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	Notes 1

Position-Time Graphs
	MOTION
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In Activity 2 and Activity 3 you saw that the slope of a position-time graph is related to the velocity of the object whose motion is described by the graph.  The size of the slope (steepness) told you how fast the object was moving.  The direction of the slope (positive or negative) told you what direction the object was moving in.

The graphs you created in Activity 2 consisted of a single straight-line portion as shown below.
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Features of the Position - Time Graph

· x – variable is the time (t) (seconds, minutes, hours)

· y - variable is the position (d) (centimetres, metres, kilometres)
· The ordered pair (x, y) =  (time, position)
· To determine the average velocity of the object whose motion is described by this graph, we simply find the slope of the graph.
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· ( is pronounced “delta” and means “change in”.
· A line that rises as x increases has a  positive (+) slope.

· A line that falls as x increases has a  negative (-) slope.
· Equation of the line is given by:  y = mx + b
· y-intercept (b) = initial position (di )  (the value of y when x is zero)
Example

A student measured the position of a beetle walking across a table for 60 seconds.  Here are his results: 

[image: image7.emf]Position (m) of a beetle versus time (s).
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· The slope of the line of best-fit for the above data can be found as follows: 
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· The beetle moved across the table at an average velocity of + 0.02 m/s.  

· Y-Intercept (b) = when time x=0, y= 0.8   
· The initial position (di ) of the beetle was + 0.8 m.  

· So, the equation representing the beetle’s position is:

y = (+0.02)x + 0.8  or df = (+0.02 m/s)t + 0.8 m

· If the beetle continued to walk at this velocity, what would his position be at 125 s?

df = (+0.02 m/s)t + 0.8 m

df = (+0.02 m/s)(125 s) + 0.8 m


df = 2.5 m+ 0.8 m

df = 3.3 m

· The beetle’s position at 125 s would be +3.3 m.  

Finding Average Velocity for Different Time Intervals

What happens if we have a graph with more than one straight-line portion (like those in Activity 3)?  In that case, we determine the average velocity of the object for each interval (or portion) of the graph.  For example, consider the following graph:
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In this case, we need to find four (4) average velocities (one for each interval (or portion) of the graph):

The first interval of the graph is from 0.0 s to 2.0 s:

slope = rise/run = (5.0 m – 0.0 m)/(2.0 s – 0.0 s)


= (5.0 m)/(2.0 s)


= +2.5 m/s

The second interval of the graph is from 2.0 s to 4.0 s:

slope = rise/run = (5.0 m – 5.0 m)/(4.0 s – 2.0 s) 


= (0.0 m)/(2.0 s)


= +0.0 m/s

The third interval of the graph is from 4.0 s to 8.0 s:

slope = rise/run  = (-5.0 m – 5.0 m)/(8.0 s – 4.0 s) 


= (-10.0 m)/(4.0 s) 


= -2.5 m/s

The fourth interval of the graph is from 8.0 s to 10.0 s:

slope = rise/run  = (-5.0 m – (-5.0 m))/(10.0 s – 8.0 s) 


= (0 m)/(2.0 s) 


= 0 m/s

If the slope of a position-time graph is average velocity then the formula on page 1 can be used to calculate average velocity.  Therefore:
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In this formula:

· v is the average velocity of the moving object

· (d is the object’s displacement

· (t is the time that the object was moving

Average vs. Instantaneous Velocity

There are actually two types of velocity.  So far we have been concerned with the average velocity. However, there is another type of velocity called instantaneous velocity.

Average velocity is defined as the total displacement divided by the total time required for the displacement.  Average velocity is equal to the slope of a line joining two points on a position-time graph.

Instantaneous velocity is defined as the velocity at a particular instant in time.  The instantaneous velocity is equal to the slope of a tangent line drawn to the position-time curve at the time you are interested in.  A tangent line is a straight line that touches the curve at only the point you are interested in.  An example of a tangent line is shown below:
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In this example, a tangent line is shown for time, t.

To determine instantaneous velocity then, you simply draw a tangent line to the curve at the time you are interested in and determine the slope of that line.

If the velocity is uniform (the physics word for constant) then the average velocity will be the same as the instantaneous velocity.  If the velocity is not uniform, then the object’s average velocity and the instantaneous velocity will usually not be the same.  If the position-time graph for the object is not linear then the velocity is not uniform.
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[image: image10.emf]Position (m) of a beetle versus time (s).
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