






















































Angular Momentum and Torque
Rotational motion

N
Angular velocticy wleftwrighthatew

leftwrightfracdthetadt
underlinevfracPawedge Position vector rleftrrighthater

leftrrightoverlineOP

velocity vleftvrighthatev

w
r Deltatheta

0

rightharpoonup

vwawrsinphi
s

local coord
hatunderlineeomega

VW ri sin phiev

hatunderlineevbot plane of hatsubseteqw and hater

hatewtimeshatersinphifrachatev
substitute

vwrhateutimeshater
underlinevleftleftomegarighthateomegarighttimesleftleftrrighthaterright

underlinevomegatimesr

hatunderlineerhatev
P

Note
leftunderlinevright0
counter clockwise

Example Your current velocity in ATX flat 30N

phisimeq60circfracpi3approx105

leftrright637106mvwrsinphiapprox403fracmsleftwright73105 r
S
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Angular momentum torque
Linear momentum Lmv

angularmomentum underlinejleftxzrighttimesL
m

xrightarrowunderlinev
x relative to Z

N1frac2Omega2
force linear momentum

torque angular momentum
e1

torque underlinetaufracdjdtfracddtleftleftlanglexzrightrangletimesmvright
mfracddtleftxtimesvztimesvright

xv mleftxtimesVxtimesVznegfrac0timesVztimesVright0
av

mleftvtimesvxtimesaztimesarighttauleftxzrighttimesmatauleftxzrighttimesf
units of torque leftFLfracML2T2right or Nm

torque moment of force or moment

























































Two basic relations

1 ang Lin mom

2 torque force jleftxzrighttimesLtauleftxzrighttimesf
Resultant torque due to
1 bodyforce Ibint_OmegaleftxzrighttimesbdV
2 surfaceforce ISint_GammaleftxZrighttimestndA

In rotation we have two important
geometric locations in a

body:Centerof volume xVfrac1VBint_BfracxdV
Center of mass xmfrac1mBint_BrholeftunderlinexrightunderlinexdV
Note rhoconst

xmfrac1mOmegaint_OmegafracxdVfracrhorhoVOmegaunderlineintdVfrac1VOmegaint_OmegafracxdVXV



Gravitational body
forceresultant

around center of mass fracxm const

q const

Ibint_BleftfracxfracxmrighttimesrhogdVint_BfracxtimesrhoqunderlinexmtimesrhoqdVint_BfracxrhodVtimesgunderlinexmtimesgint_BpdV

m
munderlinexm

munderlinexmtimesgunderlinexmtimesmgmleftunderlinexmtimesqunderlinexmtimesqright0
gravitational torque around
center of man

vanishesTriangle

can be suspended

from its centroid in

any orientation without

inducing
rotation.centroid
D Even



Moment of gravity
torque due to gravity around origin z0

underlinesumGint_BfracxtimesrhobgdV

simplify moment of gravity
underlineIGint_BfracxtimesrhobgdVint_BleftfracxfracxmfracxmrighttimesrhobgdV

0

int_BleftfracxfracxmrighttimesrhobqdVint_BxmtimesrhobqdV

underlinexmtimesgint_BpbdVfracxmtimesmbg
m

underlineIGunderlinexmtimesmbgunderlinexmtimesfG Moment ofGravity

fGmbg Weight resultant forcedue togravity
center of mass center of gravity

underlinexMequivunderlinexG



Gravity acts on the center of mass
center of mass theorem

Discretecontinuum

underlinebGleftxrightrhobleftunderlinexrightg

fracxm
underlinefG

forcefield can be represented as acting on a

point where it does not induce a torque



Hydrostatic surface force

Moment of buoyancy
Torque due to hydrostatic surface force aroundorigin

tnphatnIBoint_partialBfracxtimesleftphatnrightdA
Show that buoyancy acts on center ofvolume
of displaced fluid

underlineIBoint_partialBfracxVtimesleftphatnrightdA0
fracxBfrac1Vint_BfracxdV

requires some vector calculus later

Use to simplify the moment of buoyancy
underlinetauBunderlinexVtimesleftmfgrightunderlinextimesunderlinefB

fBmfg resultant force due to buoyancy
assumes body is fully submerged and rhof const

HW2

Center of volume center of buoyancy
fracxVequivfracxB



Hydrostatic moment

force balance fHfGfBleftmbmfrightg
similarly

torque balance IHIGIB
underlinexGtimesmbgunderlinexBtimesmfg

Neutrally boyant floating fH0Rightarrowmbmfequivm

Hydrostatic moment underlineIHmleftunderlinexGfracxBrighttimesg

sense of rotation of underlinetauH

underlineaunderlinexGunderlinexBxG IHmfracatimesg
mleftqrightleftunderlinegrightsinphiunderlinen

7fraca

underlinexB phi

phiinleft0piright smaller angle
hatn direction right hand ruleq

1 Counterclockwise relative to hatn
ñ into board clockwise

2 Sweeping from a to g along smaller angle



stabilityof fully submerged body
mdlgwhtsquareI I11

g g lg
fB
EGxGfGfB

underlinexB q

frac2neq09 frac20I0

metastable stableunstable
clockwise

I small ilock wise rotation case I

induces further clockwise rotation
unstable

III small clockwise rotation
induces counterclockwise

rotation

stable

3l
a

L
3c

v qG


