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To all whom it may concern:

- Be it known that I, CHRISTIAN L BERGER -
of Boston, county of Suff olk, State of Mas-
seehusette have invented an Improvement

in ]]no*meels or Surveyors’ Instruments, of

~which the followmn* description,in connection

 with the aeeompanymﬂ' dlawmﬂe is a speeci-

fication, like lettere on the dl&WIH gs deswnat—‘

o ing like pa,lts
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the provision of novel reticules or Cross-wire
figures particularly adapted to this class of

- 30

36

 the benefit of definite sun- 1111es ready at hand
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Tn engineers’ and smveyme mstmments
pzutleulerly in those of very high .grade, ca-

“pable of or intended for use in astronommal; |
work, it is often desirable to employ different

arr e‘nﬂemen’re or figures of cross-wires, and in
order to do this it has been necessary heleto-'

fore either to provide a complicated arrange-

ment of reticule-frames or to remove one retl-_

cule-frame and insert another one When a
ehanwe in ¢ross-wires was desired.

telescope or instrument having the required
plurality of cross-wire figures mounted there-
In and instantly adJustable for separate use

as desired without any chance for confusion |

or mistake or necessﬁ} for any removal or

- substitution.

A further ob;]eet of my mVentlen relates to

WOI‘k and obviating recognized objections to

the usual ermnﬂ*ement of cross and stadia
wires, as will be hereinafter explained. I
combine with the usual bisecting or quarter-
- ing cross wires or lines add1t1011e1 Sun wires
or lmes for solar work, arranging the latter

lines so as to avoid all eonfusmn betweeu
these and the stadia- lmee and yet have all

in connection with the 1111e81eq1111 ed for gen-

eral engineering - work. - Engineers’ 1netru-'

- ments ueed for th1s solar Work &c., require

~ levels of high efficiency, the best for the pur- |

~ pose being those having an air-chamber, by

means of Whleh the lentrth of bubble can be
regulated according to the temperature, and
as these teleeeopes are subjected to much
turning on their horizontal axes, and with a

eonsequent extreme agitation of the fluid in

- the levels, the cement with which the air-

50

chambers are cemented to the main tube is
washed off and gathers as sediment on the

' su ed

cule, its frame and &dJLIStIIleIltS
| & vertical seetlou taken on line 3 3, I‘lb 2..
' Fig. 4is an enlarged view in elevetmn show-
ing the usual a,rrenn'ement of eross-wires, the =
'p051t1011 of the sun’s dlbk being indicated -

One object of my invention is to pl ovide a

eeeumulate any sechment and have also pro-

1 hewe thelefme 1nvented a level ef', -
SupeI‘IOI' sensitiveness, made homogeneous -
| and integral thl‘OHU‘hOHt and thh cannot 55
vided an improved connection or passage be- .

tween the chamber and the main tube.
- The details of my invention will be fully'
‘pointed out in the following descnptlon ref-

o -
erence being had to the accompanying draw- .

ings, the invention being more pertleulfuly

deﬁned in the appended elalms __ o
In the drawings, Figure 1 shows in per-
epectwe a sufficient portion of a transit pro-

‘vided with my improvements to furnish a
‘clear understanding thereof. -
tical ecross-section of the telescope- tube, taken

Fig. 2 is a ver-

on line 2, Fig. 1, showing my lmproved reti-

Fig. 3 18

therein by dotted lines. " Fig. 5is a. greatly-

70

75

enlarged view similar to FI‘D‘ 4, showing one -

of the cross wires or lines.

Flo* 8 is a ver th::Ll lonn‘ltudmal section of the
Splrlt -level, the melosmc’ casing thereof be-

cross-sectional views of the air-chamber, the

main tube of the level being represeuted in
end elevation, showing dlfferent means of
eommumeatmn between the ehember and the

tube

piece a, obJeet-ﬂ‘lass and feeusmﬂ*-selew a'

'thelefor mounted on a houzontal axis B in
a frame C, is of any usual or preferred kind.
- D designetes_" the reticule-frame, custom-.

arily provided to hold the cross-wires, which

may be platinum wires, spider-webs, lined
glass, or other reticule, and delicately mount-
ed for accurate adjustment in the teleseope—

tube by means of capstan-screws d.” In-this
frame D, I have mounted a plumhty of reti-
cules or sets of cross-wires, one behind
another, two sets. being shown, the frame be-

form of my 1mp10vement 1n the euann"ement .

Figs. 6 and 7are -
‘similar views of another form thereof thelat-.
ter view showing the position of the sun’s disk.

80

ing removed Figs. 9 and 10 are vertical -

“The telescope A eentemmo* a foeusmmeye- -
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ing mﬂled out shfrhtly on- 1135 inner circum-

ference as at d', to receive one set d? behind

glass and the bubble 18 eha,nﬂ'ed when net de- l the front set d3
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For convenience of illustration I
shown the front set of wires as being the
same in figure or arrangement, as shown en-

have

larged in Fig. 6, the rear set of wires being .

the simple X figutre as used in tunnel-work.

However, I wish it to be understood that any |
figures desired may be employed. The sue-

cessive reticules are in parallel planes so

closely adjacent to each other that either one .

may be quickly brought into accurate focus

by means of the focusing-eyepiece ¢, turning
the latter forward slightly serving to make

the wires d? visible and the wires d® invisible
or out of focus and moving the eyeplece
outward slightly having the reverse effect.
Not only are the 1equ1red reticules thus
quickly and readily brought into focus for
use, but they are accurately adjusted simul-
taneously by means of the capstan-screws d.

evident by considering Fig. 5, for instance,
where the sun’s disk is indicated in dotted
lines.

591,153

It will be evident that by my invention it
will be no longer possible to make the error
above alluded to 1in bisecting the sun, for the
reason that the four small segments must all
be seen by the operator before he can read
his meridian, and these cannot be seen until
the sun isexactly centered orbisected, as will
be more apparent from Fig. 7, remembering
that all the lines out of the field of the sun’s
disk are invisible to the operator, as indicated
by the shading.

The advantage of arranging the sun-wires
obliquely or at an angle of forty-iive degrees,
as shown at e° ¢ is that even the most care-

| less operator cannot, in his regular engineer-

ing-work, mistake them for the stadia-wires ¢’
or for the sighting-wires e, but on the con-
trary they act as pointers, as it were, to di-

| rect the operator to the proper center of the
The importance of the latter feature will be j

Supposing it were found that thesun’s

disk was not exactly quartered by the cross-
wires ¢ ¢, 50 that 1t became necessary to shift

the reticule slightly, and supposing that

another reticule, such as shown in Fig. 4 or
in I'ig. 6, were behind 1t, the two reticules
being carried by separate frames and inde-
pendent adjusting-screws, it will be evident
that asone reticule would be shifted the wires
of the other reticule would very nearly but
not quite overlie its wires, making it exceed-
ingly difficult, excepting to the most skilled .
operator, to determine which reticule should
be shifted and which adjusting-screws to op-
erate, the result being that probably the oper- :

ator would find 1t 1mpossible or at least very
tedious to correclly adjust the reticules.

I will now describe the new reticules shown |

in Ifigs. 5 to 7.

By reference to Fig. 4, where the position :
of the sun is indicated by a dotted cirele, it;
will be easy to understand the uncertam‘ry
labored under b} the engineerin ‘‘ bisecting ”’
or ‘‘quartering” the sun, as it is called. As
the operator looks thr ouﬂh the telescope all is ;

absolutely dark exceptm a very small bright
(Fig. 2 showing the actual -dimensions
of the reticule,) this bright spot being the
Now it

cult to determine ;
whether this spot or disk is accurately bi- :

i

disk,

sun, as seen throunh the telese(:)pe
18 emdent that 1t is very diff

sected or not by the lines of spider-web fine- :
ness arranged as usual, Fig. 4, a slight error !
to right or left being 1mpercemlble to the eye.
Accordin oly I have invented the arrange-
ments of lines or wires, as shown in Figs, 5,
6, and 7, the former having the sun’s disk in-
dicated by a dotted circle and the latter by a
white space. The horizontal and vertical
sighting cross-wires are indicated at e e and
the stadia-wiresat e¢’. Arranged atsuch dis- ]

i
r
:
;
:
1
!
I

tances from the center as to cut off segments |
of the sun’s disk are horizontal and vertical |

sun-wires ¢? in Fig. 5 and obhque sun-wires e? |

~1n Higs., 6 and 7.

?

L freely and at times when it was not desired,

reticule.
Another marked advantage of the inclined

square arrangement, as shown in Figs. 6 and

7, is that it gives additional accuracy and
quickness of adjustment in placing the wires
by affording a geometrical test or a proof or
demonstration by geometrical figure that the
wires are properly placed, for it will be read-
1ly understood by those skilled in the art
without going into unnecessary details here
that the lines ¢® ¢® must intersect the sight-
ing cross-wires ¢ at common points, and that
the upper and lower of these points will fall
just-outside of the stadia-lines ¢’, so that 1f in
sighting the sun the operator should find that
no segments of the sun’s disk were cut off by
the sun-wires or that the segments were large
he would know at once that the lines under
observation were wrong or by inspection of
the geometrical figure thatthesun’slines were
not correctly placed. In other words, the in-

| clined square of Kig. 6 serves as a check or

means of correction by which accuracy isin-
sured, besides affording the convenience simi-
larly with the reticule of Fig. 5 of combining
in one reticule and one telescope all the wires
required both for solar and for general work.
As before briefly explained, when an in-
strument of the character employed for pur-
poses of illustration in Kig. 1 1s used for the
high grade of work which we have been dis-
cussing the usual spirit-level is ineffective.
The usual spirit-level of the best kind com-
prises a tube, as I, and a chamber, as G, the
latter being cemented onto the former by isin-
glass or other cement, a segmental opening
being provided between the two, as indicated
by dotted lines in Fig. 10. The manufacture
of these levels is very expensivé and very
delicate, and a most serious objection has
arisen in their use by reason of the fact that
the agitation and perhaps the chemical action
of the contained liquid has resulted in disin-
tegrating the cement, the latter appearing as
a mass of dark specks in the tube F; also,
the said agitation has caused the transfer of
the liquid between the tube and chamber too
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thereby impairing the ef

the tempelatme 1 have obviated these ob-
jections as follows: Having ground and fin-

1shed the tube I (the latter being ground and |

on a curvature preferably of a radius of three

~ hundred to five hundred feét) and filled it

10

with the fluid, a quick-acting f

luid, such as
sulfurie ether, bemﬂ' used, the end plece ¢ 1s

placed snun]y over the end of the tube under

sitch temperature and conditions as to pro-

duce a vacuum therein in use, and the edges
of the end piece g are then fused dir ectly 011t0
the tube T, so as to constitute therewith one

Integral solid piece without any foreign mat-

20

‘ments.
ber is p10V1ded to permit the use of a quick-

ter to be ground away by the 1mpact of the
fluid. This impact is marked in field instru-
It is to be understood that the cham-

| _aetmﬂ' fluid, as mentioned, as with a slow
- fluad, such as alcohol, the bubble is so slow

- 30

- 35

tempemtme changes.

10 settle that it makes the process of leveling

fluid, 11]{6

too tedious; but a quick-acting

ether, has a coe ficient of expansion so mm ked
that a small bubble in the summer-time would |

become in winter temperature as long as the
tube and render the level useless.
the chamber G is provided in order to permit
the length of bubble to be adjusted  as the
‘Thave found that the
lmproper 1111361(311&110'6 of fluid alreadyalluded

to between the tube E and chamber G 1s ob-
viated by providing a vertical slit, as'¢’, ex-

tending radially, as shown in I‘1ﬂ' 9, or for

- some uses a more restricted slit or apeltme

- Hig. 10
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may be used at or near the center, as at ¢?,

side up.

By thepr ovisions of my 111vent10n, as herein
described, it is rendered possible to use a
transit or 1evel telescope without change for

all the delicate purposes mentioned, whel eas

heretofore a teleseope or a,ttaehmentb had to

be specially provided to reach the same ends.
While I have described the details of my
mvenmon 1n eonneetmn with an ordlnary en-
- gineer’s a

d surveyor’s transit, it is to be un-

“derstood that this ‘is illustrative merely, in-

E

6o

asmuch as my 1mpmvements ‘herein de-
seribed are in no wise restricted 130 any instru-
ment and instruments, but may be used in

various relations and instruments; nor do1I |

restrict myself to the various details herein
set forth, inasmuch as many changes in form,
mmnn*ements and ‘propor tmns of pm ts may

_ iciency of the instru-
- ment until the proper proportions were re-.
| stored, so as to accommodate the bubble to |

The1 efore

Preferably, also, there is a depres- |
sion g in the glass adJacent the slit or open-
ing ¢', cooperating therewith in retarding the
passage of the bubble or “air” fr om one side
to the otherin case the level 1 I3 tumed bottom

arated from the tube by

-

be 16501136(1 to wﬂ;hm the Spmt ‘md scope of

‘my invention.

Having described my invention, What |

claim as new, and desue 130 secure by Letters-

Patent, is—

1. In a telescope, the comblnatwn wﬂﬂh the
.ob;]ect-nlass, and a focusing-eyepiece, of a

reticule-frame,a plurality of r etmules therein,

in parallel planes and means to mmulﬂzane-

ously adjust all of said reticules in and with

relation to the telescc-pe, substantlally as de-
scribed.

2. In a 1etlcule, the combmatmn with the

‘sighting-wires, and stadia-wires, of sun-w1res
_a1ra11ﬂ‘ed to mteleept seﬂ‘ments of the Sun’s

disk, substantially as deseubed

scribed..

4. In a retwule, ‘the Gombmatlon Wlbh the |
sighting-wires, of sun-wires arranged in an
-mcllned square intersecting said mghtmm

wiresatits corners,substantially as deseribed.
- 5. A spirit- level having a main tube and

‘an air-chamber sepamted therefrom by the.
apertured end of the main tube, made in one .
‘integral, 11011’10‘3"61160118 plece substantmlly as

descrlbed

6. A spirit-level, comprising a main tube,
and an air- chamber said chamber being sep-
‘arated from the tube by a wall, and the latter

being provided with a narrow opening at or

‘near the center thereof ‘substantmlly as de-

scribed.
7. A sp1r1t level, comp1 1smg a main tube
and an air- ehambel said chamber bema‘sep-

a wall and. the latter
being provided with a narrow opening at or

near the center thereof, and extending radi-

‘ally outward therefrom, substantlally as de-
ser ibed.

75
3. In & reticule, the combmablon with the
sighting-wires, of sun-wires arranged ob-

1101161}7 to sald si D‘htmfr-wmes tointer eept Seg-
ments of the sun’s dlsk subStantldlly as de-'.

8o

Qo

100

8. A Spirit- level, compusmc a main tube, '

‘and an air- chamber said chamber being sep-
arated from the tube by a wall, and the lattel |

being provided with a narrow opening at or.

105_'.'

near the center thereof, and extending radi- -

ally outward therefrom, the inner conneetmﬂ'- ) o

surface of the said tube and chamber adja-

110

cent the outer end of the said opening bemn‘ B

~depressed, substantially as described.

In testimony whereof I have signed mry :

- CHRISTIAN L. BERGER

Wltnesses

GEO. H. MAXWDLL
Jorxn C. EDWART)S

name to this specifi cation in the presence of
_two SlleGl ibing witnesses. .
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