@ ligsiongyan

PHYSICS

£ Chapter -5

Work, Energy and Power

Alok Gaur
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DO __~ SCALAR PRODUCT

C/@ e Scalar product of two vectors is
. Scade
= equal to the product of magnitudes

of'both vectors. It is called also dot

Y
®}

> Magpdudg product.
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Example of scalar product :
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Characteristics of Scalar Product

1.” Commutative Law
A-B = ABcosO=BAcos0

A BeLEA

2. Distributive Law
A(B+C) AB+A-C
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3. Scalar product for

w parallel vectors 6 =0° A||B
—

~~  AB=ABcos0°=AB
e/ lequivalent vectors 6=0° A=B
A-A‘= AAcos0° = A2
BB =BBcos0° =B?
perpendicular vectors = 90° AL1B

— Q
A-B = ABcos90° = DL
N

,c}
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4. scalar product form

AB=(AT+A J+AK)B,I+B J+BK)



mmissimnqqu

r—SPECIAI. N
) _‘A‘ |B|cose .058

B = AB
Lo COSO =
—_— A5
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Qwaf;/f N WORK
A

I = w Work is said to be done whenever a

£t X force acts on a body and the body
moves through some distance in the
direction of force.
=\ - 2fitercey ¥y
L)x-):..;‘_-, @
A man goes

up a hill. *
A horse pulls a cart.
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%w { Work done = Force x Displacement
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. > F cosO

W=F cosO xS

\/W: FS cosO

T w-Fs

-

< Work is a scalar quantity.
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Nature of Work done in Different
Situations

(b~ F sc=o)

A. Positive work : If a force acting on a

Coro =4+ Ve
P ey
i =aj

—_—

=

Mebuida V-0
bady has a component in the

direction of the displacement then
the work done by the force is positive.
W =FS cos6
6 =0°

TW=FSL
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Example :
i. When a body falls freely under gravity.
. Stretching a spring
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B. Negative work : If a force acting on

F\ ®749 the body has a component in the
?

=< positive direction of displacement,

W = - the work done is negative.
Cor® = -\ W <ES 0
e @—*—‘ <FS cos
W = -\ 0 sx

(@*10 Cex, 190 = TW=—FSL
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Example :
i. Brakes applying in a moving vehicle.
. A body slides against a rough

horizontal surface.

Braking force
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C. Zero work : Work done by force is

0- Q¢ zero if the body gets displaced along
f 212 _bgfg:o a direction perpendicular to the
=l o W dipection of the applied forciz.
_ A & The work domj:: IS zer? if F=0or
9s° S=0orboth Fand S are 0.
LSS W = FS




©ZIpca | Foundation

wmiﬁionqqa:’f

Example :

i. For a moving body in a circular path,
the centripetal force and
displacement are perpendicular to
eadh other.

< Work done by centripetal

al

force is always zero.
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W= F S WORK DONE BY A VARIABLE FORCE
L W= SFA
a / = 2FON
| ‘77// &
— < ! = sum of areas of all rectangles erected

Arca of F-sgsth over all the small displacement
= W esle_

X¢ Xf
W = IimAx—:»OZFAx:J'Fdx
X X

Area under the force - displacement

curie.
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EXAMPLE oo

1. Find the angle between force

= - e A A A
(psa::f_%‘%’: F.d F=(3i +4j-5k) unit and displacement
A Fd .
d=(5i + 4] unit. Also find the
P d h(5|+4j+3k)ﬁ_
— — projection of F on d.
J9+1e+2s [25 1059
Covo— |6 ~\G
So s |

CZSQQ;): @____

23




EXAMPLE ooy

1. Find the angle between force
F=(3?+4]—-5I2) unit and displacement
d=(5L+ 4] +3k) unit. Also find the

projection of F on d.
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3. A cyclist comes to a skidding stop in 10

J m. During this process, the force on

6—"?_@;,\\ {4 the cycle due to the road is 200 N and
Wz - 200X is directly opposed to the motion.

__-‘-"h—'

a. How much work does the road do on
the cycle?
b. How much work does the cycle do on

the road?
_ —_
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Answer : Work done on the cycle by the

road is the work done by the stopping

(frictional) force on the cycle due to the

road.

a. The stopping force and the
displacement make an angle-of 180°

(r rad) with each other. Thus, work

done by the road,
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W, = Fd cos6
=200 x 10 x cosn
=-2000]

[tis this negative work that brings

the‘cycle to a halt in accordance with
WE theorem.

b. From Newton’s Third Law an equal
and opposite force acts on the road

due to the cycle.



Its magnitude is 200 N. However, the
road undergoes no displacement.
Thus, work done by cycle on the road
IS.Zero.

The'lesson of Example 3 is that
though the force on a body A exerted
by the body B is always equal and
opposite to that on B by A (Newton'’s
Third Law);
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the work done on A by B is not
necessarily equal and opposite to the

work done on B by A.



LEARNING OUTCOMES o

1 To calculate scalar product

2 To define work
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1 ‘ Work done can be-

Al Zero

B [ PoSitive

C | Negative
D mese




ASSESSMENT o

A boy raises a box with a weight of 120N
!, from a height of 2m. The work done by
m him is-
9 Al 60| A\
- 2m | 2 M
9 B| 120 QJ’
_— 1200
[ Em &
- D[ 130) W= yoxz
= 2o\
2AY




