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THE FLORIDA EXPEDITION 7'0 OB-
SERVE THE TRANSIT OF VENUS.1 

INselecting the four statioiis in the northern 
heinisphere from which t o  observe thc transit  
of Vea11s on Dcc. 6, 1883, the  probablc 
weather a t  that  season, together with thc gco- 
graphical position of the various points con-
sidcrccl, were thc principal terms in the problcm. 
I t  was desirable to  find points where good 
m-cathcr would bc likely to  prevail, and  wllcre 
all tlic contacts, both a t  ingress and egress, 
conld bc seen. Cossidcrable advantage being 
gained by increasing thc distance betwceii the 
southern aricl nortl~cril  stations, those in the 
Unitecl States were clloscn a s  far north a s  pos- 
sible, ant1 fulfil thc first two conditions. 

With tliesc views, the transit  of Venus com- 
niissio~l selectecl a point near For t  Sclden, 
New Mexico, Sail Antonio, Tcx. .  Ccdar I<cys, 
Fla . ,  ancl the naval observatory a t  Washing- 
ton.  'L'he thrce southern stations, all betwccn 
29" and 33" N. La t . ,  prescntcd marliecl d i re r -  
elices iii their su~~l~ormdings.  The  station in 
New Mcxico was about 5,000 feet above the 
sea, mith the air clry ancl cool. S a n  Antonio 
has  a n  elevation of about 600 fcet, with a clry, 
warn1 climate. Cedar Kcys is  barely above 
the water of the Gulf of AIexico. I n  Novcm- 
ber the weather was hot aiicl cornparativcly 
dry,  with increasing dainpness a s  the nights 
became cooler, about thc first of December. 
Washington was chosen bccnusc a complete 
sct  of apparatus was in working order a t  the  
observatory. 

Tllc party under my clirectioii was assigncd 
to Ceclar Keys, which point wc reached Nov. 4. 
Thc  namc Cedar Kcys was formerly applied 

The  huilclings for thc protection of the  
instruinelits \Trere a transit-house, photograph- 
lionsc, and the building to coiltain tlie eqoato- 
rial tclescopc ; wliilc a sinall storehousc was 
built to protect the stores, etc. The  principal 
instrunients wcrc a portable transit ,  a &inch 
equatorial tclcscope, and a photoheliograph. 
T h c  first two rcqnirc no clescription. The  
photoheliograph consists of an objective of 5 
inches aperture aiicl about 40 feet focus, a 
lleliostat for throwing the sun 's  rays on the 
o b j e c t i ~ e ,  and a plate-holder a t  the focus of 
the objective. T h e  objcctivc and the mirror 
of tlie heliostat are  nlountcd on tlic northern 
pier a t  nortlicrn stations, and thc plr~te-holder 
is rnountecl on a similar picr in  thc photograph- 
housc. T h c  accessory apparatus consists of 
a ineas~~ring-rod,  pel.irianentl~ moitnted, for ac- 
crirately measuriiig the clistancc froin tlic ob- 
jective to  tlie l~liotograpli-plate; a m o ~ ~ a b l e  
slide, n i t h  a slit of acl j~~stablc  wiclth for cxpos- 
ing the plates ; ancl a circuit coi i~iect i i~g \villi 
the chronograph in tlic transit-house, s o  ar-
ranged, that  whcii the exposing-slide is moreel 
to  csposc tlic plate, and whcn the ccntre of 
thc slit is opposite the centre of the plate- 
holder, the circuit is brokcn, ancl the recorcl 
iiiacle on the chronogral,h. A blaclr disk is 
paintcd on the north side of the slide, and so 
placed, that  nlheii the slide is a t  rest a t  onc cnd 
of its course, and the image of the sun is ad- 
justed coizccr~tric mith this disk, it  will fall on  
the centre of thc plate-holcler when the slide is 
moved. Wlien all thc  adjnstmcnts arc rnaclc, 
the exposing of the platcs is quite a simple 
matter. T h c  image of thc sun is thron~ii by the 
hcliostat npon the black disk and centred, 

to  tlie >vholc group of keys betwccn the m o ~ ~ t h s  thc scnsitivc plate is fixcd in the plate-holder, 
of the Suwannee and Withlacoochec rivers, 
but is now usecl to  clesignatc an acti\-e business 
town on W a y  Kcy, thc largest of the group. 
This  town sprang into cxistcncc after the close 
of thc war, and is chicfly interested in thc 
lumber, sliippiiig, and fishing iatcrests,  while 
it  is  thc ship1)ing-point for all the cedar used 
by the Fabcr  and thc Eaglc peiicil compnnics, 
in  the maiiufactnrc of pencils, etc. 

A site for the observing station n7as selected 
i n  a small park a t  tlie eastern end of the 
town ; alid the construction of the buildings 
ancl mountirig of the instruments were p~lshed  
form~arcl a s  fast as  possible. The  so-called soil 
of W a y  Key is  simply a mass of white sand ; 
and in the grounds of the station, where a pipe 
well, with a pomp, mas sunk, the sand existed 
a t  a depth of a t  least fifteen feet. 

1 Abstract of a paper read by Prof. J. R. Eastman before the 
TVashington philosophical society, March 24, 1883. 

the operator mol cs thc  exposing-slicle, ancl thc 
time of exposare is  recorcled on the chrono- 
graph. T h e  plate is now ready to bc devel- 
oped ; and here the ablest photographer has a n  
amplc field for the escrcise of all his skill. 
T h e  first photogral~hs were inadc Nov. 23. 

T h e  weather was excellelit till the last of 
Sovcmber,  ~vliea we had our first norther and 
a frost, followed by rain ancl aliothcr norther ; 
but  Dec. 4 and 5 were clear and mild. A t  
s ~ u ~ s e toil thc 5th,  a low hailk of clouds nras 
spread along tlie soath-western horizon ; but 
the sky was clear a t  midnight. On the morn- 
ing of the 6th, the southern and eastern sky 
was nearly covered with light cirrus and stratus 
c l o ~ ~ d s ,with a n  upper south-west wind, while 
the surface n-incl was from the east. All the  
apparatus was examined, and  found t o  be in 
good order ; ancl the astronomers went to  the 
equatorial telescope to observe the first contact. 



SCIENCE. 


For  obser~xing coi~tacts I used an ege-piece 
magnifying 316 cliarneters, attached to a IIer-
schel solar p~isni ,  and n slicling-s1.1acle qlass 
with a clensity varying uniformly from encl to 
end. The 1i1nt1 of the s u i ~  n3s remarlial-)ly 
steady. The as4stant astrono~ner, Lieut. J .  
A. Norris, U.S.N., ~ v a sto take the time of my 
signals from a mean-time chroaorneter, ~vllilc 
with an obserl ing-key I was to nialce a record 
on the ch~~onograph ah a cl~eclz. 

Aboat fol'ty seco~lcls hefbre tile computed 
time of first cont:lct, a narroTv itratus clo~ld 
passed upon the south-easti1rn cdge of tlic sun, 
ancl shnt out all the liglit. The clo~~cl reniainecl 
about three ~ninutes ; and, when it passed off, 
tlie notch in the sun's liinb 7 ~ a s  plainlj malked. 
Two photographs were talien to test the appa- 
ratus and the plates ; and then the time before 
second contact nas devoted to an ext~mination 
of the lirnbs of Venus nnrl the sun. 130th were 
perfectlj, steady. f a  obserratiol~s of the sun 
for the last twen t~  jears 1 ilevcr saw it bctter. 
A t  ahout tllirteea ~ninntes after f i ~ s t  coiltact, 
the outline of the entire clisli of Venus co~lld bc 
seen, a ~ l d  seemed perfectly circular. About 
two minutes later, a faint, tliiil iiin of yellomisli 
light appeared aro~uncl the liinb J ct outsicle the 
sun. This rim n.as a t  first Ilroadest ncar thc 
sun's limb, but soon tlie vticlth of the light 
became uniforin throughout. The light was 
wholly exterior to the l in~b of Venus ; l.e., t l ~ c  
hlacli- limb of Venus on the s u ~ i ,  and the clarli- 
limb outside, formed a pcrfectl~ circular dislc 
vi th the rim of liglit, or halo, outsicle the par-
tion off the sun. As tlle time of second con-
tact approacl~cti, liieut. Norris agaiii took np 
his station at the ahlonometer. As  the liillbs 
~lcarecl gcometlicnl contnct, the cusps of sun- 
light began to closcl aro~und Venus more ral~idly ; 
and the perfcct definition of the limbs, and tlie 
stcadx, deliberate. but ~uliformiy increasing 
motion of thc CIISPS, convincc~l me instantly 
that the phenomena at tei l t l i~~gthc contact 
mould bc far more simplc than I had crer 
imapinecl. I had only to look stendilj , to see 
the cusps stcaclily but ral~icilg esteiid them-
sel\-cs into the tliinllest r i s~h lc  thread of light 
around the following linib of Venus, ailtl 
remain t h e ~ e  mi tho~~ t  a tremol or pulsatioa. 
A t  the nlomcnt tlie cu\ps joined. I gave the 
signal, a ~ i d  also iliaiie the record 011 the cl~l,ono- 
grapli. htill li-eeping 1113 q e at t l ~ c  telescope, 
I saw nothing to note savc the gradually in- 
creasing line of light bctwcen tlir limbs of thc 
two bodies. Tlic disli- of Venus on tllc sun 
was blaclc. All the nljpnratus connectecl with 
the photoglaphic ~ ~ o l l i  again csailiined ;was 

each inemher of the party was a t  his station. 
Lieut. Norris, nho had charge of the chrono- 
graph and the heliostat, was stationed at the 
latter instru~neiit to see that a t  certain inter- 
vals the motion of the heliostat was corrected, 
and the snn's image thrown in the proper 
direction. In  the) photograph-house, the as-
sistant pliotographer, Mr. G. BIaxwell, took 
each plate from the box, placed it in the plate- 
holder, called its number, and, after esposure, 
returned tlie plate to tile proper box. My own 
shme of the norlc was to record the n ~ ~ m h e r  of 
the plate, more the exposing-slide, record the 
time of exposure of each plate from a chro-
ilometer as a cliecli- on the chronograph record 
and as a means of iclentilication, ancl coininu- 
nicate with Lieut. Norris by a s j  stem of 
signals on the measnring-rod. The chief pho- 
togiaphcr, Mr. G. Prince, c1c~i.elopcd the last 
plate cxposetl until neally all the clouds had 
cliial)pearecl, caref~illj watchecl :111 the l~lloto- 
graphic manil~~ilations, advised in regard to 
the le~lgth of exposare, etc., and prepared and 
de~eloped.  with occasional aid from Afr. Max- 
well, a11 the wet plates usccl during the clay. 
After the clouds disappearecl. measures of t l ~ c  
diameter of Venus were made with a clouble-
irnage microlncter attached to f11c 5-inch tele- 
scope: and thcn the photographic ~ ~ 0 1 ' 1 ~  was 

resumer1 morc leisurely. I t  was iiltcnclecl to  

nsc dry platcs for all thc work ; hat difficulty 

in cllj ing the fiist 1.50 ~vliich nrcre coated, led 

me to the deter~ni~latioii ancv 01113 150
to co:rt 
plates, :ind leave thc others to be used as wet 
plates if the clry plates shoold unexpectedlj 
fail at thc last 11our. Aftcr ele\ en o'clock a . ~ ., 
the clo~tds dlsnppeaied. : and, fillding we had 
plenty of time on our liancls, me exposed si.2: 
wet platcs aftcr cnch group o i  t w c l ~ c  dry 
plates. 

A t  alloat ten minutcs before t l ~ i ~ dcontact 

wc llad esl>osetl 150 diy plates 2nd 30 wct 

olies. The majority of the c l r ~  plates wcrc 

e s p o s ~ dn it11 n ilit 1..j inches nide, n hilc with 

the wct plates the width was three-eighths of 

an i ~ ~ c l l .  On going to thc telescope to observe 

the last ccinlacts, I fou~lcl the limbs of Venus 

ancl the sun as stearly as in thc niornilig ; and, 

though t l~crc was some liaze over the sun, 

it  (?id no harm. The ellircl contact was oh-

sen  cd ~ i t h  great accuracj , notliilig occilrring 

to obstluct or complicate tlie re? aiinple and 

definite phe~lomcna which mas in the reversc 

orcler of tlint scen a t  srcolld contact. The 

rim of light appeared arouilcl Venus as soon 

as thc limb was visible beyond the sun, ancl 

was seen for nearly tell mi11~1ti.s. The com-


and, a t  about ten minutes after secoiid c o ~ ~ t a c t ,  plcte outline of Veilus was ~ i s i b l e  for two 
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minutes later. S o  pheiiomeiia worthy of note 
were seen betweell tliircl and fonrtll contacts. 
I ,l l l e  lapping of tlie lirnh of Vellns over that 
of the slm gradually but steadily decreasecl, 
until the final seljaration n:ls observed nit11 
great accuracy for such a l~l ieno~ncnon.  Sooii 
after tlie last contact, the entire apparatus was 
again carefillly e~au~linecl ,  and  tlie necessary 
obser~a t ions  iilade t o  determine tlie error5 of 
the chronometer^. All tlie measures n ere 
made, also, for iletennining the exact position 
of the pliotoheliograpll. 

T h e  dry  pl:ttei mere developeil i n  a fen d a j  s ; 
ant1 146 tlry p l a t ~ s  and 30 wet ones n-ere sent 
t o  TVaihington, a11 of nhich c:tu be easily 
me:tsured. T n o  dry  plates mere csl)osecl in  
the forenoon, n l ~ e n  tlie clonds mere too dt?nse, 
ancl no inlages were obtained ; and two otliers 
mere accii1ent:rlly broken. 

I11the ohser7-ations of interior contacts there 
n a s  no trace of any treinor or flac~tuatioii of 
the light i n  the crisps, as  they closed a r o u ~ l d  
the limb of Venus ; ancl i t  is  almost needless 
t o  sag-, that  there n a s  110 trace of a shadon or 
a blaclc drop or ligailient betnreen the limbs a t  
seconcl anil third contacts. T h e  probable 
error of thc second :ind third contacts was es- 
timated a t  0.3s. ; for fourth contact, 0.5s. 

0bservel.s of trailsits of TTengs and A1ercln.y 
h a r e  written so much i n  regard t o  the obstacles 
encountered from tile apparition of the shadom 
or black drop betmeen the limbs of the tmo 
bodies a t  second and tlzi7.d contacts, anil so 
fill1 has been the testimony i n  favor of the e s -  
istence, and tlie a ln~os t  ilecessarj occlirreiice, 
of this phenomena, that,  a t  the transit  of J le r -  
cury i n  1878, many ok)serrers clairned, as  evi- 
dence of their skill, that  they clicl see i t ,  while 
others less fortunate apoloqizecl for i ~ o tsceing 
it. Obselvers of the 1)lack drop mere so gen- 
erallj confirled to  those nit11 imperfect appa- 
ratus, or to  those unaccustomeil t o  ohserr  a t '  ions 
of the suil's limb or disk, that  the t rae  nature 
of the obstacle mas pretty well ui~dcrstootl 
before it mas c a r e f ~ ~ l l y  I t  is nom inrrestigated. 
q ~ l i t r  ~vel l  settled, that  the ' blaclr drop ' is clue 
to  1)ad e j  es. imperfect apparatus, or the ines-  
periencc of' the  observer. With good e j  es  and 
proper apparatns, a gooil o h s e r ~  er never shonld 
see tlie b1:zcB drop : for, when i t  is  secn, there 
is something wrong;  i t  is a spurious pile-
nolnellon. 

A TELEPHONIC TIME-TRANSMITTER.  

AJIONG the ~ n r i o u s  nietllods of d i s t r ib~ t i l lg  
time. the telephone affords one cominendable 
for i ts  simplicity. I t s  use for this purpose docs 

not see111 to he  generally al)preciated, and 1 
k n o ~ v  of 01iIy one contrivance adapted t o  it 
other than the one t o  he described. This  one 
can he cnlleil a time-transmittel, from i ts  re-
semblance in appearance and action t o  the 
IZlalre transmitter in ordinar!- telephones. It 
is the il~vention of hIr.  C. 7JT. R d i l e  of De- 
troit ,  and has heel1 in use a t  the observatory a t  
111111 A r l ~ o r  for a l ~ o u t  s ix mo~iths .  I t s  beha- 
~ i o ris  in every wag satisfactory. 

I ts  general character can 1)e see11 from the 
accorripanyiag figures. Fig. 1 is  the face view 
of the transmitter. A t  a ,  tc are the  binding- 

Bra. 1. 

posts for the mires from the battery ; b. b ,  those 
for the wires of the telephonic circuit. IZetweea 
the latter is a sni tch,  not represented ill the 
dra~ving,  wliicll e l~ables  the oprrator to  cut out 
the  telephone circuit when any thing goes 
wrong. c is a thebutton, hg pressing ~ ~ h i c l i  
instrument call he  set going. 7Vlien started, i t  
runs for two anil one-half riliilutes, during which 
time the hand in the centre co~nldetes  a revoln- 
tion. A t  the end of tha t  titile it  stops. and can 
be  started again only by  pressing the button. 

I n  Fig. 2 we have a view of the interior. 
JJTe h a r e  liere orclinary clock-vorli, with the  
addition of a Ruhmliorff coil a t  d ,  the unlocli- 
ing part e ,  a circuit-breaker a t  .f, and a n  inter- 
mitting-vvheel g. This  wheel rnoves to  the right. 


