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Topic One: Science Skills

Introduction – Physics a Study of Energy and Forces

Physics is the study of the physical world and physicists examine the nature and behaviour of objects as small as an atom and as large as systems of galaxies. In their investigations physicists measure the physical properties of objects and systems of objects.
Properties such as mass, dimension (length, width and height), colour, temperature as well as the duration (time) of an event are the starting points that allow physicists to determine the forces that act on, or between, objects and the energy changes that take place in systems.
In Science 10 we will examine three areas of physics that will prepare students for the Physics 20 and 30. In Science 10 specifically we investigate mechanical energy conversions and transfers in systems. Students will recognize that while energy is conserved, useful energy diminishes with each conversion. 

Science 10 – Scientific Notation

Scientific notation is the method of writing numbers as a number between 1 and 10 _______ ___________________________________________________ multiplied by a power of 10.

· The mass of the earth is about 6 000 000 000 000 000 000 000 000 kg.

· Expressed in scientific notation this is 6.00 x 1024 kg  (to three significant digits) 

· The mass of a tiny insect could be 0.000 000 0045 kg.

· Expressed scientific notation this is 4.5 x 10-9 kg 

A shift of the decimal point to the LEFT requires the use of a positivePOSITIVE exponent [used to present numbers that are larger than 1]: 



1794
=
1.794  x  103

A shift of the decimal point to the RIGHT requires the use of a NEGATIVE exponent[used to represent numbers that are smaller than 1]:


     .0001794
=
1.794  x  10-4
You can tell whether a number written in scientific notation will be greater than one or less than one by looking at the SIGN associated with the power of ten.  

If there is no sign, the number will be greater than one.



1.00  x  101   means the number is greater than 1


If there is a minus sign, the number will be less than one. 

1.00  x  10-1  means the number will be less than 1 

How can you convert Large Numbers to Scientific Notation?

· Let’s convert 42 515 to scientific notation.

· There are five digits in the number. 

· We need to convert this number to a small number between one and ten raised to some power.  

· To find the small number, begin moving the decimal point (which is understood to be just to the right of the last number on the right but not written) to the left until you are left with one digit to the left of the decimal point. 

4   2   5   1   5 .
     =       4.2515   x   104
· To determine how many times ten is multiplied by itself, count the number of places the decimal point was moved to produce 4.2515.

· In this case, we moved the decimal point ______ four times. 

· The power of ten is 104
· The exponent is a positive ___ 4because we moved the decimal point to the  ______ left.  
How Can You Convert Small Decimal Numbers to Scientific Notation?

A number such as 0.000137 is less than one and can also be expressed in scientific notation.

· To convert a small number to scientific notation, begin moving the decimal place to the right until you have one number to the left of the decimal point.  

· The new number, _______ 1.37, will be the small part of the total expression.  

· To get the power of ten, count the number of times you moved the decimal place.  

· Put a minus sign in front of the four to indicate that we have moved the decimal place to the right. 
[image: image36.png]eg.

Distance Travelled by a Toy Car Over Time

20
GOOd ! Distance
(m) 10
0
0

4 8 12 16 20
Time (s)

Distance Travelled by a Toy Car Over Time

Huh? | 20
Distance
(m) 2

0

0

4 7 15 16 163
Time (s)



0  . 0  0   0  1  3 7   =   1.37   x   10 -4
The number expressed in scientific notation is 1.37  x  10-4
Scientific Notation EXERCISE:

Complete the following table.

	Number
	Number in Scientific Notation to Three Digits

	5 684 002


	5.68 x 105

	5800


	5.80 x 103

	86 000 000 000


	8.60 x 1010

	0.00420


	4.20 x 10-3

	93 000 000


	9.30 x 107

	450 000


	4.50 x 105

	0.000581


	5.81 x 10-4

	0.00360


	3.60 x 10-3

	300 000 000


	3.00 x 108

	4500


	4.50 x 103

	0.00785


	7.85 x 10-3

	1 980 000 000 000


	1.98 x 1012

	0.000 000 000455


	4.55 x 10-10

	3.780000


	3.78

	23 009 888


	2.30 x 107

	0.003470078


	3.47 x 10-3

	1 333 555


	1.33 x 106


Science 10 – Significant Digits
1) Multiply and divide as you normally would,
2)  Then round-off the answer to the least number of significant digits found in the question.
Examples:
A) 
46.0 g
  
=  



B) 
40 mol  x  52.00 g/mol 
=


20.00 g/mol 

Complete the following:

	1) .500 mol
= 0.625 =0.6 mol/L
8 L


	2) .0049 mol  x  58.00 g/mol =0.2842 = 0.28g

	3) . 400 L  x  .50 mol/L = 0.20 mol

	4) .0950 mol  x  22.99 g/mol = 2.18405 = 2.18g


	5) .500 L  x  .65 mol/L  x  98.00 g/mol = 31.85g

	6) .800 mol 
= 0.16 = 0.2 mol/L

5 L





	7) .400 mol  x  28.00 g/mol 
= 11.2g
	8) 6707 g =209.59375 = 209.6 mol

32.00 g/mol




Science 10 – Metric System

giga
mega
kilo
hecta
deca
base
deci
centi
milli
micro
nano
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*mks units (m, kg, and s) are the fundamental units used in physics.  They are the units of which others are composed.
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Convert the following into new units:

1.  250 cm
= ___0.00250____km
4.  0.067 Mm
= ___67____ km
7.  4.00 mm
= __4.00x106_____ nm

2.  1.69 mL
= ____1690___ μL
5.  25.0 L
= ____2.50x104___ mL
8.  365 L 
= __0.365_____ kL

3.  0.457 kg
= ____4.57x107___ μg
6.  67.5 mg
= ___0.0675____ g
9.  1249 ng
= __0.0001249_____ cg

Science 10 – Unit Conversion
· Metric units are used – mks (meters, kilograms, seconds)

· We use the factor label method when converting units: One or more factors are chosen so that the unwanted units cancel.

Example:

To change 25km/h to m/s, you must multiply by a series of factors so that the units you do NOT WANT will cancel out and the units you WANT remain.


25 km   x  1000 m   x   1 h     x  1 min    =  6.9 m   

 1 h           1 km         60 min      60 s                 s

(note: hours, min, and km cancel)
Example: Convert 36 km/h to m/s.1000 cm/s
Complete the following:  Carry out the following conversions using the factor-label method. 

1. Convert 50 g/mL  to g/L18.25 kg/a
2. Convert 450 m/s to km/h. 1.62 x 103 km/h
3. Convert 54 L/h to mL/s. 15 mL/s
4. Convert 85 cm/min to m/s. 0.014 m/s
5. Convert 45 kg to mg  4.5 x 107 mg
Science 10 – Graphing
Proper scientific graphs contain the following:
1.
A title with proper capitalization that describes what the graph is about. 


eg.  The Effect of Cola Intake on Attention span of a Child

2.
Labels on the X and Y axes with proper capitalization that name the variables studied.


eg.
Time, Distance, Number Correct

3.
Units on the X and Y axes in parentheses.  (eg. (km/h)  (g/mL)  (g/cm3)

4.
Scales on the X and Y axes that are logical and show even steps between numbers. 
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5.
Points are plotted using a single point with a small circle around it.  This shows that the point is your best estimate. 

6.
Points should be connected with a best fit curve unless otherwise instructed.  A best fit curve helps to eliminate error in your data. 

7.
The graph should use as much of the graph paper as possible.

8.
The curve on your graph should take up at least two thirds of the paper. 

9.
Graphs should be done in pencil!

10.
If more than one line is to be plotted, a legend should be included.

11.
Manipulated variable goes on the X axis.  Responding variable goes on the Y axis. 

Graphing Questions  
1. Draw best fit lines for the following graphs:
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Distance vs. Time Graph of Michael Running
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Speed vs. Time
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	Time (s)
	Distance (m)

	0
	0.0

	5
	2.0

	10
	4.0

	15
	8.0

	20
	12.0

	25
	15.0

	30
	17.0

	35
	19.0

	40
	21.0


2. A student conducted an experiment to determine the 

speed of an electric train.  The following data was 

recorded:  Graph the data and draw a best fit line.

      Draw a line of best fit and calculate the slope.
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Scalar and Vectors – Describing Motion with Words
Physics is a mathematical science - that is, the underlying concepts and principles have a mathematical basis. Therefore we must know the theory behind concepts involved.

The motion of objects can be described by words - such as distance, displacement, speed, velocity, and acceleration. These mathematical quantities which are used to describe the motion of objects can be divided into two categories. 

The quantity is either a vector or a scalar. 
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Scalars are quantities which are fully described by a magnitude alone.

Vectors are quantities which are fully described by both a magnitude and a direction.
To test your understanding of this distinction, consider the quantities listed below. Categorize each quantity as being either a vector or a scalar:
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Force vs. Distance
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a. 5 m 
_______________This is a scalar; there is nodirection listed for it.  
b. 30 m/sec, East 
_______________This is a vector; a direction is listed for it.  

c. 5 mi., North 
_______________This is a vector; a direction is listed for it.  

d. 20 degrees Celsius
_______________This is a scalar; there is nodirection listed for it.  

e. 256 bytes 
_______________This is a scalar; there is no direction listed for it.  

f. 4000 Calories
_______________This is a scalar; there is nodirection listed for it.  
Distance and Displacement

Distance and displacement are two quantities which may seem to mean the same thing, yet they have distinctly different meanings and definitions. 
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Force vs. Distance
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Distance is a scalar quantity which refers to "how much ground an object has covered" during its motion. (Length of the path taken)

Displacement is a vector quantity which refers to "how far out of place an object is"; it is the object's change in position.

Position is a vector quantity which describes a specific point relative to a reference point.

A physics teacher walks 4 meters East, 2 meters South, 4 meters West, and finally 2 meters North.
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Even though the physics teacher has walked a total distance of 12 meters, her displacement is 0 meters. During the course of her motion, she has "covered 12 meters of ground" (distance = 12 m). Yet, when she is finished walking, she is not "out of place" – i.e., there is no displacement for her motion (displacement = 0 m).

Displacement, being a vector quantity, must give attention to direction. The 4 meters east is canceled by the 4 meters west; and the 2 meters south is canceled by the 2 meters north.

Check Your Understanding:

1. What is the displacement of the Legends cross-country team if they begin at the school, run 5 km out and 5 km back and finish back at the school? The displacement of the runnersis 0 km. While they have covered a distance of 10 km, they are not"out of place," or displaced. They finish where they started. What distance did they travel?
The displacement of the cars is somewhere near 0 miles since they virtually finish where they started. However, the successful cars have covered a distance of 500 miles. 
Kinematics - The study of motion

Kinematics is the study of motion. In this unit we will be using measurements of distance and time to describe the motion of 

1. An object that is at rest (Its speed is 0 m/s.)

2. An object that is moving at a constant speed

Situation 1 and 2 describe objects moving in uniform motion with a uniform speed
Position, Distance: 

When we measure the position of something and later measure its position again, we can calculate the distance it has traveled.

Speed: 
· We are going to calculate speed of objects in this class. 

· Speed is calculated by knowing the ___________ distance travelled and the __________ time required travelling that distance.  
· Speed is expressed as a unit rate showing the distance travelled by an object in one second or one hour.

The formula below shows the relationship between distance (d), speed (v) and time (t).
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Practice:

You will usually be given any two values and have to solve for the third.  Determine the formula you could use to answer the following:

a) Given a speed and a time calculate the distance.

b) Given a speed and a distance calculate the time.

Objects moving at a constant speed do not change their speed for periods of time. The only real examples of constant speed are light, which moves at 3.00x108 m/s in a vacuum, and sound, which moves at a fairly constant rate (barring changes in pressure and temperature) of 340m/s. Other than that, there are few day-to-day occurrences of absolute constant speed. In our study we will consider that a person walking, jogging, driving a bicycle or a car is moving at a constant speed. 

Whenever you solve problems involving kinematics, you must use the numeric value plus the unit because physicists deal with measurements.

Kinematics – Calculating Velocity
Example 1:
You are travelling toward Jasper in your car at a uniform velocity of 110 km/h. You measure the time from the outskirts of the city to Eden Lake to be 48.0 minutes or 0.800 h. How far is it from the outskirts to Eden Lake?

Solution: 
list variables: 


t = 0.800 h; v = 110 km/h ; d = ?



Identify formula needed: 
d = v x t



Insert values into formula:
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  (Include the units)

Solve: 
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d = 88.0 km    (Significant digits, and units)

.

Example 2:
You have measured the distance from the street corner to your house to be 330 m. When a car comes around the corner, you time it to your house. It takes 40 seconds to arrive at your house. What velocity is the car going in km/h? 


List variables:

t = 40 s; d = 330 m ; v = ?
 


Identify formula:
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Substitute values:
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Solve:
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Convert units:
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Statement:

The car coming toward your house was traveling at 30 km/h.

Notice that in both examples we use the units as well as the numbers. By treating the units mathematically we make sure that our units match the quantity that we are trying to determine.  In example 1 we ended with km (units for distance) and in example 2 we ended with km/h (units for velocity.) Velocity and speed mean the same thing and have the same units except for one difference – speed is a scalar quantity and displacement is a vector quantity. 
For now we will interchange the words.
Kinematics – Constant Velocity Practice Problems
1. A motorist drove her car 120 km at a constant speed for 1.5 hours.  Calculate the speed in km/h. (80 km/h)
2. Calculate the average speed of a greyhound bus that travels 350 km in 3.00 hours. (117 km/h)
3. Calculate the distance traveled in 4.50 hours at an average speed of 95.0 km/h.(428 km)
4. How long would it take to travel 600 km at an average speed of 95 km/h? (6.3 h)
5. Given that an automobile traveled 58.0 km/h on a highway for 2.50 hours, calculate the distance the car traveled. (145 km)
6. Chris roller-bladed around St. Albert at a constant speed for 2.5 hours.  Calculate Chris’ speed if 21 km were covered.  (8.4 km/h)
7. A bullet is fired at 700 m/s and strikes a target 180 m away.  How long does it take for the bullet to reach the target? (0.257 s)
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Kinematics – Using Scalar and Vector Quantities in Kinematics
Practice Problems:

· Speed describes the distance traveled by some object during a time interval, and is a scalar quantity.  Thus,
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(no direction)

· Velocity describes the displacement traveled by some object during a time interval, and is a vector quantity.  Thus,
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(and must have a direction!)

1) Jacob walks 5.0 km East, 7.1 km West, 12.2 km East and 4.7 km West.
a) What distance did he travel? 
(29.0 km)
b) What is his displacement? 
5.4 km E
c) If it took Jacob 2.0 h, what is his walking speed? 
(15 km/h)
d) If it took Jacob 2.0 h, what is his velocity? 
(2.7 km/h East)
Let north = + and south = -
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= –14.2 m or 14.2 m south
2) What is the difference between speed and velocity?
3) What is the difference between distance and displacement?

Advanced Practice – With unit conversions:
1. A driver travels the Edmonton – Calgary highway (320 km) in 3.00 hours and 10.0 minutes.  What is the driver’s average speed? (101 km/h)
2. What is the uniform velocity of an airplane that flies 408 m in 1.75 s?  Express your answer in m/s and km/h. (233 m/s, 839 km/h)
3. A rocket ship is moving at a constant speed of 1760 km/h.  Calculate the distance traveled in 2.0 days.  (1.0 day is 24 h) [you will need to express  your answer in scientific notation](8.4 x 104km)
4. A hiker moves in a straight line at a constant speed of 7.0 m/s for 4.0 s and then at 13 m/s for 20s.  Calculate his average speed. (10 m/s)
5. Two cars start a trip of 200 km at the same time.  The first car travels at 90 km/h and the second at 110 km/h.  How much more time does it take for the slower car to reach its destination? (0.40 h)
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(30 km/h, 32()
 Kinematics - Graphing Constant Speed
You have learned how to solve kinematics problems using algebra; now you will learn how to use graphs to study moving objects.  Consider the following statement:

A car can drive at 90 km/h, south, from Edmonton to Red Deer in 100 minutes.

Example 1:
We can generate distance and time data using the speed.

	Time

(min)
	0
	10
	20
	30
	40
	50
	60
	70
	80
	90
	100

	Distance (km)
	0
	15
	30
	45
	60
	75
	90
	105
	120
	135
	150


Complete the table and graph the data on the grid below.  This graph can tell us a number of things. 
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a) By interpolating we can tell that the car went about _________ km in 65 minutes.

b) By extrapolating we can tell that the car could travel about 165 km in ______________ minutes.

[image: image54.wmf] 

The slope of the graph can tell us the average speed of the car. (UNITS!!!)

c)  By calculating the slope we can determine that the car had an average speed of __________ km/h

Example 2:  We can generate the following speed and time data for the trip, knowing that the car travels at a constant speed.

	Time

(min)
	0
	10
	20
	30
	40
	50
	60
	70
	80
	90
	100

	Speed (km/h)
	90
	90
	90
	90
	90
	90
	90
	90
	90
	90
	90


Use the grid to graph the data from the table and consider what the graph can tell us. 
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[image: image17.emf]A car can drive at 90 km/h, south, from Edmonton 

to Red Deer in 100 minutes

0

20

40

60

80

100

10 20 30 40 50 60 70 80 90 100

Time (min)

Speed (km/h)

Speed


a) It tells us that the speed of the car is ___________ km/h, 50 min after leaving Edmonton.

25 m/s, 6000 sec
The area under the graph can also tell us how far it has traveled in 100 minutes. (UNITS!!!) 
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25 x 6000 = 150000 m = 150 km

b)
By calculating the area under the graph at 100 minutes we find the distance to Red Deer is ___________ km.

Kinematics – Graphing Problems 
Study the distance/time graph for the first 12 s of a run by Michael.
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a) How far did he travel in the first 5.0s? 8m
b) What is his average speed during the first 5.0 s? 1.6m/s
c) How far did he travel during the 5 – 10 second interval? 17.5m
d) What was his average speed during the interval from 5.0 to 10 s? 3.5m/s
e) What does the slope tell you about his average speed? same
f) How far does he travel in the first 12 s of this sprint? 21m
g) What is his average speed for the entire 12 s? 1.75m/s
The graph shows an object moving at a constant speed.
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Calculate the distance traveled by the object in 10 s. 180m
b) Calculate the total distance travelled by the object. 504m
Kinematics – Graphing Problems 
1. Light traveling through water.
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Calculate the slope – what does it tell us?
	Time Elapsed (s)
	Bill’s Distance

(km)

	0
	0.0

	2
	0.3

	4
	0.6

	6
	0.8

	8
	1.1

	10
	1.4

	12
	1.6

	14
	1.8

	16
	2.1

	18
	2.5

	                 20
	2.8
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2. A toy rocket flies through the air. Calculate the area under the graph, what does it tell us?

	Time Elapsed (s)
	Speed in air

(m/s)

	0.0
	343

	10
	343

	20
	343

	30
	343

	40
	343

	50
	343

	60
	343


Kinematics – Objects with a Changing Speed
There are many situations in which the speed of an object changes; a car starting from a stop or changing gears, a bicyclist cycling up a hill or a rocket that speeds up or slows down. In each case the speed can change over a short or a large time period. An object that has a changing speed is said to be accelerating.  We will look at objects that have both uniform (constant) acceleration and non-uniform acceleration.

Example 1:
Consider the data provided below. It was collected for a car approaching an intersection to a highway. Produce a distance time graph for this data.
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	Time

(s)
	Total Distance

(m)

	0.0
	0.0

	1.0
	15

	2.0
	30

	3.0
	45

	4.0
	45

	5.0
	45

	6.0
	75

	7.0
	105

	8.0
	135

	9.0
	165


By analysing the graph, describe the motion of the car.  Use terms such as uniform speed, constant speed, at rest and include the speed of the car during each segment.
a) Use the speeds you determined to produce a graph showing the speed of the car over time.
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	Time

(s)
	Speed

(m/s)

	0.0
	0

	1.0
	15

	2.0
	15

	3.0
	15

	4.0
	0

	5.0
	0

	6.0
	30

	7.0
	30

	8.0
	30

	9.0
	30


The area under the graph is the distance travelled by the car.

b) The car travelled ____________ m in the first 1.5 seconds.

c) The car travelled ____________ m between 5.5 and 8.5 seconds.

d) The car travelled a total distance of ______________ m during 9.0 seconds.

The instantaneous speed of the car can be found by interpolation.

e) The car has an instantaneous speed of ___________ m/s at 2.5 s.

f) The car has an instantaneous speed of ___________ m/s at 7.5 s


[image: image21.wmf]
This graph shows the speed of the car changing very quickly (broken segments).  The broken segments show that the car does not undergo a uniform acceleration.  This is not a very realistic portrayal of a car’s motion.
Example 2:
Consider the data below.  It was collected while the car was accelerating away from the intersection and onto the highway.  Produce a speed time graph for this data.
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	Time

(s)
	Speed

(m)

	0.0
	0.0

	1.0
	3.0

	2.0
	6.0

	3.0
	9.0

	4.0
	12.0

	5.0
	15.0

	6.0
	18.0

	7.0
	21.0

	8.0
	24.0

	9.0
	27.0

	10.0
	30.0


The area under the graph is the distance travelled by the car.

g) The car travelled ____________ m in the first 1.5 seconds.

h) The car travelled ____________ m in the first 5.5 seconds.

i) The car travelled a total distance of ______________ m during 10.0 seconds.

The instantaneous speed of the car can be found by interpolation.

j) The car has an instantaneous speed of ___________ m/s at 2.5 s.

k) The car has an instantaneous speed of ___________ m/s at 7.5 s


[image: image23.wmf]
This graph shows the speed of the car changing at a constant rate (smooth segment).  The smooth segment shows that the car undergoes a uniform acceleration.  This is a more realistic portrayal of a car’s motion.

 Kinematics – Uniform Acceleration (m/s2)  

When the speed changes we are no longer travelling at a uniform velocity. If the velocity of an object changes during a time interval this is what physicists call acceleration. The change may be an increase or decrease in velocity and since velocity is a vector quantity so is acceleration. The numerical value of acceleration states how much the velocity is changing (m/s2) 

Included in the formula for acceleration are two velocities; 

vi = initial velocity indicates what velocity the object was travelling at the start of the time interval.

vf= final velocity indicates what velocity the object was travelling at the end of the time interval.
To find the change in velocity we need to subtract the two values:

vf - vi = (v (change in velocity)

Solve the following problems using the three acceleration formulas below. 
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Practice: You will usually be given any three values and have to solve for the fourth.  Sometimes you will only be given one velocity and will have to determine the other and solve for acceleration. For example if an object starts at rest its initial velocity is 0 m/s. If an object comes to a stop its final velocity is 0 m/s.
 Manipulate the formula to solve for the following:

a) Given a time interval, an initial and final velocity, calculate acceleration.
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b) Given a time interval, an acceleration and initial velocity, find the final 
velocity.

Practice:
1. What is the acceleration of a racing car if its speed is increased uniformly from 44m/s to 66m/s over an 11s period?(2.0 m/s2)

2. Flight 707 accelerates from rest to 72m/s during the 5.0s take-off period. What is the planes acceleration? (14 m/s2)

3. A bullet is fired straight up. It leaves the rifle at 700m/s. Ten seconds later its speed is 602m/s. At what rate does the Earth’s gravity slow down the bullet? (-9.8 m/s2)

4. In a vacuum tube, an electron is accelerated uniformly from rest to a speed of 2.6 x 105m/s during a time span 6.5 x 10-2 s. What is the acceleration of the electron? (4.0x106 m/s2)

5. A car is uniformly accelerated at 1.2m/s2 for 12s. If the original speed of the car is 18m/s, find the final speed. (32 m/s)
6. An airplane flying at 90m/s and accelerates uniformly at 0.5m/s2 for 15s. What is its final speed? (1x102 m/s)

Kinematics – Graphing Uniform Acceleration
1. In golf, a ball is accelerated by a club from 0 m/s to 40m/s in 0.0200s.


[image: image24.wmf]
Prepare a v vs t graph.

Calculate the slope of the graph 

Find the area under the graph. (What does this tell us?)

2. A rifle is used to fire a bullet. The bullet starts from rest and reaches a velocity of 300m/s in 0.0030s. 


[image: image25.wmf]
How fast does the bullet travel after 0.0010s?

How far did it travel in the first 0.0010s?

Calculate the slope of the graph.

Dynamics - Forces and Motion 

Whenever there is acceleration, a net force acts on the object that is accelerating. 

Force is defined as a push or a pull on an object.
Forces generally produce a change in the speed of the object. 

Sir Isaac Newton was the first to develop the formula for this relationship and the unit for force. 

The unit for force, the _____________________ Newton (N), is named after him. 

Newton's Second Law of Motion says that the:  acceleration (a) of a mass (m) is proportional to the net force (F) applied to it.
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The higher the net force, the greater the acceleration on any object. Written mathematically, his second law says:

F = ma

*Any time that you have a mass unit (kg) multiplied by an acceleration unit (m/s2) the product unit is the __________________ unit for force. 

The product unit is 
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, which can be cumbersome so we use the derived unit, the Newton (N), to express force. 

Eg.
If you apply a force of 1.0 N to an object that has a mass of 1.0 kg, the acceleration will be 1.0 m/s2.




Using F = ma;
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1. What will be the acceleration of a 1.0 kg mass, if a force of 5.0 N is applied?

2. How does increasing the force affect the acceleration of the object?

3. What force is required to accelerate a 2.5 kg mass at 2.0m/s2?

4. How does the mass affect the acceleration if the net force is kept constant?

5. What is the mass of an object accelerated at 0.981 m/s2 with a force of 2000 N? 

Dynamics - Forces and Motion Practice

If you apply a force to a mass on a frictionless surface, all the force will go to accelerating the object and none to overcoming friction. Most of our problems are done this way. Sometimes several forces act to oppose each other. Friction opposes the force you apply to a lawnmower for example. In that case the net force is the sum of the other forces acting on the object.

1. A net force of 25 N is applied to a 10 kg mass. What will the acceleration rate be for this object?

2. An athlete exerts a force of 30.0 N on a shot put, giving it an acceleration of 12.00 m/s2. What is the mass of the shot put?

3. SuperMouse steals a large piece of Edam cheese by rolling it across the floor with a force of 15.0 N. If the cheese weighs 5.00 kg, what is acceleration of the cheese? 

(3.00 m/s2)

4. Net force acting on a 4.0 kg mass gives it an acceleration of 2.4 m/s2. How large is the force?

5. A large lead ball is struck with a force of 850 N, giving it an acceleration of 75.83 m/s2. What is the mass of the ball?

Challengers!

6. A bus travelling 85 km/hr is brought to a stop in 135 m. If the mass of the bus is 2250 kg, what was the retarding force provided by the brakes? 

7. A bullet leaves the muzzle of a rifle at 800 m/s. The rifle barrel is 80 cm long and the mass of the bullet is 20 g. What force was needed to accelerate the bullet?

8. A net force, that reduces its velocity from 8.5 m/s to 4.1 m/s in 3.0 s, acts a bowling ball with a mass of 4.24 kg. What is the magnitude of the force?

 Dynamics – Weight - Force due to Gravity 

Any object that is near the Earth (or any other planet) will feel a pull of gravity. This means that every mass will feel a gravitational force pulling it towards the Earth, no matter where it is (on or above the Earth's surface). Gravitational force is just another force but it acts vertically and causes any object near the Earth’s surface to accelerate at 9.81m/s2 ‘down’. 

Hence 
g = 9.81 m/s2, gravitational acceleration near the surface of the earth.



Fg = Force of gravity on an object in Newtons



m = mass of the object in kilograms

Fg = m g

Eg.
If a 2.0 kg object is dropped from the top of your desk and it falls for 0.10 s before it hits the ground. The force causing this acceleration is the force of gravity, sometimes written as Fg. 

To find Fg in this case; 
Fg = m g

    = (2.0 kg)(9.81 m/s2)

 

       = 20 N

Mass and Weight

Weight is a term that is often confused with mass. Weight and mass are quite different.

· Mass is used to describe the amount of matter in an object and is measured by comparison with a known mass using a balance. Mass is measured in kilograms. _____________________________________ Mass remains constant for a particular object no matter where that object is placed

· Weight describes the force of gravity on an object, measured by the force that the object exerts on the Earth's surface.  Weight is measured in ___________________ Newtons and can be determined using a spring scale (like a bathroom scale).  

· As mentioned earlier, the force of gravity acting on a mass can vary depending on its location.  An object's weight does not vary much on or near the surface of the earth, but astronauts on the moon find their weight is only about 1/6 of their weight on Earth even though their mass remains the same.

· Although mass and weight are different, weight is dependent upon mass; i.e. an object with a larger mass has a greater weight.
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Eg.  What is the weight of a person with a mass of 65.0kg?
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Weight is the force due to gravity on the object and the weight is 638 N. 

Dynamics – Weight Practice

1. Andrea reports her mass as 40.0 kg. What is her weight? (392 N)
2. What is the force of gravity on a 4.5 kg block of concrete? 44N
3. A stone weights 96 N. What is its mass? 9.8 kg
4. A boy exerts a force of 12 N on a stone that weighs 3.0 N in a direction straight up. Calculate

a) The mass of the stone? 0.31 kg
 b) The net force acting on the stone? 9.0N
 c) The acceleration of the stone? 29 m/s2
5. In space travel astronauts talk about acceleration in numbers of G's. This is a multiple of the acceleration of gravity on Earth. 4 's would be 4 x 9.81 m/s2 or 39 m/s2. When a fighter pilot experiences 10 G's they black out. What is their acceleration in that case? 98.1 m/s2
Energy - Introduction
Everything seems to depend on energy. From the time you get up you think in terms of energy. Do you have the energy to go to school today? Do you need to eat right away? Do you have the energy to walk all the way to the bus stop or do you need a ride? Do you have the energy to make it up the stairs? Perhaps it is too cold and you are loosing too much energy?

It takes energy to get up, to move, to warm up and we get all of that energy by eating food. To generate the vast quantities of electricity our society uses we burn huge amounts of fossil fuel. Then we use the electricity to heat, beat, bake, clean and cool. Our life is full of energy conversions.

Forms of Energy

-chemical potential 

-electrical potential

-potential gravitational

-kinetic

-thermal (movement of particles)

-nuclear potential

-radiant (light or thermal)

-electromagnetic

The total amount of matter and energy that was created at the beginning of our universe has not changed although a substantial amount of the matter has been changed to light and heat (as well as x-rays, gamma rays, microwaves and radio waves) in the hearts of millions of suns. Scientists realize that matter can be converted into energy but the reverse process does not usually take place. 

Once the energy is created it can only change forms. It cannot disappear and so we say that energy must be conserved (Law of Conservation of Energy). Ultimately all forms of energy are converted to heat energy and scientists speculate that after no more matter can be converted into energy, and after all of that energy has changed to heat energy the universe will die a 'heat death'. 

The SI unit of measurement for energy is the Joule (J). The Joule has other equivalent units as shown:
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The unit of measurement for energy that appears on an electricity bill is the kilowatt-hour (kWh).  The kilowatt-hour is equal to 3.60 x 107 J, which will be explained later.  However, to give you an idea, 1 kWh is equivalent to about seventeen 60 W light bulbs left on for one hour. 

Energy: The Pulse of Life

The Universe can be reduced to two principles, which are the principles of _matter__________ and energy

How did Sir Isaac Newton come up with the idea of gravity?

He was struck on the head by an apple one day as he sat underneath a tree. 

Energy comes in many ____different______ forms

Kinetic Energy

Potential Energy

Pendulum 

In a pendulum there is both __potential______ and ___kinetic_______ ___energy_____. The _top___ of the arc is a position in which the pendulum bob contains all __potential________ energy. The __bottom______ of the arc is a position in which the pendulum bob contains all _kinetic______ energy 
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EX)

In the picture above is the pendulum bob experiencing potential energy, kinetic energy or both? Explain.

Heat Energy: 
Electrical Energy: 

Radiant Energy :
Chemical Energy  (A form of potential energy):
Nuclear Energy :
. 

1st Law of Thermodynamics
States that: Energy can neither be _created________ nor _destroyed_________, it can only be _transferred_________ from one form to another. 

2nd Law of Thermodynamics 

Energy naturally flows from an _____organized state_________ to a __disorganized______________ state OR the _entropy______ (energy disorganization) of the universe is ever __increasing______________. 

Energy Conversions

Name an example of the following conversions of energy:

 Radiant Energy


( 

Chemical Energy 

Mechanical Energy 


( 

Heat energy 

Potential Energy 


(  

Kinetic Energy 

Nuclear Energy


( 

Heat, Light and Radiant Energy







                              

Electrical Energy


(

Light and Heat Energy

Chemical Energy 


(

Mechanical Energy

Energy - Work is Energy
Background:
Most of us already realize that work and energy are closely related. When we say, "I do not have the energy to do all of that work!" we realize that it requires ENERGY to do WORK. So what is work?

Work is done whenever a force makes something move. It is done by a car's engine to make the car accelerate, by a crane lifting a steel beam or a bow while accelerating an arrow.

The amount of work done is directly related to the force that you apply and the distance that the object is moved. If you move the same object twice as far, you will do twice as much work. If you move a larger object the same distance but it requires a larger force, you will do more work. 

Definition:
Work (W) is the result of applying a force (F) through a distance (d).  It is the change in energy of the object. Work In  = Energy Out
W = Fd
The units for work are the same as energy, Joules (J) or Newton metres (Nm).


If we look at a graph of the force applied and the distance travelled.


[image: image29.wmf] 

Force

 

(N)

 

Distance (m)

 

Area

 

Force  vs. Distance 

 


The area under the Force vs. Distance graph is work. 

	Height
	x
	Base
	=
	Area

	Force
	x
	Distance
	=
	Work done

	(N)
	x
	(m)
	=
	(J)


Energy – Work is Energy
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Practice:  Determine the work done in each question by calculating the area under the graph.

1. A 17.8 kg object is lifted to a height of 1.50 m.

a) Determine the work done in lifting the object 1.50 m.

b) Determine the weight of the object.

[image: image70.wmf]
2. A frictional force of 40.0 N acts on an object for a distance of 2.00 m and then the force decreases to 20.0 N for 1.00 m.

a) Calculate the work done by friction in the first 2.00 m.

b) Calculate the work done by friction over the whole 3.00 m.


3. The force exerted on a spring as it is stretched a distance of 20.0 cm.

a) Calculate the work done to stretch the spring.

Energy – Work is Energy

W = Fd

Work, W, is measured in Joules (J), Force, F, in Newtons (N), and distance, d, in meters (m).

If you apply a force of 1 N to an object for a distance of 1 m you will have done 1 J of work.
Example 1:  Calculate the work done when a 30.0 N force is applied for a distance of 20.0 m.


From your previous work with forces the basic formula can be changed for different situations.

	To accelerate an object requires a force: 

F =  m x a




	To lift an object at a constant speed requires a force equal to the weight:

Fg = m x g

	

	

	W = F x d or 
	W =  F x d

	
	

	W = m x a x d
	W = m x g x d


Example 2: 
A bullet is accelerated at 2.83 x 105 m/s2 in a gun barrel that is 50.8 cm long.  What is the mass of the bullet (in grams) if 2.80 x 103 J of work is done on the bullet?
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Energy – Work is Energy

Practice: 

1. How much work is done if you apply a force of 10.0 N to move a block 100 m?

2. If you do 1750 J of work applying a force of 150 N to a block, how far will you move the block?

3. How much work does a boy pushing a car with a force of 800 N for a distance of 200 m do?

4. A 2.0 kg puck accelerated at 5.0 m/s2 for 0.50 m across a frictionless air hockey table. How much work was done on the puck? (Hint: calculate the force applied first.)

5. How far can a parent push a 20.0 kg baby carriage, using a force of 62.0 N, if 2920 J of work is done?

6. In a record-breaking lift, Lewis jerked 225 kg. In so doing, he raised the weights a distance of 2.45 m from the floor to a position above his head. How much work did he perform in this event?

Energy - Potential Gravitational Energy
Since there are four basic forces, there are four forms of potential energy. A charged particle has electromagnetic potential energy because of its position in an electrical field, a subatomic particle has nuclear potential energy because of its location in the nucleus caused by the strong and weak nuclear forces, and an object has gravitational potential energy because of its position in a gravitational field. In this course, we study only gravitational potential energy and often refer to it as simply potential energy.

Gravitational potential energy is always measured relative to a rest position where the object has zero potential energy. As you raise something above its rest position you increase its potential energy by doing work on it.

Gravitational Potential Energy is energy due to position.  In order to raise an object with a mass m to a height h work must be done.  
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You can tell that the unit for potential energy is the Joule (same as work).  
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Example:
Imagine that you raise a heavy box from the floor. The box has a mass of 23.5kg and you raise it 84.2cm up. How much potential energy does it have? 

Ep = mgh


Ep = 23.5 kg x 9.81 m/s2 x 0.842 m = 194 J


Practice:  Rearrange the formula to solve for the following variables:


b) The height given a potential energy and the mass.

c) The mass given a height and the potential energy.

Energy - Potential Gravitational Energy Practice

Use the 4-step problem solving strategy to find answers to these problems. 

Use 9.81 m/s2 as the acceleration of gravity. 

Ep = mgh
m = Ep/gh
h = Ep/mg

1. A parent has lifted their 17 kg baby 1.8 m above the ground. Find the potential energy the child possesses.

(3.0x102J)

 (1.0 x 104J)

 (3.9 x 103J
2. A 580 kg satellite circles the Earth at an altitude of 120 km. What is its potential energy?

(7.0 x 107J)

 (4.4 x 104MJ
3. A 0.00030 kg flea can jump to a height of 0.75 m. How much potential energy does it have at the top of its jump?

(2.2 x 10-3J)

4. Sixteen metres above the ground a 325 g pear is hanging on a branch. Find its potential energy. 

(51J)

5. Swinging on a swing Beth attains a height of 3.95 m. What is her potential energy if her mass is 53 kg?

(2.1kJ)
Energy – Potential Energy

An object loses potential energy when it falls; the energy is converted to other forms usually kinetic energy. The loss of energy can be calculated by using the change in the height.


When the potential energy that an object has is released it can do work on other objects.  If all the potential energy is used the work done on the other object is equal to the potential energy.

1. To raise an object a distance of 10 m, you apply a force of 150 N. 

a) How much work is done on the object?


b) What is its potential energy at that time?

2. An object with a mass of 35 kg is 1.0 m above the ground. 

a) What is its potential energy?

b) What amount of work can it do when it strikes the ground?

3. A pile driver is used to sink heavy piles (sort of like power poles) into the ground upon which bridge trestles are built for example. The pile driver is a large crane that raises a weight (the hammer) and then lets it drop onto the top of the pile. If the 'hammer' weighs 500 kg, and the crane raises it 10.0 m above the pile before it drops it onto the pile, calculate:

a) The potential energy of the hammer before it is dropped.

b) The work done by the crane in raising the hammer.

c) The work done on the pile by the hammer each time it is dropped.

d) If it strikes the pile 100 times, the total work done on the pile.

4. What is the gravitational potential energy of a 56.1 kg person standing on the roof of a 10-story building relative to each of the following levels? (Assume each story is 2.50 m.)

a) Ground level

b) Tenth floor

c) Sixth floor

Energy - Kinetic Energy

Background:
Now that we understand that applying a force for a certain distance means that we are doing work, we can consider what that force can do. We already learned that lifting something increases the Potential Energy of the object. But what if we push something? If the object has no wheels chances are that a lot of our work is used to overcome the force of friction, however if there is no friction (the object may have wheels or slide on ice) the object will move faster and faster. 

Definition:
Energy of motion is called Kinetic Energy and is related to the speed at which something is moving. 

Ek = ½ mv2
The mass must be in kilograms and the velocity in meters per second. You can check that the units here are again Joules.


Example:
A 10.0g bullet is fired out of a pistol and moves at 300m/s. How much energy does that bullet have?

Questions:

1. What happens to the kinetic energy of an object if its mass is increased 10 times?

2. What happens to the kinetic energy if the velocity is increased 10 times?

3. Rearrange the kinetic energy formula to determine the velocity given a mass and the kinetic energy.


Energy - Kinetic Energy Practice

Use the 4-step problem solving strategy to solve these problems.  Ek = 1/2mv2
1. Find the kinetic energy of a 2.50 kg bowling ball moving at 5.00 m/s.

(31.3J)

 (2.4x102J)

2. A 0.375 kg baseball is thrown with a speed of 35 m/s determine the kinetic energy.

(2.3x102J)

3. Determine the kinetic energy of a 0.025 kg snail moving at 0.008 km/h.

4. Find the kinetic energy of a 185 g apple falling with a velocity of 25 km/h. 

(4.5J)

5. A feather with a mass of 0.50 g floats to the ground at 25 cm/s. Find the kinetic energy.

(6 x 10-8J)

Energy - Energy Conversions/Conservation Analysis

The Pendulum:

Background:
A pendulum is a simple energy conversion device. It changes potential energy to kinetic energy and back again. 

Materials:
Pendulum bobs


String

Activity:
Make pendulum and attach it to your desk or table. 


Measure the distance from the floor to the bottom of the bob.


Swing the bob up and measure the new height.


Let the pendulum swing and answer the following questions.




Questions:
Consider the illustration above.

1. At what points does the pendulum have the most Potential energy?


2. At what point does the pendulum have the greatest amount of kinetic energy?

Experimental design: Construct your own pendulum and determine the following:


1. The amount of potential energy at rest (point B).


2. The amount of potential energy at the point from which you release it (point A).


3. How much kinetic energy it has at the lowest point in the swing?


4. The velocity it should have at the bottom of the swing.

Energy - Total Mechanical Energy

Definition:
The total mechanical energy is the sum of the potential energy and the kinetic energy at any given time. The rule for any object that is in motion is that the total mechanical energy stays the same as long as there are no effects from friction.






ET = EP + EK
Example 1:
In order to throw a ball in the air your hand must apply a force for a distance, in other words you must do work to give it kinetic energy.  Suppose you throw a 0.25 kg ball into the air by doing 12.5 J of work on the ball.

· As it leaves your hand the potential energy will be 0 J (as measured from the height of your hand) and the kinetic energy will be 12.5 J. (From this information you can calculate the initial speed of the ball.)  ET = EK
· As it travels upward the force of gravity does work and the kinetic energy is changed into potential energy.  As the kinetic energy decreases the speed of the ball decreases.  

ET = EK + EP
· When it reaches its highest point it will have stopped moving so its kinetic energy will be 0 but it will have 12.5 J of potential energy. (From this information you can calculate how high it has gone.) ET = EP
· It will then begin to fall. As it falls gravity again does work and the ball loses potential energy and gains kinetic energy.  ET = EK + EP
· Just before it lands in your hand, it will have 12.5 J of kinetic energy but 0 potential energy.  ET = EK
· When it hits your hand, you will have to do 12.5 J of work on the ball to get it to stop.  W = (E
At any point in the flight of the ball, it will have 12.5 J of total mechanical energy.  Part of it will be potential energy because of its height, and part of it will be kinetic energy because of its speed.

Energy - Total Mechanical Energy
Example 2:
This is one example of the Law of Conservation of Energy or the First Law of Thermodynamics. Some children go tobogganing on an icy hill. They start from rest at the top of the hill as shown in the diagram. The hill is on the left is 10m high and the hill on the right is 5.0m high. The toboggan and children have a combined mass of 90.0 kg. Ignoring friction, determine:
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1. Fill in the diagram by placing the information given in the appropriate place and then decide what forms of energy make up the total energy at each point.

2. Their potential energy at their starting point. 

(8829J)

3. The total energy at their starting point. 

(8829 J)

4. When they reach the bottom of the slope their total mechanical energy will be converted to kinetic energy. Calculate their speed at this point.

(14 m/s)

5. When they come up to the top of the other side of the dip, the total mechanical energy will still be the same as before but now they will have some potential energy and some kinetic energy. Calculate their potential energy. 

(4415J)

6. Calculate their kinetic energy.

(4415J)

7. Calculate their speed.

(9.9m/s)

8. What do you notice about the answers for questions 5 and 6?  Why does this occur?

9. They then run into a tree. How much work do they do on the tree? 
(4415J) 
Energy – Think and Link Investigation 5-C Free Fall (page 215 of Textbook)

Purpose: To calculate the gravitational potential energy and kinetic energy of a steel ball at several positions during its free fall. Relate these energies to the total energy of the ball. 

Directions: Complete the table below by calculating the gravitational potential energy, the kinetic energy and the total energy of the ball at each position. Next, graph the gravitation potential energy, kinetic energy and total energy vs. time all on the same set of axes (Use g = 9.81 m/s2)
	Time

(s)
	Height

(m)
	Speed

(m/s)
	Ep
(J)
	Ek
(J)
	Total Energy

(J)

	0
	2.00
	0


	7.85
	0
	7.85

	0.10
	1.95
	1.1


	7.65
	0.240
	7.89

	0.20
	1.81
	1.9


	7.10
	0.720
	7.82

	0.30
	1.55
	3.0


	6.08
	1.80
	7.88

	0.40
	1.22
	3.9


	4.79
	3.00
	7.99

	0.50
	0.73
	5.1


	2.86
	5.20
	8.06

	0.60
	0.20
	6.0


	0.785
	7.20
	8.00
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Energy - Energy and Energy Efficiency

Energy efficiency is a measure of how much energy is converted into another form. It is usually expressed as a percentage. Many processes are surprisingly inefficient, for example many cars are only 15% - 25% efficient. At the other end of the spectrum nothing can, of course, exceed 100%. 

So, does this mean that energy is lost? Not at all! The missing energy is merely converted to a less desirable form (heat, noise etc). When we determine efficiency we consider any energy that is not useful to be lost energy. In the example of the automobile a lot of the energy is lost as heat, some as noise and a little as friction between tires and the road. 

Energy efficiency is determined like your percentage on tests: 

Percent = (Correct answers/ Total answers) x 100%

Efficiency = (Energy Produced/ Energy Used) x 100%

Another way to look at this is:

Efficiency = (Energy Output/ Energy Input) x 100%
For example: 
While camping you use a camp stove to supply 1.30MJ of heat to warm your soup. The soup gains 250kJ in the process. How efficient was this process? (19.2%)


Energy moves FROM the stove TO the soup. That means that the Energy Input is from the stove and the Energy Output is what the soup actually takes up.


Efficiency = 
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1. An electric tea kettle 560kJ of electric energy to heat the water inside it. The water gains 195kJ of heat energy. How efficient is the heating process? (34.8%)
2. A cyclist does 6.25kJ of work to gain 1.80kJ of kinetic energy. How efficient was she? (28.8%)
3. Automobile engines are very inefficient often converting only 25% of the chemical energy in fuel to motion. If the car has 100kJ of kinetic energy how much chemical energy was used? (400kJ) [Remember to change the % efficiency to a decimal value (i.e. divide 25% by 100]
4. A weight lifter raises 300kg a vertical distance [i.e. moves it up] of 1.50m. He uses 7250J of muscular energy. How efficient are his muscles? Calculate work needed to lift the weight i.e. W = Fxd (60.9%)
Pre-Lab- Energy Conversions in a Roller Coaster 

Purpose:
To analyse the efficiency of the energy conversions that take place in a roller coaster.

Background:
Roller coasters have a long and colourful history and many different designs have been built. Typically a ‘coaster’, capable of seating a number of people, is pulled up a steep incline. From the top of the first ‘hill’ the coaster will roll down through a series of loops and curves giving the riders many thrills until finally returning to the start.

Data:

A loaded car has a mass of 1600kg and it is towed by a force of 8000 N to the top of the first rise (B). Then the coaster ‘coasts’ downhill speeding up until it reaches C. 










	Time

(s)
	Distance

(m)
	Force*

(N)
	Height

(m)
	Velocity

(m/s)

	A       0
	0
	8000
	0
	3.00

	B      60.0
	180
	8000
	90.0
	0

	C      70.0
	280
	0
	40.0
	

	D      80.0
	360
	0
	80.0
	12.0

	F       95.0
	465
	0
	5.00
	37.0


1. At point A the coaster is not moving and has not been displaced from the ground, does it have any energy? ___________________

2. In order for the coaster to have energy to “coast” there must be an input of energy from a source. Calculate the WORK done on the coaster to get it from point A to point B.1440000J
3. At point B the coaster crests to the top of the hill, what type of energy does this coaster have primarily at this point? _____________. Calculate the amount of energy at this point.1412640J
4. What is the velocity of the coaster at point C? (This is a two step problem, show your work. Use the information from part B to begin) 42.0m/s
5. Calculate the ‘efficiency’ of the roller coaster if the vertical height of the rollercoaster at point B is 90.0 m, the mass of the coaster is 1600 kg and the velocity the coaster finishes at is 37.0 m/s. 77.5%
a. The input energy is ________________

b. The output energy is _______________

c. Calculations: 

6. Provide reasons for the energy losses in the roller coaster. How can energy losses be minimized?

Converting to a smaller unit equals a bigger number


Converting to a bigger unit equals a smaller number





�





� EMBED Excel.Chart.8 \s ���





� EMBED Excel.Chart.8 \s ���





� EMBED Excel.Chart.8 \s ���





� EMBED MSGraph.Chart.8 \s ���





Key: 1. 80 km/h, 2. 117 km/h, 3. 428 km. 4. 6.3 h, 5. 145 km, 6. 8.4 km/h, 7. 0.257s





1. 101 km/h   2. 233 m/s, 839 km/h,   3. 8.4 x 104km,   4. 12 m/s,   5. 0.40h








� EMBED Word.Picture.8  ���





� EMBED Equation.DSMT4  ���





� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





A





B





C





D





� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





D





B





E





C





F





A








PAGE  
4

_1120460605.doc


Force vs. Distance







0







10







20







30







40







50







Force



(N)







1.00







2.00







3.00







Distance (m)







0











C:\TEMP\~WRO0724.doc

07/23/2003 10:16 AM




_1226408437.unknown

_1288267231.unknown

_1288268280.unknown

_1289361279.xls
Chart2

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9



Speed

Time (s)

Speed (m/s)

Speed vs. Time of a Car

0

15

15

15

0

0

30

30

30

30



Sheet1

		

				Speed

		0		0

		1		15

		2		15

		3		15

		4		0

		5		0

		6		30

		7		30

		8		30

		9		30





Sheet1

		



Speed

Time (s)

Speed (m/s)

Speed vs. Time of a Car



Sheet2

		





Sheet3

		






_1290514726.xls
Chart3

		0		0		0

		0.1		0.1		0.1

		0.2		0.2		0.2

		0.3		0.3		0.3

		0.4		0.4		0.4

		0.5		0.5		0.5

		0.6		0.6		0.6



Ep (J)

Ek (J)

Total Energy (J)

Time (s)

Energy (J)

Energy vs. Time of a Steel Ball Free-fall

7.85

0

7.85

7.65

0.24

7.89

7.1

0.72

7.82

6.08

1.8

7.88

4.79

3

7.99

2.86

5.2

8.06

0.785

7.2

8



Sheet1

								Ep		Ek		Total Energy

								(J)		(J)		(J)

						0		7.85		0		7.85

						0.1		7.65		0.24		7.89

						0.2		7.1		0.72		7.82

						0.3		6.08		1.8		7.88

						0.4		4.79		3		7.99

						0.5		2.86		5.2		8.06

						0.6		0.785		7.2		8





Sheet1

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Ep (J)

Ek (J)

Total Energy (J)

Time (s)

Energy (J)

Energy vs. Time of a Steel Ball Free-fall

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Sheet2

		





Sheet3

		






_1288267747.unknown

_1226409631.unknown

_1287835615.xls
Chart1

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9



Time (s)

Total Distance (m)

Car leaving an intersection at a highway

0

15

30

45

45

45

75

105

135

165



Sheet1

		

		0		0

		1		15

		2		30

		3		45

		4		45

		5		45

		6		75

		7		105

		8		135

		9		165

		0		0

		1		15

		2		30

		3		45

		4		45

		5		45

		6		75

		7		105

		8		135

		9		165





Sheet1

		



Time (s)

Total Distance (m)

Car leaving an intersection at a highway



Sheet2

		





Sheet3

		






_1288266898.unknown

_1238683393

_1226408450.unknown

_1123302154.unknown

_1226408417.unknown

_1226408433.unknown

_1127301583.xls
Chart1

		1

		2

		3

		4

		5

		6

		7

		8



y

1

2.1

5

6

9

7

10

13



Sheet1

		x		y

		1		1

		2		2.1

		3		5

		4		6

		5		9

		6		7

		7		10

		8		13





Sheet1

		0

		0

		0

		0

		0

		0

		0

		0



y

0

0

0

0

0

0

0

0



Sheet2

		





Sheet3

		






_1127301584.xls
Chart3

		1

		2

		3

		4

		5

		6

		7

		8



y

1

2

3

4

7

5

7

8



Sheet1

		x		y

		1		1

		2		2

		3		3

		4		4

		5		7

		6		5

		7		7

		8		8





Sheet1

		0

		0

		0

		0

		0

		0

		0

		0



y

0

0

0

0

0

0

0

0



Sheet2

		





Sheet3

		






_1127301466.xls
Chart2

		1

		2

		3

		4

		5

		6

		7

		8



y

1

2

3

3

5

6

7

8



Sheet1

		x		y

		1		1

		2		2

		3		3

		4		3

		5		5

		6		6

		7		7

		8		8





Sheet1

		0

		0

		0

		0

		0

		0

		0

		0



y

0

0

0

0

0

0

0

0



Sheet2

		





Sheet3

		






_1122886164.unknown

_1122886187.unknown

_1120904819.doc


ET =







ET =







ET =







W =












_1120471197.doc


Force vs. Distance







0







2







4







6







8







10







Force



(N)







10







20







30







Distance (cm)







0











C:\TEMP\~WRO3128.doc

07/23/2003 10:00 AM




_1118217864.unknown

_1120027845.unknown

_1120376817.doc
[image: image1.bmp]

Force



(N)







Distance (m)







Area







Force  vs. Distance 












_1120459588.doc


Force vs. Distance







0







50







100







150







200







250







Force



(N)







0.50







1.00







1.50







Distance (m)







0











C:\TEMP\~WRO3264.doc

07/23/2003 9:57 AM




_1120384891.unknown

_1120028284.unknown

_1120302343.unknown

_1119178860.unknown

_1119182333.doc


Speed vs. Time







0







5







10







15







20







25







Speed (m/s)







10







20







30







Time (s)











C:\TEMP\~WRO0701.doc

2003-07-08 3:08 PM




_1119685480.unknown

_1119181818.doc


Distance vs. Time Graph of Michael Running







0







5







10







15







20







25







Distance (m)







5







10







15







Time (s)











C:\TEMP\~WRO3511.doc

2003-07-08 2:53 PM




_1119177336.doc


C:\TEMP\~WRO4080.doc

11/28/99 9:43 AM




_1119178460.unknown

_1119178018.doc


C:\TEMP\~WRO4066.doc

11/28/99 9:43 AM




_1118217881.unknown

_1118213085.unknown

_1118213138.unknown

_1118214567.unknown

_1118214701.unknown

_1118213111.unknown

_1016360337.doc


C:\TEMP\~WRO4080.doc

11/28/99 9:43 AM




_1118212926.unknown

_1118212937.unknown

_1118137627.unknown

_970831176.unknown

_970831211.unknown

_1007996492.doc
���������������



A







B







C







D
















_970831132.unknown

