
ME 274: Basic Mechanics II

Week 13 – Monday, April 13

Rigid body kinetics: summary

Instructor: Manuel Salmerón



Today’s Agenda

1. Kinetics Table

2. Activity



Kinetics Table



Activity: Solve, Explain, Learn

You will be assigned one of three dynamics problems at random. Your job is not only to solve your assigned 

problem, but also to explain it clearly enough that someone else could use your work as a guide.

Part A: Solve your assigned problem using the four-step plan. Your work must include:

1. Method selection: Which method did you use, and why?

2. Key ideas, constraints, or tricks that make the solution work

3. Final answer

4. One common mistake to avoid

Part B: Listen to the explanations of two classmates who were assigned different problems. Then write down:

1. Method selection: Which method did they use and why?

2. Key ideas, constraints, or tricks that make the solution work

3. Free-body diagram and summary of the main equations used (no full solution needed)

4. Final answer

5. One common mistake to avoid

Submission: You must submit to Gradescope: (1) the full solution to the problem you solved, (2) answers to 

the questions in Part A, and (3) answers to the questions in Part B.

If properly submitted, this activity will be worth 

one missed homework assignment

Submission deadline: 9:20 AM
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ME 274: Basic Mechanics II

Week 13 – Wednesday, April 15

Vibrations: Equations of Motion

Instructor: Manuel Salmerón



Today’s Agenda

1. Motivating examples

2. Definition of vibration

3. Idealized elements of vibration

4. Equations of motion

5. Example



Motivating Examples



Definitions

Oscillation: repetitive or periodic variation, typically in time, of some 

measure about a central value (often a point of equilibrium) or between two 

or more different states.

Vibrations: mechanical oscillations about an equilibrium point.



Idealized elements of vibration

Why do these systems “come back and forth”?

• Spring-like elements (columns, coils)

• Restoring force, resistance to displacement

Why don’t they keep moving forever?

• Dashpot-like elements (shock-absorbers, dampers)

• Damping force, resistance to velocity

Why don’t they return instantly?

• Mass-like elements (car’s body, slabs)

• Inertial effect, resistance to acceleration

𝐹𝑠𝑝 = −𝑘𝑥

𝑚 ሷ𝑥 ∑𝐹 = 𝑚 ሷ𝑥

𝐹𝑑 = −𝑐 ሶ𝑥



Idealized elements of vibration



Equations of motion
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ME 274: Basic Mechanics II

Week 13 – Friday, April 17

Vibrations: Natural Frequency and Free Response

Instructor: Manuel Salmerón



Today’s Agenda

1. Spring and dashpot forces

2. Example

3. Static deformation

4. Natural frequency

5. Free vibration response



Spring and dashpot forces

𝐹𝑠𝑝 = −𝑘𝑥

𝐹𝑑 = −𝑐 ሶ𝑥





Static deformation

𝑚 ሷ𝑥 + 𝑐 ሶ𝑥 + 𝑘𝑥 = 𝑚𝑔

At static equilibrium: ሶ𝑥 = ሷ𝑥 = 0

𝑘𝑥 = 𝑚𝑔 → 𝑥𝑠𝑡 =
𝑚𝑔

𝑘

New coordinate: 𝑧 = 𝑥 − 𝑥𝑠𝑡

Derivatives:  ሶ𝑧 = ሶ𝑥, ሷ𝑧 = ሷ𝑥

𝑚 ሷ𝑧 + 𝑐 ሶ𝑧 + 𝑘𝑧 = 0

EOM in 𝑧-coordinates



Natural frequency

𝑚 ሷ𝑧 + 𝑐 ሶ𝑧 + 𝑘𝑧 = 0

Assume damping is very, very small: 𝑐 ≈ 0

𝑚 ሷ𝑧 + 𝑘𝑧 = 0

Acceleration is given by:

ሷ𝑧 = −
𝑘

𝑚
𝑧

𝜔𝑛 = 𝑘/𝑚
Natural frequency: rate/pace at 

which a system oscillates in the 

absence of disturbance.



𝜔𝑛 for previous examples

𝜔𝑛 = 𝑘/𝑚

Natural frequency: rate/pace at which 

a system oscillates in the absence of 

disturbance.
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Free vibration response

𝑚
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The response is cyclical, so it can 

be expressed as:

𝑧 𝑡 = 𝐴 cos𝜔𝑛𝑡 + 𝐵 sin𝜔𝑛𝑡
ሶ𝑧 𝑡 = −𝐴𝜔𝑛 sin𝜔𝑛𝑡 + 𝐵𝜔𝑛 cos𝜔𝑛𝑡
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