
LECTURE 20:  Rotational kinematics

WARM UP:  While in an elevator during the initial speeding upwards phase your apparent weight is 10% larger
than your true weight.  What is the acceleration of the elevator. 

Select LEARNING OBJECTIVES:

TEXTBOOK CHAPTERS:

Giancoli  (Physics Principles with Applications 7th)  ::  7-1, 7-3ω
Knight  (College Physics : A strategic approach 3rd)  ::  9.1, 9.2, 9.3ω
BoxSand  ::  Momentum ( Impulse)ω

Introduce the concept that objects possess momentum.i.
Introduce the concept of impulse.ii.
Be able to analyze a force vs time graph, relating area to impulse and change in momentum.iii.
Relate kinematic variables such as velocity, acceleration, and displacement of different objects 
subjected to forces over a given time period.

iv.

Strengthen the ability to determine the relative direction of two vectors if they are related to one 
another by a scalar.

v.

Strengthen the ability to determine the change in vector quantities.vi.
Strengthen the ability to perform vector addition and subtraction.vii.
Strengthen the ability to estimate areas under non-linear curvesviii.

Previously we have discussed how to mathematically describe the motion of objects moving in 1-D, we called this 
kinematics.  We then determined that the horizontal motion of an object does not affect the vertical motion of the 
object under the constraints we limited ourselves to (e.g. no air resistance).  This allowed us to tackle 2-D problems 
by effectively doing two 1-D problems (one 1-D problem for the horizontal motion, and one 1-D problem for the 
vertical motion).  We now will explore a special case of motion where an object moves around in a circle.  This 
circular motion invites us to exploit the symmetries of this system; just like our lecture on uniform circular motion 
(UCM) we will use polar coordinates.  The extra complexity we add here is that we now will allow for a tangential 
acceleration, thus rotational kinematics is not uniform circular motion.  
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https://boxsand.physics.oregonstate.edu/ph201/momentum/impulse-fundamentals


Notice how the angular velocity and angular acceleration information is given by "curved" arrows.  This is sort of 

Just like linear kinematics, a physical representation for rotation kinematics is extremely important, it connects 
the generic variables in a mathematical equation to the physical situation that we are attempting to describe.  Our 
physical representation for rotational kinematics is similar to linear kinematics:  we need to identify at least 2 
locations, the angular velocities at those locations, the angular acceleration between those locations, a coordinate 
system, and the change in angular position.  An example is shown below.  

Physical representation

Note that the units are in terms of radians, not degrees.  Always make sure to use radians for the angular position, 
so convert any information given in degrees to radians first before applying any of the above definitions.  

Remember the definition of average velocity?  It is the change in position divided by the change in time.  For 
rotational kinematics, the change in angular position divided by the change in time is known as the "average angular 
velocity" which we denote by using ʖ.  Continuing forward with our linear counterparts, the change in velocity 
divied by the change in time is the average acceleartion.  Thus the change in angular velocity is the average angular 
acceleration which is written as ɻȢ  To summarize:

Recall our discussion about a choice of coordinate system for UCM;  Cartesian coordinates involved time 
dependent x and y coordinates, while polar coordinates allowed us to simplify the problem by reducing the time 
dependence to only one variable, the angular position ()̒.  Below is a review of polar coordinates.

vertical motion).  We now will explore a special case of motion where an object moves around in a circle.  This 
circular motion invites us to exploit the symmetries of this system; just like our lecture on uniform circular motion 
(UCM) we will use polar coordinates.  The extra complexity we add here is that we now will allow for a tangential 
acceleration, thus rotational kinematics is not uniform circular motion.  
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Graphical analysis

The definitions of angular position, average angular velocity, and average angular acceleration should suggest 
that we can apply the same linear graphical analysis tools; in fact that is correct, the way we move between these 
angular quantities is directly analogous to their linear counterparts as shown below.

PRACTICE:  Draw a physical representation of a CD that starts from rest and speeds up to a constant 
frequency of 500 RPM.  

Notice how the angular velocity and angular acceleration information is given by "curved" arrows.  This is sort of 
misleading, angular velocity and angular acceleration are truly vectors and vectors are represented by straight 
arrows.  So what is going on here?  Well, the vector nature of these quantities are beyond the scope of this class at 
this point.  Thus we brush it under the rug and deal with the vector nature of these quantities by assigning the 
convention of a positive value if it is rotating in the Counter Clock Wise direction, and negative if it is pointing in 
the Clock Wise direction.  Therefore our rotational kinematics coordinate system is this CCW(+) and CW(-) 
convention.   (If you are really interested in which direction these vectors point, the angular velocity vectors for the 
above physical representation are pointing out of the page, and the angular acceleration vector is pointing into the 
page).
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