Physics 12 — II Dynamics and Statics


II 1 — Newton’s Laws

Newton’s First Law:

A body will continue in its state of uniform motion (magnitude and direction) or rest until it is compelled to change due to a net force acting on it.

This is sometimes referred to as the law of inertia.  An objects inertia varies directly with its mass; how hard is it to change the object’s velocity.

Newton’s Second Law:

The acceleration of an object is proportional to the net force acting on it and inversely proportional to the mass of the object.



F = ma

or 

 Fnet = ma
Acceleration (m/s2) is in the same direction as the net force (N).

The net force is the resultant from the sum of all the forces acting on an object.

If forces are acting in opposite directions, they are still added to find the net force.  

The arithmetic will look like subtraction (adding a negative) but it is an addition.

If the net force is zero, the forces must add to zero, and in the “tip to tail” method, the end point is the same as the starting point.

Example 1:

Find the Force the engine must exert to accelerate an 800 kg car from 10 m/s to 30 m/s in 5.0s, if there is a frictional force of 650 N acting to slow the car.


Newton’s third law:

If object A exerts a force on object B, then object B exerts a force on object A of equal magnitude, but in the opposite direction.

Explain how a runner can accelerate by pushing their feet backwards.

Usually, we only look at one of this pair of forces.  The one acting on the object in question.

Types of Forces:

· Tension: Force exerted through a rope, cable, chain…  Force is in the direction of the rope.  For a massless rope, the tension at each end of the rope will be the same (Third Law).

· Weight: The force of gravity.  Measured in Newton’s and is a vector quantity.  Near the surface of the earth, g = 9.8m/s2


W = mg
· Normal Force: A force exerted by a surface perpendicular to the surface.  It is not dependant on friction.  It is a resistive force that will increase to maintain the surface.

The normal force is what our minds feel, and what we consider to be the natural state (we think of it as our weight).  If the normal force decreases we feel odd.  If there is no normal force, we consider it a weightless.  It is really apparent weightlessness.

Free Body Diagrams (FBD) are used to represent all the forces acting on an object.

Free Body Diagrams must be included in any question that involves force.

Example 2:

An elevator is designed to accelerate at 0.1g. What is the apparent weight of a 75 kg person as the elevator as accelerating upwards and downwards?


Example 3:

A rope will break if it experiences a tension of more than 150 N.  A 20 kg ball is lowered with this rope from 10m.  What is the minimum speed it can hit the ground?

Example 4: 

Find the acceleration of a 10 kg mass if the following two forces are acting on it:  125 N east, 75 N 40° E of N.

What force would be required to produce zero acceleration?


5th Ed: p. 104: 4, 5, 9, 13, 15, 16, 34 


6th Ed: p. 98: 3, 4, 8, 12, 14, 15, 32 


II 2 — Friction
Friction is a resistive force.  It will exert a force to resist the motion between the substances experiencing the friction.

There are many types of friction, but we will look at kinetic and static friction between surfaces.

Kinetic friction is between surfaces that are sliding where they contact.

Static friction is between surfaces that are not moving relative to each other.

The general formula for friction is:




Ff = µFN

µ is the coefficient of friction.

FN is the normal force between the surfaces.

For static and kinetic situations we use µk and µs.  In kinetic situations, friction is at its maximum value.  In static situations, friction will only be large enough to maintain a net force of zero: Ff ≤ µsFN

Example 1: 

A 200 kg box is pulled at a constant velocity by a horizontal force of 1200N.  What is the coefficient of friction?

Example 2:

A 20 kg block has a 100 N force that is exerted at an angle of 20° above the horizon.  The static coefficient of friction is 0.60.  What is the acceleration of the block?


Example 3:

What force must be exerted at an angle of 40° below the horizon to start moving a 12.5 kg box?  (µk = 0.35, µs = 0.41)

5th Ed: p. 107: 38, 39, 42, 45, 47 

6th Ed: p. 101: 36, 37, 44, 48, 49 

II 3 — Friction: Inclines
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On an incline, the force of gravity is broken into components:

Fg|| (parallel to surface)

Fg( (perpendicular to surface)

For incline of angle Ø:

Fg|| = Fg sin Ø

Fg( = Fg cos Ø

Example 1:

A 4.0 kg brick is on a very slippery surface inclines at 10°.  How long will it take the brick to slide 6.0 m down the ramp?


Friction on an incline is calculated with    Ff = µFN but 
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|FN| ≠ |Fg|

If the only forces involved are gravity, normal, and friction, the normal force will equal the perpendicular component of gravity: |FN|=|Fg(|=|FgcosØ|=|mgcosØ|
Example 2:

A block is on a ramp that is increasing its angle of incline.  If the block just starts to slide at 36°, what is the coefficient of friction? 

Example 3:

A puck is slid with an initial velocity of 15 m/s up an incline that has an angle of 20°.  If the kinetic coefficient is 0.30, how far will the puck slide before it stops?

Example 4:

In the previous example, will the time that the puck takes to stop be the same as the time that the puck takes to slide from the top of its slide back to its original position?

5th Ed: p. 107: 50, 52, 53, 55, 56

6th Ed: p. 101: 51, 52, 53, 54, 55 


II 4 — Multi-Particle Problems: Parallel
Multi-particle problems have two objects moving together because they are connected by direct contact, or with a rope or cord.

To solve these problems we will apply Newton’s Third Law to the forces that interact between the two particles.

These problems must be approached systematically to avoid confusion.

1. Draw a FBD for the entire system.

2. Choose a reference frame that is consistent for the entire system.

3. Note forces that “cancel” for the over-all system due to Newton’s third law. 

4. Solve the net force/acceleration of the system.

5. Examine only one of the objects to determine force “cancelled” is step 3.

Example 1:

A 2.5 kg mass and a 1.5 kg mass are connected with a massless rope over a massless pulley.  What is the tension in the rope?


Example 2:

A 200 N force is pushing on a 10 kg block that is pushing on a 15 kg block.  If the coefficient of friction is 0.20, what is the contact force between the two blocks?

5th Ed: p. 106: 30, 32a, 35, 45 

6th Ed: p. 100: 25, 29a, 33, 48 
II 5 — Multi-Particle Problems: Perpendicular
Example 1: 

A mass on a table (µ= 0.35) is connected by light string and pulley to a hanging mass (m = 4.0 kg).  The tension in the string is 23 N.  How large is the mass on the table?


Example 4:

[image: image3.emf]







Find the tension in the rope if m = 6.0 kg and:

a) µ = 0

b) µ = 0.20

5th Ed: p. 110: 61, 62, 81
6th Ed: p. 103: 63, 64, 76
II 6 — Equilibrium - Concurrent Forces

Equilibrium is a condition where the net force on an object is zero.

This can occur with constant velocity or zero velocity (static equilibrium).

We will start by looking at examples where the forces acting on an object act at the same place (concurrent forces).  This avoids twisting forces (Torque) which is in the next lesson.

If acceleration is zero and net force is zero, the object is in translational equilibrium.




∑F = 0

Questions will often give n forces and ask for the (n+1)th force that will fulfill the equilibrium condition.

This force that can also be called the equilibrant.

If three forces are involved, a diagram and triangle properties can often help solve the problem.
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Example 1:

Find the tension in the two ropes if the ropes lift the 50 kg mass equally, and the angle between the ropes is:

a) Ø = 10°

b) Ø = 40°

c) Ø = 80°


Example 2:
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Find the mass m if the tension in rope A is 35 N.

Example 3:

A mass has four forces acting on it in one plane. (standard position)

F1 = 15 N at 135°

F2 = 7.5 N at 215°

F3 = 12 N at 300 °

Find F4.


Example 4:

A block on a 25° incline is stationary.  What is the minimum coefficient of friction to maintain this situation.

5th Ed: p. 266: 1, 5, 12, 13, 16, 66, worksheet 

6th Ed: p. 247: 1, 5, 11, 12, 14, 58, worksheet 
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