
Sn¿ttc Energ/ qnd\ h/ocK.

F"r or stngle poftì,te the Kï'.etrc Er.ergy is

l-= år,lvz= {t?'ì

The -Tìre derìvdìvE ìs !st

S ={.*tv.t) = -v,?
bút Elnce f,=.rnV=Ë

dT ?t .-\ t* âÈ;f,= 7'v = r'dT

txñ.¡{rr.et! lt e Ë.Èî
-â- I r - L >^

¡- rnlorK åone bY 1 lvr

firplc'rcr. il ¿Ë



Kinëlic E terg'y *,o\ WocK.

Î;tc¿rov{t"g

TB -TA = t Ê'åñ = \^/ (A; !

Nr$¿: Th¿ Cha^¡e ìn K¡nOt¿ "necAy
ç-ov) aup:*t óPP" -lhe p"tr"

.to llowe,4i



C-ç,nsert oitì Y¿ For. rÁ

tf Focce o'ly a frnctì o^ of ñ
ond cqn be '*¡ç¡fien aS

Ê= - iu(î)
then w¿ coll +his force q conservq+ìv¿
forc¿.

Here U0! ìs *he
Pcrtøti.nl Ên ,cgy fun"{iono

E¡.orple: 9ruvî'ty

u(f)o(+ t-u(c)=+
tu(r) = -Èî -î'u(¡)= âî = -Ë îa 

UCc) =; += -ffioQ



Co¡Éiewntiv. Focr"s .o,sl

=gn 
ootcSìnn

'¡lF=I

AT=

Àr=

A'T = TB -T^ = ,f*F.¿*ñ' = W(A *!

Êr a ,Ëï"f$ï9" w¿ hdue

AT = -S* iu(Ê),dÈ

coorclrn;t"s dÈ' ¿xî * dy3 + àz K̂

4
F,.i

l= A?
Ê+#.F
+ $oo(H rtrx .w"\y + Ëa.)= t¡y 

'

u(ñ) e w(n* B) l*h,,.

+ Fr] + F"Ê

+ ?r3 + 4 Ê =åî-&î.*rTt

+ (-!î + (-H)Ê \likl..

u(!.-



C"ntrol For"".

6enecq[v q ce n*¡o¡l focce
f.crn t

-fq K.s {Íre
I

/
Fcñ') ã -$(È)î ,/

,' .- ¿'

While'll" rnoSnìtue. df
the force nqy- depend
on Ê-xf+yi+et *he
dìce"tion is 

-ot",^yr î

;.'

,'9\
îa
t

'Fort¿ Cerltro'

C e'itro[ Focce

Ë' f(î) î .å
t con¡sr'reúl

Angotrr Moorødh¡n

Consewoitîve

Ê= -iu(ñ)

E cott¡ccvcå

Encrgy

ñroe

5bherìcqlÌv
Ë'=S(ç) fl=

Sotrd
Ieo n

F Fù-

?'cr
u=ufr)



le Poctî"le Ent eti.s

KinCìc Enerly: f= åtv' 3 {tn?'?
(r<E)

WorK - KE Theocernl

=i'Ë.È

-- gl
c{e JAT=ï[-T =

nB

Jo
8e0

Frrl-¿È = \^/ (A

:rhe chcnge ìn
q pqfti"le Trioves

B 'i, th. lìne
q.tìrror on lLe
Thì t' ìsïwor K

1¡ 6"tto¡ql

VúocK

ç?
rr ¿¡g

the K¡net¡c !ner9y q5

fco- Êos¡*ìon A '+" pos'fion
i"ih"qril of +h nel o*. F

pcd'ïde ù"S q p.$ C^.,
done by F otonS 

' 
CAo,

w(t*" t' w(^¿t)
cqn u- ]*th depend.t 

t *



Porti¿lr Erær

Cons"nr,qliw fürces:

ff there exïs{s a Scqlqr fr","*ion
u(ñ) such +l.qt *he f.c.e c^+ q"y

psrtion È ìs .f-r 3;k fX**
F co = _ ì,icr: ¡hït,f ucf) -70cf)+c

thert
t¡

F ìs q consefvdhìúe focce.

For q conserudtìrle ûcce *he worK ärone qs
*oB

fot<¿n
ffiF o porticle rnoves fco^ A'is 

Anâe!t ä,etrt ût. tt"te P"rth
betwe¿", the **o poi'r$s.

- J: iu'di
Path I

= - Í: Vu.dÈ
Pqlü?



PcooF øf Peth T"/tepet'otstnce,

orhltrary foc* fid,å

F. ¿i = ¡f F.a; +
c¡

Q = C,uQ-

hav¿

C ls *h¿ bon"dqry

ùFZ

>
Fwe

oA ..-
J" F'
Cz

Fbr qn

$
c

Consì åer two âtgti"t qcbìtrqrY poi'r-[s

A qnå B , anå drow on ' "tbít.r"i close{

krrve possin3 {hco*¿h bdth gÒld+s.'

egr"l
.¡vx

v2

I
rJ
Ç

.-ftnl
(

C

df
.-¡\
P).

¿i=fF.¿ñ-fF.åî
qc2

=JJ
2

.¡
F

By S{oKes Th"or.'n;

hre cqn wrï'[e 'the line

of the curl ôF F

(?" F)- åZ

qe o ¡.foce into¿ral

T¡F. l.:t--c[r



a

aa

1¡

Pdth lf",J," nâenCe C¡t{b.

Foc q consecvdtive fürce
..> Fb-F 

= - VU(î)

The cocl df lh" gr"åte*t
scqtqc fìr[.I wrnl6,hcs'

o

-c,ol o\

$p.dì = lJ c?ãF).à2, = o
c z- 

",.nl;*,

As

.'. .Xl e.åi = [e.åìcr ci"
cr qn4 q. qr¿ two Jrlsli".t -a.b'trary

.¡l --¡ ..¡ àVxF=-VxVU=

o = 
J:F.aì 

-"[F.¿È

a

oo

7

p"{h: betvre.n t,orc, qcbfl{.rI poi;fs
the de:lc?r[ rts,l$.hqle



Pote"ti"l Ene çsy:

Foc cr conçervqlive Srce,
foro. ìs {t.e gr,xllentf 6t
p"'lrcrtt"t energy fu",¿tto!\

Thc T"tql P"ler'fi.l E*rgy

<rnd È =-iO =

{ne
{he

U¡r.llY or.iy
q firi.f,iott df
petfïon

t5

.- -.>
ãË

\- ---
F = -Ít)

!)=U(ñ)"
v,te nqy otso wrtt" n.... 

¡ t'':*f*
u(f)=-!|f,n,),¿i' +uG)

:Êf *here qrc noüy ûqglt ocft,g o-r\ q^

porïìcle .[ ñ ,1,Ê; *r ñ] vrhi"i qr" oll
(pnservqtìve we mqy r,Jf Ëe.

Ë =-i..,f\Ptil:t"lr'gl"
u(ñ) = ?u.(È)



âi"gle .P"c'tîole Enecqslics .d,

Totol Enervy ( Tdt"l $4ech*lcq[ Energy)

W" hove sho,orn prevìoosly +hdt +he

dìfPerrdiol change 1r',' Kìn¿hc' ul.rgy 
- 
whev,

a portìde movei frorn î *o i i âÈ ìs

ôT= Sat = ("?.V)dt = Ë,¿È

The change in U(È) is jus* {h¿ tot \
dtFîere¡ilo,\

dU= # u* *$dy +H.¿r= i'u.dì

ffwe deftnr E=J+U the,..

dE= (F+îu)'aÈ

or, foc consew.ifìYe f.cøts, cÀË= o

1' l-he enef?y I s consefvu.À 
n

E Îs q .or,;tq'# dF mdh'on,



Sir,g! Po¡t;"t Enrqrøhrs .o^{.

Ï.. Oep"nåur'f P;t ',-[ìol Enersy È = - lu (ftl)

\'le essurn"Å when decivtnq *h.
(¡nãecvqtìont 6f energy +hdt l{i" sySteta wors

indepe^åe*t of fìrn e.'The cholcs oF Jh.
oclqi;., df *l'ne ls ìccelevq'¡t qr,d tf ws JhKe<' t -7 f + 

T."h 
physbs is -fhe sqme¡

##
prtl.lc

\^/hqt

Then

brt

iF Q = UCit)?
drr= F- ¿È

dU=

+ dE = (F+lu)-Åî +Hdl

E=
'.

Energy df

N¡tc U(i,+) \
f U(i,t+c)

iu.¿ì *#*t

o

ls not conftq,it.



l'4ony Porlî.le Enuc.0u+i..s.

enefgy of
P Cqn

ìnteroclìo n
ioles cÀ qnô

fltt"r
(

I

/

I

L
Clqìrn i -[he

pocl

lnValCtqncg

.d

gap = t¿f û, - Ë)
Thï s f"[ows fco- th¿ lrqnttcition

Foc o sptetn o'F N p"ct iole5 l"but'å
{= I,Zt}', c,- , N

Kì neti.

T= ?T^

Enecay

= 2 år..ü'
cl.F

F.r',.tiort of 3t.t couporns
6f wloc,i{y. (ñ<1ro[!r, o¡nly

lrl m.¡ni'L,&t)

q pair of
be wcitt"n qs

of -the sy:lern,

.B



P"ctiol. Et ". "tì.s .orî1.

The fomæ, ot1 Pclcti¿le o\ oç P...-
ir just the qiqotìe't ü oc V;
rti*h ceso"¿t J"" -Fhe pq.-li"!! '

coo r4ìn¡tJs (potìtìon) F". or ñ "f U"p

ie. f=&Î-&.î+*^Ê

Notlcu Ê, =
Nerilo'rts

.¡

=-%

.->

F¿

aa\
L¡
LF

= - Vo u*Ê (ñ - Ë)

U..p (ñ-ñ) = V-u*(i - "

'¡¡Ç Fp bY the cLqi'" cdt !

fl.irâ Ì^w

An aåå,-tìor, *he *hìs ìtitem^l interonctian
enerey eqoh p.digte ryy be sobjeøt -fo

e*1ä^\ conservclìve fo'cç,ss dtsccìbect' by
ûr. e>cterna\ p-tertrø\ Uio (f¡

uü-(È, -ñ)
+ (-lf*t CA)
* u;o (Fo)

" ?-Po¡t;ote Pole,õtì.^l: U(ñ,È)=



vúheçe

,l4ony Po¡:ficle lnecgetics .o4
l

,

Tt1bt P"t""t;"1 fr,rcay

U= U'* + u"*l
lotrl ' T"t¡l
Î*tr¡r,l Egtr¡r.o.l

u*= ?u."*(Ê)
Ud= ?ft^u.pcn - ñ)

lr¡¡r oVef
fistl¡cl peh3

¿

Fu',¿tior, "f 3n co.rpttarts

of porillon.

The fücce ov\ *he d.*

-¡å
E= -Vu

p"r'lïcle ì s ù"sT



14on Poctì"[e Enec etirs cow{.

Tltol EnecgY dF *he S7if.'n

T= 1å'*ü
dT= S*= 4 'n*ü,,ü¿t
{f = 4 Ê.dñ

!)= U(ï,L, ,n.,4-)

du= 4üu-dÈ
>7 dÊ = d(r+u) = ? fË* üu)-dì

dÊ=Ò

Tol,.lEncr9/ E=-f +U .*t1ut



uid= ?kup(ñ-ñ)
v,rhere für " iÀüån boåy rnqd,e yp.

cs qtoms ñ cepreõvt the hrrtion of *he
Xn f^ø[ qs -the' ìntero,rtorrtlc ' ôcc.s qfe

. l4qny- Poctiole Eneclutl.s ron{,-

Bodirs

In g"netol, s,e hqvc

,us,ro[þ 'cotfro\ *" ho,ve

, u'd? ?fuu"p(lÈ-il)
' Ufil onþ o fü^õtlor. of ftre
.

B"{, by Aøft"r*lon, 'the rolAtfue
{he' *1o*" ln cô ÑÈConaTcrrrt t-i$id

:. U t'rt ìs
rigid W'' lgnoce4

.ort*^rçt 6r cr

loody otrd "\qy be

4toø0,

tt-iT
seoqntian of
boÅy ts



Mon Po.tìole Ën tirs .o,il.

Averoge T;f"l Kinott. Enrrgy
Av".oi" T|tut Po*etiol f"öf

V(r) = C r-n*t

ìe. -l-T=-äV
'- 4f=V

The Viriol Th.o.em

Rel"*us
cÀncl

-fhe *horun shals5 , foc

6n"vtly

Hqcrnonìc

Os"¡tt¿boc

úotal 'h' ls ñOT nu-b¿r rf p"ftit[ts
N , 'h" iç *he depanden"e

crî *he {ocæ lqw on

d.ìstqrro¿, nh= -L' Eî tlç' frct¿

-ñ 'tlrls h *h-t

T= +Vr/ ü'*.1','1,,

I l^¡a-z

-7 lz1= I



Mon., Porticle E.necaotr'rs rodt.

Pcoof : Th" Viciql Theorem

Le+

Then

G= ¿- !¡, .¡

î P*'ti oL-ï, *, N

d6 c. å +
Atr = (q'Pq +

Foc -the fie+ {ertn nolire

AÊ'Ë^ = Zqt'i =T
while fo" *he seconst {.¡^ ./-_--.-) vic¡al

?Fr e.. = # 
rF crqo¡ivs

5o #=zT + 7E-ñ
LgTs d"fine *he -tì^e -overôoe

-!:
l--\¡ôe * JïåFu = 2T + ãe.A #

d{=
.âe.
d+Brb = t t 6Cr) - Ê,.C")] --? Ò iF e,Ct) lrou,,tc.{

- t?* Çperioåtarfor inítenæ)



V/e

-F.t-l-

-fh,r s hqvg

E à?Eã
..t j..¡ Coa¡¡rvo¡{ri? ñcce¡
F4 = 'F VnU

Now Ìî U*p d lñ - Ëlot* Q= ?#"
we ¡noy show lhtt ?3"u'ñ, = (ntl)U

.'. T=*O



l*4otion in One Dìrensìon

Consìåer q

Sôme My)
forwocd oc

dìr¿ctlon.

prtìcle (ot rrone

G onstcqîned to
bacK wqc.l alo n9

genucolly
movg
q single

9rq¿

L*hin 4-

"rr.*tJ
Tn general

â, bút ì,\,e

coardinale

*hit æ,Jâ be q'ry dic¿tion
¡Ìrw orr ws[[ efnoo Se OoC

t/.r Ço -th"1 ff = 1.

The d'dt "f {his sysïetn of soms

*ìre T i: conn plelet¡ 
' 

charo,c-leciz e.l
by the sìngle 'coordín;te X, whiøh

ii 1. posì{ìor, of .*he partiole, and
rls *ìmi !,erivoçtìve X.

ñD= x(+) ì )
F= *({) i I

vì" c¡n
ulroræ

yrtL=6
brLo Cr

Jn eTuitlon 5l



Motion in One Dì"rn¡ìon cr$.

Tn lD mF=P''È

:ìnplìffos-|o rni= É"= E

or drofet! sobocfi¡Í$s... tn ii = Ê = F

T^ Aenero.l .ile hr*ve, P = F (x, x.r*), ^b.tl lc*s f ;rst contidec conseevCtive tbrces
of +l''e ficrt P= F(X)

Tn *his c.^se we hove

p= -H !rå*
where $= U (x) is +l.e lD p.tr"+t.l

energf frt ¿tim.



Ylotion ìn One Dìmettsion *rr{.

A s J"D rnotion în o con6e cvqtlve

f.cce f¡"t¿ ìs q special cqse dP 3D
rnation v{e Know thdl {he

To*.1 or.erly E = T+U

is q c¡"sl""t õfl nnotion. Whece 'tlte
f instlc. energy ìs !ù5t

-1- I tL t

I - zlt't k- ñc 10.

As *he Kìnøilc enofg) ls or po6ftì{e
deti"t+e øuowtìty r{e KrÅow *he motìonr
ìs su bi "h 'h' the constrqtnl conJìfìovr

E

f.c ony pole"ti"t U Cx).

Thts Knowleåge ls v.ry Fwerfrl.



l"1o*ìon One Di*en sìon øril.in

Exonple : Po i'.t chqcqe +q

in eleo{iì" fút4
rç[ {he oclg,ïn.

conftcqined\ +"
df ohocXe + Q

?t)
- 

(b 

-

-?x

¡4- oris
f¡reÅ

'¡J¿ (now

-t
+v

Ëoo=# ç I
* Fcxl =çlcç

ucx)=dã+

lltr.hUCx)
azq



[otìonjn Qæ-Dìre"s-iott co'it

Ëxo'''ple: t-lcrmonic Osoìtl #, /14"o ôh Sft'y

-Ltt

Ëcv:= - kx *

F (x)' - KX

,Cx) = årx.

=7

vtle Knoru

¡
--< -F- -- - - -

a

I
a
¡
a

I
a

I
I
¡
I
tt
¡
I
I
¡

5o

f
',

! e: ?kqa
--{----'

J
a
a

:

a.àÉr

KaT

¡
\I¡tì¡

-al -t -L



Ylofio"' ìn One Dìren¡¡0"' æ!t

Foc o gsrc',cql potr;tiql U (^x)

-------
E:S

¡ Ê,:tâ
! -or - - --. ----o-o--oQoTfc -f .- - . Q a.

Êr?A

- -- - -

---t-
I

---- ---l-
¡ t\

¡¡¡¡i-l¡¡
ll

- - . - l- -;-
It

t

ensfqv E

of üi+;orr.

pohds X+ ãooh +h"üt

=l x+ = u-r (e)

qçe

of *herno*iovr. Whf
Knorn¡n qs *he clo:sìcel f.,crring po!ils

Vx *hen T(o

d¿tecrnìnes the

f = U(x"

The vqlue df *he
q[ owed

The

rqnge

uEl "f

E 4UCx)
+No

I r\-/r I I

N.rle: Ïf
sotùtio'n



l*4dtìon in On. Di.sr,sì¿n corì$.

E = år k'+ U(!

* Jã {F- uc-l

ãir,¿e "=årv.l+uCf) WE

Vo

In qJ.J.ttio" Jb qtlorn rnq *he
of the cqnqe oF .otlo,^', *h.
rF enerqv ällows us {o ft"¿\
áol,uTìon, "áF *he vr,o*ion foc aD

de*ec.rnr^oitlo^
cohserydfion

#r c:r pløte
s¡ítems.

T

L 
"holcc 

af tign dopcnd.ú oh
4hcc*lon ûf no*lon.

tt=

Notlce +h"ft ttu c,rnffq"il's
describe *he motion

t(! -t("J = r,,E Jffi,
Yúe hove *(x) *h" inverse f*¿llon
x(+)

gNov.l

à

Tf
tl5

E qnot y"

cottl
er,n[ Khove eltrolly rrs?¿


