PRELIMINAIIES

EIFLD OF STuvy

VMECHANICS —MITION OF OBTECTS AND FollES
o o0bIECT

POS 7104/ LBt
O(SPAE/ IV T 4 HALTEN L) PROPERTES
VELOCITY
AcceelATIiv
CLASSIAL nwor LY
oBvecr
gmtw) BovY) E
= &-—e~—~2 SYHCE
Yy o
Do 1
/ PAngicLE

RL6-1 BOVY = ColltronN OF PRLTICLES TH4T Yo No}
CHANGE T)i/ 572 REUGIVE Vos)TiovS
UN VELTIE Al OF AVILEY FoNces



FUNVANENTRL QUANTITIES
LENGTH - WSED To YESCKIBZ PARTICLES YosS)Tiow
TIME - NSFY TO VESCKI\RE AN EVEVT
IMASS - PROPERTY OF MATIEL (AMonn! o F MATIEY
AN OBTELT HAS)
FOLCE — INTERACH OV BETWEEN 2 0 B1ECHS
(PUSH oL PuLL)

DIMENS Joi AL ANALYSIS
CLl = LENGTH
CTI=TmE % EUNDAMENTAL pIM S0V
[M]= MAsS
COHBWATIONS 0F FUNDALTEVTAL O//IVS) oV
e.q- SPEFY = [l
L7 ]
DIMENSINA L HOMO CENE T/ = CHECK CONSISTENLY OF
DINGNEIONS )N A WATH EMATICYL  EXVidsSlon
— SAME UIMEN SIoNS (N A RATT) CANLE
~ NUMANCEL. COEFFICICEMS HAVE NO  VIENS)onv (I Mg
~C NOT BE USFY TO 10/VTIFY CoRELLT EXWNES
( HELRTIgNS /P
UNITS
LEWGTH , T1E BASIC UMILTS
MASs, FoReE HAVE DGVEY yw il DEVINIW - ON SYSIBY
OF UNIIS



ST WNITS : LENGTH , meter (m) ; Tirt | second (s)
M ASS, ki[oa LS U<3)
= FOULE | newton [N) IS YELIVED.

4= 181 m/s>

FPS WAHITS : LENGTH  feet (F4): TIME, socgnd (s)

Force , pound (b)
— MASS | slug Lslug) 1S DELIVED

q=32:2 P lst

WORKInG PROBLEMS
Pytsics BEST LEANT b Y SOLVING VIIBLEMS
MWLTI = STEP APP LOACH
V) TURN wonps (LEAL LiIFE 1DEA) iNTO VIAELAM (s)
ANO AVAHILALLE VATY,
DIAGIAM —~ OFYGN pNGEY CoolbINATE SYSIEM
~CHOICE 15 NOoT UV QUE
—ONG P\Ligp ST WITH IT (Do wor M1k)
DATA — DETELMWE WHAT |S KNOWN
- VETERMIVE WHAT HEEPS To BE DETTEMIYEY
2) KELANING PRYSICAL SITUATION Tv THEOXETILHL,
TOPC-
~WLITE YowV VR YEIAL FR W10/ (s) THAT WILL
L Uusey.
R) SoLVE THE PROLEMAS (EVEAL AS V0SS) LlF
TRY TO SUBsTITUFE NUMENS owlY AL EMND



w) DOs THE AnsWEL MAKF SEWSE?

steV 2) s PIFFICALT . OTHEL STEVS ANt ALY
STEP 2) com&esS Fuar PIACLHCE
SreV Y| comES Byl FhVELIEN LF
STEVS 2),3) *CHEK WIHN DIMEVSOVAL HOIOGEVEIR,
UNITS. —COVVELT ALLTO BASE UNITS
- CAN DIYP Elo?! v 1En1E )L+

REsUuLT
SIGVIEICAVvT FIGULES

— 00 NoT~ gUbhspre RESULTS

~ WSl CXTWY VIGLES IV INTEINE DIfTE HESULTS
- USE CALCWIATIL I/ oV E GO

USE ExVONENTIRL NOTAL 0N



KINEMATICS OF A& pANTricLE
RECTILINEAL KW ENATIES & Cow FIVgusS +oTIOV
Fidst con s 10en StMpLES T 710710% OF
S|MVLEST OBIEC,
- MOTUN RECTILINGAZ O ALONG STHAGHT LwE
- 0 BIter UEVRE<gnTEY VY Vo/vT PALTICLE

o CAN APPLoxiviaré BY Poinm

0 S|2E NOT (VINTAN T

o ONLY ONE VEGLEE 0OF FLEEOIM (rA<s)

o L OCATIOV AT OBIECT MA<S cEVTER

o COTATION UM ITPONLTANT

MOTION DF A POJNT VAIHCLE : posSiTioV
VLI Ty
ACCELEIATION T
THESE QUANTITIES ALE NORMALLY [FUMCTTONS
OF TIMnE ('SD,;,?L; ¢)

-
S
p—

A

—_

| DIMes jon4l Pos)TIod)  O— S ;944/2‘
> ONIG-IN NHCLE
6 ' 2=+ts &L ° R =-%5

DISPLACEMENT = CHAWNGE N Yos|Tlon/




Sz

As =s,-5, IN | DIr1ENSion

D ISPLALEMENT 1S VECTOP

DISTANLE A \S Schipl < TOAL LENETN PANFICLES
TAAVELS  (ALWAY PCELTTVE)

FOL YISOLALEMENT A5 =%, =3, IN TIME INTEAVHL

A =€, At /S PosITIVE

VEENE AVENAGE VELOCITY

dB> = 5.5 _ A%
tot, At
WSTANTANEOUS (fELOICITY FF = o5

At
UNITS: m/s , LE/s
At L2 MWAYS YOSITIVE | SI6HF Ar sAME A s AT
VELOLITY SAME SigN AS bISPLACEMENT .
MAGNIUDE oF VELICITY 15 SPFEY |7

IN |<D SPEEY = uNS|AE Y VELICITY

f7 WI(STAVLE
AVEAL 6E SPFEY < wy = 'Ad}'/ TOT%WLL%

AVELAGE ACLELENATIIN <SRBT =Ty -4, _ A%

L
INSTANTANEOUS ACCELEYATOV 7 =dA - o /A5 \=d*Z
T Al )

UnITS > m /s* o Lt/s*
ACCELENATION |S VECTIR (N SAME piR T oy
AS CHANGE [~/ VELOCITY



|E VELICITY VECLEASING = DECELFUAT JoN, & NECHIVE
|F VELOCAT Y |S CoNSAVI = X =0

FloM i =d5  Anv0 &= du (s, 00, )
At d&
(,S,MI‘Z—) [/V;ﬂ)f/
ot = -
4 frde
ds =dw
A Q
ads = v NoT WosPengEnT
(s, 4,a)
THE EQuAtioV THAT ELIMWTE S ar 1S a =d g
Atz

mW ety & =2ls,t)
CONSIWEL SPECIAL CASE A= CONsTANT

TAKE t=4¢,=0,s¢=0)=s, , v[tz0)=w,
=d —~—) =

vH T
jon = (adt = afoU‘
Vo 0 0
nme = Q (E-0] D A= motat

Af:o{S =) ris =nd

P sy ¢ Lot

Jds =[vdt = Jlwytat)dt =no Jobb +a [tdt

S =Sy = Na-{' +J=chfl QS:So*"M‘ol"l’J;/a,f‘L



- S
wdawzads = [ude = Jads =« Jds
Vo Seo S

N vl =als-s.) = 't =l +ls-s,)
— Tz
CAN ALSE OB TN THIS KESULE ALGIBRACH LYV

RBY ELININATING £ N tHE ENsT TWO 8 usiiens.
[P a=alt) oR a=alc) RNOWN | CAN STILL INTECRAIE

7 VALABLES (¢ Lo 2, 5oV 00,a) WE T0OK 20 =0

OR 3 VARIABLES (€, s ) + Y INIThL CovpiTiusS (4, ,s5,mv.,9)

2 WGHWIN T FQUATINS I B VANIBBLES

= ONLY SINGLE RENTNSHP (AN W)TiAL cony)rzexS)
TO SOLVE PR2osLiM cogmPLEiLy

OTHEN EQUATIONS CAN BEF OBIAINED Fng ThE
2 INWPEPENDENT ERQUAT 19N S-
ELIHINATE apy = S750 +uf—Jim“

ELIMVATE a4 = s=5 [ (wotw)E
A

CornrnVN WSE CAst 1S 0BIECT IN FREF- 4L
At EALIH's synkAct | a = -9 CONSTANVT .



KECTILINEDN [KINEMAHICS @ EARATIC Mitioq

Previons ALCEBAHIC EQRUATIONS ARE For C oS-
AcCcELERATIN.

[F WE [#AVE FUNCT1OnAL FQUAS, WE cANV INTEE/ 7

VIFFCUENTIAL EQUATI0AVS

IF WE HAVE VTR, WE CAN PLIT /T

® /u’=%{5, SPE 0F s -t cURE
LS VELoelT Y

0 +t

_pmi? a :a&lﬁ SWVYE oF v-tcuns

swolF LS AccELATIoN
0 SLOPY
v
(o]

2

~—

—a
INTECHAL 1S ALEA UNOEAL CUNVE.

Afll’ffawl‘f s A=A A



THESE ANE ALL (-AKS, IF S-4xIS

4 v wd :0(6{5 S=
=>J_ZA]&1’/V42) :Ja O(S
— Z

S /
< S

<2 wro =) 2 [ads+a®



GENEULAL CURVIL INEANL MIT o

S0 FAL DEAL WITH YARTI CLE TUAVELIN ¢ (v
STLA(GHT LIVES .

CONSIVER  CURVEY VATH |A) PLAVE

S CURVILINEAL MoTIoN

VGCTOR CHANGE [N A6 NITNDE ANY YiHECTiow,
ORIGIV IS NOT o THE (nE (N WHICH THE
PALTICLE MoVES.

PosITion oF VALTICLE
S 43

AT vV =rlt)
™ CHANGES |/ MAGHITUVE OR
viescrion (ol Borw)
o e =7 +47
Fol citeie 1wl =R

AVEIAGE VELOCITY <) = f]—f

JNSTAVTAN Eous VELOCITY AF(E) z% (TANGEVE TO

PATH)
SVFEY |S MACMTUPE OF VELOUTY (i)

AM—?As) :'As_
i

/C}z = ;‘f>a A
AVELALE AccLElATIoN <&) =Ax
A F
/NSTANTANEOUS ACCE LEAT 0N & LF)

x L) :i—f ’i{?gg —“—’g}z%i‘; (WoT TANGENT To P4TH)



VELOCITY CAN cHANG-E I MAGVITavl orR YIRECTIw
Lo’k BoTl)

CULV 1 INEAL MoTloN: RECTANGCULYL CoMPoVENTS

b)
,,f > Rl =x T4y Feldl
7

)7 K umiT Vecron
f,\ ,i\ 4 MAGNITUDE |7) =1 :Jxl"":f")’?zl

x DILE oV 7 =
=

CousIOEK TIME OWIUVATIVE 0F A cOMPoNENT
(x2) = dxd + yvdd = N
i P ﬁ vk

0 Fon EIXED FILAME OF
P FFENLEN CE

VELCIY J7 () = Afnw ~04xl'/) tol ut ), +&{71é) 3

< xzt)b #v Zf);\ hwk
ACCELELATION —\[f) %”;‘” = Wxl#) T HAry Lf)g" +A@L{)k

= %0 mm’\f"z"le) L
=0, KT ‘l’t&d l‘) ba, () k
KELAHIVE CHANGE |A) COMPORETS C—/uFS
CHANGE N DLECTION



MOTION oF A PROTECT ILE
CAN cons IVEL MOTLW |/ X7 PLANE ON LY.

HOLIZ oNTAL ANO VERTICAL MoTIon AE [NOEVEWEV T
COMMOY TO THIE ay = -4 ax =0 (consipuT VELclTy)

. =
] Vet A7 2 :§
y =

0
"\
Y S
5 Ay
o
—
Uy

/)(b

Qx'—'f 0
X =Xo ‘lLA’aX'l{' “}'_LQ,\:'éL =D XT X, 'l'/v")c{'
Z
Ny Twg Faxt =) Nx = Aoy
My = Moy ¥ 20, (x=x) = NVx Farey DN =t
N =Ny
4= g byt ELag b D y=yotieg b gt
Ay =any Fog b DNy Zary -9t
. P T
wy* ey Feaglyy) > wi =y meglynye)
onLY D OF THE EQUATIONS ALE INDEVFNVENT,
OFTEY WHITE Aoy = Mo COsH o
/lfon > Ao 5(:/10-0



9 X/’)Cv‘]‘/le{—

>
h 4= qeFogt ~L gt
’—1—?\> Nrx = Ne cos B
| > N> A s0n S0
3010 ,cosBo = 51260

P

TRATECTORY (\,)[x)
t= X=X0o = y jo«mj_;kz)wg(&ll

Nox Ao x Arox oX

/on éﬂj t\,o “'/Uo)c/V‘OJ ( %~x,) ’%ﬂ (x ~—xi) ™

RANGE " R = (x~x:) WHEN 4=y,
O = o x Vo R* )QL-";) 0= o Vo g — Z
oxtey RL SR

K= 2arex iy = #ro 500 200
3 [
HETEHT « b= (y-yo) WHEA/%:O

o d % 3 = pex Ao LK”XO) =
" 0&6 —Xo) 7 3

b0 X —Xo "’M = ;\)“o Sy = 'Q
Nox W = AU A Y (’/"‘v;c/vo‘o —L 9 Zﬁr——ﬂé})
N/ z N
h= ang . =) M = = Aed - oSN
Y Y 29 29



CUWLVILINEAR MOTToN = NoAMAL AND TAAGEVTIAL

1E THE PATH |< knowN , wg c AV UsF A
CO -MoViNl- CooNOWATE S YSIET]
=5 0K 5=[og

5
(OS (” p Fon p Constv k.
s

A
Ut

= —cos&] »554&?

ik
A

Wy,
ur = ~stnb-T teos e

o
° Aty = Csing ~cog~0';‘,—l€9 -6 iy
dt
o A
[KL—M A Ay = s - st A1d = -Ody

SPEUNL CASE 1 A) = O =2 covdAnT SPEEPALWG cukvl



-2

A= %” W ol o U’%&L CENT RIVFIAL ACCELENATIOV
ACCLELATION DUE TO CHANGE | VIMECTION oMLy

FOL THE TANGEN TIA4L CcorlYosnveVt
= AND gy =dv = ardae = qpdd
73 gt e

IP ar coustayT wg oAV WIItE A LEEBIYIC
I(VNEHATIC [FQ UWATIONS L) BEFINE.

[ 3:1%6) Ls PAIN , RADIUS OF CUAVATULS p

M‘ﬂ/ml

A 15 uvIQUE

& L &, Bur oTHEZwIsE Figy BY cowVEsTlow

y ALWHYS ON Concagvl sI0E OF CULVE Poniwt-14uney
KT, ay FoM o scuigrivl PLANY (PLavE OF Ho ﬂw).

s BWORMAL AXIS g =0r X iy



A BSOLUIE YEWENY ENT MaTiod ANAYSIS OF Twl PAriwie

[F 2 0 BICCTS ALE COANECHED
= CONSTUAINT )N MoT10/

CONSIVENL ROVE OF FIKEY (ENGTH-

LU Sq tSg =5 < AXED.
N _ __PATUM odsg +olsg =0
QA\[ = Lwe TET
A S8 =) NA = -—/Nrg
8] Ak =~ Qg

PO vot” NEEY TO WeLUvE FIKEYD LW 6HES OF ROPE
CoORANgtE AxlS NWEEY TO BE ALONG

W INECTION O0F MoTioN

pIECTION FllogMm DATUWAY 1O 08EIFLT -



RELATIVE-MGTIgh 0 F TWO VALTICLES (16)ne
THANSLATING AKX IS

WSUALLY VPBATICLES MoTiov VESTHIVEY W[l KZESFE Ct
T0 A conMIN Copl DmATE SEIFN,

IV CLASS (cAL CASE = CAULEAN RELATIWT Y

4 Y g PamE Aang reANsLares

N > W ITH RESHET TO NPt

re V'8/4

7] x' Fr4rnE
~a
X
(0]

Po = i T 4
/U“) 8 ~ VA4 +4f‘5 JA

U' ap = 0 = JNELTIAL OR N Ewrn (AN
LEFELENCE FIAME



[KINETICS OF A PARTICE : FolCE AN D ACCELEZFTIONV
NEWTON'S SEcon Law OF MoTign

A PALTICLE WILL ACCELERATE IN DIRECHINV 9~ VET
Fonct Acring on 177 WITH P3G H VN0 E Py ortuidl
T0 NST Folcé

EAF = F=m3
A provonsionsiry comsaT
(SCALAN MASS)
m MEASUnE S RES|srAwCE TU CHANGE .

(INERTA OF PALFICLE )

—_—

F=ma CALLED NEWTON'S 2Np LAW
CAQUATIN OF Mo7lon

F=ma. '//-rwo pALNCLE

EXAMPLE Fornce -~ 7= (G m, ",
%

CONSTAN T \” DSty BETWE
MASS cEN]TRES

FOK PARTICLE NIEAL SULFACE OF EANITH

r=Re,m,=Ng,m=m = F = GL@ZW\

~ N
J

4 tas Wo=gm
. .

w=mg Fmlkgl =FOV] (n2vEWT W)
)F F LClp 1 amfslwej



EQUAtHon oF MotioN
3 F =ma
(\
NET FORCE
IF SSE=0 = SIATC EQUILIBRUA
(NEWTOW S F1ST (4w)
YHELE CAN StiLl BE [FONceS Aetine- on PAnTICLE

IN CASE & =0 [ASSUMING PARHCLES WITH PIASS)
—> A = cowsTAavT (o 2&no)

PRAW FLEE-BogY VIAGRHAA
PDNAW KInEMALIC Y IAGHAH,

——

F=mT LINK DYNAMICS 1O KwEH ATLCS
(cAUSE GIVES & FFECT)
APPLY W NEWTWIAY FEFEERENCE FLAME

EQUATIon OF MoTion E0N A SYSrerm OF PALTICLES

Foll ith VALY |c LE F. + 4+ =mig;
A ()
EXTEWNAL INTEIAL
_— _
SUM QUEL PARYICLES S Fi + S £ =& mi @
v v [}

JELN N ~
sibi=0 = 2 F = 2mia

CENTLE OF MASS my =2 m;

Mo e =S mii
POSITION OF CENTIE OF MASS GVe T Smin

e



2D —_— _ =
me Ay =Simin; = 2\ Fr =me ag
3

[FOLCES + G RAVITY ROPES, SPRINGS,
WOXMAL Fonck , FLicrl o
GRAVITY : pLwhy THELE , ACTIoN AT Pletqncrs

ROPES > TENSIoN T, CHANGE VIRECTIOV

SPING S HOOKE'S LAW * FE=-kAS
Fonct PrRoPoLTIonvgr TO LENGTH OF
coMbpession OR g XTENSIWY
COMP RESSED => PUsSH

Evtewesy - PdLL

L BOVIES (N coNTAct ¢ NOIMAL TO SUKFACE , worhgl
VALALLELT O SULFACE , FA(CTioV
WOLMAL O YWAMIC (CHANGE)

FLicTion A GANSt Mo Tionv

JIKINETIC FRICT 10N - | F BOYIES |N NEL4TIVE MoTioV/
T = -/‘M(/\}

STATLC FrWCTLoN - LF BOVIES oW VELGE o F K& LATIVE
MoTioM



r“s = V}AS A)
EQUATIQN OF MoTIoW < RECIANGULAL COORVINATES
_ A N A
SExT S E P HEFe b = m(acThay) Fagk)
Z) Fx = Wm/.(

2 Fy = may
S Fp o =mag



[KINETICS OF A PARTICE : FolCE AN D ACCELEZFTIONV
NEWTON'S SEcon Law OF MoTign

A PALTICLE WILL ACCELERATE IN DIRECHINV 9~ VET
Fonct Acring on 177 WITH P3G H VN0 E Py ortuidl
T0 NST Folcé

EAF = F=m3
A provonsionsiry comsaT
(SCALAN MASS)
m MEASUnE S RES|srAwCE TU CHANGE .

(INERTA OF PALFICLE )

—_—

F=ma CALLED NEWTON'S 2Np LAW
CAQUATIN OF Mo7lon

F=ma. '//-rwo pALNCLE

EXAMPLE Fornce -~ 7= (G m, ",
%

CONSTAN T \” DSty BETWE
MASS cEN]TRES

FOK PARTICLE NIEAL SULFACE OF EANITH

r=Re,m,=Ng,m=m = F = GL@ZW\

~ N
J

4 tas Wo=gm
. .

w=mg Fmlkgl =FOV] (n2vEWT W)
)F F LClp 1 amfslwej



EQUAtHon oF MotioN
3 F =ma
(\
NET FORCE
IF SSE=0 = SIATC EQUILIBRUA
(NEWTOW S F1ST (4w)
YHELE CAN StiLl BE [FONceS Aetine- on PAnTICLE

IN CASE & =0 [ASSUMING PARHCLES WITH PIASS)
—> A = cowsTAavT (o 2&no)

PRAW FLEE-BogY VIAGRHAA
PDNAW KInEMALIC Y IAGHAH,

——

F=mT LINK DYNAMICS 1O KwEH ATLCS
(cAUSE GIVES & FFECT)
APPLY W NEWTWIAY FEFEERENCE FLAME

EQUATIon OF MoTion E0N A SYSrerm OF PALTICLES

Foll ith VALY |c LE F. + 4+ =mig;
A ()
EXTEWNAL INTEIAL
_— _
SUM QUEL PARYICLES S Fi + S £ =& mi @
v v [}

JELN N ~
sibi=0 = 2 F = 2mia

CENTLE OF MASS my =2 m;

Mo e =S mii
POSITION OF CENTIE OF MASS GVe T Smin

e



2D —_— _ =
me Ay =Simin; = 2\ Fr =me ag
3

[FOLCES + G RAVITY ROPES, SPRINGS,
WOXMAL Fonck , FLicrl o
GRAVITY : pLwhy THELE , ACTIoN AT Pletqncrs

ROPES > TENSIoN T, CHANGE VIRECTIOV

SPING S HOOKE'S LAW * FE=-kAS
Fonct PrRoPoLTIonvgr TO LENGTH OF
coMbpession OR g XTENSIWY
COMP RESSED => PUsSH

Evtewesy - PdLL

L BOVIES (N coNTAct ¢ NOIMAL TO SUKFACE , worhgl
VALALLELT O SULFACE , FA(CTioV
WOLMAL O YWAMIC (CHANGE)

FLicTion A GANSt Mo Tionv

JIKINETIC FRICT 10N - | F BOYIES |N NEL4TIVE MoTioV/
T = -/‘M(/\}

STATLC FrWCTLoN - LF BOVIES oW VELGE o F K& LATIVE
MoTioM



r“s = V}AS A)
EQUATIQN OF MoTIoW < RECIANGULAL COORVINATES
_ A N A
SExT S E P HEFe b = m(acThay) Fagk)
Z) Fx = Wm/.(

2 Fy = may
S Fp o =mag



EQUATION oF MoTION . NOIMA L ANY TA NG EVFI4LL
C OO OINATES
UWSEFUL WKEAN curnvey PATY KnowA,

A . A -
S, Frirt S'Fy Ay +S Fa Ug = MBr tmay

S, Fr &y “mdy 3 Fr =mar
él Fv =maw
' Fg =0

Sl Ey CenrmiPe AL Force



KINETICS OF A PARTICLE = WORK ANY ENENGY
THE wonKk oF A Fince

A Folck cAN Do wokK oN A 0BTFECT JF )T
|S PDISVLACED.

B
"

Woel JU = Folrcos® = Fed

[j\(ﬁ‘ef Fcosbr ‘_ﬂg F s
3 =

"

F rw) CLb]
A7 L] It
AN LANm]) L (b~+t]

V]
[T
Wor K C/jI:\/ BE PoSITIVE, NEGCATIVE ) ZERD
0 F oY = Fedy
™ [d7 2 ra

lF Force consavl AnNY STUAIGHT (Vv

Sz
Uy-, =Fcosd [ds = Fecost lsy-s) =~ Feose-4s
S¢



wié Mo
?/ U -2 ?’S[FODJ'% :S[ "Wf "(OQ-WC M\"]/&h[?j()
K mn "y
= —Jwly = W (gamg,) =W dy
A
WoORK ~'ve , PATH Ay VosiTIvE
Sz Sy
spem b Ui >JFds = [[-ks)els
S¢ oS¢
M = -k s*® SL’~£(SQL'S;L)
F=-ks Z s, (o

S=0 UWNSTRETCH Y
PRINCIPLE OF WONRK ANY ENFLGY

BUNCH oF GATENN4[ F 0LCES

S\ U -~ :_é_\W\/U‘;L =) manS VUNGPE OF Wolk
< ANY EAGLES

VEFWE KNETIC gwElr-? T = | mar”©
s



S U-2 =TT
T {’2\ Wi-2 sz_

PRINCIPLE  ©F WORK ANO ENEREY [on SYSTE OF Wity
g‘crl)é 9’5\ & Mt-z)( = 20—1){

WHERE S OF ALL VAHCLES



Power AnND [FEF ClENCY

;ﬂawz;ii/ P =AU AMoun I OF wonil  PENFIAmEd
oAt I TIMNE NTERVAL o

Fodv
oo = 047 =Fex

5//!/% aﬁM k

AVERAGCE PowgN <Py = AU
A+

UMITS ST NV warT (w)
FPS LS HotstPowel (hp) - | hp = $50EL. (b
Powe&H QuTPut
PowEIL \WPnT .
FOLTHE SANTTING INTORVEL  cnptsy ourput
ENERL-T 1V PUT

MEHAN (AL EFFICIVECY & =



CONSELVATIVE FORCES AND PoTENTIAL EAENGY

CONSERVATIVE FO0CF

CONSERVAIIVE FOLCE BoES Work ON A PALTICLE
THAT |S VEVENY N oF THE VATH .

THAN WORK DEPENvS onNLY ON N(TiAL ANY
FINAL VPosiTion S

EXAMILES : GUAVITATION, SPAN & FoncE
NOVCONSERVAH V= FOLLE EXAMPLE - FrCTdw.

ENVERGY
ENELEY |S MEASURLE OF CAPACITY TU Y0 WItK.

TWO CAAGFORIESOF FNENGY
WINETIC ENEZGY — cOME S FHM HoTlow OF PAHRILE
POTENT Al GNERGY = COMES FHIM POSITIoN OF Vinrele

POTETAL ENGHLY (S MEASURE OF AMOUNT OF WInk
K COASENVATIVE 120HCE WILL Vo W HEN (] HovEs
PO Lt [ER0Y GryEn Vesiinw o 94T

<~ 7

~

NOTICE ONYER.
CLAVITAHgNA L VoTeNTIAL EVEREY
Vﬂ = W °A3j> =—WAy =-W (O‘ﬁ'jwr) = Wj/mr

1\ )



« == T VATUM Vg=0 =—Wlo) =0
w



GRAVITATIoNAL VOTENTIAL EVERGY

L}‘) T Vg twy = ~wlo-9)=wy
D ATun— — ~&/ f—-—td 0 Vj" "W(U)"
~ W ﬁf_ 'WJ,-WL’O’L\V)J "Wﬁ

L &«

Vy —we Aﬁ =-WAy =-W(0-4,) =Wy,

ELASTIC VoTenTipe ENENLGY

dmbzﬂ | ke®
Ve =
7 ML VOLENT IA L EVENS
s Ve=tl ks™ | ALwA¥s vasimivt
. 3
S=0 DAt lo
*kJSa{s = *[ 5 ) i ,l_swr =L s
LN g

PoreutiAl EdncTion

TOTAL PoTEwsaL V =Z V. Sul VoTenlifl EVERGS

FON EArpLE /4

DATUA 1_ N = -Wgs i’JiKsL
S

;



Wolli Yonb U, =V [ =Ny CHANGE [N PoTenTIAL.

 /
NoT\cE ONVER

OU,'{ E)CMVI/}-) UL\’Z = LVO-VI) C\/o‘ ’\/ \/
e =V -V = [~W =\ - /-W <
U Ve ( Sl{___ﬂ':ksl) [ Szt!ikgz)

:W(sz-sl)-:lz)/\Ls;"«sf)

WE VoW shoW THE GLAIENT OF VPorewil4L s
AVPLIED EONCE.
VWFEINITESIMAL VISPLACEr! EvT
(x,92) = Uxtox, ytdy,ztel2)
dU= Vix,y,y) -Victdygtdy, gtdz ) Tvi-v,]
= -V (x%Y,?)
AU=F odi = (Fx b 4Pyt HFeR) o Ll doly ol ak)
= Fy A b Fj o(j +Fa.dz

o Prdw bPydly tade =V = -2V ol 129 dy Fovle)

F=-2ui ’;zv1-é2v)< - - _@Hawz A4
Ly

o Y
F =-V VU —= CXITERY £Foq CONSEHUATIVE FOlcs

EXAIPLE vy =Wy = 2V, =W - =2V, =W



CONSEL UAHoN OF ENENsY
2 Wy-2 = 2{ U/{.-v)cous t Z\é({;—z)mo’vwvs

WoL- NERGY [THEMY S! U =TT,
Wor Yus 10 COvsERVATIVE [Fonces

Cgl/tkz)wuﬁ = VI'VL
TZ‘Tl =V, -V, 2 LLL\—-L)/von/u
TV EV, FE (Ui—2)moveows = To+Ve

LF ONLY CONSERVATIVE FOn bl = T HV, =TtV
|F VrEne F =T +V , THE ENELY |S CONSTANT



. £, =T, tV, = 0 +mgh

Fr=Ta+Ve=Lmat Fmy (h/)
z

° h

/e )
3 o 53=T3+V;5=.LMAF3+O
VL z
wTEwS 129y D e = 2y (ht2) =9h

z\f; = QQl\

a°0 Et;WLg)\

Eb=mgl’l

SYsTEM Of PHETI(CLES
ST + 2 W), =50R); + S W,):
v L v o

ONLY CONSERVAYIVE EO0RLES.



VMPULSE ANVND MOIMevTurn
VILNCIPLE OF LINEAR )VPALSE AND MINENTUA

— )
SIF=ma =mdT
t ‘ t2 Ty N
INTEGIATE Ovpn T8 | 2| [ Bt = m [ B =mA; —m7
éa Ay

-

PRINCIPLE OF LYNEAL [/IPULEE ANY MorlENTY /]

lLL A
2 [ Fdb =mir-ma,  Gooy I F =conspini
v F=F&)
LINEAL HomEyrurn § =m i

LINERL rIPULSE T = [E At
tr

For. constqnT Fonct ,T =[FAt = FltaL)
&

PrINCIPLE OF LiNfan (MPALSE ANY MII1EvTYy
M/Ué| féf%d#?m/&z

tot,
M N, iré;jpxﬂ{f’mﬁxb ;e,Z’C/ Fol 3,?
+t\

F
te
t/v;‘/ Ane =T = |FLid+
[ H
>4

1 £ -
O t O = 0 ~
IV ITIAL rLor EXTUur [1PULS E Fivg Ayztg%ﬂ/ﬂtﬂ




PRINCIPLE OF LINEAM IMPALSE AND MoripnTies7 o F
A Steter ofF Plcl&s

FOU THE \TH Vanrcw S Fy = 2w o s
INTET S\ m i 2
ZL{ mw A 1'2Jfa,ou = & Wli”—?z
v .&‘ (%

ﬂ,Elzb 2 2 ¢

o — {Zé
ve WA M&,‘ti)f FLO{{":VVIA%
t o



C ONSERVATLON OF LINEAL 1orténtur) j=on. A- SYSres
oF VPAnlCLLES

PIULNCIPLE OF JMPULSE ANY MorTgatul! 4V AL EL
TO A SESTEM OF PALTICLES
_ z _
Z&mc/lfi,' t 2/' f[?iOL{' = Z_}M[/Viz
] I ?{'l v
THE JNTBIWML IMPaLSES CAVCEL (MAy B YVKyiwd)

|F THE sa% OF Tke EXTEINAL (HPULSE VAVISH

S wme T = S mi Ty,  CONSELVATION OF LINEGL Morgiudt

1 —

Ws /w6 M&i{,‘ = W /{?61 = () = Vge
i >
USED mgi 7é W, Ui
MOILENTUN IS CONSEUVEY IN 0 KTIHOGOVEL YiH CTLoY
TO IAPULSE Folce

F At sHMALL -=>f NEGLIH BLE EgK SoME Fonces
RELATIVE TO OTREX.
|7 PULSIVE FORLES V'S WON—IMPULSI Vg FOLCH



LM PACY

2 BONIES ColLlVe + IV cowitdgcT SHour TIME
\ colll3)ov PoINT

I
I
- ' _ _ LInEOF
| [ LPACT
'é‘q_ ( /@.&

N

—_

4  PLANE OF g
Con Hct -

colysjon Powt — Poiw7 OoF FILST CovTtACT
(MA¥ Vot BE UN L RUE)

LINE OF IMVAE —LINE BEHWEN CENTILES OF EACK
Bov¥ AT MoMENT OF ContT4ct

PLAN G- oF ContaL — P ENVENNICHLAL 10 ULNE DF
IMP AL
L LOCAFE AT coLLisSloy VoI T)

CENTRAL |MPACH—TWO OBJIEES COLLIVE gLV
LINE 0 F 1M V4T
ORLIQE IMPACT ~ |F 0BIECT MOTLoV HAS ANG-LE
WITH LUNE OF IMPACT



CENTUL 1npacT

BEFILE R EQU ILF
A ), 2l
2= "4 O MB@ L 4) 5)/
— —
(A—;/#)’ [A?!ﬁ)’
DEFOLMAI o0 A B
/MPA CF ‘@/
Spat  ~ [Pt
S Pt wrerwAr yHpPuise 0F VEFORATI 0w .
1AxXIMYmM
D Clol4 T onw .
/Df
RESTIHUTT g éé
IMPULS F — —
O [TdE [Tt
JZM' (VFELN AL [1IPUSE OF KESTITATI0L
A Frel m@® M@ LEQUUIE
|MPALE — T2 W)y >(4),
Liz), ).

IF wFE ARl 14pusES [Pl 4ao (R F
CACEL YanivG- ColliSion | MoMENTAM ]S
CoMS EnvED.

MA VAL FeArg) = Ma VAL Fmeg,



W REAUTY [Pl > [rAdt

C_0MMoN
V[ Loct !

DURWG 4 DEFOIRMATION — mpwg —] Pl + =mpar
PURIN A 2ESEFATion  mpar — [ Rdt=mptrge

e =
SpPlt  pm-a- REST 1 FATLON

JIMIL4apLyY Fol OB8SECT b
de/ ATVR)
VB —VA4e

FUMINATE 4 = & = _
V4~ VB

COEFFI ClEny T~ OF KESTLTUTI v
0<es| . covstAuT.

= SRt i pppiciEaT 0F

W REALITY | 0 “e<]|  e=elw), Size, SHArE

ELASTHIC 1M1P4cr (e=1)

Erc.

IF PERFECrLY ELASTIC | [Pdi=[Rdt, Anvy €=l

PLastic /#p4cr [e=0)

JZ INELASTC ©OF PLasTIC | [RA+=0, ANP c =p
OBbJTELES Stk TOGETHEL Awy 71gVE LW//(TT

coMMon VELoeTY



|F e=| , N0 ENELG-7 LosT PULNG COLLISIon

IF e =0, FNELGY LOSS IS 71459 /1ur

=2 ENEXp-Y LSS (N FoeH) OF &4 , SOUND,

> PRINCIPLE OF WOLK AMND EVERGY AV YOI
b& APYPLED.



OLL [QYUE [11PACT
(Pt 4wy [ RdL Act 4Lonb L oF (P4 Cr

AlLon b cwl OF jrip4gr , MONENTUM) oF S YSTEY
| S cCONVSEHVED

(sives Fot SYSTEX) [MPULB AN E |wrEnide)

ALON [~ PLANE OF COXTALE y MUTTENTUY 0F E4C)
08YECt | S c OVSEHVE D

WORLKIN 6 71I=THo) -
V) PAT x —AxIS ALoN T LINE OF |71V4LCT
2) PUT y~-ALS [N PUUVE OF CONTA T

3) APPLY MoMEntur) CONS ENVATIIV OF S75 TEH
ALov - x A S
¥) APPLY RESTITATIOV EOR/LNLY ALod6 x—AX(S

) APPLY noMEntyrn coNSEYVAL] oV OF 1XVOIVIDY
OBIECT ALING y—Ak(<



RoTATI gV
PLEVIWOUSLY « MoTied ALoVN b STRAGHT oK cyYnvEL
PATH
wow > ROTATv OF OndeeT HBour AXkls
RIGLY Rovw¥ — ALl WARES ALE FIKEY KELAT JUF TO
EACK OTHEHN , Avd Bopy DoES woT ClAVGF
SKAVE.
ROTAT 10/ USYALLY Hour FIXEY AxIS THAT WiES
NI M oVE REL# rIVE 17 OBJELT.
RULE RotaArgn = EVed Powt W 0BILq Moves
W CICLE ABoNT ROTAx Twon Axls
LAc(s OF K otarion)
EVELY POt MOVES THHY SAME AVGCLE (A SArE TIA.

AN Y LA 1P OSIT/oN

N R FENEN CE
- LINE
‘e X © = 4NGUWLAL PosiTioN

f X & =0 A4t y Axls
LoTATLON

AX(s

Y © =S

for

/\
S
_ X ME4SuE (W T4YIANS [rad)
JNTELESTEY A/ ©-=6(4)



AN GCAUAL YIS PLAEMENT

Ag - ~
Aa6l 4 %L '« /E/,t/(;‘/ 74—/%-&%/2
0
p(s \01/%/‘1[4/7' FW‘H/ ANGU LAY
P os (Tiow
ANGUALAL VELOCITY
A VELH 4 L —O 4.97
AG-U L Lwy = I = 2V
/t\;E LoCLTH 7 *éz,*@ At
| NSTANAr EO
4 /V4GfLL f,’,tl/f ‘s w = Ao
U FLocity AfF

W tVE = counrgy —clockw sk ZoTAT gv
(wl AweuLat SPeey

W UNIT, LAVANS VYEr SEcovw (vad ls)
AN CULAE Acc ELEnATIo

AVENA68

ANG-H LM Kty =W r
Acc CLs tz —tz

cC tibndger 2ov
L NS TAN AN ELS oz
HAWG-ULM < ’%%E = 00{1 ﬁ
- CCELENT Lo

A umIrs , rad [s*

WL HAVE w=do  -dw ,ELotivsre oL
af Tt



= A dF=wdw

WE USE s/eN T0 KEEP THAMK OF VELTON NATUKE
L IS ouT oF PlavE o= RoTAtTiov

(Glve) BY WiGHT —IHAVY RULE)
DISPLA-CE HENT W OT Trur VECTIL (0Nvin Fitimps)



ROTHey witH CONSTAUT AN EULI Ac CELEXAT 04

FIOM VEFINHONS

W = L= © AdE& T/Wa[w
47 44
By AVALIGY @ s >4

U2 W
a = A
>+
FCI CONSTHN] A-CLELEKATIOV A
W = we +L ¢
& =6t wa,ﬂ%éf =

W= we + 2K (6-8;) L[WoT IN VEVENVENT]
ALSO -
& =%o ~Lw‘t‘2l£/w?’

e =Y +Ji [,WO‘I’/U/){'
R ELAHN - LyVEAN ANVY 4 VEULHH VAN B LES

FACH PALrIC1F MOVES I A-CI1ClE W (TH SAME
O ANY W

PosS TloN

G=s = s=6v L[BwW R4vhs]
7



SPEED

FOL ConSTANT v, = =8 2 =

C4r = X7)
VELOCIY |s T9ngsn ¢ TO PATH.
PElIoY T = 2Ir
w
A CELE A0V
L =Wr D gr=<Xr (ar =XxV) taveEnial
COMPINT

NOULMAL corPivpn?

=

M’_/%f‘/l_w_f)”:w po Lay=0 x (X7~

WOTILE : quy HAS ~O L VEVEVWEN CF



KIVETIC ENERGY OF RoTAlo

T = z Loniw, /éimLZWM :Jii}(m;h;)twL‘ﬂwL
v 2z

ALL P/-mrlcws
O F RIvGEy
BGoYY

Z my e = KROTATIOWAL InEeTIA ol
MOMEAT OF |NERTILA
REPRESENTS Hiw 71ASS 1S DISTRIBUTEY Apour AxlS OF
ROTAT 0NV

MOMENT 6F INERTIA YEPENYS, on KotATING BOvY
A-XIS OF RotATIov

UWATS fkj]ﬂmzl
CALCULATING RetATIong L INERT\A4

FOR A FEw PARTICLES ) USE T =S\ my i
Fon A conTiveus Bopy, INTEGIAT E L =1 %l

MASS DENSITY 4= I p IS CoNSTANT 0= Am
# el %

0'0 -E = pJY\‘LO(\/
USUALLY MOMENTS OF INELTIA ALY PLE-TABULATEY
ABOUT Ax(S THRU cenvt®¥F oF OBTECT.

PARAALLE L—Als THEOREM
F=2Leom +Mh*



M= MASS oF Bov)

Teom = MOMENT OF wigritd M0l AX(S Tynd cvicn
OF M4<S

h= PELVENY Lculhgr VISTHUCE TO ANOTHEN 4X (S



ORRY b
ronau ROTATIoN OppPen¥S 6N TAHN T4/

F >
2 Fy  CoMPingnt of FoLCE +

\
WHELE Fonte A PPUsy RELAE

’p
S ung or TOo ALK
0 N A-etrion
ToRAUE © = v Fsin @
Moren T ALY = =
» (& =% XF)
1

N IR Fsmﬂ‘/l:r o ypswmpP =y,
co T EVEr oz > =v, F
FVE S(eN [For TOLQUE THE CASE ANVTL—CLOqWISE

RO TATLov.
UNITS CAHILm]

WENTINS SEcoN D LAW Foq AOIATI0y
(N ANALOGY  E & = Tyer=TX

FoL A SiNGLE PARTICE

ay ="V«
T ,N'T
—mar
=yrmar
= nnm é”pé)
=m rtA
=LA



Rotlyn ¢, TOLQUE ; ANY ANV EULAY HoM ETuMH
ROLLING Sr1o0THLY = wiTHout Scipvws Or. Boyrvtivy-.
RoLlihl 0 AS TRAMS LATIoN ANY 12O0TRII 04/ coMBIVEY

A
—
— P

s

MOTIWN = T ANSIATIon OF CENIILFE OF MASS
+ L OTAHow Alomb cgv e OF MA<S
3= &K © Ncom = %SZ W = ﬁf

/

Mo = ds )( 7W/<- =) /U“COW]:»W( FO/Z, 5%007'11
oAt ROLLG PLOTION .

Neom, W ARE SPEEDS poT VELICITIES

CovsWel 3 PonTS oW WHEEL

> AT " 24~
- (3 (B
A = AV

Rotatros/ TRANSLATI04 ” ”’2  ou A
oWL Y TUANSUAT /0
o4L¥ R0 1A 10/~

ALTEUNATIVE v | [F W - Pukf KOTATIIV 4By AXIS
THILGW YowT OF ConTAcT



ToP _
> Nyp =W (22) = 2 parcom

> Ne = WR Z Veom
Vger =Np =0

e}
Bot

FOLLES ANY KINETIL ENENGY RoLLinvg
KINEHC swgney ©F RoLLinie-
Fo& PULE LOTATIoN 7';%)7,, W
/“\
Akls Z%Tﬁ}ﬂom’ oI

Ep = Loom tMRE PARALEL Axas TH Eong/].
S T =L TegnWE+ 1MW ®

z z

= L Teomw™ 1 M~eer
z 2
r &

R oTAT)ONAL TUAYMSLAT (V4L
ForceS oF Lotliwe .
PEVlousyy w0 ACCELFRATIN = MO Forcr

cWo FriCigw)

Frctio/’ Ay ROLLIVG .

IF ACCELENAT NG , WHEEL TToWVES FASTEZ 0¢
SCWEN TIAN NONMAL .

TO MANTAW A0 <sl/INCG = NEEY FLiCTigy .



— /Ucom

afm @? %om
@ - ‘ES-
5wW vow v SPEED Up

s
[F WHEFL YI6ES noT~ SLIbE , FRCT o S StA4
=> SMOOTH HoLlLiw G -

O FPEUNT IAFE  Arcom =WE = Qrom =<LR
MAMIITY WES OWLY,

= £S = EQUATIoV
JUNENIC FalcTion 1F WHKEEEL SLIP :7)/1»07* Y



RolLiNG Yo N A K4rp
— USE NEWTIW'S LAw (a

Q Twi) FoepMM<
(@) >~

\ <Z.‘/F"/\?C(com ; Z\’miT’—Zcom’{
h h o 2 (HAVES @eom , INTERATE
Legm & z 2
- USE & =4 T2a< =<

To+tVe =T +Vp
o tM jl’\ :_LM/UC;,, +1 Eeom WL*t'D
7 Z

/'43 X Sun G =] A/VCLOm ""_LICUAC@!QL
z Z I8

7z _ M <
Acom ”_ d ga"l‘& X = QE! Sendr X
L /“I%Im | + Teom

Mp*
A com [ t/z
l"l/l”

Acom™ -_a_ﬁiaim “[TZ%: W%

= zd Sthg /L .{ET&Z Sth /I/\Com
RE IC""%?LZ

2 /vcgm M/ZL
- y s~

@wmﬂku

FOL WO RITHIIOV , Qcom =4 et
For. Teom =HAL® = A com =< sint
2

Teonm ;/Z)‘{,éz’ ; 0(26} =2 Ucesm = sond
it



TORQUE REVISITEY

CovsSIper. 7+ PRrTiC LE.
AXIS OF RATATION = Pomvy oF ROTH7TIH
Clels = CulVEy PHTY

N Tor QUE For VA&
Z =VxF
NN T =V Fsa‘np’
- Q%F dlso o=vF,
< VAR o F
VoS Tlon
OF
Z2iv3
AN UL oM ENT UM . s
& j =V xjf J };0[\—/’!4/'
L WEA
J S o MoMENITY)
s o L =mlFXT)
* 7\%‘” AN WAL
yosirioy Y16 M ETYY
0
Virjiclf

A PARTICE CAV  RAVE ANGCULAL MoMENTUrT Abodt
O N WITHoY ROC4TINE 1 Boul O HIoiwv

UNMITS - L'Kg.l Cullm s =L‘1<3 m*s)=LCT s]

DIKECTION: CHvEN BY pLGHT ~HAWY PULL



M4eTUDE > =My sinff OR L=mv A7 =V p
Azmpnay =rp;

1A) CALTESIAN CO0R D JNFTES

A

- |t Z\ r
ﬂ = Nx V‘g
MUy WLU{,M’V.}

WENTON 'S SECIvD LAW 0F MOTIgH W ANVULML Fonm
NENTON'S SEcoMy A4 éf F = Z

ASIOF © J=miy = d7 =m /ma
g at 44
Yt AvALogY 27 =AZ

&\

ProoE: Q2 =m(#xX%)
- > . S S =, -
J = A X nx = AZ )
g'[ m (3{? Tt f&f) m (UXU+7 X7

P v (mT)

\

—m rXq
— AN Y
Feni = dZ - FxF =%
AN CALAL. MomEnTym oF A ¥low Bovy

FOR SY¥YSTE oF wn VPALYICLES

n
—_—
::2lt
t=\



NS Surl 0 VEK

;{/c% FolcEson o \Ty
AN CLE
Paniicies v b

THE S/l JWCLUVES WTEmNAL TORQUES - BY N EWTOLS
THIZY 0/ THE INTEINVA TORQULS CAYCEL.

000 2 ’t’ = —t
NEY dt.
EXTeEpmL
TOZ Q4 [°

PAY ATTevtion 1o OKIGW
~ SAME OKIGl USEy TO VEFWE ALl @UAVITTIES

~ |F com WNOT ACCELELATING = USE ANVNY o0LI0
— JF com ACCELEMATING 2 USE com AS OLIGA -

AR) CULAL MoMenTYY CF RLIGEL Booy KOtATWE 46047
EIKEY Akls

L=Tw
CONSERVATY 06 ANVGULAL MorENTiy

WEWTOVS S ECow 1LAn 1V AVGLUIZ. FmA
S -dl | Fort o Basrass TorOuUES AL =0

- - )
= L =covstagyT. [ Ly =Llg For [su41ey S¥ie.



Liwe = I’FW-P
JE T CHANGES TELNALLY y W CAN CHANVGE

T: ALSO  CodsSFRVED /1) RELATIVITY X QUAGTUN AECHs

THISISVECH  EQUAT (Y

b et = ANGULY MOMENTUHY CONSFRVES 14/ Twh
OLTHOG-0WAL V) EECT/0US



