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CoRWL\S _ACCELERAT 10N “pEMYSTIFIED"

» CONSIOER CASE of CoNSTANT RTATION |, No

AoTwoN oF TME RGN , AND  CONSTANT

RADIRL VELoet™Y (AS SEEN TN THE ROTATING

® 4
Me % = : :;
FRAME ) r*- y’(-\- ;2/: Fe20xC8: T

SW
\ : 2O «z— InNVISIBLE IN 8

O o—a — SEEN TA 8

S0 THERE TS No ACCELERATION ofF PARMCLE |
s seeN TN THE Ro0Y FRAME.

e BUT TAE @&BSOLVTE ACCELERATILON IS THE
O\IFFERENCE BETWEEN THE 2 vekocmes ((ABSoLUTE)
OWIDED &Y at. (AND THIS IS wNoN-2ER0),

- ASSUME ot SMALL , bbe wat
sim wak ~ wat |, coswat ~2

SEE:
= WMILLWWMS 43

 — DEN HARToG “MECHANICS' 32
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v JIEW FRom A8ovE:

® - NEED To CALCULATE THIS
D\FFEREBNCE IN 2 0i1RECTINS

® - TANGENT\AL [RADIAL
| AT INTMAL  PoINT,

v
LI.-.—-rw, NOTE: CHWAN&GES IN VELOCITY THAT
ARE INVISIRLE TN 8:

® FWRT™ER put T ARADIYS | So TANGEMTIAL
StEED MuST BE &REATER BY oreé
@ AT New ANGLE  thy w0, THERE IS

_ A CHANGE TN THE DiRECTION oF
TME MiTion RELATWE To TME BodY

cC»4 = c»4

« DWRECTIYM PARALLEL T (12

LN:(@’I‘@)-V

= (\u_os W - Wo( r+vak)sw w,u;) -V = ~wlrpt

&N . \ 2
Vot ¢  Veos -@ "

CEMR\PETAL PART
o PERPENDI\CULAR To Cv2

sN= () +@ - Tw,

= USINWE + wo(riatv)ces wet - Mwy
=« VWt + Vwpat = 2Vweat D Ve 2V U,



-3

* So TIT IS &EXPLCIT -THAT THE TANGENTIAL
ACCELERATION TS THE CoRioL's AacgLeRATion ( I
- CONS\STS oF 2 CONTRI\BUTIINS °A'°e)
* CHANGE 1IN DRECTION oF THE MiTioN
RELATWE To B (::.E. B FRRME ROTATES)
MOTION TN & CHANGES RAOWYS , WHICH
eFFECTS TME ROTATIONAL SPee).

¢ ABSOLUTE ACCELERATWON TS VECTPR SUM ofF
- RELATWE ACLELERATIIN

- cenTRiPeTAL ‘j CORRECTIONS MADE To 6BSERVATIWS

- CoRwOL\S BY O08SERVER TN A ReTATING
FRAME,

o CoRioLlS TERM z$x? & . A J

a1 3 ~

""" Recat | &) =2| 3|\ | swe

\Vlswe ~ V;  NELoaTY ComPoMNENT

PERPENDICULAR To w

i. PBoTE OwWREcTieN oF coRiolts RcceLERATION
RLWANS PERPENOICULAR To BoTH W ANO ¥
- SMALL , BUT ALWAYS THERE "

- ‘CMANGE TN O\RECTION "
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Engineer's Computation Pad

e No0.937 811E

9 STAEDTLER

CoRAECTIONS BY A RoTAT NG 08SERVER

»  WHeEN oNE FRAME TS {RoTdTNG WITH
Resfect T  AdoTliek WE HAVE :

.('-3 : OFFSET FKoM

3 - -
vE¥ - V* 4+ kT
oRVGIN OF
> = R 2w VR
AT - at +2(wxVv’) FRAMES
- Y 2
+ w x(wx ) 2 fissUME oRIGI

oF TWo FRAME

« KEY PoRT : NEWTonN'S LAWS HoLo In AN

TNERTWAL FRAME S0 (AN smmlLy wRiTe

}

. BUT TN TUE RoTATING FRAME | THiS ExfAnls
INTo
F-2m(dxV.) - m(ax(oxd)) = mak

& T O08SERVER TN THE ROTATING SYSTEM | IT

THUS APPEARS As TF THE PARTICLE TS BREING
gcred  VfoN  B8Y AN EFfecTwE fokce

-

eEFF = F "ZM(;;)(-\-;(->'-‘ MQX(;MF\

AREe ColNC1OENT

B
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Engineer's Computation Pad

No. 937 811E

S STAEDTLER®

)

THE ROO1ToNdL ° FicT\Twus® Fokees
RRE Negepep To M ExPLAN" THE TRYUE
BEHAVIOLR  oF  THE fARTICLE = WHICK

S NoT  SwWfLY  JusT N
e ':..‘Q;-!' F = MZR
-~ MwWX (3 xF) CENTRIFUGAL FohCE

- &crs  RROWH.LY

- =R
- 2m Wwx\V CORIOL\S FORCE
- Aers L To J,GK
A T To TME RIGHT”
Mo

. o ¢..,.~~‘.
- WAV
s pcTvAlL PATH.




THREE CASES:
© — W PARTICLE MOVES
) -~ GRooVE AROYUND TRACK
AT ConSTANT RELATWVE
sfeep

CORLOWS ACCELERRTON =

® — Y
GRoovE Now RADIAL

GRooVE nNoW VERTICAL

CORIOLIS  ACCELERATION Q‘WV_L

N, - CoMPONENT oF RELATWE VELOCTY L
To &N0S 0OF RoTATIoN.
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FRAMES ofF REFERENCE
« WE HAVE THE BRASIC EXPRESS 1on  FoR THE
TReRTWL ( ABOLUTEY) AGELERATION
- Need To TRY IT ouT onN soME FRAMES

- cYLINfRicAL
- sfueRicaL

- GENERAL
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CNLINDRICAL  CooADINATES
B — — ————— — 1}

!

2,2
R LR ED HAVE ﬁ WITH  CoMPONENTS
w e[ X In THE FixED
Al
Zy
XY,z FRAME.

+ CELECT SECwd) FRAME X, Y¥'Z' So THAT

U 'I «n— KEY Ts THAT Tums TEMm

2 IS ZERo.

o THIS STep IS ACOMPLISHED BY R TATING
ABevT THE 2 (=2') AXIS 8Y ¢ FRoM

X= x' Y=Y

ASIDE : How CAN WE RELFTE CoMPONENTS WAT
x¥Z Asp X'z 7

= NEed RoThTwN MATRICES.

NOTE: OENoTE BY (-)‘ THE FAcT Tis Is THE
REFRESENTATION of U WRT FRAME 4
AS offosed To (), = WAT FRiMe 2.
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» So Now WE MHAVE A NEw SET of CooRIINATES
To 0ESCR\BE THE U -» j—

¢

Z

. 45 THE PonT £(TiP of TME veToR U) MevES,
TWE FRAME  wiLl ROTATE To MAINTAIN THE
ALIGNMERT  GWEN  PREVIOUSLY,

2 FRAME 2 wiLL RoTATE ABoUT FRAME 1

WitH  ANGULAR  RATE B = ¢§
Y e o
> w, a0 we= ¢K
F
¢

« TME AQCELERATION WRT THE TIwWeRTIAL FRAME
TS THUS :

VSE
- o I s 4
W= 0t wxd +20x w®s Sx(Axu) {’:':::,‘r’:w |
aks [
o | 2= STWwL Z€eRo LECAUSE of THE
Z | AL\GNMENT
W s . -—“ s O‘
AU & wz" f = .? b f N
(o Q 4 (/] 0 - fQ
z [} o o r 4 (/]

* MAKE SURE ALL OF TUE MATRIX CoMPONENTS
ARE WRITTEM WKT THE SAME FRAME *
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koo ] r1 {re
o -& ol\loe o
. O 2] (/] z L (4
& RADAL CoMPONENT
- 4\: CoMPON ENT
« 2 COoMPONENT

o To MA? THE ACCELERATION TNTo THE ORIGIONAL
XN,z FRAME, NEEY To

MATRY X

USE THE ReTAT BN
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ROTATION  MATRIX

ERR—

bowN Z- S FRomM RBoVE :

) ) %
Y X . /;

oy

\ }‘QQ

N\ / \\
v '\ N ’x'
X'z X cosp +Y sing ra
Y'=2 =xswwé + Y cosé Y’
’
le Z -ZJ

_CQS sb o X |
-S¢ Cé o|\Y
(74 o 1|jZ

2-(0

A RoTATIoN MATRIX,
GWVEN VARI0US SYMBoLS (Kz.)

o PROPERTIES ofF RoTATION MATRICES
‘\ pET (Rij) =1

2) K";‘ =
3) E'THER:
¢k s¢ o
- ck o

(/) o 1

Ry

:
= Ry

oR 0

| 0

— 27

o 0

cp s¢é

sq Cé
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oR

)
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SPHERICAL CooROINATES

IN TS case, PeRForM
2 QROTATIONS So THAT
IN THEe New FRAME

TME CoMPoNENTS oF

ARE I"s = 0
/]

r

v FRST 8Y ¢ ABouT Z
. THEN B & ABour '

Z2=2' WHEN ReTATE By¢}

L 22"  wues RethTE BY B

2" AL\GPMED wiTH T

¢ ANGULAR ARATES :
® ‘b ABovT 2 3 i TS VECToR Sum ofF THESE

~ NEEBD COMPONENTS IN
SPMMERICAL FRAME x"¥"2"

© ¢ Aot Z ® o ABorT Y'=Y"

- & Sis @ r" |- & S.UAO
= o "y ws s | 3
& cos 6 z" & cos6

@D & ABour Y
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» OK, ONCE W& HAVE THE FRAMES ANO THEe
ANGULAR RATE , THE REsT IS FPURELY MECHAWICAL!

We = | - §swe
.0
$ Cosp

)

0 0
r ¢

THE AcCelLERATION WRT TNERTMAL SPACE TS

. 50'
GNEN  BY :
3: '-’ls
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wF .| - g sme- dcose b

o aph—

& :
+ bCose - ¢ SINGO

"s
; fs=|0°
0
r

2 T 4 wixF +20%xF%+ Sx(3xF)

EVAWATE TN MATRIX FoRM (tn SPHERICAL CookOINATES)
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2wXr’ > 2 o -4ce o o

Wx(8x7) »
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dce o &se
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O -&ce e re

bce o ésell rkse
L'O ‘Q?SB O.JL 0

¢« COMBINE To GET:

r

c

=

e <
S
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Fe +2Te-T o sece
rbse +2rbbce +2hdso
-6 -rd'se
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o AGRIA |, CAn RoTATE BACK (2 RoTATIONS wow ) To
THE ORIGINAL FAAME To GET

il

r
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EVLER ANGLES  6WT-13

« FoR GENERAL APPLICATIONS IN 30, WE ofTenN
NEED T PERFORM 3 SEPARATE ROTATINS To
RELATE oUR TNERTIAL FRAME Te» OUR “Bopy FRAME"”

D> ESPECIALLY TRVE FoR AIRCRAFT AND
SPACECRAFT CASES.

» THERE ARE MANY WAYS To Oo THIS SET of
RoTATIONS (( CHANGE OROER OF AOTATIONS )
- ALL wWoul0 AE AccarpBLE
- SOME MoRE (ommonLY UVSEQD THAN OTHERS,

« STANDARD s- START WITH BodY FRAME (x¥z) ALIGNED WITH

INERTIAL X I 2
- PERFORM 3 RETATIONS To RE-QRIENT BobY FRAME,

Line of nodes

» BULER ANGLES
Y ~  HeaOING/ YAw
6 ~ fiTcH
¢ ~ BANK
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¢ CAN WRTE THESE ROTATIONS TN # CONVENIENT

FoRM : /’/' E(\?)
@ %’ Cew st o |lT]
Y[ % l-sw cv ol||Y
r &l 2
SRS e BO
@ xn - ce o _ Sg_ r*'—.
LA B o \ 0 Y
Z .S6 0 6 | _Z'_j
/-x/' Tl(é)

Ty
@ X v o o || %
{Z] “leo o safl|v

> -S§ Cé ]

{: = T(é)Ta(6) T (W) Xg]
Z / Z

P

cocV cosv - 86
-cosVY +sgsecy  cohcY+sgsesy séco
| Sksyrcasecy -spewtchsesy  cleé

¢ NOTE THAT THE oRDER THAT THESE ROTATIONS
ARE APPLIED MATTERS + WILL GREATLY CHANGE
M™E ANSWER -~ So BE CAREFUL.
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» To GET THE ANGULAR VELOCITY IA THIS
CASE , WE HAVE To woRRY ABouT TUREE TeERMS.

® ¢ RBoUT 2
@ o ABvT
@ Q AgouT X"

CoMBINE To GET 5

+ NEED To WRITE W IN TERMS OF TITS CoMPONENTS
IN TME FIAL FRAME  ( Bopy FRAME)

= USE THE RoTATioN MATRICES.

e EXAMPLE: Y ABNT Z <2’

-IN TERMS oF X Y,z FRAME RoTATWN RATE

HAS CoMPONENTS [O'X « sMe T8 XY\ 27
0

P

- BUT To TRANSFORM A VEcTIR FRoM X', ¥
2! z
WE W) USE T (&) T, (e)

-+ sLARLY PR o #BwT Y=Yy

> USE T, (a) on Y}]
o
(/]



» JISGALVZATION:

v CAN RR\TE

X XH

X
A
&:Qi‘&'\-w
2 > 2
+BUT w, 6 ¢

Do woT FoRM A
MOTUALLY ORTHoGONAL TRIAD

£ NEED To ¥FokRM THE

AND TNERSE
¢ = wy+ [wysing + w, cos P|tanh
0 Wy COS ¢ — w, sin ¢

) =

[wy sin ¢ + w, cos @] sec b

oRTHOGONAL PROTECTIONS oNTo THE
Bo0Y FRAME NZ
Wg 0 0 é
Wp = | Wy =T1(¢)T2(9) 0 +T1(¢) g|+1|0
W, Y 0 0
¢ FINAL FoRM :
wy = ¢—Psing
Wy = 0 cos ¢ + 9 cos Osin ¢
w, = —Bsin¢ + 1 coshcos¢

WATCH FoR  SINGULARITIE
AT lel=90°

S

yl’yH
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e IF WE LWMT

THEN ANY  PosSSIBLE ORINTARTION of THE Bo0Y
CAN BE OBTAINED BY PerRFIRMING THE
APPROPRIATE ROTATIONS IN THIS GWEN oR0ER,

e THESE ARE A PRETTY STANDAROD SET of
EUVLER AN&LES
- WE WILL USE FoR MeST oF e #fc

AND slc  wWokXK.
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EXAMPLE :
| ¢/

- D\SK RoTATES So

GwW EX 2-4

PARTICLEPoON A 0'\SK Moves Iw

# SWT So ™MAT e a (145N w{:)
r 3

THAT ()= ¢, Smwt

& $o w codWt
Q Qo‘*’ sS\N Uk

74

- FWD  RBSOLVTE AcELERATION of P 7
- CNLWPRICAL CopRDINATES
a2 . — _ -
To=| g(rrswwe) | o rr | avesue i‘:- -AYC st
) o y *
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° | L0 | | e ]
X (- avtswut [ aw "J
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>
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. ° © 0 e]i
+[o ’Q 0—1 %(\-\-sxnub)1 [ - 5&’1 o o [|&(wswet]
b o o 0 lo-g o 0
© o0 © o o 0 °
L ] X > I _
[ -agawwe - €y (esmon) ]+ 7
. . -
2§ oW cos Lt + desz.(u-smwt) 8
-
! ° :




