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Representing MotionRepresenting Motion

PHYSICS@phuhs.schrock

Picturing Motion

� Movement is all around you.  How can you tell 
something is moving?

� Perceiving motion is instinctive —your eyes pay more 
attention to moving objects than to stationary ones. 

� When an object is in motion, its position changes
along a path:  (straight line, a circle, an arc, or a back-
and-forth vibration).

� To simplify the concept of motion, we will first consider 
motion that takes place in one direction.

Picturing Motion

� A description of motion relates place and time
(where and when).

� In the figure below, the car has moved from point A 
to point B in a specific time period.
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Picturing Motion

� Motion Diagram

� series of images showing the positions of a moving 
object at equal time intervals

� Particle Model

� simplified version of a motion diagram in which the 
object in motion is replaced by a series of single 
points. (remember…EQUAL TIME INTERVALS)

Section Check

� What is the purpose of drawing a motion 
diagram or a particle model?

A. To calculate the speed of the object in motion.

B. To calculate the distance covered by the object in a particular 
time. 

C. To check whether an object is in motion.

D. To calculate the instantaneous velocity of the object in motion.
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Section Check 

� Answer: C

Reason: 
In a motion diagram or a particle model, we 
relate the motion of the object with the 
background, which indicates that relative to the 
background, only the object is in motion.

Where and When?

� Coordinate System
� tells you the location of the zero point of the variable 

you are studying 

� and the direction in which the values of the variable 
increase. 

� Origin
� is the point at which both variables have the value 

zero. 

� Frame of Reference
� A system for specifying the precise location of 

objects in space and time.

Where and When?

� the origin could be placed anywhere; in this 
example it is placed 5 m to the left of the tree.

Where and When?

� You can indicate how far away an object is from 
the origin at a particular time by drawing an 
arrow from the origin to the object.

� The arrow shown in the figure represents the 
runner’s position, 

� position is the separation between an object and the 
origin.

Where and When? Where and When?

� The length of the arrow represents distance the object 
is from the origin at a particular time. 

� The arrow shows direction from the origin at a particular 
time.
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Where and When?

� A position 9 m to the left of the tree (or 5 m left of the 
origin) would be a negative position.

� “positive” and “negative” tell us direction from the origin

+-

Where and When?

� Quantities that have both size (magnitude) and 
direction, are called VECTORSVECTORS, and can be 
represented by arrows. 

� Quantities that are just numbers without any direction, 
such as mass, distance, time, or temperature, are called 
SCALARSSCALARS. 

� To add vectors graphically

� the length of a vector should be proportional to the magnitude of 
the quantity being represented.

� head of the arrow shows directon

� Tip-to-tail method 

“ what’s your 
vector?... 
Victor”

“ roger, 
Roger”

Where and When?

� The vector that represents the sum two or more vectors 
is called the resultant. 

� The resultant always points from the tail of the first 
vector to the tip of the last vector.

Vector Addition (co-linear vectors)

1. A plane is headed north at 120 km/h and has a 
tailwind (blowing north) of 30 km/h. What is the 
velocity of the plane relative to the ground?

2. Draw a vector diagram of the problem.

3. A plane is headed north at 120 km/h and has a 
headwind (blowing south) of 30 km/h. What is the 
velocity of the plane relative to the ground?

4. Draw a vector diagram of problem.

Vector Subtraction

� To subtract vectors, reverse the subtracted vector and 
then add the two vectors. This is because A – B = A + 
(–B).

Time Intervals and Displacements

� The difference between the initial and the final times is 
called the time interval. 

if ttt -=D
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� position is a vector with its tail at the origin of a 
coordinate system and its tip at the place where the 
object is located at that time.

Time Intervals and Displacements Time Intervals and Displacements

� The difference between the initial and the final 
position is called the displacement.

� The length of the arrow represents the distance the 
runner moved during the time interval, while the 
direction the arrow points indicates the direction of the 
displacement.

if ddd -=D

Review?

�� PositionPosition:
� Separation between object and the origin
� A vector

if ddd -=D

di = -3m df = +3m

Review?

�� DisplacementDisplacement:
� Final position minus initial position
� measures only the net change in position from starting point to 

end point.
� Change in position

� A vector

if ddd -=D

Review?

�� DistanceDistance:

� the total length of the path followed from starting point to end
point and may be greater than or equal to the displacement

� Magnitude (how much) only

� A scalar

Web site Web site 

Position-Time Graphs

� Analyze the motion diagram below 

� Organize times and corresponding positions into table.
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Position-Time Graphs

� plot the time data on a horizontal axis 

� and the position data on a vertical axis

Position-Time Graphs

Note: graph is NOT a picture of the path taken!Note: graph is NOT a picture of the path taken!

� � � � � �

Position-Time Graphs
� Two different runners

� At what time do A and B have the same position?

� Particle model?

Section Check

� A position-time graph of an athlete winning the 100-m 
run is shown. Estimate the time taken by the athlete to 
reach 65 m.

Section Check

� A position-time graph of an athlete winning the 100-m 
run is shown. What was the instantaneous position of 
the athlete at 2.5 s?

Section Check
two brothers running a 100-m run…

who is running faster?   what happens at 6 s?

A B
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How Fast?

� The slope of a position-time graph for an object 
is the object’s average velocity.

� Average velocity is defined as the change in 
position, divided by the time during which the 
change occurred.

average velocity = 
change in position

change in time
 = 

displacement
time interval
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Speed vs. Velocity

� Speed:  magnitude of velocity.  
� Scalar quantity � no direction

� Absolute value of “slope” of a position-time graph

� Velocity: has both magnitude and direction 
� vector quantity

� + velocity � + slope � moving in the positive 
direction, its displacement is positive

� - velocity � - slope � moving in the negative 
direction, its displacement is negative

Equation of Motion for average velocity

if ddd -=D

if ttt -=D

t
d

v
D
D

=

idtvd +=

(displacement)

(time interval)

(average velocity)

( y = mx + b )

Average vs. Instantaneous?

� The instantaneous 
velocity (v) is the velocity of 
an object at some instant or 
at a specific point in the 
object’s path.  (what you read 
on your speedometer)

� The instantaneous velocity 
at a given time can be 
determined by measuring 
the slope of the line that is 
tangent to that point on the 
position-versus-time graph.


