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1o all whom it may concern:

Be it known that I, Evererr M. Low, a citi-
zen of the United States, residing at New York,
Brooklyn, in the county of Kings and State of
New York, have invented a new and usefuyl
Improvement in Leveling Instruments. of
which the following is a specification.

The object of my invention is to provide an
instrumentadapted to anv class of work where
1t 18 necessary to establish a level line, but
more particularly adapted to the use of en-
gineers and astronomers, who require 2 oreat
degree of accuracy. I attain these objects by
the mstrument which is hereinafter fully de-
seribed, and the nature thereof set forth in the
claims.

Referring to the drawings, in which like
letters refer to like parts, Figure 1 is a plan
view. Fig. 2 is an elevation, partly in sec-
tion, on line @ #, Fig. 1. Fig. 3 is a section
on line y y, Figs. 1 and 2, looking in the di-
rection of the arrow 1.
line z z, Figs. 1 and 2, looking in the direc-
tion of the arrow 1. Fig. 5isaside elevation
showing the instrument adapted to field and
tunnel work. Fig. 6 is a plan view of a mod-
led form of the instrument. Fig. 7is an ele-
vation of Fig. 6, partly in section, on line 1 4.
Fig. 6. Tig. 8 is a plan view, partly in sec-
tion, on line ¢ #, Fig. 7. Fig. 9 is a view,
parltly 1n section, of a modified form of level-
vial.

In the accompanying drawings, A is the
base-plate of the instrument.

0" and ¢’ are columns secured to the base-
plate A, the columns$" and ¢ being connected
by the glass tube d', which fits over the tapered
shell 4° on the column &’ and the tapered shell
¢’ on the column ¢’. The glass tube & has its
central portion flattened, as shown in dotted
lines in Fig. 1 and in section in Fig. 4. The
column 4, the column ¢, and the ends of the
tube ¢’ thus form two receptacles B and C,
which contain the liquid D, the receptacles B
and C being connected by the flattened por-
tion ¢° of the tube &', which allows the liquid
D to flow freely from one receptacle to the
other. The glass tube ¢’ is inclosed in the
metal tube ¢, having openings ¢, ¢, &, &, &
and ¢' for the purpose of viewing: the glass
tuhe ¢’ and the parts contained in it. Attached
to the ends of the tube ¢ are the collars ¢ and
¢'. The hub ¢’ on the column 4" and the hub
¢’ on the column ¢ are threaded to receive the
nuts /* and ¢*. The flange of the nut »* en-

I

Fig. 4 is a section on

engages the collar ¢’ on the tube ¢, drawing
the columns 4" and ¢’ toward the end of the
tube ¢, and thus forcing the tapered ends of
the tube @' onto the tapered shells 4*and ¢ of
the columns 4" and ¢ -

0° 1s a rubber washer interposed between
the collar ¢* and the nut 2%, and ¢ is a rubber
washer interposed between the collar ¢ and
the nut ¢' to allow for the expansion and con-
traction of the tube &'. |
In the receptacle B is a graduated level-
vial /%, and in the receptacle ( is the oradu-
ated level-vial /% the level-vials #* and #*
being supported at one end by conical bear-
ings formed by the conical points of the
screws ¢°, ¢°, ¢°, and ¢', which enter the con-
ical holes /*, #°, 7% and #". formed in the en-
larged end of the level-vials. The screws G,

7" ¢°, and ¢" are the same distance above the

base A of the instrument, and the conical
holes 7%, #°, 7%, and #" in the ends of the
level-viais are on a line drawn through the
center of said vials. The pivotal point in the
length of the level-vial may be at any point
in its length between its end and its center,
which center is indicated by a central oradu-
ation, the only requirement is that when
the pivotal points of the two level-vials are
the same distance above the surface of the
liquid the bubbles in the level - vials shall
stand at the center of the level-vials, as indi-
cated by the graduations, and anv deviation
from parallel lines of the sarface of the lig-
uld, and a line drawn through the pivotal
points of the level-vials should show the same
amount. of movement is the bubbles in both
level-vials. One end of the level-vials are
thus free to move in a vertical plane, and
their free ends are supported by the buoyant
force of a liquid in or on which the level-vials
rest. The liquid or fluxive substance D is
contained in the receptacles B and C, to which
are attached the fixed ends of the level-vials
J/* and /7, said receptacles being connected
by a passage to allow of the flow of the liquid
from one receptacle to the other, but having
sald passage contracted by the flattening of
the central portion ¢* of the tube @ to pre-
vent the too rapid flow of the liquid from one
receptacle to the other to avoid shock to the
level-vials. The displacement of the level-
vials /% and #* in the liquid D depends upon
the construction of the vials and upon the
liquid used. In the form .described in Flios.

1,2, 3, and 4 I have designed to use merecury,
in which the displacement of the level-vials
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would be very little, as shown in Fig. 2 and
also by the dotted hne w w 1in Kigs. 3 and 4.

0 1s a screw-cap for closing the open top of
the column &', and ¢ 18 a screw-cap W’thh

serves the same purpose for the column ¢'.

4" is a plunger for displacing the licquid D
and thereby maintaining i1t at Lhe right height.
The upper end of the plunuerz) 18 fttmched to
a screw 2% threaded into the cap #°. The
serew 3 has a milled head ¢" and a milled nut
Y to secure the plunger in pl{me, When prop-
The openings &, &, é', ¢, ¢
and ¢ in the metal tube ¢ are for ‘the purpose
of observing the bubbles in the level-vials
through the olass tube .

It 1s deswned that the liquid be maintained
at such a hew‘ht that when the base of the 1n-
strument rests on a level surface the center
of the bubble 4° in the lev(,l vial 7% and the
center of the bubble 4° in the vial f° will
stand at the central graduation on thelr re-
spective level-vials. This is not absolutely

essential to the use of the instrument, for it

the liquid should be lowered the free ends of

the level-vials would drop, and the center of !

the bubbles in the vials would stand at the
same distance from the central graduation on
their respective vials, and any difference 1n
the position of the bubbles in the two vials
from the same relative graduation would in-
dicate that the base of the instrument was not
level. The same results are obtained it the
liquid is raised and the free ends ot the level-
vials are raised. So long as the base of the
instrument remains lufcl any change in the
height of the liquid will move cach bubble
the same distance from the central oraduation
in the vial, and consequently loes not 1nter-
fere to any great extent with the use of the
instrument; buf to maintain the liquid at
practically a uniform height I have provided
the p]unﬂel I, here einbefore described.

Two level-vials are not absolutely necessary
to the use of the instrument, as one level-vial
when the height of the liquid is properly ad-
justed will indicate any deviation from a true
level; but with two vials any change of the
instr ament or of the Jiquid thereln cansed O\

expansion ot contraction or any other cause
would be atonce indicated by the same devia-
tion in the two bubbles from the central
oradustions and toward or fromeach other, ac-
cording to whether the hiquid was lmvered or

ralsed. Incase only one level-vial 1s used but
one receptacle 1s needed, and 1t becomes an
elongated receptacle with the level-vial piv-
oted at or near one end of said receptacle.
When the instrument is small enough to be
conveniently handled and the receptacles are
rigidly attached to a base, as illustrated 1n

Figs. 1, 2, 3, and 4, the truth of the instru- |

ment may be tested by reversing it, as 18 done
with levels in common use, and but one level-
vial would be neceessary, although two would
be preferable. |

803,770

It is preferable, but not essential, that the
two level-vials be pivoted at either thelr inner

or outer ends rather than to have one pivoted

at its inner and the other at its outer end, as
it avoids confusion in reading the level.
When the level is placed on a surface to be
leveled and the centers of the bubblesin both
vials stand at the eentral graduation, it indi-
cates that the surface 1s level. If the centers
of the bubbles stand the same number of
oraduations toward the center of the instru-

ment it indicates that the surface is still level .

but the liquid is too high. If the centers of
he bubbles stand the same number of gradu-
t1ons toward he ends of the instrument, 1t 1n-
dicates that the surface 1s level, but that the
liquid 1s too low; but 1t one bubble moves
inward from the centml oraduation and the
other bubble moves outwcwd from the central
oraduation it indicates that the surface on
which the instrument rests is not level. The
two level-vials thus show any change in the
height of the liguid D. The level-vials being
free and resting in or on a ligquid are not so
liable to derangement from expansion and
contraction as when rigidly secured, as in the
levels of usual construction. The greater the
distance between the two level - vials the
oreater accuracy can be obtained, as the
oreater will be the diff
the liquid in the two receptacles with refer-
ence to the base of the instrument or, what 1s
the same, with reference to the pivotal cen-
ters of the level-vials for a given amount of
deviation froma true level of the surface upon
which the instrument rests. |

~In Fig. 51 have shown a form of my 1m-
pzoved lwehnﬂ instrument, to be used where
a great degree of accuracy is necessary, as 1n
tunnel WUIL. H and KK are two receptacles
which correspond to
in Figs. 1, 2, 3, and 4. The receptacle H 1s

mounted on a tripod of usual construction,

having four ]evelmo-scl oWs of usud,l construc-
tion, three of w hlch.. n°, n°, and n', are shown,
by which the 'base-pl-at(, A" and the receptacle
H. secured to it, are adjusted vertically. A
telescope 47 is mounted on the base-plate A’
in the manner and for the purpose usual on
transits and engineers’ levels. The receptacle
K is secured- to the base-plate £, mounted
upon a tripod having four leveling -screws,
three of which, A", Z;“, and /Ji are shown. Se-
cured to the base- plate 2’ is a target A°, hav-
ing its center the same height above the plate
7/ that the axis of the telescope 1s above the
plate 2. 72’ (shown in dotted lines)is a level-
vial pivoted at one end at ¢ 1n the recepta-
cle H, and %* is a level-vial pivoted at one
end at / in the receptacle K in a similar
manner and for the same purpose as the

level-vials in the receptacles B and C, Fie. 2.

The casing of the receptacle 1L 1s bl'of_xe
in order to show the level-vial £’ and

k'

naway
plunger
Atis a removable cap for closing the open-

erence 1n the helo‘ht of
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ing /4, the opening 24’ being for the purpose of
viewing the bubble in the level-vial A% Z* is
a removable cap for the opening %°, which is
for the purpose of viewing the bubble in the
level-vial 2°. A%is a removable cap for clos-
ing the opening for the plunger 4%, (shown in

dotted lines,) which is attached to the screw

/°, threaded into the cap A% and the screw A
is operated by the milled head 2°. The cap
£’y plunger %', screw %, and milled head 7°
serve the same purpose for the receptacle K.
The plunger 4" and %" serve the same purpose
for the receptacles H and K, asdoes the plun-
ger )" for the receptacles B and (. The re-
ceptacles H and K are connected by a pipe M,
secured to the receptacles H and K by the
unions 7 and m* The pipe M may be a rub-
ber hose or flexible steel tube and should be
of such length as is necessary to attain the
degree of accuracy desired, as the greater the
distance between the receptacles H and K the
greater accuracy can be attained. In this
form of my improved leveling instrument I
have designed to use water, and to prevent too
great a displacement of the water by the level-
vials I have provided air-chambers in the
level-vials, as shown at Z%and 2% The height
of the liquid is regulated by one or both of
the plungers 4" and %" in the same manner
and for the same purpose as the plunger
in the receptacle B. The height of the liguid
in the receptacles H and K is shown by the
dotted lines » #. The manner of using this
form of my improved leveling instrument is
as follows: Set up the tripod upon which
1s mounted the receptacle H and the tele-
scope /%, and also set up the tripod upon
which is mounted the receptacle K and the
target £ at any convenient distance, which
may be one hundred feet or one thousand feet,
according to the character of the work and
the degree of accuracy desired. Attach the
pipe M to the receptacles H and K. remove the

screw-cap /" or the screw-cap %% or both, and

hll the pipe M and the receptacles H and K,
as near as practicable to the height indicated
by the dotted line v », with water. By means

of the leveling-screws elevate or depress the

receptacles H and K until the bubbles in the

level-vials 2° and %° stand at the central orad- |

uations on the level-vials or have the same
amount of deviation therefrom in the same
direction with reference to the free and D1V-
otal ends of the level-vials. The height of

the plungers 4" and 4" to bring the bubbles in
the vials to the central graduation. The here-

inbefore - described operations may be re-
peated, if necessary, until the receptacles H
and K, and the water therein, are in such rel-
ative adjustment as to bring the bubbles in
the level-vials to their central graduations.
The axis-line of the telescope A% and the cen-

ter of the target £*is the same distance above

the plates 4’ and %' and also above the cen-

ters of the level-vials, and when the bubbles
in the level-vials are central by the oradua-
tions on the level-vials the instrument is level
and a line drawn through the axis of the tele-
scope and through the center of the target is
a true level. It is obvious that if the two re-
ceptacles H and I{ are one hundred feet from
each other that the two level-vials can be
brought to a level within the limits of the ac-
curacy of the movements of the bubbles in
the level-vials and that whatever error there
may be i1s only that much in a distance of one
hundred feet, whereas in the form of level in
use, the same amount or even greater error
exists in a short distance of one inch or less.
The levels in use are no more accurate if ten
feet long thanif threeincheslong, asit depends
on the accuracy of the bubble in the level-
vial, which must not be too sensitive or it will
not settle, while in my improved leveling in-
strument I depend for acearacy upon a liquid
surface or surfaces, and the level-vials are
only a means of adjusting the instrument to
the level of the liquid.

In the form of instrument shown in Figs.
1, 2, 3, and 4 the liquid is contained in a
closed tube; but to let the air move from one
end of the tube to the other. as well as the

liquid, I have provided an open space above
the liquid throughout the whole length of the

“tube, and in the form shown in Fig. 5 I have

provided removable screw-caps for the double

| purpose of mmspecting the bubbles in the level-

vials and to admit the air in order to have no
difference in air-pressure in the two recep-
tacles. '

In Figs. 6, 7, and 8, I have shown a form
of Instrument adapted to small levels where
greataccuracy isnotrequired. Only one level-
vial being used, the truth of the instrument
may be tested by reversing the level in the
same manner as 1s done with levels now in
use. In the levels of this class subject to
rough handling it is desirable to use a liquid
of a lower specific gravity than mercury in
which the displacement of the level-vial would
be from one-half to two-thirds of its volume,
the level-vial being less liablé to shock than
1f having a slight displacement in a heavy
liquid. I may accomplish this end by using
a liquid of about the specific gravity of salt
water or muriate of zine, or I may use a liquid

- of about the specific gravity of alcohol and
the water is now regulated. if necessary, by

use a level-vial containing an air-chamber, as
illustrated in Fig. 9 and also in Fig. 5. In
Figs 6, 7, and 8, O is the base-plate having
the strengthening-ribs o* and ¢%. P is the
receptacle formed by the column 2’ and the
glass tube ¢'. ¢’ is a metal tube inclosing the
glass tube ¢' and having an opening ¢' for
viewing the glass tube ¢’ and the parts con-
tained therein. The glass tube ¢ has a ta-
pered end ¢° fitting the inside of the hub 27
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and themetal tube 7° 1S ser ewed onto the outside
of the hub »°. A plug ¢’ is screwed 1nto the
end of the tube ¢, the plug ¢’ having a pirece

of rubber, cork, or other yielding m'ItOIL—:ll
¢" inserted in a recess in the plug ¢ for the
purpose of a meldmﬂ‘ contact with closed end
of the glass tube ¢. The plug ¢ bemo
screwed Into the end 'of the metal tube ¢

1‘01 ces the tdpered end ¢ ot the glass tube
¢ into its seat in the hub »7, &ng a tight
joint. Qf and Q* are supports for the metal
tube ¢, whu,h are secared to the base-plate

- Q, the tube ¢* being held in the supports and
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plevvnted from turning when adjusted with
the pivotal points of the level- le par: ailel
with the base-plate by the screw ¢°. »°is a
SCrew-cap for c]oqmu the open end of the
column 2, and »" is a plunger for displacing
and thereby adjusting the hiquid R, and
thereby maintaining i1t at the 1ioht height.
The upper end of the plunger p" is attached
to a screw p°, threaded into the cap p°. The
screw p° has a9 milled head »°,
pluno*el »'is moved The levol vial 77, hav-
ing the bubble 47, is plvoted on the conical
points of the smews *and 7°.  Ris thehqum
by which the free end of the level-vial #° is
supported, the liquid being of such a height
that when the surface of the liguid R ,;md the
base-plate O are parallel the bubble #° in the
level-vial will stand at the center of the level-
vial, as indicated by the centr dl gracduation on
the level vial.

In Fig. 9 I have shown a modified form of
level- an which may be used when it is de-
sired to use a liquid of low specitic gravity.
$* is the level-vial proper, and s” an air-cham-
ber which serves to prevent too great a dis-
placement of the liquid by the level-vial.
Level-vials containing air-chambers are not
new; but the use of air-chambers for this pur-
pose is new so far as I am aware.

Having thus described my invention in such
full and clefu terms as toenable any one skilled
in the art to which it pertains to make and
use the same, what | cla,lm, and desire to se-
cure by Letters Patent, 15—

1. A receptacle containing a fluxive sub-
stance, a level-vial in and pivoted to said re-
ceptacle, at a point in the length of said level-
vial between its center and one end, the free
end of said level-vial being supported by the
buoyant force of said fluxive substance, as and
for the purpose set forth.

9. An elongated receptacle containing a
fluxive substance, a level-vial in and pivoted
to one end of said receptacle, at any point 1n
the length of said level-vial between its center
and one end, and having its free end movable

in a vertical plane and supported by said flux- |

ive substance:; the bubble 1n said level-vial in-
dicating when the bdw of the receptacle and
the surface of the fluxive substance are par-
allel substantially as described.

by w hlch the

ceptacle C, t

803,770

3. Two connected receptacles contalning a 65

liquid, free to flow from one receptacle to the
other and a level-vial actuated by the move-
ment of said liquid, the bubble in said level-
vial indicating when the base of the recepta-
cles is paralle] with the surface of the liquid
in sald receptacles.

4. Two connected receptacles containing a
liquid, a level-vial in one of said receptacles,
one end of said level-vial having a pivotal
connection with said receptacle, the free end
of said level-vial being supported by the liq-
uid in the receptacle and free to move 1n a
vertical plane, with the rise and fall of the
liquid as it flows from one rece[}tacle to the
other

A receptacle containing a fluxive sub-
stmwe. and a level-vial actuated by said fluxive
substance, the bubble in said level-vial indi-
cating when the surface of sald fluxive sub-
stance is in normal relation with said recep-
tacle, substantially as described. |

6. The combination of a receptacle contain-
ing aliquid, a level-vial in said receptacle and
h..:wmo a connection therewith by which one
end of said level-vial is movable in a vertical
plane, substantially as described.

7.- An elongated receptacle containing a lig-
uid, a level-vial in said receptacle and pivoted
to it, at or near one end of said receptacie,
said level-vial being pivoted at any point In

“its length between its center and one end, 1ts

free end being capable of a movement in a
vertical plane; said free end of the level-vial
being supported by the buov.:mt force of the
llqmd in said receptacle, in such a manner that
when the prOtdl point of the level-vial and
the liquid in said receptacle are in normal re-
lation, the bubble in said level-vial stands at
the center of the level-vial as indicated by 1ts

central eraduation, and any change tfrom the

normal relation of the said plvotdl point and
said liquid will cause the bubble in the lcvel-
vial to move away from the center of the _
vial toward the pivotal end or toward the frec
end of the level-vial, according to whether
the liquid falls or rises in its relation to said
pivotal point, by the lowering or raising ot
one end of said elongated receptacle, as and
for the purpose described.

8. Inaleveling instrument the combination
of a Ieceptdf‘le containing a liquid, a level-
vial 1n sald receptacle, pwoted at one end and

supported by said pivot and by the buoyant

force of the liquid in said receptacle, and a
plunger for displacing said liquid and adjust-
ing its height as and for the purposc set forth.
9. Inaleveling instrament the combination
of the base-plate A, the receptacle B, the re-
he liquid D, the level-vials /7,
and 7%, and the plunger §', as and for the pur-
pose set forth.

10. The combination of the receptacle B,
the receptacle C, the tube &7, the liquid D,

evel-
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and the level-vials #* and /® substantiully as | to this specification in the presence of two sub-
describe]:(li. * - 1 scribing witnesses. ' |
11. The combination of the receptacle B, -
the receptacle C, the tube d* the liquid D, EVERETT M. LOW.
5 the tube ¢’ and the level-vials #* and #? sub- Witnesses: -
stantially as described. ' Hexry W. KozeLL,
Intestimony whereof 1 havesigned my name HexNrY Bobpy.
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