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Le‘l: X, B/% be axes (n a ‘F:X@A (externaL) ‘ 1

i \ \ .
Coord. SYS'{ZEW\, OJ\c\ X Yy % axes wn @

coord. S}lS‘{:e\m -FCXQA n the risgd boclﬂ

{
{
L Ay
!
[

A g Y 3 coords. sPecL-Fy dhe
Y svigin in the (¥ u )
5 “ SYS‘tem.
A X

_ T = Need 3 wore to
x lq Y ¢ 'H\ c[dr:cvlwlans
: // specify the

' relakve

of x')y 2

+o X\ +




I

’Dtrec}ion coscnes :

o T |CO3 <;<l) ’A(} = ;(‘ . ;<
oLy = cos (K §) = % g
0('5 + Cos (Kl) %) = 2', ’i

€¢tharL9 with P fo g' and 8 for 20
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And the other way around :
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W{rans Q:rma{:c'o ns @
Focus on  rotation.

Assume common ovtgdn in extermLaV\d bod)z SYSJem.
Notation *  X,y,z2  — X)X ) Xg

(wx 6Te cownuveule V\t)

\X; X3 Coord. trqnfﬁ;rma&sns .
v : '
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Xp = 0p X, * Oy X3 ¥ Q3 X3
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X; = QS\ X\ T Qi X Az X3

Né‘bb\ S o tion conuention :
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L.e., He b constraimts on P- 54.
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Tramsformahm WLQ{;v\:x'.
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/A = Qa( Qg7 @y sl me eQLMwLS o
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A ~ azi @y, 5 a‘{j’ aék = (S‘;'k
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DPera.‘tor A rotates the coord. System, Were
counterclockwise.  \Vectoe ¥ s ]cf—xeds 0
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4.3 Formal propectes L en ot atsl
(see also MAL201, MAI202, TMAYIIS)

X,
Notation: f = x = <§;>
* Two successcue orthogonal transf. (B -FoUowe& by /A
equals a single ortheg. LarS-F. C =AB:
Xe = by Xi o X' = ag kT auby X T CHX
= G &k ka‘ (remember Sumwmahion @“VQWHM)

* Tn general, AB # BA buk (AB)C = A(BC),
Le. O'Y‘Hr\oa_’*ran,s-{\, ®kre aSSOCLaRLre bu": v\o't Commwtaﬁdtre.
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* The ctnverse 'Z:rans-(\, ,{4 ) widh wmatwx elements Q.‘l-_j
(NB: 0:,;‘. * 1/(1&4.) | bn,ngs X' back 4o X
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* Tor an G‘r‘l:\nogovm,Q matrx y éa\ 4 /A\ = hansFoseco o]c /A
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COV\,A-) andl au akd ajl:’ = Q_kx 6‘(5 = CLJ-;_ < LLSCy\g

AR 1), Heno, 0 = Oy = By, oy A /A




Au:ernaj:cve ex’)ressums {-\or or"H'tog. COY\C{C")'GMSI
AA =1 = Oudak-&(_k =‘->Q,JL-QJ-‘<=5.U<

/‘\A a1 A 5~\;k = Qi P Acj Qk\g * Sk
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" Deﬁerménan'ES . Vq [B( = \/A( l[B' (in gznem,Q)

> I/Kll/Al: 1 and sinee \/A! l/Al ( —n—)
we fud A2 =1, ce, [Al=11

* The W‘Hﬂos. ‘[:mv\s{, wmst be realizable 'f':Y o h—'%"—‘i b°a)’:
hence \/L\l =

ArSWW\e.n't: AE \/A{ wmust evolie conHMOus,Qﬂ from
the wut wabax = |A|=14]= +1,

Arawmwfz Q) by o examPLe:
Conscder the ‘Erans{ X' 8K wih
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o L
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X
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4, The Euler anglas

e need 3 Cvxdepenclenf coords. that specify  the
n‘gt‘d bodly svientation, such that |/Al = +1.
dowmon chotce s the Euler anslzs, which are
3 successive  rotation av\g(zs, A = BC D
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| ?'—‘{Db’() x:(%}) f=(§>
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| o o)
0 cos® snb
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- ' | = xll
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X = A% = BC Dx

= a, = cos ¢ Cosipl ~|cosB Scn scn @

= cos Y stn@  + cosB Cos sin Y

Az = sth W sen B

= ~sinY cosp -~ cosB sing cos W
Q22 = —sen¥ St cesB cos cos Y

-

Aoz * cosY scn B
Qa; = 3B SC\nCF

Rz = = stnbB oS
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ﬂ.% Ivlﬁ{;lnttesima[ rotations @

Tn 8ener®Q, two Fucde rotations A lahd [B 1ds net  commude

Ex.i: C Gnc‘ lD on P 600
Ex2 : Matchbox rotated Q0° around tws orthogonal axes.

But Lnfcn:.:iesgma]: {rﬁnsﬁrma{tons commute :

v
X, =X ¥ € X |5 (&ij+ 5:{;)"3

AR -TIRS 1
On matnx form AP 4K <ﬂ_ * $> X
Two successcve ua-F '(:ramc-F, :

Are)L+e) = 1+g «8
A+g)d+g) - l-ereg,

Toverse Cn-F. -a‘:rans-ﬁ 2

% Commtative !

| AA\.‘ =€ sCnce AAI =(1+e)d-8) = 4
OrthOﬁoha(él’:y :
i\“ﬂ+g=Al = £:=-¢ —'=>§CJ:£J£=—E£j

Ce. & 4s Q,Vv('dsgw\m.dw‘c 3x3 matnx on the {orm

O 403 - A,
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O\Qz 'dﬂl 0

et et L || e e




v © dlj -di, X
= KT X Ecl)’( = gx = 493 @ dS || X,

aQ, 49 o /\ X3
2 dX; = X, dQ; = x,d40,
C\XZ 11Xy dﬂ' "K(d.gl; =>d?=de_a

dXy = x df2, - x, 4,

d?’?xdﬁ : d})_"‘:;\ld@
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NB: il [ 45| ot [The differential
o-f a fincte vector ﬁ; c\-a AS
@ dd-H:eren'l:Cck( gector

-2 -

d}? A i vl r c,\r\axxgq tn Hhe vector proc\ucecl b/
Gn Ln-ﬁyxi»{eSC,maQ (clockusse)  yotatcon of the vector

4.9 Rate of change of a vector

_Dne change clg tn an arbitrary (%eneraLS vee fire
G ¢s wmeasured widh defferedt valaes  ¢n  +the &
coord. srslem —-F:xec!r in e h:gdcl bo&j and  the
exfernal Coorcl. stfemi

@B, F (dal .

_rhe di‘f{t{rer\ce CS\A.L -l—o ro'é:m({ovx O‘F 'H'te bOCly S')/S{Qﬂ\
in the space srslm cs C? x aﬁ, e  We ‘F-::(
Ve 3%_\'_\_ with G e_xa.w\‘;(e.




A cac dnves eas{: 6T wesf on  +he eq_ua%rf

/ Q_)I,= &-Q/d‘f:d""*““’*%?[au
L)-S T WX R = 5FC€A O-F

sz L‘).’E S"OW\C\ measured Cn ﬂF;xecg

—_ = external < stem
Uy w Y
U_E'w =] .S QEd o4+ car cCn
=-‘> — = - — : Ufotai‘[,fj Syfﬁm
U-c = U_E',w T | R

= SPee& o-F Cor Cn c'xterv\al S}’S‘\‘:ﬁm

2 — — —
= G ) oLl T (RGeS
&5 A &C—;’ —

-~ (a8), = (), + &~¢

=9

] 1= &ﬁ / Lt = CﬂS":avx'l:aneouS omguLar ue(ociﬁ

O Pera{wr reL&-HLovx -

<£E>s 3 CC%%)b + 0 %
Ex: R = GS = [}b ¥R e | (as above)

(For & wore —Formo‘.ﬁ cleri\rakov\ oF L\ne
(9Pero;)k0r \rﬁLa_Jri()V\, 920 éw(_dsleu\ or
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s = approxiwmale cnerkal system  fixed relabve +o

Some near by sto.rs

'O j t | ‘ T .C-:):(onf’é.
555 ewn rb'batw\g WDRA Hne earth @
Asswne common oxes af a gcven cnstant.
5 bl - Ly — -2 —y -2
i = O F U, TTW X
G > (4%
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&3> (45 d (o 2 B G Xl
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= Q’S = &’b + Q(T)" U 1 F (:_?x wx?)

N2 in dhe  cnevkald frame 3 Fl=wal]
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'y b
T i
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\\ Teor (Cn) e
'For ' .\"t de Cb“ on vwr-unem'
_ﬁ;n i &Se\mds‘il:re 4 \,q{i-t deflockion
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