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2 Kinematics

Howthingsmove

position overrightharpoonvleftHrightleftbeginmatrixXleftHrightYleftHrightZleftHrightendmatrixrightXleftHrighthatexYleftHhateyZleftHrighthatezright
velocity overrightharpoonvlefttrightoverrightharpoonr1lefttrightfracddtoverrightharpoonrlefttright
acceleration oilt 1overrightharpoonvleftHright

Simpleexample constant acceleration overrightharpoona

RightarrowddotoverrightharpoonrHoverrightharpoona
Rightarrowoverrightharpoonvlefttrightoverrightharpoonrlefttrightoverrightharpoonatoverrightharpoonv0 with overrightharpoonv0overrightharpoonvleft0right

Rightarrowoverrightharpoonrlefttrightfrac12overrightharpoonat7overrightharpoonv0toverrightharpoonv0 with overrightharpoonr0overrightharpoonrleft0right



3 Dynamics

Why things move

3 1 Newton's laws

1FirstLaw inertia Thereexist inertialreferenceframes IR t
An IRFisdef.by Objects inconstantmotionremainin constantmotionandobjects

atrestremainatrest alluntilinfluencedbyan externalforce

2 SecondLaw force overrightarrowFfracdoverrightarrowpdt with overrightharpoonpmoverrightharpoonv the momentum

If m const thenthisreducesto overrightarrowFmoverrightarrowa
These are two differential equations for ill l andoverrightharpoonplefttrightm consthere

fracdoverrightharpoonrleftHrightdtfracoverrightharpoonPleftHrightm
fracdoverrightarrowpHdtoverrightarrowFH

Given H oftennotsosimpleinpracticecanalsodepend onHHand
overrightharpoonvlefttright and

initial conditions overrightharpoonrleft0rightoverrightharpoonr0 overrightharpoonPleft0rightoverrightharpoonP0 weneedtosolve for overrightharpoonrlefttrightandoverrightharpoonpleftHright

3 Third law action reaction When body 1 applies a force
overrightarrowI12 onbody2

body2 applies an equalforce
overrightarrowF21 onbody 1 in oppositedirection

overrightarrowF11overrightarrowF21



3 2 Freebody diagrams

Freebodydiagram minimalisticsketchof componentsof asystemandinvolvedforces
Examples

Weatthesystemintotwoparts
anduseNewton'sthirdlaw111Pulley

massless fritionless pulley

rope feelsforceortension T

tensiont a

mcdot
a tension I
M

voverrightarrowFmug

v
gravity

g gravitational
asiderationnearsurfaceofearth gapprox981fracms2overrightarrowImg

accelerationinoppositedirection

TmgmaTMgthetaMa
afracTmgmRightarrowTMgMleftfracTmgmrightfracMmTMg

Solvefort left1fracMmrightT2gMRightarrowT2gleftfracmMmMrightgfrac2frac1nfrac1m
fracmMm reducedmass Karmonimean

aneleration afracTmg2gfracMmMggleftfrac2MmM1rightgleftfracMmMmright



wall121Rope wall

ropeofmassm

L α

moverrightharpoong
GoalFindα in termsof Tangleαkeptfixed

Configurationis static so accelerationoverrightarrowa0

itsysteminhalf
overrightarrowmp
r Fifracalpha

Fxfracalpha tension
overrightarrowTatcentergiven

vfrac12moverrightharpoong
equilibrium

overrightharpoona0

X direction TleftoverrightharpoonFrightsinalphafrac12max0
vI direction frac12mgleftoverrightarrowFrightcosalphafrac12maY0

RightarrowfracleftoverrightharpoonErightleftoverrightharpoonFright tanalphafracTfrac12mgRightarrowalphaarctanfrac2Tmg
blockofmassm3 Incline

odotbotoverrightarrowF
fracthetaoverrightharpoonN myfrictionforce

theta

normalforce constraintforcetokeepblockonplane

to computefrictionforceF s f noacceleration
overrightharpoonNoverrightarrowFleftbeginmatrix0mgendmatrixrightmoverrightarrowa0overrightharpoonN

thetaoverrightharpoonFgleftmyrightRightarrowleftoverrightharpoonNrightmycosthetaleftoverrightharpoonFrightmgsinthetaleftoverrightharpoonNrighttanthetaoverrightharpoonFtheta1 V



Staticfriction 0leqleftoverrightharpoonFrightleqmusleftoverrightharpoonNright as necessary topreventslipping

if tanthetasubseteqmus theblockstaysatrest

tanthetamud deieleration

tanthetamud acceleration

tanthetamud constantvelocityslipping
Dynamicfriction leftoverrightharpoonFrightmudleftoverrightharpoonNright

3 4 Angularmomentumand torque

Angular velocity overrightharpoonwfrac1leftoverrightharpoonrright2overrightharpoonrtimesoverrightharpoonv
overrightharpoonv

Example Suppose a particlemovesaroundtheorigin
varphioverrightharpoonv

fracdvdt0
Insphericalcoordinates overrightharpoonrleftbeginmatrixrcosvarphirsinvarphi0endmatrixrightoverrightharpoonvfracdoverrightharpoonrdtleftbeginmatrixrvarphisinvarphivvarphicosvarphi0endmatrixright
Rightarrowoverrightarrowomegafrac1r2v r

0 timesleftbeginmatrixvvarphisinvarphivvarphicosvarphi0endmatrixrightvarphileftbeginmatrix00cosvarphisin2varphiendmatrixrightvarphihatQz
Auglarmomentum overlineeoverrightharpoonrtimesoverrightharpoonp
Torque overrightharpoonToverrightharpoonrtimesoverrightharpoonF

With thesedef.si fracdoverrightharpoonedtoverrightharpoonrtimesoverrightharpoonpoverrightharpoonrtimesoverrightharpoonpoverrightharpoonvtimesleftmoverrightharpoonvrightoverrightharpoonrtimesoverrightharpoonFoverrightharpoontau analogoustoNewton II

0

Note overrightharpoonloverrightharpoonrtimesoverrightharpoonpmoverrightharpoonrtimesoverrightharpoonvmleftoverrightharpoonrright2overrightharpoonw
I momentofinertia


