California Physics Standard 1a.
           Send comments to:  layton@physics.ucla.edu
Please understand that the first two California Standards in Grade 8 are “Motion and Force” and although some review will certainly be necessary, make use of the fact that students have been introduced to such ideas as:  Position, Speed, Average Speed, Velocity, Change in Velocity, and Force. 
1. Newton's laws predict the motion of most objects. 


As a basis for understanding this concept:

a. Students know how to solve problems involving constant speed and average speed.

Pedagogical Note:  Don’t simply give formulas and show students how to plug into them.  Work on having students appreciate what speed means in terms of change in position per interval of time.  
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Some suggested sketches of graphs resulting from the above exercise.  All graphs have position on the vertical axis and time on the horizontal axis.  (It is advised that the teacher begin with very simple motions and later extend to more complex trips.)



A. “Start” at the reference point and move to the right at constant velocity.

B. “Start” at the reference point and move to the right at a higher velocity.

C. “Start” to the left of the reference point and move to the right at a constant velocity.

D. “Start” to the right of the reference point and move to the left at a constant velocity.

After helping students to understand that the definition of velocity will lead to the conclusion that the slope of a position vs. time graph will give a corresponding velocity vs. time graph, graphing these both from the point of the slopes involved and by referring to the actual motions should be instructive.

It should be interesting to start as in graph A but after moving a short distance, quickly stop but don’t shout “end” for a second or two.  Students are often confused when they learn that the resulting graph does not drop to zero when motion is stopped but continues on in a level straight line.  

After the concept of acceleration is introduced and students come to appreciate that the slope of a velocity vs. time graph yields acceleration, more elaborate motions can be illustrated.



Making and analyzing graphs from actual motions can help students to better understand these motions and can also lead to simple ways of deriving the traditional kinematics formulas.  Stress that the definitions of velocity and acceleration directly lead to slope and area concepts.  (Even through students with calculus may know these ideas from their experience with derivatives and integrals, all students, even those with less mathematics can be helped in their understanding of kinematics with a careful use of graphs.

When position vs. time graphs are plotted above velocity vs. time graphs and in this turn, above acceleration vs. time graphs, the following general rules can be demonstrated:


An exercise for the students is to supply them with a carefully made graph of position vs. time for an object beginning with some initial displacement from the origin and an initial velocity all will a constant positive acceleration.  That is, a position vs. time graph of 

     s = ½ at2 + vt + s0  


vs. time graphs directly below this graph you have supplied.  (They will have to construct slopes at assorted places on the position vs. time graph to generate the velocity vs. time graph.)  If things have been done correctly, this will lead to a velocity vs. time graph with a positive intercept and a constant slope.  This graph can then be used to construct the corresponding acceleration vs. time graph (which will be a simple horizontal line.)

Using the graphs the students have constructed, they will be able to work upward from the lower graphs with the Area rule.  If this is carefully done, an analysis of their work will lead to a verification of v = a  t        and ultimately,     s  =  ½ at2 + vt + s0  

Learning to make and use graphs of motion is not only a valuable skill, it can lead to a much better understanding of the kinematics formulas and will help many students to appreciate related concepts they are learning in their mathematics classes.
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Apparatus for this demonstration is an uninhibited teacher and some sort of reference point.





The teacher will identify the agreed point of reference (the ring stand in the middle of the table above) and agree that all motion will be in a straight line (probably parallel to the edge of the table top) and which direction will be plus (probably to the right.)





First suggest that a graph of position vs. time will be sketched for assorted “trips” the teacher takes while running back and forth in front of the table.  Agree that the graph should begin when the teacher says: “start”, and ends when the teacher says: “end”.  Begin by running to the right at constant speed and yell “start” when the zero reference is crossed and “end” a short time later—always running a constant speed.  Have the students sketch a position vs. time for this trip.  Repeat only start at a different position but still move at the same speed.  Try running in the opposite direction, etc.  The student’s sketches can be checked and discussed and perhaps finally sketched by the teacher on the board.  This simple procedure can be extended to velocity vs. time graphs plotted directly below the position vs. time graphs and at a later time, acceleration vs. time graphs can be introduced.  Those who have computers with motion detectors might find this quite crude, however, even those who are so fortunately equipped may find having the teacher move around and sketch graphs will make things clearer.
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The graphs on the right are position, velocity and acceleration vs. time for a fairly complex “trip”.  All curved sections on the position vs. time graph are assumed to be uniform accelerations.  It is fun to select a student or two to see if they can run out this graph.  Even if they find it difficult, it can be done and the students will enjoy watching the teacher (if this is required) go through the necessary motions to produce these graphs.  Stress that they are all related by slope and perhaps it is easiest to look at the velocity graph first to see what must be done.





Slope rule: The slope on any graph will equal the value on the graph directly below it.





Area rule:  The area under any graph between two stated times (from the horizontal


 axis to the graph) will equal the change in value during the same time interval on the 


graph immediately above it.
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Make the graph carefully and assign units and values on the horizontal and vertical axis.  Place this graph on the top of a sheet of otherwise blank paper and instruct your students to construct velocity and acceleration








