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Housekeeping/Announcements
***Reminder for Henny to wear a mic during the lecture.
1. HW 10 due tonight!!
2. Exam 1 Details on course website (https://www.purdue.edu/freeform/me274/exams-spring-2026/)
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Motivation: Chapter 3 – Moving Reference Frame Kinematics
• In chapter 2, we saw that if two points A and B are on the SAME rigid body.

• It is often the case that we need to use the motion of two points that are NOT 
on the same rigid body.

• Many times, we can use kinematic information about the motion of B 
obtained from an observer on a “moving reference frame” [figure]

• A moving reference frame can be translating                                                     
or rotating.

• The observer at A would describe B as: 

[pg. 143 content]
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Motivation (cont.): Chapter 3 – Moving Reference Frame Kinematics

Fig 1. Observer on Fixed Ground

[Animation: views from different reference frames]

Fig 2. Observer on Link OA Fig 3. Observer on Link OA

• Which observer do you think would be most useful in calculating the velocity and 
acceleration of point P?
Answer: Link OA [Fig 2], observer is aware of P moving and its path is observed to be in 
a circle. Versus a complex path in Fig 1 and not moving in Fig 3.

• Observe translation and rotation in these videos above.

1
AP
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Goals: Chapter 3 – Moving Reference Frame Kinematics

1. Develop the “rotating reference frame” velocity and 
acceleration kinematic equations

2. Apply these equations to the analysis of: 
a) More complicated planar mechanisms  
b) Problems in 3 dimensions

[pg. 143 content]
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Angular Velocity of 2D Rotating Reference Frames
• The observer is attached to the moving xyz axes (translating/rotating).

• We introduce a set of stationary XYZ axes.  

• The angular velocity of the observer is therefore given by:

[pg. 144 content]

• The unit vectors i and j are constant in length, but change in direction 
as observer rotates, therefore:

• This relationship above will be useful for deriving our moving 
reference frame kinematic equations (next 2 slides)….
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1. Position of B can be written in term of Point A:

[pg. 145 content]

2. We can write the same in terms of the observer’s xy coordinates:

3. Differentiating the observer’s position equation gives 
us our moving reference frame velocity equation:

4. Where:

Moving Reference Frame Kinematics – 
2D Velocity Equation Derivation



Moving Reference Frame Kinematics – 
2D Acceleration Equation Derivation

1. Velocity equation:

2. We can leverage the relationship we built from two slides ago… : 

3. Differentiate velocity equation to get acceleration:

4. Where:

[pg. 146 content]
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What do each of the terms mean?

•                       are the velocities seen by a fixed observer [XYZ]
•                       are the accelerations seen by fixed observer [XYZ]
•           is angular velocity of the moving observer [xyz]
•           is angular acceleration of the moving observer [xyz]
•                is the “velocity of point B as seen by the moving observer at A”
•                is the “acceleration of point B as seen by the moving observer at A”
•                      is known as the “Coriolis” component of acceleration.

• Arises when observer has a non-zero angular velocity
[pg. 147 content]
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Brief - how to do a Moving Reference Frame 
Kinematic Equations Problem

1. Choose your moving reference frame (observer).

2. Draw your choice of xyz axes for the moving reference frame. Draw your 
choice of stationary XYZ axes.

3. Determine the angular velocity, omega, of the moving reference frame

4. Imagine yourself as the observer on the moving reference frame.              
How do I see point B move if I am that observer?
• Based on this answer write down                    and

[pg. 148-149 content]
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Lec 11 Short 
Feedback Form:

[pg. 146]

[pg. 147]
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