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ATTTUOE MeTioN - TORRVE FREE

WAvE  U\scussed THE  RoTATwoNAL MoTioN FRom
THE PeRSPECTVE

oF THE " RoDY FRAME "
- NEED To FiVl A wRY To

CONNECT
THE MoOTIoN 1D

THE TINERTIAL FRAME
So WE CAN DescR\BE -THE AcTuAL MoTion.

TYPICALLY DoNE BY VDesScRIBING MoTioN oF

VEMCLE  ABoUT TME R SINCE THIS TS FIXED
IN TME TeeRnAL FRaMe (@ zo)

- CoNsS\DER AX\SYMMETRIC Bo)IES

. PLaTES”
.« TvBES "

CAN  QEVELoP SM\"LE‘ FRIRLY TATVITWE GeoMETRIC

INTERPRETATIONS FoR THE RESULTING MoTIoN.

- CLASSIC PRoflem TN  CLASSICAL MECHAN ICS
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e AX\SYMMETRIC WITH RIMARY sPIN  ABovT
THe 63- AX‘S 4 I = T,

» EVLERS E.o.m ReDuce -
T+ (T-T,)u,us =0
W, + (I.— I3)u,w3¢o

= N3 e CONSTANT = UV

v ’\ENR\'\’E : ',:)' + AW, =0
; A= (Il’ Is \v
Wy = AN‘SO T

" RELATWE Shn RATE"
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» SoLUTIWON oF THE FoRM EASY Te SHow
2 2
W(E)e W, 05 A + 1, s AL Wo & U0+ 0,

Wy ()= Wao OSKE = 1, SW A = WE 4 Wy = CONSTANT,

+ S0,CONSTANTS IN THIS PROALEM ARE )V
i) Wa

D TME £, AT VHICH W, =0, W, = W,

=> .Lo e L AN~ (—-L\.. JusST DeFIWES
A Wz, MUE “sThRT"

TIME
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« Sp W, CoRRESPONDS To THE fRoJecTioN oF THE
> INSTANTANEoUSLY INTo THE Bo0Y FRAME.

~ o)y FRAME TS ROTATING TN 3-0

- THE 0'3 Ts AlLsSo MoViNG TN 0

$=7 only THING TWAT TIs Fixe0 TS THE #J

| WHAT CAN WE SAY ABWT THE RELATWE MoTias
ofF TWE B0y (&) M0 e W T

> cAd ANSHER THIS BY STubYING THE
MoTton oF D PROTECTED onTe THE 2,,:

PLaNE' N > -
= W, = “’IC| + wzcl
‘52'- a
b Wy
r Body PtinciPAL AXES
4 e, é“ ' 21.
- R—E--C‘L—..':-L= ":’n.‘ = CONSTANT

= D\RecTioN THAT '(:!.,_ PonTS (S\‘LE oF l.),'vd,

cumEuTs) WILL CHANGE As A FuncTion oF TIME.

- febme o pe A k-4 NoTe: A CAN
o> W= W SINmM BE EVTHER +re

ch wn_ C0$ ﬂ 0& -ve

> Gwes Reatwe SPAN
{aTE.
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W, = SNt (w\1 oS M:,,) - Cos Xk (wn_sw )\L.>

B COSALE + W, SwAt
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SuMMARY

W, = W SWA

z * 2
mlg U\z COS". We ‘J\ + W; + ws

Waz VT . T2 4 Wy = CONSTANT,

Now CoS\DER  ANGULAR MOMENTVM,
- N FED , BuT
- fs boov ROTATES | ExPECT TUAT -me PReTECTIoN
oF K TuTo THE Bow FRAME e, e,,e,
WILL  CHANGE W TH  TIME.

DETAWLS : - LW, « T, W, swW M
N2z TLw,= T, Wz @SM = T, w,Coou
Wy = Ty 0, = Iy W

H, = HaoSWM
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Ha=

et Hp= T, wa >

NTE: M STILL DeEFINES
ANGLE FRom ¢,
To He« W& +He,

- MoRE oN & LATER




®

o FsR THE (GEOMETRY

) LET!

-¥ BE THE MA4LLE BETUEEN THE

=3

W AND T™E 33-Ans of THE

Body  FRAME (&3)

- o 8 TME M&LE Betueen 3

THE

THE  BoDY FRAME. (23)

Body cone

H AND THE 3-@xs of

nw-5

TAEN WE HAVE :
TQN 9 - l{_& . I‘ wa. Space cone
H, TV
TAN ¥ = Ww . Wa KEY EQVATION,
W3 \ /
e, TN B - (‘;E_) AN 8
I3
- TF I, >T3; (Rpp) THeN 6> ¥
T, LTy (0isc) THEN < X
NoTE: © GWES BolY AX\S pRIENTATION URT

IeeRTIAL OWRECTION : M0 TS oFTEN

CALLED TUE NUTAT(oN ANGLE.
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e NOTE - FRIRLY €AY To SHow THAT W, H, E;

fLL  LWE IN  eNE  PLANE,
3

® since R FieD | THIS fLane
ROTRTES ﬁBOUT ﬁ J 0]

o PATH ofF w IN 3-0 CREATES

A BedY CoNE RND

I
I
I
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i
A SPhice GNE :
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P

e P00y CoNE: - ATTACHED TO 23 oF oDy + ALUGED
WITH  SYMMETRY AxIS

- AT AN ANGLE ¥ FRoMm &3 T W

. SPRCE ConNE: - ATTRCHED To ﬁ , S0 Fix€D
IN INERTIAL <PACE.
- 4t W ANgLE | ¥-o| FRom HTOW

. W TS AT THE LWE oF TRNGENCY of THe Tue

CoNES
> Bopy ATTITUDE MoTio) CAN BE VISURLIZED

BY QoG ONE CoNE (BooY) on
TUE OTHER,



» RECRLL FroM BeFRE

1\713 = 97
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Space cone

w1

es* w > H (Roo)

e, » H = W (0rsc)

Bopy conE
RoLLs oN FWXED
SPRACE CoNE

oy ALWAYS AT
LWWE ofF
TANGENAC] oF THE
2 CONES.
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THE  ReTATION oF &5 AND W ABouT H
Is CALLED  PRECESSION

- @fuT WE HKAVE Tuwo D\FFERENT TYPES of
PRECESS(ON HERE

- OWFERENTATE BETWEEN THEM BY How
?23 AND W ARE MOVING  WAT To EACH

GMER, » DETERMINED BY A ¢ M

SINCE Az [£-Is \v | THEN If
=

I, > 1, (ovse) A <o

T.< T, (Re0) A>o

WHEN A <o CALLED RETROGRAPE PRECESSION

A>o » DIRECT PRECESSION

TUS D\FFERENCE Ts NoT SOMETHING THAT CAN
NoAMALLY RE <EEN.
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o FWNAL STEP Is To CONNECT THE BodY
To TME TNgRmAL FRAME Moke CoNCRETELY

USING EULER  ANGLES.
A ﬂ
- RotATE 84 W ABovT H X, Y2, X, %, %

- RotATE 89 &

- RetATe By &  ABwT  Zy= &

. ¢~ " BooY SPiM
NoTE: ©&  CONSTANT, RATE "

¢ CAN RELKTE C): \."-{'."&ES

PRoTECT TNTe Bo0OY FRAME ComPONENTS :

W= ¥ SWNe siNg Can SHOW
Wiz ¥ swe coS ¢ W o STRNT
W= &+ ¥ CoSe

RATE ofF RgTATIN OF

Y ~ PRecESSION SPegd -
Y, Tn TNERTIAL SPACE

0= P & sweuwsd

2
1,0, +(I-T)) ety = T (¢ & swocose)
+ (25-T,)(& swo cos )+ icmp)-o
= 1\ & + (_13' I\)(¢ +W COSO\ =0
D T, : n,>x, ¥, ¢
¥ ? HAVE OFFfoSITE

(T-T3)Cos®
- SIGNS.



SUMMARY

SPACE AND BodY CoNES GIVE A LoT
oF TINSIGHT TaTo THE MoTioNn pof THE

BodY - No  DRECT INTEGRATION
= COoMPLEX REec 3 B wer ALIGNED.

)

TConiNG " MoTion of Bo0Y Akound T™E A
TS VNERY CommonN

- PooRLY THRowWn  SPIKAL oN A
FooTRALL

oFTEN  HERR  ABour “sPIN  STABILIZATION

-~ REFERS To GWING A  Bopy A LARGE
SPIN RATE - LARGE A

< MAKES IT RELATWELY TIMMWE To
THE TAFWENCE OF sSMALL ExTeERNAL
TORRVES

- VSED EXTENSNELY InN ERRLY SPACECRAFT,
LESS SO NOW.
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