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Tc1i k'o L&IU%d OF JI ap GILL it~MTIVIILr! 

Sw as rr  The ua~tr^ix formalism for special relativity will be used to develop a Lorentz 
i.fV€i. Taut 5y' terl taL- fi.::r. JIGS Frp)1t6able to `-=!a3' e1 its tlon 

to xi LL .odLee, :: ; the aye a acn to a cenoniO,1 form 11 not be considered, 
auii e  ,rl ieatioxcss 'if Ott Gxpet i u3.tal v i  ion of tue rw;ul G₹ obtained 
will only oriefly be dealt witz htresss will be laic t oa&ou;• oss he 
ai~rt i.ozxnve of 4-vectors rind their oorn.oxi.an with he ba.  ie principle of 
:ipfie`+J. t'.eLatI,'rit j. 

In a pteviOu3 &Shale ( t*1ir>'.ns_Grcati.on cf Co..orainnteo in Special iel.aitivity", 

referred to nerenfter as U)) it u ae sewn tit, -vith a i o io oneoue and isotro i e 
defirxitiun of iriewtisil fraaata uaseu on aauc:tiueuu , :aoiuetr, , .: n to a'a i'sinaiple of 
Spci~, i:ei atiirity ikSbi#s to a b+tez`i.l.i3uiar rule its «ne transformation of oe..titne 
oo-or:ii natei7 btwetnu:wctieu fx ase s in a seat xematieal 4Mspaoe in wnioln a aoe•ti ;te 
events are reyressentea by veoLra witA co onents (ict,x,y,a), t±ie tranefor ation between 
two fraazsea in staana&xd cauf L zu'ation ass sizirsn to be reaiisect in the 4 x 4 orL o nal 
matrix 

ivFJo 1 O 

0 U 

wiiicri .ufinea ruuu:tion in ie 3o lax :`r-t plan, tr.; 
A smtisi yin A aro tan(v/ic) . (See (I), Y j) 

It w s also siAOW : in ( I) , a3 a prei.i nary i,o t  y i atl~n of t nu ;matrix CL), 
tnat to C3orru f~oxuALrL O.~i~ O3?Oftei.L0 

G r•«jl3 ay.'+ "par ietrio" an4e 

in two ;i nertiai. fra less S ad a' satisfy 

y 

axe + €iy ̀ + ,332 »® 
2

ilt2 = cix.' • y' Z + - c2dt ' 2

y1t@ eaZA ixorafure iefine a dif~rc utial ii3:nt .ty

d32 2 ♦ # e ~ te~dta
7 

00 that us is". The differential da is hen setd to be i lvuriant under a Lorentz 
tr .nsfor ation uetwuen rvferenoo frame-j, or siurr s wily, Lorentz t;ivari at, It is called 
he intex'vaJ uotween two events :q wse spaoo-tine co-ordinates differ by he differentials 
dx, dy t , ut. tae iapor t.wico 07. 5UO.F1 i~orontz iva Sian - qu€a :ti tie: s to `taa theory ry io 
par aslsauar . an rer ereuce to tue basic principle of Specz-,al l elati pity will 3iluw. . 

It is c ©f the principle of Specia i'olat ivity as tested in (I) 
that all iner^ti.:1 fraiss rw a .tvalt t iar to or!z~la Lion of sical l t,rs, by wnich we 
!Wean that tae nay of pL sicss tit take tae same ferry in nil such frame:. gut if the 
tr nsforA a ion of uo-o.dixiate from frame to frame in socoialisaed by the rnt ix (L), `t 
follows tnat inc laws of , sics i u w :cpreasible in ,Er•.:s wnicii are i vari x t under 
tue trans .oru.t:ion (L) . Tne onstruv ,ior of Lorentz iry i wt u.n ti' ieo as he so lars of 
the theory is trerefore a pri. y tussle. 

Suppose we define i veoior ;wuiiity v in au i.z;F=rti41 frE:me S, clze x as we defined 
he vector representing an c3vent in (x), i.e. v is e. vaotor with four colaponents in tiro 
resat. satieuL 4-space in it cn ire ass Acv&.vpit& wie theory. appose further that v' 
represents the s; uc vector auasiity referred to the ooa-orltu. to i rsten of a suco adi iaGrti al 
frame S' . In c oncral v' will !;e reiE,ted io v in an arbitrary r ues, but for oertain types 
of vector, tue lu of ora ion b t.ieen v and v' will be v (L)v, i.e. u o sane as 
for tae event-vectors X, X'Ø A.sy vector v mvixi hiS tr x ration property will be 
tercel a 4»veotor renoofortn, in keeprine with oonvoutioral usa •e (pernaps sliuntly 
uniortatiatt as it leaves us no siisplo na 4e for vector jui.TL"ities not transforming in th is 

wary). It will rte:  -oily be apparent that xre s:soudd also seek to foatsulate pnysical laws in 

terms of 4..vc otora as well as invariants; suppose as pazysical idoa was repro..ented in a 



2. 

fraaae 3 by tAo equation v a 0, walorc v is as 4-vootor. Then he Lorentz trarwforznation of 
tx is equation uld , ieid (L)v a 0. If (a~)v v', we £~avo v' = 0, so t1aat tie law would 
have the sr e foii in ay ut3:<:w :`.r.a- °ti c,i Jt i i .iAics v' 3orrepoAuod to v, the 
law would

~ 

; a&ve~ i
}~e 

same fora m
y  

all iner_°tia? 
( 

€r°a aes
(,~ 

as~the tr n or —tio bct=rccn ar y one 
free iuit1 w y o.MI er ca ig be N+ p`fYfJY~r~ in a i .1{firi  Ìruoa f+& (L) . 

Z2q r equation involvij oily 4-vectors ad i.orentc irw •*Ants will 
ai  .ts fora ur a€ r a Lore rtc t.~ .nu>at ~ atipt . C ~>tL.:: ,E tL .or a ;~plo a possible 
p= sx.ca i law dv/de m 0, were v ie a 4-vector and d: ts the invaric nt dif_ erential of 
Yaa a 1. Under a Lorontz t:. t neforcnatcr, ttiie liar becoru3s d(L)v/c:i' a dv'/ds' a 0. Ac ds = 

ds', iK3i3 i:Y is of in  a LL i z`wiui La't s1Fa. 

Our xi: sett i.a therefore t.:t of diorrveri Lo er't ixavt x iants (scalars) end 
4-ve~ tors in th e of LJ.aa aye mom, write tine la' of pay►sies in he cUAO fora for all 
inert ::l frame u. (It _:z y be eA ulred at this o n t aer or urt o should aiso concern 
ouroslvoe %jth net :ai nest order in tnis ajo r3iic.l 3oaene of qantities, viz. 

aeon cort of 4-ten©ore > L1 E, definition of qt titles vjt a as propez'1 y of tcnsor tr aisformatim ,. 
in icarents fors» is i 4ee . ible, out `s not required for Ica a ioa. hie topio will 
aoocr in"Iy by lcutjoard wat,il a Iab • ar' Tole (in repuationj on special c•elativistio 
4ectrod a• vs) . 

It will be convenient, in xture to denote 1orentz invariants ;ind 4.. ector~i by 
aapihl loti rs, o.w. di, ', to dtsti' uia thei from ot.ier daaat;icioe~. 

Let us crow attempt to acna~ j •izot a 4-vsvtor ana1 otw to t ie velocity vector 
of non•►relati;rLin is t ieo y . By oo.~ rieon wit tx form dç/dt of ordinary vteu -iaanios, we 
ra3, ,y souk to Us ie tn .00 oy . s d i/dt, why X is . e ooluaaYi with to :s jot, x, y, I. 
T'ieia ve ota uJ4 4i:-Aere orc =at'o cc►nkcx ezA,5 is, dx/Li, dyi dt, dWdt . Insp•3otzon wows that 
it is not a 4-vector however, for aaltxiowja X is a for-vet-tor, tit in not an tnsrartrint 
differential, i.e. dt oc .zu'P. `c 1 at' w_iezc we vra naJorn fron 8rao 5 to some ' . TLus wr 
c n soe the ctiffio4%y looming up that our iii3wn-reaietiws'cio la ji o;: PieO:iaraio) UV.y need to 
be t tensivel; re-cast, a rnis vector w.aioa nas failed to tv u lee 4..veoiur e~.•olx3vty 
contains the U L iiva•ry" velocity as tree of ita oor~ppaents. a must look for some 
differential invariant dT, o di, a3~ine ' = dx/dl,' as the 4-
velocity. 2

Conejuer the untity ds . Zt 3+ .ice positive, hero, or negative, a000rding to 
inc : ntic,nu eutvinin' t;etween ex, a yr, dz; at. Ii it is positive g b: , cry, d, apt are nuti that 
two events ants so ratea y t se uiff:'t.renti& s c:~sac.ot p ca i2ii.,i.; biz ilkuin.i tuu uy tee sasx 
fLL.a of lira. Also, as us is an inva. iant, 45, here can se no frame in ioh dx, dy, 
and dz arc a1. . hero. ..e c is thca efore an e.~centilly cpa -oe-like c _ .r , ttei k) th e inT,erval 
45 wen it is gru ,zer tan zoro, and 9uozI an 7 n~erval is oonver t i.on l c ilud in fact a 
"spaces-iise" urn :vu. If an no otile,r nand, d - is less th an zero, t_scro ea be no frale 
in  W . 11 &it (1, At tti.~eu' 3.iiut:: gal uS :c C 3..t.itili a t' i Lke'° 1rstoa.'Yl. ¶L0 brim, out is 
idea, let u ..t1 

d;i1  w - Et
2

t~J`~ 

thereby uc °iz ar a riff es ei tit l d.T . As cS is an iv .ria xn ~, and so is o (ril:ich should 
strictly be itten G in that case, i it will be left its v as tf: sole e~ enption to 
he capital rule), d'1 is an invariant. If 452 is nef;ative; so tua dS is iii ainnary, dT2
is positive, so that d11 is real.. Thus, for as t ie-line e rote vel € E is z. real quartity, 
and we a ti l:U.e pre erty in talc s n".l to aic;Yaif'ia noe of ds.' sore clearly, 
consider a j. tics t:'•ovir ; wit .R velocity v in act inertial Fran S. Tien, for that pa rtioie, 

v2+ t Z $rte + $y + e~Z 

2 2 2 2. 2 2 2 2 
T :ear ; o: •c we o- .n w rite oxc t ~y +& - c Gt e` ( v - o ) ct 

In tao ii: i c e& --) dx, etc., (v2 - v2)dt2 a - a2d.T2 t~erefore 

di s (3.dT 

auc d'1 . ppear s a the time-differential measured on a cloak at rest in the rest rw;ae of 
he par tiiclo, oor1E ocperidinW to the ti:o ui forekatial dt in tue er'i 'i nni t var i _ :fir^ i n 



acooi c 27 1. terited i;;&o cifi'erential ©f "pe,oper tL'io" . The likeiioct oai2 LtcL ate for tn.e 
roi of 4-vo10 ity is t ierofore 

Y 

were X id d 're c r± :'nad as above. 

lu E sk•ict.Ly t wo: ,y, :','e o a aee t mt tue aooe1.e~'ation av ° efinsd is 
urci . +ii :.zi : it i.oa tiu it trwi~s3 c bite t: ,rantz m p.tri a : and j i t 'ereg ore not a 4-
veator. le osu nowever cx>nstraot a vector to be aal.lei the A••a« oe1e.rrt,ion ea 

tt_ 

ci exoot1y tug; S C &a:.= Uueut a:: . )JVO, s.1. taat Y is a Q••veacor air ady, ;'nd tt,at dT is 
an inv c. tt

Before b iij . raw o: tha Tn^jn topio of this tic ion, it La
to recapitulate or tide nature of t o prowl ri in rba d. 

i.) U wen c:it 4r s1 a oR itc is i L riz ( ~+) for top-ord.3 nateu oets' ti en ar.y 1wo 

ine~-ti.: fra;ao z ' e u o ac; i . u to oaot tie lasni Oa tuoa uaniau i n a a orta 

tO 013 G."3r.Zi01i> 

is } in arw.a tct 3o t.~i.a :.a .:...ix 3 iiccuo ©i' iuvarMnt dixieron ia1n and 
4-vectors, o tncs* Gx c on t awe tie r: ii t tranaror:1at10n ope i ie8. 

aii) l.e iap*: ,to rccc v r tub fav a, awe of zsou.relativ3.stio ,s00 riiiC$ i« tit 
limit i.i L X O11 vcsioc:,tiss. 

iv) `:'aie . .i 4.. is te,yt o:: t: t i it u n to be i t e $uoru in prE 3.a tang tue 
re: uL tis of e~.perL .wi V 

As a uiue to atnfyin iii) bone in •fit^ f3z 1 r  alt, ye iL atte pt to 
m ice the laws as sor1.liy ai ±] r to uo&I0 of n i. elf.t i.vi ti.a xy1l;C'iL .oa 5 o)ible . 
The e~ tert to w i o i tor.iW :. siwiiarit1 on be ao ieve .t iiile iu,Jntain overs.0 iaorentz 
invariance cannot be vn-ticipeted - 1t turiia out in fact that certain sp cdus of he non -

relativistic taeory n.re ?loseiy paraicled in tip : ► a -ti °.i in

.BoSI+'r t u!Y'v.c,Ljo i[it313r niCo ttofiec th e "ioroo aotLsi, all & yiY 2 u1olo in terns 

of tine aoa~le . L Lo < ;viu it eci u y t;.ta partioie ° s io ivu . T, ~o ae inition is auto pli ;ued 
t lrou i it ,Lie C.yi;a ;t ic 

r 1 

w~i~ru a is t_.e z.creieration ai s it a deer41i v  bie conutsnt proper to quo j;0x ticle. The 
same p,,ro cu t9 U.1 be a:iopte t .ere, o tat n: ck . i. e v e 4  3re t

Yif ll~i$'t3 f J.s txyve, and I in  a ecalar. or M to re ; 2^ otr~lris'w3 a of Ie Y{. 'tidl a and 

in no may o:at x; oteristi,o fcf to'ie free of r .erenoe we im t now assert tna_t M va to be an 
invariant. The j r. cise n&.t a of ! wili i.'e o ie 3 j rsnt .ater, ..anti ii i tilt titan to tit 
flan-rc:3:Ltivi:3tLO rn : .i c, ssr tio ott tn  it ws to r ariat au 4'6i8raot~' nvrxri~uit 
somehow oar .oter aNto Of t10 o rricie. :.j!arla, ktj xt.ela„y iiiti non-nett tivis~io 
aec uics y we s gal l lat~el t;;u; 4-vex;tor 2 = MV as '4-a  tw" ar -cue ira eta tz to . 

xl ►t: re.Lv&io w.iip en i.ae. a .t. W a3 i io.'s5 c Uie f iiar .}1it4li`?;ttie8 of 
non-re1 xbtiv.iJtie :.(3 Sitae is nokT tiv9~ ` .lave' 3.irf~t to qu i ,ity t/dt, 

w Loot, w  kext s ax'.0 er,, be r i 3 J,e A tiosi 6U .Gd3ta " -vt r►oit v s, 

dt 3T'dt 

Y s  iv in is eecond, t 4rii anti fallrtki ot~poneu acs . 
It folios £ro.a t4s that F a M7 a tv, in its oond, t:,tird, ui;i fowth ooalxuienGs. 

taow trio non-reltiv stio € ntuzii", p, is mv, and as v ») A, --) 1, so 
taint P --) blv, in its setona, tiird, and i o th o uuponents . a osn tuere ore say that the 
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invariant ) repre .ents to maaa of t ce particle as doter.sine d 
in~ 

tsh
particle.

e frame *1whio i it  is 
at rt it. s . .1 Aa b:1ei!. y'i'Vre loci the "p*oper 3aDa8" or "rest-masa" ci hfi particle. Th e 

pro*r uie iu eie;ri;r to be idc;ntii'ied s7itn the "non-z,elattvie₹ic" mase a :.ppropri ce 
to oraliw- j co .rips, RUI WO'93fl v:1On 5t11 that tac aecOnci, t~ilyd, and fourth oouporieaato 
of tine - .:ia . bum miay be obtained. from the ordinary 3-velocity by mQltiY,lication, not by m, 
ate in . m is iv~ia a - to i i , t t o a 
ar csl a in rel€~t i b3.e mai: w;.~ :~: cr.3 is a twlaoi'cy- en ion nt$ty m( v) (i) * if one 

isirbi t~ t>n us iv, .~e
y

z~ i~- •c~►1a iva.stio 
b 

velua .ty 3-vac- in 
y.  

' i deX ition o . gn aitaF.a. 
Ti h ie ,e u~,t W rt, for <~ po Mule Y* i ..3.' iMO), be nas will ap & i. 

diverga to ei i in i . l;ze ;pis t p iii mt i & lera1eL to v U ociticas n~ ur that of 
li Atz for tt3CtYk }3 beooaes very t Y.Lt. s'iy a i. L:o S til3t lL EfdOOZA pl'o¢~re3ui':tilt' f1arcier 

to aoeclerate p tic1e u.3ito os1j a itc velovibj t. t of l.it; it, :ytrioii in a 
fact re ~ie i.r asp u _:..ivy <~u.r t <a-c, sc>x y pai tio.L a000.learat i ; b3o tino5. '. ter is 
t:serefore a eorrespor. a..ec a.L Jay ebw en t ao:rew .ai; fox ai : motion or th e 4-moaantum 
anu our p: sic a .jt. .'r 1cTt₹T. No v% .J+t sYi L' tuLt in `alati'iity the '  as& is s, an invariant, 
anci the i to c. p u eiif orent ueiniion of w vvmlovi y . ii is bee use a iuiist 
on in to ve.Looity as mea a red in he is uratvey frame that e a •ent of 
particsie is veiociy+t t' 'tnU@llt. 

Lew s aic w .eA4ne 'r he c etinition F , T~.iu vg'inition on be r ; ►rtio 1 ae 
the "l of rc~tios22" of reL tiviat±C It i.Il b of i ~t re ~t c cc ,µin to eo pere 
i.ta n t;xre i.t¢r that of tttf; oorr€-ate inP lu, in rtan-r~ja .i iat:i.c :_r:va°tt :7.CJ

o eve I { ) ( ') =

Jow write I/ f 3& not a 4•'vec vor D O ee  is t'<t & at ?er riaT~t

the m OQZ iw, w:Z l'li, ur ! of tir it1 f he above e STrton vte ter nave 

f Wv) 
whioh bear i a stxii~tng rose colaro to the *fors-r«j1Etivitio law, w -ere tcic cuss Is again 
taken Fie a. function of velcwitiy m(v) ex €ii' A ai ,i., t.- i Ca .ior tae'?, f +u,r"r'T :onda to 

tae ucri-rel tivistiu "fciroe", e note r,=ie:r gnat non-zelrtlMetio "3-roroes", as o ticulated 
in ore me ties fr o, w.xt not e tr~~r ux~~c i to their counterpertr in anotr±or frame by 
tine Lvrentz tr fo iatiora r .i.o usiy to ?ocition co-:..:ciinetes. Inatead, tae quantities 
wsiou are ,1iveu by }  afox in tai say, au 'ono ao ipone =ts of thO 4-vector F. 
roue tue nea of force intrinaic to r~ewtontLnn m. e anios is Y±tid in rciativity. The 
mea lire of a rorce wit-an iae reL i. wvia tie t M Ory is 1`ureu1 for observer. in 3iffercnt 
inert is i frames; in particular, ir two foroe actth ' at ii.terent points 're c i er-eci 
e ual in one met t3a. .tire:, they caill not ueeies arily .+e oen 1t1orod so in a otwcr frame. 
Newtnn's 'l ai.rc3 J r jd. prescrvea in f of tuj for two badie3 in actual contact. 

't2:uua far we avo ecn ac'is -tai i.4 eotd{ Laia.laai"tieEs .et - een n ,-r,.l iv'iutlo 

mecuanioa aua he uarent r..:ia orwin ei aticuw wz•ii a in terms of 4-vuotoru. The on]' 

modifioation of he zs&an-roiativistic i ie - to ere for £ r in tnt parent ca€ pt uienc:e of 
mae+s O!* veiocity, .:i use non-ausoiu` .e sa t GLt ut  . force a3 defined b r 
non.»reiativistio ; so. .niO$. Sup oee fc t t we trI '+o iozm an a cpreauion for the work 
in tern a ow d'.veoCoro. io ydouely to ww, a .cab '* t~ { 3

= i el x ueii;otes th e trt;tlfipo *e of  I) 

ItiOw ~ _ ~Xca+y ~1~ z • G'i~tai~~~I.i:~, ~{~ ass ~~~ ~ froa tie J.tioii of 6r, dT 

1;  as ►roL 'soaiar v4nien...s ieiE;:itieaiy 3n this  taLw...., L• ly i o +3F# , tine 

4-veoiore p at &t are or o clonal (if we "4Mpush" a particle, it "moves" in a "4-direction'' 
ort:,t onel to the "push") ® Tits 3 tra ;o-looisi ' result has a very tntOres ti nj c©nse.iu enoe . 
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As is ortic~ ia3. to &, p/3 must also be ox ;;e;o onal to &, for division by cannot 
rA o aity prueye= t in any inertial fry, eeroly being a nurcber. Thus 

ties foul'+►eil3ieiat~].onal vector f is orG:lt' un&l to Vi1. £ et us aaaote t111 :o i oi.3~1tJYionts of 
tie veotrr f co  a ,_;e fo o. neaats of & (ioet, &, try, z5z) by ft ,fggfy,is. 
then Le oi`"ti ;o J11aaii # of f & can. be Ciri t,eih 

~.;iL4tJt f .rL t f f .&r t f .ôz J 

Now tie quantity f~~tbs + f y .by ~- 3:,.OZ is w t. is me ni n non-relatjvi~t~o r eo~z zi.os by 
the wore bar. 

a t re'ow e : +re twit 

bir 

o fines ft , >ae t4'.:G „iti; of f

~.. _ 
có( L4) on E3;ab'..> CS,'[utio.t for f t

but & is a cij al € , the c ia[ a in er of tnt9 px37C'tiulu, 
tie tot  i iul to 

3o t:.za t 'e :-east y ow a iivaze 

rims is " urteii.'s fa ous atu s•e..eirj Diva tOe, alu ate ppearwo in iio present 
forc i. aunt be r u1Yf t as st evicenoe for the appiiesabiiity of tats eq atioris. In 
terias of 11, we rave 

Mc2(1 - v2,1 ) Mc` t 
v2 

.... 

The seconu tc ra. is tine c,4.f$staaa ox►ra& :ion for t :ie kkiae l:ic cor y, at d we sea ttilat 
relativity ..t.s aueic i to tsars n "rest v y" ::ic2, .ic: ; . is to y virtue 
of its °° ';r aione, xltstj .l ~~►Or( f;X' t!stalu '!3 ` f 4:p , me 'L1,a,.'. of F5.2iF. f:. ire ci:3ki ror ti;) 
total energy of a ps ticlo is :so11 OaraO oait L,y . o: osoo2ic y 3ic5. 

The ♦inal do to be riked in L;iis article in he extension of auese ideas to 
more than on. partiole. i4.s r~yuirea a further postulate, n .suety he o noz ry tton of total 
/~•! }t i#ais , Li and in uEwr'F3otioxie. for t ei if te s ' of it x r.d i  r* +rol1t p s is a t'~ EiR GE;T1t, 
in t >. ta 4i l: framr3, t45 +3Um of all he p' vectors is r,t V 1red by J o? ore 

sum of all file .k vectors, oaon f tr ufor U   ";YLt; oa n z irs' tea 3io~'aiation. Inas 

if the stun of all the P vectors in constant in one frasao, he sip of all glue P' vectors 
must be a coc.≥; want in tie other frf': ae, fo :: tie z rerit trans z~stio of #, Cx)nstatzt asn 

only F4ve anat,.,ec ( tucu gssL lir dif{'r »ent) c orwt&;t . Tie co a ono is of P eXe, by 
ins~ectio:t i (i i, Md /dt, 3Ldy/c t o Bc3~fdt), so tk'nt the postal :t►o of oonserv&iian ox' 
4••}aon ~zztum is,:1Ls bat.: tnc ca; va ion at 3 oritun end tuae conservation of ws, (waere 
the veiiluSit; -t1een tent ria :s:'4 is to be u i ad) in iu►n-t'e.latjv e.s'uil  iics . This postal : to 
then enables a, canplc to syet of t rr be :zet u~ , inoluai;g; ;x:e effects of au1iisione. 
This 11 not be oaken "sere M 

U.U '  final OO11lSlus;..On «1:.1..'+ i iut8a.'.iµotS: ue ii!'I t if we set out to wi•ito 4:,e la1k"€; of 
tae3 11Sie i.~;$ s' t; terns of 4- . eotor and u~.'v:Lt~' uw iants, in uae ti . us to 3. zia y tite 

re~luir tent Cµ1at. they nave tLae :sue .uei in all ivlTti.a frames, ant i'wtti* acre make all 
our definitions eusi "luwa tt a 3 3i  in 4 i . ► ,iurku furl l powssi pas "a;O tYie a i'. ~)k17.cLTi 

counterparts, ed do iiadett uo .eve as aooep tsui.e €3yrst a of } on ca onpaaoie of dealing 
with ai ui ve iouity particles as ubeervud exper u ..entally. The fact amt suaa idea as was 
ap sara l t variaatiou of tsa itn v+at vo , anu "G ie £:suwte .n senora; r el ort :. p ouu d 
be obtainod froi suon simple zior }tal re suirezaerats iciest bc  r :o.uag of of 
tie snia3a pity of tae basin prnaOY►. F'or lull cxi.scsussion of the experimental spec tis, and 
a possibly less .u:"orate me:tnod of aattaok, any stanaaru text on relativity old be 
CQ a3u,i (.for 'ale, MUU41 , "The Theory of Rulati'4ey", 0.U.P. 1952) 


