Forces

“Now when there arose a great dissension, the commander, fearing lest Paul might be pulled to pieces by them, commanded the soldiers to go down and take him by force from among them, and bring [him] into the barracks.”  Acts 23:10

· Force:  any influence which changes the motion of an object

· in mechanics, forces are the cause of linear motion

· torque – force as the cause of rotational motion

· unit of force = Newton (N) = kg x m / s²

NEWTON'S LAWS

First Law

· an object will remain at rest or in uniform motion in a straight line unless acted upon by an external force; objects will remain in their state of motion unless a force acts to change the motion

· centripetal force:  The string must provide the necessary centripetal force to move the ball in a circle. If the string breaks, the ball will move off in a straight line. The straight line motion in the absence of the constraining force is an example of Newton's first law.
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Where centripetal force = mass x velocity² / radius

· the First Law is just a special case of the Second Law for which the net external force is zero

Second Law

· F = m x a 

where net external force on an object = mass of the object x acceleration

· [image: image2.jpg]The same force exerted on a larger mass produces
a correspondingly smaller acceleration.



unit of force = Newton (N) = kg x m/s²

· does not apply directly to situations where the mass is changing, either from loss or gain of material, or because the object is traveling close to the speed of light where relativistic effects must be included; does not apply directly on the very small scale of the atom where quantum mechanics must be used.

Third Law

· for every external force that acts on an object there is a force of equal magnitude but opposite direction which acts back on the object which exerted that external force; in the case of internal forces, a force on one part of a system will be countered by a reaction force on another part of the system
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Newton's 3rd Law dictates that the forces on the trucks are equal but opposite in direction
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FRICTION

· force that holds back the movement of a sliding object

· only happens with solids, but can have resistance with air (air resistance) and liquids (viscosity)

· Measures of friction are based on the type of materials that are in contact. Concrete on concrete has a very high coefficient of friction. That coefficient is a measure of how easily one object moves in relationship to another. When you have a high coefficient of friction, you have a lot of friction between the materials. Concrete on concrete has a very high coefficient, and Teflon on most things has a very low coefficient. Teflon is used on surfaces where we don't want things to stick; such as pots and pans. 

· F = ⅿ x N where force of friction = coefficient of friction x normal force (mass of object)
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Centripetal Force

· see Newton's first law

· F (centripetal) = mass x velocity² / radius where 

· centripetal acceleration = m x v²/r; centripetal acceleration derived for circular motion
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Note that the centripetal force is proportional to the square of the velocity, implying that a doubling of speed will require four times the centripetal force to keep the motion in a circle. 

· If the centripetal force must be provided by friction alone on a curve, an increase in speed could lead to an unexpected skid if friction is insufficient. 

Activity

Newton's Race – How does increasing mass affect the force of objects in motion?

Step 1:  Set up a ramp using tracks and several books. Place one end of the ramp on the

books and line up the other end with a piece of masking tape on the floor.

Step 2: Place the vehicle at the top of your track and roll it down the ramp. Use a ruler to measure how far the vehicle rolls. Repeat this step for Trials 2 & 3.

Step 3: Add five washers to the vehicle and repeat the process from Step 2. Record your measurements in the chart. Be sure all the washers remain on the vehicle! Repeat this step for Trials 2 & 3.

Step 4: Add ten washers to the vehicle and repeat the process from Step 2. Record your measurements in the chart. Be sure all the washers remain on the vehicle! Repeat this step for Trials 2 & 3.

· How does increasing mass (adding more washers) affect the force of objects in motion (the distance the vehicle rolls)? Explain your answer using data from the chart.

· What would happen if you added fifteen washers to the car? Predict how far the car would roll.

· Explain the results of your experiment in terms of Newton’s 2nd Law.

Homework

Forces worksheet posted online Week 4

