Mathematics Vectors

Vectors
Multiple Correct Answer Type
1. Let @ and b be two non collinear unit vectors. If G:é—(a.B)B and V=axbthen |V|=

a)|u| b) M+‘G.5\
c) |u_|+‘ﬁ.5‘ d) |U|+G.(5+5)
Key. A,C

Sol. Given V=axb :>‘\_/‘=‘5H5‘sin9=sin0
6:5—(5.5)5 - a—bcoso
—2 - - 2 =2 =2 ——
:‘u‘ :(a—bcose) :‘a‘ +‘b‘ cos? @—2abcosé
= 1+cos” —2co0s” &
= 1—cos’ 6
= sin’ @
= u[=pv
gainUB ~ab - (aB)(B5) 0
:‘G.B‘:O

2. Three vectors aqa 1 0), b and C-.are such thata’ b= 3a’ ¢ . Also ‘5‘= ‘5‘ =1 and

- 1 > -
‘c‘: 3 If the angle between b and ¢ is60° , then.

a)b=3c+a b)b=3c- a c) a= 6¢+ 2b d) a= 6¢- 2b

and b are two unit vectors perpendicular to each other and E:AE+AQE+/13(Q><E) :

then the following is (are ) true
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a) A, =a.c b) 4, =[bx4]
) & =|(axB)xd] d) 2y + 2+ 4 =(a+D+axb).c.
Key. AD

Sol. (a)is proved if we take dot product of both sides witha .

-

(b) If we take dot produuct with b, we get
- -
A =b.c
= Choice (b) is not true.
(c) If we take dot product of both sides with ax b , we get [c b a] =A4,[ax b}
- > - 5> -
= A, =[abc] OR c.(axh)
=> Choice (c) is wrong.

(d) is correct since 4, + 4, + 4, =c.a+b.c+[abc):

4. a=(cosq)i- (sinq)j, b= (sinq)i+ (cosq)j. =k, ¥=7i+ j+ 10k
if = x4+ yb+ z&, then
aymin.of x+y+z=0 b)min. of X+y+z=5

c)max.of x+y+z=15 d) max.of x+y+z=20

Key. AD
Sol. x= 7cos(-.sing, y= 7sinq+ cosq, z= 10
x+ y+.z= 8cosq+ 6sing+ 10

minvalue= 10- 8%+ 62 = 0, maxvalue =10+ 10 =20

5. If avector T satisfies the equation ?x(f+ 2]+ R) =i—k, then 7 is equal to
(A) i+3j+k
(B) 3i+7j+3k
(©) ]+ t(i + 2] + R) where t is any scalar
(D) i+ (t+ 3)] +K where t is any scalar

Key. A,B,C
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Sol. ?x(i+2]+f<):f—l2
Let T=xi+y]+zf<
(xf+y]+zl2)x(?+2]+l2):?—l2

ij ok
= X y z|=i-k
1 2 1

Put values from options and check.

6. If a and b are unit vectors and T is a vector such that C=a X C+b then

(A) [aﬁc]zﬁ.é—(a.ﬁ)z (B)[abc]=o0
(C) Maximum value of [a b C] :% (D) Minimum value of [5 b C] is %
Key. A,C

so. ca=((axc)+b)a=ba
X +

7. If a vector T satisfies the equation ?x(?+2j+f<):f—|2, then T is equal to
&) 1+3j+k
(B) Bi+7j+3k
(C) ]+t(?+2]+f<) where t is any scalar
(D) i+ (t +3)] +K where t is any scalar
Key. “A,B,C
Sol. ?x(i+2j+l2)=f—l2
Let ?=Xi+y]+zR
(xf+y]+zl2)x(f+2]+l2)=f—l2
i ]k
X y z|=i-k
1 21
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Key.
Sol.

Key.
Sol.

10.

Put values from options and check.

In a four-dimensional space where unit vectors along axes are ?,],R and 7 and
d,,d,,d;,d, are four non zero vectors such that no vector can be expressed as linear
combination of others and (A —1)(&, —4&,)+n(d, +d,)+v(d, +d,—24d,)+d,+0d, =0
then

2 2 1
A) L=1 B) p=—= C) A== D) =2
(A) B p=-7 ©Ar=7 (B) =23
A,B,D
(a, b, d)

r-1@E,-4a,)+wa@,+a,)+vy@,+d,—2d,)+a,+od, =0

i.e A-Da, +(@Q-A+p—-2y)a,+(u+y+Da; +(y+9)da, =0
since  d,,d,,d;,d, are linearly independent

o A—1=0,1-A+p—-2y=0,u+A+1=0 Y+0=0
i.e. A=1,u=2y,u+y+1=0,y+6=0

2 1 1

A vector (d) is equally inclined o three vectors @ :f—] +k,b= 2f+] and CT= 3] —2k .
Let X,V,Z be three vector in the plane of 3,5;5,6;6,3 respectively then

(A) X.d=14 (B) y.d=3

(C) 2.d=0 (D) T.d=0 where T =AX+py+82
C,B

(c,d)

since.[d,b,C] =0
3,5 and C are complanar vectors

Further since a is equally inclined to 3,5 and C
d.a=d.b=d.c=0
d.T=0
Identify the statement(s) which is/are incorrect ?
(A) ax[dx(@xb)]=(@xb)(@>)
(B) If &,b, T are non-zero, non coplanar vector and V.3 =V.b =V.¢ =0 then V must be a
null vector.
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Key.

Sol.

11.

Key.

Sol.

(C) If @ and b licina plane normal to the plane contaning the vectors T and d then
(@xb)x(Cxd)=0
(D) If a,b,candd', b, ¢ are reciprocal system of vectors then ab'+bc'+c.a'=3

A,C,D
(a, c, d)

(A)  ax[dx(@xbh)]=dx[(@.b)a—(a.a)b]=—(a.d)(@xh)
(A) is not correct
(B) Let 3,5,6 ne no coplanar vector
then V= o@d+Bb+7C
now Vv.d=0
=  ofd.d)+p(b.a)+y(c.a)=0 ....(1)

and similarly

a(d.b)+p(b.b) +y(c.b) =0 (2)
a(d.c)+p(b.c) +v(c.c) =0 (3)
d.d ba ca
here (&b bb ¢th|=[abc]=0
ac bt ¢t

Equation (1) (2) and (3) will have only one solutioni.e. a=B=y=0
~. (B)istrue
(Q Let d.D lie in the plane Py
axb.LP,
Let C,a lie in'the plane P,
cxd LP,
as Py &P, are L 1 toeach other.
(axb).([€xd)=0& (@xb) x(Cxd) =0

(D) a.b'+b.t'+¢.3 =0 (property of reciprocal system )

The equation of a plane is 2x —y — 3z =5 and A(1, 1, 1), B(2, 1, -3), C(1, -2, -2) and
D(-3, 1, 2) are four points. Which of the following line segments are intersected by the plane?

(A) AD (B) AB (C) AC (D) BC
B,C

ForA(l,2,3),2x—-y—-3z-5=2-1-3-5<0
ForB(2,1,-3),2x—-y—-3z2-5=4-1+9-5>0
ForC(1,-2,-2),2x—y—3z2-5=2+2+6-5>0
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ForD(-3,1,2),2x-y—-3z2-5=-6-1-6 -5<0
AD are on one side of the plane and B, C are on the other side
the line segments AB, AC, BD, CD intersect the plane.

12. If @, b, C be three non zero vectors satisfying the condition ax b =C & b x € =3 then
(A) @, b , C are orthogonal in pairs (B) [3 b ff} = |3 |2
(©[abec]=|cf o) |b|=|c

Key. B,C

Sol. Clearlyé.§=0&5.§=0 Asod.b=0 = A

ClalBl=Tel| ja el e
Agaln‘5‘|e|:|a| :E_ﬁ:|a| —|C|&‘b‘—1

= axb.c=|a||b||c| =|af =|c[]

13. If T=?+] +k(2f+]+4l2) and T- ( ?+2]—IA<) =3.are the'equations of a line and a plane
respectively then which of the following is incorrect?
(A) line is perpendicular to the plane
(B) line lies in the plane
(C) line is parallel to the plane but does not lie in the plane
(D) line cuts the plane obliquely
Key. A,C,D

Sol.  Since (2i+ j+4K).(i +2]=K)=0and, (i+]).(i+2]—K) 1+2=3 = lineliesinthe plane

14. If I is a vector satisfying Fx(i +] +2k)=i—j then ‘F‘ can be

&

A) T B) € C) = D)
Key. A,B
Sol. Solving the equation we get = ;+:.r +£‘+l(;+:ﬁ + 2};) ALER

=3

15. If each of gl 5 Cis orthogonal to the sum of the other two vectors and
‘ ‘ C| 5 then which of the following statement(s) is/are true

a) if a makes angles of equal measures with x,y,z axes, then tangent of this angle is +\/_
b) range of |a—b| is [L 7] c)range of |[b—c| is [1, 9] d) la+b+c| =25

Sol: ans:a
a)according to the given condition




Mathematics Vectors

a, =a, =a, alzi—3

1
cosa=+—— = tano =+2

NG
b) |[a—bP’=10r49 «¢)|b—cf=b*+c?—2bc=1or81
d) |a+b+c=50+0 =ja+b+cl=5/2

16. The position vector of a point P is r= xi+ﬁ+zl2, when x,y,z € N and §:i+]+I2.
If r.a=10,the number of possible position of P is
(A) 36 (B) 72
© e (0 °C,
Key: A,D
Sol: +ra=10
X+y+z=10;x>1,y>1,z>1
The required number of positions

-1c,, =C,=36
17. Let 5 and 5 be two non collinear unit vectors. If 6:5—(55)6 and \_/:5.X5then M=
aly| b) |u_|+‘ﬁ.5| ¢) |u_|+‘ﬁ.5‘ d) |u_|+ﬁ.(5+5)
Key. AC
ol Given v=axb =i|=[aplsina=sing

Gzé—(éﬁ)k—) = a~hcos®

-2 = - 2 W22 =2 ) __
:‘u‘ :(a—bcose) =‘a‘ +‘b‘ cos- @—2abcos@
= 1+cos? @—2cos* 6
=1-cos? @
=sin’g
==y
Again b - ab—(ab)(bb) =0
= ‘G.B‘ =0
18. If the unit vectors a and b are inclined at an angle 20 such that ‘5—5‘<1 and 0<0<T,
then O lies in the interval
(A) [0, m/6) (B) (57/6, n]
(C) (n/6, /2] (D) [n/2, 57/6)

Key. AB
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Sol. Since, aand b are unit vectors, we have
-~ = -~ \2
‘a—b‘z (a—b)
N2 2 -~ .
\/(a) +(b) —2ab =+1+1-2c0s20 =2[sin 6|
Therefore, 5—5‘<1
= 2|sin@| <1
lsin 6|<l
2
= ee{o, EJ
6
5]
or —, T
6
19. If a, b , C are non-zero, non-collinear vectors such that a vector

p=ab cos (Zn—(éAB)) C and a vector § =ac cos (n—(a'/\é)) b then p + g is

(A) parallel tod (B) perpendicular to a
(C) coplanar with b & ¢ (D)coplanar with & and C
Key. B,C

Sol. p=abcos(2n—6)T where 6 is the angle between @ and b and
g =aCCOS(7t—(p)B where ¢ is the angle between d@ and C
Now p+0 = (abcos®)C—ac'cosepb = (4.b)c—(a.c)b = ax(cxb) =BandC

20. Given three vectors @4 b , G.such that they are non — zero, non — coplanar vectors, then
which of the following are.coplanar.
(A)a+b, b#cyc+a B)da-b,b+c,c+a
(C)da+b,b=cyc+a (D) a+b, b+¢, c-a
Key. B,C,D
Sol.  Verify\V;« V, =V, in order to quickly answer
21. Let OABC be a tetrahedron whose four faces are equilateral triangles of unit side. Let
OA=a, OB=b and OC=c, then
-~ 1/~ - - - -~ 1/~ - - -
(A)c=§(a+bi2«/§axb) (B)c=§(a+b12\/§axb)
(C) volume of the tetrahedron is L (D) ‘[5 b 6] = i
23 V2
Key. AD
Sol. Let C=xa+Yyb+z(@axb). Taking succecive dots with @,b,¢ and axb we get X
1 2\2
zy= —andz=ii.
3 3
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oo - =\ (= = -- 1
22. If a,b,c,d are unit vectors such that (axb).(cxd) =1 and a.c:z then

(A) 5, B,E are non coplanar (B) B,a are non parallel
©) B,E,a are coplanar (D) a,a are parallel and B,E are
parallel
Key. B,C

Sol. (EXB).<CXH)=1 = sina sinp ((N,.A,) =1 = sina sinp cosd = 1
= sina=1,sinB=1andcos® =1 = a =B =n/2,0=0i.e., 0A,
So, &b, ¢, d are coplanar. Again é.éz% — cosy = % = v =n/3

So, no two of vectors é,B,C,a are parallel.

23.  ABCDEFGH is a regular octagon. If AB=a, BC =b,CD =la+mb and DE = pa-+qb, then

A) m, p are irrational B) |, are rational c) m+p=0 D) I-g=0
Key. A,B,C
Sol. CD=-a++/2b
DE =—/2a+b.
24. In a triangle ABC, the point D divides BC in the ratio 3:4.and the point E divides BA in the
ratio 4:3.I1f AD and CE intersects at F, then
a) AF:FD =21:16 b) AF:FD =2:1 c) CF:FE= 28:9 d) CF:FE=9:28
Key. AC
Sol.  Using Menelau’s theorem or by vectors
AF 21 CF 28
DF 16'FE 9
25. If A1B1Cy and A;B,C; are'two.coplanar triangles such that perpendicular from A, B, C; to the
sides B,C;, C,A;, A;B; of the triangles A,B,C; are concurrent, then
(A)= &, (C,—b,)=0 (B)= &, b,C,=0
(€)= &, (C,+Db,)=0 (D)T 4, (¢,—b,)=0
Key. AD
Sol. Let H.be the point of concurrency

AHL B;C, = (h—d,) (C,—Db,) =0
BiHW CA, = (h-b,)) (3,-¢) =
CiHL AB; = (ﬁ _Cl) (62 —32)20

=¥ d, (¢,-b,)=0

26. Q, k_),C are unit vectors which are linearly dependent. d is a unit vector perpendicular to the

plane containing &,b,T . If (Axb)x(Cxd) =%(i —2j+2K) and the angle between &,b is

T _
— then C can be
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A)|—21+2k 8) 21+ J—k
3 3 3 3
Key. AD

Sol. Conceptual

27. If F=xax(@xb)+yaxb and T satisfies the conditions F.b =1;[Fab]=1 and also
ab #0 then
-1 ab
A Ta=0 B) X=—== C) X= — D) Xx+y=0
) ) X=axby ) X= @xb) ) X+Y
Key. A,B,D
Sol. Conceptual
28. U=i-]+k,V=ai +aj+(B+Dk, W= i + £] +a+1DK . Ifitis possible to construct
a parallelo piped using U,V,W as its 3-coterminus sides for any value of «, then which of the
following is/are false.
A) _1_\/§<,B<\/§_1 B) —_1_\/§<,B<—1_\/§
242 242 242 242
. —1+\/§<ﬂ<1+\/§ ) 1—\/§<ﬁ<1+\/§
22 22 242 22
Key. C,D
Sol. [0V W]#z0=>2a"+a-p>-B+0
..D<0

29. Let d&C are unit vectors and ‘5‘ = 4 with ‘@xb=2ax¢ . The angle between d &C is

cos™ (1/4) .If b—2€ = A4, then A equals

A)1/3 B) 1/4 C) —4 D)3
Key. C,D

Sol. \6‘ =|2c + 4]
30. Unit vectors @ and D-are perpendicular and unit vector C beinclined at an angle @ to both a
and b.If c=ca+Bb+(axb) then
(A) a=p B) 1-2a” =»* () y*=1-2c0s’@ (D) o’ - f° =y*
Key. A,B,C
Sol.  c=aa+8b+y(axb)
ca=a=c0s0=a—()
ch=p=cos0=L—(2)
Also 2C0s* 6 +C0s? (E, ax 5) =1
=y’ =1-2a*—(3)
From (1), (2) and (3) it follows

31. If ABCD be a tetrahedron with G as centroid and position vectors of A,B,C,D are 5, 5,6, d
respectively then volume of the tetrahedron GABC =

W3] @ [Bed]| o [Bed] o 3[a5¢]

10
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Key. A,B
Sol. Conceptual
32. If 5 and 6 are unit vectors and ‘5‘=4 with 5.><5=25><E:. The angle between 5 and 6 is

cos™ Gj b—2c=Aa, then A=
(a)3 (b)-3 (c)4 (d) -4
Key. A,D
Sol. ‘5‘:‘5‘:1‘5‘:4
axb=2(axc);(a,c)=cos™ Gj
-1

vow ac=[afds -y =ac-; > O

Given b—2c = Ja

— —2 —2

‘b—ZC‘ =/12‘a‘

— 0% +4c? —4b-c= 12
.c=20- 72
20— 12

Tl

=4

=b-c=

I

b-c—2c-c=1a-c
20— A2 —Z:i

4 4
=20-1°-8=1
=12+1-12=0
=(1-3)(1+4)=0
=>A=30r -4

2

33. If (x, y,2).#(0,.0, 0) and (|+j+3I2)x+(3f—3j+I2)y+(—4f+5j)z:/I(xf+yj+zI2)

where f, j,lz

are.unit'vectors along the coordinate axes, then

(a). 4=0 (b) A =2 () A =1 d A = -1
Key. A,D

Sol.  Here (f+]+3f<)x+(3i—3j+R)y+(—4i+5])z =k(xf+y]+zl§)
On equating we obtain
(1-A)x+3y—4z=0
X—(3+A)y+5z=0
X+y—-Az=0

Since the equation have non trivial solutions

11
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1-A 3 —4
Hence | 1 —(3+7») 5|=0 =A=0o0r -1
3 1 A

34, Ifa=i+j+k, b=4i+3j+4k and c=i+aj+pfk are linearly dependent vectors and

‘E‘ = \/§ then

(@) p==£1 (b) =1 () x=1 (d) a=-1
Key. B,C,D
Sol. If 5,5,6 are linearly independent vectors, then C should be a linear combination of
aad b

c= pe_1+q5 for some scalars p and q

ie., i+0t]+BR=IO(?+]+k)+q(4?+3]+4k)
=1=p+4q a=p+3q B=p+4q
=pB=1 Now H=\/§ =1+’ +p*=3

=1+02+1=3

=ao’=1 =oa==11

35. Llet a,b,Cc be three non coplanar “vectors. such that E=5—5+6 , F2=B+E—a ,
r,=a+b+c, r,=2a—3b+4c . If .r, = p,F1+ P,I, + p,T, then

(@) p,=7 (b) p,+ps=3
(c) p+p,+p;=4 (d) p,+p;=0
Key. B,C
Sol. =P 0 +P,0 +Ps0

= 2a--30+4c=(p, —P, +P;)a+(~—P, +P, +Ps)b+(p,+P, +ps)C

Since 5,5,6 are non coplanar
:>p1_p2+p3:2’ _p1+p2+p3:_3' p,+p,+p; =4
1

, 7
Solving =p, =5 p,=1 p, =3

36. P'is the point T + XT +3K .The vector OP (‘O’is the origin) is rotated about the point

‘O’ through an angle 6.Q is the point 4r+(4X—2)j7+2E on the new support of oP

such that OQ = 20P. Then x value is

|
e

2 1
2 b) —
a) )3 C)3

Key. AD

12
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Sol. @:F+XT+3f
OQ=4i +(4x-2)j +2k ,0Q=20P =16+ (4x—2)? +4=4(1+Xx? +9)
=12x% -16x-16=0 =3x>-4x-4=0 = (3x+2)(x—2)=0

-2
:>x:2,?
37. If axb=c and bxc=a then
a\ﬂzl m\ﬂ:l
9 [a]=[c 4 [b]=[c|
Key. B,C
Sol. 5>< 5=E:>6 is perpendicular to 5 and 5 .

bx c=a=>a is perpendicularto band ¢

= 5, 5, C are mutually perpendicular

gain axb =6 =>Jax| =g = 3| =[¢| (1
b =a=s[pxc| =[a = flfg| =[a| > (2)

from (1) & (2) \6\ = \5\&\6\ =1

38.  The lines whose vector equations “are F=2f—3j+7k+/1(27+ p]+5R) and

r=i+ 2)+3k +y(37— pj+ pR) are-perpendicular for all values of ' and [, if

ap=-6 byp=-1 c)p=1d)p=6
Ans. Db, d

Sol.  Given lines are perpendicularif. 2i + p]+5R and 3i— p] + pR are perpendicular.
=2-3+p(-p)+5p=0=p=-16
39. The vectors @, b and-C are of the same length and taken pair wise they form equal angles. If
a=i+ joand'b=.j+k, the coordinates of C can be
14 1 1.2
a) (1,0,1) b) (-1, 1, 2) ) (—5,5,—5) d) (5,0, 5)
Ans.

ac
Sol: ket €= i+C, j+C,k. Then ‘E‘zx/_:ﬂ/cf+c§+c32 - )

ab 1 1 ac c¢+g

BN E IR It
and __‘BBH%‘ =C2;C3 =C,+C =1

From (1)

2=(1-¢,)’ +c2 +(1-¢,)’

=3c; —4c, =0

13
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=c,=0o0r Cf%

Therefore, the points are (1, 0, 1) and (—

Wl
(VRN
|
Wl
N—

14
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Vectors
Assertion Reasoning Type

1. Statement- 1: If §=3i—3]+f<, 5=—f+2]+l2 and6=f+]+l2 and a:Zi—],then there
exist real numbers o,y such that @ = ob+pc +yd
Statement- 2: &, b, ¢, dare four vectors in a 3 - dimensional space. If b,¢,d are non-

coplanar, then there exist real numbers o, 3,y such that @ = ab +p3C +ya
Key. B

Sol. Both the statements are ture and statement-2 is the not correct explanation of statement-1

Because B,ﬁ,a in statement - 1 are coplanar.

2. Statement - 1: Let é,B,C&a are position vector four points A, B;.C-:& D and
34—2b+5¢—6d =0, then points A, B, C and D are coplaner.

Statement -2:  Three nonzero, linearly dependent co-initial.vectors (ﬁQ,ﬁ&FS) are
coplnar.
Key. A

Sol.  3d—2b+5¢—6d = (28 —2b) +(—5a +5¢) +(6a—6d) = —2AB+5AC—6AD =0

A—B,mand AD are linearly dependent, hence by statement-2,the statement -1 is
true.

C) Statement - 1 is true, Statement=2.is false D) Statement - 1 is false, Statement - 2 is
true

3. Given 3 vectors
V, =ai +bj+ck, V, =hi +cj+ak, V; =cf +aj +bk
Where a, b, c are distirict +ve'real numbers

Statement — 1: \71, \72 and \73 are linearly dependent vectors.
Statement — 2: [\71\72\73]7&0

Key:D
Sol. conceptual.question

4, Let B4, Cq, D1 are points on AB, AC, AD of the parallelogram ABCD such thatA—Bl = klA—B' ,
AC, =k,AC and AD, =k, AD where kq, ky and ks are scalars
STATEMENT-1: k1, 2ky and kg3 are in harmonic progression if B1, Cq and D1 are collinear
AB,  AD, _AC,
k, K, k,

STATEMENT-2 : .

KEY-A
Sol :
Equation of line B1D1
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—_—

r=AB:+1(B,D.)

= 7= AB. +(AD: ~ AB.)

If points B1, Cq and D1 are collinear, then
AC. - AB: +1(AD: ~ AB)

E]t le _ATCfl

Since + (KB+E :A—C)
k, K, k,
K, co Ky e S —
= —AB, +—=AD, = (1_}\,)AB]_ +AAD,
K, K,
Since, AB and AD form linearly independent system of vectors.
= 1-A= L9 and A = L9
k, K,
- _k Kk
ki ki
1 1 1
= — =t
k, Kk 3
- — _ a.b)? + b?
5.  Statement-1: If ﬁﬂb and T+Txa =D then |I’| = %
1+a
Statement - 2: If ﬁlZTB and T+Txa =D then T = (a.b)a +E)+a>< b
1+aa
(given that T,a,b are vectors)
KEY: A
HINT  Conceptual Question
6. Statement-I:-If p>qg>r>0 then
cot™ (H—qu +cot™ [ﬂj +cot™ (wj =r
Statement-II: cot™(X)=tan™ (l) vx e R—{0}
X
KEY-:C
HINT: cot‘l(x):ﬂ+tan‘l(lj when x<0
X
a1
= tan—"| — when x>0
X
7. Let @ plane S be parallel to the line T =U+1V, t is a variable parameter and passing

through the points P,Q whose position vectors are F_) and q where @,\7 are non

collinear, then

STATEMENT-1: equation of Sis [F T V]=[p T V|

N
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STATEMENT-2: A vector along the normal to S is (ﬁ - q)xv

KEY :D

HINT: (T —P).((P—0)xV)=0

8. STATEMENT-1: Unit vector coplanar with i+2j—Kk and 2i— j+K and orthogonal to vector
435k is 24 6K

2./34
STATEMENT-2: aX(BX(_I) is a vector perpendicular to @ and coplanar with 5,(7.
KEY : A
HINT: ax(bxc)a=[abxca]=0

&ﬁx(t_)xﬁ) is a vector coplanar with B,C and perpendicular to a

9. STATEMENT -1: If U & V are unit vectors inclined at an angle o and X is a unit vector
bisecting the angle between them, then X= a+v
2COSg
2
because
STATEMENT-2: If AABC is an isosceles triangle with.AB = AC = 1, then vector representing
AB4+AC

bisector of angle A is given by AD =

KEY: AorB

HINT : Option (A) is correct
In an isosceles triangle ABC'is whichAB = AC, the median and bisector from A must be same
line = statement 2 is true.

Now E):ULZV

& |E|2222C052E,50 | AD| = cos A
2 2 2

: o AD  O+V
= unit.vector along AD i.e. x is given by X= =

|AD|

2cosE
2

10, “STATEMENT -1: The value of expression 1(jxK)+ j(kxi)+K(ixj)=3
because
STATEMENT-2: i(jxK)=[i.jk]=1

KEY : A

HINT : 1(GxK) +j(kx 1) +k(i % ])
=li+jj+kk =1+1+1=3.

11. STATEMENT 1: a= ZT+]—R and b=1+3K If Cis a unit vector, then the

maximum value of the scalar triple product [a b c]isv/63
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STATEMENT 2: If Uand V and two vectors then the scalar product uv < ‘U‘M
Key: D
Hint [55 E]:(éxB)Es‘EXBHE‘
12. Statement-1:If G and \_/ are unit vectors inclined at angle ‘o’ and )_( is a unit vector
— U4V

bisecting the angle between them, then X = ———
2sina /2
Statement - 2: If ABC is an isosceles triangle with AB = AC = 1, then the vector representing
) o — AB+AC
bisector of angle ‘A’ is given by AD = ——
Key. D
Sol. In an isosceles triangle ABC in which AB=AC, the median and bisector from ‘A’ must be
same line
= Reason ‘R’ is true
V= ﬂ+\_/ —2  1(1—2 -2 — A
Now AD="% and [AD[ = ([l +fif +2[ifdease)
1
==(1+1+2cosq)
4
= ‘E‘ =c0sc /2
= Unit vector along AD is X = Uy
2cosa /2
13.  Assertion (A): Two straightlinesiin:space which are neither parallel nor intersecting are called
as skew'lines.
| S b-n
Reason (R): If & is angle.between r =a+Ab and r-n=d then cos@ = W
n
Key. C

Sol. Conceptual
14. Statement-1 : If U and v are unit vectors inclined at an angle o and X is a unit vector
u+v

bisecting.the angle between them then X = :
2c0s >

2
Statement—2 : If ABC be an isosceles triangle with AB = AC = 1 then vector representing
bisector of angle A is given by AD :M.
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Key.
Sol.

15.

Key.
Sol.

A
In an isosceles triangle ABC in which AB = AC, the median and bisector from A must be
same line.

Now EZU_;V and
Aoz L LloR tos =) 1 1 e o
|ADP==(J0f +| VP +21.7)="[L+1+2c0s0r] = =.2¢08" = =COS—
4 4 2 2 2
= Unit vector along AD i.e. X is given by ngz u+v .
|AD] 9cos®
2

STATEMENT-1

For the real numbers a, B, y; (cos o + cosP + cosy)? < 3(cos?a + cos?p + cos?y)
because

STATEMENT-2

For two non—zero vectors A and B, (A B)Z <|AP|BJ
A

Consider A=i+]+f<

B = cosoci+COSB] + cosyk

(AB) <|A[|B[

= (cosa + cosP + cosy)? < (cos’a + cos®P + cos?y).(3).

16. Let 6_1,6,6 be non coplanar vectors and I_’ = (5 X 6) X (5. X (_3)

Statement - 1: I and A are linearly.dependent
Statement - 2: I' is perpendicularto each of the three vectors a, b,c
Key. C

Sol. I_’ = (5 X 6) X (5 X 6) = [556]5 = I_’andg.are collinear

17. Statement-1: If. A(&), B(D),C(C) are the vertices of a triangle with circum centre
- o d+b+c
at the origin, then centre of its nine point circle will be T .
Statement - 2: It A(d), B(D),C(C) are the vertices of a triangle with circum centre
a+b+c

at the origin, then centroid of AABC is — .

Key. ‘A

Sol.“"““Conceptual

18. Statement-1: b &C are two non-collinear vectors, such that 3.(5+C) =4 and

ax(bxc)=(x*—2x+6)b +(Sin y)C, where X,y €R. The point
(X, y)lieson x=1.

Statement - 2: The vector d lies in the plane of bxt.

Key. C
Sol.

Conceptual
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19. Statement- 1: Let &b are two perpendicular unit vectors. If C is another vector

equally inclined at angle @ to the vectors a &b , then set of
T 3
exhaustive value of @ in [0,27] is [Z T}

Statement - 2: c0s20<0.
Key. A

Sol. Conceptual
20. Assertion (A) : The line of intersection of planes T. (T+ 2] +3R) =0 and F.(3T+ 2]+ R) =0 is

equally inclined to i and k

Reason (R) : The angle between two planes is angle between their normals
Key. B
Sol. Conceptual

21. Assertion (A) : If U and V are unit vectors inclined at an angle « and X is.a unit vector
u+v

bisecting the angle between them then X = o
2C0S—
2
Reason (R) : If triangle ABC is an isosceles triangle with"AB'="AC =1 then vector representing
. o AB+AC
bisector of angle A is given by T
Key. A
- - o
Sol. ‘u +v‘ =2005>

22. Statement-I: The position vector of the foot of the perpendicular from the point (4, 6, 2) on
the line r=(2i+2j+2K)+t(3i+2j+k) is (54,3)

Statement-Il: Position vector.of the foot of the perpendicular from the point C on the line

r=a+tbis a= (c-a). bB
f
Key. C
Sol.  a=2i+2j+2k
c~a=2i+4j
b=3i+2j+k
Foot of the L from C on r=a-+tb is a+%5
b
(2i+2)+2k)+ @rAD-GI+2i+K) 5 o5 gy
‘3|+2]+k‘
=(2i+2j+2K)+ (B +2j+k)

=5i+4)+3k
23. Statement-I: ax(bxc), bx(cxa), cx(axb) are non coplanar
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Statement-Il: If 5,5,6 are non coplanar then gle, BXE:, E:xa are also non coplanar
Key. D
Sol. ax(bxc)+bx(cxa)+cx(axb)=0
Hence ax (bxc),b(cxa),cx(axb) are coplanar.

24. Statement — 1: The position vectors of A and B are aandb respectively and the position
vector

of Cis %+g then ‘C is inside AOAB.

Statement — 2: The position vector of a point which divides 5.,5 in the ratio m«'n internally
is
mb+na
m+n
Key. D

—— 3 b 3a+2b 5(35+26J>35+26 —

Sol. OC=—+= = = =OP say
4 2 4 4 5 5

.. Clies on the extended line OP

Where ‘P’ is a point which divides AB in the ratio 2.: 3

-
b
L]

25. Statement —1: The points 2a+b-c , 5a—b+2¢ and 8a—3b+5¢ are collinear.
Statement — 2:.If the points whose position vectors are @,b,C collinear iff 3 scalars
X,V,Z>Xxa+yb+2c=0 where X+y+z=0

Key. A
Sol. Conceptual

26. Statement — 1: If A(a) ,B(B), C(E) ,D(a) are the vertices of a parallelogram ABCD then

a+c=b+d
Statement — 2: If the vectors a,b, C, d be the sides of a parallelogram then
a+c=b+d=0
Key. BorC
Sol. Conceptual
27. Statement — 1: Let 5,5 are position vectors of two points A and B respectively with respect
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to origin ‘O’. If the point ‘C’ is on OA is such that ZE = CY) , C_D is parallel

OB and ‘Cﬁ‘zi%‘(ﬁ‘ then E=3B—%

Statement — 2: If 5,6 are the position vectors of A and B then lies on AB

m+n

2AC =CO :>2(o_C—o_A) —_OC =30C=20A.....(1)
CD=30B =0D-0C=30B S )
AD=0D-0A=30B+0C-0A
_3p-13
3

Statement — 2 clearly divides A(a), B(b) in the ratio m : n internally.

28.  STATEMENT-1 : Letthevector =1 + ]+ K be vertical:~The line of greatest
slope on a plane with normal b=2i— ]+IZ is along the vector
i—4]+2k .
STATEMENT-2 : If & is vertical, then the line of greatest slope on a plane with normal b is
along the vector (axﬁ)xﬁ

Key. D
Sol. dxb=2+]-3K,(axb)xb=—2I"=8] -4k
Which isalong T +4] +2k. "\ ~Ais false and R is true

29.  STATEMENT-1: The volume of the parallelepiped formed by the vectors i+aj; ai+ j+k

and ]+ak is maximum when a = _ﬁ

STATEMENT-2: The volume of the parallelepiped having three coterminous edges
abandc=[ab c]

Key. D

v a0 ~dv 1
sol. _“V=la 1 1=a-1-a° g =1-3a°=0 a:i3§

01 a a

:>dZ_V__6a dZ_V =—— .. Vismaximumat a —i
da’ " da® _i \/_ 3
N3

30. Statement - 1: ()B( )andC() be three points such that

a=2+ j+K, B=3iA— j+3K and C=—i +7j —5K then OABC is a tetrahedron.
Statement — 2: Let A(a), B(B) and C(E) be three points such that é, 5 and C are non-

coplanar, then OABC is tetrahedron, where O is the origin.
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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

Ans. d

Sol. Since 5(Bx6) =0 .. a, b, care coplanar.
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Vectors
Comprehension Type

Paragraph -1
Consider the equations of planes P, = F.(i + 2]+R)—3 =0PR,= F.(Zi —]+R)—5 =0

1. The equation of plane passing through the intersection of P, =0, P, =0 and through the point

A(LL11) is

) F.(5i—4]+5E)=6 b) F.(5i+5]—4R)=6

c) F.(5i+5i+4E) =14 d) None of these
Key. C
2. The line of intersection of planes P, =0, P, =0 is parallel to

a) 3i—5]—k b) 3i+ j—5k c) 2i—j—k d) None of these
Key. B

Sol. 61.The required plane is x+2y+z-3+k(2x-y+z-5)=0 for some k. since it passes A, k=1/3

.. The equation of plane is 5x+5y+4z-14=0, i.e. F(5i+5]+4E) =

62. The line of intersection of planes I_’n_l =d, and I_’a =d, is parallel to Exn_2
Paragraph — 2
Letd= 2?+3]—6IA<, b= 2?—3]+6IA< and C= —2?+3]+6IA<. let &, be projection of don b
and d, be the projection of d;.on €. Then

3. a,=
(A) 9i3(2| 3j—6K) (B) %(m 3j—6k)
949, 5 n N D) 22 (_ 2 n r
(©) 49( 2i +3j+6Kk) (D) 492( 2i +3j+6K)
Key. B

—3J+6k)}2l —3j+6k 411(2 _35i460)

s e (20
Sol. a, =1 (2i +3j—6k).
0 1 |:( +9] ) 7 7

8, =~ 27 1 36k, (A =31+6K) | (-2i+3j+6K)
49 7 7

(49) (4 9+36)(~ 2|+3j+6k)——(2l 3j—6K)
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Key.

Key.
Sol.

() -41 ®-=

(C) 41 (D) 287

A

Sol. @,.b= %(2?—3]+6I2).(2i—3]+6l2) =41

Which of the following is true

(A) @ and d, are collinear (B) @, and T are collinear
© E,El,f)are coplanar (D) d,d,,d, are coplanar

C

—

d,d,,b are coplanar, because d,.b are collinear.

Paragraph — 3

Key.
Sol.

Key.

Sol.|1

Three vector @,b and C are forming a right handed systern, if. Axb =¢,bxc =4 , txa=b

. If vectors 3,5 and C are forming a right handed system, then-answer the following
guestion.

~
—

If x=3+b—C ,V=—§+5—26,2:—§+25—6 , then a unit vector normal to the vector
X+Yy and Y+7 is

(A) @ (B) b
©c (D) None of these
D
X+Y=20—C and Y+Z=-2a430-3¢C
a b c
(X+V)x(y+2)=/0 2 -3=3a+6b+4c
-2 3 -3
required unit vector = w
J61
Vector 25—36+46, §+26—6 and X§—6+26 are coplanar, then x =
(A) (B)
©o (D) None of these
A
-3 4
2 -1=0 =2(4-1)+3(2+X)+4(-1-2X) =0 => x ==
-1 2
Let )_(:§+6 ,_:23—6 , then the point of intersection of straight lines
TxX=yxX,Txy=Xxy is
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Key.

Sol.

Key.

Sol.

8 5
(A) : (B) 3
(C) 3 (D) None of these
C

ITxX=yxX = (I-y)xX=0 =  TF=y+AX
Txy=Xxy = ([—-X)xy=0 = 7=X+uy
Y+AX =X+py

(28 —b)++A(A+b) = (R +b)+u(23—b)

= 2+A=1+21,-1+A=1-p =p=LA=1

The point of intersection is 3d.

a.(bxC)+b.(Cx3)+C.(axb) is equal to

(A)1 (B)3

©)o (D) None of these

B

Sol. axb=C —Caxb=c.c=1 = [ab ¢]=1
a.(bxC) +b.(Cx3) +C.(Axb) =3

Paragraph — 4

10.

Key.

11.

Key.

12.

Key.

13.

The vertices of a triangle ABCare A=(2,0,2),B=(-1,1,1)and C=(1, -2, 4). the points
D and E divide the side AB and CA.inthe ratio 1 : 2 respectively. Another point F is taken in
space such that perpendiculardrawn from F on AABC, meets the triangle at the point of
intersection of the line segment CD and BE, say P. if the distance of F from the plane of the

A ABC is units\/z , then

The position vector.of P, is
(A) i +§.3k B)i—] +3k (C)2i—] -3k (D) none
B

The.vector, is :

A n 7T A = Ao
(A) 7]+ 7K (B)ﬁ(ﬁk) © (j+k) (D) none

C
The volume of the tetrahedron ABCF, is :

(A) 7 cubic units (B) 3/5 cubic units (C) 7/3 cubic units (D) none
C

The equation of the line AF, is :
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Key.

Sol.

(A) r:(2€+2k)+,1(€+2k) (B) r:(2€+2k)+/1(€—2k)
© r:(f+k)+l(i+2k) (D) r=(2?+2k)+,1(—i+2k)
50 to 13

The position vectors of D and E are marked in figure.
The vector equation of CD and BE are

f'=(f—2j+4k)+%(7j—k) )
and F:(—f+j+k)+§(7f—7j+7k) (i)

respectively.
CD and BE intersect at point P. At their point of intersection, we must have

(f—2j+4k)+%(7j—7k)=(—f+j+k)+§(7i—7j+7k)

:>1:—1+7—’u,— +M: T
3 3 3

and 4—%=1+7§ —u=6/7 ‘and “1=3/7

Substituting the value of A in (i) or that of g in (ii), we obtain the position vector I, of

point P as, I :?—j+3k

Now, A =areaof AABC = %‘ﬁ xﬁ‘

1 » . L 72 .
—E(—3I+j—k)><—l—2j+2k‘ _qu unit.
.. Volume of the tetrahedron ABCF

=% (area of the base) height
:%¥I=% cubic units
We have, Exﬁf:?jnk
Since, PF is parallel to ABx AC and PF =\/§ units.
- (7 j +7k)
SPE=J2—+1r—2t=j+k
J49+49 J

—PVof F=j+k
— PV of ﬁ:(j +k)+(i-j+3k):?+4k
.. Vector equation of AF is,

r:(zi:zk)+,1(?+4k—2i—2k)
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= (2 + 2k )+ 2(-1+2).

Paragraph -5

14.

Key.

15.

Key.

Sol.

Let T be the variable point satisfying T —1,= dq, r-n,= ds, r-n,,= d3 ,where
n,,M,andn,are

non— coplanar vectors. Then

The position vector of the point of intersection of three planes, is :

(A) [d (M x i, )+d, (M, x 1) +d, (m,x,) |

[mﬁﬁ
(8) [ﬁlﬁﬁ [d (M x i, )+dy (1, x ) +d, (1, x11,) |
(C) [ﬁlﬁﬁ [d (M xM,)+dy (M, x1,)+d, (M x1T;) ]
(D) none of these

A

If the planes T.N.=d,, r.n,= d, and T.n, d3', have.a common lien of intersection, then

is dl(ﬁ2 xﬁ3)+d2(ﬁ3xﬁl)+d3(ﬁlxﬁ2)

(A) [A,A,, ] (B) 4[ 1,0 ] () 2[ i, A, | (D) none

D

14 and 15

M, M,, M, are non-coplaner vectors. Therefore vectors M, x,, M, x, and i, x i, are also

non-coplaner

Let & be the.position vector of the mid point of intersection of the given planes. Then,
a-n=d,a-m,=d,and &M, =d,

We know that any vector in space can be written as the linear combination of three non-
coplaner

vectors. So, let

= =x(fxn,)+ ( x )+ 2z (M, x 1, ()
Now, a-f =

:>{x(ﬁ1><ﬁ) y (1, x )+z(r‘13><ﬁl)}-r‘i=d1
=y{(xn)nj=d =Y o]

Similarly, we have
a-M,=d,and &-M, =d,




Mathematics Vectors

d2 _ d3

] 0 T

.. Positive vector of the point of intersection of three planes, is

3[ﬁ1ﬁ—tﬁs]{d1(ﬁ2 Xﬁ3)+d2(ﬁ1Xﬁ3)+d3(ﬁ1Xﬁ2)}

Also, the equation fo a plane pasing through the line of intersection of the planes
r-n=dandr-n,=d,is

?(r_'i_l + ﬁz/i) =d, + Ad,,, where A uis parameter since, three palnes have a common line

of intersection.
.. The above equation should be identical to for some value of

Thus for some value of A, we have
m+Am,=p, L (ii)
and d, +Ad, = ud, ....{ji)
Now, M, +AM, = uf,

:(ﬁﬁLlﬁz)Xﬁs =y(ﬁ3xﬁ3)

=+, +A(M,xM,)=0 cen(iV)
:)}L:_M
(R, %)

Again, M, +AM, = uf,

= (M, +An, ) x i, = (M, x1,)

(i, xy) =—(m, xm,) ()
Now, d; + Ad, = ud,

= (d,+Ad, ) (1, x M) = d, { (11, x11,)}
=d, (Myx My )+, (My <M, )+d; (M, xM,)=0
{using (iv) and (v)}

Paragraph — 6

If &, B,é are three given non — coplanar vectors and any arbitrary vectors T is space,

A ba ca da ra ca
where Aq= tb bb ¢b Ay= ab Tb ©b
T bt ¢t ic 7.c ©ct
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16.

Key.

17.

Key.

18.

Key.

19.

Key.

aa ba ra aa ba ca
Ag=[ab bb ©b A=|ab bb ©b
¢ bt TC ac bt ©c
The vector is expressible in the form :

(A) p=igyBep, B (B) p2hig, 2805, 2
A A A A A
(C)r=$a+AB+Aé (D)f:ﬁmﬁﬁ A

A A, A A A A
D
the vector is expressible as :
e [rbj:] 2, lreal o raﬁb] c
z[abc] z[abc] z[abc]
. [r?c:=é+2 rffa]mz r?B] ]
abc| [abc [abc}
I | - | b c
(C)r= [a’bc_ {[?5*]+[r53]+[?3*]J
(D) none
D
If vector is expressible as, T = 5+ZC then
a.a ~ a.a ca ~
(A) 8=——=[bxC )+ 6><a axb
a5 o] ] )
(B)aza.a(bx) b(cxa)+c. (axb)
(©) a:[aﬁc](ﬁ ) [ abc ](6x3)+[356](3x5)
(D) none
A
a b ¢
The value for|a.p Bp C-p|,i
a-q b-q cd
(A)(pxq)[axﬁﬁ C'Cxa] (B)z(pxq)[axﬁ bxc Cxa]
)4(qu)[ax55x(‘f(’fxa} (D)(Dxd) [éxﬁﬁxééxé]‘
D
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Sol.

16to 19
Since 3,5,6 are three non-coplaner vectors.
". There exists scalars x,y,z such that

bx¢,cxadand axb

Taking dot product with BxC,Cxé and axb successively, we get

r-(B><c)=(xa’+y5+zC)-(5x6)
(cxa) (xa’+yb+zc‘) a)

and

l—l

rab | =z[c*a’6]

[rb c] [rca:] ) [raﬁ]

[ab ] _bca]’z_[caﬁ]
substituting the values fo x,y,z in (i), we get
o ree]|, Jlrea) | [[rab)
[abc] [bea] [cab]
Again, since d,b,C are non-coplaner.vectors,

:.[aﬁc]io

a+

o

=3 356}2 #0

O O
O
QO
S

:[366]2¢0

C-

ac b

(@]
(¢)]

Since-any vector T in space can be expressed as a liner combination of three non-coplaner

vectors. So, let

=la+mb +nc (i)
Taking dot products on both sides successively by 3,5,6 we get
r-a=la-a mb-a nc-a (i)
rF-b=la-b mb-b nc-b ...(iii)
r-c=la.c mb-c nc-c (V)

On eliminating |,m,n from above four relation, we get
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r a b C
r-a dd b-a ca
r-b ab bb cb
r-c ac bcc cc
On expanding this determinant along first row, we obtain
(Sl

we know that,

[3x55x6(‘:’x3’}=[356}2

o[axbbxcexa)=0 {as[aﬁcf}to}

< axbbxccxare non-coplaner

we also know that any vector in space can be expressed as a'liner combination of any three
non-

coplaner vectors. So, let

a=1(bxc)+m(cxa)+n(axb)

Taking dot product on both sides seccessively by. &, 5, C, we get
a-a=I{a-(bxc)|

Again let,
d=aji+a,j+ak, b=hi+h,j+hk,
C:Cﬁ+c2j+cgk, p:plf+ P, J + PsK,
and q=q1i+q2j+q3k,
a b ¢
Then, |a-

p
q

(ox]

C-

P
q

()}

p
q

jsb}
T

ai+a,j+ak  bi+hj+bk  ci+c,jrck
=|a,p +a,p, +3;p; bp +b,p, +bp; Cp +C,p, +C5P;
al +a,0, +a0; b +0,0, +bd; € +C,0, +Ci0;




Mathematics Vectors

i j k
PP P
g 9 G

8 & &
b b, b

G G G

Paragraph —7

Let X , ¥, Z be the vector, suchthat | X|=|y|=]Z]= \/E and X;V,Z make angles of
60° with each other also,

Xx(yxz)=4a

yx(zxx)=b

and Xxy=C.Then
20. The value of X is:

(A) {(a+6)xc’—(a+6)} (8) {(a+6)—(a+6)xc}
(Q %{(a’+5)x6—(é+5)} (D) none of these

Key. C

21. The value of y is
(A) %[(3+5)+(é+5)x6] (8) 2[(a+6)+(a+6)xﬂ
() 4|:(a+5)+(§+5)><6i| (C) none of these

Key. A

22. The value'of z is
(A)%[(B—a’)xm(mﬁﬂ (B)%[(5—3)+(3+6>XC’}
(©) [(6—3)X6+(3+5)} (D) none of these

Key. B

Sol. 20to 22

We have |X| =|Y| =|Z| = \/E and X, Y,Z make angle of 60° with each other.
.'.X-7=|X’||V|005600=x/§(\/§)-%=1

y‘z=|y||z|cos60°=\/§(\/§)(%j=1 and X-Z=|X||Z|c0560°:\/§<\/§)[%j:1

X-X=|%"=2

10
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y-y=|y =2
and  7-7=|7[" =2
Now, Xx(yxZ)=aandyx(zxxX)=b  {given}
=(X-2)y—(X-y)Z=a and (¥-X)Z—(y-Z)X=b
—y-Z=dandz—-x=b

=y-X=a+b

Thuse, we have
y—Z=a (i)
Z-%=b ...{i)
y—-X=a+b ...(ii)

Now, Xxy=C {given}

= X’x(Xx Y) =XxC {taking cross-product with X}

=(X-¥)xX—(X-X)y=XxC

=X-2y=XxC .(iv)
Again, Xxy=C

= Yx(ix 7) =yxC {taking cross product with y }
=(9-9)%—(y-X)y=yxc

=2X—-y=yxC (V)

On subtracting (iv) and (v), we'get
X—y=(yxC)—(Xxc) =X+y=(y-X)xC

- x+y=(a’+6)xc (Vi)
Adding (i) and (vi), we get

2y =(a%b)+(a+b)xc, y:%[(mﬁ)(mﬁ)xc}
Substituting the value of ¥ in (iii) in (i), we get

x=%[(a+6)+(a+6)xé}—(a+6) DYZE[@*B)XF(%BH

Paragraph — 8

If a, b, C are the three given non coplanar vectors and any vector I' in the space where

11
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23.

Key.

Sol.

24.

Key.

Sol.

ra ba ca aa ra ca aa ba ra
A=rb bb cb| , A,=lab rb ch| , A,=lab bb rb and
rc bc cc ac rc cc ac bc rc
aa ba ca
A=lab bb cb| then
ac bc cc

The vector I is expressible in the form

=g fep, g ) 1= 2054 202 2R
2N 2N 2A A A A
ogr=L1asBepy Bag or=2as 2 2¢
A Al 2 3
C

Since 5, 5,5 are 3 non coplanar vectors

3 scalars x, y, z such that r=xa+ y5+ ZC e, ()

Taking dot product with BXE, cxa and axb successively. We get
r.(bxc)=(xa+yb+zc).(bxc) = x[abd]

—[rbc|=x[abc| Similarly [rca]=Yy[bca] and [rab|=z[cab]

B [rbc] B [rca] < [Fab]

~"[abe| ' [abe]"" Jabe]
Substitute X, y, z in «(1).we get F=ﬁ5+£5+ﬁ6
A A A

If vector F is expressible as r=xa+ y5+ ZC then

] ) rage] () ey &P
x )+(a.b)(cx5)+(c_:.5)(5x5)
(5¢) +[ ab& |(a) + [ ] (ax)
a+[ab5} [EBE]E

W.K.T any vector in the space can be expressed as linear combination of any three non
coplanar vectors

So |et5=|(6x6)+m(6><5)+n(5x6) ......... (1)

a

ch_:]
a)(p

‘]
bc]

b).a

d) a=

;
B
a-[®
E

Taking dot product on both sides successively by 5,5,6 we get

12
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[55%]’ m=[£‘s%] ”ﬁ

Substitution of I, m, nin (1) we get

E:W(bxc%W(Exa%[;&] (axt_))

a b ¢
25.  Thevalueof |a.p b.p c.p|is

Key. D
Sol. Leta=ai+a,j+a,k, b=bi+bj+bk, ‘c=ci+c,j+ck p=pi+p,j+pk
q=0hi+0, ]+ 0k
a b ¢ airay | +ask bi+b, j+bk Ci+C,j+Ck
~ap bp cp| = (@Pa P tap; bp b, +hps 6P +C,P, +CP
aq bg cg|“ at+ad,+30, b +bd,+0, ¢ +c,0,+c0,

i j k|l a a
=P, P, P (b b, by
ql q2 q3 Cl CZ C3

Passage -

9
If a,B,E are any three vectors then

- - = —=-- ——- - - - — la-C b-C

ax(bxc)=(a-c)b—(a-b)c;(axb)-(cxd)=|_ _ _

a-d d

26. The value of ‘@’ so that the volume of the parallelepiped formed by vectors
I+aj] +kK; ] +ak;ai +k becomes minimum is

b.
b.

13
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27.

Key.

Sol.

28.

Key.

Sol.

-

1
—_ b 1 d) £
(a)3 ()\/5 () (d)

1
B

1 a1l d
V=0 1 a=1+a*-a=0Vis Minimum;d—V:O
a 0 1

a
1
a=+—
J3
a-a.a-h a-c
let a=2i+3j+4k;b=i+5]j+2k;c=3i+15j+6k thenthevalueof{b-a b‘b b-clis
ca cb cc
(a) 429 (b) 0 (c)1 (d)-5
B
a-a a-b a-c
ba b-b be-[abel
c-a cb cc
If a=i+j+k;6:4i+3j+4k;6=i+aj+ﬂk are linearly dependent vectors; (_2‘2\/5

then
(@) f=-La=1 (b) =1 F=+1 (€ a=-Lp=+1 () a=1Lp=1

D
11 1
4 3 4|=0;\1+2+p =3
1 o p

o’ + =2

1—a(0) +3(-1) =0

B=1

Paragraph — 10

29.

The vertices of a AABCare A(1,0,2),B(-2,1,3)and C(2,-1, 1) If D is the foot of the
perpendicular drawn from A and BC, then

The equation of medium of AABD passing through the vertex A, is

(A) ?z(f+21€)+%(—5f+ i+|2) (B) f‘:(f—ZIZ)+%(—5f+ j+|2)

14
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(C) ?:(f+2|2)+£<5f—j+|2) (D) none

Key. A
30. The vector equation of the bisector of ZA, is given by :

£ on Bi+j+k —-j+k
Ar—(1+2])+4 +
(A) r (i +2]) N 7 J
oo B+ j+k T —j+k
B) r—(1+2k)+4
I S s
o s 3i+j+k —T—j+k
Ar—(1+2])+4 +
A2l A TG J
(D) none
Key. B
Sol. 29 and 30
Here, BD= Projection of BA and E A
=(ETABC)BC
. (c=-b)| ¢_p
‘{(a‘b)'( ~)}6 - B
‘6—b‘ ‘C—b‘ —5 C

— PVof D-PV ofﬁzg(z?—j—k)

— PV of B:%(ﬁ— i —k)+(—2?+ j —3k)
~(2i-i+5)

Since E'is the mid-point of BD.

S\ :1)’(2?— j +5k);(—2?— j +3k)

:%(—2f+j+7k)

Equation of line AE is,

= (i 2 ea{3(2ie )~ (fvak)for r=(iva)t{-sivik]

we have, ﬁ=—3?+j+k and Ez%(—i—j—k)

Vector equation of the bisector of ZA is given by

15
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?:(f+2k)+l{3|J:/i_lJrk 4! _\/Jé_k}.

Paragraph — 11

Let a point P where position vectoris I' = X1 + y j+ le is called Lattice pointif X,y,Zze N . If

atleast two of x,y,z are equal then this Lattice point is called isosceles Lattice point. If al x,y,z
are equal then this Lattice point is called equilateral Lattice point.

31. If a Lattice point is called at random from Lattice points which satisfy F’(f + j+ IZ) <11, then

the probability that the selected Lattice point is equilateral given that it is isosceles Lattice

point is
a) i b) i 9 3 d) i
22 23 33 22
Key. B

Sol. Conceptual

32. Area of triangle formed by the isosceles Lattice points.lying on the plane F’(f + j+ IZ) =4 is:

a) 242 b) 2 ) gﬁ d)

|

Key. D
Sol. Conceptual

Paragraph — 12
In tetrahedron ABCD the face ABC is a regular (Equilateral triangle) and the face BCD is

T - __
perpendicular to it. Z/DAC = §,|AD| =6 units Angle between the lines AD and BC is

1 — — — -
cos 1Z and if ‘A’ origin, AD=d, AB=b, AC=c

D (d)

10 ¢ (c)

33. Angle between H,B is

16
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Vectors

A) cos ™t 1
4

Key. A
34, ‘b‘ + ‘c‘ =
A) 4

Key. B
35.

A) g
Key. B
Sol.
— 4d(c-b)=[d
Since ‘B—(_)‘ = ‘6‘ =

={ [dcl;d
2

B) COS 1
2

B) 6

Volume of tetrahedron ABCD (Cu. units)

217
B) —
4

~B|=[b]d

d, et (d,5)=6. (d.c)=

Booso | -[d]

33. o = (EB_C) = 003‘1% — cosa =

C) COS

C)8

9
C) —

1 ADEC

1 1

D) cos 13
4

2

D) 14

w | o

d(c-b)

T\AD\BC

T
3

[Ae<H

:>4(l—cose)=1:> cose=E
2 4

34. ABC | DBC :(EXE).(EXE) -0

=[x ~(Bxc)(bxd)~(bxc).(dxc)=0
bb” bd| |pd be
ch cd

3lb
j__!_6(1_1j_6(1_1}0
4 2 8 4 4

=3 and ‘6‘ =3:>‘5‘+‘6
dd db dc
bb bc
ch cc

Volume of tetrahedron = E[HBE] = z Cu.units.
6 4

= B 3
4

:>‘5
1 1/4 1/2

1/4 1 1/2
1/2 1/2 1

=il

17
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Paragraph — 13

In the adjacent figure

Let

and

36.

Key.

37.

Key.

38.

Key.
Sol.

37

CE _AF X
EA FB 1
LB pn
BC 1

FL = Vﬁ then answer following questions.

AB must be equal to

nAC+AL
A) ————
p+1
AC+AL
€ ——
2
A
AL must be equal to
n V=M AR X A
v+1 v+1
Q) V(1+7L)AB+ A A—C'
v+l v+l
B
1 must be equal to
1
A
(") A +1
A
C
© A+l
B

36.  abe the originand

let position vector of b, ¢ & | are B,E and |

p.v. of e and f are

_C —b respectivel
ol Al oPeCHVE
L
alsopv. of F=2tl Ab
1-v A+1
r-2=vp, v ¢
r+1 k+1
A+l k+1

Al—v) ABa Y
A+l A+1

k(1+v) B——AC
A+l v+1

(B) AC

(B)

A -1

0>

18
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38. p.v. of E and F are

C Ab .
—— and —— respectively
A+1 A+l
(-v+1) T =
v.of L=~—~24+ — =(u+1b—-uT
i il Taar Db
as b and C are non-collinear vectors
(—=v+DA .
X 7 =+l
1 38 (1)
-V .
m = ]J. . ....(11)
from (i) and (ii)
1
|

Paragraph — 14

Let three intersecting lines form a triangle ABC and separate the plane into 7
disjoint regions. Let the region in which the excentres I; ,I,Is lie'be termed as
excentral region opposite to angles A,B,C respectively.. D.be any point in the plane
of ABC and O be the origin outside the plane of AABC ,Giscentroid of AABC.

Now let the position vectors of A,B,C,D be &,B,?,S respectively. There exist real
numbers, p,q,r such that 5= pa + qB + r? and p¥g+r=1

39.  If 95=20.+3B+4y then
(a) D is outside the triangle ABC
(b) D is nearer to AB than the centroid G of triangle ABC
(c) D and centroid G are at equal distance from AC
(d) G is nearer than D from BC

Key. C
40. If 38=a+3B—y then Dis

(a) inside the plane ABC (b) on the side BC of AABC

(c) in the excentral region opposite to C (d) in the excentral region opposite to B
Key. C

= 1-71- "1- . .
41. o= 6a+§[3+§y and D is the orthocentre of triangle ABC, then tan B =

1 1 1

a) — b) = c) = d)2

(a) 6 (b) 3 (c) 5 (d)
Key. D

< 200+3P+4y

Sol. .39, &= B+4y

2+3+4

Inside as well as D and G are at equidistant from AC

w0, §o0t3B-v
1+3-1

Excentral region opposite to angle C
41. Orthocentre of triangle ABC is

19
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——  tanAa+tanBb+tanCc

OH
tanA+tanB+tanC
=tanB=2

Paragraph — 15

Let T is position vector of a point in Cartesian OXY plane such that T.(10j—8i —T) =40, max
_ o ~ - _ 2 ~ . . 8
{| r+2i—3]j |2} =] and mln{| r+2i—3j |2}:m. A tangent line is drawn to the curve y =— at
X
the point A with abscissa 2. The drawn tangent cuts the x-axis at B then

42. Value of mis
(A)9 (B) 242 -1
(C) 62 +3 (D) 9—42
Key. D
43, I+ mis equal to
(A) 2 (B) 10
(C) 18 (D)5
Key. C L
44, The value of AB.OB (0O is origin) is
(A)1 (B) 2
(@3 (D)4
Key. C
Sol. 42 Let T=Xi+Yj

T.(10j—8i—TF) =40

= x?+y?+8x—10y +40=0

= T lie on acircle in XOY:-plane.
| = (min. distance of T from —2i + 3j)?
=9+42
m = (min distance of T from — 2i + 3j)?
= 9%4\2

43  1=9+42
m=9-4y2
I+ m=18

44. Clearly point A(2, 2)
Equation of tangent at A(2, 2) is
2X +y — 6 = 0 co-ordinates of B(3, 0)

AB=i-2]
OB=3i ABOB=3

Paragraph — 16

20
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The maximum value of modulus of dot product of two vectors is the product of moduli of the two
vectors and this situation occurs when the two vectors are parallel.

45, If the projection of the vector 127 - 4] +3k onavector 4 is maximum, then the unit vector
along 4 is
i+]+k i—2j+3k
A £ (B)+
N Jia
3i+4j-5k i —4]+3k
©)+ J (D) + 12i—-4j+3k
52 13
Key. D
46. If ‘a’ is real constant and A, B, C are variable angles and

JaZ—4tanA+atanB++/a® +4tanC =6a, then the least value of
tan®A + tan’B + tan®C is

(A) 6 (B) 12 (C) 24 (D) 36
Key. B
47, In a AABC, cos 2A + cos 2B + cos 2C must be

(A) z—g (B) <—g ©< -1 (D) >-1
Key. A

Sol. 45. The projection = |(12f—4]+3l2). a|
=112 i—4]+3|2| |4 | |cosO| =13 |cosO| is maximumwhere 6 =0,
. 12i—4]+3Kk
SO, a:J
13
46. Then given relation can be written as

(\/a2 —4i+aj++a’+4 R).(tanAhtan Bj+ tan CR) —6a

- \/(az —4)+a”+(a’ +4).«/tan2A+tan2 B +tan®C.cos0=6a (as, a.b = [a] |b| cos 0)

— J3a+/tan®A+tan?B+tan?Ccos0=6a

= tan?A +tan’B +tan’C =12sec?®® (1)

= 12 sec?0 > 12 2) (as sec’0 > 1)
From.(1) and (2), tan’A +tan?B + tan’C > 12

" least value of tanA +tan’B + tan’C = 12

Paragraph — 17

Let A, B, C, D, E represent vertices of a regular pentagon ABCDE. Given the position vectors of

these vertices be 4, §+5, BJE and Ab respectively with respect origin O where O is the
point of intersection of line AD and EC.

_AD
48. Theratio B_ is equal to

A) l—cos%[ B) 1+2(:052?7[ C) cOS— D) 1—2cos%[

21
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Key. B
49, AD divides EC in the ratio

A) cosz—”:l B) cosg—”:l Q) Zcosz—ﬁ:l D)1:2
5 5 5
Key. C
Sol. 48-49
A E
5 o mi5_
ir
3
D
OA=BC & OC =AB
3

| AOC=| ABC = =
= OABC is arhombus
Hence | OAB =| OCB = 2?7[

| poc = 2% | Eop =%
5 5
Let OD =14,0E = 1b

|28 =2|a] cos%” =1= —20052?”

AD:BC=[1-1| :1+2c052?”

EO:OC:|/1|=20052?7[

Paragraph — 18
Let I is a position véctor of alvariable point in a Cartesian OXY plane such that r.(10] —8i —r) =40

PO R (S 8
and Pl:max<‘r+2|—3j‘ },P2 :mln{‘r+2l—3j‘ } A tangent line is drawn to the curve y = —
X

at the point-A with'abscissa 2. The drawn line cuts x-axis at a point B.
50. P isegual to

(A]'9 (B) 24/2 -1 (C) 62 +3 (D) 9+42

51. P, +P, isequal to

(A) 2 (B) 10 (C) 18 (D)5
Key. C
52. ABOB is

(A)1 (B) 2 (€)3 (D)4
Key. C
Sol. Conceptual

22
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Paragraph — 19

53.

Key.

54,
5 then

Key.
55.

Key.

Sol.

54.

Necessary and sufficient condition for three non-zero vectors a,b,C to be coplanar is that

there exists scalars |, m, n not all zero simultaneously such that | 5+ m5+ n(_: =6, then

Let ¢, B, ¥ be distinct non-negative numbers. If the vectors ai+a]+7k,i+E and
7/i+)/]+,3R lie in the same plane, then ¥ is

(a)AMof o and S (b) G.Mof o and f3
(c)H.Mof ¢ and S (d) Equals to zero
B

Let 5=2i+]+R, 5:i+2j—E and a unit vector C be coplanar. If Cis perpendicular to
c=

1, - - 1, = &
+——(—j+k b) +—=(-] -k
(a) ﬁ(l ) (b) ﬁ(l )
l - iy 1 . ) R
+—— (-2 d) +—=(<J=k
(c) \/E( )] ()\/§(J )
A
5,5,6 are three non-zero coplanar vectors. If &_1 is not'parallel to 5, then E: =
a-c a-b- [a-a c-a-
__ _ _|la+|- _ _ _|b - - _ _
c-b bb a-b c-b c-a a-b- |ara c-al-
(a) _— bl - _ _la+|- - _ _|b
a-a a-b c-b b-b a-b c-b
a-b bb
a-a b-b- |c-a a-b|-
o N\ _ __ _ _la+|-_ _ _|b
a-a a-b|- _|c-a. a:-b|- a-b b-b c-b b-b
(|- - _ _|af+|l o = _|b (d) -
a-b b-b cb "b-b a-a b-b
c-c b-b
A
a a y
53. 1 0 1(=0
v v B

a(0—py)—a(f-y)+A(1-0)=0
—ay—af+ay+y*=0

y=ap

23
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solving X(a-a)(a-b)+ y(a-b)? = (a-b)(c-a)

x(a-a)(a-b)+y(a-b)(@-a)=(c-b)(a-a)

_(a-b)(c-a)—(c-b)(a-a)
~ (a-b)*—(a-b)(a-a)

Paragraph — 20

Let ‘'S’ be the circum centre, ‘O’ be the orthocentre and N be the centre of nine pointicircle

of triangle ABC, then

56. SA+SB+SC=

A) 450 B) 2SO c) 3SO D) SO
Key. D
57. OA+OB+0C=

A) OS B) 2SO c) 20S D) O
Key. C
Sol. Conceptual

Paragraph — 21

13 13" 13

= .- — (4. 12. 3o
A particle is in equilibrium is subjected to four forces; =—10k, F, = u(— - = j+— kj ,

F=v _—4i—2]+ii ,E:W(cosehsine]) then
13 .13 13

58. u=

(a) 6—35+cot6 (b) 6—35+65c0t6 (c) %—GSCote (d) 65c0tO
Key. C
59. V=

(a) 6—;+cot6 (b) 6—?‘?+65cote (c) %—6500“9 (d) 65c0tO
Key. B
60. w=

(a) cscO (b) 40cscO (c) 40csc20 (d) —40cscO
Key. B
Sol. 58 to 60

Since the particle is in equilibrium
=>Fk+F+FR+F=0
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= —10k+u ii—ghik +v ji—ghiﬁ +w(cosei+sine]):c_)
13 137 13 13 137 13
:(ﬂ—ﬂ+wcose i 22022y wsine ]+(—10+iu+£v k=0
13 13 13 13 13 13
:>4—u—ﬂ+wcosezo ......................... (1)
13 13
:>_—12u—Ev+wsin6=O .................... (2)
13
:>—10+iu+iv=0 ........................ (3)
13 13
From (3) u+v:% ............................. (4)
From (2) :>1—:23(u +V)=wsin@
:E(@j:wsine =w=40cscO
13\ 3
Substitute (w) in (1) & (2)
:i(u—v)+40cot9:0
13
:i(u—v):—4000t6
13
=Uu—-Vv=-130cot0
:>u+v=@ :>u=§—6500t6
3 3
:>v=%+6500t9
Paragraph — 22
Let ;,B,E be three nen-coplanar vectors. Define g:: Ef‘i , Ez'ﬁii‘, E:'iilz.‘. then
|a bc | abc abc
61 [abe | [ab'c]=
a)1 b) 2fabc] ¢) 2 d) |abc|?
Key. A
62. If a =xa'+ y5'+zE' (x,y, z are scalars), then x+y+z isequal to
a) 3 b) 0

2 =2 =2 2 e
c) ‘a‘ +‘b‘ +‘c‘ d) ‘a‘ +a.b +a.c
Key. D

63. a' xb' +b' xc' +c¢'xa' equals

25
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2) 0 b) axb+hxc+Cxa ) SrDtE gy 2h+e
abc abcf
Key. C

Sol. 61). Observe that g E.= 6 b = EE.:l and the rest of the dot product will be zero

[ EE]:ﬁ{(EXE)X(EXE).(EXB)}

zﬁ{[m’]a@xa}
[abc? 1

“[abc [abc]

62). x=a.a,y=a.b,z=a.c

63). x=a x b = O Xﬁ)fﬁzzxa) - [bfiaq]g
[ab c] [ab c]

Paragraph — 23
The vertices of a AABC are A(2,0,2), B(-11,1)and C(1-2,4). The points D
and E divide the sides AB and AC in.the ratio'1 : 2 respectively. Another point F
is taken in space such that perpendiculardrawn from F on AABC meet the A
at the point of intersection ofline segment CD and BE at P. If distance of F
from plane of AABC is J2 units, then

64. The volume of tetrahedron/ABCF is

(A) % cubic units (B) % cubic units
(C) g cubic units (D) 7 cubic units
Key. A
65. The vector PFis
(A).T+] (B) j+k
(C) 7i+7k (D) L(]+ )
J2
Key. "B
66. ~ The equation of line AF is
(A) Fz(f+l2)+/l(i+]) (B) F:(2f+2l2)+1(—?+2f<)
(C) F:(2i+2]>+l(—f+]+f<) (D) none of these
Key. D

Sol. 64. (A)Area of AABC = %‘A—BXATC‘

——| (-8 +3-k)<(-i-2i+ 2K)

26
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72

14 A ]
= §‘7j+7k‘ _qu.unlts
Volume of tetrahedron ABCF
= % x area of basex height = gcubic units.

65. PF is parallel to ABxAC
PF =+/2 units

(7j+7k) .
PF= \/_m j+k

66. PF=j+k
Position vector of F = (]+ |A<)+(f—]+3IA<) =i+4k
Vector equation of AF is

F:(2f+2k)+l(—f+2R)

Paragraph — 24
For two vectors X, Yy, we defined i-yz\i\\y\cose, §x§=|;(|-‘9‘cosﬁn. Let * is a operation defined

by ;(*le‘;(“y‘tang, where 6 is angle between X and 'y.

67. Projection of X on Y/ will be
RECIRS S Y ‘[Ix\ o (x*y)jJ , [\x\ i (X*yiJ
M g T +(x+3) KT +(x+3)
Ans. C N
Sol. Projection of X on y is X‘COS@ ‘ ‘ M
M 1+tan®8/2

—2 =2 — —\2
But )_(*)_/:‘)_(‘M tang, s0 projection of X on Y is ‘)_(‘[‘)_(‘2 Mz _()_(*)_/) J

2
Iy +(x+y)
68. If X-and 9 represent the adjacent sides of a parallelogram, then its area is given by
- =\ =2 =2
U 21x*y x| |y NESY
a) ‘x*y‘ b) % c) % d) none of these
s+ ()
Ans. b
~1=| - ~|=| 2tan@/2
Sol. Area of parallelogram = ‘xHy‘sm o z‘XHy‘ 5
1+tan“ /2
69. If X and y two non-zero linearly independent vectors vectors such that ‘;(xgl" =‘;(*§/‘, then
a) X and Y/ are parallel b) X and Y/ are perpendicular
c) angle between X and Yl is % d) none of these

Ans. b

27
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ol [oxy] <[y

T

= [R[¥]sin0 =[|y}tan %= 0 -

28
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Vectors
Integer Answer Type

1. If a, band ¢ are non-coplanar vectors and
[(é+5)x(5—é) (B+E)x(f‘:+é) (C—a)x(§+5)]:K[§BC’]2thenvaIueofKis?
Key. 4
Sol. [(@+Db)x(b—7c) (b+C)x(c+a) (c—3&) x(a+h)]
=[axb-bxt+txd —-dxb+bxt+cxa —-axb-bxct+cxa]
1 -1
=[axb bxc cxa] |-1 1
-1 -1
=4[abc)

2. OABC is regular tetrahedron of unit edge length with volume V then 12\/§V =
Key. 2

—_
— N

sol. [a@abel =

o T QI
Ql QI Qi
O T QI
S S S
O T QI
Ol O 0O
Il
— O N - N
N~

NI~ N+~
—_

:>[C_L b 5}:% volume =%[d b E]z%

1242V =2
3. Two points P and Q are given in the rectangular cartesian co-ordinate system on the the curve y =
2%+ 2 gych that OPI - 1and OQ I = 2. The magnitude of the vector OQ 40P is

101 Wherel = (where O is origin )

Key. 1

Sol. Let. P(X;y;) and Q(X,,Y,) then y, = 2%*%and y, = 2*? and OPi=-1
b (x1|+y1|).|=- 1p x=-1

and correspondingly y, = 2 1+2, ie.yq =2.

4. ABC is any triangle and O is any point in the plane of the same. If AO, BO and CO meet the

sides BC, CA and AB in D,E,F respectively, then @+ % O—F =

AD BE CF '
Key. 1

UL uu 1 r
Sol. OD= xOAP r=-xa
Qa,b,T are coplanor
r ! r
I x+mb+nc=0
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Key.
Sol.

Key.
Sol:

Key.

Sol.

|
QI’ C are collinear —+ m+ x=0b x=
X

m+n
- m OF n
= = . Similary —= , =

AD x+1 I|+m+n BE I+m+n CF [|+m+n

OD OE O OC oC _

AD BE CA
The vectors d,b&E each two of which are non—collinéar. .If G+ b is collinear with
c,b+¢c is collinear with a&|al =‘E‘ = e| =J2. Then the value of

a-b+b-c+c-al=

2

(Jaf +[B[+ P

The equation of conic section.can also be given by two dimensional vectors. The vector
equation of conic'must be a relation satisfied by position vectors of all the points on the conic.

The position vector. of-a general point may be taken as I .The eccentricity of the conic

‘?—T— T|+‘f+f+ ﬂ =3is “¢” then[\/_e ] where [.] denotes greatest integer function

1

e=2J2/3

Find the distance of the point ?+2]+3k from the plane T.(i+]+k):5

measured parallel to the vector 2?+3]—6k .

7

The distance of the point ‘a’ from the plane r.n =( measured in the direction of the unit
—a.n

vector b is = g —
b.n
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Here a=?+2]+3k, ﬁ=?+]+k andgq=5
2i+3j-6k  2i+3j-6k

V@7 +@f (e T

The required distance

—(?+ 2]+3k).(?+]+k)

Also b=

- 2(2igj-6k) (i+5+K)

5-(1+2+3)
L2+3-6)
7
- > -
8. If a,b,C be non-coplanar unit vectors equally inclined to one anotherat an acute angle 0,
e - - -
andif axb+bxc=pa+qb+rc then p—r=__ (p,a,r eR)

ans: 0.

- —_
Sol.  taking dot product with a = [abc] =p+qCcosO+rcosd—==(1)

taking dot product with ¢ = [ abc ] PCOSH+qCosO+r———(2)
From (1) and (2) p=r.

9. Let A be a point on the line T =(—3i+6j +3k)+t(2€+3j —2k)and B be a point on the
line r=6j +S(2?+2j —k) . The least.value of the distance AB is

ANS : 5
HINT  Let A, =(-3,6,3),B, =(0,6,0);c=(2,3,-2)&d =(2,2,-1)

(3.0,-3).(1-2.-2)| _
3

Then ABpin= ‘pl’Oj of A,B, onch‘

10. If ﬁ,b,(_: are unit vectors such that @ is perpendicular to plane of b and T and the angle

between'b &T is % the ‘§+5+C‘ is

e 1
bt =|b]fc|cos ==.
3 2
— 2
a+b+c| =3+20+20+1=4
‘§+5+6‘ =2
11. Find the distance of the point i+ 2]+3k from the plane ?.(?+j+ k)=5 measured parallel

to the vector 2?+3] —6k.
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Key. 7
Sol. The distance of the point ‘a’ from the plane r.n =( measured in the direction of the unit
—a.n
vector b is =3 =
b.n
Here §=?+2]+3k, ﬁ=?+j+k andg=5
21 +3] -6k 21 +3] -6k
Also b= 31-6 = 31-6

J@r+@ (-6 7
The required distance
5—(?+2]+3k).(?+]+k)
- 2(aigj-6k) (i+i+K)
5-(1+2+3)

;(2+3—6)

12. The projection length of a variable vector x?+y]+ ZK on the vector p =i+ 2] +3K is 6. Let
£ be the minimum projection length of the vector NGl +y2] + 7%k on the vector p , then the

value of /17 +15° is
Key. 9
Sol.  Projection length = |d.p|

So. |x+2y+32|:6
NvE
— |x + 2y + 32| = 614

= |(Xi++2yj+/32K). (1 ++/2]+3K) | = 6414

— (x2 + 2y? + 322) (1 + 24.3) c0s? 0 = (6JT4)2

2 2 2
L X H2Y H3 e a1 = 6y1d

V14

So, (12 + 15%)¥3. 2504 + 225)1/3 = (729) = 9.
13.  Non-zefo\vectors d, D, C satisfy ab =0, (0—&).(b+c) = 0 and 2|b+C|=|b-a|. If
d= ,uB+4C then the value of p is
Key. 0
E—HB

Sol. .= and 2b=0

Now, (5-).(5.+)=0 = (B—a).(”ﬁ%‘ﬁ)zo

S (4-pb=a (. p<4).. ()
(4—p)b+a
4

2
=|

Again 4|b+c| = |b-df = 4 b-af

2 2
— 4(%) b2+az =b%2+a% = ((4 - p)?-4)b%>=3az... (ii)
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J— 2_
(i)&(ii)wegetW=%:>u2—5u:0

= u=0o0r5butas up<4,so, u=0.

14. Angle @ is made by line of intersection of planes F(i+ 2] +3k) =0 and

F-(3€+3j+k)=0 with |, where COSHZ\/%,then Ais

Ans. 2
Sol. Conceptual
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Key.

(A)

(B)

Key.

Sol.

Vectors
Matrix-Match Type
Column | Column Il
(A) The area of the triangle whose vertices are the (P) 0

points, with ractangular cartesian coordinates
(1r 21 3)1 (_21 11 4)1 (31 41 _2) is
(B) The value of (Q) 1

(@xDb).(cxd)+(bxc) .(@xd)+(cxa).(bxd) is

121

(Q) A square PQRS is side length P is folded along the (R) 12 8

diagonal PR so that planes PRQ and PRS are

perpendicular to one another, the shortest distance

P
between PQ and RSis, ——= thenk =
k2

(D)  da=2i+3j-k,b=—i+2j—4k ,c=i+]+K @and (S) 21

d=3i+2j+K then (3xD).(Cxd) =
(A-R), (B-P), (C-Q), (D-S)
Sol. (A)  OA=i+2]+3Kk 0B==2i % j=2k,OC =3i +4]—2k

V1218

area = l|A_B’><KI|=—
2 2

(B) ((@xb)xT)+((bxcyxad).d=+((c+d)xb).d=0
(C) Taking P as origin pesitiohiector of Q' Rand S are Pi + P], Pk equations of PQ'

and RS T =tPjare, F.= P?+P] T= Pi+P]+7»(Pf+P]—PIA<) shortest distance = P

N
(D)  (a.e)bd)—(b.c)(@d)=21
Match the following.

Column - | Column - I
5,5,6 are any three vectors then a((5+6)x(5+5+6)) is (p) 2
equal to
If é=?+]+ k,5:4?—3]+4k, 6:?+a]+ﬂk are linearly (a)-1
dependent and‘E‘ :\/§ then o+ f3 is equal to
Ifa=i+]+k, a-b=1and 5.><B=]—k and6=ai+b]+7/k (ro

then a—f3 is equal to
(A) = (0, (B) = (p.1), (€) — (a)

(A) = (r), (B) —=>(r,s), (C) —>(a)
(B) a=%1,p=1
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(C) P—r=0,y—a=1l,a—-f=-1
3. If & and B are two unit vectors inclined at angle a to each other, then
Column | Column 1l
- (P) 2n
(A) |d+bl<lif ?<OLSTC
e Q =
(B) |a—b|Ha+b]if §<0L§7t
(C) - (R) T
|a+bl<~/2 if =3
- (S) T
(D) |a—bl<~/2 if OSOL<§
Key: A-P,B-R,C-Q,PD-S
Hint: A-P,B-R,C-P,Q,D-S
If |a+b|<1 then (a+5).(a+5)<1
=12  IR12 195 R S 1
So |a|" +|b|"+2ab<1 = a.b<—§
1 27
= C0Sa<— => —<o<T
2 3
if [a—b|Hd+D| then ab=0 = oczg
If |§+B|<\/§ then cos a < @ which'is true if E<0cSTc
2
If |a—b|<~/2 then cob a,> 0 which is true if 0<o<T.
4, Match the following
Column -1 Column-—11
AV i a=xi R(X=1)j+k and P) 1

5:(x+1)i+]+aR always make an acute

angle with each other for all X € R, then number
of non positive integral values of ‘a’ is

B) Let 5,5,6 be unit vectors such that | ) 0
_ _ - o __ - 3 -
a+b+c=x, ax=1, b'XZE' x‘:Z and ‘0

" is angle between C and X then [2COSG+2] is (
[D] denotes G.I.F).

C) f a=i+j+k , b=4i+3j+4k ,|" 2

c=i+ p]+qE are linearly dependent and
C =+/3 then p?—q®=
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D) If a,b,C are non coplanar and a+b+c=ad, | 3

5+E+H=B§mmﬂ5+5+6+a=

Key. A-Q, B-S, C-Q, D-Q
so. Aab>0=x?>+2x+a-1>0
=>A<0=a>?2

0) (a+D+0) X =xx =1+ +cx =4
-~ 3
=>CX=—
2

:>‘(_3H)_(‘C036:§:>c059:§:>[20086+2] _9
2 4

111
04 3 4=0=q=1 [=3=p’=1
1 p g

Hence p*>—0° =0

5. Observe the following columns:
Column -1 Column-1i
(A) If a+b+c=ad,b+c+d =ﬂ§and a, b, B\are non- coplanar, then the 0 2_7T
. 3
|a+b+c+d|is
(B) If a and b are unit vectorsinclined af an angle @ to each other and |5+B| q 3_”
4
<1, then @ can be equalto
(C) If a is unit vector perpendicular to another unit vector b , then r 5_”
= =~ A~ X 6
|ax[axfax(@xb)}]| is equal to
(D) Let 5, 5,6 Be three unit vectors such that a+b+c =6, then the angle s.0
between a and b is equal to
t.1

A-s;B-q,r;
C-t;D-p
Sol.  (A)a+b+c+d=(a+1)d=(p+1)a

If & #—1, then d =(ﬁ—+1)5

Key.

a+l
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Ans.

Sol.

a+1

:>{1—a('6—+lj}5+5+6=0:>5,5,6

a+l

:a+5+ezaa:a(ﬂ_ﬂa

are coplanar, which is against the given conditions,
so @ =—1and hence a+b+c+d=0
(B) |a+bl<1=]al? +|b|* +2|a| b|cosd<1

:>c036?<—1
2

2

So, ?<0<7z

(©) ax(ixB) = (3B)a(3d)6 =5
ax{ax(axﬁ)} —ax—-b=-axb
ax[ax{ax(axb)}=ax(-axb)

- @a)6—(ab)a=b
(D) a+b=—c=ja+b[’qdcf=1
1 2

—ab=—-==0=""
2 3

Match the following

Column— 1

Column—1I

A) a and b are unit vectors and{@% 2b is L to 5a—4b, then 2(5.5) is equal
to

p)0

B) The points (1,0,3),(1,3,4),(1:2,1) and (k,2,5) are coplanar when K is
equal to

q) 1

C) The vectors (13,m)y(11, m+1) and (1,—1,m) are coplanar then the number
of values of m

rNi

D) éx(5x6)+5x(6xé)+6(5x5) is equal to

s) 2

A-RsB-Q;C—-P;D-P

B) a=i+3k, B:—?+3j + 4k, 6=?+2j +K, H=?+2j +5K are coplanar
c

al+[d a b]=[a b ¢
Q) For no value of m the vectors are coplanar.

o) ax(Bxc)=(a-c)b(a-b)c




Mathematics Vectors
Sum is zero.
7. Match the following
Column — 1 Column — 11
A) Let a and b unit vectors such that ‘5+5‘ =\/§ , then the value of \/_
- - . . P) V2
(2a+5b)-(3a+b+a><b) is equal to )
B) Let P be any arbitrary point on the circum circle of an equilateral
—_— 2 =2 | —2
triangle of side length 2. Then ‘PA‘ +‘PB‘ +‘PC‘ is equal to Q5
- - - = - 1/~ .
C) Let a=3, axc=b and c:é(p|+qj+tk) then(p+q—t)is R)8
equal to
D) Let a,b,C be three unit vectors such that a-b=a-c=0. Jithe 39
- - - - S) —
angle between b and ¢ is % then azl(bxc),whereﬂ is equal to ) 2
N 2
Ans. A-S;B-R;C-Q;D-P,T
Sol. A)  (2a+5b)(3a+b+axb)=6a-a-17a-h+5b-6=11+17a-b

‘5+5‘=x/§:>‘5+5‘:3:>5-5=%
o [P~ R o o 25

PB|=[5/ +[Ff ~256,JPC|-fe +[n 25 ¢
= PR e Bmfa bc)=8.s 2T _g

Q) axE=b:>5><(a><6):EXBS(EOE)a—(a-a)Ezéxﬁ

a-a<s, 5x5=—2i+j+k:>3§—35=5x5=—2f+j+k
30250 2] + 2K

E:%(5f+2j+2k)

D) 5:/1(6x6):>‘é‘:|;t”_b'xé‘:|ﬂ|‘BHE‘sin%:>|l|:\/§
—=A=+2







