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Lo all whom it may concern! ‘

Be it known that I, Pavr O. Haroiwg, a
¢itizen of the United States, residing at
Carlton, in the county of Yamhill and State
of Oregon, have invented certain new and
usetul Improvements in Surveying Instru-
ments, of which the following is a specifica-
tion. )

The present invention relates to surveying
instruments. )

1t is the general object of the invention to
produce an engineer’s universal field sur-
veying instrument embodying means and
mechanism for immediately and directly in-
dicating the result of various triangulation
operations. o )

A more specific object is to provide means
for antomatically translating various meas-
uring movements of a surveying instrument
and correlating them to directly indicate the
result of a cycle of measuring operations.

In its more specific aspect, therefore, my
invention comprises a surveying insérument
and means connecied with or operatively
forming partofthe instrument for translat-
ing various angular motions of the usual mo-
tion elements to directly indicate the final
vesult of a complete cycie of operations.

The more specific nature of the invention
will appear from the specification and the
accompanying drawings forming part
thereof and will be more particularly
pointed out in the claims. ]

Having reference to the drawings,

Higs. 1 and 2 are a plan view and eleva-
tion respectively of a surveying instrument
repregenting a preferred embodiment of the
inveniion; : .

Fligs. 3 and & are a plan view and eleva-
tion respectively, on a larger scale, of part
of the instrument showing one distinet
gvoup of mechanism forming part of the
invention; )

Tg. 5 1s a fragmentary view, partly in
section, showing important detail mecha-
nism; ) )

Fig: 6 is a fragmentary view, partly in
section, taken at right angle to that repre-
sented in Fig. 5;

f'ig. T is a section on line 7—7, Fig. 6;

Fig. § is a plan view of another distinct
group of mechanism, parts being omitted
for the sake of clearness;

Fig. 9 is an elevation of the mechanism
shown in fig. 8;

Fig. 10 is an elevation of the same mecha-
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nism taken at right angle to that represented
in Fig. 9; and

Fig. 11 is a diagram explaining some of
the functions of an instrument embodying
the invention. :

Figs. 1 and 2 show the general disposition
and relationship of parts comprising  the
invention, as applied to one form of sur-
veying device which includes the telescone 1
mounted on the horizontal axis 2 at the
upper end of standards 6 and 7, the so called
upper motion element generally referred to
by the numeral 8, the lower motion element
broadly indicated by the numeral 4, the ver-
tical circle 5, the variouswellknown elements
for leveling the instrument and for determin-
ing borizontal lines of sight, the well known
slow motion adjustments and in general, all
features characterizing this form of engi-
neer’s field instrument. R

The mechanism which is in this case iden-
tified with the invention includes a trans-
parent plate 8 rigidly connected to the
horizontal shaft or axis 2 and partaking of
every movement thereof, a transparent
plate or plates 9 forming part of the upper
surface of the upper motion element 3, log-
arithmic slide scales 10 and 11 associated,
vespectively, with the plates 8 and 9, and
various other elements omitted, for the sake
of clearness, in Figs. 1 and 2, :

The plates § and 9 bear hair line curves
indicated for identification by the numerals
12, 13, 14, 15, 16 and 17 which will be de-
scribed more in detail in connection with
other figures of the drawings. '

Nosw having reference to Figs. 8 and 4,
the plate 8 is preferably supported by and
may be shifted to a position of accurate
adjustment within, a metallic frame includ-
ing edge strips 18, a’ peripheral strip 19
and a connecting element for attaching the
frame- to the shaft 2.

While theve is considerable latitude in
making the connection, I prefer to use a
plate 20 having projections 20* carrying the
metallic frame. The plate 20 is attached as
by screws 200 to a collar 20° which in turn
1s secured to the shaft 2. The lugs 20 are
preferably rectangular and their faces are
provided with grooves 20% The Ings 202
are spaced from each other to afford an
unimpeded path for the scale 10 for all posi-
tions of the plate 8 within a range of 45°
to both sides of the normal or zero position.
In each of the limiting positions, if the
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seale should extend upwardly between the
lugs 20, the grooves 20¢ will evenly engage
the lateral ribs of the scale and prevent
damage-to the scale in case ‘the telescope is
thoughtlessly revolved beyond the 45° limit.
Scale 10, it lowered till its upper end is
flush with the upper end of its guides 22,
will not engage lugs 20* and the: telescope 1
may be “transited” or revolved about axis
2 at will.  In practice, however, the limit
of 45° is rarely, il ever, reached.

The plate 8, in the particular form of the
invention, is transparent: so that the indicia
in the form of hair lines thereon may he
brought into fiducial relation with the log-
arithmic scale- 10 which is supported upon
the standard 6 in close proximity to the rear
surface of thé plate 8. ' ‘

The scale 10, which structurally and op-
eratively resembles the well Iknown slide
rule, is slidably mounted in a guide member
22 and so positioned that its central plane
normally passes through the horizontal axis
2.0t the telescope. The guide member 29
may be atfached to the standard 6-in any
suitable manner as by means of serews 23 to
the brackets 24 and 25 extending “trans-
versely of the standard 6. In practice the
arrangement is such that the guide 22 may
be accurately adjusted for the slide scale so

- that it will properly and accurately function

with-the indicia hair lines.

As is clearly indicated in Fig. 4, the plate
8 bears hair line curves 12, 13, 182, 14 and
15 mentioned in connection with: Fig. 2 and
interpolation lines ‘18,

The functional significance and operation
of these curves will-be explained at a'later
stage of the specification. It may be men-
tioned, however; at this point that the curves
12, 13 and 13% are plotted for the logarith-
mic values of tan § -and. interpolation lines
13 are for the purpose of quickly interpo-
lating values between 0° and natural tan
8=.001. Curves 14 are plotted for the log-
arithmic values of cos? @ and curves 15 for
the logarithmic values of cos 8, where ¢ rep-
resents the vertical angles through which the
horizontal axis is moved upwardly and
downwardly, respectively, from the horizon-
tal position of the telescope as the starting
point. ‘ o

The curves are preferably etched upon the
inner surface of the plate 8 to avoid errors
due to parallax. -The surface of the scale 10
and the plate 8 are brought into sitch close

.proximity to each other as is mechanically

possible within the limits of expediency.
The lower edge of the plate 8 defines the
periphery of a circle about the axis 2 and

adjacent this periphery-is etched, likewise-

preferably on the inner surface of plate 8,
a hairline 26 for use with the seale 10. An-
other and like hair line 26* is formed rela-
tively. close to the axis:2. The scale 10 in

= 1,425,589

turn has a fine central line 27 for cooperation

with all hair lines to make an accurate read-
Ing or setting respectively of the scale 10

relatively to them féasible. - Central line 27
facilitates

adjustment of scale 10 and
guides 22. : ‘

Having now reference to Fig. 8 it will be
observed that the plate 28, which is part of

70

the upper motion element 3 previously re- .

ferred. to, bears curves 16, 17 above men:
tioned and curves 162,168 172,17°, 29 and 30.
It may be noted at this time that the curves
16, 16* and 16" are plotted for the logarith-
mic values of tan o, while 17, 172 and 17* for
the -logarithmic values of cos a, 29 for the
valties cos ¢ and 30 for the values sec¢ o,
where o vepresents angles in azimmuth start-
ing from the zero line and including ap-
proximately 45° in opposite directions, ths
zéro line being that line which lies in ths
vertical plane through the telescope when

the instrument is oriented for starting a tvi-

angulation operation. ,
The ‘sections 28 and: 28" on which the
aforementioned curves arve marked are of

glags or other suitable transparent material,

ag in the case of the plate 8, and the curves
are etched ‘or otherwise formed preferably
npon the lower surface thercof to cooperate
without danger of parallax wwith the slide
scale 11 mounted immediately below it upon
the plate 31 forming. part of the so ecalled
lower' motion member 4 previously men-
tioned. ‘

The transparent sections 28* and 285 also

, 33% respec-

bear hair lines 32,.82* and 3:
tively.
the vertical axis of ‘the instrument. as the
center. These: hair lines, like the hair lines
26 and 26° are index lines; for cooperation
with the scale 11.to accurately set it, the
latter having a fine central line 34 corve-
sponding to the line 27.
tions 28 and 28" are in practice adjustable
to function accurately with scale 11.

The mounting of the seale 11 is, of course,
a matier of judgment and there is, as in
the  case of ‘scale 10, considerable latitude
for making the necessary disposition of it.
'The- arrangement, which I have found to
be highly. advantageous, appears clearly in
Iig. 9. ‘

The plate 31 has a portion cut away to re-
ceive the scale 11 and its guide strips 35.
Practically, the plate 31 may consist of two
complementary parts defining, when prop-
erly spaced, in substance a disk.  These two
parts are interconnected by a plate 36 se-
cured to the lower surface thereof as by

serews 7% The upper surface of the plate ;

36 is recessed to accommodate the guides 35.
The plate 81 or the two parts composing it
have preferably tapered facelets 37 to co-
operate with tapered surfaces of the lugs 852
which may be secured to the plate 31 by

These lines are arcs of circles vith
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means of gcrews 38, Thus the scale 11 may
be adjusted for accurate functioning with
the indicia hair lines of transparent plates
28,

As appears from Figs. 2, 8 and 10, a part
of the peripheral portion of the element 28
is cut away to pI‘O‘ﬂde a slot 28° extending
through an angle of 45° each side of the zero
posmon in the plane of movement of scale
11. The scale 11 may be moved along its
sliding path by means of rack and gear
mechanism including a rack on the seale 11
engaged by a gear 39 keyed or otherwise rig-
idly v connected at the end of a pintle 40
which carries at ifs other end a knurled
thumb wheel 41. The gear 39 and its pintle
may be supported upon a braclet 42 attached
to the plate 31. - The pintls 40 is surrounded
by a spring 43 bearing at one end upon gear
39 and at its other end upon the bracket 42
in which the pintle has bearing. By thisar-
rangement a quick adjustment is afforded
for the scale 11. When the gear is pulled
downwardly against the tension of the
spring 43 out of engagement with the rack,
the scale may be moved by hand to approxi-
mately the intended position. Then the
spring is released and the gear can again be
brought inte mesh with the Tack and oper-
ated by means of the thumb wheel for accu-
rate adjustment of the scale.

An important mechanism,

the peculiar

function of which will be clearly pointed out-

in connection with the statement of opera-
tion of the device as a who-v, is what may
be appropriately termed the “automatic set-
ter”. Its proximate function is to trans-
late the horizontal angular motion of the
telescope to automatlcﬂly move the scale 10.
The more particular function is to mathe-
matically correlate the angular motion of
the instrument about both its horizontal and
its vertical axis and to thereby assist in the
selution of a trigonometrical equation in-
volving both of said angular moficns,

This automatic setter mechanism is illus-
trated In detail in Figs. 5,6 and 7 and part
of the arrangement 1s shown also in Figs.
8, 9 and 10 which indicate its operative re-
lation to the other parts of the instrument.

Ag appears best in Figs. 8, 9 and 10, the
phte 31 of the lower motion element 4 has
pits 44, on each side of the instrument, in-
termediate the sections 28 and 28" when
the instrument is in zero adjustment. One
of the pits and the elements associated with
it is used during forward measurements
from a common pom’c of reference, to adapt
the invention to the comnmon and well estab-
lished practice of running lines forward and
backward. :

Both pits and associated m@chfmibm are
identical and the description of one applies
to the other.

The, pits 44 extend along the 1)e11phe1y ot

_collar 52 &

-2
the plate 31 an angle of approximately 90°
or 45° each way from the vertical plane de-
fined by the axis 2 when in zero position.
The pits are deepest in the center from which
the bottorn rises toward the ends. On the
upper motion element 28 is mounted a mer
ber which is connected with the scale 10 and
extends through the plate 28 into the pit 44
into contact with the bottom thereof. When
the upper motion element 3 is revolved rela-
tively to the lower motion element 4, the bot-
tom of the pit, therefore, acts as a cam to im-
part motion to the member and the scale 10.
The bottom of the pit indeed represents a
mathematical curve which moves the said
member and the scale upwardly & distance
which corresponds to the logarithmic value
of a tr]oonomeurlml function of the hori-
zontal angle through which the upper mo-
tion element has been turned about the lower
motion element. 'The particular significance
of this arrangement will appear later on

The preferred form of mechanism for the
purpose Jaqt mentioned includes a track 45,
running along the center of the pit, for a
wheel 46 Whlch 18 plvotally mounted on the
lower end of 2 shaft 47 free to slide in verti-

cal direction but hhld against rotary motion
bV o, guide member 4 Tn practice the shaft
47 may be clamped bV a clamp, set screw or
any other device so as to hold wheel 46 up
to clear plate 81 and scale 11 when the up-
per motion is revolved more than 45° with
respect to the lower motion, thus allowing
the free use of the vertical axes with their
angle measuring devices, where desired,
without in volving the automatic setter.
'This guide member 48 may be att ,Whed to the
bracket 24 or held against angular move-
ment rela leely to the upper motion member
in-any suitable way, and in practice is ad-
justable to accurately and mathematically
function.

Tpon the upper end of sha £t 47 is pivotally
mounted a shaft 49.. This shafe 49 hag bear-
ing abits upper end in a eylindrical casing 50

which contains a spring 51 normally Loldmu
Lhe shaft 49 down upon shaft 47 'md yie eld-
ir‘-ﬂ"'y'lwisci ng its upward motion. In prac-
tice the shaft 49 may )n p“omuef with a
slight distance
and a washer 53 se uefl on the collar and
icogew surronnding the shaft. Collars2 bears

dgainst the tubular casing 50 and the spring
o‘ loosely fits over the extreme end of Shaft
49 and exerts pressure against the washer 53,
The casing 50 is se secured to the ‘)mokeus 25
and 54-of the standard 6.

The shaft 49 is screw-threaded at its upper

portion to actuste a traveling nut 535 which
earries g chmp 56 for det 1(,11‘1 bly engaging
the seale 10, The seale 10 has o vib 107 ex”
L »_long its rearsurface md tho clamp
56 consists of two clamping jaws engaging
the lateral surf A clamping

face of the rib.
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screw passes through the jaws and carries a
lever 57 which may be weighted if desired.
The arrangement is such that when the lever
is lifted, the frictional contact between the

~ribland the clamping. jaws ig sufliciently de-
creased o permiit theirirelative movement

and that when the lever is- released,
welght will'cause a‘tightening of the serew
to lock the j jaws to the rib.

- When it is desired to quickly adjust the
scale 10, the lever 57 is lifted and the scale
is moved approximately to the position de-
sired.  For accurately setting the scale 10
when the instrument is in its normal or zero
position a thumb nut 58 may be turned, its
motion bf‘mrr transmitted to the shaft 49 by
means of beveled: gears 59 and 60 and pmtk
61 terminating in the thumb nut uo, the
pintle. being mounted on bracket 63.  The
shatft 49 also has:a knurled or’ otherwise pre:
pared portion 62 to facilitate the turning of
the shaft 49 .directly by hand, when the in-

strument is in a position other than zero.

Tt will be observed that the pht@ 28 has
an-opening ‘64 large enough to “allow the
wheel 46 to pass ﬂuonnh it

- As indicated in FLH, 8,9 and 10, but best
shown in Fig. 8, the plate 31 has a (lepemhno
wall portion 65 forming an enclosure to keep
(]_n&,t; as much as possible from the inner
parts. This wall pormon 65 has openings 66
to allow: the thumb: wheel or nut 41 to puss

‘through without interference when the up-

per motion is turned more than 43° eifher
side of the center or base line with IQH])(‘(t to
the lower motion.. .-

The numeral 67 in Figs. 8; 9 and 10 mdi—
mtes one form of horizontal angle scale

trip and 68 the vernier for reading “the hori-
/()nt‘ll angles to the nearest minufe. ‘

The )1'1nc1pal and most important of the
curves'is the tangent curve. The mathe-
matical fmmuh of the curve is p=C-log
tan « (B). In this equation (polar)-as s p-
pliedto horizontal angles the pnk 0
the center of the vertical axes of the uppez
and Jower motions. ~C is an fu‘bm ary.con-
stant, e.g. 1 inch and equals the - distanes
from the «-vnier o1 the vertical axis to the
index line 320 < The curves are plotted from

sections represented- by the curves 16, 16
and 16P 1espbcuvdy (Fig. 8). The curve
breaks with each characteristic .of the loga-
rithmic tangent.  The: breaking lines then
are w hue the horizontal angle lns values of
357, 30 —45" and 45°, the ndtmql tangents
of WhlLb ave .01, .1 and 1 respectively. “The
origin of the {u'% section of the curve is at
the value 34 where the natural tangent is
.001. This being upon the 1 inch line above
referred to and may be noted with a reading
glass, but lateral distances ’%IYLAHGI' than thls

will never be encountered in. practice.
Itis thuq seen: that the 100a1 ithmie tano ent

equals

agshown and include three distinet

1,425,589

of any horizontal angle may be laid off on

‘the zero line or polar axis which is the center

line 84 of the scale 11 upon which the loga-
rithms of nnmbers ave plotted to the same
seale ag the envves. The logarithmic gcale 11
ig graduated for two chavacteristics of loga-

: .mihms so-that some’ sectlon” of the cnrve is

bound to intersect it withont the necessity of
sliding it through a whole chm‘ncm istic.
The distance between the in ’;’o" Iines 82 and
3203
characteristic. :

The practical. apphmtmd of the scale 11
and the tan « curves is as m]lows reference
being had to Fig. 11.

Assume that it is intended to find the dis-
tance ¢b which may be considered as o line
at right angle to the line og¢ in a horizontal
plane aob. - The distance ab=—saXtan «, oc

being Jmown: The log ab=log oa+-log
tan a. o ‘

The instrument is oriented along the line
og-and the scale 11 7is-set with reference to
line 32" to in‘ﬂimfp the distance oa. Hince
the scale 11015 graduated sceording vo the
logarithms of nnmhewq ﬂn@ setbing cea off
a length which' equals the logavithm of the
distance “oc. - Mow  the upper motion is
turned And with it the cuvved haiv: lines.
When -the line of sight ceincides with 2,
one.of the three sections of the tan o uu‘vo
sets.off on seale 11 a second length which
log tan a.
the (?Igt‘mce on and of the tangent of the
horizontal angle « through which the line
of sight has been turned are added and the
noint of intersection of the curved hair line
indicates upon seale 11 the number which
corresponds to this sum. We thus have
nvef\ﬂm‘ed ab_oa/ tan o in.the ﬂbove equa-
tion.

By the same mode of operfluon vertical
distances or elevations are measuved. Thu
ad, ov ad, which.may be -considered as ver-
f'iml distances from the horizontal lme o,

By setting the vertical logarithmie scale 10
to get off the -distance g and turning: the
ling of sight through o vertical angle £, or
&, vespéctively, the verfical digtances «a, and
aw, may be read off the scale 10.. ‘

It is evident to the expert that in this
mauner any distance may be found and di-
rectly read off, which eqiials the product of
a-kknown distance along the line of sight and
the trigonometric function of an angle hav-
ing its vertex at the, instrument. We thus
have dir ectly at.ont disposal for cooperation
with the logarithmic scales 10 and 11 the
various -trigonometric functions-—sine, co-

15 &

sirie, ‘tangent, " cotangent, secant, ~cosecant,
cosine® and secant®. Indirectly we have the

sine? from .which the cosecmt? can be

tained. : ‘
The great advantage of this mode of de-

termining vertieal distance above or, below

is here taken as 10 ¢m: wh u,n eqaal one .

‘Thus the 1oo(ulthlns ot

ab--
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wt from a single sta-
a range ot several
tevation, of a number of
1, iov war Jﬂv as well as

ﬂ1e use of spirit level-
expedients of ‘tmng up
in hilly country are thus avoided

oiten troublesome measurement

hundred
stations may be foy

1'ea1'\“.'01c'h without
ing. The tedious
or down
Also the

along traverses on steep inclines is made un-.

necessary instrument so. far de-

by the
scribed.

As advantageous as this phase of the new.

mode of measurement is, a correspondingly
greater advantage 1s denve@ from the in-
strument in its use for determining vertical
heights above or below the horizontal of
points laterally of the base line.

Having again reference to ifig. 11, ¢ rep-
vesents a point laterally of the base line o
and be the vertical distance ¢ above the hori-
zontal plane through oc. Then aod is a
horizontal plane and cob is a vertical plane.
The angle ¢ob may be called o and the angle
coh may be called 8. Then

oa
I—0b=——=0aXseca;
cosw

I—bc=0b tanp=oa X seca X tang;
I1I—log be=log oa-log seca +log tanp;

From this equation b¢ may be found.

In ovder o determine ¢ directly with the
instrunent deseribed, the instrument is first
oriented along oa. In this position the tele-
scope is In a horizontal posttion and the up-
ner
ition indicated in Hig. 8.

The seale 10 1s now set accor ding to tqe
distance oa. This is accomplished bv rais-
ing lever 57 to release the orip of the clamp
56 on the rib 10%. DNow by turning the
thumb nut 58 the scale 10 may be set pwcﬂy
to position.  The logarithm is set off
above the mark 26° :

The upper motion plate 28 is now turned
until the vevtieal hair line of the telescope
Ag this
movement takes place, the auto-
‘i nctd:“"ﬂd and the scals 10 is
fted a J co equal to the logarithm of
ecant of the h nm izontal angle o through
h the upper motion r‘e‘r”)m and tele-
; » have been moved. It shonld be noted
here that the mathematical curve rebre-
sented by the hottor of the pit or-rather by
the track 45 is formed for that special pur-
pose.  Thus we have added log oa and log
gee o and the index circle 26° will now cub
1e 10 a distance bemw its upper end equal
o the logarithm of b, which could be read
Df‘ if d

pos

y

S
s

is in coineidence with the point a.
in nin,q:

Mow the teles seope is turned abeout axis 2
antil the hert zo*liﬂ?. cross hair intersectsths
pf‘1nb {’, "a t 5T 3 S
ourve J 13 or 182 wi t

cenfm?

Ty
LL
below the

- computing

and lower momm members are in the.

=

index line 26* which equals the A)gultnm

cof tan 8. Thus during the operation of the

instrument as outlined the logarithms of oa,
sec. o and tan § have been added to gatisty
the equation III above mentioned.

The instrument has been primarily de-
signed to simplify the usuval tedious opera-
tions incidens to any survey of an engineer-
ing pLoiecf It is 1ntended principally for

~all sorts of Lopugr‘lpnlcﬂ work, from the

most accurate to the rougher stadia topog-
1-z‘uphy. It has been primarily designed to
read at the instrument direct (with only
the qumﬂest mental computation for setting
the scales 10 and 11) the elevation of any

point with its lateral reference to the sur-

vey or base line. It requires but twe men,
an instrument man and a rod man, and these

two men can perform the work of the usual

level party of two men and of the topo-

75

80

85

graphical party of three men, much more

accurately and quickly than by former
methods. It thus saves labor, does its own
o, and increases the efficiency and
accuracy of the party. I fully realize, how-
ever,  that the principles upon which it is
based- may be even more generally applied
to any triangulation work that may be in-
volved in any engineering field work.
It is common practice to find horizontal

Jdistances from the instrument to a remote

point by placing a stadia rod. at the peint
and reading the rod intercept. The distance
is obtained by multiplying the rod inter-
cept by a constant: (usually 100), providing
the telescope was level. Where the tele-
scope-is either raised or depressed, the true
hovizontal distance very closely approxi-
*nah equais the rod mtercept indicated
multiplied by cos? B, (3 being the vertical
angle above -or below the hovizontal. By
setting scale 10 on the cos? § hairline 14 to
read the rod intercept while the instrument
1s sighted upon the 10d the true horizontal

distanée may be read at the index line 26 or
28% and the elevation may be read dirvectly
upon scale 10 where the tan § curve inter-
sects it,

The lateral distdnce and distance along
the basge or survey line can then be found
by setting scale 11 on the cos « line 29 to
read - the true horizontal distance above
noted, by reading the tan « and index lines
upon scale 11 1espectwely' .

Tn the above only a few conecrete ex wmbles
have been given of the adaptability of the
invention to various operations of triangula-
tion. Various other operations may be car-
ried out with the same facility involving
other trigonometrical functions of vertical
and horizontal angles.

TWhile T have shown curved hair lines for
the purpose of setting off the logarithms

trigonom etrical functions and find - the

ase of such curves simple and advantageous,
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I hwe also. 10" mind other and. different
means for accomplishing the purpose. . Thus
the automatic setter mochamsm represents a

eam mechanism by which the log sec « has
heen added to the log ¢a.  The result can be
directly read:off seale 10, if desired. = Va-
yiots cam mechanisms to operate Wlth the

‘vertical axes, with the horizontal axis or
aiy other motion, and to ‘operate ina verti--

cal, horizontal: or my other plane may be
deqloned for moving an index mark. slong
one of the scales & distance which: corre-

‘ spon(ls to the logarithm of a trigonemetri-
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“1giget on: scale 10 at the index mark.
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ol funetion ot tor moving the smle with

reference to an index mark as by an auto--
‘matic setter.

The ‘selection of the various
available means for carrying out the objects
of the invention must be governed largely

by the particular- use to whlch the instru-

ment is-to be put.
In order to facilitate various mathemati-

cal compntations such ‘as may be necessary:

in the use of the instrument for the different
triangulation ‘operations and ‘to render it’ a

self-contained device ‘for universal applica-
“tion, I have also provided hair lines # and ¥
and 4. Like the

indicated in  Figures 2
curved lineg nwntloned *hey are etchednnon
the glass, near the opposite side edges;

The line % is laid off at an mlole of about
5° slant with the scale 10 so that the point
of intersection therew1th may be clearly ‘ob-
served and is used for’ multiplication and
divigion.” The+scale 10 and the ling a are
manipulated as any slide rule. The scale 10
is set o that one of. the numbers.is 'over
the index ‘circle 26* and then the glass
plate is moved until the line o at the
poing correspondmn to - the  second - num-

‘ber intersects the scale. 10, when ‘the prod-

uct can be read off from scale 10, The
operation for dividing takes place'in the re-
verse order. - The scale is moved upwardly

‘lm‘rﬂ the dividend thereon :coincides  with
the divisor on line 2, hen the xeqult can: be
read off at the 1nde\ circle. ‘ ‘

The scale 318 used. for o
and square roots. . The number to be squared
square of the number is read at the end-of
seale” 10 upon line .
course teversed for finding the square root.

The hair lines # and y form a very im-
portant auxiliary part of the instrument in-
asmuch’ as it males .the ingtriment: abso-
lutely self-contained. The transparent plate
8 hag been utilized to provide the equivalent

-of'a complete slide rule.

“In the foregoing the term “‘*urvu,rmn ne
strument” is not limited to the morerestrictive
specific meaning but is intended to include
all mstrument@ operating on the prineiple.-
of angular relationship of points and. acs
: Corchnrr to the general principles of survey-

ing mstruments. I am Well aware that.the

btaining sqmres ‘
The ',

The  process is of-

1,425,589

: cndmcterl tic fcatures of my invention may
be readily embodied-in various forms of in-

struments used for observation, orientation,
range-finding, gun-laying ete. © -

In the anms theleiore, the term “sur-
veying instrument” s used inthe broad
sense above defined.

T claimi ;—

L In a sur veym(r instrument 1ncludm
means for meaguring angles,.an ad]usuable
scale indicating distances , means for setiing
the sdale for any desired ch'sl‘,:mce ahd means
operatively - connected: to :the. first : named
means for indicating upon the scale any dis-
tance ~which is the “function of an angle

‘measured. and the dlot‘ulCL for which Lhc
“scale isset.

2. In a surveying mstlmmnt anludmo‘
means for measuring angles, an ad]hstable

“geale indicating dlstances, means for setting

the scale for any desired distance and means
operatively - connected - to -the first named
means for indicating upon the scale any dis-
tance whichis the produet of the distance

for which the scale is set and the tangent of

an angle measured.
3. In a surveying  instrument inciuding
means- for measuring angles, an @djubf able

scale indicating dlbmnce@ means for seltting

the scale for any desired distance and means

operatively connected to the fivst named
means for indicating upon’ the scale any
distance which 1s the product of the distance
for svhich the scale i is. set and the secant of
an angle measured.

4. In a surv eymo 1nst1ument including
means for measuring horizontal and verti-

cal angles; an admsmble scale indicating dis-
Lances, means for setting the scale for any
desived distance and means operatively con-

nected to'the first named means for indicat-

ing upon the scale any distance which is the

product of the trigonometrical function of a -

horizontal angle mmsured . vertical angle
measmcd and the distance fo1 which the
Ie 18 set. ‘
]n o smveymo 1nsmument including
meanb for ‘measurir ™ hovizontal and ver i

cal angles, an adjustable scale “indicating
distances, wéans. for setting the scale for

any desired distance and means operatively
connected to the first named ‘means for in-

~dicating upon the scale any distance which is

the ploduct of the distance for which the
scale-ig set, the secant of a horizontal angle

and the mnoent of a Vel‘tlc‘ll anOle 1nvoh‘u1
“in-the m(,asu:(ement ,
6. In a surveying instrument including

means for measuring angles, an. adjustable
logarithiic scale 1ndlcat1no d]St&HCGQ, means
fo1 setting the scale for any desired distance,
means deﬁnmtr a hair line shiftable rela-
tively to the scale to variably intercept the
same and means for moving the hair line and

“the scale relatively to each-other t6 cause
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the hair line to indicate upon the scale any
distance which is the product of a trigo-
nometrical function of an angle measured
and the distance for which the scale is set.

7. In a surveying instrument including
means for measuring angles, an adjustable
logarithmic seale indicating distances, means
for setthpo the scale for any desired distance

and means operatively connected to the first

named means for setiing off on the scale
o value which equals the logarithm of a
ccnometrical function of an angle nreas-
uuq, said lntter means including a lon arith-
mic curved hair line shiftable accor dmo to
the angle measmcd

8 In a surveving instrument, means for
]118‘151'11 angles, a moqudmuc scale indi-
istances, means for setting off on
said scale any desived distance and means
operatively connected to the first named
means tor sefting off on sald scale a length
which equals the logarithm of a trigo-
nometrie function of the angle thlour“h
which the line of sight has been | tarned.

9. In a surveying instrument including
means tor measuring angles, a looauthmlc
seale indicating cds‘cungeb, an indicator co-
operating with the scale, the scale and the
indicator heing adjustable relatively to one
another, and mechanism connected with the
angle-measuring means for moving the scale
andl the indieator relatively to each other a
length whiclh corresponds to the logarithm
of w trigonometrical function of ar
measured.

10. In a sueveying instriunent
means for measuving angles, « logarithmic
seale indienting {lSLdl]COl, an indieator co-
operating with the suﬂ" the seale and the
indies tor being “rqu e relatively to one
another, and mechanism connected with the
angle-measuring means for moving the seale
velatively to the indicator  length which
corresponds to the logarithm of a tuig
nielrical function of ‘

11. In a surveying
means for meﬂsm'ing
scale indicating distances, an indicator co-
operating with the scale, the scale and the
indicator being ;‘rmmtublc relatively to one

\L]

‘I)

int*in( mg

Tq

b

u;su aent ineln ding
angles, = low,nthmlc

another, and mechanisin connected with the-
measuring means for moving the seale.

anwie
and the indicator relativ ely to each other a
length which corresponds to the logarithm
of a trigonometrical function of an angle
mensured, sald- mechanism including a eam

element repre ‘SCﬂtth 2 mathematical curve..

»9 In o surveying instrument including
ns for measuring angles, a loga rithmic
e indicating dista wmnees, an 1nd10'1tor co-

(F

cale

Q

h("uor being aﬂ]miabm relfmvelv to one
nother, and mechanism connected with the
D gle measuring means for moving the scals
clatively to the indicator a 1eno th which

22

cconnected with the horizontal a

angle

herating with the scale, +lwe scale and the.

7

corresponds to the logarithm of a trigono-

raetrical function of an angle measured, said
mechanism including a cam element repre-
senting a D’l’lt]‘?mdtlcu- curve.

13. Ina surveying instrument for measur-
ing vertical and horizontal angles and in-
cludmg any form of upper and lower motion
elements, a logarithmic scale movable in a
vertical plane passing through the hori-
zontal axis of the mstrume*\.t and mecha-
nism on the upper and lower motion ele-
ments for moving the scale a distance which
corresponds to the logarithmic value of a
trigonometrical function of an angle defined
by “the relative movement of the upper and
lower miction elements.

14. In a surveying instrument for measur-

“ing vertical and horizontal angles and in-

cluding any form of upper and lower motion
elements, a logarithmic scale movable in a
vertical plane passing through the hori-
zontal axis of the instrument, and means
axis of the in-
strument for setting off on the scale a length
which corresponds “to the logarithmic value
of a trigonometrical function of a vertical
angle mensured.

15. In a surveying instrument for measur
ing vertical and horizontal angles and in-
clndmb any form of upper and lower motion
elements, a logarithmic scale movable in a
vertical plane passing through the hovi-
zontal axis of the instrument, and mecha-
nism on the upper and lower motion ele-

- ments for moving the scale a distance which

corresponds to the logarithmic value of the
tnoonomenucal functlon of an angle defined
by “the relative movement of the upper and
lower motion elements, said mechanism in-
cluding a part on the lower-motion element

eﬁmno a cam surface and a member on

~the upper-motion element having movement

in the said vertical plane, said ‘Tmember co-
operating at one end with the said cam sur-
face and at the other end with the scale.

16. In a surveying instruoment. for measur-
ing vertical and hou"onifd angles and in-
cludmo any form of upper and lower motion
cle_mems, a logarithmic scale movable in a
vertical plane. passing through the hori-
zontal axis of the instrument, means defin-
ing a depressed cam surface on the.lower
motion element, a rod having sliding move-
ment through the upper motion element and
sliding contact with said cam surface and
means for detachably connecting the upper
end of the rod with the scale.

17. In asurveying instrument for measur-
ing vertical and bomzomal angles and in-
chdmo any form of upper and lower motion
elements, a logarlthmlc scale movable in 2
vertical pia 1e passing through the horizon-
tal axis of the instrument, means defining a
devressed cam surface on the lower motion
element & rod having sliding movement
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“vertical p] 1ne passing
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f‘no contact with

i

illx'mwh the upper motion element and slid-
ing contaet with said cam surface, a second
rod piv omlly supported upon the upper end
of the f
connecting the bewnd rod to the scale.

18 In a sur vevtno instrument for measur-
ing vertical and hml/onLdl angles and in-

gk
18

dndmﬂ any form of upper and lower motion.

elements, a logarithmic scale movable in a

vertical plane passing through the horizon-
tal axis of the instrument, means defining a
depressed cam.surface on "the lower motion
¢lement, a rod having. sliding movement
through the uppel motion element and slid-
ing contact with said cam surface; a second
rod pvotally supported upon the uupu end
of the first rod, spring means for holding t
the secend rod wpon the first rod and means

for detachably connu,tmo the second rod to
’Lhe rmle

Trva survey mo instrument for measur-
ing \eu.ml and’ hom/ontdl angles and in-
dudmnr any form of upper and lower motion
elemua‘t». a-logar lthmi(, seale ‘movable. in a
vertical phne passing through the horizon-
tal axis of the instrument, means defining a

domcsw(i cany: sturface on the lower motion:

(lemen{ a. rod having sliding movement
Hu ongh the uppet motion element and slid-
ing contact with said cam surface, a second
rod pivotally supported upon. the upper end
the first rod and ‘screw threaded at its
upper por tion; spring means for holding the

second. rod upon the first rod, a nut havmov‘

serew threaded engagement with the thread-
ed portion of the second rod and means for
detachably connecting the nit to the scale.

20. In a surveying instrument for measur-
ing vertical and 1)01'1/011&11 angles and in’
cluding any form of upper and Tower motion
elements, o Togarithmic scale movable in a
vertical p]dl ¢ passing through the horizon-
tal axis of the mmstrument, means defining ‘a
depregsed cam sittface on the lower motion
element, a rod having sliding movement
thr ouﬂh the upper

1 cam surface, a second
iod piv ﬂmliv supported upon the upper end

ot the first rod and screw threaded at its

upper portion, spring means for holding the
second rod upon the first rod, a nut 11‘LV1110'
screw threaded engagement w {th the thread-
ed portion of the second rod and means for
detachably connecting the nut to the scale,

.comiprising. a plo]ectmrr rib on Lhe scale and
‘a'clamp on the nut.

21. In a surveying instrument for measir-

“ing vertical and horizontal angles and in-

clnding any form of upper and lower motion
elements, a log arithimic scale movable in a
¢ through the horizon-
tal axig of the instrument, means on the upper
and lower motion elements for moving the

scale: a “distance which: corresponds to the

rod -and means for -detachably

motion eloment and slid-"

1,425,589

logar ithmic value of a tl‘lOOIlOmBLL'IC‘d.l fune-
tion of an anj gle defined by the relative

movement of the upper and Jower motion

elements and means for setting off on the
seale a length which corresponds to the loga-
rnhmlc value of a trigonometrical fune-
tion of a vertical angle measured. :
22 In a surveyinb instrument for measur-
ing vertical angles, a logarithmic sgale mov-

able in a vertical plane passing through the

axig of the instrument, a tlansparent plate
connected to the said axis and disposed in a
normally: vertical plane at right angle to the
axis and in close proximity to the face of the
scale, means on the surface of the plate de-
ﬁnin ¢ hair lines, said hair lines being plotted

o-set off on the scale the logarithmic values
Oi trigonometr ical functlong of angles meas-
ared.

23, In a-sur v’wmn instrument for measur-
ing horizontal (mﬂles, a logarithmic scale
mov:tbly mounted in a norm Ally horizontal
plane, a transparent plate connected to the
movable part of the angle-measuring mecha-
nigm-and disposed in a normally horizontal
plane immediately above the scale and means
on the p]ate defining -hair hnes said “hair
lines being plotted to set. off on the scale-the
logarithmic values of trigonometrical func-
tions ot ﬂngles measured.

s In asurveying instrument for measur-
ing ano]ec, a 1omuthlmc scale . movably

“mounted in the plane for measurement, an

indicator and o slow motion mechanism for
adjusting the scale relatively to said in-
dicator.

25, In a surveying instrument for measvr-
g angles; a log arithmic scale ‘movably
mounted in a planc for measurement, an in-

dicator, u slow motion mechanism for ad-

justing the scale and means for disconnect-
ing the mechanism, at will, from the scale.
‘)(). In a surveying 1nst1‘1,unent for measur-
ing - angles, -a logarithmic - scale ‘movably
motinted on the mstrument a transparent
plate’ pivotally mounted. for movement in

the plane of motion of the said scale and. in

superposition therewith, and means on the
)Inte defining’ a scale for co- -operation with

the first scale to carry out arlthmctlml com-

pumtwns

: In a surveying instrument for measur-
ing (mnles, a lowulthmlc scale movably
motnted on the instr ument, a - transparent
plate pivetally -mounted for movement in
the plane of motion of the said scale and in
superposition. therewith, and means on the
plate- defining two separate scales for co-

operation with the first scale; one of said last

mentioned scales being adapted for multipli-
cation and division and the other for finding
squares and square roots.
In test1m0ny whereof, T affix my signature,
AUL 0. HARDING
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