Forces
Newton’s Laws

Physical Science Ch 3



Forces

e Forceis apush or pull that one object exerts on another
- Examples: hitting a baseball, throwing a basketball, jumping etc.
— Force measured in Sl units called Newtons (N)

e [orces are described by —— -
— Direction
10 N (right 2 N (left)
- Strength Larger(F?)rc)e Smaller Force

e Symbolized by using arrows

e Forces aren’t always noticeable
— Floor pushes up on you- otherwise you’d fall

e Forces influence motion
— Forces cause acceleration
- Changes the velocity- either the speed or direction
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10 N (right) 10 N (left)

Forces

Forces can be Balanced or Unbalanced
-~ Balanced forces are equal in size and opposite in direction
e NO movement, forces cancel each other out

- Unbalanced forces are not equal in size and/or opposite in direction.
If the forces on an object are Unbalanced, we say a net force results.

e Net Force — the overall force on an object
— After all of the forces have been added together

e Unbalanced forces can cause
an object to do 3 things - > '
_ Speed up 12 N (right) 3 N (left)
— Slow down > —

~ Change in direction NET Force 9 N (right)



Newton’s 1st Law
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e An object in motion will remain in motion

- An object at rest stays at rest or an object in motion, stays in
motion unless acted upon by an unbalanced force

e Also called the law of inertia
— Inertia - Tendency of an object to resist change in motion
- Inertia depends upon:
e Mass — More mass means greater inertia

- Example: a bowling ball will roll farther in the grass than
a tennis ball when both are rolled at the same speed

e Velocity — more velocity means greater inertia

— It is harder to change the course of a boy riding a bicycle
at 10 m/s than it is a boy riding a 2 m/s with the same
push



Newton’s 1st Law

e Inertia and injury

— In car crashes, you tend to remain in motion until you are
acted on by a force (until you hit something that resists you)

e Seatbelts

- Prevents people from being thrown from the car- provides
unbalanced force to stop inertia
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e The net force on an object is equal to the product of its
acceleration and its mass

_ 2 | aw connects force, mass, and acceleration in the
equation:

F=ma
F=Force m = Mass, kg a = acceleration m/s?
Units for Force = Newtons (N)

e [Force and motion are related

— An object will have greater acceleration if a greater force is
applied to it

- The mass of an object and the force applied to it affect
acceleration



Newton’s 2nd Law

Second law: The greater the force

applied to an object, the more
the object will accelerate.

It takes more force to accelerate
an object with a lot of mass than
to accelerate something with

very little mass. _
The player in black had more

acceleration thus he hit with a
greater amount of force



Newton’s 2nd Law

AN 1,000kg .05 )5 mss
Given:
m=1000 kg a=.05m/s?
F=7?
Soln:
F=ma
F= (1000kg)(.05m/s?)
F= 50N

2,000 lz .05 m/s/s

g

Given:

m=2000 kg a=.05m/s?
F="

Soln:

F=ma

F= (2000kg)(.05m/s?)
F= 100N




Newton’s 2nd Law
.

What is the mass of an elevator A 55 kg cart is pushed with a net
which is thrust upward with a force of 825 N. What is the
net force of 2000 N at an acceleration of the cart?
acceleration of 2m/s?? Given:

Given: m=55 kg a=? m/s?

m=? kg a=2m/s? F=825N

F=2000N Soln:

Soln: F=ma

E=ma a=F/m

m=F/a a= (825N)/(55kg)

m= (2000N)/(2m/s2) a= 15 m/s?

F=1000kg
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e Increasing the force on the same sized mass will cause the object
to accelerate faster
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e Increasing the mass of an object when using the same sized force
results in less acceleration
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e Friction- the force which one object exerts on another when
two objects rub against each other

- A force that opposes or slows down motion

- Itis impossible to make a perpetual motion machine
(never stopping) due to friction

- Where there is friction there is always heat

Friction Depends Upon:

1.  Type of surface (texture) — The rougher the surfaces the more
friction there is

2. How hard the surfaces are pushed together — more force,
more friction




Friction
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e There are 4 main types of friction:

- Static friction — friction between 2 objects which are touching, but not
moving

e This is the strongest type of friction to overcome

— Sliding friction- friction resulting from one surface sliding against
another

e ice skating

- Rolling friction — friction caused when one surface rolls over another
surface

e bowling
— Fluid friction — the friction an object endures when it moves through a
liquid (water) or a gas (air)
e This is the type of friction the space shuttle encounters when
entering the Earth’s atmosphere

e There is no fluid friction in outer space, since there is no air
(vacuum)



Gravity
S

Gravity — the force which pulls all object towards each other

— All objects have gravity
- The acceleration of gravity is 9.8 m/s? on earth

Gravity Depends Upon:

Distance between the objects — greater the distance the
lesser of gravity

Mass of the object — greater the mass of the object the great
its gravitational force

- The earth has more gravitational pull than the moon



Gravity

e Free Fall — when the only force action ona féiling object is
gravity

—  Objects in free fall are weightless
e Air resistance - the force air exerts on all moving objects

Air Resistance depends upon:
1. Size of the object
2. Shape of the object
3. Speed of object




Alr Resistance
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e [n air... = |
— A stone falls faster v @ Wﬁ
than a feather %
e Air resistance
affects stone less ¥
e In a vacuum 7é

- Astone and a
feather will fall at
the same speed.
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Body released Forces on
from rest bady during
acceleration

e Falling objects will not speed up forever
-~ The air pushes up as gravity pulls down
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Forces on body at
terminal velocity

- Eventually they reach a point where gravity and air resistance

are opposite and equal (balanced forces!)
- These objects continue to fall due to inertia

e Terminal velocity- forces on a falling object are balanced and the

object falls with constant speed

- Dependent upon the shape and surface area of the,ghie

— highest velocity that an object will reach as it falls




Welight
-

Earth

Mass =835 ke
Weight= 623 N
{140 lbs)

Moon Tupiter

Mlass = 63.5 ke i
Weight= 103 N

(231bs)  nass=63.5kg
Weight= 1582 N Mass = 63.5 kg

(3551bs)  weight= 17418 N
(3914 lbs)

e \Weight- gravitational force exerted on an object
- Weight decreases as an object moves away from Earth

because gravity decreases

e Weight results from a force

— mass is how much matter an object contains

e Since weight is a force of gravity, it can be calculated just like

force (F=ma)
Weight = m a,

a,=9.8 m/s?



Welight
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e Projectiles — have horizontal and vertical velocities
due to gravity and follow a curved path

e Acceleration toward the center of a curved path is
called centripetal acceleration- caused by centripetal
force —unbalanced Forces



Circular Motion
T

Centripetal force is the inward force exerted on an object
to keep It moving in a curved path.

Centrifugal force is the outward force exerted on the
object that makes it want to fly off into space.
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NEWTON’S THIRD LAW

Newton’s 39 Law

Newton’s 3'd law of motion —For every action force there IS an
equal and opposite reaction force. (Forces are always paired)

e Also called the law of action-reaction

e These force do not act at the same time, so they do not cancel
out like balanced forces

Examples:
e Shooting a gun worilg, el \ -
e Chair on the floor @ - < , \ B
® BounCIng a ba” h” ’7 \‘ (thdit;;(;en forces
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‘ Action forces of

/ chair on floor




Newton’s 39 |aw
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Question: When you shoot a gun the exploding bullet exerts an
action force on the gun, and the gun exerts a reaction force on
the bullet propelling it forward. How come the gun doesn'’t kick
back and rip the shooter’s shoulder off when it is propelled with
the same amount of force as the bullet?

Answer: Because the gun has a larger mass and object with
large mass accelerate more slowly than objects with lesser
mass



Momentum
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e Momentum — product on an object’s mass and velocity
- Momentum | a measurement of inertia
-~ Momentum (p)= mass (m) x velocity (v)
e Units p (kg-m/s?)

e Law of Conservation of Momentum- the total momentum
within a system cannot be lost, but in the momentum maybe
transferred between objects

- Momentum is transferred between balls on a pool table
- Momentum is transferred when a ball hits a bat



Review

Newton’s First Law:

Objects in motion tend to stay in motion
and objects at rest tend to stay at rest
unless acted upon by an unbalanced force.

Newton’s Second Law:

Force equals mass times acceleration
(F = ma).

Newton’s Third Law:

For every action there is an equal and
opposite reaction.



Newton’s 39 Law
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e Orbit of earth in space influenced by:

— gravitational forces between the Sun and the Earth and between
other planets and the Earth

e Discovery of Neptune
— Orbit of Uranus could not be explained by the planets known at the
time
e Bicycle’s easier to stop than a car- less mass
-~ Less mass =less inertia and less momentum



