Unit 7 - Motion
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Physical Science
Unit 7 - Motion
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Motion
Students will be able to:
· correctly measure various objects in metric units
· properly label and convert metric measurements
· use the scientific inquiry process
· perform experimental testing
· describe and calculate speed
· describe and calculate acceleration
· determine speed and acceleration through graph interpretations
Helpful Book Resources

Chapter 9

· Measuring Motion: Section 1 (pages 308-311)
· Speed: Section 2 (pages 312-317)
· Accelerations: Section 3 (pages 320-325)
Chapter Review (pages 328-331) 

· How Far vs. How Much Time?

Information: Time

We all learned to tell time when we were young, and we do it every day.  But, what is time?  Time identifies an exact moment or how long something takes to do.  It is measured in seconds, minutes, hours, etc, and is represented by the letter “t”.  We have to decide how we will measure time in different situations.  For things that happen very quickly, we measure time in smaller increments, such as:
‘The reaction time of a driver would be measured in seconds.’

‘The time it takes to blink your eyes would be measured in milliseconds.’

For things that happen slowly or take a long period of time we measure in larger increments, such as:
‘The time an American student is in high school is 4 years.’

‘We are in the 21st century (period of 100 years).’

You must look at your data and decide what unit is best.  In physics, we will usually measure time in seconds.  In order to easily compare your data to data other people obtain, it must be in the same units.  Mixed units of time must be converted to one unit. For example:

2 minutes and 15 seconds → all seconds

******************************The easiest way to do this is to:********************************
	First - separate the total time into each unit
	2 minutes and

15 seconds →


	2 minutes

↓
	15 seconds

↓

	Second – convert the units separately into seconds
	
	120 seconds
	15 seconds

	Third – Add the numbers together
	
	120+15 = 135 seconds


************************************************************************CHANGE
Critical Thinking Questions

1. Why don’t we measure our age in seconds?





2. Use factor labeling to convert 25 minutes and 31 seconds into seconds.  

	
	
	
	
	

	
	
	
	
	


3. Use factor labeling to convert 1 hour, 54 minutes and 31 seconds to seconds.  

	
	
	
	
	

	
	
	
	
	


4. Use factor labeling to convert 4 days, 3 hours, 10 minutes and 2 seconds into seconds. 
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Information: Distance

We learned last unit that distance is how far from one point is from another.  Distance is measured in units of length, and is represented by the letter “d”.  For example: meter, millimeter, centimeter, and kilometer.  Just like for time, we have to decide how we will measure distance in different situations.  

You have to ask yourself, ‘what is the best unit to describe the data I have collected?’

When we converted time, we had to use the factor label method because time is not based on any standard number.  But metrics is all based on the number 10.  Therefore, all you have to do is move the decimal place!  For example:

3 meters and 10 centimeters → meters

3 meters + 10 centimeters = _____ meters






↓

↓





  3 meters + 0.10 meters (bunny hop) = 3.10 meters

Critical Thinking Questions

1. What is the metric base unit for distance?



2. In what unit would you measure the distance from Des Plaines to the Mississippi River?



3. In what unit would you measure the distance around your ankle?



4. In what unit would you measure the length of the hallway outside our classroom?



5. Convert 5 kilometers and 4 meters → km.  Show all work.



6. Convert 4 meters and 21 centimeters → cm.  Show all work.
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Information: Speed

Speed is simply how fast something is traveling.  Speed is a relationship between how far you travel and how much time it takes you to travel that far.  It is represented by the letter “s”.  But, in science, it is not specific enough to say:

‘I was going pretty fast.’

To be able to communicate effectively and compare data, we must know exactly how fast you are going.  Exactly how many meters do you walk per second?  Do you always walk the same number of meters every second?  We must have quantitative data.

For example:

‘The car was going 85 km per hour.’

‘The max speed I have reached on my bike is 34.5 km per hour.’

Critical Thinking Questions

1. What is speed and what variable represents speed in an equation?





2. What type of observation is the following statement, “I was going pretty fast.”?





3. Give an example from above of a quantitative observation.
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Information: Proportional vs. Inverse Relationships

In science, we are always comparing the relationships between observations we make.  For example:

‘As I increase the pressure on the brake, my car’s speed decreases.’

‘As I increase the pressure on the accelerator, my car’s speed increases.’

These observations can be proportional to one another OR they can be the inverse to one another.  A proportional relationship means the observations have similar trends.

For example:

‘As I increase the pressure on the accelerator, my car’s speed increases.’

An inverse relationship means the observations have opposite trends.  For example:

‘As I increase the pressure on the brake, my car’s speed decreases.’

Proportional = Similar

Inverse = Opposite
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We will be using an equation sheet with triangles that help you see the relationship between observations.  The triangles will look like this:
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In the triangle, we will put the letters that represent what we are measuring.  The rules are:

1. If two observations are proportional, then one should be in the top box and one in a lower box.  

2. If two observations are inversely related, then they should be next to each other in the triangle.  

For example: (this is not a real relationship)

If “x” is proportional to “a” , and inversely proportional to “b”, the triangle would be set up like this:



“x” and “a” are proportional so one is on top of the other


“x” and “b” are inversely proportional so they are next to 
each other

The triangles help us make equations.  The rules for writing an equation from a triangle are:

1. If the letters are next to each other, then they are multiplied together in an equation.

2. If the letters are above and below, then we divide those numbers in an equation.

Critical Thinking Questions

1.  Write a proportional relationship between the number of people in the room and the temperature in the room.




2. Write an inverse relationship between the number of hours spent talking on the phone and the grade you earn in Physics.





3. Is the relationship between velocity and distance proportional OR inversely proportional?

Hint – answer this first: When time is kept the same (5 seconds in scenario #1), as velocity increases, distance ______________.



4. Is the relationship between velocity and time proportional OR inversely proportional?

Hint-answer this first: When distance is kept the same (15 meters in scenario #2), as velocity increases, time ______________.



5. How should “v” and “d” be positioned in a triangle?



6. How should “v” and “t” be positioned in a triangle?



7. Make this triangle.

8. Write an equation that represents the relationship between velocity, distance, and time.





Introduction to Speed Problems
Information: How to Solve Speed Problems

The definition of speed is how quickly an object gets from one place to another.  Speed is the relationship between how far you travel and how much time it takes you to do the traveling.  Time, distance, and speed have a relationship with one another.  We discovered this relationship in the last lab.  In this section we will focus on solving problems that have to do with speed.

Example Problem:

An airplane is flying at a constant speed of 150 km/s.  After one hour, how far has the plane traveled?
Step 1:  Write down what you are given.
The problem above gives you information about the plane.  It tells you the speed of the plane is 150 km/s.  It tells you that the time it has been flying is 1 hour.  We call these pieces of information “givens” (because the problem gives them to you), and you should write them in the “Givens” box.

	Givens:

s = 150 km/s          t = 1 hour= __________ sec
	

	
	
	


You should notice something about the speed and time given to us.  The speed is measured in kilometers per second.  But the time is given to us in hours.  Those units HAVE TO BE THE SAME in order for you to continue.  So, before we go any farther, let’s convert hours to seconds.  (It is easiest to convert the unit that is alone.)  

Use factor labeling to convert 1 hour to seconds and write it in the givens box.

	
	
	
	
	

	
	
	
	
	



Step 2:  Identify what you are solving for.

The problem above asks, …” how far has the plane traveled?”  Therefore, the problem is asking for distance.  If the problem had asked, …”how long did it take for the plane to travel?”, then we would know to solve for time.

To keep ourselves straight, write what we are solving for in the “Solving For” Box just like below.

	Givens:

s = 150 km/s          t = 1 hour = 3600 sec
	Solving For:

d=?

	
	
	


Step 3:  Write down any equations needed

We know what we are solving for AND we have the other pieces of information, so now we have to write down any equations we need.  As we learn more, you will be asked to use more than one equation, so make it a habit now to write down what you need to solve the problem.

S = d/t is the equation for speed.  But we need to solve for distance.  By looking at the triangle we can rearrange the equation to get “d” by itself.  That looks like d = s●t.  Write that in the “Equation” box.

	Givens:

s = 150 km/s          t = 1 hour = 3600 sec
	Solving For:

d=?

	Equations:

d = s●t


	
	


Step 4:  Plug in (substitute) numbers

In this step, we take the numbers given to us in the problem and plug then in for their variable.  For example:  s = 150 km/s, so I will put 150 km/s in the equation where “s” was.  And I will do the same thing for any variables that I have numbers for.  You will do this in the “Substitute” box.

	Givens:

s = 150 km/s          t = 1 hour = 3600 sec
	Solving For:

d=?

	Equations:

d = (s)(t)


	Substitute:

d = (150 km/s)(3600 s)
	


Step 5:  Solve and Check Units

Finally, you will solve the problem for distance, and write your answer PLUS units in the “Answer” box.  Always check your units!  Let’s do it now.  Can distance be measured in km?  Heck yes it can!  So, are we pretty sure we solved the problem correctly?  Yes!

	Givens:

s = 150 km/s          t = 1 hour = 3600 sec
	Solving For:

d=?

	Equations:

d = (s)(t)


	Substitute:

d = (150 km/s)(3600 s)
	Answer:

d = 540,000 km




Put It to Use – Speed Practice Problems
Directions:  Complete the following problems using the 5 steps to problem solving.  Make sure to pay attention to units and to SHOW ALL YOUR WORK.

1. A goat on wheels moves 34 meters across the barnyard in a time of 4 seconds to eat a bag of popcorn.  What is the speed of the goat?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




2. A chocolate cake is rolling down a hill at a speed of 7 m/s.  How long does it take to roll 91 m?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




3. A child slides down a playground slide a distance of 2 m in 2 seconds.   How fast is he sliding?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




4. A pop can is tied to the bumper of an H3.  The H3 drives for 6 minutes (0.1 hours) at a speed of 14 km/h.  How far was the pop can dragged?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




5. How far can a wheel roll in 18 seconds at a speed of 24 m/s?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




6. If an Oreo cookie rolls down a 25 cm table in 1.5 s, how fast is it rolling?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




7. How long does it take Miss O. to skateboard 117 m at the pace of 9 m/s?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




8. A family of four is flying on the Concord from London to Tokyo.  If the trip 11 hours and 30 minutes and the Concord flies at a speed of 2179 km/h, how far is it from London to Tokyo?
	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




9. The Metra travels from Mount Prospect to Des Plaines at an average speed of 0.75 km/min.  If it is 9 km from station to station, then how long does it take for Mr. Z to make that trip?
	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




10. You see a Leprechaun running with a pot of gold.  You know his tree house is 1150 meters away.  If he is running at a speed of 2 m/s, how long will it take him to get there?
	Givens
	Solving For



	Equation
	Substitution
	Answer with Units





If you want to beat him to his tree house by 2 minutes, how fast will you have to run?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




Graphing Speed Inquiry
Remember:  When you graph data, you are making a picture out of the information.  This allows you and others to see trends in the data.  The slope of the line is the picture that shows the trends.  

Review: When you take the slope of a line, you take the “picture” and turn it into numbers.  You can calculate the slope of the line between ANY two points.  The slope measures how “steep” the line is or how much change has occurred.  To calculate slope you take the “rise” of the graph over the “run” of the graph.  “Rise over run”



Rise (vertical change)




Run (horizontal change)       
←Rise divided by the run

Information: Slope is Speed on a Distance vs. Time Graph

The slope of the line of a speed graph describes the speed of an object.  If the slope of a speed graph is positive, the distance the object is moving is increasing.  If the slope of a speed graph is negative, the distance the object is moving is decreasing.  If the slope of a speed graph is zero, the object is at rest (not moving).

The slope of a graph can be calculated from beginning to end.  In this case, you will use the first data point and the last data point to calculate average speed (the speed over the entire trip).  Or, the slope of a graph can be calculated from points in between.  You may be asked, “What is the slope of the line between 1.5 s and 4.5 s?”  In this case you will use the two data points specified to find the slope of just that section on the graph.

You may be given a speed graph and you may be asked to:

1. Calculate speed (slope) by using the graph.  
a. Find average speed 
b. Find speed for a certain time frame 
2. Find distance for a given time, by looking at the graph.

3. Find time for a given distance, by looking at the graph.

4. Describe the speed of an object

a. constant speed

b. changing speed

REMEMBER:

· Each point on a graph is a specific position at an exact time.  

· Slope gives you the total distance in the total time.  AVERAGE SPEED!!!

Critical Thinking Questions:

1. Name three pieces of information you can find from a speed graph.





2. What information does each point on a speed graph give you?





3. What does the slope of the entire line tell you on a speed graph?




4. If the slope of a speed graph is positive the distance the object is traveling is ____________________________.  In other words the object is moving ________________________.  

5. If the slope of the speed graph is negative then the distance the object is traveling is _________________________.  In other words the object is moving __________________________.
6. If the slope of the speed graph is zero then the distance the object is moving is ______________.  In other words the object is at ________________.

Information: Speed Changes
The speed of an object does not always stay the same.  Think about when you are driving or riding in a car.  During a trip to the mall, are you always traveling at the same speed?  No.  Cars must stop at stop lights; slow down for slower drivers; speed up to move up a hill; or slow down to make a turn.  All of these things change the speed at which you are traveling.  

Average speed describes the speed of an object from the start of motion to the end.  So, you will use the total distance traveled and the total time it took to calculate average speed.  When calculating average speed, you are not concerned with any change in speed that may have happened during the trip.



Average speed =
Rise = total distance traveled





Run = total time




For example, to calculate the average speed of the object in this graph you would start with the distance at time 0s and end with the distance at time 300s.
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So, the overall slope (or average speed) of the graph is 0.067 m/s.

Instantaneous speed is the speed of an object during a specific time frame of the trip.  If you have collected data on a moving object, you have collected the instantaneous speed of the object at certain points.  After 2 seconds the object may have traveled 4m, so it’s instantaneous speed after 2 seconds is 2 m/s.

If you just wanted to know the speed of the object between 150s and 200s, you would use the distances at those times and find the slope using rise over run.


[image: image3.wmf]s

s

s

Run

m

m

m

Rise

50

150

200

10

10

20

=

-

=

=

-

=



[image: image4.wmf]s

m

s

Run

m

Rise

/

2

.

0

50

10

=

=

=


So, the slope or speed of the object for just those 50 seconds is 0.2 m/s.

On a speed graph, Zero speed (rest) is represented by a flat line and movement is represented by a line that is angled.

For example, between 0 – 150 seconds, the speed of the object is constant.  Whereas, between 150 – 250 seconds, the distance is increasing.

Critical Thinking Questions

1. Using one word, describe the object’s speed between points A and B.


2. Using one word, describe the object’s speed between points B and C.


3. Calculate the object’s speed between
a. 100 s – 150s

b. 150s – 200s

4. What does the line of the graph look like from 0-150s?


5. Is the object’s speed constant or changing during this interval?


6. Calculate the object’s speed between

a. 200s – 250s

b. 250s – 300s

7. What does the line of the graph look like from 150 -250 s?


8. Is the object’s speed constant or changing during this interval?


9. What should the object’s speed be at 300s?




Put It to Use
Directions:  Complete the following questions using your knowledge of graphs.

1. The distance traveled by two crawling babies is given to you in the data table below.  Graph the information (on the same graph) and answer the questions that follow.

	Time (s)
	Baby Stuart Distance 

(m)
	Baby Sarah Distance (m)

	1
	0.5
	1

	2
	1
	2

	3
	1.5
	2.5

	4
	2
	2.5

	5
	2.5
	3.5




Title:  ___________________________________________________

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Questions
a. Which baby traveled at a constant speed?


b. What was Baby Stuart’s average speed? 


c. What was Baby Sarah’s average speed?



2. A car on a road trip has kept track of its time and distance as part of a Physics project.  Graph the information and answer the questions that follow.

	Elapsed Time (hours)
	Distance Traveled (kilometers)

	0
	0

	1
	50

	2
	100

	3
	200

	4
	350

	5
	400


Title:  ____________________________________________________

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Questions

a. Did the group travel at a constant speed?


b. What is the average speed of the car?  


c. How long did it take the car to travel 83 kilometers?  


d. What is the speed of the car between hours 2 and 3?



e. When the car hit 375 km traveled, how long had they been traveling for?





 Speed Practice Problems #2

Directions:  Complete the following problems using the 5 steps to problem solving.  Make sure to pay attention to units and to SHOW ALL YOUR WORK.

1. A Delta airlines flight taxies down the runway at O’Hare International Airport for a distance of 1200 meters at a speed of 150 m/s.  How long does this take?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




2. The Lionel train at the Choo-Choo restaurant in Des Plaines brings a cheese burger and fries around the counter to Miss O. in 24 seconds.  If the train is moving at 8 m/s, then how long is the track?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




3. If Mr. Z has to drive 60 km at an average speed of 90 km/hr to take his pet turtles to the Annual Turtle Show, how long does this trip take?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




4. The delivery truck from Lee Auto Parts starts its deliveries at 2:06 pm and arrives back at the store at 2:42 pm.  In this time, the truck travels 156 km.  What was the truck’s average speed?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




5. Which has a greater speed:  a hawk that travels 600 meters in 60 seconds or an eagle that travels 60 meters in 5 seconds?

	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




	Givens
	Solving For



	Equation
	Substitution
	Answer with Units




The bird that has the greater speed is the _________________________________________

Interpreting a Graph of Distance vs. Time
       Name _________________
Directions:  The graph in Figure 1 shows data for two objects that start from rest and travel in a straight line.  Interpret (read) the graph to answer the following questions.

1. By looking at the graph, what can you tell about the way Object B moved compared to Object A?


2. Which object went a distance of 50 meters the fastest?  


3. How do you know?  


4. What was object A’s average speed?  (total distance/total time)
5. What was object B’s average speed?  (total distance/total time)
6. What was object B’s speed from start to point b?  
7. What was object B’s speed from point b to point c?  
8. What was object B’s speed from point c to point e?  
9. The slope of a line on a distance vs. time graph corresponds to an object’s speed.  For each indicated segment of Object B, describe how the slope corresponds to the speed (describe using words, not numbers):
a. between start and point b:  


b. between point b and point c:  


c. between point c and point e:  


10. Make a general statement about the steep-ness of the slope and its indication of speed on one of these graphs.





Predicting Information from a Graph


Name ________________
Information: Predicting from a Graph

As you learned earlier, a graph is a way to communicate information in a picture format.  A graph allows a person to see what happened in an experiment.  It also allows a person to predict what could happen based on the information collected.  This is an important tool for many reasons.  We use predictions everyday.  Based on past data, you predict it will take you between 10 and 15 minutes to get to school.  Based on past data, we predict August will be a rainy month.  Weather people use predicting ALL the time to give us a forecast!  

Look at the graph below.  The graph is based on the data in the table.

	Time (s)
	Baby Betty Distance 

(m)
	Baby Bob Distance 

(m)

	1
	0.5
	1

	2
	1
	2

	3
	1.5
	2.5

	4
	2
	2.5

	5
	2.5
	3.5


Figure 1: Distance a Baby Crawls vs. Time

By looking at the graph above, one can

1. compare the speeds of the two babies

2. compare the distance the babies crawled at specific times

3. predict how far a baby would crawl at a given time

4. predict how long a baby would take to crawl a certain distance

Let’s practice - Use the best fit line to make predictions.

Based on the data recorded, we can estimate that at 6 seconds, Baby Betty will have crawled 3 m and Baby Bob will have crawled 4.5 m.  We did not collect this data, but are predicting it based on what we know.

Critical Thinking Questions:

1. Without using calculations, which of the two babies has a faster speed?



2. Based on the data we collected, what is the average speed of 

a. Baby Betty?

b. Baby Bob?

3. By following the trend of the collected data, predict the distance crawled by 

a. Baby Betty at 8 seconds?



b. Baby Bob at 8 seconds?



4. By following the trend of the collected data, predict the time it took

a. Baby Betty to crawl 3 m?



b. Baby Bob to crawl 4.5 m?





By following the trend of the collected data, predict the average speed of 

c. Baby Betty at 8 seconds?

	Givens
	Solving For

	Equation
	Substitute
	Answer


d. Baby Bob at 8 seconds?

	Givens
	Solving For

	Equation
	Substitute
	Answer


Put It to Use

Objectives:

· Correctly measure distance.

· Correctly measure time.

· Describe the relationship between distance and time in terms of speed.

Scenario #1:


You are a manufacturer of children’s games.  In order to make sure your product is safe for children, you must test certain components of your games.  Several of your games use tennis balls.  The safety inspector has asked that you compare how far a ball would roll if it is rolled for 5 seconds at slow, medium, and fast speeds.

State the Problem





Write a Hypothesis





Design an Experiment

Materials:

	· Meter Stick
	· Tennis ball
	· Stop Watch
	· Masking Tape


Procedure:

1. Mark the start of your experiment by placing a piece of masking tape on the floor.  Be sure to give yourself plenty of distance.
2. Partner A will have the tennis ball, and will be in charge of rolling the ball consistently.  And will record the data.
3. Partner B will have the stop watch, and will be in charge of keeping accurate time.

4. Partner C will have the meter stick, and will be in charge of watching where the ball is when time is called.  Then Partner C will measure from there to the piece of masking tape at the start of the roll.

5. The ball should be rolled 3 times, consistently for each speed.

6. Record the distance traveled for each trial.

7. Calculate the average distance traveled for each speed.

Run the Experiment & Collect Data
Table 1: Distance of Tennis Ball Roll at Three Different Velocities
	Trial
	Amount of Time the Ball Rolls for Each Trial

(s)
	Slow
	Medium
	Fast

	1


	
	
	
	

	2


	
	
	
	

	3


	
	
	
	

	Average Distance


	
	
	
	


Analyze the Data

1. Graph the average distance of each speed after 5 seconds.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


2. Was your hypothesis correct?  Explain using data.







3. Were there any errors? Explain.





4. What will you say to the safety inspector when she asks you, “How do the distances traveled by the ball compare to the speed at which it was traveling?” (What is the relationship between speed and distance?)







Questions:

1. What is the independent variable? _______________________________________

2. What is the dependent variable? ________________________________________

3. Name two controlled variables (constants) in this activity.

a. _________________________________________

b.  _________________________________________

4. What two variables did you compare in this scenario?

a. _________________________________________

b. _________________________________________

Scenario #2:

You have answered the safety inspector’s first question.  But she is a picky one and wants you to perform another experiment.  The safety inspector now asks that you compare the time it takes a tennis ball to travel 15 meters when it is rolled at slow, medium, and fast speeds.
State the Problem





Write a Hypothesis





Design an Experiment

Materials:

	· Meter Stick
	· Tennis ball
	· Stop Watch
	· Masking Tape


Procedure:

1. Mark the start of your experiment with a piece of masking tape on the floor.
2. Measure 15 meters from the start, and mark the finish line with another piece of tape.

3. Partner A will have the tennis ball, and will be in charge of rolling the ball consistently.

4. Partner B will have the stop watch, and will be in charge measuring time, and recording data.
5. Partner C will sit at the finish line and call out, “Time”, when the ball reaches the finish line.

6. The ball should be rolled 3 times, consistently for each speed.

7. Record the time it took the ball to roll 15 meters for each trial.

8. Calculate the average time for each speed.

Run the Experiment & Collect Data

Table 2: Time of Tennis Ball Roll at Three Different Velocities
	Trial
	Distance the Ball Rolls in Each Trial 

(m)
	Slow
	Medium
	Fast

	1


	
	
	
	

	2


	
	
	
	

	3


	
	
	
	

	Average Time


	
	
	
	


Analyze the Data

1. Was your hypothesis correct?  Explain using data.







2. Were there any errors? Explain.





3. What will you say to the safety inspector when she asks you, “How does the time it took the ball to roll 15 meters compare to the speed at which it was traveling?” (What is the relationship between speed and time?)







Questions:

1. What is the independent variable? _______________________________________

2. What is the dependent variable? ________________________________________

3. Name two controlled variables (constants) in this activity.

c. _________________________________________

d.  _________________________________________

4. What two variables did you compare in this scenario?

e. _________________________________________
f. _________________________________________
Speeding Up and Slowing Down Inquiry


Information: Acceleration

Acceleration is how speed changes.  Objects speed up and slow down.  This change in speed is acceleration.  Increasing speed is referred to as positive acceleration.  Decreasing speed is referred to as negative acceleration or deceleration. 

Acceleration is the change of speed during a specific time frame.  

For example:  

“The race car can accelerate from 0 km/h to 110 km/h in 3.4 seconds.”

“The race car can accelerate from 0 km/h to 110 km/h in 3.4 seconds.” The bolded section is the “change in speed”.

“The race car can accelerate from 0 km/h to 110 km/h in 3.4 seconds.”

This bolded section is the “time frame”.

The equation for acceleration has two variables.  Acceleration is the change of speed during a specific time frame.  Remember, speed is represented by the variable “s” and time by the variable “t”.  As acceleration increases, the speed increases.  So, acceleration and speed have a proportional relationship.  As acceleration increases, the time it takes to travel decreases.  Think about it – if you keep going faster and faster won’t it take you a shorter time to get where you are going?  So, acceleration and time have an inverse relationship.

Critical Thinking Questions:

1. Another term for increasing speed is 



2. Another term for decreasing speed is



3. What are the two variables that acceleration depends on?



4. Write an equation for acceleration (hint: look at the equation for speed).

5. Put the equation for acceleration in a triangle.

Information: Graphing Acceleration

Acceleration graphs are similar to speed graphs.  They allow one to present data in a picture format.  This allows one to easily see the trends on a moving object.


Look at section 1 of the graph.  As time increases from 0-2 seconds, the speed of the object increases from 0-3 m/s.


In section 2, you can see that as time increases from 2-5 seconds, the speed does not increase or decrease.  So, the change in speed = 0.

In section 3, you can see that as time increases from 5-8 seconds, the speed decreases from 3-0 m/s.

The slope of a speed vs. time graph IS acceleration.  The slope shows you how speed changes as time goes on.

Critical Thinking Questions:

1. How would you describe the acceleration of the object between 0 and 2 sec?



2. How would you describe the acceleration of the object between 2 and 5 sec?



3. How would you describe the acceleration of the object between 5 and 8 sec?



4. Calculate the acceleration of the object

a. From 0-2 s.

b. From 2-5 s.


c. From 5-8 s.

Acceleration Problems #1
Directions:  Complete the table by finding the acceleration for each item.  Remember: deceleration (slowing down) is expressed in terms of negative acceleration.  Make sure to pay attention to units and to SHOW ALL YOUR WORK.
	Number
	Beginning Speed
	Ending Speed
	Elapsed Time
	Work
	Acceleration

(with units!!)

	1


	40 km/hr
	50 km/hr
	5 hr
	
	

	2


	20 km/s
	109 km/s
	4 s
	
	

	3


	20 km/hr
	55 km/hr
	1 hr


	
	

	4


	0 m/s
	10 m/s
	10 s
	
	

	5


	30 mm/s
	22 mm/s
	2 s
	
	

	6


	20 mm/s
	22 mm/s
	5 s
	
	

	7


	25 cm/s
	10 cm/s


	0.5 s
	
	

	8


	60 km/hr
	70 km/hr
	4 hr


	
	

	9


	30 m/min
	60 m/min
	42 min
	
	

	10


	5 cm/s
	10 cm/s
	0.5 s
	
	


11.  What is the acceleration of a Maine West cross country runner who speeds up from rest to 8 m/s in two seconds?

	Givens
	Solving For

	Equation
	Substitution
	Answer with Units




12.  What is the deceleration of a Maine West driver’s education car which slows down from 120 km/hr to 30 km/hr in 30 minutes?  (HINT:  watch your units!)

	Givens
	Solving For

	Equation
	Substitution
	Answer with Units




13.  A Soo Line train passes Oakton Street and speeds up from 20 m/s to 80 m/s in 15 seconds.  What is its acceleration?

	Givens
	Solving For

	Equation
	Substitution
	Answer with Units




14.  The Maine West warrior mascot is running across the spec. gym floor at 15 m/s, and it takes him 3 seconds to skip to a stop (0 m/s) to avoid running into a cheerleader.  What is his deceleration?

	Givens
	Solving For

	Equation
	Substitution
	Answer with Units




15.  A Maine West security Suburban accelerates from rest (0 ms/) at a uniform rate of 6 m/s2 for five seconds.  How fast is the Suburban going after those 5 seconds?

	Givens
	Solving For

	Equation
	Substitution
	Answer with Units




16.  A Maine West basketball player grabs a rebound out of the net and heads down the court for a fast break.  It takes her 3.5 seconds to get to the other end of the court.  If she accelerates from rest to a speed of 10 km/h, how fast is she accelerating?  (HINT:  watch your units!!!)

	Givens
	Solving For

	Equation
	Substitution
	Answer with Units




Hot Wheelin’ Physics – Acceleration Lab
Follow your teacher’s directions to complete this lab activity. Be sure to record your lab results in the charts!


Pre-Lab Questions:

1. What 2 things do you need to know to calculate speed? 

2. Write the triangle for speed.

3. What is the equation for speed?

4. What 3 things do you need to know to calculate acceleration?

5. Write the triangle for acceleration.

6. What is the equation for acceleration?

Procedure: You will need to set up a ramp for your hot wheel car to drive down. 

1. Begin by obtaining 3 textbooks.

2. Stack the textbook on top of one another. 

3. Tape a whiteboard to the stack of books.

4. Label the bottom on the whiteboard with tape saying 0m.

5. Measure every meter from the bottom of the whiteboard. You will need to create labels for 1m, 2m, and 3m. 

6. Perform trials. Place your car on top of your ramp on the starting line and count to 3 before releasing; this is a chance for the timer people to get ready and to start their timers. 

7. Once the car crosses each line. The person in charge of timing will stop the timer. These times need to be recorded in your data table. 

8. Use your data to answer the posy-lab questions listed below.

	Distance (m)
	Time (sec)
	Speed (m/sec)

	0m
	
	

	1m 
	
	

	2m 
	
	

	3m
	
	


Post-Lab Questions: 

1. Calculate the speed for each trial using the total time and total distance. Show

your work! (This includes writing down your triangle, what equation you are using, substitution, and then an answer with labels.)

a. Speed at 0m.
	Givens
	Solving For

	Equation
	Substitute
	Answer


b. Speed at 1m
	Givens
	Solving For

	Equation
	Substitute
	Answer


c. Speed at 2m
	Givens
	Solving For

	Equation
	Substitute
	Answer


d. Speed at 3m 
	Givens
	Solving For

	Equation
	Substitute
	Answer


2. Calculate the average speed of the car over the entire track distance. (HINT: The equation for average speed is slightly different from the triangle.)  Show your work! (This includes writing down your triangle, what equation you are using, substitution, and then an answer with labels.)

	Givens
	Solving For

	Equation
	Substitute
	Answer


3. Calculate the acceleration of the hot wheel car from….

Show your work! (This includes writing down your triangle, what equation you are using, substitution, and then an answer with labels.)

a. 0m-1m 

	Givens
	Solving For

	Equation
	Substitute
	Answer


b. 1m-2m

	Givens
	Solving For

	Equation
	Substitute
	Answer


3 continued. Calculate the acceleration of the hot wheel car from….

Show your work! (This includes writing down your triangle, what equation you are using, substitution, and then an answer with labels.)

c. 2m-3m 

	Givens
	Solving For

	Equation
	Substitute
	Answer


d. 0m-3m 

	Givens
	Solving For

	Equation
	Substitute
	Answer


Conclusion Questions: 

1. Describe the cars movement in terms of acceleration at 0-1m.

2. If you had to graph this data, what would the line look like at the beginning of the graph? 

3. Describe the cars movement in terms of acceleration at the end of the track. 

4. If you had to graph this data, what would the line look like at the end of the graph? 

Speedy Search

Directions:  Find someone who can complete the task in one of the following statements about motion.  Have him/her do what it says and put his/her initials by the corresponding line.  Continue until your sheet is complete.  Each person can only sign your sheet once.

	Fine Someone Who…..



	
	Answer
	Initials

	1.  can tell what the acceleration of a car is while the cruise control is set at 55 mph.


	
	

	2.  has been on an airplane and can describe what takeoff and landing have to do with acceleration and deceleration.


	
	

	3.  can draw a graph of constant speed.


	
	

	4.  can write the formula for acceleration


	
	

	5.  knows the difference between instantaneous and average speed.


	
	

	6.  can tell if this statement is referring to speed or velocity:  “A car is traveling southwest at 33 mph.”


	
	

	7.  knows the SI units for acceleration


	
	

	8.  can write the formula for speed.


	
	

	9.  can draw a graph of deceleration


	
	

	10.  can write the formula for acceleration


	
	


Acceleration Problems #2
Directions:  Complete the following problems using the 5 steps to problem solving.  Make sure to pay attention to units and to SHOW ALL YOUR WORK.

	1.  What is the acceleration of a Mustang GT if it goes from rest to 150 km/hr in 5 seconds?

Givens
	Solving For

	Equation
	Substitution
	Answer with Units




2.  What amount of time elapsed if Mrs. Schlesser, Mr. Z., and Mrs. Young accelerate their sled at a rate of 1.5 m/s/s as they speed form rest to 18 m/s?

	Givens
	Solving For

	Equation
	Substitution
	Answer with Units




3.  If Mikka, Mrs. Young’s dog, accelerates from rest at a rate of 3 m/s2 for a total of 6 seconds, then how fast will she be going?

	Givens
	Solving For

	Equation
	Substitution
	Answer with Units




4.  If Mr. Z’s 3000 GT can go from 0 to 200 m/s in two minutes, what is its acceleration?

	Givens
	Solving For

	Equation
	Substitution
	Answer with Units




5.  If a fire truck accelerates from rest to 9 m/s2 for 0.5 seconds, then how fast will it be going?

	Givens
	Solving For

	Equation
	Substitution
	Answer with Units




6.  A Delta airliner slams on its breaks and decelerates at -200 m/s2 for three seconds until it comes to a complete stop.  Haw fast was the airplane going before it the brakes?

	Givens
	Solving For

	Equation
	Substitution
	Answer with Units




7.  An ice skater is initially skating at 12 m/s and she then skates down a frozen waterfall with an acceleration of 5 m/s2 for four seconds.  What is her final speed? 

	Givens
	Solving For

	Equation
	Substitution
	Answer with Units




8.  How much time does it take for a resting hippo to reach 14 m/s if she slides down a muddy stream bank with an acceleration of 1.5 m/s2 (she started at rest)?

	Givens
	Solving For

	Equation
	Substitution
	Answer with Units
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Figure 1: Speed vs. Time
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