
 



work energy and power



Work done by a consonant force
• The work done by a constant force F is given by :
• W = F * S = FS * cos 0 
• The unit of work is joule (J) , where 1J = 1n.m
• The work done by frictional force is :
• Wf = - FS  
• When 0 = 180  ْ



• Example : (dragging a box)
• 1) calculate the work done by the force F
• 2) calculate the work done by the fractional F
• 3) determine the net work done on the box by all forces

• To be continued …..



• Solution : 
• 1) WF = FS * cos 0 = 50 * 3 * cos 37 = 120J
• 2) Wf = FS * cos 180 = - FS = -10 * 3 = -30J
• 3) Wnet = WF + Wf = 120 – 30 = 90J



Work done by a varying force
• The work done on an infinitesimal displacement Δx is : 
• Δw = FxΔx = ΔA   (area)
• The total work :
• W = ΣΔw = Σ Fx Δx
• W = lim Δw = lim Σ Fx dx =  Fx dx

• W =  Fx dx = area under the curve



• Example : calculate the work done by the force Fx as the object moves from      
x1 = 0 to xf = 6 m

•
• Solution : 
• W = W1 + W2 = A1 + A2 = (5*4) + ( ½ * 2 * 5) = 25J  
• Or :
• W =  Fx dx =  5 dx +  (15 – 5/2 * x) dx = 20 + 5 = 25J

A2



Work done by a spring
• The force done by a spring stretched or compressed a small distance x from 

equilibrium is given by :
• F5 = - KX   (Hooke's law)
• Where K is the spring constant .
• The work done by the spring force is given by :
• Ws =  Fx dx =  Fs dx =  -KX dx
• Ws = ½ k (xi

2 – xf
2)

K



• Example : calculate the work done by the spring force as the block moves from 
Xi= -3 cm to Xf = 0

• Solution :
• Ws = ½ k * (xi

2 – xf
2) = ½ * 80 * [ (-0.03)2 – 0] = 3.6 * 10-2J



Work in kinetic energy 
• 1 - D motion 
• W =  Fx dx , but Fx = max = m * dvx/dt = m * dvx/dx * dx/dt (chain rule)
• Fx = m * dvx/dx * vx
• Or :
• Fx = mv * dv/dx
• W =  (mv * dv/dx) dx =  mv dv
• W = ½ m (vf

2 – vi
2)

• We define the kinetic energy K as :
• K = ½ mv2

• W = kf – ki = Δk (work – energy theorem)
• 3 – D motion
• W = F * ds =  Fx dx +  Fy dy +  Fz dz = Δk = ½ m(vf

2 – vi
2)

• Where : V = vxi + vyi + vzk

Work and kinetic energy



• Example : find the speed of the block after it moves a distance 3m on a smooth 
surface .

• Solution :
• W = FS = 12 * 3 = 36J
• W = Δk = ½ m (vf

2 – vi
2)

• 36 = ½ * 6 * [ vf
2 – 0]

• Vf = 3.46 m/s



• Example : in the previous example , what is the speed of the block after it 
moves a distance 3m on a rough surface (Mk = 0.15) ?

• Solution :
• WF = FS = 12 * 3 = 36J
• Wf = -fkS = - MKNS = - MK * mg * s 
• = (0.15 * 6 * 9.8 * 3) = - 26.5J

• Wnet = Wf + Wfk = 36 – 26.5 = 9.5J
• Wnet = Δk = ½ m (vf

2 – vi
2)

• 9.5 = ½ * 6 * [vf
2 – 0]

• Vf = 1.78 m/s



• Example : after the spring is compressed a distance of 2cm to the right , the 
block is released from rest calculate the speed of the block as it passes through 
the equilibrium position x = 0 if : 

• 1) the surface is frictionless
• 2) a constant frictional force of 4N retards its motion

•
• To be continued…..



• Solution :
• 1) 
• Ws = ½ k (xi

2 – xf
2) = ½ * 103 * [ (0.02)2 – 0] = 0.2J

• Ws = Δk = ½ m (vf
2 – vi

2)
• 0.2 = ½ * 1.6 * [vf

2 – 0]
• Vf = 0.5 m/s
• 2)
• Ws = 0.2J
• Wf = - fkS = - 4 * 0.02 = - 0.08J
• Wnet = WS + Wf = 0.2 – 0.08 = 0.12J
• Wnet = Δk = ½ m (vf

2 – vi
2)

• 0.12 = ½ * 1.6 * [vf
2 – 0]

• Vf = 0.39 m/s



• Example : as an object moves a distance d upward an inclined rough plane :
• 1) calculate the work done by the applied force F
• 2) calculate the work done by the force of gravity Fg

• 3) calculate the work done by the frictional force Fk

• 4) find the net work 
• 5) if vi = 0 , what is the final speed of the object ?

• To be continued …..



• Solution :
• 1) 
• Wf = Fd * cos(0) = Fd
• 2) 
• Wg = mg*sin0*d*cos180 = - mg*d*sin0
• 3)
• Wf = fkd*cos180 = -fkd = -Mk*mg*cos0*d
• 4)
• Wnet = Fd – mg*d*sin0 – Mk*mg*d*cos0
• 5)
• Wnet = Δk = ½ m (vf

2 – vi
2) = ½ mvf

2

• Vf = 2/m * Wnet = 2d/m * [ F – mg*sin0 – Mk*mg*cos0]
• to be continued …..



If

F = 15N

D = 1m

0 = 25  ْ

M = 1.5 kg

Mk = 0.3

Then

WF = 15J

Wg = 6.2J

Wf = -4J

Wnet = 4.8J

Vf = 2.5 m/s



• Example : an object given an initial velocity of 48 km/hr and passes a distance 
of 40m before coming to rest due to the friction , if the initial velocity changes to   
96 km/hr , what is the distance travelled to come to rest ?

• To be continued …..



• Solution : 
• Wf = - fd = ½ m (vf

2 – vi
2) = - ½ m * vi

2

• D = m/2f * vi
2

• d1/d2 = vi1
2/v2

2

• d2 = vi2
2/vi1

2 * d1

• d2 = (96/48)2 * 40 = 160



power

• The average power is defined as the ratio of the work done to the time interval.
• P = Δw/Δt
• The instantaneous power :
• P = lim Δw/Δt = dw/dt
• P = dw/dt = d/dt (F*S) = F*ds/dt = F*V          (for constant F)
• The unit of power is watt (W) 
• where 1W = J/s 



• Example : a 2kg object moves in a straight line with an initial speed of 4 m/s , it 
accelerates uniformly to a final speed of 7 m/s in 15s , calculate the average 
power delivered to the object ?

• Solution :
• P = Δw/Δt = Δk/Δt = ½ m (vf

2 – vi
2)/Δt

• P = ½ * 2 * [ (7)2 – (4)2]/15 = 2.2W
• __________________________________________________________________
• Example : an object moves a long the x – axis with an instantaneous speed of    

5 m/s under the influence of a force F = (3i + 4j)N , what is the instantaneous 
power delivered by F ?

• Solution :
• P = F * V = (3i + 4j) * 5i = 15W



• Example : (motion of an elevator) 
• 1) what must be the minimum power delivered by the motor to lift the elevator 

at a constant speed of 3 m/s ?
• 2) what power must the motor deliver at any instant if it is designed to provide 

an upward acceleration of 1 m/s2 ?

• To be continued ……  



• Solution : 
• 1) 
• V= 3 m/s = constant …… a = 0
• ΣF = ma = 0 
• T – mg – f = 0 
• T = mg + f = (1800 * 9.8) + 4000 = 2.16 * 104N
• P = t * v = 2.16 * 104 * 3 = 6.49 * 104W
• 2)
• ΣF = ma , a = constant 
• T – mg – f = 0
• T = mg + f + ma 
• T = (1800 * 9.8) + 4000 + (1800 * 1) = 2.34 * 104N
• P = T * V = 3.34 * 104V















 


