SPH 4U: Forces & Motion: Dynamics

Lesson 1


Lesson 1: Dynamics Concepts,

Inclined Planes and Projectile Motion

Newton’s Three Laws

1. Law of Inertia

An object at rest or in uniform motion will remain at rest or in uniform motion unless acted on by an external force.
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The net force (
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) required to accelerate an object of mass (m) by an amount (
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) is the product of the mass and acceleration.
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Quantity
	Symbol
	SI Unit

	force
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	mass
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	kg

	acceleration
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Note: There is often more than one force acting on an object.  In order to use Newton’s 2nd Law, you need to find the net force.

3. Action-Reaction Forces
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For every action force on an object (B), due to another object (A), there is a reactions force equal in magnitude but opposite in direction on object A due to object B.
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Analyzing Motion

Problem Solving Steps (for full marks)

1. Draw a free-body diagram with a vector for each force

2. Identify the goal

3. List known and unknown variables

4. List useful equations

5. Break forces into components (vertical & horizontal)

6. Use equations to solve for unknowns one dimension at a time and find the goal

7. Write a statement to answer the question

Tension in Ropes and Cables

Tension: the magnitude of the force exerted on and by a cable, rope, or string.

For our purposes, it will simplify the problem if you assume:

· The mass of the rope or cable is negligible

· The tension is the same at every point in the rope or cable

· The pulley is frictionless and its mass is negligible.  In other words, if a rope or cable passes over a pulley, the direction of the tension force changes, but the magnitude stays the same.

Connected Objects – Pulleys
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When solving, assign the direction of motion as being from one end of the cable or rope to the other, so one end is positive and the other is negative.
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This approach works equally well with objects connected at right angles, as shown below.
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Inclined Planes

· Choose a coordinate system that simplifies the problem.  Since motion is along the plane, the easiest choice is to place the x-axis along the plane

· If necessary, break forces down into x and y components using trigonometry

· Solve problem by applying equations in one dimension at a time

Projectile Motion

Projectile: Any object given an initial thrust and then allowed to soar through the air under the force of gravity only (and air friction, which we will neglect)

Range: The horizontal distance that the projectile travels

Key Points for Analysis

· Gravity is the only force influencing ideal projectile motion

· Treat vertical and horizontal motion separately

· Gravity only affects vertical motion, so kinematics equations for uniformly accelerated motion apply

· No forces affect horizontal motion, so equations for uniform motion apply

· The link is that the horizontal and vertical motions are taking place during the same time
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Three categories

1. Projectiles launched vertically

· No horizontal component

· Max height reached when

v = 0 m/s

2. Projectiles launched horizontally

· Initial velocity only in horizontal direction

· In vertical direction object behaves as if falling from rest

3. Projectiles launched at an angle

· Initial velocity in both horizontal and vertical direction

· Requires an additional problem solving step – determine the magnitude of the horizontal and vertical components of the initial velocity.

· Trajectory is in the shape of a parabola

Lesson 2: Inertial and Non Inertial frames,

Uniform Circular Motion, Newton’s Law of Universal Gravitation

Frames of Reference

In order to use Newton’s laws to analyze and predict the motion of an object, you need a reference point and definitions of distance and direction.  This is called a coordinate system.

For many physics problems, you can decide where to place the coordinate system by choosing a reference point.  While there are no right or wrong choices, good choices can make calculations and predictions much easier than others.

Inertial Frame of Reference: A frame of reference that is at rest or moving at a constant velocity (uniform motion) and where Newton’s 1st and 2nd laws are valid.

Non-inertial frame of Reference: An accelerating frame of reference.  Newton’s 1st and 2nd laws do not apply to a non-inertial frame of reference.

Uniform Circular Motion

Uniform circular motion occurs when an object is moving in a circle at a constant speed.  While the magnitude of the velocity is constant, the direction of the object’s velocity is always tangent to the circle.  Since the direction is constantly changing, the object is accelerating.

Centripetal Acceleration

Centripetal Acceleration is the centre-directed acceleration of a body moving continuously along a circular path.
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	The direction of acceleration is the same as the direction of the change in velocity.
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Therefore, the direction of the centripetal acceleration is always along the radius pointing toward the centre of the circle.

	Quantity
	Symbol
	SI Unit
	

	Centripetal acceleration
	ac
	m/s2
	

	Velocity (magnitude)
	v
	m/s
	

	Radius (of circle)
	r
	m
	

	
	
	
	


But... according to Newton’s laws of motion, an object will accelerate only if a force is exerted on it.

Centripetal Force: The centre-directed fore required for an object to move in a circular path.  This force is not like friction or gravity; while it is required in order for an object to move in a circular path, it can be supplied by any type of force(s).
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Describing Rotational Motion

When describing the motion of a constantly rotating object, it is convenient to use:
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Frequency (f)– the number of rotations per unit time

· Period (T)– the time required for one complete rotation

We can express centripetal acceleration and centripetal force using these terms.
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Application: Banked Curves

Banked curves help provide centripetal force to help a car driving at a high speed to complete the curve safely.

The normal force of the banked road on the car provides a centripetal force.

The angle for a banked curve so that no friction is necessary to provide the centripetal force is given by:
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*Note that the mass of the object does not matter.

Newton’s Law of Universal Gravitation

Newton’s law of universal gravitation states that the force of gravity between two objects is proportional to the product of the two masses that are interacting and inversely proportional to the square of the distance between their centres.
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Newton’s law of universal gravitation is applied in analyzing the motions of bodies on the universe, such as planets in the solar system.

Planetary and Satellite Motion

Newton’s Thought Experiment: Imagine if we put a cannon on top of a very high mountain.  If we shoot the cannon ball horizontally, the cannon ball will travel horizontally as it falls to the Earth. However, if the cannon ball travelled far enough horizontally while it fell, the curvature of the Earth would be such that the Earth’s surface would “fall away” as fast as the cannon ball fell.  If we neglect air friction, we can reason that the cannon ball would revolve around the Earth forever.

Satellite: An object or body that revolves around another body, which is usually much larger in mass.  There are natural satellites such as moons and artificial satellites like the telecommunications satellites. A space station is a satellite that can support a human crew and remains in orbit around the earth for long periods.

When we wish to analyze the motion of satellites around Earth, we assume

that the orbit is circular.  This means that we can combine Newton’s law of universal gravitation with our equation for uniform circular motion to get the following equation:
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· Geostationary orbit: the orbit of a satellite around the Earth’s equator, which gives the satellite the appearance of hovering over the same spot on the Earth’s surface at all times because its period of revolution coincides with the Earth’s daily period of rotation.
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Dynamics: The study of the motions of bodies while considering their masses and the responsible forces. In other words, studying WHY objects move the way they do.








Kinematics: The study of the motions of bodies without reference to mass or forces.  In other words, studying HOW objects move in terms of displacement velocity, acceleration.
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Projectile launched at an angle.





Quantity�
Symbol�
SI Unit�
�
centripetal force�
Fc�
N�
�
mass�
m�
kg�
�
velocity�
v�
m/s�
�
radius�
r�
m�
�
 





Quantity�
Symbol�
SI Unit�
�
angle of banked curve�
θ�
˚�
�
velocity�
v�
m/s�
�
radius�
r�
m�
�
acceleration due to gravity�
g�
m/s2�
�
 





Quantity�
Symbol�
SI Unit�
�
force of gravity�
Fg�
N�
�
mass of 1st object�
m1�
kg�
�
mass of 2nd object�
m2�
kg�
�
distance between centres�
r�
m�
�
universal gravitational constant


G = 6.67 x 10-11 N•m/kg2�
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Quantity�
Symbol�
SI Unit�
�
velocity of the satellite around Earth�
v�
m/s�
�
mass of Earth


mE = 5.98 x 1024 kg�
mE�
kg�
�
orbit radius�
r�
m�
�
universal gravitational constant


G = 6.67 x 10-11 N•m/kg2�
G�
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