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ENERGY

A conservation law is a physical principle that identifies a quantity that does not 

change over time.

Law of conservation of energy: The total energy in the universe is unchanged 

by any physical process:

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑡𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 = 𝑓𝑖𝑛𝑎𝑙 𝑡𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦

At the fundamental level, there are only three 

types of energy: energy due to motion 

(kinetic energy), energy due to interactions 

(potential energy), and rest energy.



WORK 

Trunk weight = 220 N

Height to reach = 4 m

220𝑁 ∙ 4𝑚 = 880𝑁 ∙ 𝑚 110𝑁 ∙ 8𝑚 = 880𝑁 ∙ 𝑚 WORK (W)

𝑁 ∙ 𝑚 = Joule (J)

Amount of energy transferred 

when a force acts on a moving 

object



WORK 

If there is no 

displacement, no work 

is done and there is no 

energy transfer

Only the component of force in the 

direction of displacement does work:

The work done by a constant force is the 

product of the magnitude of the 

displacement and the component of the 

force in the direction of that displacement

𝑊 = 𝐹∆𝑟 cos 𝜃 𝑊 = Ԧ𝐹 ∙ ∆Ԧ𝑟
Work done by a 

constant force Ԧ𝐹 acting 

on a body whose 

displacement is ∆𝑟

• 𝜃 < 90° → 𝑊 > 0 (cos 𝜃 > 0)
• 𝜃 > 90° → 𝑊 < 0 (cos 𝜃 < 0)
• 𝜃 = 90° → 𝑊 = 0 (cos 𝜃 = 0)



WORK 

𝑊 = 𝐹∆𝑟 cos 𝜃 𝑊 = Ԧ𝐹 ∙ ∆Ԧ𝑟

• 𝜃 < 90° → 𝑊 > 0 (cos 𝜃 > 0)
• 𝜃 > 90° → 𝑊 < 0 (cos 𝜃 < 0)
• 𝜃 = 90° → 𝑊 = 0 (cos 𝜃 = 0)



Example A body weighing 1400𝑁 must be moved onto a platform 1 m above the ground. It can be lifted directly, or pushed 

along an inclined plane of 4𝑚.  Assuming negligible friction between the body and the inclined plane:  A) determine 

the work done in lifting the body 1 m vertically (upward at constant speed); B) determine the work done in pushing 

the body 4𝑚 along the inclined plane (force applied parallel to the plane); C) determine the work done by the 

normal force exerted on the body by the ramp surface. Assume all forces are constant.





TOTAL WORK 

𝑊𝑇𝑂𝑇 = 𝑊1 +𝑊2 +⋯+𝑊𝑛

NET WORK

𝑊𝑇𝑂𝑇 = 𝐹𝑇𝑂𝑇∆𝑟 cos 𝜃



Example We pull a body along a horizontal plane by means of a rope. The mass of the body is 26 𝑘𝑔. The rope makes an angle 

of 20° with the horizontal plane. Assume the coefficient of friction between the body and the plane is µ𝐷 = 0.16. 

The body moves at constant speed 𝑣 = 3 𝑘𝑚/ℎ and travels 120 𝑚: A) what is the work done in pulling the body? 

B) what is the work done by the forces exerted by the plane? C) what is the total work done on the body?





KINETIC ENERGY 

𝑊𝑇𝑂𝑇 = 𝐹𝑇𝑂𝑇∆𝑥

𝐹𝑇𝑂𝑇 = 𝑚Ԧ𝑎

𝑊𝑇𝑂𝑇 = 𝑚𝑎𝑥∆𝑥

Constant force constant acceleration 

𝑣𝑓𝑥
2 − 𝑣𝑖𝑥

2 = 2𝑎𝑥∆𝑥𝑎𝑥∆𝑥 =
1

2
(𝑣𝑓𝑥

2 − 𝑣𝑖𝑥
2 )
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1

2
𝑚(𝑣𝑓𝑥

2 − 𝑣𝑖𝑥
2 )
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2 − 𝑣𝑖

2 = 𝑣𝑓𝑥
2 + 𝑣𝑓𝑦

2 − 𝑣𝑖𝑥
2 + 𝑣𝑖𝑦

2 =

𝑣𝑓𝑥
2 − 𝑣𝑖𝑥

2

𝑊𝑇𝑂𝑇 =
1

2
𝑚𝑣𝑓

2 −
1

2
𝑚𝑣𝑖
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KINETIC ENERGY 

𝑊𝑇𝑂𝑇 =
1

2
𝑚𝑣𝑓

2 −
1

2
𝑚𝑣𝑖

2

The total work done on the body equals the change in the quantity 
1

2
𝑚𝑣2

TRANSLATIONAL KINETIC ENERGY OF THE BODY  𝜥
Κ =

1

2
𝑚𝑣2

WORK-ENERGY THEOREM (or Theorem of Kinetic Energy) 𝑊𝑇𝑂𝑇 = ΔΚ



GRAVITATIONAL POTENTIAL ENERGY 

Kinetic energy of the stone: 𝐾𝑖 =
1

2
𝑚𝑣𝑖

2

Work done by gravity: 𝑊𝑃 = −𝑚𝑔Δ𝑦

At max height, the stone stops (𝐾𝑓 = 0)

𝑊𝑃 = 𝐾𝑓 − 𝐾𝑖

−𝑚𝑔∆𝑦 = −
1

2
𝑚𝑣𝑖

2 → ∆𝑦 =
𝑣𝑖
2

2𝑔

Energy stored due to the interaction of a body with something else (here, 

Earth's gravitational field) that is fully convertible into kinetic energy is called 

POTENTIAL ENERGY (𝑈)

In this specific case, it is called GRAVITATIONAL POTENTIAL 

ENERGY

𝑣𝑖
2 = 2𝑔𝑦𝑚𝑎𝑥 → 𝑡𝑠 =

2𝑔𝑦𝑚𝑎𝑥

𝑔
=

2𝑦𝑚𝑎𝑥

𝑔



GRAVITATIONAL POTENTIAL ENERGY 

Change in gravitational potential energy:

∆𝑈𝑔𝑟𝑎𝑣 = −𝑊𝑔𝑟𝑎𝑣

𝑊𝑔𝑟𝑎𝑣 = 𝐹𝑔∆Ԧ𝑟 = 𝐹𝑔∆𝑟 cos 𝜃 = 𝐹𝑔𝑦∆𝑦 = −𝑚𝑔∆𝑦

∆𝑈𝑔𝑟𝑎𝑣 = 𝑚𝑔∆𝑦

Energy stored due to the interaction of a body with something else (here, 

Earth's gravitational field) that is fully convertible into kinetic energy is called 

POTENTIAL ENERGY (𝑈)

In this specific case, it is called GRAVITATIONAL POTENTIAL 

ENERGY



CONSERVATIVE FORCES

A force is defined as CONSERVATIVE if the work it does when acting on a 

body moving along a certain path (or route, C) from A to B does not depend 

on the path, but only on A and B:

𝑊𝐼(𝐴,𝐵) = 𝑊𝐼𝐼(𝐴,𝐵) = 𝑊𝐼𝐼𝐼(𝐴,𝐵)

If a force is conservative, the work it does along a closed path (CYCLE) is 

zero:

𝑊𝐴𝐵𝐴 = 0

A force is defined as CONSERVATIVE if the work it does along a closed path, 

called a cycle, is zero.



ELASTIC FORCE

To keep a spring stretched or compressed by an amount 𝑥 from its 

equilibrium position, a force must be applied 𝐹𝑃 ∝ 𝑥

𝐹 = 𝑘𝑥

The spring exerts a force in the opposite direction (RESTORING FORCE, or 

ELASTIC FORCE), which tends to return the spring to its equilibrium length:

𝐹𝑆 = −𝑘𝑥Hooke’s law



ELASTIC FORCE

The force to 

compress/stretch the spring 

is not constant:

∆𝑊𝑖 = 𝐹𝑖,𝑥∆𝑥𝑖

The work done by a non-constant force Ԧ𝐹 acting on a 

body whose displacement is ∆ Ԧ𝑥:

𝑊 = lim
∆𝑥→0

∑𝐹𝑥,𝑖∆𝑥𝑖 = න𝐹𝑥𝑑𝑥



ELASTIC FORCE

The work equals the area under the curve between 𝑥𝑖 and 𝑥𝑓
triangle area  𝑏𝑎𝑠𝑒 = 𝑥𝑓 = 𝑥, ℎ𝑒𝑖𝑔ℎ𝑡 = −𝑘𝑥𝑓 = −𝑘𝑥:

𝑊 =
1

2
𝑏𝑎𝑠𝑒 × ℎ𝑒𝑖𝑔ℎ𝑡 = −

1

2
𝑘𝑥2

𝑊 = න𝐹𝑥𝑑𝑥 𝑊 = න

𝑥𝑖

𝑥𝑓

𝐹𝑥𝑑𝑥 = න

𝑥𝑖

𝑥𝑓

−𝑘𝑥𝑑𝑥 = −𝑘 න

𝑥𝑖

𝑥𝑓

𝑥𝑑𝑥

Since: ׬ 𝑥𝑑𝑥 =
1

2
𝑘𝑥2,

𝑊 = −
1

2
𝑘(𝑥𝑓

2 − 𝑥𝑖
2) con 𝑥𝑖 = 0, 𝑥𝑓 = 𝑥

𝑊 = −
1

2
𝑘𝑥2

In general: 𝑊𝑒𝑙𝑎𝑠𝑡 = −
1

2
𝑘𝑥𝑓

2 − −
1

2
𝑘𝑥𝑖

2 = −
1

2
𝑘𝑥𝑓

2+ 
1

2
𝑘𝑥𝑖

2



ELASTIC POTENTIAL ENERGY

The change in ELASTIC POTENTIAL ENERGY equals the work 

done by the spring with opposite sign:

∆𝑈𝑒𝑙𝑎𝑠𝑡 = −𝑊𝑒𝑙𝑎𝑠𝑡

∆𝑈𝑒𝑙𝑎𝑠𝑡 =
1

2
𝑘𝑥𝑓

2 −
1

2
𝑘𝑥𝑖

2

Considering 𝑈 = 0 at the equilibrium position (𝑥 = 0):

𝑈𝑒𝑙𝑎𝑠𝑡 =
1

2
𝑘𝑥2

Elastic potential energy stored in 

an ideal spring



ELASTIC FORCE AND ELASTIC POTENTIAL ENERGY

Analysis of the elastic force Analysis of elastic potential energy



MECHANICAL ENERGY AND ITS CONSERVATION

𝑊𝐴,𝐵 = 𝐾 𝐵 − 𝐾(𝐴)

For both conservative and non-conservative forces:

Only for conservative forces:

𝑊𝐴,𝐵 = 𝑈 𝐴 − 𝑈(𝐵)

𝑈 𝐴 − 𝑈 𝐵 = 𝐾 𝐵 − 𝐾(𝐴)

𝑈 𝐴 + 𝐾 𝐴 = 𝑈 𝐵 + 𝐾(𝐵)

The sum of potential energy and 

kinetic energy is called 

MECHANICAL ENERGY

MECHANICAL ENERGY is conserved when 

we are in a conservative force field





Example A climber descends a cliff of 12𝑚. The climber has mass 60𝑘𝑔 and descends from rest, sliding along a vertical rope. 

Reaches the ground with a speed of 2𝑚/𝑠: determine the energy dissipated by friction with the rope (the local value 

of 𝑔 is 9.78 𝑁/𝑘𝑔; ignore air resistance).



Example A ski slope has a vertical drop of 78 𝑚. An inexperienced skier, unable to control their speed, descends this slope. 

Neglecting friction and air resistance, what will their speed be at the bottom of the slope?



Example In a spring-loaded dart gun, the spring with 𝑘 = 400.0 𝑁/𝑚 is compressed by 8.0 𝑐𝑚 when the dart (of mass 

20.0 𝑔) is inserted. What is the launch speed of the dart when the spring is released? Neglect friction forces.
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