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Wostk |, Ehcxgg and fower

Scalay Product

Scalon pyoduct of dot pnod_ucf This psieduct
0& o \"E‘c'[D

a  scalax qu thorefose
called  xcalay F” oduct’ and di Js

densted bﬂ ))Hrnbnl % det (), +

Ji 3 cafed * ‘Dot pyoduct’. If
' A.B =48 cosd, wheie
flnﬂlﬁ between Tue vectass,.

EK&J"I"IP.[E __’Da! E:{D't PHDC.LU.CT ,113 mwk
i.e. W= F .

Veclo poduct est cstogs - product —+ Thix pio-
duct &J-
veclsh . J8 o veclat qu ‘fhthe%mre
i Qb called cvectey psioduct ' and,
it Js  denoded bjd Aﬂt‘ﬁbul @at C31084 (X),
hence ik s alto called ©_cuosr psiodu-
¢t It i oblained by A X B = AB
sin O A, whete n B unb  vecl o
.Hjak‘i cu‘ra.l&& Tt plane eé- 9 and P
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dinection e% ohich 4% decided b{] s69hk
hand  sorew  sude . Example od, _, CosA
poduct s tesique T=7 X F

Nohm aaL watk and kinetic cnesgy
wosk FUEHSH Thesyem

Accostding To  wank - enexay theosiem , e
:mek done de a Joce e a bo
1 Eq)ual 1o  dhe charge  dn  Kipetic
chestgy e,al dhe bod.ﬂ .

w=dex =fmadx
N,

" nldE 7]

—

w =

Wesk 48 said 1t be done when o
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fosice appﬁed on  the bodt‘ d[;,placef:
‘the bnclﬂ *H\Hr.‘uuﬂh o coitaun digtance
in the © divection of applied fostce.
B @ measwted bﬂ the  product
of the fosice  and  the  distance mo-
ek dn  dhe  divection e-& the fosce.
l.e., W= F-§

It an &b.jed' uhdeﬂao% a displac-
emerit ‘S’ alnng a At}m_iﬁah'.t - Jine
while acted on a foice F Hat mak-
% an  amgle 0 whh S ar shown.

wak  done  [A) by the agent s

hyioduct oé the componert tf

dn the  disecdion o displa-
cemert and  ‘the mag nitude aat ' -

cement .

€. e.

Westk done Ut a  scalay q/un.rﬁdﬂ meaq.-

suded  Jn newlonmebie .
Tts  dimension s [ ML*T*]
(1 newton-mebe =1  joule)




~a A= (Madat) - e

3 "__r:_.________h‘“"---___________,___:_. . " Rig-

Fullomina we  Aome Aiﬂniuh'caﬂt poirilh
obauk ~ wesk  dene,  desdved fosm
the de{jnitiw ﬂj.l.'en above . :
) Westk  done by a
fesce @t zewo “'EL
displanement s g —
pespendiculast 1o he [- E
fesice (B = 90") . v=f—— g —

Gi) Westk  done bﬂ the Jeotee g bosttive
it angle  belween fasce and displa-
cemerl ~ JL  gedte (B <«aop).

(iif) Westk  dene flld e *Faj{ce JA hegaﬁ-
ve i anﬂ,le belween Josice and
displacemert ~ jt  chtse (§ > go)

I dhe applied  Jesce  yasied  cuith Ume/
poaidion , the wesk dene g qven htf

W= [F.d

Kinelic EhﬂHatd

The Engﬂa_ud pmeMed b.a a bOd"if l:ud
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e, R4

visilee a8 rmetlen Jt known ok
iy kinglic enesgy -

Fem an ohject ad mast ™ ‘unc‘L

hcm‘ma a wLndiJj v, ‘the kinelic )
enestqy  Jb  given b:d K.E.exn K=
1/%. my*

Westk Dene B.H=a, Vastable Fesice

G{Huphico.'u Method.

A comlant  Lauce W osoeste . b s te

vattiohle  fesce  which @s ehesurtered
mase cgmmm\]ﬁ .

To  evaluote the  wank  dme
siable  Jesice |, o s
ce udina alan&a a
sy X - axds , but hrmjna
maa-nﬁude :

Qa  va-
condided a fam-

alixt:ci dinection |,
a vasdahle

We have o cmnpﬂe, wesk  dn  meuin

ackion Bé s yardable  Lesce

lo  Jaclilafe dhit . we agsume “hat




P 'f'f 2 .,EE. (1+d At) I = —_Ejfl__
) r‘ [ & 3 I

the eriline displacement om A o B "‘ia'
made up e# PJ{; Jmiae i]LHrlbu'rlbe.:ﬂ G:Jv ln{f'
initesimal displacements.

One  such displacement  shewn dn ‘the
»Jallmuir\c] {jcjwe a&wm P 0.

Since  Yhe di.&pla,cement PQ = dx " is-
Jn,}iniisimullﬂ amall , we  considst  thatl
all ﬂlﬂﬂg s displacement , fesice

B comstant Gn magnitude  as well

Jn Yhe Aame clivecdien .

New, a  small ameunt fo wosk done
Jdn meuwlng  Yhe bncbd a!umﬂ P Q us

qive Eud

dW=F X dx=(PS)PQ)= ayea af Aﬁq‘P
PQRS

m&f%jwfe: the tatal Wk  dome  un
uu'hﬂ “the bc:cbd fma'm A B @i

&Jmh b.ld
W=2 deo
W =), Fxdx




Hewe , when dhe dj);piacemenf dt  allowed
B appscach  zemo , then the  numbed
0{— tesms  Up  the  Awm  Jncsieaseh
withold o Limit . And  the aum

appoioaches o definite  value eqpual

1o ‘e asea  unded  the  cwwe

C By

» Ruea. =Af =F (X)) AX
Fix)

i o

i

Thus , we roay Meusute dhat

W = L"mq{x-)}(_ EF (c{;(i]*::-_mt_

Usin Jdnteasial
i d S

caleulus cwe m it
ik G—ﬂ WHITE

W= >}§§ fﬁ(cbr_)

XA =0p andxg =0B
- xqﬂ ]aﬁea of sbip PQRS
Whieh  Ub ntdhlnﬁl bl  the tetel aseq
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undey  Jhe cunve  belweeh F and x-oxis
-OLNurm = xp tBx = %Xg.

| W= Avea o ABCDA

Cl“-’“’*’-ﬂ the wosk done by a vasia-
hle e Js nmne.ujcallﬂ ecy.u:xi
o the  adea  undw  the foxce
aswe  ond  the displocemerl  oxis -

Mathematical Toeatment (of twesk done
_bﬂ a.  variable a!swce)

we hawe b evaluate the
done  dn  mouwln a
a  poinf A csﬂgJ 1o m B
undet  the action aat a Uay-
ging  foce  at  shewn in the Joll-
swing  Jiquve . Heve, 8y and Sy
oxe ~ ‘the disfance f’f the points A
and B cuith J-!EAPECT B some d{g"&

stence  point .
A
Flx) —
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At stage At the body be
P, mﬁgje -P:Ece on ‘he bnjg i F s
Undenr the actiom 56! Jhis  ostee
Jit the  body undesigo an  unfinites-
irnaJJ.d small d.i,splﬂceme.nr 43’

Duiing  auch o amall  displace-
ment = uzf we  ossume “hal the
fostce  wemains  constant . then small
amount oal wostk  cdone dn  movin

the  body * foom P b Qs

given by | A
E i =F. d¢

Now ., when he cement Js xzewo,
the  tetal  wak  done  dn mow‘ng
the bodﬂ pom A t B can be
obtainecl h.g dnfef’waﬂng Yhe above
expession  belween Sy and Sy as
a!mﬂm.
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Psterdial. Enex 9

The enexigy postersed I:ud a body
by  ulsitue ad s posidien e con-
diien s knewn as o5 petenti-
al enexqy .

Thete  ote  two  commom Jestms a]l
polential  enengy :  guauitedional and
elasdic.

Gastawitational petendial ehexgy B& a

@ the eneigy  pometsed by the
bedy by ubtue of abs  positien ob-
ove the AWace B& the  easdh .
Hood given b-ld
(VP.E. = mgh
whete m —> mapt a b-::chd
q—> accelenalion  due g &muﬁﬂ on
+he Am%afe Bi’ eostth . h —> hejﬁ-ht
‘l‘hﬂnugh which he bnelld B Maised

2 |heh  an  eagtic bndﬂ 35 disp-
Jdaced. ngm ats ecv.dJ.i bsdum  pes.ition
weMk  Jds needed B be dome
inst e Me&tw{mﬂ elagtic 'cfm"c*‘-’

aga-
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The (ooStk clohe I .,gt{l}lE'd LLP b
‘the bnd.u In - the oo ﬂd Ji
dardic  palential  enerqy-
B oan  dasdic Apoing i3 stsietehed
(o351 compytessed ) b'tl o distance Y
g i nq).d,l.ib}dum peAilion . ‘theh
{ds  elastie poier\iidl ehesiqy b
giwven .

U= 1/5. Kx*
Whewe, K —> fasice  comatonk e& glven
Apm’ma

Mechanical Eng_ggﬂ and JTS Consesivation

The  mechanical enex LE) o bo
sefests 1o the JME»,H édhéﬁc Eniﬁ-

(K) and petertial  enesigy (V)
the btud.ld i &ﬂl

le. E=K+V

Obu:‘uu,alg . mechanical  enes o a
boolg b a Acalay W‘metff meah-
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can  ashtw  that the tatal mecha-
Eh&”ﬂud a AgAIUYI J8  egni-
‘ ‘Hhe -gl-wfre cioing WONK
AHAﬁm Jdb cemgexvalive .

J4  known ax  ‘the {:u-dncipie
consexvalion o tatal mechani -

EhEHS_H 2

Aimp,ljcitg. we ostume the mal-
W  be ome  dimengiohal o

a bndﬂ undeGEA a small
displacement ‘X' “unde  “the action
oal a consesivative  fosce F. Accas d-
fn(c} 1o the  wonk Ehf'..HaJﬂl ‘theesem,

change In  Kkinetic  eney s ecﬂuai
1o a‘Hle werk  done . 7

AK =FM)Ax

Now, ab ‘the fosice Js  comdexvative,
the polentiad  ehex cion v (x)
A3 de%ined aA L jﬂ-“

- AV =F0JAx a1 AV=-F () Ax




=2 " A= b(trdat) 1 b
'l__r_-‘:ﬂ_-—-_-—._'_ﬁ_hh_-?‘-‘_"—h::_' . | Rig

Auld.inﬂ both <“he above exp}{eﬁwim '
gel |

AK +AV=0 oy A (K+V) =0
which meansy <hat

(K+V)=F= constant

I{:.]_U""'D T..f
H

'LJ*:-.‘EJh
. Uebg l
The conwesesion ag potential  en engy To

Rinelic ehesgy é’&}l a ball moss
m  dstopbed R{Hm a  hught H.

' Petfential Enwy.y Ggf a_ Spying

Poterital  en ey af a pr'n(? -.}rE'GfEH,&
to  the enm{w adlovated  with the
Mate s{;}, ceppstession s expangion a%

an elahtic ,5'{1J-un?
Io  compute .t




& “*ﬁmﬂ__:: Le=bo(Mrdat) 1= Yo A-%Ur-tt o,
'lr:‘_-_'_._'."‘-'———_ X | — Rig. r)‘ _ o ey

Apsdng - OA neqligtble mass. The end
0 @f Jhe f.ﬁu‘na &Jﬁi ab';:ed o a
adgiol. ALLPPM and o bodﬁ‘. mass

m!' dle on a patélecilg j}dw eM

hesuzontal — table

Fs=0
() 7 -
(TTTTTTI7 7777 TV 77777 %

XD I

I 4—— Fg3is heqalive

(b) Ww'pnﬁfﬁﬁ
LTt TTnT |4

Pl je
C ) ; Fg iz Flbﬂh:'l"l:
C “24 | X is hegalive
AT TTIT I I 77777 %
=%
x =0

lhe  poaition c% the body A, when
Ap}dng 4 wptusteched . & chate as
the aghn - Now . when the purg b
compiested ey elongalid . i tends
1o sHecovet o b dsdginal Jength,
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o account GBL ddéimiij The al.mtﬂﬂ
t‘{jmc? B b;un[e]- the  Apsung back
To  Jis astiginal ema{,rﬂuﬂa:twn JA Te-
Mmed. m,ataaung Josice oo prna

_FC\HCE .

p&H o amall  Alvelch o comnpstess-
Lm - Apudng  obeys  Hooks  Jaw . Ce,

y LU Ap!u'ng :

Re&fmdng Fesice oc  atsieteh 0 compstersion

—f oc x® —F =kx

whete K j& a cmTa,rct a% the fspﬂ
J}!. %Tabh,&hed. hat é{).}f ApH-
. L.l.e. all
T SMatlex %E (?‘-H"
ii/ ‘l’he A[:u-un &HEC{IZH would be

ﬁlﬂ”‘?ﬂ Cmfani and  wice - vessa .

The n@am Aign dn “the  eguation
dndicates  that = <he  srestasdn 9 Jostce
JK always dixecled -ﬁommfd,s the

oquilibsium  pogilion .
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Now. censidp that he body be displ-
o B ol W A

small  distance dx . agninéf e “9’5@’””3
oy |
A amall  amount c}J— wosk  deme s
t'nCHEcth'ng the  Jenagth &f ‘the Apring

dW=—F dx = kndx

Thus, the total wask done n 3.u.unﬁ-
dishlacement x o ‘the body can be obta-
Inecl bﬁ in‘!'e&umil’ng j,qgm =0 1o x=%,

.,

A=
W= [ kxdx =1 kz*
L=0n

This  wask done @3 slosed an ‘the Apoting
ol the point B.

PE ot B =N =4 kx>
The  vasdiation agr pnienh'ai enesigy wath olis-

tance X U3 at showh Jdn dhe }aﬂémin(?
a(xﬁum& )

(d
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e FPDLOEH
It ds Yhe suate eql deing Wtk . L€
the  waxk  done per wnif Tme .
dp =2

= —— = F.0=Fp cos 4
dt

where da  Jds  the unjv.le belween the fox-
ce F and the ueluuttg V.

Powst  Js a  scalon dy T S
uut  J&  walt |, mm\fy.l:i Js".?ﬁez
dimensional  Jasimula of  power a8 [M'L
i

Othe r:ﬁmmnrd.(n{ wsed  wnils ej- powert aste:

I kilowadt =1KRW =103 W
1 mﬂﬂﬂ.u}tﬂi =1 MW =10% kKW= 101
1 hesue power Chp)= T64 watt =046 K.

Callision

Collision i defined a3 an .isalalid
evenl in  which ws e meve callj-
djn& bodies  exexl. HelaiiuweLH ),;i!-[gfna
asicey  om - each  ekher  Jow  a “wel-
i red  dime.

Callivion  belween  pasificles have been di-
wided b}{mdlld arilo Wper..
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0) Elostic cellisions  Gi) lnelastic  collisions

Elogtic Callisions

A collsion beloeen two pasticles oyt bod:
s B be eastic bath ‘the line-
ot momentum and the  Kinelie enesgy

of e Aystem  Stemain comsenved .

Example : Collisions  belween alemic posticl-
et , afomr ., mosthle ballk and
billiosd  ballt .

Inelastic Calkjsion

A collision s sad  to be dnelastic
ﬁt‘m‘khe dineay  momerdum sal ‘the A4-

Hemains  cemsesved  but S Kine-
tic  eneigy Js  nat  consesved .

Emmple + When we dwop a ball ¢f
wel PUIDCI on 16 ‘the -jlﬂﬂd-l

then the  callixion between ball and

-%le&}{ i anh  dpelattic cellisiem .

Collisien 48 Aaid © be ome dimensional
i e calliding  pasdicles , meve aleng




J _E- 'f’f - -“ I
— . r-"'

'““]9 Aame }.)1”{113!'\1 Jdine Plﬂh [’.‘ﬂ:{h b@alﬂ}fe
Mool oy gpyy the  callision .

me  dimensional  elaslic  eallision

stelatise velocity ad, appsipach be loste
calligion U gymi ‘the dfe!a.ﬁma

velocity of Acpaxalion  aftuf calkision

¥ e pastlicles  ¢f
r‘noumg with  velocilies LLf H:_ Hehp-
eclively _collide  head on such ‘that

V; and U: be  ‘theiy me,spec?twe veloat-
LeA OjIIH CEI.U.J.Z:IO'I"'I. ‘then

= m-m,) U P -
3, o (M) Trom, o dm i (e

(Mt My (my+m,)

Coellicient 'Rt.s'tﬂ!.t.'h.'e‘n'm Ceedlicient
_%J OdLeé' ’ReAJl[iemef ﬁ&# -

(o uel\t sestthution Js  delined
E#l E}[fh*a:tie @% syelative jlocdﬂ
q} fse a}mitgn a{fw callision 1o the

Jielaiwe velo oach beloy
velalive velodly g opproach  Defoe
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Llubtc and  Inhelastic Cellizions in

Too  Dimensiohs

el  ws  considest twe bodies A and
B meufng with _jheiH anttial  welod -
Het &y and Uy Hejpecﬂwdxd Js a
two  dimensional  plane . Iﬂl ‘%hetf calli-
de quth each ather and - Atill maving
with cettoun  velputies Vv, and V.
Mespecty {  dhe callision . ‘then
*%hep cﬁr‘m ﬂﬂ‘mﬁ Rhewn a4t Twe dim-
ensional (e an uh.Uq/Le) callizion
FES 0D S

When “the  cellision J8  elastic the
dotal  Rinelic eneigy % the Twe bod-
13 bealwfe the  callision s
s the  dafal eneray

dhe  collisiom
kinetic ~ enengy  J8
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Gd- elastic  callision .

The  kinetic eneigy it net  comseved in
cahe Bff dnelastic  callisiom .

When ‘the body A ds mow’rﬁ wlth a
Mbdfg ﬂd W, and the bodg B us
at vest J.e. i‘fz = ., ‘theh EL? -
(i) a{,b.'{ the  callizsion , Ut 6 be ‘the
anale  Rnown  af Acaﬂwnﬁ e made
b‘{f <he bndy with Jfs  Jnild cliye -
ction ]-7‘3. Gi) and  the bﬂdﬁ
h

B moves
with  an ﬂﬂ'?_ll o with ~ Jts initi-
al divection . %TE@ 0!‘8,{& i8  Knowh
b ‘ angle ﬂtf Secail .

?qCCOJTdffﬁ’ o the Jaw 6 comseswadtion
of  memerdim

My Uy +0 =m v, cos§+m,v, cosp.




ancl 0= muv sin§~m,u, sin

At the callision s peﬂeaﬂfj elastic
Total K.E. bea!AHe. dhe callision = Total

K.E-OJXLH Yhe  callision .

1 1 L 1 2 b 4
-Ef‘nlufi_!_oz E—m,vt + —Emi U.z (1ii)

i —
Wy Uy, =0
O » O

A B
af stest

F.‘3 ()

el

o
I
v -+

Fig (iil)

Special (ase ! Tﬁ’ M, =M, ‘theh ‘the above egu-
atten (1) (i) and () aMe steduced




Uy =, CoSP +V, COS ¢

D, $in § — VY, sin ¢*

2
%

Qm’tﬂ eq-u‘v) and. (v) we Sét.

(v, cos$ 0+ V, cos qb)1 = UT +V,-
VE cos* B + ) cos ™ + 2V, Va cos § cosd
= Wit Vs
2V, Vy cosB cos ¢ = V> cos™B -V}
cos® ¢
2V) Vy cos B cos¢ = v (1-cos™g)+V, (1-cos™
?)
2V Vy cos § cos¢=\"sin"p+V,; sin* g (i)
2V| Vl cos g cos q: = Vll Sr'nLQ —f—\/f'sinle
2V, Vy cos § cos¢p = 2V, % sin® §

V, cos @ cos & =V, sin*§
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oS B = [U )/Srn’@}
W cos ¢
cos(0+0) = cos § cos ¢ —sin § sin ¢

- [ Vi )/ sin®0 V
[Vz )[comp} — smg[lfi)

V

-
6+¢ - 2

S, #.a}( o special cate the Two bodjes
e# ecv,Lal maAf , make &dghit ﬂﬂﬁ?le between
theiy  disrections afﬁ){ the  callision .




