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I. Laboratory Procedures

In any experiment, whether working on a car, baking a cake or determining the velocity of a ball down a ramp, it is important to determine what is affected by changes you make to the system.  You must know what you directly control or change, and what is made to change as a result.  What you are changing is called as VARIABLE.
For example, you are trying to make a cake that is very light.  The recipe calls for two eggs.  In one try, you use 3 eggs instead of two.  In a second try, you use 1 egg.  In a third try, you use no eggs.

Each time, your family eats the cake and they determine how “light” the cake is.  With this as an example, we can focus on two variables that change in the experiment.  We only want to change one at a time, but when we do, a second one, the thing that is being tested, is also changed.  The two variables we are concerned about are:

1. INDEPENDENT VARIABLE

2. DEPENDENT VARIABLE

The Dependent Variable is the result for which you are looking.  This is the conclusion of your experiment.  In general, the dependent variable is often found in one of the last columns on a chart in the lab procedures sheet.  To find this, you ask yourself “What am I looking for in the experiment?”  It is ALWAYS important to ask yourself this question, because it helps direct your thinking.  If you don’t know what you are looking for, what is the point of even doing the experiment?

So in the case of our cake, the independent variable is: “The Lightness of the Cake.”

The Independent Variable is the variable or parameter you directly control or change.  Although there may be several things you could change in the experiment, there is only one thing you actually change in each experiment.  You make the conscious decision to change it. In general, it is never measuring devices, such as ruler, stopwatches or thermometers, but it could be distance, time, or temperature.

When finding the independent variable, it is often helpful to ask yourself “What do I need to change to change the [Dependent Variable]?” for example you would ask, “What do I need to change to change the ‘lightness’ of the cake?”  In this case, it is the number of eggs.  The independent variable is what you directly control.  You are in charge of this variable.

Of course, when you change the number of eggs, this changes the lightness of the cake.  So therefore the independent and dependent variables are linked.  When one changes, so does the other.  So we see that the dependent variable is dependent on the independent variable.  And, in the same cyclical logic, the independent variable is not dependent on anything.  You are in control of this.

II.  Measurement Systems in Physics:   The International System of Units.

A standard measurement system is used within the scientific community called the International System of Units, or SI.  These SI units are arbitrary units that have been agreed upon by all the scientists and most of the nations of the world.  Each type of measurement has a standard unit for use.  The standard could be considered the base unit.  However, the base unit may not be the unit for which something is measured.  The base unit for length is the meter, but if you are measuring the distance from the Earth to the Moon, a more convenient measurement like kilometers is used.

Length- Measured in meters (m)

Area- Measured in meters squared, (m2)

Volume- Measured in meters cubed (m3).  The unit “liter” is often used.

Temperature- Measured in Kelvins (K)  The unit “celsius” is often used.

Mass- Measured in kilograms (kg)

Derived Units.

You may notice that if you wanted to measure the speed of something, there is no unit for miles per hour or meters per second.  We can take the units above and combine them into derived units.  A derived unit is a unit that contains two or more base SI units.  For example the unit for density, which is a measure of the amount of matter in a given space, has SI units of kg/m.  However, a more convenient use for density is g/mL.

There is a myriad of derived units for physics, chemistry, and in fact all the sciences.  We will not list them here.  Rather, as we work with formulas, the derived units will become apparent.

II. Scientific Notation:  A Review

Scientific notation is a way of expressing large or small numbers using powers of 10.  Scientific Notation is expressed in the following form:

_._ _ X 10 x

3.14 X 10 4
The first number or the decimal number at the beginning is a number between 1 and 10.  The power X is the number of places to the left or right we have to move the decimal point to make the number a decimal number between 1 and 10.

If we start out with a number greater than 10, the value of X will be positive.  Like wise, if we start out with a number smaller than 1, the value of x will be negative.

For example the number 6,000,000 liters is expressed in scientific notation as:

6 X 10 6 liters
To write measurements using scientific notation, move the decimal point until only one digit remains on the left.  Then count the number of places the decimal point moved and use that number as the exponent.  The exponent gets LARGER as the decimal point is moved to the left.  The reverse is done when converting from scientific notation back to a regular non-scientific notation number.

Try the following examples:

	1.  365 s
	7.  7.56 X 10 4

	2.  96 000 kg.
	8.  1.00  X 10 –3

	3.  1 000 000 m
	9.  3 X 10 8

	4.  0.007 kg
	10.  4.12 X 10 –6

	5.  0.00063 m
	11.  5.0123 X 10 –1

	6.  0.000 000 950 s
	12.  9.0243 X 10 9


IV.  Precision and Accuracy

Have you ever baked a cake and found out later that you used 3 tablespoons of vanilla rather than 3 teaspoons?  This dilemma illustrates the difference between ACCURACY and PRECISION.  You may have measured the 3 tablespoons exactly, but it was the wrong amount of vanilla to use.  Obviously, although you carefully measured out three tablespoons, you had the wrong amount of vanilla to begin with.

How closely you measure something repeatedly is referred to as PRECISION.  It is how close two or more sets of data are to each other.  For example, you have measurements of 10.49 cm, 10.50 cm, and 10.51 cm.  We could consider these to have high precision because they are close to each other.  (This is somewhat of a judgement however, because it deals with how precise or “good” the measuring device is.  There may be 

[image: image1.wmf]cases where this is very poor precision.)

Accuracy is the closeness of a single data point to its true value.  If the true answer of a measurement is 8.40 cm and we obtain 8.39 cm, we can say that it has a high accuracy.

So in our example, if you repeatedly measured 3 tablespoons of vanilla into the cake, rather than 3 teaspoons, you would say you have high precision because you were able to obtain the same measurements (3 tablespoons) over and over again. However, you would also say that you have low accuracy, because you were off from the real value of 3 teaspoons.

Accuracy and precision can be graphically shown with the bulls-eye diagram above.  The arrows, if close together, represent high precision. When they are close together and on the center, they represent both high accuracy and high precision.  

Can you think of an example with the arrows when you can have low precision and high accuracy?

In science we want to have them close together and have high accuracy- in other words, we want them on the mark!

III.  Significant Figures.

Even when striving for high accuracy, there is always error in an experiment.  Scientists attempt to understand where errors enter the experiment, but they can not be perfect.  As a way to account for error, Significant Figures are used when calculating data and drawing conclusions.

Here is a way to think about why significant figures are used in experiment:  Let’s say you make a cake and you purchase the best vanilla you can find as one of the ingredients.  Other ingredients are just average, but the eggs are bad.  How good will the cake be?  Probably not so good, since the eggs are bad.  Even with the best vanilla, the determining factor of how the cake tastes is the quality of the eggs.  In fact, the ingredient that determines how the cake tastes is the worst ingredient not the best!

In the same way, when a set of measurements are taken, the factor that determines how you report the calculation is not decided by the best measurement, but rather the worst one.

Significant figures are those digits in a measured or calculated number that include all certain digits plus one “uncertain” digit.  The number of significant figures is the number of digits reported that indicate the precision of the value.

Rules for determining significant figures:

1. All digits are significant except zeros at the beginning of a number:  Some ending zeros may not be significant.  This means that all numbers, 1, 2, 3, 4, 5, 6, 7, 8 and 9 are significant in a number.  The only decision we have to make is for numbers with beginning or ending zeros.  Sometimes it is, sometimes it isn’t.  If zero is trapped between two other numbers, then zero is automatically significant.
Example:

543 meters has 3 significant figures

                 

9807 pounds has 4 significant figures

2. Zeros ending anywhere to the right of the decimal point are significant.  If a zero is placed as an ending number on the right side of the decimal point it must be significant, because the person took the time to place it there.  For example, if I said I have 1.00 dollar, I must have exactly 1 dollar because I went to the trouble to write the last digits down.  If I said 1 dollar, it could mean I have nearly 1 dollar, slightly over 1 dollar, or 1 dollar exactly.  I just am not sure.

Example:  

1.340 has 4 significant figures.




2350.00340000 has 12 significant figures.

3. Zeros ending at the left of the decimal point may or may not be significant.  A measurement is reported as the following:  5000 meters.  How many significant figures does it have?  5000 meters could be an estimate, which is highly likely, or it could be an exact measurement.  The number 5001 meters has 4 significant figures, because we know with high precision the value of all the digits in the number.  If 5000 meters is an estimate, then the number of significant figures is just one!  But, if 5000 meters is an exact measurement, the only way we can know for certain is to report it using scientific notation:  5.000 x 103 meters.  In this case, there are 4 significant figures.

In fact, every time we see a number reported using significant figures, all the numbers shown in the decimal part of the number are automatically significant.

Hear are some examples:

A. 300000 (1 significant figure        3.000 x 10 5   ( 4 significant figures

B. 940       (2 significant figures       9.40 x 10 2     ( 3 significant figures

C. 12000   (2 significant figures       1.2000 x 10 4 ( 5 significant figures

4.  Zeros on the left side of the decimal are only significant if there is a zero after the decimal.  This rule is really a derivative of rule 1 and 2.  Any ending zeros after the decimal are already significant (rule 2) and this makes any trapped zeros also significant (rule 1).

For example:

           1000 cm. has 1 sig. Fig.

           1000.0 cm has 5 significant figures, since zero ends the number after the decimal 

            and this traps other zeros, making them significant as well.

5. All beginning zeros are not significant.  You would not write the number 123 m as 000123 m. The first zeros are irrelevant.  In the same way, a decimal number such as 0.00123 cm has zeros that are not significant.  Although you can not just drop them from the number like we did with 000123 m, the zeros are not important in the precision of the number.

A closer look at this will reveal why: Let’s measure, in meters, the width of a penny.  The following measurements are taken each with a different measuring device.  Each will give us a higher level of precision in the measurement.
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0.02 m

0.019 m

0.0191 m

0.01913 m

0.019132 m

Which of these has the highest level of precision?  Obviously, the measurement with the larger number of decimal places is 0.019132 m.  But when you examine it closely, the zeros in front of the numbers 19132 do not contribute in any way to the precision of the number.  They are there merely as placeholders.  Writing the number in scientific notation, also reveals that the beginning zeros are insignificant: 

1.1932 X 10-2 – the zeros do not appear at the beginning of the number.

So also the following examples we see:

A. 0.004 cm ----- 1 significant figure

B. 0.0030 cm ---  2 significant figures

How many significant figures are in each of the following numbers?

1. 10.04 cm

2. 122.0 L

3. 7.0200 mL

4. 14.66 grams

5. 3.04 x 104  m/s

6. 0.001 km

7. 93,000,023.50 miles

IV. Significant Figures with Multiplication and Division

[image: image3.wmf]Using the rules we have learned from significant figures, we can apply them to calculations and determine how we should round the numbers.  It is very easy to put two numbers into a calculator and get an answer from it.  For example, when you divide 1 by 3 you get 0.3333 continued to infinity.  Often this is expressed as 0.3.  But, in reality, it is impossible to have a number with infinite precision.  There are always limits in the measurement system.  Therefore, we have to use figures to round our numbers and results.

1.  When multiplying or dividing measured values, give as may significant figures in the answer as in the measurement with the least number of significant figures.

For example, you want to multiply the following:

5.00 cm x 3 cm

We know the answer is 15 but how many significant figures should it have?

5.000 cm --- 4 significant figures

3 cm        --- 1 significant figure

The final answer must have as many significant figures as are in the least significant number.  Which one has the least significant figures?  3 does.

The final answer must have only 1 significant figure since the number 3 has only 1.  We must round the number 15 (the answer) so that it has only 1 significant figure.

To what number should we round it so it has only 1 significant figure?  Using rounding rules, if we round up to 20, this will give us a number that has 1 significant figure.

So 5.000 cm x 3 cm = 20 cm2!

Keep in mind that you can not round this number to just 2, although that might be the temptation.  You still have to keep the zero.  It is part of the number after all.  It just doesn’t contribute to the significance or precision of the number.

Remember, this applies only to calculations, not to counting objects or items!

VII. Significant Figures and Addition and Subtraction

2.  When adding or subtracting measured values, give as many decimal places in the answer as are in the measurement with the least number of decimal places.  Here, we are looking only at the number of places in the decimal portion of the number, not the number of significant figures in the whole number.

For example, if we want to add

3.15000 cm + 9.45 cm

There are 2 decimal places in 9.45 cm and there are 5 decimal places in 3.15000 cm. Therefore, we have to report the final answer having the least number of decimal places, which in this case is 2. The final answer must be rounded so there are only 2 decimal places past the decimal point.

3.15000 cm + 9.45 cm = 12.60000

This needs to be rounded to 12.60 cm, so that we have the correct number of decimal places past the decimal point.

Notice that we don’t worry about the number of numbers in front of the decimal, only behind it.

Perform the indicated operations and express the answer to the appropriate number of significant figures:

1. 17.8 cm + 14.73 cm + 16 cm

2. 0.647 L +0.31 L +0.31 L

3. 14.72 mi. – 6.8 mi.

4. 24.78 m/s – 0.065 m/s

5. 13m x 752 m

6. 0.002 cm x 47 cm

7. 181.8 m / 75 s

VIII:  Distance and Displacement

[image: image4.wmf]Objects are seen to move everyday, but when they are in motion, we always compare it’s motion to some other object.  For example, a car moving down the highway is said to move at 55 mph, with respect to the earth.  It is moving in a Frame of Reference with respect to the stationary earth. 
A Frame of Reference is considered to be a set of circumstances in which one object is compared to others within a system.  The car moving on a road is compared to the Earth, which is assumed to be non-moving.  The Position of an object is defined as the place an object is located within the frame of reference, relative to an arbitrarily selected object.  We can compare the car with the starting position of your house.

Frame of reference can be illustrated by throwing a ball on a bus.  As a bus moves down the street, there are two possible frames of reference we can observe.  If the bus is stationary and a ball is thrown, then we can take the frame of reference to be either the bus or the ground and talk about its motion with respect to it.  So if we throw the ball at 50 miles per hour, it is also 50 mph with respect to the ground, and the bus, since the bus is non-moving.

But if the bus is moving, we can describe its motion and the speed of the ball with respect to either the bus or the ground.  If we describe the motion of the ball with respect to the bus, the ball is still moving at 50 mph.  However, if the ball’s motion is with respect to the ground, the speed of the ball also must include the speed of the bus.  If the bus is moving at 55 mph and the ball is thrown forward, then the total speed of the ball is 105 mph.  If the ball is thrown backward, then the speed of the ball is –5 mph.

When your position changes, we can measure the length of travel moved and we can measure the difference between the starting and ending points.  These two lengths are called Distance and Displacement.

Distance is the total length of the path followed by a moving object. This is said to be a scalar quantity.  (A scalar quantity is a measurement that involves only a number.  Your mass and weight are also considered to be a scalar quantity.  Time is also a scalar quantity.)

Displacement is the straight-line path between 2 points.  Displacement involves only one possible path between the starting and ending point and it is always the straight-line path between these points.  Displacement is said to be a vector quantity.

So what is the difference between a Scalar Quantity and a Vector Quantity?

Scalar Quantity is a number.  It is also referred to as magnitude.  It tells something about size, length, or duration, but what it lacks is direction.  For example, if you get in your car and go 55 miles per hour, this number is said to be a Scalar Quantity.  But what if you wanted to state the direction you were traveling.  This added information makes the number, in combination with the direction, a Vector Quantity.  A vector quantity tells us not only the magnitude (size) but also the direction.  One example of a vector is 10 miles to the North.

Vectors are expressed with arrows.  The length of the arrow is used to represent the size of the vector, and the direction of the vector is used to represent the direction of the number. 

Vectors can be added.  When two or more vectors are added, the result is a new vector.  The starting vectors are called Component Vectors.  The new vector that is created is called a resultant vector.

IX:  Positives and Negatives

In math class, you have heard about Positive and Negative numbers.  For example, on a number line, we see that POSITIVE 9 is distinct and different from NEGATIVE 9.  But are the really?  In fact, there is no difference between the two values.  The Positive and Negative signs are used to denote a difference in direction.

[image: image5.wmf]
DIRECTION is the important value to remember about positive and negative values.  Let’s look at an example of direction and how it is important.
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You write a series of checks out of your checking account and are surprised to find that you are in debt by $20.00.  In your checkbook you would write:  -$20.00, and often, in accounting, it may appear in red!  The negative in front of the 20 indicates the direction of your checking account.  To get your account headed back to the positive, you would deposit a $20.00.  However, you would not go find a –20 dollar bill, would you?  And you didn’t spend a 

-20 dollar bill to get you in debt, did you?  The -$20.00 in your checking account indicates a DIRECTION. Nothing more.

So remember the following:

When you see a negative number, it tells you something about the direction of the number.  Just as you would tell someone to go north or south, a number can tell you what direction it is headed by placing a negative sign or positive sign in front of it.

X:  Speed and Velocity

You are moving in a car down the road.  This motion can be described in terms of the distance you move in a certain time interval. This is called speed.  Speed is a scalar quantity. Speed is defined mathematically in the following way:
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Example:

A car travels 80 kilometers in 4 hours. What is it’s speed?

We know the following from the problem:

V=?

D= 80 km

T= 4 hours
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Using the formula,

V=d

      t

We can solve for velocity:

V=  80 km    =  20 km/hr
[image: image10.wmf]      4 hours
Notice that the units stay with the numbers. They don’t get dropped. When you divide distance by time, the units get divided as well:
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Velocity is a vector quantity and can have either a negative or positive value within a frame of reference. 
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Velocity is different from speed in that it is made up of both a speed and a direction.  If you are moving down a road at 55 miles per hour, you define this as speed.  If you then say you are moving to the north (which is a direction) you turn this into a vector quantity, and it becomes velocity.  Velocity (and its direction) can also be a number with a positive or negative sign.  This positive or negative sign is used to define a direction.

The formula for velocity is slightly different than the formula for speed.  

[image: image15.wmf]
A couple of important things to notice about the formula: 

1. Velocity is a vector, because it deals with displacement, not distance.

2. The difference between the STARTING and ENDING positions are measured, not the distance traveled in between.  

3. The starting or initial time is often ZERO.
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Since displacement is the measured quantity for calculating velocity, it is possible for something to move in a circle, which will result in the velocity being zero.  For example, if you run around a track, say a distance of 400 meters, the distance traveled is 400 meters, so you can measure SPEED.  But, when you measure velocity, if you start and stop at the same place, your VELOCITY would be equal to zero.

Velocity has a positive direction and a negative direction.  YOU set the direction.  For example, if you wanted to move EAST, you could set that direction as POSITIVE.  Consequently, if you move WEST, you velocity would be negative.  Keep in mind, this has nothing to do with speeding up or slowing down, just the direction of the motion.

For example if you have a car moving down a road, you can set up a situation in which moving away from your house is positive, and moving toward your house is negative.  If the velocity of the car is +30 miles per hour, then you are moving away from your house.









30 miles per hour
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X-Direction Positive to the right.
Remember: Although negative is to the left, and positive to the right, you can set the positive or negative direction in any way you find is easiest.

Another example of positive and negative directions is the following:  The average velocity of roller coaster is –60 feet per second. This means that the roller coaster is moving down hill. The negative only describes the direction, not that it is moving backward.  (In this case, we decided to make positive UP, and negative DOWN.)

Example 2:

During a bike race a bicyclist goes 25 kilometers. They start the race at time = 0 sec and finish at 2 hours and 15 minutes. What is the bicyclist average velocity?

First of all determine the value of all the variables:

df = 25 km

di = 0 km

tf = 2.25 hours  (since 15 minutes is 0.25 hours)

ti = 0 hours

V = ???

           V=   (d = df – di   =  (25 – 0) km

           (t     tf  - ti       (2.25 – 0) hr

              = 11.1 km/hr

XI. Acceleration

We know that objects speed up and slow down.  When you are in the car, you can feel this change of velocity as you are pushed into your seat or get held in place by the seatbelts as the car slows.  You also feel the same when you turn the corner sharply.  These cases are examples of acceleration.  Acceleration is merely a change of velocity.  But let’s first examine velocity again.  What is velocity?  It is a vector quantity that tells us the speed and direction and object is moving. 

So, when acceleration occurs, one of two things can happen:

1. We either speed up or slow down.

2. We can change direction, such as going around a corner.

Mathematically, we can demonstrate acceleration due to a change of speed in the following way:


The formula for acceleration is expressed as the change of velocity divided by the change of time.  

The standard SI unit for acceleration is meters per second squared (m/s2)

(The units for velocity are meters per second.  The units for time are seconds.  So we have meters per second divided by seconds.  This is equal to meters per second per second, which is meters per second squared.)

Velocity   =  meters/second   =   m/s
=    m

  Time               seconds                 s
       s2
Example 1:

An airplane moves down the runway.  It starts out a 0 km/hr and increases it’s speed to 150 km/hr in 0.02 hours (1 minute).  What is its average acceleration?

So solve the problem list all values of each variable then solve.

vf = 150 km / hr

vi = 0 km/hr

tf = 0.02 hours

ti = 0 hours

A = ???

              A  =  (V  =  vf  - vi   =  (150 – 0) km/hr
                     (t  =   tf  -  tI            (0.02 – 0) hr

                =+7500 km/hr

The positive sign indicates the acceleration is in the positive direction (and in this case that it is speeding up.  When it comes to positive and negative directions for accelerations, let's look at the following situations:  (Remember that a longer arrow represents a higher velocity.)

EXAMPLE 1:  Car speeds up, going to the right.


EXAMPLE 2:  Car slows down, moving to the right.


 EXAMPLE 3:  Car speeds up, moving to the left.


EXAMPLE 4:  Car slows down, moving to the left.


In our 4 cases, notice the following things:

· If the car is moving to the right, it has POSITIVE Velocity, but not necessarily positive acceleration.

· If the car is moving to the left, it has NEGATIVE Velocity, but not necessarily negative acceleration.

· If the arrow for acceleration gets LONGER (it increases) the acceleration is in the SAME direction as the car is traveling.

· If the arrow for acceleration gets SHORTER (it decreases), the acceleration is in the OPPOSITE direction as car is traveling.

Acceleration can be a change of speed, or a change of direction.  On the roller coaster, if you go around a corner, you will experience an acceleration.  A tighter curve will produce a higher acceleration.

XII.  Gravity and Acceleration Due to Gravity.

Gravity is a property of all matter.  Everything, chairs, tables, you, all have gravity.  It is a tremendously weak force, so for us to really feel the effect of it, the object must have a large amount of mass.  And Earth is large enough that we can feel gravity from it.  But even so, with the large size of Earth, the gravitational pull is still not all that great, when compared to other forces.

Since gravity is a pull (it is pulling us to the ground, at all times, even when you are sitting still) it causes things to accelerate toward it.  For the Earth, we say that the gravity is focused in the center of the earth, so there is a "Center of Gravity."  It is toward this Center of Gravity that an object appears to accelerate to.

When you drop a ball and allow it to fall, it will accelerate toward the ground.  Gravity is an accelerating force affecting all objects.  Even if the object is just sitting on a table, 

it is experiencing an accelerating force.  It is precisely this reason that objects dropped from a higher position will hit the ground with a higher speed than those dropped from a lower position.  

The acceleration due to gravity is a vector quantity and is measured in meters per second squared (m/s2).

Acceleration due to gravity is equal to 9.8 m/s2.  This number is one to remember and is one of the fundamental numbers used in physics.  As an object falls, it increases its speed.  If the object starts at zero, the following happens each second:

	Time (seconds)
	Velocity (m/s)
	Distance (meters)

	0
	0
	0

	1
	9.8
	4.9

	2
	19.6
	19.6

	3
	29.4
	44.1

	4
	39.2
	78.4


So the object starts at 0 m/s.  But after one second, the velocity increases, or accelerates, to 9.8 m/s.  After 2 seconds, the speed increases to 19.6 m/s, until, its speed increases 39.2 m/s after 4 seconds.  For 4 seconds, the rate of acceleration is 9.8 m/s2.  And, during each second, the distance the object falls also increases.  And you will notice that the distance increases dramatically as it falls, from 0 at the beginning to a total of 78.4 meters after 4 seconds.

In the picture on the next page, two balls are dropped at the same time, but one is also pushed out to the right.  Both fall at the same rate because the pull of gravity is a constant on both.  Acceleration due to gravity is a force that acts all the time; no matter the direction the object moves.  And it also does not depend on the mass.  A heavy and light object will drop at the same rate.


Two objects dropped at the same time will fall at the same rate and hit at the same time, if there is no air resistance.  It does not depend on the mass of the two objects.  If there is air resistance, gravity still acts on it in the same way, but resistance with the air causes the object to reach a maximum speed.  When it reaches this maximum speed, the object no longer accelerates – it just continues to fall at the same speed.  There is a point at which a falling object will not increase in speed in an atmosphere.  This is called TERMINAL VELOCITY.

A skydiver will reach terminal velocity when the upward force of air equals the downward force of gravity.  Although they continue to rush toward the ground, there is no increase in velocity, and therefore there is no change of speed taking place.  But remember, gravity is still acting on the person. So a person that jumps out of an airplane, starts out with a VERTICAL velocity of zero (remember, the person is still in an airplane that is moving horizontally, but that does not affect the vertical speed of the person as they fall.)  After they start to fall, gravity increases his or her speed.  At about 200 miles per hour, the air resistance against the person equals the downward pull of gravity, and no more acceleration takes place….they continue to fall to the ground at 200 miles per hour, or until the parachute opens!

In summary, as an object falls

· The distance increases dramatically.

· The velocity increases at a rate of 9.8 m/s.

· The acceleration remains constant.

XIII.  Forces and Newton’s Law of Motion.

Imagine you are at a baseball game where you can see the pitcher but not the batter.  You see the pitched ball first moving toward the home plate until it disappears from view, then reappears moving in the opposite direction.  Obviously the ball has interacted with something.  Somehow a force has occurred.

It was Isaac Newton who discovered 3 ways a moving object can behave and how forces affect them.

Newton’s Law of Motion.

Isaac Newton (1642-1727) was the first to systematically point out that objects in motion have something in common.  For example, when you roll a ball on a very smooth surface it travels a great distance.  Since friction is small, the forces that slow it down are small.  Newton was able to deduce all of his laws of motion from observations of moving objects.

XIV.  Newton’s First Law of Motion

In the video on the web site, notice how objects in motion (the mannequins) continue to move forward until an external force acts on them.  The mannequins are moving at the same rate as the car until collision occurs.  If the car is travelling at 55 miles per hour, all of the objects inside the car are also moving at the same speed.  If the car suddenly stops, objects inside the car continue to move forward at 55 mph until they encounter another object.

Newton’s First Law of Motion states that an object in motion will continue in motion in a straight line, and an object at rest will stay at rest unless a net or unbalanced force acts on it.  

The property responsible for this action is inertia.  Inertia is the tendency of an object to do what it is currently doing.  A ball on a table that is stationary will stay stationary due to inertia; and a ball in motion will stay in motion due to inertia – unless a force acts on it.

Interestingly, there is no real difference between an object at rest and one moving with a constant velocity (remember the ideas of frame reference).  Although this idea may seem strange, in space, we know it applies.  Spacecraft launched from Earth coasts for longer distances since friction is greatly reduced – which results because there is no atmosphere.

XV.  Newton’s Second Law of Motion 

When we apply a force, we can cause something to either speed up or slow down…..or in some cases, even balance another force.  For now let’s examine a case where we need to make a stationary object start to move.

Consider pushing a bowling ball.  The harder you push, the faster the ball will reach a given speed.  Thus, the larger the force, the larger the acceleration.  Acceleration is directly proportional to force.  But it also depends on the mass.  It is more difficult to accelerate a heavy object than a lighter one.

Newton’s Second Law:  The acceleration of a body is directly proportional to the net force on it and inversely proportional to its mass.

Mathematically this is represented as:


Simply stated, it shows that if you have a mass (such as a bowling ball) to make it accelerate, you have to apply a force.  If the bowling ball is more massive, a greater the force is required to make it accelerate at the same rate as a less massive ball.

If you have bowling balls of equal mass and you want different rates of acceleration, you must push harder, or apply a greater force to get a larger acceleration.  Both of these paragraphs are demonstrated graphically in the drawings on this page.

	Equal FORCES applied to masses of different sizes.

             F                          a

        F                                a
                F                                 a

Result is a change in the acceleration.  A large mass has a smaller acceleration.  A smaller object, with the same force, results in a larger acceleration.


	Equal MASSES, with different forces applied.

                F               a

         F                 a

                        F                a

Result is a change in acceleration.  But this time, a larger force results in a larger acceleration, and a smaller force in a smaller acceleration.




What are the units for force?  We know the formula for force is: F=ma and the units for mass and acceleration are shown below:

Units for mass = kg (kilograms)

Units for acceleration = m/s2 (meters per second squared)

Substituting only the units into the equation F =ma, we get the following:

F = m a

F = (kg) (m) = kg m = 1 Newton

        




    (s2)        s2
Kilograms meters per second squared is called a NEWTON.

Example 1:

What unbalanced force is needed to accelerate a 1500 kg. race car at +3.00 m/s2
Use  F = ma
a = +3.00 m/s2
m = 1500 kg

F = 1500 kg (3.00 m/s2)

F = 4500 N
XVI.  Impulse and Newton’s Second Law of Motion

We can make Newton’s Second Law more practical through a simple substitution:

Using the formula for acceleration, we can plug it into F=ma.

Acceleration is: a = ( v            
Force is:  F= ma

                                ( t

Make a simple substitution for acceleration, a. 


  a = ( v            

                             ( t


  F= ma

         F = m ( v




  ( t
What does this formula mean?

Force not only depends on the change in velocity, but also the amount of time it 

takes to change velocity. 

The use of seatbelts and airbags use this principle to save lives.  In a car crash, mannequins are used to test safety features.  The time it takes for the mannequin to slow down dramatically changes the force they experience form the slowdown.


If the time it takes to decrease from an impact speed of 55 mph to 0 mph is very small the force of impact is very large.  This would happen if the car suddenly hits another car, a tree or a wall.  The same thing happens if you are inside the car without a seatbelt.  The car stops suddenly, throwing you inside the car and impacting the dashboard or windshield at a speed of 55 mph.  Since there is a dramatic and quick change of speed the impact forces an extremely high.

However, if the change of speed occurs over a long period of time, rather than just a fraction of a second, the resulting forces can be dramatically decreased.  Seatbelts and airbags increase the amount of time it takes to slow, thereby decreasing the 

forces on a mannequin or person. 

Impulse is a much more applicable application of Newton’s Second Law because it accounts for the time during which the force interacts.  If a force acts during a shorter time period, the force is larger.  If the force acts during a longer time period, the force is smaller.
Example 1:
An artillery shell has a mass of 55 kg. The shell is fired from the muzzle of a gun with a velocity of 770 m/s. The gun is 1.5 m long.  What is the average force while it is in the gun barrel?  The applied force acts over 0.25 seconds.  

vi = 770 m/s

vf = 0 m/s

m = 55 kg

d = 1.5 m

t = 0.25 s

F = ?

F= m (v

         (t

F= 55 kg ( 0 m/s – 770 m/s)
(0.25 s) 

F= - 170,000 Newtons  (using significant figures.)

XVII.  Newton’s Third Law of Motion

If you try to accelerate a bowling ball by kicking it, you will feel the force of the ball on your foot.  This is an example of Newton’s Third Law of Motion.  Not only does the ball experience force, but there is also a force back on you.  All forces come in pairs.  One object applies a force to the other, and in return, both have a force back on it.

Newton’s Third Law of Motion is:  For every force on an object, there is an equal and opposite force exerted on this object.    This is the idea of action-reaction.  Forces always come in pairs.


In the diagram on the left, we see that if you lift a bowling ball, you need to apply a force.  (Here, we assume the bowling ball is not accelerating.)  But gravity is another force that acts on it.  Your hand applies a force, but also feels a force from the bowling ball.  And at the same time that gravity is acting on the ball, the ball is also applying a force back on Earth.  Yes, the gravity of the ball itself is applying a force to Earth.  To be sure, the amount of gravity the ball applies is very small, but it is there nonetheless.

So your hand is the action, the ball back on your hand is the reaction.  And gravity on the ball is an action, and the ball’s gravity on the earth is the reaction.  In this case there are two sets of action-reaction pairs.

And the interesting fact here is that you can switch the action reaction pairs.  What we call an action, can be changed to reaction and vice-versa.  The order of action and reaction is independent of each other.  What is important is that they are equal and opposite to each other.

XVIII. Mass and Weight 

An astronaut goes into space and we see them floating in the space shuttle.  Are they weightless?  Or are they massless?  What is the difference between weight and mass and what difference does it make to ask?

Mass is the amount of matter in an object.  It does not depend on gravity.  When you bring an object into space, the mass does not change.  Mass and inertia are related.  The higher the mass, the greater the inertia.  A “down to earth” example of mass and inertia is the following:  Pushing a car can be difficult when the engine stalls, but pushing a train can be even harder, if not impossible.  Because the train has more mass than the car, the inertia is much greater.  If you were to take the car and train into space, and perform the same experiment…pushing both the car and the train, it would still be very difficult pushing the train.  (It will be slightly easier, since there will be no friction with the ground, but it will still be incredibly difficult to do.)

Weight is the pull on an object by gravity.  This changes from place to place to place.  If you go to the moon, the gravity changes and so does the weight.

Since weight is a pull from gravity, we use Newton’s Second Law to make a relationship between mass and weight.  The equation for force can be used to find weight.


Recall that F = ma
But since gravity is an acceleration, we can make gravity, g, the same as the acceleration:


F = mg

Force is now equal to the mass of an object and the pull of gravity.  But we can now say that force is the same as weight.  Weight changes depending on the pull of gravity.  So the formula can be written as:


W = mg

Remember that what changes is weight, not mass.  This now explains why we weigh differently on different planets!  The pull of gravity on us does not change our mass, it merely pulls on our mass with a different acceleration, thereby increasing our weight.

V = d      v = speed


        t	     d = distance


	     t = time	
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V = (d  = df – di	V = velocity


        (t       tf – ti	d = displacement	


			 t = time


			df = final position


			di = initial position.


			tf = final time


			ti = initial time


( = Is the Greek letter Delta, which represents “change of”





� EMBED MS_ClipArt_Gallery  ���





A = ( v  = vf – vi	A = acceleration


        (t       tf – ti	v = velocity	


			 t = time


			vf = final velocity


			vi = initial velocity


			tf = final time


			ti = initial time
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X –direction Positive to right.





Acceleration is equal to:





A = (100 m/s – 20 m/s)    = 80 m/s    =  + 20 m/s2  


	  4 s – 0 s                      4 s 





Acceleration is POSITIVE, so the direction of acceleration is to the right, and it is speeding up.





A car accelerates from 20 m/s to 100 m/s, in 4 seconds.





A car accelerates from 100 m/s to 20 m/s, in 4 seconds.





Acceleration is equal to:





A = (20 m/s – 100 m/s)    = -80 m/s    =  - 20 m/s2  


	  4 s – 0 s                      4 s 





Acceleration is NEGATIVE, so the direction of acceleration is to the left, and it is slowing down.





X –direction Positive to right.
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A car accelerates from -20 m/s to -100 m/s, in 4 seconds.





Acceleration is equal to:





A = (-100 m/s – (-20 m/s))    =   -80 m/s    =  - 20 m/s2  


	    4 s – 0 s                          4 s 





Velocity is negative, because it is moving to the left.  Acceleration is NEGATIVE, so the direction of acceleration is to the left, and it is speeding up.





X –direction Positive to right.
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A car accelerates from -100 m/s to -20 m/s, in 4 seconds.
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Acceleration is equal to:





A = (-20 m/s – (-100 m/s))    =    80 m/s    =  + 20 m/s2  


	    4 s – 0 s                          4 s 





Velocity is negative, because it is moving to the left.  Acceleration is POSITIVE, so the direction of acceleration is to the right, and it is slowing down.





X –direction Positive to right.
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     F = m a	 	F = force	


			m = mass


			a = acceleration





One-Dimensional Motion


Graphing the Motion of a Car
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Earth – assumed to be non-moving
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