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ITn Yhe lact three lectured, we talked about energqy

methods | Pavh'cu\ovluoL the work-energy principle, Hhat

could be used to rvelate linear and/ov a‘nau\ar velocii'\\s

o-F on RB at successive instants oy lecatons.

The wovk-enerﬂy Hhm 18 o gecalor INTEGRAL vyelahon OF the
Euler’s oxieoms, obtmined os in’cea'm{'\'ov\ of Euler’s two

d’j'namfcs equatons,

velated to Euler'e lst axiom
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Next, we will consider Hme in'l'eava'l'lbn OE Fhe Euler’s two
vector dﬂﬂamfcﬁ equatons to 8@1:' Impulse- Mementvm  and

A-nau\q'r ImPulse_ Anaular Mementum PrinciF]es

Adet's define impulse andl anaular Pmpulse



Tmpulse and Angulav Impulse

Tt is somehlimes ‘:oss'\ble 1o obiain inFormq-'h'cm about

lhe wmotion o{l o bcda even +though o L0 SFecf{Ln‘c_aHm

of the vesvltont Lforce == (£> and wesvltant woment M, ()
WIS

are mot knomh! \—- toriten as EC{‘)

For examPle) when a ball skikes a wall, the force
exerked by the wall on the ball varies suddenl\a. n Hme,
and H-)oua\n we have no way of l«now»'ng the precise  way
n which Hhie irpulsive force changes with tHme, we
con ebil obtain usgeful informahtion abeut the maohon of

the ball or the force exerked by the wall.

To see how +this ™may be done, lets iabkkoduce a vector-

valued l'nl-@%ml fornchon called e \'mpulse o? <} ‘P'orce
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Jdet's say that FB was
\I‘aryfna in He fashion <hewn
but 's net known to you. Then

by mean —value +heorem Gf-

inl:sxa'ra\ calculue
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Amaular lmPulse. ovf— -Gorce

about o P{: A

We can defined in a similar fashion *%he

cmaular' impulce o@ o force abt pt A

+2

:_[ana/\ C":l; 'l-'z> = J MA (‘l‘) db =

t

=

I

Y., x F(t) dt

—CA



ImPulsive -Force (G‘CO called instantaneous im[:u\se>

There arve momg Phﬂsfca\ situatons 1n which a chanae

in velocity of o bedy M&M' loke same

exomple of- a ball hii—h‘ng a wall. The ball expeﬁenc@s

a finite a\nanae. n veloecihy o\u'ring a very short Hime
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ITn such coses o’(— m&b He impulse occurs fnsl-anl-qneausly
This Phgs{cal rdea, o{: an instantaneous impu'lsive action s

chavacterized by an impulsive dovee . MQH‘wema-h'cha, it is

deFined cs:

ImPu|Sive . I (*:1) lim I Ct,, t)

Corce ba 7 ¥y
ta
( sEI has .
dimensions = lim E : () dt = \Gn‘.ke_

a? i\mPulse) by



An impulsive '@orce is chavracterized th&s"ca”% as a very

larcae, suda\enla applied force qa‘\'l'ng, over on ih-ﬁnih'.simaﬂé

Small Hme interval, and 'reSoH—ina in an instentaneous but

finite change in velecly with ne change in position -

the bedodr in that duvation.
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]:mpu\s\'ve moment abt pt A

gimi\arla) one can define impulsive moment abt pt A:
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Imfulse - Momentuvm +velation

As we said earlier that b s sometimes Fc.ssibl@ )

obtain inFormq%'an abeut te wmotion o?- o bada oven

though o Lul sPeci%‘mHon of the wvesvltunt force Fg (22

N

and wesvltant wmoment M, () are mot known | /
oriten as

FE(+)
We de ¥ais by in’cegral-ina e Euler’s axioms.

Euler’s lst oxiom : {P,I}) = E(®

Net yesollant
Porce on RB

Upon ini-ea-ra"l'\'n% wvt Hme on the interval [+, t.] in

an inertial ‘Frame> we %el- impulse - mementum relahon:
':2

T (t,t) = g F (+) dt
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Impulse - mementom welahon : The impulce oF the ~wesultant
external force FE (£) equals the chqnge n momentom . If

I(4,6) = 0, then it implies linear wmomentum (s conserved



For iastantaneous impulse, ie., t,—~>t, (or At—>o)
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Anau\or impu\se— Ansular Momentom ~velabhon
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Euler’'s And axiem (abou{— ar\oi‘rmfry P’l— A)
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In-l-eﬂ'rah'nea the &nd  equation betl +ime instanis [t ta]
?z)r o vahd Foin:}‘ A -

- ta
Logalt,t) = | Muwar = [ 4 iuag|  dt
= t

= HAll‘.({-2> - Haz (8D

Anﬁu]ar iqulse- anaular mamentvm velahon: The extevrnal

angulav imFtﬂSQ about pt A equals the change N ongu\ar

womentom H—AII . TF ;[-Omg/-\ (1—,) t,) = O, then anau[q-‘-
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Situations  where \'mpulse-mOmenl-um velahons ave useful

axe 1n  cases o(l— imPulsive ‘?orces and moments such

os thoce caeneral—@d dun’na {'m[)a«c\—s and ex\obs(ons.

— \m?u\si\re ‘Pnrces'/mameﬂb induce very lavge acc

o a boda_ over o Very chort 'Ferfod oF— Hme (A}_%@

— The velocil-nj c‘nanae (l:’near and anaular) may be
evaluated n tHhece caseg¢ by conm'olermg the +Hme-

nterval to be 2 <chort to onl:( congider Vhe achonm

o?— \'mpulsive —Ft)‘r'ces/mamenl's

— PFourther sith'-f-fcaHons arise fom the 1Qac{- that onig_
the impylse oF— the {force (ovg. value over [t kﬂ)
needs to be known Yo evaluate the wvelocibies, and

vot their kue Hme wvariahon-



—  Impulsive ?orces/moments are uguall& large enouah
that the influence OF Y\on—impulsive Forces/mamenl- Is

neah‘aible o\un‘na, the chert Interval c@ i’mPu]se_

Some other k@a PDTO?S'.
\> wel'ah'l: due Yo %mtu‘al-gS s a non—impu\nive ‘?‘DTCQ

—P(03_<L no vole n FmFac‘l‘

a> SPring ‘Force K qlways ﬂon—imFu\sive ?orce ——F(@ys

no ~Yole 1n imFac’r

3> Nosmal weaction ?orce ™oy oT  way not be im‘au1$iv€

— d@Feno\s LPeN e conshoinks en the loodg

— O

loouncfﬂg

of Hte wall

N nen-imp

4> Frickonal forces, if they exist, would be impulsive if-
Pre coweg(:ondih& vermal ~eachon %rce 7S \'mpu\sive,

otherwice 1t will be men-impulsive



5> Teasion in a rope way oY wmay net be impulsive

Cdepend?ﬂg on te canshraints on  Hhe loody)

6> When n doubt about e nahire oF- a -?orce ( densien
of mnormal veac_{'n'an) being impulsive or vat , 1F is beftor
o oraw the FBD o(— He \oodj in terms a%— \'mPulse_e.

o see if H'se\/ axe ad—uqlla. impulsive or not |
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rouah surfece
Aet’s Avoaw FBDs to see which  forces ave Impulsive!

(S\'lou: in terms of imfulses instead of Rovces; time [l:,,b.])
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The imPu\ses that are Y\e%\f%ib\e when by, > CAL— _>°)
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