
Newton's first law of motion  (contains mistakes)
Every body continues in its state of rest , or of uniform motion in a straight 
line , unless it is compelled to change that state by forces impressed upon 
it . - Newton's First Law of Motion , translated from the Principia's Latin 
This is sometimes called the Law of Inertia , or just inertia . Essentially , it 
makes the following two points: 

• An   object that is not moving will not move until a force acts upon it .
•  An   object that is in motion will not change velocity (including 

stopping) until a force acts upon it . The first point seems relatively 
obvious to most people , but the second may take some thinking 
through , because everyone knows that things don't keep moving 
forever . If I slide a hockey puck along a table , it doesn't move 
forever , it slows and eventually comes to a stop . But according to 
Newton's laws , this is because a force is acting on the hockey puck 
and , sure enough , there is frictional force between the table and the 
puck , and that frictional force is in the direction opposite the 
movement . It's this force which causes the object to slow to a stop . 
In the absence (or virtual absence) of such a force , as on an air 
hockey table or ice rink , the puck's motion isn't hindered .

Here is another way of stating Newton's First Law: A body that is 
acted on by no net force moves at a constant velocity (which may 
be zero) and zero acceleration . So with no net force , the object 
just keeps doing what it is doing . It is important to note the words 
net force . This means the total forces upon the object must add up 
to zero . An object sitting on my floor has a gravitational force 
pulling it downward , but there is also a normal force pushing 
upward from the floor , so the net force is zero - therefore it doesn't 
move . To return to the hockey puck example , consider two people 
hitting the hockey puck on exactly opposite sides at exactly the 
same time and with exactly identical force . In this rare case , the 
puck would not move . Since both velocity and force are vector 
quantities , the directions are important to this process . If a force 
(such as gravity) acts downward on an object , and there's no 
upward force , the object will gain a vertical acceleration 
downward . The horizontal velocity will not change , however . If I 
throw a ball off my balcony at a horizontal speed of 3m/s , it will hit 
the ground with a horizontal speed of 3 m/s (ignoring the force of air 
resistance) , even though gravity exerted a force (and therefore 
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acceleration) in the vertical direction . If it weren't for gravity , 
though , the ball would have kept going in a straight line . . . . . . at 
least until it hit my neighbor's house . 

Newton's second law of motion The acceleration produced by a 
particular force acting on a body is directly proportional to the 
magnitude of the force and inversely proportional to the mass of the 
body . - Newton's Second Law of Motion , translated from the 
Principia's Latin The mathematical formulation of the second law is 
shown to the right , with F representing the force , m representing 
the object's mass and a representing the object's acceleration . This 
formula is extremely useful in classical mechanics , as it provides a 
means of translating directly between the acceleration of and force 
acting upon a given mass . A large portion of classical mechanics 
ultimately breaks down to applying this formula in different 
contexts . The sigma symbol to the left of the force indicates that it 
is the net force , or the sum of all the forces , that we are interested 
in . As vector quantities , the direction of the net force will also be 
the same direction as the acceleration . You can also break the 
equation down into x & y (and even z) coordinates , which can 
make many elaborate problems more manageable , especially if 
you orient your coordinate system properly . 

You'll note that when the net forces on an object sum up to zero , 
we achieve the state defined in Newton's First Law - the net 
acceleration must be zero . We know this because all object have 
mass (in classical mechanics , at least) . If the object is already 
moving it will continue to move at a constant velocity , but that 
velocity will not change until a net force is introduced . Obviously , 
an object at rest will not move at all without a net force . The 
Second Law in Action A box with a mass of 40 kg sits at rest on a 
frictionless tile floor . With your foot , you apply a 20 N force in a 
horizontal direction . What is the acceleration of the box? The object 
is at rest , so there is no net force except for the force your foot is 
applying . Friction is eliminated . Also , there's only one direction of 
force to worry about . So this problem is very straightforward . You 
begin the problem by defining your coordinate system . In this 
case , that's easy - the +x direction will be the direction of the force 
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(and , therefore , the direction of the acceleration) . The 
mathematics is similarly straightforward: F = m * a F / m = a 20 N / 
40 kg = a = 0 . 5 m / s2 The problems based on this law are literally 
endless , using the formula to determine any of the three values 
when you are given the other two . As systems become more 
complex , you will learn to apply frictional forces , gravity , 
electromagnetic forces , and other applicable forces to the same 
basic formula .
Not only that , but while it's pushing on the tip of your finger , your 
finger in turn pushes back into your body , and the rest of your body 
pushes back against the finger , and your body in turn pushes on 
the chair or floor (or both) , all of which keeps your body from 
moving and allows you to keep your finger moving to continue the 
force . There's nothing pushing back on the shoebox to stop it from 
moving . If , however , the shoebox is sitting next to a wall and you 
push it toward the wall , the shoebox will push on the wall - and the 
wall will push back . The shoebox will , at this point , stop moving . 
You can try to push it harder , but the box will break before it goes 
through the wall because it isn't strong enough to handle that much 
force . Tug of War: Newton's Laws in Action Most people have 
played tug of war at some point . A person or group of people grab 
the ends of a rope and try to pull the person or group at the other 
end , usually past some marker (sometimes into a mud pit in really 
fun versions) , thus proving that one of the groups is stronger . All 
three of Newton's Laws can be seen very obviously in tug of war . 
There frequently comes a point in tug of war - sometimes right at 
the beginning but sometimes later - where neither side is moving . 
Both sides are pulling with the same force and therefore the rope 
does not accelerate in either direction . This is a classic example of 
Newton's First Law . 
Newton's third law of motion To every action there is always 
opposed an equal reaction; or , the mutual actions of two bodies 
upon each other are always equal , and directed to contrary parts . - 
Newton's Third Law of Motion , translated from the Principia's Latin 
We represent the Third Law by looking at two bodies A and B that 
are interacting . We define FA as the force applied to body A by 
body B and FA as the force applied to body B by body A . These 
forces will be equal in magnitude and opposite in direction . In 
mathematical terms , it is expressed as: FB = - FA or FA + FB = 0 
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This is not the same thing as having a net force of zero , however . 
If you apply a force to an empty shoebox sitting on a table , the 
shoebox applies an equal force back on you . This doesn't sound 
right at first - you're obviously pushing on the box , and it is 
obviously not pushing on you . But remember that , according to the 
Second Law , force and acceleration are related - but they aren't 
identical!

 Because your mass is much larger than the mass of the shoebox , 
the force you exert causes it to accelerate away from you and the 
force it exerts on you wouldn't cause much acceleration at all . 
Once a net force is applied , such as when one group begins pulling 
a bit harder than the other , an acceleration begins , and this follows 
the Second Law . The group losing ground must then try to exert 
more force . When the net force begins going in their direction , the 
acceleration is in their direction . The movement of the rope slows 
down until it stops and , if they maintain a higher net force , it begins 
moving back in their direction . The Third Law is a lot less visible , 
but it's still there . When you pull on that rope , you can feel that the 
rope is also pulling on you , trying to move you toward the other end 
. You plant your feet firmly in the ground , and the ground actually 
pushes back on you , helping you to resist the pull of the rope . Next 
time you play or watch a game of tug of war - or any sport , for that 
matter - think about all the forces and accelerations at work . It's 
truly impressive to realize that you could , if you worked at it , 
understand the physical laws that are operating in your favorite 
sport . 

nBtinz fUst lL ov mKSin.

“evrE bodE kGntinBz in iYs stZt ov rest , L ov BnGfLm 
mKSin in Z sjrZt lIn , Gnles it iz kGmpald tu CZnj Tat 
stZt bI fLsiz imprest Gpon it” . nBtinz fUst lL ov mKSin , 
CranzlZtid from TQ prinsGpEiz latin. 
Tis iz sQmtImz kLld TQ lL ov inUSQ , L jQst inUSQ . 
GsenCFl , it mZx TQ foliwEN tu pMnYs: 
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an objekt Tat iz not muvEN wil not muv Gntil Z fLs akYs 
Gpon it.
an objekt Tat iz in mKSin wil not CZnj vGlosGtE (inkludEN 
stopEN) Gntil Z fLs akYs Gpon it. TQ fUst pMnt sEmz 
relGtivlE obvEis tu mKst pEpFl , bQt TQ sekind mZ tZk sQm 
HiNkEN Hru , bEkOz evrEwQn nKz Tat HiNz dKnt kEp muvEN 
fLevQ . if I slId Z hokE pQk GloN Z tZbFl , it dQzint muv 
fLevQ , it slKz and ivenCQlE kQmz tu Z stop. bQt GkLdEN tu 
nBtinz lLz , Tis iz bEkOz Z fLs iz aktEN on TQ hokE pQk and, 
SL GnQf, TW iz frikSGnFl fLs bitwEn TQ tZbFl and TQ 
pQk, and Tat frikSGnFl fLs iz in TQ dQrekSin opQsit TQ 
muvmint . iYs Tis fLs wiC kLziz TQ objekt tu slK tu Z stop. 
in TQ absins (L vUCFl absins) ov sQC Z fLs , az on an W 
hokE tZbFl L Is riNk , TQ pQks mKSin izint hindid. 

hW iz QnQTQ wZ ov stZtEN nBtinz fUst lL: Z bodE Tat iz 
aktid on bI nK net fLs muvz at Z konstint vGlosGtE (wiC 
mZ bE zerK) and zerK axalGrZSin . sK wiH nK net fLs , TQ 
objekt jQst kEps duwEN wot it iz duwEN . it iz impLtint tu nKt 
TQ wUYs net fLs . Tis mEnz TQ tKtFl fLsiz Gpon TQ objekt 
mQst ad Qp tu zerK . an objekt sitEN on mI flL haz Z 
gravGtZSGnFl fLs pOlEN it dXnwid , bQt TW iz LlsK Z 
nLmOl fLs pOSEN QpwLd from TQ flL , sK TQ net fLs iz 
zerK TWfL it dQzint muv . tu rGtUn tu TQ hokE pQk 
exAmpFl , kGnsidQ tu pEpFl hitEN TQ hokE pQk on exaktlE 
opQsit sIYs at exaktlE TQ sZm tIm and wiH exaktlE 
IdentGkFl fLs . in Tis rW kZs , TQ pQk wOd not muv . sins 
bKH vGlosGtE and fLs A vektQ qontGtEz , TQ dQrekSinz A 
impLtint tu Tis prKses . if Z fLs (sQC az gravGtE) akYs 
dXnwid on an objekt , and TRz nK QpwLd fLs , TQ objekt 
wil gZn Z vUtGkFl axalGrZSin dXnwid . TQ horGzontFl 
vGlosGtE wil not CZnj , hXevQ . if I HrK Z bLl of mI 
balkGnE at Z horGzontFl spEd ov HrE mEtiz pU sekind, it wil 
hit TQ grXnd wiH Z horGzontFl spEd ov HrE mEtiz pU sekind 
(ignMN TQ fLs ov W rGzisdins) , Evin TK gravity exUtid Z 
fLs (and TWfL axalGrZSin) in TQ vUtGkFl dQrekSin . if it 



wUnt fL gravGtE , TK , TQ bLl wOd hav kept gKwEN in Z 
sjrZt lIn . . . . . . at lEst Gntil it hit mI nZbiz hXs . 

nBtinz sekind lL ov mKSin 
“TQ axalGrZSin prGjust bI Z pAtikBlQ fLs aktEN on Z bodE 
iz direktlE prGpLSGnFl tu TQ magnGCud ov TQ fLs and 
invUslE prGpLSGnFl tu TQ mas ov TQ bodE .” nBtinz sekind 
lL ov mKSin , CranzlZtid from TQ prinsGpiz latin 

TQ maHmatGkFl fLmBlZSin ov TQ sekind lL iz SKwn tu 
TQ rIt , wiH ef reprGzentEN TQ fLs , em reprGzentEN TQ 
objekYs mas and Z reprGzentEN TQ objekYs axalGrZSin . 
Tis fLmBlQ iz exCrEmlE BsfOl in klasGkFl mGkanix , az it 
prGvIYs Z mEnz ov CranzlZtEN direktlE bitwEn TQ 
axalGrZSin ov and fLs aktEN Gpon Z givin mas . Z lAj 
pLSin ov klasGkFl mGkanix oltQmitlE brZx dXn tu GplIEN 
Tis fLmBlQ in difrint kontexYs . TQ sigmQ simbFl tu TQ left 
ov TQ fLs indGkZYs Tat it iz TQ net fLs , L TQ sQm ov Ll 
TQ fLsiz , Tat wE A inCristid in . az vektQ qontGtEz , TQ 
dQrekSin ov TQ net fLs wil LlsK bE TQ sZm dQrekSin az TQ 
axalGrZSin . B kan LlsK brZk TQ EqZJin dXn intu ex & 
wI (and Evin zed) kKLdGninYs , wiC kan mZk menE GlabGrit 
problimz mL manijGbFl , esbeSQlE if B orEint yL kKLdGnit 
sistim propilE . 

yOl nKt Tat wen TQ net fLsiz on an objekt sQm Qp tu zerK , 
wE GCEv TQ stZt dGfInd in nBtinz fUst lL TQ net 
axalGrZSin mQst bE zerK . wE nK Tis bEkOz Ll objekt hav 
mas (in klasGkFl mGkanix , at lEst) . if TQ objekt iz LredE 
muvEN it wil kontinB tu muv at Z konstint vGlosGtE , bQt 
Tat vGlosGtE wil not CZnj Gntil Z net fLs iz inCrGjust . 
obvEislE , an objekt at rest wil not muv at Ll wiHXt Z net 
fLs . TQ sekind lL in akSin Z box wiH Z mas ov 40 
kilGgram siYs at rest on Z frikSinlis tQEil flL . wiH yL fOt , 



B GplI Z 20 nBtin fLs in Z horGzontFl dQrekSin . wot iz 
TQ axalGrZSin ov TQ box? TQ objekt iz at rest , sK TW iz 
nK net fLs exept fL TQ fLs yL fOt iz GplIEN . frikSin iz 
GlimGnZtid . LlsK , TRz KnlE wQn dQrekSin ov fLs tu wQrE 
GbXt . sK Tis problim iz verE sjrZtfLd . B bGgin TQ problim 
bI dGfInEN yL kKLdGnit sistim . in Tis kZs , TaYs EzE TQ +ex 
dQrekSin wil bE TQ dQrekSin ov TQ fLs (and , TWfL , TQ 
dQrekSin ov TQ axalGrZSin) . TQ maHmatix iz simGlAlE 
sjrZtfLd: F = m * a F / m = a 20 N / 40 kg = a = 0 . 5 m / s2  TQ 
problimz bZst on Tis lL A liCrQlE endlis , BzEN TQ fLmBlQ 
tu dGtUmin enE ov TQ HrE valBz wen B A givin TQ QTQ tu . 
az sistimz bGkQm mL komplex , B wil lUn tu GplI 
frikSGnFl fLsiz , gravGtE , GlekCrKmagnetik fLsiz , and 
QTQ GplikGbFl fLsiz tu TQ sZm bZsik fLmBlQ . 

nBtinz HUd lL ov mKSin 
“tu evrE akSin TW iz LwZz GpKzd an EqOl rEakSin; L , TQ 
mBCFl akSinz ov tu bodEz Gpon EC QTQ A LwZz EqOl , 
and dGrektid tu konCrE pAYs “. nBtinz HUd lL ov mKSin , 
CranzlZtid from TQ prinsGpiz latin 

wE reprGzent TQ HUd lL bI lOkEN at tu bodEz Z and B Tat 
A intGaktEN . wE dGfIn ef az TQ fLs GplId tu bodE Z bI bodE 
B and ef az TQ fLs GplId tu bodE B bI bodE Z . TEz fLsiz 
wil bE EqOl in magnGCud and opQsit in dQrekSin . in 
maHmatGkFl tUmz , it iz expressed az: FB = - FA or FA + FB 
= 0 Tis iz not TQ sZm HiN az havEN Z net fLs ov zerK , 
hXevQ . if B GplI Z fLs tu an empdE Subox sitEN on Z 
tZbFl , TQ Subox GplIz an EqOl fLs bak on B . Tis dQzint 
sXnd rIt at fUst yL obvEislE pOSEN on TQ box , and it iz 
obvEislE not pOSEN on B . bQt rGmembQ Tat , GkLdEN tu TQ 
sekind lL , fLs and axalGrZSin A rGlZtid bQt TZ Ant 
IdentGkFl! bEkOz yL mas iz mQC lAjQ Tan TQ mas ov TQ 
Subox , TQ fLs B exUt kLziz it tu axalGrZt QwZ from B 
and TQ fLs it exUYs on B wOdint kLz mQC axalGrZSin at 
Ll . 
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not KnlE Tat , bQt wIil iYs pOSEN on TQ tip ov yL fiNgQ , yL 
fiNgQ in tUn pOSiz bak intu yL bodE , and TQ rest ov yL 
bodE pOSs bak Ggenst TQ fiNgQ , and yL bodE in tUn pOSs 
on TQ CW L flL (L bKH) , Ll ov wiC kEps yL bodE from 
muvEN and GlXz B tu kEp yL fiNgQ muvEN tu kontinB TQ 
fLs . TRz nQHEN pOSEN bak on TQ Subox tu stop it from 
muvEN . if , hXevQ , TQ Subox iz sitEN next tu Z wLl and B 
pOS it tGwLd TQ wLl , TQ Subox wil pOS on TQ wLl and 
TQ wLl wil pOS bak . TQ Subox wil , at Tis pMnt , stop 
muvEN . B kan CrI tu pOS it hAdQ , bQt TQ box wil brZk 
bGfL it gKz Hru TQ wLl bEkOz it isn't sjroN GnQf tu handFl 
Tat mQC fLs . tQg ov wL: nBtinz lLz in akSin mKst pEpFl 
hav plZd tQg ov wL at sQm pMnt . Z pUsin L grup ov 
pEpFl grab TQ enYs ov Z rKp and CrI tu pOl TQ pUsin L 
grup at TQ QTQ end , BJQlE pAst sQm mAkQ (sQmtImz intu 
Z mud pit in rRlE fQn vUJinz) , HQs pruvEN Tat wQn ov TQ 
grups iz sjroNgQ . Ll HrE ov nBtinz lLz kan bE sEn verE 
obvEislE in tQg ov wL . TW frEqGntlE kQmz Z pMnt in tQg ov 
wL sQmtImz rIt at TQ bGginEN bQt sQmtImz lZtQ wW nITQ 
sId iz muvEN . bKH sIYs A pOlEN wiH TQ sZm fLs and TWfL 
TQ rKp dQz not axalGrZt in ITQ dQrekSin . Tis iz Z klasik 
exAmpFl ov nBtinz fUst lL . 

wQns Z net fLs iz GplId , sQC az wen wQn grup bGginz 
pOlEN Z bit hAdQ Tan TQ QTQ , an axalGrZSin bGginz , and 
Tis folKz TQ sekind lL . TQ grup luzEN grXnd mQst Ten CrI 
tu exUt mL fLs . wen TQ net fLs bGginz gKwEN in TW 
dQrekSin , TQ axalGrZSin iz in TW dQrekSin . TQ muvmint 
ov TQ rKp slKz dXn Gntil it stops and , if TZ mZntZn Z 
hIQ net fLs , it bGginz muvEN bak in TW dQrekSin . TQ HUd 
lL iz Z lot les vizGbFl , bQt iYs stil TW . wen B pOl on 
Tat rKp , B kan fRl Tat TQ rKp iz LlsK pOlEN on B , CrIEN 
tu muv B tGwLd TQ QTQ end . B plAnt yL fEt fUmlE in TQ 
grXnd , and TQ grXnd akSQlE pOSs bak on B , halpEN B 
tu rEzist TQ pOl ov TQ rKp . next tIm B plZ L woC Z 



gZm ov tQg ov wL L enE spLt , fL Tat matQ HiNk GbXt Ll 
TQ fLsiz and axalGrZSinz at wUk . iYs CrulE impresiv tu 
rRlIz Tat B kOd , if B wUkt at it , QndGstand TQ fizGkFl 
lLz Tat A opGrZtEN in yL favrit spLt.  


