9 = 0=3n/4 Therefore axb=bxc =c xa.

- = o —

16. (@) Giventhat a b,c,d are vectors such that
(axb)x(cxd)=0 A1)

P, is the plane determined by vectors aandb

1. 0 -u+v+w=0 slurv+w=0
Slul +1vP +|wP 2@y +vw+wu)=0

= 9+16+25+2uv+v.w+wu)=0 - oL
. e Normal vectors ny to P, will be given by nj =axb
= Wwv+vw+wu)=-25 L.
4 s s o s oS Similarly, P, is the plane determined by vectors cand d
12. d (a+b+c)[(a+b)x(a+c)] — ) i —_ e o
o L L LT L . Normal vectors ny to P, will be given by n, =cxd
=(a+btc)laxaraxctbxatbxc] Substituting the values of aandn_z' in eq® (1)
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17.

18.

19.

20.

21.

@

©

o)

U U U U

We get, ;l'xrz?:O > "T”E
and hence the planes will also be parallel to each other.
Thus angle between the planes = 0.

a,b,c are unit coplanar vectors, 2qa —b,2b—c and
2c—a are also coplanar vectors. being linear

combination of a,b andc.

- — 5 — o

Thus, [2a -b 2b-c 2c¢-al=0
a=i—k,b=xi+j+(1—x)k,
2=yf+x}'+(l+x—y)l:t

1 0 -1
[abe]=|x 1
y x l+x-y

1-x

= 1(l+x—y—x+x2)—l(x2 -y) =1
~. Depends neither on x nor on y.

A~ A A

a,b,c areunits vectors.
aa=bb=cc=1

Now, x=la—b? +|b-cP +|c—al?

=aa+bb-2ab+bb+cc -2b.c+ccta.a-2ca
=6-2(a.b+b.c+c.a) 0))

Also

|5+5+E|20 = |5+B+E|220

aa+bb+cc+ 2(&.13 +be+ E.&)z 0

3+ 2(21.5 +be +E.Zz)2 0= 2(:113 +be +E.5)2 -3
2a.b+b.c+c.a)<3

6-2(ab+bc+ca)<9 -2)

From (1)and (2), x<9 .. xdoesnot exceed 9

Given that a and b are two unit vectors
|a|=1and |3 |=1

Also, given that (Z + 23) 1 (53 - 43)
(a+2b).(5a—4b)=0

Slal® -8|b* —4ab+10b.a=0
5-8+6ab=0 = 6|allb|cos0=3
[where 0 is the angle between @ and b ]

cos9=% = 0=60°

Given that y=2i+j—k and w=i+3k and u is a
unit vector ... [ |=1

Now, [uvw] = u.(v x w)

22.

23.

24.

25.

26.

@

©

©

o)

©

Topic-wise Solved Papers - MATHEMATICS
=u.(2i+ j—k)x (i +3k)
=u(3i-7j- 32 +72 +1% cos O
which is max. when cos0 =1
Max. value of [ﬁ v ;v'] =59
x-4 y-2 z-k

1

2x—4y+z =71, the point (4, 2, k) through which line
passes must also lie on the given plane and hence

2x4-4x2+k=7 = k=7
Vol. of parallelopiped formed by

As the line lies in the plane

-

u=f+a}'+l},;=}+al€,{4\z=af+lz is
1 a 1

V=[uvw]=|0 1 a

a 01

=1(1-0)-a(0—-a®)+1(0-a) =1+d3—a

av_,
da

For V'to be min

~ 3a7-120 = a=i-L

3
"+ (axb)xa=(aa)b—(ab)a
G-kyx(i+j+k)= B B)-(i+j+k)

= 3b=3 > b=i

x—1=y+l=z—1=A

2 3 4

= x=2A+1l,y=3A-1and z=4A+1
x-3 y-k z

1 2 1
= x=3+u,y=k+2pandz=p
Since above lines intersect

= 2A+1=3+p (1)
3h—1=2u+k -2
p=4r+1 -(3)

Solving (1) and (3) and putting the value of A and p

in (2) we get, k = %

Any vector coplanar to a and b can be written as
r=a+\b

F=1+20)i+(-141) ]+ 1 +0)k

Since r is orthogonal to 5; + 2}' +6k

= S5A+20)+2(-1+A)+6(1+A1)=0

= 9+18 =0 = 7\.=—%
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ris3j-k x-1 y+2 z-1
- ~ 17 2 -2 1 [=0 > x+y+1=0
. . . 3ji—-k
Since r isaunit vector, .. ¥ =—"——
J10 1 -1 2

It’s distance from the point (1, 2, 2) is
27. (d) Letthe eq” of variable plane be X+ 2421 which

a b c 1+2+1 =2\/5
meets the axesat 4 (a, 0, 0), B (0, b, 0) and C (0. 0, ¢). 2 ’
b - -
Centroid of A ABC is (‘; 3 ;) 30. (@) Avectorin theplaneof a and p is
and it satisfies the relation u=a+ib=(+0)i+Q2-0)j+(1+A)k
111 9 9 9 - -1 uc 1
—+t—S+—5=k > S+S+=>=k Proiecti oy ke
D) Syt ot rojection of ¥ on ¢ = > ==
x° ¥y oz a® b° ¢ 3 le] 3
N LZJ,LZJ,LZ:% () = pio1 = [14A+2-A-1-4|=1
a bz = [2-A]=1 = A=1or3
. . x
Also given that the distance of plane ;+%+§=1 - ;=2;+}.+2]; or 4;_}._'_4];
from (0, 0, 0) is 1 unit. 31. (¢) We know that three vector are coplanar if their scalar
triple product is zero.
= = L+L+L—1 2
a vl . A2 11
> |1 A% 1 =0
From(l)and(2),weget%=1 i.e.k=9 1 12
28. () We observe that R >R +Ry+Ry
- — - = ( ﬂﬁ\‘
ab =ab- LI lzJaa ab-ab=0 2_22 222 2.2
a
: \ > | 1 A2 1 |=0
we  ola cas 2
ac? =a.Lc—c;—aza cb12 J 1 1 -\
lal” 15|
ao bl 1 1 1
=ac—c.|_.2| ? - B —(ab) = @-AHl1 A2 1 |=0
ol - 11 2
=ac—ac—0=0 [ ab=0]
( .- 1 1 1
- 2> ca- ¢
And b1.02=b1.Lc—Wa Ibbiz 1J => @-Alo —-a+x%) 0 |=0
a 1
0 0 -1+1%)
7 = (ca)b.a) Cbl
=bi.c— ap |b| (Ry =Ry, Ry — Ry)
- . L. = Q2-A)1+22)?=0 = A=+2
=bic-0-bc (Using b1.a=0)=0 . Tworeal solutions.
Hence a.by =a.€=31-22 =0 32. () Since, a+b+c=0 and 2,3,2 are unit vectors,
= (a,b1,c2) isa set of orthogonal vectors. therefore a,b,¢ form an equilateral triangle.

29. () Theequation ofplane through the point (1,-2, 1) .
and perpendicular to the planes 2x—2y+z =0 and = ax(a+b+c)=0

x—y+2z=4 is given by = axa+axb+taxc=0 = gxb=cxa

Similarly; bxc=cxa
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axb=bxc=cxa
Also since :1, B,Z are non parallel (these form an oL
equilateral A). Now y=0° = axb|cxd
5 axb=bxc=cxa#0 Let t;xE:K(Exg) = (axl;).2=7»(2x3).2=0
33. (a) We know that the volume of a parallelopipe with and (ax B.d = A(@xd)d =0

a, b, ¢ are coplanarand a, b, d are coplanar
ab,c

T Y
a=—,B==and y=(°
2,,3 5 y=0

coterminus edges as the vectors @, b, ¢ is given by

b

ada ab ac -
v={z 75 =P=|r= 77 7 = ,d are coplanar
=label'=|5a 55 be o L
I Also ¢,=90° = alband B=90° = cLld
¢ca ¢b ¢cc B ) o
B 1 is /3 (- =—
1 12 1/2 1 | utangebetweenaandcisn (s a.c 2)
~v2=l1/2 1 1/2 =7 = V=E So, ang}e between b and d should also be m/3.
1/2 1/2 1 Hence p and 4 are non parallel.
- X 37. (¢) Thelinehas+ve and equal direction cosines, these are
34. @) Given OP=dcost+bsint L. or direction ratios are 1, 1, 1. Also the

1
3'\3743
lines passes through P (2,—1, 2).
- AR . s .. Equation oflineis
= |opf* =1+absin2t <1+ab (Max.att=z) x=2 y+l z-2

1 " =) (say)
“ |OPliyay = V1+0 Let O(A+2,A—1,A+2) bea point on this line where

2

_p ) A
= |oP|” = cos t+sin? ¢ +2absintcost

Also 1 = |673|max it meets the plane 2x+y+2z=9
- Then Q must satisfy the eq™ of plane
Maximumoccursatt=z e, 2A+2)+A-14A+2=9 = A =1
. R .. Qhascoordintes (3, 0, 3)
o - a+ OPl = a+b Hence the length of line segments PQ
-7 = . max |~ ~
A2 a+b =J2-32+(-1-0)* +(2-3)2 =43
Hence ﬁ=|&i andM= f1 14 38. (@ WehavePQ=6i+j,QR =—i+3},SR =6i+],
a+b ’
35. (@ (C)ili\{?llllethatP(l 2, 6)is a point in space and Q is a point PS = _;+3}. — PQ=SR:QR = PS and PQ.PS %0
F=( =] +28)+ u(=37 + j+5K) Also [PQ|[QR|
x=1 y+l z-2 = PQRS is a parallelogram but neither a rhombus nor
or T " s - arectangle.
.. .ox y z
Let coordinates of O be (=3u+1,u—1,54+2) 39. (c¢) Planecontaining two lines 3°7°32 and
r’sof PO=-3u-2, u— -4
irso Q==3u=-2,1=3,54 £=l=£isgivenby
As PQ isparallel tothe planex—4y+3z=1 4 2 3
1.(-3u-2)-4.(u-3)+3.(5n-4) =0 rry oz
) 3 4 2/=0 = 8x—y-10z=0
= 8u=2 orp=7 4 2 3

-~ - . Now equation of plane containing the line
36. (¢) a,b,c and d are unit vectors, d P g

-~ = — -~ = — X_Y_Z :
Let axb=(sina)n and cxd = (sinP)n, PN and perpendicular to the plane 8x—y—10
then (axd).(cxd)=1 z=01is
oW (<in Bn x Yy z
= (sin@)ny.(sin PBn, =1
P P L 2 3 4=0
= sinasinf m.ny =1 = sinasinfcosy =1 g -1 —10

where v is the angle between r; and ny. = —26x+52y-262=0 or x—2y+z=0
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40. (a) Asperpendicular distance of x+2y—2z = a from the
point (1,—2,1)is5
|1-4-2-a
’ 3

:>_5—_a=50r—5 /__J—,__./
3 N
43. (@)

= a=-200r10 P o s

Asa>0=> a=10

. Plane becomes x+2y—-2z-10=0

x—1 _ y+2 _ z—1
2 -2

For some value of A, N(A+1,24-2,-2A+1)

Itliessonx+2y—-2z-10=0

A1+ -4+40-2=10 = =15 = A =5/3

N2
3'3°3

41. ® D
D C
(04
90 - a
A >—/B

[

P(1,-2, 1)
=35

Equation of PN is =\

sin(90—o = P— L P—
)
Ik
Where, 4BxAD=2 10 11| =_2]-15j+14k
-1 2 2

|E x ﬂ)| = J4+225+196 = /425
|ﬂ;| =J4+100+121 =~/225 =15

|[4D|=i+4+a=3
- sin(90—a)= 425 =£ :>COS(1=£
15%x3 9 9
42. (c) As v lies in the plane of @ and b
v =Aa+ub 4. ()

SV =W i+ —p) i+ +pk

-~ - 1
-+ Projection of v on ¢ is ﬁ

v.c

¢

1
3

A+ == -(+p) _ 1
- V3 V3

>u—A=loru=A+1

=V = QA1) -+ Ak

ForA=1,v =3 _ j 43k

Equation of st. line joining Q (2, 3, 5) and

R(1,-1,4)is

x-2 y-3 z-5

-1 4 1

Let P(-A+2,—4A+3,-A+5)

AsPlieson 5x—4y—z=1
—SA+10+16A-12+A-5=1

=2

= 12A=8 = 7»=g P=(é,l,2)
3 3

Now let point S on OR be

(-n+2,-4p+3,-p+5)

S is the foot of perpendicular drawn from

T(2,1,4)to QR wheredr’sof STare u,4u—2, p—1

anddr’sof OR are —1,—4,-1

1
—p-16p+8-p+1=0 = 18u=9 :>u=§

-39
2 2

Distance between P and S
SRR
=, Jl=—=| +|=-1| +|——-=
3 2 3 3 2
_ /i+i+i_i
36 9 36 2

T(2,1,4)

The plane passing through the intersection line of
given planes is

(x+2y+3z-2)+Mx-y+2z-3)=0
o (I+A)x+2-ANy+B+A)z+(-2-31)=0

Its distance from the point (3, 1, —1) is Ne]

BAr+12-0)-13+0)+(2-31)|
1 Jaente@-n2 @+ |—ﬁ
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‘ 2\ ‘ 2
= e a2
V312440 +14| 3
=302 + 40 +14 =322 :x:-%
.. Required equation of plane is
7

(x+2y+3z-2)- ) (x-y+z-3)=0
or Sx—1lly+z=17
Given that 4 x (2i + 3] + 4k) = (21 + 3] + 4k) x b
= (ﬁ+5)x(2§+3}+4l€)=6

45. (¢)

But neither 4+ b nor 2f+3f+412 is a null vector

- (@+b)|| (20 +3]+4k) = d+b =22 +3] +4k)
Alsogiven |545|=v29 = A==1
ﬁ+5=i(2f+3f+4l€)

S (@+b).(-71+21 +3k)=+4
46. (c¢) P theimageofpoint(3,1,7)intheplanex—y+z=31is
given by
x-3 y-1 z-7 —2(3-1+7-3)
I -1 1 2412412
x-3 y-1 z-7
R R I
= x=-1,y=5,z=3
P(-1,5,3)
Now equation of plane through (-1, 5, 3) and containing the

. X 'y zZ.
line 1°5°7%
X y z
-1 5 3|=0=>-x+t4y-7z=0
1 21
or x—4y+7z=0

D. MCQs with ONE or MORE THAN ONE Correct

1. () Weare given that, a= al;+ a, j+ a3/:7

B=bl;+b2}+b3/; Z=CI;+02}+C3];

aq 4 a3 ?
Then (b, b, by| =[abc]* =(axb.c)?
q & &

cisa unit vector, .| Z|= 1
= (laxb|.1c0s0°)? | Alsocis L toa as well

astob, .. ZJ_(;xZ)
2
- .= T
=(laxbly’ =(Ia||b|.S1ng]

[-.- angle between a and b is %]

2
- (3 a3+ + 5 <8}

o a0 9\ 2 42
—4(0] +ap +a3)(bl +b2 +b3)
2. () Weknow thatif nis L to gaswellas b then
axb _ bxa
S>> Oof 5——
laxb| |bxal

n=

as axb and bxarepresent two vectors in opp.

directions.

. We have two possible values of 7
3.  (a,c) Wehave

a=2-j+kb=i+2j-kc=i+ -2k

Any vector in the plane of band ¢ is u=b+Ac
= (i +2] —k)+ MG+ —2k)

=(1+0)i +(2+A)] —(1+20)k

. . - N
Given magnitude of projection of # on a is \/;

2

_ \P_]z(1+x)—(2+x)—(1+2x)|
3 3] J6

= |-A-1]=2 = A+1=20r A+1=-2

= A=lorjx=-3
The required vector is either,

2;4_3}_3]} or —2?—}+512

ua

la|

4. (acd) |a|2=%(4+4+1)=1 = |al=1

Let h=2i—4;+3 then

ab 5 s
c0sf=—=——==— = 0%=
lallb] 29 3

Letz=_;+;~_%/;=—_3a = ¢lla

2
Let ¢—1=3;+2}+21Ac then ad =0 = ald

Giventhat, a =;+}+1Ac,l-) = 4;+3} +4k

and c=i+ a}' + BIG are linearly dependent,
NOTE THISSTEP:

¢ =la+mb for some scalars / and m not all zeros.
i+ +Bk = (I+4m)i+(I+3m) )+ (I +4m)k

= I+4m=1 (1)

I+3m=a -(2)

I+4m =8 (3

From (1) and (3) we have, B =1

Also given that |c|= V3= 1442 +l32 =3
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Substituting the value of B we get a?=1

= oa=1*1
6. (© [vwl=[vwul=[wuv]
I ) S \Y
but [vuw]=—[uvwl]
111

7.  (a,c) As dot product of two vectors gives a scalar quantity.
8. (a,c) Wehave
v=axb=|a| b|sin6n =sinon
[+ a and b areunit vectors.]
|v|=sin®
Now, u =a— (Zz.l;)l;
—a—-bcosH (where a.b =cos)
luP=|a—bcos8* =1+cos?6-2cosb.cosb
=1-cos’0=sin’0=|v[* = |ul=|v|
Also, ub=ab—(ab) (bb) =ab-ab=0-. |ub|=0
|v|=|u|+|ub]| is also correct
9. (b,d) Normal toplane P, is

=(2i+3k)x (4] -3k)=—18i
Normal to plane P, is

ny=(G-k)x(3i+37)=3i-3;-3k

4 is parallel to -_l-(;u X ;12) = -_l-(—54}' + 54/Ac)

Now, angle between A and 2;+}'—21:7 is given by
(=547 +54k).(2i+j-2k) 1

cosf=+ =t+t—
5423 NG
T 3n
0=—or—
4%

10. (ad)Letd = f+j'+2]2, b= f+2j'+/€, ¢ = f+j+/€
-+ Required vector is coplanar with ; and g
L =Ad+pb

rF=(Hp) i+ +20) QAW &

As 7 1lé=>rc=0
SA+tu+tA+2u+ 20+ pu=0=>A+pu=0=>A=-p

L F=n(-k)

[=}

A A

Forp=1,wegety = j—k

and for p =—1, we get 7 =—j’+l€

.. aand d are the correct options.
11. (b,c)For given lines to be coplanar, we should have

2 00
2 k 2|=0 = k=%£2
5 2 k

For k=2, obviously the plane y + 1 =z is common in both
lines.
For k=-2, the plane is given by
x-1 y+1 =z
2 -2 2|=0=y+z+1=0
5 2 2
12. (b, d) The given lines are
x-3 y+1 z-4
1 2 2
x=3 y-3 z-2

(’: = = =S
27 2 1

Let direction ratios of { be a, b, c thenas £ 1 £, and £,
a+2b+2c=0
2a+2b+c=0

=t

(’1:

X _ Y _zZ_

2 -3 2

Anypointon £, is(z+ 3,2t~ 1,2t +4) and any point on
Lis (2A,—3M,22)

.. For Intersection point P of £ and (,

t+3=2\, 2t—1==-3\, 2t+4=2\

= t=-1, A=1 . P(2,-3,2)

Anypoint Qon £,is(2s + 3,25 +3,5+2)

As per question PQ = /17
= 2s+1)2+2s+6)2 + s2=17
-10

= 952+285+20=0 = s=-2, g

) 78
" Pothcanbe(—l,—l,O)and(9 9’ 9)

x=5 y z
R R i
Lzzx_a=l= z
0 -1 2-a
As L, L, are coplanar, therefore
S5-a 0 0
0 3-a -2 |=0
0 -1 2-a

=(-0)[6-5¢+a?-2]=0
=>G-a)a-1)a-4)=0 =o=145.

=2

> |-

y

-

14. (a,b,c)

T
Angle between each pair is =

3
- - (> >
a=Axx|yxz

L ] M-S-339
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15. (¢

A3
(

_ ﬁ.ﬁcosg];_(ﬁﬁcosgj?]

=H

Il
=
—

(ﬁ.ﬁ.cosg]?_(ﬁﬁ.cosg];’}

73]

= =

Now b.z =p z‘z—x.z} =uR-DH=pn

- = >\ > - .
Sob=|b.z | z—x | 1scorrect

- >

- > - >
Also a.y=A|ly.y—z.y [=AQ2-1)=A

- (= -=>)\> ).
~a=|a.y| y-z | isalsocorrect

R (—)—) G Y G —>—>J

a.b=\|y.z-y.x—z.z2+2.Xx

=xu(1—1—2+1)=—xu=—(a-yJ(b.zJ

.. (c) is correct.

_(:.;j(?_;]ﬂ[;’_;):_:

(d) is not correct.
Linesarex=y,z=1

x—O_y—O_z—l_a .

o T 1 0 -~
andy=-x,z=-1
x—0 y-0 z+1

T -1 o P -2
LetQ(OL,(x, l)andR(_B’ B>_1)
Direction ratios of PQare A—a, A —o, A—1
and direction ratios of PRare A+, L —f, A+ 1
-~ PQ s perpendicular to line (1)

or

16.

17.

Topic-wise Solved Papers - MATHEMATICS

P

o O
S =(AtB)+A-B=0=p=0
s.dr’sof PQare0,0,A—1
anddr’sof PRare A, A, A+ 1
- ZQPR=90°=>(A-D(A+1)=0=>A=1or-1
But for A =1, we get point Q itself

oo wetake A=—1
(b,d) Py:x+Ay+z-1=0
A—1 -1
AISOW =1 M-2A+1=A2+2 :>7»=7
a+AB+y-1 a-—B+y-1
And ﬁ =2 = 3 =+2
2

1
= a_5[3+y—1=i3 = 20-B+2y-2=16
= 20-B+2y-8=0o0r20—-P+2y+4=0

X
:—=—=—=7\,
@b)L: p

Where a+2b—c=0| As Lis parallel
2a—-b+c=0\tobothF and P,.

L a_b_c
1 -3 -5

~. Anypoint on line L is (A,—3A,—5))

Equation of line perpendicular to P, drawn from any point
on L is

x—A y+3\A z+5A
1 2 -1
M(P+7">2H_37‘»_IJ_57")
ButM lies on P,,

-1
p+A+4pu—6A+p+SA+1=0=> p= 3

1 - 1
x——,—sx—,—sm—]
M( 6 6

3
For locus of M,
x=het =l sosed
6’ 3’ 6
x+1/6  y+1/3 z-1/6 _
R S S

-5 2
On checking the given point, we find (O:?:?) and

-1 -11
[Z,?,g) satisfy the above eqn.
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18.

19.

(a,¢,d)
a+b+c=o0

‘2

-~ =2 - -2 -2 - -2
= |b+c‘ =|—a = |b| +|c‘ +2b‘c=‘a|

= ag+ | +as=144= | =48 | = 43

F—
——‘a‘=——12=12
2 2
e
T+|a‘=24¢30

Ao [B=|| = 2Q= 2R

bec 1
and cos(180—P)= WzE
C
= /P=120° .. ZQ=/R=30°
Again a+b+c=0=>ax(a+b+c)=0=axb=cxa
|axb+cxa| =2|axb| =2x12x4+/3 xsin150=483

And ab=12x43xcos150 =72
(b, ¢, d) The coordinates of vertices of pyramid OPQRS will

be

33
0(0,0,0),P(3,0,0),Q(3,3,0),R(0,3,0), 8(553)
dr'sof OQ=1,1,0

dr'sof OS=1,1,2
.~ acute angle between OQ and OS

o () ()5

Xy
Eqn ofplane0QS=|! !
11

z
O =O

2
=>2x-2y=0o0rx-y=0

length of perpendicular from P (3, 0, 0) to planex—y=0

L _3=9_3
1N
JX_y=3_z X_y3_z_,
EqnofRS.E_ 3 =3 or 7= >
2 2

20.

IfON is perpendicular to RS, then N (A, —A + 3, 2)\)
* ONLRS = IxA-1(-A+3)+2x2A =0

:>7»=l:N(l > 1]

2 2°2
1 25 15
“ON= \/TT“‘\E
(b [ixV|=1=|v[sin6=1 0
v"v.(ﬁx;r) =1=|v|sinOcoso =1 i)

where o is the angle between v and a vector L latto u&v .
From (i) and (i1) cosa.=1= a =0°

= is perpendicular to the plane containing u & v
=  isperpendicular tou

Clearly there can be infinite many choices for v .

Alsoif  liesinxyplaneie., 4= ulf +u23 then wu=0
>uyty=0= |u1| =|u2|

Alsoif { liesinxz plane,ie., 4 = ulf + u3lA< then =0

=uy +2u3= 0= uy| =2y
Hence (b) and (c) are the correct options.

E. SUBJECTIVE PROBLEMS
Let with respect to O, position vectors of points 4, B, C, D,

Let perpendiculars from 4 to EF and from B to DF meet

each other at H. Let position vector of H be r. we join CH.
In order to prove the statement given in question, it is
sufficient to prove that CH is perpendicular to DE.

Now,as OD L BC = d.(b-c)=0

= db=dc 1)
ASOE L AC = efc-a)=0 = ec=ea -2
As OF L AB = f(a-b)=0 = f.a=fb .3
Also AH L EF = (r-a).(e- f)=0

= re-r.f-ae+af=0 (4)
and BH L FD = (r-b).(f-d)=0
= rf-rd-bf+bd=0 5

Adding (4) and (5), we get
re—ae+af—-rd—bf+bd=0

= rle-d)-ec+dc=0

(using (1), (2) and (3))

= r(e-d)-c(e-d)=0 = (r-c)(e-d)=0

= CH.ED=0 = CHL1ED  HenceProved.

L ] M-S-341

EBD_7202



M-S-342 @

Topic-wise Solved Papers - MATHEMATICS

2. 0A41,042,...,04y all vectors are of same magnitude, say
‘@’ and angle between any two consecutive vector is same

that is 2—nradians. Let? be the unit vectors L to the

n
plane of the polygon.
4,
(0]
AZ
Al
— 2 . 271, .
0A1 xOAz =a“sin—p ..(1)
n

- n-1
Now, ni@, x OAi+1 = Zaz sin%f)
i=1 i=1
=(n—1)a2sin2n—nﬁ =—(n—1)[042 x O41]
[using eq". (i)]
=(1-n)[0O42 xOAi]=RH.S
3. G+ +3k)x+Gi-3j+k)y+(—4i+5))z
=7\,(x;+ y}+zlAc)
= x+3y-4z=hx = (1-Mx+3y-4z=0
= x-3y+5z=% = x-CB+AN)y+5z=0
= 3x+y+0z=2z = 3x+y-Az=0

All the above three equations are satisfied for x, y, z not all
zero if

1-» 3 -4

1 -3+X) 5](=0

3 1
= (1-W)[BA+A2=5]-3[-A—15] —4[1+9+31]=0
= B3+202+0=0 = MA+1)?=0 = 1=0,-1.

4. Since vector 4 has components 4, 4,,4;, in the
coordinate system OXYZ,

I_‘i = ,l\Al + }Az +];A3

. . T ..
When given system is rotated through 7 the new x-axis is

along old y-axis and new y-axis is along the old negative
x-axis z remains same as before.
Hence the components of A in the new system are

Ay, —A4, 4.

- A becomes Az; -4 } +4; k.

Then 4B = — —5j-3k | AC = —4i +3}+3k
AD=7+7j+(1-Vk

We know that 4, B, C, D lie in a plane if E,E, AD are
coplanari.e. [ER’E] =0

-1 5 3
= |4 3 3 |=0
1 7 1-A

= —13-3A—21)-5(-4+4%-3)—3(=28-3)=0

= 3A+18-20A+35+93=0= 17A=146 = 7\,=%

Let the position vectors of points 4, B, C, Dbe a, b, ¢, and
d respectively with respect to some origin O.
4

D
B
C
Then, AB=b-a, AD=d-a,
BC=c-b, BD=d-b,
ch-d-c. Cl=a-c

Now, | ABxCD+BCx AD +CAx BD |
=|(b-a)x(d—-c)+(c—b)x(d-a)+(a—c)x(d-b)|
=|Bxa—ax3—5x2+axz+zx3—gxa

—Bx3+5x&+ax3—ax5—2xg+zx5|
=|-bxc+axc-cxa+bxa—axb+cxbl|
=2|bxa+cxb+axc| 1))
Also Area of AABC is

_ L 36xBA| =L Gobyx@-b)|
2 2
=%|(zxa_zx5_z;xa+zx5|

S [
=%|—b><a—c><b—axc| =5|bxa+c><b+axc|

= 24r(AABC)=|bxa+cxb+axc| ..
From (1) and (2), we get
|EXC7)‘+B_C‘XE+C_YA'XE|

=2(2A4r (A4BC)) =4Ar (A ABC) Hence Proved.

GP_3480



Vector Algebra and Three Dimensional Geometry
7.

OACB is aparallelogram with O as origin. Let with respect
to O position vectors of 4 and B be a and b respectively.
Then p.v. of Ciis a+5 .

B(® @+ ¢

M A

R
2

Also D is mid pt. of OA, therefore position vector of D is % .

CO and BD intersect each other at P.

Let P divides COin theratioA : 1 and BD intheratiop : 1
Then by section theorem,

position vector of pt. P dividing CO in ratio

Al _Ax0+1x(@+b) (a+b) Q)

A+1 A+l
And position vector of pt. P dividing BD in theratiop : 1 is

[j -
(300 o
p+l 2(p+l)

As (1) and (2) represent the position vector of same point,
we should have

Q)

a+b _pa+2b
A+l 2(u+)

Equating the coefficients of @ and 5 , we get
I .
Al 2(n+) -0
1 1 .
"rl p+l -0

From (ii) we get A = p = P divides CO and BD in the same
ratio.
Putting A=pineq. (i) we get p =2
Thus required ratiois 2 : 1.
Given that a,b,c are three coplanar vectors.
There exists scalars x, y, z, not all zero, such that

xc;+yl;+zz=0 ...(D)
Taking dot product of ¢ and (1), we get

xa.a+yab+zac=0 )
Again taking dot product of 5 and (1), we get

xb.a+ybb+zb.c=0 .0
Now equations (1), (2), (3) form a homogeneous system of
equations, where x, y, zare notall zero.

system must have non trivial solution and for this,
determinant of coefficient matrix should be zero

a b ¢
1e. aa ab ac|=0 Hence Proved.
ba bb bc

10.

With O as origin let @ and & be the position vectors of 4
and B respectively.

B(B)

4 (a)

Then the position vector of £, the mid point of OB is % .
Again since AD : DB=2: 1, the position vector of D is
La+2b _a+2b

1+2 3
Equation of OD is

;—t ;l+25
= 3 ...(D

and Equation of AE is

;=a+s(§_aJ o
i

If OD and AF intersect at P, then we will have identical

values of 7 . Hence comparing the coefficients of ¢ and b,
we get

£=1—s and 2=i = t=i and s=i

3 32 5 5

Putting value of 7 in eq. (1) we get position vector of point of
intersection P as

a+2b
5 .3
Now if Pdivides OD in the ratio A : 1, thenp.v. of Pis

x(“zbjﬂ.o
3 —_—
A+l EE

From (3) and (4) we get

A 1
3+1) 5 = SA=3r+3=1=3/2

(a+2b) @)

OP:PD=3:2
Wearegiventhat 4=2/ + B=i+j+kand C=4i -3 +7k
and to determine a vector R such that RxB=CxB and
RA=0
Let R=xi+yj+zk
Then RxB=CxB

A

i k|
z
1

— .
—_ e
Il
N
|
w
_ X9
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= (y-2)i-(x—2)j+(x—y)k =10i-11j+7k

= y-z=-10 ...(D)
z—x=-11 )
x—y=7 ...®

AlSOR A4A=0

= 2x+z=0 N C)

Substituting y=x-7 and z=-2x from (3) and (4)
respectively in eq. (1) we get

x=7+2x=-10 = 3x=-3
= x=-1,y=-8and z=2

R=-i-8j+2k
We have, c-z=cxf—6}'+3fc, l-)=xf—2}'+2cxfc
Now we know that a.b=|a||5|cos0
As angle between a and p is obtuse, therefore
c0s0<0=>ab<0
= x?-12+6cx<0 = —cx2—6cx+12>0,$‘xeR
= —¢>0andD<0 = c<0 and 36¢*+48c <0

= c¢<0and cBc+4)<0 = c<0and(3c+4)>0
= c<0andc>-4/3 = —4/3<¢<0

Let a,b,c, betheposition vectors of pt 4, Band C respectively
with respect to some origin.

ATQ, D divides BC in theratio2 : 1
and E divides ACin theratio3 : 1.

iy . b+2c .
.. position vector of D is and position vector of £

a+3c
4

Let pt. of intersection P of AD and BE divides BE in the ratio
k: 1 and AD in the ratio m : 1, then position vectors of P in

these two cases are
B+l{a+3cj a+m[b+20j
4 3
and
k+1 m+1
Equating the position vectors of P in two cases we get
k- 1 < 3k -
a+ b+ c
4k+1) k+1  4k+))

is

respectively.

1 - m - 2m -
= a+ b+ c
m+l1 3(m+1)  3(m+1)

k 1

= ...
4(k+1) m+l @
1 m
k+1 3(m+1) -2
4(k+1) 3(m+1)
Dividing (3) by (2) we get
¥=2:>k=§:> the req. ratiois 8 : 3.
Given that 5, E, d are not coplanar [l;, 2,3] #0
Consider, (axb)x (cxd)+(axc)x(d xb)
+axd)x(bxc)

Here, (axb)x(cxd)=—(cxd)x(axb)
=—(cxd.b)a+(cxd.a)b
=[acd|p-[bcd]a ()
(axc)x(d xb)=—(d xb)x(axc)

=—(dxbc)a+(dxba)

=[adblc-[cdbla Q)
(axd)x (bxc)=((axd)c)b—(axdb)c

={acdlb—[adb)c .0

[NOTE : Here we have tried to write the given expression in

such a way that we can get terms involving g and other
terms similar which can get cancelled.]
Adding (1), (2) and (3), we get

given vector = —2[522’]21 =ka
= given vector = some constant multiple of @

= given vector is parallel to a .
We are given AD =4

24/2
Volume of tetrahedron = T\/_
= %Ar(AABC) p= ¥

%@xg—qp:zﬁ
1 ~ = A a
5|(j+k)><2i|p=2\/5 or |j-k|lp=2v2

or \/Ep=2\/§

Lp=2
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We have to find the P.V. of point E. Let it divides median AF
in theratioA: 1

A2i+(G+ j+k)
A+l

P.V.ofEis .2

AE=PN.of E-P.V.of 4= (_j_)
A+l

2
|E|2=E2=(LJ 3 .0
A+l
Now, p2 + AE? = AD?
2 2
or 4+[L) 3=16 . 3(LJ =12
A+1 A+
A
— =%2
or (7»+1J
h=+2A+2) s A=-20r 22/3

Putting the value of ) in (2) we get the P.V. of possible
positionsof Fas (—1,3,3)or (3,—-1,-1)

15. We have, (4+B)x(4+C)

1]
—— e~ —
)
X X
ool
o+
X
—~
)b(al X
al
Q¥
+ ™I
=R
> o
al X
X =
~ X
=1V
X ~
Al
-
%
X
=
1]
2

+{(4xC)C}B-{(4xC)B|C
[+ (axb)xc=(ac)b—(bc)a]
=[BAC]B-[ACBIC
[-- [ABC]=0ifanytwo of 4, B, C are equal.]
=[4CB){B-C}
Thus, LHS of the given expression
=[ACBl{(B-C).(B+C)}

=[ACBI{|BP -|C/}=0 [ [B]=]C]]
16. TheP.Vs. ofthe points 4, B, C, D are
A(0),B(b), D(d),C(d +1b)
i
@ _ c @+1b)
4.©0) z

h
~
(=
~

Equations of AC and BD are
r=Md+tb) and r=(1-p)b+ud
For point of intersection say I compare the coefficients
A= tA=l-p=1-dor(z+D)r =1
1
}\,z— =
t+1 #

d+th 0
t+1

Let R and S be mid-points of parallel sides 4B and DC then

Tis

b
Ris — and S'is d+té.
2 2

Equation of RSby r=a+s(b—a) is

r= 2+s[d +(t—1)2}
2 2
The point (1) will lie on above if,

d+tb=é+s[d+(t—1)ﬂ

I+ 2
Comparing the coefficients, we get

¢l (-1 t

_=_+ d = .

1+ 2 72 "ary
11 @-h_ 2x ot

1+1 2 141 2 2(+1) 1+t
which is true . Hence proved.

17. (@) We have, uv = ‘t;”;‘ cos® and uxv= ‘ﬁ”\:‘ sin@n

Where ¢ is the angle between » and y and nisa

unit vector perpendicular to both v and is such that

u,v,;t form a right handed system.

-=2 =2 -R
Thus, u‘v‘ = ‘u‘ ‘v| cos? 0

w2 R2 o 22

and ‘uxv| =‘u‘ M smzen.n:‘u‘ M sm29
lu. v+ uxv2=|ul | v (cos 0 +sin® 0)
=|ul|vP

(b) Let|u|=a,|v|=b,uxv=absin @ n, where n is
perpendicular to both u and v, | a [> = a®

LHS.= (1+a%) (1+b%)
RHS.= (1-abcos0)? + (u+v)? x (uxXv)?
+2(u+v).absin0n
=1+ a’b? cos® 0— 2abcosO + a’

+b2 +2abcosO +a’b? sin 0.1+ 0
asnis L toboth u and v.

=1+a’b? (cos2 0 +sin? 0)+ a® +b°

=1+a® +b% +a?b? = (1+a*)(1+b?)

") M-S-345
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Topic-wise Solved Papers - MATHEMATICS

(65 W] = (1 x $).(¥—Wx i) = (1 x V). (i x )

=Ry
ROV
=R

S

3

=1

=i (V- Woxil) = i.v [ Wid] =
=7

|y
<

<

(V-wxu)=1-[vwu]=1-[uv w]
| cos0
[ivw]=

>

cosO 1-(@vw)
(0 is angle between # and v )
=1-[ii ¥ W] —cos> 0

[ﬁﬁv]:lsm%sl
2 2

Equality holds when si1129=1 ie,0=m/2.. 4 LV

Let a,b,c be the position vectors by 4, B, and C
respectively,
Let AB, BE and CF be the bisectors of #4, /B, and /C
respectively.

A(@)

B () D a c@©

a, b, c are the lengths of sides BC, CA and AB respectively.
Now we know by angle bisector thm that AD divides, BC in
the ratio
BD:DC=AB:AC=c:b.
bb +ct
+c
Let I be the point of intersection of BE and AD. Then in
AABD, Bl is bisector of ZB.
.. DI:IA=BD:BA
BD ¢ BD c

But —=—-= =—

BD+DC c+b

.. The position vector of D is d=

DC b
3@= ¢ — BD= ac
BC

“b+c

c+b

_ac

.. DI A= c=a:(b+o)
b+c

d.a+d(b+c)

~PV.of I=
a+b+c

aa+(b5+c5\(b+c)
B (bve ) _ad+bb+ct

a+b+c at+b+c

20.

21.

Asp.v.oflissymm. in 7,3 ,¢ anda,b,c.

. It must lie on CF as well.

[ We can also see that p.v. of intersection of
ad +bb + c&}

AD and CFis also
a+b+c

Above prove that all the £ bisectors pass through /, i.e.,
these are concurrent.

Given data is insufficient to uniquely determine the three
vectors as there are only 6 equations involving 9 variables.

-~ We can obtain infinitely many set of three vectors,
V,,V,,V,, satisfying these conditions.
From the given data, we get
Y .\71=4 = |17l =2
V, ¥, =22V, |= V2
V, ¥, =29 = |V, |= J29
Also V.V, ==2 = |V| |V,] cosf=-2

[ where ¢ is the angle between v, and 172 ]

-1
= cosO=—=

V2

Now since any two vectors are always coplanar, let us suppose

= 0=135°

that ¥, and v, are in x-y plane.

Let v, is along the positive direction of x-axis
then 3 = 2i. [V, 1=2]

As v, makes an angle 135° with . and lines in x-y plane,
Alsokeeping in mind |, |= 2, we obtain V, = —it]
Again let 173 =i +Bj+ yle

V =62>20=6>0=3

371
and \73.172 =S5 atf=-"S5=>B=+2

Also|173 |=\/2_9 = o? +B2 +y2 =29 =>y=H

Hence V, = 3i42)+ 4k

Thus, ¥ =2V, =~ + ]9, =3i +2j +4k

are some possible answers.

A(t) is parallel to B(r) for some ¢ €[0,1] ifand only if

AO _ L@

&) &)

or f1(2).g2(t) = f5(t).g1(¢) forsome ¢ €[0,1]

Let h(t) = f1(2)-82(t) - f2()-81(2)

h(0) = £1(0).82(0) - /2(0).g,(0)
=2x2-3x3=-5<0

h(D) = f1(D-g, M) - fL,D)-g1 (D)

=6x6-2x2=32>0
Since h is a continuous function, and 4(0).4(1) <0

for some ¢ €[0,1]
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22.

23.

L ] M-S-347

= There is some ¢ €[0,1] for which A(t)=0i.e., A(r) and

B(¢) are parallel vectors for thist.

aq a 4

~Wehave y =[apcl=|by by, by

q & G

= V =(abye3 +aybye +azbicy)

- (a1b3c2 + a2b103 + a3b2C1) ()

Now we know that AM >GM
Llarbro)t(@th o) t(astbtc)

2[(a +by +c)ay +by +c3)(a3 + b3 +¢3)]

=25 (@ + b +a)ay +by + e )as +by +3)]

3
1/3

1/3
3

= I >(a +b +¢ )@y +by +¢y)(az +by +¢3)

>0 > ajbyc3 + aybyc; + azbicy + 24 more such terms

L3> ajbycs +azbse) + asbicy [ a,,b,,¢, > 0forr =1,2,3]

L3 2 (abyes + axbsey +azbicy) —(aybsey + azbies + azbycy)

[samereason]

L3>V from(1) Hence Proved.
(1) Plane passing through (2,1,0),(5,0, 1)and (4, 1, 1) is
x=-2 y-1 z-0 x=2 y-1 =z

5-2 0-1 1-0 =O:> 3 -1 1 =0
4-2 1-1 1-0 2 0 1

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

= —x+2-y+1+2z=0 = x+y-2z=3

(i) As per question we have to find a pt. O such that PQ1is

1 totheplane x+y—-2z=3 ..(D

And mid pt. of PQ lies on the plane, (Clearly we have to
find image of pt. P with respect to plane).

Let O be (a,B,v)
P(2,1,6)

=3 oM
Y
(XY ;

i0@BY
Eq" of PM passing through P(2, 1, 6) and L to plane
x+y—2z=3isgiven by
x-2 y-1 z-6
11 2
For some value of ), , Q (a,B,v) lies on PM

A

24.

oa-2 B-1 y-6
11 2
= o=A+2,B=A+1,y=-21+6
- Mid. pt. of PQ
‘e M(2+x+2 1+A+1 6-2A+6J

A

2 7 2 72
C(A+4 A+2 12-2)
_( 2727 2 j
But M lies on plane (1)
A+4 A+2
+

s 12-a=3
2 2

= A+4+A+2-24+40=6 = 6L=24 = A=4
0(4+2,4+1,-8+6)=(6,5,-2)

Given that u, v, are three non coplanar unit vectors. Angle
between u and 3 is @, between v and o is B and between

o and u itis ¥ .Infig. O4 and OB represent # and v .
Let P be a pt. on angle bisector of ~4OB such that OAPB
is a parallelogram.

,“0

Also /PO4=/BOP=a/2

ZAPO = Z/BOP=0./2 (alt.int. Z's)

In AOAP,0A4 = AP

a unit vector in the direction of Op

OP=0A4+AP=u+v

A unit vector in the direction of

op=2ttY ie x=tY
lu+v| lu+v|

But |4+ = u+v).(@+v) = 1+1+2uy [+ |uldv|=1]

=2+2cosa =4c052a/2

lu+v|=2cosa/2 = ;c=%(seca/2)(;+\7)

Similarly, y = %sec%(;wa) and z= %SCC%(C—O +u)
Now consider [xxy yxz zxx]

=(xxP).[(rx2)x(z x )]

=@ )[{rx2)xjz—{(rx2).23]

[Using def” ofvector triple product.]

= (x p)[[*xyz]z—0] [ [yzz]=0]
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=[xyzllxyz] =[xyz} -(1)
Also [xyz]= ! (sec a] (ﬁ+;)lsec|3/2
2 2
(\qz+8)%secy/2(6+;t)}
=%seca/2sec[3/2secy/2[;¢+\-z VO O+ u]
=%seca/zsecﬁ/zsecy/2[(&+;).{(;+Zo)x(6+&)}]

—lseca/2sec[3/2secy 12[(+V).(vX®+V X u+0 x1)]

=%seca/zsecs/zsecy/z[ﬁ.({;x6)+;.(<3x u)]

(- [abc] =0 when ever any two vectors are same)
=%(seca/25®c[3/2$ecy/2)2[ﬁ;6]
=%(seca/2sec[3/2secy/2)[;t;(7)]

[J-CJ—/E]Z = %[z};o—)]z sec? o /2 sec? B/2 sec? v/21..(2)
From (1) and (2),

[xxyyxzzxx]—li[uvco] sec? 25 2

Giventhat gz b= c#d

Such that axc=5xd (1)
axb=cxd ~(2)

To prove (5—3).(13—2):!50

Subtracting eq” (2) from (1) we get
ax(c-b)=(b-c)xd = ax(c-b)=dx(c-b)

= ax(c—b)—-dx(c-b)=0

= (a-d)x(c-b)=0 = (a-d)||(c-b)

[ a—d #0,c—b= 0 asall distinct ]

= Anglebetween a—d and ¢ —p is either 0 or 180° .

= (a-d)(c-b)=|a—d | c—b|cosOor cos180°]x 0
asa, b, ¢, d all are different. Hence Proved.

~. The plane is parallel to the lines Z; and L, with direction
ratios as (1,0,—1)and (1,1, 0) o

A vector perpendicular to I; and L, will be parallel to the

normal () tothe plane.
i gk

“n=[l 0
1 -1 0

27.

. Eqn. of plane through (1, 1, 1) and having normal vector
;1=—f—}'—fc is given by (r—a)n=0
= -1x-D-1(y-D)-1(z-1)=0 = x+y+z=3

X y z
= Z+Z42=1 (1
3 33 M

Now the pts where this plane meets the axes are
A(3,0,0),B(0,3,0),C(0,0,3)
Vol.of tetrahedron O4BC

= % x Area of base x altitude

- % « Ar(AABC) x length of L (0,0,0) to plane(1)

=%Xl[£ 1 }

><|E|2 X
2| 4

(Notethat AABC is an equilateral A here.)

=%x?x(3\5)2x\/— 3:;8=% cubic units.

ATQ ‘S’ is the parallelopiped with base points 4, B, C and D
and upper face points 4, B",C’ and D' . Letits vol. be V.
By compressing it by upper face A',B',C’', D', a new
parallelopiped ‘T’ is formed whose upper face pts are now

A",B",C" and D". Letits vol. be Vr.

-3
1+1+

D’ el
A’ K D B’
R I ¢ C"
(o, B, ) 4" R e o
D
C
4 B

Let 4 be the height of original parallelopiped S.
Then Vg =(ar ABCD)x h (1)

Let equation of plane 4BCD be

ax+by+cz+d =0 and 4"(a,B,y)
Then height of new parallelopipe T is the length of

perpendicular from A" to 4ABCD
ao+bB+cy+d

\/a2 b2+

Ve = (ar ABCD) x 20 0B e +d -2

\/az+bz+c2

But given that,
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Vector Algebra and Three Dimensional Geometry o M-S-349
Squaring both sides, we get
V=, -0) 2
100 @-n” _1
From (1), (2) and (3) we get, 1A% +120+6 6
actbfrey+d o, = 602124+ 6-11% ~124-6=0
Va? +5 + ¢ = 522+240=0 = A(5L+24)=0
_ [2.,32, 2y_ = A=0o0r-24/5
= aa+bf+ey+(d-09ma"+b"+c7)=0 ", The required equations of planes are
Locus of 4"(c,B,y) is 2x—y+z-3=0

28.

29.

ax+by+cz+(d—0.9h\/a2 +b% +¢? )=0
which is a plane parallel to ABCD . Hence proved.
Following fig. shows the possible situation for planes F and

P, and thelines L; and L,

Now if we choose pts 4, B, C as follows.
Aon L, Bonthe line of intersection of A and P but other
than origin and Con L, again other than origin then we can
consider
A corresponds to one of 4’ B',C’" and
B corresponds to one of the remaining of A’, B’,C’ and
C corresponds to third of 4’ B’ C’' e.g.
A'=C,B'=B;C'=4
Hence one permutation of [ABC] is [CBA]. Hence Proved.
The given lineis 2x—y+z-3=0=3x+y+2z-5
Which is intersection line of two planes

2x-y+z-3=0 ..(1)
and 3x+y+z-5=0 .(i1)
Any plane containing this line will be the plane passing

through the intersection of two planes (i) and (ii).
Thus the plane containing given line can be written as

Qx-y+z-3)+ABx+y+z-5)=0
= Gr+2)x+(-Dy+(A+Dz+(-5A-3)=0

As its distance from the pt. (2,1,—1) is 1

J6

(3A+2)2+ - DI+Q+ DD + (5 -3)|_ 1
JOA+2)2 + (1) + (A +1)2 J6

A1

> N T
1A +121+6

-

30.

NIEEREE!
+[_2_;+1}_5(%j_3=o

or  62x+29y+19z-105=0

Given that incident ray is along v, reflected ray is along w

and normal is along a , outwards. The given figure can be
redrawn as shown.

Weknow that incident ray, reflected ray and normal lie in a

plane, and angle of incidence = angle of reflection.

Therefore a will be along the angle bisector of w and—v,

ie, g=2t(v) 0
lw=v|

[-.- Angle bisector will along a vector dividing in same ratio
as the ratio of the sides forming that angle.]

But a is a unit vector.
Where | w—v|=0C =20P =2|W|cos®=2cos0
Substituting this value in equation (1) we get

A -y

" 2c0s0

W=P+(2cos0)a =v-2@ava [+ av=—cosb]

F. Match the Following
(A) = (5); (B)— (p); (©) = (@), (1); (D)= (5)
(A) On solving the given equations
x+y=|alandax—y=1, we get
L _Lelal g, elalt
a+1 a+l
~* Rays intersect each other in I quad.
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Sx,y>0=>a+1>0andala|-1>0=>a>1
Soag=1(A) —>(s)

B) (o, B,7y)liesontheplanex+y+z=2
>at+tp+y=2
Also  x (k x a) = (k.a)k - (k.k)a

= yIAc—a;—B}—ylAc=O :>a§+[3}'=0

=>a=0=p=>y=2 (vatpty=2)

(B)—>(p)
© |lu-ra

12 Y AT NP
+[[y02 -] =2fg0-ar =3

Also, onll—xdx +J._l\/1+xdx = 2j0«/l—xdx

bl

[ y=+l-x,ie€,)’=—(x—1)and y=1+x
i.e., »? = (x + 1) represent same area under the given
limits]

=2f ;«/5 dx [Usingj;’ f(x)dx= | : fla- x)dx]

1
=[2.3x3/2] _4 (C) > (1) and (q)
3 0 3

(D) Given :sin A sin Bsin C+cos A cos B=1
Butsin A4 sin B sin C+cos A cos B < sin A sin B+ cos
A cos B=cos (A—B)
=>cos(A-B)>1=cos (4—-B)=1
=>A-B=0=>A4=B
.. Given relation becomes sin4 sin C+ cos? 4 =1
=sinC=1,
(D)—>(s)
A)—-r; B)—>q;(C)—p;D)—>s
Here we have, the determinant of the coefficient matrix of
given equation, as

a b ¢
A=b ¢ a
c a

=—(a+b+c)a® +b* +c? —ab—bc—ca)

=—%(a+b+c)[(a—b)2 +(b-0c)? +(c—a)?]

(A) a+b+c#0and a®+b*+c* —ab—bc—ca=0
= (a-b)?+(b-c)}+(c-a)*=0
= a=b=c (but#0asa+b+c=0)
This equation represent identical planes.

®) a+b+c=0and a®+b*+c?—ab—bc—ca#0
= A=0 andag, b, carenot all equal.

All equations are not identical but have infinite many
solutions.

ax+by =(a+b)z (using a+b+c=0)

and bx+cy=(b+c)z

= (B®-ac)y=(b*-ac)z = y=z
= ax+by+cy=0 = ax=ay = x=y
> x=y=z
-, The equations represent the line x=y =z
(© a+b+c#0and a®> +b>+c2—ab—bc—ca#0
= A#0 = Equations have only trivial solution
e, x=y=2z=0
the equations represents the three planes meeting at a
single point namely origin.
(D) a+b+c=0 and a® +b*+c? —ab—bc—ca=0
= a=b=c andA=O: a:b:c:o
= All equations are satisfied byall x, y, and z.

= The equations represent the whole of the three
dimensional space (all points in 3—-D)

A—>q,s; Bop,rs,t; Cot;Dor
(A) The given equation is

2sin? 0 +sin? 20 =2

2sin% 0 +4sin?0cos? 02 =0

-
= sin?0+2sin?0(1-sin?0)-1=0
= 2sin*0-3sin’0+1=0
= 2sin*0—2sin?0—sin?0+1=0
= 2sin?0(sin?0—1)—1(sin?0-1)=0
= (sin?0-1)2sin>06-1)=0
. 1
= sin29=lors1n29=5
= sin29=sin2£or sin26)=sinZE
2 4
= gemtlormztl = g=CFor "
2 4 2 4

(B) Weknow that [x] is discontinuous at all integral values,

therefore [@} is discontinuous at x = E,E,E and
s 632
7. Also cos [3—)1 #0 for any of these values of x.
s

6x x| . .. . TR

— |cos| = | is discontinuous at x=—,—, —

T T 632
and 7.

(C) We know that the volume of a parallelopipe with

coterminus edges as g,5and¢ is given by [a b @]

The required volume is = a.bxé

110
=1 2 0|==m
11 =
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(D) Wehave a+b=—3¢c= |a+b[*=3|c
= (a+b).(a+b)=3cc
= aa+bb+2ab=3cc = 1+1+2cos0=3
(where @ istheangle between G and b )

= cos9=% = 9=£

3
4. A->p;B-oq,s;Coq,rst;Dor

(A) For the solution of xe*™* —cosx =0 in (0, %]

Let us consider two functions

sinx

y=xe ~andy=cosx

sinx -

The range of y=xe IS(O,T;—e) , also it is an

increasing function on (O, %) . Their graph are as

shown in the figure below :

AY

Clearly the two curves meet only at one point, therefore

the given equation has only one solution in (0, E) .

(B) Three given planes are

fx+4y+z=0
4x+ky+2z=0
2x+2y+z=0

Clearly all the planes pass through (0,0,0).
Their line of intersection also pass through (0, 0, 0)

Leta, b, c, be the direction ratios of required line, then
we should have

ka+4b+c=0
da+kb+2c=0
2a+2b+¢c=0

For the required line to exist the above system of
equations in a, b, ¢, should have non trivial solution
ie.

") M-S-351
k 4 1
4 k£ 2(=0
2 21

= k(k-4)-44-4)+18-2k)=0
= K*-6k+8=0=> (k=2)k-4)=0
= k=2o0r4
© Wehave f(x)=|x—1|+|x-2|+|x+1|+]|x+2]

—4x , x<=2

-2x+4, -2<x<-1
=46, —-1<x<1

2x+4, 1<x<2

4x x>2

The graph of the above function is as given below

Ay
18
6
3 5 40 1 2 3;
\]

Clearly, from graph, f(x)>6

= 426 = kZ%

s k=2,3,4,5,6,...
(D) Given that

Q=y+land y(0)=1
dx

= jd—y=jdx — In|y+1j=x+c

y+1
Atx=0,y=1= c=In2
s InprlEx+in2 = y+1=2¢" = y=2¢" -1
y(n2)=2e"2-1=2x2-1=3

A)->t; B)>p,r; (CO)—>q,s; (D)>r

Let the line through origin be% = % =§ —
then as it intersects
x-2 y-1_ z+1 5
1 =2 1 -
-8/3 +3 -1
ang X2 =23 —0

at P and Q, shortest distance of (1) with (2) and (3) should
be zero.
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Xp=X V=V -3 = (4—H)b2—02=0 —1D
-. Using| a b q |=0
a, b, c, Also, 2? “ —b + ‘b a‘
2 1 -1
= (4-p)’b? +a® =4b* +4a®
wegetle b c|=0=a+3b+5c=0 _ (4 -uyb+a ¢
121 = [(4-py-4]p? =34 —Q)

83 -3 1 From (1) and (2), we get
andla b c=0=3a+b-5=0 —(5) (4-p)’ -4 3

2 -1 1 4-—pu 1
Solving (4) and (5), we get = p2-8u+12=12-3u = p>-5u=0

a b c a b ¢
= = - = => u=0or5
—15-5 15+5 1-9 %5 5 2 g , .
| v (O W CE:E PR Y CEE P
Hence equation (1) becomes 55737 nd-n sin(x/2) T 0 sinx/2
For' sorr}e value of A, P(SA,—5A,24) Letﬁ —0= de=2d6
which lies on (2) also 2
5a—2 —5%h—1 20+1 Aol Alsoatx=0,0=0 and atx =x,0 =m/2

S = = - =

1 —2 1 _ jﬂt/z Sln99
. P(5,-5,2) sme

Also for some value of A, Q(5A,—5A,2))
which lies on (3) also

:'57»—8/3=—57»+3=27»—1:>}b=2/3
3 -1 1
~ (10 -10 4
"Q(3’ 3 ’3]
25 25 4
Henced” = PQ* ( —+—) 6
ence Q st 99
-1 _13
®) tan”'(x+3)-tan™' (x—3)=tan 2
= tan_l(L_zx”,)=tan_l(i),x2—9z—l
1+x° -9 4
= 6 —i:x =16
2.3 4 or x=4,-4

(C) We havec = %

B J"t/2 [ sin 96 —sin 70 (sm 76 —sin 59)
sin @ sin

(sin 59.— sin 30) + (sin 39 —sin 0) + s¥n 0 40
sin 0 sin 0 sin 0

16 (cosSO+cos69+cos49+cosZO+1)d9+—I do

/2

16[sin89 sin60 sin4® sin20 }
= — + + +6

+
b 8 6 4 2 o

8
+=(0)52
T

t\2
A—q, B—p, C—s, Dot
As a+b=c
.. The figure is as shown.

1

ab
Clearly cos (180—0) = W =3

180°-9

IR
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9__1 9_2_11:
= Cosv= 23 3

=>A->q

b
[ rw-3xax —a2-p2
b 3,2, 2
> [ @S5 +a] =g p?

b
N ja f(x)dx = —%(a2 _p?)

d| b T_n
:ﬁ[jaf(x)dx]—b:f(b)—b: f(J- ;
:>B—)p

2 5

—j sec(nx)dx_ [L’nlsecnx+tannx|]7
6

- Knlsec5—+tan5——£n|sec7—+tan7—n|

(n3 6 6 6 6

g et e
L Cos

For |zl =landz#1. Letz=¢®

.20 .0 0
Then 1 -z=1-cosO—isin§= 2sin” = —2isin—cos—
2 2 2
1 —2sin2 sing—icosg
orTEE SN 2
L =l 1+icotg}
"1-z 2 2
| 1
Here real part of —— is always —
1-z 2

1 1
*. Locus of 1-2 ISX= >

arg -]

Ay

For which max

T
is max. value of ¢1.e. 7

>X

(0]

1
A -
rg(l—zj

[a b c]=2

+ [2(axb) 3(bxc) exa]

xX=%

T
approaches to — but will not be

2

Clearly max.

attained.
Dot

7. © ®

@

@

@ [dbe]=s

- Q-3

®) %‘5x5|=20 = [axb|=40

- 52 +38)x(a-

=lx5\5x5\ =2 40=100
2 2

‘ =—‘—2axb+3b><a

R
®  [ixb|=30
+ |@+B)xa|=|(bxa )| =30
s (s)—>(2)
AnypointonL; is QA+ 1,-A,A-3)
andthatonL,is (u+4,1—3,2u-3)
For point of intersection of L; and L,
A+ 1=p+4,-A=p-3,A-3=2pu-3
= A=2,p=1
Intersection point of L, and L, is (5,-2,—1)
ax + by + cz=d is perpendicular top; & p,
7a+b+2c=0and3a+5b—6¢c=0
a _b_c _ab_c

16 48 3271 3 2
Equation of plane is x—3y—2z=d

As it passes through (5,2, -1)

: 5+6+2=d=13

s a=1,b=-3,c=-2,d=13

oo (P)->B3)Q =) R) >AHE) »>(1)

P4 y= cos(3 cos”! x)

y= cos[cos_l (4x3 - 3x)]
y=4x3-3x
2

= d—y=12x2—3 and d—;=24x
Ix dx

%{(xz 2 g}

-~ 31 ; {(x2—1)24x+x(12x2—3)}
X~ —I3X
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= 3x2-7x—6=0 (forx>0)
__x {8x2—8+4x2—1}
4% 3x 2 .
=>x=3o0 3 (rejected as x > 0)
2 3
3x {12" _9} 9{4x _3"} .. Only one +ve solution is there
4x> —3x ax> —3x ence (a) is the correct option.
0Q() - A, Ay, A, ... A, are the vertices of aregular  10. (A)=>q;(B)=>p,q;(C) > p,q,s,t; (D) > g t
- >
polygon of 7 sides with its centre at origin and q;,a, , (A) \/5“"'13 =3 >a= M
. 2 V3
... a, aretheir position vectors.
23—
NN N ﬁB=2+x/§B SB=0=>a=2
q|=la|=....=|a,| =\
B) Lf(1)=—6aand R'\(1)=>
— - 2 _6a=b ...(i)
2 . 21m . .
Then apxa;, =A Sln7 Also f'is continuous at x = 1,
5 Ba-2=b+d®
> o _ : :
and apxapy =7\,2 COSE = a*-3a+2=0 (using (1))
n = a=1,2
Hence given equation reduces to © (B-3w+ 20" *+3 + (2 + 30— 3w?)n*3
+(3+20+30)*3=0
(n—l)?»zsinz—n:(n—l)?»2 cosz—n
n n 2 4n+3
20 +3-30
2n 2 T« = (3 - 30 + 20H)* 3+ 2
>tan—=1=>—=—=>n=38 )
n n 4
4n+3
N 2 y2 [ Bo+202+3) " 0
R.(2) N 1 hl)on —+=—=11 o P =
(2) Norma omP(,)on6+3 is k o
x—h y-1 = (B-3o0+20?)"3 1+ 3 +(@)M*3]=0
ni6 1/3 = 4n+ 3 should be an integer other than multiple of 3.
_ b
= 2x—hy—h=0 D) =4=ab=2a+2b -0
It is perpendicular tox +y =28 a+b
) Alsoa+¢g=10 or a=10—¢q
" ;X—1=—1:>h=2 and b+5=2q or b=2g-5

Putting values of @ and b in eq™(i)

S.(l)tan_l(L)+tan_l( ! ]=tan_l 2
2x+1 4x+1 x2

1 1
o tan~| 2x+1 dx+l (-1 2 11.
v X2
2x+1 4x+1 =
=
1 4x+1+2x+1 1 2
= tan o = tan - =
8x“ +6x+1-1 x
=
:>tan_1 6;”2 ]=tan_l[i2]
8x° +6x x
= tan”! 3;C+l ]=tan'l(%]
4x“ +3x X (3))
x4l 2 =

- =
4x2+3x x2

15 5

g=4or — =a=6or

2 2
l|g—al=2or5.

(A)—p, 1,5, B)>p;(C)>p, q; (D)->s,t
(A) 2(a2-b)=c?

2(sin%x — sin%y) = sin’z
2sin(x +y) sin(x —y) = sin’z

2sin(x—y)=sinz (- sin(x+y)=sinz)

sin(x—y) _ 1 -
sin z 2

cos(nmA)=0= cos % =0=>n=1,3,5

1+ cos2X—2cos2Y = 2sinXsinY
2¢0s2X —2c0s2Y =2sinXsinY
1 —sin?X -1+ 2sin?Y=sinXsinY

GP_3480



Vector Algebra and Three Dimensional Geometry & M-S-355
= sin?X+sinXsinY—2sin?Y=0 AY A
= (sinX—sinY) (sinX+ 2sin¥)=0 |
sin X
= =lor-2
sinY 1 >X
4 =1 \\
b - .

© X(3,1),Y(1,.3),ZB,1-p)
y 4

Y(1,4/3)

By symmetry, acute angle bisector of ZXOYisy=x.

Distance of Z from bisector

B-1+p| 3
= ‘T =$ =>2B-1=x3o0rB=2o0r-1
IB| =1,2

D) Fora=0,y=3
Fora=1,y=x—1|+]x-2|+x
Casel

F(o) is the area bounded by x =0, x =2,y =4xand y =3

Fla)= [ 6-2n)dx

Ay N

—

S

\
xé2
2
4x\/;’ 82
3, 3

Flo)+ %«/5 =6

Casell

F(a) is the area bounded by x = 0, x = 2, y? = 4x and

y=h—1+Kxk-2|+x
B 3—x,0<x<1
Clx+L1<x<2

F(@) = [,3~x~23m)de + [ (r +1- )

=3_l_i+2+2_&_1_1 i =5_&
2 3
Fo)+ ¥ =5

G. Comprehension Based Questions
() Vector in the direction of [; = n—l =3i+]+ 2%k

Vector in the direction of L, =ny =i +2] +3k
.. Vector perpendicular to both L, and L,

~ ~ A

i j k

=mxmy =|3 1 2|=-i-7j+5k
1 2 3

.. Required unit vector

—i-7j+5k _—i-7]+5k
JVI+49+25 5V3
(d The shortest distance between L; and L, is

_(@y=d)b xby

=ﬁ=

A2 _ (G —dy)
by x b
where g, =—f—2j'—l€ a, =2§—2}+3l€
&2 —51 =3;+4kA (52 —&l)ﬁ

- (5[ TSR S220_ 1T

TS Hm )T 5B s
(¢) The plane passing through (-1, —2, —1) and having

normal along 7 is

—1x+1)-7+2)+5z+1)=0

or x+7y—-5z+10=0

.. Distance of point (1, 1, 1) from the above plane is

1+7x1-5x1+10 13

J1+49+25 75

H. Assertion & Reason Type Questions
(d) The line of intersection of given plane is
3x-6y—-2z-15=0=2x+y-2z-5
For z=0,weobtain x=3 and y=-1
Line passes through (3,-1, 0).
Let a, b, ¢ be the d’rs of line of intersection, then
3a-6b—2c¢c=0 and 2a+b-2¢c=0
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Solving the above equations using cross product
method, weget a:b:c=14:2:15

E fline i x-3 y+1 _z iy
qn. of lineis —7==">==1%
whose parametric form is

x=3+14t,y=1+2t,z=15¢
Statement-I is false (value of y is not matching).
Since dr’s of line intersection of given planes are

14,2,15

14i + 2] +15k is parallel to this line.
Statement 2 is true.

PO x (RS + ST) = POx RT
=|PQ|x|RT|sin150n 0

#0
Statement-1 is true.

Also, @xﬁﬂ@lx |ﬁ|sin120°xfzl #0

And POx ST = PQ|x | ST |sin180°x n, =0
Statement-2 is false.

120° .
The given planes are
Plix—ytz=1 (D
Py x+y—z=-1 (2
Py:x-3y+3z=2 (3
Line L, is intersection of planes P, and P;.
Ly is parallel to the vector
ij ok
=1 1 -1|=-4j-4k
1 -3 3
Line L, is intersection of Py and P,
=~ L, is parallel to the vector
ik .
-1 -1 1|m2/-2k
1 -3 3

Line L, is intersection of P, and P,
- Lyis parallel to the vector

ik
1 -1 1|=2j+2%k
1 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 Pyand Pyis A + AP,
by A +AP, =0 for some value of jthen the three
planes pass through the same point.

Here  +AP =0

= x(1+A)+yA-D+z1-A)+A-1)=0

This will be identical to P if

=0 .Ifplane P; isrepresented

144 A-1_1-A 1-4
1 3 3 2 -
I+4 1-4 1
Taking =5 e set /1——5 and taking
1+A 1-A4 2
I S

.. There is no value of A which satisfies eq (1).

.. The three planes do not have a common point.
= Statement 2 is true.

.. (d) is the correct option.

I. Integer Value Correct Type

- P2 - 2i+j+3k
(5) Wehavea= ,b=
J5 Jia

Clearly|a|=1]B[=1and 25=0

(24 +5) [ (axB)x(a-23)]

2a+b)[a 2b)x axb}
a~((a-28)a)s]
~(af -8 3]

2a+ a 2b

B
2a+b)|(b- z|b|
(2a+ )[
(2a

—2a- b]
=(2a+b).(2a+b)= 4\5\ +\B[ (~ab=0)
=4+1=5.
(6) The equation of plane containing the lines
x-1_y-2 z-3 x—2 y-3 z-4.
2 3 4 W3y
x-1 y-2 z-3
2 3 4 |=0 =>x-2y+z=0
3 4 5

". Distance betweenx—2y+z=0and Ax-2y+z=d
= Perpendicular distance between parallel planes ( A= 1)

] _
~Js \/_:>|d|
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3.9
4. 3
5. (5

") M-S-357

We have rxb—cxb=0
Let;_2=7»l;or;=5 +2b
= F=042j43k-M+0 = (1-N)i+(2+1)j+3k
Fa=0>-1+A-3=0=>A1=4
L F=-3i46)+3k
T Fb=3+6=9
i,b,¢ are units vectors such that
65 +[5—cf* +le -l =9
= 2(aR + |5 +[cl?)-2@b+b.&+Ed)=9
-3

= Ab+bi+id =

- 2 - -2 -7 T o=
Also |G +b+¢] = [a? +| +|e? +2(G.b +b.S +¢.4)
=l+1+l+2x(_%) -0

= G+b+c=0 = (b+C)=—i

o [2a+5(5 +2)| =124 - 541 =|-33l = 3

Given 8 vectors are

1,1, 1),(-1,-1,-1); (1,1, 1), (1,-1,-1); (1, -1, 1),

(-1,1,-D);(1,1,-1),(-1,-1,1)

These are 4 diagonals of a cube and their opposites.

For 3 non coplanar vectors first we select 3 groups of

diagonals and its opposite in *C; ways. Then one vector

from each group can be selected in 2 x 2 x 2 ways.
Total ways =4C, x 2 x 2x2=32=25

. p=5

©)

@

®

Let &, k+ 1 be removed from pack.
L(A+2+3+ +n)—(k+k+1)=1224

MOHD 5 s o M1 =2450

for n=50, k=25 ..

5o O oo 1
a.b=b.c=c.a=cos—=—
3 2
e e T T
Given pa+qb+rc =axb+ bxc
Taking its dot product with Z’ Z’ ? , we get
1 1 5> o o
p+5q+§r= a b ¢ (D)
1 + +lr—0 @)
217 q 2
1 1 5> o o
5p+5q+r= a b c e

From (1) and (3), p=rUsing 2)g=—p

. p2+2qz+r2 _p2+2p2+p2 -4
o = 5 =

q* p
S=4p+3G+5F

S=X(P+G+F)+ W(P—G+7)+2(~p—G+7)

—x+y—z=4
x—y—z=3
x+y+z=5
. . 9 -7
Solving above equations x =4,y = I

2x+y+z=9
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I Section-B

(@) As the point (3, 2, 0) lies on the given line
x—4 y-7 z-4
1 5 4
There can be infinite many planes passing
through this line. But here out of the four options only
first option is satisfied by the coordinates of both the
pomts (3,2,0)and (4,7, 4)
—y+z=1Iisthe requlred plane.

2. () (5xl;) —|a| |b| sin’ 3 _16X4XZ=16
e e e
3. (@ Wehave, [axb bxc cxa]
- > e U Y
=(axb). {(b xc)x(cxa)}

=(axb). {(Z- ) c—(m- ?)Z)}

(where m=bx ?)
—((axb).cY.(a-(bxc)=[a b c]?=42=16
4 (@) a+B+c=0=btc=—a
= (B+c)=(a)?=52+32+2B- ¢ =7*
- -
=2|b||c|cos0=49-34=15; = 2x5x3cos9=15;

= cos@ =1/2;> e=§=60°

e - > o,
S. (@ Wehave, a+b+c=0=>(a+b+c) =0
d T >0 > oo
lal"+|b*|+|c|"+2(a-b+b-c+c-a)=0
e e e Y
= 25+16+9+2(a-b+b-c+c-a)=0
D> > o>
=(a-b+b-c+c-a)=-25

e e
~la-b+b-ctc-al=25-

6. (a) Since G,c,b form aright handed system,

= = N
N O
Il
N
~o
|
&

i
c=bxa =|0
X

- > > -
7. (M Wehave axb =39k =c¢

Also | @ =38,/ b |=/45,| ¢ |=39 ;
@1 B 1€ =34 45 :39-

8 (o)
9. ®
10. (a)
1. @
12. @
13. @
14. (a
15. @

Let @+b+¢=7.Then
ax(a+b+c)=axr:>0+d b+dxc=axF
=0

\l

Sdxb-Cxd=axF=dx
Similarly 5 x7 =0 & ¢x7=0

Above three conditions will be satisfied for non-zero
vectors if and only if 7 = 0

Equation of plane through (1,0,0)is
a(x—-1)+by+cz=0 ..(1)

(1) passesthrough (0, 1, 0).

—a+b=0 = b=a;Also, cos 45°

at+a P 2
TS 5= 2a=+2a" +¢
22a% +2)

= C=\/5a.

Sod.rofnormal area, a v2a ie. 1,1, V2.

= 2a2=¢2

o . - L UXV
since n is perpendicular  and v, n = ——
lul|v]
i j ok
1 1 0
. 1 -1 0 —2k _;
\Exf

=|G+2j+ 3k).(—k)| =|-3=
F+FR+F=Ti+2j-4k

d=PVof B—PV of A=4i+2j-2k
W =F.d=28+4+8=40 unit

(3+5)i+(0—2)j+(4+4)k

PVof AD =

=4i j+4k or [AD|= \/16+16+ =33

Shortest distance = perpendicular distance between
the plane and sphere = distance of plane from centre of
sphere — radius

_|F2x12+4x1+3x3-327|  eeeoaes

| J144+9+16 |
=26-13=13
x—b_Z_z—d_x—b'_l_z—d'

a 1 ¢ a 1 ¢

For perpendicularity of lines aa'+1+cc'=0
Xo—=X1 V2N 277

A m m |=0

Iy m, ny
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1 -1 -1 0 0 -1 20. A4=(7,4.7),B=(,-6,10),C =(-1,-3,4)
1 1 —k=0=|2 1+k —k|=0 and D=(5,-1,5)
ko2 1 k+2 1 1

16. (o)

17. @

18. ()

19. (c)

k2 +3k=0=k(k+3)=0 or k=00r—3

G+b+¢=0>(G+b+3)(G+b+E)=0

la® \b\ +[ef* +2@b+6é+a)=0
aE+55+55=‘1‘24‘9_—7

Centre of sphere=(-1, 1, 2)

Radius of sphere 1+1+4+19 =5

Perpendicular distance from centre to the plane

—1+2+4+7| 12
N1+4+4 3

AC* = 40%-0C? =52 -4 =9= 4C=3
Vector perpendicular to the face OAB

ik
AxOB=|1 2 1|=5i—
21 3

Vector perpendicular to the face ABC

31

j-3k

iJ k
xAC=|1 -1 2|=i-5j-3k
2 -1 1

5|

Angle between the faces = angle between their

normals
or 0=_cos 1(2)
35

21a¢12a3

5+5+9 19
cos0 =
V35435 %

a a* 1+d° a a

b b2 1+B3|=0=p 5% 1+p »* b|=0

2 3 2 1 2 3

c ¢ l+c¢

1 2
= (1+abc)|l
1 2

laa2

As|l b B%#0 (given condition) ..abc =-1

1 ¢ c?

AB =[(7-1)% +(=4+6)* +(7-10)2

=v36+4+9=7

Similarly BC =7, CD=~41, DA=17
.. None of the options is satisfied

21. (¢)

U+V—W).(UXV—UXW—VXV+V X W)

=l + T —W).(1 X P — i X W+ T x W) = (i X D)

i1, X W) + (% X W)+ V.3 x V) —V.(ii x )

.5 X W) — Wl X ) + (1 x W) — (6 x )

= (P X W) — V(@ X W) — W.(li X V)

=[uvw)] + [vwi)] - [wuv] =u.(v x w)

22. (@)
23. (¢
24. (b

Eq. of planes be £+%+— 1& '+y+c—=1

a c a' b
( L rdistance on plane from origin is same.)

J1+1+1
a bl

+ ——————5=0
a2 b2 02 a12 b12 612
The planesare 2x+y+2z—-8=0. (1)
and 4x+2y+4z+5=0
or 2x+y+2z+%=0 (2
.. Distance between (1) and (2)
5

+8
2 ‘21 7

W22 412422 249

Let a pointon theline x=y+a=2z is
(A, A —a,\)and a point on the line x+a=2y=2z

(u a % E) then direction ratio of the line

joining these points are A—pu+a, A—a— %, A —%
If it respresents the required line, then
[ [
A—p+a ’“““5 B }“_E
2 1 2

on solving we get A =3a,u=2a
.. The required points of intersection are (3a, 3a-

22 20)
22

or (3a,2a,3a) and (a,a,a)

a,3a) and (2‘1
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25. @

26. (a)

27. (¢)

28.

29. (o)

30. ()

The given lines are
+ -1
Y3zl )

The lines are coplanar, if

0-(-1) —-1-3 2-(-1)
1 —A Ao (=0
1 1 -1
2
1 -5 -1
cp>cp+esl 0 A=0
! 0 -1

2
A
:>5(—1—3)=0:>7»=—2
The equations of spheres are
S :x2+y2+22+7x—2y—z—13=0and
Sy - x? +y2 +22 —-3x+3y+4z-8=0
Their plane of intersection is
SI_SZ =0=>10x-5y-5z-5=0
=>2x-y-z=1
Let @+2b =1 and b +3¢ =sd, wheretands are
scalars. Adding, we get
G+3b+3¢=1C+5d = G+2b+6C =16 +5d—b+3¢
=16 +(b+38)—-b+3¢=(1+6)¢
I:usingsd=5+35]
=AC, where A =t+6
Resultant of forces F =7i +2}'—4I€
Disptacement d = 4i +2j —2k
.. Work done = F.d = 28+4+8 =40
Vectors & +2b +3¢,Ab + 4¢, and (2L —1)¢ are

1 2 3
coplanarif |0 A 4 |=0
0 0 2x-1

1
=>A2L-1)=0 :>7\.=00r3

1
.. Forces are noncoplanar for all A, except A =0, —

2
Projection of v along ui = Q AL
lu] 2
.. - . Wi wi
projection of w along # = ﬁ = -
u

31. (@

32. (a)

33. ()

34. ()

Topic-wise Solved Papers - MATHEMATICS

Givey T 1
iven — 2 1)
Also ,yw=0 -A(2)

Now |ii —v + W/

=i P+ |V P+ W 205 — 205+ 2.
=1+4+9+0[ From (1)and (2)] = 14
Si—v+ivl=14

Given (5xl;)x5=%|l;||5|?i

Clearly g and b arenoncollinear

= (@8)b—-(bE)i=L1b|¢|a

QU
w

. ﬁ.5=0and—l;.5=§|l;||5| = cos0=—

f 1 242
. i 9: 1——:—
sSin 9 3

[0 is acute angle between b and &]
PA+AP=0and PC+CP=0
= PA+AC+ CP=0and PB + BC + CP =0
Adding, we get P4 + PB + AC + BC +2CP =0.
Since AC=-BC & CP=-PC

= PA+ PB -2PC =0.
P

A C B
If 6 is the angle between line and plane then

T
(E - 9) is the angle between line and normal to

plane given by

i (E+2}+2/€)_(2E—}'+\/{1€)
cos( —9)=

2 3J4+140

(n ) 2-2+2J0
cos| ——0 |= —————

2 3x+/5 +
=sinf= 2 =l:>4k=5+k:>k=§

3Ws5+n 3 3

The given linesare 2x=3y=-z

xX_Y_%2 .
oI5 [Dividing by 6]

and 6x=-y=-4z
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35.

36.

37.

38.

39.

40.

41.

©

b

©

©

@

b

@

L ] M-S-361

r_Jy _z idi
o ST [Dividing by 12]

. Angle between two lines is
3.2+2.(-12)+(-6).(-3)

cos =
\/32 +22 +(—6)2 \/22 +(—l2)2 +(—3)2
6—24+18
=———=020=90"
J49 157

Centers of given spheresare (— 3, 4, 1)and (5,-2, 1).
Mid point of centres is (1, 1, 1).

Satisfying this in the equation of plane, we get
2a-3a+4a+6=0 = a=-2.

A point on line is (2, -2, 3) its perpendicular distance
from the plane x+5y+z-5=0is

_|2-10+3-5] 10
| VI+25+1| 33

Let G =xi +yj +zk

axi=z—yk =>(@xi)>=y*+z7°

Similarly, (@ x j)? = x% + 2% and (G x k)2 = x* + »?
= (@xi)?+(@xj)*+(@xk)?

=2(x? +y% +2%) = 232

111
a, b, careinHP = —,—,— areinA.P.
abc
2 1 1 1 21
22420
b a ¢ a b

SR A 1_ 0 passes through (1, -2)
a a c

Vector ai +aj +ck , 1 +k and ci +¢j + bk are
coplanar

a a ¢
1 0 l=0:>c2=ab:>c=\/E
c ¢ b

~.cis GM. ofaandb.

[M(@+5) 2% AZ1=[d b+ b]

= Aa+b bel=[a b+ b]
=>AM[abc]+[bbc]} =[a b b]+[d ¢ b]
>Aabél=abe] = (\=—1

= A\ hasnoreal values.

a=i-k, I;=xf+j'+(l—x)1€ and

G=yi+x+(+x- )k

10 -1
[G§bél=dbxé=|x 1 l-x
y x l+x-—y

42.

43.

44.

45.

46.

47.

b

@

@

@

@

b

=1[l+x—y—x+x2]—[—x2—y]
=l—y+x2—x2+y =1

Hence [& b E] is independent of x and y both.

Perpendicular distance of centre (%,0,— 1)

fromx +2y—2 =4 is given by

1 1 3
—+——4| ==
‘2 2 ‘ 2

V6

radius of sphere

= l+l+2 =\/§

V4 4 2

. radius of circle = /é_é=1.
2 2

(@xb)xc=ax(bxc),ab+#0,bc+0
= (@ac)b—-(bc)a=(ac)b-(@ab)c
= (@a.b)c=(bo)a > alc.

CA=(2-a)i +2j;
CB=(-a)i -6k

CACB=0 = (2—-a)(1-a)=0
= a=2,1

Equation of lines *— b_y_
1

a1 ¢
Line are perpendicular = aa'+1+cc'=0
Eq" of PN:-

x+1=y—3=z—4=}\‘ P(-1,3,4)
1 -2 0
NA-1,21+3-4) _
It lieson x—2y =0 x=-2y=0
= A-1+4A-6=0
= A=T/5
$P'(a, B, 7)
2l
5°5
N is mid point of PP'

. a—l=i,B+3=z,r+4=8
5 5

9 -13
a==,=—,r=4
= 0=5 b=
: , (2—_134)
.. Image 1s 575

Let the angle of line makes with the positive direction
of z-axis is o direction cosines of line with the +ve
directions of x-axis, y-axis, and z-axis is 1, m, n
respectively.
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48. ()

49. (0

50. ()

51.

©

. i i
. I=cos=,m=cos—,n=cosa
4 4
as we know that, 12+ m2+ n?=1

2 2 2

T T
. COs“— +cos“— +cosca =1
4 4

1 1
= 5+§+c052a=1

=> cos’a =0 = a=§
Hence, angle with positive direction of the
..z
z-axisis —
2

Given |2ux3v|=1 and ¢ is acute angle between

and 3, |a]|=1|v|=1= 6|d]||V||sin0|=1
= 6|sinf|=1 = sin9=%

Hence, there is exactly one value of @ for which

24 %39 isaunit vector.

For given sphere centre is (3, 6, 1)

Coordinates of one end of diameter of the sphere are
(2,3, 5). Let the coordinates of the other end of diameter

are (.., v)
. (x+2=3’ B+3=6, y+5=1
2 2 2
= a=4,p=%and y =-3
.. Coordinate of other end of diameter are (4, 9,-3)

Given a=i+ j+k,b=i—j+2k and
c=xi+(x=2)j—k
If ¢ lies in the plane of @ and b ,then [t-z b E] =0

1 1 1
ie |1 -1 2=0
x (x=2) -

= 1[1-2(x-2)]-1[-1-2x]+1[x—2+x]=0
= 1-2x+4+1+2x+2x-2=0

= =4 = x=-2

Let the direction cosines of line L be [, m, n, then
21+3m+n=0 ..(1)

and/+3m+2n=0 ..(i)

on solving equation (i) and (ii), we get

I  m n I m n

3 3 3

3 3 3 27
S TS B B
27 3 3 3

52. @

53. @

54. (¢)

55. (a)

56. (a)

57. )

Topic-wise Solved Papers - MATHEMATICS

Line L, makes an angle o with +ve x-axis
1
s I=cosa = cosa ==
NE)

-+ @ liesin the plane of & and ¢
d=b+\¢

o +2j+Pk=i+j+Aj+k)

Sa=1,2=1+AB=A=a=1,p=1

Clearly g = —%c

= d||¢ and are opposite in direction

.. Angle between @ and ¢ is .
Equation of line through (5, 1, @) and
. x=5 y-1 z-a
(3,b,1)is 5 bl 1-a

.. Any point on this line is a
[(2A+5,(b-DA+1,(1-a)L+a]
It crosses yz plane where —2A +5=0

N =§ (O,(b_l)gﬂ,(l_a)ém):(o 17 -13)

A

2 272
5 17 5 13
-DN=+1=— —a)—+a=——
= (b )2+ > and (1 a)2+a >
=>b=4anda=6

The two lines intersect if shortest distance between
themis zeroi.e.

@=a)bixby o = (@,-a)-bxb=0
o132

where G =i+2j+3k, b =ki +2]+3k
Gy =20 +3j+k, by =3 +kj+2k

1 1 2
=k 2 3(=0
3 k 2

= 1(4-3k) -1(2k—9) - 2(k>—6)=0

5
= 2k2-5k+25=0=>k=-50r 5

-~ kis an integer, therefore k =-5
Theli x=2 y-1 z+2

- Theline — " >

x+3y—az+pB =0
Pt(2,1,-2)lies on the plane
1Le.2+3+2a+B=0o0r 20+B+5=0 ..(»)

Also normal to plane will be perpendicular to line,
3x1-5%x342x(-a)=0 => a=-6

From equation (i) then, B =7

(a,B)=(=6,7)

Let P(x,y;,2;) and Q(x,, y,, z,) be the initial and final
points of the vector whose projections on the three
coordiante axes are 6, — 3, 2

then

Xg=X, =65 Y=y ==3, z,—z=2

So that direction ratios of @ are6,—3,2

lie in the plane
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Direction cosines of PQ are

6 3
J62+(=32+22 62 +(=3)2+22

J62+(=32+22 T 7 7
[3i pv po]-[pV & qu]—[20 gV qi]=0
= (3p® - pg+2¢H)i v $]=0

2
7
58. @ v

=>3p pq+2q =0 (~[uvwl=0)

2 2
= 2p2+p2—pq+q7+7%=0

2

2) T4

-0 = _4q -0
= p=0,9=0, p=5= p=0,g=0
*. Exactly one value of (p, q)
G=bxd =bi=b(bxad) =
= (b +byj +bsk).(i - - k)=
where b =b1f+b2j'+b3/€
bi—by—b; =0 )
and G.b =3 = (j—k).(bji +by] +bsk) =3
= b2 —b3 =3
From equation (1)
bl=b2 +b3=(3+b3)+b3 =3+2b3

b=(3+2b)i +(3+by)j+bsk

= 2p2+(1’-

59. @ bé=0
0,

From the option given, it is clear that b5 equal to either

2o0r 2.

Ifby=2then b=7{+5] + 2k which is not possible

If by =2, then b=—i + ]2k

Since, &,b and ¢ are mutually orthogonal
~d.b=0,b.6=0,¢.d=0

= 2A+4+pu=0 ..()

A-1+2u=0 (1)

On solving (i) and (ii), we get A=-3,u=2

AG,1,6);,B=(1,3,4)

Mid-point of AB=(2, 2, 5) lies on the plane.

andd.r’sofAB=(2,-2,2)
d.r’s of normal to plane=(1,

60. @

61. (a)

~1,1).

Direction ratio of AB and normal to the plane are

proportional therefore,
AB is perpendicular to the plane
.. Ais image of B

Statement-2 is correct but it is not correct explanation.

Direction cosines of the line :

62. ()

0 =cos45°= , m=coleO°=_1 , n=c0s0

1
V2

63. @

64. @

65. (c)

66. (a)

67. (¢)

68. (a)

where 0 is the angle, which line makes with positive
Z-axis.

Now (2 4 ;m? + 5% =1

1 1 2 2 1
—+—+c0os“0=1, cos”"0=—
=27% ’ 4

1
= c059=5 (@ being acute) — 9=§

If 6 be the angle between the given line and plane, then
IX1+2X2+AX3 5+3A

V222 402242 +3%  J1dAl5+22

o -1 /5 .
But it is given that 6 = cos 1\/% = sinf=

sin@=

3
14
o s+ 3
Jizy522 V14

We have G- =0, a-a=1, b-b=1

(2a-5)-[(axb)x(a+25)]

= a2
3

—(2a-5)[{a-(G+28)5-{5-GG+25)a}]
—(2a-b)[(G-a+2a-5)b-(G-b+25-5)d]
=(2d-b)-[6-2a]l =4a-b-b-b—4a-a =5

ab#0,ad=0

Now, b xZ=bxd

= ax(bx&)=ax(bxd)

— (a.6)b—(d.b)c =(a.d)b—(a.b)d
= (@b)d =—(ad)b+(ab)é

d =5—(‘fi_)5
ab

The direction ratios of the line segment joining points
A(1,0,7)and B(1, 6, 3) are 0,6, —4.

The direction ratios of the given line are 1, 2, 3.
Clearlyl x0+2x6+3x(-4)=0

So, the given line is perpendicular to line AB.

Also, the mid point of Aand Bis (1, 3, 5) which lies on
the given line.

So, the image of B in the given line is A, because the
given line is the perpendicular bisector of line segment
joining points A and B, But statement-2 is not a correct
explanation for statement-1.

Let ¢ =a+2b and d=53—4b

Since ¢ and d are perpendicular to each other
cd=0=> (ﬁ +25).(5ﬁ—4l;) =

= 5+6ab-8=0 (- a.a=1)

T

= &E—l:e
b=> =

Given equation of a planeisx—2y+2z—5=0
So, Equation of parallel plane is given by
x-2y+2z+d=0
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69.

70.

71.

72.

73.

©

b

P-4 \(P)|_Pd.
AX=|—7 |z |=—>P
£IPI ](IPI] A

Now, it is given that distance from origin to the parallel
planeis 1.

d

V1% +22 422

So equation of required planex —2y+2z+3=0
Given lines in vector form are

F=(—]+k)+MQ20 +3] +4))
and 7 = (31+k)) + p(i+2j+ k)
These will intersect if shortest distance between them =0
ie. (d—a) b xby=0
3—-1 k+1 -1
2 3 41=0

=
1 2 1

= 2(=5)—(k+1)(-2)-1(1) =0

=k=9/2
Let ABCD be a parallelogram such that

AB= g, AD = p and ZBAD be an acute angle.
We have

=1 = d=%3

B C

=
=

A X = D

Let 7 =BX =BA+AX =—q+%f7
4
() 2x+y+2z-8=0 ...(Plane 1)
2x+y+2z+%=0 ...(Plane2)

©

Distance between Plane 1 and 2

A N
V22| 16l 2
Given lines will be coplanar
-1 1 1
If{1 1 —k[=0
k2 1
= —1(1+2k)-(1+k)+12-k)=0
= k=0,-3
*» M is mid point of BC

m%mm

=47 +j+4k
Length of median AM

74. (c)

75. (¢)

Topic-wise Solved Papers - MATHEMATICS

=J16+1+16 =33

A(1,3,4)
—
3i+ -5k
Plb_l
3i+j-5k
A —
(a, b, ¢c)

a-1_ b-3 c-4
2 -1 1
= a=2A+1
b=3-A
c=4+A
P=(a+1’b+3’c+4)
2 2 2

(S )
2 2

2a+n-2=2 A48 5y
2 2
N+6=0=>h=-2

a=-3,b=5,¢c=2

= A(let)

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

Required line is

Given

[+m+n=0and 2= m?+ n?

Now, (—m—n)? =m?+ n?

= mn=0 => m=0orn=0
Ifm=0then/=-n

1
2422 = n=+t—
Weknow [+ m“+n=1 = \/5

Le. (I;,m,n)) = (_%0%]

Ifn=0then/=-m
P+m2+nl=1 = 2m?=1
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76. ()

77. (¢)

78. (@)

79. ()

") M-S-365

LH.S= (axb).[(bxc)x(cxa)]
= (axb).[(bxc.a)c—(bxcc)al
= (axb)[[bcalc]  [bxcc=0]
=[a bel(axb.c)=[abc]?

[axb bxc cxal=[abc]?

SoA=1

(axB)xé = Sflla = —x(axB) = Sfp|a
~(e8)a+(ca)b = Sfplfla

~[olcosa +(ca)6 = 5 f{jfa

a,b,c arenon collinear, the above equation is possible

only when

1 .
—cosf = 5 and ca =0

1 242
coso = 3 = sinf= T\/_;Ge IT quad

Equation of the plane containing the lines
2x—Sy+z=3andx+y+4z=5is
2x—5y+z-3+A(x+y+4z-5)=0
SR+AM)X+HES+HVN) Y+ +4M)z+ (B3 -50)=0 ..(D)
Since the plane (i) parallel to the given plane x + 3y +6z=1

C2+A S5+A 144 1

1 3 c 2

Hence equation of the required plane is

e Mo e (3]

= x+3y+6z=7
General point on given line=P(3r+2,4r—1, 12r+2)

Point P must satisfy equation of plane
GBr+2)—(dr-1)+(12r+2)=16
1r+5=16

r=1

80. ()

81. ()

82. @

PB3x1+2,4x1-1,12x1+2)=P(5,3, 14)
distance between P and (1, 0, 2)

D=+y(5-12+32+(14-2) =13

Line lies in the plane = (3, -2, —4) lie in the plane
=3(-2m+4=90r3(-2m=5....(1)

Also, £, m,—1 are dr's of line perpendicular to plane and
2,—1,3 aredr's of line lying in the plane
=>2(-m-3=00r2{-m=3...(2)

Solving (1) and (2) we get (=1 and m =—1

= 02+m?=2.

ax(sxe)=§<5+e)
B 5.

a-c)b—(a-b)e=p+ 22
= (a-c)b—(a-b)c 5 +2c

On comparing both sides
a-b =—g:c056=—§

[ aand bareunit vectors]

where 0 is the angle between a and b

6-"
6
P(1,-5,9)
X=y=2z
Q
O
-1 -
eq" of PO : x-1_y+5_z 9=7»

1 1 1
=>x=A+tL;y=A-5;z=A+09.
Putting these in eq" of plane :-
A+1-A+5+A+9=5
=Ai=-10

= 0Ois(-9,-15,-1)

= distance OP = 104/3.
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