
DISTANCE AND DISPLACEMENT
AVERAGE SPEED AND AVERAGE VELOCITY

I hope that this informal discussion will help you clarify some areas that confuse you.

Suppose you are standing at point A then you move 10 m going to point B. The actual path length (which is 10 m) from point A to point B is your distance. 
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Distance is scalar which means it is a number plus a unit with no sense of where you are going or where you came from. 
Likewise, displacement (which is the same as position) is a vector that takes into account a reference point. Suppose the reference point is point A then you move at point B, displacement is described as “10 m, away from the origin” or “10 m, rightwards” or “10 m east of the origin”.




     reference 




         pt B

     point

BIG IDEA: The magnitude (value) of distance and displacement is the same if the object is moving in one direction only.

Suppose you move from point A to point B covering 10 m, then 5 m from point B to point C. You are asked to determine distance and displacement. What should be the values?
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The total distance is 15 m which is the total path length. However, the displacement is given by adding 10 m (rightwards) and -5m (leftwards) which gives a value of 5 m rightwards. The “5 m rightwards” means that the resultant or the sum is a vector that points to the right. The direction of the resultant follows the direction of the longer vector arrow.
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The average speed is the total distance divided by the total time (rate of change in distance). Using the previous diagram, the total path length is 15 m and let us say that the time it takes to cover this distance is 3 s, what is your average speed? Average speed is 5 m/s.
Now, since the resultant is 5 m rightwards and the time is 6 s, the average displacement is 0.83 m/s rightwards. Therefore, average speed is the rate of change in distance and average velocity is the rate of change in displacement. (Note that anything divided by time is a rate)
When you are dealing with graphs, remember that the slope of a distance-time graph is average speed and the slope of displacement-time graph is average velocity. Displacement is the same as position.

MOTION GRAPHS
 There are several things that you should know before you start comparing graphs of motion.
Position-Time Graphs
Imagine you are walking. The x-axis is your origin, say your home. The graphs below show how you move with respect to your home.

· Path A shows that you started from a certain distance to the right of your origin and now you are walking back to your home at a constant average velocity.
· Path B shows that you are walking away from your home at a constant average velocity.

· Path C shows that you are standing at a certain distance from your home and you are not moving at all.
· Path D shows that you are moving away from the origin at a constant average velocity but slower than Path B since Path A is less steep.
Generalization:

· The slope of a position-time graph is average velocity.

· If you approach the x-axis, you are moving toward the origin.

· If the slope is negative like in Path A, you are moving at a constant average velocity toward the origin.

· If there is an upward parabolic curve , you are accelerating.
Velocity-Time Graphs
Below shows the equivalent velocity-time graphs for the different position-time graphs shown above. 

· Path A shows that you are walking in the negative direction (back to the origin) at a constant average velocity.
· Path B shows that you are walking in the positive direction at a constant average velocity.
· Path C shows that you have zero velocity.
· Path D shows that you are walking in the positive direction at a constant average velocity.
Generalization:
· The first quadrant is the positive direction while the fourth quadrant is the negative direction.
· The slope of a velocity-time graph is average acceleration.

· If you approach the x-axis, you are approaching zero velocity (at rest).

· For uniform acceleration, the graph of velocity versus time is always a straight line.

Continuation..


How do you interpret the motion of the object below? You can divide the motion in two intervals: one in the positive direction and the other in the negative direction. The first interval shows that the object is slowing down in the positive direction (first quadrant) while the second interval shows that the object is speeding up in the negative direction (fourth quadrant).
