
ME 274: Basic Mechanics II

Week 8 – Monday, March 2

Work and Energy

Instructor: Manuel Salmerón



Announcements

• No office hours today (Monday, 03/02)

• Will announce makeup OH later

• Manuel not coming on Wednesday; attendance will be taken!



Today’s Agenda

1. Recap: Work and Energy

2. Conservative Forces and Potential Energy

3. Examples

4. Recommendations for WE Problems



Attendance
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Q1. Provide a vector expression for the force 𝐹 in the 

Cartesian coordinate system shown.

(a) Ԧ𝐹 = 𝐹 sin 𝜃 Ƹ𝑖 − 𝐹 cos 𝜃 Ƹ𝑗

(b) Ԧ𝐹 = 𝐹 sin 𝜙 Ƹ𝑖 + 𝐹 cos 𝜙 Ƹ𝑗

(c) Ԧ𝐹 = 𝐹 cos 𝜙 Ƹ𝑖 − 𝐹 sin 𝜙 Ƹ𝑗

(d) Ԧ𝐹 = 𝐹 cos 𝜃 Ƹ𝑖 + 𝐹 sin 𝜃 Ƹ𝑗

Q2. Provide a vector expression for the force 𝐹 in the path 

coordinate system shown:

(a) Ԧ𝐹 = 𝐹 sin 𝜃 Ƹ𝑒𝑡 − 𝐹 cos 𝜃 Ƹ𝑒𝑛

(b) Ԧ𝐹 = 𝐹 sin 𝜙 Ƹ𝑒𝑡 + 𝐹 cos 𝜙 Ƹ𝑒𝑛

(c) Ԧ𝐹 = 𝐹 cos 𝜙 Ƹ𝑒𝑡 − 𝐹 sin 𝜙 Ƹ𝑒𝑛

(d) Ԧ𝐹 = 𝐹 cos 𝜃 Ƹ𝑒𝑡 + 𝐹 sin 𝜃 Ƹ𝑒𝑛



Recap: Work and Energy

𝑈1→2 = න
𝑠1

𝑠2

𝑅 ⋅ 𝑑 Ԧ𝑠 = 𝑇2 − 𝑇1

Work = Change in Kinetic Energy



Recap: Work and Energy
Work done by the force 𝐹:

𝑈1→2
𝐹

= න
𝑠1

𝑠2

Ԧ𝐹  ⋅ 𝑑 Ԧ𝑠 = 𝐹
1

4
⋅ 2𝜋𝑟

Position 1: 𝜃1 = 0 Position 2: 𝜃2 =
𝜋

2

𝑚𝑔 𝐹

𝑚𝑔

𝐹

Work done by the weight:

𝑈1→2
𝑔𝑟

= 𝑚𝑔 ℎ2 − ℎ1 = −𝑚𝑔𝑅

Tangent to the 

trajectory

Little piece of 

the trajectory

Gravitational 

force

Height difference 

between 1 and 2

Work-Energy:

𝑈1→2
𝐹

+ 𝑈1→2
𝑔𝑟

= 𝑇2

datum

𝑈1→2 = න
𝑠1

𝑠2

𝑅 ⋅ 𝑑 Ԧ𝑠 = 𝑇2 − 𝑇1

Work = Change in Kinetic Energy



Conservative Forces and Potential Energy

From our example, the work done by the weight was:

𝑈1→2
(𝑔𝑟)

= 𝑚𝑔ℎ2 − 𝑚𝑔ℎ1 = − 𝑉2
𝑔𝑟

− 𝑉1
𝑔𝑟

For a spring:

𝑈1→2
𝑠𝑝

=
1

2
𝑘𝑥2

2 −
1

2
𝑘𝑥1

2 = − 𝑉2
𝑠𝑝

− 𝑉1
𝑠𝑝

The work done by springs or the weight of a particle is independent of the path of which 

the forces act.

Such forces are called conservative, and their work can be computed using their potential 

energy functions:

𝑉(𝑠𝑝) =
𝑘

2
𝐿 − 𝐿0

2 𝑉(𝑔𝑟) = 𝑚𝑔ℎ

We can group them in a single function:

𝑉 = 𝑉(𝑠𝑝) + 𝑉(𝑔𝑟)



Conservative Forces and Potential Energy

The complete work-energy equation is thus:

𝑈1→2
𝑛𝑐

+ 𝑈1→2
𝑐

= 𝑇2 − 𝑇1  (work energy equation)

𝑈1→2
𝑛𝑐

− (𝑉2 − 𝑉1) = 𝑇2 − 𝑇1 (using the definition 𝑈1→2
𝑐

= −(𝑉2 − 𝑉1))

Rearranging:

𝑇2 + 𝑉2 = 𝑇1 + 𝑉1 + 𝑈1→2
(𝑛𝑐)

where

𝑇 =
1

2
𝑚𝑣2 : kinetic energy of the particle

𝑉 = 𝑉(𝑔𝑟) + 𝑉(𝑠𝑝) = 𝑚𝑔ℎ +
𝑘

2
𝐿 − 𝐿0

2 : potential energy done by the conservative forces

𝑈1→2
(𝑛𝑐)

= 𝑠1׬

𝑠2 Ԧ𝐹 ⋅ 𝑑 Ԧ𝑠 : work done by non-conservative forces, Ԧ𝐹



Recommendations for WE Problems

1. Don’t forget the datum line

2. ALL bodies go in a SINGLE work-energy equation

3. Identify which forces do work, and which don’t (normal is lazy, tangent 

does all the work)

4. Remember ALL your kinematics

5. Each problem has a “tiny trick”. Your best options are:

• Get a lot of practice with the most general solution method (line 

integral)

• Get familiar with all the possible types of problem (recommended)



ME 274: Basic Mechanics II

Week 8 – Friday, March 6

Linear Impulse and Momentum

Instructor: Manuel Salmerón



Today’s Agenda

1. Recap: Linear Impulse and Momentum

2. Example

3. Conservation of linear momentum

4. Example

5. Summary



Linear Impulse and Momentum

𝑚 Ԧ𝑣2 = 𝑚 Ԧ𝑣1 +න
𝑡1

𝑡2

∑ Ԧ𝐹 𝑑𝑡

𝐹𝐴
𝑋

𝑌

𝐹𝐵

𝐹𝐶

𝑃

Instant (1)

𝑃

Instant (2)𝑚

𝑚

Vector expression!

In 𝑋: 𝑚𝑣2𝑥 = 𝑚𝑣1𝑥 + 𝑡1׬
𝑡2 ∑𝐹𝑥 𝑑𝑡

In 𝑌: 𝑚𝑣2𝑦 = 𝑚𝑣1𝑦 + 𝑡1׬
𝑡2 ∑𝐹𝑦 𝑑𝑡





Two observations

1. It is a good idea to “hide” as many forces as we can

2. “Hidden” forces are called INTERNAL

3. “Visible” forces are called EXTERNAL

4. If we only have internal forces (in the direction we are analyzing), then 

the momentum of instant 1 is equal to the momentum of instant 2. 

For two bodies 𝐴 and 𝐵:

𝑚𝐴𝑣𝐴1 +𝑚𝐵𝑣𝐵1 = 𝑚𝐴𝑣𝐴2 +𝑚𝐵𝑣𝐵2

CONSERVATION OF MOMENTM





CamScanner

https://v3.camscanner.com/user/download


CamScanner

If you made it until here, access the following link for one extra attendance point:
 https://forms.gle/cjuaWBNqHxHTGeVL9

https://v3.camscanner.com/user/download


CamScanner

https://v3.camscanner.com/user/download


CamScanner

https://v3.camscanner.com/user/download


CamScanner

https://v3.camscanner.com/user/download
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