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/g}-qu\/ of— wednhanical achons (—Gcrces/vv\omeug and Yaeir ~velahon o

he clate of vnohion (disp, vel, am) of waterial badies

Aoy object , such as eleckreon, a ball, a ¥iver, an aireraft, o planet,

e called o ‘oady-

A meatevial bociy B  is defined as a centinuocus dishibuhion o?— matter

(rass) of a well-defined iden’l’\hd whaose con-Fx'auroHon hos a volume V(B)

of space enclosed by swaath surface <S(B)

A port P ot the body

‘e o aubget o?— body B
which at Hme + Occupies V()
o voluome V(I(P) endesed

by smooth suvface S(P)

A peint @ in v(8) is
called a watevial Fo'm’c

R the bod



Matter s vnet con\-ir\uous\«/ distkributed over the volume cP o bocl\)yj Tt

is composed of very \arae number of protons, veukons, elechons, ete.

whaoe e aﬂ'qha@ment' s vot ComPle‘ce\y Knaowen.

For mathewmalical convenience, we astume o continvous dishribution c¥-

maoter = called the ConTimuom hypothesis.
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— In thic couvrse, we will study elpasical mechanics Using

Continuum Hypo%—hes(s

(o) \felocH'% (V) L <L gj:@@d\ of 1\‘8@,{— Cc> = NoT welahivistic

viechanics 1

(v) Size of bodies > q}o'mfc_/'vmlew\ar

= NOT quantuwt
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(@) We ossome space e Pat (Euc\\'o\eon) = Euclidean 8ecmeh->l 'S
vahd

Classical Mechantica
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Dan avics

8+u47 o@ Hne 8eome\ﬁcql agpeats gl-udy o@ the yelation

between applied fores
and mowents and the
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SEQCQ

T_n Newl—cm{an mea\r\am'cs) the Phgs!ca\ sFaee 18 cﬁe{—n‘necl as an

Euclidean 3-dimensional point Space  R>.

To \oaa}e/lﬁrack a bacﬂy i< space , we need o Ye—FQrence 'Frnm@_

and o coordinate sys%@m whth an or\‘gin and 3 non- colblamaf‘ axes

Qe{:@ rence @rame

A veference ?Yame i= o set of— peinks in a 3P space wiHn

‘Pier‘ velahve distances 1Qo~r which Euclidean geometry fis valid

For example, the walle o% o lecture clacg,

Hhe cabin frameuwork c@— o eFacecmH-

Phe vewmoele share

Reeer@nce Prame has an OBSERVER (pith o cloek
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@ R@P. ‘Frames veay be fixed or -moviﬂg Ve any wanner
roving velterence fome
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Fixed vof. Prame Moving vef- frame
velahve to 8-round velahve to ground Moving vef- frame
(bkanslation) velabve to ground
(rotabona\)

@ Ref- fames can ALWAYS be attoched ‘o any rigid foacﬂ)f
N~ ————"

at yest or ‘movinér

é\/nonymwz:
Rf@i& p s Refevence

bcdy i P*'ame

kinemahcs

The ~veference Rome of poinks fixed w-rt o wigid body

is called badj-—P—ixecﬁ—Ye-PerenCQ %rame,

Tn mechanice | choosing the “n‘gh’c” refevence drame simplifies
equations of wnotion.

Ex: A grourd- fixed frame simplifies projectile motion prddems

A Rume atoahed to a vacket is ideal {Br sl—u.dyina it internal
d7nam|'c's



@ Tnfinite nomber of vef. Rames ove possible
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Coovdinate S’ys{-@m

(Ohen working ith o veference grame, we need a convenient
woy to deserlbe the loeahon of points or objecls Tn 2 pace. A
coovdinate system pvovides this structure by asgigaing coovdinates
to each point in space. These ceordinates 'nel\o ve

0) cpecify positions w.v-t veference frame

b) lrock how c\ajecl—s/{oac\feg rove in Yelabon ‘o vef. fame

ey provides o bramewark to opply laes q‘i mechanics

A coovdinate system assigns  an odered c¢et of three mumbers —

called coordinates — to each Po‘mi' in 3D cpace . It i¢ defined \oy

(G) On’g'm S Pom’r where Hhe ordinatee ove zero
(b) Coodinate axes: A set & Yoree non- coplanar vnit Vec\-cr_v./l;n&

— Poin'}s cz'lcmg, Yhese lines carregpand ‘o values o?— coevdiraler

(&) 1€ the three unit vectrs ave ales muha“y ox—\-hoaov\a\

—> CSY< s called o-r-\-haacma'\ & A

Come problems ore easier o celve in cerlain coovdinatre sycreme.



There can be inf‘n‘x\—e coordingte seyttems n o veference brame
beaause

COQ the oﬁ%in can be chosen ozrbfhra-rila within He Pfame
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A
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e caerdinate syslenn

(b)) the \'gpe and orientaton o?— coordivnate axes can oy
(i.e. Car\-esian cah’no\n’ea\)

We ghall vse underbar to dencte wvector Quantites  e.q. &



Posibon  vector of locahons

H-O.U\'ng QS’ra\olf.s"hecJ (= 'l"e-f@'rence Frame ound a CS'Y.SJ as SL‘)OUDY\
below

F (ve}- Ffame)

)

aHached
e, ¢ B ) to the

- rigid be g d bao\y
A Coytesian 3 % d

csys ewmbedded ~

n the vef. frame F

we aore now ~weody to define the ¢pahal \ocation o@ poinix
Pram the on‘gir\ € ch- Hhe CSYS.
‘i Comsider o point P. We define the ‘?o\low{na'.

OP = directed line seamerﬁr forn 0 o P’

Yoo = positon vector A ‘P’ vt ‘O
Zro
— _a —
~ I?o = OP =S —Y‘P
=1

™~ Position vector o?— o
Te{:- P'rame F

Tf position vector & o paint s \oeina chosn wevt the origin ‘0,

like n ?Po , then we Av-ora ‘0" and simF]y wnte ?F , otherwice

P
we leave it as it is. Yap
: .\>o @
@ OP = ¥pp = Xp
—
@ 0Q = ¥g0 = ¥g
(B PY = Xgp = Y~ Xp




What ie¢ a veator 7

/’

—2 It does not chanae i{l you change_ e reFerence Pfqme

(Yhasan(’rude and A)\'Yech'o'r\)

— Il 1 ino‘ePer\o‘en{' OF— Hhe coordinate s'y.s-lem CCQYS)

— It's Com‘:ov\en{‘ relabhve o ceys  varies ‘@ﬁcm ene

Csys o another csys!

_‘_‘_‘P = 9 cog 4s”’ é\?l 4+ A 2in4s® ét
{=
Y“—'P] oA
(8.2) |3
Yo = 2



Kinemq{'\‘cs C)F o mo\fl'nﬂ Pc'\f\j(" U.D'r‘t‘ ﬁl\(ecn {Zrame

A point P s in_motion if it oceupies difterent locabions velative o F

The position vector & a mov'\n% pt P in vef fame F is defined as

the lecahon OCCuPiecl by it at time t 7welative to the O"ri%in 0 o{- csys
embedded in F . Tt iz dencted by

:5; () ~ Fosil—ion vector s
Hme-—deFencﬂe\n’E

guppose tat the pt P at Hme ¥

wioves Yo anather pt P’ at tme ta+At

. — . ~ ~N A
in the vef. frame T, wiln csys (gl,ghgs)

\ncw\'na oriain ‘o’ embedded n F

YG'F- Fwame F

Then. He o\f;?\oc'@men?: vector ca?— P s defined os:

)

do = bXp = x, (4+AR) —xp(H)

()  Axp dees NOT depend on the csys origin ‘O’ ox Yhe orientation

# Yhe csys in t¥he vef fame F

Note ta't Al‘r = é‘, gtaye the came

irres‘:ec-h've c% the chosen cgys, a'l%ough

the coordinate values (the -represenh%'cn)

may be different

o\ = 1. ¢ + L8 & 0¢&, = j_QI oe' 0 '
e. . = —Z —_— =2 = |+ 1_1. @
% P \l— J_ 3 ‘ 3
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Oxzx, csys & F Ox/x/x' csys of F




Ex: In s eyamPle) the coovdinate systemn could be

most Quil-q\oly chosen at O as MWatbt leode s brotig

-eo*ruua'ra interpre tation .

Point P fxed to the

'Tobh'ﬂz platfeorm

I tiwme devivative, coanskant terms do mot cntribute , and

tis makes the OH‘air\ ond ovientaton oF- Csys irrelevant -

I we are intevested in the kinemahics of point P fixed

to the P@*iph@‘"}’ OF a Plabeb‘fm To'mh'ng velakive to vef.
‘@rame F) then 1t s irrelevant whethevr you take the
O‘Fl‘ain at O, O/) ovr O

y eg\nce

Ypo i= a Hme_varyin% vectoy w-v-F. F

0 X_ ., = X + Y.

—lPe e —06 conckant veclors wrt F
V—

zeve Hime-devivabve in
‘ IPO” = IPc: + TOOi + :COION

—
| —




@ Ay, dependt on the ref. Rame F

Qince  the displacement vector do = Axp does NIT depend
on the csys (both origin ond orientotion of the axes) , but depends
only on e wveoference Prame, thevedore write the displacement

vectss exph'o_ng_ w-v¥ F as: Q\PlF \/

and  NT do| e Il

pa—

Pa >
The same idea holds when deJ{-inm% the velecity and acceleration

veclore a?— pt P w+t vef Yrame F

\/'e\ac'\\-zS vector =
o{— Poin\- P

At=>o0 At E
A ccelevatron wvector = &g = Yop T Ve
o?— Poiﬂ"': = d+ F

The above Lme - devivahves ore Y‘e(l- {%rome ole[::endlerﬁ-

Cewcep{' when H\ey are scalam>

Yor o <calav variable (&), %‘f_ s came Lor any yefl-
t

fame



H—oweveo) it the variable (s a vector ‘ﬁ(%)) the c\r\ange
o(l the vector Ay is di\PRerent {zor AiBerent obsevvers iy

d(?@ TEF- 'P\rame?;-

MoV IiN

?mme OF Ye{:- YvL

veckor Y is constant

w-v. meving fome

N
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1Qi><eo\ brome F
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X

Ar o

CZem Hwe- der{vcxh've>

vector Y (t) change s
ovientakon (direchon)
o-v-t T, hence time-

derivabve e not conghant

Wwere{:@rej time dervivatve £ a vector is vef. Rrome deperdant|

Change c.hqnge q@
avle of value . —  orientation
~ ien
; w-rt F
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‘The time desivabive of a vector in o given veference fame ¥

is non-zere when — there is chqnae in value (ea,ua\ N all vef.

L %‘e«me&)
Hhere s a Qhang@_ of ovientahon (uohic.h s
vel. ame dera@nolen’r>
— The vector associaled with e chqnae Mm value i3 // to ¥
—> The vedtor ascociated with He c.hancae in ovientahon 12 _k Yo

Ay

Thie procedure will be called qeomelric Hme derivatve, and it s
Aifferent Brom analytical time derivative which iz based on the

C‘e»m‘:onen’rs cfg- e vecler in a 8iver\ coovdinate system .

Avnalybical Hme derivative vealore
4

Tox analah‘ca\ time devivahve of o vedtor, one hac to first
expreds the veclor usin% 0. cays.

For a ceye attoched o veference fame T, the vedor »(H

I~
moy be wriHen oas: ‘_‘3:;‘

Y = M EW + W & + v E MW

/
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E 3t dt ar
F
Scalar = __dg' + Y dé. + Y3 dé,
dt | _ dt |_ Jt |-

Bunchions

(does not \ } K—J
deFend on
vel- Pme) vector fonchins

o\ePend on vef fame

Binece the C3yS s fixed Caot movina) wy ¥ F, therefore

Al A
dé, = dé, = O‘é\g = O
Oﬂd
é}‘_ = d\q é1+ d‘fz_ é:z + A(\s’ ég,
dt ar d+ dt

\€ we consider Ynae tHwme derivahve cg— the veckoe ijec’r@cQ
on o movma ?mme cg— T@Q@r@nC@ ‘m’) we will see (in Lec-“r)

Halt +he dime derivalives og- e bases wll vet be Lercﬂ
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