
ME 274: Basic Mechanics II

Week 6 – Friday, February 20

Particle kinematics: Particle Kinetics (Intro)

Instructor: Manuel Salmerón



Today’s Agenda

1. Summary of Steps for Kinetic Problems

2. Different Coordinate Systems

3. Examples



Summary of Steps for Kinetic Problems

1. Free Body Diagram (FBD)

2. Kinetics

3. Kinematics

4. Solve – for whatever is asked!

Newton’s Second Law Newton’s Third Law

∑ Ԧ𝐹 =
𝑑 𝑚 Ԧ𝑣

𝑑𝑡
= 𝑚 Ԧ𝑎 Ԧ𝐹12 = − Ԧ𝐹21

Ԧ𝑎 = ሷ𝑥 Ƹ𝑖 + ሷ𝑦 Ƹ𝑗 = ሶ𝑣 Ƹ𝑒𝑡 +
𝑣2

𝜌
Ƹ𝑒𝑛 = ሷ𝑟 − 𝑟 ሶ𝜃2 Ƹ𝑒𝑟 + 𝑟 ሷ𝜃 + 2 ሶ𝑟 ሶ𝜃 Ƹ𝑒𝜃

𝑎 =
𝑑𝑣

𝑑𝑡
=
𝑑𝑣

𝑑𝑠

𝑑𝑠

𝑑𝑡
= 𝑣

𝑑𝑣

𝑑𝑠
=
𝑑2𝑠

𝑑𝑡2 TODAY!

= Ԧ𝛼 × Ԧ𝑟 + 𝜔 × (𝜔 ×



Different Coordinate Systems

Cartesian Coordinates

Ԧ𝑎 = ሷ𝑥 Ƹ𝑖 + ሷ𝑦 Ƹ𝑗 

∑𝐹𝑥 = 𝑚𝑎𝑥 = 𝑚 ሷ𝑥 

∑𝐹𝑦 = 𝑚𝑎𝑦 = 𝑚 ሷ𝑦 

Path Coordinates

Ԧ𝑎 = ሶ𝑣 Ƹ𝑒𝑡 +
𝑣2

𝜌
Ƹ𝑒𝑛 

∑𝐹𝑡 = 𝑚𝑎𝑡 = 𝑚 ሶ𝑣 

∑𝐹𝑛 = 𝑚𝑎𝑛 = 𝑚
𝑣2

𝜌
 

𝑥

𝑦

Ƹ𝑖

Ƹ𝑗
𝑛

𝑡

Ƹ𝑒𝑛

Ƹ𝑒𝑡

𝜃

Ƹ𝑒𝑟
Ƹ𝑒𝜃

𝑟

Polar Coordinates

Ԧ𝑎 = ሷ𝑟 − 𝑟 ሶ𝜃2 Ƹ𝑒𝑟 + ሷ𝑟 + 2 ሶ𝑟 ሶ𝜃 Ƹ𝑒𝜃 

∑𝐹𝑟 = 𝑚𝑎𝑟 = 𝑚 ሷ𝑟 − 𝑟 ሶ𝜃2  

∑𝐹𝜃 = 𝑚𝑎𝜃 = 𝑚 ሷ𝑟 + 2 ሶ𝑟 ሶ𝜃  
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ME 274: Basic Mechanics II

Week 7 – Wednesday, February 25

Particle kinematics: Particle Kinetics

Instructor: Manuel Salmerón



Today’s Agenda

1. Summary of Steps for Kinetic Problems

2. Examples



Summary of Steps for Kinetic Problems

1. Free Body Diagram (FBD)

2. Kinetics

3. Kinematics

4. Solve – for whatever is asked!

Newton’s Second Law Newton’s Third Law

∑ Ԧ𝐹 =
𝑑 𝑚 Ԧ𝑣

𝑑𝑡
= 𝑚 Ԧ𝑎 Ԧ𝐹12 = − Ԧ𝐹21

Ԧ𝑎𝐴 = Ԧ𝑎𝐵 + Ԧ𝛼 × Ԧ𝑟𝐴/𝐵 +𝜔 × 𝜔 × Ԧ𝑟𝐴/𝐵

𝑎 =
𝑑𝑣

𝑑𝑡
=
𝑑𝑣

𝑑𝑠

𝑑𝑠

𝑑𝑡
= 𝑣

𝑑𝑣

𝑑𝑠
=
𝑑2𝑠

𝑑𝑡2
TODAY!
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ME 274: Basic Mechanics II

Week 7 – Friday, February 27

Work and Energy

Instructor: Manuel Salmerón



Today’s Agenda

1. Work and Energy

2. Example 4.B.1

3. Conservative Forces and Potential Energy

4. Summary



Attendance

Consider the particle P in the 

figure loaded with a force 𝑅 and 

the given path coordinate system.

Q1. The tangential component of 𝑅 is equal to:

(a) 𝑅𝑛 (b) 𝑚𝑔

(c) 𝑚 ሶ𝑣 (d) 𝑚
𝑣2

𝜌

Q2. The normal component of 𝑅 is equal to:

(a) 𝑅𝑡 (b) 𝑚𝑔

(c) 𝑚 ሶ𝑣 (d) 𝑚
𝑣2

𝜌

Q3. At a given instant, ሶ𝑣 = 0 and 𝑣 ≠ 0. Choose the true statement:

(a) 𝑃 is not moving (b) 𝑃 is changing direction

(c) 𝑃 is moving in a straight path (d) the magnitude of Ԧ𝑎 is 0

Q4. At a given instant, 𝑅𝑛 = 0, 𝑅𝑡 ≠ 0, and 𝑣 ≠ 0. Choose the true 

statement:

(a) 𝑃 is not moving (b) 𝑃 is changing direction

(c) 𝑃 is moving in a straight path (d) the magnitude of Ԧ𝑎 is 0

∑𝐹𝑡 = 𝑅 ⋅ Ƹ𝑒𝑡 = 𝑚 ሶ𝑣

∑𝐹𝑛 = 𝑅 ⋅ Ƹ𝑒𝑛 = 𝑚𝑣2/𝜌



Work and Energy
Consider the particle P in the figure loaded with a force 𝑅 

and the given path coordinate system.

Newton’s 2nd Law:

∑𝐹𝑡 = 𝑅 ⋅ Ƹ𝑒𝑡 = 𝑚
𝑑𝑣

𝑑𝑡
  ∑𝐹𝑛 = 𝑅 ⋅ Ƹ𝑒𝑛 = 𝑚

𝑣2

𝜌
 

If we want information about a time interval:

න
𝑡1

𝑡2

𝑅 ⋅ Ƹ𝑒𝑡 𝑑𝑡 = 𝑚න
𝑣1

𝑣2

𝑑𝑣

Information about the “future”: 

how is 𝑣 changing?
Only cares about “now”: current 

𝑣 drives direction change

total force exerted 

between t1 and t2: impulse

quantity of motion: 

momentum

(NOT TODAY)



Work and Energy
Today, we want information about displacement:

𝑅 ⋅ Ƹ𝑒𝑡 = 𝑚
𝑑𝑣

𝑑𝑡
= 

Thus, the integral is:

𝑠1׬
𝑠2 𝑅 ⋅ Ƹ𝑒𝑡 𝑑𝑠 = 𝑚׬𝑣1

𝑣2 𝑣𝑑𝑣 (separating the differentials)

𝑠1׬
𝑠2 𝑅 ⋅ ( Ƹ𝑒𝑡𝑑𝑠) = 𝑚׬𝑣1

𝑣2 𝑣𝑑𝑣 (dot product property)

𝑠1׬
𝑠2 𝑅 ⋅ 𝑑 Ԧ𝑠 = 𝑚׬𝑣1

𝑣2 𝑣𝑑𝑣  (define 𝑑 Ԧ𝑠 = Ƹ𝑒𝑡𝑑𝑠)

𝑠1׬
𝑠2 𝑅 ⋅ 𝑑 Ԧ𝑠 =

1

2
𝑚𝑣2

2 −
1

2
𝑚𝑣1

2 (solve r.h.s. integral)

𝑈1→2 = 𝑇2 − 𝑇1

Work = Change in Kinetic Energy

𝑚
𝑑𝑣

𝑑𝑡
= 𝑚

𝑑𝑣

𝑑𝑠

𝑑𝑠

𝑑𝑡
= 𝑚 ሶ𝑠

𝑑𝑣

𝑑𝑠
= 𝑚𝑣

𝑑𝑣

𝑑𝑠



Conservative Forces and Potential Energy

From Example 4.B.1, the work done by the weight was:

𝑈1→2
(𝑔𝑟)

= − 𝑉2
𝑔𝑟

− 𝑉1
𝑔𝑟

For a spring:

𝑈1→2
𝑠𝑝

= − 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



Conservative Forces and Potential Energy

The complete work-energy equation is thus:

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
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