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TIMING SPACE

b&ﬁemi ] wj Htk W &f{;&rw .vawﬁfwj vf Ne[d—rﬂd [l/v

In 1869 the United Stales surveyor gen-
eral for Nebraska and lowa, Robent R.
Livingston, contracted with Oliver N
Chaffee of Detroit, Michigan, to survey
the wester boundary of Nebraska.
Chaffee had worked with the United
States Lake Survey for over ten years;
many ol his duties included determina-
lions of latitude and longitude.
Chalfee’s survey was o determine and
monument the lwo western longitudinal
boundary lines of Nebraska, being lhe
twenty-filth and twenty-seventh degrees
of longitude wesl from Washington,

D.C.. and the forty-first degree of latitude
between them. His survey reveals how
surveyors used time o determine loca-
tion in space.

A Jongitudina! line—also called a me-
ridian—is any line thal runs along the
Earth's surface from the Nonh to the
Southi Pole. One's owa meridian is the
north-sauth line through the particular
place you happen {o be al any given mo-
ment. An example of such a line is the
Sixth Principal Mendian, which in Ne-
hraska forms the dividing line belween
Thayer, Fillmore, York, Polk, Madison,
and Pierce counties un the west, and
Jefferson, Saline, Seward, Buller, Sianton,
Wayne, and part of Cedar counties on
ihe east; the line also runs through the
weslern part of Columbus in Plaite
County and through western Cedar
Custonty. This merididn was used 10 survey
lands in Nebraska and Kansas, mosl of
Colorado and Wyoming, and part of
South Dakota. Iuis still used (o describe
Gene A Thomsen is a depuly siale suroevor 1ith
the Nebraska Depanrient o Roads, whio has o
longtiine interest in surceving history

By/Gene A. Thomsen

rural [ands in these states. The Prime
Meridian, which is 0 degrees of longitude
and passes through Greenwich, England,
is the global starting point for measure-
ment of longitude and universal ime,

The Washington Meridian, which
passed Lhrough the center of the dorme
of the old Naval Observalory in Wash-
ington, D.C., was adopted and used as
the American Meridian for temtorial
and slale boundary purposes in the
United States from 1850 to 1912. (The
United States officially adopted the
Greenwich Prime Meridian in 1912 ) Be-
sides Nebraska, the Washington Merid-
ian was used 1o define the boundaries
of the Territories of Arizona, Colorado,
Dakota, I[daho, Montana, Nevada, and
Wyoming; and the slates of Kansas. New
Mexico, and Utah. It has a longitudinal
astronomic value of 77 03'02.3," or five
hours, eighl minutes, 12,15 seconds
wesl of Greenwich.! This uneven difler-
ential from the Prime Meridian numbers
is the main reason why Nebraska's wesl-
ern boundanes are not expressions of
whole degree numbers today.

Two basic measurements are needed
lor calculating Inoagitude. Firsl one musl
know the circumference of (he Earth. For
Chaffee, the circumference at the equa-
(or was 24 898.52 miles, as determined
from Bessel's “ellipsoid.” a seties ol
equations that he assembled in 1841.2
Because (hiere aie 360 degrees in a
circle, or the circomference of a sphere,
dividing 360 into \he circumference at
the Earth's equator yields a figure of
69.16 miles for each degree of longi-
lude. Similarly, dividing 360 degrees by
Iwenty-four hours provides fifteen de-
grees ol longitude {or each hour; in
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other words, the Earth rolates hrough
Jifteen degrees of longitude each hour,
and each hour at the equator equals
1037.4 mites.

Second, the surveyor must know the
precise lime at his location. This is ac-
complished by measuring the time it
takes for a specific star to cross two me-
ridians—one meridian at a known loca-
tion in space and at a known lime, the
other at Lhe location that needs to be de-
termined. For example, if the time differ-
ence between the two locations was [our
minutes and both lime measurements
were made where each meridian crossed
the fortieth degree of latitude. the two
meridians woutd be 53.00 niiles apart

Table 2 dives the relationship of lime
lo degrees ol longitude and distance, us-
ing Bessel's “ellipsoic” at {he fortieth de-
gree of lalitude, which is the Nebraska-
Kansas boundary. This lable emphasizes
the need lo he able to measure time very
precisely 1 order to caiculale longitude
A timing mistake vl one secnnd would
cause a surveying error of 1.167 feet on
the ground.

The invention of the telegrapitin
1844 presaged a new era in Ihe use of
time 10 determine Jongitude. an era thal
began the abandonment of less-reliable
partable lacks. On the night of Oclober
10, 1846, the first successful exchange of
time signals via the electromagnelic
tetegaph was condueted Ly Sears C.
Walker of the U.S. Coast Survey.® The
success of this lest led to funlier experi-
mentation. In 1869 the U.S.Coast Survey
used lhe electromagnelic telegraplt to
record observations that involved a site
in Nebraska. The intenl was 1o use time
to calculate the difference in longitude
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Toble 2 Correlations of fime, longitude, and distance along the

cause the clock to

40th parallel. . .
gain or lose time.
Time Longitude Distance To O\I'ercome this
. problem, mercury
24 hours 360 degrees 19100.11 miles | ;, glass or steel cyl-
1 hour 15 degrees 795.84 miles inders was placed
4 minutes | degree 53.06 miles at the bottom f)‘ the
pendulum to keep
1 minute {5 minutes 13.264 miles the clock beating at
) second 15 seconds 1167.386 feet a constani rate by
maintaining the
67 seconds | second 71.815 feet center of gravily of

belween a known location and one that
was nol known—in this case, Harvard
Coliege Qbservalory in Cambridge, Mas-
sachusetts. and Washinglon Square in
San Francisco. Two addilional tempo-
rary observalonies were used in Lhis test,
one in Salt Lake Cily and Ihe other in
Omaha.' Temporary observatories were
easily erected and could he placed in
remote areas where both latitude and
longitude needed to be determined.

A typical field observatory (Fig. 29) in-
cluded a meridian transit, an astronomi-
cal clock, a sidereal (star time) chronom-
eter, and chronographic and Morse
telegraph registers. The meridian Lransil
was a specially designed lelescope used
o observe the stars, It had a forty-six-inch
focal length. a clear aperiure of 2 3/4
inches, and a magnifying power of 80 to
120.° The transit moved about an east-
west axis 1o reveal objects as they
crossed the meridian of the Iransit. The
instrument had five o seven vertical lines
in the focal plane, These were used 1o
observe the time stars, or specilic stars
that were selected for a given timing op-
eration. The lvansit used by the U.S. Coast
Survey at the Omaba station was made
by Troughton and Simms of London "

The astronomical clock. an extremely
accurate timekeeper, was also an essen-
tial piece of equipment. JI contained a
thiny-five- (o thiny-six-inch {ong compen-
saling pendulum whose end was filted
with tubes or vials of mercury. The pen-
dulum rod, which was made of sieel,
was subject to expansion or contraction
in overall length due 1o changes in tem-
perature. These gradual changes would

ihe pendulum in
the same arc. These clocks, which were
adjusted and regulated with great care,
were used to determine the exact time a
slar passed a meridian.

Altached to lhe clock was a ctreunt
breaker which operated an electromag-
net thal recorded tlime 1o the second.
The circuit breaker was attached o a
chronographic register that recorded nol
anly the beats of the clock on paper, but
any arbitrary signal made by the opera-
tor as well. The chronographic register,
invented by a Mr. Bond of Boston, had a
cylinder eleven and one-half inches long
and nineteen inches in circomference. It
revolved once each minute and re-
corded the exact time a star passed the
meridian. The operator pressed a lever
to send an electrical current to the regis-
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Fig. 29 Survey crews al Mount Catlahan Station, Nevado, 1881, The lent at left has ifs

ter to make a permanent mark on lhe
paper. After the observations were com-
plete, the astronomer could read the tim-
ing marks on the paper and use them for
computing his location.”

Another vital piece ol equipment was
a sidereal chronometer. Unlike the astro-
nomical clock, this instrument was the
most accurate portable imekeeper avail-
able. Some of these imepieces looked
hke huge pocket walches others had the
clock mounted on gimbals oy movable
rings encased in a wooden box. When
the approximate difference in longitude
between two poinls was not known, the
observer determined his local time on a
single, clear night by observing certain
stars. He then set the chronometer, trans
ported it to the telegraph office, and sent
the time over the wire to the correspond-
ing observation stalion. As soon as the
approximale difference in longilude was
obtained, a sel of stars was selected for
the timing observations needed to deter-
mine the precise longitude.”

A Morse telegraph register was used
to send time over the telegraph to the
other observatories. These transmissions
were done after regular business hours;
lines were vsually made available be-
(ween 10 P.M. and 2 A M.. with the op-
erators connecling the rnain line 1o the
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meridian flaps open {0 provide an unabstructed view for the meridlan teansii.
National Cceanic and Atmospheric Administiation. National Geodstic Survey
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Fig 30 View of the second termntorial capitol on capitot hill, irom Thirteenth & Famam
Sireets (n Omaha. The telegraph office wos jusl up the sireet. NSHS RG2341-787

wires of the observation stations to cre-
ate a galvanic circuit. Batteries supplied
the electricity for the local circuit be-
tween the astronomical clock and the
chronographic register.”

Alter the stations were ready for ob-
servations, and when the star being ob-
served entered the field of view, the as
tronomer at the westernmaost station
would alert the others by rapidly break-
ing the circuit, producing a rattle. The
instant the star bisected the first vertical
line in the telescope, the observer at the
western stalion tapped on the Morse
register. This tap on the key was re-
corded on the chronographs at the
other stations. As the star passed the re-
maining lines in the telescope’s field of
view \he procedure was repealed. As-
rronomers at the other stations would
repeat the process as the same stars
passed their field ol view. The differ-
ence in time, as recorded on the chro-
nograph registers, could be calculated
for conversion to longitude.

To eliminate leansmission errors, the
process was repeated stanting from the
easternmost ohservatory, sending signals
to the western station. By averaging the
recorded times of the two-way signals, a
true time differential was obtained. On a
typical night, twenty lo twenty-five stars
were observed, which vsually requived
two to three hours, Gathering enough
data for the final caleulations generally
took three to four nights.”

Al the location where the new merid-
ian had been established, a granite or
marble block aboul five feet long, three
feet wide, and one foot thick would be
placed n a hole about two and onuv-tialt
feel deep to establish a permanent poinl
for future observations. Sand was tani:
along its sides to keep il from moving.
and a copper bolt was placed in its cen-
ter 1o mark the block permanernitly. To
make new observations from this point,
a meridian transit would be placed over
the boll and adjusted upon the block.
Alter the mendian had been lound, the
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stand that supports the transit was fas-
tened to lhe top of the stone block with
plaster of paris to keep it from moving."'
Il a large slone was not available, a
smaller stone with a copper bolt would
mark the slation. A wooden [rame nr
table would be built above the stone for
the transit to rest on. A similar “refer-
ence"” stone with bolt would be placed
due north or south to perpetuate the me-
ridian line lor future observations.

The asttonomical clock was placed
on or fastened 10 a granile or marble
pier if one could conveniently be ob-
lained. If not, hardwood or white pine,
properly secured in the ground, would
be used to keep the timepiece stable.”
All of this equipment would be shel-
tered by a simple siructure or awning
for the greatest convenience and protec-
tion of the instruments. Temporary field
observatories were often canvas tenis
like those used by the U.S. Army. The
lop of the tent could be opened to the
heavens during observations, much like
the dome ol permanent observalories
{cf. Figs. 13, 29).

At the time of Chaffee's survey of
Nebraska's western boundary, the
Omaha observalory was manned by
Edwin Goodfellow, an emplovee and as-
tronomer of the U.S. Coast Survey. As-
sisting him was E. P. Austin of the Nauti-
cal Aimanac Office Anstin also helped
determine the nerth boundary of Ne-
braska in 1874,

The location for the Omaha observa-
tions was al the southeastern edge of
the old territonial capitol square in
Omaha, now the site of Omaha Central
High School. This locale was selected
for its height and its unobsiructed view
of the sky from noith to south. The main
wires of the Western Union Telegraph
Company. lacated at the comer of Four-
teenth and Farmam, were connecled to
the observatory and preliminary lesting
began February 7. 18539 (Fig. 30)

Goodfellow began the projec! of de-
termining the labtude and longitude of
Omaha on February 9, and completed
eleven nights of observations on Febru-
ary 28, remiarking. “The intensely cold
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and stormy weather and the frozen state
of the soil in January made the work of
pulting up an observatory, and ihe sub-
sequenl processes, matters ol much
hardship and exposure.”

To mark the astronomical station 1hat
had been occupied by his meridian
tvansit, Goodfellow placed a limestone
block into the ground. It was fourteen
inches square, with a copper bolt se-
cured in the top (sec Fig. 31). A refer-
ence stone, also with a coppei boll, was
placeqd 281.4 feel due north of the sta-
von lo perpetuate a meridian line on
the capitol grounds. The city of Omaha
paid for the purchase and the setting ol
these monuments.'

Berween April and July 1869,
Goodfellow returned to the Omaha sta-
tion to help determine the longitudes ol
Maltoon and Springfield, lllinois, as well
as those of Burlington and Des Maines,
lowa.!" Before Goodlellow left Omaha,
surveyor and astronomer Oliver N,
Chalffee used the Omaha station o de-
termine the twenty-fifth and twenty-sev-
enth American meridians (Jlongitude)
along the forty-first parallel (latitude},
the western bourdary lines of Nebraska.

With an assistant, Chaffee arrived at
Bushnell Union Pacific Station on July 5,
18G3. Alter attaching the telegraph line
to his Morse register, he set up his me-
ridian transit No. 126, made by William
Wurdemann. Equipped with two Bond
and Sons chronomelers and a
Troughton sextanl, he began observa-
tions on the nights of July 8 and 9, 1869.
According to Chaffee's field notes,

The mode of sending time signals was as
follows: Natice having been given that the
preparatory arrangements were com-

pleted and the abservers ready, the ob-

server at Bushnell touched the telegraphic

operaling kev at the beginning of a

minute as indicated by the ¢hronometer

and at intervals of 10 seconds throughout

thar minute, giving the last signal at the
beginning of the next minute, \hus send-

ing 7 signals which are comprised in one

set, and the mearn, or average time then of

place in the record. They were recorded

al the Omaha station by means of the

Coas! Survey clock & chronograph work-

ing in the electrical circuit. At intervals of

one minute between them, Iwo other sets

i‘ | rl‘-|."’“..“ ‘.:.-...- ,‘: 1 " g } 4 o sy -.v-.
Flg. 31 Omaha High School, built on the site of the second territorial capitol; the Geo-
detic Survey stone is barely visible at iower right. Bostwick-Frohardt Collection owned
by KMTV and on permanent loan to the Durham Western Heritage Museumn, Omaoha,
#14-327
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ol signals were transmitted in jike marner
The same operation was repealed by the
observer at Omaha. but the times of the
receipt of the signals at Bushnell were
taken by ear from the chironometer by my-
sell & assistant. Fony-two independent
measur=ments of the diflerence ol time
were (herefore made in one evening, On
July 9 these operations wore repeated. On
July 10 the same method was pursued af
Juteshurg Station U.P.R.R., but exchanges
were made o one nighl only as Mr.
Goodleltow's afficial dulies called him
away from Omaha afier that time, "

Chaffee returned to Omaha following
his observations to await approval of his
survey and monument contract for the
western boundary of Nebraska. He
probably spent the time working on the
calculations for the lalitude and longi-
tude of the Bushnell and Julesburg
Stations (Fig. 32).

After employing a survey party,
Chaifee returned to Julesburg and com-
menced the boundary survey on July
23,1869, The point where he set his in-
sirument at Julesburg Siation was ap-
proximately 140 ieet east of the Union
Pacific depot. From this station, he mea-
sured nonth 89.65 chains (5.916.90 feel)
1o the forty-first degree of latitude, He
then proceeded due east (o Lhe intersec-
lion with the South Platte River, seliing
six-inch-square by eight-fool-long
wooden posts at every mile,

Four days later the survey proceeded
wesl from Julesburg to lhe interseclion
wilh the twentyseventh degree of longi-
tude west of Washington, determined by
the timing calculalinons made earlier al
Bushnell. On August 17, 1869, the survey-
ors set a six-footlong by one-lool-square
imestone monument with these inscrip-
tions (Fig. 33): facing north, 27 W L.";
facing east, “104 miles 72 ¢h. 07 Iks.": fac-
ing south, "Colorado”: and lacing west.
"4] N.L." The crew then proceeded north
along (he twenty-seventh degree of longi-
tude, the western boundary of Nebraska,
and arrived al the onorthwesl corner ol
\he stale on September 6, 186¢).

Returning to the Plalte River east of
Julesburg. the crew proceeded east
along the fortv-first degree of latitude.
On Seplember 24 they arrived at the in-

27° Lamsitudr

COLORADO
TERRITORY

— e ¢ e, e | . |\ e\ e 1 .

NEBRASKA

JULESBUYRG
STAUDH

Z5% LOMGIYUDEL
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Fig. 32 Map showing the westem observation stalions and portions of Chaffee's western

boundary survey, Courtesy of outhor

tersection ol the twenly-ifth degree of
longitude wesl of Washington and set a
six-foot-long limestone monument two
feet into the ground. This point is ap-
proximalely four miles south and one
mile east ol Big Springs, Nebraska. Four
pits were dug toward the cardinal
points, each two feel square and one
foot deep. A mound ol earth was raised
around the stone three feet mgh and
seven feet in diameler at the base. The
monumeitt is inscribed: north side, “25
W. L."; east side, “Nebraska™: west side,
"41 N.L.”; and south side, “Colorado.”
The surveyors then proceeded south
along the lwentyifth degree of longi-
tude marking tempaorary locations lor
the mileposls. On September 28 the
party arrived at the fortieth degree of
latilude. the boundary between Kangas
and Nebraska that had been established
ten years earlier. They could find no
section corney monuments on the
boundary, so lhey made astronomical
observations on October 1 to precisely
determine the lortieth degree of lati-
tude. After erecling a slone monument
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similar 1o t1ose al the olher state cot-
ners, Chaffee then proceeded north
again to sel permancnt miteposts. On
October 7, 1869, (he crews arnved al the
corner south of present Big Springs, and
the survey of Nebraska's western bound-
ary was complete {IFig. 32)."

During the past ten vears, the four
cornerstones of Nebraska set by Chaffee
fiave bien resurveyed using a Global
Positioning Sysiem (GFS). The GPS re-
ceivers also use lime (o determine dis-
lances on Earth. An atomic clock on
board (he GPS satellite records time jn
nanoseconds (.000000301 sec) for the
precise delerminalion of latitude and
longitude. By contrast, Chaffee’s and
Goudlellow's clotks could measure
only to the nearest second.

The point with the most error along
the western boundary of Nebraska is in-
correct by approximately 3.5 seconds in
longitude, or about 272 teel. This differ-
ence could be caused by » liming eror
ol only 0.23 seconds. Other sources ol
error could be from hand calculations,
chaining or measuring mislakes, transit
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Fig 33 The stone monument set by Chatfee in 1869 at the interseclion of the Nebraska-
Wyoming-Colorado boundaries, southwest of Bushnell. Robert L. Brown photogroph,

1988. courtesy of author

accuracy, or other variables in setting
points 10 determine the true meridian.
Another factor might be the adjustment
of the telegraphic instruments and the
conductivity of the telegraph hine. Fi-
nally. the reflexes of the observer in tap-
ping the Morse register at the precise
second the star crossed the line in the
transit’s field of view could also be
cause for error.

Modem-day surveyors owe their
utmost respecl to inen like Chaflee,
Goodlellow, and their survey crews for
enduring personal sacrifices and hard-
ships in the survey of the western
boundary of Nebraska. and for the re-
markable accuracy they gained with
the surveying equipment of their day.
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