CHAPTER 3 NOTES

VELOCITY & ACCELERATION

VELOCITY


3.1 The Nature of Motion

*  displacement

*  Displacement has magnitude and direction and is, therefore, a vector quantity.

*  A displacement is always a straight line segment from one point to another point, even through the actual 

path of the moving object between the two points is curved.

*  The reference object is usually considered to be stationary.

*  motion
3.2  Speed
*  speed  s = d/t

*  Lines that represent greater speeds are more steeply inclined.

*  The slope of the line indicates how steep the line is.

*  The slope is the ratio of the vertical component of a line to the corresponding horizontal component, or 

rise/run, or (y2 – y1)/(x2 – x1).

*  The slope of the line represents speed.

*  constant speed
*  The graph of constant speed is a straight line.

*  average speed  sa =  (d2 – d1)/( t2 – t1)

*  instantaneous speed
3.3 Velocity

*  velocity  v = d/t

*  A person walking eastward does not have the same velocity as a person walking northward, even though 

their speeds are the same.

*  Two persons also have different velocities if they walk in the same direction at different speeds.

*  Velocities are vector quantities.

*  A positive or negative number indicates in which direction the object is moving.

*  average velocity  va =  (d2 – d1)/( t2 – t1)   or  va = d/t

*  instantaneous velocity

3.4 Solving Velocity Vector Problems

*  Refer to Ch. 2 Notes.

ACCELERATION

3.5 The Nature of Acceleration
*  accelerating – speed increases

*  decelerating – speed decreases

*  acceleration
*  Acceleration, like, velocity, is a vector.

*  Deceleration can also be acceleration in the opposite direction in which cases the motion is known to be 

along a straight line, positive (acceleration) or negative (deceleration).

*  aav  =  (vf – vi)/(tf – ti)     OR  aav = v/t

*  Velocity-time graphs are for acceleration.  Straight line shows constant acceleration.

*  Instantaneous acceleration is equal to the slope of the line that is tangent to the curve at the given point.

*  units = m/s/s, or m/s2
3.6  Solving Acceleration Problems
*  Galileo Galilei (1564-1642) was the first scientist to understand clearly the concept of acceleration.

*  The motion of a ball rolling down an inclined plane is an example of constant acceleration.  The initial 

velocity of the ball is zero.

*  The final velocity of an object starting from rest and accelerating at a constant rate equals the product of 

the acceleration and the elapsed time.  If an object does not start from rest, its final velocity will equal 

the sum of its initial velocity and the increase in velocity produced by the acceleration.

*  vf = vi + at

*  d = vit + ½ at2


*  vf =     vi2 + 2ad

3.7  Freely Falling Bodies

*  The value of the acceleration depends on the earth’s gravity at that location.

*  gravity = 9.80 m/s2 for most locations (Air friction is not considered.)

*  acceleration due to gravity = g  (Replace all of the “a”s with “g”s.)

*  vf = vi + gt

*  d = vit + ½ gt2


*  vf =     vi2 + 2gd

*  When free-falling bodies start from rest, vi = 0, so

vf = gt


d = always a vertical distance

 
d = ½ gt2

+  upward, -  downward


  
vf =   2gd

*  These equations apply only to objects that are falling freely in a vacuum.

*  These equations do not apply to objects whose air resistance is great compared to their weight, such as 

leaves.

*  An object thrown upward is constantly decelerated by the force of gravity until it finally stops rising.

NEWTON’S LAWS OF MOTION

3.8  Law of Inertia
*  force
*  A push or a pull is a force.

*  Force has magnitude and direction; it is a vector quantity.

*  The relationships among force, mass, and motion were described clearly for the first time by Sir Isaac 

Newton (1642-1727) in his three laws of motion.

*  Newton’s first law of motion deals with the motion of a body on which no net force is acting.  Either there 

is no force at all acting on the body or the vector sum of all forces acting on the body is zero.

*  Newton’s first law of motion – law of inertia

*  Property of a body that opposes any change in its state of motion is called inertia.

*  It is the force of friction that brings cars and other objects to a stop.

*  thought experiment
*  Galileo noticed that if a ball rolls down one incline and up a second one, the ball will reach almost the 

same height on the second incline as the height from which it started on the first incline.  The 

difference in height is caused by friction.  The ball would reach the same height no matter how shallow the slope of the second incline.  If the second slope were eliminated altogether, the ball would keep rolling indefinitely with constant velocity.

*  The greater the mass (and inertia) of an object, the greater is the force required to produce a given 

acceleration.

3.9  Law of Acceleration

*  Newton’s second law of motion – law of acceleration

*  If the body is at rest when the force is applied, it will begin to move in the direction of the force and will 

move faster and faster as long as the force continues.

*  If the body is moving in a straight line and a force is applied in the direction of its motion, it will increase 

in speed and continue to do so as long as the force continues.  If the force is applied in the direction 

opposite to the motion, the acceleration will again be in the direction of the force, causing the body to slow down.  If such a force continues long enough, the body will slow down to a stop and then begin to move with increasing speed in the opposite direction.

*  A body to which no force is applied has zero acceleration.  If such a body is in motion, its velocity does 

not change.  If it is at rest, its velocity remains unchanged; its velocity stays at zero.  When there is no change in velocity, the acceleration is zero.

*  Doubling the force causes the acceleration to double, and so on.

*  f = ka   OR   F = ma  (F = force, k = constant, a = acceleration, m = mass)

*  units: m = kg, a = m/s2, F = Newton (N)

*  To find the weight of an object:  Fw = mg    OR    W = mg

3.10  Law of Interaction
*  Newton’s third law of motion – law of interaction

*  In Newton’s own words: “To every action there is always opposed an equal reaction.”  Unaccompanied 

forces do not exist in nature.

*  Newton’s third law holds true for all objects at all times, whether they are stationary or moving.

*  Action and reaction apply when forces are exerted on different objects.

GRAVITATION

3.11  Newton’s Law of Universal Gravitation

*  Johannes Kepler developed laws of planetary motion.

*  Newton explained Kepler’s laws.

*  force of gravitation

*  law of universal gravitation  F = Gm1m2/d2  (G = universal gravitational constant = 6.67 x 10-11Nm2/kg2)

*  Newton was able to confirm his theory with astronomical observations.  He knew the approximate value 

of G, but the first precise measurement was made in 1797 by the English scientist Henry Cavendish 

(1731-1810).

3.12  The Mass of the Earth

*  me = gd2/G     OR     me = 5.96 x 1024 kg

3.13  Relation Between Gravity and Weight

*  gravity
*  weight
*  The mass of an object is constant.

*  An object at the top of a mountain, where gravity is less, will weigh less there than it does at sea level.

3.14  Gravitational Fields
*  gravitational field strength
*  gravitational field
*  Since g is an acceleration, it is a vector.

