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Proceedings of the Madras Governmént, Public Works Depariment,
4th September 1872. : '

No. 44. Read the following despatch from the Right Honourablé the Secre-
tary of State for India, (Public Works,) to His Excellency the Right
Ionourable the Governor in Council, Fort St. George, dated India

Office, London, 11th July 1872, No. 127 —

I mave forwarded per book-post ten copies of each of the under-mentioned
publications, and I request that they may be circulated among the - officers of the
Public Works and Survey Departments of your Presidency, namely :— :

Report by Major G. A. Laughton on the working of an instrument "called the
Omnimeter. ) . ,

Memorandum on Teckhold’s Omnimeter by Lieutenant-Colonel Strange, F.R.S.

Deseription of Eckhold’s Omnimeter by the inventor.

9. The copies have been addressed to the Secretary, Public Works Depart-

.

ment, Madras.

' ECKIIOLD’S OMNIMETER.

n——— N

trument i8 intended, as its name denotes, to effect several operations, as measuring

Tais ins
her inclined or horizontal, measuring altitudes,

the bases of triangulation, measuring distances eit

and measuring angles. ‘
Description.

The instrument consists of the following parts:— -

1. Of a graduated circle, to read off each ten seconds in the measurcment of horizonta

angles. :
Of a powerful telescope, revolving in a plane perpendicular, to the graduated eircle,

Of a microscope, of high power, connected with the telescope and moving with it.

Of a bighly sensitive level lying upon —. .

Of a rule, or plane, having a fixed length (of 20 centimetres, for cxample).

tically at the extremity of the said rule, at a distance coincident
oh scalo is divided into half millimetres

N

o Ot

Of a scale fixed ver
with the optical axis of the microscope, Whi
(the millimetres are indicated by the numbers between 1 and 100).

7. Of a micrometrical screw movement connected with the base of the scale and giving‘

5 of a millimetre of the scale, legible on the graduated circle beneath.

the TF"A‘!
8. Ofa second extremely sensitive level, capable of being applicd to the telescope and deter-

ng, in case of need, its horizontality.

mini
Further, of all the necessary screws, keys, and other matters required to secure the

efficient working of the instrument.
As the necessary complement of the omnimeter, there is a levelling staff (see fig. 2),

not divided, but of an invariable length (a3, for example, three metres), which length is
defined Ly two white lines on & ground of black, one at the upper extremity and the

other at the lower extremity of the staff, as 7, m'.
- Mode of Operation.

ng into more ample details regarding the instrument, it may be as well, in

Defore goi
order to show the way of working with it and the advantages to be obtained by its use,

to take an example.

. Supposing, then, that we require to ascertain the distance between any two points—

@ This description rofers to the original French form of the instrament ; the straight graduated scalo is now, in

{he Euglish paiterd,

i

Lorizontal nob vertical. R

.
.
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T.he first thing is to place the lovellin

operations, the staff must, of course be h

.We then take the omnimeter to’the

and its screw adjustment, we place the ;

. Then qlrecting the teleseope upon
(with Ehe screw for that purpose)

We read off on the scale, by means of the

1

On account of the fi
: gures being maonj
number at a time of the 100 integ%al ag;nﬁed by the microscope, we gl
Pl_u s the unascertained fraction com 20 the scale ; suppose vn; find iy be sble to aco enlyons
microscope, We will aseemtais thf:rxfscd })etwcen that number ar:d the number 67 (millimetres)
example, that it reads a8 8035, or the! :icrgc,lon :xa;ctly, by means of :}be horizontal thread of the
e of the !

g staff at ono of the points

. in thi : .
eld in & true vertical POSiti( this a8 in all geodesical

on).

other point, g
, and sct it u
\ p. B
nstrument in a horizonty] Maney mesns of the level (4,

the uppcr Wll. .
tte line m of the stal, wo fix the telescope

micros P
cope, the inclintion of the telescopo.

This we note down in our book to the i micrometer ¢ micromecter ; say, in our
Wthus , o right of the numl.)
© Tepeat this operation in every partioglas fro 11 £ €7 already obtained,
lcu]ar * (XX} (A1) 672035

. 1t:ta.ﬁ', and we obtain, Bay
; :pemtu?n with the instrun‘:" 6 1o
ata required for caleulat; Wy 20 e

i m le Sag
these two quantities ng the digtanceg Piete, a8 we are in

and divide 6000000, 5 Const;. + Let ug take

g
10 lino m! (the lower onc) of the

.. 009100

e .P‘)ascsa'xon of the
¢ difference between

we Bhﬂ.ll have grm o nt number f (YT ..
In fact, 1 279 28 the horizonty] d.or all cases, by the ¢; 62635
4 . ance i erene
et us (fig. 1) suppoge ) 1stance ip questim‘,o o o we have thus ol.)'t;mcd..an;l
»

From the poi r .
point O let Presentip . '
us dray o horizoxiglz' difference as found -..: (::t‘:(l)' bo the poiut round
. ing «LIY,

) let u
8 produce the )iye AD to 11, and the

line may
o " to . We have then AD and
Perpendicular to OD.

\“ \\ DL
0‘ 10 S\m\\t\ \ \ I3
1 _op 0mD we hay v wiangles OATL aad

. K oy —_—
Bat OT=0m 20 g, t}i o therefore op) o, OH X mmy/
mm'== on . TTAp T
3m.00 (the invar Btruction of the i A

¢ the following proportion—

ity obtained in

o, o po” of the Metrg

. oD — 0"‘.90)( 3

n the preceg; o oG = o

| l Q006207 i .Go

zr}llmmeter at the otxllngcrcxamp]c. : o o e ‘:?)ﬂonoo 9
he . . 2645 99 7.

o T8, one by placip tl . i

ut outside, -1 e'g o

.the total distance ;

11.1stance, we obtails

circle, ang by calcn

and the ty, sideg

our example by the

3 Qm '0062635 i 3(’&,0).

if wo sulstitute for the letters

. to |

N-m}:ng i not h:wbe Ilaced at one point snd the
with t} ' ever, the onl ,
obtaj SRalm 0 tWo pointy » nly one ; thero are two
thot;l.ned dlrccu ust be Bot Vjp at ea’;(;:ntfs N ”lo Otbcr. by ﬁxing i' ﬂt gomo
ulatip Stanco Measyy] Z the points, In the first instance,

g the triangle (tr;ng the horizonta] anﬂ;lk nn}:l foresights. In the gocond
&onometrica}) ‘ o, which we read off on the great

Nt on tho gre:

recom blishm

side ;‘;C&d for adoptiop nthf 2 base of 4y ¥ means of the angle thus obtained
» er y for 1an 1

of Om‘OO*‘cabOuts, o my ' lf.we Proceed u‘fulnhoh. the latter mode | .
I "3 Tesult w); T casily moq us by emal] g; ode is that which we should

n fact ; ich ig qu: sure g bage I; 18tances fr 9

o o gt if for g digy Quito sayf, 230 line of 1 0y om 10 to 20 metres on cach

of th istanco oqua] tg gy gy, 10 met uctory. 000 metres within an approximation
® Wicrometey ,9999 4, Te8 the sealo pives

0 u i
lﬂ‘trence 0m'00000025 the ‘]I‘Tt'f('nCﬁ 0m 06, it will giVO us
» & quantity appreciable on the circlo

T

;\' - ‘u-.{
‘“\

£
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e
The nature of this operation requiring extreme exactness, a staff of special construction should
be employed. This staff would have the two faces similar to those already described, would be
providcd with supports to ensure its verticality, and, at its base, would be armed with asteel point
and iron tressles.
. As regards the measurement of the slope or the inclined dist
further, the reading off of the horizontal line on the scale.
We bave, then (fig. 2), a new proportion :—
- AB __ mm/ e mm' x BII
B~ D and m'D = A3’ .

ance, the operation requires,

) 2
consequently o = v (m'D* + oD?).

General Observation.—The practice of the omnimeter has proved to us that in the measure-
ment of leogths requiring extreme acouracy, it i8 not prudent to make the points more than 200
metres apart. At that distance we are within an approximation of 0m.04; at £00 metres, by
making use of a staff of four metres high, the approximation would be within Om.17—a suffi-
ciently satisfactory result, as, by one forward and one back sight, we can determine a kilometre
within Om.3%.  With the chain we know as a fact that it is hardly possible to come nearer than

within a mean of ?Lw of d;fference.
that we have described for the measurement of

'x BU .
inclined distances. The quantity is given by the formula ‘see fig. 2) m'D =" AR that is, three

divided by‘ the difference with the horizontal

In levelling, the operation is identical with

(metres) ‘multiplied by the difference of the sights,

line. .
The rcadings are obtained with the greatest precision. For distances not exceeding 100

they are obtained within & fraction of a willimetre; and for greater distances (al which

metres,
tive) the measurement can be obtained within &

the instruments at present in use are inopera

millimetre.

This degree of precision ig attained because—

1. In placing the instrument, we have not to pay attention to centralizing the optical axis.
9. Decause the operator has always to point his telescope on the same lines of the staff,’

which lines denote an invariable length, namely, three metres.

3. Because there can be no hesitation in reading the gtaff as with the ordinary levelling

_ staves, with which we have an element of guess-work not found here.

In difficult and hilly ground, levelling with the ordinary levels becomes a very long and
expensive operation, because the sights are necessarily short, and because the number of them is
multiplied in proportion to the rapidity of the incline. The omnimeter, as may be perceived at
once from the nature of the instrument, allows of levelling points placed at great distances apart,
and which make considerable angles with the horizon. Merely considered as & level, it offers a
considerable advantage over the instruments hitherto in use.

The omnimeter is calculated, therefore, to cffect an important improvement, combining as
it docs 10 one instrument the theodolite and the level, doing away with the necessity for tedious

chain measurements, and requiricg in its operation no complicated calculations,

pE—————

Memorandum on ECKIIOLD'S ¢ Omnimeter*’ by Lieutenant-Colonel A. STRANGE, F.R.S.
Tnspector of Scientific Instruments, India Store Department. '

Ag the new ;nstrument named the ¢ Omnimeter '’ hag attracted some notice amongst Indian
Surveyors, 1 think it desirable to state my opinions on certain points connected with it, with a
view of ascertaining whether it still admits of improvement, and if so in what direction. With this
view, I beg to recommend that this memorandum, Major Laughton's report, to which it will
refer, and the inventor, M. Eckhold's, description of the instrument (appended) be

frequently
d circulated to the Public Works and Survey Departments in the three Presidencies,

printcd an
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2. The invention under notice w13 brought ¢, b
ears azo. I mad p " me
zms sound, and qthe ; Yt'ry caretul examination of it, and ca
, v » and at, if properly applied, it was caleu e to the conclusion tha
time anf.i money in those surveys in which chai ated to effect 4 co;
in levelling operations. I measurementg J,

¥ 1ts author, M Eckhold, about three

t the principle
igiderablo sayip,

\ g of Loth
ave Litherto beey cm;'lo:'c‘l, and

tween the distances, conse-

words the error increases according to the square of the difference be
-00005, this would equal &

quently, should the difference between two observations amount to

feet at 1,200 yards—a most serious error.”

cture ) 9. The discrepancy between two persons here spoken of e

e b, submitted to 14 by M. Eckhold between their micrometer readings. Major Laughton describes t
» DUt they wepe such ¢ ’ single reading) to want of delicacy in the straight scale, and insufficien

vidently means the discrepancy

his discrepancy (of 00003 in a

of French manyf,
cy of sub- division in the

was very badly designed. I need not here doseribe its def,
0 efe

to recomuiend the trial in India of

the prineiple ;
M. Eckhold on the subj e principle in thay at I decli i
which would be nece . Jcc-t, and explained to him the mod'ﬁs}m'pe. . I hat many COnfcrcnch lﬁf;l ; circular micrometer head, and he proposes modifications in theso parts, by mesns of which he
ssary 1n order to give jtg tUcations in thq form of t}, v expects to render readings made by different observers more accordant.

llowing reason :—The cele-
measured by a given

¢ instrument

fter a ool deal of delay and 3 10. In this expectation I fear he will be disappointed for the fo

several alterations, Messrs. Elliott B"OtllerspnnCipIe fair plag, 4

were to some extent carried out produced gy ;
. and i ., mstrum . . 3 . .
Major Laughton saw when he wa;in o 111; was thig lnstrument mo?; 10 which my instructions ! . brated Troughton laid down the dictum that no smaller quantity can bea B oqually to 5
idty . » . A . R o s 1
pated my inteution of recommendiye :.h"t:d', and jugt]y considerqg ttied under my advice, which i instrument than that which can be seen in its telescope. This, of ;our:z; :‘5(1 o ver been
on the subject passed between us, Oz onla; oxb should by tried, an 8W0rthy of trial. Ilo antici- ; / microscope used for measurement. The dictum 13 baszd ontzou:xubjzect s;tisfy e ite sub-
' One poj ' 777 Bome private correspondenco 1 controverted. Numerous experiments which I have made on &e

efliciency of the instrument, namely, that aq; point did 1 expre
» Laa, ag it

tion of a very delicate micrometer gep
I did not feel sure that the person
levelling works and in the Reven
fastidious refinement of observation surveys wo

3 t0 do Jnes:
Major Laughton’s h . 0 Justic
g ands the instpy;, ¢ to such .
srument miqhy 40 appliane
altb Bucceq 9.

3 2 douby regarding the practical » stantial correctness.

11. What, then, is the smallest qu
have, since the receipt of Major Laughton’s Report, ¢
Messrs. Elliott. I placed before the microscope & 8¢ 07
remarkably fine lines, cut on glass made expressly to test microscopes.

i \ i hese as separate lines.
12,000 h. Th e was totally unable to show ¢ pa L
mied . arale om o e noth which had 2,500 lines per inch. The micros-

antity visible in the microscope of the ommme?cr. I
samined one now under construction by
t of * Nobert's Test Lines,” which are
The coarsest set of lines
I then

zg:?:gli mainly on the manipula-
e I;,u,;/lx-nun'xte linear quantitics,
AL e Works Department on

Prove sullisiently trained to

ew i
for determming exce

8 ordmarily employeq ;
40 Winor {,pq11 .

the hands of his less refin Iy
ed subordingt . L, but 1 al no doubt that in
use on the Continent, but it iq e Mes, Ii; 13 true that ¢4 iVcry much feareq iy might fail in tried a stale on glass (made for another purpose) " y Jines of twico that fine-
sbroad than with us, rious thap éubof‘dim\t, Wtrumont jy Betting | N ! copo resofved these perfectly, and I estimated that it would have shown 131e : 0
v A0 Burveyorg 5 largely into ) i :s I think, is about the smallest quantity the microscope Wi
4. Major Laugh ; are morg Jj. 4 ness, namely, 5,000 per inch. This, ink, is a . Jivided
Dut Le d ; aughton’s report gn the lnétr - ! ‘ ",'My educated ‘& | show with certainty. Letus compare this with the scale and micrometer head. The scale lsh ivi ';
e does not mention by whon ment after ¢y OR . ivisi inch 0-02 inch, or #sth of an inch. 10
om 1t was Ftrial i j b to half millimetres, and one division = 0:01969 inch, say, 0-0= , OF 35 :
my duty to re : used i 0 so ’ e . soigd meter
Cr y , ¢peat the above caution, » and untj] Wore jg known Me respeets favourablo. 1‘3 o gub-divide this, the micrometer head has 500 divisions. A smgle dmsxo'n of tl;?t mll)t;li’:w o
5. The three Principal operation Vi o that point I think it 5 / = 3 1gth of y'5th of an inch, which is equal to the zxbssth of an inch. This quantity ; at Y
advantages over the ordinary methods ° for Perform;ng which 1: g times smaller than the smallest above found to be visible in the microscope, I foresee no advabn ta,=,¢;
measurement of linear distanceg are (1) the mcasuremelclt :‘hl),s Instrument professes to have j/ “from increasing the delicacy of the indicating appliances, which already so much exceed that ©
6. Major Laughtog ' of Lieights ; (o esges & S ' s .
on i (2), levelling ; (3), the the microscope. ) . )
* exceedingly accur:’ce ” "n?tiates (pamg"aph 17) that = 81 (.8 12. Hence it would appear that the microscope itself needs greater op}f.lcal ﬁ(iw;:r: rrAt;(:
s d « e sy . H in
shall therefore tako thoge ¢ ( (pa.'mgral’h 19) that 3 for Measuring 1,1, . . this can be done by diminishing the focal length of its object g}ass. 'But. this 1;1 d.r : X
accuracy as a distay, WO points gg gettlod 10 levelling 4 is o ¢ights the instrument is object glass nearer the scale, and as this, being an opaque object, i3 viewed by direct, no
7. Ma " Measurer. »ud Sonfine Wy remy, “onderfally accurate.”” I tr:nsmitted light, there is a limit to this source of power. The limit has been reached in
¢ N : 1] R . .
micrometemny atte‘mpts to dispenge with g v EtO tho third, namwely, its the microsc,opcs used for reading off large circles. Those of the great theodolite, dle)mgnehdt by
oF scales of vari i rect el ) 3 i £ India, afford an example. They are brought as
best arrangeme . Tarious kindg hav Clain Measyy mo for the Great Trigonometrical Survey of Iin 19, e ;
'unavoidab]c; ma?l:e()f ttl.llslkmd Wwith whish ; :)ccn mada mfﬁ:’:nts by means of instrumental near to the circle as illuminating exigencies admit. Th';yh' mdlca:e, umle::t avcrz:iz cc.n:;uu.:
. watical conditiore . ooy 4VE et s . times . b N . . . 0-5” (half a sccond of arc). is angular quanuty on ircle in -
tion i iitions u . The o e o .s. with certainty about 00 (halfa s
a m:fs\:“?ile " ofa very exfrexnolL‘Ofdtho Problem in, qu(t :b MUt not 1q forgott::\m\:;cttt are ::l: if - :tuaelli;o:l ‘(’; ;'ce: diam);tcr) is = 0-0000430 in., or about z543v (one twenty-five thousandth) of an
rea base i . Md, Ng,. *8tion ) 1wt are tn . . S RO . . .
of sound), 1 ine can be dlsp'cnsed . Inctliod f ot ’ fl-'lomd)'. to employ an *¢ il.condi- ‘ inch. The present delicacy of the indicating appliances of the ommmetex: is thus already equ?l to.
© 0 the omuin, ith fex SHinin i Y ] ] +o instrument referred to, which are four or five times
is therefore yer : cter methog ¢1;; ¢pt the very uy Ea distance 18 known in which that of such microscopes as those of the large instr fel ! )
sought to b Y short compareg with § Meaguyeq base Certain ong founded on the velocit more powerful than the microscopes of the omnimeter according to my experiments above men-
the di t.o ¢ counteracteq by introq the gis ante to bo ms 388l of frop o to 4 o (; re 3 tioned. It would appear, therefore, that the power of the microscope should be increased rather
is ishi u . - me : . ) : . . ;
b mguls.hxng features of the cing fincly divideg casured. 7, wnfa cbtrca onz, BN l than the power of the indicating appliances. But, before proposing to_do that, we mus.t ascertaia
Ing a vertical circlg of about (;mStmm wlich j sealo and g icate inj ourable cordition 19 what amount of increase in microscopic power would be really effective, and to do this we must
way. . i ’ is eqy; . n : . » . . . . , .y e
tr?Zn l'f:l?, s‘fbshtutlon of & strg 1111:]103 adiug poqy “uivalent ip point of ;:::!?cttr,. which nr: take ono step further and examine the telescope, for.aga:m applying . Troughton’s rule, it is of no
with %be’ _ simplifies the cmnpm::f.l scale for | circle 1{ One micromegep microg ? nn.nmltnm.cnl use to make the microscope, with Whl?h t'hc observation is only read off, much more powerful than
scale b cxrcle_; but it must neyep lzn’ but docs not con. y mtrodUCing the prin N ;pe in the usua the telescope with which the observation is taken.
C e . Y cip Hoatmi K . - : -
8 mp}°5ed. 18 subject ¢, the fe Tost 8ight of that :): o&'rcﬂtcr Bccuracy tlmn‘ S :: t'l‘"“t;: 13. 1 find, from very numerous experiments made for other I.mrposes, that tc}escopes of
. Major Laughton stat undamenpgy) disadvan method, whthep A cirel nt o tamft . ; about the size in question, if good, when directed to an opaque object at comparatively short
re 3 . . -y
gfgons awounted j, 8ome ir:st (Paragraph 31), ey .abo above Dointed oyt ¢ or a straigh 4 distances and well illuminated, show no smaller angular quantity than abou.b (77) seven scconds of
HHerenco of +00001 i, 600 ; at"%s to '0000'3 b : d;mrc"“’ Letwoen the o, % arc. I say* about,’ because the quantity varies with the light and the quality of the telescope. 1
(U] il cqual t v bu tlis I8 l,o obscrvations of two 3 * ider's li . h telCSCOp"s subtends about the same an~ular quantity‘
0 18 B mont gy . ” i too. that an average spider's line 1n Suc g ; z .
¢ A error of g Scrious difforence, for the 3 find, to0, ° 2

ncheg )
A B 1200 ai to ] fout ; in other
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14. 1Itis easy to compute that seven seconds of arc on tho straight scale, taken as part of 8
circle of say 6 inches radius, are equivalent to 545 of an inch. Now this is exactly the quantity
which, by direct experiment above referred to, I find to be the least that the microscope will show,

and five times greater than the smallest quantity which the scale and micrometer head already
indicate.

' 15. Ii: the above reasoning is sound, it would therefore appear that the part of the instrument
which requires strengthenin

g i3 the telescope itself indicati Wi ich aro
already so much in excess, : + 2ot tho indicating syyliauces, whic

What angular i i
. ; A quantity, then, should the telescope be able to show in
order to place it on a par with the indicating parts 1 These now show, as I have stated, the

. . . .
:Il?;;; of an (llnd;- ﬂns,yon a circlo of G inchee radius, is equivalent to (1+4"), less than onc aud
. second of arc. No telescope of lesg than 24 or 3 fect focal length would ‘show such 3

wantity i ] :
:lhe cli y mt an 2p'lqu? object.  To apply such o telescopo to an ompimeter would so entirely alter
aracter of the instrument that | need not discuss the Project

ich I arrive are a8 follow ;~
t.—That the telescope cannot 1

of the instrument, unj th
a3 the basis,

16. The conclusions at w},
1s

e much increpseq in size

X without altering the whole design
at,

88 With it the observatjon istaken, it must Le accepted

rometer are already,in 8 coV s

I should Ve disposed to B“bsmu.w}
order to diminish the _‘"’gl

, and to lesscn the rieks ¢

It is not probable that thei?

€TrYors are so smal]
" . t
1 valuo of one division ©

micrometer.

» 1 conceive tq be this,

portions rigorously, byt Ih
approach made to thep ca

18. 1 would now gy
measure with the omnimet

19. 1In his para
stand him, by 4 sing]

It is difficult to arrive at theso P'”

s . 0
to show bow, in a given instrument, some idea of th

n be gained,
Zr aa fzw Words on the distances which Major Laughton proposc® v
\ » 80d of the admissible errors which Lo contemplates.
grap 31,.wlnch Ihave already quoted, ho 8
o n e observauon, 1,200 yards."” ‘
+  Referri i ints ‘
himself, M, Eckh:;g t; the printed description of the instrument fornished to me by the inventof
gy s » Lfind the following Passage on this point 1—
General Observat; .

measurement of lengthg poqyr s ® Practice of tho omnimeter has proved to us that, in the

than 200 metreq [656 fee:]q‘:rmf extreme accuracy, it is not prudent to make tho points MO
art, ;

metres [1'57 incheg] ; a4 5o P At that distance we are

Wetres }i ! 8 [1,640 feet, or 516
etres high, the approximation wiy be witkin 017 m:trca 1o+

peaks of measuring, 88 I under*

ong.~TL

within an approximation of 0-04

(C7 inchea), & sufficiently satisfactery

ds], by making use of & stafl of §

BeHn £ e AL ar wn
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: . : i i re within 0-34 metres
res't, a5, by one forward an o e : M: d:ht::u;;ni: :;‘;’;‘ e;os?sible to come nearcr
[about ye's5th). With the ggaﬁn we k,r’\ow, as a fact,
than within a mean of y} 5 of difference. o

21. It will be scen from this that the inventor only contem;)l:;tes :lncazz:::?ztgns;a:.c;;i
€56 feet, or 219 yards, with the 2-metrehst(;1.ﬂ',t an;lsn:;; T?:;)th;:rds’ tga; hsl ceh e
staff, and th: does not speak of such distanc =Y ] ’
allu:]c:.ld ;hlj:\:e receit]y di;cussed the subject verbally thh. t}‘le mvcntor,r w}.xo ad;leres t:r::
above as what the instrument may be expected to do, repudiating any profession o ;}eas 'blo
distances 5o great as 1,200 yards. Indeed, at that distanc:e tlfe staff would ha.rdly l)e. xsccrm. e
at all. Itis noless than 541 chains, whilst 10 or 12 chains is an extreme distance for reading
staves in ordinary levelling work with a very similar telescope.

22.  As to the avcraze errors of chain measurements, Major Laughton's estimaten(paragraph
34) is 1 foot in 1,000 or y4's5th, whereas M. Eckhold, in the above extract, takes it af. :,{rth.
My own experience in chaiuing has been very limited, and I can therefore express no opinion on
this point. Much, of course, depends on the character of the ground chained, and on the precau-
tions taken in testing and stretching the chain, ete., and it is, of course, hardly to be expected

that all observers will ensure the fulfilment of the same conditions, and a

very small variation in
method will lead to a very diffcrent result, ‘

23. 1t is to be remarked, however, that the more uneven the ground the more probable will
be the superiority of the omnimeter over the chain as a distance measurer. ’

24. Baut, on the whole, [ am inclined to caution observers against expecting too much from
tho instrument for this particular purpose. 'No method of determining distances is so accurate
of linear measurcment. 1t would be invarially employed if the intervention of hills, rivers,
undulations, and oiher accidents of ground, did not stand in the way of its economical use. The
theodolite and triangulation gecure much greater rapidity and cheapness, but not greater accuracy,
than lincar measurements. The omnimeter method is virtually a species of triangulation of an
unfavourable kind, as I have already stated, owing to the shortness of the base. I do not say
this in order to discouraze the use of the instrument. Far from it. I think it should be

thoroughly tested, as a most promising contrivance, but a word of eaution against pushing its
principle beyond what it is calculated for may not be amiss.

25. 1 will now refer to the only test given by Major Laughton of the instrument as a
distance measarer, namely, the discordant results given by different observers in reading off the
scale and micrometer. Such discordances are to be cxpec.t,ed: They constantly -occuf- in the
reading off of astronomical instruments of the highest clafzs, whxch'xs eﬂ‘cct?d lfy.means 1den‘t1cal with
those in question ; they are due t) physiological causes inherent in ea::’h individual, and, in regular
obfervatories, are allowed for under the name of ** personal equation.

96. 1 would beg to suzzest to Major Laughton these further tests: —

1. Let cach observer make a considerable number of scttings of. the micrometer, w.ith
the instrument securely clamped, a gecond observer reading .oﬂ' and recording
the micrometer readings, of which the first observer ?bould be ignorant until the
serics is completed, in order that he may have éno.b.xas. If several o'bservers 8o
through this process, we shall have data for ascertaining whether the dxscrcpa.rxrixcs
are due to different degrees of skill in different obscrvers, shown by some obtaining
a wore accordaut series than others ; or whether there is a deficiency in the defini-
tion of the microscope, or in the clearncss of the scale, .or som.e .o.ther mechanicsal
defect, which will be shown by all the diffcrent serics exhlbmn.g ab.ogt cqual
discordances. 1If it is found that the differences of eaclt observer w:t.h himself are
about equal in all cases, but that the mean resqlts (tl.xe mstrl.lment .bemg of .course
unmoved) obtained by different observers are not ahke, which .I l'n.]agme )xs what
Major Laughton has found, this will indicate th.e “ personal equation’* above alluded
to as a phenomenon which may be expected to occur.
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4th September 1872.

2. Let now scveral distances be measured on level ground with great care, with the best
n,)cans available. Let the different observers make ench a namber ‘of determina-
tions of each distance, the readings of the micrometer head being always taken by 8
sccond observer as before. This is the real practical test of the instrument a8 &
whole. We shall learn from it several th
are equally skilful, as shown by
different obscrvers, ,

ings, namely, whether all the ohscrvers
the accordance of the serics taken by each ; whether
the omnimeter dist?ls::emcd of eq“.al .ﬁkm. obtain similar distances ; and “,'etb.ﬂ
‘ ) 8 agree, within admissille limits, with the measured dis-
tan?es’ and if not, whether the discordances follow som'o law, or are apparcntly

* accidental, '
27.  The observers sclected to make these tosts

. . . ahouh]l to fn}ﬂofcd
In using the omnimeter in the ficld, not men se v of tho clasa who are Lo !

lected for akill in the use of delicate instruments:
28. 1 should expect to find from these tests two things. First, that very different degreed

of sk.xll exist amongst the observers. This evil can, of course, be corrected only by training an

practlc?. Second, that different observers, equal in skill, disn:'roo in their dpt:rmination of the
sat{m dns.tance. If this is found to be the case, it will be ]’H'obx:bly 8 matter of personal cquation,
which m!l render it necesrary that every observer, before working with' A given Im,miuwt‘or, should
compare 1ts determinations taken by himself with carefully measarcd tfst distancen, and apply

to all distances obtained by him wi ETIN) . . g0
ascertained. y him with that individual instrument & correction prcnmwly

29. T trust that the tenor of
duction of the omnimeter,

to reducoe very considerably
bring a new invention into

t}jcse remarks may not bo considered as opposed to tho intro-
I entertain, on the contrary, a Lich opinion of its merits. Jt promiscs
t}\e cost of levelling snd chaining. Bt nothing is more caleulated tO
dnsrepﬂt.e than to claim too much for it. The questions I have hero
acy, which there is some danger mag he over-rated, ”I have, therefor®s
ends, and what is the proballe limit of m:cnra(:]
erms, being that it will most likely be found 3%
0.0“““3"7 methods in procision, though to an “t"."t
In the great majority of cases, hut that gome pec®
powers, be found necessary in order fully to call forth it®
Laverra Onsnnvnom’, .
20th January 1872, (Signel) A, STRANGE, Tieutenant.Colonc,

No. 45, Inspector of Scicntific Inatrumenis:

Orprr THEREON, 4], Sey
ES’[‘ABLlSII)IEN'P, No.

tember 1872, No. 2,102,

3_ﬁ Orprrep that the two ]nst-nnm‘:“l
publications bo re-printed for cireni®

and Survey Department . tion to the officers of the Public W.mk.ﬁ
buted, 8, Major Laughton’s report having already been distne

(True Extmct.) ’

Coloncl, R.E

. To the Acting Chi Secrelary to Government.

o € ief Engineer
»  Superintending Fo;
:o Major R, 3, Kcnnidyname

o the Supcrintcndent of‘
Exd, F

for Trrigation,
crs,

Revenue Suryey,

+ R, Dantlem an,

P ETTLIN oe %
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" latter instruments at one and the same time,

" No. 150 of 1871,

To Lieutenant-Colonel J. T. Francis, Survey and Settlement Commissioner,
e ‘Northern Division. ' : ,

‘ Bombay, . .

S : 22nd March 1871.
o ‘ f letter from the Secretary of State
the honour to enclose a copy ol le :

fi IndiIah:;Tgctioning an application I made, while lately on furlough in F:ngland’,’
Orbe allowed to bring out for trial a new instrument called the Omnimeter,” .

;%d requesting me to submit a report upon the working of the instrument to the

Government of Bombay. .

9. This instrument was not ready
but was subsequently forwarded to

January last.

3. Having given the
the above letter, to su
e yment which effects several operations, viz., it

« i ? is an instrument whic | , viz.,
m:z;s:lll"z: vegalzln:x(;tgrhofi:ontal angles; it.; determines @ltitude§, anfi can ﬁonse-
v be used as a level; and, lastly, it measures linear distances, w p:t er
?r?:l?rfe{i or horizontal. In fact, with this instrument, work combining the use of

: i be done more expeditiously than with the
the chain, level, and theodolite, co8 and consequently in a great measure

when 1 left England in the end of last August,
me and arrived in Bombay towards the end of

instrument a thorough trial, I have now, in terms of
bmit- for the information of Government the following

supersedes the necessity of using them.

5. This instrument professes to measure— .
Distanices of 100 feet to within 0-00L., .
' 1,000 feet (1)?00t ‘
: 1,000 yards ,, oot. ‘
b2 3 )
i i £ 300 feet to within 0-0005 of a foot.
Heights at a distance 0 DO et Qo002

b2

. » » ) \'
6, The i)riricipal parts of the omr\ximete;/”rare,-— .
. (1) A powerful telescope. . L ) '

%% ﬁ ggx:rffi.l;:leg):)c;o&f: I1)1((3).1'iz0nt‘al plate and divided into half millimetre,

i ine a circular disk, which is divided into
() 4 gl(;gr:;?litle;aig’egﬁ: 13‘1{]1(1):115 turn of which moves the above scale
illimetre.
(5.) A léig‘d?lz&lgc} circle for mgasuring horizontal angles.
(6: A level to adjust the horizontal plate. ,
(7.) A second level placed upon the tellescope.
(8.) An arc for measuring vertical angles. o
N.B.—The one on this instrament is not divided, and consequently
' is useless for the above purpose.

<, ini . 1 microscope with
. is formed by combining the. powerfu p
7. The mst;lri?ettl‘lte micrometer,{vhich gives measures on the scale fixed on -

:ge t(ﬁgiicfslft’al plate, and which is divided intd. half millimetres as fine as
e

0-0000002 of a metre, or 0-0002 of a millimetre. ~ The microscope is perpendicular
to the tel;scope, and both move on the same axis. R ‘
r distance from the centre of the axis to the scale on the

b 8.'1;%:1};,61;1;?3;&“& found to any required degree of accuracy ; it is a constant -
orl : '

-+v in each instrument. i
quantity 10 ) ber of triane] be tak
d the perpendicular of any number of triangles may be taken
9. Thefa‘ lt)ﬁze:n?groscopg: ;Sicrometel‘: and scale, with accuracy, which triangles
by use 0. Jar to corresponding ones taken by the telescope. The most important
;vl.ﬂnlglaesﬂg?ven y the telescope is that formed by supposing two lines to pass
ria

A
(1757.) .
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through the telescope, one to th

arou s ) ¢ head and

known length, held perpendicularly in the directt}ilocn (:)tf!lzexrrcfgutilrlf lﬁ)mt' (;f  stafl of

. . 2 o

| 10. Accompanying the instrument are two or 1cight,

?ngth; those used with this instrument are al b

lines on a black ground exactly 10 feet apart aonltf :1: f?
» a

a decimal character, this length is the beyt th

e sltavcs of an invariable
et long, having two white

1 the measure
- . at coul asurements are of
11, The above is the description of the jngt d be adopted, k

be able to perform.

may here state that I am mainly ; rtable ag an i :
for the description I have giv:nyolfptdheebt«?d to “Spon’s D; y.ordinary theodolite. |

omnimetey
12. I now proceed to show t .
. 3 0
with the instrument, what degree Ofaccur;my I have 1, bl
‘ . { cen abie to work
13. As the omnimeter professes to o

will take them in the order ; perform fiyg 4p;; |

I df? therein mentioneq, —© “UNg% as stated in para. 4, I
. 1lhe arrangements for i -
to those of an zrdinary thegtllf):liistlérmg vertical ap, hori;
plate in this instrument is 5} inch o Tequire p exll]?ma! angles are similar
of 20'—the vernier reads to 30"—} o8 In diameter, 'n'J) MMation ; the horizontal
and thus one of the principal Parts]? vertical ape, 54 1018 divided into divisions
distance from the axis to th Slll‘facels ff\rantmg, for, wity, ed ])cforc, is not divided,
also the “stationary point™ of ghe of the scale fiye o(r)lut it, the finding of the
laborious operation. lthc horizontal plate, as

or evcl in . : 3
15. To_determine altitudes, ling purposes, is a

of the object the height of whic;ln'lc staff is piacc(

short distance away from the ¢},; 18 required, . 7y,

line of the staff, and then to tgéﬂfct, tlul_y adjuste| ‘;mstrl_unont beine placed at a

the top and bottom of the object {’l:‘;t‘;‘]tﬁm, after whigl, the t is taken ta the upper
16. The distance from the ol ude of which iy rec l‘;]i;‘ftiope is dirccted to

after. The height of t jeet be jutred,

s he obiect ie . .in'r ascertaing
distance from the axjs g ICCt 18 Obtained by e b 33 Wil be described here
between top and botto P

to the surface of t}
between the instrume

lin K
2 vertie: HH i
} rtical position alongside

0 of object ag pe; (‘;e scale, 88)1-)?:;3“”’. thus: Let AB=the
ot and olject, il‘\;()_‘_f the scale, Ai’;(_l_”{‘}’;r""f‘ﬂ of readings
taff, and N=the difference _(;f e lllnour distance

readings Letween

H= t} .
a8 AB: . Y. N ,\ 1¢ re ul1 o Ny

CD:AE:GII ., GH=CBxAE quired heighy of the object; then

10, 100, 1,000,

and so on, t . AT AL mg
» the calenlation becomes extre 1 Y be put = 1,
Lextrenely eqgy

H

‘ ,
N, B.—~The po; i :
Point A is tlig axig of the instrument,

.
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" course took considerable time.

. of the staff, at each point, a

3

17. In practice the above has been found to be exceedingly accurate; the
heights of several buildings and portions of buildings in Bombay have been taken,
and subsequently the same have been measured by a plumb line ; both measure-
ments have been found to coincide almost exactly.

18. The manner of levelling consists - in determining the lines LN and NB on
the scale; the first is in proportion to the staff, and the other to the height over
or under the level of the instrument. The first of these lines, LN, is found, as
before described, by reading the top and bottom_lines of the staff. . The second,
NB, by finding out the point B, called th.e stationary point of the scalq, which is
obtained by the optical axis-line of the microscope, when f;he telqscope is brought
horizontal by means of the level attached to it; the point B is constant, and
serves for all calculations in levelling operations. The line NB is thus found to
be the difference between the number N, obtained by sighting the staff and the
number of the stationary point B. The proportion is then as follows:

( Vide the same figure.)
LN:NB::LA:NE. NE=YLXTD
. LN . .
« omnimeter ” has been found to be wonderfully accurate,

lling, the
19 In leveld hown in para. 5, it professes to be able to do.

quite equal to what, as s
. The principal tests I have pu
ﬁx?a(()l in aedri)rect liine, from 150 to 900 feet, at every 50 feet; the levels of these

e accurately determined by an ordinary level twice over ; this operation of
cou 4 The omnimeter was then adjusted, and, without

observations were taken to the top and bottom lines
“work which occupied only a very short time,
ll-defined lines on the staff, there was not the
h an ordinary levelling staff, with which there
found in using the staff of the ¢ omnimeter ;”

being moved from that spot,

for, as there are only two well
same hesitation in reading as wit
is an element of guesswork not

on the levels being calculated from the data thus obtained, the greatest difference

between .the results obtained by the two 1

omnimeter, was 0-01.

91. As the linear distance obtained by.this instrument is the principal element
in determining the level of any given point, for experiment 1t was Sgpposed that
a mistake of 3 feet existed in a distance of 900 feet ; but on calculating the level
with this error—that is, the distance being known to be 900 feet, the numbers
897 and 903 were taken in calculating the height of the point—in each instance

the level thus obtained differed from the true level by I 002, S

99, Again, in a distance of upwards of 6,000 feet, working through a crowded
city, with constant interruption, the last reading on a bench-mark, from which
the work was commenced, was found to differ from the first by only 022,

ows :—The height of a hill of about 90 feet was
determined by carefully levelling both up and down with an ordinary level
aewi)rrlzl whichy occupied us nearl? two hours; the same height within 0-29 was
obtained within five minutes_after adjusting the *«omnimeter,” by observing the
staff at the bottom of the hill, in the manner'before .descrlbed, and another at
the top of the hill. This was done without moving the instrument.

93, Another test was as foll

94, 1 now come to the last operation performed by this instrument, namely,
that of measuring linear distances, and I would be glad indeed were I able to

report as favourably on this as on the others.

95. The operation in determining the distance from the instrument to the staff
is similar to the others, that is, the staff is beld vertically on the point, and the
top and bottom lines are obscrved as before; the proportion is as follows, vide

last diagram:— ) o
LN:ADB::LN: AE .- AE= !‘—N—Lﬁﬁé_gz the required distance.

o her case can be taken where LN is placed partly below the horizontal
96. Another n in the following diagram; a little study will show that the

Az

line AL, as is s€c¢
(7757.)

t it to are as follows :—A series of points were .

nstruments, viz., ordinary level and

T e

e
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~ triangles are similar to those in the foregoing diagram, consequently the propor-

tions and calculations are similar.

H\

LN:AB::I:N:AE.'.A <‘=£‘_N_XAB
' L=

27. Distances up to 1,000 fect have been taken with this instrument, but in its

present state it is not to be depended upon over GOO fe X r+ dstanco
errors amounting to a foot arepnot unfrl()rquent. 00 fect, and even at this dxz.atanc

28. The causes of error are as follows :——
1st. The telescope not being

) -]
2nd. The arrangement for reading the scale being faulty,

- 3rd. i y
rd. The scale itself, though apparently to the naked cye very finely

1vided, when und i
4th, The diam,etér of theetlit:;{e ;;“i“’sml’e appears exceedingly coarse.

ciently minutely divided, 00 small, and the diyisions not suffi-

powerful enough,

29. The first element of error ig easily rectified

30. The manner of reading . : '
microscope two parellc] hailr X athe scale is as follows *=On looking through the

isk s it 3 re seen, the mi ) .
disk 3 1t s necessary to find out how n,xuch be;;?l‘(’l‘ett{br being set to zero on the
i 1

> 2 to the rioht. ¢ nearest line on the scale
around, which action draws the 8C right;; to do this, the micrometer is turned

the hairs are placed (as it

,,,,
B '~

o

T

this is a matter of indjy; 3 '
S 18 vidual
hairs in the same position, J“dgment, N0 two readip

" 31..The differences
some Instances to 00005 bu

g it alike, or placing the

2 most yep; W0 persons amounting in
‘ ‘Tenee, for the difference
—at 1,200=t¢ 1 foot; in
eque g to the 1=00=to 1 foot;

oo Sy i1 b ot ]
' ¢ Wi equal § foet o4 1,200 ycard: t:rc,e“ ttwn ohscrvations

N rectifyi : A% & Most serious error.,
é0 hairs in the €ye pieco Oyflnt%, thm-c”""' Would Yo as follows iy

8ions, instead e m . b S rer
. of . icroscop \ —instead of having
minutest possii) being engraved g Pe thers should onl win
Possible dot, with 5 line continuous lipey should Y one, the divi-

’ (

, 0 one side of exgl, ot thus
55 56 37 58 .
Re!

SRRRER NN 1

32. The manpey 0

»
53 3 /'
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be shown by the

" understand what a boon this i
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the one hair would then be brought so as to cover the required dot, and the ﬁgurés
over the adjoining line would show its value.

33. The diameter of the disk is 3 inches, and it is divided into 500 divisions—
one whole turn moves the scale (on the horizontal plate) half a millimetre. I
would propose to increase the diameter of .the disk .and divide it, and the.scale,
more minutely, so that in observing the difference, if any, should not be in the
first five figures, that is, if carefully observed, the first five figures should always

be the same. ‘ ) L
34, With these improvements I am of opinion that the ¢ omnimeter” will be a

" most admirable instrument for city surveys—it will then, without doubt, determine

ithi shich i t of allowable error in

. es up to 1,000 feet within 1 foot, w}.uch is the amoun | - .

g:::a;r(;senf WOl'k’ with theodolite and chain, and as, besides the .lmea’t" distances,

levels and horizontal angles are obtained at one single and ‘unique” operation,
the saving of time and expense will be immense.

35. The pi-esent instrument, even with only the improveinents suggested in

5 without increasing the power of the : ] the
fl?;aﬁri-‘n,e‘svslt;](? ?he] scale, will be ?nost useful in the hilly and jungly districts of the

Concan, where, at times, it is impossible to drive a chain without cutting a path
’

hwood, and I would respectfully beg” to suggest that as many

brus
?3;3}:1%11;&:?: as are immediately required for the survey of that part of the country

should be ordered without delay.
36 I'n,strumcnts for city survey work should have the following :—
-er plate seven inches in diameter. . .
(;; {J’g‘r‘rfi::}) of horizontal plate and that of are for measuring vert‘lcal

to be divided to 10”. ‘ S o

(3. Tl?: ggglsesgopz to be very powerful, so as to distinguish a wh{te line
"7 71 of an inch wide distinctly at 1,200 feet. . :

4 Tﬁg scale on the horizontal plate to read 100,000, or to six places of

4) figures, and the divisions to be shown by dots landlix\aes,\as described A

in paragraph 32. - .
. ave only one hair.
%‘g; gm}ﬁc{ﬁ?:ﬁﬂelfg {]arger, agd more finely divided in the same pro-
| portion as the §cale. 1 » and sensitive
(7.) The level on horizontal plate to be longer and more se hv . .
(8.) The level attachedltq 1t)elescope to have divisions on it the same as
rdi ‘level tubes. .
) Tg: l());gén?]l;‘g'e of the instrament, viz., the distance from !.he axis to
"7 the surface of the scale, should be found out before the instrument
s sent to this country, in order to see if any chang’e arises from
difference of climate, and in the same way the. ‘zero,” or the point
on the scale, which is given by the optlca} axis line of the micro-
scope when the telescope is brought hquzontal by means of the
Jevel attached to it, should be noted ; with all these improvements

the instrument will still remain exceedingly portable. *

: s horovement I would beg to propose, and it is'one that
:gz.nl'l‘lffel;zso&etrlﬁgr& Slt[;‘l?m ent but also to all tl_]eO(.loIites, and this is, instead
ntg I)(’)_ilnl:' spider’s webs for the hairs in the eye piece of the. telescope and
0 .er‘np 0) o e lines phbtographed on glass should be inserted. These lines can
Elelcrln(;s(fe Xf)ix;er than any hair; also the glass can be taken out and cleaned, and the
. ino i an
:‘;Sk oggl:ak,}g:ht:l ?nhai;{{sé manner, the division on the scale of the omnimeter
sl?:f:ld be);)hotographed instead of being engraved.

. i t when I came to think what a
oht to apologize for this long report, but whe !
3?3 ;:;‘l’t of tmll)xble and expense can be saved by universally employing such
Zisadmirable instrument as the ¢ omnimeter,” I feel I cannot say too much,

> ¢ ing, i i se lines, all chaining is done
Yor city surveying, in laying down transverse » )
qwi% \g(t)h, ho¥iz0ntal ang’les are taken at one and the same operation.. -
‘ For surveying and levelling in rough, hilly, and thickly wooded country,
4[0'1 s x;ho have been obliged to use theodolites and ch.an.ls in such places can
only those nstrument will be to others similarly employed.

[ L]

f the telescope, the size of the disk, and -

d the trouble required to re-insert them, be entirely .
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41. F . . . . ' '
or railways and irrigation purposes it is equally, if not more useful

42. In conclusion, 1 d - :
be printed, i » » would beg to propose that my re .
pied T i o Gl o S b, i

in other Presidencies, b

; . ut the public i

cussing the merits of this instngmer::. n general, may have an opportunity of dis-
I havé, &e,, ’ |

(Signed)  G. A. Lavcaroy, Major, '

Superintendent Bombay Revenue Survey.
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us on Eckuorp’s ¢ OMNIMETER,” by Lieut.-Colonel A. STRANGE, F.R.S,

MEMORAND
‘ Inspector of Scientific Instruments, India Store Department.

! - ~
- . e

As the new instrument named the «Omnimeter” has attracted some notice
amongst Indian Surveyors, I think it desirable* to-state my opinions on certain
, points connected with it with a view of ascertaining w!lether it still admits of
Zprovement, and if so in what direction. With this view I beg to recommend

AT

: *eged . nis memorandumm, Major Laughton’s report, to which it will frequently refer,

and; the inventor, M. Eckhold’s, description of _the instrument (appended) be
p‘.‘inted and circulated to the Public Works and Survey Departments in the three °
< ;residencies. L ’ ’ S

: ‘0. The invention under notice was brought to me by its author, M. Eckhold,
about three years ago. " I made a very careful examination of it, and came to the
conclusion that the -principle was sound, and that, if properly applied, it was
calculated to effect a considerable saving of })oth time and money in those
Surveys in which chain measurements have hitherto been employed, and in

Jeyelling operations. .

‘But the individual instrument, of French manufacture, submitted to me by
,]\13i33;l;1%1(1],es:vas!very badly designed. I need not .hex.'e des_cnbe its de_fec.ts, bv:xt
' th;:y were such that I declined to recommend the trial in India of the principle in
that shape. 1 had many conferences with M. Eckhol.d on the subject, and ex-
plained to him the modifications in the form of the instrument which would be

cescary in order to give its rinciple fair play. After a good deal of delay and
necessary b OF &% 10 £ El;liott.lBrothers, produced an instrument in which ¢

several alterations, Messrs. 'S, luced an 1 nen 1
my mstructions‘We’re to some extent carried out, and it was “this instrument,
modified under my advice, which Major Laughton saw when he was in England,

and justly considered worthy of trial. He anticipated my intention of recom-
‘mending that it sho

ald be tried, and some private correspondence on the subject
passod between us.

. . tical efficiency of the instrument, namely, that as its successful use deppgds
~ mainly on the manipulation of a very delicate micrometer .screw for determining
" exceedingly minute linear quantities, I did not feel sure that the persons ordinarily
employed in the Public Works Department on levelling works and in the Revenue
minor detail surveys would prove sufficiently trained .to fastidious refinement of
observation to do justice to such an appliance. I had no doubt that in Major
Laughton’s bands the instrument might succeed, but I very much feared it might
fail in the hands of his Jess refined subordinates. It.ls true that the instrument is
getting largely into use on fhe Continent, but it is notorious that subordinate
Suryeyors are more highly educated abroad than with us,

4. Major Laughton’s report on the instrument after trial is in some respects
favourable. But he does not mention by whom it was used, and until more is
“known on that point I think it my duty to repeat the above caution.

N

5. The three principal operations for performing which this instrument pro-
. fesses to have advantages over the ordinary methods are (1) the measurement of
heights; (2) levelling; (3) the measurement of linear distances.

6. Major Laughton states (para, 17) that for measuring heights the instrument

.js “exceedingly accurate,” and (para. 19) that in levelling it is ‘ wonderfully

. gecurate.” 1 shall therefore take those two points as settled, and confine my
remarks to the third, viz., its accuracy as a distance measurer.

7. Many attempts to dispense with direct chain measurements by means of
instrumental micrometers or scales of various kinds have been made at different
times. The omnimeter is the best arrangement of this kind with which I have
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for a circle, by Introducing the principle of « similar triangles,” simpaliﬁes the
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Lambeth Observatory,
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E(;KHOLD’S OMNIMET ER. . : )

ended, as its name denotes, to effect
measuring distances

f triangulation,
Jes, and casuring angles.

\
several operations, ‘ :
either inclined or

asT;uS instrument is int
hOriz’eﬂSurmg the bases ©
ontal, measuring altitu

*

Description. .

The instrument consists of the following parts :—
{f each ten geconds in the measurement of

1. Ofa graduatcd circle,
horizontal angles: :
2. 0f a powcrful telescopey revolving in a plane perpe
grnduated circle.
3. Of a microscopes of high powen connected with the telescope and mov
with it. ‘ o
‘3- Of a highly sensitive Jevel lying upon == . ‘
- Of a rule, or plant aving xed length (of 20 centimetres,
. *G. Of a scale xed vertically at the ext ~mity of the said .rule,
ith the nptical axis ¢ MicroscopPes which sc
ilimetres aré indic

[T

to read 0
ndiculer to the ,

ing

ale i8 divided
he numbers

A3
' X coincident 1
: into half illietres (the ™!

petween 1 and W1 . : ' :
? 7. Of s micrometric:ﬂ screw movemecnt connectcd with the baseé of the scale, |
; and giving the 15509 of a millimetro of the <cale, legible o1 the gra(luatmh , 3
circle beneall mel : gensitive level, capable of being ap;ilied to the’ |

 ease of needs its horizontd ity. ! g

H
L 8. 0fa ccond extre nsi
d Jetermining, in !
zeys d other matters required . - L

- tclescope 80
: &" Further, © the necessary corews, keyS an
CrT ‘ to secure the efficient working of the ipstrument. o ' N
S As the pecessary complemcnt‘of t 'Om‘mmc ., there 18 2 IeVe]llng\ I
staff (see fig- 2), not divided, but o1 2 yariable le gth (as, for example,  +
three metres) which length is Jdefined bY two white 119€3 on a ground ©
lack, one at tho upper extremitys and the other at the lower extremity
! of the stafl, a3 My DY ' ' : ‘
: . , 3
| - Mode of Dperatiot | |
.. pefore g0ing into more ample details regz}rding the i.nStrument, it may © .
% i~ beas well, it order 10 show the way of working Wllgh it and the advantages: '
f : to be obtained DY its use, 10 take an e:gamplc. o : %
‘ : §uppming, then, that W¢ require to ascertain the distance petween any two :
voints,— ‘ : ,
l Thc’ first thing is to plac the Jevelling staff -at one of the points (in this as in
) call geodcsical opcmtionS, tbe otaff must, of coursé, be held in a true vertical : 3
: POB'lticm . . ! : . Lo
’ We t?)eu take the omnimeter {0 the other ;‘)oiut, and set it up. By means of ' y
the level (4), and its screw adjustment, ¥ P Jce the instrument: in a horizontal o
plane. AR A ' o .
the telescope U yon the upper white line 7 of the staff, we fix’ !
that purpose). ' L 3
the inclination of the e

Then directing
with the screw for

¢, by means of the microscopér
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telescope.
aight gmdniated gcale

¢ This description refers t0 the original French form of the {nstrument ; the str
1l patiefD horizontal, pot vertic )
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# tow, in the English 1 ’
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gures being’ magnified b
to see only one number at a time of t
find the number 67 (millimetres) plus
that number and the horizoutal thre

fractionL exactly, by means of the micromcter;
a8 2,035 on the circle of the micrometer..

This we note down in our book to the right of the number G7 already
obtained, thus

€ repeat this operation in every particular for the line m’ (the lower
one) of the staff, and we oltais

1, say -
The operation with the instru

ment is now
Possession of the data required for calcul
take the difference between th

and divide 6000000,

thus obtained, and we

ad of the micr

complete, as we are in
ating the distances, Lect us
ese two quantiticy . .
a constant number for gl
shall have 9m.79 as the horizonta
g- 1) suppose the levelling ¢
the point r06unrd which the telescope revolves, A3
2035, -~ Do

From the point O lct yg draw a horizontal line

to 1

—
s P e T ‘ve

WA ——

- 62635

- -

I distance in question.. -

I, and’ the, line sy’ to, D.

In the similar_-_trinngl'c‘s__():.Ui
and OmD wo have tho following

t - | We have then A))‘aud wm’ pcr;ignl
//?/ | . dicular to OD, ~ . .o
D.-

e J
: ] S~

proportion— e
- IQ\I%I: QP’, there' O])=b”}_<‘7nm';
But Oll=Qm o mm . —Alj
u ,—- .-0 (by t!)e C()nshouctl()n

of the instrument)
mm =3"00 (the ip i o e &t )
AB:GQGZ}-S((th variable length of the staff),

: : © quantity obtained iy our example by the scale), L
I_th‘(;r lhc(ztgsstt(ll)‘é?;li'l;‘sypier(l:tfi‘rwictxfglrges(j f“.té]i;:gt.“’ iy 0'".0(‘)02(1335: )i'f we subgtim}e for
hl‘ OD___pT_-?QX:} - 0" 60 ) GOOO()UU ) . .
| D -,ow.ouui-.‘as‘(ﬁo()ozzu:ﬁ: 6235 =00m.70, \
an{]"tt}hae (I))::Siel(r]llent:re:,targme' we ba\ie Supposed the staff tq he placed at one point
only one; there are ¢ other,  Thiy manner of

! operating is not, however, ”"Z

the other by figs. 00 by placing the omnimeter in line with tl“‘;
must be set yy, o e':'é'hy f‘t’;m" 1t © oint outside. 1n cither case, a stal
obtained dire e Points,

; 1 the first instance, the total distance i3
g together the 1, In the second

. ack and fore sishts
t . =] . . T
i the distance by me 1wrizontal angle, which we

asuring the |
1C greg 3 . g . A | !
© Meansy of the angle tm;n(;lbet’ and by c‘ﬂc"lat"’g the triangle (trigonometrically) by

amed and the two sides, i
ommer] qua. ase of trmngulation, the latter mode is that which

o O adoptions for it e Proceed thuy by small distances
o each side, op thereal

NS 1 a bﬂse
© 0f 1,000 gt 0N ¢ oo JOULS, we may casily mcasure a ba
satlsfactory. ‘ Wwithin gy approximation of ()‘".001; a result which is quite

o a’a ?1:tance of 10 metrey the s
Ve us slance equal to Gw oo
Ao _ qual to 9= 9900¢
pp tfl?;l;{i ]f)n tfhe circle of the micrometer,
. Jalure of ¢hio Operation Tequiring extrem,

- n. »
Ases ? exactness, a staff of special co
o Cmployed,  Thiy ceor woul o :

! 10
d hay he two faces similar
C R A ave the two ) y
‘ w;l‘?ﬁ‘di wm'lm (ll) hovided with Supports to ensuroe its verticalitys
Sregardy ¢, ¢ armed with 5 yyeq] point

. e R and iron tressles, T
requires, funhor, R?:?; 3:::::n0t “9:‘, fl:;c s’o[)(:! or tlie inclined distance, the Ol’craFlO'l
Ve hy o 1€ Dorizonta] 1ine \ ;

. ve, then (fig, 2), a new PEOportion s line on th scale.
AB 4 ’
YR m
- ) ]3]]“‘;,‘15. and n']) = ...'.'f{](}B“’ ‘ ,
consequent]y Om’-: :/ ( ;7“ . A
X — (9

+ Obs), .

cale gives g the differenco 0"‘-06’.:t :
the difference 0"™.0600002, a quanti y

- 97-50&’; __
- 609400 |

representing the difference’ as

y the microscope, we shall be able ‘.
he 100 integrals of the scalo ; euppose we
the unascertained fraction comprised bcgwccn _
oscope, We will ascertain the
say, in our example, that it rcagl_s
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’ S . ' oved to us that in
‘ bservation.—The practice of the omnimeter 1}::: Dot prudent to make
General O Ser: £ ler.Jgths requiring extreme accuracy, we are within an approxi-
the mqast;urglr;l:él th(:m 200 metres apart. At that d??::;ﬁ' of four metres high, the
the points =04 s at 500 metres, by making use o
mation of 0°.04; a

b

A s 4. With the
i kilometre within 0™.3 ith
ight, we can determine a arer than within a
forward aEd, :v:eagzc?a::;gth; t it is hardly possible to come ne
chain we kn \

1 1 nce. . the
e Of’i(—)GOf dfereperatiOﬁ is identical with that we have described for
Tu levelling, the o

i ’ i i y : f I'mlﬂa

: ipli difference of
D= mon’ X BH that is, three (metres) multiplied by the differe
. 2 772' = AB i . 1. . .
o fig ; ) ivided by the difference with the h(;lgszton;:éci];on.v For distances not
thgl‘ights’a?lli‘r()lgs are obtained with thewﬁﬁi a fraction of a millimetre ; and for
e re

ng 100 metres, they are obtained re tnoperative) the
i re obtair . in use are tnoperative)
exceedi gt es Zatsz’vzz’ch the instruments at present in ‘ ;

distanc
greater

oy e i retre.
t can be obtained wﬂ:}nn a mlllmzei-
T eer f precision is attained because,
'This degree ol p

' ion to centralizing
- > the instrument, we have not to pay attention
1. In placing

the optical axis.to
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The omnimeter 18 cane instr’ument the theodolit d requiring in its operation
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