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.




Mathematics Vectors

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




Mathematics Vectors

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
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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



