























PREFACE TO THE THIRD EDITION

In this edition several additions have been made, espe-
cially in the treatment of the direct solar observation. The
specimen field notes, to illustrate the requirements of the
office of the United States Surveyor General for Colorado,
have been entirely rewritten, a different group of claims
being used, and represent the practice at the present time.
Thanks are due Mr. F. E. France of the office of the
United States Surveyor General for valuable help and sug-
gestions in making up the notes.
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PREFACE TO FIRST EDITION

In the work which follows an attempt has been made
to describe the methods used at the present time in the
survey of mineral lands in the western portion of the
United States. Only as much of general surveying has
been given as is necessary to a clear understanding of the
subject, and the reader is referred to the various text books
on surveying for all information of a general nature. The
reader is also referred to Morrison’s “ Mining Rights ” for
the treatment of the purely legal points.

It will be impossible to give credit to all those who have
assisted the writer, either during the period when the work
was appearing as a serial in Mining Reporter, or in its
final incorporation in book form. To all those who have
assisted, the writer wishes to express his heartfelt thanks,
and especially to Professors L. E. Young, E. M., and A. J.
Hoskin, Mech. E. of the Colorado School of Mines; Pro-
fessor Mark Ehle, E. M., of the South Dakota School of
Mines; N. H. Brown, E. M., U. S. Mineral Surveyor, for-
merly Chief of the Mineral Division, and M. E. Blake, the
present Chief of the Mineral Division, Office U. S. Surveyor
General for Colorado. The writer is also indebted to H.
G. Moulton, E. M., and P. P. Barbour, E. M., U. S. Mineral
Surveyors, for many valuable suggestions, and to William
Hyland for assistance in the calculations.

Thanks are due Wm. Ainsworth & Sons, and W. & L.
E. Gurley for permission to use cuts and descriptive matter
concerning the Shattuck and Burt Solars.

The writer, in conclusion, cannot acknowledge too
strongly the assistance of his wife, which has been invalu-

able to him.
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Mineral Land Surveying

CHAPTER 1
DIRECT SOLAR OBSERVATION

Of the applications of plane surveying to the survey
of mineral lands, no one is more representative or has been
more greatly perfected in the West. than the use of the sun
to determine the bearing of a given line. For many years
bearings were determined by the use of various solar at-
tachments, but of late years the method known as the
direct observation seems to have almost entirely taken their
place. While with great care any one ofthe several solar
attachments on the market will give fair or even good
results, they are all relatively expensive, fragile and, with
one exception, easily thrown out of adjustment. With the
method known as the direct observation, no attachment is
needed to the ordinary transit provided with a vertical arc
or circle, preferably the latter, and no adjustment has to
be considered other than those necessary to use in every
transit in mineral land surveying.

As the exact determination of the bearings of lines is
probably more important in mineral land surveying than
in any other branch of engineering, disregarding of course
geodetic work, it will be taken up in detail.

To determine the bearing of a line by direct observation,
the transit is set up as solidly as possible and carefully
leveled. The line whose bearing is to be determined may

be considered o° and the upper plate set at o°, or if the
I8
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< bearing is appmzumately known, the upper plate may be

set at the assumed ‘bearing to be afterwards corrected.
If more convenient, the assumed*bearing of a line to some
prominent object may be taken, and the first course re-
quired on the survey deflected from
this line. The upper plate is then
loosened and the telescope pointed at
the sun. The sun may be observed
in various ways; for example, through
a colored glass placed over the eye-
piece, to which may be added a prism
when the sun is very high. This
colored glass may be very convenient-
ly placed in the sliding cover of the
eye-piece and is thus always ready
for use. As this method involves the
attachment of the colored glass, and
Fic: & also, when the sun is high, some per-
sonal discomfort as regards the posi-
tion of the head, it is advisable to use a card, a sheet of
paper, or, best of all, the brown back of a note-book, which
does away with the glare on a white surface. On this sur-
face, preferably held by the assistant, the cross wires are
first focused, and finally the sun is brought into the
proper position, by the aid of the tangent screws.

A Davis screen is a piece of apparatus attached to the
telescope to answer the same purpose as the card men-
tioned above, and its use leaves both hands free to manip-
ulate the instrument. Otherwise it is of no great advan-
tage.

In regard to placing the sun with reference to cross
wires, there are many opinions. In most treatises we are
instructed not to bisect the sun, as in Fig. 14, but to place

JORORCoReS
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DIRECT SOLAR OBSERVATION 3

it in one quadrant, as in Fig. 1B, as it can thus be observed
more accurately. While this is perfectly sound advice,
especially with inverting instruments, a correction for semi-
diameter of the sun must be made, and the operation is
liable to be somewhat confusing to the beginner. The
student is therefore advised at first to divide the sun into
quadrants by the two cross hairs (Fig. 14) leaving the
method of placing the cross hairs tangent until proficiency
is secured. As an error of one minute in placing the ver-
tical cross wire causes an error of one minute in the re-
sulting azimuth, while an error of one minute in placing
the horizontal wire causes an error of several minutes in
the result, it might be well to place the sun as in Fig. 1C.
The reason for this will readily be seen on examining the
examples which follow. The sun, in very accurate work,
is sometimes placed in a rectangle or other arrangement
of cross wires, but in ordinary work these are unnecessary
refinements.

Another very exact method of observing the sun in the
direct observation is to place the sun tangent to the cross
wires, first in the N. W. corner with the telescope normal,
then in the S. E. corner with the telescope inverted. The
sun is held tangent to one wire with the tangent screw and
the observation is made when the sun, by its own motion,
reaches the other wire. In Fig. 1, E and F, are shown the
positions of the sun for normal and inverted telescope
just before and at the instant of observation. These are
the best positions for an observation taken in the morning.
In the afternoon the positions are reversed. (Fig. 1, G
and H.) :

The average of the two vertical and two horizontal
angles are used in each case in the subsequent calculations,
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the sun is avoided. At least two sets of such observations
must be made, otherwise there is no check.

In an instrument provided with stadia wires, care must
be taken not to confuse these with the horizontal cross
wire. Moreover it is not well to assume, without a trial,
that the stadia wires are equally distant from the hori-
zontal cross wire.

If the stadia wires are correctly placed they should be
o° 34’ 22" apart, and each o° 17’ 11" from the center hori-
zontal wire. As the sun’s semi-diameter varies around
o° 16’ the stadia wires may be used with advantage to
place the sun with a very slight probable error. (Fig. 1D.)

We will assume that the sun has been bisected. The
vertical and horizontal circles are then read and noted and
an observation made with the telescope inverted, assuming
that the first observation was made with the telescope
normal. The bearing of the sun should be taken with the
magnetic needle at least once during the observation, as a
check on the results. The time to the nearest fifteen
minutes should be taken when the telescope is inverted.
By averaging the two results all errors of adjustment or in
leveling the instrument are obviated. As a check, a num-
ber of observations may be made on the sun, and the
writer finds that three or four with normal telescope and
the same number with inverted telescope are sufficient.
The observations should not be made within two hours
before or after noon, nor when the sun is too near the
horizon, as the correction for refraction is then too great.

The direct solar observation depends on the solution of
a spherical triangle (see Fig. 2) whose sides are all known,
and whose angle between two planes is desired. These
planes, as can be seen from the figure, are one, observer,
zenith, pole; and the other, observer, zenith, sun. In
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our work we have first the latitude, distance pole to hori-
zon or zenith to equator, and therefore the co-latitude
(go° — latitude) for one side; or, in other words, we have
from pole to zenith; we have the declination, distance of

the sun above or below the equator and therefore the co-
declination (go° — declination), that is from pole to sun,
and we finally get the altitude and thence the co-altitude
(9o° — altitude) by the solar observation with the transit
as described above. In Fig. 2 the sun is shown by solid
lines north of the equator and by dotted lines south of the
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equator. This also shows its position before noon. This
triangle may be solved by any one of the various formulas
found in every treatise on spherical trigonometry.

The best formula, however, for the direct observation
is that derived by John G. McElroy, and given in the
Michigan Engineer’s Annual for 1899, page 62, as follows:
sin d

GOSN
cos / cos a

F tan/ tan g,

which is simply a modification of one of the fundamental
equations of spherical trigonometry.

Before illustrating the utility of the formula and the
facility with which it may be logarithmically reduced, it
will be proper, for ‘the sake of completeness, to give the
argument on which it rests. To this end let PZS, Fig. 3,

Z

2 P
FiG. 3
be a spherical triangle, and K an arc of a great circle

drawn from Z perpendicular to PS, (or to PS produced).
Then from the triangle PZD,

cos s = cos k cos (z — x), (1)
and from the triangle SZD,
cos p = cos k cos x. (2)

Eliminating cos &, we find

oo . 5 608 (3 S 8) = cos z + sin z tan x. (3)
cos p cos ¥
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But, from SZD, cos S = tan'x cot p;

whence, tanz = B2 o5 5. (4)

, os p
Placing this in (3) there results

cos § sin $ sin g
= cos 2 + it et
cos p . cos p

or, €os s = cos p cos z + sin p sin z cos S. (5)

cos S;

This is the above-mentioned ‘fundamental equation.’
It asserts that the cosine of either side of a spherical tri-
angle equals the product of the cosines of the other sides,
plus the product of the sines of those sides into the cosine
of their included angle. To apply it to the derivation of
our solar formula, let us consider Fig. 4, which represents
the four astronomical triangles, PZS, PZS’; P'Z'S, and
P'Z'S’, projected on the plane of the meridian PNHZ.
In A.M. observations, the azimuth angles at Z or Z’ will
be estimated from the north to the right; in .M. observa-
tions, from the north to the left.

We adopt the following notation:

PP’ = axis of the celestial sphere.

P = the celestial north pole.
P’ = the celestial south pole.
EQ = the celestial equator.

HO = the celestial horizon of which the poles are Z
and N. (Note. — The horizon of which Z’ and N’ are the
poles is not shown in the figure; it would be projected as a
diameter perpendicular to Z’'N’.)

Z and N = zenith and nadir of an observer in north
latitude. Z’ and N’ = zenith and nadir of an observer in
south latitude.
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EZ =1 = observer’s latitude when at Z.
EZ' = | = observer’s latitude when at Z’.
S = the sun when north of the equator.
S’ = the sun when south of the equator.

VS = d = the sun’s declination when north.

VS’ = d = the sun’s declination when south.

PS = the sun’s north polar distance when north.
PS’ = the sun’s north polar distance when south.
MS = a = the sun’s altitude when north.

M'S’ = a = the sun’s altitude when south.

pp’ = the sun’s daily path when north.

p1p: = the sun’s daily path when south.

It will be sufficient to consider the particular case of an
observer in north latitude, and the sun in north declina-
tion (whence d and / are positive; a is always positive),
and then make our results general by properly observing
the signs of d and 1.

The case assumed is illustrated by the triangle PZS
(Fig. 4), in which —

PS = go° — VS = go° — d,

PZ = go° — EZ = go° — |,

SZ = g0° — MS = go° — g, '
and the sun’s azimuth angle PZS is required. It is found
thus: By applying the principle of which equation (5) is
the enunciation to the angle PZS, we have —

cos PS = cos PZ. cos SZ + sin PZ. sin SZ. cos Z;

or, cos (go° — d) = cos (9o° — I) cos (go° — a)
+ sin (go® — /) sin (go° — @) cos Z,

whence, sind = sin/sin a + cos / cos a cos Z.

From this, cos Z = = tan / tan a. (6)
cos [ cos a
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In (6) cos I, cos a, and tan @ are always positive, but
sin d and tan [ will respectively have the signs of d and /;

N

hence to prevent mistakes it is advisable to write the ex-
pression in the form

cos Z = :t~—s—l—n—d———=Ftanltana, )]
cos [ cos a

which is the desired solar formula.

With respect to the signs of the formula, the surveyor
has simply to remember that the first term of the second
member is

+ for north declinations,
— for south declinations,

and that the second term is
— for north latitudes,
+ for south latitudes.

For north latitudes the formula always gives negative
values for cos Z when the declination is south, and also
for such north declinations and values of ¢ as render sin
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d less than sin / sin ¢;* but when cos Z is negative, Z is
greater than go°, and hence the positive value of the cosine,
as taken from the table of ‘Naturals’ is the cosine of
(180° — Z), (i.e., of EZS, the azimuth from the south) for
— cos Z = cos (180° — Z).”

This means that in the case of observations taken near
the summer solstice one may get the sun north of east or
north of west when one is observing near sunrise or sundown.
Care must be taken, therefore, not to set this down as a
south course merely because the sun is south of east or
west during the greater part of the year. This will be’
taken up later under the calculations for the direct obser-
vation.

As an example we will take the following series of direct
observations on the sun, the first two with telescope nor-
mal, and the last two with telescope inverted:

Angle to right from line to be determined. Altitude of sun.
233° 16’ (See Fig. 5.) T
233 33 585498
234 oI 53 18
234 17 425329

Difference for 1 hour = 29.45
5.0

60)147.25

Difference for 5 hours = 2’ 27”

July 22, 1905, 10 AM., latitude 39° 47’ north.

Dec. Greenwich apparent noon. ... 20° 22’ 18.1”
Less 5 hours west........... 22740
Call 20° 19’ 51" = 20° 20’ 20° T olME T %

* Or when the sun is south of the prime vertical.
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. sin 20° 20’
Cos azimuth = — ta ° 47" tan 52° 50* etc.
= Ut cos 39° 47'. cos 52° 50* etc. N AL e e

log sin 20° 20’ = g¢.540031
log cos 39° 47’ = 9.885627

9.655304
9.655304
log cos 52° 50’ = 9.781134
log 0.7485 = ¢.874170
N
)
[}
i
|
i
4 =
5 S
o/
{ \
W - — -~ ———_—A— g —_——— e

Fic. 5

log tan 39° 47" = 9.920476

log tan 52° 50’ = 10.120259
log —1.0084 = 0.040735
+0.7485
—0.3499 = nat. cos 69° 31’ (course of sun)
233° 16/
302° 47’
9.655304

log cos 53° 2’ = 9.779128

log 0.7519 9.876178

* Corrected for refraction — always diminished.
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134

134

o3’ 360° oo’

os’ 302° 55
4)36’ S.57° 5'W.

91

Average course of line, S. 57° o' W.

When the observation is made with the sun north, as in
the example given for July 22, we have the first term of the
formula plus, north declination, and the second term
minus, north latitude. The resulting cosine is minus.

+ .7485
— 1.0984

— .3499 = S. 60° 31’ W.

With the sun south on December 27 an observation gives
us
— 5452
— .2919
— 8371 = 8S.33° 10’ E.

and the resulting cosine is also minus.

But when the sun is north and near the summer solstice
and the observation is taken early or late in the day we
get on June 30

+ .5664
— 3905
+ .1759 = N. 79° 52" E.

Therefore if the sign of the cosine is minus, the bearing
of the sun is south of east or west, but if the sign is plus
the bearing is north of east or west.

It will be seen that the cos and tan of the latitude and
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altitude, respectively, are found on the same line in the
tables and are set down at the same time for calculation.
The sun’s semi-diameter varies from about 16" 15" ‘on
January 1 to 15’ 45” on July 2, and is found in the
Ephemeris. The average, 16’ nearly, will do for ordinary
work. !
If it becomes necessary to base calculations on an obser-
vation where the sun is observed in only one quadrant, a
correction for semi-diameter must be made. The vertical
angle is corrected by simply adding or subtracting the
semi-diameter, as the sun is above or below the horizontal
wire. The horizontal angle must be corrected by adding
or subtracting the semi-diameter of the sun divided by
the cosine of the altitude, as the right or left side of the
sun is taken clockwise from the backsight.

TABLE OF CORRECTION

Corr. alt. sun’s Sun’s semi-diam. Corr. alt. sun’s Sun’s semi-diam.
cen. measured at horizon. cen. measured at horizon.
.

0° oo’ 16’ oo’’ 350 331 401/

8 14 10 36 13 50
11 36 - 20 36 352 20’ oo
14 08 30 N30 10
16 16 40 38 ob 20
18 ob 50 38 42 30
19 45 17 oo 39 16 40
21 15 10 39 30 50
22 37 20 40 22 21 00
23 54 30 40 54 10
25 o5 40 41 23 20
26 12 50 41 55 30
27 16 18 oo 42 24 40
28 16 10 42 53 50
20813 20 43 21 22 00
30 o8 30 43 48 10
31 oo 40 44 14 20
31 50 50 44 40 30
32 38 19 oo 45 ©ob 40
33 24 10 44 3t 50
34 9 20 45 55 23 ©o
34 52 30 46 19 10
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The refraction, always subtracted from the apparent
altitude, is 57”" X tan zenith distance of sun or by table.

MEAN REFRACTION (TO BE SUBTRACTED FROM OBSERVED ALTITUDE)
BAROMETER 30 INCHES; THERMOMETER 50° FAHRENHEIT

Altitude. Refraction. Altitude. Refraction.
10° ) 5’ 1911 20° 2’ 3911
11 4 51 : 25 2 o4
12 AS L2 T 30 1 41
13 4 07 35 I 23
14 3 49 40 1 o9
15 3 34 45 58
16 3 20 50 49
17 3 o8 60 34
18 24 157 70 21
19 2 48 8o 10

The declination may be taken from the Ephemeris pub-
lished by any instrument maker. At Denver we are seven
hours later in apparent time than at Greenwich, one hour
for each 15° of longitude, and this difference in time mul-
tiplied by the hourly difference given in the Ephemeris
is added or subtracted, as the declination is increasing or
decreasing, to or from the declination given for Greenwich
noon. ‘

As the greatest hourly difference in declination is about
1’ it is sufficiently exact to calculate the declination to the
nearest fifteen minutes of time, or even to the nearest
half hour, for the average hourly difference, which is 30’ of
declination.

By inspection of the following table errors resulting from
the use of erroneous data for declination or latitude may
be found. '
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ERRORS IN AZIMUTH FOR 1 MINUTE ERROR IN DECLINATION

OR LATITUDE
K

No. of For 1 minute error in declination. For 1 minute error in latitude.
hours from

noon.

Lat. 30° Lat. 40° Lat. 50° Lat. 30° Lat. 40° Lat. 50°
h. m. Min. Min. Min. Min. Min. Min.
o 30 8.8s5 10.00 12.90 8.77 9.92 11.80
1 0o 4.46 5.05 6.01 4.33 4.87 5.8
2 00 21531 2.61 3.1I 2.00 2.26 2.70
3 0o 1.63 1.85 2.20 I.15 1.30 1.56
4 oo 1.34 b (¢ 1.80 0.67 0.75 0.90
5 00 1.20 1.35 1.61 0.31 0.35 0.37
6 oo /A1) 1.30 1.56 0.00 0.00 0.00

-

By use of the above table the amount of the azimuth
error, resulting from the use of erroneous Declination or
Latitude at the different hours of the day, may be deter-

mined.

If the South Polar Distance used be too great, the ob-

served meridian falls to the right of the true South Point
in the forenoon, and to the left in the afternoon, and vice

versa if too small.

If the Latitude used be too great, the observed meridian
falls to the left of the true South Point in the forenoon, and
to the right in the afternoon, and vice versa if too small.

These results are obtained from the following formulas:

d Decl.
cos Lat. sin Hour Angle

d.

az

d Lat.

cos Lat. tan Hour Angle’

If 1’ is substituted in the above formulas either for d
Decl. or d Lat. the solution will give the azimuth error in

minutes for dZ.
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The errors resulting from the use of erroneous data for
altitude are not so easily determined, but may be found
- from the formula

= d Alt.
cos Alt. tan S

when S is the parallactic angle or angle at the sun. In
using this formula the angle .S must first be found, usually
by the formula

cos Lat. sin Z

SO cos Decl.

For latitude 40° and o° declinations, the results are as
given in the following table and they are very nearly the
same for other declinations and latitudes around 40°.

ERRORS IN AZIMUTH

No. of hours from | For 1 minute error No. of hours from | For 1 minute error
noon. in altitude. noon. in altitude.
I 4.80 a 1.05
2 2.25 5 0.89
3 I.4% 6 0.84

From the above tables it is clear that erroneous data in
altitude, declination and latitude affect the resulting azi-
muth most when the observation is taken near noon, and
least when the sun is near the prime vertical, that is east
and west. The observation should not be taken within
two hours of noon, if this can be avoided. The observation
should not be taken when the sun has an altitude of less
than about 10°, as the tables of refraction cannot be relied
on below this point.
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When tables of logarithmic versines and secants are
available Hosmer’s formula * gives quicker results than
any other formula. The formula is as follows:

log versine Azimuth = log [sin {go" — (Lat. 4 Alt.) } +
sin Decl.] - log sec Lat. 4 log sec Alt.

Taking as an example the observation previously calcu-
lated by McElroy’s formula we have

i Lat. 39° 47’ log sec 0.1143
H Alt. 52° 50’ log sec 0.2189
92° 37’
00
Nat.sin —o0.0456 co — 2° 37’

Nat. sin 4-0.3475 Decl. +20° 20’

Alg. sum o.3019 log 9.4799

log versine ¢.8131
Azimuth of sun 69° 31’

which is the result obtained before.

Another formula for direct sight, not so convenient when
many observations are to be worked out, but still useful as
a check, is as follows:

sin (S — L) sin (S — 4).
cos L cos i

A 2 o e
2

Sinid =

S

* Hosmer’s “Azimuth,” John Wiley & Sons, Inc., $1.00. This little
book is simply invaluable where many solar or star observations have to
be made. The arrangement of tables makes it possible to calculate a
direct solar observation in about five minutes by turning over only seven
pages of tables arranged in the exact order in which they are to be used in
the formula.



DIRECT SOLAR OBSERVATION 21

A = Azimuth of the sun.
L = Latitude of the place.
h = Altitude of sun less refraction.
? = Sun’s polar distance = 9o° 4 the ‘sun’s declination
‘when it is south and go° — the sun’s declination
when it is north.

Example:
- L= 40° 30
k= 23° o5’
p = 107° 03’

170° 38’ - 2 =85° 19/ = S.
S—~L=44° 49" S—h=062° 14

log sin 44° 49’ = 9.848091
log sin 62° 14" = ¢.946871
log 10 — cos 40° 30’ = o0.118954
log 10 — cos 23° 05" = 0.036243

2)19.950159
logsin} 4 = 9.975079
34 = 70° 46
A = 141° 32’
180° — 141° 32" = S. 38° 28’ E. Course of observed sun.

As A is here doubled all errors to this point are therefore
doubled.

Any of the formulas given may be used to obtain time
by solving for the hour angle in place of the azimuth.
That is, using the angle at the pole and transposing the
remainder of the formula. The solution gives the hour
angle in circular measure and this is turned into hours,
minutes and seconds as 15° = 1 hour, 15’ = 1 minute and
15" = 1 second apparent or Sun time. Apparent time is
changed to mean solar time by adding or subtracting the
equation of time given in the Ephemeris. Mean solar
time is changed to standard time, by adding or subtracting
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as the case may be, one hour for each 15° of longitude that
the observer is distant from the standard meridian. 52

Where the Azimuth is known the hour angle may be
found by the following formula:

cos Altitude sin Azimuth

sin H. A. (angular measure) = ——
(angu ) cos Declination

Latitude

The latitude is taken from any good map, such as those
of the United States Geological Survey, and carried from
the initial point when necessary. At latitude 40° one
minute of latitude equals 6,070 feet, or one mile equals 52
seconds of latitude. A surveyor doing considerable work
in one district will prepare a table showing cosines and tan-
gents for latitudes likely to be of use, and thus avoid look-
ing them up in a large table every time an observation is
figured.

When the latitude is known approximately, observations
may be taken at equal intervals before and after apparent
noon, and various figures for latitude tried till one is found
which gives the same azimuth in the morning as in the
afternoon. ,When the latitude is absolutely unknown, it
may be found as follows: Set up the instrument in plenty
of time before apparent noon. Bisect the sun with vertical
cross wire and either bisect it with horizontal cross wire,
or place tangent. Follow the sun till it ceases torise. Care
must be taken in the observation to allow plenty of space
through which the tangent screws may be moved, other-
wise they are liable to give out at a critical moment. As
the instrument cannot be reversed as in the case of the
direct sight, it is well to level the telescope immediately
after the observation and note the index error, adding or
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subtracting it for the angle observed. In instruments with
a movable arc, the arc had best be set at zero immediately
after getting the sun. The telescope is then leveled and
the angle read, thus avoiding errors incidental to settling
of the instrument during a long observation..

N

F16. 6

When the observer is north of the equator the latitude
then equals the zenith distance plus or minus the declina-
tion for apparent noon. Lat. = (go° — altitude *) + decli-
nation, when the sun is north of the equator, and Lat.
= (go° — altitude®) — declination, when the sun is south
of the equator.

When the observer is south of the equator the above is
reversed.

In Fig. 6, which represents a section of the celestial
sphere on the meridian, we have ZN Zenith to Nadir line,

* (Corrected for refraction.)
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PP’ line joining the poles, QQ the equator, and HH’ the
horizon, while S and S’ show the position of the sun,
Z and Z' the zenith distance, ¢ and a’ the altitude, and d
and d’ the declinations, respectively, when the sun is south
or north of the equator and the observer in north latitude.

Example: October 20, 1905; 12 m.; Longitude ros°
30" + W.

Altitude sun’s upper limb = 40° 15’
Less refraction = o 1
Less semi-diameter = o° 16’
Altitude sun’s center = 39° 58’
Declination Greenwich A. T. = 10° 11’ 50
Diff. 1 hr. = 54.01. Diff. 7 hrs. = 6 30”

Declin. longitude 105° 30’ + W. = 10° 18’ 20”
900 odl
39° 58
56°" 24
10° 18’ 20"
Latitude place of observation = 39° 43" 40"

In the case of observations made in summer, it will be
necessary to use an auxiliary telescope such as is used in
shaft surveying, as the sun will be too high for the ordinary
telescope. In latitude 40° declination 23° 30’ N., the alti-
tude of t_he sun will be 73° 30’. If no auxiliary telescope
is available it will be necessary to make an observation on
Polaris * for latitude, or use some other method.

* Hosmer’s Azimuth previously mentioned.



CHAPTER 1II
SOLAR ATTACHMENTS
The Shattuck Solar Attachment

Figure 7 is a sectional view in the plane of the Shattuck
Patent Double Reflecting Solar Attachment, perpendicular
to both reflectors and the pivot of the arm D.

F1c. 7

The frame AA, which carries the stationary mirror H,
revolves about a main axis called the polar axis, coincident
with the line of collimation, by means of a bearing in the
cap B, and is held in place by two screws and a spring
washer. It is provided with a clamp.ring C, which may be
clamped to a cap B by means of a clamp screw. A slow
motion is obtained by means of a tangent screw and spring
plunger (not shown) at the base of the frame 44.

25
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D is a swinging arm pivoted in the frame 44 as-shown
and provided with a coiled spring which keeps the adjust-
ing screw E constantly in contact with the surface of the
lug on the outer end of the frame. This swinging arm
carries the movable mirror 7, the adjusting screw E for
setting off the declination, the differential nut F for setting
off the hourly change in declination, and the clamp G for
clamping the screw E when turning the nut F.

The ray of light from the sun or star enters from above,
as indicated by the arrow, impinges upon the mirror 7, is
thence reflected to the mirror H, thence through the open-
ing in the base of the frame A4, and through the object
glass to the cross hairs of the transit.

The sun’s declination, corrected for refraction, is set off
by means of the screw E with the aid of the limb of the
transit, as will be explained later. The hourly change in
the sun’s declination between the first and subsequent
readings during -the day is corrected by means of the
graduated differential nut F, each division of which repre-
sents one minute of arc and is turned to the right or left
according as the declination is increasing to the north or to
the south.

The cap B is fitted to the objective end of the transit.

The sun, in its apparent diurnal motion about the polar
axis, follows a path parallel to the celestial equator at a
certain angular distance from the poles. When this angle
is set off by means of the solar attachment, and the sight-
line of the telescope is set at an angle with the horizon
equal to the latitude of the place, it is evident that it is
impossible to view the sun on the cross wires and follow
it by turning the attachment on its axis except the instru-
ment be in the plane of the meridian with the sight-line
parallel to the polar axis.
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Determination of Meridian

To Determine the Meridian with the Shattuck Patent
Double Reflecting Solar Attachment, assuming the sun’s

corrected declination for the day and hour of observation
to be North 11° 26':

First. Sight at some point on the horizon (B, Fig. 8)

with the solar attachment off, the telescope level and the

F1c. 8

Fic. o

vernier set at 1o1° 26’ (go° 4 11° 26), the corrected south
polar distance, Fig. 8, being an illustration.

Second. With the lower plate clamped, turn the vernier
of the horizontal limb to zero and with the solar attach-

ment in place, as shown by Fig. g, sight the same object
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(B, Fig. 9), bringing it to the cross hairs by means of the
adjusting screw E, which may then be clamped with the
clamp G, Fig. 7.

Should the object sighted be less than about a mile
distant — depending somewhat on the focal length of the
telescope — allowance should be made for the distance from
the axis of the instrument to the optical center of the solar
attachment, as shown graphically in Fig. 9, where A4 is the
axis of the instrument, B is the first point sighted, and B’
the second point with solar attachment in place; the angle
CAB equals the angle CDB’ and the distance AD equals
the distance BB’. With a little practice this distance can
be readily estimated on distant fence posts, bricks in houses,
tree-trunks or other natural objects.

At great distances the distance BB’ becomes inappreci-
able and is ignored. The angle CDB’ will remain at 101°
26’ so long as the angle HEI (the angle between the reflec-
tors) remains at 50° 43" (101° 4 26’ + 2), regardless of
minor defects in the polar bearings of the attachment.

The lower clamp may now be released.

Third. Depress the objective of the telescope until the
vernier of the vertical circle or arc is set at an angle equal
to the latitude of the place of observation.

Bring the sun’s image to the proper position on the
cross wires of the instrument by turning the transit on its
vertical axis (using the lower clamp and tangent screw for
its fine adjustment) and the solar attachment upon its
polar axis. The sun’s image will be in the field of view
when the light from the fixed mirror is seen to pass exactly
through the opening in the base of the frame.

After the sun’s image has been bisected, as shown in
Fig. 10, the bisection may be successively checked by turn-
ing the tangent screw engaging the ring C, Fig. 7.
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The axis of the telescope is now parallel to the earth’s
axis and the instrument is in the plane of the meridian
-with the vernier of the horizontal limb set at zero. The
solar attachment may now be removed and the azimuth of
any desired object taken.

If the transit is not provided with solar wires as shown
in Fig. 10, set off on the vertical circle the latitude minus

Fig. 10 Fig. 11

the sun’s semi-diameter as given in the Ephemeris, and
then bring the upper limb or edge of the sun to the inter-
section of the cross hairs as shown in Fig. 11, which can be
done with great precision.

Fig. 12 is a diagram illustrating the transit with solar at-
tachment set in the meridian. 4 is the axis of the transit,
PP’ the polar axis, NS the meridian. The sun’s declination
being north, the south polar distance is go° plus the cor-
rected declination.

If the transit has a full vertical circle, the errors of ad-
justment may be eliminated by taking the mean between
normal and reverse observations, as in the case of the
direct solar observation.

Observations on fixed stars for the meridian or latitude
are made with the solar attachment in exactly the same
manner as on the sun. There being no appreciable hourly
change in the declination of the fixed stars, the refraction
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correction for the proper hour angle is applied directly to
the apparent declination. .

The writer has obtained perfect checks on the Shattuck
solar by direct observation of the sun, and considers it the
best solar made.

Fig. 12

To Determine the Latitude with the Shattuck Solar

Carefully set off in the solar the south polar distance
of the sun at apparent noon, corrected for the refraction
at that hour, in the same manner as previously explained.

About fifteen minutes before noon, direct the telescope
with the solar attached, toward the lower pole; then move
the transit on its vertical axis and the solar on the polar
axis until the reflected light of the sun from the fixed
mirror is seen to pass exactly through the opening in the
base of the frame, with the sides of the solar as nearly
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vertical as possible. The sun’s image will then be in the
field of view.

Now bring the upper limb or edge of the sun to the
horizontal cross wire by turning the tangent screw of the
telescope axis; then by turning the tangent screw of the
polar axis of the solar, cause the sun’s image to pass rapidly
across the field of view. If the limb of the sun passes
parallel to the horizontal wire, the plane of the solar is in
a vertical position; but if not, turn the solar on the polar
axis and the transit on its vertical axis, until the plane is
vertical as shown by this test.

Keeping the plane of solar vertical, follow the sun’s
upper limb with the horizontal cross wire, by turning the
tangent screw of the telescope axis, as long as the sun
continues to rise.

The sun is at its greatest altitude when it reaches the
meridian; therefore, at apparent noon, when the sun’s
image ceases to rise, take the reading of the vertical circle
and add to it the sun’s semi-diameter as given in the
Ephemeris, which will give the required latitude. This is
illustrated in Fig. 12.

Use of Solar Ephemeris

The sun’s declination at Greenwich mean noon is given
in the Ephemeris for every day in the year.

Local time at different points on the earth’s surface
varies at the rate of one hour for every 135 degrees of longi-
tude; the more easterly the place the later the local time.

When it is noon according to “Eastern” (75th merid-
ian), “Central ”” (goth meridian), ‘“Mountain ” (105th me-
ridian), or “Pacific ” (12oth meridian) time, it is five, six,
seven or eight hours, respectively, after noon at Green-
wich. Hence, for example, to determine the declination at
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9 o'clock, A.M., “Mountain Time,” which is four hours
(seven hours minus three hours),after mean noon at Green-
wich, the given difference for one hour is multiplied by four,
which gives the correction to be applied to the given
declination, noting carefully the algebraic signs of both
the declination and hourly difference as given in the
Ephemeris.

In using the Shattuck solar attachment, the refraction
correction is always positive, and is always added to the
South Polar distance, and subtracted from the North Polar
distance when making observations in the Northern Hemi-
sphere.

The declination of the sun being its distance from the
celestial equator, the South Polar distance is go° plus or
minus the declination, according as the sun is north or
south of the equator.

This refraction is found under the description of the
Burt Solar, in a table for various latitudes and periods
before and after noon.

- Example:
Required the south polar distance of the sun at 3 p.M.,
“Mountain Time,” May 28, 19o2, latitude 40°.
The time is 10 hours (7 + 3) after noon at Greenwich.

Hourly difference + 24.79"

X Number of hours 10

Total change in declination +247.9" or + 4’ 07.9”
Declination at Greenwich noon +21° 21’ 12.0”
Required declination +21° 25’ 19.9"”
Refraction (hour angle 3) +o00’ 33.0”
Corrected apparent declination +21° 25’ 52.9”
‘Declination being north, add ; 90°

South polar distance ITIA2 50 52agd
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To save time, it is advisable, before going into the field,
to prepare a table for the day, giving the south polar dis-
tances of the sun for every hour suitable for taking obser-
vations.®

The Burt Solar Attachment |

In Fig. 13 we have a graphic illustration of the Burt

solar apparatus, the circles shown being intended to repre-
sent those supposed to be drawn upon the concave surface
of the heavens.
. When the telescope is set horizontal by its spirit-level,
the hour-circle will be in the plane of the horizon, the polar
axis will point to the zenith, and the zeros of the vertical
arc and its vernier will coincide. Now if we incline the
telescope, directed north as shown in the cut, the polar axis
will descend from the direction of the zenith. The angle
through which it moves, being laid off on the vertical arc,
will be the co-latitude of the place where the instrument is
supposed to be used, the latitude itself being found by sub-
tracting this number from go°.

When, however, the sun passes above or below the
equator his declination, or angular distance from it, as
given in the Ephemeris, can be set off upon the arc, and
his image brought into position as before.

In order to do this, however, it is necessary not only
that the latitude and declination be correctly set off upon
their respective arcs, but also that .the instrument be
moved in azimuth until the polar axis points to the pole
of the heavens, or, in other words, is placed in the plane
of the meridian; and thus the position of the sun’s image

* The methods of figuring declination and refraction are given more
fully under the description of the Burt Solar.
t Taken by permission from Gurley’s “ Manual.”
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Fig. 13

will indicate not only the latitude of the place, the declina-
tion of the sun for the given hour and the apparent time,
but will also determine the meridian, or true north and
south line passing through the place where the observation
is made.

The interval between two equatorial lines, cc, as well
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as between the hour lines, b (Fig. 14), is just sufficient to
include the circular image of the sun, as formed by the
solar lens on the opposite side of the revolving arm.

Allowance for declination: Let us now suppose the
observation made when the sun has :
passed the equinoctial point, and when |@ B
his position is affected by declination. ﬁ i

By referring to the Ephemeris, and
setting off on the arc his declination Fig. 14
for the given day and hour, we are still able to determine
his position with the same certainty as if he remained on
the equator.

When the sun’s declination is south, that is, from the
22nd of September to the 2oth of March, in each year, the
arc is turned downward, or towards the plates of the transit,
while during the remainder of the year the arc is turned
from the plates.

When the solar attachment is accurately adjusted and
its plates made perfectly horizontal, the latitude of the
place (co-latitude from horizontal) and the declination of
the sun for the given day and hour being also set off on
their respective arcs, and the instrument set approxi-
mately north by the magnetic needle, the image of the sun
cannot be brought between the equatorial lines until the
polar axis is placed in the plane of the meridian of the
place, or in a position parallel with the axis of the earth.

The slightest deviation from this position will cause
the image to pass above or below the lines, and thus dis-
cover the error.

To Run Lines with the Burt Solar Attachment

Having set off the latitude of the place (co-latitude from
horizontal) on the vertical arc, and the declination for the
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given day and hour as computed from the tables in the
solar Ephemeris, the instrumentsbeing also carefully leveled
by the telescope bubble, set the horizontal limb at zero
and clamp the plates, loosen the lower screw so that the
transit moves easily upon its lower socket, set the instru-
ment approximately north and south, with the object-
glass end of the telescope towards the north, turn the
proper solar lens to the sun, and with one hand on the
plates and the other on the revolving arm move them from
side to side until the sun’s image is brought between the
equatorial lines on the silver plate.

The lower clamp of the instrument should now be
fastened, and any further lateral movement be made by
the tangent screw of the leveling head. The necessary
allowance being made for refraction, the telescope will be
in the true meridian from which any lines desired may be
deflected.

The declination of the sun given in the Ephemeris, or
Nautical Almanac, from year to year, is calculated for ap-
parent noon at Greenwich, England.

To determine it for any other hour at a place in the
United States, reference must be had, not only to the dif-
ference of time arising from the difference of longitude, but
also to the change of declination during that time.

The longitude of the place, and therefore its difference in

time, if not given directly in the ephemeris, can be ascer-
tained very nearly by reference to that of other places
given which are situated on, or very nearly on, the same
meridian.
- It is the practice of surveyors in states east of the Mis-
sissippi to allow a difference of six hours for the difference
in longitude, calling the declination given in the Ephemeris
for 12 M. that of 6 A.M. at the place of observation,
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Beyond the meridian of Santa Fé, the allowance would
be about seven hours; and in California, Oregon and
“Washington about eight hours.

Having thus the difference of time, we very readily obtain
the declination for a certain hour in the morning, which
would be earlier or later as the longitude was greater or
less, and the same as that of apparent noon at Greenwich
on the given day. Thus, suppose the observation to be
made at a place five hours later than Greenwich, then the
declination given in the Ephemeris for the given day at
noon, affected by the refraction, would be the declination
at the place of observation for 7 A.M.; this gives us the
starting point.

To obtain the declination for the other hours of the
day, take from the Ephemeris the declination for apparent
noon for the given day, and, as the declination is increas-
ing or decreasing, add to, or subtract from, the declination
of the first hour the difference for one hour as given in the
Ephemeris, which will give, when affected by the refraction,
the declination for the succeeding hour; and proceed thus
in making a table of declination for every hour of the day.

The table of refractions is calculated for latitudes be-
tween 15° and 60° at intervals of 23°, that being as near as
1s required. 3

The declination ranges from o° to 20° both north and
south, the + declinations being north and the — south, and
is given for every 5° that being sufficiently near for all
practical purposes. The hour angle in the first column
indicates the distance of the sun from the meridian in
hours, the refraction given for o hours being that which
affects the observed declination of the sun when on the
meridian, commonly known as the meridional refraction;
the refraction for the hour just before or after noon is so
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nearly that of the meridian that it may be called and
allowed as the same. >

When the table is used it must be borne in mind that
when the declination is north, or + in the table, the re-
fraction is to be added; when the declination is south,
or —, the refraction must be subtracted. It will be noted
that the refraction in south declination increases very
rapidly as the sun nears the horizon, showing that obser-
vations should not be taken with sun when south of the
equator, less than one hour from the horizon.

To Compute the Declination

Suppose it was required to obtain the declination for the
different hours of April 16, 1895, at Troy, New York.

The longitude in time is four hours, fifty-four minutes
and forty seconds, or practically five hours; so that the
declination given in the Ephemeris for apparent noon of
that day at Greenwich would be that of 7 A.m. at Troy.
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DECLINATION AT GREENWICH AT NOON OF APRIL 16, 1895

N. 10°

10°

10°

I0

10

10

o

10

10

10°

10°

10

7I

81

16’

56

49

53

42.
53.

36.
53

29

53

22.
53-

TSk
53.

o8

53-

02.
53.

55,

53
48.

N.x0% 7.°56.5"

.5" 4+ Refr. 5 hrs. 1/ 58" = 10°
add hr. dif. 53.2"”

.7"" + Refr. 4 hrs. 1/ 11" = 10°
2

9" + Refr. 3 hrs. 52" = 10°
2’/

1” 4 Refr. 2 hrs. 39" = 10°
2I’

.3"" + Refr. 1 hr. 36" = 10°
2” r

5"+ Refr. ohrs. 36" = 10°
2"

7" + Refr. 1 hr. 36" = 10°
2”

9" + Refr. 2 hrs. 39" = 10°
'211

1" 4+ Refr. 3 hrs. 52" = 10°
2”

.3" + Refr. 4 hrs. 1’ 11" = 10°
2”

Again, suppose it

5" + Refr. 5 hrs. 1’ 58" = 10°

10’ 00" = Dec.

10’ 34" = Dec.
11’ 15" = Dec.
12’ 05" = Dec.

12’ 58" = Dec.

13’ 51" = Dec.
14’ 47" = Dec.
15’ 54"" = Dec.

17’ 06" = Dec.

18’ 46" = Dec.

54"’ = Dec.

Troy
7 AM.

8 AM,
9 AM.
10 AM.
II AM.
12 M.
IP.M,
2 P.M,
3 P
4 P.M.

5 P.M.

was desired to obtain the corrected
declination for the different hours of October 16, 1895, at
Troy, New York.

The difference in time being nearly five hours, and the
declination at Greenwich, noon, 8° 53’ 53.6”, that declina-
tion affected by the refraction would give the true declina-
tion for 7 A.M. at Troy; the latitude being nearly 42° 30.
The declination being now south, the refraction is to be
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subtracted, but the hourly difference is to be added because
the declination is increasing, as in the first example; thus:

Troy
S. 8° 53’ 53.6"” — Refr. 5 hrs. ¢’ 24" = 8° 44’ 30" = Dec. 7 AM.
add hr. dif. 55.3"

8° 54’ 48.9" — Refr. 4 hrs. 2’ 49" = 8° 52’ 00" = Dec. 8 Am.
55.3"
8° 55’ 44.2"” — Refr. 3 hrs. 1’ 49” = 8° 53’ 55" = Dec. 9 AM.

2
5518
8° 56’ 39.5” — Refr. 2 hrs. 1’ 26” = 8° 55’ 13" = Dec. 10 AM.
55.3

’

8° 57" 34.8”” — Refr. 1 hr. 1’ 14" = 8° 56’ 21" = Dec. 11 A.M.

55-3
8° 58 30.1” — Refr. o hrs. 1/ 14" = 8° 57’ 16” = Dec. 12 M.
55,8/
8° 50’ 25.4” — Refr, 1 hr. 1’ 14” = 8° 58 11" = Dec. 1P.M.
55.3"
9° 00’ 20.7"" — Refr. 2 hrs. 1’ 26" = 8° 58’ 55" = Dec. 2 P.M.
i 55.3"
9° or’ .16.0” — Refr. 3 hrs. 1’ 49" = 8° 58’ 27" = Dec. 3 P.M.
55235
9° 02’ 11.3" — Refr. 4 hrs. 2’ 29” = 8° 59’ 22" = Dec. 4 P.M.
55.3"

9° 63’ 06.6" — Refr. 5 hrs. o/ 24" = 8° 53’ 43" = Dec. 5r.M.

These calculations should of course be made before the
surveyor begins work in the field.
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A TABLE oOF MEAN REFRACTIONS IN DECLINATION TO BE USED WITH
THE SHATTUCK AND BURT SOLAR ATTACHMENTS

Apply to the declination as found in the ephemeris

DECLINATIONS.
For latitude 15°.
Hour
angle.
+20° | +15° | +10° | +5° o° =5% | —10° | ~15° | —20°
o —o5” ol Fos” 10" 15" 21 27" 23" 40"
2 03 +o02 o7 12 18 23 29 36 43
3 +or o5 I 16 22 28 34 41 49
4 o8 12 19 24 30 37 4 53 | 1' 04
5 29 34 a1 49 59| 10 | 1'24 | 1’43 | 2
For latitude 17° 30’
oh. —o02" +°2u 08"’ 13'/ 18" 24u 3011 35” 4{:
2 [ o5 10 15 21 27 33 40 4
o +o02 10 15 21 27 33 40 48 57
4 13 18 23 29 35 43 51 1’ o1 1813
5 34 41 49 58| Y10 Y23 | 141 | 2206 | 2 42
For latitude 20°.

o o 05" 10" 15" Gah 27" 33" o 8"
2 03 o7 13 18 24 30 36 44 52
3 o6 13 18 24 30 36 44 52 1’ 02
4 17 22 28 35 42 50 1’ 00 1 11 1 26

& 39 47 S7ae 1 ors = 15208 [ 1 37| 25 oo 2, 2 [a) 135

For latitude 22° 30’
ok 02" 08" 13" 18" 24" 30" 36" a’ 52"
2 of II 15 21 27 33 40 48 57
3 II 15 21 27 33 40 48 57 1’ o8
4 20 26 32 39 46 56 | 1 o7 1 19 I 37
5 45 53 1’ o3 1 16 1 31 y AT Y 3 07| 4 28
For latitude 25°.

oh. * OS" 10" ISu 21" 27:/ 33u 4°n 48" 57»:
2 o8 14 19 25 31 38 46 , 54 1’ 0§
3 12 18 24 30 37 44 53 1’ o4 1 18
4 23 29 35 45 §3| o3} ¥16 | 1 31| 1 52
5 49 59| 10| 124 1'52| 2 07| 244 3 46| 5 43
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DECLINATIONS.

For latitude 27° 30.
Hour
angle,
+20° | 415° | +10° +5° o° —5° —10° | —15° [ —20°
o 08" 13" 18" 24" 30" 36" .’ 52| 1 o2”
2 I 16 22 28 34 41 49 1’ oo 1 10
3 17 22 28 35 42 50 1’ o0 1 11 T VARG
4 28 35 42 50| Yoo | ' 11 1 26| I 43| 2 09
5 54 1’ o5 1’ 18 1’ 34 1 54 2 24 4311 4 38 8 15
For latitude 30°.
o h. IO" IS” 21” i 27II 331! 4°N 48” 57” Il 08”
2 14 19 25 31 38 46 54 1’ o5 1 18
3 20 26 32 39 47 55 1’ 06 1 19 1 36
2 32 39 46 52| o6 | 1’19 | 1 35| 1 57| 2 29
5 oo | 10| 1'24 | 152 | 2 07| 2 44| 3 46| 5 43 |13 o6
For latitude 32° 30'.
S 13 18" 24" 30" 36" ' 2"l 1 o2 114"
2 17 22 28 35 42 50 Yoo | 1 11 1 26
3 23 29 35 43 st | 1ot | 1 13| 1 28| 1 47
4 35 43 ST {1l ox | xloxg I STe 290 x 46 -2 M e L2 s !
5 o3| 115 | 1311 1 53| 22| 3 05| 425 7 36
For latitude 35°.
oh' ISH 2!“ 27I) 33II 40II 48“ 57” II 08” II 2III
2 20 25 32 38 46 55 1’ 03 1 18 1 3
3 26 |# 33 39 47 56 1 o7 T 2T 1 38 2 00
4 39 47 56| o7 | 120 | 1 36| 15| 23| 325
5 1’ o7 1’ 20 1’ 38 20| 2 34 3 29 5 14 | Io 16
For latitude 37° 30'.
ol 18" 24" 30" 36" "’ sl 1 o2 1 14" v 207
2 22 28 35 42 so| Yoo} 1 12| 1 26| 1 45
3 29 36 43 52,4 LA62 | 4T 18] 11049 | 25116
4 43 SO0 e 0 O B AR (N T (S M i o B B
5 1 1x 1’ 26 I 54 2 I0 2 43 3 55 6 15 | 14 58
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DECLINATIONS.
For latitude 40°.
Hour
angle.
208 S35 R EoR s [R=-55 o° =B [ =TOR N R SR 200
oh. 217" 27" 33" 40" 48" ; s 1 08:, 1 21" 1 39"
2 25 32 39 46 52 1’ 06 I 19 I 35 I 57
3 33 40 48 57 1’ o8 I 21 I 381 2 02| 2 3
4 47 55 106 139 | x 36| 1 58| 2 30| 3 21| 4 59
5 15| 3| 1 st| 220 305 425 7 34|25 18
For latitude 42° 30’.
il 24" 30" 26" W 52| 1 o2"| v 1| v 20| v oag”
2 28 35 39 50 I 00 I I2 1 26 I 45 2 11
3 36 43 5ar IR 302, [Pz 1341 3fwa0cis 3Fr400iR 12 TS «25°59)
4 50| Yoo | 11 26 |15 44, (¥ 27 10 {2’ 495~ 3Y, 55| 6~ 16!
5 16 | 1 36 1 58 J¥'30) (| & 3K 23 4i% sF ‘00! {& IOk 24
For latitude 45°.
Oh. 27/[ 3311 4°N 48” 5711 II 08” Il 211/ II 3911 21 02"
2 32 39 46 52 1’ 06 119 1 35 I 59, 2 29
3 40 47 56 | Yo7 | T 21 | 1 38| 200 2 34| 3 29
4 54| T o4 Y16 | 1 33| I 54| 2 24| 3 1L | 4 8 135
3 123 | 1 41| 2 05| 2 41| 3 40| 5 40 |12 02
For latitude 47° 30'.
ARy 30" 36" o 52| 1 o2 v 1| v 207 v 49| 2 18"
2 35 42 0| Yoo | 1 12 T 26| 1 45| 2 oI | 2 5I
3 43 51 1’ or I 13 1 28 I 47 2 15 2 56 4 o8
4 56 ] o9 | 1 23| 1 40| 2 05| 2 40| 3 39| 5 37 |11 18
5 1’ 27 I 46 2 12 2 52 4 or 6 30 | 16 19
For latitude 50°.
oh. 33ll 401/ 48” 57” I/ osll xl 2III II 3911 2! 02” 2l 3 "
2 38 46 55 1’ 06 1 18 I 35 I 57 2 28 3 19
.3 47 56 1’ 06 I 19 1 36| 2 20| 2 31 3 23| 5 02
4 1’ 02 1’ 14 1 29 1 48 216 | 258 | 418! 6 59|19 47
5 I 30 o5 2 19 3 04 4 22 7 28 | 24 10




44 SOLAR ATTACHMENTS
DECLINATIONS.
For latitude 52° 30'.
Hour
angle,
+20° +15° +10° +5° o° —5° —10° ~15° —20°
o h. 36" 44” 52Il II 02” Il 14” II 29" II 49” 2! Isll 31 osl'
2 43 50 59 I 1l 1 26 I 42 2 23 2 49 3 55
3 so| oo | 21X | 1 I 4552 1o e 2RsTE " "SR NI 6Nz
4 1’ o5 1 18 I 35 2 10 2 28 3 19 4 53 8 42
5 I 34 1 56 227 3 16 4 47 8 52
For latitude 55°.
oh' 4°H 48" 57” II 0811 II 21!1 Il 39" 2! 02!/ 2! 36H ’ 3311
2 46 55 1’ o5 1 18 134 1 +58 " w27 397 3 45 4 47
3 55| 106 | 1 19 1 35| 2 58| 230} 3 21| 4 58| 9 19
4 1’ 10 1 23 I 42 2 o6 2 43| 3 44| 5 49 | 12 41
5 =37, 2 oI 2 34 3 28 5 15 | 10 18
For latitude 57° 30'.
S 44" s2| voz’| v | T 29" 1 a9”| 2 187 305" 4 3
2 50 59| 1 x| 1 25| 1t 43) 209 2 47| 3 51| 6 04
3 58 1’ 10 I 24 1 42 2 o7 2 43 3 45 5 50 | 12 47
4 1 11 1 25| 1 43| 2T0} 25| 3 55| 6 14! 14 49
5 I 41 2 ob 2 42 3 42 5 46 | 12 26
For latitude 60°.
Dh- 4 1 57“ II 08” Il 21” b 4 3gll 2! 0201 2! 361I 3/ 33” 5 23I
2 54 1’ 04 T #17 T¥33 1 54 2 24| 3 12 4 38 8 15
3 o3 | .1 15| 1 30| 1 51| 22| 3 04| 4 24| 7 31|24 44
4 1 18 1 34 1 5| 2 28 3 18| 4 50| 8 53
H 1 45| 2 11| 250 357 (.6 21|15 32
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To Find the Latitude with the Burt Solar Attachment

First, level the instrument very carefully, using the level
of the telescope, as before, until the bubble will remain in
the middle during a complete revolution of the instrument,
the tangent movement of the telescope being used in con-
nection with the leveling-screws of the parallel plates, and
the axis of the telescope being firmly clamped.

Next, clamp the vertical arc, so that its zero and the
zero of its vernier coincide as near as may be, and then
bring them into exact line by the tangent screw of the
vernier.

Then, having the declination of the sun for 12 o’clock
of the given day as affected by the meridional refraction
carefully set off upon the declination arc, note also the
equation of time; and fifteen or twenty minutes before
noon, the telescope being directed to the north and the
object-glass end lowered until, by moving the instrument
upon its spindle and the declination arc from side to side,
the sun’s image is brought nearly into position between
the equatorial lines. Now bring the declination arc di-
rectly in line with the telescope, clamp the axis, and with
the tangent screw of the telescope axis bring the image
precisely between the lines and keep it there with the
tangent screw, raising it as long as it runs below the lower
equatorial line, or, in other words, as long as the sun con-
tinues to rise in the heavens.

When the sun reaches the meridian the image will remain
stationary in altitude for an instant, and will then begin to
rise on the plate.

The moment the image ceases to run below is, of course,
apparent noon, when the index of the hour arc should indi-
cate XII, and the latitude be determined by the reading
of the vertical arc.
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The angle through which the polar axis has moved in
the operation just described is feasured from the zenith
instead of from the horizon, so that the angle read on the
vertical limb is the complement of the latitude or co-
latitude.

To Adjust the Burt Solar Attachment

The declination arm is first detached by removing the
clamp and tangent screws and the center with its small
screws, by which the arm is attached to the arc.

The adjuster, which is a short bar furnished with every
instrument, is then substituted for the declination arm, the
center screwed into its place at one end, and the clamp
screw into the other, being inserted through the hole left
by the removal of the tangent screw, thus securing the
adjuster firmly to the arc.

The declination arm is then placed on the adjuster, one
end is turned to the sun, and brought into such a position
that the image of the sun is brought precisely between the
equatorial lines on the opposite plate.

Carefully turn the arm over, until it rests upon the ad-
juster by the opposite faces of the rectangular blocks, and
again observe the sun’s image. If it remains between the
lines as before, the arm is in adjustment. If not, loosen
the three small screws which hold it to the arm, and move
the silver plate under their heads until one-half the error
in the position of the sun’s image is removed.

Bring the image again between the lines, and repeat
the operation as above on both ends of the arm, until the
image will remain between the lines of the plate in both
positions of the arm, when it will be in proper adjustment,
and the arm may be replaced in its former position on the
attachment, This adjustment is very rarely needed in these
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instruments, the lenses being cemented in their cells and
the plates securely fastened.

To Adjust the Vernier of the Declination Arc: Set the
vernier at zero, and then raise or lower the telescope until
the sun’s image appears exactly between the equatorial
lines.

Having the telescope axis clamped, carefully revolve
the arm until the image appears on the other plate. If
precisely between the lines, the adjustment is complete;
if not, move the declination arm by its tangent screw until
the image will come precisely between the lines on the two
opposite plates; clamp the arm and remove the index
error by loosening two screws that fasten the vernier;
place the zeros of the vernier and limb in exact coinci-
dence, tighten the screws, and the adjustment is complete.

To Adjust the Polar Axis: First, level the instrument
carefully by the long level of the telescope, using in the
operation the tangent movement of the telescope axis in
connection with the leveling-screws of the parallel plates,
until the bubble will appear in the middle during a com-
plete revolution of the instrument upon its axis.

Place the solar apparatus upon the axis and see that
it moves easily around it; bring the declination arm in the
same vertical plane with the telescope; place the adjusting
level upon the top of the rectangular blocks, and bring the
bubble into the middle by the tangent screw of the decli-
nation arc.

Then turn the arc half way around, bringing it again
parallel with telescope, and note the position of the level.
If in the middle, the polar axis is vertical in that direction;
if not in the middle, correct one-half of the error by the
capstan-head adjusting screws under the base of the polar
axis, moving each screw of the pair the same amount, but
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in an opposite direction. Bring the level to the middle
again by the tangent screw of*the declination arc, and
repeat the operation as before, until the bubble will remain
in the middle when the adjusting-level is reversed.

Pursue the same course in adjusting the arc in the second
position, or over the telescope axis, and when completed
the level will remain in the middle during an entire revolu-
tion of the arc, showing that the polar axis is at right
angles with the level under the telescope, or truly vertical.

Care should be taken that the level under the telescope
is kept in the middle, and the capstan-screws brought to
a firm bearing.

The adjusting-level in the operation just described is
supposed to be itself in adjustment; but if not, it can be
easily corrected by the screw shown at one end, when re-
versed upon a plane surface, exactly as a mason’s level is
adjusted.

As this is by far the most delicate and important ad-
justment of the solar attachment, it should be made with
the greatest care, the bubble kept perfectly in the middle
and frequently inspected in the course of the adjustment.

To Adjuststhe Hour-Arc: Whenever the instrument is
set in the meridian, as will be hereafter described, the
index of the hour-arc should read apparent time. If not,
loosen the two flat head screws on the top of the hour-
circle, and with the hand turn the circle around until it
does, fasten the screws again, and the adjustment will be
complete.

To obtain mean time, the correction of the equation for
the given day, as found in the Nautical Almanac, should
always be applied.
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Berger and Saegmuller Solars

The principle of these two solar attachments is the
same. (Fig. 15 A and B.) The declination of the sun for
the place and hour required is figured as previously shown.
This declination is regarded as plus or minus as it is north
or south, and added algebraically to the refraction which

is always plus. The refraction is found from the table
previously given for the Burt and Shattuck solars or for
each day and hour in the Ephemeris issued for the Saeg-
muller solar. The declination corrected for refraction
being determined, the instrument provided with the solar
(see Fig. 15 4 and B) is carefully leveled, and the line of
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collimation of the solar and main telescope made parallel
by sighting at some distant objett. The declination is now
set off on the vertical arc or circle of the transit by de-
pressing the telescope when the declination is north, and
raising the telescope when the declination is south. The
solar telescope is then leveled by means of its attached

bubble with the main telescope still clamped. The co-
latitude is then set off on the vertical circle of the transit,
and the solar telescope directed towards the sun, which is
bisected exactly as in the case of the direct observation.
This is done by turning the solar on its vertical axis and
by means of the lower motion of the transit. If the hori-
zontal plates have been previously clamped at o°, with the
lower motion unclamped, as soon as the sun is bisected by
the solar telescope, the main telescope is necessarily point-
ing due south. If now the lower motion is clamped and
the upper motion free, the direction of the main telescope
as read on the horizontal plates will give the correct
bearing.






CHAPTER III
MEASUREMENTS ¥

Traversing

The bearing of the initial line of the survey being known,
there are two ways of carrying it forward in the course of
the work. When it is necessary that the correct bearing
should be known at all times during the field work, as for
example in retracing old lines, it is best to retain the bear-
ing always on the upper plate of the transit, backsighting
with the upper plate, giving the last forward course and
then turning the upper plate in any new direction re-
quired. This method may be used at all times and
simplifies the note-taking somewhat, and adds to subse-
quent clearness. The disadvantages are that the upper
plate may move somewhat in transportation between
stations, and the vernier must be carefully examined each
time a backsight is made. Then, too, it may be incon-
venient and is usually unnecessary to figure out the direct
solar observation in the field, in which case the entire
survey may be completed with either an assumed bearing
to commence with, or else by angles, without the use of
any bearing whatever. When angles alone are used the
angle of the initial line surveyed with the line whose bearing
is determined by direct solar observation is read, and when
these are identical, as is usually the case, the first line is
simply measured to the second station. At the second
station the upper plate is set at o°, the first station bisected
by the use of the lower plate and the angle to the next

52
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station read as from left to right, or as the hands of a
watch, and noted. When side shots are made, it is well
to make horizontal parallel lines above and below the notes
taken, so that the line or lines of notes will not be confused
with the notes of the main continuous traverse. By this
method of carrying forward a survey all errors of instru-
mental adjustment are eliminated except those entering in
the height of standards. Another method of traversing
commonly used is to backsight with the upper plate of the
transit at o° then invert the telescope and turn to the
right or left and read the angle turned. While this is prob-
ably the method usually employed, it involves a doubling
of any errors in adjustment of the transit and a possible
error in setting down, each time, the fact that the instru-
ment was turned right or left. On the other hand, the
results are more easily reduced to courses than in the
method given before, which is always used by the writer.

It is well to read the compass at each station as a pre-
caution against large errors.

Measuring

At the same time that the bearings are being carried
forward with the instrument, measurements are being
taken. These measurements, as a rule, are to determine
the distance traversed, but at times they are also for the
purpose of laying out a certain necessary distance. Prac-
tically all measurements now made in mineral land survey-
ing are made with long steel tapes, 300 to 700 feet in length,
graduated every 5 feet, with each end of the tape gradu-
ated to feet and tenths. The method of using long tapes
is as follows: The chainman holds the zero of the tape at
the station to which the measurement is to be made, and
the transit-man pulls the tape, preferably holding it taut
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by a pair of parallel pliers, provided with a clamp, just
opposite the trunnion of the telestope. The distance is then
measured to the nearest 5-foot mark with a pocket tape
from the point marked by the clamped parallel pliers.
When the nearest 5-foot mark is beyond the transit-man,
it saves subtracting the tenths, to which measurements are
usually taken, to place the 5-foot mark on the pocket tape
over the s-foot mark on the long tape, and then read as
from the s5-foot point ahead of the instrument. Another
method for reading the tape is that in which the transit-
man holds the 5-foot mark just beyond the distance meas-
ured to the transit, and the chainman then holds the tape
tightly wherever it happens to come at the forward point.
He then reads on the finer graduations the distance from
the zero point back to the station, and this is subtracted
from the distance read opposite the transit. This method
is rarely used, however, as it requires a reliable chainman,
and involves possible mistakes in subtracting. It also re-
quires finer graduations on the zero end of the tape.

The writer finds a tape graduated every foot, with the
end foot in tenths, a great time-saver. No pocket tape is
required, as the tenths may be estimated or marked on a
notebook cover. Some surveyors use‘a notched stick, or
even a pencil marked in tenths.

In traversing, the tape may be wound up after each
measurement or may be dragged over the ground. The
writer prefers the second method, as it saves time. There
is, however, greater danger of breaking the tape. Should
the tape break it may be temporarily mended by using
Alexander’s Little Giant Tape Splices, or the surveyor may
even carry a piece of solder with a few brass or copper
sleeves which he solders on with a candle. The Eureka
Tape Repairer is a sleeve already prepared with soft solder
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and flux, and makes perfect repairs with the heat of a
match. As a rule, however, the surveyor proceeds with
the longest portion of the broken tape. As the tape breaks
most frequently near the zero end, and the chainman has
then no handle, it is well to carry an extra pair of parallel
pliers for such an emergency.

Stadia measurements cannot be used in patent survey-
ing, but may often be useful in location surveys. If a rod
is not available, stadia measurement may be made with a
pole. A mark is made on the pole and one of the stadia
hairs placed on it. The position of the other stadia wire
is then marked, and the distance between the marks meas-
ured with a pocket tape. A stadia rod with targets gives
long-distance results accurate enough, as a rule, for any
mineral land surveying except patent work. The targets
are so placed that they correspond to the stadia wires and
the distance between them is then measured by pocket
tape or taken off the divisions of the rod.

Stadia measurements may be quickly reduced to hori-
zontal distances in the field or office by the use of traverse
tables. As the horizontal distance is the stadia reading
multiplied by the cosine of the vertical angle squared, by
taking the distance from the traverse tables twice we are
multiplying the stadia reading by the square of the cosine.
For a vertical angle of 12° stadia distance 563 feet in
traverse table under 12° and 563 feet we find

Vertical angle. : Stadia measurement. First reéiil;g;ir(:;-or slope
12° 563.0
560.0 547.8
3.0 2.9
§50.7
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Vertical angle.

First reduction or slope
distance. -

Horizontal distance.

12

550.7
550.0
0.7

Horizontal distance =

538.00
0.68

538.68

From an ordinary stadia table under the vertical angle of
12° we find .9568 X 563 = 538.68.

Where much stadia work is done it is better to note in
the traverse table used the stadia angles corresponding to
the angles given in the traverse table. We have found
that .9568 is given in the stadia table as the horizontal
distance for a stadia measurement of 1 foot and an angle
of 12°. For 100 feet the horizontal distance is ¢5.68. If
we look under 17° in the field traverse table we find 95.63
opposite 100. Taking the example above from this
column under 17°:

Vertical angle. Stadia measurement. Horizontal distance.
17° ‘ 563
560 535-5
8 2587
538.37

This is near enough for all practical purposes.

If we had taken from a Gurden Table 16° 54’, the real
stadia angle for 95.68, we would have a perfect check. If
we write 12° 04’ in red for example above 17° in the trav-
erse table we have a stadia table for 12° o4'.

The following table gives the traverse table angles for
the corresponding stadia angles. In each case the cosine



MEASUREMENTS

57

of the traverse table angle given is the squared cosine of

the stadia angle:

Stadia Angles to Traverse Table — HORIZONTAL

St.an.| Tr. ta. || St. an. | Tr. ta. || St. an. | Tr. ta. || St. an. | Tr. ta. || St. an. | Tr. ta.
12’ 15’ 6° 22'| ¢° 12° 36| 17° 45’|| 18° 44’| 26° 15’|| 25° 10’| 35°
20 30 6 34 15’ 18 54 30| 25 22 357
36 45 6 44 30 || 12° 46'| 18° 19 6 45|f 25 32 30
6 54 45| 12 58 135’ 25 44 45
44'| 1° 13§ 8 30| 19° 16| 27°
54 I 1l 7% .47 10? 13 18 45| 19 28 15°{| 25° s4’| 36°
58 30 7 =36 15’ 19 38 30( 26 of 15’
1° 16 45 7 26 30 || 13° 30| 19° 19 50 45| 26 16 30
7 36 45| 13 40 15’ 26 28 45
BT 2 22 13 52 30| 20° o’ 28°
30, 15’ 7° 48'| 11° T4 2 45 || 20 12 15'|| 26° 40'| 37°
I 44 30 7 58 15’ 20 22 30| 26 350 15’
2 oo 45 8 10 30 || 14° 12/} 20° 20 34 45 27 2 30
8° 20 45| 14 24 15’ 27 14 45
2287430 14 34 30 || 20° 44’| 29°
216 15’ 8° 32’ 12° 14 46 45 || 20 56 15’|| 27° 24| 38°
2 28 30 8 42 15’ 2N 6 30|l 27 36 15’
2 36 45 8 52 30 || 14° 56’ 21° 21 16 45 || 27 48 30
9 2 45| 15 06 15" 27 58 45
2° 48'| 4° 15 18 30 || 21° 28| 30°
2 58 15’ gPLIaliiTg® 15 28 45| 21 40 15’|| 28° 10'| 39°
3 10 30 9 24 15" 21 50 30|l 28 22 15"
3 20 45 9 34 30 || 15° 40| 22° 22 10 45 || 28 32 30
9 4 45|| 15 50 154 28 44 45
3° 32| 5° 16 oo 30|} 22 12| 31
3 44 15’ 9° 56’} 14° 16 12 45 || 22° 24’| 31° 15'[| 28° 56'| 40°
3 54 30 10 6 15’ 22 34 30( 29 8 15’
4 4 45 0 18 30| 16° 22'| 23° 22 46 45| 29 18 30
10 28 4511 16 34 15’ 29 30 45
4° 16’ 6° 16 44 30 || 22° 56'| 32°
4 24 15’ |} 10° 38’ 15° 16 56 451] 23 8 15’} 29° 42’| 41°
4 36 30 10 48 15’ 23 18 30l 20 54 15’
4 46 45 I o 3|l 17° 6| 24° 23 30 a5l 30 4 30
II IO 45| 17 16 15’ 3 16 45
4ee8ili7e 17 28 30 || 23° 40'| 33°
5 8 15’ || 11° 20| 16° 17 38 45| 23 52 15’|] 30° 28'| 42°
5 20 30 18,32 15’ 24 04 30| 30 38 15’
5 28 45 I 42 30 || 17° s0’| 25° 24 14 45| 30 50 30
I 52 4511 18 oo 15’ 31 oo 45
5° 40'| 8° 18 10 30|l 24° 26'| 34°
5 50 15° |1 12° 4| 17° 18 22 45 || 24 36 15'|| 31° 10’| 43°
6 2 30 12 16 135’ 24 48 30
6 12 45 12 26 30 || 18° 32'| 26° 25 © 45
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The choosing of proper statigns is a very important
part of the chainman’s duty. A careful chainman can, by
good judgment, save much valuable time in selecting
stations, which in the first place offer good foresights, and
in the second place are suitable for set-ups. In the moun-
tains of the West there is frequently little or no choice in
the placing of stations, and the best are often none too
good. Stations are usually marked by stakes picked up
near the spot. In case it is desired to preserve the trav-
erse stakes, they had best be made of hard wood and
carried in sufficient quantity by the party. Opinions differ
as to the height of stations. Many, including the writer,
prefer a short stake, not showing as a rule over a foot
above the surface of the ground. Others prefer a long
stake. - With the short stake a plumb line will, as a rule,
have to be used for both the fore and backsights, but
the station is more stable, and is likely to remain in place.
With the long stake the use of the plumb may be avoided,
as the stake may be seen from the instrument, and this
will often save time, but the stakes are very liable to de-
rangement after the lapse of a few days. In many cases
large nails may be used for stations, in which case they
are simply driven in the ground. They are especially use-
ful in winter when the ground is frozen.

The exact station point on the stake is marked by a
nail or tack and, when possible, the measurement is made
directly to the point, and both cross wires of the telescope,
their intersection, placed on the nail head. In case the
nail cannot be seen, the instrument is sighted to a plumb
.line, the height to which the zero of the tape is held being
taken by the horizontal cross wire. In windy weather long
plumb bobs filled with mercury give the best results.

When the surveyor has a clear foresight for a longer
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distance than the tape will reach, and the country is not
too rough, he may set his foresight stakes ahead at a dis-
tance apart approximately equal to the stretch of his
tape. He may then set up at every other stake, omitting
those in between, and make a measurement each way for-
ward and back from each set-up. This will often save
considerable time.

The vertical angles for most work need to be read only
to the nearest fifteen minutes; that is, they should be
within 7% minutes of correct, and may be read on most
transits without the use of the verniers. As a rule in
western mineral surveying the horizontal distances must
be figured in the field. The best method of figuring is
probably by the use of the pocket traverse table, and the
traverse table from * Standard Field Tables” is the only
suitable one known to the writer.*

The method of using is as follows:

Vertical angle. Distance. Horizontal dis. (Lat.)
23° 261.5 = 260.0 239.3
a5 1.3
261.5 : 240.6

Another method using natural cosines is as follows:
cos 23° = 0.92050.

This means that in 100 feet slope measurement the hori-
zontal component is 7.95c feet less.  (Simply move the deci-
mal point and subtract each integer from o, etc.) For all
practical purposes the distance to be subtracted from 261.5
feet is 2.61 X 7.95 = 20.75; 26I.5 — 20.75 = 240.75."
With a table of natural versed sines it is unnecessary to
find the cosine and subtract as above. The versed sine for

* “Standard Field Tables” — U. S. General Land Office. Obtained

from the Supt. of Documents, Washington, D. C., Price 60 cents, post-
paid.
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23° is found directly as .079s50 for 1 foot. For 100 feet it
is 7.950 as above, and is treated in the same way. While
this method seems to be more accurate, the correct hori-
zontal distance being 240.71, it is probably not so in most
cases; in fact, as it is extremely difficult to pull the tape
perfectly tight, there is a tendency to set down a measure-
ment which is too large.

In many cases a certain definite distance must be laid out
with the tape on a hillside, as, for example, in locating the
end of a lode claim or in setting corners from' the center
line. We may find, for example, that to complete the
1,500 feet of a lode claim we have 294.5 feet yet to go.
We find the angle of slope is 15° and this apparently con-
tinues for the distance required. From the traverse table
we find that the nearest horizontal (latitude) to 294.5
given in the column for 15° is 289.8, which equals 300 feet
on the slope. This leaves a horizontal distance over of 4.7
which in turn equals 4.9 on the slope. The distance to be
laid off is therefore 304.9 feet on the slope.

Example:
Ver. Angle. Horizontal. Slope.
15° 289.8 = 300.0
4.7= 4.9
204.5 = 304.9

As the versed sine was used for calculating the horizontal
distance, the secant or external secant may be used for
finding the slope distance.

exsecant 15° = .0353 X 204.5 = 10.39
204.50 + 10.39 = 304.89. °

To return to laying out distances, it will often be found,
especially by one who is not good at estimating distances,
that the trial angle of slope is too small or too great, as
the case may be, and the horizontal wire of the instrument
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either hits the ground or comes too high above the station.
In that case the only thing to do is to try a new angle until
everything corresponds.

The final distance to be measured is marked on the
tape by the parallel pliers and the instrument sighted to
the zero of the tape, held at the proper height on a stake
or by plumb bob.

The surveyor will frequently meet obstacles which re-
quire offsets, a subject which is well handled, as a rule, in
the standard books on surveying. The usual offset is at
right angles far enough to avoid
the obstacle. A convenient off-
set is to turn off say 60° to the
right, measure any suitable dis-
tance, then run the same dis-
tance with 60° turned to the left.
In this way the distance required
is exactly equal to the distance
measured on the offset, as we are
dealing with an equilateral tri- -
angle. (See Fig. 16.)

Sometimes a long traverse has
to be made to get around an ob-
stacle, and sometimes the meas-
urement has to be made by triangulation either to the
point which it is desired to reach or to some point near.
Triangulation methods are, of course, simple, and are ex-
haustively treated in text-books. Traverses, that is, meas-
ured traverses to find a missing course, are not, as a rule,
so well handled in the text-books, and it is sometimes neces-
sary to do all the figuring in the field. In figuring a traverse,
the first thing necessary to do is to get the traverse into a
record of courses and distances. When the true bearing is

Fig. 16
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carried throughout the survey nothing has to be done but to
put down the bearings and the Horizontal measurements,
and figure the latitudes and departures. When assumed
bearings have been used, they must be corrected. In case
the inverting right or left method has been used from the in-
itial bearing, the succeeding courses may be easily figured.
In case the instrument is read as though turned from left
to right, that is, clockwise the following rule simplifies the
calculation of bearings.

Rule: Take angle right from backsight. If less than
180° add 180°; if greater than 180° subtract 180° from it.
Add results to former course from north, or azimuth. If
required, subtract 360°. The result is the azimuth from
north.

S.81°27'E. ge995"

Missing Course

243739’
Fig. 17
Example: (Fig. 17.)
S. 57° o W.
180° 249° 39’
—_— 18¢°
Azimuth = 237° ¢
69° 39" 69° 39

Azimuth first course = 306° 48’ = N. 53° 12’ W.
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174° 31’
180°
354° 31 354° 31
661° 19’
360°

Azimuth second course = 301° 19’ = N. 58° 41’ W.

The courses and horizontal distances at hand, the lati-
tudes and departures are figured, preferably with a trav-
erse table. Among the many traverse tables, Gurden’s is
the most rapid. In using the Gurden’s tables to facilitate
picking out the figures, a triangle, preferably a transparent
one, or even a card may be marked and so spaced that, one
mark being placed under the latitude figure, the other
mark falls of itself under the figure for the departure.

A card marked as in Fig. 18 is an even greater help in

o]1]2]3[4]5]6][7]8] 9 [0 [1]2]3]4]5]6]7]8]s]
ToP TOP

DONOT USE ON LAST PAGE.

Wo.llod Nol.lod

1|2]e]v]elo|Llele|ol| 1 |2|e]¥|e]|o]L]o]6]or
Fig. 18

rapid calculation. In using the card, the figure 4 on the
left side of the card is placed under the cosine of 4, 14, 24,
etc., and the right hand 4 falls under the sine of 4, 14, 24,
etc.

An example of a short traverse is given below, with the
missing course calculated, and many similar cases will be
given later. Examples of latitudes and departures figured
with the Gurden’s table are also given.



64 ‘ MEASUREMENTS

Neat and systematic work may be done by the use of
printed blanks, each of which is*afterwards filed away, as

will be described later.

57 of ’
© 300.0
4.5
53° 12/
230.0
5.6
E 58° 41’
230.0
2.1
s Dis-
tsig: Course tax;ie.
S. 57° o'W. 304.3

—— N.353° 12 W. 235.6
—— N.358° 41 W. 232.1

log 96.58 = 1.984887
log 642.73 = 2.808028

log 642.73

Cos. latitude.

162.73
2.44

165.17

137.77
3.35

I41.12

119.54
1.09

120.63

Sin. Departure.

252.03
3r78

255.81

184.16
4.48

188.64

196.49
I1.79

198.28

9.176859 = log cot 81° 27

= 2.808028
log sin 81° 27’ = 9.995146

2.812882 = log 649.95
Missing course = S. 81° 27’ E. 649.95

de};.

255.81
188.64
198.28

642.73

Note. — It is well to remember to take the log of the larger number,
whether latitude or departure, and divide it by the larger log, whether

sine or cosine, of the angle found,



CHAPTER 1V
LOCATION SURVEYS

Lode Location

About the simplest survey that the western surveyor is
called on to make is that of a lode location. It is, how-
ever, somewhat complicated by the fact that, as a rule, he
is assisted in the work by the claimant himself, and thus
often lacks an efficient assistant.

Usually the survey is begun at the discovery point,
which may be a shaft, cut, adit, or even a point in the
" tunnel or other underground workings. We will begin
with the survey of a straight claim as in Fig. 19. (See

HNwW.cor S5.81°32'W. |500 £ NE.Cor
i < North Cent: 4¢
¢ \>'\'\57— £ 08 2l bl (o}
1Y) s (o}
p o
Q Log ©
© oaE. 3228, 114950
4 190 WIEBETE 059 o5, tee7, 1856 2120 |3
L4 32437 2 laOis<: | s s 7
© 3 Q
Y %
Q South Center O
02 Side Stake adz
A : =
SW.Corr N.8I°32'E. IS00 . S.E Cor

Fig. 19

also page of notebook.) The first set-up, in this particu-
lar case, is just 30 feet from the center of the discovery
shaft. After the direction of the center line has been deter-

mined — and, in unimportant work, this may often be
65
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done with the magnetic needle — a measurement is made
as before explained under measurements, to station No. 2.
It will save the transit-man a set-up if a measurement is
taken at the same time to No. 5. In a rough country,
however, this will give the chainman more work. From
station No. 2 the line is extended through No. 3 to No. 4,
at which point the claimant desires to end his claim. A
right angle is therefore turned off, and the stakes set, we
will say, 300 feet on each side of the center line. These
stakes, the best obtainable, are marked Cor. No. 1, N. W.
Cor., Good Samaritan Lode; and Cor. No. 2, S.'W. Cor.,
Good Samaritan Lode, respectively. From No. 3 a tie is
made to Cor. No. 1, Sur. No. 14950 Columbus Lode, as
shown in the notes. As we have now measured 935.6 feet,
we know that we have passed the point for setting center
side stakes, so we return to No. 1 and measure back 185.6
feet to No. 1a, whence the center side stakes are set at right
angles to the center line. They are marked North and
South Center Side Stakes, Good Samaritan Lode, respect-
ively. Of course, it frequently happens that the position
of the center side stakes is known in advance, and in this
case a measurement would have been made in the begin-
ning to No. 1a. In this case No. 1¢ would have been
called No. 2 and the next sight might have been made to
No. 3, etc.; but in the case of the Good Samaritan Lode
the center side stakes could not be placed till the claimant
had decided where the claim was to end in its westerly
course. We now extend the line through No. 5 and No. 6
and here, knowing that the survey can be completed with
another sight, the previous measurements are reduced to
horizontals, the total subtracted from 1,500 and the result
laid out. Corners No. 3 and No. 4 are then set as for the
westerly end. If a tie has not been made to a patent cor-
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ner, or some other proper monument, as above, the instru-
ment is set up at some corner of the claim, preferably Cor.
No. 1, and bearings to two or more mountain peaks or
other permanent points taken and recorded. The surveyor
then makes sure that he has the name of the lode, a descrip-
tion of the discovery, whether shaft, cut, etc., the correct
name of the locators, the name of the mining district and
the date. At his office the surveyor figures the tie to the
patented claim as given below, writes out the certificate,
usually signs it for the claimant, and sends it for record to
the county recorder. Several styles of blank forms for
location certificates are sold by different publishers, but
they are all essentially the same. The location certificate
of above is as follows: ]

STATE OF COLORADO,
County of Teller,

Know All Men by These Presents: That Rudolf Gale,
the undersigned, has this 29th day of May, 1920, located
and claimed, and by these presents does locate and claim
by right of discovery and location, in compliance with
the Mining Atts of Congress, approved May 10, 1872, and
all subsequent acts, and with local customs, laws and regu-
lations, 1,600 linear feet and horizontal measurement on
the Good Samaritan lode, vein, ledge or deposit, along the
vein thereof, with all its dips, angles and variations as
allowed by law, together with 300 feet on each side of the
middle of said vein at the surface, so far as can be deter-
mined from present developments; and all veins, lodes,
ledges, or deposits and surface ground within the lines of
said claim 594.4 feet running N. 81° 32’ E. from center of
discovery shaft and 905.6 feet running S. 81° 32’ W. from
center of discovery shaft, said discovery shaft being situ-

SS.
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ate upon said lode, vein, ledge or deposit, and within the
lines of said claim in Gold Dirt Mining District, County of
Teller, and State of Colorado, described by metes and
bounds as follows, to-wit:

Beginning at.Cor. No. 1, whence Cor. No. 1, Sur. No.
14960, Columbus lode, bears S. 71° 51’ E. 570.06 feet,
thence S. 8° 28’ E. 600 feet to Cor. No. 2, thence N. 81° 32/
E. 750 feet to south center side stake, thence N. 81° 32’ E.
750 feet to Cor. No. 3, thence N. 8° 28’ W. 600 feet to Cor.
No. 4, thence S. 81° 32’ W. 750 feet to north center side
stake, thence S. 81° 32" W. 750 feet to Cor. No. 1, the place
of beginning.

Said lode was discovered on the 16th day of March,
A.D. 1920.

Date of location, May 29, A.D. 1920.

Date of certificate, May 29, A.D. 1920.

RUDOLF GALE. (Seal)

It is not necessary to mention the center side stakes
in the description. Should several claimants desire to be
recorded as possessing unequal shares, the names may be
arranged as follows, at the bottom:

J. P. Smith, 1 interest.
L. S. Weaver, £ interest.
L. J. Walter, £ interest.

For a company, the name may simply be placed at the
bottom, with or without the addition of the name of an
agent or attorney in fact.

Other examples of location certificates will be given under
field notes of patent survey.

The above simple straight location may be varied in
many ways. The end lines may not be at right angles to
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the center, but made to fit some other claim; in this case
the end line is longer than the width of the claim, and is
figured in the same way as the end line of an angular
claim given later. In order to avoid conflicts, the claim
is frequently made narrower than the legal width, some-
times on one side of the center, sometime$ on both sides,
and the side lines may even be broken lines. In this
latter case they are figured as examples of mill sites or
intersections of patents, etc., which will be given later.
There is probably no legal objection to having the end
line even longer than the side line, as is the case in Fig.
20. In this example, were a mistake made and the vein
placed as shown in the figure, the claimant would get over
3,000 feet of vein in one location, provided the vein was

o~ Ertd Line

Fig. 20

perpendicular, so as not to require extralateral rights. At
the time of issuance of patent, of course, this could not be
known, as the vein is required, as far as known, to be not
more than 150 or 300 feet from either side line, according
to the district.

Angular Claims

In the case of angular claims the conditions given above
are more or less complicated. The simplest angular claim
is one whose one angle is at or near the discovery and
therefore known in advance, or at least before either end
line is laid out. This is easily surveyed, as follows: See
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Fig. 21, the angle a being determined as 40°. The angle b
is equal to 140°. In placing the angle stakes the angle b
is bisected, that is, 70° is turned from either the foresight
or the backsight on the southerly side, or 110° turned from

N.B0°E. 800f 3

S.80°w. 8005+ <

Fig. 2rx

either the foresight or backsight on the northerly side.
The bisecting line is therefore 20° in each case from a line
at right angles to the lines 1 — 2 and 1 — 3. The direc-
tion of this line is seen at once to be in the figure above,
S. 30° E. (90° — 80° = 10° + 20° = S. 30° E. 9o° — 40°
= 50° — 20° = §. 30° E.) As one-half of this line is the
hypothenuse of a right triangle whose base is 150 feet (or,
as the case may be, 75 or 300 feet), and whose angle 4 is
20°, its length is found from a traverse table, or table of
natural secants, to be:

Lat. Distance or nat. secant.
20° 141.0 = 150.0 20° = 1.0641
9.0 = 9.6 300
150.0 = 159.6 2)319.23 end line

159.61
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which is the true distance from No. 1 to the angle corner
S. 30° E., and also, of course, in the other direction N. 30° W.
These lines in turn must be corrected for slope of hill. The
end lines are then placed parallel to the line of the angle
stakes, and the same length. The stakes are marked as
given under straight lode locations, except the angle stakes
are marked Cor. No. 2, and Cor. No. 5 North and South
angle stakes, respectively. As the end lines and angle
stake line are all parallel, the opposite side lines are the
same length; therefore no figuring or checking up is re-
quired in the office and the location certificate may be
written out at once. This certificate is exactly the same as
in the case of a straight claim, except that in the best work,
when the discovery shaft is not exactly at the angle, addi-
tional description is required; for example, in Fig. 20 it
would be described "’ * "’ claims 405 feet running S. 40°
W. from center of discovery shaft and 3oo feet running
N. 40° E., thence 8oo feet running N. 80° E., etc.

In surveying an angular claim where the angle is not
known when the first end line is reached, or when there
are two or more angles in the claim, this first end line is
usually put in at right angles to the center line. In the
case of a claim having only one angle, the setting of the
end line may often be postponed till the angle of the center
line is determined. When the end line is set at right angles
one or more sets of angle stakes are placed on lines bisect-
ing the angles, as given above; but these lines are not par-
allel to the end lines, nor are they necessarily parallel to
each other. As the end lines of the claim must be parallel
to each other, this requires that the end line for No. 4 be
turned from a line at right angles to its center line over
an angle equal to the algebraic sum of all the angles enter-
ing into the broken center line of the claim, or from the
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Fig. 22

Fig. 23

backsight on the center line over the complement of this
algebraic sum. This is shown in the two figures above,
Fig. 22 and Fig. 23, to be 20° and 50°, respectively, as the



74 LOCATION SURVEYS

deviation from a straight center line is always to the right
or first to the right and then to the left; right figure as
plus and left as minus.

The end line angle is thus the angle caused by the total
change of direction of the center line of the claims from its
course No. 1-No. 2 to its course No. 3-No. 4. ,

The length of thé end line is figured as the hypothenuse
of a right triangle whose base is 300 feet (or 150 or 600, as
the case may be), and whose angle 4 is the angle turned
from a line at right angles to the center line at that point.
This in turn is corrected for the slope of the hill. While
it is no more difficult to stake out this kind of an angular
claim in the field than in the case of the angular claim
- first cited, the office work is more involved. The side lines
opposite to each other are not of equal length, as in the
case of the angular claim first cited. The length in each
case is found by adding and subtracting on opposite sides
the perpendiculars or departures of the various triangles
used and figured in setting the stakes, to the lengths
actually measured on the center line of the claim. For
the angular claim given in Fig. 22, the most easterly angle
is first figured, 150 feet multiplied by the tangent of 20°
gives 54.59, which is added for the northerly side lines and
subtracted for the southerly lines, that is, added to exterior
angles and subtracted from interior ones, to and from the
distances measured on 1—2 and 2—3 on the center line. For
the next angle west 26.44, the tangent of 10° multiplied by
150 feet, is subtracted for the northerly side lines, and
added for the southerly side lines, from and to 2-3 and 3—4
on the center line, remembering that 54.59 feet have al-
ready been subtracted from or added to 2~3. Finally 54.59,
tangent 20° multiplied by 150, is subtracted for the northerly
side line and added for the southerly side line to and from
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3—4, from and to which 26.44 feethave already been subtracted
and added. In Fig. 23 the same method is pursued. On the
northerly side line the tangents are added until the end line
is reached, then subtracted from the center line distances,
while for the southerly side line the tangents are subtracted
until the end line is reached and then added. To be sure
that the work has been done correctly and that the bound-
ary lines close, a traverse is made as in the following ex-
amples. While the traverse may be made in the usual way,
the labor is greatly decreased by subtracting the length of
the corresponding side lines and end lines from each other,
using the direction in each case of the longer line. We thus
find latitudes and departures for only half the courses and
for smaller numbers. The closing of the traverse round
the claim proves the correctness of the previous work.

Example: ¥
Course. Distance. N. lat. S. lat. E. dep. W. dep.
......... S. 10°E. 19.23 18.93 ey 1t Sa Bhiets
Fig. 22..| N. 6o E. | 162.06 % T (B S TO. 2| e
......... SO Wi [as64g6 || 1.5 S50 o 4308 T 36.18
......... S: 80 W.| 109.18 18.95 S5 Ao IEO TS 2

Course. Distance. N. lat, S late E. dep. | W. dep.
SR N To 2 W | 166771 1164167 15 Jusan LR 28.94
Bigti2a sSIRSHso dW-AlN321:261 s oo .8 2867 56l Nsawr el 165.63
......... N.40 E. | 135.42 | 103.72 R e [ Lo 7o e T
......... N.8 E. | 109.18 18.95 B L2 1 Chid) e
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Course. Distanée. N. lat‘ S. lat. E. dep. W. dep.
......... N.15°E. | 25.72 24", 85~ || L B Se e I e
Rig.l2s5ens Sa 82 W [H6008 oS3 . L [ [ A 5 60.22
......... Stz B 16.38 | 53.58

56.04

24.85 24.84 60.23 60.22

Another method of checking an angular claim, when one
end line is at right angles to the center line, is to turn the

Seuth

claim so that the end line
is described as north and
south. The adjacent side
lines at right angles are
then east and west, and
only the latitudes and de-
partures of the differences
in distances of the other
lines have tobe calculated.
Taking the claim in Fig.
24a, we place the end lines
North and South as in Fig.
24b. The latitude and de-
parture of the distance N.
33° W. 62.88 feet, changed
to N. 68° W. 62.88, is the
only latitude and depar-

Fig..24 ¢ and b
ture to be calculated.
Course. Distance. N. lat. S. lat. E. dep. W. dep.
Sotthllar aeris 82 23956 8 L 2ET L P B | [T RS
N H68 " Ws- 4 ard gt 62.88 230856 It IR et s o 58.31
Bastwes. 20 b e 58132, ] T AR B SenR 58 3|l aracty
23.56 23.56 58.32 58.31
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It frequently happens that in case of angular claims
the end lines must be made to fit prior claims. In this case
the calculations for the amounts to be added to the length
of the center line must be made at each end of the claim
as well as at the angles, and the amounts to be added
and the lengths of the line will vary according to the angle
at which the latter are set. (See Fig. 25.) Angular claims

Fig. 25

may also be narrowed down and located with irregular
side lines, but the figuring of these variations is only a
form of the figuring done in such work as patent intersec-
tions, treated later on.

In all lode locations, the setting of end lines is of great
importance. The end lines should be placed as a rule as
nearly as possible at right angles to the strike of the vein,
while the location survey covers the apex.
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The dip of the lode and the extralateral rights desired
should always be kept in mind by the surveyor. Thus, in
Fig. 25, the arrangement of end lines, placed so as to avoid
conflict with the prior location, may not be the best, or
may be extremely bad, when the question of extralateral
rights is considered. It is therefore often best not to sur-
vey to avoid a conflict, but to make the best possible ar-
rangement of end lines to cover the ground desired.

Relocation and Amended Certificates

“Distinction Between Relocation and Amended Certifi-
cate. — In strictness there is a relocation only when some
change is made upon the ground, as by changing length,
width or boundaries, perhaps also when overlapping aban-
doned ground is taken. The certificate filed to show such
change is a relocation certificate. But if error is in the
papers only, as by a misleading or too vague description,
there is no relocation, but only the filing of an amended
location certificate. But the terms are not always used
with exactness even by the legal profession, all such papers
as well as acts being called relocations or relocation certi-
ficates, and a misuse of the term is not generally material.
— Cheeseman vs. Shreeve, 40 Fed. 789.” — Morrison’s
“ Mining Rights,” p. 109, 10th ed.

It frequently happens, especially just before surveying
for patent, that the descriptions of claims are found to
be defective in some respect, and in this case an amended
description is filed, and no change is made upon the ground.
More often, however, the stakes on the ground are changed
somewhat, and the owner takes advantage of a resurvey to
take in some abandoned ground, or to alter the lines of
his claim slightly one way or the other from the original
location. He may even make radical changes in direction
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of lines and extent of territory embraced. In this event
~ there is no change in the method of survey from the pro-

cedure in the case of the original location, but the certifi-
cates are worded to suit the case. Of the two examples
of amended and relocation certificates which follow, the
first is rarely used, as the second covers almost every pos-
sible case. In some cases it is well to state the cause for
amending, as, for example, that it is to correct the spelling
of the name of the claim or location. This assumes im-
portance when it is desirable to impress suspicious neigh-
bors with the fact that no change has been made in the
boundaries of a claim, and that the amendment is made
simply to perfect the description.

In the case of a second amendment we add to “This be-
ing the same lode, * * *””, “and again located on the 18th
day of April, 1905, and recorded on the 31st day of April,
1905, in book 160, page 352, in the office of the recorder of
Clear Creek county.” '

Additional and Amended Location Certificate — Law of
1889.

STATE OF COLORADO, .

County of Clear Creek,

Know All Men by These Presents, That The Treasure
Vault Gold Mining Company has, this 18th day of April,
1905, amended, located and claimed, and by these presents
does amend, locate and claim, by right of the original dis-
covery and this additional and amended location certificate,
in compliance with the Mining Acts of Congress, approved
May 10, 1872, and all subsequent acts, and with Section
2409 of the General Statutes of Colorado, and with local
customs, laws and regulations, 717.2 linear feet and hori-
zontal measurement on the Boreas lode, vein, ledge or
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deposit, along the vein thereof, with all its dips, angles
and variations, as allowed by daw, together with 75 feet
on each side of the middle of said vein at the surface, so
far as can be determined from present developments, and
all veins, lodes, ledges or deposits and surface ground
within the lines of said claim, 10 feet running northeast-
erly from center of discovery shaft and 707.2 feet running
southwesterly from center of discovery shaft, said discovery
shaft being situate upon said lode, vein, ledge or deposit,
and within the lines of said claim, in Idaho Mining District,
County of Clear Creek and State of Colorado, described
by metes and bounds as follows, to-wit:

Beginning at Corner No. 1, thence S. 14° 15’ E. 152.48
ft. to Cor. No. 2; thence S. 65° 24" W. 377.33 ft. to Cor. No.
3; thence S. 89° 2’ W. 339.79 ft. to Cor. No. 4; thence N.
14° 15’ W. 154.12 ft. to Cor. No. 6; thence N.89°2’E. 343.81
ft. to Cor. No. 6; thence N. 65° 24’ E. 373.47 ft. to Cor. No.
1, the place of beginning.

From Cor. No. 1, Cor. No. 3, Sur. No. 12276, Bessie lode
bears N. 14° 15’ W. 7.66 ft.

This being the same lode originally located on the 21st
day of February, 1901, and recorded on the 2nd day of
March, 1901, in book 147, page 319, in the office of the
Recorder of Clear Creek County. This further additional
and amended certificate of location is made without a
waiver of any previously acquired rights, but for the pur-
pose of correcting any errors in the original location, de-
scription or record, and making more specific the bound-
aries and description of said lode as originally located
upon the ground.

THE TREASURE VAULT GOLD MINING CO.
[Seal.] By J. P. Little, Agent,
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Said lode was discovered the 16th day of February, A.D.
- 1901. :

Date of additional and amended certificate, April 18th,
A.D. 1905.

Additional and Amended Location Certificate — Law of
1889.

STATE OF COLORADO,
County of Clear Creek,

Know All Men by These Presents, That The Treasure
Vault Gold Mining Company has, this 18th day of April,
1905, amended, located and claimed, and by these presents
does amend, locate and claim, by right of the original dis-
covery and this additional and amended location certificate,
in compliance with the Mining Acts of Congress, approved
May 10, 1872, and all subsequent acts, and with Section
2409 of the General Statutes of Colorado, and with local
customs, laws and regulations, 1014.2 linear feet and hori-
zontal measurement on the Arc Light lode, vein, ledge
or deposit, along the vein thereof, with all its dips, angles
and variations, as allowed by law, together with 75 feet
on each side of the middle of said vein at the surface, so
far as can be determined from present developments, and
all veins, lodes, ledges or deposits and surface ground
within the lines of said claim, 21 feet running N. 61° 37’ E.
from face of discovery cut and 993.2 feet running S. 61°
37’ W. from face of discovery cut, said discovery cut being
situate upon said lode, vein, ledge or deposit, and within
the lines of said claim, in Idaho Mining District, County
of Clear Creek and State of Colorado, described by metes
and bounds as follows, to-wit:

Beginning at Corner No. 1, thence S. 28° 23’ E. 150 ft. to
Cor. No. 2; thence S. 61° 37’ W. 1014.2 ft. to Cor. No. 3;
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thence N. 28° 23’ W. 150 ft. to Cor. No. 4; thence N. 61°
37’ E. 1014.2 ft. to Cor. No. 1, the place of beginning.

From Cor. No. 1, Chief Mt. bears S. 5° W. and a promi-
nent peak bears S. 30° W.

This being the same lode originally located on the 21st
day of February, 1901, and recorded on the 2nd day of
March, 1901, in book 147, page 320, in the office of the
Recorder of Clear Creek County. This further additional
and amended certificate of location is made without a
waiver of any previously acquired rights, but for the pur-
pose of correcting any errors in the original location, de-
scription or record, and of taking in and acquiring all for-
feited or abandoned, overlapping ground, and of taking in
any part of any overlapping claim which has been aban-
doned, and of securing all the benefits of said Section 2409
of the General Statutes of Colorado.

THE TREASURE VAULT GOLD MINING CO.
[Seal.] By J. P. Little, Agent.

Said lode was discovered the 16th day of February, A.D.

1901.

Date of additional and amended certificate, April 18th,
A.D. 1905.

Mill Sites and Placers

Mill sites and placers are, for the most part, on streams.
Placers are required by the General Land Office to be
taken up by legal subdivisions when on surveyed lands.
When the land is not surveyed, as is often the case with
mineral lands, placers should be surveyed as regularly as
possible.

At present the General Land Office requires all placer
claims on unsurveyed lands to he laid off as if the land were
properly surveyed. In other words, the surveyor is prac-
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tically required to survey the whole country, or as much
of it as is necessary to establish the legal subdivisions of
the placer required. When the nearest surveyed tract is
far distant, the department would probably permit a placer
to be surveyed with east, west, north and south boundaries.

As a rule the surveyor will lay out a mill site in rec-
tangular form for simplicity, and the following table taken
from Morrison, will often be useful:

“Area in Feet or Acres. — By the following table the
number of feet necessary to include any desired number of
acres when in the shape of a square or parallelogram may
be ascertained:

Claim 660 X 330 feet contains s  acres.

[ soo X SOO [ [} 5'73 [
R g 1660 X660 ¢ £ 10 e
£ M 1390.4X 1660 < ¢4 20 i
[ 800 XIOSQ {3 “ ° 20 “

3

933k X o033% “ ¢ 20
1320 X 1320 ¢« 40 3

2640 X 2640 ¢ ¥ 160 £t

€«

“«

43,560 square feet = 1 acre. A square 208.71 feet in
length and width = 1 acre.” — Morrison’s “ Mining
Rights,” p. 185, 1oth ed.

Fig. 26

It may happen that the survey must follow the mean-
dering of a stream, and in this case the rules for angular
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claims may often apply. Even when the claim must be
widened or narrowed the same rules hold, each portion be-
ing figured separately as in Fig. 26, the whole forming 5
acres or less in the case of a mill site, and 20 acres or less
for each claimant in a placer. The end lines, if they may
be so called, need not, of course, be parallel, as in the case
of lode locations. In case it is desired -to include all pos-
sible ground between two claims, 4 and B, Fig. 27, the

Fig. 27

center line 1-2 is measured and the width of claim then
laid out, giving 217,800 square feet (5 acres) when multi-
< plied' by the length of 1—2.
The end lines are figured as
in angular claims.

If the center line of the mill
site cannot be used, extend
the lines of the bounding
claims so as to form a triangle
as in Fig. 28. With the line
1—4 as a base, calculate the
sides and area of the triangle
so formed. From the area
subtract 5 acres = 217,800 sq.
ft. We now have two simi-
lar triangles. The squares of the homologous sides are to
each other as the areas.

NaoE, si1.78

Fig. 28

600? sin 93° sin 60°
sin 25°

Area triangle 104 = = 8.435 acres.
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Area mill site 1—2—3—4 = 5 acres.

_Area triangle 2-0-3 = 8.435 — 5 = 3.435 acres.

Line 2-3 = 600?: 8.435: : #%: 3.435 = 382.9 = x or line 2—3.

Draw line N—3 parallel to line 1—2.

Line N—4 = 6oo — 382.9 = 217.1. °

Solve oblique triangle N—3—4.

Line N-3 = 444.88.

Line 1—2 = line N—-3 = 444.88.

Line 3—4 = 511.75.
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