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The theme of Malk 57574 b grasp the nalure of the
world, MPWW‘MZ,eXMmWf&%@Lﬂof%WP/
gravililion, wtick & e subicl in this Hieme.

A) To dewelop this, owr Uinking musl slorl wil K informalion
veceived from e world
Inthe case of gravilalion this informalim i in He dpecific form. of He
louws of molion of boclizs. Bi precioelyy in lovmé of the olierved
molim o, lodies Ukl one armives af the concepl” yravilaton!
Mwegwm[él %MW’%%(MW%%
inlegralion of a conslellolim o concepls cack ome whick s formed b
process of ‘measuremend omissian \ootnole{ %&/Dmoc&ks of concepd
Jormalion a process of measurement omission” %Ae)?béh@zm/w%d//—/épaf
choplora (‘Concept Fsrmallin Jin. “brodsclin to Offsctinsl Gristomotigy
by dyn Rond ; oo summarnized in the %A on pages /57-159.f
binds of moimso bodis ind Hom singng it o porticalir Gype whek s difiront fon
M the vesl .3, the motion of e momn, or o folling appls as compared b pusking a LotV
makes il move. The conmaoe fealives ok porticalaryes il Lype of molim s are the
Aaraclorislic imprints, the sipnitive ol pranslellin inparths 1o the molim. of bodics,
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chief molimlong force for te mallomatyalin ¢ ‘mallomadtcal frrmibalion) of o bisos

of mollim. W s becanse Uiy are Ue promior Loot for clontifying. whad gravelallion . Huras
Golloor, Hoploo; Nowtors, Einalie and oars shs; cack in i swn. wasy mallomallyes graviZion
it owrn. wagy
T (E pursimoove— “Andyet it moves)

ndependence of HorigonZel and Vertical Matiom.!

Using the exporimontsl meliod in stidying the molim of « proectie, Geliler found ts
Ronigonlal and ils vorlical motim. ave indepertdont: of cack ot foom
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2, W%a@éaﬂz&ﬂz:%
a) %M@M =iXZ?'ﬂne
Y Uortical distance = L 2~ (time) ™
Comment 1|
L e fact thal Uhe firrizalsll velocly is consliad s a special case of
Ue lansr of inerlial omollion of bodics ("Newlon's 1% bassr of moticon)
2. JZ_W%&CWM@ on WMMW@W@

the lime, of tranel of te body (<point purlicle)
1. | Keplors| "Keplers 3 duws of plandlany motim!
From Tycho Brate’s direct disrvalims Heplor: by inductive
reassming ( from te purtenlor 1o the gonarall ) malfemaliyed themoliom

) L. 3.
%% o
Areal|velocity = constant E||¥ptic orbit 1-2-3 law

(}:LW L2 J{/ef»&/r’/s 3 Lows %@ZW@ molion. The corstant G in Ky 1-2-3 b 5 Newoms
WMZ;/Z(:%JM G= ’5))000 (6;)"('5&);: /5)00(()1000 (5226)3, .




2. Plandl) Lranel in llpsas, willl e sum. o me of their foct.
3 G<(Mass J%Sm):(ﬁd)%@%%‘ax@s P i[gf/&/rw 1-2-3 Lo %mp/@ @
GM'= &' (1)
Comments Wethoult Keplow s Horculoam work of extracting £s 5 malkomalical bous from Gcho Brake's astromomicall
oliorvadins, il is doaklifolt Ral Noowlon could e formuboded Fis loser of wniromsal grapitalionin
stk bt v (See Lecture 0 for honr Fo oliimend Hiislour from Keplor's 3 bamn)
. Univorsal Law of Growilatio.

(W‘A molion of bodizs)+ (Local veclsr caleadus) (Tf:m j;f)+(f<e7wé/r}53£m (,}f/g@,,zz;ymjﬂ;ﬂL
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Exercise (Newlms b of gronilation)
fhow Hhal
[Keplors s laws] D2 (powtiorce fuld )= 243
Commenl 1.2
Thowing the implicaliom > olaits ady difforndial calealius (See P10 of Lecline o\ fortnote |
Being ondemic lo a cllived phyaceist v malklomallieion, His b oo done in 050°4 MR 11314
amd %‘51,}.)
Commeemt /.3
Hing: e ionplialion "= s mare Aollinging malfomalically Hisis becanse lonti
indegral caleuts
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NMQW/@MWYJMM one /eff Stwosp:
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(1) Whereas Keplor and Colileo molllomalized mollom in Lorms of g lbal geomatrical fipurss
(ellipses, purabotns, o), Newlon, %MI/I? inlyodiced the coreapl of mass and F=ma, did s
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infirms of boealy defired diglerntinl epalims suwikas We loxedl Eg.(.3) o page 14, o

more genorally

Y X=X ()
Wil = = e 63 M, (X% |f3 &

MI/KE/W W%MW@’L 7[o¢ae/_s due Lo

masses Mot %(8), My al %) .
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Comment 1.5
Q:What & the /é/ymcé geﬁvem/\/wlén’/ﬁ Mémfr
1o Nepler amd Galileo?
A: Galiloor and Keplers gomelricl  fiures malhometize the motim. of
bodses inemaliially, ie.willloat ony referonces & their mecssss. By condral; Noston's pastins
IT. Eu&yf,LaW,//@n&%ﬂ
% lime indorval belueon. Nowton and Einaloin (17%6 % and 19 % conliony) was marked b e M-
mxmf%% ﬂsz”%Wﬁm@E@wayM%Wméémo/
Wmé%«%ﬁwﬁ;&ﬂ»j% Newdom o veclorial epualons of molim sk the muck easior Lk of
extremiying o scalrinlogral, e "ackion'of the meckunial syalim,

j(K_E.—PE,)JLL = exUremum! (14)

wilk the Mn/bﬁ'caﬁ’mz Yol g{’{CK_ErP.E.)a&} 0 (/,5)

The main virlue of thi formulition of the classical luos of molim s thot e aclin. of o
maéwuoa/,ﬁ?ogm () Ba Scalar and (i) e e exlremum of thia acalarr i indepondint of



Uhe choice of coordimales wed 1o descrile lhe meckinical syslbm. I me reespresses
Uhe Lagrangion K.E-FE. inloms of difform? coovdinales, ten te resulling
Eulor-Lag range qualid of molion (whise dolilbim extremiyes e aclion) sell
describes Lo sam e mechnicd sydlem, bull reloive lothe new selof comdimales.

QL Whatis e phapical srigin of Hamillowts Rinciple o formudiled 8 Logranpe 2
At: e W—MW éac/mf léZZd/D/}”MLC%é & ptwen on PI-7 of the
allached Apperddix "L agrangiom Mechanccs amd Lhe 5-Body. Prottom.
Q2 Jsit prssille 1o give anon-toivirk applicaliom of%/ymzc?aée
A2 Yoo, Beges 7-25 in lhe dllacked Appondis devello Uhe lheory of the @) 'Reotricled 5-Body
Protlorn'and ¢ lhe motima orged partile in e orossad olocti-magneli

MV/Q magmelron, whih s used in radar and microuwave ovens
Y. Emwém’z
By Uhe lime Ecnollin slorled exumining Ho concad™ " g ranilolion! e Hadal
%da/%t?m/{ima/%n made excellonl use o% the Zf@ O/WJD%MQW

%lﬂ?fefw{a@@ Using Mﬁ%/}ﬁm&ﬁé nféaAZLach,ée?wZé/

Jde = [V, 00 dcde (16)
nfa worldline belween lwo P/b@né; and Ueem. poinded ol thal éémeﬁuzamn-ﬁaé(
j,,,(x) dxr®dx” ( /. 7)
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W Ecnalein applicd Hamlin’s Z}M%Macfan/cawza?aé, Eq.(1.5) on pege 1.5} o



S{ﬁ/—jﬂvw dede'}=0 (18) @

We tas oblained N
%Lja[’zp %"(%ﬂo , M-01,2,3. (1.9
%A%m shall see,
@ reduce 1o Newlons Ey, (12) on page 4,
M st ;l(—:z:ﬁ TPy e 7?—3%—‘—2@_/’?"‘)= 0) (l.]o)

in lermd nf%e Newtsniam f#mmﬁima[ﬁofmzﬁag CéW,Z (% )\ foolnole { The uni3
0{ 9/9?,,% are energy /masd so 2hal 95*25‘”" 8 Wm} and
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() express the imprinds of granidetion on the molin of bodis in te form
ofavy/eoﬁledc slales ofma*ﬁmz o a goue%emm%ﬁ/w%a meelrcc
lonsor ficld, and Komce
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