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• Work done W c fdW = fF.dr = fFdr cos9 

[where 9 is the angle between F & dr [ 

• For constant force W = F.d = Fdcos9 
• For Unidirectional force 

W= fdW = fFdx = Area between F- x cUlve and x-axis. 

• Calculation of work done from forcOHllsplacemenl graph: 
· F 

O'-'M~x'--d\lx~-"X~"+ X 

Total work done W = r,dW = f:Fdx = Area of P P NM , , 2 
" 

= fFdx 
"I x l 

" 
• Nature of work done : Although work done is a scalar quantity, yet its value 

may be positive, negative or even zero 

Negative work Zero work Positive work 

F~S k ~s " So 
:b 90"1 

~· I . 901 

/ 
~:' < !ll'~ 

... @'. ,f mg 

st 
Wcrk dcne l:y 

! 
:nclion fo:co;:e 

Motion of panl-:k: i m9 

(1" leO": on circular plllh fur,lIorn(' -16- 90") M<)Iion ~nd ... r grllllily 

S "'" j 

~ ¢ 
. ' F- 2.5N 

f~F 
'!' mg f - ION - . , - ..... f_frictio n foroo 

Wo rk da r.e by ~,itj.. 
mg .. 100N ¥krk done ~ Ir1ctlcn 

Io} - ISO, Ior=-e on b:ock A 

As 1- F, hence 5-0 (B oo <11 
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Conservative F orees 

• Work done does not depend upon path. 

• Work done in a round trip is zero. 

• Central forces, spring forces etc. are conservative forces 

• When only a conservative force acts within a system, the kinetic energy 
and potential energy can change into each other. However, their sum, 
the mechanical energy of the system, doesn't change. 

• Work done is .completely recoverable. 

• If F is a conservative force then V x F = 6 (i.e. curl of F is zero) 

Non-conservatlve F orees 

• Work done depends upon path. 

• Work done in a round trip is not zero. 

• Force are velocity-dependent & retarding in nature e.g. friction, viscous 

force etc . 

• Work done against a non-conservative force may be dissipated as heat energy. 

• Work done Is not recoverable. 

KInetic energy 

• The energy possessed by a body by virtue of its motion is called kinetic 
energy. 

K 1 2 1 (- - ) =2mv =2mv.v 

• Kinetic energy is a frame dependent quantity because velocity is a frame 
depends. 

Potential energy 

• The energy which a bcxfy has by virtue of its position or configuration in a 

• 
conservative force field. : .. 

Potential energy is a relative quantity. 

Potential energy is defined omy for conservative force field. i 
Relationship between conservative force field and potential energy: J • 

• 
- aU, Ol/, aU- i-F = -vu = - grad(U) = --1--) --k 

ax Oy az 
If force varies only with one dimension (along x-axis) then 

~ 
• 

• dU X2 -

F2-dx" ~ U=- f Fdx i 
" ~--------------------------~--------------------------~ . A" F 
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• Potential energy curve and equilibrium 

B 

11 

E 
I G I 
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C I 
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I I D I 
I I I 
I I I 
I A I I 
I I I 

I I I 
I I 

F~ ~F .- F F~ 

position of partk le --+ 

It is a curve which shows change in potential energy with postion of a particle. 

• Stable Equilibrium : 

• 

When a particle is slightly displaced from eqUilibrium position and it tends to 
come back ~owards equilibrium then it is said to be in stable equilibrium 

At point C : slope 
dU 

dx 
is negative so F is positive 

dU 
At point D : slope 

dx 
is positive so F is negative 

At point A : It is the point of stable equilibrium . 

U U dU = O 
'"" min ' dx and 

d' U 
dx 2 = positive 

Unstable equUibrlum : 

When a particle is slightly displaced from equilibrium and it tends to move 
away from equilibrium position then it is said to be in unstable equilibrium 

dU 
At point E : slope d;- is positive so F is negative 

At point G : slope dU is negative so F is postive 
dx 

At point B : It is the point of unstable equilibrium. 

~ dU d2U . 
i: U=U I - = 0 and --2 = negative 
1 ~K dx dx 
• L-__________________________ ~--------------------------~ 
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• Neutral equilibrium: 

When a particle is slightly displaced from equilibrium position and no force 
acts on it then equilbirum is said to be neutral equilibrium. Point H is at 

neutral equilibrium ~ U = constant·, dU =0 d'U =0 
dx 'dx' 

• Work energy theorem: W = 6KE 

• 

Change in kinetic energy = work done by all force 

dU 
For conservative force F(x) =- d; 

change in potential energy 6U = -I F(x)dx 

• Law of conservation of Mechaoical energy 

• 

• 
• 

• 

Total mechanical (kinetic + potential) energy of a system remains constant 
if only conseJVative forces are acting on the system of particles or the work 
done by all other forces is zero. From work energy theorem W = 6KE 

Proof: For internal conservative forces Wi~ = -aU 

=> a(KE + U) = 0 => KE + U - constant 

1 
Spring force Fa-kx, Elastic potential energy stored in spring U(x) = Zkx' 

Mass and energy are equivalent and are related by E = me' 

Power 

• Power is a scalar quantity with dimension MlL'T-3 

• 51 unit of power is J/s or watt 

• 1 horsepower a 746 watt - 550 ft-lb/see. 

Average power P ~ - Wit 

~ 
i 

I • , 
~--------------~--------------~ . 44 E 
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Instantaneous power P = rfJJ = F.di' = F.v 
dt dt 

•• •• - ____ • --- - - - - - ____ H . -r - __ _ ____________ --____ _____ --___ -- ______ -_______ • ___ - -__ • ___ _ 

' ii / - : 1l~, .:i?1 
I I &t I e I I I' ~I time 

dt time , I ~ I I t l 

WsfPdt instantaneous power average power 1 
dW -p p w, w, t:.W j I P""-=tane I ... " --=-

• I;g.(o) ., •• ,.' , . _,.",.L!;~,(bL .. , .. dt ___ "".,., •• ,!J,g !~) , .. ____ ,:~::''' __ ~: ____ . 

F' d ( ' ) dii, dm For a system of varying mass = - mv = m - + v-
dt dt dt 

If ii = constant then 

In rotatory motion : 

, , dm 
F =v- then 

dt 

de 
P=t - =tOO 

dt 

P F
" , dm 

= .V=V -
dt 

KEY POINTS 

• A body may gain kinetic energy and potential energy simultaneously because 

principle of conselVation of mechanical energy may not be valid every time. 

• Comets move around the sun in elliptical orbits. The gravitational force on 
the comet due to sun is not nannal to the comet's velocity but the work 

done by the gravitational force is zeTO in complete round trip because 

gravitational force is a conservative force. 

• Work done by static friction may be positive because static friction may acts 

along the direction of motion of an object. 
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