| ECTURE 3

Gzeomefay 07[ Ewclid eam Space @
9.

P /L%sc'cs 07[ [ om@'w s/oa.ceZLéme

\ Commensunalbly coordinalles
2, Euclidean distamce vs LWW inderroal
3. Ewclidean 3 Lo‘wm?%&wz dola veduclin
¢ Eawclid vs /.wmf%: Ferpemdicularn- vs somublemeotd
5 Ewclidean 2 LO’)‘*@M%A.CU?’Z rolalions
(<) W}L? Cimear C
(i) Sime and cosine 24 @é/az we/%awfa

READING ASSIGNMENT
W 52,53 (14,19]
edition. [*editin
@ Enclidear w3, Loremly tramsformalions
[ Tw L3 L4 L.5L6 (1819
e Bl

—
Medilion Ptedilion



LDichance in Euclidoan space v3 inlervel un
me%m sfya,cezgme vLa
G&WWZA
2. Ewclidean dale yﬁa&u‘Zm %a@@ cméd
Lm»@@&wz dala redeclioe gce%/%aw%
3. Euwclidean PMFMO&MW/% >4
4, E’wc&ﬁc&/n va. L yolalion s
T heir we/gﬁca |



Invarcance of Euclidean Dooizzmce under

Temiemt?,to'yz o]c coordinale axes

U cancept “distance" s 0 apecinl cate of the sgpuretin lotivorn

ﬁu)‘o’fowlz Conaider a 2~ MWC/MW%
Lhes

S

de %
(mited) '(D()ge_) : OX}F—I*J?Q,IP)F

~ (0,9 > Céfn )
Fiaure 3.1 Incommensiralle coomdinalefumcibme
Then Lhere ave mmansy, opitims for defining te sepelin bebuscen
potnts, ane J%m being
sep (6300 =let g | )47
and TRl ts very wsefuld in molkiemalics ama Uacvelical

engineering i spile of the focl that xond y, kove difforent
wnils,




Hhe uits alimg e b comdinate. ancs meustbe
commendurable. Leﬁ'un? £ . £25 &w/wwé ome recoordinaleg

= s (X4) Vg

wag‘én arclerlo a[e/:}ﬂ.e the m@f&zﬂmj’ @

©9

FgweSQ Commenturalle com’dz/mo/z;}

1. Euclidean space v3. Lo'rméwn gDQ,C@ZZme.

7;@ a&sfmce A@Zweam i»w/oawb?/’é 8 o&z;[wuzcé Mﬁ&/@mﬁw

0/(( s (% 3')"‘ f)y
axes & called o vvﬁz,ﬁw&

¢

= e N /]
Sams e,
(x%7)

©0

4 _@%)

XA

Fz,gane 33 Rofaﬁan a7[a_ COMSMW

Do the Euclidean pline me finds that the (puared) disllonce




Lyt = ) @

The . ) %wﬁ%@dh%é@x% wotkmmerer 1

%ﬁm@éaffgz aofaésﬁncz%rgmcgb(mwexfw
lo cnrrariamce c;ffé inlersal for meés/mcd:mz
Fx cum)a@i Paicr of Fremes
D In Fucldean space Lo different caw*ol{nwlésfaﬁn ceze Be,
wed Lo delenmine the distonce beliveen. any poir-of poinks
(axfe(agfe (7 GF) = 6o
If ore wses incommensurate. wnils azézg clifferon? axed,
one sl inlroduce U appropriale carmemsion faclasayk,
On ordlen 1o make Whem commenyurale. [ e resunlls
ol

(b0 = (4%)%+ (B ALY
e unborred coordinads d.fforences arre yelbldt Hee
éwm é} 7eend o]pa. Eu’o&éam 'n:éaéoya

be wsed to delermine e vamf/uqma(ea[mmea
velolivisli- Lime difference at- inlead afcamen&bmf
ﬁ/m_eal%zexm

Aﬁ'—cAZLwW g
Af = c Ai‘wv [[e/nfzf&] (/)

In mepftﬁ%ebﬁemfmfé@m
ﬁwa}t‘m@n Cfo«"mt-_)efvﬂné%




€ tleum) @ (¢ A ) - 3R) > @
@f))l-@xfz LEPR 7P } =4
The vetpective. coordinede. sefa/mZme @re in
gemenal diffemontl v the Lo [rames.
Ax A 2AX and AL 45T
Howwm; Z@ mmgxléaf aswe skall see by a

L ooty ot
[H cywlcg cRech wa%n Vo id Lrue thal e @0 @@Eﬁ@z)io?J
If 80, fw@?
Exwmfé 22 Mwnq, {Ws
) Let Re Fbs.(;ﬁo'ﬂ_ O)Cfge_ Powzfl/n Fuckedean soace be measnred
bg,ma/mj, S o-elfors tel arve. volaled relalive & me ancthor

—

Jd & =

- (), (%8), (% F)

X
X

—

=
E%wve 34 4 SWTO'ZL@ZLCQ}WM Euclilean space.
P/éﬁffn} [Rein mreeasuwremnenls on Qi/t‘apfmz oblain.s



valie of - mcasuremont

Zageoﬁ(-mmwmmf
KJZ,—X +% =g

Figure 3,57 Data from measurements of o paio ofpointi o the Euclidaan plame.
Ofne oblains a circte wuz%wuzz—gcq/%, x‘if:a’z
b) Somilurly comsisor mianyy insrlinl, spacellime obiervors, olmaving. in.

Wesrcomman x-dimeclion. »elidove to ot amolfor: L2 thom
o&&w&e a_/mw-ofwemla one ol t=F= Z---:ADJ X=ReX ==
the olher ol (ux,a8), (T, sE) R, 4Z) .

Invrariance of He intorvel impli

e e GEV 6= ()" (72

wfx %: Co 77—61..

FL@W.S’G Data -}:mn
wm«exmm»z% af
pacy- ofevenlls im

Lorwfg, pa.caz}/yme

N,
=

m&z ofspacemewzwemmt
% resnll s QAVH,’;;MM ngomaﬁ;ec/é} fgxa=t?




~ 3
Ex WP/&B: W im E;;Zolem Sfa’i 7
W SPMZZ'-ME
Q) G_domtwopm‘/m& masz;ag,&&m,e on Eu,cZ:olea/mspa.ce,, e
docus a{/%(mi:s WWM%M?M% Qn axis

P@rpmc[icazo//"l%f&m Lne

o) +{g-g)=r*

Fccz(wye 37: PW&MC?&W' wix
X, =X, Lidameafron tiro- p _ |
(%, ga)a/xwé(x,) ;1,,) o Z&jmm &q.e_

[a -5+ (75 =7



Fgcg,wye,as Rerpondicallomityy win @
fmmé:fo—pwdﬁ

R, G and (%,,3,) O A geven
roloded Lone.

fD) Bj exltwu/)nj %Wmn&owfm@m[u&ewnsﬁmfo

(ziven MW%@»&%Z‘Z@JMW%@

spacelime. olsorver- QJ%MQMH/Z%&W
relaive T Lhs obsorver worldline f cackof Hom fou




Fig,wwe3,9: Sérmﬁlimzdlgc me%w&nfwmf W
Evend; E,C D and F are simullaneotes velotowe to He worlillope
of clrerverr (8. Ths & because everts Hand B Rarve egual
indersal separalim from eack of Lhe enentos E, G Dand F
If two radwr pulses mil‘d%ﬁgefo«e//écéc{ﬁwn
EMF&@@@QWMW&%@J@%M
Eand Fare said o be simubllancoss vebolive 76 AC

Fig,wwe 310 : Events Eand Fore somullaneous rebolive ts G
Auf_?&g_fm[@fwe focz/frmemmo&m il

reqpect 1o AC

EXCZ/V)’LF/?Q vaf ﬁm[m’?’hazzm éﬁowzafaé;'a](fmfmed
a> Ir;z Ewc&dm Sfpw



) W[ﬂe ral/lﬁm W/[mmafmn @ﬁmzafa&r o;f
Fuclidean frames

CooRD., com¥
RELATIVE TO
OLD BRSIS

x=XcdB+TsmB ) [x % \L
g:—ime-r;w!?}(y/): 9(?) wé{;}):’[;(za}) @y
N

CooRYD, com¥
RELATIVE TO
NEW BRsIS

@) Lnear cWHY ?
0) Ras Lrigomomelvic cooffiionts © \WH Y2
H’“—S’w‘efy’; @) Homagmué ofEuL&cwz space
B) P+t = comsd



@)

@ Homogemeidy, i.e. sumemeds wnder Lranstalion, implied Lhat fo o
o Lrimgle ]lewa/l;g te veclors a2 , b andg: a+b=c,
a: fe} =[(2)
b 1b} =15}
g & =[({E)

NEW LD cov%aé W&mﬁﬁm%

HWLZWWWWWWWMWW
l/f/gf/veotwb( le a+b= £, %@}250‘5&7
fef=fat +7b}  NEW
ict=¢af+it}  oLp,

R

T @m fb}) T(@ )+T( k)
ict “6F ib}




mgwa&wﬁrmjﬁmzﬁmm&d

MW <Coéﬁ/ Sun®). This s necesserrey in oder

dislonce

o2 é’*&’ =3, 3/.3,-

(22 Dstoad 07(:%&//% 6 @/DWQJSL 12/: X
7;/ ube %5%205
song 7,0 —X

b= 5@

to characlenize U Lransformilion o G o
pege 3107

X= X+ AF (z ng.}g 5m9>

Y(+.4

Y= “[5;‘;25‘ {z—?&@yz9+@m9)
b) lfn menJg spa@tme_
MWOZLLC&QM][W é«r wﬁf% SamZ.
(£) Linears W%&7¥RP&W
Range of frames



) Dovariance. of Heinoroal, (E19)
t=Feostho+ 75@%9}(_&):/\(2)

X = ;SMQJ-YGM/Z& X
Ufumj@a,oz %Z%z mpacé%[}@mnzzgfré‘ oV
uses Lhe 5/207@&
%zwg
t, ,t
L1e
X
X
When o
Fo LB
- p*
_ Bt +X
XMﬁ__&L
Hove the e i bt e L



i called a /-cr@vé ﬁ‘m?fom«?ﬁ%«






