Chapter 4

Forces & the Laws of Motion
4.1 – Changes in Motion

· definition of force

· push or a pull

· Forces cause changes in velocity

· stationary objects to move

· moving objects to stop

· moving objects to change direction

· Remember: a change in velocity is acceleration!

· SI unit of force = newton (N) 

· force acting on a 1 kg mass produces an acceleration of 1 m/s2

· 1 N = 1 kg x 1 m/s2
· weight = gravitational force

· newton & pounds

· mass = kg!

· 1 N = 0.225 lb

· Forces can act through contact or at a distance

· contact forces – result from physical contact between 2 objects

· field forces -  do not involve physical contact between 2 objects

· ex. Earth’s gravity & electrical charges

Force Diagrams

· Force is a vector

· force diagrams – diagrams which show force vectors as arrows

· disregard size & shape of objects

· all forces act on a point at the center of the object

· A free-body diagram helps analyze a situation

· shows the object & the forces acting on it, NOT the forces the objects exerts on other things

· What forces are acting only on the object?

· Free-body diagrams isolate an object and the forces acting on it

· Steps:

· draw the object

· draw & label arrows for external forces on the object

· gravitational & normal forces?

· friction?

4.2 – Newton’s 1st Law

· “An object at rest remains at rest, & an object in motion continues in motion with constant velocity unless the object experiences a net external force.”

· inertia – tendency of an object to maintain its state of motion

· When the net external force on an object is zero, the acceleration is zero.

· net external force – vector sum of all the forces acting on an object

Sample Problem

· Derek leaves his Physics book on top of a drafting table that is inclined at a 35o angle.  Find the net external force acting on the book, & determine whether the book will remain at rest in this position.

· Mass is a measurement of inertia

· ex. golf ball & bowling ball

· Objects in motion tend to stay in motion

· ex. seatbelt

· equilibrium – described in Newton’s first law, net forces = zero

· The force that brings the object into equilibrium must be equal and opposite  to the force causing it to accelerate.

4.3 Newton’s 2nd & 3rd

· Newton’s 2nd Law

· “The acceleration of an object is directly proportional to the net external force acting on the object & inversely proportional to the object’s mass.

· ex. pushing a car

· F = ma

Sample Problem

· Roberto & Laura are studying across from each other at a wide table.  Laura slides a 2.2 kg book toward Roberto.  If the net external force acting on the book is 2.6 N to the right, what is the book’s acceleration?

Newton’s 3rd Law

· Forces always exist in pairs.

· “If 2 objects interact, the magnitude of the force exerted on object 1 by object 2 is equal to the magnitude of the force simultaneously exerted on object 2 by object 1, & these 2 forces are opposite in direction.”

· Action & reaction forces each act on different objects

· Field forces also exist in pairs

4.4 Everyday Forces

· weight = Fg 

· Weight depends on gravity & location (altitude affects it)

· g = 9.81 m/s2

· Normal force = Fn; most of the time it is the equal & opposite force to gravity which is perpendicular to the surface.

The Force of Friction

· Friction opposes the applied force

· Kinetic friction (Fk) is less than static friction (Fs)

· The force of friction is proportional to the normal force

· Friction depends on the surface in contact

· coefficient of friction ()

· The coefficient of friction is a ratio of forces.
Sample Problem

· A 24 kg crate initially at rest on a horizontal floor requires a 75 N horizontal force to set it in motion.  Find the coefficient of static friction between the crate & the floor.

Sample Problem 

· A student moves a box of books by attaching a rope to the box & pulling with a force of 90.0 N at an angle of 30.0o.  The box of books has a mass of 20.0 kg., and the coefficient of kinetic friction between the bottom of the box & the sidewalk is 0.50.  Find the acceleration of the box.

· Air resistance is a form of friction. (FR)

· acts opposite to motion

· at low speeds = proportional

· at high speeds = proportional to the square of the speed

