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. ERWIN SCHUBERT, OF BERLIN, GERMANY.

Apphcatlon filed April-17,:1922:- - Serial-No, 553,956

T ol whom it may concern:,.
Bedt:known that I, L: Erwin. SCHUBERT

a citizen,.of; Ge1m=my, resdmg‘at Berlin,-.
Germany, have invented certain.new. and..:

5 useful Improvements:in, Means. of Measur-

ing: Distances. and Altitudes . (for. which T
have filed an application.in Germany on .
may. for-instance: be mounted -at the-point-B-

February 22, 1917), of which the. following
is a spec1ﬁcat10n

10 My invention. has reference.to means:.of
measuring Any- desnred distances ‘and alti-

tudes;:and it: is -one.of the important objects.
of my invention 4o prQVlde means,to be -able.
to read.off the value of the distance or:alti-
15 tude directly with the;sighting,of; the, aim.,,
In accordance -with . my.. inyen_tio,n I make.
provision for measuring-the distances by the
employment of two:measuring instruments -

of known: distance from.each.other-in_ ac-

20 cordance with.the trigonometric-basge; method,
usually employed for mensurations in the; .
open, and.in the practise.of my invention .
T prefer to proceed.by. providing, .a. goni-.
ometric or-angle, measuring ;nstrum_ent at:

25 either,.end ;o‘ff;.thef_ base to be selected :’,the.

dividing circle of which is connected;with a
telescope, and is adapted, upon the sighting
of the aim, to be moved past an indicator
which is continuously pointed in the direc-

30 tion of the main observing instrument, so

<

as -to. enable the operator to.read off the:
position. of the .dividing, circle: of the.other

goniometric instrument. relatively: to..such
indicator.
85 My invention will. be;explained by the

aid of the accompanying.drawings on which:

Fig. .1 1lustrates.. dlagrammatmally the
trlcronometrlc measurm@ method usually em-
ployed

40 Figs..2 and.3 are dmgl ams.to. be referred.

to, 111ustratmorthe practising.. of the new
method _‘ac,cord,ing;to my invention. -

Fig. 4 -shows a vertical section of a pre-.
ferred . form of construection of an apparatus.

45 embodying my invention, and adaptable by
way.-of. example for:taking measurements
according to the new. method..;

Fig. 5 is.a phn view . 1nd1c‘tt1ng conven-.

- tionally. the relative positions of the .operat-
50 ing. parts...
Fw 6 is a side view cmresnondmg to
Fig. 4

Fig.-7 is:a similar -view of the aux1hary ;

mstlument and
Tig. 81 is a plan. view-thereof."

lens shown n- Flg
Fig::10:is a- dngram of curves:

55

Fw 9isa flontt»\'lew .of the magn1fy1ng-~

On the. prineipal observation-device which -
60

of-Fig. 1, the angle 8 may be -directly read .
off,: and the posmon of the-auxiliary instru-

ment mounted and.adjusted by-an assistant
at A" may be.read by means of a- telescope

provided upon.thei principal Instrument so -

asto-be:able to-determine the ftnOIe w. Inas- -

much as.the:length .of the base ¢ was known:
before--the. ad]ustlng of both -instruments -
the. distance: Bl=a may-be: e’ISﬂy icaleulated: -

from: the i"ormula

Sin:a o
sy

@ =.C:

The «calculation work:is done by mechan—

ical..means..in- accordance- with- nuy - inven- |
tion by the wuse.of.a- three-sectioned caloulat-

70
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ing:slide-one. sectlon of-which indieates the:

values, .of logsin . a,. Whﬂe ‘the ~other slide:
contains. the values:log:sin. v, and:the: third
slide section:of which-is:. graduated in ac-
cordance.avith:the adaustment of: the-bases ¢.

In.a preferred.manner.:of : carrying the:

80

invention.into practise-the novel caleulating. -
slide: is. comhmed awith the observation. in-:"

strument, in.such a manner:that the adjust-
ment -of : the ..caleulation: .slide:. is : effected

target, so. as.-to enable the distance:a to be:
read.off directly upon the principal observa-
tion instrument..

The:main: observmg instrument is shown
by way of example In. Fig. 4 in elevation

~with parts. in. section and in Fig. 5 in plan

view: with parts in.section. Whﬂe ‘Fig. 6
a side: view.

The. battom: portion.a carries a telescopic
system the optical axis of which is adapted

to be.shifted around the.vertical axis .of:

the instrument: by:-the employment. of prisms

as appears from.-Fig.-5. The bottom. por-

tion ¢ also carries,a support for the indica-
tor- d . in coaperation with -the middle sec-

edge -portion. f+of said. middle section.car-:

85

-simultaneously - with -the :sighting. of the. .
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rying a scale for the indication of the
angles which are shown by the indicator d,
and may be read off by a lens ¢g. This mid-
dle section f of the apparatus is provided
with a curved bottom portion A which cor-
responds to the curve log sin @ and which
rests upon studs ¢ provided upon the bot-
tom section @, diametrically opposite each
other.. The upper portion of the section f is
provided with a curve % corresponding to
the value of log sin ¥ and adapteczlj to
support the studs m of the upper section
of the apparatus.

The two curves %k and A are illustrated
diagrammatically in Fig. 10. In the prox-
imity of the end values 0°, 180° and 360°
the curves of the logarithms of the angles
a and ¥ owing to their approaching the value
infinite become so steep that the gliding of
the studs m on the curve % and even the
construction of the curve surface /& on the
cylinder f is rendered impossible. But these
end values.do not play any réle in the prac-
tical use of the instrument.

The upper section is provided with the
telescope o. A graduated ruler p is ar-
ranged in the vertical axis of the apparatus
which projects downwards adjacent the
base ruler ¢ which latter is adapted to be
moved past the base mark » rigidly secured
to the bottom of the lower section ¢ of the
instrument. The said three sections p, ¢
and 7 constitute the calculating slide above
referred to. '

The base ruler ¢ may be secured to the
lower section ¢, by means of a clamping de-
vice or other suitable means, in such a
manner that it ‘may be accurately and un-
displaceably adjusted by vertical recipro-
cation before commencing the measuring
operation so as to indicate the value corre-
sponding to the logarithm of the measured
base. The adjustment is effected by read-
ing: off the value upon the logarithmic
graduation of the base ruler ¢ by means of
the base mark secured to the bottom part
in the usual manner. The scale ruler p is
secured to the top section in a suitable man-
ner, the ruler being arranged for instance
in the vertical hollow axle of the apparatus
the ruler being thereby adapted to follow
every upward and downward movement of
the part n of the apparatus, and thereby in-
dicating the sum of the two quantities of
movement which are dependent upon the
curves % and %, by the position of the ruler
p relatively to the mark ¢ of the Dase
ruler g¢.

Hence, the procedure is that the mark »
is permanently stationary while the base
ruler ¢ is adjustable, but after having been
adjusted once for the logarithm of the
measuring base A-—B it remains in this po-
sition as long as this measuring base. is not
changed while the scale ruler p may be
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woved duilng the measuring operation in
HCCUrUECce WiBLL the valle 0L Lle i0garithms
UL bue palilollal algular IULCTIous.

LG abseisse Ol Tle curve o upod e
WV IIE CACle correspond to the angular
units, wulie 1ts ordinuies correspond to the
logaricthins ot the sines of the corresponding
angles. The ordinates, though downwardly
graduated operate as positive values in re-
lation to the raising of the measuring de-
vice during the sliding movement upon the
studs 4. :

The abscissee of the curve % also corve-
spond to the angular units, while the cor-
responding ordinates ave staggered ninety
degrees upon the cylinder with relation to
the abscissee.

The clamp s indicated in Figs. 4, 5 and
6. serves for locking the sections ¢ and f to
each other whenever desired.

The procedure in effecting a measure-
ment is as follows:

After having measured the base ¢ (Fig.
1) the auxiliary instrument should be mount-
ed at A and should be horizontally levelled.
Then it should be pointed upon B so as to
direct the zero point and the indicator in
the dirveetion of B. The indicator is then
locked in this direction. The principal
observation instrument is then mounted
at B, horizontally levelled and the zero
points of section @ and section f (the zero
point of the seale 7*) and made to agree.
After having locked the parts @ and 7 to
each other by means of the serew s (Fig. 5)
the telescope - is directed to the point A.
Then, the value of the base ¢ should be
marked off by means of the slide ruler 4.
The equation '

sin «

=

sin

will then be solved as follows:—The ob-
server at A points his instrument upon C
by aid of the telescope o’ (Figs. 7 and 8),
and reads the value of the index »" of the
drum #" of the auxiliary instrument. The
observer at the telescope & veads off the
angle «: he then observes the indication
upon the dividing cirele 7 and makes the
adjustment for the angle o (¥Fig. 2). The
curve A (log sin «) is turned upon the stud ¢
for the value o and raises parts f and =
with the scale ruler p for the value of the
log sin @ Then the observer at the tele-
scope ¢ points his instrument to the point C
so as to turn his directing axis through the
angle § to the right (Fig. 3), while the
zero point of the section f has been turned
to the left for the value of the angle a. The
two optical axes which are determined by
the two zero points now form the angle
o--f from which follows yv=180— (a-+8).
The value of the sine is negative in con-
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sequence of the position of the curve %. (log
sin v), and the.part # with the part n rest-
ing thereon including. the scale ruler p is
lowered and- raised’ for the value of'log sin
y; the position of the ma wk £ upon the scale
ruler P will then give the distance :

sin o
sin vy

a=c .

The auxiliary instrument at A is IHUQU at-
ed in elevation in Figure 7 and in plan view
in Figure 8. It consists of a divided drum
«” resting on a tripod and the lower part of
which is stationary and carries a visible
The upper part of the drum is ar-
ranged to be rotated and bears a graduation
from 0—360°. On the upper part w'”’ of the
drum the sighting telescope ¢’ is connected
by the support » so as to be oscﬂlatable only

“about its horizontal journals »’. It can be
turned about the vertical a\is a) v’ only
together with the upper palt w’. On sight-
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ing the point C, the part " of the drum is
rotated to the loft through angle «. -When
sighting moving  objects, “the observer at A
constantly follows the object C with the
telescope o’.

The magnifying lens I facilitates a cor-
rect reading of the angle « set at A for the
observer at B who 51ghts the graduation of
the instrument at A by the telescope system
b7, the lens serving for ‘magnifying the
image of the scale of the drum.

I claim:

1. Device for measuring distances and
altitudes, comprising in combination two
measuring instruments, sighting means on
said instruments, angle measuring scales on
said instruments, and means for reading the
angular scale of one instrument from the
other instrument.

2. In a device for measuring distances and
altitudes, two observation = instruments;
scales” for indicating angle values on such
instruments, an adjustable section on each
instrument, and curved top and bottom por-
tions on said section corresponding to trig-
onometric values, adjustable scales on the

other portion of each instrument corre-
sponding to other trigonometric functions -

and sighting means- on each instrument
adapted to be directed to scales of the other
instrument and to other distant points.

3. In a device for measuring distances and
'\’tltudes in combination, an angle measur-
ing instrument, an angle indicating scale on

' snch 1nstrument, an observatlon 1nst1ument

65

a pointer on the angle indicating instrument
directed to the observation instrument and a
telescope on the observation instrument di-
rected to said pointer.

4. In a measuring device in combination, ‘¢
a revolubly shiftable upwardly and down-
wardly curved member, having a curved
bottem corresponding to certain trigonomet-

2

ric functions, and a. curved: top adapted to
correspond to other trigonometric fmlctions:
a-lower section on . which said member.
revolubly supported, a substantially cireu-
larly arr cmoed angle-indicating  scale on
said revoluble member, sighting means on
the supperting section, and means-on said
supporting section for v1ew1‘10' said scale, an
upper section freely buppmted on said re-
voluble member, a graduated ruler on said
upper section adapted to project through the
lower section, a graduated slide on said
lower section and adjustable relatively to

sald graduated ruler, said graduated ruler
‘md shde indicating certain trigonometric
functlons, and means for securing the parts
in posmon

5. In a measuring instrument in combina-

tion, a stationary lower supporting section,
an indicator secured to said section, an ad-
justable iuler on said section adapted to
indicate logarithms of a distance serving as
o basis, an adjustable curved section sup-
ported on the lower section, and an upper
section supported on the curved section, and
a graduated ruler on said upper section and
dowanrdly extended in engagement with
said logarithmic ruler and dlsphceftble dur-
ing the measuring operation in accordance
with the change of the angular measuring
constants.

6. In a measuring instrument in combina-
tion, three substantially cylindrical, sub-
stantially- coaxial sections one of which is
stationary, there being graduations on one
of said sections containing the numbers of
certain trigonometric functions, and caleu-

Iating means operably connected to-said sec- -

tions and supported on said sections for ver-
tical movement in parallel relation to the
cylinder-axis and a graduation on said ver-
tically movable means for indicating the
logarithms of said numbers.

7. In a measuring instrument in combina-
tion, a substantially cylindrical-three-sec-
tioned casing, having a lower relatively sta-
tionary section, an intermediate slidably
supported upwqrdly and downwardly arched
section on said casing the arched top and
bottom' of which are curved in accordance
with the sine-logarithms of certain measur-
ing angles, and a base indieating, axially
supported, downwardly projecting base
ruler on said sections, and an indicator on
said lower section, adapted for cooperation
with said base ruler.

8. In a measuring instrument, in combina-
tion, a substantially cylindrical casing in
two sections, a lower relatively statlonary
supporting section on said easing, a revolu-
ble scale on the other section, and an indi-

cator on the stationary section rigidly se-
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cured thereto, and cooperating with said -

scale.
9. In a measuring instrument in combina-
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tion, a three sectioned casing, a lower rela-
tively stationary supporting section on said
casing, a slidably supported upwardiy and
downwardly arched intermediate section
supported thereon, an upper section sup-
ported on said interinedinte section, a tele-
scope on said upper section, and cooperating

curved guides supporting said telescope and
operatively connected to said casing, the
curvature of said guides being adapted to 10
indicate the logarithm of the tangent of the
angle of elevation. :
In testimony whereof I affix my signature.
L. ERWIN SCHUBERT.



