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IN. A Determination of the Deflection of Light by the Sun's Gravitationa! Field.
Srom Cbservations made al the Totel Eelipse of May 29, 1119,
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I. Purrosx or mex Exrenrrioxs,

L. Tux purpose of the oxpeditions was to determine what effeet, if any, is produced
by a gravitational fiekl on the path of a ray of light travessing it.  Apart from posable
surprises, there appeared to be theee altersatives, which it was especially desized to
discrimizate botween—

(1) The path is uninflueaced by gravitation,

(2) The energy or mass of light is subject to gravitation in the same way as ordinary
mwatter, 1 the law of gravitation w stosctly the Newtcaian law, this Jeads to
an apparest displacoment of & sar closo 1o the sun's limb amosntag to 0787
cutwands,

(3) The ccerse of a ray of Bght is in accordasce with Erssreix’s geseralised reativity
thocey.  This hoads to an apparest displacement of & star at the kmb smcastiog
to 1775 outwands,

I esthor of the last two casns the displacessent is invessely proportional to the distance
of the star from the sun's centre, the displacemsont under (3) being just double the
displacement ander (2).

It say be noted that both (2) and {8) agree i supposing that light is subject to gravita.
tion in peecisely the same way as ordinary matter. The diflecence is that, whereas (2)
saeatnos the Newtonian law, (3) asstimes Enssreax’s new law of gravitation, The slghs
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deviation from the Newtoniam law, which on Eossreix’s theory csues an exeos
motion of periholion of Merenry, beocesws magnifiod s the spoed incressos, undil for
the limitiag veloesty of bght it doubles the cervature of the path.

2. The displacement {2) was fiest suggosted by Prol. Exzsmeax® in 1011, his argument
bwing basod on the Principle of Equivalence, viz, that a grvitaticoal field is indes-
tisguishable from a spurioss fiokd of foren groduced by an acceleeataon of the axm of
rederence.  But apart froes the validity of the geseral Principhe of Fquivalerce there
wore reasons for expoeting that the dectromagretio energy of a beam of Bght would be
subjoet to gravitation, especially when it was groved that the energy of radic-activity
contained 1o uraséam was sebject to gravitaticn.  In 1215, however, Eaxsrnrs found
that the gemeral Principle of Equivalosce necossitates a modification of the Newtonian
law of gravitation, and that the new baw loads to the displacement (3)

3. The only opportusity of observing these possible deflactions is afforded by a ray of
light from & star passing wear the sun, (The maxicssm deflection by Jepeter i only
@=0137.) Evidestly, the checrvation sust be made during o total eclipee of the sus,

Imemndiately after Ervammax's first suggestion, the matter was taken up by Dr, K
Frxusotion, who attempted to callect information from eclipme plates alroady taken ;
but ke did sot secure suflicient matorial, At envuing eclipses plass wom sado by various
obmervers for tenting the effect, but they fuiled theough cloud or ether canses.  After
Erswraxs second supgestion had appeared, the Lick Olservatory expedition sttenpted
to observe the effoct at the cclipse of 1918, Tho final results are not yot prabiaded.
Some aocount of o peeliminary discsssion has beon pven,t bet the cclipse was an
unfavourable one, and from the information published the probable secidental eevor is
lazge, 5o that the acosmey is insafficient to disoriminate botween the three altersatives,

4. The results of the obwervations beee described aggear to goint quite defastely to
the thind altersative, and confirm Envsmax’s geseralised relativity theoey,  As is well
koown the theory i also confirmed by the motion of the perihelion of Mercury, which
cxoeeds the Newtondan valen by 43° por costury—an amount practically sdentieal
with that deduced from Ervstrix's thocey. On tho cther hand, his theory peedicts »
disglacoment to the red of the Fraonholer Enes on the sun amounting to aboat 0008 A
in the videt.  Aecoeding 10 Dy, 87, Joux] this displicement is not coafirmed.  [f thas
disagroement 3 to be taken as final it neomsstates comaderabie modificatines of
Euvostrex's theory, which it is cutside car provisce 1o discwss.  But, whether or not
changes aro meeded in other parts of the theory, it appoars now to be established that
Faxsrurs's law of gravitation gives the tree deviationa from the Newtoaian law beth
for the relatively slow-moving planet Mereury and for the fast-moving waves of light.

1t sowetn cdoar t3at the effect hero found st be sttribated to the sun's gravitational
feld ard not, for exsmple, to refesction by cororal matter. In order to produce the

® " Avaaken der Phywie, vol. XXXV, p 5068,

I “ Olmervatooy,” vol XLIL p 295
1 Atoophiaboad Jourmad,' val. XAVL p 202
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olwerved offect by refraction, the san msst be serrounded by material of refractive index
I 4 ~0m0od14)r, whero r o the distance from the contre in terms of the sun's radies
At & height of one radius above the surface the necomsary refractive indox 100000212

corresponds to that of air st (1, atmosphere, hydrogen at ), atincsphere, or belium at
o Mmmpherio presare.  Cloarly o derséty of this order is out of the question,

I, Prerasaroxs rox Tux Exremamoss

5 In March, 1917,% it was pointed out s the result of an examination of the photo-
graphs taken with the Greenwich astrographic teloscope st the cclipse of 1905 that this
istrumend was suitablo for the photography of the field of stazs surrounding the sun
ina total eclipee.  Attertion was also draws 1o the impeetance of olwerving the eclipse
of May 20, 1019, as this afforded a specially favourable oppeetunity owing te the ususual
smmber of brght stam in the field, sech a5 would not covar again for many years,

With weather conditsces an good s thosn st Slax in the 1900 eclipseand thow
were by 0o mears perfect it was anticipated that twelve stars would be shown,  Their
positions sre indicated in the dagram on next page, on which is also nasked on the
st scalo the cethae of a 16 X 10 e plato (wod with the astevgesploc telescopes of
3-43 wetres focad Jength) and o 10 < Sanch plate (used with & 45mh less of 19 foet
focal bength),

The following talde gives the photogeaphic magnitwdes and standanl cocedinates
of the stars, and the gravitational displaceswerts in 2 and y calculated on the ssumption

of u radial displacessont 1'+35 :: whero ¢ is the distance from the sun's centre and v,

the radies of the san.
TYame 1.
Co-ordimases. e ?'? y oy e |
N, Naswen. Tieteg. il i Bobeal. Priecije.
Mag. o HESDoaoscc i B o
'3 y r. y '3 ! . 1
.' - . - ‘ »
1 BD, a6 . 10 | 40006 | 090 | <13 | 40| 100 | 4o ]
2 | Pass IV, 22 28 | 41009 | —03s | 40| —0@ u-m' .
3 o Taun . 3 $O-SE | 4030 002 40N | =0 | 4001 !
1 « Town > 8 A L B +03 | 40472 | 00 | 40 B <02 40N ]
8 | Pass, IV, 6l I 0 0000 | <1107 | 03 | ~0 43| 031 | ~03
o |vemd . . .. 0 | 400t | S0 | SO0 | 4000 | 4001 | 40-81
| 3 |BD. & 700 . . 10 | 0% | ~0864 | 03| —0W | ~0R | 017
| & BD, 2 W . . 5 10 B B O8] 02| 0P| -0
¥ Pams IV.2 . ‘ 90 | 0w 135 | 03| 03| 0| o1
10 | 79 Teaun . 55 | 4080 | $1-5 | 4008 | 032 | 2007 | 4034
n &8 Tasns . . (5 ~1'%261 | 0100 | —0.32 | 4002 | «0-3 | 40N
|18 | 53 Teun . ‘ 53 1-31) | <0918 | ~0™ | 010 | ~OM | —O>W
| 13 |[BD. 26w . ., | B0 | 40080 | 410007 | 01T | 9040 | ~O-14 «;ai
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1t may be noted that No, 1 is lost in the ccrona on the photographs taken #t Solral,
The star, No. 13, of mageitede 50, s shown ca sew of the astrographic plites

at Sobeul,

6 The track of the eclipse runs from Noeth Brazi) across the Atlantic, slorting the
African coast sear Cape Palmas, passisg through the Idand of Princgw, thes scross
Africa to the western aboees of Lake Tanganyikn, Eaquiry s to the suitable sites aed
probalde weathor conditions was kindly made by Mr. Hixxa, 1t appeared that & station
in North Brasl, the Iilasd of Principe, and » station on the west of Lake Tasganuyvika
wore possible, A station pear Cape Palias did not seem desirabile from the metocen-

logical reports though, as 1he evert proved, the eclipse was cleceved in & doudioss sky
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by Prol. Bavee, who was theee on an expodition to olwerve magnetic offecta. At the
station at Tanganyiks it was thought the sun was at too Jow an altitede foe obmervations
of this charncter, owing to the kirge displacements which would be caused by refraction.

A circular reovived from De, Mogeee, the dirvetor of the Obsorvatory st Rio, stated
that Sobiral wan the mest suitable station in North Beazil asd gave copious indoemation
of the metecrological conditicns, mode of access, &o.

7. Acting om this information the Joint Fermasont Eclipse Committen at & meeting
on Novesbor 10, 1917, decided, if possibile, to send expeditices to Sobral in Noreth
Braxl, and to the islasd of Principe.  Application was made to the Goversanent Grant
Comumittee for £100 for instruments and £1,000 for the expedition, and a sub-commétioe
consisting of Sir F. W, Dysox, Prol, Bopexgrox, Prol. Fowies and Prol, Tursee
was agguinted to make armngements for the expeditions.  This sub-committes met in
May asd June, 1918, and made provisional arrangemeats for Prof. Evvaxcrox and
Mr. Cormxcnan to take the object glass of the Oxfond astrographic telwcope to
Principe, azd Mz, Davinsos and Fatber Cormix to take the object glass of the Groenwich
sstrographic telescope to Bobral. [t was areanged for the elocks and mechanism of the
olostats to be overbauled by Mr. Corrixomax. Preliminary inquiries wero also st
on foot as to shipping facilities, from which it appeared very deabafel whother the
oxpeditions couhl be carried throegh,

Conditicns had changed matenally in Novemter, 1918, and st & moeting of the sub-
committee on November 8, it was arranged to assemble the instresents st Groenwick,
and make mecrsary srrangements with all speed foe the olwervers to Jeave England by
the cad of Febouary, 1019, [n addition to the astrographoe object ghasses fed by 16-inch
oolostacs, Father Contie sagested to the sub-commitieo the use of tho 4-nch teloopo
of 19-eet focus, which ko had wsod st Horsosand, Bwoden, in 1914, in cosjunction with
an $4nch cadtat, the proporty of the Royal Irish Academy. It was armanged to ask
foe the loan of these instruments.  As Father Courie found it impossitio to spare the
pecessary time for the expedition his place was taken by Dr, Cromseis of the Royal
Olservatory,

& In November, 1915, the only workmas available at the Royal Observatory was the
mochasie, the carpenter mot having been released from militasy seovice, In thew
circumstanoos Mr, Bowex, the cvil eagineer st the Royval Naval College, was consaltod.
He kindly undertook the coostrection of frame buts covered with eanvas, which eould
be easily packed and readily put together. These were generally mmilar to those weed
in previoss expeditions from the Royal Observateey (soe * Monthly Notsees," Vol. LVIL,
po 101} He aleo lent the sorvices of o joener who worked at the Observatory on the
woodwork of the instrwsents

It was found possible to obtain steel tubes for the sstrographic objectives. These
were, for convenience of carrisgo, mude in two sections which could be bolted together,
The tubes were provided with flanges at cach end, the objmctive being attachal to one
of these, and & wocden beeech piece 1o the othor.  In the lreech plece suitable provision
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wis mandle for the focuming and sgeiring on of the plates. The plate holdors ween of
shogde constrection, permitting the plate to be pasbed into conteet with three metal
tilting sorown on the broech pioce thus insuring & owostancy of fooal plane.  Eighteon
Mate-carriers were obtained for cach of the sstrographio telescopes, mude sccording
to & patlern suppliod,

With the &inch lens Father Conrix leat the square wooden tube used by Mm in 1914,
This wis modified at the broech end to secure greater ngidity and corstaney of focus,

It was designed for dark alides carrving 10 < § inch plates, snd four of these, canrriag
cight plates, wore Jent with the tedoscope.  The desizalality of using lizger plates was
coosidercd, but the time at disgosal to make the necossary alterations was insufficient.

Tho 16anch cmbostats which had been overhauled by Mr, Corrixcaman were mosnted
and testod as far s the usfavouralie weather conditions of Febeuary, 1919, would pormit,
The Sinch oadostat was comstructed for these latitodes. To make it serviceable near
the equator a stroog wooden wedge was made om which the embetst was bolted.

The Saeh mirroe was silvered 3t the oleervatory, but ewing to lack of facilitios for
malntalning & usiform tessgorature appevaching 00° F. in the wintry weather of Febroary,
the larger mirrons were sent away to be silvered.

Photegraphic plates, suitably packed in hermetically sealed tin boxes, were obtaised
from the lfeed snd lmperial Compasses. The llfcend plates emploved were Special
Rapid ard Empeess, and those of the Imperial Company, Special Seasitive, Sovorvign
and Ordinary.

The isatruments were carvfully packed and sent to Liveryool s week in sdvasce,
with the exception of the objectives. These wero packnd in cams izeide bampors and
remssined under the perscmal care of the obwervers, who casburked oo the " Asselm ' on
March &,

1 Tux Exreommos 1o Somear,
((Nwervers, Dy, A, . D, Cacooxras and Nr. C. Davipsox.)

#. Sobral is the second town of the State of Conra, in the sorth of Brasl I
geographical oocedisates are: Jongitude 2h, 4Tm. 25 west ; Iastitude 3° 41° 33" south ;
altstnde 290 foet, Its chimate is dry and though bet not usbealthy,

The expedition resched Para oo the ™ Ansedes ™ ot March 28 There wis & choice
of procveding inasediately to Sobenl or waiting for some weeks, It was considered
sodesiralds to go there bofaro we heard frem Dr, Morize what arrangements were
being made, so we repoetal cur arrival to bim by telegram and decided to awnit his
repdy.  As we bad thus some time on our hands we contizmeed the voyage to Masao
inthe ' Ansele™ returslog 10 Para on Apeil 8,

By the courtesy of the Brazikan Government our beavy baggage win peassod throsgh
the customs without examination and we continned our journey to Sobeal, leaviag
Pars on Apnil 24 by the steamer ™ Fortabeza ™ asd arriving st Qasocam on Apnil 29,
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Here wo ween mot by Mr, Jomx Ncoeav, who had been isstructed to asint o with
our baggage threugh to Sobral, Wo peocendnd from Camsocim to Sobeal by tewin
on April 30, cur baggage following the next day.

We were met at Robeal station by representatives of both the Civil and Eeclostastical
Authoeition, beaded respectively by Dr, Jacour o'Ouveeea, the Prefoct, and Mgr.
Frrnrema, and condocted to the house which lad boen placed at our disposal by the
kindness of its owner, Col. Vickxme Sanova, the Degaty for Sobral.  We werw joened
thore nine days later by the Washingtom (Carnegie) Eolipse Cotumision, corsisting
of Mosses, Daxarr, Wise and Axvrnw Teoswsox,

We are greatly indebtod to Dr. Leocaneo Amavio, of the State Ministry of Agn-
cultare, who had been deputed to interpeet for s and to asist s in our peeparations.
His sesvices were invaluable, and contributed gpreatly to our sucoms, a8 also to our
well-beoing durisg our stay.

10, A conveniest site for the eclipse station offered itsedf just in froat of the hous ;
this was the race-coame of the Jockey Club, and was provided with & coverod grand
stand, which we fosnd most convemiont for supacking and storage axd in the pee-
parsteey work.  We luid down & meeidian line, after which beiok piers wore constructed
for the cosloatats and for the steel tube of the astrographic todescope,  Whilst this was
in peogress the huts wore beérg erected.

The pier of the small cadostat was corstructod so as to leave & clear space in the
middle of one end for the fall of the weight, which was thas bolow the driving burrel
of the clock, By continming the hole below the fousdations of the pier, space was
provided for a fall of the weight pormitting a run of 25 mivetes. In the case of the
16inch cadostat, the clock was mounted ca the top of & long wooden trunk, soacly
4 feet in longth, which was placed on ead, and sunk in the carth 1o a depth of aboat
2 foot, The woight descended innide 1o trunk dievetly from the dnving bareel, and
had space foe a continuoas ran of over hall-an-hoar.

The 16inch colostat had free ndjpastmest for all latitudes; but the Sdnch ooe,
constrected for Baropean Iatitudes, was mounted on a weoden base, isolined at an asgle
of sheat 40 degrees, comtructed bofore bavieg Greenwich. The ook had to be
separsted from the omlostat, mounted on s wooden base and revessed, to adjest 1o the
Southern Homisphere, It peeformed very satisfactonly, asd no dongation of the star
imsages is shown with 28 seconds’ exposure,

To provide for the chasging declisation of the sun the piers of the astrographio
telesoope were mado with grooves in the top, in which the weoden Vauppoets of the
tube coul alide, thus sllowing for the change of axmsuth.

The tube of the astrographic telescope was circalar in section, and could rest in any
position in the Va; for convenbence it was adjusted so that the directions of B.A. ard
declination were paralled to the sides of the plate ; this invelved & tilt of the plate
holders of about 4 degrees to the horizontal.

The ddnch bons was taken as an auxiliary ; we wsod the square wooden tabe, 19 Soet
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in leagth, ww‘mﬂvu-nlby'ubn(hmudlbfmmltalbu together with the
10 % Sdech plate earviers.  Stody of the sardingram showed that seven stars conM
be photographed by turning the plate through 45 degrees, The tube was therefore
placed on s angle, lage wooden Vsupporis being peepared to it the tube; thes
rowtod on steong wooden trowthes.

The focussing was st first done visually on Aroturus, usisg an eyepsece fitted with
n cobalt ghus (after the plate supports and object-glass hud boen adjusted for per-
pondculanty to the axis), A serion of expossres wis Lhen made, the foous being varied
slightly so as to cover & sufficient range.  Exwmination of these photegragds showed
at once that there was sorious astigmatism due to the figure of the mirror of the 16inch
ombostat, By inserting an Sinch stop this was rodpend to o barge extent, and this
stop wis heacefonth eed throughost | bt the defoct was of sach & chasacter that ot
wan cloar that it would bo pecessary to stay at Sobeal and obtain comgarison plates
of the eclipse Seld in July when the sun had moved awny,

The foces of the 4boch wan detormined in & similar massor. The images, though
siperior to those of the astrograpdic, were not quite perfect, and beee again com.
parisos plates in July were necessary,  Owoe the foons had beon decided on, the becoch
exed wia secarely srewed wp to aveed any chanos of salwequest moverment,

A few cheok plates of the fiedd near Arcturus were takes, bat have et boen ssd,

11. The following s & summary of the metoorokogical conditions derisg our stay.
The barometer record was interveting in that it showed very litthe chaage from day to
day, in spite of chasges i the type of weathor ; there was, however, a vory well marked
womi-bursal varation, with mege of about 0-15 inch. The temperature rmoge was
{nirly uniform, from & massmmm of about 93° F, towsrds 3 p.m. to & minioam of aboat
75" F st 5 am  The mlative bamidity (ax shown by & hygregraph bolosging to the
Braghas Commission) followal the tempesature comely, varying from 30 per cont. in
the afterncon to 90 gor cest, in the carly morning,

May is norssally tho last moath of the riny sesscn st Solral, bat this yoar the rainfall
was very seanty | thero weeo a fow afternosn showers, each wheead in by a vielest gpast
of wind ; and on May 25 there was very heavy eain, which was welcome for its molstening
effect on the greund, the dodt Btberto having been toablesome to the clockwork
although every care had beon taken to protoct it There wis o fair amount of clond
is the mormings, but the aftermcons and nights were dear in the majonity of s,
Ms. Meruooa, 2,300 feet high, about 6 miles to the N.W,, was & collector of doad, its
summit being [roquently weiled in sast.  In sgute of it ccoler climate, the sumanst
would thus 2ot have been a saitable eclipse station, and, in fact, nething of the total
phase of the eolipse win moen from it,

12. Although water was genemally soarce, we were very fortunately situsted s wo
emjoyed an unlimited sapply of good water laid on at the house, This was of grest
bonelit in the photegraphis operations.  loe wiaa sncdtainalde, but by the use of earthen-
ware water-cookens it was possible to reduce the temperature to abowt 75°, and by working
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only at night or before dawn development of the plates wan fLiidy ey, Formalin
wiss usedd in every case to harden the filless, and therely minimise the chance of distorticn
duo Lo the softening of the films by the warm solutsens,

We had provided ourselves with two beands of plates, but it had become appurent
from photegraphs taken and developed befoee the eclipse that ove of these beands was
uneuitable in the hot chimate, and it was decided to use practically oaly one brand of
plates,

In taking the experimental photographs it was noticed that the clecks and corlostats
were very semsitive to wind, We had reason to fear strong gusts about the time of
totality, soch ax had cocurred in other oclipses ; and ws the conditions of our loaality
sovtned 10 ronder thom specally peolulde, pevtoctive wind scroens were evectod round
the hut openings at every point where it was possible without interdering with the field
of view. Happily dead oalm prevailed at the critical time.  Sereens also piretectod all
projecting parts of the telesoope tubew from direct sunlight.

The performance of the 16anch cwkotat was wrsatisfactory in respect of drivisg,
There was a clearly markod oscillation of the images on the soreen in & period of abost
30 seconds.  For this reason exposare time wiss shortennd, so as to maltaply the number
of exposures in the hope that sote would be sear the Mationary points,

13. The morning of the eclipse day was rather more doudy than the average, and the
proportion of elond was estimated at % at the time of fint contact, when the smun wes
imvisilde ; it appeared & few seconds later showing a very small encroachment of the
moon, and there wore varions short intervals of sesedine during the partial phase which
ennlded us to place the sun's image ut its sssigned position on the greand glas, and to
give o final adjustment to the mates of the driving clocks,  As tetality appeosched, the
propoction of clond Eminisbed, and & large dear space reached the mun alout one
mitte belore sooced contacs. Wamnlsgs weee given 38, 22« and 13¢ beforn second
contact by observing the length of the disappeaning ormcent an the ground glass.  When
the crevoont dissppenred the wond " go ™ was called asd o metronome was started by
Dr. Javcamo, who called out every tenth beat during totality, and the exposaan Limes
were reoondod in teems of these boats, Tt beat 320 times in 310 seconds | allowance
has been made Sor this rate in the recorded times,  The peugramme arnnged was carred
out sucomedully, 19 plates being exposed in the ssteographio telescope with altermate
exgosires of 6 and 10 seconds, asd eight in the dinch camers with & uniform exposure of
28 soconds. The region round the sun was free from doud, except for an interval of
abowt & minute mear the middle of totality when it was veiled by thim doud, which
provented the phatogrphy of stam, though the inner corons remained vaslde to the
eye and the plates exposed ot this time show it and the lange preminence excellently
defived, The plates remaized in their holders until development, which was camied
out in eomvenlent latehos during the night hours of the following dayx, bwing cotmpleted

June 5.

U}'“. No observation of ccatect times was made, bat it is known that these Lises were

V0L, OOXX. <A, T
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somwhat before those caloulated,  Ax the times recorded were reckoned from secced
contact, it is assumed that this ocourrad May 28, 235, 58m. 15, GALT.
The details of the exposures are given in the following taldes &

Exrcarnxs with tho 13-mech Astrographic Telesoope stopged to 8 imehes,

Bet. ' (md Ex Pate, | Bt (h-gnl-:-:d Kxposnre. | Plate
a K guoenne | Be. Kaposere.
—— i
d howow - d h m .
1 S e 4 O, 1 » .0 37 o LN
2 x 0 K. 12 n {1 E
3 b o X 13 b M »
1 »n o 8, " b w AR
) » > LR 8 3] 1 0 s R
4 % W LR 14 » o AR
7 n o o 4 3 LE 8 0 “ A K.
" 9 > K 15 o 1) K.
" » 3 |3 19 3 Ix o o,
n M 0 SR
Exrosunss with the 4-nch Telascope,
‘ pe PP— R — -
B | o i [re— " B i it lq-..l Piate.
o isenceeed }
e, Kapumare, Ko, Expoware.
' S X R N . d kb n o .

1 t B - B | b AR ) o 0 0% ™ SR
2 w0 2 R < I M = AR
. = o= LA S : B B iR
‘ S 0o on ™ R A o = AR.

Ba e fomnth odunn the better O stunds for Ingosial Ovdisary.
K . . Eajpew,
8 . . Borwogm
SIE L Dol Spevial Ragdd

With the astrographic telescope 12 stars are shown on & number of plates, and seven
stars on all but theeo (Now, 13, 14 and 19), O the wight plates taken with the 4-inch
lozes, seven show seven stars, Lt No. 6, which was taken through cdoad, dom not show
any.

The following talde of temperastures, communicated by Dr, Moatzx, and comverted
into the Fahrenheit seale, shows how slight the fall was during totality, peobably
owing to the large amosst of doud in the sarlier stages which checked the usual daily
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18, On Juse 7, haviag completed the development, we keft Solral for Foctaleza,
returning on July % for the purpose of secaring comparson plates of the eclipse field.

Before our departure wo dismounted the mirrors and driving docks which were brought
into the house to avied the expooure to dust.  The telescopes and cadostata were left
in nitw.  Bedore removiag the mirrors we marked their positicas in their cells so that
they could be replaced im exactly the same positicn.

After omr return to Sobeal the mirrees and clocks were remoustad | the photegragby
of the eclipee fleld was commenced oo the morning of Jaly 11 {cival).  The diffculty of
finding the field with the codeetats was overcome by making a rosgh hour circle on the
beadds of the conloetats cut of millimetee paper,

The following is the list of exposares made on the field for comparnison with the eclipse

photographs :—

Astrograghic Telecoge. Laoch Teloscope,
| Koo ! | Xoof | l
Nl ! pate | 0T e | e, |5 | Dae | 00T g T Abide.
A m . . l
i, |y | s | s | 5| me l |
1, o 1| 3| :a A - . .
", wn | 1| 3| =2 |wlpn| T | 2| B | 0
W [duyrs | w13 | 3] 3| m-7 |1g mwe | 2| ™| M2
", w2 | 3] 3| s
I, 9| 2 3] M |y 20| 2| m| ma
i (Jedyue | w3 | 3| 8| Mo |1y o | 2| %0 | ™
1 x| 2| 3! %
| 15 o | 2| 8 e (17, |Jdyre| ] 3|5 | NI
I, [dgre | 2| | 3] m:s |13 »u | 2| B me
i, | 3| 3| Me
1, s | 2| 3] 3
| 1%, o5 | 2| 8 wa wmelawvr | vy | 3 » | -
o [dalyss | 190 | 3| « | 3:a |in »u | 1| »| »2
T o1 | 3| ¢ 34
" | 3| ¢« ne
i 1", e | 2| 3 »s

The svdevence maandens loliow the avil daten

* The binch plate, No 18, was taken throagh the glas (we § 17, igfm) to facibtate the messumament,
annd 4o rederred o ae the scale plate,
grs
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Thermemeter readings, July 10, 74" 4 ; July 18, 73°:7; Jaly 14, 7179 Judy 16,
7273 July 17, 7238

By July 18 we bhad obtaised a sufficent mamber of reference photographs.  Ths-
mantling of the instruments was commenond, nnd the packing was completed on July 21
Weo left Soliral on Jely 22, bavisg the packing cases in the lusds of Meses. Nioorav
and Camxureo to be forwanied st the earliest oppertunity, and amived at Greenwioh
en August 23

The oheervors wish to reoond thetr oldigatices to Mr. Cuances Boorm and the offcers
of the “ Booth "' Live for dacilitating their jourseys to and from their station st a
difficult time.

Prorocmarms Takes wimn tus 4-ovom Owrwer Grass,

16. These photographs were takom on 10 X Sinch plates, By suitably measting
the camers it wis maude possible to obtain seven stars on the photogesphs, vie, Nos. 2,
3,4.5,6 10 and 11 of the table in 85 Of the eght photogmphs taken during the
oolipse seven gave messurable fmages of thow stars, the other plate (No. 8) taken
through doud esly showing a picture of the peuminenoms.

Plates of the same field taken under neardy similar conditions as regards altitude were
taken oo July 14, 15, 17 and 18 (civil date), (OF these photographs, the sevond takom on
July 14 with two exposares (rofereed to as 14, and 14.), two phetogrmphs takon on
July 10 (referrod to we 15, and 15), twe on Jaly 17 (17, and 17), and the socond
photograph om July 15 {15) were messsred for comparison with the eclipee plates,

17. The micevineter at the Hoyal Olwcrvatory is not suitable for the direct com-
parison of plates of this size. It was thercfore decided to measure ecach plate by
phacing. il to Slm sywa it, another photograph of the same mgion reversed by feing
taken theough the gloe. A photograph foe this parpose was takes oo July 18 This
plate is reganded merely as an intermediary tetween the eclipse plates and companson
plates and = referned to ax the scale plate, being wood sagdy ss a scale providing
poaste of refleevmce, lu all cases mowsuremcst was made through the gas of the
woale plate, adjusted om the eclipse or comparison plate which was being messured, so
that the separstion of the imagem on the two plates did net exoood cno-third of o
pallimetee, The plates were hell topether by digs which cesural contact over the
whole surface.  This seethed of messarement was foand to be very conveniest. Each
plate was measurnd in two positions, being revessed throagh 180 degroos, and the accond-
ance of the rovalt showed 1hat the meothod of measarement wos cotindy satisdactory.

The messures, toth diroct and reversed, wore made by two messarers (Mr, Daviosox
and Me, Fursem), and the meass taken, Thero was 2o senible difforvoce betweon
the mensurers, whiok is satidactory, as it affords evidence of the similarity of the imagos
on the eclipsw and companson and soale plates,

The value of the micrometer sorews (both in TLA. and Decl ) is 6723,

I8, The results of the messures are as follows
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Taeer 1L —Edipse Plates—Scale.
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19, The values of Dz und Dy were equatad to expeessions of the ferm
ax + by + o0+ oK (= i)
dr 4 oy + f 4 aR (= Dy),

where #, y are the co-ondinates of the stars given in Talle L and K, E_ sre coeflicients
of the gravitational duplacement,

The quantities ¢ and [ are corrections to sero, depending on the setting of the scale
plate on the plate measared, o and ¢ are differcaces of seale valoe, while & and @ depenud
mainly om the orentation of the two plates, The quantity a demotes the deflection at
unit distance (se., 50" from the san's centre), 2o that oE, and aK are the deflection in
B and Deel. respectively of a star whese oo oedinates are 2 and y.

The left-hand mdes of the equation for the seven stars shown are ;-

and

No. Bight Lseenmion, Iheclination
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20. Normal eguations formed froe those equaticns of condition am as follows :—

Tases T1L—Eclipse Plates— Right Ascension.
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Tancx IV —Companison
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21, The values of x are collocted in Table VII 2

Tamx VIL
' o s
Right Ascmnsion [vclmaticn
r ' r r
400 400 4015 S400M
< 1M 400 191 | O wq
LR [T RS et 11 4o ot
+0 s + 0018 s 10-90
SR LT <0 +0- 03 +0 00
s ERLRLLY «0-1n 00
4015 A 0s S0 00
Mean +0 12 1o ms 01 TRLR ]
! ) -—

By subtracting the « of the companison platos the scale plate is elimizated, asd wo
derive from right sascensions a « | - 108 and from declinatsces o = 07 00K

Refervrce to the normal equations shows that the declination result is of double
the weight of that from the rght ascensions,

Thas
a o Ar-100 o L02s,

This is ar a distance 50" froo the men's contre, At tho tinw of the eclipoo the men's
radins was 15785 thaes the deflection at the lissh is 1%-98,

The range in the valoes of » ix sttnbutable to 1he errces inherent to the star images of
the differvut plates, and cazsot bo redoced by further messsroment,  The mean valom
+07 015 and o 031 arise from the errces in the inteemediary scale plate.

22 The yrobable error of the reselt judging from the accordance of the separate
determinstions s about 6 per cend. [t is desimable to consider carefally the poesibiity
of systenwtic errer.  The eclipso and compurison photegragds were taken under
pervisely shmilar instramental conditions, but there is the difference that the eolipse
photegrapls wero taken on the day of May 29, and the comparison photographs on
nights between July 14 and July I8. A vory satisfactary feature of the photographs
1 the essential similarity of the star images on the two sets of photographs,

The satisfactory accenlanco of the wlipse and comparison pliates is shown by a study
of the plate ocommtants. The following corrections for differemtial refraction and
aberration are caloalated from the ties and dates of expossre,



DETERMINATION OF DEFLECTION OF LIGHT BY THE SUNS GRAVITATIONAL FINLD. 207

- ¢ A \ i

’ b4 r ’
Felipee plates. + 020 D [ IR ' + O0g
Noals plate. | {048 O Nq podne | 0 00
Comparwon 14y, . | + 0o 40207 po | {0080
. . vl +0-He - NG IRLEL Y| : L0
- 1, . $ 0390 +0 NG +0An7 + 00T
. 15, 40350 | O-Ng 007 IRCR L)
| . % 1039 4020 +0400 0401
- 15, +0-333 02 0077 0077
. 14, {0327 0 N2 L0002 LO0ne

When these are applied to the valom of the constants found from the normal equations,
we fad the following valoes of the scale of the several photographs asd their orsentatscs
relative to the scale plate -

Seale Vaboe I Orbsatation.
e = —— o = Adephod Scade
Oremlation
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The agreement in the scale values obtained from = and y is satisfactory. There
sppears to bo a snall diflerence in the oniestations as derived from the two dizections
in the comparison plates.  Thes is, however, of smuall impartance in 1he determunation
of «  There is a differonce of scale value from Jaly 15-18 shown in both coordinates.
For the parpose of exhibiting the gravitatscnal displacessenta, rosiduals have been
computed using adopted values for the scale and ceicntation given above, along with
the calonlated corrections for Bflerential refraction and aberration, This bas the
advantage of reducing the number of costards emploved in the redection of the plates,
and Jessens the posibility of masking any discordanom, though greater irogularities
mecosaardy apgear when four arletrary constants instend of six are wad in the reduction
v

VOL OOXX. A
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of each plate. The guantities are coavertod froms revolutions to seconds of are, as the
more faruliar unit lscibitates judgment of the results,

Tanee VI - Comparison of the Feligoe and Comparison Photegraphs with the Scale
Plate, after Correction for Differential Refraction and Aberratscn, Orentation and

(Bange of Scale.
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Saltracting the romMs of the comparson plates, so as to eliminate the errors
arising from the intorssadiary scale plate we find for the displacoments of the diffecont
stars, as compared with those as given by Eneerein's Theory, with valos 1775 at the

sun's b >
Disglacerens u ght Asessca eplacenens in Declination.
No. of Sear,
Dwerenl. Calenslaten] Claerved. Calealatal,
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2 409 +0.8 -0 37 ~0 00

Puorocrarns Taxex wrry tux Astnoasarnse Omreer Gl.a.l.

23, As stated above these photographs were taken with the astregraphic objecs
glass stopped down to 8 inches, mounted in a steel tube and fod by a 16-inch colostat,

From many years’ expecienoe with the object ghass st Greemwich it is certaan that, when
1 object glass is monmted in a steel tube, the change of scale over a razge of temgenture
of 10° F. shoul be insignificant, and the definition shouM be very good. 1t was realised
that this high standard would not be obtained with the glwss used in ccajunction with
the condontat taken to Beazil, but neverthebos the results shown when the plates were
developed were very disapgointing. The lmages were diffused and apparently out of
focus, although on the night of May 27 the focus was good.®* Worse stall, this chasgo
was toanpoeary, for without any chasge in the adjustments, the instrument had returned
to focus when the comparison plates weee taken in July.

These changes must be attributed to the effect of the sun's heat on the misror, but it is
diffcult 10 say whother this caused & roal change of scalo in the rosulting photographs
oe morely barrad the images.

The photographs wore measured in the astrographic duplex micrometer, the eclipse
photographs being directly comparod with the comparison plates taken in July. All

* The following note made al the tane & gooted in full o May 30, 3 am, fowr of the astaagraphie
platen were developed, and whea dry examised, It was lound that there had been o serions changs of
Bocs, o0 That, while the stars were shown, the defnnion was spdlt.  This harge of docus can only be
atichaiod to the encgual expansion of the mirror throagh (he sua'’s hoat.  The madings of the Socuming
scalo were chocked next day, bet were foand snadteond at 110 mem 19 secmns donlalal whether mach
oon b 0ot Do thewe platen.™

2vse
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the stars shown were measured. They were reduced by the swme method as that
omployed for the * &inch ™ photegraphs. With the excoption of plates Now, 15 and
10, taken throagh clouds, the stass membered 3, 4, 5, 0, 10, 11 and 12 are shown on all
the plates ; the fainter stars 2, 7, 8 and 9 are sowetimes shown, but No. I, which is
very nesr the sun, is always drowned in the corons.  These plates were coldy messured
in declinatice, as tho right ascensions were of Bttle weight,

24 In the following takde s given the value of o, the constaxt of the gravitational
displacement, as cadeulsted from the moasures ; the apparent difference of scale «
betwoen the celipse and compariscn plates ; o the difference of criostation of the plates
given by the measures of y, and degending on the sdjustment of the plates in the

mwararing machine,

Tanx IX.
(1 - 12%-a)
Yaloes of 4, ¢, « In Bovodathns &t
e faxedl o b e
.
ol R~ gl I T iy
d . -
- — > e - S———
r r r »
1 o, T 40-061 1o 10403 #1198
3 15, " 00 +0-0m 0083 0¥
3 15, . 0074 +0-101 oo 1
1 15 1) T L0l L0 i
s 1, 10 4000 +0uG L0 +0.97
6 1, 1" 1o 1 L 0eg L 0.0 2 0-u2
7 ", 12 40008 TS 0000 00
? b4, T —0-004 ™ 00 0.0
] 1 0 w0 40-(n4 SO0 + 02
" 1 ] 0 (G L0 1D B +0-3
10 17, ¥ 1000 008 100 1
n 1, 0 40013 0061 L00m 452
1t " " D100 L0108 +0-080 0
T i 7 0 b2 +004 +0:019 40-3%
S T G 40110 008 +0.018 +0-T0
" | T -0 4o0am $0-01% +0%
H ) 5 —022 40100 +0m2 0T
(T 1 T »0-045 -0 | 00 ‘ +1-17
S 40 0n2 402 408

Thus the mean value of o oddained from all the astrogragdic plates is 0786, & figure
considerally Joss than that obtained from the 4inck photographs

25, Relercnce to the diageam shows that the messgroment of displacement depends
emsentially on the position of the stars Nes. 3 asd & relative to 5 on cae side and ¢
and 10 on the other. Theso aro all bright stars, and im this respect their images are
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meee comparable than are the images of the [ainter stass.  The messars of these stars
are given in the following tabde @

!Md Mossared Vadoos of Dy for Stars Now—  No,of | Measurad Valuew of Dy lar Sears Now—
| Belipme Belipae
l Mate. , b ] 3 G 10 Mate, o 1 3 ¢ 10
r r r . ’ ' v v ’ ’
1 ~O0G] 40 1TH 001 L0 4O IR 9 | 008 40021 G010 L0NG SO0 1N
2 A0S GOEA T A0S 0T 10 | 0 0T G018 G0 BS 200
a S0 G030 O L0 T G0 1 0 0200 000 S0 ES S0
‘ SOOI A0 222 40T O3 400 16T 12 O 008 008 20013 O 100 0167
o SOOSE 0288 4082 L0080 16 | 00038 G003 00T 0T
0 SO 40888 0TS L0 08T JOoreT 16 000 0006 0 06 +0° 137 <0073
T =000 00106 40 M2 SOOI AT | 000 G I GO0 0RL 0188 L0l
L] SO0 108 4 0- 330 40334 20U 0T6 pore I8 | 40r0ig 40002 40100 +0°000 <008

01004 — 1-10T¢ - 0-T8% + f o« Dy, (1)
+ 05 - 0472 + 1-336m + f o Dy, (2)
4 03484 4 0360 4 1-3%4a 4 [ = Dy, (3)
0587 | 1-090¢ & 0-7260 5 [ Dy, (4)
4 08004 - 1 321e + 0588 -+ f o= Dy, ()

The mean of (4) and (5) added to (1) give
4 0-568d & 0-103¢ — 0-131a - Y « Dy, + §(Dy, + Dy
While the sam of (2) and (3) gives.
4 08828 4 0832 | 2-000= + 2f « Dy, § Dy,
Sabtracting these we get
J0dla f 0T - 00108 o Dy, 4Ty, — Dy, — LDy, | Dyd

Thix equation das & small coeflicient foe ¢ and & very wmall one for 4
Caleulating the quastities on the right-hand side, asuming ¢ to bo the same for
all the plates, and sabstituting the values of d from the previous tabile, we find -

r
w4024y e | 0036
CRRE U 2 LS LR 1
a 4+ 02600 o L0047
a b 028 o L 0-08
o 403 000
a4 0200w o 000
o b 0280 0036
a b 0200 o S 0ees

E RS B R

’
o 4 0240 - 0°035
« + 0O = 4 0048
e L 0-20¢ = | 0045
o 5 0200 = - 0030
&+ 0000w | 0t
o 0240 | 028
o+ 020 = + 0028
e 4 0-2v | 0020

w
10
n
12
15
16
17
18
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In phetograph No. 13, star 10 is not shown, and the ogmation is slightly modified,
It may also be noticed that the values are somewhat amaller for Now. 15 10 15,

The means of the 16 photographs treated in this manner give
@ b 243 o L 0r-DESS,

or with the value of the seale 0 08 from the provicas table
a o 4 0028 o 0°-08 at the Bmb,

It may e noticod that the change of seale anising fromn differences of refraction asd
aborration is 070200, If this value of ¢ be taken instead of 07 082 we obtain

@ o A Ar-089 o 4 1752 at 5o sun's b,

The equations o p. 301 were also solved by least squares for ench plate,  There is 0
cotaderalde rasge in Lhe dedeced yulum of o, as is 0 be expectad when o and ¢ are
determined independently for each plate. The wean resalt for o is 07-90, e very
mearly tho same as that already found,

The photograpls taken with the asteograplic telescope seppoet thawe obtasned by
the “ #inch ™ to the extent that they show cossiderable cutwand deflection, but for
the reasons already given are of muok Jess weaght,

IV. Tux Exrzormox o Prixare.
((Rweroers, Prof, A, 8. Bovaxorox asd Mr, K T. Corrxanan.)

25, The expadition left Liverpool on the * Anselm ' on March 8, and teavellad in
company with the Sobral expedition s far as Madeira, It was pecosary to wait
there sntil Apeil 9, when the joumnoy was coatinuod oo the ™ Peetugal” belonging to
the Comspanhia Necional de Navegagio. The expalition liaded st the sssall poet of
8. Antenio in the Isle of Principe on Apnl 23,

Vieo-Adssiral Castros Rowsaoors and De, Fo Oox of the Natiotal Olservatory,
Lisbon, had Gindly given us intreductions, and evervibing possible was done by those
on the islasd for the muocess of the work and the comfort of the olworvers. We wore
et on board by the Actang Administrator Se. Yascoxokuos, Se, Canssano, Proadest
of the Asmociation of Planters, and Se. Gracmana, represeating the Sodalade d'Agrseul-
tura Colonial, who made all necessary ammangements. The Portuguese Government
Calispessed with any custons examination of the bagpage,

27. Principe is & small island telorging to Portugal, situsted just sorth of the
equater in the Gulf of Guines, sabout 130 male from the Afrcan ccast, The extreme
beogth asd beeadih are about 10 miles and 6 miles. Near the contre mosstains riso
0 & height of 2500 feet, which geoerally attract hoavy masses of doud.  Except for
n certain amount of visgin forest, the island is covered with cocca plantaticns. The
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climate is very moist, but not unhealthy. The vegetation is boveriant, and the scencry
in extremely beautiful.  We amrived near the end of the miny seascn, but the grovens,
a dry wind, st in abost May 10, and from then onwards no ran foll except on the
morning of the eclipee.

We were advised that the peospocts of clear sky at the end of May were mot very
good, but that the best chance was on the north and west of the ilasd  After in-
spocting two other sites on the property of the Socindade d'Agncaltum Coloadal, we
fixed en Roga Sundy, the hendquarters of Sr. Canxeano’s chiof plantation, We were
Se, Canxxano's guests during oar whele visit, and used froely his amplo resources of
laboesr and material st Sundy. We learnt later that be had postponed a vist to Barope
in onder to emtertain us. We were also greatly indebted to his manager at Sundy,
Se. Atatava, with whom we lived for five weeks | has Belp and attention were
invalualde, Me, Wiisur and Mr. Lawis of the Calde Station bindly assisted us as
interpeeters when nevessary.

Rundy is situsted in the north-west of the island overbooking the sea at & beight of
2 feet, and as far ax posilie froem the cload gathering peaks. Our telescope was
cevotod in & small walled caclosure adjoining the house, from whioh the ground sloped
steeply down to the sea in the direction of the sun at eclipse.  On the cther sade it wan
sheltered by a building. The appeoximate pastion was latitude 17 40° N, Joagitude
2hu. 3. K.

25 The baggage was brought to Sundy om April 28 mainly by tram, but with a lrvak
of alwat & kileewdre, where it had to be tramsported through the wool by native
carrers.  After a week spont oo the peepamtions, we returoad to 8, Astonio for the
week, May 6-13, as it was undesiable 1o unpack the mirror so early is the damp
climate, On our rtuwm to Sundy the installation and sdjustiments were scon com:
pleted, snd the firt cheek plates wore taken on May 16, Meanwhile the gravasa
had begun, which, although there is no min, is groenlly accompaniod by increased
cloud, There were, however, some dayvs of clear sky, and the sights were waally
clear.

The coclostat was mounted s a stone pier baalt for the parpose.  The clock weight
fell into & yot bolow the clwk deep emough to allow a run of 30 msbwutes without
rewinding. Care was taken 1o use & partictlar part of the colostat-sector, considered
to be the most perfect, in photographing the eclipse and the check field.  The telescope
{Oxford astrographio object-ghass, see p. 203) rested on wooden V's near the two
ends, the V's being supported on packingcases | the coe at the breeoh-end conld be
woved laterslly to allow of different declimation settings, and was marked with an
approximate declination scale. A sevien of exposures of one second was made on a
bright star 10 tost whether there was any shake of the telosooge after inserting the
plate : no shake was detected even when the exposam was made bmediately | bat
as & safeguand for the eclipse photographs a full sevcnd was allownd to clapse before
beginming the exposure. The exposure was made by moving a candboard screen
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unconnocted with the instraseent. The telescope pointed slghaly downwards, and the
tabe was turned o as to give the right orientation to the plate, the lines of declination
being two or three degrees inclined to the bonzntal. A canvas soreen wis armanged
0 protoct the tulo and objoct-glus from the ditect radiation of the sun,

The adjustments eall for Bttle comment.  In view of the parpose of the olwervations,
it was desirabie to adjust the tilt of the olject-glass and plate with special care. It wis
also important that the setting on the Sold should be nearly exact. The sun aggeansd
ot the ecligse day in suffident time to allow of the setting betng made by menns of
the solar image ; but armngements had been tested by which the comrect field would
have been obtained if # had beom cdoady ep 1o totality,® The teloscope was focussed
by tesal photographs of stars, and owing to the exiforn temperaturo of the imland the
forus was ancharged for day observations.

The object-glass was sopped down to 8 inches for the eclipse photographs sad for
all chock and compurison photographs used in the reductions,

20. The days precading the eclipse were very clowdy. On the moming of May 29
there was & very heavy thundemtorm from atoat 10 am. to 1130 a.m. — a remarkable
ocosrremoe at that tune of year, The sun then sppeared for 2 few minutes, but the
clouds gatherod again.  Aboat dalf-an hoar bedore totality the crescent sun was glitnpeed
oocasiomally, and by 1,55 it could be seem continuondy through drifting clond. The
caleulatod time of totality was from 2h. 18mm, Se. to 2h, 18m, 7, GM.T, Exposures
were made acconling to the prepared prograsewe, and 16 plates were oltained
Mr. Cormixaman gave the exposures and sttended to the driving mechanism, and
Prof, Epomeorox changed the dask slides, 1t appoans from the results that the cloud
et have thinned convderally dusing the last thind of totality, and some star image
were shown on the later plates. The doadier plates give very fine photographs of a
remarkalde prominence which was on the limb of the sun,

A feow sinutes after totality the wan was in & perfoctly clear sky, but the cearsnce
dod not last boug. [t seers likely that the beeak-up of the clouds was due to the eclipee
iaolf, as it wax notiond that the sky usually ceared at sunset,

It had toen istended to complete all the meassrnents of the photographs ca the
spot ; but owing to a strike of the steasship company it was necessary to return by the
first boat, if we were not to be marcsand on the island for soveral moaths. By the
inteevention of the Adnusitestor berths, commmandorred by the Portuguese Governmens,
were socured for us on the crowdel steamer.  We left Principe s June 12, and after
transhipping st Lishon, reasched Laverpool on July 14,

3. The following is a list of the photegraphs, inchading the comparison phetographs
kindly taken for ws by Me. F. A Brriany at Oxford, before the isstrument was
dissnounted.  All the edigeo photographs are given, though only W and X fumished

* The methond dapondal on setsing the crvme wires of the tbolite (sitachod (o e cndostal) on &
Sorrosieial matk, and then starting the clock at & particedar inetant.
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results, Of the other srm, only the expoosrs sctually wed in the reductions are

gven,
Ly of Plates,
Check Field (A 14h, 12m. 475, Declination 20" 30)
Mef, | Mace. | Dase | loa8d T | Bep [*P5*| Bar | Ther | Pt
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Cubums 1, ~The letter is marked oa the ariginal plates (proserved st Cambridge Olwervalony). The
wamber sefers bo the expumare, dsceganiing expuwares taken without the Bk stop

Codumn 2.-The coondomten of Oxford Olmervatoey are Se 3o W, 017 067 X, and of the wite
Priscipe, 20m. 32 K, 1° Wr X,

Columns 4.~ The wid-onmtant of the cxponsoe s gives. Times for chock plates ot Priscipe weve caly
voted soaghly. Timses foe the aelipae platen are dodood frves the snlenlstnd time of totalay, the interval
froes the ead of cow expowere to the bognaing of the neat being sssumod aniferm,

Colunn 7 lradings st Toncipe weoe takon with an snercdd recording rtrusest, and Useoefoes
sutornaticaly redaced to the latitede of Engand. The harvencter during oor vislt was practhcally constast
cmvept for & mgular seeni-divmad wave of amgiitude adost 0400 in

Codumn 9 Mrand of Mate : K o linparial Sovesvign, B8, w Irogerial Bpocial Seasitive, AR, = THard
Special Rapéd, B. = Doed Espows.  Backod plates woee send ot Teips,
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Eelipee Field (R.A. 4h 19m. 30, Declination | 21" 4%}
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Columos 1 W0 9. See previess jage.

The large proportion of Hfoed Special Raped plates used at the ecligsn was due to
the [act that experience in developing the check plates showed that these saffernd los
than the others from the high temperature of the water (78" F.). loe was generally
available for the check plates through the Mindness of Sr. Grackira ; but the supply
fasded after the oclipse, and formalin was wed to Darden the Sl This was un-
satislnctory exoept for the LER. plates, and so plates P, & T, W were Lreaght hosse
undeveloped. The developing ot Prindpe was dono at might, and the drving was
sroolerated by use of aloohol,

The use of an Sinch stop in frent of the object-gluss wis suggestod 1o m by
Mr. Davinsox, who showed that & great smproverent of the images resulted ; it was
onginally intended, however, to mw the full apertwre for purt of tetality, Karly
measares of cheek plates made at Principe soon convineed us that the resalts from the
full aperterm were greatly inferior, and we dechded to eely enticely cn the Sinch
aperture.
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The Check Plates.

31 In addition te the eclipse ficdd, a check field was photographed beth at Oxford
and at Principe.  The field chosen incladed Arcturus, so that it was casily found with
the cmbotat.  Jts declation was nearly the same as that of the oclipse feld, and it
was photograpbed at the same altitwle at Priveipe in order that any systematic error,
due to inperfections of the cadostat mémror or ether canses, maght affect both sets of
plates oqually, The primary purpose was thus to check the possibility of systessatic
error arsing from the difforent conditicas of edscrvation at Oxford and Principe, and
from possible changes in the objoct-glaw during transit.  Unbike the Sobml expodition,
we were not alde to take comparison phetograpds of the cclipse field st Priscipe,
because for us the eclipse cocurred in the afternocn, and it would be many moaths
before the ficdd could be photegraphed in the same position in the sky before dawn.
The check plates wore therefore specially important for us.

Ax ovents turned out the check plates worw important for ancther parpose, vie., to
detenmine the difference of scalo at Oxdond and Priscipe.  As shown in the repert of the
Rohiral expedition, it & not secosary to know the soale of the edipee photegraphs, since
the reductions can be arranged 5o a8 to climinato the unknown seale.  If, Bowever, &
trustworthy scale i known and wsed in the reductions, the equations for the defloction
have considerally prouter weight, asd the reult degends oo the measurement of a
larger displacessent.  On surveying the meagre material which the clouds permitted us
to obtain, it was evident that we must adopt the lattor comrse ; and accendisgly the
fisst step wan to obtain from the ek plates & detersuination of the scale of the Principe
photegraphe.

32. All the measures were made by Prof. Eopexerox with the Casclaudge messuring
machine.®  An Oxford and 8 Primcipe plate wore placed film to filin so that the images
of correspondizg stars nearly coincided - this wis possble bocanse the Oxfond plates
were taken direct, and the Principe plates by reflection in the coslostat mirrar.

The stuall differences 2x and 1y, in the sense Principe ~ Osfond, were then measured
for ench star, Fight sedtings wore made s ench tmage ;. for half of them the field was
rotated through 180 degrees by the revemion prism.  Five paine of plates were
mweaserod, and the measures are given in Table X1

* CMenthly Notuws, ILAK " vol. LXL p 400,
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The mean residaal without rogard to sgn is + 0721, froms which the probalide error
of a determination of dzor Jyis £0°-22
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Star 7 s much the brightest. Sears 1, 6, 11, 13 are mather bright. Stam 2, 4, 10, 12
are fainter and more comfortable to messmre,  Stars 5 and 8 are very faint.  Areturis
in oo the plates But is much too bright to measare.  No mocasuros havo bevn rejocted,

The determination of the deflection on the cclipse plates is based cn the declinations
(y), and the last columa of Table XIL shows that on the check plates the yocomparisons
are free from any seneus systematic error,

Star 7 is of particalar iterest | its posstion mear the oomtre of the field corresponds to
that of «,, «, Taun in the eclipee ficdd, from which the greatest deflection is expectal
The images (whach are sot quite round) have the same characteristio sdhape.  Farther,
the brightaess of No. T cormmponds with, but exaggertes, the brighams of «, Taun
which i the beightest star in the cclipse fledd. It is therefore a valualde check to flnd
that its systematio crror in declination is insgnificant compared with the displacessent
{of the order of 17) afterwands found for x, and <, Taun.

The systematic erroes in rght sscension are krger (peobaldy through imperfoct drving
of the deck). They may aflect the dsplicement indirectly threugh the crientation
ocastant, bt with much reduced effect.  Allowing for this reduction in importance there
appoars to bo nothing to troslde abost.

The primary parpose of the check plates o thus fulfilled.  They show that photegrapls
of u check fledd of stars taken at Oxford and Prvcipe show sooe of the displacements

which are exhibited by the photographs of the eclipee field taken umder precisely
sanilar instrumental conditices. The infervace is that the deplicoments in the latter
case can ondy be attribated 1o presence of the eclipsed sun in the flebd.

2. We turn now to the differences of soale besween Oxford and Principe, which are
given by the plateconstants a, &, d, ¢ detormined from the meassrs.  As determined,
thown inchudo the offects of differential relenction and alerration. The latter corrections
were calealated for ench plate by the usaal formde and applied, s as to determine
the corrected plate constants, o', ¥, d°, ¢ free from differential refraction and abermation,
e allowance was made for the chasge in the coeflicient of refraction owieg to the
difforvnce of barcssoter and temgerature (about 40°) between Oxdond and Prineipe.
The results are s follows (in units of the Sfth place of decimals) =

TA_II.R_ x_ﬂ_l.-—-(,‘bc%- l_’;hﬁu. Flato-Constants,

Uncorrected. Corvectad.
Choms patioon, '
- & d . e ¥. d. .. Ve
-8 |42 51000 - WTn | 4082 4327 & WA~ W4 4320 4 80
w, - b 402 <160 W9 | F36] 3340 TS 4 P 4N - 3]
b - #3015 | #1925 | <1730 | 4648 | 4208 | 40026 334 4421 | — O
" -z 4558 H100 | 88| @B | 43| ATA ] MO B0 4 38
"y - 06| ~T62 |+ 6| 2614 | 4202 — %03 | + &2 48T N2
Mesn ., ., +33| - — +33 — 13
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The sign of the results shows that the scale of the photographs & larger ut Prineipe
thas at Oxfond ; in fact the focws must bave beon st alout 12 mm, further cut
(apart frem any change of kength compensatol by expansion of the photegraplée plates).
Ax the error in focussing was probably not more than 0-5 s, the groater part of this
shift must be due to the focul length of the leas combination increasing with tempernture
more raphdly thas the linear expanson of the glas.

If the caly difference were & change of focal Jength, we should bave o' - ', These
it a fairly strong indication that « is greater than «”.  This is vo deuls dwe to a chaage
in the defisstion caused by the vadostat mirror or by & shift of the objoct-glas lenses
on the jourscey | and, as it will peesumably aflect tho oclipse plates in the sme way,
it ix bewt to adopt the valwes of o' and ¢ as determinal, rather thas to take o mwean.
[n %o doing we shall st any rate not exaggerate the displacement, which dependds mainly
on the ymessares and is redeced by adopting too large & valoe of «*

The difference &' — 4" merely gives the eelative orentation of the two plites an
paced fuce to face, The sum & & &' practically vasishes, as it sbeald do.  NHowever,
for conmstency wo adopt the small value foand,

Froen the internal disconlanos of our detersanation of « (the meet smportant of
thewe constanmts) the profable error of the socan is £2-1, This, as shown latee, will
cause & probable error of onr final determination of the deflection, reduced to the bimb
of the run. of amount +0°:14, affecting all determinations sytemationlly, Koo
in the other constants have much smaller influence,

The Eclpar Plotes,

34, The eclipse plates from K to 8 show no star images, After that the elosd
lightenad scosewhat, and scome images apgeur on the remaisang plates,  The sky was
never clear and nothing fuinter than 55 is shown.  The doud was varialde in differemt
parts of the plate, »o that the hrightnes of the images vanes ernationlly and the diffuecn
i also varialde,

In order to oldain remdts of any weight the stars 4 and 3 (o, and «, Touri), which
thacretically should te strongly displaced, must be shown.  They appear o all plates
freen T to Z, and being near the contre of the fickd have good images.  They are relatively
rather faint oo plate U, but are beight on the other plates, The appoarance of the
remsining stars is as follows ;-

Flato T, 6 bight ; 10 faint,
Plate UL 6, 10 very hinght ; 1) Isint,
Plate V. 6 bghe ; 10 e,
Mate W, 5, 6 good ; 10 diffused.
Plate X. 8, & 11 good,
Flate Y. 5, 6 11 faint, &iffused ; 12 very [xint,
Plate Z & 6, 11 faint, diffused.
* 16 happens that it e b reducnld, bt 10 & low cxtont, by weing too ssall & valee of o,
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The possiltelity of a determination of deflection practically depends ot the appearance
of star 5, The relative displacement of 5 and 3 is oa Bissrms's theory, 1°-2 in the
yooonbizate.  Farther, tho remoasures of 5 are noeded for a mally good determination
of the onentation. Star 11 can scarcely take its place. It is troe that the svlative
displacement is then 078 but the orientation aflects this with o muoch larger factor,
andd the eriestation is ladly determined in the aleonce of star 5.

Accendingly plates W and X are the cally cnes likely to pve & trotworthy result.
X s somewhat the better plite of the twa®  Monsures have boen mado of the (aint
diffused images on plates ¥ and Z; bat, as might have been expected, they are
hopelessly discordast and cannot be recsusded by any adopted value of the
delloction.

35 We give the messares of plates X ased Woin detail.  Both congurisons of X were
weasared st Principe o fow days after the eclipee.  Flate W, which was not developed
wati] after the retwm of the expadition, was measurnd ot Cambeidge oo August 22-23.4

. Plase X.

(1) Comparison with Oxfond Plate G,
The differential refraction for all the oclipse plates =

Qe — 865, b dw %2 o210

the differentaal aberration being rere.
For the companson plate G,
. - "'.. 6.‘“ + 0'7. € = -‘”"-
Hozeo for X — G,

8w — 274, B od o 478, em= 4 13

* Plate X b wleo the ment of & shert eapimare, 3o We aabl mustiuet the imennmm of & g
exponare with variable clecd and inperfect puding becase there in nothing e shew that the bmages of
Whe diffiereat stars are Sarvanl o the sine tine

? Of the comgarisens of ohock plates, w, B was mossennd on Aagest 20, sl the others alosn the
eod of Begtomider.  P'oovicus msassros had boen made st Priscge with three carlier check platen taken on
the night of May 14, bt o slight change of adjantnmnt of tlt wes made the Sollowing day [themvafior
it osained snalternd wrtil the oclipee), and the small change of focws Wilownd for in 1he comparinons.
These lenishad & provicoss] seale which was oend %0 oblaln podliscmary sowalts.  Allerwasds the mmasre-
went of chock plates wan usndertalen in & sare ypstermaton way, sung bter plates abuout wiih s doala
conkl arie, and gving the oomalis primted above. No change of say impectance was Sound | the fisal
vaduo for the deflection at the Bob was reduced by 0 4 comparnd with the provisioosd value, bet this was
realnly doo e the adoption of wqmrate valom of o” and ¢« watead of sdopting the mean, and o mcakialecan
of e differential rrésacton asd sberswlion.
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Yo these mast be added the terms representing charge of seale, determined from
the obeck plates (Tabde XI1IL), vie,

G +31-8, b dew 08, e 4 373
Henco the whole differencs X — (3, is given by
0w | 3-8, bdw 60, e | 356

The first step is to take the messarnd differences A2, dy, and take out the purts
ar | by, dre 4 ey, due to thow termn, beaving the corrocted differonces 4,2, Ay

A and Sy contain (1) the Binstein displacement, if any, and (2) the unknown
redative orientation of the plates giving rise to terma of the form, A4x « | Oy, Sy <« 62
Thown two parts could to sgarated by & loast-spsares solution, but in view of the poor
quality of the material it soems botter to adopt & mothod which keope o better check
on possible discosdances and shows more dearly what s happening. The Hastom
displacement in # is small, and we might perhaps neglect it altogether in determining #
from the r-memsures.  However, it s cloar from preliminary triaks that a digdacement
exista ~whether the halfl or the fall Bt cin displacemest.  Henee il we take out three
qpearters of the full Einstein displacement (JK,) we divide the already slight efect by 4,
and at the same tame deal faisly betwoen the two hypothesen®  The residunls 4. resalt.

From the oquations 4.2 w ¢ 4 Oy we dotorsine by least squases the onestation o,
which is foand 10 be + 163, Removing the term 183y we obtain the residuals 4 2.

Turning o 4.y, we correct for 1ho orientation by taking cut the term — 103z, leaving
Ay. These valoes shoshd agree for all the stars, excopt Sor the displacement and the
acciilestal erree.

Penoting the value of the displacessent at 30 (or 10 réscan-intervals) from the contee
of the wan by «, the y-displacemonts of the varions stars will be s, wheee o, bas the
values taladatad below. We can thesedore obtain « by salving by Jesstaquans the
cquations
Ay = f+ wx,

Tho eadins of the sun during the oclipse was 15°-78.  Henoe the full Eindein diplace-
mest of 1773 corresponds 10 0753 at 30" distance, or, in car anits of 07000, « - 184,
It is casily soen that the valoe ix somewhore near this, and it is thereforo casier and
moro instractive to take cat K o 184, and determine the corroction to « from the
resedoals Ay We also remove the mean of 4y oltaining the final residuals

The socmal equations corresponding to equations of coadition

resdoal « ¥ | o &

* The smaller the displacoment proviscoally ssssseed for o, the Whlhdhﬂu-n“y
forendl (oo 3 foee p. 327
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are {oand 10 be
o + 2888k o — 1}

2-5380 & 4-885c o |04

"M‘— } “|
& {20,

whonee

An meresse of 20 on 184 cceresponds to an inevease of 0719 on 17-95. Henco the
resulting deflection at the limb s 1794,

Since the full deflocticon is indicated we complete the eesults for 2 by taking owt the
remaining |E,, obtaining 4,2, and then tabulste the residuals from the mesn values
-2

The successve steps are shown below :

| | !
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(2) Comparison with Oxford Plate H,,
The reductions are simidar and aro given in & rather more ccadessed form below,
The theveetionl plate constants are

P b od e 483, - 4380,
i — i/ S e —
Flae ! Ae A | A i Loy | A | A | Rownd.
e - — - | |
1 o T ' T 24 "N L) ) 335
s 51 ) | - £ “ox ©o% -1 '
' M oo | s po? o or —134
3 I Tim nm e sax N4 | 4o
‘ T 747 ‘ 7146 3 | e e | -n |
! - — — = P ——— T o _.
VOl OUXX, —A ey
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S dy. By ~10s. o R Ay Rowal
n 15 o0 - 11 4+ 6 1) (18] 172
1) L) L1+ -1 e -187 oy -3
] 181 e -3 118% ™ o + 3
3 s ™l ] 1 402 (2] -
. %0 ™ —1m m +1% ‘ M2 -
The normal squations are
88 & 2888 = 41
b £ 4 4888 = ~108
whenoe e
"w - —.“o
Ot e ~33,

The corromgonding defection a4 the limb is
1°-75 « 0°-31 « 1"-44.

Fiate W,

Although the exposure was only 10 seoceds the images have jumped in RA, o
that the appearance is dumb bell shaped. They are, however, symmetrical, so that fair
mensires of x can be made ; the y measures on which the result chiefly degends are
unaffocted. Star 10 is vory diffused in R.A,

(1) Comparison with Oxlosd Flate D,

Theoretical plateconstants

aw 440, bd= 163 e £397,

Star . Lo e LS A 00y | A S I Rewid.
3 1240 2420 oo i u0 3 n > + 40
‘ 17-M Fes i M o 14 bl N —
a 1748 = st —m oA a2 e nM -
4 w2 e 4 | 4+ 3 o s Thes 1. 18

l 10 ne 1% o 17 o % b2 L) M2 ‘ +34

Sar y Sy A9 | ~0la | 3 LS S n | Rensd
4 1% 57 i | -1 (=3} -123 @amn | -0 + 70
) In72 AT 4% | - “we 3 G e-n ~ 1
3 I7-00 sl s | Ll i +101 1 R e
¢, .| W (2o 0T | 1 s +1 an | o L id
o nn M6 5% | a7 M AL an fiew | M
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Normal equations
BEf i 3-488« w 1

3425 4+ 528« = -2
whenoo
2-878x¢ = 41

S« w -,
Henco defloction at the lNmb i

1°76 — 0°-20 « 1°- 58,

{2) Companmon with Oxford Flate I,
Thearotical plate constasts

a o 400, b, d o 100, e 4388,

Star. e Sy A ~ 0y, A A M
3 ME0 o w2 - Nw e 4+
‘ e ] wa o7 543 EE ) O] + 1
3 w2 on [ % ) g [
o (T3 (] o -5 w0¢ was — 45
10 Aok “w» wn —als 3139 sy + W
Star. L Ay + 30 Ay K. Ay R
o — ~el m D -1 ~ 1354 - 18
4 ~aTel — A% L -7 +5M ~13% -1
3 o ~ a1 M -~ +372 —~TT + ™
3 oA —aa76 s -~ 413 ~TNE -
10 ~al09 -7 s —24) 4154 ~7163 | 4118
Normal equatioos
55 4 3428« - -8
3408 + 528 = N
whenen
""& Lo -“.
R

Henee deflection at the limb is

1%-76 0"+ 08 w 1707,
sy2
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Pote [,

Comparison with Oxford Flate K,

Sinoe Plate U shows some good images it has been examined, although owing to the
alwonce of star 8 the weight is seall. The moasures were made at Principe.

Theoreticad plate-constants

@ - 428, B od w480, e - 4377

|
l Blar. | . se i | sy | R o | B
n e P ool =T ~101 — B T
‘ 1M T V= "o -1 -1 —1n
3 1748 1626 “m 1= S Lo LS
F -3 270 so3 os |+ 4 —- 10 b, -
10 ‘ na | T o | @0 | ¢\ | 4me T
e
N ' —
" 1% o o -3 | 40 - - |
P b 72 [ T -l am - -t
a 17-90 Yoy T T 72 weo 12
n un 74 39 -4 P13 L ¢ 3
0 w2 ‘ L BEFPYER B TR + =

l | . l ol

Ins this case it is net possilde to determine the crientation with sufficient accuracy from
the mmeasures ; the value bere applied s an arhitrary preliminsry valoe. We
scconbizgly make a beast-squares solutice from both - and yresdels to determine
the correction to the arestation, 30, as well as &, & and &

The result is

80 L2 8c = 121,

This gives the deflectica

290,

The protable error is, however, & 07587, 50 that the result is practioally worthless,
Further, it s much more likely 1o be affectod by sostematse orror than the provieus
Tosaita,

The large peolalde error is partly due to the large resduals which aro greator than
in the previcus monsures ; in pasticelar star 3 bs wndaly falet.  [f the same accuracy
havd bevn obtained, the theoretionl weight would Bave boon half that of plates Wand X ;
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but havirg regard to possilde aystematic erroe, prelably & quarter weight would more
nearly represent the tree value

This determination is ignored in the subsequent discusion.

36. 18 is essy to caloshate the effocts of any errors in the adopted scaale, orentation,
&e., on the final noadt (defloction at the limb). Wo give seeo illustrations.

An error in the sdopted scale of y of 10 units (in the fifth place of decimals) would
lead 1o an error 0768 in the result from either plate. Thus the geobalde orror +2+1
in the determinatocn of « gives a proluble error £0°- 14 in the finad reedt ; or, o we
sdoptod the lurgest (rather discondant) value found foe ¢ instead of the mean, we should
reduce the result by 0758

An error of 10 wnits in the orientation gives an erroe in the resslt of 0743 for plate X,
and 0°-22 for Plate W, lthl&admdln-lmmm.ndmnhuhhmmy
to be systematic.

Errors in the meassrement of > only afect the result through the orientation, For
Mate X, a peolablo error of 20" 3 in the cmosures would give an error £4-0 in
the erientaticn, Jeading to an error +0°-18 in the result ;| wheroas an error of the same
maguitade in the y measures gives directly an error £07:35 im the resalt,  For Flate W,
the prodable errce of £07 30 in  gives an eryor 23°5 in the osentation and £0°-08 in
the rosuls, compared with £0°-38 for similar insccussey in y. 1t s particelarly fortunate
that the r-measures are so unimportant for Plate W, bocanse, s already menticood, the
images trailed on that plate,

Fizally, it will bo romembered that i ender not to commit cusselves to the Einstein
hypothesis prematurely we neghocted the comrection JE, in determining the onentagion,
This will make a difference of 07029 in the results frosn Plate W and 07062 from
Plate X.  The efoct ix that the doduoed deflection neods to be dectvased, and the mean
ocerection —0°-00 shoedd be applied to the mwean result obtained, or rather, to make
the adopted defloction for 7 consstent with the deduced vakee from y, the cormeetion
noodad is —0"-04,

Dscvssion of the Results.
37, The four determinations from the two eclipse plates are

x . 0 d':'a n".a l.°“
x— “ I l.'“
w-' D Pl AL '.'“
‘.—l - . - . ..'“
giviag a mean of
17-95.

They evidently agree with Exxsrxix's peadicted valoe 1775,
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The residusle® in the soparute ccmsgarises redocnl to are are as fdlows.  They do
not appear to show aay special pecaliaritien.

= rwidmaln y ressinale
Kar
a n n L Man a. M. n 1 Wran
— ‘.—d - _—
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o 00| O L0120 0w 006 01| 0] oM D2
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The average yoosidual is £0"-22, which gives a probable error for y of +0".21,
It b sataadactoey that this agros so searly with the peobalde arroe (£0°-22) of the
obeck plates, showing that the images are of about the same degree of difloadty and
theredorn prsumably comparable. The peotable emor of # is £07-25, bt we are
not so muck concerned with this,

The weight of the deteemination of 3¢ is akout 3 {stectly 3-23 for Plate X and 2-87
for Flato W), The predable error of « is therelore +0°-12, which corresponds to
probable erroe of +0°-3% in the final valoes of the deflection.

As the four detenmisations (svelve only two celipse plates and are not whally
independent, and farther small accidental errces may arise throogh insccuamte
determization of the onestation, the probable emror of vur mesn resalt will
about £07-25. Theee i further the orror of $0°-14 affecting ofl four
equally, arising from the determinstion of soale. Taking this into secoant,
imcluding 1o small correction —0"-04 previously mentioned, our result may
written

rils

1700 £0%-30

It will be soen that the error dodeced in this way from the residuals is considerably
langer than at fing seemed likely from the secordance of the four resalts.  Novertholes
the accurscy soems sullidest to give a fairdy trovtweethy confirmation of Enverax’s
theory, and to render the balf-defloction st least very impeobable.

3. It romains to condder the question of systematic error.  The realts obtained
with o simdlar instrarcent at Schenl are consdered to be largely vitisted by systematio

* The comdanls refer (o the thoorwtical deflection 1°-73, st the deduced definctions,
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errors.  What ground then Save we—apast from the agroement with the far sugorce
detersization with the 44neh dens at Sobwal- for thinking that the peesent results are
maore trastworthy !

At ficst wight everything is in favour of the Sobeal sstrographic plates, There are
12 stars shown aguinst 5, and the images though far from perfect are probably saperscr
to the Prinoipe images.  The multiplicity of plates is Jess important, since it is mainly
a question of systematio error,  Agsinst this must be set the fact that the five sars shown
oo Flates W and X inchede all the most essential stars; stars 3 and 3 give the extreme
mnge of deflection, and there is po great gain in incloding extes stars whoch play o
youssive part, Further, the gain of nearly two extes magnitudes st Sobral mest bave
meant overexposare for the beighter stars, which happen 10 be the really Importast
ones ; and this would tend to accentuste systematio erroes, whilst rendening the defects
of the images loe ensily recognisod by the measurer.  Porbaps, therefore, the doud
wis 2ot o wnkind 1o us after all.

Another important difference is made by the use of the extrancous determination of
sale for the Primcipe mduotions, Grasting its walidity, it redoces vory consderably
both sccidental and systematic orrors.  The weight of the determination froes the five
stars with known scale is more than 30 per cest. grester than the weight from the 12
stars with saknown scale, Tt effect ax regards systematic orror may be seen as follows,
Kuowing the scale, 1o greatost relative deflection to bo measurnd simoants to 172 on
Ersstiax's theory ; but if the scule is unknown and must be diminated, this & reduend
10 0:767, As we wish to distinguish betwoon the fall defloction and the half defoctica,
wo must take hall these quantities. Evidently with poce images it s mach more
hogeful to look for a difference of 0°-0 than for 0°-2 It is, of course, imposctie to
assign any precise limit to the posible syvtematic ervor in interpretation of the images
by the messarer ; but we food faisly confident that the forsor Sgure s well outride
possd biliny,

A check aguinst systematio eeror in our disowssion is provided by the check plates, s
already shbown.  Its eflicacy depends on the sssdanity of 13e images on the cheok plates
and oclipee plates st Principe.  Both sets are (ninter thas the Oxfoed images with which
they are compared, the former owing to the imperfect driving of the coelostat, which
mnde it impossible 1o secuse loager oxposures, the latter owing 1o doud,  Both sets havo
a falet wing in declination, but this is separated by a slight gap from the truo imagm,
and, st Jeast on the plates measured, the wing can be distinguished anmd ignorel
The images on Flates W asd X are net unduly diffused except for Now 10 on Plate W,
Differcnce in quality betwoen the eclipse images and the Priscipe chock tmages is not
notsceable, and is certainly far Joss than the difforence between the lstter and the Oxfond
imagos ; and, seelng that the latter comparison gives no systematio error in y, it
secea fair to sswame that the comparisca of the eclipme plates is free fram systematio
wrTOr.

The writer must ccadess to a change of view with regand to the desteability of wsing
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an extransoss determisation of scale.  In considesing the peogramime it had seemod teo
risky o peocending, and it was theught that o selfcontalned determinatioa would
recvive more confidence.  But this opinion has been modifid by the wery special
crowsstances st Princyw | asd i s now difficalt to soe that any valid objoction «an
be brought agaimss the wse of the scale.

The temgperature st Principe was remarkably unifeem and the extreme mnge
probably did not exoeed 4" during our visit— inclading day and mght, warm sason and
ochl sonson.  The temperatioro rasged generally from 771° to T01” ko the rasny sonson,
and about 1° colder in the oool gravama,  All the check plates and eclipse plates were
taken within a degree of the same temperature, and there was, of counse, no pereptible
fall of temperatare peeonding tetality.  To aveld any alteration of scale in the daytime
the telescope tabe and object-glass were shaded from direct solar radiation by a canvas
soroen ;. but even this was scarcely necossary, for the doods tefore totality provided o
still moee eficiont servon, and the foeblo rays which pometrated coudd not dave dome
any mseliel. A heating of the mirree by the sun's mys ccald searcely have produced
& true alteration of seale though it might have done harm by altering the definition ;
the cloud protected ws froms any teouble of this kind. At the Oxford end of the
comparison the seale s evidontly the same for both sets of plates, sace they worn both
taken at night and intermingled s regands date,

It thus appears that the check soalo is logitimately applicable to the eolipse plates.
But the mothod may not be so satislnctory ot feture eclijoos, since the particulsr
cireumstarces st Principe are not likely to be regroduced. As regands other sourom
of systematio error, cur chiod guarantos bes in the comparatively large amount of the
deflection to bo measural, and the test satisfied by the chock platos that
of another field ander similar comditions show no deflections comparable with thoee
bere found,

YV, Gexenar CoNCLUSSOXK

30. In semevarising the results of the two expoditioos, the greatest weight mest bo
sttoched to those ehtained with the d-inch loxs st Sobeal  From the sugeniority of the

images and the larger scale of the photographes it was recognised that these weuld prove
to be wmeh the most trastweethy, Further, the agreesment of the results derived inde-
pendently froms the rght asermsions and declinstions, and the socordance of the
rosduals of the individual stars (p. HS) yrovides & more satisfectery check om the
resutlts than was posible for the other instnaments

Theme platon gave

From declinations . . . . . 1%
From right ascensions . . . . 2706
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The resullt from declinations is about twice the weight of that from right sscensicos,
so that the mean result is
17498

with a probable ervor of alwat 20° 12
The Priscipe observations wero gonerally istorfeeed with by clowl.  The unfavourable

circumstances were perhags partly compessated by the sdvantage of the extremely
uniform temporature of the ishand. The deflection obtained was

The prodable exyor i aboat £0°3), s that the result has moch less woight than
the peecoding.

Both of these point to the full deflection 1°-75 of Faxsturx's generalised relativity
theory, the Sobmal results definitely, and the Principe resulta perhage with some un-
certacty. There remals the Solral astrographoe plates which gave the deflection

07-93

discondant by as amount mach beyond the limits of its accidental error. For the
reasots already described at length not mach weight is attached to this determination.
It has loen swumed that the displacement is inversely proportional to the distance
from the sun's centen, sinoe all thooeion agroe an this, and indeed it seems elear from
consderations of dimensions that & displacement, if due to gravitation, must follow this
law, From the results with the 4-inch Jens, some kind of test of the law & possilie
though it is mecessarily only roogh.  The evidemor 3 summarisod in the fellowing table
and dingram, which show the radial displacement of the individual etars (mean from «ll
the plates) plotted againet the reciprocal of the distance from the comtre.  The duplace-
mest scconding lo Eaxsrxix's thoory o indicated by the heavy bine, scoonding to the
Newtonian law by the dotted live, and from these observations hy the thin line,

Raviar Displacesent of Indivadoal Stars,
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Theas the resalts of the expeditions to Sobral asd Principe can Jeave litthe doubt that
a deflection of light takes place in the neighbourhood of the sun sad that it i of the
amount demanded by Eresrmis’s poneralisod theory of relstivity, as sttnlatable to
the sun's gravitatiosal field. But the obeesvation i of soch interest that i will
predably be ccasidered desirable to repeat it st future celipses. The unwsually
favourable conditicns «f the 1919 ecligee will not recur, and it will ke necessary to
photogeaph falnter sars, and theso will probably bo st & greater distance from the sun,

-
10 —
o
I
P
=
o 2 -
3
§ 6
S 1§ -y
o
o) wnd
<
D O
-
by
.a-
4 —1
’e | R SR B 1 1 ’
CisTANCE o @0 W 40 o s
Dhagram 2.

This con be done with such telescopes s the astrographio with the objoct-gliss stopped
down to 8 inokes, il phetographs of the ssme high quality arm oltained as in regedar
stellar woek. [t will probally be best to disand the use of colostat mirrars.  Thew
aro of great ecmvenience for photographs of the coruma and spectromagie oberrvations,
bt for work of yrvcision of the high onder yoquired, it is undesiealde to istroduce
comnplications, which can to avoided, into the optical trin. Tt woudd seem thst rome
form of equatorial mounting (such s that employed in the Ecipuo Expoditions of the
Lick Obwervatory) is desirable.

In ccacluéon, it is & pleasire to recond the great assbstance given 1o the Expeditions
from masy quarters. Reforomce has been made in the course of the paper to some
of these, Especial thanks are due to the Brazilun Governmest for the hospitality
and fecilitien accomdod to the observess in Sobral. They were made guets of the
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Government, who provided them with trassgort, scoommodation amd labour.
e, Momzze, Ihrector of the Rio Obsetvatoey, acting on behall of the Braskan
Government, made met complete armangements for the Expoditicn, and in this way
contributed materially 1o its sucoess,

On behalfl of the Principe Expedition, special thanks are due to Se. Jeroxyuo
Canxxino, who most bospitably entertained the observees and provided for all their
requirements, and to Sr. Avarava, whose belp and friendship were of the greatest secvico
to the obwervers in thesr isolated statscn,

We gratefully seknowlaldge the loas for more than six mooths of the astrographic
object-glass of the Oxford University Olsorvatory. We are alwo indobted to
Mr, Brraaxy for the chook plates he obtained in January and Febeuary.

Thanks are due to the Roynl Irish Academy for the loan of the dinch object-glass
and %-inch coslostat,

As stated above, the expeditions were arrasged by the Joint Permanent Eeligeo
Committee with funds allocated by the Government Grant Committee.

[1n Fage T % grven o balf-tons repoodoction of ane of the nogatives takom with the Samh bon a1 Sobmnl,
Thiv shaws the pontion of the vtare, ated, ae far a0 posibie in o seprodaction of 1his kind, the chasncter
of the vages, as there has boen 0o svtoncking.

A numoher of photogrupiie prints have bovt made sl sppliontions for tham framn ssttosenserns, who
wink o smare themssclven of the qualty of the photographe, will be comsidered and wr tar & possible
aceeded ta ]




