For example, velocity vector is represented by vV, momentum vector by p,

and acceleration vector by a etc.
The magnitude of a vector A is denoted by the same letter used for the vector

without arrow A or IA‘ read as magnitude of A. For example, the magnitude of

displacement vector d is denoted as d or }a‘

It is important to note the following points;

e The magnitude of a vector is always positive and scalar.
The magnitude of a vector is also called modulus of the vector and is
represented by enclosing the vector symbol between two vertical lines, for

example, the modulus of displacement vector d can be denoted as ‘c—i|

» Vectors can be added, subtracted and multiplied. However, the division of
a vector by another vector is not valid operation in vector algebra. It is
because the division of a vector L, a direction is not possible.

2.1.2 Graphical representation of vectors o d i,

A vector is represented graphically by a straight Fig2.1: A straight g“c s a
- - . . n H 4 18 S epresents
line with an arrow on its one end as shown in Fig.2.1. The :Tﬁ:\“ﬁn b

length of the line (OA) represents the magnitude of the
given vector d (on suitable scale) while arrow shows the

adiden . : E W
direction of the vector. The starting point (O) of the
vector d :s called tail and the end point (A) is called head S
of the given vector. The graphical representation of vector Reforerice pulnts
is further explained by some examples. RN . ,

Suppose a bike travels 10 km from east to west, we
. a Fig.2.2: A displacement vector
say that the bike undergoes a displacement vector of 10 5o o8 L0

km towards east.
Graphically, it is represented by a straight line

with an arrow using scale. Let 10 km .= 10 cm is the
magnitude of the given displacement vector and arrow
toward the west is in its direction as shown in Fig. 2.2.
Similarly, in case of a vector in two dimensional
plane, let 100 m length of thread of a flying kite making
an angle ‘0’ with ground. In this case, the length of |
thread (100 m = 10 cm) is the magnitude of the given

dlsplacement (vector) while angle ‘0 shows its direction H'L 2. 3k A 100 m thread .of
as shown in Fig. 2.3. ying kite in two dimensions
e & plane making dn[,lc, 9’ wnh

ground.
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CARTESIAN CO-ORDINATE
SYSTEM

In common life we use the reference poing
East-West and North-South for the determination of
position of an object. But for the graphicy
1-cpresqnlation of a yector, we use cartisen co-ordinate
system which consists of two straight lines which are
perpendicular to cach other and it is known as plane
rectangular co-ordinate system or Cartesian co.
ordinate system. The horizontal line is known as x-axis
while the vertical line is known as y-axis. |

The point of intersection of these two lines is
known as origin 'O' as shown in Fig. 2.4 positive x-
axis is taken to the right and negative x-axis is taken to
the left from origin 'O". Similarly, positive y-axis is
taken upward and negative y-axis .is taken downward
from the origin 'O". ,

n Cartesian co-ordinate system, there are four
quadrants. A vector can be drawn in any one of them
according to the angle ‘0" made by the given vector
with x-axis as shown in Fig. 2.5.

In the first quadrant both x and y components of
a vector are positive, in the second quadrant, x-
component is negative and y-component is positive. In
the third quadrant both x and y components are
negative and in the fourth quadrant x-component is
positive while y-component is negative.

In space, a third axis also exists which is called

2.2

z-axis and it is perpendicular to both x-axis and y-axis. -

Now when a vector is drawn in this three dimensional

-space, it makes angles a, B and y with X, y and z
respectively. These angles provide the direction of the
given vector as shown in Fig. 2.6.

2.3 KINDS OF VECTORS

2.3.1 Null or Zero Vectors
. A vector of zero magnitude and with arbitrary
direction is called null vector. This is also called zero

) 35,
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vector and is denoted by ‘O . It is used to balance vector equations. For example, if

A=B,then A-B=0 ) ) Point to ponder
Thus, we can say that if two vectors A and B How can you draw
. . = o . < I i H ” / ll d . 1 C
are equal then their difference A -B is defined as EREARALY IE "C,c“on afa
null vector? |

Zero vector.
On the other hand, the vector whose magnitude is not zero is called proper .

vector.
2.3.2 Unit Vector

A vector whose magnitude is equal to unity is known as unit vector. It has the
same direction as that of the given vector. It is represented by a bold face letter with

a cap and is read as 'A cap' or 'A hat'. For example, A,B,C and D.-A unit vector A

in the direction of the given vector A is expressed as;

. . K
A== .. 2.1)
A]
or A=AlAl

Thus, any vector in the direction of a unit vector
may be written as the product of the unit vector and the

magnitude of that vector of the given vector.
The unit vector has no units and dimensionless
vector. It represents only direction of the given vector.
The unit vectors along x, y and z-axes of three
dimensional Cartesian co-ordinate system are o
represented by vectors, i,j and k respectively as gl'f;cz;n]liﬁ';l;’;:]“g;r"céljgdc’:) _'"

shown in Fig.2.7. ordinate system.
The magnitude of each unit vector is 1. i.e.,

i

Example 2.1

Find the unit vector A in the direction of vector A where A = 3/ 4] O
Solution: A =3i+4]
A

We know that | A=
| Al

Putting the value of A in above equation

QG/




g ditd] A+

[3§+43 P 4 4
- 31 +4] _3§+43
Jo+16 25
A=3i+4j___§l+ﬂ
5 5 5

2.3.3 Position Vector

A vector which is used to specify the posmon of
an object or a point with respect to the origin is known
as position vector. It is represented by T . Graphically, 2
position vector T in two dimensional XY-plane is
represented by a straight line with an arrow head from
origin to point P(x,y) as shown in Fig. 2.8 and it 1S

expressed as;
F=xi+ y]
|?| = \/xz +y?
Similarly a position vector T in three dimen-
sional space from origin ‘O’ to point P(x, y, z) as
shown in Fig. 2.9 and it is expressed as;
T=Xxi+yj+ zk

r|=\/x +y‘+z2

and

and

Example 2.2:

Yl
: 3 -ition veclor T in Xy-
Fig.2.8: A posilio )
plane

P(x,y,2)

-l

X

Fig.2.9: A position vector T in
threc dimension space

The position vector of the points P and Q in space with respect to the origin ‘

are T and T,. If T
magnitude.
Solution:l

rT=0—1

(i 3j+2k)—(2i +3j-K)
Z41-3j+2k-2i-3j+k
=2i-6j+3k

|?<5|=lrl=ﬁ-+<—6>2+32

g -
2
I

=2§+33—f< and ?2345—3j+2f<. Determine P_Q. and its
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- I Point to Ponder
PQ|=(7|= ‘4+"6+9 Equal vectors are called
===, rectors  but
N . parallel ~vee you
PQ=[r|=v49 =7 cannot say that paralle|
= vectors arc also called equal
PQ|=|f|=7 B e |
A
2.3.4 Equal Vectors —
Two vectors which have same magnitude and 5

same direction are known as ecqual vectors.
Mathematlcally_ t\\"o vectors A and B ha\ling S_an]e Fig.z.l(): Two anill veetors /fi
magnitude and direction as shown in Fig. 2.10 ar¢ ;4 B of same magnitude and
expressed as; direction.

A=B

Al=[g ... (2.4)
Equal vectors are also known as paral

lel vectors. Angle ‘0 between parallel

vectors is 0°.

2.3.5 Negative Vector : A "
A vector which has same magnitude but '
opposite in direction o the given vector is called the 7

-

negative vector. The negative vector of the given

= § — ; . Fig.2.11: Two negative vectors A
vector A is representd by —A as shown in Fig.2.11. g

and —A of same magnitude but in

Mathematically Aand —A are expressed as; opposite direction.

A=-A ... (2.5)
Negative vectors are also known as anti-parallel vectors and angle ‘0’
between them is 180°.

2.4 MULTIPLICATION OF A VECTOR BY A SCALAR
When a vector A is multiplied by a positive integer ‘m’ say a scalar then its
resultant vector mA is another vector whose magnitude is ‘m’ times that of vector
A and its direction is the same as that of vector A . Similarly, when the vector A is
multiplied by a negative integer ‘~m’, then the magnitude of resultant vector is
mA but its direction is opposite as that of the A.

- For example, let a vector A is multiplied by a number 2, it gives vector 2A
and shows that the magnitude of the resultant is increased 2 times in the direction of

38,
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A as shown in Fig. 2.12. Similarly, if we multiplied a
vector A by —2 then we get a vector —2A .

This shows that the magnitude of the resultant & 28 / -92A
vector is increased by 2 times but in the reverse

direction of A as shown in Fig. 2.12.

2.5 ADDITION AND SUBTRACTION Fig 2.1%: Multiplication of
OF VECTORS vector A by a number +2,
2.5.1 Addition of Vectors -
Vectors can be added under three different methods.

I. . Parallelogram Method

Let two vectorsMN A and MP=B which
are represented the two adjacent sides of a
parallelogram MNOP.

Accordmg to the law of parallelogram, the

diagonal MO = R is the resultant vector of the given M- T = "N
vectors Aand B as shown in Fig. 2.13. };:‘*Pir‘:m‘;*d:‘a‘r‘:’{“i‘tfh‘oauf’f*
Thus, MO=MN+NO - .
R=A+B .. .. (2.6)
Similarly, = MO=MP+PO
R=B+A ... 2.7)

From eq. 2.6 and eq. 2.7
A+B=B+A . (2.8)
[I. Triangle Method
When two vectors OP = Aand PQ = B which

are represented the two adjacent sides of a triangle
OPQ, then accordmg to law of triangle, the 3 side of

the triangle OQ=R is the resultant vector of the

given vectors A and B as shown in Fig. 2.14. 07
. R Fig 2.14: Addition of vectors
R=A+B ..... ("' ) by triangle method

ITI. Head to Tail Rule

Graphically, two or more than two vectors are added by a rule which is
known as “Head to Tail Rule”. First, select a suitable scale and draw the
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representative lines (i.e. in terms of magnitude and direction) of all given vectors.
Then apply this rule as; join the head of the first vector with the tail of the second
vector according to their respective directions. Similarly, join the head of the second
vector with the tail of third vector.,
Keep on repeating the same process till the last vector is also drawn.
Now the resultant vector of all these vectors is a straight line from the tail end
_ of the first vector to the head end of the last vector.

For example, we have four vectors A,B,C
and D which are acting in their given directions i.c.,
they are represented by arrow lines with suitable

scale. Thus, all these vectors can be added
according to their directions and scale by using

head-to-tail rule. Join the head of vector A with the
tail of vector B, similarly join the head of vector B
with the tail of vector Cand then join the head of
vector C with the tail of vector D.

' ‘Thus, the resultant vector R of these vectors . Fig.2.15: ﬁ:mm(m of \-I:fws
I1s a straight line from the tail of the first vector A to A,B,Cand D by Head to Tail
the head of the last vactor D as shown in Fig.2.15. - nle
Mathematically it can be expressed as;

R=A+B+C+D (2.10)

It is noted that when two vectors are parallel to each other, then the
magnitude of their resultant vector will be maximum and it is equal to the sum of
their magnitudes. Similarly, when two vectors are anti-parallel then the magnitude
of their resultant vector will be minimum and it is equal to the difference of their
magnitudes. | -

2.5.2 Subtraction of Vectors

When we want to subtract a vector B from vectors Athen we draw the
representative lines of vector A and —B i.e. negative of vector B and apply head-
to-tail rule on vectors A and —B in order to get the resultant.

Let us have two vectors A and B. The subtraction of vector B from vector
A is defined as the addition of vector —B (negative of vector B) to vector A.
Thus, A-B=A+(-B) ...... 2.11)

Graphically, the subtraction of vector B from vector A is explained as; first
take the negative vector of vector B i.e. —B. Now according to head to tail rule join
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the head of vector A with the tail of vector —B as shown
in Fig. 2.16 C s 2 /s

) g. 2.16. The resultant vector C of these two vectors 1S A B /-B
the line from tail of vector A to the head of vector =B |
and it is equal to A -B.

|

Example 2.3 |
If A=i+2j-3k and B—zf j—4k . Find A
(a) |A +B] (b) [A-B| Figc2. 6 bmusiiion of
Solution: (a) A+B (1 +2_] 3k) (2;—3—‘““) v & 585
B=i+2j-3k+2i-)-4k

Bl =y3)* + (1)* +(=7)’
A+B|=vo+1+49=159

A+B|=7.68

(b) A= B=(1+2J 3k) - (2?-}—412)
A-B=i+2j-3k-2i+]+4k
A—B=—1+3J+k

A=B| =12 +37 41
|A-B|=vivo+1
A—|= 1T =33

2.6 RESOLUTION OF A VECTOR

The process of splitting or decomposing a single vector into two or more
vectors in different direction called components such that their resultant is again
equal to the given vector is called resolution of a vector. )

If a vector is resolved into two components which are perpendicular to each =
other, then these are called rectangular components of the given vector. It is
explained as;

Consider a vector A, represented by a line OP which is lying in a XY -plane
In order to determine its rectangular components, we draw two perpendlculars PN

AV




_J

and PM on X and Y axes respectively. Then the vectors 1

A.and A, drawn from O to N and O to M are the Mf ______ A €
rectangular components of the vector A. Indeed, these : o E
rectangular components A, and A, are the projections of A ;&‘// !
the given vector A on x-axis and y-axis respectively. " / 0
As shown in Fig.2.17, PM is equal and parallel / E
- ==, ; i 0 <
"to ON, and PN 1s equal and parallel to OM. 0 A, ’N'_“>
Thus, applying law of vector addition for the Fig.2.17: Resolution of vector
right angle triangle ONP and we have A into its rectangular
OP =ON+ NP components A, and A,. ‘
or A=k +A . e (2.12)

As A ,=Ajiand A =A ]
So, eq. 2.12 can also be expressed in terms of i and 3
A = A, i+A _] ...... (2.13)

This is the resultant vector A in terms of its rectangular components
As the rectangular components A, and A, are at right angle, therefore, their
magnitude can be calculated by using the tngonometnc ratios. From AONP,
Base @ ON A,
Hypotenuse OP A
A, =Acos0...... (2.14)

This is the horizontal or x-component of the vector A Similarly,
Perpendicular NP A,

cosfO =

sin® = =
Hypotenuse OP A
. A, =Asin® ... (2.15)
This is the perpendicular or y- :

_ ) . _ airspeed wind
component of the vector A . The magnitude Ve a velocity
and direction of the given vector A canbe . p” ' Vi

calculated by using Pythagorean Theorem. =B .7 .. e p>
Using triangle ONP, we have Resultant ground speed V.
(Hypotenuse) = (Base) + (Perpend:cular) Velocity components of an acroplanc
A’= Al4Al

A= [AZ+A? ....(216)

A4




This is the magnitude of the given vector A .
Dividing equation (2.15) by equation (2.14),
we get

Bl =ﬁ:> tan6=i
cos0 { '
or 0=tan”' L ...... (2.17)

X

where '0' shows the direction of the given
vector A.

Example 2.4

Tahle 2.1 The values of trico

nometric
angle
Z : oSO Tan 6
0° 0 1 0
o l ' -ﬁ =0 866 —"«‘—0577
dl. ' =0.707
45° | —=0.707 5
Ji 2 1
o| VB 1
90° 1 0 -

A person is climbing up on a ladder of length 10 m which is lying with wall
making angle 60° with floor. Calculate the horizontal distance from the floor end of
the ladder to the wall and height of the wall from the floor to the upper end of the

ladder.

Solution: :
Length of ladder = A =10m
Angle =6=60°

Horizontal distance = A =7
Vertical height = Ay =7

A, =Acosf

A, =10xcos60°
A, =10x(0.5) -

A =5m
Similarly, A, =Asinb
A, =10sin60°

A. =10(0.866)
A, =8.66m

Example 2.5

= 30°

T}' 10 m

_ f/sw

E—

Ax

What is the magritude and direction of a vector A which is lyiﬂg in the first
quadrant and when its both perpendicular components are of 5 units?
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Solution:
According to the question A = A =5 units y
l Al=2ando=2 L
I Al = Ai +A§ 3 <
Al =52 +57 =25+25 =450 e '
A|=7.1 units O A,
0 = tan"f‘—y—
AX
‘B tan"-5—= tan”'1
. 5)
0 =45°
2.7 ADDITION OF VECTORS BY RECTANGULAR
COMPONENTS

We have learnt addition of two or more than two vectors by the method of
head-to-tail rule in the previous section. This method of addition was graphical and
there were more chances of error in the determination of the resultant vector.

Now we introduce another analytical method of addition of two or more
vectors which is named as addition of vectors by rectangular components. This
method of addition of vectors is more reliable and accurate than head-to-tail rule. It
is explained as;

Considering two vectors OP = A, and 0Q = A, R

are lying in XY-plane making angles 6, and 0, with X Q / A

x-axis respectively. Let from point 'P' we draw another | s ,/' A,

vector PR which is parallel to A, as Sh.OWI-l- in Fig. | - /\\\ /-%// %

2.18. According to head to tail rule, vector A ‘be the /% ,,g

resultant of vectors A, and A, making angle ‘0’ with  |% ‘ i PAN:Ax, L

X-ax1S, ie., : , ' A, AIE(
A A A 4 Ah A x
A=A+A, . PR e I, I P

Now by resolving all the three vectors A A,  Fig2.18: Addition of two
' vectors by their rectangular

and A, into their rectangular components, then we get;  components

A\




A=Ai+AJ ... (2.19)
A =ALi+ALj......(220)
Ay =Ayi+A,] .....(221)

Putting eq. (2.19), eq.(2.20) and cq. (2.21) in eq. (2.18)

A = A+A
| Ad+AJ=(ALT+A])+(A
(,.Ax)i+(Ay)j.=-’(Alx+A2x) (A 4

Equating the coefficients of i and j we get
Ax = Alx w AZx

A, =A +A,,

+Ay])
Auy)]

Magnitude of the resultant vector A

:]A\ = A2+ A

A=|A| = ﬁ,\+A)_, (A, +h,y (229
Direction of the resultant vector A
9 =tan" —
- | AIV+A"V ~
0 =tan” ——— ......(2.25)
1x + A2x
\f

Addition of 'n' number of Coplanar vectors
The addition of two vectors by the method of
rectangular components can further be extended for °
number of coplanar vectors A,A;,A; A,
which are making angles 6;9 2,09 ,,...,0, with x-axis
respectively as shown Fig. 2.19.
By resolving all the vectors into rectangular

components then equatidn 2.22 and 2.23 become;
A=A +A, +A; +.+A,

= A, cos0, +A,cos0, +A;cos0; +...

\ .

\45/

Fig.2.19: n number of
coplanar vectors in XY-plane

+A_ cosb,
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A, = ZAicos 6,
i=l
| o By = Ay PG R A,
I =A,sin6, +A,sin0, +A,sin6, +...+ A sin6,
& i
A = ZAisin 0,

i=1

Magnitude of the resultant vector

A=,/A§+A§,

Direction of the resultant vector

A
6 =tan" X
AX
ZAisin 0,
@ =tan™' = — (2.27)
ZAicos 0,

" where 0 gives the direction of the resultant vector A which depends upon the
position of A, and A and it can be determined by using the following equation.

1 y

d="tan"

X

Now the value of 6 with the help of ¢ in the four quadrants-can be determined
- (a) In the first quadrant both the components A, and A, of the resultant vector
A are positive as shown in Fig. 2.20 (a). Thus the direction of the resultant
vector is 0 = ¢. .
(b) In the second quadrant A, is negative and A, is positive as shown in Fig.
2.20 (b).Thus the direction of the resultant vector is 6 =180°- ¢.
(c) In the third quadrant both components A, and A, of the 1'eéultaflt vector

A are negative as shown in Fig. 2.20 (c). Thusthe direction of the resultant
vector is given 0 =180°+ ¢. '

46
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(d) In the fourth quadrant A, is positive and Ay is negative as shown in Fig
2.20 (d) the direction of the resultant vector A is given as 0 = 360°— d |

y‘r

M M, y4 ‘r A .
Al | \A . .
.\o=¢ r A /\ 4 0
; il HOS y K\ /\
ARCNR R s W \o"~¢A'Ji
A A ——/A A,
M

Fig.2.20: Vector in four quadrants

(l) When Ax >0 and Ay = O, 0= 00 5 Imnge
(11). When A, =0 and A>0,0=90° | L."":_r." / : 6”::}\1 Source
(i) WhenA,<0and A,=0,0=180° || "N .| ... »
(iv) When A, =0and A,<0, 0 =270° | ,.\% gl i
Example 2.6 | /<
Three concurrent forces are acting on \ / Scene Object

a body at point ‘O’ as shown in figure.
Calculate the magnitude and direction of
their resultant force. Tl{c role of vectors in the formation of
; an image by using a camera.

Solution:
We have F,=19Nat0=0°
F,=15Nat 6 =60°
F3=16N at 6 = 135° (180° - 45° = 135°)
Resolve all the forces into their rectangular components.
' E, =F cos® A

<
E, =19cos0° =19(1)=19N F3 F2
F, =F Sin0 ' o o
il 45 60° F1
F, =195in0° =19(0)=0 —5
E. =F,c088; | | |
= P = = ce forces F,, F.and F,
sz Esy go =15(0-9)= 75N :Trt[:clig;c;f diﬁ'erear:: direction
F,, =F,Sin#,
- F,, =15Sin 60° =15(0.866) =12.99 =13N
F, =Fcos0,
F,, =16cos135° =16(-0.707) =—11.312N
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F.". __FI 5”1 61.
F,, =16sini33" = 16(0,T07) =1 1.312 N

The magnitude of x-component Fy of the resultant foree E.
F, =F +F, +h,

F =19+7.5+(-11.312)

F. =152N

The magnitude of y-component F, of the resultant Borge £
F‘, — F|~, + F;_. +l"='.
F, =0+13+11.312=243N

The magnitude of the resultant foree I is given by,

the
| \IlF.; = |
F = J05.27 <(24.3) =~/231.04 1 590.5 = JR21.54

o
F =28.66 N

F
" (0 =tan™' =
l_:\
24.3 e
70 =tlan” —— =tan 1.6
I:"l: {F

A =58
2.8 PRODUCT OF TWO VYECTORS
When two veclor guantities ore multiplied. then their product may be either

gcalar or a vector quantity. This shows that two vectors can be multiplied in two
different ways, one s called sealar product and other 15 called vector product.

2.8.1 Scalar product or dot product
When the product of two vectors is a scalor quantity, then such product 1s
called scalar or dot product. 2
Let two vectors A and B are making an angle
8" with each other as shown in Fig. 2.21. The scalar
 product of these two vectors A and B is defined as;
~ A-B=ABcosD......(229)
where A and B are the magnitude of the given vectors | —— .
A oand B, and 0 is the angle berween them. QAR g a e vom

n e veriors Aand B
&

—




Explanation:

vectors A and B with their tails at the same point
such that there is an angle ‘0’ between them. The B
Fig.2.22 shows that B, =Bcos0 is the projection of

vector B along the direction of vector A . 9\

To explain the scalar product, we draw two

at
-

Thus, A-Bis defined as the product of  Bx=BcosH A

v

magnitude of A and the component of B along the  Fig-2.22: Projection of vector B

direction of A. i.c.,

Fig.2.23 is expressed as;

in the direction of vector A

A-B=A (Projection of vector B on vector A)
A-B=ABcos0 ...... (2.30)
Similarly, projection of A on B as shown in

B-A =B (Projection of vector A on vector B
B-A =B(Acos0) .
Fxg.Z.‘.’Sj Projection of

B-A = ABcos0 ...... (2.31) vectors A in the direction
From equation (2.30) and equation (2.31) it is  ofvector B

\

cleared that

A-B =B-A

Examples of scalar product of two vectors

(1)  Work is equal to the scalar product of force (F) and displacement (d).

16 W=F-d.

(2) Power is equal to the scalar product of force (F) and velocity (7). i.e.,

—

P=F-¥

Properties of scalar product of two vectors

i

IL.

Scalar or dot product of two vectors is commuiative

Since A-B=ABcos6 and B-A = ABcos8

Thus, A-B =B-A i.e., the scalar product is commutative.

This simply means that the order of vectors in the dot product does not a matter.

The scalar or dot product of two mutualiy perpendicular veciors

IS zero.

Let A and B are two vectors which are mutually perpendiculac to each other
i.e. angle '0' between them is 90°.
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Then, A-B=ABcos0 A
A-B=ABcos90° 5
A-B=AB(0)=0 (- co0s90°=0) -
In case of unit vectors, 1,] and k which are o
: A
perpendicular to each ot?hcA:'r th?eﬁrcfore, 0 s e il
i-j=1jc0s90° =(1)(1)(0)=0 perpendicular to cach other,
Similarly ik = ]] “k\ c0s90° = (1) (1) (0) =0 and
k-i =kicos90° = (1) (1) (0)=0 ~i-j=j-k=k-1=0

I11. The scalar or dot product of two parallel vectors is maximum
and equal to the product of their magnitudes.
If A and B are two vectors parallel to cach other then angle ‘0 between them

is 0°, so 0°
A-B = ABcos0 A N\ B
A-B = ABcos0° A =
—— : Vectors A and B parallel to each other
A-B =AB(l) “rcos0’ =1
A-B =AB

Similarly, the scalar or dot product of two anti-parallel vectors is equal to the
product of their magnitudes with —ve sign.
If A and B are anti-parallel to each other than angle (8’ between them is

180°, so; ~ 180°

A-B = ABcos@ PO lox B ..
A-B = ABcos180° Vectors A and B antiparallel to
P = cach other
A-B =AB(-)) "+ cos180° =-1
A-B =-AB
IV. The scalar or dot product of a vector with itself is equal to the
square of its magnitude. i 0° 5
A-A =AAcos0° />|\ -
A-A = AA(]) ‘+cos0° =1 Two identical vectors of same
s magnitude and direction
A-A =AA
A-A=A’

In case of unit vcctors,f, _] and k. Since i is parallel to i (i.e., 6 = 0°) and
each has a unit magnitude, so we have, ‘
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iicos0° = (I)(1)(1) =1
‘ ” ,cosO"—(l)(l)(l)—l
kkcos0°=(DH(M)()=1 i

~

-
Similarly je3
and k-k

V. The scalar or dot product obeys the distributive law.

Wl

Let we have three vectors /—\, B and C which are dirccted in their given

directions as shown in Fig. 2.24. Then according to distributive law of
R

M

multiplication
A-(B+C)=A-B+A-C
where A-(B+C) =A{Projection of (B+C)on A}

A-(B+C) =A(0OQ)

A-(B+C) =A(OP+PQ) 6 | 1=
A-(B+C) =A(OP)+A(PQ) O B. P ©C 'O
A- (E 1 C) : A(B,)+A(C,) Fig.2.24: Three vectors A, B and

w B = e S D C explain the distributive law.
A-(B+C) =A-B+A-C
This shows that scalar product obeys distributive law of multiplication.

VI. Scalar product of two vectors also obeys Associative law of

multiplication
nlA-B=A-ln[—3=ll1(A-§)
VII. Scalar product of two vectors A and B in terms of their
rectangular components.
A=Ai+Aj+Ak; B=Bi+B j+Bjk
A-B=(AJ+AJ+AK) (B i +B,]+B,k)
As we know that i-i= _] _] k-k=1and l_]=_) k=k-i=0

A-B= A B, A B +A,B,
Also A-B=ABcos0




——

Example 2.7

Find the angle between the vector A =3i+2j+k and B= 51—2]-3Kk.
Solution:

We have, A =3i+2i+kand B= 51—2_] 3k

As, A-B =ABcosf SO, cosG—A—
AB

where, A -B =(3§+2j+1’<)-(5i—2j-31‘<)
A-B=3)(5)+()(-2)+(1)(-3) ~A-B=AB +AB, +A,B,
A-B=15-4-3=15-7=38
Similarly, A = /A2 +A2 +A’
A=~32+22+1* =\0+4+1 =114 =3.74
and B=\/83+B§+B§
B =45 +(-2)* +(-3)* =/25+4+9 =38 =6.16
A-B 8
AB  3.74x6.16
0 =cos™0.35 =69.5°

Thus, cos0 = =0.347 =0.35

T‘mmplc 2.8
Prove that vectors A=i+2 j+3k and B=2i- _] are perpendicular to each

other.
Solution: .
A=i+2j+3k; B=2i—]

The two vectors are perpendicular if A-B=0

Now A-B= (+2_]+3k) (21-)
A-B=()(2)+(2)(-)+(3)(0) ~A-B=AB +AB, +A,B,
A-B=2-2=2-2=0 |
Since the scalar or dot product of A and B is zero, this proves that the two
vectors are mutually perpendicular.
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‘i 282 Vector product or cross product

When a vector quantity is obtained 'by the 4 AxB=C
I product of two vector quantities then such product of
~ two vectors is called vector product or cross product.

" Consider two vectors A and B making angle | B ABsind
@ with each other as shown in Fig. 2.25. The vector | < A~

g
»

product of these vectors is a vector C and is written as; Fig.2.25: Vector product of two
é _ A " E vectors A and B
C = ABsin6n
AxB =ABsinfi ... (2.32) |
where A and B are the magnitudes of vectors A, B and s called the normal unit
vector and it represents the direction of C. It is always perpendicular to the plane
containing vector A and B.

Right hand rule for determination of resultant vector C
The direction of vector C can be determined by
right hand rule.
According to this right hand rule, curl the
fingers of the right hand in such a way that the first

vector A would rotate towards the second vector B
through the smaller angle between them, the stretched
perpendicular thumb indicates the direction of Fig.2.26: Right Hand Rule

C=AxB as shown in Fig.2.26.

C=AxB
Explanation

To explain the vector product of two vectors A

and B, we join their tails at the same point, such that
there is an angle ‘0’ between them and hence we have

the plane of vectors A and B.
The direction of AxB is determined by rotating

vector A into the vector B through smaller angle ‘0’ as
shown in Fig. 2.27. According to right hand rule, the

direction of C is vertically upward. Fig.2.27: Right Hand Rule
- anticlockwise rotation

&




Thus, AxB=C... (2.33)

Similarly, the dircction of Bx A is determined
hown 1n

i

by rotating vector B into the vector A as s
Fig.2.28. According to right hand rule, the direction 0

C is vertically downward,
Thus, BxA =-C

—(BXA) =C....(2.34)

\J

From eq. (2.33) and eq. (2.34) it is clear that 10,228 Right Hand Rule
(/—\ x E) = —(B X /—31) ...... (2.35) Clockwise rotation

Examples of vector product of two vectors
(i) The torque is equal to cross product of moment arm

applied (F) i.e; T=rxF

(i) The angular momentum L is equal

( ) and the force

to the cross product of position

vector (T) and the linear momentum (p) i.e., L=T>Pp

*
Properties of Vector Product

I. The cross product of the two vectors does

not.obey commutative law -

90°

>
L

As discussed earlier (/—X X E) = —(E X /7\)

—

A

Two vectors A and B which

i.e. AxB#BxA are perpendicular to each other

Therefore, vector product of two vectors is not
commutative.

II. The magnitude vector or cross product of two mutually
perpendicular vectors is maximum and is equal to the product of

their magnitudes.
[,7\ X B’ = AB (Maximum)

Let vectorAis perpendicular to vector B and angle [0’ between them is 90°

A xB = ABsin 0n
AxB =ABsin90°A
AxB = ABf +sin90° =1

~
S N ii—
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In case of unit vectors, i,j and k along x- Z
y-axis and z-axis as shown in Fig.2.29. &
According to right hand rule, the direction of ixj is '

Perpendicular axis that equal to z-axis with unit X
vector kJ, Thus, —d

ix]=1jsin90°A '/
=) ()i=hH=k
Similarly, jxk = i

axis,

X

lzx‘i\ _ Fig.2.29: Unit vectors along X,y
=) and Z axes in Cartesian

Using Fig. 2.27, simply reversing the order of  Coordinate system
the unit vectors gives

jxi ==k kxj=-I ixk=-]
[II. The vector or cross product of two parallel vectors is zero.
Let A and B are two non-zero parallel vectors. So in this case, the angle ‘@’

between them is 0° then Z
AxB = ABsin0°A —
AxB =0 +sin0°=0 B

>
—P>

In case of unit vectors, 1, J and k. We have, Two veetors A and B which are
‘i‘x i‘ _ ﬁsin 0°h = (l)(l)-(O)ﬁ -0 parallel to cach other.
and ]xj=0 and kxk =0
Similarly, the vector or cross product of two anti-parallel vectors is equal to zero.
If A and B are anti-parallel to each other than angle ‘0’ between them is

180° so; o . 180
AxB = ABsin 0 . -t LN B
A xB = ABsinl 80°# Two vecetors A and B which are

anti-parallel to each other.

AxB =AB(0)i=0 - sin180°=0

[V. The vector product of a vector with IlS(‘” is equal to zero or Null

vector. Z
AxA = Asm 0n - P s
5 A. . N
AxA=AAsmOn +sin0% =0 -~ B
- = . Two identical vectors of same
AxB = AB(O)II =) magnitude and direction,
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V. Tke vector product obeys the distributive 1aw.

If we have three vectors Az B and C then,
AX(BxC) —AxB+AxC
VI. Vecter preduct of two vectors obeys Associative 1aw of multiplication

mAxB=AxmB= m(AxB)

and B in terms of their rectangular

i.e.,

VII. Vector product of two vectors A

components
A= A1+Ay_|+Ak B= B1+B]+Bk

/_ixB=(Ax1+AyJ+AZk)x(Bx1+ByJ+B,k)

AxB =AB,(ixi)+AB,(ix)+AB (ixk)+
A B (JX1)+A B (_]X_])+A B, (_]Xl()+
AB (kxi)+A,B [(kxj)+A,B (kxk)

As we know that

~

SxG=k  jxk=1 kx ]
s+ %

K=
ek Rxied k=]
and ixi =3xj=ﬁxﬁ=0
AxB=AB,0+AB,K+AB
AyBx(—ﬁ)+AyBy(0)+Asz(§)+ \rAntl-clockwise gives +ve
‘unit vectors clockwise gives

| AB,()+A,B,(-)+A,B,0) —ve unit vectors.
 AxB=ABKk-AB,j-AB, k+AB,i+A,B,j-AB i
AxB=AB,i =A¢By1+A B,j-A BzJ"'A B,k -AB
| (A, 3,_, A B )J+(A A, ;)f‘




ve law of multiplication

ms of their rectangular

For Your Information

Anti-clockwise gives +ve
unit vectors clockwise gives
~ve unit vectors.

-ABj
-A Bk
,-A B )k

VIII. The magnitude of vector product of two vectors represents the area
of the parallelogram formed by them,
'Figure 230 shows a parallelogram OPQR

whose adjacent sides OP and OR represent vectors

A and B respectively and SR is its height.

B

By definition of the magnitude vector product = -
of two vectors A and B is given by; Fig.2.30: Area of parallelogram
A " B — ABsind is cqual to lh_g vector product of

two vectors A and B,

But in triangle ORS,

L] =sinf
B
h =Bsinf
AxB| = Ah
AxB| = (Base) (Height)
AxB]| = Area of parallelogram
| Example 2.9 |
Determme the area of the parallelogram whose adjacent sides are 2i + _]+3k
and i- _]
Solution;

Let A and B be the vectors representing the adjacent sides of the parallelogram.
Here, A= 21+]+3k B=i- ]

The area of parallelogram is equal to the magnitude of the vector product of
A and B.

Now, A . =(2l+j+3k) (| J)

AxB =(2 )1 )(m) +2)(- |)(lXJ)+(1)( )(JXl) +1)F )(JXJ)
+(3)(1)(fxi)+(3) (1) )(kxi)
AxB :2(0)-2(12)+1(-k)-1(0)+3( j)—3(—l)
AxB =0-2k-k-0+3j+3i
AxB =31+3-3k
*- Magnitude of the area of the parallelogram = ‘A X B‘ =y +3+ 32

Magnitude of the area of the parallelogram =+/9+9+9

9




Magnitude of the area of the parallelogram = J27=5.19 .
Magnitude of the area of the parallelogram = 5.19 sq. Units

29 TORQUE

The most common example of turning effect in daily
life is the opening or the closing the doors. That is, when
we open or close the door, we apply a force perpendicular
to the plane of the door. It is our observations that if the
force is applied near the hinges, we are likely to face
difficulty in opening or closing of door. On the other hand,
V\fhen the force is applied at the maximum distance from the -
hinges then it is much easier and we will have to apply ~ Fi2:31: Tuming cffect duc to
less force to open or close it. This example clearly opening or closing the door.
indicates that the turning effect of a force depends upon
not only the applied force but also the distance between
the line of action of force and the axis of rotation. It is

shown in Fig.2.31.
- Similarly, the steering wheel of a car is another

common example of the turning effect of force. In this
case, the turning effect in the car's steering can be

observed when two forces of same magnitude but in A {
opposite directi i i O 3 Fig.2.32: Two forces act @
PP Eiiof avc acimgram{t. LK (9 810 kmgpmas steering to produce a turning

a couple. A couple has a turning effect but does not effect.
cause an object to accelerate. For a couple, the two g
forces must be separated at a distance 'd' as shown in

Fig.2.32.
A force applied on a body is capable of rotating O

the body about an axis. This turning effect of a force is ()

called torque or moment of a force. T " )
' i Fig.2.33: Moment arm
is i el e £ pemd B applied force and bc%wccn the line of action of

moment arm. It is represented by ‘t” and is given as; force and axis of rotation,
t=d)(F) ... (2.36)

where ‘d’ is a moment arm and 'F' is the applied force.

Momentum arm is the perpendicular distance between

line of action of force and axis of rotation as shown in

Fig. 2.33.
Considering a wrench which is pivoted about an

axis through ‘O’ by applying a force at an angle ‘0’ as
shown in Fig. 2.34.

Y door
- hinge

Fig.2.34: A force acts at an angle
0 on a wrench
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Ifr is the distance between the pivoted point
and the point of applied force and d is the

; perpendicular distance from the pivoted point to the
linc of action of force then,
d_ . : serpendicular
' 4 — =5in@ --sin@=L""1 :
r hypotenuse

d =rsin0=Moment arm
Thus, eq. (2.36) becomes
T =(rsin0)F

T =rFsin0
T=TtxF ... (2.37)
Thus, torque can be defined as vector

product of force and moment arm.

This shows that torque is a vector quantity
whose direction is along the axis of rotation.

Torque is taken as negative when the body
is rotated clockwise and it is taken as positive
when the body is rotated anti-clockwise.

Now considering a torque duc to the applied
force F acting on a rigid body at point ‘P’ whose
position vector with respect to pivot O is T as shown
in Fig.2.35. As F is acting at an angle ‘0’ with T so
we resolve it into its rectangular components.

The component of force along T is called
radial component (Fcos0) and there is no torque

due to this component.
The component perpendicular to T is called
tangential component (Fsin0). Actually, the torque

is due to this tangential component that is.

- ‘ T =rF
But F =Fsin0
: T =1Fsin®
' T =TxF

Rotation
axis

ie,2.35; Foree atanangle with
$Tljqedests .

position vectorr

Rotation

Mome
of F
Fig.2,36: Moment arm at an angle
with force F.

Similarly, we can also resolve the position vector rinto its rectangular
components as shown in Fig.2.36. In this case the torque is due to F and r sinf that

18;
T =Frsin0
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T =TXF
ue depends upon magnitude

of force, position vector and angle ‘0°. T

Torq
SJ unit of torque is N-m and its dimensional formula is [MLET'z:\.
Example 2.10
oduces by force of 10N which

Calculate the torque pr
is applied by a man downwar

length Sm.

d at 60° on a crossing level of F ;
qe = 60"

" Solution:
1t =1Fsin0
T = (5)(10)sin 60°
£ =50(=0.30)
t=—15N-m

The negative sign indicates that the torque is In

clockwise direction.

2.10 EQUILIBRIUM

When an engineer designs a
bridge etc., his first priority is to maintain its balance. It
is possible only when all these are at rest or moving with
uniform velocity. This is the basic principle of
equilibrium and it is stated as, "a body is in equilibrium
when either it is at rest or in uniform motion and its |A paratrooper moving downward

acceleration is zero". There are two forms of |with uniform velocity in state of
equilibrium; static equ dynamic equilibrium.

ilibrium (at rest) and dynamic
equilibrium (in motion). Equilibrium can be studied
under the following two conditions. '

1) First condition of equilibrium or

~ translational equilibrium

A body is said to be in translational equilibrium
when the algebraic sum of concurrent forces acting on it
is zero and this is the first condition of equilibrium.
Consider a number of forces (F;, Fa, F3 % |
di_fferent directions are acting on an object as shown in
Fig. 2.37. The object will be in state of equilibrium
when the result force of all these forces is zero.

system, building, |i

—




Mathematically, it is cxpressed as;
F+F+F+F+..+F =0
2F =0
_ This is the mathematical form of 1* condition of -
equilibrium. It is further explained by an example.

. When an aeroplane is in flight, four forces are :
acting on it, its weight is acting downward and lift force pg/( T X Fo
F4

F2_

is upward, while thrust is forward and drag force is
backward as shown in Fig. 2.38. R
Fig.2.37: Number of forces acting
on an object

LA = Thrust

l\\’eight

Air S/)L'L‘(/ >
Lift = Weight
Thrust = Drag

Fig.2.38: Acroplanc in state of equilibrium under the action of four forces

According to 1* condition of equilibrium, the aeroplane will be in equilibrium when;
Weight = Lift
and : Thrust = Drag Force
Now when all the forces are acting on a body along x-axis. Then first
condition of equilibrium is written as
XF,=0

Similarly, for y-axis 2F, =0 and for z-axis 2 F, =0

2)  Second condition of equilibrium or rotational equilibrium

A body is said to be in rotational
equilibrium when the algebraic sum of torques
acting on it is zero. This is the second condition
of equilibrium. It is explained by an example of
two boys who are sitting on the opposite ends of
a seesaw as shown in Fig.2.39.

The boy who is sitting at the end of the
right hand side of the seesaw produces clock
wise torque (~) and the boy who is sitting at g 5 30, A seesaw in state of rotational
the end of left hand side of seesaw produces equilibrium due to clockwise and anti-
anti clock wise torque (+t). Now if the sum of ~clockwise torques.
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all torques is zcro then seesaw is balanced and the whole system is in rotational
equilibrium. .

This example can be extended for ‘n” number of torques acting on a body and

the body is in equilibrium, if the vector sum of all the torques acting on it is zero.
T # 0 ¥ GFutt =0
21, =0

This is the mathematical form of second
condition of equilibrium. It is also called
rotational cquilibrium.

From the above discussion, it is
concluded that if a body salisfies the first
condition of cquilibrium then its linear
acceleration is zcero. Similarly, if a body satisfics
the sccond condition of cquilibrium its angular
acceleration 1s zcro.

A cranc is working under the principle
It is also worth noting that if a body  ofcquilibrium.

satisfics both conditions of cquilibrium then its
lincar as well as angular accclerations arc zero
and such a body is said be a complete or perfect

Poiril to Ponder
The accuracy of a measurement
i describes how well the result
equilibrium. agrees with an accepted value.
Mathematically it is expressed as;

SF =0,ZF =0,XF =0and Zt=0

L D s ' i’ W < R s ;

e Scalars and Veetors: The physical quantities which have only magnitude are
known as scalars whercas the physical quantitics which have both magnitude
and direction are known as veclors.

e Graphical representation of vector: Graphically, a vector quantity is
represented by a straight line with an arrow on its one end. The length of the
straight line represents, according to the chosen scale, the magnitude and the
arrow indicates the direction of the vector.

e Cartesian co-ordinates system: Two lines which are perpendicular to each
other is known as Cartesian co-ordinates system. A vector can be drawn in any

~one of the four quadrant in such Cartesian co-ordinates system.

e Addition of a vector: Vectors can be added by the head to tail rule and by
rectangular components method.

e Position vector: Location of a point in Cartesian co-ordinates system described
by a vector known as position vector.

@
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e Unit vector: A vector whose magnitude is equal to unity is known as unit

vector A = —é‘-
Al

e Resolution of vectors: When a vector is split into two or more vectors then it is
called resolution of a vector.
e Rectangular components of a vector: When a vector A is lying in XY-plane
then its horizontal and vertical components are given as;
A, = Acos0i Ay=/§xsil]0}
The magnitude and direction of the resultant vector A interms of rectangular
components are given as;

(A’ JA 3+A O—tan':—:

e Scalar or dot product: When the product of two vectors is a scalar quantity

then it is called scalar or dot product.

e Vector or cross product: When the product of two vectors is a vector quantity
then it is called vector or cross product.

e Torque: The turning effect of force in a body about its axis is called torque. i.e.,

T=rxF.
e Equilibrium: A body is said to be in equilibrium when it is at rest or moving
with uniform velocity. There are two conditions of equilibrium.
First condition of equilibrium: According to first condition of equilibrium, the
. sum of forces acting on a body is equal to zero. i.e. 2 F =0
Second condition of equilibrium: According to second condition of
equilibrium, the sum oflorques acting on a body is zero. i.e. 2 t=0

T T T R T
b - .., - ’ " ’, _I :.
g+ AN ey ) !" ' i""‘ol__é’bh ;i
- aive !.. .I‘
| —— e e h— =

Q Multiple choice guestions.
1.  Which one of the following is a scalar quantity?

. (a) Force’ (b) Torque (c) Momentum (d) Density
2. Which one of the following is a vector quantity?
(a) Work (b) Power (c) Weight (d) Mass
3.  Which pair includes a scalar and a vector quantity?
(a) K.E. and momentum (b) P.E. and Work
(c) Weight and force (d) Velocity and acceleration

4. Two vectors A and A are making an angle of 90" with each other. What is
their resultant magnitude?

& .
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(a) A} +A3 (b) JA? +A?

(c) AT +AZFAA, (d) A,2+A22+15A,A2

5, The magnitude of two vectors is 3N and 4N respectively. If the angle between
them is 90°, then their resultant vector will be:

(@)5SN (b) 6 N ()TN (d) Zero*
6. At what angle the vertical component of a vector is maximum?.

(a) 0". (b) 30°  (c) 45° (d) 90°

7. In which quadrant a vector can be drawn when its both x and y components are

negative. |

(a) Firsl. (b) Second (c) Third (d) Fourth
8. What is the possible result of (—3?)-(—4])?

(a) Zero (b) One (c) 12k d) 12
9, What is the angle of the given vector 2i + 2] ?

(a) 30° (b) 45° (c) 60° (d) 90°
10. The correct result of the expression j-(kx 1) is;

(a) Zcro (b) One () i (d) ]

11, Which law does not obey by the vector product of two vectors?
(a) Associative  (b) Commutative (c) Distributive ~ (d) Identitive

I 12, The scalar product of two non-zero vectors is equal to zero when angle 0
between them is;

(a) 0° (b) 30° (c) 60° (d) 90°

13, The vector product of two vectors is maximum when both the vectors are
(a) Parallel '(b) Anti-parallel  (c) Perpendicular  (d) Equal

14, What is the expected result of (AxB)*+(A-B)* =?
(a) A’B’cos® (b) A’B’sin0 (c) AB (d) A’B’

18, Self cross product of unit vectors is always
(a) One (b) Zero (c) Linear (d) Non-linear

16, The magnitude of dot and cross products of two vectors are 63 and 6 :
respectively, the angle between the vectors is: |

(a) 90° (b) 60° (c) 30° (d) Zero
17. What torque is produced by 30N force which is acting at 60° on a wrench of
length 30 cm?
~ (a) 5.8 Nm (b) 6.8 Nm | (c) 7.8 Nm (d) 8.8 Nm

&




18.

19.

A force of 10N at 60° is acting on a block, what force in opposite direction will

bring to block at equilibrium.

(@)5N (b) ION (c)ISN (d) 100 N

If the line of action of the force passes through their axis of rotation or origin,
then its torque is:

e g— e ———

1.
2.
3

s

h

0.

()'

1.
11.

(a) Zero (b) Maximum (c) One (d) None of these

= = 7 STTE) ST IO NI AN
e eate o L HORT QUESTIONS .

Why a scalar quantity cannot be added or subtracted with a vector quantity?
What are the characteristics of vectors addition?

When the resultant of two vectors is zero? Explain it with the help of diagram.
Under what condition the resultant vector of three vectors acting

simultaneously on a particle is zero?

What would be the position of a vector when its x-component is positive and
y-component is negative? Explain it with the help of a diagram.

What change takes place in a vector when it is multiplied by a negative
number?

Give any three examples, where a vector is divided by a scalar quantity.

Under what circumstances the rectangular components of a vector give same

magnitude?

* Can the scalar product of two vector quantities be negative? If your answer is

yes, give an example, if no provide a proof?

How scalar product of two vectors obeys commutative law?

Can the magnitude of any one rectangular components greater than the
magnitude of the given vector? :

When the scalar product of two vectors is maximum?

How the direction of the resultant vector for vector product of two vectors can
be determined? _

What are the similarities between torque and work? |

Why both condition of equilibrium are necessary for the complete equilibrium?
Can a body be in equilibrium when three forces are acting on it? Explain with
the help of diagram.

When a system will be in perfect equilibrium?

What do you understand by positive and negative torques?

7 COMPREHENSIVE QUESTIONS

What do you know about the scalar and vector physical quantities? Explain the
representation of vector quantities.
Describe various kinds of vectors.
Define Cartesian co-ordinate system and explain that how one can draw a

vector quantity in this system.
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4, State and explain the addition and subtraction of vector quantities.

5. Explain that how can you multiply a vector quantity by a scalar or a number.

6. Explain the addition of vectors by rectangular components for two and more
than two vectors.

7. State and explain scalar product of two vectors with its properties.

#. What do you know about the vector product of two vectors. Discuss all the
properties of vector product. :

Y.  Define torque with examples. Also mention the kinds of torque.

10. What is cquilibrium? State and explain the first and second conditions of
cquilibrium.

NUMERICAL PROBLEMS

1. ¥ A=i+2j-3k and B=3i-j+ 2Kk then find out (a) [2A+3B| (b) [3A + 28|

11,11
2. What is the unit vector A in the direction of vector A = 2i + 2]+ k. I
2i + 2] +k )
3 J
3. Find the projection of vector A=2i+ 4} on the vector B =4i+3k. (2\
5
4.  What is the magnitude and direction of a vector when its horizontal componc:t
is doubled then its vertical? (2.236, 26.6")
' * 5. . Find the X and Y components of a vector A = 4i + 7} making angle 60" with x-
axis. (4,7)
6. Three forces F, F, and f’, arc acting on a body at point Y
‘O’ such that Ff=20N, F,=40N and F,=30N as F A ¥,
shown in the figure. Calculate the magnitude and 15°
direction of the resultant force of these three forces. 0 = X
(56.4N, 28.7%) 4N, 28.7°)
7. Prove that the three vectors 3§+]+2ﬁ, I—_]—k and L

i+ 5:i —4k are at right angle to one another.

8. The magnitude of dot and cross products of two vectors are 6 and 643
respectively. Find the angle between them. (60°)
9. A force, F =4§—3}+2f< acts on an object and the object is displaced along a
straight line from point A(3,2,-1) to point B(2,-1,4). If force is measured in
newton and displacement in metres then find work done on the object.  (15])
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10. Three forces are acting at one end of the rod of length 80cm. What are the
expected torques due to each force about an axis of rotation ‘O’.

T ~~e (-8 N.m, +8.5 N.m, 0)

Leverarm / g 25N
/ 20N

10N

11. A uniform beam of weight 40 N is subjected by forces as shown.in figure.

What is the magnitude, direction and location of a force that can keep the beam
(0.6N, 49°, 0.163L)

in equilibrium?
50 NI 80N

450"  45.0°

yOON 60.0 N 60.0 N

70N
12. A traffic light hangs from a cable tied to two other cables
fastened to a support as in figure. The upper cables make
angles of 45° with the horizontal. These upper cables are
not as strong as the vertical cable and will break if the
tension in them exceeds 130 N. Find the weight of the

traffic light to keep the system in equilibrium. (85N) W =mg

13. A truck of weight 5000 N is driven across a single span bridge of weight 7000
N and of length 30 m as shown in figure. Find (a) the total reaction at the two
supports A and B when truck is at the center of the bridge. (b) the reaction (R,
and R,) at each support when the truck is 20 m from end A.

(a) (6000 N, 6000 N) , (b) (5167 N, 6833 N)
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