
 

APPENDIX No. 2 ') .... 
HEl'Oiff OF A COl\TEltENCE O~ ORA YITY lJETERML\ATIU1"8, HELD AT WA:-illIX(;T(JX, ll. C., I:\ 

)l.A.Y, 18~2. 

In pursuance of a oorrespolHlence between 1\lajor (uow Lieut. Col.) J, Iforscltel, .R. E.~ arnl the 
Snperinteudent of the United States Coast and Geodetic Surrey, relatiYe to tilt' rnost adrnntagt>ons 
mode of prosecuting pendulum obserrntions and the scientific ,·alne of the sanw, tl1e following­
named gentlemen met at the Coast Sun·ey Office, :\Ia:y l:l, 1.S.Sj, for an informal co11fere11ce: The 
Superintendent of the Co:lst and Geodetic Surrny; Major Herschel, H. E.; Prof. C. S. Peirce, 
Prof. S. NmYcomh (on the part of astronom,,·), and Messrs. George J)a,·idso11 arnl C. A. ~chott (on 
the part of geode:,:y). ::\L~j. ,J, ,,., Powell, D!relltor of the C11ite1l Statt>s Gt>ologieal Slll'n·~· (on the 
part of geology), waH uua!Jle to attend. 

'l'hc proceedings of the conference \Yere as follmn.;: 

Tll'O Lie 1Tlc"llS. 

[Reacl to 1he eoufi•re1H'<' to expl:tin tlw inmu'cliatt• can"'' of tlw 111t•t'liug·.1 

Xo. 1. 

lJJ\TT'JW STATES COAST AND GEODETIC SrHYEY 0FPICE, 

ff11~hingto11, Jlay J, 1882. 

l\h~j. J. IhmscnEL, RE., Bre1•om·t House, ~Yew l'ork: 
l\fy DE.AR Sm: In ptmmance of my letter of yesforday's date, I will uow submit t-0 you tlw 

proposition that, as Superintendent, &c., I im·ite a.t once, or at ,rour earliest con\·enience, a 
eoTJfereTJce ou graYity observations, the participants in which would bt\ beside yourself and Peirce, 
Newcomb, on the part of astronomy; King· an<l Powell, on the part of geology; and DaYidson aml 
Schott, on tlie part of geodesy. During such co11terence the greatest rm1ge of discuHsion would of 
course be in pl:we, but, its outcome, I conceive, mnst necessarily be formulated in a few proposi· 
tions, some of which would be mainly mtended to recite the scientific objects arnl usefulness of such 
work, and commend it to public patrouage, others, t() 1lefine the degree of accuracy to be attaint>d 
in the observations, in order to entitle them to be rauke<l as contrilrntions to science. All neither 
;mu nor ourselves are charged with any special powers in the premises, it appears to me that no other 
useful results can be reached by a couference than some such public declamtiorn:i, the Yalue of which 
rests upon the standing of the party makiug them. If this proposition meets your viewH, I shall 
be happy to make suclt arrangements for t.he earliest lfaJ" you may fin<l counnient. I regret that 
it will be necessar~· to tax you with coming to "7a~ltington, as all other parties are lwre, arnl being 
officially engaged it won Ill he out of our power to meet you elsewhere. 

It will be well if you 1vill formulate in advance such expressions of opinion tts appear t,o )'OU 

desirable in the premises, in order that after comparing notes we may be alJle to submit propm;i. 
tions that will readily meet the a,ssent of the conference. 

Yours, ver,y truly, 
,T. E.:HIL(}ARD, 

Superintendent, 

00~ 
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No. 2. 

:N°Kw Y 01m:, llfa.IJ 5, 188~. 
l'rof. ,). E. lllLGAIW: 

)ly DEAH Sm: I am Yery gfad to learn that yon are well inclined towards the idea of a cou­
fereuce, aud that now, in fact, it rests with me to indicate when I can be in \'\ashington for the 
purpose. 

As it is uot a matter which presses until yon have is~med i11Yitations, when of course it should 
not be delayed, and as it will be "·ell to giYe a few days' notice in any case, I will not consider my­
self in any way required to hasten my departure from New York, l!ut only to giYc you as early an 
indication as I can when I can undertake to be in \Yashington. At this moment I am not in a 
position to say iireciNely, lmt it will almost certainly be within a week from this date. I shall most 
likely be able to lean this city about ·w ednesday next. 

\Yith regard to the lines of discussion, it must depend to some extent on the degree of pub­
licity which tlie proccefliug·s would h:we. It is not to be denied or concealed that there is coming 
into existence a certain rivalry betweeu what may be called the German and the English schools. 
I am anxious that the former shall not wrongly claim American adhesion on the one band, and on 
the ot!Jcr that American opinion shall not be wrongfully interpreted as favoring the German 
system. "\Vi th reference to this last, for instance, I have just recei\~ed the following from l\I. C. 
\Volf, in the course of a reply to my Washington letter: " J e vous felicite vh·emeut cle vos travaux 
sur le pendule, et surtou:; d'avoir pris une autre voie q ue celle dans laquelle les Americains se sont 
lances, {t la suite de:; Allemamls et des Suisses, .J'ai en ici de vives discussions avec l\I. Uh. Peirce 
au ;;11jet de se:s experieBces <ffec le pendule renrsible de Rcpsold, instrume1Jt qui me parait con­
struit dans de deplorahles conditions de stabilite." 

Now there is .inst enough truth in this to make Olle regret the misapprehen8ion as hi the 
American position. But so long as ;your survey uses a re,·ersible pew1ulum7 without some very 
distinct statements a8 to the principles, such misapprehensions will continue, and the Germans 
will <le11y that the Americans stand b~· the differential method. 

I hold it to he a ,·er.)' lamentable thing that men of zeal, eager to a<lYance science, should 
eontirnw to be mi1;led by the old school of physics into launching upon the difficult a11d precarious 
enterprise of absolute determinations of gra,·ity, generally in iguora1we of the real difficulties of 
the rm;earch, aud alway.~ indifferent to the ntilit,Y of such determination. The German school is 
responsible for this. 

'l'liis brings before us prominently the question of utility, a question which has a.lways been 
i:;hirked or disposed of by common-places, devoid of any real force. I know this through ha Ying 
urged (for nearly tweut~· j·ears), very much in \'ain, the views which I hold at this day, and which 
I now see gaining ground so slowly. I sum it up in the broad statement that 1l'e do actually know 
the mean figure of the earth as well as ice can know it so long as the irregularities which deform 
it remain unknown. It is not the force of gravity which we seek, but the irregularities of the 
surface. 

Now this is one of the points on which, at a conference, I should wish to find unanimity, if it 
is tn~e, or if not, theJ.t a better and more indisputable dogma to take its place. 

\Vith this as a foundation, the quei:;tion bPcomes one of ways and means to study the irregu­
larities with all \"autagc. IIere there i8 great room for difference of opinion. What can he done 
depends on the cost, in its most general sense, of doing it. Absolute measurements arc indefi­
uikl;r c()stl,Y, and may he put aside. Differential measurements, also, are frightfolly costly, if 
conducted :u; I ha\·e lwen conducting these; but I have bad in view to pro,·e incontestably that 
results of practical n1lue can be obtained with a tenth, perhaps a twentieth, the labor that I de­
Yotcll to them. All depends on the method. 

Another point involved in the question of utility is, as yon say, as to the <hlgrne of precision 
demanded. All stations of obseryation should be recognized from the first as belo11ging to one of 
two categories-either they are point.Y d'appui or they ai·e not. Iu the latter C<tse the precision de­
manded is governed by the degree of irregularity which experience teaches as governing the 
quantity measured, the distances which separate the points being taken into account. A high 
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degree of llredsion is iilainly needless (for points of the second order) if tlley are widel_y scattered, 
whereas if a nnmher of snch 11oi11ts are crowded in a small area, their precision ought to be higher 
llecau8e of the information to be gainetl hy iutor<comparison. Points of the secoud order witlely 
scattered llan uo pre1>eut Yalue otlwr tlJau as indicatiug tentatiwly tile <h•gree of disturbance. 
From this point of vi<>w there would seem to be an adnrntage in placing the stations always in 
pairs so as to imlicate the Yariahility as wt•ll as tl1e nriation. 

I mmit now go further. Scientific obseffatiou 11as two distinct aspects. Viewed in one wa.r, 
it is seen as a means of Ji velihood, as an intellectual eujosment, as an employment, as a pursuit 
worthy of recognition and encouragemeut, for ernry reason except tllat of its ultimate utility. 
Viewed in the other way, it is a source of expenditure and a drain upon the arnilable power of the 
time and country, which can only be justified if it attains useful ends in a reasonably expeditious 
way. For myself, I doubt if I could couscientionsly recommend the expenditure of public money 
on pendulum observations on the ground of their utility; although 1 could and would recommend it 
for pendulum experiment~, having for their object to iucreai:;e the facility of obs~·rrntion; for I imagine, 
as things now stand, the prospect of ohtaiuiug re.snits in Rnflicient. number and frequency to enable 
us to study the irregularities snccessfnll~- j,., nry remote. You will doubtless recognize in this 
the ground of my inability to offer m>- senices, hacked b.r hopes of support from the British Go>­
ernment, for the prosecution of differential work on this continent. But I ba,-e no business to 
press such considerations on other people, nor to bring them forwaru at a conference~ except inci­
dentally in discussing the propPr distribution of stations and the degree of precision demanded. 
The same arguments and motfres liad a successful campaign in dictating my latitude work in India; 
and there is room for their application in the present C<tse. They point out the urgent need for 
t•conomy in every detail of installation and observation-in tile choice of stations and the bnihling8 
to be occupied, in the diBtrilmtion of time to be taken up b,y the observations, aud hy the calcula. 
tious respectively, RO as to get, in short, as many results of a sufficient degree of accuracy, and no 
more, as possible within the year. All this, and much more, seems to me to be im'oh·e<l in the 
uroa<l question whether or not pendulum research can lie satisfactorily carried on with a view to 
stnd_yiug- the ea rt h's irregularities. 

Another phase of this question should deal with the distinction between a study of tlrn large 
a1Hl of the small irregnlarit,ies. 'l'here is a \·ast difference between such work as that of l\Ialaspiua, 
of Preycinet, of Sabi11e, of Foster, of J,iitke, arnl of all Lhe other explorers; a!lll tllat of Kater in 
England, and of Base vi in India. 'l'he work before you here has or may have the charac1,ers of both; 
for the vastness of your disposa.ble area Jemands a large plan, while the numerous opportunities 
for prosecuting minuter internal exploration require more special consideration. The degree of 
precision to be aimed at must be gonwned partly by what we kuow of possible variiitiou aud partly 
by what the instrnments are capable of. Here, as iu other branches of reRearch, we should bear in 
mind that there is almost always a point in the Reale of precision where it becomes questionabfo 
wlietber it wonld not be wiser to change the whole system if higher precision is wanted. Below 
that point there is no difficulty. Aborn it the pric(•, to be paitl becomes onerous. 

You will readily perceive that I fully recog-nize, as one of the chief subjects upon which discus­
sion should turn, this of requisite precision. At the same time 1 doubt if it c:tn be discussed to 
much ad\'antage by those who are not intimate with the figures actually to hand. I would therefore 
avoid the ve.vata qumstio of probable errors and keep to principles. It is lly the latter alone that 
plans of operation can be goYerned reasonably. "Frequency to be preferred to acmiracy ," for ex­
ample, is a principle eass to limit or extend aR may be detiirell, and far more widely intelligible ·to 
the uninitiated than any specification in figares suited to certa,in categories of C<tses. Above all 
we should aim at being intelligible. Without that tlrere will be no outside interest a.nd no support, 

• • • • • • • • • 
Yours truly, 

J. REUSCHEL. 
S. Ex. 77-64 
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SIX REASONS FOR THE PROSECUTION OF PENDULUM EXPERIMENTS. 

By C. S. PEIRCE. 

1. The first :scientific object of a geodetical survey is unquestionably the determination of the 
earth's fig11re. Now, it appears probable that pendulum experiments afford the best method of 
determining the amonut of oblateness of the spheroid of the earth; for the calculated probable error 
in the determination of the [Jnantity iu questiou from the pendulum work already executed does not 
exceed that of the hest <letermination from triangulation and latitude observations, ancl the former 
determination will shortl,Y he co11siderabl~' improved. Besides, the measurements of astronomical 
arcs upon the smfarn\ of tlw <'arth ('over ouly limited districts, and the oblateness deduced from them 
is necessarily largely affectc(l, so tl1at we cannot really hold it probable that the error of this method. 
is so small as it is calculated hy least squares to be. On the other hand, the pendulum determina­
tions are subject to 110 great errors of a kiud which least squares cannot ascertain; they are widely 
scat.tere(l over the surface of tl1e earth; they are very numerous; they are combined to obtain the 
ellipticit.y by a simple arithmetical process; and, all things considered, the calculated probable 
error of the oblateness derluced from them is worthy of unusual confidence. In this connection it 
is very significant, as pointed out by Uolonel Clarke (Geodesy, p. ·vi), that while the value derfred 
from pendulum work has for a long time remained nearly constant, that derived from measurements 
of arcs has altered as more (Iata have been accumulated, and the change has continually heen in 
the direetion of accord with the otlwr method. It is needless to say that the eomparison of the ex­
pense of the two methods of obtaining this important quantity is immensel;y in favor of pendulum 
work. 

:!. Uecent investigatious also lead us to attach increased importance to experiments with the 
pendulum in their connection with metro logy. The plan of preserYing and transmitting to pos­
teritJ· an exact knpwledge of the leugth of the yard after the metallic bar itself ::;hould lrnve nuder· 
gone t>nch changes as the vicissitudes of time bring· to all material objects, was at one time adopted 
by the British Gonrument. lt was afterwards abandoned because pendulum operations had fallen 
into desuetude, and because doubts had been thrown upon the acc11racy of Kater's original meas­
ure of the length of the secoud'H pendulum. Yet I do not hesitate to say that this plan should 
now be revived, for the following reasons: • 

First, because measurements of the length of the second's pendulum, although formerly sub­
ject to grave uncertainties, are now secure against all but \Tery small errors. Indeed, we now know 
that the determinations by Kater and his contemporaries, after receiving certain necessary correc­
tions, are by no means so inaccurate as tlley were formerly suspected to be. Secondly, metallic 
bars ha,·e now heen prornu, by the investigations of Professor Hilgard and others, to undergo 
unexpected spontaneous alterations of their length, so that some check upon these must be resorted 
to. To this end the late Henri Ste. Claire Deville and Mascart constructed for the International 
Gcodetical AHRociation a metre ruled upon a sort of bottle of platin-iridium, with the idea that 
the cubie contents of this bottle should be determined from time to time, so as to ascertain whether 
its dimensions had undergone any change. I am myself charged with, and have nearly complet~d, 
a very exact comparison of the length of a metre bar with that of a wave of light, for the same 
purpose. X either of these two methods is infallible, however, for the platin-iridium bottle may 
change its three dimensions 1111eqnally, and the solar system may mo\Te into a region of space in 
which the luminiferons ether may have a. slightly different density (or elasticity), so that the wave 
length of the ray of light used would be different. These two methods should therefore be sup­
plemented hJ· the comparatively simple and easy one of accurately comparing the length of the 
second's pendulum with the metre or yard bar. Thirdly, I do not think it can be gainsaid by any 
one who examine::; the facts that the measurements of the length of the second's pendulum by 
Borda a.ud by Biot in Paris and b;r Bessel in Berlin do, as a matter of fact, afford us a better and 
more secure knowledge of the length of their standard bars than we can attain in any other way. 
So also I have more confidence in the value of the ratio of the yard to the metre obtained by the 
comparison of the measurements of the length of the second's pendulum at the Kew observatory 
by Hea\isicle in terms of the ~'ard and by myself in ~erms of the metre than I have in all the 
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elaborate aud laborious comparisous of bars whieh have been directed to the same end. I will 
even go so far as to say that a physicist in any remote station could ascertain the length of the 
metre accurately to a one hundred thousandth part more safely and easily by experiments with an 

·invariable reversible pendulum than by the transportation of an ordinary metallic bar. 
A new application of the pendulum to metrology is now being put into practice by me. 

Namely, I am to oscillate simultaneously a yard reversil>le pendulum and a metre reversible pell· 
dulum. I shall thus ascertain with great precision the ratio of their lengths without. auy of thos1' 
multiform comparisons which would be necessary if this were done by tlie usual method. These 
two pendulums will be swung, the yard one iu the office of the Suryey, at a temperature ahon; 
60° F., wllich is the standard temperature of the yard, the other nearly at oo O., which is thr 
standard temperature of the metre; and thus we shall have two l>ars compared at widely differ­
ent temperatures, which, according to ordinary processes, ifl a matter of great difficulty. The 
knife-edges of the pendulums will be interchanged and the experiments repeated. Finally, the yard 
pendulum will be compared with a yard bar and the metre pendulum with a metre bar, and last 
of all the yard pendulum with its yard bar will be sent to Euglaud, the metre pendulum with its 
metre bar to France, for comparison with the primary standards; and thus it is believed the ratio 
of yard to metre will be ascertained with the highest present attainable exactitude. 

3. Geologists affirm that from the values of gravity at different points useful inferences can be 
i;Jrawn in regard to the geological constitution of the underl;ving strata. For instance, it has been 
found that when the gravity upon high lands and mountains is corrected for difference of centrifu­
gal force and distance from the earth's centre, it is very little greater than at the sea-le"Vel. Couse­
sequently it cannot be that there is an amount of extra matter under these elern.ted stations 
equal to the amount of rock which projects above the sea.level; and the inference is that tbll 
eleYations have been maiuly produced by vertieal aml not by horizontal displacements of material. 
On the other hand, Mendenhall has found that gTa,·ity 011 Fujisa11, the well-kuown volcanic cone 
of .Japan, whicl1 is about 12,000 feet high, and which i1; saiu to have been uphean~d in a single night, 
about 300 B. 0., iR as much greater than that in Tokio as if it had been wl.tolly produced by hori­
zontal transfer. This conclusion, if correct, must plainly have a decisive bearing upon certain 
theories of volcanic action. Again, it has long been known that gravity is in excess upon islands, 
and I have shown that this excess is fully equal to the attraction of the sea-water. This shows that 
the interior of the earth is not so liquid and incompressible that the weight of the sea has pressed 
away to the sides the underlying matter. But in certain seas gra\'ity is even more in excess than 
can be due to the attraction of the ocean, a8 if they had been the re1~eptacle of additional matter 
washed down from the land. It is evident that only the paucity of existing data preventR infer. 
ences like these being carried much further. On the two sides of the great fault iu the Rocky 
Mountains gravity must be very difforent, and if we knew how great this dift'ere11ce was we should 
learn something more about the geology of this region ; and many such examples might be cited. 

4. Gradty is extensively employed as a unit in the meaaurement of forces. Thus, the pres· 
sure of the atmosphere is, in the barometer, balanced against the weight of a measured column of 
mercury; the mechanical equi rn:ient of heat is measured in foot pounds, etc. All such measure­
ments refer to a standard which is different in different localities, and it becomes more and more im­
portant to determine the amounts of these difterences as the exactitude of measurement is improved. 

5. It may be hoped that as our knowledge of the constitution of the earth's crust becomes, by 
the aid of the pendulum investigations, more perfected, we shall be able to estahlish methods by 
which we can securely infer from the vertical attractions of mountains, etc., what their horizontal 
attractions and the resulting deflections of the plumb· line must be. 

6. Although in laying out the plan of a geodetical survey the relative utility of the knowl· 
edge of different quantities ought to be taken into account, and such account must be favorable to 
pendulum work, :vet it is also true that nothing appertaining to such a survey ought to be neg­
lected, and that too great stress ought uot to be put upon the demands of the practically uiseful. 
The knowledge of the force of gravity is not a mere matter of utility alone, it is also one of the 
fundameµtal kinds of quantity which it is the business of a geodetical survey to measure. Astro­
nomica.l latitudes and longitudes a.re determinations of the direction of gravity; pendulum experi -
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ments determine its amonnt. 'l'he force of gra,·ity is related in the same way to the latitude and 
longitude as the intensit~- or magnetic force is related to magnetical declination and inclination; 
and as a magnetical survey wouhl be held to be imperfect in which measurements of intensity 
were omitted, to the same extent must a geodetical survey he held to be imperfect in which the 
determinations of griwity had heen omitted; and such would lie t,Jrn universal judgment of the sci­
entific world. 

NOTES ON DETERMINATIONS OF GRAVITY. 

Br AssiRt:mt C. A. ScrrOTT. 

The conference was inYited by the Superintendent of the Coast and Geodetic Survey for the 
purpose of eliciting au interch:mge of views respecting the utility and best means of prosecuting 
pendulum research in the inten~,.;t of science in general, and with especial regard to the future work 
of' the Coast and Geodetic Suryey. 

Major Herschel, R. E .. ha Ying e:x:presse<l his willingness to favor tlte meeting with his presence 
and give it the benefit of his gTeat experience in pendulum work, the time of meeting must be 
considered extremel,y faniralile. 

The following rough notes are offered with a view of i1tYiti11g- ditlcnstlion on :some poiuts con­
sidered of importance antl interest. 

Resrwcting- the questiou of' tlte utility to geodesy and geology of pendulum work as bearing on 
the figure and density of the earth, it is fmfficieutly answered hy the resumption of this work in 
recent years in the lea<liug go\rernment surn'.rn cnrnlucted in EuropP, Asia, and America; but in 
carr,ying on these operations ditlerent opinions continue to be helcl as to 1 lir hest aml most ec0110111-
ical means both with regard to form of inf<trnnwnt and metliod of ohscn·atiou. 

It may be added that the results alrea<ly reached are in themsel\·es snflicit,nt to ;.;timulate the 
further prosecutiun of the work, since they nmder it almost certain that still more Yaluahle 
deductions may be reached. 

The pendulum work executed for some years past under the direction of the late Superintend­
ent of the Coast and Geodetic Survey had for its immediate o~ject the study, theoretical and 
practical, of the best methods available, and to gather the results at nuions important pendulum 
stations in Europe, to bring them into strict eomparability, and to form a connected system which 
may be used for combination with similar operations commenced in the United States. 

l\fr. C. S. Peirce, _Assista11t, Coast and Geodetic Survey, haYing brought this work to a close 
in Europe,• its future prosecution at borne now claims renewed attention, both with re1-1pect to the 
economy and efficiency of the plans which it may be desirable _to adopt. 

The Yalue of the pendulum results depending largely upon their direct comparabilit;y and the 
geogwphieal extent, it would in the first place appear most desirable, in order to form a second 
and independent connection of the pendulum work executed on the other side of the Atlantic, to 
swing the American pendulums at the two stations, \-Vashingtou and Hoboken, just occupied by 
:Major Herschel with the ohl pendulums belonging to the Royal Society, and to add thereto at 
least one more American station in order to secure three stations of satisfactory accord between 
these instmments. 

It is, perhaps, the general opinion that differential measures are at present more desirable than 
absolute measures, since undoubtedl.r greater accuracy can be reached in the former and a greater 
number ma~- he secured with the same expenditure; indeed, the determination of the length of a 
second's pendulum is, in geodesy, of less importance than a knowledge of ratios of times of oscilla­
tion of an inrnriahle pendnlnm swung at stations ou a line selected for investigation. 

The determination of the kugth of a second's peudulurn is quite a special operation, to be under­
taken only at a base station. 

'Vhile the mean figure of the earth may he considered as tolerably well known from the fact of 
the close approach of the rnlue of the compression as deducted from purely geodetic optJrations and 

"Mr. Pdrce remarked that that work was not yet quite completed, 
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from pendulum work, yet this may he taken only as an encouragement for the joint prosecution of 
both operations."' 

On the other hand, our knowle<ige of the magnitude of the mean figure of the earth is, in the 
opinion of some, not qui!.e as satisfactors, aud in support of this it mas be stated that the recent 
abandonment, in the Coast and Geodetic Surn"y, of the llesselian spheroid of reYolntion for that of 
Clarke, involving iu our latitude an increase of the radii Yectores between one-third and one-half of 
a statute mile, was no inconsiderable change; and though we cannot look forward to any future 
change of such a magnitude, the difference was sufficiently large to make itself felt in our ol>lique. 
arc lying along the Atlantic coast between )faine and Georgia. 

The combination of tlrn PernYian arc, the onl_y one in America as _yet worked in with the meri­
dional arcs measured in the eastern hemi8phere, with the two arcs measured by the Coast and 
Geodetic Snnrey, Yiz, tlw Nantucket arc and the Pamplico-Chesapeake arc, showed a satisfactory 
accord (that is, within limits that may lJe explained by local deflections). This seems to 1n·oye that 
tht:>. curvature of North America does not sensibly differ from the curvature in the same latitudes 
of the eastern hemisphere; yet the conclusion is weakened by the fact that the Peruvian arc is 
extremely short, and, wlrnt is worse, is supported by but two astronomical latitudes, and that in a 
region where local deflection probably exists of an excessi>e magnitude. It is true the computed 
corrections to the two latitudes are small, and this might lead to too great a confidence in the 
assigned Yalue of tll<" magnitude of the eartll's axis. A remeasure and extemiou of this arc to bP 
supplied with a considerable nnm her of astronomical latitudes would seem to be a great desideratum, 
espe.cia1ly when '\Ye consider the important }lOSition of the arc, giYing it, so to say, undue leYerage 
in comparison with the position of other ares. It is not at all unlikely that the results of its 
remeasme and extension may lrnYe au important eftect on our knowledge of tlie probable uucer­
tainty in the assigned value for the resulting· .mean figure of the earth. t 

This mean figure might he defined as that of a geometrical solid whose surface most nearly 
appreaches the equipotential surface of the mean sea lcYel, intersecting it so tbat the aggregate of 
the volumes above and below it ma,Y be equal ~1nd a minimum. It would he the o~jeet of geodes~' 
to trace out on this geometrical surface tlie boundaries of these areas, and to detRrmine their elent­
tions aboYe or depression helow it; iu fact, work out the actual irregularities with reference to this 
ideal mean figure. 

For pendulum research tlie region of the 1\iississippi Yalle.r would seem to he yery fayorable, 
both in f{~gard to its geological structure, as presenting broad features, and with respect to gradual 
changes in eleYation of surface between New Orkaus arnl our uortlteru bmmnar_y, near the forty­
nintl.J. parallel, the land rising; but, little a.hove 1,000 foet. Here a study of the Jaw of change of 
gravity with the latitude seems inviting. 

Supplementary t-0 the above line, the thirt,y-ninth parallel might be chosen for the study of 
the law of change of gravity with altitude, starting from the sea level and passing oYer the incon­
siderable elevations of about 2,500 feet on the Appalachian range and the descent. t-0 the Missis. 
sippi Valley, we haYe tlie gradual rise of the great plains up to 8,000 feet, and next the lower Rocky 
Mountain plateau, with a final return to tlrn sea leYel. While on the first named line about ti or 8 
stations might suffice, on the second from 1:2 to 15 ought·to be contemplated. 

Respecting the kind of peudulum mm1t suitable for difterential measures of gravity, there may 
be little difference in practice between the use of two invariable pendulums, the one to check the 

•Major H1mscHEL. I do uot regard the agreement of geodetic ancl gravity figures an argument for tlw latter. I 
can never regar1l the geodetic fignr<', deriv(l(l from tlrn compariRou.; of the cnrvatnrAA of cert.a.in l1111d i1ortions only, as a 
true indication of a tigure which is two-thirds sea. There is every reason to regard the land curvatures as too great. 

t Major IIEHSCHEL. I should hartlly acl voe ate a remeasurement of the Peruvian arc as a 8tep towards a better 
determina.tion of tlie *arth's figure. It has the fatal disadvantage of position in a valley between vast mountainous 
tracts. 

Mr. PEIRCE. Major Herschel's objection to the important scheme of remeastiring the Peruvian arc would apply
1 

il fortiori, against allowing tbat arc to enter into the determination of the figure. In my humble ,judgment an Ameri­
can figure of the earth, wholly from geodetic measurements on these continents, is so great.ly wantetl that it is the 
di1ty of this Survey to undertake it. Although tlte Peruvian arc is at present bad, I shonlu think that if ~ufficiently 
extended and provided with an adequate numher of latitude dot.erminations, tbe objection11 to it woul<l nearly dis­
appear. 
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other, and an unchang·eable pendulum of' a plain rod (of lenticular cross-section) having two :fixed 
knife-edges symmetrically disposed; the means for correcting for difference of temperature and for 
difference of pressure from respectfre mean quantities to be determined at a base station. Obser­
vations to be made in 4 positions (upper knife-edge, lower knife-edge, face front, and face back). 
The accord of the 4 results will fnmish a criterion for the unaltered condition of the pendulum. 

A reversible pendulum of outer symmetrical form may also be made to answer the purpose, pro­
>ided it be swung only with heavy end down (face front and back) and no change whatever is 
made in the supporting knife-edge or in any other part of the instrument. Two such pendulums 
would seem tlesirahle i11 or(ler to detect any change due to accident. "\Yith such a pendulum the 
correction for difference of i1res1:mre can be applied with gwater certainty than in one of the otlier 
forms. 

Respecting· the stand of the Repsold apparatus, experience has shown it to be unfit for the 
work, and stiffer support shoulcl be provided. 

If pendulums could be swung t11rough 24 hours the result could be made independent of varia­
tions in the clock rate due to the daily variation of temperature and presRure. The same standard 
time stars should be obsen-ed each night. For shorter durations of swing, sa,y for G hours on!~, 
this advantage might in a measure be secured either by making four fresh st.arts and thus continue 
the work during twenty-four 110urs, or if that he too laborious, to observe on the first day, say from 
6 to 12 a. m. and p. m., and on the following day from 0 to G p. m. and a. m., and unite the results 
into one, or in general, for any station by a symmetrical distributio1f, of the swings on~r the tweut~'­
four hours. 

Time furnished telegraphically by an observatory whose clock is protected from changes of 
temperature and pressure will be preferable t-0 any local determination at a field station. 

Should the duration of swing be too limited for this scheme, night work may be recommended, 
with a set of transit observations just before and another immediately after the close of a swing, 
the same two sets of stars to be used each night and for several stations as long as practicable. 

Three days successful work at any one station may suffice, and about two weeks might be 
estimated for the time required for occupation duriug the best season. The observatory to be pre­
pared by an advance party. 

The metl1od of coincidences furnishes all needful accuracy, but if, in the absence of a clock or 
otherwise, a chronometer be used (as more portable and less liable to injury), coincidences of the 
chronometer beat with the transit of the pendulum over a vertical line might be tried. 

The question whether or not it is advisable to swing in a vacuum chamber (say at a densit;y 
just below any that might naturally be expected at a place which it is proposed to visit) would 
seem to depend largely npon the time a pendulum can be made to swing advantageously. [f its 
sectional dimensions are such as to displace much air and require it to do much work against fric­
tion, the duration of swing may be so short as to demand the use of an exhausted receiver. What 
the experienct> iR with the new reversible pendulums of the pattern of the one sent last summer to 
one of the polar research stations of the Signal Corps the writer is not informed. 

The above notes are respectfully submitted. 
CHAS. A. SCHOTT. 

MAY 13, 188:!. 

COMMUYICATIONS. 

GENERAL REMARKS CPON GRAVITY DETERMINATIONS. 

By Major (now Lieut. Col.) JOHN HRRSCllJ<:r., R. E. 

The following propositions are from my point of 'IJiew, but seem likely to bey assented to in the 
main by other members of the conferenee. 

1. Figure of the earth.-By this we imply the actual (or conceivable) continuous water surface 
as exemplified by the mean sea level; which surface may be everywhere nearly, though nowhere fully, 
represented by some assumed simple geometrical figure, such as an elliptic spheroid, to be known 
ad hoc as the mmn figure. · 

2. Object of pmidulum reaearcli.-If we regard the mean figure as known, then the object of pen-
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dulum research is, in the first place, to trace out the degree of separation eYerywhere subsisting 
between the actual and the mean figures; or, if it slrnuld appear that by a change of the mean figure 
there wouhl result a less degree of separation, then to ascertain, first, wlrnt should be the amount 
of this alteration, and thfn to trace out the residual separation. Bearing in mind the large body 
of past work, which has undoubtedly sufficed to indicate >ery closely what the mean figure is, it 
should now he reG"Ognized as more particularly the object of pendulum research to enlarge our knowl· 
edge of the irregularities of.figure rather than to aim at imprm·ing the mean figure; which after all 
can never be anything more than one of refaence, by which to describe the actual figure. 

:3. Exten.~ion of re8ertrch among the irregularities.-This is prima. frwie desirable, especially when 
geodetic Slll'\'eys are iu progress, or are certain to be instituted as ci\•ilization adnnces. But 
gra>irnetrical exploration in reg-ions which can neyer be reaclied by surYeying operations is of 
scarcely less importance. 

4. As regards di.~tribution of stations of observation, there seems t-0 be nearl~· equal advantage 
in laying them out in a linenr serie11 at sufficientl,r close intervals~ or superficially scattered over a 
limited selectc'l area, with a dew to tracing ont the seetfonal or .~olid forms of the existing frregu­
larities. 

5. The absol1tte forCf~ of r1radty.-lf this also be admitted as an ultimate object of pendulum 
research, it must be remembered that it, can on!~· be determined for the wliole earth when the 
exact relation of the place of observation to tile whole snrfaee is correctly known. Jt follows that 
a precise knowledge of the absolute force of graYity for the earth as a whole is not at present 
attainable. There are, 1ieYertheless, reasons for uow determining, with all tlie prt>cision at present 
possible, the length of the seconrl'.~ pendulum at 1liffcrcnt places on the eartll's surface. 

6. Reasons for proseeuti.n,q al1solntc deterininations.-Uegarding the local force of gravity as a 
constant, the length of a pendulum is a fm1ction of its rate of oscillation; or, in other words, its 
rate is a measure of its length. From tltis it fo1Iow8 that lengths, otherwise incommensurable, 
cttll be compared through their corresponding times of oscillation, becaut:ic wc ban; meaus (in the 
pendulum itself, for instance) of comparing together, with any desired degree of precision, these 
times. Tlrns, for example, the metre and the yarrl cau be compared by this means (as I under­
stand) with greater precision than by the complicated sys~em of linear comparisons requisite to 
measure their difference in terms of each. 

7. Gomtancy of gravity tnted against constanC!f of length.-This is another reason for determiuing 
with the utmost precision the length of the second's pendulum in terms of this or that standard. For 
if, in the far distant future, there should appear a concurrence of testim011y indicating change, it 
might he brought home to either of the bars, or eren to gr::wity itself; according to the eTidence. 
The absence of the requisite evidence in the past would be a grave reproach hereafter. 

8. 'L'he inrariable pendulnm.-The impossibility of ascertaining the exact relation of any station 
to the whole surface, short of a ge.nr.ral knowledge of the latter, calls necessarily for such explora­
tions as are set forth in Article 2. It is generally acknowledged that the differential pendulum­
of which the "in variable" may be regarded as the type-is best adapted for such work. The pat­
tern known as Kater's has hitherto been without a rival; but any pattern will answer the purpose 
in which the principle of invariability-i. e., fixity of knife.edge and absence of all mornble parts­
is embodied. 

9. Tke rei•ersible penditlum is recognized as ha Ying many excellent qualities; and is capable of 
being used temporarily as an invarittble pendulum. But its proper field is the absolute measure. 
ment for which it was designed; for if its knife-edges are interchangeable it is liable at any time 
to have its invariable character destroyed, either intentionally or accidentally. 

10. With regard to the degree of precision to he aimed at, nothing very definit.e can be laid 
down, since it de1lends largely on the circumstances. A gross error in a solitar.Y arctic station, for 
instance, might be of little consequence, while an error of even a small fraction of a second in the 
difference between two central points would entail far-reaching consequences. V\Then the object 
is tentative exploration only, accuracy may well be sacrificed to expedition and frequency. And in 
general it should be remembered that the local disturbance 'laries with the change of site. What 
the rate of this change may be can only be guessed until data are obtained. A group of contiguous 
determinations of a low order of accuracy would always be more valuable than a single one of the 
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\"ery highest or(ler. A solitary station can contribute only to the gmieral problem of mean figure 
ancl will of necessity be •itiated by the amonnt of the local disturbance, as to which there is no 
evidence. lf the range of such llistnrbanee on the whole of that pamllel were knowu, it would not 
be unreasonable to take one-fourth part of that, as the ra11ge of prolmhle error pennissiulc in the 
determination itself. Eniry eousitleratiou \Yhieh takes iuto account the existence of local disturb­
ance points to the preference to lie gi\~en to frequency of distribution rather than accuracy of 
result. MoreoYer, it is uifficult, if not impossible, to estimate the probable error in any ease what­
ever. The histor,y of pendulum ouservation abounds with inexplicable contradictions and 
anomalies indicative of unknown causes of error; and hardly a single observer has ventured to 
estimate the probable error of his result. Practically, the question of precision is cut by a Yariety 
of circumsta,ntial exigencies; and it would seem best to le:ffe it at t11e discretion of the obserYer, 
or director of the work. 

11. Other mode8 <!l re,~earch. -The foregoing indicates so plainly the need of tentati\"e explora­
tion of a low order of accuracy that it is very much to be desired that some simpler means should 
be found of obtaining at least a rulle measure of the local deflection. Yarious statical modes have 
been proposeu, but none has yet shown a satisfactory test. That a "stathmomctm·"-a term 
(lesig-ned to leave nu touched the present use of'' graYimeter ''-will some day be invented is highly 
prolmllle. It might be, perhaps, the sooner if the very great need for it were more widely known, 
and if, at the same time, it were understood that its object would be served enm though it should 
fail to rival the pendulum in accuracy. 

.J. HERRCHEL. 

}fr. PEIRCE. The conception which .Major Herschel has presented for the purpose of gravity 
determinations requires thorough study. Considered from a purely mathematical point of Yicw, it 
is certain that if we know the distribution of gravity ornr the whole earth, or enm o\·er :t large 
region, we can deduce corrections of the earth's radius vector. \Vithin !!08 of the station whose 
radius •ector was to lie corrected an accurate knowledge of the residuals of gravity would be neces­
sary, while beyond that point a rougher determination would suffice. Bnt whether thiR conception 
of the nature of pendulum work could be uRefully adopted at the present time, or until two or three 
tinws the existing num her of Rtations have been occupied, is a practical question in regard to which 
there is something to be said on both sides. The Yiews of Major Herscl1el, thougL. founded on 
known vropositions of mathematics, are so novel aud so far-reaching in their consequences that 
we cannot commit ourselves to an immediate decision in regard to them. But they offer much 
food for reflection and study, and I am quite sure that apart from the important service that :Major 
Herschel has done us in connecting the .American (and through that the contimmtal European) 
system of stations directly with the great reseau of the English work by means of the Kater inva­
xfable pcuduhuus, .American geodetical science is under great obligation to him for the sugges­
tions contained in the paper he has presented to the conference. 

OPINIONS CONCERNING THE CONDUCT OF GHAVITATION WOHK. 

By C. S. PEIRCE. 

l. •r1tere are six reasons for determining gradty, which I haYe already set forth. 
II. 111 determining the compression of the earth's spheroid from the variation of gravity, it is 

bt~st, for the present, to reject all experiments not made with Kater's invariable pendulums. But 
the completion of .Major Herschel's history of pendulum determinations is greatly to be desired. 

l\Iajor Herschel thought tlrn limitation to Kater's invarial>le pendulum too narrow; and pointed 
out that it would exclude the work of Freyciuet and of Duperrey as well as a great part of that of 
Poster. 

Ill. The ordinary correction for continental attraction is vastly too great. It should be 
omitted. 

Major Herschel remarked: "Admitting this as a conclusion <lrawn from the facts, it must not 
be forgott-0n that this is nothing hut an il. posteriori dogma. I do not see how it can be lawfully 
acted upon, unless the assumption that it has a true it priori cause is kept continually in view as 
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:such." Mr. Peirce replies as follows: "In my opinion, the correction for continental attrnctiou is 
not only refuted by ohsen·atiou hut it has no 1/ prior·i ~mpport from premise:; wltid1 we haYe any 
reason to snppmm tnw. If we could make our i1e111lnlnm experiments umll'rgronrnl at the levd 
surface of which the sea-level is a part. there would he no conection to lm 111a1fo for coutiuental 
attraction. Since they mwnot be made there, tlw ohserrncl gra,·ity lrnd to lw recluced to what it 
woulcl be ut that ]eye]. The coetllcicnL of thi,; reduction depcuds c1tt.it'Ply 011 t!JP cfo:ta111ws of the 
successini level surfaccR without reference to the situation of tlte matrrial m~u;s1•8, ex<·Ppt so far 
as this situation aftt\cts tliose distances. To caleulate Hw re1ltwtio11 exaC'tly HJlOll t hb principle 
would be impos,;ihle; hut we approximate to it withi11 tltc limit;; of otlwr negledctl t1•rms if \H' use 
Yonug's rnle"' witllont the tt~r111 do1wwliug 011 ('cmtinenhtl attractio11. Stokes re.ad1es this sa111e 
rcsnlt; hut ha>ing reaclwcl it, lw remarks tliat if this tltc•oretically correct pron11l1m' wc•n' nsl'd 
the figure of tlle <'arth woul<l he less rpg·ular than in nfling tlw old rule. H1· offer" 110 proof of 
this, howtiYer; arnl tht• facts whicll lrnYt\ lw,eu a8certaiiwd ;;i11cl' hi,,; mt•1110ir wa,.; writt<'11 J>roYe 
that the contrary is trne. Yonng-'1' mle 81lpposes tliat if all tliP rock rising :1lioYt' tlw 8P:1-liiye\ 

wert\ am1ihilafr1l, the prese11t Jeye] Hnrfat',l\ wonlrl rcmai11 a h'Yel snrfac<', \dlicli is <·ertainly 1101 t rut': 
\Vlteu Major IIcrRchcl a1l111its, as lie s<•erns to <lo, that a eertaiu <'OJH;lusiou is JH'owcl h~· tltt• facts 
hut at the sarnr· time nrnintaius it nnmot lir· 'lawfully' acted upon, he sPem:-1 to lit' nsinl!.· tlw 
language of a g-ame with emwenti011al rules. 1 would propose to act upon any prnposition that, 
seem:o; to be true." J\Ir. Sd1ott agreed with :\Ir. Peirce. 

N<JTB IlY 1\1A.TOR (NOW J,IEU'l'E'.'IANI'-COLONEL) IlERSCHEL.-I should likt- tlw issm· lwt1Ye1•u 
l\I r. Peirce alHl myself, 011 the general qnp;;tiou of the reduction 011 act·ount of t·o1d i ueutal or 111ou ntain 
attracfam, to be sorncwlmt !lift'ere11tl,v Rtate!l than it appears lwrc. In tlH1 first plaN'. what I luff<' 
said abont an "II posteriori dogma'' had rcfere1we, if I remember rig"lttly, 1111! so 1111wli to tlw l't>:jec­
tion of tlw conti11entaJ rctlnctio11 i'.n toto as to its moclitir~a,tion by an :u·bitrary co11shn1L abont 
which Mr. Peirce iR now sileut. llow1•Yer, my word8 arn g<~11c>ral t'11ougl1, mi clouht, to <'On~r this 
re.iecti011 in any form, hut all I 11iai11tai11 is that the assumption on whit~h it l'(',;ts sl1all h1· plai11l.r 
prrnm11t<1d and never <lilireg·anled. Mr. Peirce coutmuls that the reductio11 for <•.011ti11P11tal attrae­
tio11 has i10 daim to auy such apologetic treatme1tt, nrgfog that, as it haR no rational ft1111ulatio11, 
it, should go; th<' displaceme11t ofmatt<>r, which appears as laml elcrntion, ht•i11g- in all prol1ability 
a merely \·ertical displace111e11t, while for tltc continental attraction to h:l\" auy jnris11iction, it 
wonld he IHlCf\88ary to show tht' existence of at l1•nRt n very cousidcrahlc lataa7 displa1·enw11t a:-; 
tlu1 cansc, or part C<tn8e, of eleYatio11. Now it is just ltere that 1 woultl step in arnl nq.;·1• tlw l'lairn 
of the latter, of whicl1 there iR a.mple proof in the PnormonK thick11Pss aml extent of st ratitk<l 
1lcposits, all of which must be 1lue to erm;ion and rern(l\'al horizoutaJl~·. Sonwthing nlso might 
he said for glacial transfer, and for lava 8treaim1.-J. n. 

,JlTJ,Y 4, 188:~. 
IV. The residuals of the difforeut stations :m1 materially !li111i11iRhe1l IJy snbtradi11g- the• entire 

downward attraction of' the 01~ea11, liberally C8timatc11. 
M:r. Peirce :ulmitte<l that thi8 wo1l11l i11\·olve a fa!Kilication of the eartli'1-; figure, so ns to g·i\'P a 

Amt of mean figure. 
Major HERSCHEL "The addition of the sPa attraction has a legitimate raison d't~irr, as it is 

reasonable to affirm that the sea matuir is added matter." · 
Mr. PEIRCE. It seems to me if the attraction of the sea is to he allowed for bPcause it il-l adtfod 

or horizontally displaced matter, then the attraction of the co11tine11tR shouhl not be allowt><l for, 
because it is not added, tllat is, is only vertically displaced matter." 

V. Tbe occupatio11 of additional arctic statiom;, if cloue well, woulll probably improve the \'al no 
of the compression. New eljn:ttorial stations are also desirable, hut new stations in middle Ja,ti­
tmles can hardly aff1~ct the value of the compression. 

Major H1ms01mL. "Tl.le actual llistrilmtiou is shown in a diagram ginm i11 m,y Appendix t.o 
Vol. V of the India Survey. Tllis diagram shows how very rcstricterl is the area actmilly occu­
pied by diflerential stations. The southern hemisphere is very poorl;1· represented." 

* This so-ealle<l rule is ideuti<ml with Bouguer·~ formula for the 8al11e. 

S. Ex. 77---65 
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VI. In middle latitudes, the main thing at present is to study the relation of gravity to geo­
graphical and geologic:~] conditions. 

:!\fajor Herschel co11Ctlrrcd. 
VII. Gravit~- determinations shoultl be made at iutervals 011 lines of geodetic lcvelR, and the 

levels be corrected acmmlingly. 
Mr. Schott concnrre(l. 
VIII. Economical qnestim1R should, as far as posRihle, he sohwl b;y the application of math­

ematics. 
IX. 'rlie i11Yariablt> rc\-Prsihle pendulum reunites the advantages of the two instruments pos­

sessing the one a11<l tltc otltcr of tliese characterH, aml is to he rt•commernled nntler the limitation 
im1ilied iu No. II ahorn. 

Mi~jor HERSCHEL. T am ohstinatdy opposed to ai1.r attempted combination of the invariable 
a11d reversible principles in 0111• i11strumeut. 'l'hey arc i11compatihle; aml tlie combination is im· 
possihlti wit.lwnt Ro 111ocli(Yi11g the inYariahle principle tl1at it is practicall>- abandoned altogether. 
It is n'ry 1111<lesirahlP. that any 11t>w element of doubt sl1ould be imported into the alread;r much 
abusell term ''invariable." It waR first used by Godin, as well as by Bougucr, and by la Conda­
rnine. 'l'lw.Y all nw:wt a rigi!l peudnlnrn with fixed lrnife-edge. Kater borrowed the word from tlw 
French, hnt as he at the same time introduced a "com'ertil1le" peudulum, with two fixed knifo­
edges, which nm1lt> a gT1,at noise abroad, Uie two got mixed up, arnl the German text-books (copy­
i11g from l\11111cke") tlagr:mtly co11fuReu tlte two. Still, tlu' C<erman use iR strict in denoting a rigid 
ptmdnlmu with Jin•1l k11ifo-e1lges. Ent; lvlr. Peirce now i11telJ(lS to upset this la:st strongholil of the 
"invariable" peml11lu111 by making it nirial>le at the will of the obserrnr. The im·ariable pendu­
lum 1n·o11er can nwlergo 110 diangt\ without Yiolatiug its name. Closely connected with the term 
"inntriahle," its desig11ati11g a particular form of coustrnctio11, iR the term "invariability" as de· 
noting a pri1wiplP i1n-olved iu its 1leRigu. I cannot possibly demnr to the construction of any form 
of peudululll whid1 may ht> tlio11gl1t desirable; but I do urgently protest against the designation 
of it in a way to crt'ate llPt\illt>ss coufmiion. Tl1e principle of the invari:tble pendulum supposes it 
to coutimw 1111clia11gP1l a:-; loug as lnunan carele:-<s11ess will permit, or longer if possible. But by 
making it>1 k11ifP.-l\!ll!'•~s interclurng(~ahlt>, with a Yiew lo giving· it a greater range of' utiltity, this 
tir.'lt chara<~teristie i:-< rnl1111ta.rily clestroye(l; arnl in hPeoming reversible in the full sense of the 
word it ceases t.o he invariable. vVhy, then, adopt a Helf-contrarlictory compound name which 
sen-<•s no purpose hut to ruin the word a8 well~ 

At the same t.ime I m1rnt :say that lvlr. Peirce seems to rend the word differently. 
Mr. Pm1um. Hy an im-aria.hlc reversible JICIHlnlum, I mean 01ie in wl1icl1 the knives remain 

i11 plam! from 011P Htation to auother. l\fojor Herschel'l'l objections seem to be directed against the 
use of tlw word invariable as applied to such an instrument; but it is not so much the word as 
Uw thing that I advoeate. The Geodeticul AsHoeiatio11 haR nuauimou:sly rccommemled tlte rever· 
ir;ihlP pe1ul 11 l11m, and I shoul!l ecrta.inly think that their opinion ougJ1t to be respected, even if I did 
not share it. ( )11 tlw othm· l1arnl, th<•1·e is nrneh to be said iu favor of difforen tial instmmeuts. I 
am 11ot awart• t.l1at, l\lajor H1;rsclwl haR hro11glit forward auy objection to rP1111iti11g the difforential 
or iurnriable aJHl tlw rtwerRihle princip](JS iu om• instrument except this, that if the knirns can be 
cl11rng·ed tlwy rnight he clianged hy carelessness. Hut it appear8 to nm that the whole weight of 
Util'l argnnwnt, .such as it is, is against tlw iuvarial1le 11emlulum. For there is no fabrication of 
l1nnurn hands that ca11not. he clrn11ged hy carelessness. Can a Kater invariable pendulum be 
safely Pxpose1l tAJ cm·pleRs treati11e11t~ The difference between t11e ordinary invariable pendulum 
a11d the inva.riahle reversible pell(lnlnm in thi:s respect is that if the former suffers injury the work 
is hopelessly vitiate1l, whilP if the latter iR injured, it is ouly necessary to fall back on the reversi­
ble princiJlle. 'I'he followiug art• t.he advautagcx which I think I see in the use of the invariable 
reversible pendulum: 

1st. It satisfies the requirements of tl1ose who advocate the reversible pendulum, who consti­
tute the greater weight of living authority. 

• Geliler'H PhyHik<il. Wvrterbuch. Ad. l'endcl. VII, pp. 304-407. J..eitlzig, 1833. Hy far the ablest treatise, his· 
torical and otherwise, of its day, and perhaps so 1>till. 
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2d. It ought to 1:mtisly those persons who ad n1catc the i1nrariable 1HJ1Hl11l11m. 
3d. It lfotermiues p;r·iwity in two m•.al"l_y iudl•.pernle11t wa)·>i, without 111ort· e:\pPrimPH\i"\ than an• 

uecessary for a singl!l determinati011. \Vlwu thP8t~ re8Ult8 a(.!'.n~t~ they rnas lw a;.;8Ullll'd to ltt· 1'.0JTl'd. 
4th. If the iustrnrneut be considered as a ditforeut ial orrn, t lit> d iffore1w1~ i 11 t l1t· rPd ucrnl tirn e 

of oscilhttiou with heavy end down all!l with hca.Yy f'IJ(l llp must remain u11chai1ged HO long as tlu~ 
instrument is invariable and mui hartll_y e.scape clrn11ge otlierwi.st~. A111l from this dia11ge Uw mwte8 
sary eorrectiou can !Je ealculatt><l and applied. If 011 the otlier 11aml the in.strurucut. lit· ('011si1lered 
as an absolute one, the same tlifferenee is tla~ he,;(. teKt of the aetlll'lH\Y of tlw Whrk. 

Mr. SCIIO'.l''.l'. For the strict intei·eomparaliility of re;;ults at two m lllOl"<' station;;, l t hi11k ii to 
be almost essential to i;;atisfact.ory work that au abi;;olutel~- iuYariabh• pe1ululum lie employ1>el. This 
couditiou would, however, uot exclude the use of a peHdnlum LaYiHg i11terelrnugeable kuifo-e1lges, 
provided that between auy two st.atious no such interchange took place, while tlw intt>rcha11ge might 
he effected after the particular eomparatiye 11waHlll"eK were sei·un•1l. 

NOTE BY MAJOR (NOW LIEU'l'ENAN'l'-DOLUNEI,) Hi.;1i:-;mrnL.-ThP ,-iew of this snl~ject l1ere 
11resent.ed by Mr. Schott, in this hu.;t paraµ;rn11h, is Ho ;;eusihly coITl'et that oul_y a t-itrung eouvictio11 
that it does not meet the whole case, and is directly opposed J.o the princitile of in\riohtbilit~· wllich 
l wish to see rccoguized, would tempt 1111~ to add to this dise11Ksio11. \Ve arc agTeetl, aud univeri:;al 
praetice shows it to have hecu widely reeoguized, tllat invariauilit:y mnst be rnaiutaiued duriug at 
leat:it the wl10le eonrse of a Reries of differential tletermiuations. [I 11 the Ea.;;t Indian series, for iu­
stauce, it was maiutainml during (light or 11i11e years, autl at more tlia11 thirty iust:tllations.] No 
one pretends to set an~· limit, either to the time 01· to the 11n111ber of station;.;, whid1 i:-; to re:-;trict a 
series of differential measttres. Hut it is said, "wltett t.lte scrim; is conq1lete1l there ii:; 110 longer <LU.Y 

need to irnard or presene the pendulum from eha11ge; ib; work is done:· B11t it is jmit at this point, 
r contend, that we ougllt, on tlle contrary,· to lie gTowing· more alHl more solici tom; for llle protee­
tion of the pemlnlnm. 'l'lw more statio111; i(, ha8 YiHitetl, the more intimate is onr kuowletlge of its 
time of vibratfou, or vibration-numher, or wlmternr he the fuuetiou we may a1lopt by wllicl.t the 
results of obi:;ervatiou are to be exprcsr;etl. Even if, at the time, only one of the stations Yii:;ited 
was a'' known" statiou, we ought yet to eontemphtt,e a,ml <H1ticip;tte the time when, by the i,mper-
11osition of later series, the fundamental vibration-number (i.e., its et1uatorial vibratio11 Xo.) shall 
rest on more thau ouc, perhaps ou mauy knmYn stations. EYen if i,mcb eomiiderations as these fail 
to eonviuce, some weight will surely lie eoucedetl to the argument that, a::; one continiwus series is 
better than two or more, .covering the same stations, and aR h.Y merely gnanlinµ: the pendulum 
stringently during the temporary pause betweeu two Reti:; of operatio11s, otherwise called series, 
these will in fact constitute one only, it is right to take the proper precautions t.o bring this about.. 
I confess I am surprised, not that this principle has not been itctml upou, iu times past, but that it 
should at this day need more than the most cursory enuncia,tioa, and that wt· are even uow 1lebat­
ing whether we shall not continue to throw away oue-half of the uet rnHulti:; of each set of observa· 
tions with invariable pendulums. We do no less, wl.tcu we l>reak off a i,;eriei,; and, b,\· interehange 
of knife-edges, interrupt the continuity of a seriei,;. 

J. H. 
JULY 4, 1883. 

X. Four classes of errors affect tbe ob::;erved period of oscillation, <ts follows: 
1st. Those which are nearly constant throughout the work at any oue station. Such arise1 for 

example, from the flexure of the support, from an error in tbc adoptHd coefficient of expansion at a 
tropical or arctic station, aml from other causes. 

2d. Those which remain nearly constant for a considerable time, say an hour or a day, but which 
vary from day to day. Such arise, for example, from the knife resting differently on the supports 
on different days, from erroneous determinations of temperature, or from similar causes. 

3d. Those which are continually varying throughout the observations. 
4th. Those which arise from errors in the comparison of the iiemlulum with the time·piece. 
The first class of errors demand the most solicitous scrutiny. The other three classes may be 

distinguished by the study of the residuals of the observations. The third class i8 the most impor­
tant of the last three. 

XI •. Further insight moo the nature of the errors is obtained by comparing the residu~ with 
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Iarg(• and with 8mall are.s, aml hy comparing the re8itlual8 of Llte re\'ensiblc pemlulnm in its two 
positions. 

Small arcs and he<t\',\ pP111lulnms an~ to be recommmuled. 
Major lf:ERSC:IIEL. ht rncommeHding- "small arc,;," :Mr. Peirce letwes us to gum;s what magui 

tudt1 he coate111platmi. 111 ;;etting out upon my rcceat experieace, I i11teaded to swing in arc8 as 
i,;mall as I eonld auyway .w,c them, eertai11ly helow :W". Bnt I foull(l that both Sir G. Air,r and Pro­
fessor Stokes were 8tro1q.:-ly oppoi,;ed to siwh a t\om·se, aml I abawlonetl the intention in fiwor of 
arc8 falling from say 70' to 71

• Tim o~jedions urged were all tlrnoretical. I sbouhl still allvocttte 
the practical trn1ti11g of the tlo11ht iu any series or ohserYation8 of an experimenta.l character. 

:\Ir. l'EIRCE. 1 fllul the errors of ohserYation are uot increased by eoutiuuing the ost:illaLiou 
1lown to ares of 11

• 

XII. The method of coi1teitle11ces as perfected by l\lajor llerscl1el is to he recommended, espe­
cially in conuectiou with a clock whose pendulum S\Yings from knives. 

Xlll. Tlie experiments should IJe continuell for 24 honrn, hcgimting· and ernliug with 1:1tar oh 
servatiorn;, when this il'i co11Yeuie11t. Hut tl1is should uot he absolutely required. 

XIY. Tile swiuging in NW1W is to be rncornmmHled. 
1\1 ajor Herschel disseuted. 
XV. The ifoxure of the sup11ort may be advantageously axoickd l>y RwiHging two pt\JHlnlnms 

si111nlt.aneously on tl1e same 8upport with oppositt· phas<'S. \\'lwn this is not cloue tlle tlc\Xtffes 
should he IllNL8nrecl, arnl in doi11g thiH the me<tHlll'CH must 1.Jc macle at Uw mitlclle of the knife-:·mp­
port or else the positioll of t11e instantaneou:> axis of motion must be 1leter111i11ed. 

XYI. The o;eparatio11 of the atmospheric effect iuto t,\vo parts is requiHite for an exact, te111pem-
t,11rn correction. 

XV 11. The iutlueuce of atmospheric moistnre ougl1t to lie stmlit•.(l. 
XVIII. The use of rollers iu place of knin~s is to be comlemned. 
XIX. 'l'he prohahle accidc11tu I errm of a determinatioa of graYit~· must not exceed i) mill­

io11ths ( ~ 0-rhi(o ), an cl tlw total which ma,v l'C:lHOna hly he fo:tn'tl 111 nst uot exceed 10 millioutlis 

(TToGoor1)• 
Profe880r ~ ewcorn ll and others agree1l to this, hut. ;\f:ljor 11 c~rschel :UHl l\ll'. Schot1 ol~j(•cted to 

any nuniericnl cl'i tcriou of this sort. 
XX. A good grm·imeter is au important desideratum. 

( 'OKCIXSIOXS l'!Wl'OSED HY PIWFEssUI{ NEWCOMB, AMENJJED ANI> Al>Ol'TED BY THE CONFEHENCE. 

I. The main object of pendulum research iR the determination of the figure of tlw earth. From 
a 8LL!licim1t mnnher of ohst.'rvations suitably <li:strihuted over Uw :surface of the earth the actual 
fignm mas he <letermined. 

:! . . A cornplutt> georl!'tic survey 1-1houhl i11clwle determinationH of the iuterniity of gravity. These 
detr·.rmi11atiomi Hhonhl he macle at as many critical points of local deflection and physical :sb·ueture 
withiu tlw area 11f tht~ snrwy as vossible; <md these 8hould he combined with others distributed 
oYcr the whole globe. 

:~ . . A minute graYimetric ;;nrvey of Home limited region i:s al prnsent of sncb interest as to 
justify its execution. 

4. Extell(led linear gravimetric~ exploration is desirable, to lm ultimately followed hy simila.r 
work distributed over large armt:s. 

ti. Eaeh series of i,;uclt 1letermi1mtio11s shoulrl he made with the same apparatus, so that the 
tlitforentfal re:sults should not he affected by constant errors peculiar to the apparatmi. 

6. While it is i11advh;able at present to strictly fix a numerical limit of the permissible probable 
error of pendulum work, yet such determinations ought commonly to be accurate to the :i ci-o~crn part. 

7. Sim~e different pendulum;; may be used in di1forent regions, all shouhl he compared at some 
central station. 

8. Determinations of al.Jsolute gravity will probably prove useful in comparing the yard and 
the metre, and they should at any rate be made in order t-0 test the constancy of gravity against 
the constancy of length of a metallic bar. 

9. In the present state Qf oqr experience1 unchanged pendulums are dooidedly to. be preferred 
for ordinary explorations, 



 

AI>J'EXlJIX No. 11. 

HESt:LTH OF THE TltANSCOl\'TINEllT,\L LEIE OF UEOHETlC l'l'li!IT-LE\'l:Lt:\1; \LAI: Till. I' 11:.ILLLL 
()!.' :l(I•". J.'JHk'l' PAHT FWD! SANI>Y ll•H>K. N .• J., 'J'n 1'.\l\T L•>l'll', ;-.111 .. EXL<TTl'.ll J:Y .ISSIST.\\T 
ANDimw HHAID. 

(\\ITH.\ .\L\l'), 

\nieu the Sm'\'t'.Y n111lmtook the geodetie eom1ectio11 of the Atla11t i(· and 1 ':wilil' !>oasts 11,r a 
chain of trirmg'ks it heca1Ue eYi1k11t that :i Ji1w of' spi~·it-lt'\'diug wonld Ill' m·edcd i11 order that 
the ,-arious ha:se lilHll'l might lw accnrat.ely refrrn'<l to ilH· sPa kn·I, tliPil' 1·011111Lo1J pb11w 01· J'dt•J'­
lJllCC. Ir t.licse oieYatiom; werP mernly known through l>arometri1: olist·n·atio11,.;, or onli11ar,\ spirit. 
levdiug, tl1e rcfr·rrcd length would 11ot po:-;se.~:-; that deg·1·t0 l' of aeeltl'a('Y \1·Jiid1 111ast b!· st'!•lll'l'<l i11 
a geodetic operatiou of reti11e11ic11t a11d of' great exknt; it \\a,.; 1·rn1~1·q1w11tly decid1•1l 10 1·a1Ty a 
liue of spirit-kveli.ug of precision from ocean to oet«lll, follo\ri11g, a:< lll'<ll' a" prndil·alil1·, tile triang-11. 
lation along the thirt~--uiutlt parallel, arnl re:,;ti11g for itH dat11111 kn·l 011 cacli ~idc 011 tidal ol1se1Ta· 
tions eoutinuetl for a series of years. 

Snell a line of levels passing el'ntrall,\· oYer the eonutry, a1Hl tl111H 1·eallily a1·.1·(·,;sibll' fro111 
phwt~s lying to thr north awl sonth of it, \rltilt• :1\·ailahl1· fol' till' II>'<' of' tlte gpograpl1PJ". the 11wte­
orologist, the engiueer, tlw geologi.,t, and others, will lian· otl11•1· i111port<111t sei1·11tilie bt\Hl'i11gH 
upon our knowle<lge of the physics oft.he glohe; it bi>:us npo11 t hl' q lll'stio11s of th<' hydro1l,r11a111 ic 
equilibrium of the ocean level at different point,; nuder tilt' action of liil'ltnrbi11g fort'.cs, ><11d1, for 
instance, as the following: fa there any diffPrenee in l11•iglt1, awl, if w, oi' 11·1iat :1111011111 (fro111 11 
priori consi11Pmtiom; it, mnst he small*) between tile lll<'all len~l of' t!Jc Gulf ol' :\!Pxico aml that of 
the A.t.lautie? Or, what difforencc in tlw result::; of pn•ds11 spirit-lcn·ling- han~ IH' to t'XpPct from 
levels between two giYCll points hy two different routes 11ot ou 1 ltl' sa11H· len·l ,s11rfa1'.e '! To a11s1rm· 
the first que::;tion, a hraueh liue from Saint Louil'l to the <inlf has hcw11 already pmtl,Y execnte1l iu 
1•onnectio11 with tlw Hnn·e.v of the l\lil'lsiHsippi l~i\'1•r, aml with reference to the ,.;et:OJJ(l, tl11• i11\·e,,;(i .. 
gatiou will bB of great importauee, im·oldng, as it 1lm·s, two 1•tll•1·ts, Yiz, that of tlw iacli11atio11 of 
two adjaeent Pqnipot1.rntia] surfaces a,; related to tlu• g•.•.m•ral ligure nf t lw 1«1rt h, a ad the other 
involving the local deliections of the w>.rticml an<l i1T1~gulariti1•s i11 tl!1\ intensity of gravity, tlt11s 
deforming t,he surfaces of level aud altering their 1lista11c1•;;. Along 0111' eai<t arnl west Jim• the 
fin;t, or more general effect will be tritliug (as it reaches it,s maximnm \':llue in a 11wridio11al llirnc­
tion), hut the 1mco11<l will enter to its full exteut. \Vlteu crossing· tlH' Allcglm11ies, we t•an a:s­
sume that, the effect of local deftectious will be small, si11cl' complete compl'n8atio11 takPl'l place 
when pa,ssing over slopes eqnal, hut, opposit .. Jy inclined, and, in general, thl' tlill'en•n1 ial c1foet may 
not he cumulative when crossing a 1mmher of para1lel ridges uule:ss th1·.r should all lie of i:;imilar 
cross-section. 'Vhen aseemling the great wc:,;tcrn pla.ius lty a long- awl gentle :slope up to tlw 
Rocky Mountain Plateau, awl then rapidly <leseen<ling w the :sea-leYel, we lrnYc cornlition;; fa\·or­
able to the <levelopment of efteet 011 the results of spirit,.Jesding due to local 1letlectio11s. i11 tl1e 
direction of the vertical and variations in tlw i11tcnsit.y of gradty. 'l'hns wo percei n• the i11t.i11mtc 
connection lletwt~en geodetic, ast,rouomical, hypsometric, and pe111lnlnm work, all of wliich will be 

•It may be mentioned in this comrnction thnt spirit-levrling iu Europe appan•11tly hronght out the n·~nlt. t.hnt 
the mean level of Ute Atlantic at Brest, l!'raurll, is higher by one 111ntre than tl1e mean ltl\·el of t11e Meditnrrnnean at 
Marseilles. 
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IH'OSt~cutetl i 11 the direct ion i 1ul icatml. The effects of' local dclfoctioux mentioued cauuot he pre­
ci;;cly eYalllatctl under a11y circn111sta11cc:s so that the 1p1ci;tion of the relatiYc leyel of the Gulf 
and A tlautic might first be axcertaiued h,y a liue of spirit-levels aeroo;s tJ1e peninsula of l 1'lorida 
(Fermmdina to Cedar Keys) ai11l the result cornparc<l with that of the liuc Sandy Hook, Saint 
Louii,;, X ew Odea11s (or Mohi11• ). l'n,ciKely iu the same rdatiou as this o;hort cut stands to the 
eastern part of om· li11e of (('n•ls, t.lw cut across the Isthmus of P:mama stauds to the whole line, 
awl in bot 11 cases these c11Hsidcr:1 lions \\'ill c11 t Pl' i11 to the discussion of' tlw prulta.hle error in the 
levPli11g- ovemtion wlHJH <~umpari11g it:,; umg-nil 1ufo with t,lie a.pvanmt ad.nal resultiug ditt'erenee at 
tlte terminal sea-le\-el. 

llE'l'ElDfl1'A'l'ION <•F 'J'JIE '\IEAN 'l'lllAL LEVEL* A'l' 8ANllY llOUK, N •. J. 

The tidal ohserYations made at. bandy Hook, by means of a self-reg·istering tide-gauge, eom- · 
meuc~e<l Oet.oher ::!l, 1875, and ha\·e !J~e11 eonti11uell without interrnptio11 to the prm;ent time. 'rhe 
following- table of annual mean reading'~ (in feet) of low and of higb waturs was eommuuicated to 
me u.r Mr. A very, i11 charge of the Tidal J>ivisiou of the uftiee : 

,\fcan rca<liug o1 lnw water 

'.\lean reading- of high \Yater 

Mean range. 

l\Ican reading- pf half-tide level. 

L>ifkn:nL·cs trom the HH:illl 

r87t3. 

( .. 07 

10.(•q 

.i.fi2 

S.380 

-- .1fi8 

1:·;77. i~: 7s. 

(~. 2; ti, _./1 

IO. 88 J I.O•j 

.,.(>{ 4.73 

;;,57,:, ~;. 725 

i .0'27 .177 

1879. i 188v. 

' 

r;.H1 (,_,:;, 

'" ')" 10.87 

4. 7 1 4.72 

S.545 i 8. 510 

.. _ 
.00~ 

' 
- .038 

' 

1881. 

l 
r .. 13 j Mean. 

tD.•J7 Mean 

4.84 ! Range 

8.550 , llalf-tidc . 

j ,002 

I 

h·ct. i 
6. 193 i 

1u.yuo : 

4 .705 I 

s.548 I 

± 0.031 I 

• \ probable error of .1: 0.031 feet or ::L u.:{""" iu the starting-level is rather greater th au is 
<lc::;irable, aml it rcforn to a m<'<lll reading of th<' ,;ca-level itHclf roughly det.ermined, since the an­
nual tabular means eontaiu ji·acliu1utl piirlii of a lunation; hence r;ome eftect of the r;emi-monthly 
i11e11ua.Jity i11 height urnst. lw expeetod to enter into the resttlt. In the mmt11 time Mr. Ferrel sub_ 
mitted these tides to a dil'cussiou by the harmonic analysis (compare his Tidal Researches, Wash­
ington, 1874; also his <liscu:,;sio11 of Tides iu l'eriolm1•,ot Bay, Appendix No. 11, Coast and Geodetic 
Surn\y ]~eport f(n· l S7S). Ile communicated the following ta hie of "Tide-gauge reading of mean 
sPa·lcYcl from hourly co·ordiuate;.;" (uncorrected for sllifting of imlex of gauge between one year 
and another, the imlcx of 1881 alone being· i1le11tical with that of tlte table of low and high wateni): 

L' l : F' I .. I 
r ror.u unar, ru~u so ar, Difference.: 

l!de. ' tide. · 

------- , ____ 
-~------

' 
Fed. Fed. Fo:t. 

187(, 5·.H2 3 .').342 7 - .0004 

1877' .5-42')2 s .4283 .0004 

187~L 5 .0<)78 5·"977 + .OOOI 

1879 5.0461 I 5.0467 - .0006 

1880. 5. 3334 5 .3338 - .0004 

1881.. 8. 5703 8.5694 + .000<) 

l lcrc t.11<'· resu lt.s f'ro111 lu11ar tide are the mean of Ii vc com pommts aud the results from solar tide 
tlte meau of four components, hence the small dilforeuce in the haif-tidc level indicated. Calling 

-- ---------------- - -------- --- --· ---- ----- --- , ________________ _ 
'A slight :wqnai11t:ut1•e with the laws of the tideK i11clicate8 that tltc level of reference for SJJirit-leveling of 

pn•l'iHion <'all be 110 ot.her than the an•ragn or Ro-eitlled lmlf-ti1lo level of the ocean. This matter was also 11ractically 
l<>ef.l'<l in Ir<~~. wlt<'a 1.w1·11ty-t.wo ti<l:d Htation" were establiKlrn<l rou111l tlie coast of Irelanll and their zeros of staffs oon­
llt'Ctetl hy "Jtirit-levelK; ilu: t i1h1l ol•e<'rvatinns have heP11 tlisenRse<l by the Astrononwr Royal (Phil. Trans. Roy. Soc., 
Jr<4:"•), allll Hw n·sults \Yill he fuurnl on page ;,;,1 of the British Onhuuwc Survey, London, 1858. The spirii-leveliug 
opl'rat.iou" of th1• grl'at trigonouwtrieal Slll'\'e~· of ltHli:l., couunencc<l in 181'>8, were started from the mean (average) 
sea-lcrnl of Karachi lfarl)()r (Tahl<'s of Height in Sind, the Punjah, etc., Calcutta, 1863). In the leveling connooting 
the Baltic with th" SwisH levels the plane of rcforence is j,hc mean water at Swinemunde depending on fifty-four 
years of observations. (Leveling iu conuectiou with the measurement of arcs, by Dr. Seibt, Berlin, 1882.) 
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attention to the fact that these values for the several ~vpars ne.rnled reductimi tn the isame zero level 
before they could be used, tliese index corrections were furnished to Mr. J<'errel b~- thr Ti!lal Divi,:;­
ion, who applied them, however, to other components (thau tlw alHn-P), Yi11., to 0 (lmmr •lediHa­
tional) and to L (lunar elli)ltic) arnl to ~ (of the same type ais L ). JI is COl'l'('l't1·d hourly rc•atlingH 
gave tl1e fr,Jlowing Yalues for the mean sea-level: 

. i878. 

i 1879 

) 1880, 

1881 -

i Component· Component' Component l )iffere11L·(· 
t u. !, L. N. I 0 -- I~. 

------- -------- 1-------- - - --- -
J·>l'f. \ F1'1'f. Fni. h·d. 

8.4i33 8.42t5 I 8.421:~ 

8. 5886 ~). 5(\5 I :L5ff15 

:~. 7262 8.751(, 3.751(, - .(•'.'5·1 

8. S43S 8.55 1 5 f:.551(• 

8_ 5178 8.512.t S.51c>:> 

f,.5(192 8.5714 r;.5715 - .002'.' 

These ditforenceR :tr<' larp:e1· than thosr exl1ihitP<l ahnY<', which is a<·<·m111!1·1l for Ji~· tlH• fad tliat 
tlte results nrnler 0 and L are not nu1a11 Yalne,-; of HeYernl term.«. 

Uniting· t.lie reimlts, 1irst combining L a111l -X, tlwir 11w:tn wit11 0, aiu11.a k i11g· tlw 1111.•a11 of tlu· 
fonr Yalues of 18iH, we fiucl t.111~ following results for t.lw mea11 rc:uli11g of tlu• NPa·lt•n·I: 

1~~7(,. 

i&77. 

1h7R 

1fi7q 

1;o::80 . 

Feet. .l. 

8.417 i 

8.57p 

8. 738~1 

8.5475 

o.s150 

S.57r,l 

- .01(·~· 

-· 1770 

+ .0135 

-+- .04(io 

- .0001 ! 

M m1n, 8.f>m O :±: 0.0'.!8!) feet, ndopt1•1l for tl11• starti1q.('·lewl. From the low arnl higlt 'Yatl·rR for 
these ycarH we hall the Yalue 8'.iiJ8 ::k O'.O:{J in good aceor11 witli Ow JH'cc<'1li11g valnc rkriwd from 
the harmonic analysis. 

The ammal values for the rnc:m len~l as llt>rin~11 from t-h1· low arnl lii1.d1 wat1•1· ~ (L + 11) aJl(l aR 
1le1ltwecl from t.he l1n.rmo11ic a11alyHiR (H. :\.) 1•on11mr1• m; follow:-;: 

if.79 

rRSo. 

{ -~881. -

J : 
,.<L f- !l). H. A. 

8. 575 

8.7~.s 

S.545 

S. 510 

8.,417 

8. 57/ 

.s. i3lJ 

8. 54S 

8, 515 

s. 57" 

Difference 

-- · 0 3i 

The level a;; gfrcn h,r IL A. is fon1Hl to ht' hip;her for en•ry year,!!' and there is apparent!,,- a 
rise in the mca.11 levl\l 4lnril1g th<' yean1 187fU77-'78, a.fterw:mls a fall; hut tlii.~ as well as the appa­
rent increas<' in the annna.11,ange of tl1e thfo ma:; lw <hw to aecidm1tal cir1·11mKtaiwrs, a;; 1listurbing 
causes of the annual mean lwight of the Rea-lew•L variations in tho mea11 annual direction and force 
of the wind, and in the atmosplieric JH'Pssnrc, al'\ well as variatiouis in t.ltc 1lirecti011 and velocity of 
ocean currents are promine11t factors. Tl1erc may also be perioclic fluctuations in the sea-level 

-------------
•It is to he remm·kcd that in C01181'1(1H'HC<l of the qnitrter-<linrrni1 ti<l11 the hig-h an<l low waters shonlil both lie 

slightly higher, and consequently Riso the m1>au le•:el rlednced from t.hem. than t.lw val1w j!;inm lly the harmonic 
analysis; hut in fact we fiml the JatMr th11 higher hy O.OI:l foot or 4.0mm; Jumco it. wonltl smim that the elfoct is 
marked by some other irregularity. 
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71D~·CAUOC. 

WAT£/I L&VEL 
rloAT titlal ]\'q•], as giY1m b_y the gauge, is as followR: 

Float-line lwlow tlte 11'-f'oot mark on tape, tit'/ incheR, or .. _ .... _ .. 
fl1•11e1~, reading of tloat-li11P _. _ .... _ ................. ____ .. _ .. 
H11wliug of 111ea11 .sea-Ien1l or Iralf-tidc lcn1l (see aUO\'e) _. _ .....• 

II1·11cc, imlex or n•.adilll! mark ahon1 rnea11 sea-kvel . _.. . • • • . .. 
'I'itlt\-ho1tsn beudt-rnark ahm·e imlt~x ];11°1, inch, or .............. . 

lln11cP, hmwli-mark 'l'. JI. ahm·p Rea-lcvPI 

Feet. Ft>et. 

0. 72!! ± • (JO;') 

1S.72fJ 
S.561 ± • 02fl 

-----
10.168 
1.:mi ± . ()();) 

11. 444 ± . 030 
= 3"'. 4881 ±om. 0091 

(estimated) 

(est.i111at.e(l) 

\Ylticlt Yaltw has hPt>ll :ulopte1l for the pre>1e11t.. 'l'he oh8PITations of the tides are continued; l1e11cP 
the prohahlf' error or the mean r;ea-level ( J: orn. OOi\8) may he farther reduced hereafter. 

The li1w of spirit-Jm-ds hetween Sarnl_y Hook, N .• J., and Saint r~onis, Mo., was run by Assistant 
A rnlrt·w J;m id wit Ii l<>1•cl CoaHt awl Geo<letic Snrn~.r No. 1, a11<l the metric rods either A and B or E 
aml F. Tlw met.hod of ol>serring was the same tJmmghont. In Uoast and Geodetic Survey H.eport 
for 1:-1:-10, .Appe)l(lix ~o. 11, Mr. Hmid cxplaim1 his metl10<1 of observing (pp. 137, 138), describrs 
anti tig-meH l1i.s im;trument (Plate ~o. 4G), a11d gives a specimen of his record (p. 139), to which the 
re:uler rna~- he r1~forrc1l for detail information. 

J NSTR r:~rnNTAL coxs1'AN1'S.-:M agni(ying power of telescope 26; focal distance 41cm; aperturr 
:~:"i111111; diaphragm with 3 horizontal and nearly equidistant spider-lines; angular distance middle 
lirH• to (tnw) uppel' !inc, 101~11 • 7, aJl(l of middle line to (true} lower line !)!)511• 3. One division of 
rnieronwtm', -t.1:?11

• ,q_ ValuP of ouc diYisio11 of the level, J 11 • 3~; hut tbhi does not enter into the 
work. '!'ht' ring- inrn111alit_y wai:; 1letermined 011 ReYeral occasions. 'l'lle brass scales of the ro<l were 

·• Thn8 :Lt Bre~t. Frnne<', it. iH st.at.ml that the meitn level of tlrn ocean from 18:~4 to 1878 had snnk or the ground 
li:iil riHl'll ahont 11ulll a ~·ear. (;'\at1m-, No. G~18, .June, li"-A:l.) In his annual report of the geological survey of New 
.l<'l'"<'Y for th<' y!\ar Hl--41, Mr. 0.-nrge TL Cook, Sta.Le geologist, 1levotm1 Chapfor Ill, pp. 20-32, to fact.s allll discussion 
of 1h<' ""'"ro:wlm1m1t of th""'"' 11po11 t.lw low.J_,·ing lall(h. It wonld app<mr that the relative chm1ge of ]all(\ arnl sea 
along llu· r-oa•t of New .J..rne.'· poi11ts <'ilh1•r 1o a gradna.J ri~e of tl1e Rea-level or to 11 gr/l<lual sul1sidence of the land. 
Tl11• snhj1•d of t11P enrr"'11.H off th" 1·oas1, :t111l in ]"trtipnl:tr for that part. of it lying north of Ban1egat, is refetTe!l to 
on f>al-(" :Ill. For thl' llll'I'<' 1·li:111gP of ontli11" of Sawly Honk between tlie years In!I and 18fJ.1 due to varying currents 
:1111! Hlll\pOHPtl nnaceompanie1l li.r \'<>rt.ical ehani.:e8, the reader may he referre(l to Chart No. 8 of Coast Survey Report 
for 1~.;,:1. The permanoncy of 011r l<wol of rnference is of the utmost importance, aml if it should be found subject to 
S<'!'Hl:1r chauge it lllay be ll<Jtect.Nl hy mei1us of a branch liue of levels to some other part of the coa.st where· appar­
ently no i1ulicat.i1111s of ehan.:o l'Xist. It is the intention of the Superinten!lent of the Survey to conneet the Hagers. 
towu beuch·m:irk witJ1 the t.i11e-gange at Oh1 Point Comfort, Va., and thus secure a check upon it.s heiirht as well as 
a secoud reference to the sea-level. 
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compared with a standard metre at the office aud found of the following length: Itod ~1=3m,000105 
at 68°.0 F., and roll B = Jm.000076 at ()S0.3 F., gi,·iug the mitldle metre double woight; the lougt!t 
of the arnrage metre of the rods was im.000075 for A at. GS0.4 F. arnl 0.99999G for B at ()80,3 l•'. 
The comparL<>om; of the leugtlls of the metre marks of rods E and}' at GS0.4 F. giYe the rei5ult: 

\ FirsL 
Staff metre ......... _ .. ) Second 

! Thinl 

E }' 
P 1 .OOOO.'i2 
l'".000039 
lm,000121 

Im.000052 
()m. 999fJ59 
lm,000120 

'l'l.te eoeiticient of expansion is ai:;smuell e<1 ual . 00001 For rnmstmetiou of the st:i.e8 see .Assistant 
'l'ittmann's paper, Oomit aml Geodetic Surw.y I~eport for 1879, ..:\]Jpendix No. Hi. lu Appendix 
No. 11, Report for lStiO, l\lr. Brai<l explains the meth0<l of leYeliug followed on the Lower l\lissis­
sippi Hiver, which il"l the same as that adoptml for the trnuscontinental line (now extending tn 
Btlah, Mo.), viz: Two parallel lines are nm 1;inmlta11eo11:-;l,Y and iu the sauw tlirectio11, oue by staff 
A, the other by staff B, the rods being placed at different distances from the instrument; alternate 
parts of the line are run in opposite directions. On IPn~l ground, or where tlic i;lope is not inter­
fering, the <listance from 01taft' to 01taff (with tile instrumeut as near as ma~- be midway between) 
is, on the aYerage, 220m, l1alf that distance beiug stepped off by tl1e rodman when passing from 
tllc instrument to the prnsition of the staff. 'l'lw corresponding staffs of the simultaneous .A and 
B lines are ahout 20 metre;; apart. 

The following table giws the time of beginning and ending of field work for thP Rc,·eml sec­
tions of the line and their length : 

, ~amly l iouk 1 N. J., to 1-fag-er~town, )1 d. 

Ilagerslown, :\Id., to Grnfton. \\".\'a.. 
' Grahon, l\ .... Va., to .\.thens, Obin 

Athcn~, Ohio, to ~iitchell, lnd 

~itchcll, Ind., to Saint ! ... ouis 1 .:\lo. 

188:, July 7 iSSr, Dec. 12 

1878, May 15 d·:78, Sept. 7 

1S70, Sept. 7 i878, Dec. 14 

1879, July s; 1879, ?\ov. S 

188::!, Jul) 6: i882, Oct. 21 ; 

459 

347 ----
Total tlc\~clopmcnt 

'l'lw Ji11e of tn·l'ls gcm•rally follmrn a railrmul track, witL the exception or the space between 
Hagerstown and Uumberlaud, l\fd., where :\1r. Bl'aitl followe<l tlw turnpike for :t short di'stance and 
afterwards the caual bitnks. l'rimary beueh-marks are indicated in the record hy letters of the 
alpl1abct, secondary bench-marks by Roman 11un1m·als; tht• former consist i11 most cm-1r$ ot' a square 
cavity, tllree fourths to one inch square and about oue-fourtlt to three-eightlrn of an inch deep, with 
legend'' U.S. 0. & G. S.," and the letter assigned to it; the Sl'eon<lary bench-marks are indicat€<l in 
the same way, but with a number instead of a leth>r. 'rite Jp\·eli11g- ref"Prs to the hottom ledgc of 
the mark. There are also a 11nmber of teu1poritl)' marlrn, uot fnrtlu·r dt>seribed, .siIJct• rnost of these 
will tSoon hccome obliterateLl. A copr of the desel'iptiou of the be11ch-marks follows the results of 
ead1 section.• The following uamns of tile more p1'ominm1t place;; along tlw route will, in g(\11· 
eral, indicate sufficiently the location of the line : 

8EOTION 1.-Sandy Hook: Perth .A1uboy, SumerYille, Anuarnlale, in New .fori·;ey; Ea;;to11, 
Allentown, Reading, Harrisburg, Chambersburg, iu l'e1w.syh"a.11ia. 

SECTION ~.-Hagerstown, 'Villiamsport, Cnmllerlaud, in .Marylaud. 
8EC1'ION 3.-Grafton, Parkersburg, in \~;est Virginia. 
SECTION 4.-Atheus, Chillicothe, Cinei nna ti, iu Ohio; Lawreueehurg, North Vernon, :\1 it ch ell, 

in Indiana. 
SEC'.l'ION 5.-Vincenues, in Indi:uw; Olney, Flora, Samlon1l, i11 l1linoi<1; Saint Lon ii;, in :\li.s:;o1ui. 
The route followeLl hy the le\'eling part,Y' is shown on accomp:n1ying map No. 3:.!J!. 
'fbe office computation was made by l\iessrs. Christie awl Ji'arquhar, of the Computi11g 

Division, with temporary aitl given by Snhassist.auts \Vt>ir and Pratt. The correction for curYa­

ture and refraction, for ring inequality, for index error of rods, and variation in length of rods 

•in many ca8"s t.he recortl contains diagrams to facilitate the finding and identification of the mark, and there 
a.re also route diagrams showing the exact location of the liue. Application can be made to the office for detail 
information . 

. R li\v 77 __ AA 



 

522 UNI'l'ED STATES CO.\.ST .A:N'D GEODETIC SUI~VEY. 

with temperature were duly made whe11 ucctled; clfocts al'isiug from change in length of uubule aml 
from collimation error are elimin:itml in the procosl'l of ohsmTing. Thn obsernir's co1111111tatillll WIH:i 

collatc1l with the otlic1• computation, and the final table of results was dmw11 up by l\Ir. Chrislip. 

PROTIATILE ERT:OH OF RESULTS FRO)! GEODETIC SPIRIT-LEVELING. 

The probable error of the operation of spirit-leveling of precision den~loped in a (fo.;tance of one 
kilometre has ge11erally beeu adopted as a ()Ol!Yeuient measure of statiug the prech,;ion readted" ai-; 
well as for comparison of the ntlnes of similar work. If, iu acconlance with the metltoil of le;tst 
squares we take the prohahle error of le,·eliug proportional to vs, or what comes to the same, the 
weight of a result to be itH'ersely proportional to the leug"th s, and it'.-
d = difference in results from two mearinres of a line of length.~, the two measures snppose1l rna1le 

preferably in opposite directions and iudependeut of each other, 
n = the number of ~melt lines of double leYeling, 
11i' = the mean e1Tor of a single leveling per kilometre, i. e., per unit of length, 

m" = tl!e same for double lcYeling; then with p = _!_ 
.~ 

m' 
a11d m" = ~2 

r" = probable error of a double leveling of a line of lengtli L = [sj; then t 
r" = o.675 m" vL 

In our case, where the marks are 11istril>ate'l over the whole line with tolcnble ni,..;-ulal'it.,y, tlw avm·­
age distance between them heiug about one km.,+ and where the weight.s become equal, the com­
putation of the probable em>r is much simplified hy the use of the formula 

11.H'i'.1 / 5/t v 4~:~ 
for the probable error in lk111., for a 1loublt1 line; hence, for the re1mlti11g dilfereuce of l!eight from a 
double leveling o-ver the whole (foitall()!' L, __ 

r11 = 0.<i7;1 -J~~-
in our ca.'!e, tlrn two exprn;;sions le:ttl to the S<tme 11nn1eric;1l value. 'rhi,.; probable error must be 
combined with that of the sea-lernl or with ± 11. lmm for the title-homm lwneh mark at Sandy Hook 
in order to obtain the probahle enor of tl1e height aborn the sea. Uollccting our resnlts for prob­
able error per kilometre from tile 'louble line oflevels and for the whole seetions, we luwe: 

-·------------ ---- --- --- ·-·--~--

I 
I ' 'Section. 1 I e~lnning and end o: l:nr. 

I 
I 

i 
, Sandy Book, N. J .1 to Hagerstown, )ld . 

II Hagerstown, l\fd., to Grafton. \\~.Va. 
111 ! Grafton, \\

7

, \"a, to . .\.thens, Ohio ... 
i IV ; Athens, Ohio, t•> ::'\litchell. lncl .. 

Y ', ~!itchell, Jn.!., to Saint Louis, Mo. 

111m. 

± i.03 

I .18 I 
I 

TerminaJ point. 

~ ~ .. ~ I 
~! Ii ~ I 
"' i, £ ~]~ 1· -

"'"'· I ,,, i/---::-
±21.6 i Hagerstown, Md.. 168.340 !! ±23.4 

29.9 i Grafton. W. Va.. 303.864 'I'! 3r.3 

.... 
1 

0.94 [ 43.0 
1 

~litchell,lnd__ ...... 209.681 · 1 

1 . 54 37.9 1 Athens, Ohio..... . ..... I """'55 .I 3

4

9

3 

•. 0

9 

_ ... 1

1 
i.05 ., 47 .2 '! Saint Louis, )fo. _. . . . 126 .go8 ·1 48 .1 

--------------------------~· - I 

"'Vit!t res111·ct. to h~vdings of prect•io11 ex.·cnt"d of late yc1trH in Europe, in the opinion of the Geo•leti•· A1111oeiatiou, 
a prnbahk error in t,Jw resulting differ1•111·c of height ai; large as::!: ;jmm per km. m:ty still Im tolerati;d, bnt 01w of 
::!: fi 1111" woul<I be con8idcrt•<1 as surpassing a11 allowal1lc limit. A value of::!: 2mm may l>c considered to rPpre~ent a fair 
measure and 0111> of :l l mm a measure of high precision. 

tThe formnL .. given by Assistant Brahl in Uoa~r, an<! G11ouetic Survey Report for ltl:'ll}, p"ge 140, viz: 

Mean error of oue kilometrP for •i11yle 11 veling = I 1[-~~J-- and for do,,bfr leveling /-r[ii;'J V II • \!l!JI R 

arc identical with the corresponding expressions m' and m,, above, since v = !!__ 
2· 

t Varying ou the avera.go between half a kilometre iu the eastern sections to 2 kilometres in the western according 
hl the uaturaJ facilities offered. ' 
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The numbers iu the last column were found lly the comuinatiou of the 1Jrece<1ing prollal>le errors 
with that of the sea-level mark ( ± !J. lmm )." 1 u.co1115equeuce or the uwtltotl adopted of ruuniug two 
parallel lines simultaneousl,v, tlw condition of the entire intlepen!leuce of the two set:-; of results, as 
supposed in the above formulm, is not satiKfied, and the com1mted prolmhle CITtWs are 11eees,mrily 
too small, since the instrumental aud atmospheric eowlitious are rwarly the S<lllH' for thr two liucR. 

Further results will he gi\·eu as the work progresses. 

'ALont !18 much woul<l lH' 1leveloJ1"'l in Je,·t•li11~ a li1w of lill kilom1\tre.s. 
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Transcontinental line of Spirit-levelll. 

SECTION I.-FROM SANDY HOOK, N. J., TO HAGERSTOWN, MD. 

1

1 

J.;:: ~= . i Difference of height of s

1

uccessive bench-marks. ~]~ 'I ~~" _ Disc~_lr:~cy.-1 
~~ ~.§~ ~~:t ~-

l = .~ ..... i:: Simultaneous lines. 
11 

Rod!i A :;Ul ~ l :] \ 
1 

t.' Bench-marks. 

''I 

.. 

--~.,u.~ ' ;OlfJ~~-; . uucl Balter- Mean. "' c 'I :C-; Partial -=:Jtal ~.: .: ... ~ Rod A. lRodB.sec-i ~ately1 ~~~ ~£ A I 
0 

. 
first line. . on<l line i third lme. o e "; l '""' I 

1-~~=~-'"-k-,-,,.~--.,,-.--< ---1--,,,-.-----=.---- __ E-<_,.-,.--1 ±:m. -,,,-m-.-' mm. I(,,,,,~, 
T. H. mark.. .I... o.ooo ........... !. .. ..... 1. + 3.4881 [ o.o !......... ...[ .. . 
T.H.toA ............. ~-j 0 . .p5 o .. p5 -0.0104: -0.0156;. -0.0130 +3-47511 ........ +s.2 +s.21 27.0 

Atoll. ······\. 0.202 0.617 - 0.6155 - 0.6114 0.6103 - 0.6124 + 2.8627 l. ..1 -4.r + 1.i: ! 16.8 

B to6. 0.235 n 85' - I.3464 - '-3473 i I.3445 - i.346! + i.5166 ·l +0.9 + 2.0 o.8 

6to9. :L4~4 3.28fi + 0.0264 + 0.0279 i + 0.0271 + 1.5437 ··1 -r.5 + 0.5 i ~.2 
9 to C.. 0.707 3.993 + 4.4090 + 4.4097 + 4·4094 -f 5.9531 2.3 I -0.7 0.5 

9 to I.. 0.575 3.861 + 3.1769 + ~.r754 + 3.1761 + •. 7198 2.41 +1.s + 2.0 2.2 

6 to5.... 3.078 3.9.10 + 0.4400 + o.43'.J5 · + 0.4430 + o.44oS + '-9574 ...... 1 

• 5 to II.. ..170 6.100 1, + 0.3589. + 0.3622 -, 0.3657 + 0.3623 + 2.3197 2.5 i 
II to4. I.DC<) 7.Io) + 0.9686 i + 0.9656 + 0.9694 + o.<]679 + 3.2876 .... ·.·1 
4 to 3. o.6ro 7.7191

1
, - 0.0462 1 - 0.0455 - 0.0458 + 3.2418 

3 toi.. 0.138 7.857 +1r.2677 I +n.2670 +IT.2673 +14.5091 j. .j 
1to2.... 0.281 8.138 !, +22.9924 1 +22.9891 +22.9908 +37·499Y 1 ••••••• 1 

2 to III. 0.288 8.426 +24.2156 +24.2136 +24.2146 ~r.7145 3.0 ! 
lll·to D. 0.038 8.464 + 1.5598 + r.5594 + r.5596 -f-63.274 1 3.0 \ 

4 to7 ... 

7 to 8 .... . 

a to IV ....... .. 

8to10 ... 

to to 11 •.. 

n to12. 

I~ to J3 ..... •• ...... ·· 

::j 

13 to v ................. . 
Y to 14 ...... . 

14to15 .. . 

15 to i6. 

16 to E. 

16 to r7 •. 

17 to 18 ... 

18 tu 19 .. 

19 to 20. 

2oto21. 

91 t02:J:. 

:nto23. 

23 to 27. 

,7 to 26. 

26 to 25. 

25to YI .. 

!!5 to 24. 

24 to 23 .. 

:i:S to 29 .. 

···i 

0.244 

l .450 

:i.268 

2.054 

::i.420 

o.goo 

1.768 

l.40:1 

:z.924 ' 

1.078 : 

1.36g 

•.338 

0.562 

0.721 

0.321 

9.00) - 0.6453 

Yo.9~ - 0.4875 

II 213 + 0.66g4 

13.522' - (1.4475 

i4.97:t \ + 2.6555 

17.240' +0.1413 

19.29+ - t.36o3 

::z3.373 + 5.7285 

25.655 + 2.5068 

27. 153 -+· 1.1852 

27.514 + i.2553 

29.149 +1.8762 

32.057 . + 2.9162 

32.957 , - S.7oo6 

34. 725 +w. 3191 

36.126 - 8.8790 

39.050 + 0.2465 

40.128 - 5.1639 

41 .497 + 2. 3214 
43.835 -n.3133 

44.397,: -t l.4o61 

45. 113 

44.718 

45. 137 

46. 345 

+ 5.0773 

- t.2507 

+ 1 .o689 

+ 6.671;. 

- 0.6432 ' - 0.6481 

- o.4R~3 - 0.4906 

+ 0.6689 : + 0.6689 

- 0.4.~48 . 

+ 2.6596 

+ 0.1456 

- I.J539 

- 2 o897 

-t s-7267 

+ 2.5021 

+ I.1854 i 

+ 1.2570: 

- 0.4384 

+ 2.6433 

i 0.1399 

I. 3567 

J _- ··"9"7( 
l 2.0854~ 
+ 5.73o8 

+ 2.4976 

+ 1.1776 

+ 7.8817 ' + 7.8851 

+ 2.9255 : + 2.9251 
- 8.6<)68 ; - 8.6884 

+20.3169 

- 8.8843 

+ o.i475 

- 5.I616 

+20.3240 

- 8.8828 

+ o.24o8 

- 5.1676 

+ "3172 I + 2.3214 

-11.3042 I -I,t.3203 

+ r.4018 I + r. 4018 
I + 5.2771 I ........ 

- I.2520 I - 1.2563 

+ i.o648 I + i.o6i.i 
+ 6.6666 + 6.6674 

-+- o (6r_p 

- 0.4436 

+ 2 6528' 

+ 0.1423 

- I .357n 

+ 2.5022 

+ r.I.827 

+ t.2561 

. + 7.8810 

+ >.9223 

- 8.1i953 

+20.3200 

- 8.8820 . + 0.2449 

- 5.r644 

+ 2.J200 

+ 2.6421 

-+- 2. 153::1 

+ 2 .8224 I 

+ l .7097 

+ 4.3625 

+ 4.5048 

+ 3"478 

+ 9.2905 

+10.473!2 

+n .7293 

+18.3542 

+01.2765 

+i;;i.5812 

+32.901:2 

+24.0192 

+24.26.p: ... 

+19.0<J97 

+21.4197 

2.8 

.I 

·! 
! 

4.3 I 

..... I ... 
. ·1 
'"1 

-II.3126 , +10.1071 

+ :a:.4032 : +1i.5103 

+ 5.2772 : +16.7885 

·-· .. :1:.2530 i 

+ l.o674 ' 

+ 6.6686 ! 

+10.2573 

+n .3•47 

+17.9933 

7-4 i 
........ 1 

··i 
I • I 

+o.s ! 

-3-3 i 

+3.o I 

-0.7 I 
+o-7 
+3·3 

-2.I 

+o.8 

+o.,;. 

-5.5 

-1.0 

-2.3 

+4.2 

-9.1 

-J-4.3 

+o.2 
+1.3 

+4·'' 

+5-· I 

+ 2.5 
- o.8 

+ 2.2 

+ '-5 
+ •. 2 

+ 5.5 

+ 7.5 

+ 7.9 

0.2 

0.5 

-t- 0,1 4.4 

+ o.o 
1 

o.6 

+ 1.4 

- r.S 7·o 
- 5·9 16.S 

-10.2 18.5 

-16.6 41.0 

-13.9 

- 7.4 

- 7.6 

- 9.3 

=;~::I 
--26.2 

-24.0 

-18.7 

-19.7 

-22.0 

-12.r 

3.~ 

22. I 

2.9 

30.2 

86.5 

I4.4 

4.8 

28.1 

5·3 

17.6 

82.8 

18-S 

o.o 

I.7 

16.S 

26.o 



 

UNITED STATES COAST AND GEODETIC SURVEY. 525 

Tra.n8continental line of Spirit-levcls-Ooutiuue<l. 

SECTION !.-FROM SANDY HOOK, N. J., TO HAGERSTOWN, MD.-Coutinued. 

Bench-marks. 

29 to \"Il. ... 

VII to 30. 

30 to VIII .. 
VIII to 34. 

34 to F ..... 

F to 33. 

33 to 32 ... 

32 to 35 ... 

35 to36, .... . 

36to37 ... .. 

37 to40 ............ . 

40 to 39 •.. 

39toIX. 

IX to 38 .. 

38 to 44. 

44toX ... 

X to 45 •. 

45tOi7··· 

47 toXfI. 

XII to48 ............... . 

48 to 46 ......... .. 

46 to XI. ......... . 

XI to XIII ... 

XI to4t. .. 
41 to42 ............... . 

42 to43. . .... ······ · 

43!049 ........ 

49 to 50 ... . 

~ ~ -- --~!-. ·r;i~::~ of :e~~;:~:~essi~e he:~~-:~ks. , . ~ ] ... ~-- -- ! ~ 
~-t: ..... g~ .: I - ~..... t::'§i 
,,, ~. cn::r: (d !I Simultaneous lines. : ~-.., ;>, 0 ·u 
23-tl ;c ~ fi -----·.an~0J<~~l~er- 1 -~ - 5 ~~ 1 

c c: , ...... c u j Mean. ......... .... "" -

~~ ~~] ti~~dli~~- I Ra°:Q~i::.c-, th~-~~eifu'e. I ~ ~~ ~ £ 
0 ___ F-< ___ 11----l--------1-----1 I'-< it 

km. km. 1:
1 

111. ! m. j .,.,,, 'j nt. n1. ±mtn. 

3.556 49.901 /! -16.2916 i -16.2890 -16.2843 ' -16.2883 + '-7050 7·7 

2-'72 50.o7:,' + .. 7696 i + "77'3: + "]686 i + I.7698 + 3.4748 ... 

"458 53.531 + 0.9598 1 + o.g688 ,- ..... I' + o.g643 + 4·439' J 8.3 

0.>26 53.757 - i.8o68 I - i.8o58 .. ... - ,,8o63 + 2.6328 I 
0.748 54.505 - 0.2687 I - 0.2690 .. .... - 0.2688 + 2.3640 l 

0.754 ' 

l.694 ' 

1.751 ! 
I.4f.86 

I,958 

I .815 

0.585 

2, IIS 

2 ·954 

o.6o6 I 
2 ·907 I 
t.836 ! 
r.834" : 

1.543 

I.868 

0.362 

0.554 " 
i.46g 

I.27x 

t.62-7 

2.450 

55· 147 

55.g68 

56.722 

58 416 

6o. 167 

6,.653 

63.611 

65.426 

66.on 

68. :126 

71.o80 

71.686 

74·593 
76 .... 29 

78.263 

79.8o6 

8r.674 I 

82.036 

82 .228 

83.697 

84.968 

86.595 
Sg.045 ' 

+ 2.416o 

+ 6.3092 

+ 5.2727 

+ 8.8845 

+ 5.o6o6 
- ~.3714 

- 1.3910 

- x.0509 

- 1.:1582 

- 2.2584 

- 2.6162 

+ 0 ·H59 

- 3.3133 
- 1.6o52 

+ 2~2515 
- 4 9379 

- 2.3987 

+ 2.4151 

+ 6.3076 

+ 5.2726 

+ 8.8918 

+ 5.0082 

- 2.376~ 

- 1°3994 

- 1.0539 I 
- 1.156o 

- 2.:a615 ! ... 
- ~.6ro3 

+ O·H50 

- 3.3177 

- 1.6o39 

+ 2.2442 

- 4·94tI 

- 0.3939 

+ 0.9928 + 0.9949 

+ o.ooo6 - 0.0004 

+ o.46gg , + 0.-1731 + o 4843 

+ .... llg6! +4.I~o4 +4.I2JO 

+ 9.0III + 9.0t35 + 9.oo64 

- 5.1195 

+ 4.7795 + 2 .. ;-155 

+ 6.3o84 

+ 5.272 7 
+ 8.8881 

+JI.o879 , .... 

+16 .:ifu6 ' ..I 
+25.2487 ! . . . . ! 

+ 5·00H +30.313• 1 ..... . 

2.3738 

I ·3952 

+•7·9393 i ...... . 

1.0524 +25.4917 9.7 

l-'571 -h-4·3Jf6 

- 2. 2599 -f-22.o747 /.,. .... 

- .. 6t33 +19.4614 i lO.O 

- 0.4455 +19.9069 

- 3.3155 +10.5914 

- .. 6o46 +14.g868 

+ •·•479 ' +11 ·•347 

+ 0.0001 

+ 0.4758 

+ 4· 1210 

+ 9,0103 

- 5.1218 

+12.2952 

+ 9.8989 

+ 9.8990 

+10.3748 

+14.4958 

10.0 

10.r 

10.1 

Discrepancy. 

Partial 
~ 

-2.6 

-1.0 

+-o.r 'i 
I 

-7.3: 

- 7.6 I 

-T-+.s I 

+s-4 ! 

+3.0 ! 

+3.l' 

-5.9' 
-j-o.9: 

nun. '(mml2 

-14.7 6.8 

-16.4 2.9 

-~s-'4 8.r,o 

-26.4 I.O 

-26.1 0.I 

-25.2 o.8 

-::13.6 2.6 

-23.5 o.o 

-30.8 53.3 

-38.4 57.8 

-33.6 23.0 

-25.ia 70,{\ 

-22.2 9.0 

-24.4 +.8 

-21.3 9.6 

-27.2 34.8 

-26.3 o.8 

+~·4 ' - 2 t.9 I9•4 

-?.3 : -23.2 ; 1.7 

+1.3' -[5.9 53.3 
+3.2 . -12.7 10.2 

-4.8 - 17.5 :a3.o 

-2.r 

+1,Q I -16 5 

-3.2 -19.7 

-o.8 -20.5 

I 

1.D 

10.2 

o.6 

5.8 

20, 2 

50 to XIV .. . 
XIV to G. 

0.368 

0.036 
89.413 

Bg.449 

+ 6.55II 

+ •. 8902 

+ 6.55o6 

+ 2.8&/q i 
+ 6. 5509 

+ 2.8900 i 
+24.9352 I JO 8 +o '.5 -26 .9 l 0.2 

:::::::; 1 ... :: __ ~:: I =::.:J_:~' so to 51 ....•••........ 

Rench-marks. 

i 
"498 I 

-- -------------~! 

51 to 52 ......•.......•...........•.•• 

52toXV ............................ . 
XV to 53 ..... : . ..................... .. 

53 to 54 .............................. . 

54 to 55 ................. .. 
55to56 ............................ .. 
56to57 ............................ .. 

57to 58 ............................. . 
58 to 59 .. 

59 to 63 ......... , .................. . 

63 to 6:> .............................. ·1 
6:>to61 ............................ .. 
61 toXVI...... . ................ .. 

9"543 + 2.8214 7 2.a2u I· ..... + 2.8213 i 

-----------~-------~---------·---
VO 11 

<.>- I j Difference of height of successive ! 
~~~ f11 --------~':'.~~~~~--- -- -1 

~"i!.... I 0 .o,.c-¥] z.; Discrepancy . 

.. ~ I ;;~ ~~~ -~ 
"O~ ! I 
_.,,c 1 RodE, 'RodF,sec- Mean 
~~~ II, first line. ond line. I 

·c;c] I .!i"' I ;:: ~ J1 ~ 'B Partial 
~E'Ci; 1 ~2 A 

I I'-< !I i 
---(.-

km. I knr. ,i 
' ' 3·5•9 ! 95.072 j: + 8.5201 

J.785 I g6.857 'I - 3.8483 
>.68r 99.538 +13.o679 : 

J.370 ' 100.'}08 + 4.6154 

L985 !02.8gJ + 4.6674 

2.010 

I.472 

1.610 

1.613 

I' 59<1 
0.518 

0.131 

1.3"6 

104.903 

I<><1.375 

107.985 

"'9·598 
III. Il)2 

nr.710 

no.441 

n3.767 

+ 4·9493 

- 0.5307 

+13.8987 

+14.66•5 

+ 7.00.1 

+4-~ 

+ 1-'Z"fm 
+ 8.o8r4 

"'· 
-j- 8.51g8 I 

- 3.85+6 i 
+13.07o6 : 

+ 4.6H4·' 

+ 4.6631 

+ 4.9528 

- 0.5257 

+13.8g7• 

+14.6653 

+ 7.<>705 

+ 4.6230 

+ p689 
+ 8.o827 

f-; I ;!:: I 

l-1~-1--· 
Ill, ! ±11;1n.: 11''"· 

+ o .. l + 8.5200 I + 29.7256 1 .. 

- 3.8515 + 25.Su1 1 n .o I + 6.3 

+13.o6!J2 + 38.9433 

+ 4.6134 + 43.5567 

+ 4.6653 + 48.2320 ! . 
+ •·95Il + 53.1731 

- 0,5282 + 52.6449 

+r3.Sg79 + 66.5428 

+14.6639 + 81.2o67 

+ 7.o663 + 88.2730 

+ 4.6:n8 + 92.8g48 

+ 7-"694 +100.1642 

+ s .o82o +10s. 0462 u.8 

+ .j.O I 

+H 
- 3·5 

- 5.0 

+ t.6 
- 2.8 

- a,. 
.-L 2 .... 

+I.I 

- 1.3 

Total. 

f/l11l, 

-26.8 I 

-:io.5 

-23.2 

-19.2 

-14.9 

0.1 

39· 7 

7,3 

16.0 

18.5 

-18.4 12.2 

-23.4 25.0 

-21.s I 2.6 

-24.6 7.8 

-33.0 70.6 

-35.4 5,8 

-34.3 r.2 

-35.6 1 ·7 



 

526 UNITED STATES COAST .AND GEODETIC SURVEY. 

l'ran,ycontinental line of Hpirit-lei•els-Continued. 

S1wnoN 1.-FROM i-IANDY HOOK, N . .J., TO HAGEHSTOWN, MD.-Uuntinuetl. 

h~ 1_:scre~::~--_\-cu·z 

------~·-------------~~-- ~B /'. ~;erence of heigh: of successi\•e 1· 

~] ;~~ : bench-marks. 
~~! -OM 

: : .~::t: e : J I Hench-marks. 

XVI to6o ... 

70 to 71.. 

71 to 68 .. 

68 to 67 .. 

72 to 73·. 

73 to 74 •. 

H to 75 .. · 
15 to 76 .. 

16 to 77- .... 
77 to 78 .. 

78 to X\'Il. 
XVII to82 ... .. 

82 to 81 .... . 

81 to So ..... . 

8o to XVIII. 
X\'111 to 79 
79 to 66 ....... 

66 to XIX .. 

XIX to 65 

65 to 64 .. 

64 to XX. 
XXtoH ... 

XIX to 83 .. 
83 to 84 .. 

84 to 85 .. 

85 to 86 ... 

86 to 87 .. 

87 to 88 .. 

SS to 89 .. 

89 to 90 ..... . 

go to 91 .. . 

91 to 94 .... . 

94 to 93 

93 to g2 .. 

92 to 95 .. 

95 to g6 .... 

96 to 97 .. 

97 to L.. 

97 to XXL .. 
XX! to 102 ... 

r~ to IOl,. 

IOI to IOO •.. 

JOO to 99 ••. 

99 to 9s ..... . 
98 to 103 ... . 

103 to IO ...... . 

104 to XXII. 
XXII to >a5-- .... 

105 to ro6 .... . 
ro6 to 107 ... . 

107 to XXIII ... 
XX!Il to ru .. 

112 to u3 .... 

~~ Ip . 'I .a o I a~ra. i Total. 

:l: 

...- "O;....,C I , 
~~ -"t:lc.:i RodE, :RodF,sec- 1 M ,. = Ci) ~ c c fi r I d r l ean. ~.o ~J32 ,'/ rst me. on me. 

:s ,... I -----~'~'~ -~::::· r---=-i 
o- I 

----------
m. 

r.362 n5.129 [ 3.3481 ! 3.3541 - 3.35n I +104.8951 

±>ttl'fl.1 

2 52r 

I.6ll 

1.008 

I.777 

3. 756 

T.006 

2.03z 

2.482 

0.633 

0.723 

3.019 

1.576 

J.llJ 

1.i20 

T.2ofi 

0.(04 

0.393 

0 o68 

I.764 

:I. :t47 

2.497 

I ,267 

l .468 

I ,458 

2.039 

l .786 

1.420 

o.994 

t.131 i 
2.482 I 

2 513 I 
1.877 

2.252 

1.8o8 

2 .142 

0.3.2 

o.6o7 
2.o88 

:a.171 ! 
1.314 

3-s6• 
:i.JIQ 

l ·"90 

1.78j 

1.642 

1.266 

:a.042 

1.909 
2 .138 

u9.261 : 

120.869 : 

rz2.646 

r30.550 

13r. 397 

1 33·775 

142.664 

144.240 

147.353 

148.573 
l-t9-779 

151. ITO 

15r.6z2 

152.026 

r52.4r9 
y52.487 

152.874 

154.021 

156.5r8 

157. 785 

159.253 

16o. 711 

162.750 

164.536 

165.956 
166.950 

168.o81 

90.563 

173.0']6 

1 7-1 ·953 
177.205 

179.013 

179·347 . 
179.689 ' 

rSo-2\)li 

.s .. 384 

r84 · 555 

r85.il69 

189 .... 31 

191.550 

192.642 

194.429 

1()6.071 

197•337 

'99·379 
201.288 

204.026 

- <-<895 - 4-48H - 4.4884 i +100.4o67 

+10.3865 +10.3890 +10.3878 / +uo.7945 

~I~:~;:. ~I~~: !,:::; i !:;::::: 
+18.3370 +•B.3326 +18.3348 I +154.3770 .. 

-14.6553 -14.6470 '. -14.65n II +139.7259 

- 6.9057 - 6.\)067 I - 6.\)062 +132.8197 

_ 2.3667 _ 2.3695 _ 2.368, I +130.4516 

-10.4149 -10.41o6 -ro .. 4127 +120.0389 

- 7.4857 - 7.4779 - 7.48181 +llz.5571 

-10.5440 -xo.5,p6 -10.5428 1 +ro2.0143 

- 2.5670 - 2.5663 - 2,5667 + 99·H76 13·3 

+ 0.7122 

- 8.6542 

- o 78u 

-10.5459 

- 5·972• 
- 4.8o83 

- 4.031. 

- 2.2295 

~9-3191 

+16.4387 

+ 1.9212 

+ r.9025 

- loOl]l2 

+ 0.4223 

+ 0.3850 

+ 0.8361 

- 0.0900 

- 0.0940 

- 0.5251 

+ 2.7r45 
- o.S:240 

+ 0.3048 

+ 2-9417 

+ » 1905 

+ 0.953-1 

+ 1.5440 

+20.6964 

+12.Q821 

+ 2.56,9 

+ 5.2495 

+15.9779 

+ 5.&j36 

+10.4o85 

- 4·52 49 

-w.8775 
+ 2.2782 

+ 8.o814 

+ 9.0241 

- 4.0234 

- 0.7061 

+ 6.S.78 

+ 5.4299 

+ o. 7073 

- 8.6549 

- 0.7863 

-10.5404 

- 5.9746 
- 4.8071 

- 4.0298 

- 2.2295 

+29·3 1 95 I, 

+r6.4387 i 
+ .. 9218 I 
+ l.8970 

- 1.0958 

+ 0.4238 

+ 0.3823 

+ 0 8276 

- 0.092+ 

- 0.1007 

- o.53og 

+ 2.7!92 
- 0.5249 

+ 0.2989 

+ 2.9388 

+ 2.1868 

+ 0.9516 

+ 1.55o8 

-1-20.6\)lir 

+1>-QSos 

+ 2.5631 

+ 5.2505 
-l-15.g821 

+ 5.6993 

+10 .• 028 

- 4·52 57 
-10.8770 

+ 2.2807 

+ 8.0732 

+ 9.0265 

- ~.0215 

- 0.7073 

+ 6.84~ 
+ S•4343 

+ 0.7097 

- 8.6545 

- 0.7837 

-Jo,5431 

- 5.9735 

- 4.8o77 

- 4.03o6 

+roo.1573 

+ 91.50"..lS 

+ 9'"7191 

+ 80.<76o 

+ 74.0025 

+ &j.3948 

+ 65.3642 

- 2.2295 + 63.1347 

+29.3193 + 92.4540 ... 

+16.4387 +1o8.8927 

+ l.8J97 + 67.>639 

- r.0935 '+ 66.1704 

+ 0-4230 . + 66.5934 

+ 0.3837 + 66.9771 

+ 0.8319 + 67.Sogo 

- O,OC)l2 

- 0.0974 

- 0, 5280 

+ 2.7168 

- 0.52 45 

+ 0.3019 

+ 67.7178 

+ 67.6204 

+ 67.0924 

+ 69.8092 

+ ~.28-17 
+ 69.5866 

r3.6 

13.6 

13.6 

-+ 2.9402 + 72.5268 ....... 

+ 2, 1886 + 14.7154 

+ 0.9525 + 75.6679 

+ 1.5474 1 + 11. 2153 ....... 

+•0.6¢3 + 97.9u6 j 15.0 

+12.g813 + g<hlg<;b 15.0 

+ 2.5625 + 92.7591 

+ 5.2500 + 98.0091 

+1s.g8oo +n3.9891 

+ 5.6965 +u9.6856 

+10 .• 057 

- 4.5253 
-10.8773 

+ 2.2794 

+ 8.0773 

+ 9.0253 
- •. 0224 

- o.7o67 

+ 6.8474 

+ 5·431" 

+130.og13 

+125.5600 

+u.4.~ 
+u6.g681 15.4 

+125 . .,.541 
+134.07071·· ...... 

+130.0483 I········ 
+ .. 9.3416 l 15.7 
+1J6.t19<> ....... . 

+141.&..u ...... . 

11{1/i, 

+ 6.o 

2.5 

5.r 

7. 5 

+ ... 
- 8.3 

+ r.o 

+ 2.8 

4·~ 

- 7.8 

- ~-4 

- 0.7 

+ 4.9 

+ 0.7: 

+ 5.2 

- 5.5 

+ 2.2 
I.2 : 

- 1.6 

o.o 

- 0.4 

o.o 

- o,6 

+ 5.5 

+ 4.6 
- 1.5 

+ 2.7 

+ 8.5 

+ 2.4 

+ 6.7 

+ 5.8 

- 4.7 

+ 0.9 

+ 5.9 

+ z.9 

+ 3.7 

+ 1.8 

- 6.8 

+ 0.3 

+ i.6 
- ),:2 

- r.o 
- 41-.2 

- 5.7 

+ 5.7 

+ o.8 

- 0.5 

- 2.5 

+ 8.2 

- ... 
- I.9 

+r.2 

+ 0.9 

·- 4.4 

""". 
-29.6 

-3r.7 ! 
-34.2 

-39.3 

-46.8 

-42.4 

-50.7 

-49.7 

-46.9 

-5r.2 

-59.0 

-61.4 

-62.1 

-57.2 

-56.5 

-5r.3 

-56.8 

-54.6 

-55.8 

-57.4 

-57.4 

-57.8 

-57.8 

-58.4 

-5r.9 

-47.3 

-48.8 

-46.1 

-37.6 

-35.2 

-28.5 

-z2.7 

-:17.4 

-26.5 

-20.6 

-17.7 

-14.0 

-1a.2 

-19.C> 

-18.7 

-17.4 

-18.6 

-19.6 

-23.8 

-29.5 

-23.81 
-23.0 

-23.5 

-:z6.o 

-17.8 

-20.a 

--22.1 

--ao.o-

(mm)~ 

36.n 

4.4' 
6.2 

26.0 

56.2 

19.4 

68.9 

7.8 

18.5 

6o.8 

5.8 

0.5 

!1.f..O 

0.5 

27.0 

30.% 

4.8 

I.4 
2.6 

o.o 

0.2 

o.o 

0.4 

30.2 

~I.2 

7.3 
12.2 

5.8 

H·9 

33.6 

22.T 

o.8 

34.B 

8.4 

13.7 

3.2 
46.> 

0.[ 

2.6 

1.4 

J.0 

17.6 

32-s 

3z.5 

o.6 
o.2 

6.2 

67.• 

5.8 

3.6 

1.4 
·o.8 

t9.4 



 

UNITED STATES COAS1' AND GEODETIC SUUVEY. 527 

Transcontinental line of Spir-it-levelH-Coutinued. 

81,cnoN I.-l<'HOM SANDY HOOK, N. J., TO HAGEHS'l'OWN, MD.-Coutiuued. 

Bench-marks. 

I 
1t3 to I t4 .. 

n4 to 124 .... 

t24 to 123 .. 

123 to 122 ... 

122 to 121.. 

12l to 120 •. 

.. ... I 
.. 

I20 to IIQ •. 

119 to uB. 

118 to u7. 

u7 to 116 .. 

rt6 to II5., .. 

us to 1o8 .. . 

ro8 to r09 ... . 

IOQ to !YO .. 

JJO to II I.. 

"' to J 
J to 128. 

128 to 127. 

1z7 to 126. 

I'..26 to 125. 

125 to 129. 

129 to 130 ••..••• 

I30 to 134 ... • · 

134 to xxrv 
XXIV to 135 

135 to 141. ... 

141 to 142. 

142 to XXV. 

XXV to 143 

:r45 to IH .. 

144 to 143 

143 to 140 .... 

140 to 13Q. 

139 to 138. 

138 to 131. ••. 

131 to 132.· .. . 

132 to 133 ..... . 

1_;3 to 136 .... . 

r36 to 137 ... . 

137 to K ...... . 
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528 UNITED STATES OOAS'l' AND GEODETIC SURVEY. 

Transcontinental line of Spirit-levels-Continued. 

81~cT10N 1.-FRO:M SANDY HOOK, N. J., TO HAGERSTOWN, M:D.-Continue<l. 

llcnch-marks. 
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'J.'1·anscontinental line of Spirit-levels-Continued. 

SECTION 1.-FIWM SANDY HOOK, K. J., TO HAGEHSTOWN, .MD.-Continued. 

" "0 i ~ . v..., :( Difference of height of successh .. c ! 
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SECTION !.-Descriptions of primary a.nd secondary bench-marks between Sandy Hook, N. J., and 
Hagerstown, Md. 

T. H.-A heavy line on the northwest corner post, inside the tide-house at Sandy Hook. Itis 
the starting-point of the line of levels. 

No. I-The centre of the inner edge of the second embrasure, southwest corner of the fort at 
Sandy Hook. 

A & B-Sarnly Hook, are cedar posts 4 feet long and S inches in diameter, snnk in the ground 
with ends projecting about 4 inches. Iu the ceutre of {.~etch pJst is a copper nail surrounded b;t· five 
others in form of a pentagon. These posts are 12 metres apart a!l(l hear east.-uortlieast from the 
steamer-landing and nearly northeast from the tide-house, and are distant from the latter about 500 
metres. They are also 95 metres northwest of the railroad red engine-house, and are in the edge of 
the cedars, where the ground is elevated a few feet above the marsh. 

0.-A cross on the head of a copper bolt inserted in the wall ot the main light-house tower at 
Sandy Hook. It is a few inches west of the northwest angle of the tower and 9! inches above the 
sloping ledge near its base. 

No. II-:--A heavy granite post which projects about 2 feet above the surface of the ground, on 
the east side of the track of the New Jersey Southern Railroad about three-fourths mile north of 
Highland Station. 

No. III-Navesink Highlands. A mark on top of a heavy granite post, 13 metres south of the 
tiouthernmost light-house tower. 

D-Navesink Highlands light-house. The bottom surface of a square cadty cut on the slop­
ing ledge at the southeast corner of the !Jase of the southernmost tower. 

No. IV-Seabright, N. J. The bottom surface of a square ca\·it,r cut on the north wing-wall 
of the west abutment of the bridge over South Shrewsbury Hiver. 

No. V-A square cavity cut on the sot1th pier of the "Oceanport Drawbridge," about 1! miles 
north of Branchport Station, New Jersey Central Railroad. 

E-Red Bank, N. J. .A marble post near the southeast corner of the house of Rev. B. F. Leipse.r. 
The house stands on southwest corner of Monmouth and Pearl streets. 

No. VI-Matawan, N. J. The centre of a triangle cut on a flagstone in front of Benjamin Tut­
tle's house, on Main street. 

No. VII-Morgan Station, New Jersey Central Railroad, N. J. The centre of a triangle cut 
on the southeast pier of the drawbridge over Cheesequake Creek. 

No. VIII-The centre of a triangle ~ut on stone wall at crossing of Camden and Amboy branch 
ot' Pennsylvania Ra.i.lroad and New Jersey Central Railroad, near South Amboy. 

s. Ex. 77-67 
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F-The bottom surface of a square ca\'ity cut ou the pier at the north cud of drawbridg.;:,, Hari­
tan Bay. It is marked thus: 

F 
BoM 

U.S. C. & G. S. 
1881 

No. IX-A i;lig'l1t eireular eo11c<n-ity, uouuded by a triangle, cut on the west end of the south 
wall of stone hrid~e near llft·tuclwu'1> Tank Station of' Lehigh Valley Bailroad. B~· means of this 
bridge tlw Penn.~yh il!lia Hailrna<l crosses the Lehigh Valley Railroad. 

No. X-A sqnarl' eayity 1nal'ke<l thnt-i: 13 o M, cut on stone abutment at the iwrthwest corner 
of a small iron raill'oad bridge, about 150 metres east of Sontli PlainfielU Statiou, Lehigh Valley 
Railroad. 

No. XI-Cut 011 rwrtheast corner of stone abntrnent of railroad bridge (New Jersey Oeutral 
Railroad) about one-fourth mile east of Bound Brook, N. J. It is marked thus: Bo l\I. 

Xo . .Xll-Uut 011 tlic ,.;nntl1 end uf a Amal! railroad bridge, abont tllree-fourthR mile west of 
'New Market Statio11, LPLig·h ·valley ltailroad. It is nrnrked thus: 

B CJ M 
XII 

No. XTU-A square caYit.y cut on top of the west end of the north abutment of road bridge 
on:•r J:aritan Jlirnr aIHl Canal at Bonud Brook: N. J. It ifl marked thUf;: Bo l\I . 

.:.\o. xn--The bottom snrface of a circnla1· cavity in top of a granite monument (Tme Meridian 
l\[onunwnt of tlie State Stirn\\') in tlie groumlR of the conrt-honse at SonwrYille, N . .J. 

G-A square cavity cut in the stone at tlw hasp of tlw 1\astpmmost pillar of tlw 1•onrt-hom'>c 
front, at SomcrYille, N. J. lt it> ruarkcd thus: 

G 
Hol\i 

U.S. U. & G. S. 
1881. 

No. XV-Cut on the southwest comer of the railroad bri<lge over the north branch of the 
Raritan RiYer, near Nortl1 Branch Station, New Jcrst~Y Central Haifroad. It is marked: 

BoM 
xv 

No. xvr-- Cut on projecting 8tone near the centre of the north abutment wall of OYerheatl 
briclge, about one mile east of Annandale, N. J. 

No . .XVII-One fourth mile west of Bloomsbury, N .• T., on the northwest corner of a stone briclge 
(New Jersey Central H<tilroad) oYer wagon road. It is marked thus: 

B o::U 
1881 

No. XVIII-Cut on coping stone at eat<t cn<l of the north parapet of New Jersey Central I~ail· 
road bridge O\rer the Delaware aud J,ackawanua Canal, 1:! mifos east of Phillipslmrg, N. ,J, It is 

·marked the 1;ame as No. XVII . 
.No. XIX-Easton, Pa. Cut 011 one of the central piers of the railroad bridge across the Lehigh 

Hiver. It is marked thus: 

U.S. 
BoM 
XIX. 

No. X:X-Cut on foundation stone at the west corner of the jail at Easton, Pa. It is marked 
thus: 

U.S. 
BoM 
xx 
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H-Easton, Pa. The sill of a blind window on flast side of the court-house. It is marked 
thus: 

H 
0. S. C. & G. S. 

BolVI 
1881. 

I-A.llentown, Pa. Ont on the sill of a basement willll<nv, 011 the south side of the front en­
trance of the jail. It is marked thus: 

I 
U. S. C. & G. S. 

Bo .M 
1881. 

No. XXI-About 1~ miles west of Allentown, Pa. It is cut 011 the nortl1east comer of a 
bridge (Philadelphia and Reading Railroad) oYer a wagon road. It. i:s marked.Bo '.\I. 

:Ko. XXII-Cnt 011 the top stone of the mid(lle of the north sirle of a bridge ( Phila(1dphia 
and Reading Railroad) over a small run, about one-half mile west of l\facm1gie Statio:1. ft. is 
marked thus: 

XXII 
Boll 
1881. 

,J-Reading,·l'a. Cut 011 tlie coping stone of the eastern ahutmeut of the 11ortheasternmost 
railroad bridge at the railroad depot. It is marked thm;: 

,J 
U. S.O. &G.S. 

BoM 
1881. 

No. XXIII-Ahout 01w-fo11rth mile ea.:st, of Shamrock Station, Phila<lelpht and Reading Hail­
ma11. Cnt. 011 the southeast cornt•r of a railroad britlge. It is markf•d thus: Ho :\L 

No. XXIV-.Aliont OlH'-cightlt mile east of Hoheso11ia Station, Philadelphia and H";uling- lfail­
r.oatl. Ct1t on a pier of a small hricl.ge. It is marked thus: 

XXIV 
Bol\J 
1881. 

No. XXV-Cut at the east end of tlw base ot the north wall of an on~rhead hridg·c, ahont l~ 
miles west of Wonwlsdorf Btation, l'ltila<lelplda a11<l ne~tdin;::: Hnilroad. Jt i>1 marke1l thus: 

xxv 
Bo1\I 

1881. 

No. XXVI-Thc centre of tlic crm1>1, 011 a white marhle hlock, hnilt into rhe front wall or 
Saint Mary's Catholic Church, at Lebauon, Pa., at the Routh sille of the southermost front entrance. 

K-The bottom of a square cavit~·, in the top of a marble poRt, in the groumls of .Mr. P. L. 
Weiner, southeast corner of Eighth and Church streets, J,ebanon, Pa. The top of the post ill 
markecl: 

and its south face bears the letter K. 

u. s. 
0 

B. M. 
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Nu. XXVII-At, the southwest corner of the bridge (Pltiladclpltia aud Reading Railroad) onll' 
"Joe Crider's Dam," about It miles west of Amffille, LPlmuon Uonuty, Peuusylnmia. It is 
marked thus: 

XXVII 
Ilol\l 

1881 

~o. XXVIlI-C11t 011 stoll(' parapet of the bridge over Swatara Hivcr aud Canal, bet.ween 
Bea\'er and Ilummelstown Stations (Philadelphia and !leading Uailrond.) It i8 marked thus: 

XX VIII 
B o:M 
1881 

No. XXIX-Harrishnrg·, Pa. Tim centre of the to1) surface of the rnonnment (in the capitol 
gron11ds) marking the astronomical l:ltation of the Coast arnl Geodetic Snn·ey. 

L-Cut at the lmsc of the pillar at the southeast corner of the capitol building, Ifarrishurg. 
Pa., and is marked thu8: 

L 
U.S.C. & G.S. 

B o~I 
18-il. 

l\1-<Jarli;;ll\, l'a. Cnt (Ill the bal'.!1· of the column, at the west side of tLe jail entrance. It iH 
1lla1·kc1l thus: 

M 
U.S.C. & G.S. 

Bol\I 
1881 

Ko. XXX-Shlppew;lmrg, Pa. Cnt on tlie water-table of the house and store of Mr. O. ,T. 
l{ed!lig, 11orthwest corner of Main aJJ<l Hnilroacl streets. lt is marked thus; Bo l\L 

N-Cnt on the iwdeHtal, at base of the northernmost plllar of the front of the court-house at 
Clmmbersburg, Pa. It is rnarke<l thus: 

N 
U.S. C. & G. S. 

Bo l\I 
1881. 

No. XXXI-Greencastle, Pa. Tl1e centre of a cross, cut in a stone in the front wall of the 
Philadelphia and Ucadiug nailroad depot. It is south of the entrance and seven inches above the 
level of the sidewalk. 

A-Hagerstown, Md. Out ou tl1c water-table of the court-Jiouse, which stands at the coruer 
of .. Washington and .Jonathan streets. The bench-mark is on the Jonathan street side. It is 
marked thus : 

A 
BoM 

u.s.o.s. 
Oct. 1877. 
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1'Yan.~eontinc11tal line of Spirit-lei,cl8-0ontinued. 

SECTIOX II.-FllOM HAGEI{STOWK, MD., TO GRAFTON. W. VA. 

Difference of heig-ht of successive 
bench-marks. -c Discrepancy. 

, ________ _ 

A ...... 

A to i. ... 
1 to I ... 

I to 3. 
3 toll.. 

II to 4. 

4 to 5. 

s to IV. 
IV to6 .. 
6 to 7. 

7 to 8 .. 

8 to V .. 

V to 9 .. 
9to It,, 

II to 12. 

12 to 13. 

i3toll ... 

B to r4. 

14 to 15. 

15tor6. 

16 to 17. 

11to18 

18 to rg. 

IQ to 20. 

zo to 21, 

2r to ~2. 

22to23. 

23 to C. 

c t-024 

Bench-marks. 

24 to VI .................. . 
VI toos. 

25 to 26 ........ . 

26 toD .. . 

D to 27 .. . 

27 to 28 .. . 

28 to 29 .•. 

29to30 ... 

30 to 31 ...... . 

3r to VIL .. . 
VII lo 32 ... . 

30 to 33 .. -. .. . 

33to34 ... .. 
34toE ... .. 

E to35 ....................... .. 

.. I 

35 to 36 ........................... . 

)6!038 ..................... .. 

38 tOi)9 ...................... . 

J9 to .jO ....... . 

-1-oto41 ........................... . 
41to42 ...................... . 

42 to VlII .............. . 
VII!toF .... .. 
Fto43 .......... . 

43to44 ..... .. 
44 to 45 ............ . 
45 to46 ...................... . 

46 to41 ..... • :'. .............. .. 

km. ! km. 

......... 1 44"372 

0.566 ' 441.938 

I ,'198 1 

I .043 : 

0.716 

1.6231 

0.6'27 i 
0.987 ! 
0.271 I'. 

0.567 

0.585 

0.194 

1.426 

0.456 : 

0.392 

o. 137 ! 
0.248 

1.253 

I .38t i 

0.741 

1,018 I 

I.0'2[ i 
0.929 II 

r.r38 I 

l .825 

u.268 

0.764 I 
0.479 I 

0.592 I 
! 

0.3591 
1.480 

0.617 i 
l.OOo i 
0.898 : 

1.382 

444. 179 

.... 895 

446.518 

447 .145 

448.132 

448.403 

448 970 

449,555 

449.749 

4_i;t. I75 

451 .63r 

452.023 

<J52,I6o 

452. 408 

453.661 

455.042 

455.783 

456.801 

457.822 

4;8. 751 

459 889 

462 .ti14 

46:t .882 

463.646 

464,125 

464.717 

465 .076 

466.556 

467.r73 

468.233 

469.13t 

470.513 

1 .663 472. 176 

r.333 ' 473·50<) 

0.588 474.oq7 

r ·579 475.676 

r.360 477.036 

r.354 478.390 

0.8:1 479.201 

I .6gB 480.~99 

I, I05 482 .004 

r.572 ! 483 .576 

0.819 484.395 

r.947 486.342 

I .233 j 487 ·575 

r.392 488.967 

o.888 489.855 

1 • 689 491. 54-1 

o. 709 492.253 

r. 384 493 .637 

1.366 495.003 

0.917 495.920 

'·'i4 497·oS4 

i 
Rod A, : Rorl R, sec-1 

first line. end line.. l\!ean. 

m . 

. . I . . . . 
- 0.4735 I - 0.4726 

m. I 
• . I • . ' . 

m. m. ±mm. 
+168.3402 2I ,6 

~167.8672 

-1 3.9905 

+ 7.7253 

- 2.5G39 

+ 1.156.1 

-i5.64i~ 

+ 3.99r4 

+ 7.7268 

- 2 5639 

- 0.4730 

+ 3·99"9 
+ 7-7'160 

- 2.56;t9 

+ t.1599 

-r5.6463 

--1-171.8581 I 21,6 ; 

_;_179.5841 I 

-1-- i. ~6:n 

-- r5.6-t83 

.....,_177,0202 I 21,6 

1178.1801 

-,.-rfo.5338 

-II .7305 i -11.7296: -11.7300 

+ 4.0364 i + 4.0367 

- 5. 1403 - 5. 1408 

-7-150. 8038 ::n. 7 : 
-l-J:54.8405 I + 4.037t 

- 5.1413 

- 5.1227 

- 8.r843 

- 5· 1230 : - 5. 1228 

-8.1822 -8.1833 

j 
+149· 6997 · .. "I 
~144.5769 ,.... I 
~136.3936 21.7 i 

- 4.8648 - 4.866r - 4.8654 -+131.528~ .... j 

- 7.0137 - 7.oi22 - 7.or30 +124.5152 ... ! 
- 9.5686 - q.568y - 9.s687 : +n4.q46; 

- 5.72.H - 5.7248 - 5 7246 --1 109.2219 

- 0.1036 - 0. 1035 - 0. 1036 +109. u83 21 .8 

+ 0.1406 

- 0.1286 

- 0.0574 

-t 0.1353 +0.1380 

- 0.1283 - 0.!285 

- o 0551 - o.05fo 

- 0.0035 ' - 0.0034 - 0.0035 

- o.~:206r 1 - o.~110 : - 0.2085 

+ O.OO<Jo I + 0.0129 I + 0.0109 

+ 0.2207: + o.218i + 0.2197 

+ro9»563 I. 
+109.1278 '. 

+109.0716 

+w9.o681 :. 

+ro8.8596 

+108. 8705 .,_" 

+rn;.0902 i. 
-- 0.0592 

+ 0.1171 ! + 0.1172 

+ 0.4856 + 0.4868 

+ 3.7106 ' + 3.7075 

- o.058r 

+ 0.1172 

+ 0 4862 

+ 3.7090 

- 'l .0874 

+ r.0042 

+109.0321 1 · ..... . 

- i.0881 

+ 1.0021 

+ 0.3310 

- 0.4139 

+ro.1046 

- 0.0404 

+ o.r46o 

+ 0.0525 

- o.2555 

·+- 0.2285 

+ 0.2449 

- 1.0867 

+ 1.oo63 

+ o.3307 

- 0.4121 

-+-10.1033 

- 0.0375 

+ 0.1436 

+ 0.0502 

- 0.2389 

+ o.z326 

+ 0.2443 

+ o.33oq 

- o.4no 

+10.1040 

- 0.0390 

+ 0.1448 

+ 0.0514 

+roo.1493 ' 

+109.6355 I. 

+113. 3445 22 .o 

+n2.2571 

+n3.2613 22.D 

-f r13.592:l 

+u3.1792 

+123.2S32 22.1 

+123.2.pi 

..+-123.3870 

+123._4384 

- 0.2572 -+ 123.18u 

+ Q 2305 +123,4n7 I,••••""'' 

+ 0.2446 +123.656~ 22.2 

- 0.0172 ~ O.OI6Q - 0,0170 +123.6393 

- o.o6}5 :: - 0_0714 

- o.1o80 - 0.1073 

- o.o682 j - 0.0642 

+ 0.2246 . + 0.2192 

+ o.orzS + 0.0135 

- 0.2338 

+ 0.2057 

- 0.5674 

+ 0.5719 
- 0,07&4 

+ 4.0097 

+ 0.7553 

+ 0.0319 

+ o.r647 

- 1.2581 

+ r.•So. 
+ 0.1621 

- 0.231-5 

+ 0.2095 

- 0.5704 

+ 0,5744 
- o.oS.42 

+ 4.0078 

+ o.76r5 

+ 0.0356 

+ 0.1654 

- I.26og 

+ t.2794 

..... 0.1586 

- 0.0705 

- 0.1076 

- 0.0662 

+ o.22tg 

+ 0.0131 

- 0.2326 

+ 0.2076 

- 0.5689 

+ o.573r 

- o.o813 

+ 4.oo88 

+ 0.7584 

+ o.0337 

+ o.165t 

+ro3.5688 

+123.4612 

+12~.3050 

+I23.t169 

+123.6300 

+ "3·3974 

+r23.6o50 

+123.036? 

+123.6og2 

+123.5279 

+127.5367 

+u8.095r 

+128.3288 

+r28.4939 

- r .2595 +i27 • 2344 

+ •. 2798 +us. 5r42 

+ o.16o3 +ua.6Hs 

22.2 

22 .5 

::a.6 

Partial 
~. 

nun. 

- 0.9 

- 0.9 

- 1.5 

\ 

- 6.9' 

+ 4·' 
- 0.9 

+ 0.7 \ 

- 1.0 I 
+ 0.3 j 
- 2,l I 

+ I.3) 
- i.5 

+ O.'.;, 

+ 0.4 

- 0.I 

+ 5.3 

- 0.1 

+ 4.9 

- 3.9 

+ 2.0 

- 2.3 

- O.I 

- 1,2 

+ 3.1 
- i.4 

- 4.2 

+ 0.3 

- 1.8 

+ 1.3 

- 2.9 

+ '.l.4 

+ 2,3 

+ 3.4 

- 4.1 

+ o.6 

+ LQ 

- 0.7 

- 4.0 

+ 5.4 

- 0.7 

- 2.3 

- 3.8 

+ 3.0 

- 0.5 
+ 5.8 

+ '·9 
- 6.• 

- 3.7 
- 0.7 

+ 2.8 
+ o.8 

+ 3.5 

To•al. 

mm. (ntm.)' 

+:;J.5 , o.8 
+32.6; o.8 

+JI.I 2.2 

+z4 2 I 47.6 
+28,3 ' 16.8 

+27.4 o.8 

+28.'l 0.5 

+27 I 

+27.4 o.r 

+:z5.3 1: 4·4 

+•6.6: 1.7 

+'5" i "3 
-+ 25.4 i Q, l 

~-25 8 I 

-i- 2 s 71 
+3LO 

+Jo.7 

+28.4 

+zs.3 

+33 2 

+29.3 

--f-31. 3 I 

+•9.0 

+z8.9 

+•7.7 

+:io.S 

+:z9.4 

-+ 25.2 

+•5·5 

+•3·7 
+25.0 

+n.I 

+•6.1 

+•6.7 

+•G.4 

+28.3 

+27.6 

+•3.6 

+•9.0 

+08.3 
+06.0 

+02.2 

+25.0 

+22.7 
+28.5 

+30.4 

+••·· 
+•0.5 
+r9.8 

+20.6 

+•:J.4 

+.6.9 

o.o 

o.r 

5·3 
o.o 

15. 2 

(.0 

5.3 

o.o 

1.4 

9.6 

O.r 

'7 

8.4 

5.8 

5·3 
II .6 

16.8 

0.4 

o.r 

,.6 

0.5 

16.0 

29. 2 

0.5 

5.3 

'• ·• 
9.0 

6.o 

33· 6 

3.6 

38.4 

13. 7 
0.5 

7.8 

o.6 
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Transcontinental line of Spirit-levels-Continued. 

SECTIO"I II.-FROM HAGERSTOWN, MD., TO GRAFTON, W. VA.-Contiuned. 

47 to 48. 

48to49. 

49 to IX 
IX to so .. 

5oto 51. 

51 to 52. 

Hench-marks. 

52 to 51·. . ......... · ... . 

• •• I 

53 to G ........................... . 
G to54 •............................ 

54 to 55· .................. . 

55 toX .................. . 

X to56 ........ . 

56 to 57 ...... . 

~7 to 58. 

58 to XI ...... . 

XI to 59 ... . 
59toXrI ...... . 

XII to6o. 
6o to61 ........ . 

61 to XIII. ...... . 

XIII to 62 .............. . 

62 to 63 .............. .. 

63 to 64 ............................ . 

64 to 65 ............ . 

65 to66. 

66 to67 ........ . 

67 to 68 .... . 

68 to 69. 

6')toH .. 

H to70. 

70 to ]L 

. . . . . . . . . I 
......... ·······I 

. . . . . I 

7I to 72, 

72 to XIV. 
XIV to 73 .. 

73 to 7<- .•.•.. 

7+ to 75 .... 

75 to 76. 

76to77 .••........ 

77 to 78 ..••. 

78 lo 79. 

79toX\'. ..... 

XV to So .. 

So to 81 ......... . 

81 to 8• .......... . 

82 to 83 ............... . 

8.i to s._ 
84 to 85. 

85 to 86. 

86 to 87. 

87 to 88 .............. . 

88 to 89 ...... . 

89 to qo ........ . 

90 to 91 .•.......... 

91 to 92 .......... . 

..... 1 

9• to 93· ......................... .. 

93 to XVI. ............. . 
}J:V! 1094., ...••. , • ., ........... .. 

I.803 

:r:.203 

1.634 

2.045 ,' 

1.308 i 

1.718 

I .570 

520.033 I 

521 .667 

523.7r2 

525.020 

5>6.738 

528.3o8 

2.055 530.363 

l .622 531.985 

r.529 533.5r4 

l.9Il 535.425 

1 ·5'7 536.942 

:c.334 i 53~Lz76 
I ·9•4 I, 540.220 

0.414 i 540.634 

o.8g6 54:.530 

0.099 541.629 

0.957 542. >86 

i.452 s+4.03S 

t.671 545,709 

t.587 ; 547.2g6 

I.315 543.6u 

t.S95 ! 550.5o6 

0.307 

'.336 ' 

1.689 i 
I.86_; [ 

I .513 ' 

2.044 

:r: ·33 1 

2. 749 '; 

(), 564 ! 

Lo69 ! 

l.657 

r .487 

T ,764 

l.504 

0.256 

0.676 : 

.o.is5 I 

550.813 

552.149 

553.838 

555.703 

557.016 

559.26o 

500.591 

563.340 

563.904 

565 .B49 

566.918 

568.575 

570.ofo 

571 .826 

573 .330 

573.586 

574.062 

5.74·4H 

- 0.3178 - 0.3157 

+ 0.0029 ! + 0.0024 

+ o. 7359 ' + o. 7370 

+ 1.6695 + x.6699 

- 0.0249 

+ 0.4618 

+ 2.0753 

+ 0.3511 

- 0.7265 

+ 2.9832 

+ 0.2570 

- 0,22IO 

+ 2.3656 

+ 3.3000 

+ 4.7588 

+ 4.7058 

- 0.556-t 

+ 0.5349 

- o.3372 

- 0.1526 

+ 0.3824 

- 0.1780 

- 0.2396 

- 0.0254 I 
+ 0.4592 

+ 2.0755 ! 
+ 0.3524 

- 0.7283 

+ 2.98:is 

+ 0.2524 

- 0.2229 

+ 2.3686 

+ 3.2970 

+ 4.7567 

+ 4.7025 

- 0.5568 

+ 0.5349 

- 0 ·3357 
..... 0.1503 

+ 0.3809 

- 0.1764 

- 0.2376 

+ 0.4425 

+ t.9<9•9 i 

- 0.3168 j +140.1501 

+ 0.0027 I +J.40. 1_:;28 

+ 0.7364 j +r40.8892 
1 
........ : 

+ r.6697 -f-r42.5589 ' 23.0' 

- 0.0251 I +140.5338 
1 
..... . 

+ 0.4005 +142.9943 ! ...... . 

+ 2.0754 . +145.0097 I 

+ o. 3517 +145. 4214 

- 0.7274 +144.6q40 

+ z.Q834 +147.6774 

+- 0.2547 +147.9321 

- 0.2220 +147.7101 

+ 2.3671 +150.0772 i 23.:i: 

+ 3.29Bs I +•53·3757 '. · 

+ 4.7577: +158.1334 :. 

+ 4. 7042 +162.8376 i. 
- 0.5566 +162.2810' 23.I 

+ 0.5349 -l-162.8159 '. 

- 0.3365 +-162.4794 ' 

- o. 1514 +162.3200 1 · .... . 

+ 0.3816 +160.7096 ..... . 

- 0.1772 

- 0.2386 

+ 0.4423 

+ t.9<954 23.3 
+o.H21 

+ r.98B9 

+ 0.2443 

+ r.o625 

+ I.:ZOl9 

+ 0.0104 

+ 5.1768 

+ 0.3589 

+ 0.2499 : + 0.2471 

+ r.05go ' + 1.o6oS 

+ 1.1gg6 + 1.2<J07 

+162.5324 

+r62.293S 

+162.736r 

+164.7215 

+r64.g686 

+166.0294 

+167,2301 

- 0,0092 

- 0.1307 

·+ 0.1057 

+ 0.0200 

- 0.1989 

+ 0.1927 

+ 2.7870 \: 
- o.r348 

+ 1.7o64 

+ •. 807'0 

+ 0.0139 

+ 5.1729 

+ >.3615 

- o.oo8o 

- 0.1268 

+ 0.1074 

"+ 0.0203 

- 0.2052 

+ 0.1905 

+ 2.7887 

- o.135t 

+ 1.7042 

+ i.8o57 

+ 0.0122 +167.2423 

+ 5.1748 +172.4171 

+ 2.300. +174.7773 

- o.oo86 +174.7687 

- o.n87 +rH.6400 · ..... · i 
+ 0.1005 +174.7465 

+ 0.0202 : +•74. 7667 

- 0.202.[ I +:r74,5646 

+ o.r916 • +174.7562 

+ 2.7879 +177 . .5+11 

- o.r350 , +177.4091 
+ i.7053 : +119.114'1 23.7 

+ 2 .i!QI;? I +r8i.92n 

Discrepancy. 

- 2.[ 

+ 0.5 

- I.I 

- 0.4 

+ 0.5 

+ 2.6 

- 0.2 

- r.3 

+ x.8 

- 0,3 

+ 4.6 

+ 1.9 
- 3.0 

+ 3.0 

+ 2.1 

+ 3.3 
+0.4 

o.o 

- 1.5 

- 2.3 

+ 1.5 
- I,6 

- 2.0 

- 0.4 

+ 7.0 

- 5.6 

+ 3.5 

+ .. 3 

- 3.5 

+ 3.9 
- 2,6 

I 
- 1.2; 

- 3-9 i 
- 2.71 
- 0.3' 
+ 6.3 I 

+ 2.2 

- 1.7 

+ 0.3 

+ •.• 
+ x.9 

+J1.9 

+3•·4 

+JI·3 

+Jo.9 

+3T 0 4 

+J4.o 

+J3.8 

+J2.5 

+34·3 

+34·0 
·hS.6 

+40.5 

+37·5 

+40.5 

+42.6 

+45·9 

+16.3 

+46.3 

+H.8 

+42·5 
+44.0 

+42·4 

+40.4 

+40.0 

+41,0 

+4"4 

+44·9 

-f 47.2 

+43·1 

+-11·6 

+45·0 

+13.8 

+39-9 / 
+37·• 
+36.9 

+4J·• 

+-15·4 

+<3·7 

+«·o 
+,6.2 
ti8.1 

A' 

4.4 

1.2 

0.2 

6.8 

o.o 

I .7 

3.2 

O. l 

~I .2 

3.6 

9.0 

9.0 

4.4 

10.9 

0.2 

o.o 
2.2 

5·3 
2.3 

2.6 

4.0 

0.2 

5.3 

12.3 

'5·' 
6.8 

0.1 

39·1 
4.8 

2.9 

0.1 

4.8 
J.6 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Transcontinental line of Spirit-level.s-Continued. 

SECTION 11.-FllO:M HAGERSTOWN, .\ID., TO GRAFTON, W. VA.-Continued. 

------- ----· 
Difference of height of successive I 

bench~marks. Discrepancy. 

94 to 95. 

95 to 96 

¢to 97. 

97 to 98 

Rench-marks. 

98 to 99 ..... 

99 to 100 .. 

100 to IQ(,, 

lOt to IC2. . ..•..•••...... 

1oa to I ................. . 
I to 103 ................. . 

103 to 104 •...••...•. 

lOf. 10 105, •• , •••. , ••• , . , 

105 to 1o6 ....... . 

1o6 to Jo7 .... . 

101 to xVn . 
XVII to 108 .. 
108 to Jog .. _ 

109 to 110 ..••.•••.•••....• 

110 to III ...•.•. 

111 to 1.1.2 .•••••••.•••••••• 

n2 to 113 ........... . 
113 to XVIII .. .. . .. . . . . . . . .. . .. 

XVIII to us ................ · 

115 to u:6 .................... . 

116 to 117 .•••.•.•...•...••. 

117 to u8 .... 
uB to tr9. 
u9 to 120 .••• 

12..> to 121 ...• 

121 to XIX ........................ ! 
XIX to I22 ....................... : 

122 to 123. • . . . . • • • • • • • . • • . • . • • . ..• · 

123 to 124 ..••.....•••..•...•••.•.• 

r24 to r25.. .. ............... . 

125 to J .......................... . 
J to n6 ...................... .. 
1z6 to :i27 •••••••..•••••.•••. 

127 to 128 .......... .. 

128 to 129 .•••..••...• 

129 to 130 ............... . 

130 to 133 .••..•. , ....... . 

133 to , 34 ................... . 

::; :: ~~::: .......... :::::::::::1 
XX to 136... . ......... 1 
136 ta :s:37 .....•........•........• i 
137 to r38 ........... . 

138 to 139 ..................... .. 

t39 to l.fO ••• ,,,,,.,,,.,., ••• •• •••• 

14oto 1+1 ...........••............• 

141 to 142 ...••••••••••••••••.••••••• 

142 to lfJ, ........... , ............. . 

143 to lH ......................... . 

144 to q5 .......................... . 

•4s to 1+6 ......................... . 
1¢to147 ......................... . 

t47 to148 ......................... .. 

km. 

0.107 

2 ·JJl 
0.848 

2.424 

0.570 

I .875 : 

km. 

574-55+ 

576.88; 

577,733 

580, 157 : 

580. 727 1! 
582.602 i 

0.317 ; 582,919 

I •-482 584 .401 

i.133 585.534 : 

t.247 586 .781 

0.267 587.048 

z.637 589.685 

<.GS2 59I.367 

I.734 593.101 

l .422 594.523 

1.156 595.679 

t.538 597.'it.17 ' 

1.358 598.575 i 

600.001 1.426 : 

601 .625 

603.077 

003.802 

I. 624 ~ 

l.452 I 
O.J:ls I 
2.288 ' 006.090 

0.963 6o7.053 

0.390 · 6o7.H3 

1.565 l 6o9.008 

l.910 

I.688 

I. 153 

1.862 ' 

J.408 

2.317 

1.542 

0.327 

0.215 

1 ·793 
r.6o7 

1.647 

1.753 

1.670 

I.531 

0.676 

o.7o6 

o. 139 

1,026 

0.243 

0.133 

0.8~1 

0.765 

0.879 

0.504 

0.228 

0.774 

0.79• 

0.77• 
0.910 

0.63'1 

6ro.918 

612.6o6 

613.759 

615.621 

617 .029 

6r9.346 

620.888 

6:.u.~15 

621 .430 

623.~23 

624.830 

626.477 

628 .230 

629.900 

631.431 
632.107 

632.813 

632.952 

633.978 

634.~21 

634. 354 
635.245 

636.010 

636.889 

6:J7·393 

637.621 

638.395 

630.187 

63().959 

640.869 

641.503 

i ' RodA, 1Rodll,sec-
first lint=. ond line, Mean. Partial 

A 

m. 11!. m. nt. ±mm., ·mm. 

- 0.1740: 

+ 0.0072 Ii 

- 0.0724 i 
+ o.0743 ' 

+ 0,0513 i 
+ 1,5330 

+ 2.1457 

+ 2.8642 

- r:.6519 

+ I .5553 

.,. t.9943 

+ »94C>.J + 2.9.14 

+ x.6788 + I.6790 

- 0. 1727 - 0.1733 

+ 0.<>074 + 0.0073 

- 0.0780 I - n.0752 

+ 0.0744 \ + 0.0743 

+ o.os15 I + 0.0514 

+ I.53·;y i + l.5330 

+ 2.1469 ! + 2.1463 

+ 2.8002 \ + :l.8622 

- 1.6484 1 - 1.6502 

+ i.5572 i + 1.5563 

+ I .9951 + I.9947 

, +184.SG2.i ..... 

+186.5.p.1 

+•86.3682 

+186.3755 

+186.3003 

-l-186.3746 
I········ 

-'-186.426o 

+187.9590 !· 
+190.1053 23.8 : 

+192.9675 

+19r.3173 

+19 .. 8736 

+194.8683 

+ 2.8240 I + 2.8214; + 2.8227 +197,69!0 .' .. , ..... : 

- 0.3732 - 0.3735: - 0.3734 +197.3176 j 23.9 

+ 3.9592 + 3.9567 + 3.9580 1 +20<.2756 \ ..... 

+ 0.6931 I -"- 0.6951 + o.6')44 . +20I.9700 1. 

+ ;.0048 : + 5.0077 ' + 5.oo62 +2o6.9762 

- o.7u84 - 0.7126 - 0.7105 +206.2657 

+ 0.0020 + o.oor9 + 0.0000 +200.:2677 .... ! 
+ 2.736o i + 2.1347 + 2.7353 +209.0030 

+ 2,5289 + 2.5291 + 2.5290 +211.5320 23.9 

-t 3.4t40 + 3.4rr7 · + 3·4"9 +214.9449 

+ 2,3r47 + 2,3147 I -L 2,3147 -f-217.25()6 

+ 0.3438 + 0.3432 + 0.3435 +z17.6o31 

+ 2.o632 i + 2.o652 I + 2.o6.i.2 +2r9.66n 

+ 5.7194 + 5.7180 J + 5.7187 +225<~86u 

+ 3.1739' + 3.1'099 i, + 3.1719 +228.5579 

+. t.o672 I 

+ 4.2780 

+ 2.9328 

+ 4.9722 

+ 2.2.438 

+ o.6686 

+ 0.0113 

+ 7.9878 

+ 3.4980 

+ 6.3315 

+ 7.6956 

+ 8.6g68 

+ 8.78¢ 

+ 5.5492 
+11.2106 

+ »9403 

+22.2756 

+ 5.5416 

+ 2.8546 

+19.9130 

+17.2142 

+18.8744 

+ro.9713 

+ 5.4681 
+16.7073 

+17.5417 

+•1.a.13 
+.o.r918 

+•3.7728 

+ 1.o616 

·+ 4.2736 

+ 2 9267 

+ 4.9725 

+ 1.0644 

+ 4.2758 

+ 2.9297 

+ 4 .9724 

-t-229.6223 

+z33.B9B1 

+.36.82i8 i. 

+24r.Soo2 ' 
+ 2.2436 + 2.2437 +z44.0439 

+ o.66&) , + 0.6687 +244.7126 

+ 0.0138: + 0.0126 +z,H.7252 

+ 7.9937' + 7.9907 -i--252.7159 

+ 3.5094 ' 

- 6.3356 i 

+ 7.6894 

+ 8.6go6 

+ 3.5037 

+ 6.3336 

+ 7.6925 

+s.&m 
+ 8.7914 i + 8.7905 

+256.2196 

+262 .5532 

+270.2457 

-f-278.9394 

+z87.7299 

+ 5.5466 : + 5.5479 +"93.2778 

+n.209B' +n.2102, +304.4880 

+ 2.9416 + 2.9409 +307.4289 

+22.2779 

+ 5·5H3 

+ 2.8547 

+19.9181 

+17.2153 

+18.8775 

+10.9630 

+ 5,4720 

+16.7043 

+17.5463 

+17.2176 

-b<J.19;'() 

+13.7715 

+22.2768 +329. 7057 

+ 5. 54•9 ·hJs. 2486 

+ 2. 8547 +338. 1033 

+•9.9155 +358.0188 

+r7.2t48 + 375.•336 

+18.8759 +394-'095 

+10.9672 +405.0767 

+ 5.o17<>0 +4><,.5467 

+16.7058 +4•7.2525 

+•1· 5440 +444·7¢5 

+•7·"95 +46:z.or6a 

-ho.1947 +<!82.2107 

+•3· 7721 +4954128 

+ l.O 

+ 0.5 

- I.3 

- 0.2 

+ 5.6 
- O.I 

- 0.2 

+ 0.l 

- t.2 

+ 4.0 

- 3.5 

- I.9 
- o.8 

+ 2.6 

+ 2.5 

- 1.4 

- 2.9 

~ 4.2 

+ 0.I 

+ l.; 
- o.z 

+ 2.3 

+ 0.6 

+ I.4 

+ 4.0 

+ 5 . .f 

+ 4.4 

+0.1 
- 0.3 

+ 0,:;.! 

- 0.3' 

- 2.5 

- 5.9 

+ 6.2 

+ 6.2' 

- t.8' 

+ 2.6' 
+ o.8 

- 2.3 

- ~-7 

- 0.1 

- 5.1: 

- 1.1 

- 3.1 

+ 8.3 

- 3·9 

+ 3.0 
- ... 6 

+ 3.7 
- 5.8 

+ 1.3 

Tota.I. ; 

+49-l 

+.9.6: 

+48.3 
+48.r 

+s3.7 

+53.6 

+s3.4. 

+s_;;.5 
+s2.3 
+56.3 

+5•·8 

+5°·9 
-f-.'>0.I 

+s2.7 
+sJ.O 
+s5.5 

+s..i r 

+st.2 

+ss.4 

+55·5 

+s6.B 
-l-56.6 

.J...58.9 

-'-58.9 ', 

+59·5 

+57·5 

·+58.9 

-j-62.9 

-t6S. 5 

+77 ·9 

+19.0 

+78.7 i 
+78.9 ! 
+18.6' 

+16.1 

+10.2 

+5s.s 

+s4.7 
-l-6o.9 

+67.1 

-j-65.3 

-!-67·9 
+6S_7 

+67.4 
+6;.t 

+62.4 

-f-62.3 

+57.2 

+s6.1 

+s3.o 

+6r.3 

+s1.4 
+00.4 

+ss.s 
+s9.5 
+53·7 

+ss.o 

535 

A' 

I .D 

0.2 

o.o 

0.0 

0.0 

t.{ 

16.o 

12.2 

3.6 

o.6 

6.8 

0.1 

6.3 

o.o 

5,3 

o.o 

O.I 

o.o 

o.o 
6.2 

14.8 

130.0 

16.8 

38 ·• 
38.4 

3.2 

6.8 

o.6 

I.7 

5 .3 

7 .3 

0.0 

26.0 

I.2 

9.6 

68.9 

13.7 

33.6 

I.7 



 

586 UNITED STATES COAST AND GEODETIU SURVEY. 

l'rmuicontinental line of Spirit-level8-Contiuuetl. 

SECTION Il.-FH0:-1 HAGERSTO\YN, MD., TO GIL\FTOJ'\, W. VA.-Coutiuued. 

Hench-marks. 

14S to q9 ... 

149 to 150 •.. 

150 to r51 •.. 

151 to 152 .•. 

152 to 153 

153 to rs-~-. 

i54to155. 

155tu156 .... 

r56 to 153 •..... .. 

158to159 ... . 

159 to 160 .. . 

16o to 161 ... 

161 to 176 ... 

176 lo XXV 

XX\' to 177 

177 to t7S. 

t78 tO IJ9· · 

l79 to 180. 

180 to 181. 

J8r to 182. 

182 to 183 .. 

183 to 184 ... 

i84 to i8;. 

185 tP 186 .. 

186 to 171. 

171 to XX III. 
XX III to 170 .... 

170 to 169 ... 

•qtoXXll. 

XXll to 168 .. 

:rr,s to 167 . ..•. 

167 to r6z .. 

162 to XXI .. 

XXJ to K. 

K to 163. 

16.i to i64 ............ . 

164 to 165. 

if..5 to 166. 

166 to 172. 

x72 lo 173. 

173 to 174 ... 

174 to 175 .. 

r75 to XX!V .. 
XX!\" to 187 .. 

187 to xxn 
XX\'! to 188 .. 

188 to 189. 

t89 to 190. 

190 ~o 191. 

19r to XX\'11 
XX\'Il to 192 

192 to 193 

193 to 194. 

194 to 195 .... 

I '.JS to ry6. 

t95 to IQ7, ..... 

197 to 198. 

' ., 
I 

... ,, 

.. ! 

"~ u~ 

~-"' . 
« ~~ 
~c~ 

.~=s 
-cl;;..,.:'.: 
-'"Cu 
dCC 

...... ~CJ 
oc.n .n 

t-< 

km. l.:m. 

O.II8 6.p.621 

o. 103 641. 72+ 

o.S12 : 6.p.536 

0.787 6.13.323 

0. 898 644. 221 

0.884 645,105 

0. 124 645. 229 

0.1 IO 645 <U9 

1.136; 646.+75 

I.234 647. 709 

1.048 ! 
o. t38 ; 

0.932 

0.773 

0.434 

I .074 

0.996 i 
0.702 

0.842 

0.998 

I. 353 

1.254 

I.46R I 
0.21.:; ! 

1.7.:/.5 

0.528 ! 
.. ,021 
I .781 

r.566 J 

t.6I8 

t.662 

648.757 

6.18. 895 

649. 827 

650.600 

05'- 0 34 
652. Io8 

t53.104 

653. 8o6 

65;.648 

655.646 

656. 99c1 

658.253 11 

65g · 7zr 

659.956 
66T.691 

66z.n9 

663.521 

665.302 

666. 868 

668 .486 

670.14R 

Difference of height of sut-ct:s~i\Te 
bench-marks. 

' Rod A, 1 Rod B ,sec~ 
first line. ond line . 

;;1. '"· 

+ 2.8569 ~ ...J-. 2.8570 

+ 2.3830 i + 2.3828 

+r7.4878 : -f-x7.492 '4 

+I7.r792 1 +17.1813 

+;9.48.7 ; +1,J.4816 

--r19.0520 +19.0573 

+ :z.33S1 + 2.3374 

+ z.36'..!6 + 2.a66G 

+z4.7405 +24.7_1.87 

+25. 8738 +•s. S784 , 

+23. :169 

+ 3.024(, 

+zo.5837 

+16.33n 

+ 4.5086 

+16.4486 

~f-17. 1726 

+q. 1850 

+16.(,639 

+17.42g2 

-r-20. 7280 

-12.7362 

-r4.6r86 

- ~.5130 

+23. i828 I 

+ 3.0234 i 
+20.5867 

+i6.3247 I 
+ 4.5052 i 
+16.4541 

+li.1690 

+1+.1880 

+16.6678 

+n. 4.252 

+zo. 7305 

-12.7351 

-14,6LI7 : 

- 2.5r45 ! 
-17.056_:;, ! 

Mean. 

111. 111. 

+ 2.8_)70 I +4yS.8398 

+ 2.3829 
1

! +so1.2227 1 

+:r7.4901 '+518.712S i" 

+11 .1&2 +s35.89.10 ' 

+,9.4816 +sss .3746 

+19.05.;.7 +sH·4:29J 

+ 2.3377 -l-576.i67CJ \· 

+ 2.86-tG +s79.6.i16 

+24,7396 +604.3712 

+25.8761 +6]0.2473 

+23.I799 -j-653.4272 
1

• 

+ 3.02.10' +656.45:.::i 

+zo.5852 ! +677.0364 

+16.3279 ~1693.3643 

- 4.5ao9 +697.8712 

+16.4513 +114.3225 

+r7 .1708 +131 .4933 

+14.1865 +145.6798 

+16.6659 +162.3457 

+r7.42 72 +179.7729 

+20. 7292 +soo .. 5021 

- I 2' 7357 +187 16fi4 

-14.6152 +n3.15r2: 

- 2.5137 ! +no.6375 ! . 

-17.0560 1 +7s1.58r5 !. 

±If!))/, ( 

I 
.. , . • I 

- 4.9314 

- 7.J585 

- 4.9300 i - 4.9307 +148.6508 ,' 26. r j 
- 7.r65S - 7.1622 +1.p.4886 :. . ... 1 

- 5· 1 545 - 5. 1546 : - 5· r545 ' +n6.,341 
- 3.4r&, - 3.4127 ! - 3 .• p58 -t-732.9183 : 26.3 ; 

- 4.4137 ~ 4.4204 4.4170 +128.50r3 

- 2.8081 - 2.82'4 - 2.8158 ' +125.6855 1. 

I.563 67l.i1I - J.2918 - I. 2934 - r.2926 +124. 3929 

i.724 6iJ·435 + 0.6201 

0.475 j 673.910 i' - 0.8695 

r,4o6 I 675.316 

1.596 i 676.912 

0.2 48 I 677 :100 

o.3o6 677. 466 I 

I.176 678.642 

I .418 ; 68o.o6o 

l.744 681.So.1 

0. 26o 632. o64 

0.270 ! 682. 3-;~ 
1.454 ! 683.788 

o.<)OI) · 684.6q4 

0.796 J 685.490 

I. 16; 686.657 

0.297 

2.08~ 

I .034 

0.849 . 

o.370: 

0.897 

o.888 

0.481 

0.5<\o 

686.954 

689.036 

690 036 

691 .070 

Gqr.919 

692.289 

693. 186 

694.074 

694. 555 

6q5.II5 

+ro.6557 

+•0.4175 

+ o.2q86 

- 0.2969 

+ 7.Cx'76 

+ 2.9448 

-12.735.;. 

- 0.2658 

- 0.082::? 

+n .1691 

+ 3.0095 

+ 7.6488 

+ 6-:1244 

+ t.3364 

- 0,8092 

-'23.1014 

-22.0227 

-r8.9775 

- 7.8838 

-19.7166 

-tg.4975 

-10.9016 

-ro.3929 

+ 0.6215 

- 0.8649 

+10.6503 

+10.4090 

+ 0.2980 

- 0.2978 

+ 7.0!15 

+ 2 .9467 

-12.7339 

- 0.:-.-:-556 

- 0.0816 

+IT .1639 

+ 3.0029 

+ 7.6509 

+ 6.3257 

+ t.3336 

- o.8o68 

-22.or70 

-18.9674 

- 7.8839 

-19.7'it7 

-r9 .• 96o 

-10,905z 

-10.3944 

+ 0.6208 

- 0.8672 

+10.6530 

+10.4132 

+ 0.2983 

- 0.2973 

+ 7.00\)5 

+ 2.9458 

-12.7347 

+125.0137 : ..... 

+124. r465 26.9 

+13;.7995 

+145.2127 

+74S·5JI0 11 

+115.2137 I··••· 

-t-752.2232 

+155. 1 69<1 i· 
+142.4343 ' 

- 0. 2657 : +74• .1686 

- o.o819 +142.0867 

+11. 1665 · +153 .0532 

+ 3.oofo I +156.2191 

+ 7. 6499 i +;63. 90//3 

+ 6.325< +110.2314 

+ 1. 3350 i +n• .5694 

- o.8oSo i +110.7614 

-22.0199 ' +125.6409 

27.2 

. . . . . . i 
27.3 ! 

-18.9724 +1o6.66S5 : .. 

- 7.8839 +6<)8.7846 1-.. 
-19.7191 +679.0055 f ... . 

-rg 4g68 '+659.56871 ..... ·· 
-10.Q034 I +648 6653 ... -

-10.3936 I -\-638.0717 ... 

Disc1epancy. 

Partial 
.l. 

JJ!}Jl.. 

+ 0.2 

+ O.T 

- 5.3 

+ 0.7 

- 4.0 

+ 1.8 

- 4.6 

- 5.9 

+ 1.Z 

- _j.(J 

+ 6.4 

+H 
~ 5·'.i 

+ 3 6 

- 3.0 

- 3 9 

+ 4.0 I 

- 2.5 ' 

- !.1 ! 
- 6.q I 
+ I.5 i 

+ o.6 I 
- I .. ·f 

+ 7.3 

+ O.T I 

- 6.2 

+ 6 7 

+rs-' i 
+ i.6. 
- 1.4 

- 4.6 

+ 5-4 

+ 8.5 
+ o.6 

+ 0.9 

- 3.9 

- l.9 
- I.5 

- 0.2 

- o.6 

+ 5.2 

+ 6.6 

- 2.I 

- 1.3 

+ 2.8 

•·4 
- t.6 

- 5.7 
-10.1 

+a.I 
+ 5.1 

- •·5. 
+ 3.6 

+ 1.5 

Total 

111111. 

+.::4·9 

+ss.1 
+so.5 
+48.4· 

+4s.s 
+43·'.i 

+13·9 

+39·9 

++'-7 

+37-' 
+31.2 

+3··· 
+29-4 

+35.8 

+39·• 

+33·7 

+37·3 i 

+34·3' 
+.:io .. t 

+3<- I 

+31.9 

+30.8 

+n9 
+•5·4 
+26.o i 

+24.6 

+.-P·9 
+,2.0 

+•s.8 

+v-5 
+41-8 

+•9·4 i 
+4s.o, 
+4H 
++8.8: 

+57·3 

+57·9 I 

+ss.s 

+54-9 

+SJ•O 

+si.5 

+s"3 
+so.7 

+5s-9 
+62.5 

+60.4 

+59•1 I 

-j-{it.9 i 
+s9-5 I 
+sM I 

+5u I 
+4•·' 

+42.2 

+H-3 
+.s.s 
+¥>·4 
+so.9 

A' 

(mm.fl 

o.o 

o.o-

21.2 

4.4 
o.o 

21.2 

q.o 

47.6 
2.2 

0.4 

2.0 

5~·3 

o.o 

..0 
21.2 

0.2 

(J,0 

0.4 

27.0 

43.6 

4.4 

I .7 

7.8 

5.8 
•. 6 

32.5 
.-.o 

o.o 

.6.o 

13.0 .. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Transcontinental foie of Spirit-levels-Continued. 

SgcTION U.-FROM HAGERSTOWN, MD., TO GRAFTOX, W. VA.-Continnecl. 

198 to 199 .. 

i:99 to 200 ••••••••• 

200 to 201. 

2or to 202 .•••••••••••••.. 

202 to 203 ....••.••... 

203 to 204 •••.••••••••••. 

204 to 205 ....••••.•.•••. 

205 to 2o6 ..••.•...... 

2o6 to 207 .•••..•.•. 

207 to L ... 

L to 2o8 .. 

2oS to 209 .. 

:209 to 210 ..•...• 

2IO tO 2.U. - •.• 

2tr to XX VIII. ............. . 

XX VIII to 210. .. 

212 to 2r3 •.••••.•••...• • · · 

213 to 2q ..... . 

214 to z15 ....•••....•.. - - . 

215 to 216 ..•••....•••••••... 

u6 to XXIX ..................... . 

XXIX to 217 ............. . 

2r7 to 218 .................... . 

218 to ,,9 .............. . 
219 to 2ZO •••••••••• , •. 

220 to :oi21 .• 

221 to 222. 

222 to 223. 

223 to 224. 

••••• ! 

22+ to 225 •.•.•••••••••••• - •· · • • • · · ·: 

225to226 ... ···········-. ········\ 

226 to 227 .•............ · · . · · · · · - · · · · 

227 to 228. 

22Sto229 .................•......••. 

229 to 230 ....... . 

230 to 231 .................... . 

2JI tO 232 .... •· .. · • · · · • •• · · · · • · · · · 

232 to 233 ...••.•.•....•....•... 

233 to 2341- ••••........••.•••• 

234 to 235...... . . . . . . . . . . , 

235 to 236 ............... " ......... ', 

236 to 237 ......................... .. 

237 to 238 ......................... · 

2 3s to 2 39 .••.•.•..........•...•••... I 
239to240 .....................•.. 

240 to 241 •••...•.....•..••• · .••.•... 

241to242 .........•...........••••.. i 
242 toXXX ...................... : 
xxx 10243 ....................... : 

Difference of height of successive I 
bench-marks. ! 

Rod A, , Rod B, 1 

first line. ,second line.I 

Ion. k11t. 

0.9~0 696.035 

0.880 : 696.915 : 

0.785 i 697.700 

0.484 698.184 

698.305 

O. II6 698.421 

o. 765 I 699. 186 

o. 872 I 700.058 

0.896 ' 700.954 

o. 880 701. 834 

0.625 

0.924 

l .412 

,.669 

z.268 

0.887 

0.856 

1.124 

0.702 

:r. II$ 

0.464 

0.813 

0.872 

I, 262 

2.362 

r.700 

I .24:t : 

1.218 

1.014 

702,459 I 

7o3.383 

704. 795 

7o6.464 

707. 732 

708.619 :1 

709.475 ii 
710. 599 11 

711 .301 li 
112 •• p9 ii 
712.883 !i 
713.696 II' 
714.568 If 

715. 830 :I 
718. 192 ' 

719. 892 j, 
7'.!.1.134 :r 

i 
722.352 ' 

m. 

-17.2855 ' 

-19.o624 

- ,6.6539 

-u.1995 

- 2.3662 

- 2 .6793 . 

-16.2671 i 
I 

-x8.7509 ' 

-19.1ilo;I 
r 

-19.8225 i 

-13.6424 : 

-16.3822 

-14.2263 

-17,5770 I 

- 6.2425 

+10.,,S20 

+16.6329 

f«3.4658 

+13.7024 

f«3.1035 

+ 8.6224 

+16.8893 

+17.3817 

+ 3.8555 

- 4.8390 . 

-'3"774 
-25, I20I 

-25.3955 

-19.6401 

-22.8407 I 

-25.9283 

-16.7356 

--.S .3652 
-10.Soog : 

-.13.5412 I 

-ro.9522 

- 6.7658 

m. 
-17.2810 ! 

-19.0571 

-16.6531 

-n .1997 

- 2.3677 

- 2.679r 

-16.2654 

-18.7440: 

- 1 9.1774 

-19.8213 

-13.6.p7 

-16.3794 

-14.2155 

-17.5764 

- 6.2424 

+10.9815 

+16.63o6 

+•3·47°4 

+13.7056 

+•3.ro6o 

+ 8.6254 
+16.8865 

+17.3807 

+ 3.8533 : 

- 4.8467 

-13.2683 

-25. 1256 

-25.3917 

-x9.6434 

-22. 8468 

-25.9302 

-16.7363 

-28.3767 

-I2.8059 : 

-13.5537 

-10.9568 

- 6.7656 

l .279 

0.878 

x.419 

l .586 

t.451 

1.625 

t.644 

0.595 

0.303 

0-296 

1.947 

x.844 
0.617 ' 

:i:. 185 

0.842 

0.869 

723,366 !
1 

724,491 

725.770 : 

726.648 ' 

728.o67 

1•9.653 
73t.104 

73'-729 

734.373 

734 .968 

733 .273 

735.569 

737.516 

739.36o 

- r.9741 - 1.9741 

~.122 

1.392 

l.879 

- l. 8678 : - 1.86o6 

- 0.8823 • - 0.8814 . 

6.6o76 - 6.6•33 

3.427• - 3.4254 

739-977 L8823 

Hl.162 2.0II4 I 

74z.004 + 0.2588 

142.873 :; - i.0637 

744.995 ;l - o.8666 

746.387 !i - 0.895• 

748.>66 i: - 8.4n7 

- t.8821 I 

- 2.0099 

+ 0.2571 

- 1.o672 

- 0.8748 

- 0.8958 

- 8.418o 

Mean. 

i i i 
#1.. i m. ! ±mm.; 

-17.28331 +620.9884 i ........ ; 
-19.0597 +601.9~87 1· ...... I, 
-16.6535 I' +5ss.0752 '.. ' 
-n.1996 +s74.0756 .. 

- z.3670 I +s7r.7o86 , ... 
- 2.6792 , +sfuJ.0294 !. 

-16.2662 : +552.7632 

-18.7475 ' +534.0157 

-19 .1791 +514 .8366 

-19.8>t9 +495.0147 28.0 . 

-13.6421 +-tfh.3726 

-16.3808 +<64.9918 

-14.2209 +450.7709 

-17.5767 '+433.1942 
- 6.0424 . +4•6.9518 . 28.2 ' 

+10.9817 i +437·9335 

+16.6318 I +454.5653 

+23.468t ! +418.0334 
+13. 7040 , +491. 737{ 

+23-"'47 I +514.8421 

+ 8.6239 ! +5•3.466o 28.4 

+ 16. 8879 I +s4'" 3539 ..... . 
+11 .38,. +ss1. 7351 I ...... . 

I ' + 3.85H I +56r.5895 _. .. . 

- 4.8429 i +5s6.7466 : .... .. 

-13.2128 +s43.473B 

-25.1229 +s18.350<) 

-25.3936 +•9•·9573 

-19.6418 +.73.3155 

-22.8437 +450.47>8 

-25.9293 t424.5-125 

-16. 7359 +•07.8o66 

-28.37·0 I +:i19.4356 . "! 
-12.8o34 ! +J66.ti3'l2 

-13.5475 1' +353.0847 
- ro.9545 +342· 1302 

- 6.7657 ! +J35.3645 

- 1.9741 I +333·3904 I 

- 1.$642 I +JJI.5z62 

- 0.8818 ' +3·10.6444 ...... " 
I 

- 6.6:to5 j +324.0339 

- 3. 4263 \ +320. 6076 . . . . . \ 

- x.88~2 i +318.725-f. 

- 2.01o6 i +3'6. 7148 ....... : 

+ o.•s19 I +316.9121 

- 1.o654 i +315·9073 
- i.8707 I +3•3.0366 ' ....... . 

- 0.8955 I +Ju. qn ) 29.8 . I 
- s.4149 I +303 . 7262 :· 

Discrepancy. 

mm. 

- 4,5 

- ~·3 

- o.8 

+ 0.2 

+ I.5 

- I.7: 

- 6.9 

- 3·5 
- I.2 

- 0.7 

- 2.8 
-10.S 

- 0,6 I 

- O.l 

+ 0.5 

+ ".1 
- 4.6 

- 3.2 I 
I 

- o.s I 
I 

- 3.0 i 

+ 2.8 

+ l.O 

+ •.o 
+ 7.7 

- 9.r, 

+ 5.5 i 
- _1.8 

T 3.3 
+ 6.1 < 

+ t.9: 

+ 0.7 

+II.5 

+ 5.0" 
+12.5 

+ 4.6 
- 0,2 

o.o 

- 7.z 
- 0.9 

+ 5.7 
- 1.8 

- 1.5 

+ 1.7. 
+ 3.5. 

+ 8.2 

+ o.6 

+ 6.3 

- 1.8 

Total. ; 

mm. 

+.6.4 ~ 
+4l.,l. II 

+40.3: 

+42.0 

+41.8 

+40.I 

+33·2 

+29-7 
+28.5 

_;_.27.8 

~25.0 

+14.2 

+13.6 

+13.5 

-t-r4.o 

+16.3 

+1r.7 

+ 8.5 

+ 6.o 

+ 3.0 

+ 5.8 

+ 6.8 

+ 8.8 

+16.5 

+ 7-4 
+'2.9 

+ 9.1 

+12.4 

+18.5 

+;io.4 

+:a.1 

+3•-6 

+31.6 

+sc.i 
+s•·7 

+54·5 

+54·5 

+•7·3 
+.6.4 

+s•.1 

+so.3 

+so.1 
+4s.6 

+;0.3 

+53·8 
+02.0 

+62.6 

+;58 9 

+67.x 

537 

A' 

(mm)' 

20. 2 

28, 1 

o.6 

o.o 

z .2 

o.o 

2.9 

47 .6 

I2.:;i 

I.4 

0.5 
7.8 

u6.6 

0.4 

0.2 

5·3 
21.2 

IO.a 

l,O 

4.0 

59.3 
82.8 

30.2 

2I.2: 

o.o 

5L3 
o.8 

32. s 
3.2 

z.2 

2.9 

12.2 

243 toM ............ _,,_ .......... ··[ 1.6to 749.876 ii + 0.1371 + o.r389 + 0.138-0) +303.8642 I 29.9: 
·~-'-~~~--'-~~~;.......~~~~~~--~~~ 

S. Ex. 77-68 



 

538 UNITED STATES COAST AND GEODETIC SURVEY. 

SECTION IL-Description of primary and secondary bench-m.arks between Hagerstown, Md., and 
Grafton, lV. Va. 

A-Hagerstown, )ftl. Already described. 
Nos. I, II, IV, aml Y-Cut on top of mile-posts 1, 2, 4, and 5 on the turnpike between Hagers­

town and v\Tilliamsport. These probably cannot be depended upon as permanent. 
B-The bottom surface of a square cavity, cut on the top surface of the stone on the west 

side of the aqueduct of Chesapeake and Ohio Canal over the Oonococheague River at Williams­
port, Md. It is marked thus: 

B 
Bo M 

u.s.c.s. 
Nov. 1877 

C-About 7 miles west of Williamsport, Md. Cut on the coping-stone of Dam No. 5, Potomac 
River. It is marked thus: 

c 
BoM 

u.s.c.s. 
1877 

No. VI-About 7i miles west of Williamsport, Md. Cut on top la~·er of stone <>f the second 
canal-lock (Chesapeake and Ohio Canal), aborn Dam No. 5. 

D-Nine and one-fourth miles west of Williamsport, Md. Cat on the top layer of stone at 
west end of the sixth lock above Dam No. 5. 

No. VII-Ont on the coping-stone ot the upper end of" overfiow" at" Big Pool," Chesapeake 
and Ohio Canal. It is about 1.3~ miles west of ·wmiamsport, Md., and uearl~' opposite Cherry 
Run Station of Baltimore and Ohio Hailroad. 

E-Cut on the coping-stone of the aqueduct (Chesapeake and Ohio Canal) over Licking Ureek, 
about 8 mile., ea.st of Haucock, Md. It is marked thus: 

E 
BoM 

u.s.c.s. 
1877. 

No. VIII-Cut on the coping-stone at the southeast end of Lock No. 52, Chesapeake and Ohio 
Canal, and is about 1 mile east of Hancock, Md. 

F-Cut on the coping-stone on the middle of the north side of the Chesa1leake and Ohio 
Canal aqueduct at Hancock, Md. It is marked thus: 

I<' 
BoM 

u.s.c.s. 
1878. 

No. IX-Out on the coping-stone of Lock No. 531 Chesapeake and Ohio Canal, and is about 6 
miles west of Han<',ock, Md. 

G-Cut on the coping-stone of Lock No. 55, Chesapeake and Ohio Canal, at Dam No. 6, and 
about 10 miles west of Hancock, Md. It is marked thus: 

G 
BDM 

U.S. C.S. 
1878. 

No. X-Cut on the coping-stone at the north end of Look No. 56, Che.sapeak.e and Ohlo Cana1, 
about 12! miles west of Hancook, Md. 

No. XI-Out on the top of the wing-wall l't the south.side and east end of Lock No. 57, Ches· 
apeake and Ohio Canal. It is about 15i miles west of Hancock and 4f miles east of Little Orleans, 
l\ld. 
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No. XII-Little Orlenas, Md. Cut on the coping-stone of the aqueduct (Chesapeake and 
Ohio Oanal) over Fifteen-mile Creek. 

No. XIII-About 3 miles west of Little Orleans, Md. Cut on the coping of Lock No. 58, 
Chesapeake and Ohio Canal. 

H-About"'12 miles west of Little Orleans, Md., and 2 miles east of the canal tunnel. It is 
cut on the coping of Lock No. 61, and is marked thus: 

B 
BoM 

u.s.c.s. 
1878 

No. XIV-At the north end of the canal tunnel. It is cut on the stone' foundation, a short 
distance below the level of the tow-path. 

No. XV-Cut on the coping-stone of Lock No. 67, Chesapeake and Ohio Canal, and is about 5 
miles east of Oldtown, Md. 

No. XVI-Cut on the coping-stone of Lock No. 72, Chesapeake and Ohio Caual, and is about 
9i miles east of Cumberland, Md. 

I-Cumberland, Md. Cut on the coping stone of the feed-lock, at the western terminus of 
the Chesapeake and Ohio Canal. It is marked thus : 

I 
BoM 

u.s.c.s. 
1878 

No. XVII-Cut on the abutment of a small drain on the Baltimore and Ohio Railroad, about 
5~ miles west of Cnmherlaud, Md. It is marked thus: Bo M. 

No. XVIII-Cut on the foundation-stone, at the southwest angle of a drain on the Baltimore 
and Ohio Railroad, about 12 miles west of Cumberland, Md. It is marked thus: Bo M. 

J-Cut on the top of the middle pier of Baltimore and Ohio Railroad bridge, over a small 
drain about one-fourth of a mile east of Keyser, W. Va. It is marked thus: 

J 
BoM 

u.s.c.s. 
1878. 

No. XX-Out on the top step at the northwest corner of the Baltimore and Ohio Railroad 
bridge over the Potomac River at Bloomington, Garrett County, Maryland. It is also about 2 
miles west of Piedmont, W. Va., and is marked thus: B o M. 

No. XXI-About 1 mile west of Oakland, Md. Cut on a large rock beside the track of the 
Baltimore and Ohio Railroad. 

No. XXII-About 3 miles east of Oakland, Md. Cut on the west abutment of a small bridge, 
Baltimore and Ohio Railroad, aml is marked thus: B o M. 

No. XXIII-,-Cut on top stone of a "cattle guard," a short distance north of Deer Park, Garrett 
County, Maryland. It is marked thus: Bo M. 

No. XXIV-Near Hnttou's Switch Station, Md. (Baltimore and Ohio Railroad). Cut on the 
abutment of a bridge over a small run. 

No. XXV-Out on the abutment of a small bridge (Baltimore and Ohio Railroad) about 10~ 
miles west of Bloomington, Md. It is marked B o M. 

K-Cut on the abutment, southwest corner of Baltimore and Ohio Railroatl bridge over the 
Youghiogheny River. It is about 1! miles west of Oakland, Md., and is marked thus: 

K 
BoM 

u.s.o.s. 
1878 

:No. XXVI-Two miles east of Cranberry Summit Station of Baltimore and Ohio Railroad, 
Preston Oounty, West Virginia. Out on southeast corner of railroad bridge over a small stream. 
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No. XXVII-Cut on the coping-stone, near the middle of the "slide-wall" (Baltimore and Ohio 
Railroad), about 1~ miles west of Cranberry Summit, and is marked thus: Bo M. 

L-Cut on the coping-stone of abutment at northwest corner of the Baltimore and Ohio Rail­
road bridge over Salt Lick Creek, 4 miles east of Rowlesburg, "\V. Va. It is marke~ thus: 

L 
B Cl M 

u. s.c. s. 
1878 

No. XXVIII-Rowleslmrg, W. Ya. Cut at the base of the centre pillar at the west end of 
Baltimore and Ohio Railroad bridge o¥er Uheat Ri>er. It is marked thus: B D M. 

No. XXIX-Cu,t on top of the" Buckhorn Wall," about 40 metres from its eastern end. It is 
about 3,l miles west of Rowlesburg, W. Va., and is marked thus: B D M. 

No. XXX-Cut on corner-stone of abutment of a small bridge, Baltimore and Ohio Railroa1I, 
about 2 miles east of Grafton, W. Va. 

Transcontinental line of Spirit-levels-Continued. 

SECTION Ill.-J<'ROM GRAFTON, W. VA., TO ATHENS, OHIO. 
- -------~------~--- -- --- -----------;;-- ~~---.-,· 

~ . ~ S 1'. Difference of height of successive 

Bench-irarks. 

M. 

~1 toa44................. ..! 
244 to 245 .. . ................. I 
245 to 246 ... . 

246 to 247 .. . 

:;q. 7 to 24S.. • . . . .............. . 

248 to 24q ............ . 

249 to XXXI .... . 
XXXI to 250 ......... .. 

250 to 251 •........ 

251 to 252 ••.•. 

252 to 253 ... . 

25> to 254 ... . 

254 to 255 .... . 

255 to 256 •.•.• ,. 

256 to 057 ... 

257 to •58 .......... . 

258 to 259 .......... . 

259 to 26o .••........ 

26o to 261 .............. . 

I 
········1 

a61 to 262,, , .•..•. , •...•.•. , ...... . 

:Wz to 263 ........... .. 

263 to xxxn ...... '. 
XX XII to 264 .... , .. . 

•64 to 265 ............... . 

•65 to 266 ................ . 

266 to 267 •...........•.....•. 

267 to 268 ......... .. 

268 to 269 .......... . 

269 to ~70 .. ... . 

270 to 271 •.•.... 

271 to274 .... 

•74 to 273....... .. .......... ·1 

:;: ~: :~:: :: : :: :: :: . : :: :: : : :: :: ::::I 
•75 to •;76 .......................... j 
•r6 to 277 ........................... ! 

:~: ~: :~::: ::::: ::: : :: : ::::::::::::I 

~ -E ;~.!:ii bench-marks. 
'1> OS -' 0...., 

·CS .~::r::~ I 
§~ ~~ i' ~ •. "'"" ' Rod A, Rod B, M 
~ i 0 J3 ~ first line. second line. ean. 

0 E-

km. 

l .582 

t,5921' 753.050 ' 

l,004 I 754,054 

0.566 ' 754.620 

o.z37 754.857 

1,901 756.758 

"'· 

+ o.6J17 ' 

+ 0.5691 

+ z.5745 

+ 0.3852 

+ o.19r8 

+ 5. 1765 

JU, 111. 

+303.8642 

+ o.6o21 : -7- u.6019 +304.4661 

+ o.566o ' -1- 0.5676 [ +Jos.0337 

+ :z.58r5 
1 + 2.5780 +307.6rr7 

+ o. 3836 : -:- 0. 3844 +307 .9961 

+ Q.1930 ! + Q,t9:.i4 -f-308.1885 I 

+ 5.r757' + 5.1761 I +313.3646 

1.699 758.457 

76o. 179 

760.875 

761.077 . 

7fo.651 
1 

763' 719 

765.nr \\ 

165.631 Ii 
766.152 11'; 

767.820 i 
769.513 I[ 

771.371 Ii 
773.257 1: 
774· 2 53 :: 
775.85• :' 
717 .419 i[ 
779.oo6 i 
n9.938 

+16.6513 +16.6410 +16.6461 . -i-330.0107 

+17.6430, +17.6348. +r7.631l<). +347.6496 

0.20:.i 

I. 574 

I.o68 

! ·392 

0.520 

0 521 

1.668 

I .6g3 

l.858 

1.886 

o.995 

l.OOo 

x.567 

t.587 

0.932 

0.982 

1. lt2 

0.823 

r .982 

2.161 

r.180 

l.501 

>.618 

0.993 

x.562 

1.004 

- 2.48o6 - 2.4899 - 2.4852 +345.z644 

- 2.3r32 ' - 2.3025 - 2.3079 '. +342.8565 

-15.5557 

-10.4566 

- •.8579 
- I.2810 

+ 2.13•6 

- 7·474° 
- 1.9129 

+ 0.4836 

- 0.1704 

+ 3.r43x 
-10.1136 

- 0.1590 

+10.o635 

+ 8.9285 

78o.920 +10.1u7 

782.032 :i + 5.6101 

': 5 -16.4038 
783.817 i' l A and B 

784.640 i' - 2.0214 

786.622 ll -11.98¢ 

788.783 .! -tr.4046 

789.!)63 t: + 4.7982 

792.167 11 + 4.750" 

793.663 ti + 7 • .,.00 

795.16.f ll +15.0037 

797.782 J +22.0<)95 

798.775 I! ·- 9.8501 

Boo.337 ti -15.\1.472 

8o1.341 l1 - 0.7555 

-15.5574 I -15.5565 +327.JIX>O 

-10.4612 -10.4589 , +J16.84II 

- 2.8662 I - 2.8fo1 i +313.9790 

- 1.2852 i - x.283r +312.6959 

+ •. 1284 i + 2.1305 . +314.8264 

- 7.4682 ' - 7.4711 '+307.3553 

- 1.9045 1 - 2.9087 +305,4466 

+ o.48o7 ' + 0.4822 +305. 9288 

- 0.1749 i - 0.1727 +305.756' 

+ 3· 1H7 : + 3"434 +Jo8.8995 
-10.1137; -10.n36 +298.7859 

- 0.1564 ! - 0.1577' +•98.6282 

+I0.0514 I +10.0575 : +3o8.6lls1 
+ s.93o6 I + s.9095 +311.615• 

+10.t186 I +•0.115, +327.7303 
+ 5.foIO ; + 5.6157 +J33.346o 
-16.4t8o(! 
-16.398711 -16.4o68 +316.9392 

- 2.0180 I - 2.0197 +314.9195 

-n.9995 ! -n.9945 +JO!l.9250 

-11.3g85 ! -lt.4016 +•9r.5234 

+ 4.7868 ~ + 4.7905 +•96.3159 

: 4.7484 i + 4·H94 +3<>t.o653 
-;- 7.4173 i + 7.4216 +Jo8.<18fi9 
+.r5.0012 

-h•.ogn 
- 9.BscS 
-rs.64:ro 
- 0.7617 

+15.ocn5 +3•3·4894 

+02.0953 +345.5847 

- 9.8505 +335·734• 
-15.6141 +320.0901 

- o.7s&> +3'9·33'5 

±11lJIZ.' 

.. I 

. i 

Discrepancy. 

P~ial ! Total. 

mm. 1 (mm)'l 

+ 67.1 ... 

- 0.4 , + 66.7 o·~ 

+ 3.t : + 6q.8 i 9.6 

- 7.0 1' + 62.8 49-0 

+ 1.6 + 64.4 ' ,.6 

+ 63.2 ,.4 

+ o.8 ; + 64.0 o·6 

+rn.3 
+ 8.2 

+ 9.3 
-10.7 

+ 1.7; 

+ 4.6: 
+ 8.3 

+ 74·3 
+ 82.5 
+ 9i.8 . 

+ 81.l i 

+ 82.8; 

+ 87.41 

+ 95.7' 

106-l 

67.2 

86.5 

114.5 

•·9 

68.9 

+ 4.2 : + 99.9 17.6 

+ 4.2 , +104.I 17.6 

- s-8 1 + <)8.3 33.6 
- 8.4 I + 89.9 70.6 

+ 2.9 I + 92.8 8.4 

+ 4.5. + 97.3 20.2 

- o,6 '. + 9~.7 0.4 

+ 0.1 I + ¢.8 o.o 

- 2.6 + 94.2 6.8 

+12.1 : +1o6.3 r46« 
- 2.I I 

- 6.9 
-Il~l: 

- 3.4 

+ 9.9 
- 6.1 

+n.~ 

+ 2.0 

+ 8.7 

+ 2,5 

+s .• 
+ 0.7 
- 6 ... 
+6.2 

+104.2 

+ 97·3 
+ 86.2 

+100.4 

+ 97.0 
+1o6.9 

+100.8 

+n2.2 

+114.• 
+n2.9 

+zzs.4 
+133.8 
+•34·5 
+t..S.3 

+•34·5 

:ior.6 

u.6 
98.0 

37·• 
r30.o 

+·o 
75.7 
6.• 

70.6 
0.5 

38.4 

38 •• 



 

UNITED STATES COAST AND GEODETIC SURVEY. 541 

Transcontinental line of Spirit-levels-Continued. 

SECTION lll.-FROM GRAFTON, W. VA., TO ATHENS, OHIO-Continued. 

" "0 !I D'ff I "Ol . -t . u...., ! i erence of height of successive I 5 >~ 0 

!-E ;~~ ! bench-marks. ..c.£ 0 E~ 

I Jl~ .~:i~ 11--------!·----T----I ~J:;, :;.~ 
1 ~~ ~]i I! Rod A, 1 Rod B, ! Mean. I ] ;~ ~3 Partial I Total 

I 
~.8 ..... ~ 4> j first line. :second line.f '3 ~8 ..... -g.B ~ 
.... ocr...c I o s i ""' I 

Bench-marks. 

Discrepancy. 

l~_l_°"'--11--- _' 1--"'---1-=-· __ : __ 1 __ 

! km. : k~n. Ii m. m. I m. m. ±mm. 
1 

mnz. I mm. l (mm)2 

•19 to 280.. .. .... • .. .... .. .. .. .. . 0.732 • 8o2.073 j' + 6.3633 + 6.3567 
1 

+ 6.36oo I +3•5.6015 : ........ : + 6.6 : + .... , ; 4 .. 6 

28oto 281.......................... 1.873 8o3.946 I -13.1677 -13.1589 
1 

-13.1633 +312.5282 !.... ... - 8.8 +IJ2.3 1 77.4 

281to282....... .. ...... .. .. .... ... x.754 8o5.700 Ii + 2.fu49 + 2.625:a !~ + 2.6251 +315.1533 !· , - 0.3 1 +132.0 
1 

o.o 

282 to 283.......................... l.oo6 800.706 ii + i.8837 1 + 1.8787 + i.8812 +3•7.0345 <........ + 5.0 +137.0 25.0 

283 to 284...... .... .. . . . . . .. ... . . . 8o8.716 !j + 6.4001 + 6.416t + 6.4111 +323.4456 1· ... . . .. -IO.O +127.0 100.0 

284 to 285 ...................... '. i.916 810.632 !I - 7.1256 i - 7.1202 - 7.1229 +J16.3za7 \..... .... - 5.4; +I21.6 29.2 

285 to 286 

286 to 287 ................... . 

287 to 288 .. .. 

288 to 289 ........................ .. 

•89 to 290 .......................... . 
290 to 29:r .••.•..••....••......• · · · · · 

291 to 292 •..••..•.••••••••••••.•.... 

•9• to 293 ........................... I • 

293 to XXXIII.. .................. 1 

XXX!II to 294 ............. . 

294 to N .................... . 

N to 295 ..................... .. 

295 to 296 ........................... · 

~g6 to 297 .•.•••••...........•....•.. 

297 to 298 ......................... .. 

298 to 299 ....... . 

299 to 300 ..... .. 

300 to 301 .. 

301 to 302...... . ................ . 

302 to XXXIV 

XXXIV to 303 .................... . 
303 to 304 ......................... .. 

30'4- to 305. 

305 to 3o6 ......................... .. 

3o6 to 307 ........................ -.· .: 

307 to 3o8 ......................... .. 

3o8 to 309 .............. · .......... · · 

309 to 310 ......•..•.•.•...•..•••.•.. j 

31oto3u ........................... : 

311 to 3 12 •••••••••• ················' 

312 to 313 .......................... ' 

313 to 314 .......................... 1 
314 to 315 .......................... 1 

315 toXXXV ... . 
XXXVto 316 ..................... . 

3'6 to XXXVI .. 
xxxvr to 3, 7 ................... . 

317 to 325 ....................... . 

325 to 324 ......................... . 

324 to 323 ......................... .. 

323 to 322 ......................... .. 

322 to 320 ......................... . 
3ao to 319 ...................... · ·· · 

3'9 to 318 ........................ .. 

3•8 to xxxvn .................. .. 
XXXVII to XXXVIII ............ ! 
XXXVIII to 3u .................. 

1 

3u to :¢i ......................... . 

326 to 327 .......................... ' 

301 to 3..8 .......................... ; 
I 

x.513 812.145 !: -15.2583 1 -J5.2626 _:-r5.26o5 j +301.<>622 ! ...... -! + 4.3 ' +125,9 18.5 

I.482 813.627 ,! -14,7049 -14.7004 -14.7026: ~86.35¢ : .. •• ••••
1 

- 4•5 +121.4 ~ 
1.728 815.355 I -16.7947 -16.7967 -16.7957 I +,69.5639 ! ........ ' + 2.0: +123.4' 

2.3o6 817.661 !i -10.4547 -10.4515 -10.4531 i +259.uo8 ;. .. . . . . . - 3.2 ! +120.2 ' 

0.334 817.995 ii - o.6o52 - o.6o8o - o.6o66 +258.5042 : ........ ' + 2.8 , +123.0, 

I.856 819.85i: ii -i:o,:i455 -10.14o6 -IO.I-431 +248.36n ;....... - 4.9 +118,t 

4.0 

10.2 

5.B 1.819 821.670 ii + 0.2335 + 0.2359 + 0.2347 +248.5958 i· . . .. .. - 2.4 +II5.7 

:::: ::::::ill = !:::;~ = !::::: = !·::: !::;::: :···;~:~· :'.:l!:~. !:::::' I~::~ 
i.502 827.694 I - 4.3221 - 4.3198 - 4.3209 +239.6395 j. - 2.3 : +122.2 : 5.3 

i.948 829.642 /
1 

+ 5.7485 + 5.7469 + 5.7477 ! +245.3872 l 34.0 + 1.6 : +I23.8 , 2. G 

1.666 8°1 3o8 I -t-14.9851 +14.98m +1 .. 9826 +•6o.36g8 1... ... + 5.0 I +128.8 2s.o 

2.105 8;3:4131!! - 1.>4x7 - i.2410 - x.241.;: +259.1284 I...... - 0.7 +128.1 
1 .238 834.651 -rn.6765 -10.6727 -rn.6746 I +•48.4538 .. . . . . - 3.8 +l24.3 

2.333 836.984 , +15.8253 +15.8310 +15.8282 +2G4.2820 ]. .. ... - 5.7 +nS.6 . 

i.332 838.316 I! +x3.519s +13.5161 +13.5781 +2n.86o1 1....... + 2.8 -i-121.4 

2.134 840.450 ill + 2.1549 + 2.1594 + 2.1571 i +28o.0172 - 4.5 -f-u6.9' 

l.6o6 8.;2.056 i -15.9740 -15.9759 -15.9749 +264.0423 . .. .. ... + i.9 +us.a ' 

1.373 843."29 :I -13.7521 -13.7452 -13.7487 +250.2936 - 6.9 +1n.9 

1.838 845.267 I - 5.5182 - 5.5239 - 5.52rn +244.7726 , 34.3 + 5.7 +n7.6 

0.541 845.8o8 I + 5.31>6 + 5.3100 + 5. 3!13 +250.o839 :........ + 2.6 +uo.• 

1.920 847.7281 +18.9970 +19.0022 +r8.99g6 , +26g.o835 1... ... . . - 5.2. +us.a 

1.626 849.354 - I.:1946 - 1.1908 - x.1927 ..J.__267.8908' - 3.8 +r11.2 

I, S" - 4.4404 - 4.422ot 
2.272 85I.6:z6 i l dB \ - 4.4334 +z63.4574 -UL2 + 99.0 

J A an - 4·4379 
1 

1.667 853.293 ' + 8.6697 + 8.6719 ] + 8.67o8 +272. u82 

1.867 855.16o -18.3885 -18.3940 I -18. 3913 : +.53.7369 

2.414 857.574 -'2.6726 -12.66g5 I 
1.338 858.912 - 2.5662 - 2.56o5 I 

-12.67n 

- 0.5633 

+•41.o658 

+238.5025 .... 

2.115 861.027 - 7.0902 - 7.o8g2 - 7.o897 

1.3o8 862.335 - 6 .• 530 - 6.x541 I - 6. 1536 +225.2592 ...... . 
' I 

x.997 864.332 , -n.4254 -n.4221 I -n.4237 

o.4g6 864.828 I + 2.x633 + 0.15791 + 2.16o6 

+•13.8355 ; ....... -: 

+215.gq61 ! .. 
o.866 865.6<}4 1

1 

- 4.2949 - 4.2945 ! - 4.2947 +•n.7014 

o.16o 865.854 - o.'252 - 0.1266 I - 0.1259 +2n.5755 

i.886 867.740 t'. _ 2.5&)5 _ •. 5872 I _ 2.5883 +208.!)872 
i.6o5 86g.345 +0.1770' +o.x797 +0.1783 +209.1655 

1.412 870.757 - 3.oa78 - 3.0272 - 3.0275 +2o6.138o 

o.00. 871.359 I + 5.456g i + 5 4558 + 5.4564 +on.5944 

1.6:ii12 872.981 

874.8•7 

875.g6o 

+18.6473 +18.6424 

+10.5281 +10.5251 

+15.8681 

+18.6449 

+10.5•66 

+227.4625 

+246.xo74 

+•56.6340 

34·9 i 

- 3.2 + 96.8 

+ 5.5 j +1oz.3 

- 3.1 l + 99.2: 

- 5.7 ' + 93.5 ' 

+ 92.5 ! 

+ I.l + 93.6 ' 

- 3.3 -j 90·3' 

+ 5'4 + 95'7 I 
-- 0.4 

- 2.7 ! 

- Q,6 I 

+1.1 

- 5.5 

+ 4.9 

+ 3.0 

+ 95·3 
+ Q6.7. 

+ 94.4' 

+ 9I.7 ! 

+ 91.1 

+ 92.2 

+ 86.7 I 

T 91 .6 I 

+ 94,6 
i.846 i 
t.133 i 
1.464 

I

! +15.865<1 +15:8709 

877.4241 -14.1583 -I4.I585 -14.1584 +242.4756 ......... ; + 0.2 + 94.6 
0.457 877.881 - 4.1323 - 4.x118 - 4.1321 +238.3435 - o.5 + 94.3' 

::!: ::::!; I =2::~::: =2::::;! =2::~! 1 !::~:~: · 35.0 ~ ! : ! :!:: • 
•• 7;i6 883.675 I - 1.1464 - 1.1452 - 1.r458 +>n.3732 35.0 I 1 " + 95·• 

••• 16 sss.ss• I +13.36s• +13.37•8 +13.36go +.24.742• ....... i. - 7.6 + a7.s 

I { 
+14 ·3394 +14.3597 ~ 

t.6g5 887.546 AandB +14•3445 i+1+·3479 

0.655 888.00I I _ 5 •• 051 _ 5.4010 -:- 5.4031 +.33.6870 

{
-13.x363 -13.1499 l 

'·"99 889.500 _
13

.,
452 

_ 13_.425 5 -13.1435 +ao.5o135 

+ 70.2 

-13.5 + 74.3 

- ... 1 

+ 5.4 

0.5 

20.2 

32.5 

6.S 

14.4 

30.2 

9.6 

32.5 

10.9 

2.0 

7. 3 

I.Z 

30.2 

:z •. o 

9.0 

o.o 

o.z 
1 3·7 
z.o 

57.8 

18:z.2 

x6.8 

29·• 



 

542 UNITED STATES COAST .AND GEODETIC SURVEY. 

Transcontinpntal line of Spirit-level'8-Continued. 

SECTION III.-FROM GRAFTON, W. YA., TO ATHENS, OHIO-Continued. 

Bench-marks. 

328 to 329 .......... . 

329 to 330 ........ .. 

330 to 331 .......... .. 

331 to 33•· · · · · · .. 
332 to 333 ........ .. 

133 to 334 · 

334 to 335· .... · .. · 
335 to 336 .... .. 

336 to 337 ....... . 

337 to 338 .... . 

338 to 339 .... .. 
339 to 340 ..... . 

340 to 34:1: .•...•.•..•.•........... 

341 to 342 ....................... . 

342 to XXXIX ................ .. 

X4XIX to 343 .............. .. 

343 to 344 .. · · ............ .. 

344 to 0 ................. .. 
0 to 345 ..................... . 

345 to 346 ....................... . 
346 to XL ..................... .. 

XL to 347 ...... . 

347 to 348 ............ .. 

349 to 350 ...................... . 

350 to 351 ..................... .. 

351 to 352 ..•....... , ..........•. 

352 to 353·· ...................... .. 

353 to XL! ..................... . 

XLI to 354 ....................... : 

354 to 355 ........................ . 

355 to 356 ...................... . 

356 to 357 ...................... .. 
357 to XLII ..... . 
XLII to 358 ................... . 

358 to 359 ............ . 

! 
I 
I 
I 
I 

359 to 36o. • .. ·• · .. · · · · .... · · · · · · • · i 
36o to XLIII .. .. .. .. . .. .. I 
XLIII to 361 ...................... 1 

361 to 362 ....................... .. 

362 to 367 ........................ .. 

367 to XL VIII .......... . 
XL \'III to 366 .......... .. 
366 to XLVII............. .

1 

XLVII to 363 ........... .. 

)63 to XLIV........... .... .. . 
XLIV to XLV ................... [ 

XLV to 364 ....................... i 
364 to XLVI ...................... I 
XLVI to 365 ................... ( 
365 to XLJX .. .. ................ ,. 
XLIX to 368 ..................... . 

368 to 3~ ......................... .. 

369 to 370 ....................... --1 
370 to L (so) ..................... .. 

L (So) to P .". ...................... 
1 

Discrepancy. ~ ~ B Difference of height of successive / ~~..!Ii 'O 
~~ ;~.!Ii bench-marks. j _g~ g e~ 
] ~ ,;.e =e~ 

1 

! ~= S·~ 
i::2 _...... l I ~Ul~ u..= 

g.e "Cl~ Rod A1 ! Rod ~' ] ; ; :g3 Partial 
~-~ Cd~~ ·'·· first line. 

1
1second lme.

1 
r.fean. Qi 4.ICll .o o a Tota.I. 

~, O~~ Sd o~ 

i5 . _£-<__ i ' ~ ~1---!------
km. m. i m. 111. I i ±mm. nim. j mm. (mm,)' 

r.013 890.5q' - 9.5916 I - 9.5949 - 9.5932 i +210.9503 j. .. .. .. + 3.31 + 78.9. 10.9 

" 447 s9r. 96o -13. 5856 I -13.5916 -13.5886 I +197.3617 ~.... .... - 3.0 i + 75.9 i 9.0 

km. 

..447 894.407 - 4.9181 i - 4.9131 - 4.9156 
1 

+192.4461 : ........ 
1 

- 5.0 I + 70.9 ': •s.o 
1.302, 895.709 - l.2374 I - 1~2275 - 1.2325 +191.2136 1 •••••.... - 9.9 I + 61.0 i 98.0 

r.923 s97 .632 - 5 5999 - 5.0036 - s.0011 +1s5.6u9 i ........ I + 3.1 1 + 64.1 13.7 
t.848 899.480 + 0.0093 + 0.0129 + O.OIII +185.6230 ' - 3.6 I + 6t.1 13.0 

t.778 901.258 , - 0.5651 - 0.5659 - 0.5655 +185.0575 + o.8 f + 61.9 o.6 

I.222 902.48o !. + 0.8127 + 0.8093 + 0.8IIO +185.8685 + 3·4 i + 65.3 JI.6 

2.052 904.532 f, - o.o8go - 0.0798 - o.o8+t +185.7841 - 9.2 I + 56.1 , 84.6 

2.415 !)06.947 ·1 - 0.3896 - 0.3939 - 0.3917 : +185.3924 + 4·3 J + 6o.4 :' 18.5 
2.210 909.157 > + o.46u + 2.4662 + 0.4636: +187.856o - 5.1 + 55.3 ' 26.0 

;; 
1.121 910.2781.I +6.uos +6.u38 +6.u22 +193.9682 -3.31 +52.0: 10.9 
2.231 912. 509 I - 8. 3.,3 - 8. 3265 - 8. 3239 +185.6443 + 5.2

1 

+ 5?" ] 27.0 

l.953 914.~62 I/ + 0.0448 + o.038o, + 0.0414 +185.6857 + 6.8 + 64.0 46.2 
0.789 915.251 : - 0.4247 - 0.4193 - 0.4220 +185.2637 36.1 - 5.4 + 58.6 29.2 

..194 917.445 I + 9.5731 + 9.5744, + 9.5737 +194.8374 1.3 i + 57-3 x.1 
o.oj62 917.807 · - 7.0733 - 7.0705 - 7.0719 +•87.7655 ·::::.:1 - 2.8 l + 54.5 7.8 

O.t66 i 917.973 [! + 0.0451 + 0.0452 + 0.0452 I +187.8107 36 21 - 0.1 I + 54·4 o.o 

0.725 I 918.6981 - 6.9335 - 6.9356 - 6.9346 f +180.8761 .... :. + .. 1 + 56.5 I 4·4 

0.254 i 918.952 I - 0.5732 - 0.5790: - 0.5761 I +18o.3000 .. ····I + 5.8 + 62.3 I 33.6 
0.439 , 919.391 

1

1, + 9.x618 + 9.1619 + 9.1619; +189.4619 36.2 . - 0.1 + 6:1:.2 ' o.o 

0.821 i 920.212 
11 

+ 3.5356 + 3.5290: + 3.5323 r +192.9942 ........ 1 + 6.6 + 68.8 43.6 

2.518 i 920.730 :1· + 5.3259 + 5.3177 ; + 5.32I81' +1g8.316o ........ , + 8.2 + 77.0 67.• 

I . J - 3.61)13 - 3-7097 , t 
2.412 925.142 n A and B 3.7098 f- 3.7036 i +194.6124 ........ ., +12.3 + 89.3 151.3 

0.292 925.434 I{~ :~~3~ - :::::~ }- 1.4247 ! +193-1877 ........ \ + o.s + 91.8 6.9 

"093 927.527 'I - 3·993' - 3.9846 - 3.9889 I +189.1g8a ....... 1 - 8.5 + 83.3 1•-• 
2.004 929.591 :! - 2.g637 - 2.¢95 - 2.9666 ! +186.2322 ........ , + 5.8' + 59.1 33.6 

0.676 930.267 i' + 1.3612 + 1,3625 + 1.3619 I +187.5941 J ....... ' - J.3 + 87.8 1.7 

0.909 931.176 I, + 2.s886 + 2.5915 + 2.5900 +190.1841 I 36.8 - 3.1 + 84.7 9.6 

•. 633 933.Sog I + 9.43fu + 9.43•7 + 9·4344 +199.6185 .. .. .. • . + 3.5 + ss.. 12.2 

x.792 935.6o1 +ro._5093 +I0-4992 +ro.5043 +•ro. 1228 +10. 1 + 91!.3 102.0 

2.452 938.053 - 0.1382 - 0.1324 - O.I353 +009.9875 - 5.8 + 92•5 33.6 

0.693 938.746 - 7.3025 - 7.3040 - 7.3033 +202.6842 + 1.5 + 94.0 •.• 

o.994 939.740 ~ 9.4945 - 9.4863 - 9-4904 +193.1938 37.0 - s.. + 85.8 67.2 

0.958 940.6()8 - 8.0547 - s.0021 - s.0584 +•85.1354 
1
.... .... + 7·4 + 93.2 54.8 

2.180 942.878 + 0.2132 + o.2xn + o.~ll22' +185.3476 .• .. •. .. + 2.1 + 95.3 4·'4 

1.230 944.1o8 + 0.7471 + 0.7501 -!- 0.7486 +186.0Q6• - 3.0 + 92•3 9.0 

l.667 945.775 - 1.1685 - 1.1675 - 1.1680 

2.092 947.867 + x.o665 + l.o66o + l.o662 
1.669 
1.700 

2.862 

I.Soll 
1.441 

2.187 

1.846 

2.031 

0.862 

J".916 

1.876 

1.578 

1.896 
2.044 

2.434 
1.718 

0.1471 

949.536 
951. 236 

954.098 

955.600 

957.047 

959.234 

¢1.o8o 

¢3.n1 

g63.973 

965.889 
<ft7.'J6s 
¢9.343 

971.239 

973.283 

975.717 

917.435 II 

917.5&1 

- 0.2520 

+ 0.3892 

- 0.2438 

+ 0.3803 

+ 1.6oo2 

- 0.0775 

+ 0.4000 

+ 0.5199 

+ 1.5988 ; + 1.5995 

- 0.0739 

+ 0.4053 

+ 0.5185 

- o.24o8 I - 0.2336 
+ 1.3835 + 1.3871 

+ 0.1374 + 0.1323 

+ 0.4416 
+ 1,018o 

+ 0.9850 
+ 0.5598 
+ o.828I 

- o.1!6a4 
+ 5·""'8 
+ a.U.f• 

+ 0.4341 
+ 1.0150 

+ 0.97¢ 
+ 0.5592 
+ o.So8o 

- 0.8671 

+ 5.2t82 

+ .a.1142 

- 0.0757 

+ 0.4007 

+ 0.5192 

- 0.2372 

+ 1.3853 

+ 0.1348 

+ 0.4379 
+ 1.0165 

+ 0.9803 

+ 0.5595 
+ o.828o 

- 0.8637 

+ 5·•""° + 2.u.p 

+184.9282 

+185.9944 
37·3 

+185.7465 ! ....... I 

+186.1313 i ....... · l 
+187.73o81

1 
37-S I 

+187 .6551 ....... · 1 

+188.0578 37·5 

+188.5770 , ........ 

+188.3398 37.6 

+i&J. 7•51 I 37.6 ! 
+18().85991 ........ 
+190.2978 37.8 

+191.3143 

+192.>¢6 

+192.8561 

+193.6841 

+192.820.4 

+•98-~ 
+too.15-¢ 

- 1.0 

+ 0.5 
+ 8.2 

- 8.9 

+ 1.4 

- 3.6 

- S.3 
+ 1.4 

- 7.2 

- 3.6 

+ 5.1 

+ 7.5 
+ 3.0 

+ 5·4 
+o.6 

+ 0.1 

+ 6.7 
+ 3.6 

o.o 

+ 91.3 
+ 91.8 

!l::;r 
+ 92.5 

+ 88.9 

+ 83.6 

+ 85.0 i 
+ 77.8 I 
+74-"'j 
+ 79·3' 
+ 86.8 

+ 119.8 
+ 95.• 
+ 95.8 

+ 95.9 
+xos.6 

+1o6.• 

+ic6·• 

t.o 

79.2 
2.0 

13.0 
.a.1 
2.0 

51.8 

13.0 

26.o 
$6-<• 
9.0 

99.2 
0.4 
o.O 
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SECTION III.-Description of primary and secondary bench-marks between Grafton, lV. Va., and 
Athens, Ohio. 

M-Grafton, W. Va. Cut ou top of the north side of the central pier of the Baltimore and Ohio 
Railroad bridge over Taggart's Valley Creek, a branch of the Monongahela River. It is marked 
thus: 

M 
Bo M 

u.s.c.s. 
1878 

No. XXXI-About 5Z miles west of Grafton, W. Va. Cut on col,'ner-stone of the east end of 
a trestle which is 1mmbered 2~ (Baltimore and Ohio Railroad, Parkersburg branch). It is marked 
thus: Bo M. 

No. XX.XII-Cut on corner-stone of the west abutment of the Baltimore and Ohio Railroad 
bridge east of Bridgeport, Harrison County, "West Virginia. It fs marked thus: Bo l\f. 

No. XXXIII-Abd'ut 2 miles east of West Union, Doddridge County, West \Tirginia. Cut on 
top of the pier at the west end of Baltimore and Ohio Railroad bridge :Ko. 21 1 over Middle Island 
Creek. It is marked thus: Bo l\f. 

N-About one-fourth mile east of West Union, W. Va., and is cut on the top oftlrn southwest 
corner of the pier of Baltimore and Ohio Railroad bridge No. 23, over Middle Island Creek. It is 
marked thus: 

N 
BaM 

U. S. C. & G. S. 
1878 

No. XXXIV-Cut on tlle southeast corner stone of the pier of bridge No. 26 (Baltimore and 
Ohio Railroad), about 10 miles west of West Union, "\V. Va., and is marked thus: Bo l\I, 

No. XXXV -Cut on the coping-stone of the eastern abutment of Baltimore and Ohio Railroad 
bridge No. 31, over Bond's Creek, about one-fourth mile east of Cornwall Station. It is marked 
thus: Bo M. 

No. XXXVI-Cut on the eastern abutment of Baltimore and Ohio Hailroad bridge No. 35, 
over Bond's Creek, 1 mile east of Cairo, Rit-0bie County, West Virginia. It is marked thus: Bo l\f. 

No. XXXVII-Out on the west abutment of Baltimore and Ohio Railroad bridge over Goose 
Creek, about 200 metres ea.st of Petroleum, W. Va. It is marked thus: B o l\f. 

No. XXXVIII-Cut on the northeast corner-stone of abutment of Baltimore and Ohio Railroad 
bridge No. 44, about 1 mile west of Petroleum, W. Va. It is marked thus: Bo M. 

No. XXXIX-Cut on the foundation at northwest corner of Baltimore and Ohio Railroad 
bridge No. 52, 2 miles east of Parkersburg, W. Va. 

0-At Parkersburg, W. Va. Cut on the water-table, south front, near western corner, of the 
post-office and court-house. It is marked thus: 

0 
BoM 

U.S. C. & G. S. 
1878 

No. XL-Belpre, Ohio. Cut on the wing-wall of the second pier from west end of Baltimore 
and Ohio Railroad bridge, which crosses the Ohio River at this point. It is marked thus: n o M. 

No. XLI-Cut on southwest corner of abutment of Marietta and Cincinnati Railroad bridge 
over Little Hocking Creek, near its junction with the Ohio River, and at Little Hocking Station. 
It is marked thus: B o M. 

No. XLII-About one-half mile east of OoolviJle Station, Marietta and Cincinnati Railroad. 
Out on coping of abutment of a railroad bridge, and is marked thus: B o M. 

No. XLill-Abont 3f miles west of Coolville, Athens County, Ohio. Cut on east abutment of 
a small railroad bridge, and is mark~ thllil: B o M. 
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No. XLIV-About 1 mile west of Guysville, Ohio, and is eut on the eastern abutment of Marietta 
and Cincinnati Railroad bridge, and marked thus: B o M. 

No. XL V-Cut on the west abutment of Marietta and Cincinnati Railroad bridge over Little 
Hocking River, about 2;l miles west of Guysville, Ohio, and is marked thus : B o M. 

No. XLVI-Cut on the west abutment of a small bridge (Marietta and Cincinnati Railroad), 
about 150 metres east of" Canaan Chapel," Oanaanvilie, Athens County, Ohio. It is marked thus: 
BoM. 

No. XL VII-About three-fourths of a mile west of Stewart, Athens County, Ohio. Cut on the 
west abutment of Marietta and Cincinnati Railroad bridge over Little Hocking River. It is 
marked thus: B o l\I. , 

No. XL VIII-One and one-fourth miles east of Stewart, Athens County, Ohio. Cut on top of 
the wall of the west abutment of Marietta and Cincinnati Railroad bridge, and is marked thus : 
B D l\I. 

No. XLIX-Uut on the coping of a railroad culvert, about 1~ miles west of Canaan ville, Athens 
Connt.y, Ohio, and is marked thllfi: Bo l\I. 

Nn. L-Cut on the south abutment (east side and fourth step from tqp) of road bridge over 
~Iariett.a and Cincinnati Railroad and the Hockhocking River at Athens, Ohio. It is marked thus : 
BoM. 

P-.Athens, Ohio. Cut on top of the pier of the bridge over the Marietta and Cincinnati Rail­
road and the Hockhocking River, and is marked thus: 

p 
Bol\f 

u. s.c. s. 
1878 

Transcontinental line of Spirit-levels-Continued. 

SECTION IV.-FROM ATJIENS, OHIO, TO MITCHELL, IND. 

1~ I ~!~ 1: Differenceb:n~h~~!rk~.successive I H~ I t~ Discr~-,-p-anc_y_,_'1 
Cl ;i:S i ... 0:; i.'1i I ! ~:r: ! .,"".~ I -·- - -
.0 E I .~:t E ' -"" >. ' ~ 

I u).: i -c ~ :: I .~rn"O I Q)..c:: . I A2 

i 1!" 1--0" 11 
Rod A, ! Rod B, ~ ~~ I j~ 1

1 
Pa~ial j Total. 

----\ :~ . ~.~j i' "·:~ 1-.. ~~-M-~-.·---1--+.-~-~-:-:-,--, «::;/ ~~ I ~~ (••>' 

Bench-marks. 

~~;' J:~ §§ 1 !:§1!:~ t;~ ES I ~:: !~: ::: 
::~~'.::::.::·::::,:::::<:::::J :':E ~!:;:: ~,:::: ~I:::; ~,::::: E::;;: ~ ~:; ! E! :::~ 
6!07 ..... ,,,,,, ,,,,,,,,,,,,,, ..... 1 2.5•7 9&p66 +z5,4324 +z5,4386 +z5.4355 +•47,4057 -6,2 +78.r 38,4 
7 to 8,,,, .. , - 0.595 9B9,761 + 1.1!oo4 + 1,8o35 + 1,8020 +z49,0077 

"::::11 8 to 10,, ,, ,, ,, ,, ,, • ,, .. ,, ,, ,, • .. .. 3,366 993, 127 -27.3858 -27,3919 -27.3889 ' +.21.8188 

10to9 ...... , ...... ,,, ....... ,, 1,185 994,312 - 3,3943 - 3,3957 - 3.3950 +.18.4238 ...... 
gton ...... "" """""''"" 1.470 995.762 +0.9569 +0.9564 +0,9567 +z19,38o5 
uton................ ..... .... 2,332 gg8.u4 - 5.1541 - 5,1547 - 5,15+1 +•14,2261 

n to LI ........ ,.... .. . .. . ... . . .. 2.405 """"5'9 + 3.0152 + 3.0146 
LI to 13 ............. ,, .. ,, .. ,, . 2. 194 1002, 713 - 3 .0828 - 3 .0782 

13to14,, .. , ... ,, .. ,,,,_,,,,,, .. ,,, ,,.,,. 1004.915; + o • .OOS + 0.3994 

14!015 ........ , """""""""' 3.136 1oo8.051 + 1,9142 + 1.9123 

+ 3,0149 -j-217.2410 

- 3,28o5 +z13.glios 

+ 0,4031 +z14,36J6 

+ 1,9132 +.16.2768 . ""i 
+•17.8948 i 38.5 ! 15 to Lil.,,. ""'""""""""" 2.9591 lOJl,OIO + 1.6>57 +I.Moo 

LIIto17 .. ,,,, .. ,, .... ,, .. ,,,,.,, 1,884 1 1012.894 I + 7·7•H + 7.7185 + 7,7164 
17 to 16.. .. . ... . .. . .. . . .. . .. . . . . 2.BoB 1 1015.702 'j -10.8643 -10.8697 -10.8670 

:::~:::::::::::::::::::·::·:, -·--· ;::~I::~:~:~ ·1, ~·::~3: ~·:::;~ ~'::~: 
19 to 20 ........................ ••. 2.652 I 1023.997 ; - >.7417 - 2.7361 - 2.738g 

2otoLIII .... , ... , , ....... , .. , ... 3.>02!1027,199/ -8,4o63 -8.4o66 -8 . ..,6.i 

LIU to 21.... ... ... .. ... . •.• .. .. .. 1.157 I 10.S.356: + 1.9727 + t.9742 + 1.9734 

+ 1.618o 
,.,..5.6112 j .... ,, .. 

1 +••4· 7442 ....... ' 

+zag.2776 , .. , .... 1 

+•.ti.5~5 1--······1 
-f-u3.8.J061· ..... ·i 
+a15.4,... 38.7 I 
+z17,3976 •••••·•· 

- 3-' 
+ 6,1 

+ x,4 

+ 0.5 
+ o,6 

+o,6 

- 4,6 
+ 7,4 

+ 1,9 
- 4,5 

- 4,0 

+ 5,4 

- 4,9 
- 4,3 

- 5,6 

+0.3 
- t.5 

+ 75,0 
+BI.I 

+ 82.5 

+ 83.0 

+ 83.6 

+ 84.• 

+ 79,6 

+ 87.0 
+ 88,9 
+ 84.4 

+ So,2 

+ 85.6 

+ 8o.7 
+ 76.4 

+ 70.8 

+ 1'" 
+:69.6 

9.6 

31" 

0.2 



 

UNITED STATES COAST AND GEOUHTIC SUH.VEY. 

Transcontinental line of Spirit.levels-Oontiuueu. 

S~:CTION IY.-FROM ATHENS, OHIO, TO MITCHELL, IND.-Contimwd. 

Bench-marks. 

21 to 22 .••• 

22 to 23 ••..•..... 

23 to z4 •. 

24 to 25 .... 

25 to 26 .. 

261027 .... :. 

27 to2S .... . 

28 to 29 .•.....•. 

29 to 30. 

30 to 31 ....... . 

31to32 ... . 

30 to LIV .. 

LIV to 33 

33 to 36 ... 

36 to 35 ... 

35toLV. 

LY lo 34 .. 

34 to 37· 

37 to 38. 

38 to4t .. 

.p to,..o. 

4ot03'/· 

39 to4 .... 

40 to Q. 

42 to 43. 

43 10 44• 

4-4 to45,. 
45 to 46. 

46to47. 
47 to48. .. ................ . 

48toLVI ..................... .. 

LVI to L\'Il ............. .. 
LVII to 49 ................ .. 

49 to 50 .......... .. 

50 lo 51 ...............•... ·· ....... . 

51 to52 ...................... ······ 

5oto53 ........................ . 

53 to 54 .......................... . 

54 to 55 ......................... · 

s's to LVIII ..................... . 

LVlll to 56 ...................... . 

56 to57 ............... · ...... .. 

!'!' to58 ............ .. 

58 to 59 .... · .. · · .. · · .......... .. 

591065 ....... .. 

65 1064 ... .. 

64 to63 ....... . 

63 to6• ......................... . 
62to61 ............................ . 

61 to6o .......................... .. 

6oto66 ........................ .. 

66 to67 .......................... .. 
67 to68 ........................... . 
68 to71 ..................... .. 

71 l07l1 ........................... . 

1' t073 ........................... . 

~. lijx, 77-69 

::z.023 

>.868 

::z.o61 
o.66<) 

l.368 

3.862 

::z. 950 1046. 158 

0.631 . 1046.789 

3. 135 1049. ~24 

2' 584 1052. 5o8 

2.027 1054.535 

~L4T8 i T056.953 

o.S:n 1057·774 

2.2 .. l 1o6o.015 

1.570 i 1o61 .585 

o.;8o i 1o64. 165 

2.777 ~ lo66.942 

2.463 i 1"69.405 

1.343 ~ 1070.j48 

2.76o; 1073.508 

2.757 I J:076.265 

.1.040 1077.305 

O. IIJ 1077. 418 

0.574 

1.898 

2.370 

l.318 

3.048 

:r.273 

3·447 

2.658 

r.642 

2.215 

2.037 

2.235 

'2.3i:5 

o.593 

1.821 

1.317 

1.9i:4 

1.904 
2.2:o17 

0.532 

1077 .879 

1079.777 

to82.147 

lo83.465 

lo86.513 

lo87. 786 

1091.233 

1093.891 

1095.533 

1097 .748 

"'99· 785 
Il02 .020 

II04.335 

uo4.928 
uo6. 7'19 

no8.o66 

i:109.980 

IIIJ .884 

111.f. Ill 

1II4.643 

1.929 1116.572 

2.676 1II9.248 

1.t84 1121.032 

t.91!7 Il23,019 

0.767 n23.786 

•• 183 l12! .96<) 

t.758 1127.727 

1.7~5 1109.452 
I,JI2 1130.¢.I 

2.017 1132. 581 

0.611 n33.193 
I.6s6 1l3'f.&i9 

Difference of height of successive 
bench-marks. 

Rod A, Rod B, Mean. first line. ,second line. 

"'· + 9·3 1 09 

+10.4o67 

- 8.&xp 

-14 .7564 

- 3.7108 

- 5.7052 

-q.4579 

- 2.2281 

- 1.88o1 

- 2.0535 

+ o.68r7 

- 1.1455 

+ 3_5396 

+ 6.4447 

+oo. r473 

-12.7770 

+ 1.9054 :, 

- 3.9738 

- 5.3983 

11!. 

+ 9.3o82 

+10 .. 158 

- 8.6161 

-14.7486 

- 3.p36 

- 5.7o49 

-1-i..46~n 

- 2.2323 

- i:.8770 

- 2.0462 

+ o.678o 

- I.1484 

+ 3.5403 

+ 6.4433 
+20.1504 

-12.78o3 

+ 1.9007 

3.9741 

5. 3976 

'1t. 111. 

-+ 9.3096 +226.7072 

+10.4112 +237.u84 

- 8.6126 +228.5058 

-14.7525 +:113.7531 

- 3.7u2 +:210.04rr 

- 5.705I +204.33fo 

-14.46oo +1a9 .876o 

2. 2302 +r87. 6458 

- ;.8784 +r85.7674 

- 2.0499 ' +183.7175 

+ 0. 6799 ' +184. 3974 

- 1.1470 +183.2504 39.2 

+ 3.5400 +186.7904 ' 

+ 6.4440 +193.2344 .. _, 

+zo.q.89 -T-213.3833 

-12.7787 . +zuo.6046' 39.2 

+ 1 .9031 ' +zo2.5077 

3.9740 < +198.5337 ~--
5.3979 . +193. 1358 .. 

- 7.5024 7.5o67 

+ o. 2594 : + 0.2587 

7 .5046 

+ 0.2591 

+185.6312 

+185.8903 j ........ 

+ 5· 21 73 

+ 2.9375 

·- 0.5028 

+ 3.0179 

+r4.5n9 
1 

+1j.3850 i 

-1i.4466 ' 
- 1.2272: 

-I 1.6395 . 

+ 3.8251 

+ 3·3990 

+ 7.9542 

+15.9381 

+2i.3782 

+17.7174 

+ 2.6o32 

- 3-9766 

- 4.2102 l 

- 2.0490 i 
+ s.3•0• I 
-10.7835 ~ 

- 5.3906 
+11.21'37 

113. 30>42 

+ 4.5r79' 

-17.4191! i 
+ 7.3481 

+ 6.3334 ' 

- t.94¢ 

+ 7.3610 

+10.9462 

+ 6.9469 

+ 3-387.j 
+ 8.ot93 

+ 5.2i:92, + 5.2183 i +r9r.1o86 : .... 

+ 0.9418 + z.9396 ' +194.0482 : ... 

39.3 

- 0.503~ - 0.5031 +193.5513 i···· 
+ 3.0146 : + 3.0.63 +196.5676 

+i4.51o8 i +q.5n3 i +zII.0789,. 

+r3.3831 +13.3841 ! +224.4630 

-11.4530 

- 1.2315 

+ I.6427 

+ 3.8176 

+ 3·3~7: 
+ 7-95741 
+15.9358 

+21.3784 

+i:7.7n9 

+ 2.6o20 

- 3·97H 

- 4.2107 

- 2.0H4 

+ 8.3100 

-10.7824 

- 5.3922 

+n.2017 

+r3.0940 

+ 4.5104 

-17 .4r49 

+ 7.348o 

-+ 6.3264 

- 1.94q5 

+ 7.3642 

+10.94•8 

+ 6.9<194 

+ 3.3874 
+ 8.0203 

-n.4498 +213.0132 

- 1.2294: +21L7838 '" ...... 

+ r.64u ,I +z13.4249 ' 39·4 

+ 3. 8214 +>r7. 2463 30. 4 

+ 3.39j8 +220.644r 

+ 7 .9558 ' +.28.5999 

+15.937o +244.5369 

+01 .3783 +•65.9152 

+r7.7q6 , +•83.6298 

+ 2.0026 I +•86.232+ ' .. -.... 
! I 

- 3.9770 i +•Sz.2554 I" ...... 
- 4.2'0+ i +•78.0450 ' 39.6 

- 2.0467 i +•75.9983 

+ 8.3151 ' +•84.3134 

-10.7829 ' +•73.5305 : . 

- 5.3914' +•68.1391 ' 

+11.2027 

+13.0991 

+ 4.5141 

+•79.3418 

+z90.6409 

+.97.1550 

-17 .. p73 +279.7377 

+ 7.3480 +•87.o857 

+ 6.3299 +•93.4156 

- 1.94~ : +•9r.46fu 

+ 7.3626 +•98.8286 

+10.9445 +309·773' 

+ 6.9<18• +316.72r3 

+ 3.3874 +320.1o87 
+ 8.otgl! ; +J28.r285 

Discrepancy. 

Partial 
t. 

111111. 

+ 2.7 

- 9.1 

+ 6.y 

- 7.E 

+ 2.8 

+ 4.2 

- 3.1 

- 7.3 

+ 3.7 
+ 2., 
- 0.7 

+ 1.4 

- :1·l i 
+ 3·3 

+ 4.7 

+ 0.3 

- 0.7 

+ 4.3 

+ 0.7' 
- 1.7 

- 4·3 

Total. 

tnnz. 

+ 7~.3 
+ 63.2 

+ 7"" 
+ fo.3 

+ 65.1 

+ 64.8 

+ 69.0 

+ 73-' 
+ 70.1 

-+- 62.8 

+ 66.5 

+ 69.4 

+ 68.7 

+ 70.1 

+ 6i,O: 

+ 70.3 i 

+ 75.0 

+ 75·3 I 

+ 74.6 I 

+ 78.9 

+ 79.6' 
+ 77·9. 

+ 73.6 

- 1.6 i + 72.0 

+ o.6 

+ 3·3 
+ I.I 

+ 1.9 

+ 6.4 
+ 4.3 

+ 7.5 

+ 2.3 

- 3.2 

+ 2.3 
- 0.2 

_L 5·5 : 

+ l.2 

+ o.8 

+ 0.5 

- 4.6 

+ 9.9 

+ I.6 ! 

+ ,,0 

+10.2 l 
+ 7·5 
- 4.9 

+o.r 

+ 7.0 

·- o.r 

- 3.2 

+ 3·4 
- 2.5 

o.o 

- 1.0 

+ 72.6 

+ iH 
-!- 77 .0 ~ 

+ 78_9 

+ 85.3 

+ 89.6 

+ 86.4 

+ 93.9 

+ 96.2 

+ 9,.0. 

+ 95·3 

+ 95.1 

+100.6' 

+101.8 

+102.6 

+103.1 

+ 98.5 

+108.4 

+107.3 

+108.9 

+uo.9 

+121.'1 

+r28.6 

-j-123.7 

·f-1:23.8 

+ r30.B ; 

+130.7 

+127.3 

+130.9 

+128.4' 

+,,8.4 .;..,.,.. I 

f>45 

(mm.) 2 

7.' 

82.8 

47.6 

6o.8 

7.8 

o.r 

10.9 

22, I 

0.5 

18.5 

0.5 

2.9 

18.5 

2.~ 

0.4 

3.6 

41.0 

18.5 

I0,2 

56.5 

5.3 

10.2 

5·3 
o.o 

30.2 

I.4 
o.6 

0.3 

21.:t 

98.0 

I.2 

2.6 

4.0 

2-4.0 

o.o 

49.0 

o.o 
10.2 

Jl .6 

6.2 
o.o 

I.O 
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Transcontin~ntal line of 8pirit-le11els-Uontinned. 

SECTION IV.-FROM ATHENS, OHIO, TO MITCHELL, IND.-Continned. 

Bench-marks. 

73 lo 75· ...... 

75 to 76 .. 

'f> to 77 .... . 

17 to 69 .. . 
69 to 70 .. 

70 to 74 .. 

H to So .. 

80 to 79 .. 

79 to 78 .. 

78 to LIX ...... 
L!X to 81. 

81 to 82. 

82 to 83. 

83 to LX .. 
LX !084. 

84 to 85 •. 

Bs to 86 ......... .. 
86 to 87 ........ : .. 

87 to 88 ....... .. 
88 to 89 ........... .. 

89 to 93 ......... .. 

93 to 94· .......... .. 

94 to 95 .................. . 

ts to 96 •...... ,.,, .... , ... , . , . , . , . 

96 to 97........... .. ........ .. 

97 to 98 ........... .. 

98 to 99 ..... .. 

99 to 100 .• 

100 to LXI ........... .. 

LXI to 10::a. 

102 to 103 •.... 

103 to 92 .. . 

92 to R .. .. 
R to91. 

91 to 90 •. 

90 to 104 .... 

104 to LXII .... 

LXII to 1o6 .. 

1o6 to w7 •.. 

107 to 1o8. 

10S to 109 ... 

IOCj to l IO •. 

lIO to tll .... . 

II I tO 112 .. .. 

i12 to 11 -~· ...• 

ll3 to n4 ..... 

114 to n5 •...... 

n5 to LXIII .. 
LXIII to 116 ... 

116 to LXIV 

LXIV toS .... 

S to 122 ........... . 

1:1~ to T ................... . 

S to 121., •.••.•••.•.•. , ••...•.•••. 

121 to I:IO .•.•••. , • , •• , , .••.••• , • , , 

12oto 119 ............................ 1 

km. 

I .731 

2.758 

i.893 

1.773 

I .814 

2.132 

2. II5 

2.o89 

1. 5 '4 

2.223 

1.717 

1.776 

2.254 

t.749 

2.570 

0.565 

•· ng 
l.O<JO 

2.377 

t.349 

0.429 

::Lo32 

1.727 

2.0()4 

•.J9B 

km. 

n36. 598 

n38.358 

1139·~77 

II41.~ 

u44.09:t 

u46.155 

u47 .886 

II50.644 

IT 52. 537 

rr54.3ro 

rr56. 124 

rr58. 256 

u6o.371 

1162. 460 

1163.974 

II65. 771 

rr67.6o2 

II69.371 

t171 .2:r:7 

1173.:oJ48 

II75.r24 

u77.347 

u79.o64 

1180.840 

u83.094 

n84.843 

1187.413 

u87.978 

1190.097 

rr91.187 

u93.564 

"94·913 

"95·342 

1197.374 

1199.101 

1201.195 

1203,393 

1.973 1205.366 

1.58') 1206.955 

2.641 II 1209.596 
0.800 . 1:;no.396 

' 3.259 i 1213.655 

:z.566 I 1:;u6.22:1 

2.511 I 1218.738 

3.176 ' 1221.914 

0,885 

1.958 

2.4x9 

1.490 

3.622 

0.3~ 

2.505 

0.681 

1222.799 

1224. 757 

1227. 176 

naS.666 

n32.288 

1232.590 > 

2.o83 : 1234.673 

2.686 : 1237.359 

;J, 861 ! 1239· Ra<> 

Difference of height of successive ~ ~~~ '; 
bench-marks. \ .c ,.2 o ~ i :: ~= t:bn 

i ~~~ :] 
Rod A, I Rod B, i 1i ; :i ~ « 

first line. \!second line.
11

i Mean. I ~ E~ , 8 £ 
·E-4 !. p.. 

-----1--~~-1--1--:-~"'"'· 
+ 8.9500 ' + 8.9521 I + 8.9510 I +337.0195 

+ 0.7337 ! + 0.1371 + Q.7354 i +JJ7.8149 I 

+10.8o87 : +10.8073 \ +rn.8o8o ', +348.6229 

+ 2.8393 + 2.8386 I + 2.By;o i -f-351.4619 

-10.8359 

- 5.3463 

-I4.6184 

+ 2.9832 

+ 9.6357 

-IT .0715 

- 10.3902 

- 3.6095 

- 2.0586 I 

- 4·23II ! 

+ I.4515 i 
+~.0840 i 
- 2.4145 l 
- 9.1419 ! 
- 6.8339 I 

+ 1.1142: 

- 8.5435 i 

- 5.7499 

- 6.0326 

+ 2.7743 

- 7.o677 

-14.9108 

-20.3289 

- 4.So.3 

-12. 1865 

-10.0242 

-16.1987 

- 6.678t 

- 0.9451 

- 0.3825 

- 2.4133 

+ 3.8305 

+ t.7034 

+19.9105 

+16.u68 

+ 3.926o 

- 7.5684 

-32.6422 

+ 7.13o6 

- I.7t78 

-16.3Z09 

- 5. 1658 

-12.1350 

+ 2 .7153 
- 3·~9 

+ o.o633 

- O.To39 

+17.1825 

- t.3158 

- •·54•9 

+ o.24g6 

- o.•426 

-10.8339 

- 5.3438 

-q..6204 

+ 2.9824 

+ 9.6328 

-Ir .0705 

-10.3892 

- 3.6o48 

- 2.o617 

- 4.2363 

+ T •4534 

+ 2.0850 

- 2.4122 

- 9. i369 

- 6.83r5 

+ l.lll3 

- 8.5.,3 

- 5.7478 

- 6.0312 

+ 2.7748 

- 7.o61t 

-r4.go32 

-20.3290 

- 4.Sm!2 

-12.18o8 

-IO.OJll 

-16.1969 

- 6.6735 

- 0.9471 

- 0.3889 

- 2.4073 

+ 3.8232 

+ I.7035 

+19.9117 

+ru. "99 

+ 3.9296 

- 7.5679 

-32.6371 

+ 7· 1 343 
- t.7168 

-16.3233 

- 5.1688 

-12. u.92 

+ 2.7125 

- 3.6o49 

+ o.c671 

- 0.1015 

- •. 5441 

+ o.•476 

- o.1150t 

+rn.8349 +340.6270 

- 5.3451 +335.2819 

-14.6194 +320.6625 

+ 2.()828 +323.6453 

+ 9.6343 +333.2796 

-11.0710 +:122.2o86 l 40.2 

-rn.3897 bn .8189 ' 

- 3.6o72 +308.2n7 

2.0601 +3o6.1516 

- 4.2337 +JOI.9179 40.3 

+ I. 4524 +303. 37°3 

+ 2.0845 +305.4548 

2.4133 +,303.0415 

9· r394 +293.9021 

6.8327 +287.~4 

+ I. 1127 ~88.1821 

8.5424 +•19.6397 

- 5·7488 +273,8909 

- 6.03r9 +267.85!)0 

+ 2.7745 +270.6335 

=- 7.o654 +263.5681 

-I4.9070 +248.6611 

-20.3289 +:228.3322 

- 4.So.3 +223.5299 

-12.t836 +21t.3463 

-10.0277 +201.3186 ' ... . 

-16.1978 +1B5.12o8 1 ..... . 

- 6.6758 +r78.4450 

- o.9461 +r77.4<)89 40.6 

- 0.3857 +177.1132 

- 2.4103 +174.7029 

+ 3.8269 +•78.5298 

+ l.7034 +18o.2332 

+19.9rn +zoo. 1443 

+16. ll84 +216.2627 

+ 3.9278 +•20.1905 

- 7.5682 +212.6223 

-32.63g6 +179.9827 

+ 7.1324 +187.I15t 

- l.7173 +r85.3978 

-16.3221 +169.0757 

- 5. 1673 +163.9084 

-U.1321' +151.7763 

+ 2.7139 +154.4902 41.0 

- 3.6o49 +150.8853 

+ o.c652 +150.9505 41.0 

- O. 1027 +t,S0.8•n8 -t.I.O 

+•7.1848 +r68.0326 

- T • 3159 +166. 7167 

- •·5435 +148.3"13 

+ 0.2486 +148. SS"9 

- o.lt.¢4 +x48.3065 

41.0 

Discrepancy. 

---------

Partial 
ii. 

~ 

Total. 

~-- 1 ___ _ 

ntm. n1l'n. 

- 2.I ~125.3 

- 1·4 +121.9 ' 

+ ; ·4 : +123.3 

+ 0.7 ' +124.0 

- 2.0 +122.0 

- 2.5 i +ug.5 

-!- 2.0: +121.5 

+ o.8 +1» .. ~ ' 

+ 2.9 +.-5.2' 

- 1.0 

~ r.o 

- 4·7 

+ 3.1 

+ 5.2 

- 1.9 

- I.O 

- 2.3 

- 5.0 

- ~.4 

+ 2.9 ... 
- ~.I I 

- 1.4 i 
- 0.5 i 
- 4.6 i 
- 776 I 
+o.x' 

- 0.1 

- 5.7 
+ 6.9 

- 1.B 

- 4.6 

+ •. o 

+ 6.4 

- 6.o 

+ 7.3 

+ 0.1 

t.• 

- 0.5 

- 5.1 

- 3·7 

- 1.0 

+ 2.4 

+ 3.0 

- 5.8 

+ 2.8 

o.o 

- 3.8 
- a . .J 

- 4·5 

+ O.I 

+ 1.• 
+ •. o 

+7.6 

+124.2 

-f-123.2 

+us.5 1 

+1:n.6 

+126.8 

+124.9 

+123.9 

+12I.6 

+r16.6 

+114 .. 2 

+u7.1 
+!14·9 

+112.8 

+rn.4 

+uo.9 

+1o6.3 

+ 98.7 

+ g8.8 
+ 98. 7 

+ 93.0 

+ 99·9 
+ 98.1 

+ 93.5 

+ 95-5 
+ror.9 

+ 95.9 
+103.2 

+103.1 

+n1.9 

+roB.8 

+rn5.• 

+•04.7 

+ 99.6 

+ 95.9 

+ 94.9 

+ 97.3 

-!-100.3 

+ 9<!·5 

+ 97-3 
+ 91·3 
+ 93,5 

+ 91.• 

+ 86.6 

+ 86.7 

+ 9"·3 
+ 9-1.3 

+1oi.9 

4.4 
n.6 

a.a 

I.O 

I.0 

:12. J 

9.6 

27.0 

3.6 

1.0 

o.o 

21.2 

57.8 

o.o 
o.o 

.p.o 

,36.o. 

53.3 

o.o 

I.4 

9.6 

13.0 

0.2 

26.0 

13i 
1,0 

5.8 

9.0 

33.6 

7.8 
o.o 

20.3 

o.o 



 

Bench-marks. 

trNITED STATES COAST AND GEODETIC SURVEY. 

Tmnseontinental line of Spirit-l1mels-Continued. 

SECTION IV.-J<'ROM ATHENS, OHIO, TO MITCHELL, IN'D.-Continuetl. 

I § 

'i H 
e.i: 

I
I B 5 

15.0 
1~--

Difference of height of successive j 
bench-marks. ! 

Rod A, 1 · Ro-:-B~-
Mean. 

~~.!4 0 
_g~ g 2~ 
! e:s~ ""'bD 

:;~~ ~] 
~~ ~ ~g 

~a~ -~2 
.... I 1 

Discrepaney. 

Partial 
..'>. Total. 

'---~1----, ~-----------

547 

u9 to 118 ....... . 
1 km. km. 

3.013 1242.233 

.. / 3.II7 1 1245,350 

11!. : m. I ~mm. ' (mm.)2 

-o.1o88'+148.1977 ....... ;. 3 + 90.6 20.r 

~·'.:"' .. 1-•: >;0< 

o. llr5 I - o.1o62 

u8 to 117 ......... . 

117 to LXV ........... . 
LXV lo 123 .......... .. 

t23 to 124 .. - . 

u4 to 1:15 ......... . 

125 to 126 ....••. 

126 to i27 ..... . 

127 to LXVI .. 
LXVI to 128 

uB to q5 .... . 

135 to U ..... .. 

135 to 134 .. . 

134 to t33 .. . 

133 to 132 ..... ,. 

132 to 131 •... 

131to130 ... 

1:30 to 129 .. 

129 to LXVII ................. .. 
LXVII to 136. 

136 to 137 .. 

137 to 141. 

14r to 14a •. 

14• to 143 

143 to 144 .. 

IO to 145 .. 
145 to 146 •.•••.•••.......••...... 

146 to 147.. . .................... . 

147 to LXVIII .............. .. 
LXVIII to 138 ................... . 

138 to 139. 
139 to 140 .. 

140 to 148 •................••...... 

• 148 to 150 •..........•..•..•...... 

i50 to r49 ..........•.•..... · ..•.... 

149 to 151. 

15I to 152. 

15• to 153 ..................... .. 

153 to 154 .. 

154 to 155 ....................... .. 

155 to 156 ............. . 

156 to 157 ...... · .......... .. 

157 to 158 ............. .. 

158 to 159· ...................... .. 

159 to 16o ...................... .. 

16oto LXIX .................. .. 

LXIX to 16! ................... . 
161 to 162: •...•.•••...•...••..••.... 

162 to r63 ....................... .. 
163 to 164 ....................... " 

164 to 174 ...................... . 

174 to 16&.. ... ".. .. . • .. . . . . ... .. 

168 to 167 ........................ . 

i67 to 166 ..................... .. 

166 to 165 ....................... . 

16s to r73. 

•n to 17 .............. , ......... . 

2.226 ! 1247.576 

2.546 r250.122 

!Lf9J i:252.6r5 

3.713 1256.32~ 
'2.297 1258.625 

3.403 1260.028 

0. 706 1262. 734 

3.120 1265.854 

0.478 1266.332 

o. n7 1266.449 

2.330 

2.075 

2.310 

x.218 

I .913 

2.133 

3.654 

1.483 

!2.o87 

3."66 

i.957 
3.082 

3.827 

o.957 

2.169 

3·990 
2.q42 

3·'39 
0.572 

1268.662 

1270.737 

u72.66r 

1274.971 

1276. 189 

1278. I02 

1280.235 

1283.889 

1285.372 

1287.459 i 

1290. 725 

1292 .682 

1295. 764 

n99.59I 

1300• 548 

t302.717 

13o6.707 

1309.649 

1312. 788 

1313.36o 

2.521 1315.881 

2.862 1318.743 

2.937 1:321.680 

2.466 1324. 146 

2.794 ' 1326.940 

2.077 I 1329 .o,7 

1.879 1JJ0.8g6 

3.293 1334· 189 

1.959' i336.148 

2. 539 1338.687 

0.685 : 1339.372 

2. 157 : 1341. 529 

2.790 I 1344.319 
2.993 lJ47•JI:l 

r.462 t348. 774 

2.630 I351.404 ,i 

3.o87 : 1354.491 'i 
3·4<>i 1357·895 '! 
3. 123 1J6i.018 

3.887 1J64.905 

2.212 1367.n7 

•·S39 1;!6g.656 

3.c>0• 1372.658 

1.847 1374.505 

2.617 1377.1•• 

- 0.1981 I 
+ 0.8732 : 

~ ::;:;; I' 

- 0.3951 

+ 1.6776 I 
- I.6373 i 
- 0.8103: 

- i.6681 

- 0.2048 

+ 0.8773 

+ 0.2056 

- o.7r31 

- 0.3921 : 

- o.2or8 +147.9959 j. 
+ 0.8753 

+ 0.2063 

- 0.71,Ps 
- 0.3936 

+148.8712 I 41.2 

+149.07751'' 
+r48.36w . 

+147.9674 . 

+ <.6751 -'- r.6764 I 149.6438 

- 1.6339 : - r.6356 : +q8.oo82 

- o.8o85 - o.8og4' -t147.1g88 

- l .668g - 1.6685 +145.5303 I : 

I 

+ 6.J --+102.7 

4.1 --t- 9:::1.6 

-+ 1.5 -+-rno.1 

6.8 i' 93·3 

3.0 + 90-3 

2 .5 ·7- 9z.S 

+ 89.4 

i.S --t- 87.6 

+ o.8 ·r- 88.4 

2.9 + 91.3 

4t.3 i + o.s + 9r.s 

- 0, 7465 : 

+ o.2904 ' 
+ 5.9936 ' 

- 3.5296 i 

+ 0.6357 

- 0.7447 

+ 0.2953 

+ _;.9946 

- 3·5334 
+ 0.6386 

- 0.7456 

+ 0.2928 

+ 5,9941 

- 3.5315 

+ 0.6372 

+r45.44n 

+145.7349 

+1sz.1290 

+148.1975 

+148.8347 

- o.6o46 : - o.6o13 - o.6o30 +148.2317 

+ 2.3783 I + 2.3730, + 2.3757 +150.0074 

i 
...• I 

! 

+21,0770 I +2I .0774 

+12.50.16 : +12.4974 

+18.5276 : +18.5314 

+Ji.9681 -f-31.9720 

+•8.6616 , +1S.66o8 

-f-26.3473 : -f-26.3462 

+21.0772 -f-171.6846 

+12.5010 : +184.1856 

+18.5295 : ~02.7151: 

+J1.9700 i +234.6851 

+1B.66r2 i +253.3463 

+"6.3468 i +279.6931 
+2r. 4470 ; +301. 1401 

+ 3.4657 i +304.0058 

+ 0.4099 : +305.0157 
-21.9788 : +•83.0369 

. • . • • • ! 

+!.H ·4459 
1 

+ 3.4677 

+ o.4o87 

-21.9792 

-16.0553 

+rn. 1448 

+ 5.2413 
+20.o879 

- 4.9439 

- 4.6357 

-14.9216 

+·21 .4482 

+ 3.4636 

+ 0.41!2 

-21.9785 

-16.0566 

+10.1497 

+ 5.2416 
·-bo.o867 

- 4.9462 

.,6357 

-1 .. 9136 

-16.056o II +266.9809 

+10.1473 I +z77.128~ 

+ 5.24!.4 I +282.3696 

+zo.0873 +3a.L4569 

- 4.9450 i-o97.5u9 
- 4.6357 +•92.8762 

-14.9176 i-277.9586 

- 1.3745 - 1.3781 - J. 3763 +>16. 5823 

-16.n73 -r6.1229 -16.r2or +200.4622 

- 7-3-4-02 - 7.3321 - 7.3361 ~53 .1261 
+ 0.8370 + 0.8386 + 0.8378 i-253.9639 

- 6.0793 + 247.8846 - 6."77• - 6.o813 

- 0.7785 

- 2.00.fI 

-u.8845 

- 6.6481 

-17.5961 

+u.6155 i 

+ 1 ·3430 
-14.6662 

-a.x.7044 

+ 1.8883 

- 8.8481 

- 3.4400 

+ 7.2820 

+ 2.9072 
-n.6258 

- w.~76 

- 0.7764 - 0.7774 

- 2.0072 - 2.0057 

-11.8824 -u.8835 

- 6.6523 ' - 6.6502 

-17.5888 -17.5924 

-j-11.6J32 I +u.6143 

+ 1.3448 ' + 1.3439 

-14.6597 
-21.1099 

+ 1.8850 

- 8.B490 

- 3.4499 

+ 7.2851 

+ 2.9131 
-11.6271 

- ··•113 

-14.6629 

-:ir.7072 

+ t.8867 

- 8.8486 

- 3.4449 

+ 7.2835 

+ 2.9102 
-u .6265 

- 2.2774 

+•47.1072 

i-245.1015 

i-233.>rBo 
i-226.5678 1 ........ 

i-208.9754 : 42.0 

+220.5897 

+ .. 1.9336 

+007.2707 

+185.5635 

+187. 4502 1 ..... .. 

+178.6ot6 ! ...... . 
+175.1567 i .... .. 
+•82.4402 J .. .. 

+r85. 3504 f .... .. 

!:;:::~: 1:::::: 

i.S + 89.5 

i-9 + 84.6 

- 1.0 + 83.6 

+ 3.8 I + 87.4 
- 2.9 : + 84.5 

- 3.3 · + 8r.2 

+ 5.3 + 86.5 

- 0.4 + 86.r 

+ 7.2 + 93.3 

3.8 ' + 89.s 

- 3.9 + 85.6 

j o.8 + 86.4 

+ 1.r + 87.5 

- 2.3 + 85.2 

·t- 4.1 + 89.3 

- 2.5 + 86.8 

-0.7 -j-86.• 

+ '-3 + 87.4 

- 4·9 + 82.5 

- 0.3 + 82.7 

+ 1.2 + 83.4 

+•.3] +8s.1 

- 8.o 

+ 3.6 

+ 5.6 
- 8.1 

- 1.6 

+ •" 
- !LI 

+ 3.1 
- 'Z.t 

+ 4.2 

- 7·J 

+ ~.3' 
- i.S • 

- 6.5 ' 

+ 5·5 i 
+ 3.3 

+ 0.9 

+ 9.9 
- 3.1 

- 5·9 
+ 1.3 

+ 85.7 

+ 77'7 
+ s,.3 
+ 86 9 

+ 78.8 

+ 77.2 

+ 81.3 

+ 79· 2 

+ 81.3 

-+- 80.2 

+ 84.; 

+ 77.1 

+ 79·4 
+ 77.6 

+ 7t.1 
+ 76.6 

+ 79 9 
+ 80.8 

+ 90·7 

+ 87.6 

+ 81.7 

+ 83.0 

+ 82.7 

37.2 

16.8 

3.2 

o.6 

8.4 

0.2 

3.2 

:24.0 

1.0 

5t.8 
1 4·4 

15.2 

o.6 

I .2 

5-3 

lG.8 

6.2 

I. 7 

24.0 

0,l 

5.3 



 

548 UNITED STATES OOAST AND GEODETIO SURVEY. 

Transcontinental line of Spirit-levels-Continued. 

SECTION IV.-FROM ATHENS, OHIO, TO MITCHELL, IND.-Oontinued. 

~ 0 2 1 Difference of height of successive 1 ~ ~ Jiii 'O 
. ~~ !;~~ bench-marks. ' 2-2 g E....; 
-- ..... 0... ~~:r: ""'~ d>ei::I fll....,l'd ..c::QJ S·c.3 ·---~------

~ ! :o:j .ac"'€ '1~ 1 ~2 
g] -;-g g Rod A, Rod B.sec-: Mean. ~~;I ~~ Partial ! Total. 1 

~~ ccili! first line. ondline., ~=~ :;~ "'· I : 

Discrepancy . 

Bem.:h-marks. 

km. f-km. m. m. ·1 '",,, , :.,,,,,-,-=--1-- mm. - : (mm.)• 

r72 to l/I.. 2.26r r379.383 + 0.6674 + 0.6664 
1 

+ o.666<) +r72.n34 ,....... + r.o +83.7 r.o 

r7r to r70.. 2. 145 i38r.528 - I.5725 - .1.5666 - r.561)6 ! +170.5438 
1
•. - 5.9 ; +11.8 J4.8 

170 to 169.. :.1.039 1383.567 - i.42o6: - 1..4175 - L.4190 +169.1248 :···· - 3.1 I +74·7 , 9.6. 

r69 to 175. 2.076 1385.643 + 0.3842 1 + 0.3857 · + 0.3849 +r69.5097 1. - I.5 i +73-• '1 •-• 

t75 tO 176.. 4.129 1389.772 - l.1201 +168.38¢ I - 0.2 +73•0 Q,0 

r76 to 177.. 2.4r5 IJ92.1§7 + 0.3636 + 0.3678 · + 0.3657 i +168.7553 - 4.2; +68.8 i 17.6 

t77 to '178.. i.708 1393.895 - 4.4726 - 4.4721 ; - 4. 4723 I +164.2830 - o.s ~ +68.3 0.2 

178 to 179· I.703 r395.598 - 0.7329 - 0.7390 - 0.7359 l +163.5471 + 6.1,' +14.4' 37.2 

179 to 180.. ::i.n7 1397.715 - "J..2777 ! - l.2797 - 1.2787 i +r62.2684 + 2.0: +16.4 i 4.0 

180 to Y. · r.333 r399.048 + 0.7653 ; + 0.7673 + 0.7663 ! +r63.0347 - 2.0 i +74·4 ! 4,0 

\' to 18i. :~-217 1400.265 - 2.2499 · - 2.2518 - 2.2509 ! +160.7838 + x.9 j +16.3 3.6 

181 to 182.. .. 0.961 1403.226 + 0.5668 + 0.5685' + 0.5677] +16r.3515 - I.7 +14.6: 0.9 

182 to 185.. 2.87r 14o6.og7 - I.1o87: - I.1143 ! - r.n15 ! +16o.2400 + 5.6 i +So.2 31.,,.. 

185 to 184.. 2.276 qo8.373 + 0.4700 ! + 0.4662 : + 0.4681 j +16o.7o81 + 3.8 j +84.0 ; r4.4 

r84 to 18J.. 2.090 '4I0 .. 163 - I.3920; - I.3854 - r.3887 '+159.3194 - 6.6 ! +11.4 : 43.6 

18.1 to 186.. 3.024 1413.487 + 0.2435 f + 0.2462 + 0.2448 +rs9.5642 - 2.7 1 +74·1 / 7.3 

18(. to LXX .. 2.142 1415.629 - 0.2619: - 0.2643 - 0.2631 +159.3on + 2.41 +11.1' 5.8 

LXX to 187 0.594 r41c.223 ' - o.41U3 - 0.4820 - 0.4816 ·b58.8195 + 0.7 +11.8 1 0,5 

187 to 188. 2.418 1418.64r + 5.4594 , + 5.4563 ! + 5-4578 +16._2773 + 3.1 +80.9: 9.6 

188 to 18g.. 2.741 1421.382 - 6.7784 ' - 6.7826 ! - 6.78o5 +157.4¢8 + 4.2: +ss.1 : r7.6 

189 to 190.,. 1.921 q23.303 + o.46o5 + 0.4525 1 + 0.4565 +157.9533 + 8.o +g3.1 ! 64.0 

190 to 191... 1.882 1425.185 - 0.8013 - 0.7944' - 0.7978 +r57.r555 - 6.9 +06.2: 47.6 

19' to W.... r.6oo 1426.785 + 0.2032 + 0.2074 : + 0.2053 +157.36o8 - 4.2 +8t.o ' 17.6 

\\?to 19'2 0.365 1427.150 - o.16oo - 0.1571: - 0.1586 +157.2022 - 2.9 +19.1 8.<f. 

192 to 196... 2.845 1429.995 +14.1549 +14.1562 +14.1556: +171.3578 - r.3 +11.8 t.7 

r96 to r9;. 1.6rn x431.6o5 +17.40-48 ' +17.4085 
1 

+17.4o66' +rB8.7644 - 3.7 \ +1<-1 13.7 

197 to 195 i.122 1432.727 +12.1813 +12.1871, +12.1842; +200.9486 - 5.8 ! +68.3 33,6 

195 to .19-1.. '-"5 1433.842 + 2.7457 + 2.7490, + 2.7474 
1 

+203.6<j)o - 6.3 +62.o ! 39.7 

19i to 193····. 2.3o8 1436.150 + 3-4879 + 3.4869 i + 3.4874: +zo7.1834 + r.o +63.0: I.O 

193 to X ....... · .. 0.500 1436.650 + 2.49Bo + 2.4971 
1 

+ 2-4975' +209.6809 i 43.0 + 0.9 +63.9 [1 o.8 

193 to 200.. .. . . 1.756 1437.<)06 + 9.8940 + 9.8989 : + 9.8¢4 : +•17.07!)8 - 4.9 +ss.' , 24.0 

200 to 199·· .. 4.288 1442.194 - 7.9892 - 7.9875 1 - 7.9883 +209.09r5 1.. - I.7, +56.4 I 2.9 

199 t~~~-~~------·----~~'__'~4~~~--=-5~-- 5.n41 - 5.1142 +203:~::J~_=__'.'_:_2_L_:'.::~i ___ ~:o 
SIWTION IV.-Descriptiou of primary and secondary beuch-marks between Athens, Ohio, and. 

11litahell, Ind, 
!'-Athens, Ohio. Already described. 
No. LI-At l\foouville, 011io. Out on the eastern abutment of Marietta and Oincirmati Rail· 

road bridge over Raccoon Creek, and is marked thus: B o M. 
No. LU-One mile south of Zaleski, Ohio. Ont on the south abutment of Marietta and Cin­

eirrnati Railroad bridge over Raccoon Creek, and is marked thus: B o M. 
No. LIII-Cut on the eoping of a small drain,or eulvert, about one-half mile east of Hamden 

Station, Marietta anrl Oiucinnati Railroad. It is marked thus: B o M. 
No. LIV -Cut on the east abutment of Marlett.a and Cincinnati Railroad bridge over Big Salt 

Creek, about lt miles east of Londonderry Station, and is marked: B o M. 
No. LY-One and one-half miles east of Schooley's Station, Marietta and Cincinnati Railroad 

Out on the eastern abutment of railroad bridge over Walnut Oreek, a11d is marked thus: B o M. 
Q-Cut 011 the pedestal of the lamp-post which stands on the north side of the steps of the 

front entranee of the court-house at Chillicothe, Ohio. It is marked thus: 
Q 

BoM 
U. S. C. & G. S. 

Aug. 51 1879. 
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No. LVI-Cut on the west abutment of Marietta aml Ci11ci11nati Railroad bridge on•r branch 
of Paint Creek, about lt miles east of Musselrnau's Juuction, R.oRs County, Ohio. It is marked 
thus: Bo M. 

No. LVII-Cut on the east abutment of Marietta and Cincinnati Railroad bridge over branch 
of Paint Creek, about one-fourth mile west of Musselman's Junction, Ross County, Ohio. It is 

_ marked thus: B o M. . 
No. L VIII-Cut on the eastern abutment of Marietta and Cincinnati Railroad bridge, about 

1 mile east of Lyndon Station, and is marked thus: B o M. 
No. LIX-Cut on the eastern abutment of Marietta and Cincinuati Hailroad bridge, at Mar­

tinsville, Olinto11 County, Ohio. It is marked thus: B o M. 
No. l1X-Cut on the east almtment of Marietta. and Cincin11ati Railroad bridge, about threP 

tenths mile east of Clinton Valley Station, and is marked thus: B o M. 
No. LXI-Cut on the west almtmeut of Marietta and Ciucinuati Railrond bridge, about 31 

miles east of LovPland, Ohio, aud ii; marked thus: B o M. 
R-IJovelaml, Obio. Cut on the east abutment of l\Iarietta a1Hl Ci11ci11nati Railroad hritlg'P­

over the Little Miami Uiver. It is marked thus: 

R. 
BoM 

U. S. C. & G. S. 
1879. 

No. LXII-Uut on tlie pier of tlie l\farietta a11d Cincin11ati Hailroa11 hridge over 8J·camorP 
Creek, a short distance west of Hemingto11 Station, and is marked thus: B o 1\1. 

No. LXIII-Cut on tl!e west a butmen(, of Ma.rietta and Ci11eimiati Hail road bridge, a short 
distance west of Uurnmiugsville, Ilamilton Count.r, Ohio. IL i:s marked thus: B o l\f. 

No. LXIV-Cut 011 the south ahutmeut of l\larietta aud Cincinnati Railroad bridge over Gest 
street, suburb of Cincinnati, Ohio. It is marked thus: B o M. 

S-Cut. on the west abutment of Marietta and Cincinnati l{.ailroad bridge over Mill Orel•k, at 
Eightl1 StrC>C>t Station, Cincinnati, Ohio. It is marked tlnu1: 

s 
BoM 

U.S. U. & G. S. 
1879. 

T-fs bench-mark No. 1 of the Cincinnati eity engineer, and is on the front water-table of the 
court-house. It is the centre of the top of a hexagonal copper bolt inserted in the :stone. 

No. LXY-A square cavity cut in top of a stoue monument, about 46 metres west of Delhi 
Station of Ohio and Mississippi Railroad (Hamilton Uounty, Ohio). 

No. LXVI-Hamilton County, Ohio. Cut ou a pier (first pier from Obio side of rh-er) of Oltio 
and Mississippi Railroad bridge over .Miami River, near it'l junction with the Ohio mver. Jt is 
about 2 miles rast of J,awrencebnrg, Ind., and is marked thuR: B o 111. 

U-Lawreuceburg, Ind. Ont on the water-table of tile court-house front. It is marked thus: 

1879 
U.S. C. & G.S. 

BoM 
u 

No. LXVII-Unt on the east abutment of Ohio and l\Iississi11pi Railro:ill bridge No. Il, over 
South Hogan Creek, about 3~ miles west of CoclJrau Station, Dearborn Uonuty, Indiana. It is 
marked thus: B o M • 

. No. LXVIII-Cut 011 the east abutment of Ohio and MissiRsippi H.ailroad bridge over Greasy 
Run, a short distance east of Delaware, Hipley County, Indiana. It i8 marked thus : B o }f. 

No. LXIX-Cut on the east abutment of Ohio and Mississippi Hailroa1l bridge, over north fork 
of Vernon River, about three-fourths mile east of :N"orth Vernon, Jemlings Count;y, Iu<liana. It is 
marked thus: B o M. 
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V -Cut on the west abutment of Ohio and Mississippi Railroad bridge over east fork of' White 
Hint', about:! miles east of l\Iedora, .Jackson County, Indiana. It is marked thus: 

v 
BoM 

U. S. C. & G. S. 
1879. 

No. l,XX-Ont 011 the coping stone of arch (Ohio and Mississippi Railroad) over wagon-road, 
ahout 200 metres east of Fort Rituer Station, Lawrence County, Indiana. It is marked thus: 
Bo .:\L 

\V-Cut on the eastern abutment of Ohio and l\fo;sissippi Railroad bridge over east fork of 
\\'hittdtiY('r, ahont oue-thinl mile Past of Scottville, Lawrence County, Indiana. It is marked tbm;:, 

V\' 
BoM 

U. S.C. & G. S. 
18i9. 

X-Cut 011 the sill of window ne:tr the west corner of the south face of M. N. Moore's store, at 
Mitcl1ell, l11d. lt is marked thm;: 

x 
BoM 

U. S. 0. & G. S. 
Nov. 19, 1879. 

Transcontinental line of Spirit-lei,els-Oontinned. 

SECTION V.-FRO:M MITCHELL, IND., TO SAINT LOUIS, MO. 

Bench-marks. 

x .......... .,, .... , 
X to52 .. ,, .... .. 

52to51. ... . 

5r to 50, ........ . 

so to 49 •......... 

49 to 48,.,. 

48 to 58,, ....... , 

58 to 59. 

59 to 6o .. " .... , ... , " .... , .. 

6o to 57 .... ,, 

57 to 56 •. 

56 to SS ...... , 

55 to 54 

54 to53 ........ . 

53 to 43 ............. . 

43to44 .................... .. 

Hto+5, ........ , ........ ,,. 

45 to39 ..................... . 

39 to ~o ....... . 
40 to 4l ...................•. 

41 to 4'2. 

pto34 ................. , ........ .. 

34 toy .... .. 

34 ta35 .... , 

35 to 36 ......................... . 

;~ :: ;: : : : : --.. -: : : : . : : : . : : : : : : : : : : : I 

0.805 q54.920 

1.512 1456.432 

2.0-32 ! 14sS.464 

2,3o6 146o.770 

1.623 '1462,393 

1.936 1404.329 
i.652 1465.981 

1.252 1467.233 

1.512 1468.745 

1.584 1470,329 

I .0$0 14']1 ·319 

2.681 i474.o6o 

0.436 1474.4\jS 

2.462 14?6.g6o 

1.634 1478.5Q4 

2.336 qSo.930 

t.391 14811.3'21 

+ 0,0505 

+ r,5765 
- 9.8100 

- 5.8564 

- 0.5716 

- 1.8103 

- 2.5557 

- i,0008 

- o.613;t. 

-- 0.9310 

+ 0,3445 

+ 2.1296 

+u.1637 

- 2 ·9209 

- 0.2067 
- 0.4¢1 

- 0,2105 

+ 0.2502 

+ r.57II 

- 9.8124 

- 5.8521 

- 0,5669 

- 1.8o68 

- •·5547 

- x.oo61 

- 0.6226 

- 0.9383 

+ 0.3518 

+ z.132i: 

+ 0.2504 +x67.4rr2 

+ 1.5738 +168,9850 

- 9.8u2 +x59,1738 

- 5.8543 +153,3195 

- 0.5692 +152,7503 

- 1.8o86 +150.9417 

- 2.5552 +148.3865 

- i.0044 +147.3821 

- o.618o +146.7641 

- 0.9347 +145.tl•94 

+ o. 3482 +146. 1776 

+ 2.1JOll +148.3084 

...... 
. . . . . . . I 

+u.1625 +n.1631 +159.4715 43·5 

- 2,9241 - •·9f'•S +145.3859 

- 0.202• - o,'204<1 +145.1815 
0.49141 - 0.4938 +144.6877 

- 0.0142 - 0.2104 +144.4753 .. ' 

- 4.1 

~!:!I 
- 3.7 
+ 0.3 

+ 5·4 

+ •.• 
- 4·3 

- 4,7 

- 3·5 
- t.o 

+n 
+9-• 
+ 1·3 

- 7.3 

- •·S 

+ •.• 
+ 3·• 

- 4.5 
- 4,7 

+ 3·7 

-f-65.0 

+7•.61 
+1•.9 I 
-f-68.8 I 
+J2,6 I 

+1•-4 
+68-1 
+69.0 

+74·4 
+76.8 

+1•·5 
-f-67.8 

+64.3 

-f-63,3 

-f-66.6 
+75.8 
+s3.~ 
+J5.8 

1-73-3 

+14.5 

+76.s 
+72.0 
+67·3 
+7x.o 

II .6 

57.B 
o.t 

16.8 

14.4 

o.o 

13.7 

12.2 

x.o 

l0.9 

14.6 
53·3 

53·3 
6.• 

••• 
10.4 

"°'' 
13.7 
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'J.1ranscontinental line of Spirit-levels-Coutinue<l. 

SECTION V.-FROM MITCHELL, IKD., TO SAINT LOl:IS, MO.-Cont.iuuc•l. 

Hench-marks. 

38 to 46 ........ . 

46 to 47 .•.... 

H to33 .... . 

33 to 32 .... . 

32 to31 .... . 

I 3' to 30 .... . ., 
JO to 22 .. 

22 tu 23 ••••. 

23 to :24 .... 

2-4 to :z5 •.... 

•s to 26 ........ . 
:26to29 ...... . 

29 to 28. 

28to 27 .. 

27 to 21. 

., to Z, ................ . 

WI to 20, ..• , •.••.••••••.•••• , .•..... 

•o to 19 ...•..............•......... 

19to16 ......................... .. 

I6 to 17 .... ·,. · ..• · .....• •. ·• ·. ·· 

17 to i8 .......................... .. 
18 to 8. 

8 to9 ............................. . 

9 to JO. 

10 to II, , ..•.•.. 

II to 12 ..•...... 

ia to 13 •.••...... 

13 to 14 .......................... . 

14 to 15 ....................... .. 

13 to 7 .......................... . 

7 to 6 .......................... . 

6 to 5 ........................... . 

!t to I •••••••••••• ,.,., •... ,,., ... . 

I lo I. ................. .. 
I to A1 .......................... . 

A 1 to 2 ......•....... 

m to 3 ........•••..•••••...•••.•.• 

3 to 62 ........................... . 

62 to 61 ......................... . 

61 to 64 ..... ................... .. 

64 to 67. 

67 to 66 .... ............... . 

66 to 65 ............. . 

65 to 82 ................... . 

82 to 83 ................... . 

83 to 84 ......................... . 

84 to 8g .......................... . 

8g to 9'":·· ...................... . 

: :::::::::::::.:::.:::::·:·::.::! 

::::::::::::~::::::::::::::::::/ 
i;., to 70 ••••.•••••.•...••....•... ··\ 

"JO to 71. .......................... . 

~=;:::::::::·::.::::::::::::::::/ 

km. 

2.oSS 

r.353 

x.794 
0.848 

km. 

1484.409 

1485' 762 
1 487 .556 

1488.404 

1.948 1490. 352 

2 .856 ' 1493' 2o8 

2.710 1495.918 

t.056 1496.974 
2 . 97° i.499 944 

2 .674 r502 .618 

o.9ro 1503.528 

2.352 1505.880 

:3.484 1508 .36.i 

2.036 1510.-t-oo: 

I .074 15T I ·474 

Difference of height of succcssi\·c 
bench-marks. 

-0 

RodE, . Rod F. 
first line. [second line. 

I 

111. 

- o.o640 

+ 2.9001 I 

+ 8.6598 

+ 8.2677 

111. 

- o.o603 

+ 2.8981 

+ 8.6459 

+ 8.2733 

- 3.7156 : - .3-TWl 

- 4.9627 - 4.958-1 

+ 4.5787 : + 4.5746 

- 8.0543 

+1~.:ll40 i 

- 8.0267 

+ 0.8670 : 

- 2.1918 

+ 1.8463 

+a.1554 

- 7.3365 

- 8.0187 

+ o.8ir4 
- 2.198{· 

+ I.8381 

+ o.1474 

- 7.3341 

Mean. 

n:, 

- o..o621 -'.-144.4132 

+ 2.89Qt I jl47•312J 

+ 8.6528 ---155.9651 

+ 8.2705 +164.2356 

- 3.7178 +160.5178 

- 4.96o6 I -.+-155.5572 

-l 4. 5767 ;160. 1339 

+ 8.0541 +152.0793 

+12.2139 --:-164.2937 

- 8.0227 +r,s<i.2710 

+ 0.8692 

- 2.1932 

+ 1.8.p2 

+ 0.1514 

- 7.3353 

~157.1402 ... 

+154.9450 

+156.7872 

+156.938il 

+149.0033 

+ 5.98ro + 5.9783 + 5.9796 +1s5.5829 
1 

H-4 

2 ·444 

2.6t2 

0.788 

2.16o 

2.048 

I .224 

2.766 

t.338 

1.884 

1.1o6 

n.970 

1.19'3 

1515.428 

1518.040 

1518.828 

r520.988 

1521.036 

1524.260 

1527 .026 

1528.364 

1530.248 

1531 ·354 

1532.324 

1533.522 

- 4.3996 - 4.3942 - 4.396') +145.2<'64 

- 6.3593 - 6.3592 

- 3.og63 - 3.og62 

+ '-4418 + l.4445 

+ll.1$II +11.148; 

+ t.1512 j 1.1~~05 

- 4.0379 : - 4.0364 

- 6.9323 

+3.1842: 
- r.8~n6 

+ 4.3563 
-1- 9.8m9 ' 

+ 9.7299 

- 6.9276 

+ 3.1856 ; 
- I.8158 i 

+ 4.3523 

+ 9.8oog 

+ 9.7334 

- 6.359" +138.8472 

- 3.0963 +13,.7509 

+ 1.4432 +137.194r 

+u.1499 +148.34;0 

+ 1.15o8 ' +t49.4948 

- 4.0371 +145.4577 

- 6.9300 +138. 5277 

+ 3.1849 +14r.7126 

- 1.8187 . +1:;;9.89:39 

+ 4.3543 +144.2482 

+ 9.8014 +154.0496 

+ 9.7317 +103.7813 

2 •• p7 1 X535·9."'.J9 

r.537 1537.476 

- 3.6oo3 - 3.6148 - 3.6176 +i6o .. 637 

- 0.9891 - 0.9851 - 0.9871 +159. t766 

2.074 

2.564 

I -~3'2 

0.090 

0.953 

0.192 

2.826 : 

i·HO 1 

5-HO I 
2.32'6 

3.034 

lL5JJ 

1.984 

I .78t 

1.984 
1.636 

1.726 
2.58o 

2.16g 

•. 616 

1 539·550 

1542.114 

1543 .346 

I543,436 

1544.389 

-17.411s 1 

-12.49281 

+ 2.2!5Q ! 
+ 1.1951 

- 2.2227 ·, 

-17.4725 

-12.4946 i 
+ 2.2141: 

+ Lt951 I 
- 2.2245 ; 

-17.4720 

-12.4937 

+ 2.2150 

+ I.H)5I 

- 2.2236 

+q• 7046 

-t-129.2109 

+r314259 
+132.62ro 

+130.3974 

154 .... 581 - 0.4059 - 0.4051 - 0.4055 +l29,9919 

1547.407 - 4.4135 - 4.4o80 I - 4.4107 +125.58i2 

1551.847 + 1.1834 + 1.1837 i + 1,1835 ; +u6.7647 

1557.587 + 3.6275 + 3.6248 + 3.6262 i +130.3909 i ....... . 
1559·9'3 + 3.B7o6 , + 3.8724 + 3,8715 +134.2624 

1562.947 - 0.5495 - 0.5421 - 0.5458 +133.7166 

1565.-180 + 1.¢32 + 1.¢76 ' + 1.<j654 +135.6820 

1567.-16.i + 7.9713 + 7.9780 + 7.9;46 +143.6566 

156<}.245 "' + 9·.5233 + 9.5033 + 9.5233 + 153. 1799 

1571.229 :· + 4.7647 + 4.7717 ; + 4.7682 +157.948t 

ls12.86s I - s.64s3 - s.642s, - s.1439 +149.3042 

1574.591 - 9.4631 . - 9.4598 i - 9.4614 +139_.8428 I 

1577.17T. +11.1975 +n.2026 +n.2000 +151.0428 : .. 

'579·340 + 5.9209: + 5.9165 + 5.9187 +r56.g615 :······· 

1581.956 + 7.7484 + 7.7441 + 7.7463 +164.7078 ; ...... . 

2.461 l,584.417 

2.658 1587.075 

- 9· 2658 ' - 9.2718 

+ .,o827 + 4.o850 

- 9.2688 +155.4390 : . 

+ 4.o838 +159.5228 

158g.1:zo 

1591.104 

•• 346 1593. 450 

0.925 r594.375 

- 5·5777 

+ 0.7068 

- 2.7253 . - 2.7214 

- 6.2...u I - 6.a539 

- 5.5767 +•53.9461 

+ 0.7053 +154 65r4 

- 2.7233 +xsr .9281 

- 6.2517 +1-15.6764 

Discrepancy. 

Partial 
,:,. 

- 3.7 

+ 2.0 

+13.9' 
- 5.6 

+ 4·5 

- 4.3 

+ 4.1 

- 0.5 

+ 0.3 

- 8.o 

- 4.4 

+ 6.8 

+ 8.2 

+ 8.o 

- 2.4 

Total. 

+67.3 

+69.3 

+s3.2 

+n 6 

+s2.1 

+11.8 

+si. 9 

+8r4 

+s1.7 

+13.7 

+69.3 

+16.1 

+24.3 

+r:i2.3 

+&9.9 

+ 2.7 +92 6 

- 5.4 . +84.5 

- 0.1 

- 2.7 

+ 2.4 

+ 0.7 

-· 4.7 

- 1.4 

.- 5.8 

+ 4.0 

+ I.O 

- 5 5 

- 4.0 

+ T.0 

-j- l.8 

+ 1.8 

+ l.8 

- o.8 

+ 4.5 
-"'0.3 

+ 2.7 
- 1.8 

- 7.4 

- 7.0 

2.8 

- 3.3 

- 5.1 

+ 4·-1 

+ 4.3 

-f 6.o 

- 2.3 

- 1.9 

+ 2.9 
- 3·9 

+ 4.5 I 

+84.4 

+84.3 

+s1.6 

+84.0 

+s4 1 

+s~.2 

+18.5 

+11.1 

+7'-3 

+1s.3 

+76.3 

+12.8. 
-j-.67.3 

+63.3 

+64.3 

+<56.1 

+67.9 

+f7.9 

+69-7 

+-68.9 

+n• 
+73· 1 

+15.8 

-f i4 .o 

+66.6 

+62.2 

+55·5 

+55·5 

+-1s 5 

+45·7' 
+.c.2.4 

+37·3' 

+41.7 

+46.o 
_;_52.0 

-j-49.7 

-i-47.B 

-+-50.7 

+46.8 

+5'"3 

551 

(mm.)2 

13.7 

4.0 

193,'.jjj 

31.4 

18 ·5 

16.8 

0.2 

7.3 

o.o 

7•.) 

.1.8 
0.5 

2.2 

22, I 

2.0 

33.6 
16.0 

1.0 

~0.2 

16.0 

1.0 

3.2 

o.6 

20.2 

0.1 

7.3 
3.2 

54.8 

0.0 

4y.o 

7.8 

19.4 

18.5 

36.0 

5.3 

3.6 

8.4 
15.2 

""·' 



 

552 UNl'l'ED STATES COAST AND GJ<JODETlC SUl~VJ!JY. 

'fraJtsc01itinental line of Spirit-levels-Ooutinued. 

Sv.cTJON V.-FROl\I MITCHELL, IND., TO SAINT LOUIS, MO.-Contiuued. 

-·-~-~-·----------------

' Difference Of height of successjve ! e ~ ~ 

Bench-marks. 

73 to II.. 
II to H, .... 

73 to 74-

74 to 75. 

75 to 81. 

81 to 79. 

79 to 78 .. 

78 to 17 

77 to 76 ... 

76 to So. 

8o to 85. 

8.1 to 86 .... 

86 to 87. 

87 to Ill.. 
lllto94. 

94 to 96. 

96 to 97 .. . 

97 to 98 ... . 

98 to 99 .. . 

99 to ioo ... . 
ron to 101 

IOI to 102 .. 

102 tu ('3 . 

C3 to 103 

103 to 104. 

104 LO lII. 

III tO 110 .. 

ilO tO 10() 

1~ to 1o8 .. 

to8 to 107 .• 

107 to lv6, 

1o6 to 105. 

105 to 121. 

I21 to 120. 

IlO tO 119. 

lT9 to 118 .. 

n8 to n·. 
lV to 117 •. 

117 to 116. 

it6 to 115 

II5 tO 114. 

114 to 113 

IIJ (0 112 .. 

II:l to 1'22 ..• ,. 

12:.Z to 122!. 

rzz~ to 12'3 ..•.•••• 

u3 to n4. 

124 to D1. 

134 to 128 

128 to u7 ..... 
i27 to t:oi6 .•.••.••••...•••••. 

126 to Hl5 ..•••. ·• •·•·. · •· •·· · 

125 to V ..................... . 

V to 129 ................. ···· ·· 

129 to 1:30 ....••••..•. 

:::.1 

130 to 13r. ..................... . 

km. 

0.346 

0.;176 

' 

km. 

i594.721 

1595.c97 

0.965 1597.5o6 

3.000 ' 16oo.5o6 

1 .3o6 

1.690 

J .729 

i.779 

r.627 

2.2o6 

2.8o6 

1.16fi 

0.858 

l .932 

2.877 

16o1 .812 

1603.502 

1605.231" 

1(5o7 .OIO 

1608 .637 

r6ro.843 

1613.651 

1614.817 

1615 .675 

y_fo7.6o7 

1620. 484 

r.56o · z622.044 

1.441 1623.485 

r. sCJ6 1625 .081 

J .2~8 1626.309 

tfo7.96r 

1629. 223 

0.346 1629.569 

bench-marks. ! .2 .! 8 
i :; ~::c 
\ ~~~ 

Rod E 1 Rod F, Mean. j J5 ~~ 
first line. second line.: ) '3 a ':ii 

i I 0 

i-----!~~----
m. nr. m. : m . ±nzm. 

..,.. 1.o858 ' + 1.0839 ; + 1.0849 i +•46.7613 

-7- i.7302 + L7412 ; + I.7402 i, +148.5<n5 

-14.1528 i 
....!__. 3. H>o6 

- 1.2031 

-:- 6.0955 

- 0.9105 

-L 4.9426 

-'- 0.2799 

- 3.4410 

- to.2226 

- 2.06!5 

+ 1.0662 

+ 0.0422 

- 0.6800 

+ 8.8059 

+ 4.2585 

- 2.7038 

-14.1514. 

·!3.0997 

- I.2043 I 

+ 6.0999 
1
· 

+ 0.()063 

+ 4.9365 
+ 0.2841 

- 3.4375 ' 

-ro.:zr54 

· 2.o66s 

+ 1.0647 

+ 0.0422 

- 0.678~ 

+ 8.8074 

+ 4.263r 

- 2.7094 

- 0.2468 - 0.2+47 

- 3.0926 - 3.0914 

+ 5.36&3 , + 5.3N• 

+ 3.4517 + 3.4474 

+ 3-5"94 ' + 3.5o83 

-14. 1521 1 +131.5243 

-1- 3.1002 f I34.6245 

- 1.2037 +133.42o8 

+ 6.0977 : +139.5185 '. 

+ 0.9084 I +140.426<) 

+ 4.9395 : +145.3664 

+ 0.2820 ! +•45.6484 . I 
- 3.4392 ; +142.2og2 

. ~ J0.2!90 : -t-13z.9902 

- 2.o640 : +129.926:2 

+ I .0055 : +130.9917 

+ 0.0422 +131.0339 

- o.679r +130.3548 

+ 8.8o66 

+ 4.<6o8 

- 0.7006 

+139.1614 

+x43 .4222 .. , 

+140.7156 

- 0.2457 +140.4699 

- 3.0920' +137.3779 

45.3 

I.804 1631.373 - 0.7167 - 0.7165 

+ 3.0947: 
+ 0.855• . 

-- 5.4388 

+ 5.3712 i +142.7'491 

+ 3.4495 . +146.1986 

+ 3.5089 ' +1 49.7075 

- 0.7166 ; +148.9909 

I .019 I 163•.l.392 + 3.0946 

1.477 1633.869 ·' + 0.8545 

T .732 

• J .g74 

2.392 

I .460 

2.366 

r.996 
1.640 

1.800 

1.188 

2.010 

0.938 

1.334 

1,536 16_17.446 

0.676 : 1638.122 ' 

1639.854 ' 

1641. 828-: 
1644. 220 

1645.68o . 

1648.o.i6 

1650.042 ' 

1651.682 ' 

1653.482 

x654.670 

1656.680 

1657.6r8 

1658.952 

- 5.4351 

+ 5.744o 

+ 0.5277 

~ ~:~~~ i 
+r3.6425 

- 6.4476 

·+ 5.-644 

.... 7.<6o7 

- 3.7410 

-ro.8356 

+ 8.76og 

+ •. ssoo 
1

1 

+ 2.5645 I 

+ r.3386 ' 
+ 6.0187 

- 5·4'94 I 
- 3· rn88 1

1 

+ 1.0567 

+ 1>.4204 

+ 3.0214 

-l- B.0946 +152.0855 

+ 0.8549 ' +150.9404 i 

- 5.4365 ·, +147.5039 ',. 

+ 5-7409 i + 5.7425 '+153.2464 i .... 
+ 0.5274 i + 0.5276 +•53.7740 . 

+ 3.3885 + 3.3888 +•57.1628 

- 3.7927 - 3. 7916 +153.3712 

+13.6493 ! +13.6459 +•67.0171 

- 6_.480 . - 6.4478 +16o.5693 

+ 5.27>2 

- 7.1647' 

- 3-7387 i 

-10.8323 

+ 8.75g6 

+ 2.8559 

+ 2.5727 

+ 1.3404 

+ 6.2085 

- 5.4288 

- 3.1047 

+ 1.0577 
+ 2.4222 

+ 3.0171 

+ 5.2678 : +165.8371 

- 7.1627 +158.6744 , .. 

- 3-7399 +•54.9345 

-10.8339 

+ 8.76o2 

+ 2.8529 
+ 2.5686 

+ r.3395 

+r44. roo6 

+rs»86o8 

+155.7137 j ••..•. 

+•58.2823 ! ....•• 
+•59.fuu8 

+ 6.2136 +•65.8354 : 

- 5.4291 +16o.4o63 

- 3.1o67 +157.2996 '. ...•. 

+ 1.0572 +•58.3;68 

+ •·i•13 +roo. 778z 

+ 3.0192 +163.7973 

2.022 166o. 974 

3·009 1663.983 

1.990 1665 973 

r.901 1667.874 

r.90<'l: tMg.782 

1.916 . 1671.6g8 

o.z26 . 1672.424 + 2.6139 ! + 2.61"6 + 2.6133 +166.41o6 46.0 

I, 326 i:673.0'l4 ' 

2.?.17 1675.241 

I· 785 16]7 .026 

2.026 ' i&,9.052 

t. 778 r68o. 830 

2.172 1683.00!! 

.. 388 1685. 39" 

r. 776 : 1687. r66 

+ 1.7n6 

- 0.0387 

+ 1.0158 

- 4.4n1 

- o.7r93 

- 1.4676 
- 2.7825 

- r.3279 

+ 1.7109 

- 0.0~2 

+ 1,0190 

- 4.4153 

+ I.7113 +165.5o86 

- 0.0385 +165.4701 ..... 

+ 1.0IJ'4 +166.4875 

- 4.4187 +162.0088 

- 0.723• - 0.7212 +r61•3'\76 46.0 

- I.4739 - t.4708 +159.8768 

- 2.7850 - 2.7837 +157.093~ 
- I.3338 ' - 1.3308 +155.7623 

Discrepancy. 

Partial 
.:. 

mm. 

+ 1.9 i 
- 2.0 

- 1.4 

+ 0.9 

+ l.2 

- 4'4 

+ 4.2 i 

+ 6.1; 

- 4.2 

- 3.5: 
- 7.2 

+ 5.0 

+ 1.5 
o.o' 

- J.8 

- 1.5 

- 4.6 

+ 5·6 

- 1.2 

- 5·9 

+ 4.3 i 

+I.I 
- 0.2 

- 0.7 

+ 3.7 

+ 3.1 

+ 0.3 

+ o.6 1 

+ 2.2 

- 6.8 

....i. 0.4 

- 6.8 

+ 4.0 
- . ., 
- 3.3 

+ 1.3 

- 5.9 
- 8.2 

- 1.8 

+10.2 

- o.6 

- 4.1 

- 1.0 

- z.8 

+ 4·3 i 
+ 1.3 

+0.7 

- 0.5 

- 3·• 
- 6.8 

+ 3·9 
+ 6.3 

+ •·S 
+ 5-!I 

Total. 

mm. 
+s3.2 

+s1.• 

+•9·9 
+so.8 

+s•.o 
+47·6 

+s1.8 

+s7·9 

+53·7 i 
+so.2 

+43· 0 

+48.o 
-f-49.5 . 

+49-5 

+47·7 

+.6.2 
+41.6 

+47.2 

+45· 1 

+43·9 

-1-JS.o: 

++2.3' 
++3·4: 

+43·• 1 

+43·' 

+42-4 

+46.1 

+49·2 

+49·5 

+sa.1 

+s•-3 

+45·5 

+45-9 

+39-' 

+0.1 

++o.8 

+37·5 
+38.8 

+3•·9 
+•<-7 
+22.9 

+33·' 

+3•·5 
+.s.4 

+•7·4 
-f-<i5.6 

+29.9 

+Jt.2 

+30.6 

+30.1 

+.0.9 

~-1 

-f-24.o 
+ao.3 

+31.8 

.+3'·f 

(m.,1)1• 

3.6 

.... o. 

o.o 

3"' ... 
21 .. 2 

1 •• 

o.o 
o.o 

0.1 

0.2 

46.2 

16.0 

5·3 
10·9 

1·7 

34.8 

67.2 

3·• 
l0-4-0 

0.4 

16.8 

l•O 

3.2 

18.5 

1.7 

0.5 
Q.2 

10.• 

46.2 

15.:• 

39.7 
6 •• 

14.8 



 

UNITED STATES COAS'l' AND GEODE'rIC SUUVEY. 55 3 

1'ran,~continenta1 line <(t' Spirit-lerels-Coutinned. 

SECTIOl\ V.-FR0.!\1 .!\IITCHELL, IND., TO SAIXT I.ours, 1\10.-Continnetl. 

Hench-marks. 

I 

I 
------------~·I---~-

131 to 134 .... 

134 to VI. 

VI to 133· .. 

133 to 132. 

132 to 13;. 

135 to 136. 

136 to VI!. 
VII to 138 

138 to 13g. 

139 to E,. 
Es to 137. 

137 to FJ. 

137 to 147. 

Y47 to 146. 

146 to 145. 

145 to 144. 

144 to 143· 

143 to :r42. 

142 to 141. 

,q.1 to 1 40. 

140 to 148 .. . 

14.8 to 149 .. . 

149 to 150 ... . 

150 to 151 ... . 

151 to VIII 
VIII to 153-

tS;t to 152 ..... 

152 to 154. 

154 to 155 .... 

155 to 156 .. 

156toG.A.F 

156 to 157 ... 

157 to 158 .. 

:r5B to 159 ••. 

159 to G1 •.••• 

159 to i66 ..... 

166 to 165 •... 

165 to 164 .. 

164 to 163. 

163 to 162. 

i6~ to 161., 

161 to 16o. 

16o to 167 .. 

167 to 168 .. 

i68 to 169 •... 

169 to IX ......... . 
IX to 170 .. 

170 to 172 .. 

17• to 171 .. 

171 to H, ........... . 

r;o to 178 ... . 

178 to 177 ... .. 

171 to rrfi ....... . 
176 to r75 ....... .. 

175 to 174 ....................... .. 

174 to 173.. ... .. .. .. .. .. .... . 

S.Ex.77-70 

i km. 

2.192 1689.358 

l · 740 j t6qr .098 I 

0,525 169r .626 

2.235 1693.86i 

3.176' 1697.037 

2.266 J699.~03 

2.285 l/UI .588 

2.347 1703.935 

z.472 r7o6.407 

i .340 1707.947 

0.936 17o8.883 

2 .• p2 1711.295 

2.278 1713.573 

1.946 i 1715.51,; 

2.442 l717.96r 

r.931 1719.892 

o.6o6 1720,498 

1.892 1722.;i90 

0.554 1722.944 

2.324 1725.268 

I. 756 1727 .024 

~!.037 1729.o61 

0.652 1729.713 

2.4o6 1732.119 

2.522 1734.641 

1,818 1736.459 

2.134 t738.593 

2.173 1740.766 

::1.038 t742.804 

o. 194 1742.998 

r.641 1744.445 

2.136 1746.581 

o.<)00 1747.487 

0.818 

2.597 

2.o6o 

2.o:i2 

2.712 

l.077 

1. 777 

2.288 

2.153 

1.577 

1.922 

t.430 

0-497 

o.006 

i.944 

1.005 

1750.084 

1752. 144 

1754. 166 

1756.878 

1757·955 

1759.732 

176z.020 

1764. 173 

1765.750 

1767 .672 

1769. 102 

1769.599 

1770 .. 05 

t772.149 

1773.15-1 

1. n6 1770. 715 

2.514 1773.229 

•.1ot5 1775·335 

t. 854 1777 .18<j 

2.846 l78o.035 

2. us 178 .. 153 

Difference of height of successive 
bench-marks. 

RodE, 
1 

Rod F, , 
first line. :second line. 

- l .6774 - l .6774 

4.6074 4.6038 

...... t.1486 1.1485 

- 5.6072 5.6tr5 

+ 0.0099 + 0.0116 

- .i.7711 - 4.7757 

- I.2ll3 - 1.2152 

+ 5.6171 + 5.6199 

+ l.IJ595 + 1.9626 

- 9 95r4 · - 9.9558 

+ 4.o.~o6 . ;'- 4.0326 

+ 4.9910 ; + 4.9902 

2.3521 

i .8960 

3.0026 I 

i.9395 ; 

+ o.769r 

+ 4 .o52 5 

+ 0.6659 

+ 4.2323 

- 2.3477 

- 0.5254 

+ 2.3568 

- 3.8148 I 

+ 5.7657; 

+ 7-4267 

+ 6.5333 

+ 7.66f>7 

- 4.1831 

+ 1.9902 

2.3571 

- I. 8918 

-- 2.9973 

- 1.9432 

+ 0.7699 

+ 4.o5 2 5 

+ 0.6680 

+ 4.2287 

- 2.3465 

- 0.5248 

- '·3547 
- 3,8230 

+ 5.7723 

+ 7.4269 

+ 6.5368 

- 7.66r4 

- 4· 1793 

+ r.9894 

1\lean. 

1.6774 i +154.0849 

- 4.6o56 , -i- 1 49 4NJ 

- I. 1486 +148 · 3J07 : 

- 5.&x)3 +q2.72I..j. 

+ 0.0107 +q2.7321 

- 4-7734 +137.9587 

- i .2132 +136.7455 

+ 5.6185 i +142.3640 

+ I .9610 +144. J:l50 

- 9.9536 ' +134.3714 '. 

+ 4.0316 -+-138.4030 

+ 4.9906 ! + .. 3.3936 t 

- 2.3546 +140.0437 

- r.8939 +138.1498 

- 2.9999 +135.1499 

- I.941+ +133 .2085 

+ 0.7695 + 133.9780 

+ 4.0543 ..+-138.0323 

+ 0.6670 +138 .6993 

+ 4 .2305 +142 .9298 

- 2.3471 +140.5827 

- 0.5251 +140.0576 

+ 2.3557 +742.4133 

- 3.8189 +138.5944 

+ 5.76go +144.3634 

+ 7.4268 +15r.7go2 

+ 6.535t +158.3253 

-- 7.66.p +1so.66x2 

- 4.1812 +146.48oo 

_.__ 1.9898 -t-148.4698 

+ o. 1797 + 0.1751 -,- o. 1774 -t-146.6574 

-12.1447 -12.l<f21 -12.1434 +T34·5f40 

+ 0.94<)6 + 0.9525 + 0.9511 -t-135.4651 

- 2.3251 

+10.9278 

-t-15.4386 

+ 8.8780 

- 1.5163 

+ 2.0339 

+ 3·4454 

- 5.3718 

-12.1110 

-ri.5356 

-· 5.528<> 

- 2.81113 

- 3.0494 

- 2 o654 

-t-29.8292 

- 5.1441 

- 0.7519 

- o.oxo6 
- 0.3143 

+ 0.9271 

- 2.3301 

+ 4.6344 

- 2.33o6 

+10.Q236 

-t-15.4455 

+ 8.8775 

- 1.516o 

+ 2 .0298 

+ 3.4400 

- 5.3712 

-I2.Ill3 

-1t.5273 

5. 5336 

- 2.8126 

- 3.0471 

- 2.o632 

+•9.8278 

- 5.14o8 

- 0.7585 

- 0.0073 

- 0.3094 

+ 0.9238 

- 2.3265 

+ 4.6330 +140.0981 

- 2.3279 +133.1372 

+10.9257 +144.o629 

+rs.4421 +•59.5050 

+ 8.8777 +168.3827 

- i .516t +166.8666 

_)__ 2.0318 ! +168.8984 

+ 3.4427 · +172.34n 

- 5.3715 -t-166.96g6 

--r2.rrr1 +154.8585 

-11.5315. +143.3270 

- 5.5308 +137.7962 

2.8r24 +134.9838 

3.0483 -t-13•.9355 

2.o643 +129.8712 

-t-29.8285 -t-159.6997 

- 5.1425 +•29.8413 

- 0.7552 +129.o861 

- o.ooS<J +n9.0772 

- O.JI!9 +128.7653 

+ 0.9255 +u9."9o8 

- •. 3233 -f't27 .3675 

±1nn:. 

46. 7 

Discrepancy, 

Partial 
~ 

-- 3.6 ; 

- I.7 i 

+ 4.6. 

+ 3.9 
- 2.8 

- 3.1 

+ 4-4 

-j- o.G 

4-9 

+ 5.0 

5.3 

+ 3-7 
o.8 

- 3.6 

- 2.r 

+ 3.6 
- 1.2 

- o.6 

+ 2.1 

+ 8.2 

- 6.6 

- 0.2 

3· 5 

- 5.3 
- 3.8 

+ o.8 

+ 4.6 
2.6 

- 2.9 

- 2.8 

+ 5.5 

+ 4.2 

- 6.9 

+ 0.5 

- 0.3 

+ 4.1 

+ 5·4 
- o.6 

+ 0.3 

- 8.3 

+ 5.6 

+ 0.3 

- 2.3 

- 2.2 

+ I.i 
- 3-3 

+ 6.6 

- 3·3 

- 4-9 

+ 3·3 
+ 6.4 

Total. 

mnt. ! (nt1n.)' 

+38.7. 

-+ 35.1 

+15.0" 

+39·.1 

-t-37.6 ! 
+42.2 ! 
+46.1 

+43·3. 
+40.2 

+.4.6 
-f-42.6 

+•3·4 

-'-38.5 ; 

--!-43·5 : 

......:....39.3 i 

+34-0 

+37·7 
+J6.9 I 

-33.3 
........ 31,2 I 

+34.B' 

-l-33.6 

-;-33.0 

.....-35. I 

..;..43.3 

~36.7 

-t-36.5 

-t-33.0 

-t-27.7 

+23.9 

+•4.7 

+•B.5 

+•s 9 · 

+23.0: 

+zu.2 

+28.5 

+.12.7 

+23.8 

+26.3 
-f-26.0 . 

-t-30.t 

-t-35.5 

+34·9 
+1s.2 

-t-26.9' 

+32.5 
-t-32.8 

-t-30.5 

+•8.3 

+29.7 

-t-•9·5 
-t-36.1 

+3•·8 

+•7-9 
+31-2 

-t-37.6 

o.o 

13.0 

o.o 

18. 5 

z.9 

21.2 

25 .o 

17 .6 

28. l 

1 3·7 

o.6 

13 0 

4-4 
13.0 

I.4 

0-4 

4.4 

67.2 

43.6 
o.o 

21.2 

6.8 

8.4 

7.8 

0.2 

16.8 

0.1 

5·3 
4.8 

2.0 

10.9 

43.6 



 

554 UNITED S'.l'A.TES COAST A.ND GEODETIC SURVEY. 

Transcontinental Une of Spirit-levels-Continued. 

SECTION IV.-FROM MITCHELL, IND., TO SAIXT LOUIS, 1\10.-Conelulled. 

E i ~ E Difference of height of successive ! ~"E..:.ii 
~~ ~~.!1:1 bench-marks. ! 22 g 2E Discrepancy. 

Q); .., O ~ --------· ~~:I: ~ M 
.OE .~:ta I '§.~~ ~] 
8.i. "d~ ' ! ·- "O 
i::u -"Ou RodE, RodF, i ~;$, ~'_5 

i ~ ~ !: ; 5 first line. second line.I l\1ean. ~ ~ '::! ..=ip 2 

Hench-marks. 

j .:!:..c:: o:n.a :: I ! '""'f;.< '" .... 

-------------------- 1--
0
---'"--::----- -----\------!--'"--- ____:-. __ _ 

) km. ! km. ! m. '"· j 111, j : :111:11t. 

173 to 179 .. 

179 to r •. -
179 to 183 .. 

183 to 182 

182 to 184 .. 
184 to 180 .. 

r85toE.T.G 

185 to 186 ... 

186 to W.T.G _ 

186 to 180,. 

i8o., 

180 to J, 

180 to K3 ..... 

.. i 1.202 ' 1783.355 - I.2296 l !.2340 1 - 1.2318: +126.1357 
! ' I I 
I 0.059 1783.414 + 0.7713 + o.77o6 I + 0.7709 1 +126.()066 

-·,I I 
0.025 ' 1783.38u I +22.449..i. +22.4489 I +22.44'.)I '+148.5848 

''! 0.62.i- 1784.00.j. I - 0.7478 - 0.7-142 ! - O.H6o I -+-147.8388 

0.000 1784.00.j. -19.8287 -H.).828i I -19.8287 '+128.0101 .· 

0.020: 1784,024: - 1,2238 i - I.2233 ! - I.2235 +126.7866 

0.05::1 1783.407 - 0.7328 - 0.7329 - 0.7329 +125.4028 i. 

0.374 j 1783.78r - 5.7827 - 5.7801 - 5.7814 +u9.6214 

0.590 ! 1783.997 - 0.1599 -f-12s.2429 

0.116 t784. TlJ - 5.6:r64 - 5.fH6o - 5.6rfo +119.6'267 

0.058 1784.055 + I.S3'H + i.5383 + I.5391 +i26.7820 

············ +126.7843 

+ 0.1234 + 0, 1234 + o. 1234 +126.9077 47,2 

-+- 0.1230 + 0.1239 + 0.1235 +126.9078 47.2 

Partial 
<lo 

7lll11. 

4. 4 

--,- c.7 

+ .0.5 

- 3.6 

o.o 

- 0.5 

·I··· 
I 
I 

Total. 

1 "'"'· 
+42.0 

+42.7 

-+-.p.5 

-1 .~s. 9 

-;-38. ~} 

-f-38.4 

+-12.1 

-f-39.5 

-!-42.J 

-f-41,7 

-f-42.7 

40.6 

+40.6 

39.7 

(mm.)2 

19.4 

0.5 

0.2 

13.0 

0.0 

6,8 

o. 2 

0.4 

0.0 

o.8 

SIWTION V.-Description of primary and secondary bench-marks between _,_lfitc!tell, I1id., and Saint 
Louis, Mo. 

X-Mitchell, Ind.; already descril1ml. 
Y-Thc centre of a cross, cnt on the face of the i,;tone cap of a ha1-m111e11t window, m1 Uie north· 

west side of tlrn court-house at 'Vest Shoals~ ~Iartin County, I1u)iaua. It ii,; marked thus: 

y 
B + 1\1 

Z-Cut on the sill of a b:iscrnent window, at southeast corner of court-house_ at Washington, 
Dadcss County, Indiana. It is marked thus: 

z 
Bo l\f 

U.S. 0. & G. S. 
1882. 

A.3-Cnt on the stone ledge on the northwest front of tlm cuurt-houi,;e at Vincennes, Ind. It 
is marked th us: 

A3 
BoM 

U. S. C. & G. S. 
1882. 

No. I-The ceutre of the tAJp stuface of the easternmost stm1e pier of the Ooast all(l Geodetic 
SmTt\r ast,ro110111ieal observator,Y, in tlw gronuil:,; of Um Viuucnnt'8 court·homm. 

B3-0nt at tlrn base of oue of the columns of the north face of the court-house at Olney, Rich­
laud Count~·, Illinois. It is marked thus: 

B3 
B o·M 

U. s.:o. & G. S. 
1882. 
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No. II-Near the southeast corner of the gTuumls of' the public school at Olney, Ill., on tile 
monument marking the end of the U. S. E. base· line. 

The top of the monument bears the inscription "U. S.," and the bencli-mark is tbe centre of the 
space inclosed by the lower curve of the S. 

No. HI-Cut on the eastern abutment of Ohio and .Mississippi Railroad bridµ-e over Little 
"''abash River, about l~ miles east of Clay City, III., and is markell thus: B o 1\f. 

0 3-Cnt on a front basement window, near southeast corner of the public school building at 
Flora, Olay County, Illinois, and is marked thus: 

Ca 
Bo!lf 

U. S. U. & G. S. 
1882. 

No. IV-Out on the west abutment of Ohio and Mississi)lpi miilroa•l trestle over Skillet Fork of 
Little Wabash River, about 2~ miles east of Iuka, Ill. It is marked tllus: 

BoM 
IV 

D 3--The centre of a cross, cut on the southwest corner of the court-honse at Salem, Ill. It is 
marked thus : 

D3 
B o l\f 

U. S. C. & G. S. 
1882. 

No. V -Cut on tl1e coping stone, at the east end of a long arch eel cul ,-ert, at Odin Station of 
Ohio and Mississippi Umlroad. It is markecl thus: 

B.M. V. 
0 

No. VI-Cut on tlw west ahutment of Ohio and Mississippi Rftilroad tre>stle ahont 22 miles 
west of Sandoval, Ill. It is marked thus : 

u. s. 
BoM 

VI. 

No. VII-Uut on the west abutment of Ohio arnl l\fississippi Railroad cnh·r,rt ahont mw-fonrth 
mile east of Oollius Station, and is markecl thus: 

B o J\1. 
VII 

E:r-Ahout one.fourth mile east of Carlyle, Ill. Out ou a pier of tlie Ohio and MissisRippi 
Railroad. britlge over the Kaskaskia River. It is marked thus: 

E:i 
Bo M" 

U. S. C. & G. S. 
1882. 

F;i-Cnt on the station ledge, under the windows of the east face of the court-house at Carlyle, 
Ill. It is marked thus: 

BoM 
Fs 

U. S. 0. & G. S. 
1882. 

No. VIII-Cut on west abutment of Ohio and Mississippi Raih'oad briclge over Sugar Creek, 
about 1 mile west of Ariston, Ill. lt is marked thus : 

U.S. 
BoM 
VIII. 
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G,-Cnt on the sill of a basement window on the east face of the public school building at 
• Lebanon, Saint Clair County, Illinois. It is marked thus : 

1882 
U. S. 0. & G. S. 

G3 
B oM. 

No. IX-Out on the east abutment of Ohio and Mississippi Railroad bridge, about one-fourth 
mile east of Uase~-ville, Saint Clair County, Illinois. It is marked thus: 

BoM 
IX. 

H:r-Thc centre of the head of the copper bolt inserted in the stone monument marking the 
north end of the "American Bottom Base." 

Ia-A mark on a large bronze plate i1'serted in the south face of the eastern land pier of 'the 
"Great Bridge" at East Saint Louis, Ill. 

The plate bears the inscription-

fl U.S. 
l'----i 11 

lic,0 ;-.:- ~ 

II BENC1~ 8~ARK 
J ,-A similar plate inserted in the western land pier of the "Great Bridge" at Saint Louis. 

Rench-marks 13 and J 3 were placetl aio; near as poio;sihle on the same level as the Saint Louis (so­
called) "City Directrix" described below. 

K3-Known at Saint Louis as the "Uity Directrix." It lrns been in use for many year8, and 
was originally the top si1rface of tbe pedestal of a monument which stood on Front street near 
:Market. The mu11u111ent shaft was destroyed at the time of the great fire in that locality, but the 
pedestal remained. It is now level with the curbstone .and forms a part thereof. A T mark has 
since been cut to indicate the point used for a bench·mark. 
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