PHYS810 Section 3 - Kinematics and dynamics 1

Ko madies and L.D%m&.ms an %)

Ws'ﬁoamMS 4 ?{‘ﬂ/@s M O{D%VW&S

L'l

m Fdta Puat ha mﬁrééwa}fwmvszw‘;ﬂ:v@u
et Ty P < ik @Wms har loggm. Al . Lond.
d Tk
ikl o TMZ%B?V@M Mo ydmenls WRL diclonce

15 :
- 5 o
ﬁ ‘b = Z/;(} ‘XZ‘
s
¥

|
E\/@m: ML we M«ﬂ/ﬁ Wbkl 0. (060 duiodl FopmstonrgAiin on
% 1A, > 2 JHL o we <P deped 2 s be Yue
Sk,

e 1 - ) =D
(F-F e (R

Lé&; Aok ks w tams 4] owns Vel netpfhg ©
,\(@u > s L?JZS (g Loonduialis)
# - A (opexw,fm Lrpitssed o new
A L@o’mz wim,&s) .
lfﬁ‘wxfw g A/(@;B = A, !@,{s) ’{) ﬁl@f)“awi@h?’
- —

| Tt ank Tk Goma .
. H e e (4> = :ZCw e/ WYY l@?m M%wvaﬁwéﬁa
' >- Zch’jcgh}‘) o 5@17&/@%@%@4’7}5 5’5}%}
MM}L@%MJCS W Yl Saumd P/Wlﬁa,lﬂfb(:&-q v @il #WM(L '
ﬂyfw) T ¢, 17 =[5 [@’?ﬂwm; don 't chame ).
. [(@wigpﬂ‘l: (<@ 14! 5= to@ d{g/m%@s fv’gg&

© 1996 by David Boal, Simon Fraser University. All rights reserved; further resale or copying is striclty prohibited.



PHYS810 Section 3 - Kinematics and dynamics

Tlgortm :
( TM‘ MM&“}W\ﬁ 61@%1\,‘&6% Spats owhs iﬂ'sthg who e F/LU;?/L‘\Mﬁ
ot Vit 4 [ qiUs | [aok SqIV, gt U g nitud)
Wow be g mtatid i 4 wnitow, o At uaitous preaa i
| [P~ j:j W’W:ﬁblw "o
(@) m>[@’>:0l@i> ,
€q-, Lon ot t/wf\JrovD Coant O‘}C/ = Ln]/(:\ﬁ =d
== L@V = K@l Ut 01w >) = L@Iv>
L LT by il tales < TWI> = LIV

6«/\4@] "'W_W;t_w @W%s &SMV-\L wmf RVIEYES %W&ﬂeamms

(alk naigh., by ynitoun, opeaTing A uoed on et disersie

%WUWLQ/{%MQSB Foa p/bodé ,asswva COrLase s

Ol2d> = Qe Ol -

H oot tnine is ambivniton , P tads
pnrducts o Corptly Lopﬂ“x%a{a. Bt $ue pﬂzwiua‘rr%
Yo een Vamshds ) e, Y0 2L) does wot
wivelye. A é‘c/\ Bt C/(l) sha/d wat e

: _ (15 windbon,)
tanat {04, somé 4 '(“-4- \Zﬁ) WM‘“/V’H‘W‘? lﬁ% otts t./"é)

O(bé l/t‘ waLst ]/;ﬁ W% V-ﬂ \

Wow, Bt ond h Al hrpaiep bebuian A wd §
we RL[WWL“A That A/ i(pw’? Ry “67\&!\) U( A K’é’w>"" R MQ‘“-‘;

) ;&,O}@wj"'duo&@nv
Pt U o O Oy < a0 0101005 - @, - 410
o (H 0RO (e dagionsd. T

© 1996 by David Boal, Simon Fraser University. All rights reserved; further resale or copying is striclty prohibited.



PHYS810 Section 3 - Kinematics and dynamics

/\JM’, s 2er how we com /\LFMW n\i 25 buat b sahisthys

4R Prwnious Censtagimh . gwgmm U ¢ Waten ao o ﬁmuf—wm

6% Soml ?Mﬁm«,@éu 3 ,umc/w i tpmtinuons s 1) =\ULs) suele sk
Uls) — :;L-LAM e
O lssd= UlsdULs> .

Fow %wwdl, > /' e el a ’faﬂm— Whe. .Q,%pmvsfm £M, ‘{’lo\.@.

o Uﬁz N 1

e UL‘S)"- i + Cé—g—l ‘St oadeet .

Scp

Bk witanTy Alquiats
- 4 "7
d2uUt- (5299 s N e
A ! -T
= q T(&gﬁg +%% )5 4 ordees”

To vkl e adm\/f«,% bold | we AL all Yeume Jaams im

WJ&H‘M SN d& cﬁOT
& -;;;(fo
lot eam SW{TS‘A) Yy -
dU ¥ Wit lqs é-‘t. s Alflaned
- = 7L s
ds . ae i 3W o e
O’tﬂfwcjtnms‘

To Lund ot qeminal 2olution bn U sk up a differsatinl 9gation
Uls, 45502 UEN0Ls) . |
P

(‘ ” é A A A
=3 : = &
a%uéstfsﬁb o™ | Uls,) EU(?&L{)@ Uls )ik
Rt This s elid Lo Oy 5, 550 Fakiighe 5,20 bint
Q\ULs)J . A Fs Eﬁw b 3
I g, T ULNTE > U= conditien Ulokt)

i

© 1996 by David Boal, Simon Fraser University. All rights reserved; further resale or copying is striclty prohibited.



PHYS810 Section 3 - Kinematics and dynamics

4
64‘ . ' . e

alilel gowmp =
Lb();{//s losk at how Thise «(‘ams—“onmﬂ‘\hm mfma,(% pr&m)sb WL

Comn 4ond Gt fonms AL G Swﬁu T g € -

‘L/La/wSiOn,w\,Wé—)_‘ms WW&/L‘/S\/;/% N‘@W"{—OVVCM\' ML(/%/\,VQVVECé {S
vt Ga il S/\/M/la

- -/ - =5
X —X'=RY+a +Vt

LORPEY et toame.
‘S Q’W5 i

+ = 4 o tas
51,2;@ %%WO&%%&

Thaw ant lg (amamd%z,bg WW%W° 2 ’
A= % comptwnd veeln
z 32 wpgnend Vel
s -0 lswlp..

Em o &m\p\,d +wsf-omwuh&m W ?MWJJ@% 2t T we

(/u/vi%L

R %43 wutai = 3 Endee angles

o s |
Uled=TTr ¢
V2 4 "
1k, < ‘ng,ﬁ
COV\%)J&N The PW(}C Qj 2 kls tﬂ;a,ul U [slﬂ’"«); / l@ i
Laks Bl 5,75, c€ | huw fomm ULYUE) # DU

A 16K, ek, =—uR, -1EK,
ledOl-ed=¢ '¢° ¢ ¢ z

AL - &k
¢ C’Zﬁéﬁ)— — )‘7{
“ ot
(¢ YTE R, »6,;_: oo Yk
(T e ?., - 5_;_'&»“}

¢
y

Tl + Kk, TH’E:. Kk 2 th'b >+ @ZC})
=£+6LZ%£V‘ k‘i K"\DB +O (éa> @

© 1996 by David Boal, Simon Fraser University. All rights reserved; further resale or copying is striclty prohibited



PHYS810 Section 3 - Kinematics and dynamics

5
é( M 0,{45? ﬂfOLMM Ubs WAVEA 5L SWM be
ST T P i T2 l., Ao, Ch _ra o Q% WM ‘fo
wthan o pD.MC -@Lw oz& Soma 5%415 l:’mwha.s (Su )
it 2o A
2 L)=I+_7;Zs/4/M 0T @
{M 1 Xj““ !J,:, = X ehenld ioe,.agbm\wfgw?; B XS
o wntn an phast -@1Wj .
Tl s W‘*I’b\ﬁ, Covnudifor v By. 1. shewld b\mmém
(ﬁWSWﬁ Lz v )
i//’/Ue"‘/] 2‘6 K) “"?‘%I_’L:.
PW
The W%Wbﬂﬁs C/:ﬂ, oad b oy AL Lonstls to [@-c,&{‘umw_cl (m a
ff,w wemckes ) o Evimz, W Ae %\Mj e lbAlsk wp e @Mt}u
K Gocd _aplaled| vito ”\SW Avd /w,w@ Ut :
E&Ww X -18, J 6 — praanebic
X — Ry (6,)% A21,2,3 & X T- gontnsdon
aosa
_DYSPM(LM . o )
T s Ted, e g A
\)eUrdzUJ .
Xy =2 Ay vyt A={,2.5% 67’\]& &
T, &bphww 1<H Aot
t = £+¢< € : e _
C@mv.amév'a%

© 1996 by David Boal, Simon Fraser University. All rights reserved; further resale or copying is striclty prohibited.



PHYS810 Section 3 - Kinematics and dynamics

€ Vakuatie G0N Conmalides
. ' A A N
T&) ‘?v&‘l Yl Commndators é} J TP 6’& Onndd H , Wi g o

oL ! o

Pb\{smm Somd. M’F%d«t %WSQQQMW_CSOML % Yol AL
g&aa/g%]/\ﬁ‘ﬁamwa/\é amd il do Yk wewo

yié
PWW'-T mj}(@?imm/mﬁs Lo wmamandi e e Laghe OLIWA‘) Lﬁ c:ilo&sx\f‘é‘
wmatten st cadie Tt Sbvg‘f x 2 v -CEPX’” i dowz i .
Homee: A . A
L-PM,Pﬁ’FO + 21 i & 1 g
U wknsivr, (,Ow&‘{?;mﬁ +
Siilaal, | spahint o gl e
, spafiedy omd gl (F) tramslapans Lowonnl
[Poe)H)”Q t47 . —

hie thso Want VLEtes Covnanbing oowan L?L%Lmsé?v&s
and Velruthes wmwwé‘i“ﬁ W ¥, 5?9\)5“«,@ d;l'szs chagnls (u@fa
fodns £ )

(%, Ggl=0¥sT

[é,, 65170 32

Mzﬁvwﬁ e To Motatipns , otabiens commibiL it hns

13, 841=p st
omd notabions commntn, e A &?@PL&M o -‘Vv&(rbf@; 5@&“
Nﬁ\é YL ass '{L r{\,;%i\g({m:

[Ju,pog = ‘af%i
[j\;& )ad—lzo +5Df -

© 1996 by David Boal, Simon Fraser University. All rights reserved; further resale or copying is striclty prohibited.



PHYS810 Section 3 - Kinematics and dynamics

L&éﬁ %{a? od 2ot oo Qam. wi v %036_:

B o S e PR

a7
vals hou ek o <G HY . Q’VWWL tnamedona V-6
T, Um0 ol by D dvese: £,7 small.
'o")l-‘) 16‘&[ ';“-ﬁ "‘552‘: a A
¢ e e e T < b 160
Tt &g%@{ﬁ 4] dus nsmshormahions i

(%t )xla$3g)%}*ﬁ$ (ﬁl"ét.)){g)f‘%‘;t)
— Cxl_ét;)"'z,;%s} t-—-Q‘B
—> (X)"ét +£Zt“\q—>))(2‘37¢§3't'°->
=7 (= A, w5 Y

T ¥ st o Spabl dplacgit < 0E
Bl A @ is s Whice e IAROCIE e

Aerle. & 1
c,om/év\/Hm

)

o ,[é},ﬁ];fﬁﬁ r51
CéWWLg win G, &3} .

Lolls  ve vt votabions . & Aetwhbn consists tz% @, COondmall
togmatsnmation Like,

2

5 T Rox wew Re ¥ oa ebibi
, ) J {
VAL skl

© 1996 by David Boal, Simon Fraser University. All rights reserved; further resale or copying is striclty prohibited.



PHYS810 Section 3 - Kinematics and dynamics

8
T rotakton weatasos AL g Foau —
1o o (@a o&qyw»é‘\\ s e o
B3, (= }<,:> 2R R, (o)= o J Rolo)= \am MOJ
Vo Lsg o ?cm, o we 2 o |
(vwi‘z Vg TRNTIN
Now , Yial Coam Eae.s/becm mw\ﬁ%@ S ige i»zF/wss;ma
v s &4 mé‘t-—@u
~'L6MO( '
R ler &
WM
(> o o oo - ro -2 o0
M7l e o g H—f[ﬁmoJ Mas s ¢ o
‘e RS e o Ve o oo
—
—
For @%&w«@{k} 'go/l/@:“é' [small )

, ‘76H) ' _ S 5 0 -
R (&)= ¢ :H[; o ﬂ.i7.>16-_¢~.,. = )—réé . e -\ lw

< & =) © 5 ) o
‘n'vvi’lﬂ/\j», :
. P
"76‘5"72 (\O ) ‘i (2>\ o O =,
Role) = & ﬁtﬂré\o o o lﬂlrej(oooj
Z—v'(aibo D L-) o o

o twd commmbafons | w owalate R, (-€) R, €)Y Ry (€)R, (&)

[3 A ‘ 7
e (Vraery - £ ) vvent «%M;‘Xt iery-EH)) et - S
“(Lhrer et - e - €Y - E )

(1 -ven LM, "67'!?’1 H, 19‘17, 5 S, ) -

_
=L+ e wer(1-5-Lim; +e Y-1-4 VH, 2T H, 4 e® M“z“'ém,

Flem \panis hs :i+€L(M)mi_ zH;)‘“ (paz,g,z ‘f> *

© 1996 by David Boal, Simon Fraser University. All rights reserved; further resale or copying is striclty prohibited



PHYS810 Section 3 - Kinematics and dynamics

(:i +61'LLH~5 '

TRy

A
1€ Ty

A

A n *
€0y, e, “ieVh Ty Tw
€ € ¢ " ¢

-

= ué
A _4_ ‘_/_\‘ A
== {j\ _J\lz,js -2\}3 ‘t‘%“’!" .

A A

o Cwe W%W%PW&%@ {\T_,( /J(}]az\fd\‘?‘d }X T3

Whew Coap?O  Eppg i
ol PWMMM 2 -4,

P
1

(pudevnotiens 6}? /,otof onss M\/&Wf‘j i Fogf% LL\,WS
e Comd

I

Ej\'(;\) 6@137:60((33 a?5
le,,( )’é\g’]:’iéw@}' Ty
WFLLS O'%;%e., It : 3

Mo, e Huans o s phace. gusstion | bt i e phine
- fadm ¢ or , gauivalenlly M{sz?

© 1996 by David Boal, Simon Fraser University. All rights reserved; further resale or copying is striclty prohibited.



PHYS810 Section 3 - Kinematics and dynamics 10

Ty

Thor et genmnad. Hehiques ‘Eo«_ (JLvavqu\w& Whiban a, s blpli —
6l M TenhTy i patsent .

&.\..3 F‘O/L < Gl CDWWWM@/\,& N A m%\/\@w ﬁ/\,,a(}t' M VVMV()(TPLE.;
\/a,w},@s QXFMMM . T%fx, QKW»A{?{:L,@/\,\, Owwk %f COM'W
W i d{“sLP@ :
4 . .
\?N /PD(‘.\ = 3T
4 4
Lﬁ:hﬁ;ﬁ; —‘Pmﬁ;\e‘;o :’?%50‘
O C_ﬁ/le,ei()v\L . 8. Tt J&Lé@%; 1VW% +<::> ‘5}/\&«0
[T

4 A .\7" " # AT FOY A
(k0 e Uik ks (cg) b0, B0 =0

—
gm/ @Wﬂx& N

%‘Vu
2 =

[6,.87,80 + [0 27, 60+ (R 61,8 -0
O

= [(a?!mﬁ},?’&l + (st 6 + ( 2,1, 0] = ¢
( \U

= O ) i)z
- LA M _ AR
= z[{?})?3\—\-0+modo = [p'}?ﬂzo‘_

Owe o smiladdy show it (7::()&-]"@

(:

© 1996 by David Boal, Simon Fraser University. All rights reserved; further resale or copying is striclty prohibited.



PHYS810 Section 3 - Kinematics and dynamics 11

-

\O> ((;04, < nud C,OWvaIé'grLfoas) % Chr l’éi mbgomud l;w WY M\o\'}w
F\f\m :

Toke fon Lronddl. | Yule Actation &Mfcms J ;

That waacst b2 oFea. founc
/&6“/@3 IO-Xg

New v{ we wakl % ‘}’Wsjommm

A 4 Y

— % e éﬁmw%é‘m /LQLQ}HOW “em U) Alade
. "/v /
L, T b vem T

Whak © N 61‘W“(31‘Wa. 0% Y T by T T st vntasdics
% s phoce inte e stk 1Y offin antabisnns
R b -13,9
FP s - T ey
Twmdﬁ@@“w%Wﬁﬁmmﬁz
Thrle) &l dappas.

Thne o 5 iwila phasts whidy com e Almavid w e
Lo wmnlzifos CT,Galmwd (7,0,

© 1996 by David Boal, Simon Fraser University. All rights reserved; further resale or copying is striclty prohibited.



PHYS810 Section 3 - Kinematics and dynamics 12

T

O e Laot (,omwmf@\)%m Whevha wie. At we s (Gt')’l).} ~
(J&M% - Fosf‘\—?m?‘ (/st'mﬁ e Jaeohy ILW‘TX«), e Came
@WW {aﬁ,T’P']T—O A {p- Mﬂbbowﬁ p(sﬁi
Tw LI A ] A A " A A

002,60 P+ (6, %0, 3 I3, 30,000
o L
Yl . O'\ . @ﬁm
= i16s,75 1+11%,,6,0 =0
°or (P Gl (B, 8s)
%«%&,MﬁmeaWMM%%mMMWﬁ%&UM&%iiM
L% b b(vuﬁ;, ot owly cowmadahin falrions . Bhend , e
#UA‘H.Q’ ,F A A “4 P
LGy, Py e idap 1T -
m ¢ i ke
C@M‘féwu{'-
%_C/D Yo Srammanize |y havt
(\jﬁjaa‘}g/&.lzo [Ag\)};]:g
C(’%&Gﬁk@‘ " @ég JA1=8 R
(3 Spa=i€up Iy t3,.f=0
{52: T 1 aégsy Ty
{:\3}{ 2 &,6']=’ieg{/ﬂ‘ (;:b,
Laa 1= ds, nt -
—

Moo bl up do i poid fae hivo Lo e wiakion. €| woadpiity
?)/VL\WUU'FU,% , W»’%MWWQ ) [;_:(‘é, ) _ngf" c‘/@mm“i‘wéo.«w .

© 1996 by David Boal, Simon Fraser University. All rights reserved; further resale or copying is striclty prohibited.



PHYS810 Section 3 - Kinematics and dynamics 13

- XW"Z vixfz( @Fi/w\k&fbs W Ve -D%(erwcwﬁ, @b%va,bias |

{/U(L stoud wth T ‘p/&t Wc& %5 é‘L{}()EMA/ - o %W e ﬁ,ﬂumﬂ
Wiea Feus | e cTuen “[Dmho(ﬂ.s Lak’s dg/;\.z a Fo«%wl-mcm,
W%’w/\z @ Sontha W QM_, Po%»m QL&M{UL’[’& l—)? >)

n
RIL>= 037> K=1,2,3
o 3

% Cond Maous -

Nev, | wie womk 4o it asduc o vl ow« “CT Suche Pl
LT -AZ&
_ Fov a skabe af Het' G ) Hus a@mm roads

<%>)U’M+)> = Jt <2531 @ | YYD
e «w to

s

-] atzwwl;@ Wity

Pl § 38 lews

Mﬁ\!\/ wae wied T wﬁM/Q/Xi?/L&SSIM on J& ie)y> . Ldj go
WE@ o Yimd s?L&M m :

sH
EFT itk v G e tas ~
What dozs Tuis gperstor due to & ‘g“’“"@j}‘“‘“ : T4 v sludls 4, Tt

: ‘F(t) - ( JJ "’Av w;ﬁi{iﬁ e Tual”
L RS L) =4(e)

t

© 1996 by David Boal, Simon Fraser University. All rights reserved; further resale or copying is striclty prohibited.



PHYS810 Section 3 - Kinematics and dynamics 14

. £
£

\ could moe L ont, ~—
' &ISJu_gk—m,\/wg\MfL

oy
. {:'I

WM fllét',)g’ ﬁ{f) o ec/(t-l-s)¢ %[fq
o 47 ()= 76[‘&'? 5)-
Q\g. ‘#(jﬂ ‘F[;"5>
o, shiftig T G trs  sfle e Juncien to (fs velie of e

U[*)]ﬁ(/(?) = ﬁ(ﬂ(t) = ‘f f-‘$> L“f'bm umﬁau(-m
su#%mMsﬁmem ‘,

’isﬁ s WVW]
S TS U t-9)

/

G s=1 | T
TP =70 SN
e VR YED- b (o
~1th

or [UID =Y w(on

Tiially gd"{i | bie) - 2 g‘}‘@ l \ b
b T e - sk e,

QSW\S \rba«o(*» te o ﬁ)ﬁ?/&lﬁ%i’m{ga . VQWE :

R TSP L JUARE CHTH U
z<¢H[H Q'.HLP7

o 6"5[1-%)&'1 OF  ownse , we sl da't -
kwwwwhaw
oy "’L”'(’-W‘?j pAsg LSS -

© 1996 by David Boal, Simon Fraser University. All rights reserved; further resale or copying is striclty prohibited.



PHYS810 Section 3 - Kinematics and dynamics 15

T Mo, wesaid kT displacemenC d@waﬁom@ spad o Uy
'p/w&tws A v tumbin aluabld 8 Y old Ceoadmiate <

.5@3 | -
U = WD
M~ bl '“’?
—lar — -
£ ‘a, %y = XY
' ‘Fﬁfa
, ‘ dnote Wi ‘BfﬂfLV&d—J}‘«
Now | X D &k a funchon and St fumchion s 51;«{%,13 pt

Aspedd Yot ue  Loondanafe sopstiam

go ¢ : I;‘v: (» +a 0 Zﬂaﬂ?@b%‘@d‘ shilts g
2 ]%@bﬁ% 'EMM k> T ra? .

Bt éé”x?’ = wlx Y hud, fres cﬁi (25 =%
L @ R M‘%\_ 7'—;;3&“(*&3‘(2( ra>Srral .

cexfxral) & o
- Sulshtuit =xlrra? *a gy

A

QQO &’_lf?’:-@lyw;) "ﬂ,[yiﬂ&lf) o1 / a4
=941 &

© 1996 by David Boal, Simon Fraser University. All rights reserved; further resale or copying is striclty prohibited



