







































































































Kinematics
Wewantto describe howtheattitude ofan object changes withtimegiven its velocityand
acceleration

Angular velocity

Definition instantaneous vector aboutwhich theobjectrotates

Considering infinitesimalangles

a É E Q Q 91T
Because ofthe Euler angleandaxis representation we can conclude that theangularvelocityvector is always aligned withtheinstateneaus Euler axis andits magnitude is givenbythe
rateof change of the Eulerangle
We can interpret theangular velocity asthemeasurementofthemotion ofanobject usingthereferencesytemthatdescribes its altitude withrespectto another reference system Thus wecall 1baas
theangularvelocity ofFbwithrespectto Ia Notice thatthisvector isthesameforobservers in Ia
andFb ThisdoesnotmeanthatExahasthe

same representation inFaandE Only
thatobservers in both referencesystems
measurethesamevector

Hence Uab is theangularvelocity q Iawithrespectto Is andwecanwrite
wsbatw.at E

Movement composition between systems

Wewanttoobtaintheposition vector E q aparticle withrespecttothereferencesystem Iawhen
the representation of I is onlyKnown in thereference system Is thathasangularmotionwithrespect
to Ia

seub a
E
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First supposethat e doesnotmovewithrespectto E Hence










































































































jiÉ Iiie Éste Iii Is Is
i i iÉ b ba b Eis isconstantbecause we aresupposingthat I doesnotmovewith

respectto
Noticethat

É Essa 1 14 1 14salsinY
i 2 do Yet dt lw.basinYdt IO EbalsinYi

µ é de
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Since É is unitary then
ldb.it do IÊil dÊi DÊ 11balsin4 twist Essa Êi

de
Moreover noticethatthedirection ofÉi isthesame ofthevector Essa Êi Hence
Êi Essa Êi i E II 2,3

Usingthisresult onecanseethat

É É É É essa É esaxÉ um É 19
É Essa tb bse b leis

otutb
7É Essax IbIb

É Ubax I

Finally if 9 is fixed in tbthen

Yu e Ü Essa Is

If I moveswithrespectto Is then
É III e Ii est IIÉ

4 velocityof emeasuredbyan
observer in Ii

É Ubax I t 9


































































































Thus it isnow clear thatthevelocityof e depends on thereferencesystem inwhichthevelocity isbeingmeasured Wewillusethefollowing notation toindicate thisfact

E
a

9 Essa E

Tosimplifythe notation thefollowingnotationwillbeused

ii d e ii d e
let a let is

Hence

É É tw.ba I
Thisisthe relationship oftheparticlevelocitymeasured in Is withtheparticlevelocity in É in
whichthe angularvelocity of I withrespectto Ia is Essa
Nowlettobe anotherreferencesystemwithangularvelocityEcbwithrespectto É Thus
É É tw.ci Is

Hence

É É Essa E
É twscbxustw.ba E

É É Eas Uba xQ
Since

É É ExaxUs
Then

Exa WscbiW.ba

The acceleration of thevector e canbecomputedby
a a9 Ii

a
É Essa E
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Usa
a
E Essa

a
usingtheprevious resultporeachvector

É É Essa É Essa twsbaxw.baxustwbax 4 Essa 4

É wi iia



É É Essa É wsi.irE tw.mxÉ i w.mx wbaxU
Thus

É É t 2Wbox É viiiax I t Wsbaxtw.mx9
v v v v

Acceleration gthe Coriolisacceleration Angularacceleration Centripetal acceleration

particlemeasuredby of Iswithrespect
anobserver in to Ia

NoteTime derivative ofvectrizes

Using the sameresult onecanseethat

És É É Él Essa tb


