NEWTON'S
LAWS

For descriptions and background

Information, see sections 4-6.




NEWTON'S FIRST LAW

Bodies ¢1 rest stav el rest,

and bodies In motion remain in motion
(in a s raihc ine &t a coastart speed)

unless a large enough force acts upon them.



NEWTON'S FIRST LAW
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wall stops car in crash test forces on a curveball

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



ORBITS

A planet is In orbit when its forward motion
IS balanced by trie Suri’s gravitational pull.
Similarly the Moon orbits the Earth, and
spaceships anc ciew can r2nma'n in orbit.

A spaceship can round Jupiter and leave,
INn the right direction, wiih a greatel speed!
This Is because some of Jupiter’s angular
momentum Is transferred to the spaceship.



NEWTON'S FIRST LAW AND ORBITS

satellite’s orbit spacewalk gravity assist painting
gravity
assist
diagrams
assuming a stationary Jupiter with Jupiter in orbit

Credits: NASA Explores; James McDivitt, Gemini 4, NASA; Dan Durda, SwRI, APOD, NASA; JPL, NASA (2)



NEWTON'S SECOND LAW

F=ma~a alse a=F/m

An objecl’s acceieration .ncreases
with the force applied and
decreases with its mass.



NEWTON'S SECOND LAW

g
pushlng cart pushing boulder tug-of-war
moving house Lok 2t towir ¢ haice towing shuttle

golf swing (3) formulas pitch hit

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



FLIGHT

Bernoulli's princigle Fa:t2r mcving air (or liquids)

has lower pressure. (top of a plane’s wing)

Four forc2a goveanirg flignu

lift

\Tie T

thrust

drag
For flight, lift must be greater than weight,
and thrust must be greater than drag.



NEWTON'S SECOND LAW AND FLIGHT

Bernoulli ball lift eagle in flight

forces of flight geese in formation jets in formation

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



NEWTON'S THIRD LAW

Every action has an equal
and cppasite rcaction.



NEWTON'S THIRD LAW

equal and opposite fercas in cannen

cguai and opposite
forces in Newton car

Credits: NASA Quest; NASA Explores



Rockets and balloons in motion:

1. The air insitde a valloci 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 alir rapidly out the back;
an equal and opposite force propels the
balloon or rocket forward.



NEWTON'S THIRD LAW AND ROCKETS

Ciutside Air Pressure

balloon expelling air aad moviig, L2llocn g.icer; tect ¢t peraffin-fueled rocket engine

liquid-fueled
rocket enyine

shuttle launch

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



4. NEWTON'S FIRST LAW AND ORBITS

Newton’s First Law: Isaac Newton is most known for his pioneering kvar calculus and h
formulations of the laws of motion and planetarpitsz  His first law of motion addressed ine
Bodies at rest stay at rest, and bodies in mogomain in motion ynless a large enough force acts t
them).

Bodies at res : Stati‘ r ry ok : cts wi' em n at 2st intil &ajl ‘nougn force acts upon thi
Pins se 10 in a be wlik 3 alle y vill ¢ @ st nding’ stt ck ty a irae_enough force. A rolli
bowling baliv. 'l e »*~' Hug fc ce to <no n umiPdo 'n, but & 2ing pong ball would nothe
greate the m ss of the ¢ ati nai “ obj cti , theerresic ance it ill have to being moved. 1
the greater nertia of a 100-pound box will requrgreater push to get it moving than pdbnc
box.

Bodies in motion A moving object has inertia alsdf no force acted upon a body in motior
would continue moving at the same speed in a $trdiige forever. When karge enough forc
acts upon a moving body, its speed or its diredf@wrboth) will change. A pitched baseball hi
a bat will change speed and direction abruptlym@ving carcan speed up if more gas reache
engine, or it can be stopped by a wall.

Tocuwin: T force  of!iction a d gray .y will natury .. occ2 anciclf's me ... Triction,
resistar te t he <urfe e of an ¢hjer ., will slewd . moving/ ,ody. E en hough a smeoth
surface bc wlir 1 a ey Jill ease the notion of Boawvlir ;=% the ball wou le <.l Wy come

a halti’ the ane '« el ngenough. A car cogstina :vel surfe. e will # 50 ¢« op, b cause ¢
flicuun between thc tires anu the fvad, the foictdf iis moving paiws, and wind resistanck
curveball illustrates how a force can change aedils direction of motion The spin applied t
the pitcher causes one side of the bathtave with the air it travels through and one smenbve
against the air. The greater resistance on ore ihtes higher @ssure, thus exerting a fo
perpendicular to the direction of the pitch. Téideways force causes the ball to curvEhig car

be derived from the Bernoulli principle, which stathat air moving faster has lower pressure.)
Gravity. The downward pull on objects affects their pathd dramatically changes their speed
Tha hatted !lina drive p2il' ~2me-down. The pa~#'" se-quickl at firot; slow down, st
nome, tar y at the top of its arc, escer . sl aty then desc >nd | 1 re ré Jidly

Orbits _Smaller = odiec may orbit arouna 1/ arger| ne aspthnets ¢ ¢ ind' h' Sun, he Moon ar
the Eith, or a _pacesi p ¢ - he Ee..h. Acmrt. “oon'skist Le |, the  .atellites wot
continue moving in a straight line were it not foe downward pull of gravity. If t* e bodyferwarc
motion is balanced by itate of fall, it maintains the same height achigvénstable orbit. When view
from within an orbiting spaceship, the astronautggening a space walk appears to be floating
straight line—moving in parallel with the craft. In reality bo#te moving in a circular path around
Earth.

Gaviy asyst yby: The gravity essist flyky is « method tser: Diar ¢ s aca<hipsMissions beycn
the inner solar system often use Japior a flyby. With precise aiming of its incorgirdirection, th
resulting exiting direction orients the spacestupard its destination. The spaceshigpeed can |
increased as well. Were it not for Jupiter's moeamthrough space, the incomingesd would firs
increase and then decrease as it exited, retutaiitg original rate. A small portion dlpiter’'s angulé
momentum, however, is transferred to the spaceshilps helps propel the spaceship at a faster :
than before—without requiring fuel.



5. NEWTON'S SECOND LAW AND FLIGHT

Newton’s Second Law: A strong enough force will move an object, anel ite of the object'acceleratio
depends on its mass.

Force: The force must be strong enough to overcome Ijexts inertia (its massgnd any resisting forc
(for example, friction or gravity). The greateetforce is, the greater the object’s acceleratidhbg. The
powerful engir. ur . ;ace ¢« will ac . clerate’. 881 ai v uld n engini wuni a typical passenger. If
equal forces a t.in oppositi' n, 'sin  n 2que § m& game ft j-of-war there will be no motion.

Mass: The groater th o! ject's 1 as: th /asc its ¢ @@n will e. Movir j a house, towing a barge,

taxiing a space snutitle can all be doiie, but theynvwve slowly...Ccunversery, wiien a force is applied

small mass, large accelerations occur. As a gslfémgs a driver, the clubhead can be movingeqrapidly
and therefore will apply a great force to the ie&y light golfball. The flight of the babegins with a rap
acceleration, and ivill travel a long distance until gravity, wind isgnce, and friction bring it to a hi
Likewise, it is difficult to stop or change the efition a large massas with a loaded truck, a supertan
and the Titanic when trying to avert the iceberg.

Ecuations from Newton's second law .a=f/m F=ma

he [ ome run /a y . cto 5 ¢ 1increase °t :range of a be pid 1. 7T : faster t e | fch ce aes in,
astei ‘he base Jall vill ¢ ~c leri e. 2. Fastl swings, if accure e, propei he ball f rth r. /8i ~avier ba
_tcanheoung ast, g se “otopeed > dlle B, If conte ctis made ot thooat's ‘sweeas Ba few
it ~hes in from the end), less energy is lost. BmAnum bats can compress and rebound to powebaH
more effectively in a “trampoline effect.” 6. A Ib#it at a 35 degree angle gives the longest traje
through air. A 45 degree angle upward would trdwethest if it were not for wind resistance. When thu
bat undercuts the baseball, the resulting backispips achieve more distancas(the differential presst
due to the Bernoulli effect will retard its drop).

Flight: The forward force of thrust and the upward fastéft allow birds and planes to fly.

Lift: A 1upwe d 1 rce ca sec by a press ire di ere abl sflight. By stur yig th 2 flo s of liquids a
gases, YL Be .ClluiscO cicu a bas. progcigfl Jid iynanucs: | Fa ter me ving ¢ r (or liguidsas
lower | ‘essure. A 3ernc lli bi | can remair. s spenc¢ xd | :causeimgri ) imn " air bo 1 buoys the t
and oficrs a region of pressurc iuwer wan thoosmding air. 11ic wall is tnus kep aloft / nd iaggl.).. The
air travels faster over the curved upper portiommfairplanening than the flatter lowe’ portion. Thus
pressure over the wing is lower than that undeiThe difference in pressure causes an upward.fofbes
upward force, or “lift,” is enhanced by speed, &etturved airfoils, and an appropriategle of attack (of t
wing into the oncoming air).

Four forces of flight In order for a/dird #i~a plane to rise, thet’lilnust be greater than its “weight” (i
down vard farze Jue tc grevit ). \/ken the tird' smio the/plaie s | rcpe’ er piush < back, there /s
coresponcing ‘onvard fore called “tarest.” [de:for the oid rrhlai e to ‘move forward, the doran s
be greater than the “drag” (due to air resistamekfection).

Flight formation The typical V-shaped formation used by geese @ades in longlistance flying is &
efficient application of aerodynamic principlesheTairflow off the wings of the birds in froptrovides lif
for those behind. The trailing birds benefit frdhe reduced drag and increased liRlanes flyingm ¢
similar formation can save fuel and increase rangen benefiting from the reduced drag providedaby
plane in front.



6. NEWTON'S THIRD LAW AND ROCKETS

Newton's Third Law of Motion: According to Newton, every action has equal and oppos
reaction A cannon exhibits this principle: When the gowper ignites, an explosion occurs.
cannonball is rapidly fwed out, and at the same time the cannon itsetilse(is pushed backward
This example also reflects Newton’s second lavthadarge force of the explosioapidly acceleratt
the small cannonball a great distance. An equdlapposite force pbes the much heavier cani
back only a/_w m hes.

Examples of New. 's t ird L w:T e | rin.ip 2 0f _ooosite fi «ces car Je seen eanyday situations:

The Newton Car: When a restraining string is th#, stretched rubber band propels a wt
in one direction; the car moves in the oppositedion.

Exiting a rowboat: The rower pushes down and lercthe rowboat (which moves backwa
the rowboat pushes the rider up and forward.

Stepping off a skateboard: The skateboarder pudtws and back othe skateboard (whi
moves backward); the skateboard pushes the ridandiforward.

Walking: A person’s shoes push down and back engttound (but the Earth is too bic
oo app ciably ; th grounc hushe’ the persami so.vvaid.

Drivir. : . car'si es ush dow: ar s back on the avemen’ (buEdng 's1 o bigt mo
appre iak y); (e ave nent pushe the carup and ..

Padr \ng: The - 0e st's paddle | ushes the waieh the watei rushes (he addle ~anoe
1orward.

Helicopters: The blades push the air down; th@ashes the blade/helicopter unit up.
Hitting a baseball: The bat pushes the ball fody#re ball slows down the swing of the bat.

Rockets Airplanes use air for lift (as the curved wingisfoil creates pressureffiirences). To trav
beyond the atmosphere, rockets expel gases to niive dynamics are similar to a deflating ball

The iwa be"ooiomverts oooocire in all diaw™ Vo o2 nd is/ pene’, he ashes ou
Accc ding 1 N »wton’s thi faw, ther. is a/ est tin¢ force pu:ing t e b ilan: ‘he opposit
dire¢ ‘220 a Mo glic S Gattached st gl e e dir ctin | f taveln tead of ai

rock ts exhaus heatc 1 gas s under pre s relidi s ockets, a s li . 0x; 32 n/fuec nbination i
burncd. In others a ligaid oo ioiiixed vith axic.zing gao o..d hew.ed ira com! ustion char
Experiments have been done witltlaaner and safer paraffin fuel (wax) that is r .eled spraye
with a rapid stream of oxygen. In neal thermal engines, controlled atomic reactiorst tee gase
expelled. In ion engines, electrostatic forcegpptaharged particles...Each of these engines f
heated gases or ions through a nozzle and expets tithe nozzle is designed to optimally continel
pressure, mass flow, and exit ve'ocity.cfthe gasesaximize thrust.

_avnch «nd spece fraved 7o achicve liftbf tho rocket's ~or.b st or ceusas the rap d ex wlsi
gas downward and an upward thrust (Newton’s thard)! When thehrust exceeds its weight,
rocket takes off as the resulting net force acagdsthe craft (according to Newton’s first law). As
fuel is burned, the mass of the rocket drops ajgdoc and this results in an even faster accetm
(Newton’s second law). An escape velocity of 28,80les per hour is needed to leave Earth ar
atmosphere. Once in space, the effects of gréaity, and the lack of air makes earthbound forr
propulsion (turbines and propellers) totally ineffee.



