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EQUATIONS

• Work with a constant force
𝑊 = 𝐹 cos 𝜃 ∆𝑑 = ∆𝐸𝐾

• Kinetic Energy
𝐸𝐾 = 1

2
𝑚𝑣2



WORK DONE BY A 
CONSTANT FORCE

• Work (𝑾) [J = N m]: the energy transferred to an 
object when a force acting on the object moves it 
through a distance

𝑊 = 𝐹 cos 𝜃 ∆𝑑

• 𝑊 – work [J]

• 𝐹 – magnitude of applied force Ԧ𝐹 [N]
• parallel to displacement

• 𝜃 – angle between force and displacement [°]

• 𝑑 – magnitude of displacement Ԧ𝑑 [m]



THE JOULE – A MEASURE OF 
WORK & ENERGY

• Joule [J]: SI derived unit for measuring forms of energy and 
work; equal to the work done when a force of 1 N displaces 
an object 1 m in the direction of the force

1 J = 1 kg m2/s2 = 1 N m



PROBLEM 1



PROBLEM 1 – SOLUTIONS



PROBLEM 1 – SOLUTIONS CONT.



PROBLEM 2



ZERO WORK

Conditions for zero work:

• No displacement

• Force is perpendicular to motion
• No component of force in the direction of motion

• 𝜃 = 90° ⇒ cos 90° = 0



PROBLEM 3



PROBLEM 3 – SOLUTIONS



KINETIC ENERGY

• Kinetic Energy (𝑬𝑲) [J]: the energy of motion.

We define kinetic energy as
𝐸𝐾 = 1

2
𝑚𝑣2



KINETIC ENERGY

• Kinetic Energy (𝑬𝑲) [J]: the energy of motion

• To derive an equation for 𝐸𝐾 , lets look at total work done to 
change the velocity of an object from Ԧ𝑣𝑖 to Ԧ𝑣𝑓:



𝑊𝑡𝑜𝑡𝑎𝑙 = Σ𝐹 cos 𝜃 Δ𝑑

with 𝜃 = 0° ⇒ cos 0° = 1, and Σ𝐹 = 𝑚𝑎,
𝑊𝑡𝑜𝑡𝑎𝑙 = 𝑚𝑎 1 Δ𝑑

• Rearranging 𝑣𝑓
2 = 𝑣𝑖

2 + 2𝑎∆𝑑 for 𝑎, we get

𝑊𝑡𝑜𝑡𝑎𝑙 = 𝑚
𝑣𝑓
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𝑊𝑡𝑜𝑡𝑎𝑙 = 1
2
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WORK-ENERGY THEOREM

• From before, we know 𝐸𝐾 = 1

2
𝑚𝑣2.  This allows us to write work 

as
𝑊𝑡𝑜𝑡𝑎𝑙 = 𝐸𝐾𝑓 − 𝐸𝐾𝑖

= ∆𝐸𝐾

• Work-Energy Theorem: The total work done on an object equals 
the change in the object’s kinetic energy, provided there is no 
change in any other form of energy (for example, gravitational 
potential energy).

• This holds true in all three dimensions.



PROBLEM 4 



PROBLEM 4 – SOLUTIONS



PROBLEM 5



PROBLEM 5 – SOLUTIONS



SUMMARY – WORK DONE BY A 
CONSTANT FORCE

• Work is the energy transferred to an object when a force F, 
acting on the object, moves it through a distance d.

• The SI unit of work is the joule (J).

• If the force causing an object to undergo a displacement is at an 
angle to the displacement, only the component of the force in 
the direction of the displacement does work on the object.

• Under certain conditions, zero work is done on an object even if 
the object experiences an applied force or is in motion.



SUMMARY – KINETIC ENERGY & 
THE WORK ENERGY THEOREM

• Kinetic energy 𝐸𝐾 is energy of motion. It is a scalar quantity, 
measured in joules (J).

• The work-energy theorem states that the total work done 
on an object equals the change in the object’s kinetic energy, 
provided there is no change in any other form of energy.



PRACTICE

Readings
• Section 4.1, pg 178

• Section 4.2, pg 184

Questions
• pg 183 #1-3,5-7

• pg 188 #1-8


