Introduction Lecture for Investigation 5 – Acceleration

(Miss W’s Script)

Speed is the word we have used up to this point to describe how fast objects move.

Now we will expand our description to include the rate and direction of the motion.

The rate at which an object changes position over time in a given direction is its velocity.

We have been using the symbol for velocity (v) right along with this familiar equation: 

V = d/∆t

Now, our new equation is:

ῡ = ∆x/∆t
Notice how d is replaced with Δx. Δx is referring to the change in distance as the motion occurred. Notice also that the symbol for velocity (ῡ) has a little line above it. This line distinguishes velocity, which has positive and negative characteristics, from speed, which is always positive.

Constant velocity is a rare occurrence on Earth. Typically, moving objects speed up and slow down continually. We get around this inconvenience by recording total time and total distance data, then calculating the average velocity for the moving object.

Newton’s First Law states that objects maintain uniform motion unless acted on by a force. Why don’t thrown balls and paper airplanes go on forever at the velocity they have when they leave your hand? Because on Earth common forces (gravity, electromagnetism, friction, air resistance) make objects slow down or speed up.

We know from common sense that things (like cars) need to accelerate and slow down. That is, they have a change of rate of motion (or change of velocity). The time rate of change of velocity is acceleration.

 The equation for determining acceleration is:

a = ∆ῡ/∆t
where ∆ῡ is the change of velocity and Δt is the length of time it took for the velocity to change.
Here’s a basic problem showing how we solve for the average acceleration of a car:

1. A car is going a velocity of 22 m/s. The driver stepped on the accelerator and 10 seconds later the car was going a velocity of 26 m/s. What is its acceleration?

 Here is how we solve this problem:
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What we did in #1 above was a basic acceleration problem that solves for the average acceleration.

In the next problem, an actual experiment with second-by-second data is done to figure out the actual acceleration second by second as a motorcycle speeds away. It is a much more accurate way to calculate acceleration.

2. Maggie enlists the help of a friend to ride on the back of her motorcycle. While Maggie drives, her friend will have a bag of water balloons and a stopwatch. Maggie will drive the motorcycle in her usual manner. Her friend will start the stopwatch the moment they start to move away from the starting line. Precisely on each second Maggie’s friend will toss a water balloon onto the road. After Maggie roars away, a third person will measure the distance from the starting line to each of the water splats on the road.

Here is the data they gathered:
	Time
	Distance
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What is done with this data now is a progression of further steps and calculations:
	Time
	Distance
	Change in distance
	Change in time
	Velocity

ῡ = ∆x/∆t
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We have yet another step to go before we solve the problem…in the next step, the change in velocity is calculated:
	∆ῡ = ῡf - ῡi
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Finally, with the data table complete, the acceleration can be calculated in the last column. Remember, we are calculating the acceleration second by second. 
	Change in velocity

∆ῡ = 

ῡf - ῡi
	Acceleration

a = ∆ῡ/∆t
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Now, you are going to work on a seven column table by yourself for practice. The data will be from an imaginary experiment similar to the motorcycle/water balloon test.
Name, Date, Period:_____________________________________

Velocity and Acceleration Calculations Practice Tables
Problem 1: Something getting faster and faster at a regular pace

	Time
	Distance
	Change in distance
	Change in time
	Velocity

ῡ = ∆x/∆t
	Change in velocity

∆ῡ = ῡf - ῡi
	Acceleration

a = ∆ῡ/∆t

	t (s)
	x (m)
	∆x (m)
	∆t (s)
	ῡ (m/s)
	∆ῡ (m/s)
	a (m/s²)

	0


	0
	
	
	
	
	

	1


	1
	
	
	
	
	

	2


	5
	
	
	
	
	

	3


	12
	
	
	
	
	

	4


	22
	
	
	
	
	

	5


	35
	
	
	
	
	

	6


	51
	
	
	
	
	

	7


	71
	
	
	
	
	

	8


	95
	
	
	
	
	


Problem 2: Something getting faster and faster at a random pace

	Time
	Distance
	Change in distance
	Change in time
	Velocity

ῡ = ∆x/∆t
	Change in velocity

∆ῡ = ῡf - ῡi
	Acceleration

a = ∆ῡ/∆t

	t (s)
	x (m)
	∆x (m)
	∆t (s)
	ῡ (m/s)
	∆ῡ (m/s)
	a (m/s²)

	0


	0
	
	
	
	
	

	1


	2
	
	
	
	
	

	2


	3
	
	
	
	
	

	3


	5
	
	
	
	
	

	4


	10
	
	
	
	
	

	5


	20
	
	
	
	
	

	6


	25
	
	
	
	
	

	7


	40
	
	
	
	
	

	8


	55
	
	
	
	
	


Problem 3: Something getting faster at a regular pace and then slowing down at a regular pace

	Time
	Distance
	Change in distance
	Change in time
	Velocity

ῡ = ∆x/∆t
	Change in velocity

∆ῡ = ῡf - ῡi
	Acceleration

a = ∆ῡ/∆t

	t (s)
	x (m)
	∆x (m)
	∆t (s)
	ῡ (m/s)
	∆ῡ (m/s)
	a (m/s²)

	0


	0
	
	
	
	
	

	1


	1
	
	
	
	
	

	2


	5
	
	
	
	
	

	3


	12
	
	
	
	
	

	4


	22
	
	
	
	
	

	5


	35
	
	
	
	
	

	6


	22
	
	
	
	
	

	7


	12
	
	
	
	
	

	8


	5
	
	
	
	
	


Problem 4: Something getting faster and then slower at a random pace

	Time
	Distance
	Change in distance
	Change in time
	Velocity

ῡ = ∆x/∆t
	Change in velocity

∆ῡ = ῡf - ῡi
	Acceleration

a = ∆ῡ/∆t

	t (s)
	x (m)
	∆x (m)
	∆t (s)
	ῡ (m/s)
	∆ῡ (m/s)
	a (m/s²)

	0


	0
	
	
	
	
	

	1


	2
	
	
	
	
	

	2


	8
	
	
	
	
	

	3


	7
	
	
	
	
	

	4


	6
	
	
	
	
	

	5


	10
	
	
	
	
	

	6


	20
	
	
	
	
	

	7


	30
	
	
	
	
	

	8


	25
	
	
	
	
	


