Vector Analysis

Scalars and Vectors

On the basis of magnitude, direction and rules of addition, all physical
quantities are classified into two groups as scalars and vectors.

A scalar quantity is one whose specification is completed with its magnitude
only. For example, mass, distance, speed, energy, electric flux, current
electricity, etc.

A vector quantity is one whose specification is completed with its magnitude
and direction both. For example, displacement, velocity, acceleration, force,
electric field intensity, current density, etc.

Types of Vectors

Some important types of vectors are given in the table below

S.No. Types of Vectors Description

(i)

Polar vectors

These are the vectors which have a starting point or a point of
application. e.g. Displacement, force, etc.

(i)

Axial vectors

These are the vectors which represent rotational effect and act
along the axis of rotation in accordance with right hand screw rule.
e.g. Angular velocity, angular acceleration, etc.

Equal vectors

These are the vectors which have equal magnitude and same
direction.

(iv)  Like parallel These are the vectors which have same direction and magnitude
vectors may equal or different.

(v)  Anti-parallel These are the vectors which have opposite direction and magnitude
vectors may equal or different.

Collinear vectors

These are the vectors which act along same line, i.e. vectors lying
in the same line. Angle between them can be zero or 180°.

Zero vector

A vector having zero magnitude is known as zero vector. lts
direction is not specified and hence it is arbitrary. It is represented
by 0.
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S.No. Types of Vectors Description

(viii)  Unit vector A vector whose magnitude is unit and
points in a particular direction is called
unit vector. It is represented by A (A cap
or A hat). The unit vector along the

direction of A is

A=" . A=A|A|

>‘J>

>

where A= XT + Ay] + AZQ

and | A|=A7+ AT+ A2,

(ix) Coplanar vectors These are the vectors which always lie
in the same plane.

If the direction of a vector is reversed,
the sign of the vector is reversed. It is
called negative vector of the original
vector.

(x)  Negative vector

Example 1. A vector may change, if
(a) frame of reference is translated
(b) vector is rotated
(c) frame of reference is rotated
(d) vector is translated parallel to itself

Sol. (b) Vector will change, if it is rotated because its direction
changes.

Example 2. The expression L (i + i) is a

2
unit vector
null vector
vector of magnitude /2
scalar

a
b
c
d

(
(
(
(

1/2

Sol. (a) We have |R|= Hé)z + (éﬂ 1

Multiplication of a Vector by a
Real Number

The multiplication of a vector by a scalar quantity n gives
a new vector whose magnitude is n times the magnitude
of the given vector. Its direction is same as that of the
given vector, if n is a positive real number and reverses,
if n is a negative real number.

Example 3. IfA=2i-3j+4 IA</ is multiplied by a number
5, then the vector along y-direction is

Sol. (a) As,nxA =nA,
So, 5%(21-3j+ 4Kk =10i —15] + 20k

*. Vector along y-direction = —1 5}

Addition of Vectors

Vectors can be added by following laws

1. Triangle Law of Vector Addition

If two vectors are represented both in magnitude and
direction by the two sides of a triangle taken in the same
order, then the resultant of these vectors is represented
both in magnitude and direction by the third side of the
triangle taken in reverse order as shown below

or R=A+B

If 6 1s the angle between A and B, then the magnitude of
resultant, R can be given by

R=|A+B|=A2+ B+ 2 ABcos0
Bsin6
A+ BcosB’

If R makes an angle oo with A, then tano =

2. The Parallelogram Law

If two non-zero vectors A and B are represented by the
two adjacent sides of a parallelogram then, the resultant
is given by the diagonal of the parallelogram in
magnitude and direction both passing through the point
of intersection of the two vectors.

The magnitude of R is

R=IR|=/A%+ B+ 2 ABcos0 ()
where, 0 is the angle between A and B.
Here, tano = ﬂ
A+ Bcos6
and tanp = 4SO )
B+ Acos6
where, o+ =6.
Special Cases
If6=0°R,.=A+B
Ifo =180°, R,.. = A— Band if6 = 90°, R =V A® + B

min
In all other cases, Egs. (1) and (i1) can be used to calculate
magnitude and direction of R.



3. Polygon Law of Vector Addition

If a number of vectors are represented both in magnitude
and direction by the sides of a polygon taken in the same
order, then the resultant vector is represented both in
magnitude and direction by the closing side of the
polygon taken in the opposite order.

E
Vv U
D
T
R C
S
B
P
A

R=A+B+C+D+E

Properties of Vector Addition
(1) Vector addition is commutative,
ie. A+B=B+ A
(1) Vector addition is associative,
ie.(A+B)+C=A+(B+0C)
(i11) Vector addition is distributive,
ie. \(A+B)=AA+ 2B

Example 4. If A =B+ Cand the magnitude of A, Band C
are 5, 4 and 3 minutes respectively, then angle between A
and C is
(a) cos™ (4/5)
(0) tan™" (3/4)

(b) cos™" (3/5)
(d) sin™'(3/5)

—

. (b) Given, A=B+ C
B=A-C = B=A-C
B*=(A-(C)?
BB=(A-Q-(A-0Q
BB=A-A-A-C-C-A+C-C
B*=A? - AC cos 0 — AC cos 6 + C?
2AC cos 0 =A%+ C? - B?

2x5x%x3xcos0=5%+32-4?

18 3

Ccos0=—=—
30 5

= 0=cos™ (E)
5

Example 5. The resultant of two forces acting at an angle
of 150° is 10 N and is perpendicular to one of the forces. One
of the two other forces is
(@20 /43N
(020N

L o 4

()10 A3N
d)20/4/3 N
Sol. (c) We have, R? = A2+ B?+2 ABcos 0
10)% = A%+ B2+ 2 AB cos150°
=A%+ B*+2 AB(-+3/2)

or 100 = A2+ B —+/3 AB (D)

Again tan90° = ﬂ
A+ Bcos150°
3 Bx1/2
A+B(=+3/2)
B
" 2A-3B
or <><>:L
2A-3B
or 2A-43B=0
or A:EB
2
Putting the value of A in Eq. (i), we get
100:332+Bz—ﬁx£5x5=152
4 2 4
or B?=4x100
or B=20 N
and A=?20=10ﬁN

Example 6. Three vectors each of magnitude A are acting
at a point such that angle between any two vectors is 60°.
The magnitude of their resultant is

b)\2 A
(d) 6 A

(a) zero

(©~3 A

Sol. (d) We have,R =|A+B+ C]
=[A2+B*+C?*+2A-B+2B-C+2C-A]"
Given, A=B=C
and 0=60°
R=[3A*+2A-B+2B-C+2C-A]"?
=[BA%+ (2 A-Acos60°) x3]"?
=6 A

Example 7. A particle has two equal accelerations in two
given directions. If one of the accelerations is halved, then the
angle which the resultant makes with the other is also halved.
The angle between the accelerations is
(@) 120° (b) 90°
(c) 60° (d) 45°
Bsin©
A+Bcosf
_ Asin®
" A+ Acos©

Sol. (a) tanf =

_sin0 (0
_(1+ cos 0)

B (A/2)sin0

tan—=————-—
2 A+(A/2) cosO
sin®

= ... (i)
2+ cosO



2 tan P Magnitude of S = A — B will be given by

Weknowthat,tanﬁzizzB S|=]A- B
1-tan™2 = A + B’ + 2 ABcos (180° - 0)
- sin 0 _ 2sin 0 _\/ 2 7
P or S=4A"+B" - 2ABcosb
1+ cos 0 sin 6
2+ cosO|1- (Z-i-cosej For direction of S, we will either calculate angle o or 3,
1 » o tang = Bsin(180° - 0)
- _ 2 + cos ) . A+ Bcos (180° — )
T+cosO (2+ cos®”—sin“0 .
_ 2 (2 + cos 6 = ﬂ
4+ cos’0+ 4 cos 60— (1— cos’6) A= Beost
=  2cos’0+ 4cosB+3=2(2+ cos6) (1+ cos 6 tanf = Asin (180 —8)

B+ Acos (180° -0)
| _ Asin®
= c056=—5 = cos0=cos120° = 06=120° " B- AcosH

= 2cos’0+ 4 cosO+3=2cos’0+6cos0+ 4

Note (i) A —Bor B— A can also be found by making triangles as shown in
Example 8. The sum of magnitudes of two forces acting figure.

at a point is 16 and magnitude of their resultant is 8+/3. If the
resultant is at 90° with the force of smaller magnitude, their or
magnitudes are Q A-B @ B-A
(a3,13 (b) 2, 14
(0 5, 11 (d) 4,12 A A
(@) (0)

Sol. (b)GivenA+B=16

R = (A2 + B2 + 2AB cos §)"2 (i) Change in velocity of a particle moving along circular path with a
843 = (A% + B? + 2AB cos §)"2 constant speed
. . Vi =V
and tan9ge — _Bsin® - __Bsin®
A+ Bcos 0 A+ Bcos 0 P

or A+ Bcos0=0 Q
or BcosO=-A

83 =[A% + B2 + 2A (-A)]"?
or 192=B"-A’=B-A B+ A=B-Ax16

Vo=V
or B-A=192/16=12 ’
On solving, A=2 and B=14 When a particle moves along a circular path with a constant
speed, then its velocity changes due to change in direction.
Subtraction Of Vectors . Change in velocity, Av = v, —v, = v —(-v) = 2v

Negative of a vector (—A) is a vector of the same
magnitude as vector A but pointing in a direction
opposite to that of A.

Therefore, A— B= A+ (-B). B
Let the angle between vectors A and B be 0, then the
angle between A and — B will be 180° — 6.

------------------ 'R =A +B 6 = 60°

Example 9. Find A — B from the diagram shown in figure.
Given A = 4 units and B = 3 units

| A
: e
0 ! () V18 units (b) V17 units
a i (©) V14 units (d) V13 units
A 1
B | Sol. (d) Subtraction, S = A%+ B> =2 ABcos0
180° - i
-B | =16+9-2x4x3 cos60°
---------------- US= A+ (B)

=4/13 units



Example 10. A car moving towards south changes its
direction towards west moving with the same speed. Find the
change in the direction of velocity of the car.

(a) North-West (b) North-East

(c) South-East (d) South-West

Sol. (a)

Here,
. Change in velocity of car, Av = v, —v,
Magnitude of the change in velocity,

|Av|= \/v12 +v3 -2V, c0s90°

=VvZ+v2-0=,2v=2v

The direction of change in velocity,

tanG:—'v1| =Yo
vyl v
or 0=45°

The change in velocity of the car is along north-west direction.

Resolution of Vectors

When a vector is resolved into its components and the
components are right angles to each other, then such
components are called rectangular components of given
vector along two perpendicular directions.

The rectangular components of a vector lying
in the plane

Y.
NP
A
Ay Ay
8 L
0 A, M
A=Ai+Aj]

If 6 is the angle subtended by vector A with X-axis, then
A, = AcosB and A, = Asin0 represented the rectangular
components of A along two perpendicular directions.

A= AZ+ A?

or A= A+ A?
For the directions of vectors

A
tanf = —2

A
or 0 =tan! [y)
A,

[vil =[ vl =v (say)

The rectangular components of a vector lying
in the space

Suppose there is a vector A in space as shown in the
figure. Let the rectangular components of A along X-axis,
Y-axis and Z-axis be A,, A, and A, respectively.

A-Aj+AJ+ Ak
|Al=JA? + A7 + A?
This vector makes angle
o= cos_l(ix) with X-axis

A

B= cosl(y) with Y -axis
A

Y= cosl(i‘;] with Z-axis

Example 11. A force of 8N makes an angle 30° with
X-axis. Find the x and y components of the force.
(@ F, =4V3N,F, =4N (b)F,=4N,F, =4J3N
() F, =2N,F,=2J3N (d) F,=2v3N,F, =2N
Sol. (a) Here, F=8N,06=30°
x-component of force, F, =F cos30° =8 x? =43N

y-component of force, F, =F sin30° =8 XE =4N

Example 12. A force of 10.5 N acts on a particle along a
direction making an angle of 37° with the vertical. The
component of force in the vertical direction is

(@ 4.5N (b) 8.4N

() 6.9N (d)3.2N

Sol. (b) The component of the force in the vertical direction

will be

F,=Fcos6=10.5 cos37°=10.5><§=8.4N

Example 13. The magnitudes of vectors OA, OB and OC
as in figure are equal. The direction of OA + OB — OC is

C




(a) tan™" {“ —3 ‘ﬁ)} (b) tan™" {(n V3 + ﬁ)}

1+ +2) RENCEENI)
(©) cot™ 1-\3-42) (d) cot™ (1++3+42)
1+ 43 +42) - -

Sol. (a) Let, OA=0B=0C =F
V3

x-component of OA =F cos30° =F B3

x-component of OB =F cos60° = g

x-component of OC =F cos135° = — s

2
.. xcomponent of OA+ OB- OC

_[F3), (fj _(_E
3 2 2
=£(\/§ +1+/2)
2
y-component of OA =F sin30° =g
y-component of OB = — F sin 60° = — ?

y-component of OC = F sin 45° =

tsl

-, y-component of OA + OB — OC

=(Zj+[—ﬂfj—(gj=g(1—ﬁ—ﬁ)

Angle of OA+ OB - OC with x-axis

F

1 5(1_J§_ﬁ) P (1-~3-42)
= |=tan —_—
5(]+\/§+\/§) (1+\/§+\/§)
2

=tan~

Scalar Product or Dot Product

The scalar product of two vectors A and B is defined as
the product of magnitude of A and B multiplied by the
cosine of the smaller angle between them.

ie. A-B=ABcos0

or A-B= A(Bcos0) = (magnitude of A) (component of B
in the direction of A).

Dot product or scalar product of two vectors gives the
scalar quantity.

Some Important Properties of Dot Product
- Dot product is commutative A- B = ABcos 6 and
B-A=BAcos® = ABcosb

.. A-B=B-A which is commutative law.

+ Dot product is distributive over the addition of vectors
e, AB+C)=A-B+A-C

+ Dot product of two like parallel vectors
Herep = 0°

. A-B=ABcos0°=AB (v cos0°=1)

+ Dot product of two antiparallel vectors
Here, 6 = 180°
.. A-B=ABcos180° =- AB
- Dot product of orthogonal unit vectors
i~i:j.3:i{.i{:1
i3-jkokiz0

(. cos180° =-1)

- Dot product of two vectors in terms of their
components

A -B= (xli + yl_Ai + 211:1) . (xzi + yZ} + zzfi)
or A-B=uxx,+ y,55 + 2,29

Example 14. If A and B are perpendicular vectors, where
A=5i+ 7j—-3kandB =2i +2j — ak, then the value of a is

(@-2 (b) 8 (0-7 (d)-8
Sol. (d) For perpendicular vectors, A-B = 0

So, Gi+7)-3k-Qi+2j-ak =0

or 10 +14+3a=0o0r3a=-24

or a=-8

Example 15. The angle between the two vectors
A=3i+4j+5kandB=3i+ 4j -5k will be
(b) 45° (c)90°

(a) zero (d) 180°

Sol. () A-B=(3i+4j+5k-Bi+4j-5k=9+16-25=0

or ABcos6=0
or cos0=0
or 6=90°

Example 16. The vectors P = ai + af + 3k and

Q= ai - 2} —kare perpendicular to each other. The positive
value of a is
@3 (b) 2

(@1 o

Sol. (a) For perpendicular vectos P-Q =0
So, (ai+ aj +3k) -(ai —2j —k =0
or a’-2a-3=0

On solving a=3 or -1

Example 17. What is the angle ¢ between a=3.0 i- 4.0}
andb=2.0i -3.0k?

(a) 60°
(c) 71°

(b) 53°
(d) 75°

Sol. (c) Angle between a and b is given as

a-b 3x2+4(—4x0)+0 x(-3)
cosp=——=
ab 324 (-4 + 02422+ 02+ (=3)?
6
= cosh=—— = cosd=0.333
NN ¢

= ¢ =cos™' (0.333) =70.55° =71°



Vector Product or Cross Product

The vector product or cross product of two vectors is a
single vector whose magnitude is equal to the product of
the magnitudes of two given vectors multiplied by the
sine of the smaller angle between the two given vectors.

ie. AxB=(ABsin6) i
The unit vector normal to the plane containing vectors
AxB AxB

A and B, is given by n = — =
ABsin® |AxB|
Some Important Properties of Cross Product

+ Cross product of two vectors does not obey the
commutative law.

i.e. AxB#Bx A
AxB=-Bx A

+ Cross product of two vectors is distributive over vector
addition

i.e. AXx(B+C)=AxB+AxC

+ Cross product of two like parallel vectors is zero. In this
case, the angle between vectors will be zero degree.

AxB=(ABsin0°)n=0 [ sin0°=0]
+ Cross product of two perpendicular vectors : In this
case, 0 = 90°

AxB=(ABsin90°)n=(AB)n
+ Cross product of orthogonal unit vectors

Here,

ixi=(Ix1xsin0)h=0,
Similarly, jx 3 =0 and kxk=0
Also, iszlxlxsin9001:1:l:1
Similarly, jxk=1,kxi=j
Now, jxiz—l;,ixf(:—j and l:rx}:—i
+ Cross product of two vectors in terms of their

rectangular components
AxB= (xli + yl_Ai + 211:1) X (xzi + y2j + 221:1)

A A ~

i j k
il N S =
Xo Yo 2o

+ Magnitude of cross product of two vectors A and B
represents the area of the parallelogram.

N A P
.. |Ax B|= ABsin6 = A(Bsin0) = OP x QN = Area of
the parallelogram.

Triple Product

Scalar triple product of three vectors is given by

a; Qg Qg
A-BxCO)=|b b b
G C G

where A = ali + azj + agk,
B=bi+byj+bk and C=c¢i+cyj+ ek
It gives volume of parallelopiped formed with A, B and C
as adjacent sides.
Vector triple product is given by
Ax(BxC)=B(A-C)- C(A-B)
It is worth noting that
(1) A-(B x C) = 01implies that vectors are coplanar.

(11) In scalar triple product, dot and cross can be
interchanged provided that their cyclic order is
maintained.

@ii1) Four points A, B, C and D are coplanar, if
AB-(BCx CD)=0.

Example 18. The vector A has a magnitude of 5 unit, B
has a magnitude of 6 unit and the cross product A and B has
the magnitude of 15 unit. The angle between A and B is

(@) 90° (b) 60° (c) 30° (d) 120°

Sol. (o) If the angle between A and B is 6, the cross product will
have a magnitude,

|AXB|=ABsin® or 15=5x6sin® or sinG:%

- 0=30°
Example19. [fA=i+2kandB=]—k then, AxBis
equal to

@2i-j-k B -2i+j+k ©Qi+j-k (@2i+j-k

Sol. (b) We have, A xB = (i+2k) x(j -k
ij ok
2

i
10
0 1 -1

=i0-2+jO+1+k1-0==2i+j+k

Example 20. The area of a parallelogram whose adjacent
sidesareP=2i+3j and Q=i+ 4jis

(b) 15 square units

(d) 25 square units

(@) 5 square units
(c) 20 square units

Sol. (@PxQ=02i+3j)x(i+4j)

>

>

j
3 0/=i00-0-j©O-0)+k(@-3) =5k
4 0

Area of parallelogram =|P x Q| =5 square units

1l
_ N -



Practice Exercise

Topically Divided Problems

Addition and Subtraction of Vectors

1. Consider the quantities, pressure, power, energy,

impulse, gravitational potential, electrical charge,
temperature, area. Out of these, the only vector
quantities are [NCERT Exemplar]
(a) Impulse, pressure and area

(b) Impulse and area

(c) Area and gravitational potential

(d) Impulse and pressure

. WhatA is tbe numerical value of the vector
3i+4j+5k?

(a) 342 (b) 532

(c) TV2 (d) 92

If, 0.5i+0.8 3 +ckis a unit vector, then the value
of ¢ is

(a)0.11 (b) +/0.22

(c)+/0.33 (d) +0.89

. Which one of the following statements is true?
[NCERT Exemplar]

(a) A scalar quantity is the one that is conserved in a
process.

(b) A scalar quantity is the one that can never take
negative values.

(c) A scalar quantity is the one that does not vary
from one point to another in space.

(d) A scalar quantity has the same value for observers
with different orientations of the axes.

. Given, vector, A = i- 3 + 2k and vector
B=3i- 33’ + 6k, then which one of the following

statements is true?

(a) Ais perpendicular to B.

(b) A is parallel to B.

(c) Magnitude of A is half of that of B.
(d) Magnitude of Bis equal to that of A.

. What is the unit vector along i+ j?

(a) % ® V2 G+
©i+] @ k

7. Figure shows the orientation of two vectors u and v

10.

in the XY-plane.
Y

[NCERT Exemplar]

A

(0] X
Ifu =ai+ bjand v = pi + gj, which of the following
is correct?
(a) @ and p are positive while b and g are negative

(b) a, p and b are positive while q is negative
(c) a, g and b are positive while p is negative
(d) a, b, p and q are all positive

. In the cube of side ‘@’ shown in the figure, the

vector from the central point of the face ABOD to

the central point of the face BEFO will be
[JEE Main 2019]

X D/ a
(a) %a(i—fo ®) %a(ﬁ—b

© %a(ﬁ—k) @ %aa}—i)

Two forces, each equal to g act at right angles.

Their effect may be neutralised by a third force

acting along their bisector in the opposite direction
with a magnitude of
®) 7 (D2 p

P
(@ p (© 3

2
Given A =i+ 23 — 3k When a vector B is added to
A, we get a unit vector along )A(-axAis, then Bis

(a) -2j+3k (b) -i-2j

©-i+3k d2j-3k



11.

12.

13.

14.

15.

16.

17.

18.

19.

Two forces F; and F,, are acting at right angles to

each other, then their resultant is

() F, + F, (b) F, >+ F,?
© JF - F,’ @2

Given, R = A + Band R = A = B. The angle between
A and B is
(a) 60°

(c) 120°

(b) 90°
(d) 180°

The resultant of two forces, each P, acting at an
angle 0 is

. 0 0
2Psin — b) 2P cos —
(a) 2Psin 2 (b) 2P cos 2

(@ PV2

The resultant of two vectors of magnitudes 2A and
V2 A acting at an angle 0 is +/10 A. The correct
value of 0 is
(a) 30°

(c) 60°

(c) 2P cos O

(b) 45°
() 90°

Two forces, each equal to F, act as shown in figure.
Their resultant is

60°

@g M F ©VBF  (@BF

fP=4i-2j+6kandQ=1i-2j-3k, then the
angle which P + Q makes with X-axis is

a3 NS
(a) cos (\/%) (b) cos (m)

(c) cos™! (%} (d) cos™! (%}
IfA+B=Cand A =+3,B=+3 and C =3, then the
angle between A and Bis

(a) 0° (b) 30° (c) 60° (d) 90°

If the magnitude of the sum of the two vectors is
equal to the difference of their magnitudes, then
the angle between vectors is

(a) 0° (b) 45° (c) 90° (d) 180°

If, the resultant of two forces (A + B) and (A — B) is
\/m , then the angle between these forces is

Ll @*-BY] L[ A%+ BY|

(a) cos 1{_(A2+BZ)J (b) cos IL_EA;—BZ;J
2 2 2 2

et |4 B @ 2R

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

If the resultant of A and B makes angle o with A
and p with B, then

(a) o <P, always (b) a<B,if A<B
(ca<B,ifA>B (d) a<p,if A=B

If the resultant of the vectors (i + 23' - 1:1), G- 3 + 21:1)

and C is a unit vector along the y-direction, then C
is

(@) —2i-k (b)-2i+k (¢0)2i-k d) -2i+k
(P + Q) is a unit vector along X-axis. IfP = i- 3 + l::,
then what is the value of vector Q? o
@i+j-k Mdj-k ei+j+k @) j+k
What vector must be added to the sum of two
vectors 2i— j+3kand3i—-2j- 2k so that the

resultant is a unit vector along Z-axis?
(2)5i+k  (b)-5i+3) (@©3j+5k (d)-3j+2k

Two vectors a and b are at an angle of 60° with
each other. Their resultant makes an angle of 45°
with a. If | b| = 2 units, then |a|is

(a)+3 ®M3-1  (©@©V3+1 (D3R
A vector A when added to the vector B=31 + 43’

yields a resultant vector that is in the positive
y-direction and has a magnitude equal to that of B.
Find the magnitude of A.

(@) V10 () 10 ©5 @ ~15
It is found that | A + B|=|A|. This necessarily

implies, [NCERT Exemplar]
(a) B=0 (b) A, B are parallel
(c) A, Bare perpendicular (d) A-B<0

The simple sum of two co-initial vectors is 16 units.
Their vector sum is 8 units. The resultant of the
vectors is perpendicular to the smaller vector. The
magnitudes of the two vectors are

(a) 2 units and 14 units  (b) 4 units and 12 units

(c) 6 units and 10 units  (d) 8 units and 8 units

The resultant of two forces at right angle is 5N.
When the angle between them is 120°, the
resultant is v13. Then, the forces are

(2) V12N, V13 N (b)v20 N,+/5 N
(©3N,4N (d) V40 N,+15 N

Given, P=A + Band P = A + B. The angle between
A and Bis

(a) 0° )7 ©7 @
What is the angle between P and the resultant of
(P+Q) and (P -Q)?

(a) zero
(c) tan™! (Q/P)

(b) tan™" (P/Q)
(@ tan™ (P-Q)/(P+ Q)



31.

32.

33.

34.

Two vectors a and b are such that |a + b|=|a — b|.

What is the angle between a and b?

(a) 0° (b) 90° (©) 60° (d) 180°

The vectors A; and A, each of magnitude A are
inclined to each other such that their resultant is
equal to v3A. Then the resultant of A; and — A, is
(a) 24 (b)3A (c) V24 @A
IfA:i+,A]'—2lA(andB:2i—j+lA{,thenthe
magnitude of 2A - 3B is

(a) V90 (b) V50
(c) V190 (d) /30

The vector which can give unit vector along X-axis
withA=2i-4j+7k B=7i+2j-5kand

C=-4i+7j+3kis
(2)4i+5j+5k
(©)-5i-5j-5k

(b)-5i-5j+5k
@4i-5j-5k

Resolution of Vectors

35.

36.

37.

38.

39.

40.

The x and y components of a force are 2 N and — 3N.
The force is
(a) 2i-3j

(¢) -2i-3j

(b) 2i + 3j
(d) 37 +2j

The magnitude of the X and Y components of A are
7 and 6. Also the magnitudes of X and Y
components of A + B are 11 and 9, respectively.
What is the magnitude of B ?

(@5 (b) 6

(c) 8 @9

One of the rectangular components of a velocity of
60 kmh" is 30 kmh . The other rectangular
component is

(2) 30 km h™ (b) 303 km h™*

(©)30v2 km h™! (d) zero

A force is inclined at 60° to the horizontal. If its
rectangular component in the horizontal direction
is 50 N, then magnitude of the force in the vertical
direction is
(a) 256 N
(c) 87N

(b) 75 N
(d) 100 N

The component of a vector r along X-axis will have
maximum value, if [NCERT Exemplar]
(a) r is along positive Y-axis

(b) r is along positive X-axis

(c) r makes an angle of 45° with the X-axis

(d) r is along negative Y-axis

Consider a vector F = 4i-3 3 Another vector that

is perpendicular to F is R o
(2)4i+3] ()6] © 7k (d)3i-4]

41.

The angle subtended by the vector,
A =41i+3j+ 12k with the X-axis is

(a) sin"" (%j (b) sin"" (%)

-1 4 -1 3
(c) cos (Ej (d) cos (E)

Scalar and Vector Product of Vectors

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

The angle between the Z-axis and the vector
i+j++2k is
(a) 30°
(c) 60°

(b) 45°
(d) 90°

The angle between A = i+ 3 andB=1i- 3 is

[NCERT Exemplar]
(a) 45° (b) 90° (c) —45° (d) 180°

Given, P =3 3 +4kand Q= 2i+5k. The magnitude
of the scalar product of these vectors, is

(a) 20 (b) 23

(c) 26 (d) 5+/33
fP=2i-3j+kandQ=3i+2j thenP-Qis
(a) zero () 6

(c) 12 ) 15

If AB = AB, then the angle between A and B is
(a) 0° (b) 45°

(c) 90° (d) 180°

Projection of P on Q is R

(aP-Q b)P-Q

(© PxQ (d) PxQ

A and B are two vectors given by A = 2i+3 3 and

B=i+ 3 The magnitude of the components of A
along Bis

5 3
% ©%
7 1
% Ve

If,A=2i+3j+4kandB=4i+3j+2k, then
angle between A and B is
(29
(b) sin (25)

(a) sin™? (%j
_1(25 _1(29
(c) cos (Ej (d) cos (%)

What is the angle between G+ 23 + 21:1) and i?

(a) 0° () n/6

(c) /3 (d) None of these

If A =B, then which of the following is not correct?
(aA=B (b)A-B= AB

() |Al=1B (d) AB|| BA



52.

53.

54.

55.

56.

57.

58.

59.

60.

For what value of a, A = 2i+a j + k will be
perpendicular to B = 4 i- 2:]' -k?

(a) 4 (b) zero

(c) 3 d1

The sum of two vectors A and B is at right angles
to their difference, then

(a) A=B

(b) A=2B

(c) B=2A

(d) A and B have the same direction

Given, 0 is the angle between A and B. Then,
|A x Blis equal to

(a)sin 6 (b) cos 0
(c) tan 6 (d) cot 0
If P-Q=0,then |P xQ]is

(@) | PlQl (b) zero
©1 @ PQ

Given, C = A x B. The angle which A makes with C
is

(a) 0°
(c) 90°

(b) 45°
(d) 180°

The adjacent sides of a parallelogram are .
represented by co-initial vectors 2i+ 3 jand i+ 4 j.
The area of the parallelogram is

(a) 5 units along Z-axis  (b) 5 units in XY-plane

(c) 3 units in XZ-plane (d) 3 units in YZ-plane

The magnitudes of the two vectors a and b are a
and b, respectively. The vector product of a and b
cannot be
(a) equal to zero
(c) equal to ab
Given, A = 4i+6jand B=2i+ 3 j Which of the
following is correct?
(a) AxB=0
(b) A-B=24

Al 1
(© B2
(d) A and B are anti-parallel

If A-B=0and A xB =1, then A and B are
(a) perpendicular unit vectors

(b) parallel unit vectors

(c) parallel

(d) perpendicular

(b) less than ab
(d) greater than ab

61.

62.

63.

64.

65.

66.

67.

68.

69.

The area of a parallelogram formed by the vectors
A=i-2j+3kandB=3i-2j+ kas its adjacent

sides, is
(a) 8v/3 units (b) 64 units
(c) 32 units (d) 44/6 units

The magnitude of the vectors product of two vectors
is +/3 times their scalar product. The angle between
the two vectors is
(a) 90°
(c) 45°

(b) 60°
(d) 30°

Three vectors A, B and C satisfy the relation

AB=0and AC=0.If B and C are not lying in the
same plane, then A is parallel to
(a) B () C (c) BxC

A vector F; is along the positive Y-axis. If its vector

(d) BC

product with another vector F, is zero, then F,
could be

(a) 4]
©i-k

®) j+k

d) -4i

The area of the parallelogram represented by the
vectors, A=4i+3jandB=2i+4jis

(a) 14 units (b) 7.5 units

(c) 10 units (d) 5 units

If A and Bldenote the sides of a parallelogram and
its area is 2 AB (A and B are the magnitude of A

and B respectively), the angle between A and B is
(a) 30° (b) 60° (c) 45° (d) 120°

Two vectors A and B are inclined to each other at
an angle 6. Which of the following is the unit vector
perpendicular to both A and B?

AxB AxB
(a) -
AB sin 0
AxB AxB
© —— (d) ———
ABsin 6 ABcos©

Angle between A and B is 6. What is the value of
A-BxA)?

(a) A2Bcos 0 (b) A%Bsin 6 cos 0

(c) A’Bsin© (d) zero

Given, C = A xBand D =B x A. What is the angle
between C and D ?
(a) 30°
(c) 90°

(b) 60
(d) 180°



Mixed Bag

7. IfA =2i+33+61:1andB=3i—63'+21:1, then vector
perpendicular to both A and B has magnitude %

ROUND Il

Only One Correct Option
1. Three forces of magnitudes 6 N, 6 N and /72 N act

at a corner of a cube along three sides as shown in

times that of (61 + 23’ — 3 k). The value of % is equal

figure. Resultant of these forces is to
(@)1 (b) 4
72N
é/— © 7 @9
D
| 8. If A, and A, are two non-collinear unit vectors and
F ; E if |A; + A,|= V3, then the value of
! 6N (A;-Ay))-2A; +Ay)is
Opemmmmt - — (a) 1 (b) 1/2
(c) 3/2 () 2
6N,A B 9. If vectors A and B are given by A =51 +6j+ 3 k

(a) 12 N along OB
(c) 18 N along OC

(b) 18 N along OA
(d) 12 N along OF

. The sum of the magnitudes of two forces acting at a
point is 16 N. The resultant of these forces is
perpendicular to the smaller force has a magnitude
of 8 N. If the smaller force has magnitude x, then
the value of x is
(a) 2N

(c) 6 N

(b) 4 N
(d) 7N

. The magnitude of resultant of three vectors of
magnitude 1, 2 and 3 whose directions are those of
the sides of an equilateral triangle taken in order is
(a) zero (b) 2+/2 units

(c) 4+/3 units (d) V3 units

. Two vectors A and B have equal magnitudes. The
magnitude of (A+ B) is n times the magnitude of
(A - B). The angle between A and B is

[JEE Main 2019]
. 1 n
(a) sin 1( 5
n

21 . (n-1
Hj (®) sin [nﬂj

10.

11.

and B = 61 - 2 - 6k Which is/are of the following

correct?

(a) A and Bare mutually perpendicular
(b) Product of A x Bis the same Bx A
(c) The magnitude of A and B are equal
(d) The magnitude of A - Bis non-zero

Which of the following statement(s) is/are correct?

(a) The magnitude of the vector 3i+4 jis 10.

(b) A force (3 i+4 j) N acting on a particle causes a
displacement 6 3 The work done by the force is 30 N.

(c) If A and Brepresent two adjacent sides of a
parallelogram, then | A x B| give the area of that
parallelogram.

(d) A force has magnitude 20 N. Its component in a

direction making an angle 60° with the force is
103 N.

The component of vector A = axi + ayj + azl; along
the direction of (i — j) is

(@) (@, —a,+a,)

(b) (a, +ay)
(©) (a, —ay)/«@

(d) (a,-a,+a,)

n?_1 n_1 12. If A xB=B x A, then the angle between A and B is
-1 d) cos™!| ——=
(c) cos (n2+1j ( (n+1) @ (o) /3
(c) /2 (d) /M

. There are two forces each of magnitude 10 units.
One inclined at an angle of 30° and the other at an
angle of 135° to the positive direction of X-axis. The
x and y components of the resultant are

13.

Given that, A + B + C =0. Out of three vectors, two
are equal in magnitude and the magnitude of third
vector is +/2 times that of either of the two having

equal magnitude. Then, the angles between vectors

respectively, . R R are given by
(a)1.59iand 12.07 j (b)10iand 10 j (a) 45°, 45°, 90° (b) 90°, 135°, 135°
(c) 1.591i (d) 15.91i and 12.07 j (c) 30°, 60°, 90° (d) 45°, 60°, 90°

. What is the angle between i+ 3 +kand i?

14.

If the vectors A = 2i + 43’andB=5i— p}are

(a) 0° (b) n/6 parallel to each other, the magnitude of B is
(©) n/3 (d) None of these (2) 5V (b) 10
© 15 (d) 25



15.

16.

17.

18.

Two vectors A and B are inclined at an angle 6.
Now if the vectors are interchanged, then the
resultant turns through an angle o. Which of the
following relation is true?

2
(a) tang = (ﬂ) tang (b) tang = (ﬂ) tang
2 A+ B 2 2 A+ B 2
(c) tangz(A_B)cotg (d) tangz(ﬂj cotg
2 A+ B 2 2 A+ B 2

Let|A1=3,|Ajl=5and | A; + Ayl =5. The value of
(2A; +3A,)-(BA; —2A,) is

(a) —1065 (b) -112.5
() —995 (d) -118.5
Thevectors2i+33—2ﬁ,5i+a3+l:xand
—i+23’+31:1are coplanar when a is

(a) -9 ®) 9
(c)-18 (d) 18

Three vectors A,B and C add up to zero. Find which
is false?

[JEE Main 2019]

[NCERT Exemplar]
(a) (A xB) x Cis not zero unless B, C are parallel
(b) (A xB)- Cis zero unless B, C are parallel

19.

20.

21.

22.

23.

When two non-zero vectors a and b are
perpendicular to each other, the magnitude of their

resultant is R. When they are opposite to each
other, the magnitude of their resultant is % The

value of (a + b) iS .oeeeenl. .
b a

The sum of two forces P and Q is R such that

|R|=1|PI. The angle 6 (in degree) that the resultant

of 2P and Q will make with Qs ......... .
[JEE Main 2020]

Ifa=2i-j+kb=i+2j-3kandc=3i-yj+5k
are coplanar, then the value of y is ......... .

A triangle ABC has its vertices at A (2,1, 1),
B1,-3,-5and C(4,-4,-4).If ZBAC =6 and

n
1537

The volume of a parallelopiped, whose edges are
represented by .
a=02i-3j+4k)m,b=(i+2j-k) m and

cos0 = . The value of nis ......... .

(c) If A, B, Cdefined a plane, (A x B) x Cis in that c=Bi-j+2k)mis......... m?.
plane
(d) (AxB)-C=|Al|B||C|>C?= A%+ B?
Numerical Value Questions ANSWers
Round I
1. (b) 2. (b) 3. (a) 4. (d) 5. (b) 6. (@) 7. (b) 8. (b) 9. (© 10. (@)
11. (b) 12. (¢) 13. (b) 14. (b) 15. (b) 16. (c) 17. (©) 18. (d) 19. (c) 20. (¢)
21. (a) 22. (b) 23. (b) 24. (b) 25. (a) 26. (a) 27. (c) 28. (c) 29. (@) 30. (@)
31. (b) 32. (d) 33. (a) 34. (c) 35. (a) 36. (a) 37. (b) 38. (c) 39. (b) 40. (c)
41. (c) 42. (b) 43. (b) 44. (c) 45. (a) 46. (a) 47. (a) 48. (a) 49. (c) 50. (d)
51. (b) 52. (c) 53. (a) 54. (a) 55. (@) 56. (c) 57. (@) 58. (d) 59. (a) 60. (a)
61. (d) 62. (b) 63. (c) 64. (a) 65. (c) 66. (a) 67. (b) 68. (d) 69. (d)
Round II
L@ 20 3@ 4@ 5@ 6@ T &b 8@ 100
11. (c) 12. (@) 13. (b) 14. (@) 15. (b) 16. (d) 17. (@) 18. (d) 19. 4 20. 90
21. 4 22. 6 23. 7




Solutions

Round I
1. Out of the given quantities, impulse and area are
vector quantities and other are scalar quantities.
2. Required numerical value is V382442452 i.e~/50 or
542.
3. Clearly, (0.5)%+ (0.8)%+ ¢* =1
0.25+0.64+c*=1
or ?=1-0.25-0.64=0.11
or c=+/0.11
4. A scalar quantity has the same value for observers

with different orientations of the axes.

A vector A is parallel to that of vector B, if it can be
written as

A=mB
Here, A=G-jr2lo- ] Gi-sj+6k)
A-1p
3
This implies A is parallel to B and magnitude of A is %

times the magnitude of B.

. We have A = AA or A:é

A

. . N T R

. Required unit vector is } :] =17
li+jl V2

As per figure, in u = ai+ b} , both a and b are positive.

In v = pi+ gj, p 1s positive and q is negative.

Thus, a, p and b are positive and q is negative.

. In the given cube, coordinates of point G(centre of face

ABOD) are x; =%,y1 =0,z =%

where, a = side of cube

and coordinates of point H are
xy =0, _ 2= a
2 =Y, Yy Ty

So, vector GH is

GH = (- %)i+ (- 3)i+ (a—2) k

=-2§+25=2G-9)
g T2l Y

9.

10.
11.

12.

13.

14.

15.

16.

As, R:\/a2+b2+2abcose

s PG EE O

= RZ\/§£:£
2 2
As,B+({+2j-3k)=i or B=-2j+3k

As, resultant of two vectors is given by,
R=vA%+ B*+2ABcos0

- F?=F?+ F}+2F,F,cos90°

Given, 0=90°

or F*=F’+F; = F=\F+F;

For the resultant,
R*=R?*+ R*+2R%cos 0
or R*=2R?*+2R%cos 0
l =1+cosO
2
1
or cosez—§ or 6=120°
As, R*=P%+ P2+ 2 P?cos 0
or R*=2P%*+2P%cos0
or R*=2P%(1+ cos6)
or R*=2Pp? (2 cos? g)
2 2 20
or R* =4 P*cos 3
0
or R=2Pcos—
2
Resultant, R = \/A2 +B?>+2ABcos0
= 10A%=4A%+2A%+2x2 Ax~2 AxcosH
or 4 A% =4J2A4%cos 0
or cos=—
V2
= 0=45°
Note that the angle between two forces is 120° and not

60°.
R’=F?>+F?>+2-F-F cos 120°

= R*=F*+F?>-F?
= R*=F*
= R=F
As,P+Q=5i-4j+3k
= cosoczézi
or azcos_l(i)

V50



17. As,A+B=C

18.

19.

20.

21.

22.

23.

(Given)
So, it is given that C is the resultant of A and B
: C?= A%+ B>+ 2 ABcos 0

or 32=3+3+2x3xcosH
or 3=6cos0
or cos6=%:> 0=60°

According to question, \/P2 +Q*+2PQcos0 = (P-Q)
= P2+ @*+2PQcos0=P*+Q*-2PQ
= 2PRQ(1+cos0)=0
But, 2P +#0
: 1+cos0=0
or cosf=-1
or 0=180°
Here, P=(A+B), Q=(A-B)
and R=+A%+ B?

2_p2_ 2
o  cosp B -P-Q°

2 PQ

_(A*+ B)-(A+B)*-(A-B)®
2(A+B)(A-B)
[ A%+ B* ]
Lz(A%Bz)
L[ A+ B
[ 2(A2—B2)J

We can make the diagram as below

0 = cos

Asin©
B+ Acos©

From the above equation, it is clear that when o <3,
then B< A.

Given, (i+2j-K)+(i-j+2k) +C=]j
C=j-(G(-2j-k)-(-j+2k)
=-2i-k

Bsin 0
A+ Bcos6

Clearly, tan o = and tanf =

Given,Pzi—}+l§,thenwe have
P+Q=i
Q=i-i+j-k=j-k
As,A=2i-j+3k B=3i-2j-2kand C=?
R=k=A+B+C
k=@i-j+3k+@Bi-2j-2k+C
=5i—3}+l}+C
C=-5i+3]j

25.

26.

27.

28.

29.

. Here, tan45° =

2sin60° /3
a+2cos60° a+1
)
a+1
or a+1=+3
a=+3-1
Given,C=|B|} = C=5}
Let, C:A+B=A+3§+4}
5j=A+3i+4j
= A=-3i+]

|AI=®)*+ (1)* =410

If|A + B|=]Al|, then either |B| =0 or A and B will be
antiparallel, where | B|=2|A |

According to question, P+ @ =16 )
= P+ @?+2PQcos6=64 ...(11)
tan 90° = _Qsinb_
P+@®cos6
or - Qsin O
P+Qcosb
= P+Qcos6=0
or Q@cosO=-P ...(111)
From Egs. (i1) and (ii1), we get
P +@Q%>+2P(-P)=64
or Q*-P*=64
or @-P)@+P)=64 ...(1v)
Now from Egs. (i) and (iv), we get
64
or Q—P—E—AL ...(v)
Adding, Egs. (i) and (v), we get
2Q =20
or @ =10 units
From Eq. (1), P+10=16
or P =6 units
Let, A and Bbe the two forces.
As per question A%+ B?=5
or A’+B*=25 ...(@)
and A%+ B?+2ABcos120° =13
or 25+2ABx(-1/2)=13
or AB=25-13=12
or 2AB=24 ...(>11)

Solving Egs. (i) and (i), we get
A=3N and B=4N

Given, |P|=A+ B

= |P1%= (A + B)?

or |A+B|?=(A+ B)?

or A2+ B2+2ABcos0=A%+ B>+2 AB
or cos0=1=60=0°



30.

31.

32.

33.

34.

35.
36.

37.

38.

Resultant, R = (P+ Q)+ (P- Q) =2 P. Thus, angle
between R and P is 0°.
From the condition given in question,

a?+b%+2abcos0=a’+b*-2abcos 0

or 4abcos0=0

But 4ab#0

o cos0=0

or 0=90°

Let 0 be the angle between A; and A,, then
AZ+ A2+ 2A,A,cos0=R?

or A%+ A%+ 24Acos0=3 A®

or cos 0 = % = cos 60°

or 0=60°

The angle between A; and —A,is (180° -60° )=120°
~.Resultant of A; and -A, is

R =[A?+ A2+ 2A, A, cos(180°—60° )]2

=[A%+ A%+ 2AAcos120° V2= A
Clearly,2A-3B=2(+j-2k) -3@2i-j+k)
=-4i+5j-Tk
-~ Magnitude of 2A 3B =1/(-4)%+ 6)2+ (-7)°
=/16+25+49 =/90

The vector is i - (A+B+C)

=i-[Qi-4j+ TR+ (7i+2j-5k)+ (-4i+7j+3Kk)]

=-5i-5j-5k

Here,Fzin+Fy} or F=2§—3ji

Let, A+ B=R. Given, A, =7and A, =6
Also, R, =11 and Ry =9
Therefore, B, =R, -A, =11-T7T=4

and B,=R -A,=9-6=3
Hence, magnitude of B= \/Bi + By2 =V42+3% =5

v

60 km/h
30 km/h

60% =30%+ v”
or v? =90 %30
or v=30v3 kmh™!
Given, A, =50 and 0 = 60°
Then tan0=A,/A,
or A,=A tan6
or A, =50tan60° =50x 3 =87 N

39.

40.

41.

42.

43.

44.

47.

48.

49.

If r makes an angle 6 with X-axis, then component of r

along X-axis = r cos 6.

It will be maximum, if cos@=max=10or 0=0° i.e. ris

along positive X-axis.

Since F=4i-3 3 is lying in XY-plane, hence the vector
perpendicular to F must be lying perpendicular to
XY-plane or along Z-axis, i.e. 7k.

Let 6 be the angle which A make with X-axis, then
4 4

V424324122 13

0=cos! [i)
13

From, A-B= ABcos 6

cosezﬁz

A-B
= cos=——
AB
or oo AtiT2k) k.
112+ 12+ (2)?
2 1
or cosf=—=— = 0=45°
2 2
costA'Bz i+y-G-j =1_1=0=c0590°
AB 124 12x 1%+ (1) 2
L 0=90°

IP-Ql=@Bj+4k)- @i+5k) =6+20=26

. Here, P-Q=02i-3j+k)- 8i+2j)=6G-1)-6(-j)=0
46.

We know that, [i-j=j-k=k-i=0,i-i=j-j=k-k=1]

As, ABcosb=AB
or cosO=1
or 0=0°

Projection of P on Q is P cos 6

)
0

Q
PQcos6 _P-Q _
R Q
Magnitude of component of A along B
_A-B_Qi+3j)-(+)) 5
TUBIT e 2
As, A-B=ABcos0
A-B_ @Qi+3j+4k)-@i+3j+2k)

Here, Pcosb= P Q

= cosO=
AB N4+9+16-4/16+9+4
_8+9+8 25
29 29

= 0=cos! (§J
29



50.

51.
52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Using, A-B= ABcos
A-B

= cosf=——
AB

or cosez%zizlzo.?ﬁ
Q%+22+24H"2 J9 3

= 6 ="70°30"
Here A-B= (1) (1) cos0° =1= AB.
A1l B ifA-B=ABcos90° =0
@i+aj+k)-@i-2j-2k)=0
or 8-2a-2=0or a=3
Using, A-B= ABcos 6, given 6 =90° = ¢c0s90° =0
Then, (A+B)-(A-B)=0
A®*-B*=0or A=B
The vector product,
[AxBl=(1)(1)sinB=sind

Since, P- Q = PQ cos 6, then
P-Q=0
= PLQor6=90

IPxQl=PQsin90° = PQor|P|| Q]

The direction of the vector given by the cross product of
the two vectors is perpendicular to the plane containing
the two vectors, i.e. AxB=(ABsin 0)= C. Therefore,
the angle which A makes with C is 90°.

The required area, A x B = @i+ 3j) x (i + 4))
=8(ixj)+3(jxi)=8k-3k=5k
As,|laxb|=absin 0

Since, sin 6 cannot be greater than 1.
~.Jaxb]cannot be greater than ab.

We have AxB=(4i+6j)x2i+3])
=12(§><3)><12(}><i)
=12(@(xj)-12(Gxj) =0

Given, A-B=0
= A1lB (Since, A-B= ABcos 6)
Now, AxB=1
or ABsin6=1
ABsin90° =1or AB=1
= A=1land B=1

So, A and B are perpendicular unit vectors.
Required area of parallelogram,
AxB=(1-2j+3k)x@Bi-2j+k)
= 2k-j-6(-k)-2i+9j-6(-i)
=4i+ 83 +4k
|A x Bl =v4%+8%+4% =/32+64
=96 =4+/6 units

62.

63.

64.

65.
66.

67.

68.

69.

Given, |AxB|=+/3A B

= ABsin 0=+/3A4Bcos 0

or tan0=+/3

= 0=60°

As, A-B=0so, A is perpendicular to B. Also A-C=0

means A is perpendicular to C. Since Bx Cis
perpendicular to B and C, then clearly A is parallel
to Bx C.

As, F =F, i; F, xF, is equal to zero only, if angle

between F; and F, is either 0° or 180°. So, F, will be
4 j. (In direction of Y-axis) (-ixi=jxj=0)

Area=|AxB|=|@i+3j)x2i+4j) =10k|=10 units
Area of parallelogram =| A x B|
ABsin 0= % AB

sin 6 = 1
2
= 0=30°
The required unit vector should be
A AxB
n=———
ABsin 6

B AAxBﬁ_Axﬁ
ABsin® sin®

A-(BxA) =0 (According to rules for scalar triple
product)

Since, (AxB)=-(BxA),so C=Di.e.,C and D are
antiparallel to each other, i.e. 6 =180°.

Round IT

1.

The resultant of 6 N along OC and 6 N along OA is
R=+6%+6%=172 N along OB
The resultant of /72 N along OB and V72 N along OG

1S

R =72+ 72 =12 N along OFE.

. Given, x+ y =16, Also y? = 82+ &2

y
X
or y2 =64+ (16— y)? (-x=16-y)
or y2=64+256+ y*-32y
or 32 y=320
or y=10N
. x+10=16
or x=6N



3.

The three vectors A, B and C are represented as
shown in figure (a) where A=1,B =2 and C =3. Here
the sides of the equilateral triangle represent only the
directions and not the magnitudes of the vectors.

vi

I

B i

C I
60° |

p 607!

oo -—-X
1
5 o0/ A

] o I
60 60 o !
A ly
(@) (b)

In figure (b), these vector are drawn from a common
point, O and they are lying in XY-plane. Resolving
these vectors into two rectangular components along
XY-axis and Y-axis, we have, the X-component of
resultant vector as
Ry =|A|+|B]|cos (180° -60°)+ | C| cos (180° +60°)
=1-2cos60° —3 cos60°
= 1—2><1—3><l =—§
2 2 2
Y-component of resultant vector is
Ry =0+ |BJsin (180° -60°) + | C| sin (180° +60°)
=0+2sin60° ~3sin60° = —sin 60° = —~/3/2
Magnitude of resultant vector,

2 2
R=\R%+Rj = (—gj +(—fj = /3 units
Given, |A|=|B|lor A=B ...Q0)
Let magnitude of (A + B)is Rand for (A — B)is R".
Now, R=A+B
and R?=A%+ B>+ 2 ABcos 0

R?*=2A%+2A%cos 0 ...(1)
[ using Eq. ()]
Again, R'=A-B
= R*?= A%+ B*-2ABcos®

R?=2A%-2A%cos 0 ...(ii1)

[ using Eq. (1)]
R\
Given, R=nR’ or (?) =n?

Dividing Eq. (i1) by Eq. (ii1), we get

n2_1+cose

1 1-cosH
nz—l_(l+c0s6)—(1—cose)
n?+1 (1+cosB)+ (1-cosH)

n®-1 2cos0

nf+1 2

or

cos 0

5. Here, A = OP =10 units along OP
B =0Q =10 units along OQ
/XOP =30° and /XOQ =135°
ZQOX’ =180° —135° =45°

Assin 30°

B !

X'

B cos 45° - A cos 30°§

Resolving A and B into two rectangular components
we have A cos30° along OX and Asin 30° along OY.
While B cos45° along OX’ and Bsin45° along OY".

Resultant of components of forces along X-axis.
= (A cos30° —Bcos45°) i
= (10x+/3/2-10x1/4/2)i=1.591
Resultant of components forces along Y-axis

= (Asin30° + Bsin45° )3

1 1\~ A
=|10x=+10—13j=12.07j
( 2 ﬁ)’ !

6. Using A-B=ABcos6

A:i+}+f{,
A=+1%2+12412=.3
= cos6=A.i=L=ﬁ
V3 V33
= 1';32 =0.5773 = cos 54°44’

or 0 =54°44"=55°
7. Let, C be a vector perpendicular to A and B, then as
per question, kC=A xB
_(AxB) Qi+3j+6k)x@3i-6j+2k)
- Cc 6i+2j-3k)
_ @2 if 1%3_2} k) .
6i+2i-3k)

k

8. Here, A; = A, =1

and AZ+ A242A,A,c0s0=(3)*=3
or 1+14+42%x1x1xcos0=3

1
or cos 0 =—

Now, (A;-A,) QA +A,)=2A7~ A5~ A, Aycos6
:2><12—12—1><1><%=

DO |

9. Here, A-B=(i+6j+3k)-6i-2j-6k)=0

Hence, A and B are mutually perpendicular to each
other. Vector product of two vectors is not
commutative, hence A x B# B xA.



10.

11.

12.

13.

14.

() IfA=3i+4] then|A|=v32+42=5
(b) W =@i+4j)-6j=24J
(¢) |AxB|=Area of parallelogram whose two

adjacent sides are represented by two vectors
A and B.

(d) Component of force F' in the direction making an
angle 6 = F cos 6 = 20 cos 60° =20><% =10N

Here, A = (axi + ay:i + azf{)

Let, B=(@i-j)

g_B_ i) i)
CRNEET
Component of A along the direction of B is
i-j)_(a-a)

Then,

A-B= (axi+ay?j+a2f()-

V2 V2
As, AXxB=BxAor(AxB)-(BxA)=0
or (AxB)+ (AxB)=0
or 2(AxB)=0
or 2 ABsin6n =0
As, A#0
nor B=#0
So, sin0=0
Hence, 0=0°0rm
If |Al=|B|=x then|C|=+2 x.
Now, A+B=-C
or (A+B)-(A+B)=(-C)- (-C)
= A®+ B*+2AB cos 6= C*
= x? + &% + 2x% cos 0 = 2x?
or cos0=0 or 06=90°
Again, A+ C=-B
= A+0C)-A+C)=-B-B
or A-A+C-C+2A.-C=B?
or x2 + 252 + 22242 cos 0 = x2
or cose——ﬁ
= 0=135°
Again, B+C=-A
or B+0C)-B+C)=(-A)-(-A)
or 2%+ 2x% + 2422 cos 0 = x
or 008927—293 =—i
2x%\/2 cos 0 V2
= 0=135°
As,A=2i+4jandB=5i—p3

A=+22+4% =20
B=.5%+p?
A-B=10-4p

and

Now,

15.

16.

17.

If A||B, then
A-B=ABcos0° = AB

10-4 p = /20 /25 + p*

Squaring, 100+ 16 p?-80 p
=20 @25+ p?) =500+ 20 p?
or  20p*-16p>+80 p+400=0

or p?+20 p+100=0

or (p+102=0

: p=-10
B=5i+10]

52+ (10)%2 =125 =55
As, A= AA and B = BB. Let 0 be the angle between

A and B as per question,

(AA + BB)- (AB+ BA)
| AA + BB|| AB + BA|
2AB+ (A%+ B cos 6

J(A%+ B*+ 2AB cos 6)2

or 2AB+ (A%+ B%cos0=(A%+ B cosa
+ 2ABcos 0cos o

or 2AB(1-cosacos0)=(A%+ B? (cos o.— cos 0)

COos Ol =

or Cos O =

2AB cos oL —cos 0
or =
A%+ B> 1-cosocosf
or 2 AB+ (A%+ B?) _ (cosa.—cos 6) + (1 - cos o.cos 6)
(A%+ BH-2 AB (1 -cos o.cos 0) — (cos o — cos 6)
or (A+B)*> (1+cosa)(l-cosf) tan”6/2
(A-B)? (1+cos6) 1-cosa) tanZa/2
o A-B 0
or tan — = tan —
2 A+ B 2
For vector A, + A,, we have

A, + AP = (A, + Ay)- (A, + Ay) [ox-x=|x
= [A; + A=A P+ A%+ 2A, - A,
[A,l1=3,1A,]=5and|A, + A,|=5
(G)*=9+25+2A,-A,

= Al.Azz_g

Given,
So, we have,

Now, 2A; + 3A,)-(BA; —2A,)
=6|A; 1> -4A,-A, +9A,-A, - 6| A,
=6|A,1>-6]A,% +5A,-A,
Substituting values, we have
A, +3A,)-(BA, —2A,)

=6(9)-6@5) + 5(—%) =-118.5

If the three vectors are coplanar, then their scalar
triple product is zero. So, (Ax C)-B=0

or [Qi+3j-2k)x(-i+2j+3Kk)]- i+ aj+k]=0
or [(13i-4j+7k]-[i+aj+ k] =0
or 65—-4a+7=0or a=18



18. Given, A + B+ C=0, then A, Band C are in one plane

and are represented by the three sides of a triangle
taken in one order.

(a) .. BxA+B+C)=Bx0=0
or BxA+BxB+BxC=0
or BxA+0+BxC=0
or AxB=BxC ...(0)

AxB)xC=BxC)x(
It cannot be zero.
If B||C, then Bx C=0, then Bx C)x C=0
Thus, option (a) is correct.
() (AxB)-C=BxC)-C=0
If B||C, then Bx C=0, then Bx C)x C=0
Thus, option (b) is correct.

(¢) (A xB) =D = ABsin 06 D. The direction of D is
perpendicular to the plane containing A and B.

(A x B)x C=D x C. Its direction is in the plane of
A, Band C. Thus, option (c) is correct.

(d) IfC? = A% + B2 then the angle between A and Bis
90°.
(AxB)- C=(ABsin90° D)-C=ABD-C
= ABC cos90° =0.
Thus, option (d) is false.
19. If a and b are perpendicular to each other.
R ats b

If a and b are opposite to each other,
R

—=a-b
V2
2
= = =%+ b%-2ab
= a®+ b%2=2a”+2b% - 4ab
= a’+b>-4ab=0
2 2
. a“+b —4
ab
or g+2=4
b a

20. Given, sum of P and Q is R. Let angle between P and
Q is 3, then resultant of P and Q,

IRI=IP2+|QF+2/P|IQ| cosp

As, IRI=|P]| (given)
So, IP?=|P*+1Q[*+2/P||Qlcosp
or |PlcosP =—§ ... ()

If resultant of 2P and Q makes angle 6 with Q, then
angle 01s given by
tan 6 = 2P|sinf3
|Ql+ 12P] cos

Substituting the value of | P|cos 3 from Eq. (i) in above
equation, we get

tan@:oo:>6=g=90°

21. If three vectors are coplanar, then a- (b x ¢) =0.
ik
= Qi-j+k-1 2 -3=0
3 -y b5
= Qi-j+k-{i10-3y)-j6+9) +k(y-6)=0
= 2i-j+k)-{10-3y)i-14j- 6+ y)k}=0
= 2(10-3y)+ 14— 6 + ) =0
N 20-6y+14—-6-y=0
= 28-Ty=0
A y=4
22. Here, AB = position vector of B —position vector of A
B

A C

=(-3j-5k-@Qi+j+k
=-i-4j-6k
and AC= pcisitioAn ve(itor ofAC —AposAitionAvectf)r of {1
—@i-4j-4%)-Qi+j+k=2i-5j-5k
AC-AB=|AC| |AB]||cos 6

costiAC.AB
|AC||AB|
~ (-2 + 20 + 30)
S J4+25+25 1+16+36
I
2953
48 _ 8n
- J1537 V1537
n=6

23. The volume of parallelopiped is|a-(b x c)|
=1@i-3j+4k) - {G+2j-k) x @i-]+2k)

i j k
=|@i-3j+4k) -1 2 -1
3 -1 2

=Qi-3j+4k) - {i¢-1)-j2+3)+k(-1-6)}
=1@i-3j+4k) - Gi-5j-7k)

=16 + 15 - 28|

=7m’



