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Vector Algebra

TOPIC 1

Algebra and
Modulus of Vector

12!

0_1 LetP,,P,,...... P, beldpointsona

circle. The number of distinct
triangles formed by points
Pi,PAj and Pﬁ, such that

i +j+k #15iS [2021, 01 Sep. Shift-I1]

(a)12 (b)419  (c)443  (d)455
Ans. (¢)

i+j+k=15
where,i=1,}+ﬂ=14

0 (=2k=12.(G=3k="I),

(j=4 k=10),
(}:5,]2=9)(} =6k=8)... 5 ways
i=2j+k=13
0 (j=3k=10),...(j=6k=7)..4
ways
i=35+k=12

0 (j=4k=8),(j=5k=7)...2ways

i=4j+k=10 (G=5k=6)...1way

OTotal =12 ways

Then, number of possible triangles using

vertices
P.P, P suchthati+j+k#15is
1 J
B, =12 =455 —12 =443

0_2 A vector a has components 3p and

1 with respect to rectangular

cartesian system. This system is

rotated through a certain angle
about the origin in the counter

clockwise sense. If, with respect to
new system, a has components
p+1and+/10, then a value of pis

equal to [2021, 18 March Shift-I]
@ -2 (©f (-1

4 5
Ans. (d)

After counter clockwise (or
anti-clockwise) rotation, the length of
the vectoraremains constant.

(p+1,\/1_0)

3/ @ 1)

o]

i.e.lalat old position =|alat new position
0O
(Bp)” +(1)” =(p+1)” +(\/10)*

| 9p” +1=p” +1+2p +10
| 8p” —2p—10 =0
0 4p” —p-5=0
d (p+ 1) (4p=5) =0
5
a == -1
P7y

03 Let avectorai+ Bj be obtained by

rotating the vector ﬁ; +j by an

angle 45° about the origin in
counterclockwise direction in the
first quadrant. Then the area of
triangle having vertices (a, B), (0, B)

and (0,0) is equal to
[2021, 16 March Shift-I]

@' w1 @ L (e

2 V2

Ans. (a)
LetOAbe+/3 i + jand OBbeai +Bj.

Y

B
A
452
, 30°

X5 X

YY

As, we can notice in OA, 1/~/3 = tan30°.
So, it makes an angle of 302 with the
X-axis.

Now, when OAis rotated further by
45% nticlockwise, the resultant vector
OB makes an angle of 752 with the
X-axis.

So, OB=|0OA|(cos75°i + sin75°j)

Y

B (a, B)

c©p

X 0 X
yl

Let AOBC be the required triangle whose
area we have to determine.

Area of AOBC =(1/2) x(Base) x(Height)
=1/2xp xa
=%(2 sin75°) (2cos75°)

=2sin75°cos75°
=sin1560°
=sin30°
=1/2

Hence, the areais 1/2 sq. unit.



04

05

If vectorsa, =xi —j +k and
a, = i+ yj +zk are collinear, then a
possible unit vector parallel to the
vector xi + yj +2k is

[2021, 26 Feb. Shift-1]

(@-j+k) (- Gd-])

7 7
1T 2.4 1 1T 52 2.0
(c)=(@+j-k) (d-—=(-j+k)
V3 V3
Ans. (d)
Given,a]=xi—}+ﬂanda2=§+y}+zlA(
arecollinear,thenizj:l:)\ (Say)
y z
Thisgivesxz)\yz—i zzl
' AT

Then, unit yector parallel to vector
Xi+ )/] + Zkwill be

= fvi-B5+ R
\/(}\)2+§jg+§%§
(A2|—1+k))\ AZi-j+K
AN+ 2 N2

_x(i-j+k

=2

. T
If a unit vector a makes angles 3

=+

Take, A =1

with i, = 4 T ith jand 6 CI0, ™ with k

then a value of Ois

[2019, 9 April Shift-11]
L L L
4 12 3
Ans. (d)

Given unit vector a makes an angleg
with i,;with jande 00, mwith k.

Now, we knowthat
cos’a +cos’B +cos’y =1, wherea,B,y
are angles made by the vectors

with respectively i, Jand k.

0 cos §»§+ cos @»’T@+ cos’B=

a + + cos’B=1
4 2
O cos? 6—7 0 cosB= +l
gd cosf= cos%@orcos%@
O p="" or =
3 3
So,eiszn,accordingto options.

ELeta:

A-2)a+ band

B=(4\ —2)a +3b be two given
vectors where vectorsaand b are
non- collinear. The value of A for
which vectorsa and 3 are collinear,

is [2019, 10 Jan. Shift-11]
(a)4 (b)-3

(c)3 (d)-4

Ans.(d)

Two vectors cand d are said to be
collinear if we can write ¢ = Abfor some
non-zero scalar A.
Letthevectorsa=(A-2)a+ b
and B=(4\-2)a +3b are
collinear, where a and bare
non-collinear.
O We can writea = KB, for some
kOR- {0}
O (A=2a+ b=k[(4\ —=2)a +3Db]
O [(A=2-k(aA-2)]aH1-3kb=0
Now, as a and b are non-collinear,
therefore they are linearly independent
and hence

(A=2-k(4A=2)=0and 1-3k9
O AN 2 K 2and3k=1
0 A-2=1@a-2) Gaks=

3 B

O 3\-6=6-20A=- 4

N
[mImp|

07 Let3i+] i+/3jandBi+(1-B)j

respectively be the position
vectors of the points A, Band C with
respect to the origin O. If the
distance of C from the bisector of
the acute angle between OA and OB

is —, then the sum of all possible

values of B is
(a) 1

[2019, 11 Jan. Shift-11]

(

(c) 4
(d) 2

Ans.(a)

According to given information, we have
the following figure.

AN, 1)

Clearly, angle bisector divides the sides
ABinOA:0B,i.e., 2:2=1:1
[using angle bisector theorem]

So, Dis the mid-point of AB and hence
V3

+10
2 5

coordinates of D are E.@
2

Now, equation of bisector ODis

O
81l
(y-0)=U Ux-0)0 y=x
! O/3+1 0O /
_OE
B 2
O x=y=0
According to the problem,
3 B-(1-p
~— =CM==_ "
7 7
[Distance of a point P(x,, y,) from the line
O
ax+by+c :O]S(J><W-'—b7y1-+-c
a’+b* |g
O 2B-11=3 0 2B=%3+1
O 2=4-2P= % 1

Sumof2and-lis1

08 If the vectors AB= 3i+4k and

AC=5i- 2] +4k are the sides of a
AABC, then the length of the median

through Ais [JEE Main 2013, 2003]
(a) V18 (b) V72 (c) 33 (d) v/45
Ans. (¢)

We know that, the sum of three vectors
of a triangle is zero.

A

B m C

0 AB+BC+CA=0
0 BC=AC-AB
AC - AB

[-AC = -CA]
0 BM=
[ -+Mis amid-point of BC]

Also, AB + BM+MA =0
[by properties of a triangle]

O AB+@zAM [-/AM = —MA]
0 ayoAB+AC
2
_3i+4k + 51 -2] +4k
2
=4 =] +4k

O IAMI= 4% + 12 +4> =433
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10

11

Leta, band cbe three non-zero

vectors which are pairwise
non-collinear. If a +3biis collinear
with cand b+2cis collinear with a,
thena+3b+6c¢is [AIEEE 2011]
(aJa+c (b)a (c)c (d)o
Ans. (d)
As,a + 3bis collinear withc.
0 a+3b=Ac
Also, b + 2c is collinear witha.
0 b+2c=pa
From Eq. (i), we get

a+3b+6c =(A +6)c
From Eq. (i), we get

a+3b+6c=(1+3u)a
From Egs. (iii)and (iv), we get
O (A+6)c=(1+3p)a
Since, a is not collinear withc.
0 A+ 8 4 5= 0
From Eq.(iv), we get

a+3b+6c =0

-{ii)
i)

.iv)

The non-zero vectorsa,band c are

related bya=8band c=-7b.
Then, the angle betweena and cis
[AIEEE 2008]

T @
2

(am (b0 (c) =
4

Ans. (a)
Since,a =8bandc =-7b

So,a is parallel tobandc is anti-parallel
tob.

0 a andc are anti-parallel.
So, the angle betweena andc is T

If Cis the mid-point of ABand P is

any point outside AB, then
[AIEEE 2005]
a) PA+ PB+PC=0
b) PA+ PB+2PC=0
c) PA+ PB=PC
d) PA+ PB =2PC
Ans. (d)

Let Pbe the origin outside of ABand C is
mid-point of AB, then

C ., B

(
(
(
(

A

P
_PA+PB
2

PC O 2PC=PA+PB

12

13

Ifa,band c are three non-zero

vectors such that no two of these
are collinear. If the vectora+2bis
collinear with cand b+3cis
collinear witha (A being some
non-zero scalar), thena +2b +6¢

equal to [AIEEE 2004]

(a) Aa (b) Ab

(c) Ac (d) o

Ans. (d)

If a+2bis collinear withc, then
a+2db=tc .Ai)

Also,b+3cis collinear witha, then

b+3c=Aa
gd b=Aa -3c ...(i)

From Egs. (i)and (ii), we get
a +2(ha -3c) =tc
O (a —=6c) =tc —2Aa
On comparing the coefficients of
aandc, we get
1=-2A O A=-)
2

-6 =t g
From Eq. (i), we get

a+2b=-6¢
0 a+2b+6¢c =0

and t=-6

Consider points A,B,Cand D with
position vectors 7i —4} + 71A(,
i-6j+10k,—i -3j +4k and

5i- i + 51A(, respectively. Then,
ABCDis a [AIEEE 2003]

(a) square (b)rhombus
(c) rectangle (d)None of these
Ans. (d)

Given that, OA =71 =4 +7Kk,
OB=i-6] +10k,
OC =-i -3] +4k

and OD=5i -] +5k

Now, AB = [(7=17 +(~4 +6)° +(7 -10)°
= B +h+9= =7
BC =1+ )7 +(-6 +3)* +(10 -4)’
= [4+9+36=1/49=7
CO=J(-1=5)7 +(=3 +1)” +(4 &)’
and DA=\[(5-7)7 +(-1 +4)" +(5 =7)?

= [4+9+4=17

Hence, option(d)is correct.

o a® 1+’
14 If |b b®> 1+b® |=0and vectors
c c¢? 1+c?

(la,a®), (1 b, b*)and(lc,c?)are
non- coplanar, then the product

abc equal to [AIEEE 2003]
(a) 2 (b) -1 (c)1 (d) O
Ans. (b)
Since,
a a® 1+ad*| |a a® 1
b b? 1+b*|=|b b? 1
c ¢ 1+c*| |c ¢® 1
a a* d°
+/b b* b*|=0
c c* ¢
a a’ 1 a a’ 1
O |b b®> 1l+abc|b b* 1/=0
c c? 1 c c? 1
a a* 1
0 (1+abe)lb b* 1/=0
c ¢’ 1
ga a® 1 -
&b b7 1z0g
H c c? 1
O 1+ abc =0
O abc =-1

15 The vector i +x i +3Kk is rotated
through an angle 6 and doubled in
magnitude, then it becomes
4i+(4x —2)j +2 k. The value of x

are [AIEEE 2002]
(a) @%z@ (b) %z@

0 0
(c) HE.0 (d) 2,7}
‘B
Ans. (a)

Since, the vector | + x] +3Kk is doubled
in magnitude, then it becomes

4i+ (4x=2) ] +2k
O 207 +x]+3kl=l4i +(4x —2)] +2K|

O 21+ x% +9 =16 +(4x =2)° +4
0 40+ 4x* =20 +(4x -2)?

O 3’ -4x-4=0

0O (x-23x+2) =0
0

><=2,—g
3



TOPIC 2

Scalar or Dot Product of Two
Vectors and Its Applications

ﬁ Letaandbbe two vectors such
that|2a+3b| =|3a +b|and the

angle betweena andbis 60°. If %a

is a unit vector, then|bl is equal to
[2021, 31 Aug. Shift-I]

(a)4 (b)6
(c)b (d)8
Ans. (c)

2a+3bl=Ba+b|
O Ra+3b|* =Ba+b

O 4lal* +9b* +12a B =9/al® + b +6ab
0 5lal* -6a®-8b[> =0

a. )
—isaunit vector.
8

So,lal=8
And, 584 - 6Blb| %Q— 8lb> =0

O Ib? + 3lbl —40 =0
O (Ibl + 8) (Ibl —5) =0
[bl=5

As, bl =—-8Not possible.

17 A hall has a square floor of
dimension 10m x 10m (see the
figure) and vertical walls. If the
[0 GPH between the diagonals AG

andBHiscos™' % then the height

of the hall (in m) is
[2021, 26 Aug. Shift-II]

E F
H G
P
B
A
10m
D 10m C
(a)b (b)24/10
(c)53 (d)542
Ans. (d)
Let A=(0,0,0)
B =(10,0,0)
G =(10,10,h)
H=(0,10,h)

ﬁ If the projection of the vector

E If (a+3b)is perpendicular to

E F From (i),
7lal” —=15lal* +16aB =0
Iy , o 16alb=8lal’
S @ O BlallblcosB=8lal
T 8lal
: 5B O cos@= [-lal=Ibl]
A 161allbl
D C O cosezl
R 2
AG=10i+10j +hk 0 0= 60

BH = -10i +10] +hk

20 Let a, b, cbe three mutually
Since, AGBH = \AG\ \BH\ cosf

perpendicular vectors of the same

(100 +100 +h?) +ude and I inclined at
] magnitude and equally inclined a
— [n2 R/ 2
=Vh +200Hh +200'§g§ an angle 6, with the vectora+b+c.
2 .
0 5h2 =h? +200 O h =50 Then, 36cos 29;56§$u2a(|)tjol...é;:f.t.l
O h=5{2 [2021, 20 July Shift-1]
Ans. (4)
aldbl c

lal=|bl=lc|
alla+b+d=lalla+b+cl|cosB
ala=lalla+b+clcos®
lal” =lalla+b+clcos®
lal(lal-la+b+clcos@ =0

i +2j +k on the sum of the two
vectors 2i +4} -5k and

Y +Zj +3Kis 1, then \ is equal to
[2021, 26 Aug. Shift-II]

Ans. (5) As, lal#0
Leta=i+2j+k b=2i+4j -5k So. lal=la+b+clcos®
e} +2% 43k Similarly, [bl=la+b+clcos®
" ) cl=la+b+clcos6
Now, according to the questions, Now,la+b+cl’ =(a +b +d [ +b +d
. )
alb+d_, =al+bB+cle
|b+C| _3|a|2
O abtalesbed Ola+b+cl=v3lal=3Ibl =v3c|
O 5+(-A+4+3)=1(2-N) i +6j -k As, lal=la+b+clcos®
| (12=N)? =(2-A) +36 +4 0 lal=+/3alcos®
ON 2 +144=2% X* * M +4+40 1
0 A= 5§ O cose=ﬁ

0 c0s20=2cos’ B -1

:2%§_1:i
3
So,36 cos® 20 =36 x% =4

(7a—5b) and (a—4b)is
perpendicular to (7a —2b), then the
angle between aand b(in degrees)

IS e [2021, 25 July Shift-Il] o = N
Ans. (60) 21 For p>0, avector V, =2i +(p +)jis

If (a+ 3b)is perpendicular to(7a-5b),
then  (a+3b)[7a—"5b) =0

| 7lal* =15|bl* +16a B =0 i)
Also, (a —4b)is perpendicular to(7a - 2h).
(a—4b) [7a —2b) =0
O 7lal +8bl* -30ab=0 i)
Eq.(i)x 15and Eqg. (ii)x 8,
105/al® —225|b|* +240a B =0
56|al” +64|b|” —240a® =0
161lal> —=161|b[* =0
| lal=bl i) 0

obtained by rotating the vector
\2 =/3pi +jby an angle about
origin in counter clockwise
(@v3-2)
(43 +3)

the value of a is equal to
[2021, 20 July Shift-11]

direction. If tanB = then

Ans. (6)

Since, V, is obtained by rotating V,.
IV, [ =1V, [




O 3 +1=4+(p+1)?
O 3P+ 1=4+p" +1+42p
O 2p? =2p-4=0 0 p? -=p-2=0
O (p+NW(p-2=00 p=-Torp=2
Since, p>0given, thenp=-Tis
discarde(d)
V, V.
Now, cos@=—' 2
IV IV, |
_43+3 _4f3+3
Jizghz 13
2
sin@=4/1-cos’ 0 = 4\64'3)
_J03) -~ (43 +3)°
13
O S]nezi\‘ﬂz_zl“/3
13
ad tanB= siné :7“”2_24\/3
cos® 43 +3
Given,tanezd\ﬁ_2
43 +3

O  YN2-243 =ayf3-2
0 6v3 —2=a+3 -2

0 a= 6

22 In AABC, ifIBC| =3, |CAl =5 and

IBA| =7, then the projection of the
vector BA onBCis equal to

[2021, 20 July Shift-11]

19 13
(a)— (b)—
2 2
N 15
(c)= (d)—
2 2
Ans. (¢)
Given, AABC,IBC|=3,|CA|=5[BA[=7
A
7 5
p=19 c

Now, projection of BA on
BC=|BA |cosOABC
(7)? +(3)” =(6)°
2003
_49+9-25
)
_33_M
42 4

OProjection =|BA|E15

Now, cos OABG=

:7xl:ﬂ
14 2

23 In a triangle ABC, if

|BC| = 8, |CA| =7,|AB| =10, then
the projection of the vector AB on

AC is equal to
[2021, 18 March Shift-I1]
@2 % % @
4 14 20 16
Ans. (b)
Projection of ABor AC =ABcos@
=10[dosO
B
10 8
A
A 7

:0D102+72—82E=§

‘O 2x7x10 O 14

2 4p2 —g20
c b GD

g .
[using cosB =
O 2bc O

24 | et xbe avectorinthe plane

containing vectorsa=2i — j +k and
b=i +2§ —k. If the vector xis
perpendicular to 3 +Zj —k)and its

176

projection onais — then the

value of [x|? is equal to ............ )
[2021, 17 March Shift-II]

Ans. (486)

Letx=Aa+pb, whereAandp are
scalars.

O x=M2i —i +l;) +p(f +2i —|;)
x=i2 )\+u)+ (21 =N) +k)\ )
Since, xis perpend\cularto(Sl + 2] —IA<).
Then, x((Bi +2j —k) =0

] 3N+ 81 =0 (1)

Also, given projection of xon msﬂ
x@ _ 1746
lal 2
O 22A+ )+ A =21)+ (A —p) =51
| BA—p =51 . (i)
From Egs. (i)and (ii),
A=8u=-3

O x=13i - 14) + 1k
O Ixl=403)7 + (=147 +(17)°
O IxI=013)7 +(=14) +(1)” =486

25 aband cbe three unit vectors such

thatla—-b|” +/a—cl* =8. Then
la+2b|* +|a-2c|” isequal to ...... .
[2020, 2 Sep. Shift-1]
Ans. (2)
Given, for unit vectors a, band ¢
la-bl” +la—cl =8
Olal +|blP -2ab+lal® +lcf
-2ale=8
O- 2[ab ac 4
g alb+alée=-2 (i)
Now, la +2b[* +|a +2¢/’
=lal’ +4|bf +4a b +lal* +4|c/

+4ale
=10+4[ab+a (]
=10 +4(-2) [from Eq. (i)]
=10-8=2

26 Let the position vectors of points ‘A

and ‘B’ be1+]+kand21+]+3k
respectively. A point ‘P’ divides the
line segment AB internally in the ratio
A :1(A>0). If Ois the origin and OB LOP
-3/ 0A x0P|” =6, then A is equal to
......... . [2020, 2 Sep. Shift-11]
Ans. (0.80)
Itis giventhat OA = i+ 3 +k
and OB=2i +j +3k
OPoint'P" divides line segment AB
internally in the ratioA:1, ()\>O) then
2N+ )1+()\+ 1)J+(3)\+ )k

A+
0 OBOP=_ (1tA+6)

A+1

OoP=

i ik
and OAxOP=| 1 1 1
2N+ 1 1 SA+1
A+ A+1
SR S
)\+1 A A+
O |OPxOP|= A#@
+
2
010AxOP] =N
A+’

Itis given that,
OB[OP-3|0AxOP|* =6
14A+6 18N

A+ (A+)?

0 14N> + 20N+ 6 — 18N =6N> + 12\ +6

O 10N> =8A=0 OA= 0Qor0.38

. A>0, OA= 08

Hence, answer is 0.80




E Leta,b.cOR be such that

perpendicular to ¢, then the value
oflatb-clis......... i
[2020, 5 Sep. Shift-11]

a® +b? +c? =1 If

acosB=bcos @+2?n§
:ccos@ +A—T[§
3

where 0=

Ans. (6.00)

Itis given that projection of bon ais
equal to the projection of ¢ on a, where
la]|=2, |Ib|=4andlc|=4,

Tt

g then the angle
between the vectors ai +bj +ck and bis perpendicular to ¢ so ble=0
Now,la+b-cl’

and bi+ci+ak is
=lal* +|bl* +|cl* +2a b -2bd —2a

[2020, 3 Sep. Shift-II]

- o T =4+16+16 =36
(B)E (b)0 (c)=— (d)§ Ola+ boc|=
Ans. (o) 29 If aand b are unit vectors, then the
Itis given that, greatest value of v/3|a + bl +la — bl
acos@=b cos@ + Z?T[Q: c cos@ + %—[@ IS eeees [2020, 6 Sep. Shift-I]
=k (let) Ans. (4.00)

Kk _ k Let angle between unit vectorsaandb
0 a= b= 2 is@ 0, .

cosf coshh+ <™
3 Then,la + b* =lal® +|bl* +2a b
k ) =1+1+2co0s0 =2(1 +cos)
and c=— ) 9
_40082

COS@ 41‘[@

Now angle between vectorsal + b] +ck
andbi + cj +ak, wherea? +b? + ¢? =1
fora,b,c ORisa = cos™|(ab + bc + call
> ab+bc + ca =k’

O la+ b|=2cos§§
E'GD[O, i cos%%oﬁ

E Let the vectors a, b, ¢ be such that

0 Similarly, |a — bl* =lal” +|bl’ -2a b
B 1 . 1 =1+1-2cosB o
Ebosecos@+ Z—HQ cos@+2—n@cos@+4—n§ =2(1-cos6)=4sin’
] 3 3 3
0 O la - bl=23]n§§
1 O
*wg So,3la + bl +la - bl
B =2 §6005§§+ sin %%
Epos%+6§+ cos%+6§+ coseD
=Kk’ having greatest value=2,/3+ 1 =4

E COSGCOS% + GQCOS% + GQ g [--greatest value of a cosB + b sinBis
Ja% +b?]
2cos(T+ 9cos%§+ cos@
— 12

= - - 30 If xand y be two non-zero vectors
COSGCOS% + G@(josﬁ + 9@ such thatlx +y| :l Xl and 2x + )\y is

perpendicular to y, then the value

2 —cosO + cosB

cosecos%+9§008%+9§ of A is [2020, 6 Sep. Shift-II]
Ans. (1.00)
—_ -1
o = cos (OFm /2 For two non-zero vectorsxandyy, itis
Hence, option(a)is correct. given

[x+yl=]x|

On squaring both sides, we get

IxI” +2& T + 1yl =x)
lyI” +2xF =0 i)

lal=2,|bl=4and|cl =4. If the
projection of b onais equal to the 0
projection of conaand b is

Now, as(2x + Ay)is perpendicular toy,

SO
(2x+ Ny) ¥ =0

O 2xy + Ayl =0 i)
From Egs.(i)and (ii), we get
A=1

31 Avectora=m f+2}-B k¢ B CR)

lies in the plane of the vectors,
b=i +jandC—| —j+4k Ifa
bisects the angle between b and ¢,

then [2020, 7 Jan. Shift-1]
(a) ai+3=0  (b) alk+2=0
(c)all +1=0  (d) alk+4=0
Ans. (b)
Given vectors b= + ]‘and c=i —j + K.
So, vector bisects the angle between b
and cis

_A% |c|D

i, i- j + 4k

a a:)\%% E
ﬁ((Sl +3])+(| —j+4k))
%(m +2j+4K)

'ﬁ
On comparing with given
a=ai +2j+pk(a,BOR)

(2i + 4] —4k)

Ao L0
and —2_ (41 +2j +4k), we have A =342,
32 !
soa =4andfB =4
which not satisfy the given options.
Now, on comparing with
At A0
= _(2i +4j-4k)
32 !

anda:aAi+2]'+[3l},

we have)\zs\f, =TlandB=-2

Now, since alk = -2 alk+ 2 =0.

32 Let A@S,0,-1), B(2,10,6)and C(1.2,1) be

the vertices of a triangle and M be
the mid-point of AC. If G divides BM
in the ratio 2:1 then cos(CJGOA)

(O being the origin) is equal to
[2019, 10 April Shift-1]

1 1
(a) ﬁ (b) ﬁ

1 1
) 5o



Ans. (a)

Key Idea Use the angle between two
non-zero vectors a and bis given by

0s0 = atb
lallbl

and coordinates of the

centroidi.e.

O +X, X Y, +y, vy, 2 +z, +Z.[
3 3 3

of a triangle formed with vertices;

(X ¥ z) Xy, 2, and (x,, v, Z,).

Given vertices of aAABC are A(3,0, -1),
B(2,10,6)and C(1,2, 1) and a point Mis
mid-point of AC. An another pointG
divides BMin ratio
2 :1,s0G isthe centroid of AABC.

[B+2+10+10+2 -1+6 +10
ad GB . ,

3 3 3

=(2.4,2).

Now, cos(0GOA¥

OGIOA

‘OGHOA ,where Ois

the origin.

. OG:23+4}+21:1

O \OG\—W =24
and |OA|=3i -k

O |0A|=9+1=410
and OGIDA=6-2=4

O cos(0GOAE !

b _
NZNIINT

33 Leta=i+j+2k
b=b, §+b2 j+v2k and
c:5§+3+ 2 kbe three vectors

such that the projection vector of b
onaisa. Ifa+bis perpendicular to
c then|b [is equal to

[2019, 9 Jan. Shift-I1]

(a)6 (b) 4
(c)v22 (d)+/32
Ans. (a)

According to given information, we have
the following figure.

za+b

Clearly, projectionofbona —‘bﬂ

al

_(b]f+b2]+\/§ﬁ)(?+] +42K)

\/]z+1z +(ﬁ)2
_by+b, +2_b,+b, +2
Vb 2

34 Leta=2i+A 1} +3fg

But projection of bona =lal Thus, a possible value of

0 by +b, +2 _ P+ 1 +(2) ()\1,)\2,)\3)=§~%,4,0§
2

g btb*2_, 4 b,+b,=2 ..y 35 Letubeavector coplanar with the
2

vectorsa = 21+3] -kandb= _]+k

If uis perpendicular toa and
u [b =24, then|ul® is equal to
[JEE Main 2018]

Now, . R R .
a+b=(i+j+2k) +(b,i +b,j +2k)
=(b, + Vi +(b, +1j +22k

-+ (a+b) Oc therefore(a+ b) e =0 (a)336  (b)315  (c)256 (d)84
O{(b, + i +(b, + 1] +22K} Ans. (a)

(51 + 3 +4/2k) = Key idea If any vector x is coplanar with
O S, + 1) +1b, +1) +22(42) = the vectory andz, thenx = Ay + pz
O 5b,+b, ==10 ..{ii) Here, uis coplanar withaandb.

=-3andb, =5 O u=ia+yb

From Egs.(i)and (i), b
1 Dot product with a, we get

O b=-3i +5] +~2k \
BN RN S W
=36 =6 [a=2i+3j-kb=j+kuk=0]
Dot product with b, we get
ulb =\ a [b) +u(b b)
24=0\ + 24 i)
[--ulb =24]

b=4i+(3-\,)j +6kand

c=3i +8} +(A, ~Tkbe three

vectors such that b=2aandais

perpendicular to ¢. Then a possible

value of (A |, A, A )is

[2019, 10 Jan. Shift-I]
(b) (1,5, 1)

(d) % 4-2

Q 36 Letaand b be two unit vectors. If
the vectors c=a +2band
d =5a —4a are perpendicular to
each other, then the angle between

Solving Egs. (i) and (ii), we get
A=-2u =14
Dot product with u, we get
lul® = Mua) + p(ub)
lul* = -2(0) +14(24)
O |ul =336

(a) (1.3,1)

0) %Lm@
2
Ans. (¢)
We have, a-2i+)\j+3f<
b= 41+(3 )\) +6k

and c=3i+6j+ (A, -1k, aandbis [AIEEE 2012]
such that b=2a (a) )

Now,  b=2a 6 2

O 4i+(3-))j+6k =2(2i +Aj +3k) (c)%[ (d)’zT

0 4i+(3-\)j+6k =4i +2A j +6k Ans. (0

o (5=2A,=A,)j=0 Given that,

O 3=2\, =N, =0 (i) a andbare unit vectors,

0 2N+, =3 ) ie.lal=Ibl=1

Also, as ais perpendicular to ¢, therefore (ijc=a+2bandd=5a —-4b

a.cA:O . . (i) c and d are perpendicular to each
O (2i+ N\j+3k)8i +6j +(A, -1k) = other. i.e., cfd =0

] 6+6A +3(A, -1)=0 To find Angle betweena andb.

O BA, + 3\ +3=0 Now,

O 20+ A =-1 (i) cld=00 (a+2b)iba -4b) =0
Now, from Eq. (i), A, =3 =2\, and from 0 5a@-4abB+10b@ -8bB =0
EQ~(II) )\3:_2)\1_ O Ba[ﬂ):?

O AALAN)=ER3-2A, -2, -]) O a[ﬁb:5

__1 _ _
It = S then A, =4,andA =0 So, the angle betweena andbisg.



37 Let ABCD be a parallelogram such

that AB=q,AD=p and OBADbe
an acute angle. If r is the vector
that coincides with the altitude
directed from the vertex B to the
side AD, thenr is given by

[AIEEE 2012]

(a) r=3q 3(qu)p

(pp)

(b)r=—q+&mp
l' q- &

tp EPD
- 3(pLq)
(d)r=-3q+=—‘p
(p Op)
Ans. (b)
Given

(i) A parallelogram ABCD such that
AB =gand AD =p.
(i) The altitude from vertex B to side
AD coincides with a vectorr.
To find The vectorrin terms of pandq.

Let E be the foot of perpendicular from B
to side A(d)
AE = Projection of vectorgon

p:qm:L
lpl

AE =Vector along AE of length AE

=|AE|AE = %Dp‘ Cl‘ml’z)p
Olp p

Now, applying triangles law in AABE, we
get

AB +BE =AE
gp)p
Ipl
0 ;= aplp

Ip

u r=—q+@%p
(pip]

O g+r=

-q

5 If the vectorsa =i —f +2k,

b=2i+4j+kandc=Ai+j+uk
are mutually orthogonal, then (A, )

is equal to [AIEEE 2010]
(a) (-3,2) (b) (2,-3)
(c) (-2,3) (d) (3.-2)

Ans. (a)
Since, the given vectors are mutually
orthogonal, therefore

ab=2-4+2=0

ald=A-1+2u =0 ()|
and bld =2\ +4+pu =0 i)
On solving Egs. (i)and (ii), we get

p=2 and A=-3

Hence, (A p)=(=3,2)

E The value of a, for which the points,

AB, CW|th posmon vectors
21—]+k i- 3] 5kand01—3]+k

respectively are the vertices of a
right angled triangle with C :g are

[AIEEE 2006]

(a) -2 and -1 (b) -2 and 1
(c) 2and -1 (d) 2and1
Ans. (d)

Sinctf, Qosi:tionAvectAors of A,AB, CA are
2i—j+k, i-3j-5k and ai-3j+Kk,
respectively.

Now,  AC =(a] —3] +K) -(2] —] +K)

=(a-2)i-2]

and BC=(oiA—3]+L2)—(? —3] -5k)
=(0 -1 +6k

Since, the AABC is right angled atC, then

ACBC =0

O flo-2)i-2]}lla -1 +6k} =0

d (@a=20a-1=

g a=1 and a=2

40 A particle is acted upon by

constant forces 4i +j -3k and
3i +] ~k which displace it from a
point i +2§ +3k to the point

5i +4§ +k. The work done in
standard units by the forces is

given by [AIEEE 2004]
(a) 40 units (b) 30 units

(c) 25 units (d) 15 units

Ans. (a)

Total force, F = (41 +] -3K) +(31 +i <)
0 F=71+2] -4k

The particle is displaced from
Al +2] +3K)to B(5] +4] +K).
Now, displacement,
AB =(5i+4]+k) (i +2 ] +3K)

=4i+2]-2k
OWork done =F[AB
=(71 +2] —4k) Qi +2) —2k)
=28 +4 +8=40units

41 Let u,v,w be such that|u|=7,

|v|=2,|w|=3. If the projection v
along u is equal to that of w along
u and v,w are perpendicular to
each other, then|u-v +w/| equal

to [AIEEE 2004]
(@2 (N7 (V14 (d)14
Ans. (¢)

Since, lul=1Ivl=2,lw|=3

The projection ofvalongu—\%j
u

and the projection ofwalongu-Tm

ul
According to given condition,
vl _wl

ul ul
O vil=w U L)

Since, v,w are perpendicular to each
other.
viv =0 ()
Now, lu-v+wl =lul’ +Iv/ +lw/
=20l -2v W +2u W
O lu-v+wl =1+4+9 -20 M +2v O
[from Egs. (i)and (ii)]
O lu-v+wl’ =1+4+9

O Ju-v+w|=14

42 a,b,care three vectors, such that

a+b+c=0/lal=1lbl=2lc|=3 then
alb+bl¢+cl@isequal to
[AIEEE 2003]

(a) O (b) -7 (c)7 (d) 1

Ans. (b)

Giventhat, lal=1Ibl=2,Ic|=3

and a+b+c=0

Now, (@ +b +c)” =lal” +Ibf* +IcI’
+2(@b+b@d+c@)

O 0=17+2°+3"+2(aB +bE +c A)
] 2@b+bl@d +c@) =-14
0 ab+bld+c@d =7

43 Given, two vectors are i —i and

i +2], the unit vector coplanar with

the two vectors and perpendicular
to ﬁrst is [AIEEE 2002]

(1 +j) (b) %(zi +j)

(d)None of these



Ans. (a)

Given two vectors lie in xy-plane. So, a
vector coplanar with them is

a=xi+y]
Since, a O(- ])
O (xi+yjmi-j) =
ad x—y=0
O X=y
O a-><|+><J

and lal=+/x? + x* =x+2

0 Required unit vector

_a (|+ ) A
T x[J ﬁ(' i)
TOPIC 3

Vector or Cross Product of
Two Vectors and Its
Applications

44 Leta=i+5j+ak b=i+3] +Bk

andc=—i +2j -3K be three

vectors such that, |bxc| =5+/3 and
ais perpendicular tob. Then, the
greatest amongst the values of|a|?

is [2021, 27 Aug. Shift-I]
Ans. (90)
Given,a=i+5}+al§
b=i+3} +BIA<
and c=—i+2} -3k
aldb] ab=0
0 (i+5j+ak)l +3j +Bk) =0
ad 1+15+aB =0
or aB=-16 i)
i j ok
Now,bxc=| 1 3 B
-1 2 -3

=i(-9-2B) = j(-3 +P) +K2+3)
bxc=i(-9 -2B) +](3 —p) +5k
Given, ‘bXC‘ZB«B

O lbxc[ =75

0 (-9 -2B)* +(3 -B)? +25 =75

O B 2+B +8=0B=- 2,-4
From Eq. (i), we get

ForB=-2a=8

ForB=-4a=4
Formaximumvalueof\a\z,a=8

O || =1+25+64 =90

50
45 If Ztan" 2% =p, then the value of
P r

tanpis [2021, 26 Aug. Shift-1I]
101 50
a)— (b)=
102 51
51
¢)100 d)—
(c) ( )50
Ans. (b)

Given, z tan” E{TE p
Now, ¥ tan™ Qwig
> +4r7 =1

5 ot D2r 1 fr =1 O
S+@r+102r-00
=Y [tan™ 2r+1) —tan™ (2r =1)]

=(tan”3-tan™ ) +(tan” 5 -tan"3) +......
tan™ 101 tan™'99

=tan” ) tan™'1
= tan” E @ - DSUD
_150 50
0 tan”' == =p0 tanp="-—
51 P P 51

46 Letp=2i +3j +kandq=i +2j +k

be two vectors. If a vector

=(aj +Bj +yk)is perpendicular to
each of the vectors (p+¢q)and
(p-q) andlrl =+/3, then

la|+|B|+]|yis equal to ...... .
[2021, 25 July Shift-I]

Ans. (3)
p=(231),q9=(121)
ris perpendicular top+qandp—q.

p+q=(352
p-q=(110)
ris parallel to(p+q) x(p —g)
ik
O 3 65 2/=(-22-2)
1 10
O r=A-=11-1)
0 Irl=+/3
O A\/ﬁzﬁ
a A= 1
0 r=(-11 -1
a=-1B=landy=-1
0 lal+ Bl +Iyl =

47 Iflal=2/bl =5 andla x bl =8, then

la. blis equal to
[2021, 25 July Shift-II]

(a)6 (b)4
(c)3 (d)5

Ans. (a)
Giventhat,lal=2|b|=5and|laxb|=8
O lallblsin@=+8
O 10sinB@=%8
0O sineziﬁ
5
So, cosB= t% (+sin? © + cos’ B =1)
Now, alb=lallblcos®
g, .30
:2)(5)( —
5 50
0 alb=+6
O lab|=6

E Letaand b be two non-zero

vectors perpendicular to each
other andlal =|bl. If la x bl =|al,
then the angle between the vectors
[a+Db +(a xb)]and ais equal to
[2021, 18 March Shift-11]

(b)cos’w%ﬁ
(d)sin”%@
Ans. (b)

Given,alb (D)
lal =1bl . (i)

and laxbl=|al

O lallblsin90° =]al [from Eq. (i)

O lbl=1=lal ..(iii)[from Eq. (i)

From Eq. (iii), we can say that

axbare mutually perpendicular unit
vectors.

Leta —|andb—j

O axb=k

Now, [a+b+(axh)]=(i +] +k)
O cosB (' g 1

BN
0 Gzcos’w%ﬁ

n1 g10
50
COS H
Eeid

]
]

49 Let a=2i -3j +4k

b=7i +]j-6k. If
rxa=r xbr.(i +2j +k) =3, then.

r@i —Sj +K)is equal to
[2021, 17 March Shift-1]

(a)12 (b)8
(c)13 (d)10
Ans. (a)
a=2i -3} +4k
b=7i + -6k

and



If rxa=rxb
O rx(a-b)=0
O r=Aa-b)= A5 +4j —10K)
Now, P +2j +1k) = -3
O (55 +4) — 10K +2} +K) = -3
0 A (5+8-10)=-3
0 A=— 1
Or=-5f —4j +10k
So, rl2i - 3j +k)
=(-5i -4 +10K) (2i -3] +K)
=-10+12+10=12

50 Leta=i+2j-3kand

b=2i —3j +5k. Ifr xa =b xr,
r.(ai+2j+ﬁ)=3 and
r.(2i +5j—ak) = -1 a0R, then the

value of o +r|” is equal to
[2021, 16 March Shift-Il]

(a)9 (b)15
(c)13 (d) 1
Ans. (b)

Given,a=(i +2j -3k
and b=(2i -3 + 5k
Ifrxa=b><r,rE(]0(i +2i +IA() =3

P} + 5j —ak) = -1
rxa=bxr
O (rxa)=—(r xb)

O (rxa)+(r xb) =0
O rx(a+h) =0
O r=ANa+b) .
O r=N1+2i+©2-3)j +(-3 +5k]
O r=A3i-j+%

r[(hi+2}+l2):3
OA (3}—}+2ﬂ)(( i+2}+ﬂ)=3
O A B —-2+2) =3
0 oA= 1

P} + 5j —ak) = 1
D (3§—Aj+2IA()(2§+5}a- IA()=—1
0 A (B=-5-2 )=-1
O A (12 )=-1
O A- dA=- 1
O A= 2- 10Ax= 1
So, a=1

r=(3i - j + 2K

0 Irl> =9+ 1+4=14
Ooa+ Irl= % 1& 15

51

52

53

Let cbe a vector perpendicular to
the vectorsa=i +j -k and
b=i+2j +k

If c[(f +j +3k) =8 then the value of

cllaxb)isequalto......... .
[2021, 16 March Shift-I11]
Ans. (28)
Since, cis perpendicular toaandh.
So, c=MNa Xb)A

a=i+j-k
b:f+2}+f<
.
Now, axb= -1

_\ _.
N NN,

1

=(1+2i -(1+1)] +©2 -k
=31 -2j +k
0 c=A\Gi -2j +K)
Now, clli + j +3k) =8
A3i-2j +k)(i+j+3k) =8

O 4\=8
O A= 2
So, c=23i —2} +IA()
So, clla xb) =2(3i - 2j +k) (37 =2} +K)
=29+4+1)
=28

Leta=i+aj+3k andb=3i —-qj +k.
If the area of the parallelogram
whose adjacent sides are
represented by the vectorsaandb
is 8+/3 square units, thena b is
equal to ............ .

[2021, 25 Feb. Shift-11]
Ans. (2)
Area of parallelogram =|a xb|

=i +or} +3IA<) x(3i —oﬁ +IA<)|
(64)3) =160 + 64 + 160”
(given, area=8+/3)
(squaring on both sides)

O a z 4
Now,a. b=3-a® +3
=6-a’=6-4=2

Leta=i+2} —R,b=i—jand
c=i —j —K be three given vectors.
If r is a vector such thatr xa=c xa

andr =0, thenr@is equal to
[2021, 25 Feb. Shift-1]

54

Ans. (12)

Given,a:i+2Aj—IA(,b:i—},c:i—Aj—IA(
rxa=cxa

O rxa-cxa=0

O (r-c)xa=0

O r-c=\Aa

andr=Aa+c

Orb=MNab + cb (taking dot withb)

O U=)\a[B+Ac[B A['.'r[B=O]

On (i+2) k)G -j) +(i =j %) G ) =0

O AN (1-22+2=0 OA= 2

O r=2a+c

0O r@=2al@d+c@ [takingdotwithal
=2lal’ +ald
=201+4+7)+(1-2 +1)

0 ra=12

Leta,b and cbe three unit vectors
suchthata+b +c¢=0. If
A=alb+ble+claand

d=axb +b xc +c xa, then the
ordered pair, (A, d) is equal to

[2020, 7 Jan. Shift-11]
(a) % 3bxc§

(b) ngcxb@
(c) % SaXCQ

(d) %g 3axb]
Ans. (d)

Given three unit vectors a, band esuch

thata+ b+ ¢ =0 (1)

If we do dot product in Eq.(i)witha,b

and ¢ then we get relations
ala+alb+ale=0

O alb+ale=-1 b+ ble=-1

and cfa + clb=-1

[JOn adding above three obtained

relations,

we get
2alb+ ble+c@)=-3 (-alb=bla)
3

OA=alb+ bEe+cI3=—§

If we do cross product in Eq. (i) with a, b
and ¢ then we get relation

O+axb+axc=0

O axb+axc=0
and bxa+bxc=0
and cxa+cxb=0

Oaxb+bxc+exa =3a xb)
=3(bxc)=3(cxa)

0 d=3axb=3bxc=3cxa

From the given options the ordered pair,

(A d) = EI—;Sa x bﬁ



55 Leta:f—zj +k and b:i—j+ﬁbe
two vectors. If cis a vector such that
bxc=b xaandca=0 thenclbis

equal to [2020, 8 Jan. Shift-I]
@) -2 -1 @-
2 2 2
Ans. (c)
Given vectors,a =/ —2]' +kand
b=i - j+kandesuchthatbxc=b xa
] bx(c—a)=
O bllc-a
O c—a=Ab
0 =a+Ab
d =(T+A)i =(2+A)j +(1 +A)k
ca=0 (given)
O (1+ N+22+N+(1+)N =0
0 ;M+6=0 O Az—g
0 e=-li-ljli
2 2 2
So clb= 1+l 1: 1
2 2 2 2

Hence, option(c)is correct.

56 Leta=3i +2} +xkand b :i—} +k
for some real x. Thenlax bl =ris
possible if [2019, 8 April Shift-II]

(a) O<r<\/§ b)\f<r<3\f
2
\f<r<5\f d)r>5\f

Ans. (d)
Given vectors area = 31 +2] +xk
b=i —] +k

and

-

Oomooo

j
2 X
1

axb=

gal==jaf=

=i(2 +x) —}(3 -x) +k(=3 -2)
=(x+2)i +(x -3)j -5k

0 laxbl=y/(x +27 +(x =3)* +25

=J2x7 =2x +4 +3 +25
:\/2@# -x +l§—l+38
48 2
2
= 2@(—1@ +E
2872
So,la x bl /% [atx=%,|a><b|is

minimum]

0 r= B\E
2

57

58

Ans. (d)

Let point Pwhose position vector is
(—i+2j +6k)and a straight line passing
through 0(2,3, - 4) parallel to the vector

Let&:§i+3andﬁ:2i ~j+3k I
B =B, - B,  where B, is parallel to G
and B3, is perpendicular tod, then

[31 x 3, isequal to n =6i +3j —4k.
[2019, 9 April Shift-I] AP(E1.26)
() L3 -95+5k) (b) L(~3i+9] +5k)
2 o ZA o e d
(c) -3i +9j+5k (d) 3i-95-5K)
Ans. (b) d
Q(2,3,-4)

~ ~ ”~N N ”~N
Given vectorsa =3i + jand n=6i+3j-4k
B =2i —3+31A(and[3 =B, —Bz such that B,

isparalleltoaandp, isperpendiculartoa

- Required distanced =Projection of line
segment PQ perpendicular to vectorn.

. _IPQxn]
So, B, =Aa =A(3i +]j) T al
Now, B, =B, ~B =i +]) -2i ~j +3k) Now, PQ=3i+j-10k so
=(3A-2)i +(A +1j-3k ik
‘.'Ezis perpendicular toa, so BZE(:O PQxn=/3 1 -10|=26i-48j+3k
[since if non-zero vectors a and bare 63 -4
perpendicular to each other, then (26)” + (48)” + (3)°
alb=0] So, d= - - -
O (BA-20)+ -+ 11 =0 VB + (37 + (@)
o GA-B+A+1=0 _ 676+2304+9:\/2989
O 10A=50 A= 36+9+16 61
2
= 3% 1% =\/@:7units
So. By=EZi+—j T P
2 2 59 Leta=3i+2j+2kand
and :% 2§+%+1§ -3k b =i+2j —2kbe two vectors. If a
s vector perpendicular to both the
=—§i+§j—3k vectorsa+ b anda— b has the
magnitude 12, then one such vector is
S [2019, 12 April Shift-I]
BRI kI (@) 428+ 25+ K (0) 428 -2j-F0)
X = — — ~ ~ ~
R ) . (c) 42i+2j-k) (d)4(-2i-2j+k)
_‘\ -
o % Ans. (b)
03 Given vectors are
=-0 -0
’ HJQ‘ Q a= 31+ZJ+2k
N 1 andb=1+21—2k
+k +—§ S
% 4 Now, vectors a + b=4i +4j
=354 95 45k and a-b=2i +4k
1 2A R OA vector which is perpendicular to both
= _(-3i +9j +5k) the vectorsa + band a — bis
2 ik
The distance of the point having (a+b)x(a-b) =4 4 0
position vector —i +2j +6k from 204
the straight line passing through =i(16) - j(16) + k(-8)
the point (2,3, —4) and parallel to the =802i -2 - k)

vector, 81+3J ~4kis Then, the required vector along _
[2019, 10 April Shift-11] (a+ b) x(a = b having magnitude 12 is
(a) 24113 b) 43 +1px B2i-2j—K)
8x . Jh+4+1
(c) 6 (@) 7 xJarhi+l

= +40i -2j - k)



60 Leta=2i+j-2k b=i+jandcbe
avector such that|c—al =3,
[(axb)xcl =3 and the angle
between eand ax b is 30°. Then,

aleis equal to [JEE Main 2017]

@2 (2 (5 (9
8 8

Ans. (b)

We have, a=2§+_Ai—ZlA(

O lal=\J4+1+4 =3

and b=i+jO Ibl=T+1=42

Now, le—al|=30lc-al =9

a (c-a)llc-a) =9

| lel +lal’ —2¢e@=9 D)

Again, [(axb)xel=3

O laxbllelsin30°=30 el= 0

laxbl

ij k

Butaxb=|2 1 -2|=2i -2j +k
11 0

0 lel=— 8 =2 (i)
Jarhri

From Egs. (i) and (ii), we get

(2% +(3)? —2¢@=90 4+9-2¢cla=9

O

c[a=2

61 Ifa=_ | (3i +K)and

J10
b=

N -

(2i +3j —6k), then value of

(2-Db)M(a xb) x(a +2b)] is

Ans. (d)

a

=1
J10

(b)5 [AIEEE 2011]
(d)-5

3i +k)

andb:%(zhsj—sﬁ)

0 (2a —b)[la xb) x(a +2b)}
=(2a —b)[{la xb) xa + (a xb) x2b}
=(2a -b)fla@)b -(b@E)a

+2(@abb-2((bbal

=(2a -b){1(b) —(0)a +2(0)b -2(1a}
[asa=0andala=bbd=1]
=(2a -b) (b —-2a)

-5

—-(4lal -4aB+Ibl*)=-{4-0+1)

62 The vectorsaand bare not

perpendicular and cand d are two
vectors satisfyingb x ¢ =b xd and
a[b=0. Then, the vector d is equal

to

[AIEEE 2011]

(a)e+ %Qb (b)b+ %@c
(c)e- @;‘%Qb (d)b- @L%Qc

Ans. (¢)

Given, ad#0, ald=0 )
and b xc =b xd

O bx(c—-d)=0

O bllc-d)

O c—-d=MAb

O d=c-Mb (i)

Taking dot product witha, we get

ald=ald -Aa b

O O=ald -Aam)
o a=28 i)
a b
0 ol
(a @)

63 If uand v are unit vectors and 0 is
the acute angle between them,
then2u x3v is a unit vector for

64

65

(a)
(b)
(c)
(d)

[AIEEE 2007]

exactly two values of 0

more than two values
no value of ©
exactly one value of 6

Ans. (d)
Since, (2ux3v)is a unit vector.

g
g

O

[2ux3v|=1
BlullvllsinBl=1

of©

[oul=Ivl=1]

sine:l
6

Since, B is an acute angle, then there is
exactly one value of ©for which (2u x 3v) is
a unit vector.

For any vector a, the value of
(ax i)’ +(a xj)* +(a xk)” is equal to
[AIEEE 2005]

(a) 4a®  (b)2a”® (c)a®  (d)3a
Ans. (b)

Let azawiA+azj+03R
Then, axi= —UZR +03]

axj=ak-a,i
axk=-a,j+a,i
0 (a xi)? +(a xj)* +(@ xk)?
-2 2 2 2 2
=a, +a; +a, +a; +a; +a
=2(a? +a} +a?l)=20°

2
2

Letu=i+f,v=i—f and

w=i +2§ +3k. If nis a unit vector
such thatuh=0and v(h =0, then
|w [hlis equal to [AIEEE 2003]

(a) 0 (b) 1 (c) 2 (d) 3

Ans. (d)

Giventhat, u=i+j, v=i -],
w=i+2] +3k
um=0 and v@=0

i uxv

I.e., =

uxv]
i ]k
Now, uxv=[1 10
1 -1 0
=0§ -0] 2k =2k
0wl WXV =6k
luxvl -2kl

Fow Qux w) =(i +2] +3K) [1-2k) = —6k]

Hence, |wm|=3

66 A tetrahedron has vertices at

0(0,0,0), A(12,1).B(2,1,3)and C(-11.2).
Then, the angle between the faces
OABand ABC willbe  [AIEEE 2003]

(a) cos™ @‘%Q (b) cos™ %Q

(c) 30° (d) 90°
Ans. (a)

Vector perpendicular to face OABisn,.

Y

ik
=OAxOB =1 2 1
213
=51 -] -3k
Vector perpendicular to face ABC isn,
ik
=ABxAC=1 - 2
-2 =11
=i-5] -3k

Since, angle betweenfacesisequaltothe
angle between their normals.

n, @
O cosf=—1"2
In, 1, |




5x 1+ (1) x(5) +(3) (3

B )+ (3 T (B ()
_5+5+9_19

V35435 35

0 ©6=cos’ g»gg
5

67 If the vectorsa,b and ¢ form the

sides BC,CAand ABrespectively of
a AABC, then

(a) alb=bl¢=cb =0
(b) axb=bxc =c xa
(c) alb=ble=cl@=0
(d) axa+axc+axa =0

[AIEEE 2002]

Ans. (b)

Since, a+b+c=0

a atb=-c

O (a +b)xc =—c xc

a bxc=cxa
Similarly, axb=bxc
Hence, axb=bxc =c xa

68 If the vectors c,a=xi +yi +zk and

b= i are such thata,cand bforma

right handed system, then cis
[AIEEE 2002]

(a) zi-xk (b) 0
(c)yf (d) —zi+xk
Ans. (a)

Since, the vectorsa = x?+y] +zkand
b = jaresuchthata,c and bformaright
handed system.

Ans. (¢)
ax[(r-b) xa] +b x[(r —¢ xb] +c
x[(r—a) xc] =0
Oala(r-b)—(alr-b)a+bbBr -9
—(b0r-d)b+cle(r —a) —(c ¥ —a)) c =0
O lalP(r=b)=(r@a+Ibl’*(r-d —(r Bb
+lcl(r-a) -(r@c=0
[-ab, care mutually perpendicular;
Oalb=ble=cl=0]
Olal’[Br-(a+b+c)]-[(r@)a+(r BHb

+(rle)cl=0
[~ lal=Ibl=lcl]
O lal’[3r-(a+b+d -r] =0
0 r—(a+b+qg -r=0
0 r=a+b+c
2

%Leta:iﬁﬂzandb:j—ﬁ. Ifcisa

vector such thata xc =band
alé=3 thenallbxc)is equal to
[2021, 26 Aug. Shift-I]

(a)-2 (b)-6
(c)6 (d)2
Ans. (a)

Given,a xc=b

ax(axg =axb
(a.da—-(a.a)c=axb
We have, a=(111,b=(0,1 -1, ald =3
ik
axb=[1 1 1]|=-2i+j+k

0o 1 -

So,3a-3c=(-2i +]j +k)
0 (3i+3]+3K) -3¢ =(2i +]

Vector product
(a+b) x[(a x(a —b) xb) xb]
=(a+b) x[(a x(a xb —b xb) xb]
=(a +h) x[(a x(a xb)) xb]
["bxb=0]
=(a+b) x[[(a B)a —(a @)b] xb]
=(a+h) x[(a b)(a xb)]
=(ab)(a+b) x(a xb)
=(ab)[[(a +b) b]a —[(a +b) @]b]
ab=(i+j+2K 07 +2j +3K)
=-142+6=7 ()
(a+b) =0i +3j +5k - {ii)
(a+b)@=(3j + 5K +j +2)=13 ..Li)
(a+b) b =(3j + 8k -1 +2j +3k) =21.(iv)
Substituting the values from Egs. (i), (ii),
(iii)and (iv), we get
(alb)[(a+b)B] a—[(a+b)[@b]

=7[21a - 13b]
=702 +j +2K) —13(-1 +2j +3K)]
=7(34i -5 +3k)

72 Leta= f+j+|2,bandc:]—lz be

three vectors such thatax b=c
andalb =1 If the length of
projection vector of the vector b on
the vectora x cis [, then the value
of 3/% isequal to ............

[2021, 27 July Shift-1]
Ans. (2)
Given,a=1i +} +IA(,

c=j-k

Given,axb=candab=1

ik IV
0 c=bxa =0 1 0l=27 —xi 0 3c=(5i+2j+2%) Projection ofbonaxcis
Now, allbx¢) I=lblcosa
Xy z
: T 11 : b
= 0 1 -1|==(4-5-5=-2
TOPIC 4 S a
Scalar and Vector . o axc
Triple Product 71 Leta=i+j+2k and and bilaxg Slbllaxclcosa
b= -i +2j +3k. Then the vector - '=b laxc|
69 Leta bandcbe three vectors product As, we know that,

mutually perpendicular to each
other and have same magnitude. If
a vectorr satisfies.

ax{r-b) xa} +b x{(r ) xb}

+¢ x{(r —a) xc} =0, thenr is equal

to [2021, 31 Aug. Shift-11]
(@) (a+b+c) (b)) (2a+b-c)

3 3
(C)l(a+b+c) (d)l(a+b+2c)

2 2

(a+b) x[(a x{(a —b) xb)} xb]is
equal Eo - [2021,27 July Shift-1]
(a)5(34i —5j + 3Kk)
(b) 7(34i — 5 + 3Kk)
(c)7(30i - 5 + 7k)
(d)5(30i - 5 + 7k)
Ans. (b)
Given,a=i +} +Z;
b=-i +2} +3k

[abc]=[bac]=[cab]

So, if axb=c
Then, cllaxb)=cl¢
[cab]=Icl’

j=bad _[cab] _ Icf
laxcl laxc| laxc|

j
11 |=-2i+]j +k
1



0 |a><c|:l22+]2 +1? :\/6

ad c=}—k
lcl=y17? +1% =2
2
O I:(\/i) :l
NG 6
and 3 :wgzz

E Leta, bandcbe three vectors such

thata=b x(b xc). If magnitudes of
the vectorsa, band care +/2,1and
2, respectively and the angle

betweenbandcis 9@]< e<§§ then

the value of (1+ tan®) is equal to
[2021, 27 July Shift-11]

(V3 +1 (b)2
()1 PIRERL
NE
Ans. (b)
Given that,
a=bx(bxc)
and lal=+2, Ibl=11cl=2
Now, a=bx(b xc)
=(bdb-(bH) c
=(12cosB)b—(1) c
[aB=lallblcos8 a@=la"|"]
d a=2cosbb-c
lal® =(2cos)? +2° —2[QcosBbd)
O 2=4cos’0+4 —4cosB(2cosh
- 2- 4cos’0
O COSZGZ% 0 sec’®=2
O T+tan’0=2 0 tan’6=1
O =" EA/here,O<9<L[E|
4 28

Hence, thevalue of 1+ tan@=1+1=2.

74 Leta=i—o j +Bk,b=3i +pj-ak
andc=—ai —Zj +k, where a and B
are integers. Ifalb=-1and
b =10, then(a x b)[@is equal to
......... . [2021, 27 July Shift-11]
Ans. (9)

Let a=i —0(} +BIA<
b=3i +Bj —ak
and c=-di —2} +k
Given that,
ab=-1
O 3-ap-ap=-1R= 2

o andBare integers, so possible values
ofaandPare

If a=1p= 2
If a=2B= 1
If a=-1B=- 2
If a=-2B=- 1

Now, bl&=10
O - 3 2 &= 10
O 20+pB+5=0

OValue ofa = —2and = —1satisfy this
equation.

So, a=i+2j-k O b=3i-j +%
c=2i -2j +k
1 2 -
[a b =3 -1 2
2 =2 1
=1(-1+4) =203 -4) =16 +2)
=3+2+4 =9

% Let the vectors

(2+a +b)i +(a +2b +c)j —b+c)k,
(1+b)i +2bj -bk and

(2+b)i +2bj +(1 -b)k, a,b,c OR be
coplanar. [2021, 25 July Shift-1]

Then, which of the following is
true?

(a)2b=a+c (b)3c=a+b
(cla=b+2c (d)2a=b+c
Ans. (a)

Given vectors are coplanar
a+b+2 a+2b+c b -c

0 b+1 2b -b (=0

b+2 2b 1-b
Apply. R, - R, =R, R, - R -R,
So,

a+1l a+c -c
b+1 2b -b|=0
1 0 1
=(a +1)2b —(a +c)(2b +1) —c(-2b)
=2ab +2b —2ab —a —2bc —c +2bc
0 2b-a-c=0

% Let three vectorsa, band cbe

such thataxb = c,b xc =aand
lal =2. Then, which one of the
following is not true ?
[2021, 22 July Shift-II]

a)ax((b+ c)x(b -c)) =0
b) Projection of a on (b xc)is 2
c)labcl+[cab]=8

)

(
(
(
(d)|3a+b —2c|* =51

Ans. (d)
axb=c
bxc=a
and la|=2
(a) ax[(b+dxb-d]=0
0 ax[bx(b-d +cxb —c)] =0
O ax[-bxc+cxb] =0
O ax(—-a—a) =0(True)

(b) Projection of aonbxcis 2.
(bxc):ﬂzﬁ =7
‘bxd lal Ial
(c) [abc]+[cab]=8
[abc] + [abc] =8
O [abc]=4 0 a.bbxd=4
| aa=40 |a =4(True)
(d)Ba+b-2d” =51
(3a+b-20(Ba+b-20
=9lal’ + bl +4|d
=(9x4) + 1+ (4 x4)
=36+ 1+16 =53(False)
So, (d)is the correct option.

a.

77 Let avector a be coplanar with

vectorsb =2i +j +kand
c:i—j +k.Ifais perpendicular to
d=3i +2j +6k and| al =+/10. Then

possible value of
[@abc]+[abd]+[acd]isequal to
[2021, 22 July Shift-II]

(a)—42 (b)-40
(c)-29 (d)-38
Ans. (a)
a=Ab+pucOd b=(211)
and Hoiven, c=(1-11)
la]=10 H d=(3,26)
ad=0

O (Ab+udd=0\ Bdy cd O

A ® 2 6bp (3 2 6 0

0 1A+ 7u =0

g p=- R
a=(2ANA)+ [y, W)

=+ Wi+ (A -p)j +(A+ wk
=0} +37Aj - \k= A3j -k

Now, lal=+/10
o\ 2@ 13 10
A =10r=% 1
[abc] + [abd] + [acd] =[abc] [a, b+ ¢, d]
a=+3j k)0
b:2i+Aj+IA<b+c:Si+2f<
c:i—Aj+‘IA(§

d=3i +2] +6k



As, ais coplanar withb and c. So,
[abc] =0
0 3 -
13 0 2|=+(-36-6) =+42
3 2 6

78 Leta=2i +]-2kandb=i+]. If cis

a vector such that
al¢=|d,|c—al =242 and the angle

between(axb)and cis g then the

value of[(ax b) x| is
[2021, 20 July Shift-1]

(a)é 04 ()3 ()32

Ans. (d)
a:23+Aj —2k
O lal=y4+1+4=3
b=f+i
ale=Ic|
lc—al=22
0 |c-al’=8
O (c—a)lic—a) =8
O Icl” -2ale+lal’ =8
O lcl” —2lcl+9=8
O lcl> =2lcl+1=0
0 (lcl-1)* =0
lcl=1

0
— . U
[(axb) xcl=|a Xbllclsmgg@

(laxbllcl)

k
-2|=2i -2j +k
0

axb=

N = N —
p— —_ )

laxb|l=/4+4+1=3

O I(axb) xc| :§|C| =3
2 2

E Ifa:af+[3j +3IA(,b:—Bi —aj —j
andc=i —Zj ~k,such thata.b=1
andb.c=-3, then %[(a xb)[d] is

equal to ......... .
[2021, 17 March Shift-I]
Ans. (2)
a=<apB3>
b=<-3 -a -1>
c=<1-2-1>
alb=1
-of —af -3 =1
aB=-2
ble=-3

aB=-2@02- 2
0O a=- 1

Maxb)@
3

a=<-123>
b=<-21-1>
c=<1-2-1>
ik
(axb=|-1 2 3
-2 1 -7
=-5i -7} +3k
(axb)e=(-5i -7} +3k) (i -2} &
=-5+14-3 =6
0 axb)-c='x6 =2
3 3

E Let Obe the origin. Let

OP=xi +yj ~kand

00 = -i +2} +3xK, x,yOR,» 0O be
such that|PQ|=+/20 and the vector
OPis pAerpgndiguIar to 00. If

OR =3i +zj -7k, z[R, is coplanar
with OP and 00, then the value of

x> +y? +z% isequal to
[2021, 17 March Shift-1]

(a)7 (b)9
(c)2 (d)1
Ans. (b)

Given, OP=xi + y} -k

0Q=-i+2]j +3xk

OR=3i +7j -7k
and |PQ|=420
Now, |IPQ|=10Q-OP|=|0OP -0Q|

=(x+ i +(y =2)j =(1 +3x)k

O 1PQF =(420)* =20
O (x+1)2+(y-2? +(1+3x)?* =20
O (x+ 0% +(2x=2?% +(1+3x)? =20

0-OP00Q O
0 0
Jjoro@ 0 g
I+ x 2y 3= 00O
%D ¥ 2 H

O X%+ 1+2x +4x? +4 —8x +1 49x* +6x
=20

O14x* +6=20014x" =14
0 x* =10 x = + Tbut x must be positive
asin question conditionsi.e. x>0.

d x==1 (Rejected)
Hence, x =1

0 y=2x=2x1=2

Now, OP, OQand ORare coplanar.

O [OPOQOR]=0

x y =1
o |=-1 2 3x|=0
3 z -7
1T 2 =1
o |-12 31|=0
3 z -7
O U=14-32)-2(7-9) -1~z -6) =0
O z=-2

O x*+y*+22 =1+4+4 =9

81 If(1,5,35),(7,5,5) (1, ,7) and

(2A.1.2) are coplanar, then the sum

of all possible values of A is
[2021, 26 Feb. Shift-I]

@2 ©0-2 @ (-2
5 5 5 5
Ans. (c)

Let P(1,5,35), 0(7,5,5), R(1 A, 7), S(2A, 1,2)
Given P, 0, R, S are coplanar. Then, PQ,
PR PSlie on the same plane.
PQ=(7-1i +(5 -5)j +(5 -35k
=6i —30k
PR=(1-1i +(\ =5)j +(7 -35k
=(\-5)j -28k
PS=(2A - 1)i +(1-5)] +(2 -35)k
=2\ -1 -4j -33k
--P0Q,PRand PS lie on same plane, then
6 0 =30
0 A-5 =-28|=0
20 -1 =4 =33
Expand along first row,
B[—33(A —=5) —112] +30[2A —1A -5] =0
B(—33A + 53) +30(2N —11A +5) =0
BOA” — 528\ + 468 =0
10N - 88\ + 78=0
BA? — 44\ + 39=0 (D)
Possible value of A are roots of Eq. (i).

Then, sum of all possible values of A
=Sum of roots of Eq. (i)

5 5
[--ax* + bx + ¢ =0, sum of roots

=-b/a}



82

83

If aand bare perpendicular, then
ax(ax(a x(a xh))is equal to
[2021, 26 Feb. Shift-I]

(a)0 () 1al'b

2
(c)axb (d)al'b
Ans. (d)

ax[ax{ax(axa)]
=ax(ax[(ab)la
[Using,ax(bxd =(a
=ax[ax(aba-lal’b)]
=ax[(ax(aB)a) -lal (a xb)]

-(a@b])
db —(ab) c]

=ax[0-lal (a xb)] [-axa=0]
=—|al’ [a x(a xb)]

=-|al* [(aB)a —(a@b]

=-(aBalal’ +lal'b [.(a@) =lal"]
=0+lal'b [-aB=0]
=lal'b

Let three vectorsa, bandcbe
such that ¢is coplanar withaandb,
ale=7and l;is perpendicular toc,
wherea=-i +j +k and b=2i +k,
then the value of 2|a+b+c/* is .........
[2021, 24 Feb. Shift-I]
Ans. (75)
Given, cis co-planar withaandb
ale=7
be=0 )
a=—§+}+k
b=2i +k
Now, ¢= Alb x(a xb)]
[-cis coplanar withaandb]

bOdd

=M (bB) a -(b@)b]
= NWBEF (=i +] +k)
—(-2+1(2i +K)]
= N5(-i +} +lA<) +2i +IA<]
= A(-3i + 5} +6]2)
Now,cﬂ:j o .
ON (-3i+5j+6k0-i+j+k =
O SN+ BA+BA =T
0 A=l =]
4 2
D2|a+b+c|2
2
HZHI +1H|+ 3+1+1)k
[by putting a, b, c]
_2% +25§
=25+50=75

[0 Required value is 75.

84

85

86

Let x, be the point of local maxima
off(x)=a (b x c), where and
c=7i- 2] +xk Then the value of

alb+ble+cldatx=x,is
[2020, 4 Sep. Shift-1]

(@) 14 (b) -4 (c)-22 (d)-30
Ans. (c)
Given vectors a =xi —2} +3K
b=-2i+xj -k
and c=7i-2j +xk
And, itis given that
Ox =2 30
f)=abxd=2 x -0
0o/ 2 xg
=x(x? =2) +2(=2x +7) +3(4 =7x)
=x%=27x +26

It is also given that f(x) has local maxima
atx=x,.

So.f'(x,)=003x; -27=0 O x?=9
O x, = %3, but maximum at x, = =3.
Now, alb + bl¢ + cl@

==2x =2x =3 =14 =2x —x +7x +4 +3x
=3x-13

OThevalue of alb + bl¢+ c[@ at

X=X, =—3is-22

Hence, option(c)is correct.

Ifa =2i +i +2k, then the value of
lix(a xi)’ +I] x(@ xj)?
+k x(a xKk)? is equal to ......... .
[2020, 4 Sep. Shift-II]

Ans. (18) o
Givenvector a=2i+j +2k
0 lix(axil =la- (a[il)

=la-2if* =|j + 2k =5

Similarly, R R
lix(axjl* =la-(a Ei)'l =la-jl

=pi + 2kl =8

and [k x(a xk)’ =|a-(a &)k/’
=la -2kl =pi + jI =5

0 lix(axi) +/j x(a xjI’ +Hk qa k)’
=5+8+5=18

If the volume of a parallelopiped,

whose coterminus edges are given

by the vectorsa= i +3 +nk,

b=2i +4} —nkand c=i +n} +3k

(n=0), is 158 cu units, then

[2020, 5 Sep. Shift-1]
(b) bl&=10
(d)n=7

Ans. (b)

As we know, the volume of
parallelopiped, where coterminus edges
are gwen by vectors

—1+]+ﬂk b= 21+4;—nk

and c=1i+ nJ +3k,(n20), is

g 1 no
% 4 —%158[given]
d n 3pg

01012+ n?) =1(6 + n) + n(2n —4)
O 3n? —=bn+6 =158

0 3n*-5n-152=0

0  3n* =24n+19n -152 =0
O (Bn+19n-8)=0

0 n=8asn=0

O a=i+}+8f<,b=2i+43—8l}
and c=i+83+31:1

0 ale=1+8+24=33

and bleé=2+32-24=10

=158

8_7 Let the volume of a parallelopiped

whose contermmous edges are
given byu—1+J+)\k,v—1+J+3k
and W=2l+_] +k be 1cu. unit. If@
be the angle between the edges u

and w, then cosb can be
[2020, 8 Jan. Shift-I]

a)i )L
33 6v3
7 5
_ 42
(C)eﬁ ( )7
Ans. (b)

Since, the volume of parallelopiped
whose coterminous edges are
u=i+j+Ak v=i+j+3kand

o 1 AQ
w:21+j+1}is[uvw]:g1 1 35:1
® 1 o

cubic unit (given)
O1(1=3) =11 -6) +A(1 =2) =1

O -2 +5=Al=1

0 AN=31=1 A= 3+ 1

O A= 24

Since, angle betweenu and wis8, so
cosB= R+1+Al A +3]

JH TN G141 N +246

for A=2,cos0 =§

for A=4, cose-f

633

Hence, option(b)is correct.



88

89

If the vectors p=(a +1)i +aj +ak,
q=ai +(a +1)f +ak and

r=ai +aj +(a +)k(a [R)are
coplanar and

3(p.q) - Alr xql” =0, then the

value of A is ........ .
[2020, 9 Jan. Shift-1]

Ans. (1)

The given vectors are
p=(a+ )i +a}' +ak,
q=af +(a+ 1)]’ +ak

andr =ai +o}' +(a + Dk (@ OR)are

coplanar, So, [pqr]l=0
a+1 a a
a a a+1 a |=0
a a a+1

Ofa+ N[+ -a*]1-alala + 1) -a?]
+ala® —ala +1)] =0
] (@+1[2a +1]-2a[a] =0

| 2a° +3a +1-2a% =0
O a:—l
3
2> 1~ 1» 1~ 2~ 1=
So, p=Zi——j——kq=—-—i +=Zj——k
3 3J 3 3 SJ 3
andr=—]A ]j+2f<
3 3 3
2 2 1 _md _1
( )Z—Q— —,+,§: =_
plq 9 9 9 %E 9
ik
1 1 2
andrxq=-- -- =
4 3 3 3
L
3 3 3
TR 22O
9 9 9 9
ST
3 3 3
1,11
DIrXqIZ: oo =
9 9 9 3

~-Itis given that
3p) —Mrxql* =0

0 3%@— )\%Qzﬂ
O A= 1
Hence, answeris 1.

Leta, b and cbe three vectors such
that|al =+/3,|bl =5,b [¢ =10and the
angle between b and cis g Ifais
perpendicular to the vector b x ¢,

thenlax(b x ¢) is equal to ...... .
[2020, 9 Jan. Shift-1I]

Ans. (30)

There are three vectors givena, band ¢,
such thatlal=+/3,/bl=5and b&=10

So, |b||c|mos’§=1o
(- it is given angle between band cisg)

0 5|c|%@:10 Olel=4

Now, as a is perpendicular to the vector
bxc so

|a><(b><c)|=@a|lb><c|sinIg
[ 20

:|a||bxcl=|a||b||c|sin7§

=(+/3) (5) (4)?—30

Hence answer is 30.

90 If the volume of paralleloplped

formed by the vectors i + Aj + k
J +Akand A + kis minimum, then A

is equal to [2019, 12 April Shift-I]
(a) — (b) L
V3 V3
(c) V3 (d) -3
Ans. (b)

Key Idea Volume of parallelopiped
formed by the vectorsa band cis
=[abcd]
Given vectors are 1 + )\3 +k, 3 + Akand
i + k, which forms a parallelopipe(d)
OVolume of the parallelopiped is
T A
V=0 1
A O
gd V=N -A+1
On differentiating w.r.t. A, we get
dv

1
A[|=1+N -A
1

L3N -1
A
For maxima or minima, v =0
dA
O A=+ L
3
2
and ﬂzs)\
dN?
J3>0 , for )\=i
d 7
TBE<0 | for A=-L
O 3
2
ﬂm positive for A = —, so volume V'
an? : I
isminimum forA = —
V3

9_1 LetaOR and the three vectors

a=oi+j+3k b=2i+j-ok
and c=ai-2j+3k Then, the set
S={a:a band care coplanar}
[2019, 12 April Shift-11]
(a) is singleton.
(b) is empty.
(c) contains exactly two positive
numbers.
(d) contains exactly two numbers only
one of which is positive.
Ans. (b)
Given three vectors are
a= ou + J +3k

b= 21+J -ak

and c= a1—23+3k
a 1 3
Clearly, [abe]l=|2 1 -a
a -2 3

=a(3-20) -16 +a ) (-4 )
=-30a’ -18=-3(a* +6)
+There is no value ofa for which
-3(a’ +B6)becomes zero, so

a 1 3
=2 1 -a|labec]#0
a -2 3

O vectorsa, band care not coplanar
forany valuea OR.

So, the set S ={a:a, band care
coplanar}is empty set.

92 Leta:i—j,b:i +j +kand cbe a

vector such thataxc+b =0and
ale=4, then|cl” is equal to
[2019, 9 Jan. Shift-I]

19
8 b) —
(a) ( )]%
9 d) —
(c) (d) 5
Ans. (b)
We have, (a xc)+b =0

O ax(axc)+a xb =0
(taking cross product with a on both
sides)

0 (al@)a-(@@)c+|1 -1 0[=0

T 1 1

(va x(bxc)=(a.c)b -(aﬂﬂ)C)
d 4(|—])—2c +( IA—] +2k) =
Fa@=(i -j)i ])—1+1—2andam 4]



923 Leta:i+2}+4fgb:i+)\j+41}

O 2c=4i —4] -i -] +%K 0 M=-Dlpp+D-1-11=0
. 350k O (M=Du* +p-21=0
B ] =D +2(m-1]1=0
, _9+25+4 19 J = lor-2
O el T, So, sum of the distinct real values of
u=1-2=-

95 Leta, band cbe three unit vectors,
out of which vectors b and care
non-parallel. If a and B are the
angles which vector a makes with
vectors b and crespectively and

and ¢=2i +4j +(\? —1)kbe
coplanar vectors. Then, the

non-zero vectoraxcis
[2019, 11 Jan. Shift-I]

(a) —10i +5j (b) -10i -5]j ax(bxc) :lb, then|a —B|is equal
(c) =141 -5] (d) 141 +5] ? '
Ans.(a) to - [20:)9, :52010n. Shift-11]
We know that, if a, b, care coplanar E(a:; QOQ Ed; 60;
vectors, thenfa b ¢]=0
1 9 4 Ans. (a) 1
0 1 A 4 =0 Given, a><(b><c)=§b
2 4 N-1 1
0 (alé)b-(alblc=—b
O T{MA =1)-18}-2AN*=1)-8) +4 2
(4=2M) = [-ax(bxc) =(a @ b—(a b)c]
N % -180 7 +18+16 8 =0 On comparing both sides, we get
ad AR 79 +18=0 1 )
ale=— .Ai)
0 AA-2-3 -2 =0 2
O (A-2\* -9)= and alb=0 i)
O A=2A+ 3N -3 = -+a, band care unit vectors, and angle
O A= 2 30r-3 between a and bisa and angle between
FA=2 then » ~ . aandcisf, so :
ijk lallclcosp=— [from Eq.(i)]
axc=|1 2 4 2
2 43 O cos =% [lal=1=lcl]
=i(6-16) = j(3 -8) +k (4 —4) 0 p="" i)
A A 3
=-10i +5j
A n d. cosE 10
ik H 28
fA=+3 thenaxc=|1 2 4|=0 andlallblcosa =0 [fromEq.(n)]
2 48 0 m:%T Aiv)

(because last two rows are proportional).

From Egs. (iii)and (iv), we get
94 The sum of the distinct real values lo Bl =g —gn=gn=30 °

96 Leta, bandc be three unit vectors

of M for which the vectors,
|.11+]+k 1+w+k,1+3+ukare i
such thata x(b xc) =?3(b +c). Ifb

coplanar, is [2019, 12 Jan. Shift-1]
(a)2 (b)0 () (d)-1 )
Ans. (d) is not parallel to ¢ then the angle
) A A A A betweena and b is [JEE Main 2016]
Givenvectors, i + j+k i+ +k 31T n
f+3'+uf<wi|lbe coplanar, if (a)f (b)E
y ; 1o (02 (028
T 1 Ans. (d)
Opp 2 =D-p =)+ ) =0 Given,  lal=Ibl=I¢|=1

and a><(6><6):73(b+6)
Now, consider ax(bx¢ =§(6+6)
0 @Bh-ans="35+3s
2 2
On comparing, we get
amb —gilallkalcose— V3
O cosG=—§ [-1al=Ibl=1]

0 cosb= cos@

@D 9_7

97 Let a, band ¢ be three non-zero
vectors such that no two of them
are collinear and

(axb)xc :%I bllcla. If Bis the angle

between vectors band ¢, then a
value of sinBis [JEE Main 2015]
D2 g2 g2
3 3 3 3

Ans. (a)

Given, (a xb) xc =%|b|lcla

O —c x(a xb) :%Ibllcla
0 -(cB@E+cab =31|b||0|a
Dol + m)% =(c@alb

B

Since, aand b are not collinear.
ch+ %Ibllcl =0andc@ =0

O

IcllblcosB + %Ibllcl =

|b||c|§sose+%§=o

O cose+%=0 (-Ibl#0, Icl#0)

O

a cosB= —1

O sine—i—i

3
=A[abc]? then

[JEE Main 2014]

98 If[axbbxcc ><a]
A is equal to
(a) 0
(c) 2
Ans. (b)
Use the formulae
ax(bxc)=(ahb
[abc]l=[bca]
[aabl=[abb]

Further simplify it and get the result.

-(aB)c,
=[cab]

and =[acc]=0



Now,[a xbb xcc xa]

=a xb Olb xc) x(c xa))

=a xb Ok xc xa)) [here k =b xc]

=a xblk@)c -(k@dal

= (a xb) b xc@)c —(b xc @)a)

=(a xb)dlbcalc) -0
[s[bxcd]=0]

=axb@[bcal=[abcllbca]

=[abc]’ {slabc]=[bcal
Hence, [a xbb xcc xa] =A[abc]?
O [abcl? =Alabc]?
O A= 1

99 If the vectors pi+j+k, i +qj +k
and i+j+r lA((Where,piq #r#)
are coplanar, then the value of
pgr—(p+q +r)is [AIEEE 2011]
(@a)-2  (b)2 (c)o (d)-1
Ans. (a)

Given,a =piA +] +kb=i +qi +kand
c=i+ ] +rkare coplanar and
pEqETZ£1
Since,a,bandc are coplanar.
p 11
O [abc]=0 O |1 g 1]|=0
T 1 r
a plgr=1=1(r=7+1(1-q) =0
pgr—p-r+1+1-q =0
0 par—(p+q+r)=-2

O

‘E Leta:i—ﬂ anda=1i —i -k. Then,
the vector b satisfyingaxb+c =0
andalb=3 is [AIEEE 2010]

(a)-i+j-2k  (b)2i-j+2k

(c)i-j—-2k (d)i+j-2k

Ans. (a)

We have, axb+c =0

] ax(a xb)+a xc =0

0 (al)a-(a@)b+axc =0

O 3a—-2b+a xc =0

O 2b=3a +a xc

O 2b=3j -3k -2i -] -k
=-2i +2] -4k

O b=-i+]j-2k

101 If u,v and w are non-coplanar
vectors and p, g are real numbers,
then the equality
Bupvpw]-[pvwqu]

—-[2w gv gu] =0holds for
[AIEEE 2009]

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

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

Ans. (d)
Since, [3u pv pw]-=[pv w qu]
-[2w qv qu] =0
0 3p” [ullv x w)] - pq [vOw xu)]
-2q” [w v xu)] =0

0 (3p” = pg +29°) [u v xw)] =0
But [uvw]#0
0 3p” —pgq +2q° =0
O p=q =0

102 The vector a=ai +2} +[31A( liesin
the plane of the vectors b=1i +f
andc :} +k and bisects the angle

between band c. Then, which one
of the following gives possible
values of aand3? [AIEEE 2008]
(a) a=1B =1
(b)a=2,=2
(c)a=1B=2
(d) o =2, =1
Ans. (a)
Giventhat, b= + ] andc :] +k.
The equation of bisector ofb andc is
2 RO

r=)\(b+c)=)\§%+ o
:%(T +2] +K) .(0)

Since, vectora liesin plane of bandc.
0 a=b+uc
) P N ~or
O (i +2j+k)=(i +])+u(j +k
7 j J)+u(j +k)

On equating the coefficient ofiboth

sides, we get
A
— =10 A=42
. f
On putting A =+/2in Eq. (i), we get
r=1+2] +k

Since, the given vectora represents the
same bisector equationr.

Oa= 1and B=1

Alternate Solution

Since,a,bandc are coplanar.
a 2 B

O T 1 0|=0
0 11

Oa (1-0)-2(1-0)@ (1-0) =0
(b +B = 2 whichispossible for
a=1pB=1

103 Let a=i+j+kb=i-j+2kand

c=xi+(x —2)} -k. If the vector ¢
lies in the plane of a and b, then x

equal to [AIEEE 2007]
(a) 0 (b) 1 (c) -4 (d) -2
Ans. (d)

Since, given vectorsa,bandc are
coplanar.

x x=2 -l
O 1{1-2(x=2)} =1(-1 -2x)
+1(x-2+x) =0
O 1-2x+4+1+42x +2x =2 =0
O 2x==4 [0 x=-2

ﬁ If (a x b) xc =a x(b xc), where

a,bandcare any three vectors
such thatalb#0 bl¢#0, thena
and care [AIEEE 2006]

(a) inclined at an angle ofg between

them.
(b) perpendicular.
(c) parallel.
(d) inclined at an angle of Pbetween
them. 3
Ans. (¢)
Since, (a xb)xc =a x(b xc)
d (a@)b-(b@d)a =(a @)b—(a B)c
u (b@)a =(aB)c
0 a=@0
(bla)

Hence, a is parallel toc.

'E Leta=i-kb=xi +j+0 -x)k and

c=yi+xj+0+x —y)ﬁ. Then,[abc]
depends on [AIEEE 2005]
(a) Neither xnory (b) Bothxandy

(c) Only x (d) Onlyy
Ans. (a)
Given, vectors are
a=i-k, b:x?+] +(1-x)k

and o=y?+x] +(1 +x—y)l§

10 =1
O [abcl={x 1 1-x
y x l+x-y
ApplyingC, - C, +C,, we get
10 O
=lx 1T 1 |=10+x) -x=1
y x 1+x

Thus, [a bc]depends upon neither xnory.



‘E Leta, b andc be distinct

non-negative numbers. If the
vectorsai+aj+ck,i+kand

ci+cj+bklieinaplane, thencis
[AIEEE 2005]

) the harmonic mean of g andb.
) equal to zero.

) the arithmetic mean of a andb.
) the geometric mean of aandb.
Ans. (d)

Since, the given vectors lie in a plane.

(a
(b
(c
(d

a a c
1 0 1/=0
c b

(9}

ApplyingC, - C, =C,, we get

0 a ¢
1 0 1]=0
0 c b
] - b c= 0
] c? =ab

Hence, cis GM of a and b.

107 If a,b,c are non-coplanar vectors
and A is a real number, then

[A@a+b) \’b Ac]=[a b+c b]for
[AIEEE 2005]

) exactly two values of A.

) exactly three values of A.

) novalue of A.

) exactly one value of A.

Ans. (¢)

Given that,

[AMa+b) AMb Acl=[a b+c b]

a
b
c
d

Ma, +b,) Aa, +b,) Ala, +b,)

0| Wb, b, Ab,
Ac, Ac, Ac,
a, a, a,
=|b,+¢c, b, +c, b, +c,
b, b, b,
a, a, a, a, a, a,
O X|b, b, b,|==|b, b, b,
c, ¢, ¢, c, ¢, c,
oA ‘==

So, no real value of A exists.

108 If a, b, ¢ are non-coplanar vectors

and A is a real number, then the
vectorsa +2b +3c, Ab +4c and
(2\ =) c are non-coplanar for
(a) all values of A. [AIEEE 2004]
(b) all except one value of A.
(c) all except two values of A.
(d) novalue of A.
Ans. (¢)
The three vectors(a +2b +3c),(Ab +4c)
and(2\ = T)c are non-coplanar, if

1 2 3

0 A 4 |£0

0 0 2A-1

0 (@A-1IA)200 7\¢0,%

So, these three vectors are non-
coplanar for all except two values of A.

109 Leta,band c be non-zero vectors

such that(axb) xc :%Ibll cla. IfBis

an acute angle between the

vectors band ¢, then sin@is equal

to [AIEEE 2004]
@1 o2 g2 922

3 3 3 3
Ans. (d)

Given that, %Ibllc la =(a xb) xc
We know that, (a xb) xc =(a @)b -(b @)a
0 %Ibllcla=(a ©)b—(b @)a

On comparing the coefficients ofa andb,
we get

%Ibl|c|=—b@anda @6 =0

O %IbIIC|=—|bllclcose
0 cosB=-00 1-sin? =
3 9
O sin? 9:§
9
NN/ 0 nQ
ad sing="22 -0<h< —
3 H 25
110 If u,v and w are three
non-coplanar vectors, then
(u+v-w)lu-v) x(v -w)]
equal to [AIEEE 2003]
(a) O (b) ulv xw
(c) ubv xv (d) 3uly xw
Ans. (b)

(u+v-w)Du-v) x(v-w)]
=(U+v=w)Uxv—Uxw =V xv + >w]
=ulluxv)—ullxw) +u [V xw) +v [ xv)
=vIuxw)+v v xw)-w [ xv)
+w U xw)=w [ xw)
=ulxw-vidxw -w dxv {a,ab]=0}
=ull xw +w dxv —w U xv=ull xw



