PHYSICS Unit 3 Reading: Uniform Acceleration

In this chapter we continue the study motion in one dimension.  However this chapter covers the models for objects that are changing their velocity by going faster or slowing down.  In other words we will study acceleration.  We will study only uniform acceleration, which is when the velocity changes at a constant rate.  It is important that you understand this means the objects speed will change by the same amount every second of the trip.

Part 1: Basics

Instantaneous Velocity:  The average velocity of an object taken during an instant of time.  The instantaneous velocity can be found by taking the slope of the tangent line at a point on a curve on a position vs time (x vs. t) graph.
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Acceleration: the rate of change of velocity.  Another way describing acceleration is that it is how fast how fast is changing.  The variable for acceleration is the letter “a”.  Acceleration is a vector quantity.

The definition of acceleration is: 
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Since the velocity changes in this unit we need variables that represent instantaneous velocities.  The two additional variables are; “v” which stands for final velocity, and “v0” stands for initial velocity.  The bar over the “a” stands for average.  However, since we are only studying accelerations that do not change, the bar will not be used in any equations from now on.  Acceleration will always have two units of time.  The standard unit of acceleration is meters per second per second (m/s/s), or more commonly meters per second squared (m/s2).

Part 2: Shapes of motion graphs
For many people the interpreting, drawing and converting motion graphs is one of the most difficult skills to master in physics.  Spend a significant amount of time studying and thinking about what they represent.

Position/time graphs

In the chapter 7 you learned the slope of a position/time graph is the velocity.  If the speed of an object is increasing, we need a line that is continuously getting steeper.  If the speed is decreasing, we need a line that becoming less steep.  Therefore, a curved line on a position/time graph represents accelerated motion.  Below are the four possibilities if the object is on the positive side of the origin.
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Velocity/time graphs

These graphs represent uniform acceleration.  As in chapter 7, whenever the object is moving away from the zero position the line is above the zero (positive velocity), and moving toward the zero position is below the zero (negative velocity).  When the line is getting closer to zero, the object is decreasing speed, when getting farther from zero, it is increasing speed.  If the line ever touches or crosses the x-axis, the object is not moving at that instant.
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Acceleration/time graphs

[image: image27.wmf]s

4.6x10

3.2x10

140

0

a

v

v

=

t

4

-

s

m

5

s

m

i

f

2

=

-

=

-

There are only two types of uniform acceleration, positive and negative.  If both the direction and the change in velocity are positive, or both are negative, the acceleration is positive.  If one is positive and the other negative, the acceleration is negative.  Acceleration is the slope of a velocity/time graph.  Both the 1st and 4th graphs above have a positive slope; hence both accelerations are positive, even though one object is increasing its speed and the other decreasing.  The last graph is to remind you that moving at a constant speed, including a constant speed of zero, is not accelerating.
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Sample problems:
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1) a) Describe the motion of the object whose trip is shown on the graph to the right.  b) Than sketch a v/t and an a/t graph for the trip.

a) The object is speeding up as it travels away from the zero position (A), then it stops and remains at rest for a while (B), then it moves at a constant speed away (C).
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[image: image32.wmf]b)

[image: image33.wmf]2) a) Describe the motion of the object whose trip is shown on the graph to the right.  b) Then sketch a x/t and an a/t graph for the trip.

[image: image34.wmf]a) The object moved at a constant velocity away from the zero position (A), then slowed down to a stop (B), then remained at rest (C), then moved away at increasing speed (D), then slowed down to a stop (E), then moved toward the zero position with increasing speed (F), and kept moving toward the zero position at a constant speed (G).

[image: image35.wmf]
b)

Part 3: Graphical and mathematical models

Velocity/time graphs

[image: image36.wmf]The line on the graph to the right represents the motion of an object that is constantly increasing its velocity as it moves away from the origin.  The graph will be used to develop two equations for uniformly accelerated motion.

a) What is the object’s acceleration?

Acceleration is the change in velocity divided by the change in time.  Therefore acceleration is the slope of a velocity/time graph.
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[image: image38.wmf]b) What is the equation (mathematical model) for this object’s velocity? 

c) What is the general equation for the velocity of an object moving with uniform acceleration?

[image: image39.wmf]
d) What is the average velocity for the trip and when does that velocity occur?

Whenever the acceleration is uniform, average velocity is halfway between the final and the initial, and it occurs at the midtime of that interval.

[image: image6.wmf]2

v

v

v

or 

 

2

 velocity

initial

 

+

 velocity 

final

=

 velocity

average

0

+

=



[image: image7.wmf]3.0s

 

of

 

reading

 

clock

 

the

 

at

 

occurs

 

it

 

and

3.0

2

5.0

1.0

V

s

m

s

m

s

m

=

+

=


e) What is the general equation for the object’s displacement?
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[image: image50.bmp]In the constant velocity unit we learned that displacement was the area of the graph between the x-axis and the line.  On the next page, the area has been broken into a rectangle and a triangle.  The rectangle represents the displacement of the object if it had stayed at the initial velocity.  The triangle represents the additional displacement because of the increase in speed.

The area of the rectangle is: vi times t or vit.  The area of the triangle is ½(vf – vi) times t. (The ½ is due to the fact that a triangle has half the area of a rectangle.)  Looking at the model in part c) it can be seen that vf – vi =at.  Therefore the triangle has an area of ½ (at)t or ½ at2.  Adding the two displacements together yields: 
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f) How far did the object travel in this trip?

Graphical model: (using areas) 

(x = 1.0
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)(6.0s) = 6.0 m + 12 m = 18 m

Mathematical model: (using equation) 
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or using the answer from d): 
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Finishing the kinematics equations

So far, from the definition of acceleration and the work above we have two equations: 
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Another equation can be derived by setting the two equations for average velocity equal to each other.
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To the right are all of the basic equations for motion.  The third one is actually the first two put together.  The fifth equation looks new and was derived from equations 3 and 4.  Its derivation is shown below.  The sixth equation was derived from the graph above.
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Proportions
Before we leave the relationships it is important that you understand how displacement and velocity are proportional to time for an object with uniform acceleration from rest.  Equation 6 shows us that (x = ½at2 if the object has no initial velocity.  That shows that in 1 time interval it will travel a distance (x, in two time intervals it will travel 4 times farther, in three it will travel 9 times farther and so on.  The displacement is proportional to the square of time.  The equation for instantaneous velocity is vf = at.  The object will have a speed vf in one time interval, 2 times that in two intervals, 3 times that in 3 intervals, and so on.  Velocity is directly proportional to time.
Part 4: Problem solving

Problem solving strategy for kinematics problems:

1.  Draw a simple sketch of the object’s motion.  Use arrows to show the path of the motion.  Some students also draw a graph of the motion to help them solve problems.

2.  Choose which direction will be positive.

3.  List your known and unknown quantities in the problem, including the units.

4.  Check to see that the units are consistent.

5.  Pick the kinematics equation/s, which will enable you to determine the unknowns.

6.  Put in the numbers with units and solve.  Cancel out any units you can.

7.  Check to see if the final answer is reasonable, and that the final unit is appropriate.

Sample problems:

3) A bullet moving at 140 m/s strikes a tree and penetrates 3.2 cm before stopping.  a) What is the acceleration of the bullet, and b) the time for the bullet to stop?  (Since the bullet stopped, we know the final velocity was zero.  Since the acceleration ended up negative, it was to the left.  When solving for “t”, do not use t = 
[image: image17.wmf]v
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 in one step, because the velocity is changing!!  Two methods to solve for “t” are shown here.)

Sketch:



4) Answer the following questions using the v/t graph.

a) What is the objects acceleration at 1 s?, 2.5 s?

b) What is the displacement for the whole trip?

a) (Locate the point for that time and calculate the slope of the line on which the point is located.)

At 1 s, the slope is zero so a = 0.

At 2-3 s, the slope is: 
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b) (The displacement is the area of the graph between the x-axis and the line. (x = v ( t)

For 0-2 s, area = 10 m/s ( 2 s = 20 m

For 2-3 s, there is a triangle above and below zero.

Top = ½(10 m/s ( .5 s) = 2.5 m

Bottom = ½(-10 m/s ( .5 s) = -2.5 m, the total is 0 m

3-5 s = -10 m/s ( 2 s = -20 m.  5 to 6 s is 5 m/s ( 1 s = 5 m.  Whole trip is (20 m + -20 m + 5 m) = 5 m.

Two object problem

5) A car races by you at 20.0 m/s, as you sit at a stop sign.  a) If you accelerate at 5.0 m/s2, how much time will it take to catch the car?  b) How far will you have traveled?  c) How fast will you be traveling?





6) The data below was taken for an object accelerating from rest.  Determine the acceleration of the object and write the equations for the object's displacement and instantaneous velocity.

One method is to calculate two average velocities and use the fact that the average velocity of that time interval is the instantaneous velocity at the mid-time of that interval.


therefore 
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Another method is to do what we did in the lab.  First square all of times, then make a graph and take the slope of the graph.  As we learned, the slope of that graph is 
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Part 5: Motion Maps

We will start with review.  Below is a stroboscopic picture of a girl pedaling her bicycle to the right at a slow constant velocity.  Each picture was taken at an equal time interval after the previous picture.


Below is the motion map that represents her motion.  The top row is for her velocity, and the bottom row is for her acceleration.  In both cases the dots represent the position.  There are no arrows for the acceleration because at a constant velocity there is no acceleration.


Below she starts from rest and uniformly accelerates.


The dots keep getting farther and farther apart.  The velocity vectors keep getting longer, but increase their length by the same amount each interval.  The acceleration vectors stay the same length.  The acceleration vector is the same length as the change in the velocity vector.  Since she started from rest, the spacing of the dots from the beginning is 1unit for first interval, 4 units for the second, 9 units for the third and 16 for the fourth.


Sample problem:

6) The ball below is rolling up the ramp with an initial velocity.  It stops before it gets to the top and rolls back down to the starting point.  Draw motion maps for the balls position, velocity and acceleration.
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For the a/t graph, in real life, there has to be an instant of negative acceleration when it stopped, and an instant of positive acceleration when it began to move again.  You may ignore these small periods.  The vertical lines are just to join the segments together.  Some students feel more comfortable leaving them off or in drawing dashed lines.
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Derivation of equation 5:
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Knowns:


vi = 140 � EMBED Equation.2  ���


(x = 3.2 cm =.032 m


vf = 0
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(part b, method 2)
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Knowns:(you)


vi = 0 m/s


a = 5.0 m/s2


Unknowns: (x, t, vf
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