Forces and Motion Unit  -  Mechanical Systems Unit


2 Parts



- Kinematics

- Dynamics

Kinematics – is the study of motion without regard for the causes of the motion.

Motion – is a change in position over a period of time.

Vectors and Scalars  -  Since there are many directions possible for motion we must use vectors to describe motion completely.

A vector quantity is any quantity that includes a direction, for example a car is moving with velocity 60km/h [North]
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Examples 
v = 20m/s [East]

(velocity)
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d = 84m [West]

(position)
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a = 9.8m/s2 [down]

(acceleration)

A scalar quantity is any quantity that doesn’t include direction, for example the mass of a triple cheeseburger is about 0.90kg.


Examples
m = 67kg


(mass)





d = 3.0m


(distance)





t = 47 min

(time left in class?)

Some scalars can be made into vectors by simply adding a direction on the end while others cannot.

We will use several different quantities to describe motion:

Quantity
Symbol
Vect/Sca
Example

Distance
d
Scalar
d = 27m

[image: image4.wmf]d (m)

-4

-2

0

2

4

6

8

10

12

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

t (sec)

Position
d
Vector
d = 237km[NE] 

Displacement
d
Vector
d = 8m[N]

Speed
v
Scalar
v = 60km/h

Velocity
v
Vector
v = 100km/h [W]

Acceleration
a
Scalar
a = 3.6m/s2

Acceleration
a
Vector
a = 9.8m/s2 [down]

Time
t
Scalar
t = 27sec

One Dimensional Motion – is simply motion along a straight line.  There are two possible directions along a straight line and we distinguish between the two directions using a positive (+) or negative (-) sign.  You can picture this as motion along a number line :


Negative







Positive






  Origin

  Reference point

Uniform Motion – is simply motion at constant speed in a straight line path.  True uniform motion almost never occurs for any length of time although many objects move with motion that is almost uniform.  For example a car moving along a straight level highway with the cruise control set for a certain speed.

Representing Motion

We can represent motion using graphs.  

We use both position-time graphs and velocity-time graphs.

Position-time graphs (d-t graphs): are simple graphs that show the position of an object at different times.  The time is always plotted on the horizontal axis on a position-time graph regardless of which variable was the independent variable.  This is done because the slope of a d-t graph has special significance if the graph is plotted with time on the horizontal axis. 


Example of a d-t graph :

There are five logical intervals shown on this graph:


0-3sec,  3-8sec,  8-11sec,  11-17sec,  and 17-20sec

Description of the motion shown on the graph:


- at t =0 sec the object was at d = +5 m

- at t = 3 sec the object was still at d = +5 m

- the object didn’t move for the first 3 sec

- at t = 8 sec the object was at d = +10 m

- the object moved +5m during a time of +5 sec

- the object moved at the rate of +5m/s for 5 sec

- at t = 11 sec the object was still at d = +10 m

- at t = 17 sec the object was at d = -2 m

- the object moved -12m in a time of +6sec

- the object moved at the rate of -2m/s for 6 sec

- the object remained at rest for the last 3 sec.
Information provided by a d-t graph:

· the position of the object at any time

· the average velocity is given by the slope of the graph

· the type of motion

uniform motion is shown by a linear d-t graph

The average velocity of an object is given by the equation:




  Vave  = 
d 




t 

Acceleration is defined as a changing velocity.  Whenever the velocity changes we say the object is accelerating.  Acceleration doesn’t only refer to an increasing velocity!  When an object is slowing down it is “accelerating” as well.

The average acceleration of an object is given by the equation:



  aave  = 
v 




t 


Curved d-t graphs
A curved d-t graph shows a changing velocity.  If the graph curves upward the object has a positive acceleration and if the graph curves downward the acceleration is negative.  The instantaneous velocity of the object can be calculated by finding the slope of the tangent line at any instant.

Velocity-time graphs (v-t graphs): are simple graphs that show the velocity of an object at different times.  The time is always plotted on the horizontal axis on a velocity-time graph regardless of which variable was the independent variable.  This is done because the slope of a v-t graph has special significance if the graph is plotted with time on the horizontal axis.


Example of a v-t graph :

There are 7 logical intervals shown in the graph above:  

0-3sec,  3-6sec,  6-11sec,  11-17sec,  17-22sec,  22-26sec,  and finally 26-31sec

0-3sec 


- moving in the negative direction

- constant velocity of –3m/s

3-6sec

- velocity increasing from –3m/s to 0m/s

- slowing to a stop


- positive constant acceleration


- still moving in the negative direction

6-11sec



- velocity increasing from 0m/s to 5m/s



- speeding up from rest



- positive constant acceleration of +1m/s2


- moving in the positive direction

11-17sec



- positive constant velocity of 5m/s

17-22sec



- velocity increases from 5m/s to 15m/s



- speeding up



- positive constant acceleration of +2m/s2


- moving in the positive direction

22-26sec



- positive constant velocity of 15m/s

26-31sec

- velocity decreasing from 15m/s to 10m/s

- slowing down



- negative  constant acceleration of -1m/s2


- moving in the positive direction

We can calculate the displacement by finding the area between the v-t graph and the t axis.  For example in the first 3 seconds the object was moving at a constant velocity of –3m/s and so the object had a displacement of –9m.  This is also the shaded area on the graph above.

Information from a v-t graph:

· the velocity at any time

· the acceleration is given by the slope

· the displacement is the area

· uniform motion is shown as a horizontal line
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