
NEWTON’S

LAWS

For descriptions and background 

information, see sections 4-6.



NEWTON’S  FIRST  LAW

Bodies at rest stay at rest, 
and bodies in motion remain in motion 

(in a straight line at a constant speed)

unless a large enough force acts upon them.
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NEWTON’S  FIRST  LAW

Credits:  Microsoft PowerPoint Clip Art; alltooflat.com; MS Powerpoint Clip Art; BTS., DOT; NASA Glenn Educational Programs Office 
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ORBITS

A planet is in orbit when its forward motion 
is balanced by the Sun’s gravitational pull.
Similarly the Moon orbits the Earth, and 
spaceships and crew can remain in orbit.

GRAVITY-ASSIST  FLYBY

A spaceship can round Jupiter and leave, 
in the right direction, with a greater speed! 
This is because some of Jupiter’s angular 
momentum is transferred to the spaceship.
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NEWTON’S  FIRST  LAW  AND  ORBITS

Credits: NASA Explores; James McDivitt, Gemini 4, NASA; Dan Durda, SwRI, APOD, NASA; JPL, NASA (2)
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NEWTON’S  SECOND  LAW

F = m a       also a = F / m

An object’s acceleration increases 
with the force applied and 
decreases with its mass.

SAMPLE

(ONLY  FOR

PREVIEW)
Go to www.k8resources.com



NEWTON’S  SECOND  LAW

a=F/m

F=ma

Credits:  Microsoft PowerPoint ClipArt (3); NPS; Sean Linehan, NOAA, NGS; Tom Tschida, NASA; Microsoft PowerPoint ClipArt  (5)

pushing cart   pushing boulder                    tug-of-war

moving house       tugboat towing barge           towing shuttle

golf swing (3)              formulas       pitch      hit

SAMPLE

(ONLY  FOR

PREVIEW)
Go to www.k8resources.com



FLIGHT

Bernoulli's principle: Faster moving air (or liquids) 
has lower pressure. (top of a plane’s wing)

Four forces governing flight:
lift
weight
thrust
drag

For flight, lift must be greater than weight,
and thrust must be greater than drag.
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NEWTON’S  SECOND  LAW  AND FLIGHT

Credits:  Andrea Thurnherr; virtualskies.arc.nasa.gov; Donna Dewhurst, USFWS; US Centennial of Flight Commission; NasaExplores; NasaExplores
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NEWTON’S  THIRD  LAW

Every action has an equal 
and opposite reaction.
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NEWTON’S  THIRD  LAW

Credits:  NASA Quest; NASA Explores
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Rockets and balloons in motion:

1. The air inside a balloon and the heated 
gases in a rocket exert pressure.

2. With an opening at the rear, the air and 
gas escape there.

3. A force expels air rapidly out the back; 
an equal and opposite force propels the 
balloon or rocket forward.
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NEWTON’S  THIRD  LAW  AND  ROCKETS

Credits:  NASA Quest; NASA  Aeronautics Educator's Guide; NASA Explores; GRC, NASA; NASA, APOD
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rocket engine

shuttle launch�
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4.  NEWTON’S  FIRST  LAW  AND  ORBITS 
 
 
Newton’s First Law:  Isaac Newton is most known for his pioneering work in calculus and his 
formulations of the laws of motion and planetary orbits.   His first law of motion addressed inertia:  
Bodies at rest stay at rest, and bodies in motion remain in motion (unless a large enough force acts upon 
them). 
 

Bodies at rest:  Stationary objects will remain at rest until a great enough force acts upon them.
Pins set up in a bowling alley will stay standing until struck by a large enough force.  A rolling 
bowling ball will exert enough force to knock the pins down, but a ping pong ball would not.  The 
greater the mass of the stationary object is, the more resistance it will have to being moved.  Thus 
the greater inertia of a 100-pound box will require a greater push to get it moving than a 5-pound 
box. 
Bodies in motion:  A moving object has inertia also.  If no force acted upon a body in motion, it 
would continue moving at the same speed in a straight line forever.  When a large enough force 
acts upon a moving body, its speed or its direction (or both) will change.  A pitched baseball hit by 
a bat will change speed and direction abruptly.  A moving car can speed up if more gas reaches the 
engine, or it can be stopped by a wall. 
Friction:  The forces of friction and gravity will naturally impede an object’s motion.  Friction, the 
resistance at the surface of an object, will slow down a moving body.  Even though a smooth-
surfaced bowling alley will ease the motion of the bowling ball, the ball would eventually come to 
a halt if the lane were long enough.  A car coasting on a level surface will also stop, because of the 
friction between the tires and the road, the friction of its moving parts, and wind resistance…A 
curveball illustrates how a force can change an object’s direction of motion.  The spin applied by 
the pitcher causes one side of the ball to move with the air it travels through and one side to move 
against the air.  The greater resistance on one side creates higher pressure, thus exerting a force 
perpendicular to the direction of the pitch.  This sideways force causes the ball to curve.  (This can 
be derived from the Bernoulli principle, which states that air moving faster has lower pressure.)  
Gravity:  The downward pull on objects affects their paths and dramatically changes their speed.  
The batted line drive will come down.  The pop-up will rise quickly at first, slow down, stop 
momentarily at the top of its arc, descend slowly, and then descend more rapidly. 

 
Orbits:  Smaller bodies may orbit around a larger one, as the planets around the Sun, the Moon around 
the Earth, or a spaceship around the Earth.  According to Newton’s First Law, the satellites would 
continue moving in a straight line were it not for the downward pull of gravity.  If the body’s forward 
motion is balanced by its rate of fall, it maintains the same height achieving a stable orbit.  When viewed 
from within an orbiting spaceship, the astronaut performing a space walk appears to be floating in a 
straight line—moving in parallel with the craft.  In reality both are moving in a circular path around the 
Earth. 
 
Gravity assist flyby:  The gravity assist flyby is a method used to navigate spaceships.  Missions beyond 
the inner solar system often use Jupiter for a flyby.  With precise aiming of its incoming direction, the 
resulting exiting direction orients the spaceship toward its destination.  The spaceship’s speed can be 
increased as well.  Were it not for Jupiter’s movement through space, the incoming speed would first 
increase and then decrease as it exited, returning to its original rate.  A small portion of Jupiter’s angular 
momentum, however, is transferred to the spaceship.  This helps propel the spaceship at a faster speed 
than before—without requiring fuel. 
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5.  NEWTON’S  SECOND  LAW  AND  FLIGHT 
 
 

Newton’s Second Law:  A strong enough force will move an object, and the rate of the object’s acceleration 
depends on its mass.   

 
Force:  The force must be strong enough to overcome the object’s inertia (its mass) and any resisting forces 
(for example, friction or gravity).  The greater the force is, the greater the object’s acceleration will be.  The 
powerful engine of a race car will accelerate it faster than would an engine from a typical passenger car…If 
equal forces act in opposition, as in an equally matched game of tug-of-war, there will be no motion.   
 
Mass:  The greater the object’s mass, the less its acceleration will be.  Moving a house, towing a barge, and 
taxiing a space shuttle can all be done, but they will move slowly…Conversely, when a force is applied to a 
small mass, large accelerations occur.  As a golfer swings a driver, the clubhead can be moving quite rapidly 
and therefore will apply a great force to the relatively light golfball.  The flight of the ball begins with a rapid 
acceleration, and it will travel a long distance until gravity, wind resistance, and friction bring it to a halt.
Likewise, it is difficult to stop or change the direction a large mass—as with a loaded truck, a supertanker, 
and the Titanic when trying to avert the iceberg. 
 
Equations from Newton’s second law:        a = f / m         F = m a 
 
The home run:  Many factors can increase the range of a batted ball.  1. The faster the pitch comes in, the 
faster the baseball will accelerate.  2.  Faster bat swings, if accurate, propel the ball further.  3.  A heavier bat, 
if it can be swung fast, gives added speed to the ball.  4.  If contact is made at the bat’s “sweet spot” (a few 
inches in from the end), less energy is lost.  5. Aluminum bats can compress and rebound to power the ball 
more effectively in a “trampoline effect.”  6. A ball hit at a 35 degree angle gives the longest trajectory 
through air.  A 45 degree angle upward would travel furthest if it were not for wind resistance.  7. When the 
bat undercuts the baseball, the resulting backspin helps achieve more distance (as the differential pressure 
due to the Bernoulli effect will retard its drop). 
 
Flight:   The forward force of thrust and the upward force of lift allow birds and planes to fly. 
 
Lift:   An upward force caused by a pressure difference enables flight.  By studying the flows of liquids and 
gases, Daniel Bernoulli discovered a basic principle of fluid dynamics:  Faster moving air (or liquids) has 
lower pressure.  (A Bernoulli ball can remain suspended because a rising column of air both buoys the ball 
and offers a region of pressure lower than the surrounding air.  The ball is thus kept aloft and in place.)…The 
air travels faster over the curved upper portion of an airplane wing than the flatter lower portion.  Thus the 
pressure over the wing is lower than that under it.  The difference in pressure causes an upward force.  This 
upward force, or “lift,” is enhanced by speed, better curved airfoils, and an appropriate angle of attack (of the 
wing into the oncoming air). 
Four forces of flight:  In order for a bird or a plane to rise, the “lift” must be greater than its “weight” (the 
downward force due to gravity).  When the bird’s wing or the plane’s propeller pushes air back, there is a 
corresponding forward force called “thrust.”  In order for the bird or plane to move forward, the thrust must 
be greater than the “drag” (due to air resistance and friction). 
Flight formation:  The typical V-shaped formation used by geese and cranes in long-distance flying is an 
efficient application of aerodynamic principles.  The airflow off the wings of the birds in front provides lift 
for those behind.  The trailing birds benefit from the reduced drag and increased lift…Planes flying in a 
similar formation can save fuel and increase range when benefiting from the reduced drag provided by a 
plane in front. 

SAMPLE

(ONLY  FOR

PREVIEW)
Go to www.k8resources.com



6.  NEWTON’S  THIRD  LAW  AND  ROCKETS 
 
 

Newton’s Third Law of Motion :  According to Newton, every action has an equal and opposite 
reaction.  A cannon exhibits this principle:  When the gunpowder ignites, an explosion occurs.  The 
cannonball is rapidly forced out, and at the same time the cannon itself recoils (is pushed backwards).  
This example also reflects Newton’s second law, as the large force of the explosion rapidly accelerates 
the small cannonball a great distance.  An equal and opposite force pushes the much heavier cannon 
back only a few inches. 
 
Examples of Newton’s third law: The principle of opposite forces can be seen in everyday situations: 
 

·  The Newton Car:  When a restraining string is cut, the stretched rubber band propels a weight 
in one direction; the car moves in the opposite direction. 

·  Exiting a rowboat:  The rower pushes down and back on the rowboat (which moves backward); 
the rowboat pushes the rider up and forward. 

·  Stepping off a skateboard:  The skateboarder pushes down and back on the skateboard (which 
moves backward); the skateboard pushes the rider up and forward. 

·  Walking:  A person’s shoes push down and back on the ground (but the Earth is too big to 
move appreciably); the ground pushes the person up and forward. 

·  Driving:  A car’s tires push down and back on the pavement (but the Earth is too big to move 
appreciably); the pavement pushes the car up and forward. 

·  Paddling:  The canoeist’s paddle pushes the water back; the water pushes the paddle/canoe unit 
forward. 

·  Helicopters:  The blades push the air down; the air pushes the blade/helicopter unit up. 
·  Hitting a baseball:  The bat pushes the ball forward; the ball slows down the swing of the bat. 

 
 
Rockets:  Airplanes use air for lift (as the curved wing’s airfoil creates pressure differences).  To travel 
beyond the atmosphere, rockets expel gases to move.  The dynamics are similar to a deflating balloon.  
The air in a balloon exerts pressure in all directions.  When the end is opened, the air rushes out.  
According to Newton’s third law, there is a resulting force pushing the balloon in the opposite 
direction.  In a balloon glider, an attached straw can guide the direction of travel…Instead of air, 
rockets exhaust heated gases under pressure.  In solid fuel rockets, a solid oxygen/fuel combination is 
burned.  In others a liquid fuel is mixed with an oxidizing gas and heated in a combustion chamber.  
Experiments have been done with a cleaner and safer paraffin fuel (wax) that is melted and sprayed 
with a rapid stream of oxygen.  In nuclear thermal engines, controlled atomic reactions heat the gases 
expelled.  In ion engines, electrostatic forces propel charged particles…Each of these engines forces 
heated gases or ions through a nozzle and expels them.  The nozzle is designed to optimally control the 
pressure, mass flow, and exit velocity of the gases to maximize thrust.   
 
Launch and space travel:  To achieve liftoff, the rocket’s combustion causes the rapid expulsion of 
gas downward and an upward thrust (Newton’s third law).  When the thrust exceeds its weight, the 
rocket takes off as the resulting net force accelerates the craft (according to Newton’s first law).  As the 
fuel is burned, the mass of the rocket drops appreciably, and this results in an even faster acceleration 
(Newton’s second law).  An escape velocity of 25,000 miles per hour is needed to leave Earth and its 
atmosphere.  Once in space, the effects of gravity fade, and the lack of air makes earthbound forms of 
propulsion (turbines and propellers) totally ineffective.   
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