CHAPTER 4 – CONCURRENT AND PARALLEL FORCES

COMPOSITION OF FORCES

4.1  Describing Forces
*  When you push a door shut with your hand, your hand exerts a force on the door.  The door also exerts a force on your hand.

*  Forces can also be exerted without such physical contact.  While an object is falling toward the earth, the earth exerts a gravitational force on the object and the object exerts a gravitational force on the earth.

*  Several important characteristics of forces:


1.  A net force will change the state of motion of an object.


2.  Forces can be exerted through long distances.


3.  Forces always occur in pairs.


4.  In each pair of forces, the two forces act in exactly opposite directions.

*  A characteristic of coiled springs: the amount of stretch is proportional to the force pulling on the spring, means that we can uses the amount of stretch to measure the size of the force.

4.2  Combining Force Vectors

*  Forces have magnitude and direction, and can combine like displacements.  They are vector quantities.

*  The magnitude of the force is represented by the length of the arrow.

*  Force vectors are treated like velocity vectors.

*  concurrent forces
*  resultant force
*  When two forces act concurrently in the same or in opposite directions, the resultant has a magnitude equal to the algebraic sum of the forces and acts in the direction of the greater force.

*  In the parallelogram method, the resultant is drawn from the point on which the two original forces are acting since the resultant will also act on this point.

4.3  The Equilibrant Force
*  equilibrium

*  A body in equilibrium is either at rest with respect to other bodies or moving at constant speed in a straight line.

*  A body at rest must be in both translational and rotational equilibrium.

*  translational equilibrium

*  When there are no unbalanced forces acting on a body, the vector sum of all the forces acting on the body is zero.

*  To find the equilibrant of two concurrent forces, we must first find their resultant.  It must have the same magnitude but act in the opposite direction.

*  equilibrant force
RESOLUTION OF FORCES
4.4  Components of Vectors
*  Frequently a force acts on a body in which the body cannot move.  ex. wagon on an incline

*  Instead of a single force, two forces acting together can have the same effect as the original single force.  Two vectors that have the same effect as a single vector are called the components of the original vector.

*  resolution of forces
4.5  Resolving Gravitational Forces
*  One component acts in a direction perpendicular to the surface of the plane, called the normal force.(FN)

*  The other component acts parallel to the plane, called the parallel force. (FP)

*  FN will be the magnitude of the objects weight due to Newton’s 3rd Law.

*  FP = W sin 
*  FN = W cos 
*  Making the plane steeper increases the component FP and decreases the component FN.

FRICTION

4.6  The Nature of Friction
*  friction
*  There is a limit to the amount by which friction may be reduced by polishing the surfaces.

*  Friction is very desirable.  We would be unable to walk if there were no friction.  There must be friction between the tires of an automobile and the road and for brakes to work.  Friction holds screws and nails in place and keeps dishes from sliding off a table if the table is not perfectly level.

4.7  Measuring Friction
*  Frictional forces involving liquids and gases are beyond the scope of this book.

*  starting friction

*  sliding friction

*  The following statements about friction are approximate descriptions.


1.  Friction acts parallel to the surfaces that are in contact and in the direction opposite to the motion of the object or to the net force tending to produce such motion.


2.  Friction depends on the nature of the materials in contact and the smoothness of their surfaces.


3.  Sliding friction is less than or equal to starting friction.


4.  Friction is practically independent of the area of contact.


5.  Starting or sliding friction is directly proportional to the force pressing the two surfaces together.

*  A simple way to measure starting and sliding friction is with a spring balance.

*  coefficient of sliding friction
*   = Ff / FN
4.8  Changing Friction
*  We increase friction by sanding icy sidewalks and streets, use tire chains and snow tires, and use rosin on baseballs.

*  The most common method of reducing friction is lubrication.  ex. waxing skis, oil, ball bearings

4.9  Solving Friction Problems

*  In the case of an object resting on an incline, the forces of starting and sliding friction will determine whether the object remains at rest, slides down the incline with constant speed, or accelerates as it descends.

*  tan  = Ff / FN
PARALLEL FORCES

4.10  Center of Gravity
*  Since every part of an object has mass, every part is attracted to the center of the earth.

*  parallel forces
*  The resultant of parallel forces has a magnitude equal to the algebraic sum of all the forces.  The resultant acts in the direction of this net force.

*  If the proper point of application is chosen, an object can be lifted without producing rotation.  The object acts as if all its weight were located at one point.

*  center of gravity  (C)

*  C is the geometric center.  But if the density or shape of the bar is nor uniform, C is not at the geometric center.

*  The bar can be suspended without changing its rotation by an equilibrant force, FE, applied at C.  The bar is in both translational and rotational equilibrium.  This means that the bar is not accelerating and its rotation (if any) is constant.

4.11  Torques
*  To measure the rotating effect, or torque, of such parallel forces in a given plane, it is first necessary to choose a stationary reference point for the measurements.  We shall refer to this stationary reference point as the pivot point.

*  A perpendicular line is drawn on the vector diagram from it to each of the lines along which force vectors act on the object.  Each such line is called a torque arm.

*  torque
* The unit of torque is the meter-newton.

*  Identify a torque as clockwise or counterclockwise.  The direction in which the bar would rotate is the direction of the torque.

4.12  Rotational Equilibrium

*  rotational equilibrium
*  The torque arms must always be measured perpendicular to the directions of the forces.

*  FN = FA sin 
*  T = FN l

*  T = FA l sin 
4.13  Coupled Forces
*  couple
*  The only way to balance a couple is with another couple;  the torques of the two couples must have equal magnitudes but opposite directions.

