SIGRAV Scheot
vieLa OLMoO

May L7-21,2005

BINKARY SYSTEMS
/S
TEST - BED
OF %
GRAvVITY THEORIES

Thibawlt— Dameur
tital-du Hods Etcdy Saentifisneg
)

Lectore w° 2

SNELAL PELAYVITY
BinARY PULSAR(S (N GE

F

TIMKG ©



otko 2.4
TIMING OF B/NATZ}/ PULSARS

IN  GENERAL  RELATIVITY

INTER PRETATION OF GENAGRAL Rgmyin'r/

Einstiw had besn m%,quf fM severdd Yeats 5%
bgenwnal covariome ’ M@vm;f c:{ wa—raﬂmafu Y

/
G_P. DEFES (TS OWN (NTER PRETA 7104

TIMING OF BWALY PoLiAS (S A PRIME EXAMPLE

( 2y
PB eF MDT!GU MAREED R (w,~k7& A’“WC'WTH::"J, EaR MA",V YEAU QUT

<) TiMins FormoLA: EM“ [7;5&) ] 50” ’
/ EA-RTH
. hs_-mﬂwmc —

TE‘&Tu

EFp-ecTy | w

JoLAMLI ) §TEM }

on MOTIOV . / PROPI—R TIMG
/ ﬂEMTIVngkﬁFFE-CH ' BF ARRIVAL
_ o

AS MEAJURED B y

. oN J
A V ’ AToME CLock

AT THE Radio-TeE5(0f
r ) "’
“PRopen TimE ' " '-’

oF PSR iw i7s
CEFFACING CoMoVilb FRAKE’



| 2,
THE TIMNG FORMULA ’

Blundfort Teskoliky 74, Dowoe Torell 66

T

CHAIN OF TRAUSFORUATIoLS BETWEEW |psp — Tonerg

WE FOUS HERE pN Ty EFFEIT Lewkey To RELATwSTIC & WARY MoTioy

IE. WE ASSURE TuaT ONE HAJ Alpcady SUBTRACTEY FRIN ‘?‘.‘ém_m

C NEMTE
FRERveMcy
Toi /

o DISPCRslow BFFE<TS Lo = jD/ng

o EARTH — BrryCCuTER oF SOLAL SYTEH
o TRAVEL TimpE w  JoLAL FHTEY

/_\M-E
REIT DERWE @ GRAVTATUNAL DBLAY BY GRAVITAT@NAL FiEL)

B) VSING MOLT)-CHART bF SON  (
. Awp P
kPRloACH (w "
SOLAR SYy(TeM ® VARIARLE RLDSNIFT BETWEEN PropieTimnc oF Eaer

AVD Ppopsr Te AT AALYCEUVTER

o VARWTIOW oF Dppick FACTOR Biwsew CoM woRkiuws of 8/NARYy
AND 'ka,fﬂgy TER Wokl ) LINE .

CALKTIC A lspangy GAL Acc
OF BunrrCom  oF spu Livegp

To Pappsa
RoTlsu

AV DS TAN:



N = ' / Q 5
TIMING EFFECTS Limcep 7o RELATIVSTIC Bty

MOy

IN  CoM Frane oF Bwaby $47eH
| LEL 1Y | compasiion

wuﬁ < % B ‘_

t ELECTROMAGN.
WAVE

e

SOIAL-5YSTEw
RBALYcEnTEy

L0 cAL )
CRART |4 N

oL -
) (
FoR
Vv (ry
OF -

PULSAR ”

G LogAL CHART %/
For RB/wvApy Sy(Tem

; X o
o NEED TO MAT(H PROPAGATION INITIALLY (n LoTCAL XA CHART
ANY LATER b GlonaL P cHaeT

VSN G

P _ ¥ P a [ g¥
@ = Z[g’) + ea (’T')X +.§_£L(T)XQXL+"-

Cppopea Tike!
OF PULSAR FRAREZ

v (1960 \ a ST KNS A
A [I+%€,R)c?l | +[l+§%+~)SUAX&J

0 &
=
Ea AlC

¢, St
el Q+_%+E'“*a

c



2.4

o IN COMBINING  The Two PARTS oF THE PROPAGATGY

\[ N J__’_IL jif ,f I
o o -
: -
A 3#*‘(’})

o i

X, Gup (K¥)
ONE Checks THAT THERE ARE No  DpLicary  CoUPLVG BETWEEL
IN TEQUAL ( STRVWVUG - F (L)) Awy  EoTerwaL (wipmy -Flers/BFFECTS

ALL FTAWG-FILLY LFFBLTS ENTBR AS UNIMPORTANT A DNTIVE C(DQNSTAVTS

—HE OWLy OBSERVATIWALY l16MIFuAwrEFFiTS (AT LEANWG-ORDER) ARE

0 mwpomz& ei: f‘_i‘i [4_;%%2.;3%&_“__.] Fo Q:/\/‘i
7

Liniag pany
° _”"0 EW-L __OZA-TZ. . a4 X AZPAZ"
- g p('zA) A A

Rt o LALIZED (ks d= 3+e )

}:»bhm» “\e me(afppﬁh‘c beorrrm\e) MJ g’v_'_’?"_}_‘).a“‘g

° e —s CABERRATIOW EFFECT’ Lg +9(’0 ]:-n_ v N /T)“)q NYE S )

‘Dllsaruob IV GLOBAL CHART hln(.nu o l-ocA

—— ._:
o % iﬂ—'% (2} yhz"he” .-:fv”} 1-26mg —"L /47/ G*g _ ?'>
c v C?-rA.& (_‘?.I"g QC?.

Le. “COMBIVED TIME -DILATION AND GRAVIT.REDSHIET FROM R




2.5

| A
SeLAR
vAL
s\/° ysTE
ARy CENTER
|
| B
]
DESRBE MOTww BF PSR P SIcVAL  AND SoLAR BARYCourgy

IN GhoBAL CHART : o f # As?= aw(z"‘) Ax? dx’
ELHM siovaL . O:-:. d5* r_gwfzs)da%"x —@—_&U)Ctolf"-{-(l-l-iu az?
c c?

U=Gma | Gag_ S‘E)dzc”

X-Z4 | | 23|

C2dt? "(+‘24U/‘2' dx? 4’@"'40/‘:) dx?
[—2U/c* g e—
It oo L(1420) (71 Aesfaeg,,
-Eahw-»t

.r-b‘ - -ba
Wb =t ~te =4 P21y 2 (G +6% 5]
_L%W b c3 2% 17-zg)

TATiobAL
o SReiiy or

[UCADBAN prs e w;rmsr{:;,out@ HSHAPIRO DgL Ay



_ta,: -te“'

? (GIoML )
(6 Loga) Plidrd
ARBVAL
AT d0LAR
ML‘!(BMTE'Q

PROPER TIKE OF
ARRAY A

slan)-Zm) + A

TiMe OF TROPASATION j
K

SuapIRo DAY’
bve TO me

ExparDd

_Z‘LH-“«.) :l—be (O) -]--'\_Eb ‘{:Q

TI(ME Dl/(‘[:o'ﬂ dve 1D

'\75 (hVP @U]Cgl‘l

L\Z0) 4818, - Zalt0))

~ l > ey - —
~2lZm) + L, ('v(,t -Zl4,))
+0E)
fh,:-'-‘ﬂ - VMIT VECDR FRIA B sty Jyircy

| TOWALT Solpn §ARY CewTiER

l

N

—_—
= — Liwe orF St6ue7

t, + A )+ A L) %@Cvm)

Cs7

ACLELOAAT 1w

Dovrer pacy

T 4 M.V /c

B

D-1~0(%) 16

NoT AT ALL NEGLIGIBLE

F_L'Jcﬂ}

T KS HAPIRD PeLby

R o€ Mer Time DELAY
TTIME oF FLI6Hr ACPoyy Twe pegiT oF A

ZA t’te)




LNk  BETWEEN _ée AFD

GV CpoppiwaTE
Ting OF Emslion

—{ wo E‘FFE(TS ASZ; GZ('!I') h’h"

/

J'T'e b | W (f) Azﬁflz:‘?

LEFIVE

=S@

A 2% Y

T = Toe—Dp

AP

T 2.7

e -

3 LocaL-Frane
Time OF Em\SfioN

4 ik
dst= Go(;,(Xr)AX AX
f U’ LATGY
Gaglx¥) = Gy (X)
PULIAR PHASE

R.aa-uLA&lZED [eg A=.3+.=_) /i
o \[4-26% _BE {{, s S = e
Oz ‘;3 c P
i v
= (4_643__——’%)47& [ %
Pag ek A |
J ’
el -
-te.:' rr'e + AE .
7(,’::. #(T)}ef[‘r))(q_;...
Ewsremw “Tine DELAY FEEMM'lib
- TR Tme -DiLATIow ( )g}’z/c?-) TL Ba N
N,
+ GR ‘Ewstew l‘rFFsr:r'( “B/Ezfﬁ&) ( ) N + [C. A)
| o). & s +s &)

lﬂ' "‘““‘R N“’wm

R Spmw AvS



TIMNG FORMULA

WITE DEEAV(TIoL T= T;."AA

& 2 or 3
IT:U DEFWED RY . N: No +vq_'+iv’T' +.g'_v 'T’

. Ti
Copope Ting of BHissiow 0F N % puiie’ CORRECTED FoR ABLCRRATGA

THEW

D : Ta\ u H° o AR('T') *AE(TI)’ +’AS(T)*AA(T)
4 1 4

l \ \ AP =
/ PROPER Tk ROEHER E wsTs i ShaPiro  ABERRATIBW
Tie bEAY Tike betAy TIME DELAY

DOPPLER o aRRAVAL
= ad 4 AT SOLAR BARY/cuice

(Cornecop For.
DusPipsiow, Poberionor B, )
"

TIME DELAY

Ewsmow + SkaPio SOLAR-FYITL

EFPEGS
D_ /t.-.. ﬁL-’Ub/C
- vd/er
A o LR T, eeTie o Furser Aoy i T
R™ ¢© A IF o~ 3oomkem > Bp ~ 45

Arm RESC
GR+ SR EFreu; o JInARY

Dot LJ(en 15 o™
€ e % uGlT,B)’ﬂW

—> MODFIBY

Eﬂ
AS =41 2Gmg olh-,l ELM SlewaL ~%




. 29
ORDERS ©F MAGNITULDE

D=4 + (e vs™) - 44 0(153)
=
2 grrscr’ L vigw oF

) W Gh—- RAY MEASURE -
GM . v? R, SO /
A _5 _ .

P‘“‘lﬂ'ﬂ

[ c
O~ s
A a 2 4 2 b
~ = \4 42 +£--I~_V_P v v J
R C { c? cH c 'Eb /{+C/:’ +EJ
e G GH 4 2»2GH GM
c T ez 3 =32=4.92549
~ S ~}Js ,0—125 /JS

A 3 . FRoH
S ~ _‘\L(PL ~ 9_ ARM % ~o /)S -’- ‘0#9.{’0('\7}0)

CoRACLIIONS

= 4PK TMING FORMULA  SEEMs ACCURATE ENOVGH



E/NSTE/}{/ Time DELAY 240

E "~ i
Mas (s
L ——
= = SUFFwwgvT To USE /'UEwTvﬂ!' APfrox .
o = =-'- = .“""_ s —a _...;l-?h ’—I‘J__;'l‘J_"
Vet , R24-2 MyTye—tgTy= Danle = Aoy
wp mep w, T m
Vi_ GM H - ot | Lies
L. — - — = G M= m A= Llsd
T PR "y
R
- — o
Ma Va = Ma g |/ M
M

Ar_'-fdéc;m eV CM oot
E ce —%'FG—E;"-B)___R_ +4

= Eé‘_"_g('u%&_) U_d% __a.hﬁj

m&_fo) _ou - eysinu 5 mdt = (=g dy

R = aR(l—eKcam)
cl'{7 1 1 1-€eeu w7 | _ g
i~ g g
REScALsh AWAY KEED




SHAPIRO Timg DELAY

AS o — 26_::} ﬂn(ﬁ.(ﬁi—z&) +li;,"ge]>

ORBITAL
PLAMC )= R=0G, (1-ewl)

PLAVE OF §Ky (NCLINATIOM A GLE

\ "
/ ] — ladi e
IN (LI MATION =1 To oR8iTaL
y PLAw
oN TLAVE of k) 5 a5
Zpz,= R [me e, + inf ¢y ]
™ (-*,,—'ie.) = = T, Simi m? y‘ﬁ;ﬁﬁ;&



ROEMER TIME DELAY

iz — shi &y — loai &z

AR::-—-JC-”P‘L. Za -.:-{—é.fui«._i €y:Lp = + -‘_!:I‘;‘-‘: Y/;I“"'g

[~ i

4
AS Auﬂ.uzﬂ_;s ThE

LEADING TEAM (N TiMiwe FORMOLA

= NEBD T CARLPoLLy TAKLC IMTo ALbvwT _"I_:' Cor LECTOLS TO
c

T s Ko 8.4 G
c €34 companngre

. 70 SkA-Ple
USE  Quasi-kePLeriin  For e

"KEPLER MoTiew

m(‘(’,'_—fo) = U — @B simu

b= w+(’1+k)2u¢‘ﬁ«[ 'lticlm"l]

Ca

)

a, (l_erasu)

a

0 a

™y
R
M vz VAN Sk ¢ @('_U_z) contieniv Hing |
- :

5\

> 7 1ELDS T‘pr[.,‘“.& w TERMS 0F EUEwvTRIC ANMPALYY W



2,13
USE OF T#e PRopeR TIME OF The PoLspr

EED To EXPRESS ... 1w TERMS OoF
N AR ) AE /

J RATHER THAW 'f/-

e ‘6-: T-!—AE Eﬁ-‘B-"

- rF 'ﬁ Ar-_'t _412 3[“"'{).%&

C%agp

Repracg ’I"L'!T '6')—-(.!— e,!’hhu. ]

qup,mﬂcﬂw oF SAmnc FORy

PROPER. TIME WK EPLER EQUATIOM’

-’rl(’l"—-rfl) = W - é,, Sim
/. CoMBS FRon A
er = ey (414 6**»(“25))

¢t Qg

Howevef?- Tns LEADS TO SLIGHILY UNPLiAsawt (I-€ ‘“”\)/(l & ",

?\EMARK/&BL‘/: TT IS PosnBLE Tv» FORTHER JIMPUF) Tee TIA 16
FOLKULA AY DEFWIKG

W O
m(MT-T,) = i eq,mum Chze - +€;—€r




; nr 2.]
ORIENTATION CONVENTIONS 1
(Damour [Tayloc 1992)

SP)N YECTOR /" EpyLee A-MBLG.Q
VLSAR
/ oF 7 i "

i
> Ko g : (-]' ORBITAL PLANE
. —E o< Lac?)('P

pLANE OF THE ,Sky

INCLINATION ANGLE L

=%
—Te PLANE OF
ji/ THE SKV

W/ OBSERVE®



EINAL DD TIMING ForMULA <18
(-Dadnw.r/ j)qw.ew "8‘5)

PROPER TiMe oF ARRIVAL ( InFmic-Frepvency ) AT SoLAR-SYSTEM BARYLEVTER

TH
F = -y
of N pulse ) Nz61,2,3.

1 g ape, | §Gs PEFIWE
N = N, +% T+ 151 612 e e

D (Ewévaﬁ = +A CW)_,,A ('T')-!-A (r_?).;—b (T)
RD&Mr Ews {Eu- 3 ”lafu ro rm,t“,

D)=z snofaue (5] + 2Ni-@(15} s sins

(1) = sinu
A()=—2 7 In]4_eamu- s[;u;@(@u_@”:;z%mm]?]

bu)a- v

A (’\1) %Sm[ﬁ){. Aw]wmw +B{®A[&J+A&)J#€@dw}

WITH
X = % + X(T-Th)

e =g +€(T-T) Ae‘“)fgw‘cfﬁj"_’i%m-q

W= 0+ k AW -e 2

£33

W— € smu -—21&5('



2%

orsal. PARAMETERG

KEPLER?AM PARAME TERS U=a,sini /¢

{
{?Ky :{P{a )q—;) e Bkt ’X"g

Y,
SEPARATELY MEASURABLE PDST- Kepicpi Paransrers

El = ¢ B 3
[pre) =k, ;{P}L« \e_(}

] ECVLAR
E st RANGE RELANWVYF, § :
RASTRI DEFsRMATI, VAR
FrACTIONAL PE PELAY  SEcouAr < AUp e - sl
AcDVANCE o - HAPE Wiptic ;
- oF HoTip g
OF OR8ITAL PRy Sparimo Yo Zxqsme
DRLAY Ay

eadﬁd-u

NoT SEvmaTeLy MEASORABLE VoST-KEpimemy PARAMETERS

. / ) . .
R ATV ABERRATION DorpLag FACTOR

DEFIRAMATIHW

Y VSib6e A Timuc FORMYLA
OF ZLLPTVCMmaTion

wtw D—s 4
&S MEASIRIVG

Troe
poks NoF aUKpuG = @
AFFECT TESTS R R / D

oF GR o wRONG TRVE
THPoRTAVT oy { T = M /D

FoR "P v HEM ’P’rﬂﬂf‘h TI.DR/
:Do vn.ms (Damwost Tafor 9) b Pb D



DD GR  Timmwe

FOR MU LA

2-17

IO Geweem Rpiatuirvy  pu Q;-r- kmgm (PK) ParaspTies

Ale FoNCTipws

E.G.

OF the KEPLERIAV ONES A4

I
IF owg JipPines

Tee Two  MASES mA/me (+ v Spu) BuaaneTens P)\/?])

/yg—ﬂli M/Pb_[

M = M‘l#.j-mB J ﬁo(M ):’E Cé:z ﬂ) ~ Yi&‘h
ZAE MA/” f
g = Mg /M= 1-2a l
Gty amng y AWM GM_M GHp_ M/
A %g (ﬁ_v S g s H0492549o947/)s
GR 2
,é(n) - 2 _/@_Q(H)
1-e2

= 5D
SRmm) = T N = Bl
P e [0k
8 p,(M)
. 37 o4
P 192x wg. ahuy HEE+ G0
b Al B) 5 A ﬁo(M) ([ o) 7/




218
POLSE-STROCTURE Prrauewizes FoRMo A

(])amtoug ‘EJ’(BF 1992 3

CEFBcr 6F PULSAR ORBITAL KOTO ON DIRGCTIONAL S PECTRAL
LOMINOS)TY receives 8y BBSERVz R

PO 7,7) =135

MODVLATRSYELuk D};va

( i M[Hm);' ._F. )’F)

Opplasd ks gh fo\
?}@,ﬁ.‘.‘; s
em-Cifign

o= B

NBED A MODEL OF PuLJAr RMiss(gy,

E.C. RoTATIVG VECTOR MoODEL .
APr-orsg (1?) N/ rT')_—_._ F(v/ N. _g(rrr)J

ROTATIV 6 VECTOR

4%4
N

= NewseT 6F PULSE- s700cTURE/ POST- KEPLERian  PARAHETSRS?
NPK ® %/:

= k K, TG £ il & ¢/f
(P} =i, b i 5e, % e eyl

. 4 /
z J ¢ - Pmu
/ k= ;’“’ 0= Gt JM{ b= ‘o"'}‘lohfw’ fue
Gl



CUMMA R ZING 20

o TIMING Forkuls = A PRIME BXANPLE OF A
COORDINATE - INDEPEMDENT PHYSILAL ORSERVAR LE,

T = F I Tl

ARLIFA 4
P Ppotan Tine PRopeR TIML
AR

PSR
0 — RCMARKABLY §IMPLE UNIvERSAL Tmw G Fornura [1P/<Aaumy)

Witk 1S Aw EXPLIUT Furrcripr o F
5 KEPLERAN PARAGTGRS | J IT7 2, wg} z, E@Alﬁ.i )a

8;, PosT- KepLeriAv  PAR. , k XP 5 Sg. e z
[+ L wor semeatsry uphiversis suiy, %r A B, D j
/ /

o N Gewernr Rerarviry STRBUG-FH;-L,D EFFizcrs Aee EFFACED Awp

PK GR
?D P [m‘“/mﬁ)?q PK]

o IF BWE AUVME; [oME GEWERAL MBDEL OF PULIAR EuLLiow

BNE CAN AL S0 WRITE A PARAREIRIZED FORMULA For FI)LSE STV CTUVRE

T - =
IT inveLves op 1o 14 puewomenorosiur Pi PAM“ETERSPPK

o N GevshaL R G LATWIY

S.PK _ 2 6R 3
P = RO [ma, me * s PKj
¢ 70 GR
E¢. > s = Sun i @7 zb (2'*‘———3 __(’Qfl /Sgﬂ;—:mﬂ COVILIVG
..e!.



220
BIBLID GRAPHY
Timig  Formata
R Blandford ws S. A Taurolily Ab 7 205 (197) 580-59

T- Dowswr as V- 2ecutlly, hon Tosl. K- Bomany” LLs(1994) 263 29)
E‘!ju{‘ af \’q/lybv'"\:_j D&Pf'&' Ja-d‘ar D s

T-Dowwosr wy T4 Tayloe Ap. T. 366C1991) 501-511
Pulse- s huding pa}uwfm-w( fﬂrw'ﬂq
T Douwour and j.H.'Tﬂ#zsr} Phy fev. D45 (1992) 1840-1568



