Wark - Enerjy Pr\‘ncip'le

Se '?ara, we have solved ):)Tob'\ems by Leing o cavnbinahon
o-F Euler’s axioms dand Kinematece. Now, we will exP)cwe
ancther oPFfoac\n, in which expressions oF work and eneray

will be derived and used[

— Work—en@rgy methode are alternative wmethods to vnderstand
o\rdnarm‘cg o?— parhicles / ﬂ‘a\'&l bodies

— We wi)l see Htat we have to Oh‘g- deal with scdlar equahion

— Can be e{-’?ed—ive\y vesed provided borce syskem acting on
the Parh‘c\e / RB ore conservahlive (to be defined |)

— This altevnative wory does mot alwoys work =o sim'loly

There are different *apes of enerqy : mechanial , chemical,

nuclear, eleclrical, magnetie, et
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Kinete E nerqy

Let's firsk defne KE of a particle and then extend it o RB
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Kinehe Energy 0€- on RB
The total KE of a body velative to a rvef- frame F is:
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We will vnext ~relate the total kinehe energy of the RB

to the branglatienal KE eof i CoM C and the KE of

the RB rvelative to the coM .

Kinete Ehersy OF- an R® cmnpul-ec:! w-v.-F- CoM C

The total KE of an RB s equal to the KE of iks CoMm

C Plu.s Hhe KE af'— the RB ~velative b the CoMm C.
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The above efoess?on is ¥he total kinehc energy of—

the RB in terms of date. at CoM, and is wvald

for all veference Rames ‘F’
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Th a F'rfncqul Ye{@rence Froc'me where !-he cﬁys

€ -&-& coincides with the p-oxes of the RB
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KE of RB computed w-r-t. on arbitrary point A
of the RB mass\es?
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Tt is alee useful to have a ~ule

for the total KE in terms of wmohon
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UFah usTna o cggg %["é:."é}, and wri'lﬁ'na, KE in malrix-

vector form | we get
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— Further, for &b plane Prob\ems) where W e = e

the KE expression will get gimp\\'ﬁ'ea.

You can ‘@U\’Hler Verilla. Mat when F{‘ A coincideg woith

the CoM C , the exPTQSS\'on @ ~Yeduces +to exPToszsion @

Melp  YelF Yer ) Belr

'[" =

1
F z M MAE CYale v Malr - M ¥l 5‘: Wi *+ Hale

= Nele C\F = =m|F TelF



ExamP\e: A Cormec{'\'ng vod AR Cvﬂoo\e\ecl as o thin homag-

geneous vod) of length L and total moass ‘m’ s hinged
at A, at o distance v from center O of a Liywheel
that hurns  with o constant aﬂau.lar ve\oci\ﬂa wiig a2 ghown,
in the ground bame ‘F’, fixed at O. &

Determine Hhe kinehe

energy of the vod

l> If we consider A os the base point ,  then we need to
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ay If we consider the base |>oin{- as CoM C |, then we
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Notice that the total KE of e RB dees not o\e]Deno‘ LPn
Phe cheice ol}— base \Doin%' A or CoOM c, bult on'l); dePendg on
Hhe Ye{'erenc’e bome F. Howev@r} o\ePendina vpan Yre choice

o base point, the computation of KE ™may became easier |



Wovk-Energy Prn'nciF\e for o Particle
We will  firsk define work, consevvative Porce and power

Lor a Par‘h’cle and then erxtenad the 1dea o RBs.

Mechanical work dene Hor a Pavh’c\e

for a parbicle P in mobon a\ong a
path 7; due to o forece F(X) that
varies With FarHcle 's Pos\"h'on a\ong

%, the work done by the force

Ecr) n fmavina P Prom Foinl‘ X,

Iﬂerﬁ'al
to X, i3 O‘e‘f‘fﬂed by the PQ‘H'I fn!:ea-rql brame I’
s
W = JE(I)'D\I = FEl(xr) -dx
> Y,
lwl—e%mh'on
over the Po\\-"n
%, xz’: X_.,'
In Cartesion csys, W = g (FL dx, + F dx, + F, dx_,,)
lexZJ’cb
Sa
In PaHﬁ csys , W = S Fe P < Onl'(']' the Lorce comp.

{'aﬂﬁen'l' o the PaH‘t

does work in mcw'\na P



The total work dene by Porce F o\epends on Yne Pai\-h

braversed by particle P — hence path intecam'\'\‘on e needed

For cerlain 'Forces) the work dome % Rl

fa =ame ‘Fc\" every path jo;n?ng the . c)
same end peints , se the work cene b"
by these forces depends only on the

end point values. A ferce field F(x) W

that is independent o?- path is called o Concervative force

IE E () is Concervabve = W, = W, = --- = W,

(indef:ena\eni- o? path )
Examf\et Work dene by a constant force
You can show eas‘\l\ét Hhat o congkant .{lm-ce Fa is canseTathve
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Clearly the werk done by
the conskant force is
independent of the path
and on\a depends on end

peint values

= Fe is cConsevvative -Porce



ot
}ghow Yhat linear fovce %eld F(r) = Evy s alic contervahive

A Lorce 'Qie\o\ F(x) thatr fs not conservatve i3 called

o non-conservative eorce; these are Pa-’\—h—dependen'{- Rovces

e-q. Coulomb PAeiction forces alwoys followe the motion a\org_
the specifie path of the particle , and they vary with
the choice of path between £ixed end states.

A  Couvlomb Gichonal Lovea  even of constant 'maanihcle e

NOT o conservahve 'Pmrc@ CHUW?)

Consider ¥ne cate of o parhcle P N S N
s\idin do Inelined plane
1 % wNn am neline P o P
Q "4
> the path ‘s’ s o st line (5 3

given by e Incdline

a> Yhe normal {Zorce yemaing Ccms}an{-) boHh n mo&n'th\e
i.e. NG) = N

)

and Adirechon, o\ong, Pre path g

In ¥is case , Coulomb's ferebon foce is o constant force
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o
l»
Il
Qc_.—-"'\.g-

A
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For different pathe [oining the same end stetes, +the dishance

‘a’ a\on% the path ccnneeh‘na bhese ctates will be o\i??erenl‘

= Covlomb Iictional force f= mon-conservahve

Tn ca@nen:d, Covlomb frichonal force s mot constant and

de[:ends on ‘s’

Note: The wnechanical work deme 197 o force F(x(¥)) is an
explicit functon o-?- dst\acemenl' and wnplicit fonchon o?—

Hrme.

Mechanical Power Hor a parhele

The total wmechanical pPower {8 the vate of work dene by

o force FE(x) on moving the parhele P

P+ = diw F(xv(H)) . dr
© - g, - e %)
= E(r®) « Ypp @®

Srame frame
rndependent dependent

frame

depeno\eni‘




Work- Energy Frincip\e f-uf' o Forh’c\e

det’s now consider the equqh'on oF yotion GF o Pa'r’n'cle

Qom Newton's and law (us‘ma inevhia)l fFrome &r ik Val{di&-j)

s net resuliant foree
= A ést\—’mr}‘ = E on pavhele
dt L

Take deob Fwducf with ¥olr

m -;l\_— { yP\I}iI ° }.’P“: = _E . \_/PII
D
m A \ . = F -V
= = d—i_{—mr ypn:}’r C PIT
= d 5L_L Vor . N } = F <
It L] m Ypir PIT _ E - Npr

{TII}II = P Mech - power

Mech: KE

Integrating the above over the path B hraversed by the
particle Prom Y, =x(t) +o X.= ¥ (t,), we oblin the
Work- Energy principle :

AT = Wi, (dropping  the subscript

T(""Q) B TCh) ?of nerhal ?mme)



It states that the work done by te force E(x) ac-l—fna_
on o parhicle over ik path £ fom tme t+ to tme b,
is equal to the C\ncmge n He kinehc energy of that

Pow’ﬂ'c\e in that tHwme

Tn terms OF wmechameal power, the power ex‘Pended b)/
the force ia ec[uql o the tHme vate og Qhanae O’f— kinehc

energy o?- Pre Parh’cle

= dw| - d
P= gl s ST

Aduan'\-aﬂes o?' Wovrk - E"e"SY Princfple_

A major advon{-uae of the work —energy Princfple s Hat
‘L avoids  the nec@ssﬂ'g of campu’n‘na accelerabons and |eods

dfrec’da to the velecity changes as Punchons of the Porces

hich do the werk . Turthermove, the principle ovnly involves

those fovces which do work (i-e. qﬂ:lied forces) and mot
thote tat don’t do werk (e-tg- veachon forces /couP\es).

A[so) Wt is a ccalaxr eo[u.ab'on Cinstecd o?- 3 Sscalar equai-‘om)



