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PREFACE

IN presenting this edition of our Manual we offer the
engineering profession many new field instruments,

new features and refinements, resulting from con-
tinuous effort and study for a period of seventy-five
vears. The House of W. & L. E. Gurley is the largest
as well as the oldest American manufacturer of
engineering instruments and our line is the most desir-
able and also the most complete of its kind in the world.

The merit of any article is fully determined by its
ability to stand the test of time, and the service given
by GurLEY INstRUMENTS for three-quarters of a century
proves that they possess those characteristics which
qualify them for the most exacting demands of modern
engineering practice.

In our zeal for offering only the best we have looked
beyond the vision of commercialism and our entire
organization takes great pride in our finished products
as they leave our hands to fulfill their mission of locat-
ing, developing and conserving the resources of nature
and the upbuilding of those projects which tend to the
welfare and comfort of mankind.

W. & L. E. GurLEy.
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TRANSITS
CONSTRUCTION OF TRANSITS

HE TRANSIT is by far the most important and

indispensable instrument of an engineers’ outfit.

With it the engineer can read and lay off both
horizontal and vertical angles, determine a level line or
the difference in elevation between two points, read dis-
tances by means of the stadia, measure grades and
distances with the gradienter and determine the meridian
by the compass, by direct observation, or by the solar
attachment.

The distinguishing features of Gurley Transits as
developed after many years of study and experience,
are their simplicity of construction, ease of manipula-
tion, and accuracy and permanence of adjustments,
which are all made without undue strain on any part.

The essential parts, which may be seen in the illus-
trations, and in section in Figure 1, are the telescope
with its axis, the standards, the circular plates with
their attachments, the sockets upon which the plates
revolve, the leveling head, and the tripod upon which
the whole instrument stands.

‘Terescope. The different parts of the telescope
are shown in Fig. 1. An achromatic lens' (H) at the
enlarged end of a sliding cylinder mounted near each
end, in bearings (I) of hard babbitt metal, is moved out
or in to bring the focus of the rays of light from the
object viewed to an inverted image in the plane of the
cross wires (J) to be there magnified by an eyepiece
(T-W), and restored to its natural position.
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The telescope is secured to an axis having multi-
grooved bearings (F) fitted in the standards, allowing
the telescope to transit at both ends.

The various sizes of telescopes, made to suit the
instruments on which they are to be used, are of the
best quality. They must be free from chromatic and
spherical aberration and of as high a magnifying power
as is consistent with good illumination and sharp defini-
tion, or resolving power.

The lenses, however good, must be so accurately
mounted that the optical axes of all of them will be in
one straight line. This imaginary line, called the line
of collimation must be at right angles to the axis of
revolution for all positions of the focusing slide.

Opticar Axis. 'The intersection of the cross wires
forms a point which, when adjusted, enables the
observer to fix the telescope upon an object with pre-
cision. The process of bringing the intersection of the
wires into the optical axis is called the adjustment of
the line of collimation.

One of the babbitt bearings (I, Fig. 1) of the objec-
tive slide is supported in a ring and can be adjusted with
the screws (C C). .

The adjustment of the objective slide, which is
described on pages 74 and 75, keeps the line of collima-
tion in adjustment through the whole range of the slide
without placing any strain on the slide or bearings.
This adjustment, which is one of the distinctive features
of Gurley telescopes, permits the alignment of both
wires with equal accuracy, which is impossible without
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it. The slide adjustment is always made in the process
of manufacture, and needs no attention from the engin-
eer, unless the instrument is severely injured.

The slides are now made to focus at any distance
from four and one-half feet to infinity.

Fia. 2

No. 154 Smowing Dust Guarp rFor OBJECTIVE

Dust Guarp (No. 154) for the objective slide,
is placed on all our Transit Telescopes. A velvet
band effectually prevents any particle of dust or foreign
substance from interfering with the perfect action of
the slide. It also helps protect the objective slide
from injury.

CexTER Point. To facilitate the setting of the
transit precisely under a given point, we make in the top
of the ball of the telescope axis and directly over the
center of the instrument, a small conical hole or center
point.

Everiece. Four lenses, (T, U, R, W,) form a
compound microscope that focuses on the image at the
cross wires and conveys the magnified image to the eye,
in an erect or natural position. Sometimes an eyepiece
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of but two lenses is used. While this absorbs less light
and therefore gives a more distinct image, it presents to
the eye an inverted image of the object viewed.
American engineers usually prefer the erect image.

The centering of the eyepiece is effected after the
wires have been adjusted, by moving the ring and babbitt
bearing with the screws, AA, shown on the outside of
the tube, until the intersection of the wires is brought
into the center of the field of view.

Mac~iryvine Power.  The apparent size of an
object viewed through the telescope is as many times
greater than the image which the naked eye sees, as the
number which expresses its magnifying power. A tele-
scope which magnifies twenty times, increases the
visual angle in this same proportion, and therefore
diminishes the apparent distance of the object to one-
twentieth of the actual distance. In other words, it will
show an object two hundred feet distant, the same size
as if it were only ten feet from the naked eye.

It is often supposed that the greater the power of a
telescope the better it is; but beyond a certain limit,
this is not true. As only a given amount of light can
enter the objective, the more the object is magnified the
less clear and bright will it appear. A power of from
sixteen to twenty-six diameters in the telescopes of
transits gives the best results for regular use.
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Pratinum CRroOSS
Wirgs. The -cross
wires in Gurley tele-

B/

W.E L.E.GUALEY

scopes are filaments of
platinum, mounted on
the face of a heavy
brass ring which will
always retainits shape.
They are placed at
right angles with each
other, so as to divide
the field of view into
quadrants, and are adjusted in the line of collimation
by means of the four capstan head screws, BB and
B'B’, Figure 3. ;

For special cases they can be mounted in many
other forms.

The advantages of platinum over spider web have
long been conceded. It is smooth, opaque and unaffected
by moisture. The desirability of non-transparent wire
is manifested when sighting against the sun or when
observing a lamp as in mine work. We are successfully
drawing wire to one fifty-thousandth of an inch in dia-
meter. For transits we use wire one ten-thousandth of
an inch in diameter, selected according to the degree it
is to be magnified.

Unless otherwise specified we supply fired stadia
wires with most of our instruments as they are preferred
by the majority of engineers because they cannot be
thrown out of adjustment accidentally.
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However, when requested, we will substitute adjust-
able stadia wires which are necessary if the user wishes
to change his unit of measurement from feet to chains
(1:100-1:66). In all cases where the ratio is 1: 100 the
interval between the stadia wires need not be changed
as the ratio 1:100 is good for one foot to one hundred
feet, one meter to one hundred meters or one vara to
one hundred varas.

DisarpeariNg Stapia Wires.  The Stadia Wires
are usually arranged in the same focal plane with the
cross wires so that they may be seen at the same time.
When desired, however, they may be placed so that they
are out of focus when the cross wires are visible; and
conversely when the stadia wires are in focus, the cross
wires are invisible. Some engineers like this method,
but it has the disadvantage that changing the focus
from stadia wires to cross wires or vice versa, necessi-
tates a change of the objective focus. For this reason,
the majority of engineers prefer the regular system;
that is, with all the wires in one focal plane. This
arrangement of the wires also enables them to observe,
by means of the vertical cross wire, whether the rod is
being held plumb.

Beamax Stapia Arc.  The Beaman Stadia Arec,
described on page 90, which is made exclusively by
W. & L. E. Gurley, avoids the use of all stadia compu-
tations in inclined sights. It can be attached to any
Gurley transit or telescopic alidade having a vertical

limb four inches in diameter or larger.
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Tue Staxparps. The axis on which the telescope
revolves, or transits, is supported in a most substantial
manner. The original design of the standards has been
much improved by adopting an angular section and
enlarging the bases so that two strong screws in each
base may firmly secure them to the ribbed plate. Such
standards are supplied with our Light Mountain and
Reconnoissance Transits.

~

Fic. 4
O~NE Piece Truss STANDARD
ParexnteD JULY 25, 1916

A new design (patented), as here shown, was
recently introduced by us and represents the greatest
advance in instrument construction. It is stronger and



TraxsiT INSTRUMENTS 31

more rigid than any other form of standard. Cast of
the toughest bronze, in one piece, and with angle cross
section, it provides the greatest rigidity with the least
possible weight. The principle of diagonal cross brac-
ing is used here and the supporting members are carried
as far up on the legs as is possible without interfering
with the use of the instrument. The base is wide, and
its attachment to the top plate by eight large screws
allows the development of the full strength of the deeply
ribbed plate for support and reinforcement, making the
whole structure mechanically one piece for withstand-
ing stress. The finish of the standard is a beautiful
and very durable morocco, applied directly to the surface
of the casting, which thus retains its skin intact. - The
internal stresses of the metal are relieved by a process
of artificial aging in which the metal assumes its perma-
nent set without any loss of its tenacity or rigidity. The
bearings for the axis are of perfect circles in cross-
section, but instead of being plain cylinders, they have
V threads of zero lead. They are always ground into
place to insure a perfect fit.  This form of ground
multi-shoulders, as illustrated at F, Fig. 1, adds rigidity
to the standards and automatically prevents any loose-
ness or lateral motion, regardless of any possible wear
through long use.

On the right hand bearing of the standard there is
an adjustable block whereby the axis may be made
truly horizontal or at right angles to the vertical
spindle. ‘

Tur Axis Cramp anp TaNceeNT, which is regularly
supplied on all transits, consists of an arm, K, Fig. 1,
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one end of which encircles the telescope axis, and can
be clamped to it. The other end is held between the
tangent screw on one side and the tangent slide and
spring on the other.  These are supported from the
- standards. When clamped the telescope may be tilted
slowly by means of the tangent screw; when unclamped,
it may be revolved freely in either direction.

Fi1c. 5

Raprarry RieseEp anp Disuep Lime anxp Prate,
AND Tarerep CENTERS

Tue Maix Prate. By a system of deep ribbing,
the top plate has been materially stiffened without add-
ing to its weight, and the liability of warping with age
has been reduced. It carries the standards supporting
the telescope, the compass box with its movement for
magnetic declination, the verniers for the horizontal
limb, two levels at right angles to each other, and the
support for the tangent screw for movement about the
vertical axis. Note Iig. 10 that the longitudinal plate
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level is of extra length, providing a more precise check
when measuring vertical angles than is possible with a
short level.

Fic. 6

Tor Prate oF tue Licat Mountain TraNsIT,
SHOWING LOCATION OF VERNIERS, LEVELS, VARIATION
ARC PINION, AND NEEDLE LIFTER SCREW

Tue Compass Circie is silvered, graduated and
figured 0 to 90 each way. The graduations of this
circle, on Transits Nos. 6-A to 18-A, are half degrees
and the declination arc reads by vernier to one minute.
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On Transits Nos. 25-A to 32-A the compass circle is
graduated to whole degrees and the declination arc
reads by vernier to five minutes. The declination arcs
are movable by a pinion.

Tue Compass Box containing the needle is covered
by a glass to exclude moisture and air. These covers
on all Gurley transits are made of specially selected plate
glass, beveled on the edge and set flush with the bezel
ring, thus facilitating the removal of moisture from the
top of the glass and affording an unobstructed observa-
tion of the compass face.

Tue MaeNeETIC NEEDLE, made of special magnet
steel, has a cap in which is inserted a polished jewel
center and this, resting upon the hardened and polished
point of the center pin, allows the needle to play freely
and settle in the magnetic meridian.

The needle has on its South end (North end for
Southern hemisphere) a coil of wire, easily moved to
adjust the balance of the needle against dipping. The
needles are balanced as nearly as possible for the loca-
tion to which they are to be shipped, so that only a
slight adjustment should be necessary. A screw passing
through the upper plate moves a concealed lever by
which the needle button is raised against the setting,
thus lifting the needle from the pin so as to check its
vibration, or to hold it up against the glass when not in
use, avoiding unnecessary wear of the jewel center and
the pivot.

The test of the delicacy of a magnetic needle is the
number of horizontal vibrations which it will make in a
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certain arc before coming to rest.  Most surveyors
desire also a quivering motion in the needle.  This
quality, which is manifested more in a horizontal than
in a vertical needle, depends upon the close coincidence
of the point of suspension with the center of gravity of
the needle, and merely serves to show that the cap is
unobstructed.

Prate Levers. The two plate levels, mounted on
brass posts or studs, are at right angles to each other
so as to- level the plate in all directions. The
position of the levels, near the edge of the plate,
makes them accessible for adjustment and permits the
use of longer and consequently more accurate levels
than if placed inside the compass box. These levels
are held firmly in place by the capstan nuts above and
below each end. They cannot possibly be jarred out
of position. Their adjustment is made by turning the
capstan head nuts at either end. The glass vials used
in the levels of all Gurley transits are ground on their
inner surface to give the bubble an even motion and the
required degree of sensitiveness.

Horizontar Lims.  All cast metal parts, but
more particularly the casting of the limbs, should be
thoroughly aged. A fresh casting will shrink and warp
like a piece of wood, but, of course, to a lesser degree.

‘We machine the limbs, apply the sterling silver, and
then completely season them before putting them
through the final operations of finishing and graduating.
To secure the utmost accuracy and to avoid any possi-
bility of molecular changes, the limbs are finished and
the figures engraved before the graduating is done,
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which is the last process before they are placed in their
respective instruments. .

The form of the limb has been considerably changed
by a greater dishing, which adds to the rigidity and
allows deeper ribbing.

W. & L. E. Gurley
Troy, N. Y.

The figures arein two rows,
in quadrants from 0 to 90
each way inner row, and
from 0 to 360 outer row.

Fia. 7

The graduations, cut on sterling silver, are usually
to half degrees, reading by vernier to one minute. If
desired, they may be cut to thirds, quarters or sixths of
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a degree, with verniers reading to thirty, twenty, fifteen
or ten seconds, but at an additional cost. @ This is
known as the sexagesimal system.

If desired, one or both verniers may be graduated
to read to one-hundredth or one-fiftieth of a degree.

W. & L. E. Gurley
Troy, N. Y.

The figures arein tworows,
each row from 0 to 360,
but reading in opposite
directions, and inclined
in the direction in which

they increase.

Fia. 8

Another form is to graduate the limb to one hundred
grads to the quadrant, the vernier reading to one one-

hundredth of a grad. This is called the centesimal
system.
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In artillery practice, the mil is used because of its
convenience in the rapid calculation of small angles in
fire control. TFor this purpose the mil is taken to be
1/6400 of a circumference.

Limve FicuriNe. Various methods of figuring are
employed. The two forms most commonly used are
shown on pages 36 and 37. Limb I has two rows, the
inner row figured in quadrants as a compass circle and
the outer row from 0 continuous to 360°, reading clock-
wise. Limb IV has two rows of figures, each 0 to 360,
but in opposite directions and inclined in the direction
of increase.

Tue VeErNIERS. As shown at V in the sectional cut,
Fig. 1, the horizontal verniers are attached to the main
plates and revolve within the horizontal limb, with their
surfaces flush and so close that there is no apparent
parallax. They are placed thirty degrees to the left of
the line of sight and can be easily read without change
of position by the observer.  They are covered with
selected plate glass carefully cemented to exclude
moisture and dust. The upper surface of the glass is
flush with the plate, thus they are easy to clean and
there are no frames or rims to cast shadows or col-
lect dust.

The use of two opposite verniers give the means of
cross checking the graduations and the perfection with
which they are centered. Thus the accuracy of the angle
readings is indicated.

ONE GRADUATION Is ADDED to éach end of the vernier
to enable the last numbered division to be more easily
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read but this has only the practical use indicated and is
not considered in calculating the smallest reading of the
vernier. With the exception of the extra graduation
mentioned above, the number of spaces on the vernier
at one side of the zero graduation is equal to the number
of parts into which the smallest division on the limb is
to be divided.

To FIND THE SMALLEST READING OF THE VERNIER,
divide the value of the smallest space on the limb by
the number of parts into which this space is to be
divided, the resulting quotient is the smallest reading
of the vernier.  Thus in Fig. 9 we have a vertical
limb graduated into half degrees or thirty minute spaces,
the vernier is shown between the standard legs and is
divided into thirty parts either side of the zero; the
vernier therefore reads to one thirtieth of a graduation
or a single minute. ‘

To reap THE Transit VErRNIER. Note the position
of the zero on the limb and read to the nearest whole
space the position of the zero of the vernier with respect
to it.  Reading in the direction of increasing limb
figures, count the graduations on the vernier from zero
to the one which coincides with a graduation on the
limb. The sum of these two readings will be the read-
ing required. :

Divisions should be counted in the direction of in-
creasing limb figures.

TFor example, in Fig. 9, the vernier zero reads be-
tween 5° and 514°. Counting the vernier divisions to
the left; it is seen that the 16th line coincides with a
line of the arc. The correct reading is therefore 5° 16,
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Had the vernier zero read between 514° and 6°, the
vernier reading would have been added to 51%° and the
result would have been 5° 46’

RerreEcTors. Reflectors of white opaque celluloid,
or of glass if preferred, are placed back of the horizontal
verniers to reflect a white light and to eliminate glare.

Fi1a. 9

No. 149 BeamanN Stapia Arc,
ATTACHED TO THE VERTICAL ARC OF A TRANSIT
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Tue LimB Cramp anp Tangent. The tangent
hanger, fastened to the edge of the main plate, carries
the tangent screw and nut on one side, and opposed to
them the tangent spring, slide, and barrel. The spring
is made large enough to give practically the same force
throughout the length of its travel.

The limb clamp, D, Fig, 1, is a heavy ring and
arm which is fitted on the socket so as to turn freely.
The clamp screw, E, pushing against a plunger, operates
to clamp the ring firmly around the socket without tend-
ing to turn it. The arm of the clamp is held between
the tangent screw and spring.

When the clamp screw, E, is loosened, the plate may
be freely turned to any desired position for setting the
verniers or sighting the telescope. =~ When the clamp
screw is turned lightly against the plunger, the plate is
held firmly in position with reference to the limb; and
it may be given a very slow motion by turning the tan-
gent screw.

Because of the special form of Gurley clamps, only
a very light pressure of the clamp screw is necessary to
make them hold. The heads of the clamp screws are
therefore made small to prevent unnecessary force being
applied to the screw and clamp.

Tue Sockers. The sockets are compound. The
interior spindle Y, Fig. 1, attached to the main plate —
carrying it and its attachments — turns in the inter-
mediate socket S to which the limb is attached. When
clamped, this socket turns in the socket of the leveling
head, governed by a second clamp and tangent movement
with opposing spring.
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The sockets or centers are constructed with the
greatest care, are of carefully chosen composition and
are made of different degrees of hardness to eliminate
friction and wear. They are truly concentric, are of
substantial diameter and length and are designed to pro-
vide maximum stability in the most vital parts of the
instrument.

Tue Leverine Heap. The outer socket has four
ribbed arms that bear the nuts for the leveling screws.
At its lower end there is a hemispherical nut fitting in
a corresponding cup in the shifting center, which is the
center of movement when leveling. The leveling screws
are nicely fitted with long bearings in the nuts and are
protected from dust by covers. The lower ends of the
screws rest in cup bearings fitted with fiber bushings to
eliminate friction. The cups avoid marring the plate
when shifting the instrument from side to side on the
tripod. To prevent cramping, the centers of the lower
ends of the leveling screws are in line with the center
of the hemispherical nut, even when the leveling head
is tilted far to one side.

Suirrine CENTER. The base plate is in two parts.
The outer part is threaded to screw on the metal head
of the tripod and the inner part encircles the hemis-
pherical nut of- the leveling head. When the leveling
screws are loosened the whole instrument can be moved
so that the plummet may be precisely suspended over a
desired point. The action of the leveling screws on the
base plate as the instrument is leveled serves as a clamp,
thus preventing any inadvertant shift after it is once set.
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Tue Trirop. The tripod has a head of bronze with
three strong tenons to receive ‘the wooden legs, the
upper ends of which are pressed firmly on each side of
the tenon by a bolt and wing nut, which can be tightened
by hand and thus kept firm. The lower end of each
leg has a metal shoe with hardened point, securely
fastened to the wood. There are four styles of legs —
the solid round leg, the split leg, the extension leg and
jointed extension leg.

For illustrations and descriptions see pages 238
to 242.

InviratioNn To Visit Our FacrTory

The extent of our business makes it impracticable
for us to personally interview but a small number of
our customers; therefore, we extend a cordial invitation
to all of our friends to call on us whenever it is conven-
ient to do so. It is our desire to become better
acquainted and to more fully express our appreciation
of the co-operation and good will which have so largely
contributed to the success of our efforts.



44 \V & L. E. GurLey, TROY New XORK

Distinctive Fratures oF Gurrey TraNsiTs
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Fia. 10
No. 27-A Precise Traxsit
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SELECTION OF TRANSITS

ArIETY oF MobpeLs. As we make various models and
V sizes, it is possible to select an instrument which

will suit every individual requirement. The differ-
ence in prices does not indicate a difference in quality, as
we make only one grade. The price is based on the actual
cost of manufacture and, in each instance, it is the lowest
for which a high grade and fully warranted instrument
can be made.

Tue GurrLey Precise Transits with patented One
Piece Truss Standard and other new features represent
the last word in design and construction and, as their
name implies, they are adapted for work which demands
the highest degree of accuracy and refinement.

They are made in four sizes; the largest size is
No. 18-A, Hell Gate Model; medium size, Nos. 6-A to
10-A and 10-A-3; the Light Mountain size, Nos. 25-A
to 32-A; and the Explorers size, Nos. 20-A to 24-A.
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Herr Gare Bringe ErectioNn CONTROLLED BY
A GurrEy Precise TraNsIT

Tue Brivge oF THE NEw York CoNNEcTING RAIL-
roaD over the East River at Hell Gate stands as one
of the most notable achievements in bridge engineering
in recent years. It is a steel arch of 970 feet span and
carries four tracks.

The rapid tidal currents of the river and the neces-
sity of maintaining a free passage for navigation during
the construction made the use of false work impossible.
The arch was built from the two abutments simultan-
eously and its successful completion demanded that the
ends of the two halves should meet in mid-stream with
extreme exactness. This necessitated instrument con-
trol of the very highest precision.

The engineers who had this work in charge selected
a Gurley Precise Transit and staked their engineering
reputation on this choice. = Their confidence in the
instrument was justified when the cantilever members
met within one-quarter of an inch of their predetermined
position.

Long base lines lateral to the structure were laid out
on both shores.” Concrete piers were built at the tri-
angulation points, each pier having a permanent base
for the Gurley Precise Transit which governed the
work.

Vertical and horizontal angles to 10 seconds were
taken to panel points as erection proceeded, the exact
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Precise Transit, HeLL GaTte MobpeL

This transit is of the Gurley One Piece Truss
Standard construction and represents our supreme
efforts. It is the result of seventy-five years experience
in designing and building engineering instruments. It
embodies all of the desirable qualities of our regular
model Precise Transits and has the added advantages of
the special features as shown in Fig. 13.

Thus it is adapted for triangulation, bridge building,
municipal engineering, etc., and for all classes of work
demanding the highest degree of accuracy and refine-
ment.

Both the horizontal and the vertical limbs are grad-
uated to 10 minutes and each reads by two opposite
double verniers to 10 seconds. A rigid frame or guard
protects the vertical circle and supports a long sensitive
level which controls the zeros of the double opposite
verniers, also supported by the frame. Microscopes
suspended over each vernier facilitates the reading of
the fine graduations. The telescope has an inverting
eyepiece.

Mgepivm Size Precise TraNsITS

Transits with a 6.25” horizontal limb are listed as
Nos. 6-A, 7-A, 8-A, 9-A, 10-A and 10-A-3, the numbers
indicating different combinations of attachments, such
as level on telescope, vertical circle or arc, and gradien-
ter. The limb is graduated on sterling silver and reads
by two opposite double verniers to single minutes. Finer
graduations can be supplied at additional cost.
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The telescope is eleven inches long, erecting, and
has a power of 26 diameters. The compass needle is
314 inches long and has an arc for setting off the mag-
netic declination. = The instruments, without tripod,
weigh from 15.5 to 16.5 pounds.

Numbers 25-A, 26-A, 27-A, 28-A, 29-A, 30-A and
32-A apply to transits having a 5.65” horizontal limb.
The telescopes have erecting eyepieces, a power of 20
diameters and are supported by our new One Piece
Truss Standard. They are equipped with a three inch
needle and weigh but eleven to thirteen pounds.

Transits Nos. 25, 26, 27, 28, 29 and 30 also have a
5.65" horizontal limb. They are like Nos. 25-A to 32-A
except that the telescope is supported by two separate
standards and the compass needle is four inches long.

Detailed specifications of all transits are given in a
bulletin in the back of this Manual.






Traxsit INSTRUMENTS 53

Fic. 14

No. 10-A-3 Precise TraNsIT
WITH THREE-SCREW. LEVELING HEAD
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s i g
W &L.C GURLEY, THOY.

Y1c. 15
No. 28 Licur MountaiNn TransiT
The Best Known Transit in America
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Tue GurrLEy ExpLorErs PrEcisE Transit. This is
the smallest and lightest Gurley transit but it is equal
in quality and similar in construction to our Precise
Light Mountain Transit and therefore can be used for
work of a high degree of accuracy.

As its name implies, it is designed for engineers
working in a new or undeveloped country and also for
those whose work is scattered and who are obliged to
travel constantly. It is also used with great success by
Mining Engineers who prefer or require a smaller and
lighter instrument than the Light Mountain pattern.
When placed in its leather-covered case it can be packed
in a twenty-four inch dress suit case, together with its
special jointed extension tripod. An Explorers Level,
described on page 196, and an Explorers Alidade,
described on page 249, can be included, in the suitcase,
if desired.
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F1a. 19

No. 102 ReconnoissaNcE TrRANsIT
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CARE OF THE TRANSIT

OO much emphasis cannot be laid upon the impor-

tance of care in handling and transporting instru-

ments of precision. Every instrument as it leaves
our factory is properly lubricated and adjusted ready
for use. It will remain so for a long time, if treated
as an instrument of precision.

Haxpring THE INSTRUMENT. Extreme care must be
taken at all times to prevent the instrument from receiv-
ing shocks which may throw it out of adjustment. When
shipped for any distance the instrument case should be
enclosed in an outer packing box and carefully sur-
rounded with some shock absorbing material. If any-
thing dusty, as excelsior, is used, the case should first
be wrapped in paper with the edges pasted to keep out
the dirt. When not in use, the instrument should be
placed in its case.  When carrying the instrument
mounted on the tripod, through brush, or through doors
of a building or similar places, the tripod should be
carried under the arm and not over the shoulder, thus
avoiding the possibility of accidently striking the instru-
ment.  When setting up the instrument, the tripod
should not be set too high, as it may be easily tipped
over. Particular care should be given to this feature
when setting the tripod on steps or on a hillside where
one leg is generally shortened and placed at a high
angle.

In handling the instrument, care should be taken to
grip it at such points that no strain will be put on any
of the adjustments. The Gurley method of packing
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transits prevents any lateral strain from being placed
upon the spindle, sockets, or standards. To remove
the transit from the box, first lift out the packing pieces
from the ends of the telescope axis, grasp the tops of
the standards with both hands, or the telescope axis
with one hand, and lift the instrument out of the box.
To place upon the tripod, unscrew the leveling head
clamp, lift the instrument and with the fingers under
the limb or body and the thumbs on the top plate, set
upon the tripod. Retain the grasp with one hand and
with the other, screw the bottom plate on the tripod
head.

The transit may also be lifted from the box by turn-
ing the telescope to a vertical position, reaching down
into the box and grasping it under the limb as described
above. This method has the advantage that the transit
may be placed directly upon the tripod without chang-
ing the hands. It should never be lifted by taking
hold of the standards except as described above, nor
should it be lifted or carried by means of the leveling
head, leveling screws or bottom plate, when not on the
tripod, without being steadied near the top.

Before attempting to turn the transit in either of
the sockets, be sure that at least one of the clamp screws
has been loosened. Turn the transit by means of the
lower part of the standards, the plate or the tangent
attachments, but not by the telescope.

In tightening clamp screws it is necessary only to
screw them home lightly, as the design of Gurley clamps
makes them grip very firmly. If too much force is
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applied to the clamp screw, the thread will be strained
and worn unnecessarily.

All bearing surfaces are made as nearly frictionless
as possible and therefore need very little lubrication.
If it does become necessary to lubricate a thread or
bearing, only the best grade of watch oil should be used
and only a very small amount of that. A thin film of
light oil is all that most of the fitted surfaces will admit.
Oil should be carefully wiped from exposed parts, as it
will cause dust to adhere.

CLEANING THE INSTRUMENT. So far as possible, all
outside cleaning or dusting of instruments should be
done with a soft camel hair brush. Care should be
taken not to rub the lacquer from the finished surfaces,
as the exposed metal will readily tarnish.  Alcohol,
or similar solvents should never be used on the instru-
ments.

In cleaning the lenses, first remove the dust with a
soft brush and then wipe lightly with a soft, dry cloth,
free from lint. Rubbing the lenses dry sometimes
causes small particles to stick to them, and, in this case,
blowing the breath on the glass will furnish sufficient
moisture so that they may be rubbed off easily. If any
liquid is brought into contact with the lenses, it is liable
to penetrate the mounting and give bad results.

Do not rub the silver upon which the graduations are
cut, as this will make bright spots, which cause difficult
reading.

Particular care must be taken to prevent anything
from coming into contact with the graduated edge, not
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even rubbing this with a soft cloth. As this is solid
silver, it is soft and easily damaged. If necessary to
clean the limb, dampen a soft cloth, dip it in powdered
charcoal, and rub lightly over the silver, being careful
not to rub over the graduated edge.

DismounTiNGg THE INsTRUMENT. In case of damage
to the instrument, it should, if possible, be returned to
the maker for repairs. If absolutely necessary, how-
ever, to take the instrument apart, it should be done in
some place which is free from dust; never out in the
open where dirt may be blown into the working parts
as they are being assembled.

Removing THE OrsEcTivE LENs. Unscrew the dust
guard on the end of the main tube and then unscrew the
small ring in the end of the slide head.  This brings
with it the complete lens in its setting. The objective
consists of two lenses held together by two metal rings.
The former are marked on the edge with a cross so that
they may be put back together in the same relative posi-
tion. It is always necessary to check all adjustments
of the telescope after the objective lens has been
loosened or removed. !

Removing THE Eve Piece. If there is an eye piece
pinion, first take out the two screws holding it to the
telescope and pull the pinion straight out from the tube.
Take out the eye piece centering screws, A A, Fig. I,
unscrew the eye end ring, L, and withdraw the eye
piece from the tube. The eye piece lenses may be
separately cleaned, and, if put back as found, no adjust-
ments will have been destroyed.



66 W. & L. E. GurLey, Troy, NEw York

Cross Wire Diaparaem. If necessary to replace
a cross wire in the field, the eye piece must first be re-
moved, as described above. With the telescope in a
horizontal position, first take out two side adjusting
screws, B B, Fig. I, and by means of the remaining
screws turn the diaphragm through an angle of 90°, so
that the edge points toward the end of the telescope.
Place a small stick or pencil in the screw hole in the
side of the diaphragm, take out the remaining screws
and pull out the diaphragm. If the diaphragm has
adjustable stadia wires the stadia screws must first
be loosened.

Compass NEepLE. The closed top over the compass
may be removed by unscrewing the bezel ring from right
to left. When replacing the needle on its center, it
should be lowered very gently into position to prevent
damage to the finely polished point.

Tue Opsective Suipe. Take out the four screws
from the pinion strap, pull the pinion straight out from
the tube, and the slide may be withdrawn from the
telescope.

LeveL ViaLs. Take the levels from the plate, or the
telescope, and remove the ends. These screw on for the
larger sizes, but simply push in the vial tube, for the
smaller sizes. = Soak the plaster of paris with water,
scrape or cut it out, and push out the old vial. If the
new vial fits loosely, it should be fixed in place with slips
of paper before being plastered. Take care that the
crowning side of the vial, which is graduated, is placed
uppermost and see that the sealed tip will not be touched
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when the end of the case is replaced. If plaster of
paris is not available, beeswax or some other heavy wax
may be used temporarily to hold the vial, but, as this
softens on a warm day, it should replaced by plaster of
paris at the first opportunity. The sealed tip should
be left uncovered.

To SeparatE THE PraTes. Unscrew the tangent
barrel, taking care that the tangent slide and spring do
not drop out. Take the small screws from the tangent
hanger and remove the latter from the plate.

If the lower plate or limb is to be removed, the lower
tangent barrel with slide and spring should be removed
from the leveling head tangent.

Remove the cap (if there is one) from the bottom of
the spindle, take out the large screw and washer, and
the plate may then be removed from the sockets.

The most extreme care must be used in replacing the
sockets and spindles to see that not the slightest parti-
cle of lint or dust gets into the bearing. To lubricate
these surfaces, rub a small amount of the very best
watch oil on a clean cloth free from lint, and rub over
the surfaces to be lubricated. A heavy oil will separate
these bearings so far that proper adjustment cannot be
maintained.

Tue Repairs. Attention is again called to the fact
that a damaged instrument should not be repaired in the
field. If any parts have been injured the best way is
to return the whole instrument to us for proper repairs.
Such repairs can be made with less trouble and less cost
if no attempt has been made to dismount the instrument
in the field to determine the extent of the damage.
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USE OF THE TRANSIT

HE instrument should be set up firmly, the tripod

legs being pressed into the ground only so far as

is necessary to give sufficient support. The legs
should be spread apart far enough so that the transit
cannot be easily knocked over. The height of the instru-
ment should be adjusted for convenient sighting by the
operator. The plate should then be carefully leveled,
as described hereinafter under level adjustments. For
precise work the final leveling of the plates should be
made with the telescope level, placing it in turn over
the two pairs of opposite leveling screws. In reversing
the level, one half of the correction should be made with
the axis tangent and the other half with the leveling
screws, the same as in the adjustment for plate levels.

With the telescope pointed toward the sky, or out of
focus, turn the eye piece pinion or the spiral until the
cross wires appear distinet, then the objective should be
focused until the object is seen, clear and well defined,
and the wires appear to be fastened to its surface.

If the objective is properly focused so that the plane
of the image coincides with the plane of the cross wires,
the latter will not appear to move on the object when the
eye is moved up and down in front of the eyepiece.

When the horizontal angles are to be measured the
zeros of the verniers and limb should be in line with the
upper motion. Clamped in this position, the telescope
should be sighted on a distant point by means of the
lower or leveling head motion. After this has been done
and-~with the lower motion 'cl'aihped, loosen the upper

£ .



TraNsIT INSTRUMENTS 69

motion on limb clamp and the angles turned may be
read directly from the verniers without making any sub-
tractions.

When the compass is to be used, set the variation -
arc to the proper magnetic declination by means of the
pinion on the plate.  The value of magnetic variation
for any given locality can be obtained from the publica-
tions of the U. S. Geological Survey, Washington, D. C.

If the needle does not hang level when at rest, re-
move it from the pivot and slide the small brass wire,
which is on the South end (in the Northern hemisphere),
in the proper direction to obtain a balance.

STaADIA SURVEYING

The increasing popularity of the stadia for the deter-
mination of distances and differences in elevation is due
to its widening field of application, together with a better
appreciation of its reliability through a clearer under-
standing of the principles involved.

So much has been written regarding the theory of
the stadia and so little as to its practice, that there is
need of a condensed statement of the most approved pro-
cedure in stadia work.

The instrumental outfit embraces any mounted tele-
scope fitted with stadia wires and a vertical arc or circle,
and while any leveling rod may serve for occasional
stadia work, a regular stadia rod of some approved type
should be vsed for good work, and must be used for sat-
isfactory results at distances exceeding 400 feet. In all
cases, simplicity rather than_multiplicity of subdivision
S requisjte.h-“vrr-. VERETHY SF CaLIFORNIA

SEPARTMENT OF IL ENGINEERI
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Stapia ConstaNT. The use of the stadia when
measuring short distances with great accuracy, compels
the use of the so called “Stadia Constant.” The wires
are generally adjusted to read one foot on the rod at a
distance of one hundred feet from a point in front of
the telescope objective equal to the focal length of the
lens (f), Fig. 20. Since measurements are taken from
the center of the instrument, it is therefore necessary to
add to the stadia reading, the distance C, from the center
of the axis to the shoulder of the objective setting when
focused at the distance to be measured, plus the distance
F, from the objective lens to the plane of the stadia
wires, when the instrument is focused at a distant ob-
Ject (not less than 1000 feet) which gives the focal
length of the lens. The sum of these two distances
(F -+ C), is the Stadia Constant, which must be added
to all stadia measurements regardless of the distance
measured. This constant is carefully measured in the
factory for each instrument, and its value is marked on
a card placed in the instrument box.

For example, in our eleven inch telescope, such as
are used with the larger transits, C equals about 5.6
inches and F, about 8.2 inches; and C 4 F is equal to
about 1.15 feet. For the Mountain Transit telescopes,
C equals 4 inches and F, 5.4 inches, and C + F ‘equals
about 0.783 foot.

The reason for the use of this constant will be seen
by reference to Figure 20.
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OBUECTIVE
QUTER FOCUS
ROD

With the telescope focused upon the rod:
Let i = interval between the stadia wires
¢ = distance from center of transit to objective
lens
f = focal length of objective lens
s — reading on the rod, or space intercepted on
rod by stadia wires
Outer focus = a point in front of the lens and F dis-
tance from it
d = distance from the outer focus to the rod
From the definition of focal length, those rays of
light passing through the outer focus are refracted by
the lens to parallel paths. Those which pass through
this point and intercept the stadia wires are i distance
apart at the lens.
Then from similar triangles
(1) d/s=1/i, or d=1£/is
since f/i is a constant for any given instrument, we may
represent it by K
(2) and d = Ks
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Since the measurements are made from the center of
the instrument, we must add F -}~ C, and the total dis-
tance is

D=Ks 4 (F + C)
(F 4 C) is called the Stadia Constant and K is made
100 feet. '

Therefore, if f |- ¢ = 1.2 feet, a subsequent reading
of 540 feet would indicate a distance of 541.2 feet from
plumb line to rod.

The undue consideration of this very small f | ¢
constant has too often caused the relative neglect of a
far more important one, and we wish here to emphasize
the latter.

It is either the necessity for extreme accuracy in ad-
justing the stadia wires to give the desired proportion
of 1 to 100, or, in the case of measurements calling for
greatest precision, the necessity for determining the
stadia interval or factor, i. e., K.

K=1f/i=d/s = 100 *

This factor should be a mean result of rod readings
at steel-taped distances of say 400 and 700 feet from
a point f - c in front of the center of the instrument.
E. g., observed readings of 395.2 and 693.0 feet would
give (dividing by 400 and 700) proportions of 98.8 and
99.0 to 1, respectively, and a corresponding mean inter-
val factor of 101.11 (100 divided by the mean propor-
tion 98.9), which, multiplied by subsequent field read-
ings, would bring the observed distances up to the
correct ones. Thus, if f 4 ¢ = 1.2 feet, an observed
distance of 230 feet could be treated as follows: (230 X
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1.0111) 4 1.2 = 238.75 feet true distance from center
of instrument to rod.

In practice, however, a small reduction table can be
quickly prepared to give these corrected distances for
every 10 feet up to 100, then each 100 feet up to 1,000,
etc.  This table may include or exclude the f 4 ¢
constant.

Stadia wires are sometimes set so that the reading
indicates the exact figure including the stadia constant
for some one distance, and the slight error for other dis-
tances is disregarded.

Stapia Work withH IncriNep Sicuts. If the tele-
scopic line of sight is inclined to the horizontal, the
distance as read from the rod must be corrected accord-
ing tothe vertical angle indicated by that pointing. The
same data, vertical angle and observed distance at that
pointing are used to compute difference in elevation
between instrument and rod. The 10d should be held
vertical, which makes the operations simpler and in
general more accurate.

To facilitate both these operations various stadia
tables, diagrams and slide rules have been devised. They
are all based upon the well known stadia formulae,
which, for practical purposes, may be expressed as:

d=scos’ 4+ (f + ¢) cos v (1)
h=slsin2v 4 (f +c)sinv (2)
where

s = observed stadia distance

v — measured vertical angle

d = required distance from center of instrument to
rod

h = required difference of elevation between instru-
ment and point sighted on rod.
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Stadia diagrams or charts give the difference in ele-
vation and also the reduced horizontal distance, graphic-
ally, at a point in the chart which is found at the
intersection of two lines, one representing the measured
angle and the other the observed distance.

Stadia slide rules involve setting the slide to corres-
pond to the angle and then reading off, opposite the
denoted distance, the desired results. We furnish with
each instrument having stadia wires, but no Beaman
Stadia Arc, a celluloid circular slide rule known as the
Cox Stadia Computer. :

Tue BeamanN Stapia Arc affords a rapid and exact
mechanical solution of these functions without the
‘necessity of the measurement of the usual vertical angle
and without recourse to either tables, charts or slide
rules, and with but trifling computation. This practical
and inexpensive patented attachment for transits and
alidades is controlled by us and is described on pages
90 to 96.

SuvecEsTioNs For StaDIA WoRrRK. The accuracy of
all stadia work is directly proportional to the ease, care
and accuracy with which the observed stadia distance
has been read. If either focus is poor, if the rod is
indistinct by reason of too great distance or other cause,
or if the rod is not held plumb, the observed distance is
uncertain, and, therefore, good results cannot be ex-
pected.

The greater the vertical angle, the greater the error
due to the rod not being held plumb.
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Secure such a focus on wires as will give no apparent
displacement of object when stadia wires are in sharp
focus for the observer and when objective is focused on
object and eye is moved up and down in front of eye-
piece; i. e., see that there is no parallax.

The instrumental adjustments to be made are for
collimation and level tube.

When the air is unsteady or “boiling,” remember that
the greatest refraction in the line of sight occurs in the
lower air stratum. Therefore, at these times avoid so
far as possible reading a distance in which the lower
wire is nearer the ground than two or three feet.

For refined work, determine the stadia factor, K,
under such conditions as will approximate those to be
expected in field practice. The mid-forenoon or after-
noon is preferable to midday.

For elevation work with inclined sights, note the
necessity for extreme accuracy in the observed distance
when the vertical angle is large, and the necessity for a
carefully determined angular value when the distance
is great.

TuE GraADIENTER ATTACHMENT No. 150, which may
be used to advantage in all stadia work is fully described
on pages 96 to 100.
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TO ADJUST THE TRANSIT

ACH Gurley instrument leaves the factory in com-
plete adjustment, but some adjustments are liable
to derangement by accident or careless use. We
describe particularly those which are most likely to need
attention.
The principal adjustments of the transit are the,
Plate Levels '
Line of Collimation
Standards
Objective Slide
Vertical Circle Vernier
Level on Telescope
To Apsust tHE Prate LeveLs. Set the instrument
upon its tripod as nearly level as may be, and having
unclamped the plates, bring the two levels above, and on
a line with, the two opposite leveling screws, and, turn-
ing both in or out, as may be needed, bring the bubble
of the level directly over the screws exactly to the
middle of the opening. Without moving the instrument,
proceed in the same manner to bring the other bubble
to the middle.  The level first corrected may now be
thrown a little out; if so, bring it in again, and when
both are in place, turn the instrument half way around.
If the bubbles are both in the middle they need no cor-
rection; but if not, turn the nuts at the end of the levels
with the adjusting pin, until the bubbles are moved over
half the error. Bring the bubbles again into the middle
by the leveling screws, and repeat the operation until
the bubbles will remain in the middle during a complete
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revolution of the instrument. The leveling screws
should be kept free at first, gradually tightening them
as final adjustment is approached.

To Avyust THE LINE oF CorrimMaTioN. This adjust-
ment is to bring the cross wires into such a position that
the instrument, when placed at the middle of a straight
line, will, by the transit of the telescope, cut the extrem-
ities of the line. Having leveled the instrument, deter-
mine if the vertical wire is plumb, by focusing on a
defined point and observing if the wire remains on that
point when the telescope is elevated or depressed. If
not, loosen the cross wire screws, BB, see Fig. 1, and
by their heads turn the ring until correct. The open-
ings in the telescope tube are slightly larger than the
screws, so that when the latter are loosened the ring
can be rotated a short distance in either direction.

Direct the intersection of the cross wires on an ob-
ject two or three hundred feet distant. Set the clamps,
and transit to an object about the same distance in the
opposite direction. Unclamp, turn the plates half way
around, and direct again to the first object; then transit
to the second object. If it strikes the same place, the
adjustment is correct. If not, the space which inter-
venes between the points bisected in the two observations
will be double the deviation from a true straight line,
since the error is the result of two observations.

In the diagram, Fig. 21, let A represent the center
of the instrument, and B C the imaginary straight
line, upon the extremities of which the line of collimation
is to be adjusted. B represents the object first selected,
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and D the point which the wires bisected when the tele-
scope was reversed.

B T [of
Fic. 21

When the instrument is turned half around, and the
telescope again directed to B, and once more reversed,
the wires will bisect an object, E, situated as far to one
side of the true line as the point, D, is on the other side.
The space, D E, is therefore the sum of two deviations
of the wires from a true straight line, and the error is
made apparent.

In order to correct this, use the two capstan head
screws BB, Fig. 1, on the sides of the telescope, these
being the ones which affect the position of the vertical
wire. It must be kept in mind that the eyepiece appar-
ently inverts the position of the wires, and therefore,
in loosening one of the screws and tightening the other
on the opposite side, the operator must proceed as if to
increase the error observed.

The wires being adjusted, their intersection may now
be brought into the center of the field of view by moving
the screws, A A, which are slackened and tightened in
pairs, the movement being now direct, until the wires are
seen in their proper position.

The position of the line of collimation depends upon
the relative position of the objective and the cross wires,
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so that the eyepiece may, as in the case just described,
be moved in any direction, or even removed and a new
one substituted, without at all deranging the adjustment
of the wires.

To Apjust TuE STANDARDS. In order that the point
of intersection of the wires may trace a vertical line as
the telescope is elevated or depressed, it is necessary
that the standards of the telescope should be of precisely
the same height. That is the center line of the horizon-
tal axis must lie in a plane perpendicular to the center
line of the spindle.  To ascertain this, and make the
correction, if needed, proceed as follows:

Having the line of collimation properly adjusted, sel
up the instrument in a position where points of observa-
tion can be selected, giving a long range in a vertical
direction, such as the apex and base of a lofty spire.

Level the instrument, direct the telescope to the top
of the object, and clamv to the spindle; then bring the
telescope down until the wires bisect some well defined
point at the base.  Turn the instrument half around,
reverse the telescope and direct to the lower point, clamp
to the spindle, and raise the telescope to the highest
point. If the wires bisect it, the vertical adjustment is
effected; if they are thrown to either side, this proves
that the standard opposite to that side is the highest, the
apparent error being double that actually due to this
cause. To correct it, we make one of the bearings of
the axis movable, so that by turning a screw underneath
this sliding piece, as well as the screws which fasten the
cap of the standard, the adjustment is made with pre-
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cision.  If the standards adjustment is altered, it is
necessary to again adjust the line of collimation.

Besides the three adjustments described, which are
all that the surveyor will ordinarily be required to make,
there are other adjustments of the transit which may
someti:_es be necessary.

To Apsust THE OBJECTIVE SLIDE. In case of acci-
dent or injury, it may be necessary to adjust the objec-
tive slide, and this should be done as follows. First
make sure that the vertical wire is as nearly plumb as
it is possible to make it. Having set up and leveled the
instrument, the line of collimation being adjusted for
objects from three hundred to five hundred feet distant,
clamp the plates, and fix the vertical cross wire upon an
object as distant as may be distinctly seen. = Without
disturbing the instrument, move out the objective so as
to bring the vertical wire upon an object as near as the
range of the telescope will allow. Having this object
clearly in mind, loosen the upper clamp, turn the instru-
ment half way around, reverse the telescope, clamp the
instrument, and with the tangent screw bring the vertical
wire again upon the near object; then draw in the objec-
tive until the distant object first sighted upon is brought
into distinct vision.  If the vertical wire strikes the
same line as at first, the slide is correct for both near
and remote objects, and, being itself straight, is correct
for all distances.

But if there is an error, proceed as follows: With a

screw driver turn the two screws, CC, Fig. 1, on the
opposite sides of the telescope, loosening one and tight-
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ening the other, so as to apparently increase the error,
making, by estimation, one half the correction required.
Then go over the usual adjustment of the line of collim-
ation, and, having completed it, repeat the operation
above described, first sighting upon the distant object,
then upon a near one in line, then reversing, making cor-
rections, etc., until the adjustment is complete.

This adjustment is a distinctive feature of Gurley
transits and furnishes the only way in which the line of
collimation can be correct for all distances.

To Apsust THE VERTICAL CircLE VERNIER. Having
the instrument firmly set up and carefully leveled by
means of the telescope level, bring into line the zeros of
the circle and vernier, and with the telescope find some
well defined point, from one hundred to five hundred
feet distant, which is cut by the horizontal wire. Turn
the instrument half way around, transit the telescope,
and fixing the wire upon the same point as before, ob-
serve if the zeros are again in line. If not, loosen the
capstan head screws which fasten the vernier, and move
the zero of the vernier over half the error; bring the
zeros again into coincidence, and proceed exactly as be-
fore, until the error is entirely corrected.

In most cases the error is slight and may be best
removed by putting the zeros in line and making the
adjustment by the horizontal wire, moving it by the
vertical capstan head screws until the vertical circle will
reverse on the same point.

To Apbsust THE LeverL oN TerLescore. When the
vernier of the vertical circle is adjusted and is at zero,
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the line of collimation is level and the bubble may be
brought into the middle of its run by the capstan head
nuts.

Another method is as follows: First level the instru-
ment carefully, using the telescope level and with the
clamp and tangent movement to the axis make the tele-
scope as nearly horizontal as may be, by the eye. Then,
having previously adjusted the line of collimation, drive
a stake at a convenient distance, say from one hundred
to three hundred feet, and note the height cut by the
horizontal wire upon a staff set at the top of the stake.

Fix another stake in the opposite direction and at
the same distance from the instrument, and without dis-
turbing the telescope turn the instrument upon its
spindle, set the staff upon the stake, and drive the stake
into the ground until the same height is indicated as in
the first observation. The tops of the two stakes will
then be in the same horizontal line, however much the
telescope may be out of level.

Remove the instrument from fifty to one hundred
feet to one side of either of the stakes and in line with
both. Again level the instrument, clamp the telescope
as nearly horizontal as possible, and note the heights
indicated upon the staff placed first upon the nearest and
then upon the most distant stake. If both agree, the
telescope is level. If they do not agree, with the tan-
gent screw move the wire over nearly the whole error,
as shown at the distant stake, and repeat the operation
just described. Proceed thus until the horizontal wire
will indicate the same height at both stakes, when the
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telescope will be truly horizontal. Taking care not to
disturb the position of the telescope, bring the bubble
into the middle by the leveling nuts at the end of the
tube, when the adjustment will be complete.

Repairs. When an instrument becomes worn from
service or is injured by a fall or accident of any kind,
it is, of course, necessary to have it repaired and refitted
before anyone can adjust it.

An instrument in need of repairs should be sent
directly to us, as our facilities enable us to do the work
economically and promptly. Always place the instru-
ment in its own case, wrap with paper, then enclose in
an outside packing case, at least an inch larger in all its
dimensions and fill the space between the two with paper
wadding, hay or shavings.

ATTACHMENTS FOR TRANSITS

N the use of the transit it is generally found advisable
to add one or more attachments to the telescope. All
Gurley transits and their attachments are made to

standard sizes, so that one or more of these useful
accessories can be fitted to the instrument at any time.

When any of these attachments are desired, either
for our instruments or those of other makers, the instru-
ment must be sent to us.  Occasionally they can be
added by a skillful mechanic nearer the customer, but
this is generally more expensive and less satisfactory.
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The principal attachments for the transit are
described on the following pages, and are:

VEerTicaL CircLE (see pages 85 to 87).

Guarp For VErTICAL CircLE (see page 85).

VerTicaL Arc (see page 88).

LeverL on TeLEscoPE (see page 89).

Beamax Stabia Arc (see pages 90 to 96).

GRADIENTER, COMBINED WITH CrLAMP AND TANGENT
(see pages 96 to 100).

DeracuasLe TELESCOPEsS FOR VERTICAL SIGHTING
(see pages 101 and 102).

ReFLECcTOR FOR ILLUMINATING THE Cross WirEs
(see page 103).

DiaconarL Prism ror Everiece oF TeLEscorr
(see page 103).

Prummer Lamp (see page 104).

AtracHep MacNiFiers To HorizoNTaL or VERTICAL
Livs (see page 106).

BurT Sorar ArTacHMENT To TELESCOPE (see pages
114 to 136).

SorLar ScreeN (see page 106).

TrLEscoric SoLAR ATTACHMENT (see pages 136
to 144).
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Fi1a. 22

No. 136 VerticaL CIRCLE, WITH
No. 141 ArumiNnum GUARD

Tue Vertican CircLe. Vertical Circle, No. 136,
is graduated on sterling silver and figured in quadrants
0 to 90 each way. We make three sizes, four inches,
four ai.d one-half inches and five inches in diameter, all
reading by one fixed vernier to single minutes.

There is an adjustment on the hub by which the grad-
uations are as accurately and permanently centered as
those of the horizontal limb.
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Fig. 238

No. 138 VerTicaL CIRCLE, WITH TWO OPPOSITE DOUBLE
VERNIERS, AND GUARD

The four inch and five inch vertical circle may be
arranged as shown in No.138, to be read by two opposite
double verniers to one minute. The verniers are sup-
ported on a ribbed frame or guard in such a manner
that the circle is concentric with the frame, and the
verniers read accurately in any position of the circle.

The frame is arranged with an adjusting screw, to
bring the verniers into exact adjustment with the level
on the telescope.
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Fia. 24

No. 139 VerrticaL CircLE, 4.5 INCHES DIAMETER, WITH
GRADUATIONS ON EDGE OR RIM, PROTECTED BY A METAL
GUARD. CIRCLE GRADUATED TO HALF DEGREES,
WITH VERNIER READING TO 1 MINUTE.

If desired the vertical circle can be graduated on the
edge or rim, so that the vernier is visible in front of
the observer without a change of position. As on
No. 138 the vernier is attached to the guard, instead of
to the standard. The adjustment is made in the same
manner as it is on the regular pattern, No. 136.

Guarp ror VERTICAL CircLe. All transits having
a vertical circle should be equipped with a guard, to
protect the graduated edge of the circle. We make an
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improved guard, shown in No.141, Fig. 22, of aluminum,
morocco finished, mounted on the standard concentric
with the circle and attached so that it can be removed or
put in place without affecting the adjustment of the
circle.

Fic. 25
Nos. 139-A, 139-B axp 140 VERTICAL ARCs

Verticar Arc. The Vertical Arc is made in three
sizes, of two, two and one-half, and three inches radius.
It is graduated on sterling silver and reads by vernier
to one minute. The vernier is swung from the axis and
is movable by a tangent screw.

The arc is léss liable to damage than the full circle.
It was first introduced to allow the Burt Solar Attach-
ment to reverse. On Gurley Transits the arc is movable
around its bearing on the axis, and it may be clamped
at approximate zero when the telescope is level and the
vernier brought to exact coincidence of zero, by a tan-
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gent screw that moves the vernier only. This Gurley
feature prevents any damage to the arc when the tele-
scope is used in the reversed position. Any vertical
angle can then be read directly on the arc. This arc
can be readily attached to any transit of our manufac-
ture.

Fic. 26
No. 145 LeveL oN TELEsScoOPE

Lever on Terescore.  The Level on Telescope,
No. 145, consists of a brass tube about six and one-half
inches long, each end of which is held between two cap-
stan nuts connected with a screw or stem attached to the
under side of the telescope tube.

The vial enclosed in the tube is a little over five
inches long and half an inch in diameter, and is ground
on its inner surface so as to insure an even movement of
the bubble, the length of which is measured by a scale
etched on the glass. The scale is graduated to two
millimeters.
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When required we supply a tube with a double open-
ing, and a Reversion Level Vial, No. 146, that can be
used either side up with equal facility.

Special attention is called to the Gurley feature of
having the level vial as nearly as practicable the full
length of the telescope. This gives increased accuracy
in leveling operations.

To adjust the level on telescope, see method described
on page 81.

Sieuts oN TELEsCOPE AND oN STaNDARDS. For con-
venience in observation, we occasionally place a pair of
small sights, No. 157, on the telescopes of our transits.
These sights have folding joints, that they may lie close
to the telescope when not in use. Sights, No. 158, may
also be placed on the standards at an angle of ninety
degrees with the telescope, for use in offsetting.

BeamanN Stapia Arc

HE Beaman Stadia Arc is manufactured only by

W. & L. E. Gurley, was devised and patented by

W. M. Beaman, a topographer in the United States
Geological Survey, and is now extensively used by that
bureau in its topographical surveys. In 1906 we
introduced it on our transits and alidades, and because
this arc furnishes engineers with a rapid and exact
mechanical solution of the stadia problem, the use of
the stadia in surveying has been popularized to an
appreciable extent. :

By the use of this arc precise differences in elevation,
and reduced horizontal distances can be determined with
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great rapidity, and without the intricate calculation here-
tofore necessary.

The arc is attached to the vertical limb of the transit
Tig. 9, or alidade Tigs. 97 and 98, and carries two scales
having coincident zero points, marked 0 and 50 reSpéc—
tively, either scale being read by an index common to
both. The scale graduations are so spaced and figured
as to give simple multiples of the rod interval.

The Beaman Stadia Arc can also be used for metric
measurements, as the graduations are based on a ratio
of 1 to 100, which is 1 foot to 100 feet, or 1 meter to
100 meters. The stadia constant should be transposed
to meters, however, when this unit is used.

ADVANTAGES OF THE BEAMAN StADIA ARC

1. The use of stadia tables, slide rules, or diagrams is
entirely obviated.

2. There is no vernier or similar contrivance to be read.

3. Final results are obtained in less than one-third the
time required by ordinary methods.

4. The accuracy of results is identical with formulae
or table computations, regardless of the angle or
distance.

5. The simplicity of the process practically eliminates
the chances of error incidental to the use of other
methods.
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Fie. 27
GRADUATIONS
oF BEAMAN
Stapia Arc

The Beaman Stadia Arc can be
supplied with any new transit or tele-
scopic alidade of our manufacture having
a vertical limb of either a one vernie:
vertical circle, a two vernier circle, or a
vertical arc. This attachment can also
be fitted to any old Gurley transit or
telescopic alidade, but the additional
cost of alterations and readjusting can
only be determined upon examination of
the instrument, which must be in our
hands for this purpose.

For view of the graduations of the
Beaman Stadia Arc as applied to tele-
scopic alidades, see Fig. 27.

To obtain difference in elevation between instrument
and rod the scale marked Vert. is used.  This scale
indicates multiples of the rod interval, for determining

differences in elevation between instrument and rod.
The zero point of this scale is marked 50, so a scale
reading less than 50 indicates that the telescope is de-
pressed, while a reading greater than 50 shows that
the telescope is elevated.



TransiT INSTRUMENTS 93

A unique feature of the use of the multiple scale is
that only such inclinations of the telescope need be used
as will give a whole number vertical scale reading, while
the fractional part of the elevation is shown by the rod
reading.

To obtain the desized multiple, therefore, sight any-
where on the rod, it does not matter where, so that a
whole number reading is obtained on the multiple scale.

Subtract 50 from this scale reading and use the alge-
braic remainder; e. g., if the Vert. scale reads 56, the
multiple is 56—50—=-}6. If this scale reads 47, the
multiple is 47—50—=—3.

Ezample: Suppose the observed subtended stadia
reading on the rod to be 6.40 (640 ft.), and to obtain
a whole number for the scale reading, the telescope is
inclined so that the multiple scale reads 33, at which
setting the middle wire reads 7.30 on the rod.

Then the desired multiple equals
33 —50 = — 17
and — 17 X 6.40 — — 108.8
Difference in elevation between instrument and base
of rod is then,
—7.30—108.8 = —116.1 ft.

The negative sign indicates that the point where the
rod was held is lower than the instrument.

For accurate work at the higher angles it is also
necessary to add to the difference in elevation the cor-
rection for the stadia constant, f |~ c¢. This correction
is (f 4 c¢) sin vertical angle.
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Tue True HorizontaL Distance is found by means
of the scale marked “Hor.”, which gives at the same
pointing a direct reading of the percentage of correction
(always subtractive) necessary to reduce the observed
stadia reading (in feet subtended) to the true horizontal
distance.

Ezample: At the above setting the reduction scale
would read 3, or 3%.

3% of 640 ft. = 19.2 ft.

640—19.2 = 620.8 ft., the true horizontal distance.

If the accuracy desired requires the use of the stadia

constant, (f - ¢) cos vert. angle should be added to the
horizontal distance as determined above.

A Form or Notes ror Use witH BEamMaN Stapia Arc

(Reprinted by permission of United States
Geological Survey)

To facilitate the slight computation necessary to
determine differences in elevation, a special form of
notes has been devised for use with this attachment.

Stadia Arc ‘
R Distance | Produet Eod Diﬁil;'ence Elevation | Station
Correction R

B.S. | F.S. f
654.7 B. M.
54 4.2 — 16.8 + 8.2 — 8.6 646.1 8 HE
48 6.3 — 12.6 — 4.9 —17.5 628.6 R
44 9.2 + 55.2 4 4.3 +59.5 6s8.1 | H. I
57 15.8 +110.6 —13.8 +96.8 784.9 P
50 8.4 + 6.7 + 6.7 791.6 H. 1.
50 5.6 — 9.8 — 9.8 7S1.8 . P,
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The Beaman Arc reading is placed under the appro-
priate heading, B. S. or F. S, in the above table. All
sights are to be regarded as foresights, except those
taken to determine the H. I. Thus, after a B. S. has
been taken to determine the H. I., all intermediate rod
stations, whether taken before the rod reaches the instru-
ment or after the rod goes ahead, are to be entered as
foresights.

The distance is recorded as 4.2, 6.3, etc., meaning
420 feet, 630 feet, ete.

The column headed “Product” is for the multiple
times the distance; for example 4 X 4.2 = 16.8; 4 being
the multiple for a stadia arc setting of 54.

The column headed “Rod Correction” is for the final
reading of the middle wire on the rod.

The signs to be aflixed to the “Product” and to the
“Rod Correction” are determined according to whether
the observation is a B. S. or a F. S., by following a rule
of universal application, namely:

Product Rod Correction

B. S. Opposite sign to that indicated by arc reading... +
F. 8. Same sign as that indicated by arc reading...... —_

A stadia arc reading of 54 indicates -}; therefore,
here the sign of the “Product” is — for a B. S., and -
for a F. S.

Note that the sign of the “Rod Correction” is the
same as in leveling.

When the line of sight is level, the stadia reading is
50, and hence the multiple is 0, which gives a “Product”
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0. The only entry is, therefore, the “Rod Correction,”
or the final rod reading, whose sign follows the above
rule.

Take the “Product” and the “Rod Correction” by
pairs, and add algebraically; e. g., —16.8 - 8.2—=—8.6,
the “Difference of Elevation.” This, applied algebrai-
cally to the last known elevation, gives the elevation
desired.

GRADIENTER
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No. 150, GRADIENTER



TraNSIT INSTRUMENTS 97

TaE GRADIENTER

HIS attachment is a modification of the tangent

screw attached to the horizontal axis of the tele-

scope, and is used in measuring small vertical angles
in terms of their tangents. It is useful in measuring
distances, establishing grades, and similar work.

It consists of a screw accurately cut to a determined
number of threads which, passing through an eccentric
sleeve nut on one side of the arm, presses against the
small stud, A, fixed to the inside of the right-hand stand-
ard. A drum having a rim of sterling silver is adjust-
ably centered on the micrometer screw. This drum is
graduated into 100 equal parts and a short arm carries
a small scale, graduated to read complete turns of the
micrometer screw, which serves as an index to the mi-
crometer drum. Pressing against the opposite side of
the stud is an enclosed spiral spring which maintains a
positive movement of the Gradienter screw.

Use oF THE GRADIENTER

The Gradienter can be used for the determination
of vertical angles less than 6° from the horizontal and
also for the determination of horizontal distances, with-
out reading the vernier on the vertical circle.

DererMiNING DirrereNces 1IN Erevation.  The
initial reading for each determination should be taken
when the graduated edge of the drum is near the zero
mark on the index bar.

For a depression angle, the center cross-hair of the
telescope is placed on the H.. I. point of the rod and
the reading of the micrometer is noted, using the nearest
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even division for general work and nearest one half
division for close work. (The reading need not be
zero, but may be any number from 0 to 100.) The
micrometer is then turned until the instrument is level,
the whole turns of the drum (each ¢qual to 100 divisions)
being counted or noted on the scale as the screw is
revolved. When the level bubble is centered, the read-
ing of the micrometer is noted, and the difference
between the two readings, plus 100 for each whole turn
of the screw determines the angle. For example, if the
initial reading is 20 and is followed by two turns of
the screw and a final reading of 32, the angle is equal
to 212 divisions. As the screw is so cut that one com-
plete turn intercepts one foot on a rod held 100 feet
away, the difference in elevation is 2.12, times the dis-
tance divided by 100. As the distances are measured
from the center of the instrument there is no stadia
constant.

For an angle of elevation the procedure is the same,
except that the instrument is first leveled, the initial
reading on the micrometer taken, and the telescope is
then turned upward to the H. I. point on the rod.

Distance MeasuremENTs. Under ordinary condi-
tions, for shots up to 1500 feet in length, the usual
method of reading the stadia interval on the rod will
probably be preferred but for the occasional long shots
that are unavoidable in a traverse, and for work in hazy
weather, the gradienter determination of distance is

much more accurate and is easier to read.



TransiT INSTRUMENTS 99

To determine the distance, the zero of the microm-
eter drum is set opposite a division of the scale. Using
the center cross-wire set the target near the bottom of a
rod held on the point, the distance to which is desired.
Read the target setting. Rotate the drum one complete
turn and again set the target. Read the second target
setting. The number of hundredths of a foot difference
between the two target settings will be the distance
in feet.

As it is desirable to read as great an intercept on
the rod as possible, it is sometimes necessary to read
more than one complete turn of the micrometer screw.
In general the distance equals the rod intercept in feet
divided by the number of turns of the micrometer drum,
the quotient multiplied by one hundred. For example:

Drum reading 2.85 Rod reading 0.246

Drum reading 4.63 Rod reading 13.128

Turn of Drum = 1.78 Rod intercept 12.882
Distance = 222 x 100 = 728.7 feet.

1.78

Where this measurement is made on a heavy slope,
the correct horizontal distance is obtained by using
stadia 1eduction methods.

The original setting of the drum should be such that
the screw can be rotated in a right hand direction.

EstasrisHiNe Grapes. One of the most important
uses of the Gradienter is in establishing grades in sur-
veying connected with railroads, streets, highways,
sewers, canals, irrigation ditches, etc. The procedure
is as follows: First, level the instrument: Bring the
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telescope level to its center by the clamp and the grad-
ienter screws; keeping the telescope level, the graduated
head may be turned on its shaft until its zero is brought
to the edge of the scale; then turn off as many spaces
on the head as there are hundredths of feet to the hun-
dred in the grade to be established.

To avoid the possibility of error, observations should
be taken by turning the screw always in the clock wise
direction for the same series of observations.

The Gradienter drum and the index are graduated
on sterling silver; thus the graduations are even, distinct
and permanent. The entire attachment is of such con-
struction and workmanship that it can be depended
upon for accurate work.

See illustrations of Transit No. 10-A, Fig. 11, and
Transit No. 10-A-3, Fig. 14.

ADJUSTMENT OF THE GRADIENTER

In the Gurley Gradienter attachment the value of
the screw thread is such that a complete revolution of
the serew will move the horizontal cross wire of the
telescope over a space of one foot on a rod held at a
distance of 100 feet. If the screw is turned through
fifty spaces on its graduated head, the wire will pass
over fifty one-hundredths, or one-half foot on the rod,
and so on in the same proportion. The same ratio
applies to metric measurements, 1 meter to 100 meters.

If this condition does not obtain, loosen the hexa-
gonal nuts and turn the eccentric to the right or left
thus lengthening or shortening the arm until the ratio
is as required.
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.
P 3 -

DeracrasLE TeLEScoPES FOR VERTICAL SIGHTING
1N Mine SurvEvING

Aconvenient arrangement for sighting up or down a
vertical shaft is shown in No. 160, in which an

extra telescope is fitted with a flange and disk con-
necting it with the axis, so as to make it precisely
parallel with the main telescope. A counterpoise, as
shown, is fitted to the other end of the axis, and both
telescope and counterpoise can be detached and placed
in the transit box when not in use.

In No. 161, the extra telescope is connected with the
main telescope by coupling nuts, which fasten it directly
over the center of the instrument and allow its ready
removal and replacement without disturbing its adjust-
ments. In both arrangements the extra telescope is
adjusted to the main telescope of the transit so that the
lines of collimation of both are parallel and in the same
plane, horizontal in No. 160 and vertical in No. 161;
and in both, the extra telescope swings over the outside
of the transit plates. The diagonal prism, No. 168, is
often used with the extra telescope for greater conven-
ience in sighting.

RerLECcTORS FOR ILLUMINATING CrOss WirEs. Nos.
165 and 166, are elliptical pieces of silver inclined at an
angle of forty-five degrees with the ring, which is fitted
to the objective end of the telescope. The opening of the
reflector allows the use of the telescope, while a light
held near the inner surface illuminates the cross wires.
No. 165 is for transits and No. 166 is for levels.
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WALEGURLEY
TROY, NY.

Fic. 30

NO0s. 165 AND 166 CROSS WIRE ILLUMINATING REFLECTORS

Tue Diaconar Prism, No. 168, is used when it is
necessary to observe greater vertical angles than can be
taken with the ordinary telescope. It consists of a
prism attached to
the cap of the

% eyepiece by
E — means of which
E" ":!) the image of the
& object is reflect-
i 5 ed through a

\

right angle to the

eye. When the

TF1e. 31 telescope is di-

NO. 168 DIAGONAL PRISM rected to the

sun, a slide

containing colored glass is moved over the opening to
eliminate the glare.
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The circular plate to which the prism is attached is
made to turn in the cap, so that, when it is substituted
for the ordinary cap of the eyepiece, the opening of the

Fi1c. 82
No. 170 PLUMMET LAMP

prism can be easily adjusted
to the position of the eye.
Observations can be taken
with the prism up to an
angle of sixty degrees ele-
vation.

Tue PrummeT Lame, No.
170, is a large plummet, of
which the upper part is hol-
low to contain oil. It has a
tube with a wick, and an
extinguisher.

It is hung in gimbals by
chains with a hook, and so
always assumes a vertical
position, and when suspend-
ed from the shifting center
of a leveling head it can be
easily adjusted over a given
point.

These lamps are packed
in a wooden case, furnished
with a strap to sling over
the shoulders. The weight of
each lamp is about one and
one-quarter pounds, and
either one, two, or three may
be packed in a single box.
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ParenxteEp LatiTupE Lever, No. 193, is used for
recovering the latitude on a solar transit without referr-
ing to the vertical arc, and also for setting the telescope
at any desired angle in running grades and similar work.

It consists of a level connected by a short conical
socket with the end of the telescope axis, to which it is
clamped by a milled head screw, and made adjustable
by a tangent screw and spring on the enlarged end of
the tube. When the clamp screw is released the level
turns vertically upon the axis, and can thus be set at
any angle with the telescope, the final adjustment being
made by its tangent screw.

The latitude being set off upon the vertical arc as
usual, the level is clamped and brought into the middle,
as above described.

The telescope may then be released and used in
running lines, until it is desired to recover the latitude
again. This is easily and accurately done without re-
ferring to the vertical arc.

The use of the attachment in running any desired
grade is readily understood.

Patented latitude level, No. 193, together with an ad-
justing level, No. 196, and an adjusting bar, No. 197,
are furnished without extra charge with any new transit
having a Burt Solar Attachment.
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ATTACHED MAGNIFIERS OR
Microscores are frequently
used over the verniers of the
horizontal or vertical limb, and
are held by a universal three-
jointed arm, which allows the
lens to be placed over any
point of the vernier. The
magnifier for the “A” vernier
can also be used for reading
the vernier of the vertical limb

Fic. 33
No. 180
ATTACHED MAGNIFIER

(any style having one vernier.)

Attached microscopes, Nos. 181 and 182, can be
supplied if desired. @ See No. 18-A Piecise Transit,
page 49.

~¥-

Miegurery 7RO%

Fi1c. 34
. No. 192 SoLAR SCREEN

SorLar ScreEn. If desired, we furnish a Solar
Screen arranged to clamp to the eyepiece end of the
telescope, and detachable at will. On this screen the
image of the sun and cross wires can be readily observed,
a greater focusing movement of the eyepiece, however,
being required.



TransiT INSTRUMENTS 107

ASTRONOMICAL TERMS

IN the following pages we define the terms employed
in the use and adjustment of the Solar Attachment,

which may be helpful to one not familiar with solar
instruments. (See Fig. 35).

Sun. The sun is the fixed center of the solar sys-
tem, although for convenience it is often spoken of as
in motion around the earth.

Earrin. The earth makes a complete revolution
around the sun in three hundred and sixty-five days,
five hours, forty-eight minutes, and forty-six seconds.
It also rotates about an imaginary line passing through
its center, termed its axis, once in twenty-three
hours, fifty-six minutes, and four seconds, mean time,
turning from west to east.

Pores. The poles are the extremities of the axis.
That in our hemisphere, known as the north pole, if
produced indefinitely toward the heavens, would reach
a point near the polar star, called the north pole of
the heavens.

Equaror. The equator is an imaginary line passing
around the earth, equidistant from the poles, and in
a plane at right angles with the axis. If the plane of
the equator were produced to the heavens, it would
form what is called the celestial equator.

Orsrr. The orbit of the earth is the path in which
it moves in its yearly revolution. If the plane of this
orbit were produced to the heavens, it would form the
ecliptic, or the sun’s apparent path in the heavens.
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The earth’s axis is inclined to its orbit at an angle of
about 23° 27', making an angle of the same degree be-
tween the earth’s orbit and its equator or between the
celestial equator and the ecliptic.

Equinoxes. The equinoxes are the two points at
which the ecliptic and the celestial equator intersect one
another.

DzcrinaTioN oF THE SuN. The declination of the
sun is its angular distance north or south of the celestial
equator. When the sun is at the equinoxes, about the
21st of March and the 21st of September of each year,
its declination is 0, or it is said to be on the equator.
From these points its declination gradually increases,
until on the 21st of June and the 21st of December it is
23° 27" distant from the equator.

It is the declination which causes the sun to appear
so much higher in summer than in winter, its altitude in
the heavens being about 46° 54’ more on the 21st of
June than it is on the 21st of December.

Horizox.  The horizon of a place is the visible
boundary of a plane, tangent to the earth at that place,
or at right angles to a vertical line. The horizon, or a
horizontal surface, is determined by the surface of a
liquid at rest, or by the spirit levels of an instrument.

ZenytH. The zenith of a place is the point directly
overhead, in a line at right angles with the horizon.

MzripiaN. The meridian circle of a place is a great
circle passing through the zenith of that place and the
poles of the earth.
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The meridian, or true north and south line, is the
line determined by the intersection of the plane of the
meridian circle with the plane of the horizon.

MermiaN ALTITUDE. The meridian altitude of the
sun is its angular elevation above the horizon when
passing the meridian of the place, and is equal to the
co-latitude plus the declination.

Larrrupe. The latitude of a place is its angular
distance north or south of the equator, measured on the
meridian. At the equator the latitude is 0°, and at the
poles 90°.  The co-latitude of a place is its angular dis-
tance from the nearest pole, and is equal to 90° minus
the latitude.

Longrrupe. The longitude of a place is its angular
distance east or west of a given place taken as the
starting point, or first meridian. It is measured on the
equator or on any parallel of latitude.

In the Nautical Almanac, which is commonly used
with a solar instrument, the longitude of the principal
places in the United States is reckoned from Greenwich,
England, and expressed both in degrees and hours.

ZexitH Distance. The zenith distance of any
heavenly body is its angular distance north or south of
the zenith of a place, measured when the body is on the
meridian.  The zenith distance of the north pole is
equal to the co-latitude.

Suppose a person to be on the equator at the time of
an equinox; the sun, when on the meridian, would be in
the zenith of the place, and the poles of the earth would
lie in a horizontal line.
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Disregarding, for the present, the declination of the
sun, let us suppose that the person travels toward the
north pole. As he passes to the north, the sun will
descend from the zenith, and the pole will rise from the
horizon in the same proportion, until when he arrives
at the north pole of the earth the sun will have declined
to the horizon, and the pole of the heavens will have
reached the zenith.

The altitude of the pole at any place, or the distance
of the sun from the zenith, would, in the case supposed,
give the observer the latitude of that place.

If we now take into account the sun’s declination, it
will increase or diminish its meridian altitude, according
as it passes north or south of the equator; but the declin-
ation of the sun at any time being known, its zenith
distance, and therefore the latitude of the place, can be
readily ascertained by an observation made when the
sun is on the meridian. It is by this method that we
obtain the latitude of any place by the Solar Attach-
ment.

Tmme. A solar day is the interval of time between
the departure of the sun from the meridian of a place
and its succeeding return to the same position. The
length of the solar day, by reason of the inclination of
. the earth’s axis, is constantly changing.

Mean SorLar Dav. In order to have a uniform
measure of time, we have recourse to what is termed a
mean solar day, the length of which is equal to the mean
or average of all the solar days in a year.
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Mzea~n Sorar Time. The time thus given is called
mean solar time, and is the same at any instant for all
points on the same meridian, differing, however, at
points on different meridians.

Staxparp Time. Since November, 1883, in the
United States, the mean solar times of the meridians
60°, 75°, 90°, and 120° west of Greenwich are adopted
as standard time, and are called respectively Colonial,
Eastern, Central, Mountain, and Pacific time. The time
of each place differs from that of the next by one hour.
Instead of employing the local mean solar time, the
time used is the mean solar time at the nearest of the
standard meridians.

At Troy, N. Y., the longitude is 73° 40" west, or
four hours, fifty-four minutes and forty seconds; hence
the mean solar time is five minutes and twenty seconds
more than the standard time. At Minneapolis the long-
itude is six hours, twelve minutes and fifty-seven
seconds; hence the mean solar time is twelve minutes
and fifty-seven seconds less than standard time, since
the city is west of the meridian.

Equation or Time. The sun’is sometimes faster
and sometimes slower than the clock, the difference being
called the equation of time. It gives the difference
between the solar day and the mean solar day.

ArPARENT NooN. The moment when the sun is on
the meridian of any place is called apparent noon, and
this being ascertained, we can, by adding the equation
of time for the given day to, or subtracting it from,
apparent noon, according as the sun is slow or fast,
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obtain the time of mean noon, which, converted to stan-
dard time, is used to set the watch.

DirFerENCE oF LoNGITUDE. As the earth makes a
complete rotation upon its axis once a day, every point
on its surface must pass through three hundred and sixty
degrees in twenty-four hours, or fifteen degrees in one
hour, and so on in the same ratio. As the rotation is
west to east, the sun would come to the meridian of every
place fifteen degrees west of Greenwich just one hour
later than the time given in the Ephemeris for apparent
noon at Greenwich.

To an observer at Troy, N. Y., the longitude of
which is, in time, four hours, fifty-four minutes, forty
seconds, the sun would come to the meridian nearly five
hours later than at Greenwich, and thus, when it is 12
M. at that place it is only about 7 A. M. in Troy.

RerFracTioN. By reason of the atmosphere, the
rays of light from the sun are bent out of their course,
so as to make its altitude appear greater than is actually
the case.

The refraction varies according to the altitude of the
body observed, being zero when it is in the zenith, about
one minute when midway from the zenith to the horizon,
and almost thirty-four minutes when in the horizon.
The proper allowance to be made for refraction in
setting off the declination is’ fully explained on pages
125 to 131.

Errect oF RerFracTioN. If the latitude and declin-

ation of the sun were both zero, the position of the sun
at noon would be at the zenith and there would be no
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BurT SoLAR ATTACHMENT

HE solar attachment is essentially the solar appara-

tus of William A. Burt, placed upon the cross bar

of the ordinary transit. A disk one and one-half
inches in diameter, having a short, round pivot project-
ing above its upper surface, is screwed to the telescope
axis. Upon this pivot rests the enlarged base of the
polar axis, which is firmly connected with the disk by
four capstan head screws passing from the under side
of the disk into the base. These screws serve to adjust
the polar axis, as will be explained hereinafter.

Hour Circre. The hour circle surrounding the base
of the polar axis is easily movable about it, and can be
fastened at any point desired by two flat head screws
above. It is graduated to five minutes of time, is figured
from I to XII, and is read by an index fixed to the dec-
lination arc and moving with it. A hollow cone or
socket, fitting the polar axis and made to move upon it,
or to be clamped at any point desired by a milled head
screw on top, furnishes by its arms below a firm sup-
port for the declination are, which is fastened to it.

DecriNnaTioNn Arc. The declination arc has a radius
of five inches, is graduated to quarter degrees, and reads
by vernier to single minutes. The declination arc has
the usual lenses and silver plate on the two opposite
blocks, also a clamp and tangent movement, as shown in
the illustration.  The arc of the declination limb is
turned on its axis and one or the other solar lens is used,
as the sun is north or south of the equator. The illus-
tration shows its position when the sun is north.
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Latitupe Arc. The latitude is set off by means of
a large vertical limb figured from the center each way
in two rows, from O to 80 degrees and from 90 to 10
degrees, the first series being intended for reading ver-
tical angles, and the second series for setting off the

Fia. 385

No. 190 BurT SoLAR ATTACHMENT

latitude.  The vernier of the vertical limb is made
movable by the tangent screw so attached that its zero
and that of the limb are readily made to coincide when,
in adjusting the limb to the level of the telescope, the
arc is clamped to the axis.
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The usual tangent movement to the telescope axis
serves to incline the telescope to the proper angle, as
described. A level on the under side of the telescope,
with ground and graduated vial is indispensable in the
use of the solar attachment. The arcs, verniers, and
hour circle are all graduated on sterling silver.

ExpranaTioN oF THE BURT SOLAR ATTACHMENT.
When the telescope is set horizontal by its spirit level,
the hour circle will be in the plane of the horizon, (see
Fig. 386), the polar axis will point to the zenith, and the
zeros of the vertical arc and its vernier will coincide.
If we incline the telescope, directed north, the polar
axis will descend from the direction of the zenith. The
sun’s polar distance, or the co-latitude of the place, can
be laid off on the vertical arc—the latitude itself being
found by subtracting this amount from 90 degrees, or
by reading the inner row of figures, which amounts to
the same thing.

When the sun passes above or below the equator, its
declination, or angular distance from it, as given in the
Ephemeris, can be set off upon the declination arc, and
its 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. Thus the position of the sun’s image
will indicate not only the latitude of the place, the dec-
lination of the sun for the given hour, and the apparent
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time, but it will also determine the meridian, or true
north and south line passing through the place where
the observation is made.

The interval between two equa-
@ torial lines, as well as between the
S O hour lines on the silvered blocks, is
just sufficient to include the circular
image of the sun, as formed by the solar lens on the
opposite end of the revolving arm.

DecrinaTion. Allowance for declination: Let us
now suppose the observation made when the sun has
passed the equinoctial point, and when its position is
affected by declination.

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

When the solar attachment is accurately adjusted
and the transit plates precisely horizontal, the latitude
of the place and the declination of the sun for the given
day and hour being set off on their respective arcs, and
the instrument set approximately 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 par-
allel 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 the error will be detected.

From the position of the sun in the solar system we
thus obtain a direction absolutely unchangeable, from
which to run lines and measure horizontal angles.
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This simple principle is not only the basis of the
construction of solar instruments, but it is the sole cause
of their superiority over instruments having only the
magnetic needle. For in an instrument having a mag-
netic needle, the accuracy of the horizontal angles
indicated, and therefore of all the observations made,
depends upon the delicacy of the needle and the con-
stancy with which it assumes a certain direction, called
the magnetic meridian.

ADVANTAGES OF THE BURT SoLAR ATTACHMENT.
The attachment can be added to the telescope of any
good transit at a comparatively small expense, thus
enabling the surveyor to establish the true meridian, to
determine the correct latitude, and to obtain true time
. approximately.

Its adaptation to the purposes of illustration and
instruction in practical astronomy in colleges and schools
will occur to every teacher; and it furnishes for the
surveyor a long sought and much needed instrument.

When not in use the attachment should be removed
from the telescope and packed in the instrument box,
and the thin shield put on the polar axis and kept in its
place by the screw and washer of the socket.

It is evident that all transits to which the solar
attachment is to be added should have a horizontal limb
and verniers, and should be furnished with a level on
telescope, clamp and tangent to telescope axis, and a
vertical arc and vernier. They should also have a mov-
able compass circle to set off the magnetic declination,
and should be leveled by leveling screws. They must
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Fi1c. 36
No. 30-A Precise TraNsIT
wiTH BUrRT SOLAR ATTACHMENT
ILLUSTRATION ALso sHows BEaMAN Stapia Arc
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be in perfect order, especially in respect to the sockets,
before correct work can be done. )

Care oF THE Burt Sorar AtrtacHMENT. The Solar
Attachment can be used with satisfactory results only
on a transit which is in good repair and adjustment.
The errors arising from defects either in worn or dem-
aged bearings or imperfect adjustment have a direct
effect on the Solar Attachment.

The principal sources of error in the transit are
found in damaged plates or centers, loose centers, or
irregular or loose bearings of the telescopic axis. The
latter is the most frequent, and effects the setting of
the latitude by describing an elipse instead of a true arc.

The transit must be kept clean at all times, the polar
axis covered with the shield provided for the purpose
when the Solar is not in use, and the tapered bearing
and seat, as well as the socket of the Attachment,
thoroughly cleaned with a soft cloth before using.

By taking the precautions mentioned and barring
accidents, the Solar will remain in perfect order and
adjustment indefinitely.

To Apsust THE BURT SoLAR ATTACHMENT

To adjust the Burt Solar Attachment, proceed as
follows:

Sorar LENnsgs anp Lines. Detach the declination
arm by taking off the clamp and tangent screws, and
remove the center by which the arm is pivoted on the arc.

Substitute for the declination arm upon the attach-
ment the adjusting bar furnished with every solar
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instrument. The center of the declination arm fitting
into the hole at one end of the bar, and the bar being
further secured to the attachment by the clamp screw
passing through the hole in the declination arc left by the
removal of the tangent screw, into the threaded hole at
the other end of the adjusting bar, thus forms a sup-
port upon which the declination arm can be adjusted.

Place the declination arm on the adjuster, turn one
end to the sun, and bring it into such a position that the
image of the sun is made to appear precisely between
the equatorial lines on the opposite plate.

Carefully turn the arm over, until it rests upon the
adjuster by the opposite faces of the rectangular blocks,
and again observe the sun’s image. If it remains be-
tween the lines as before, the arm is in adjustment. If
not, loosen the three small screws 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 adjust-
ment, and the arm may be replaced in its former position
on the attachment. This adjustment is very rarely
needed in our instruments, the lenses being cemented in
their cells and the plates securely fastened.

To Apjust THE VERNIER OF THE DECLINATION ARrc.
Set the vernier at zero, and raise or lower the telescope
until the sun’s image appears exactly between the
equatorial lines.
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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 ver-
nier; place the zeros of the vernier and limb in exact
coincidence, tighten the screws, and the adjustment is
complete.

To Apsust THE Porar Axis. Level the instrument
carefully by the long level of the telescope, using the
tangent movement of the telescope axis in connection
with the leveling screws, until the bubble will remain in
the middle during a complete revolution of the instru-
ment upon its axis.

Place the solar attachment upon the axis and see
that it moves easily around it. Bring the declination
arm into the same vertical plane with the telescope,
place the Adjusting Level, No. 196, upon the top of the
rectangular blocks, and bring the bubble of the level
into the middle by the tangent screw of the declination
are.
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Fi16. 37
No. 196 STrIDING OR ADJUSTING LEVEL

Turn the arc half way around, bringing it again
parallel with the 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 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 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.
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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 revolution of the are, showing that the polar axis
is at right angles with the level under the telescope,
or truly vertical.

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

The adjusting level itself can be easily corrected,
if necessary, by the screw at one end, when reversed
upon a plane surface, exactly as a mason’s level is
adjusted. ]

To Apsust THE Hour Arc. Whenever the instru-
ment is set in the meridian, as will be hereafter describ-
ed, 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 the proper reading is indicated, fasten the screws
again, and the adjustment will be complete.

To Use THE BURT SOLAR ATTACHMENT

1. Compute the sun’s declination for the day and
the hours when observations are to be made, as shown
in the examples on pages 132 to 184.

2. Set the declination arc for the hour as computed.

8. Carefully level the transit, using the long tele-
scope level for precision.
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4. Set the latitude of the place on the vertical circle
or arc, and the zeros of the horizontal limb and south
vernier in coincidence. All motions are now clamped.

Release the lower socket motion and turn the transit
until the sun’s image is precisely between the horizontal
lines, using the lower tangent screw.

The instrument will then be in the true meridian,
and an angle read by the verniers is the angle from the
meridian.

Nore 1. During north declination, or between the
months of March and September, the graduated arc end
of the Solar Attachment is pointed toward the sun.
During the other one-half of the year, the opposite end
is toward the sun.

Note 2. The greater the care exercised in setting
the declination and latitude and the leveling of the
instrument, the better will be the results obtained.

Observations may be made with the telescope pointed
north, objective end depressed; again with the telescope
pointed south, eye end depressed; or again with the
telescope reversed and the attachment on the other
side—two other observations. Thus with four distinct
observations, the mean may be taken and any errors of
adjustment eliminated.

RerractioN 1N DecriNatioN. The Table of Re-
fractions on pages 127 to 181 is calculated for latitudes
between 214° and 70°, at intervals of 214°, that being
as near as is required.

The declination ranges from 0° to 20° both north
and south, the - declinations being north and the —
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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 0 hours being
that which affects the observed declination of the sun
when on the meridian, commonly known as meridional
refraction. The refraction for the hour just before or
after noon is so nearly that of the meridian that it may
be called and allowed as the same.

When the table is used, it must be remembered that
when the declination is north the algebraic sign in the
table is plus, when it is south the algebraic sign is minus,
and the declination is always added algebraically. It will
be noticed that the refraction in south, or —, declination
increases very rapidly as the sun nears the horizon,
showing that observations should not be taken with the
sun when it is south of the equator, less than one hour
from the horizon.

Tre Sovrar EpHEMERIS is published annually. It is
an abridgment of the Nautical Almanac, issued by the
United States Government, and contains a Table of
Mean Refractions in Declination and Tables of Times
of Elongation, Culmination and Azimuths of Polaris.
It can be conveniently carried in the vest pocket. A
copy will be sent postpaid to any engineer or surveyor,
upon request..
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TABLE OF MEAN REFRACTIONS IN
DECLINATION

To apply on the declination arc of the Solar Attach-
ment of either compasses or transits.

Computed by Edward W. Arms, C. E., for W. & L. E. Gurley, Troy, N. Y.
DECLINATIONS
28
)
22 For Latitude 2° 30’
Z
[
+20°| +15°| 410°| +35° 0° —35° | —10° |—15°[—20°
0 h. —18" | —12" | —O07” | —O02” +02” 07" 127 18”1 23”7
2 —18 —12 —07 —02 +02 07 12 18 23
3 —17 —11 —06 —01 +03 08 13 19 25
4 —15 —10 —05 0 +05 10 15 21 27
5 —10 —035 0 405 10 15 20 26 32
For Latitude 5°
0 h, —15” | —10"| —05" o” 405" 10” 15" 207 27"
2 —15 —10 —05 0 +05 10 15 20 27
3 —13 —08 —03 402 | 07 12 17 23 29
4 —10 —035 0 +05 10 15 20 27 32
5 —05 0 +05 10 15 20 27 32 | 40
For Latitude 7° 30’
0 h. —137| —08” | —o02" 402" 08" 13~ 18" 24" 297
2 —12 —07 —01 +03 09 14 19 25 31
3 —10 —035 0 +05 10 15 20 i 26 32
4 —05 0 -+05 10 15 20 26 32 39
5 +07 12 17 23 29 36 43 ‘ 51 |1'01
For Latitude 10°
0 h. | —10”| —O05" 0" 405" 10~ 15”7 20" 267 327
2 —07 —03 +02 07 12 17 22 28 34
3 —05 0 +03 08 13 19 25 31 38
4 05 10 15 20 26 32 39 46
5 +15 20 26 32 39 46 55 1706 |1'19
For Latitude 12° 30’
0 h., | —087| —02"| 4027 08” 13” 187 24" 307 | 36"
2 —06 00 —+035 10 15 20 26 32 39
3 +02 07 12 17 23 29 36 43 51
4 04 09 14 20 25 31 40 48 55
5 21 27 33 40 48 a7 1'08 1’23 |1°41
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TaBLe oF MeEaN RerracTiONs IN DECLINATION

= = DECLINATIONS
3 -
:g% For Latitude 15°
i
<0 4200 | 4150 | 4100 | +5° 00 | —s° | —10° |—15°|—20°
0 h. | —05” 0” | 405" 10" 15% 21~ 27" 33" 40"
2 —03 +02 07 12 18 23 29 36 43
3 401 05 11 16 22 28 34 41 49
4 08 12 19 24 30 37 44 53 | 1’04
5 29 34 41 49 59 110 1’24 | 143 |2 08
For Latitude 17° 30’
0 h. | —02” | +02” 08” 13" 187 247 30” 36”7 | 44"
2 0 05 10 15 21 27 33 40 48
3 +02 10 15 21 27 33 40 48 57
4 13 18 23 29 35 43 51 (101 {113
5 34 41 49 58 1’10 1'23 1’41 {206 {242
For Latitude 20°
0 h. 0” 05" 107 15” 21% 27" 33”7 407 | 48"
2 03 07 13 18 24 30 36 44 52
3 06 13 18 24 30 36 44 32 |1°02
4 17 22 28 35 42 50 100 1’11 [126
5 39 47 57 1'07 1’20 1’37 200 |232 3 25
For Latitude 22° 30’
0 h. G2 08” 13”7 18” 24" 30” 36”7 44" 527
2 06 11 15 21 27 33 40 48 57
3 11 15 21 27 33 40 48 57 |[1'08
4 20 26 32 39 46 56 107 1’19 |137
5 45 53 1703 1’16 1’31 1'52 221 307 (428
For Latitude 25°
0 h. 05” 10" 13" 217 215 33” 40" 48”7 57"
2 08 14 19 25 31 38 46 54 [1°05
3 12 18 24 30 37 44 53 104 {118
4 23 29 35 45 53 1’03 1’16 |181 |152
5 49 59 1’10 124 1/42 207 244 346 |543
For Latirude 27° 30’ .
0 h. 08” 13” 18" 24" QL 36” 44” 527 | 1'02”
2 11 16 22 28 B0 41 49 1’00 |110
3 17 22 28 35 42 50 1’00 111 |126
4 28 35 42 50 1’00 111 126 143 |209
5 54 1’05 1’18 1’34 154 224 311 (438 |815
For Latitude 30°
0 h. 10" 15” 21”7 27" 33” 40” 48" 54| =110S
2 14 19 25 31 38 46 54 105 | 118
3 20 26 32 39 47 55 106 |119 | 136
4 32 39 46 52 1'06 1’19 1385 |157 | 229
5 100 110 1’24 1’42 207 244 346 |543 (1306
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TaBLe oF MEaN REeFracTiONs IN DecrLiNaTioN

HOUR
E

ANG

|

DECLINATIONS

For Latitude 32° 30v

+20° | +15° | 410° | +5° 0° —5° l —10°|—15° |—20°

13/[ 18/[ 2_1!! 30" | 36” 44" 52” 1)02” 1'14"

2 17 22 28 35 42 50 1°00 { 111 | 126
3 23 29 35 43 51 1'01 113 | 128 | 147
4 35 43 51 101 113 127 146 | 213 | 254
5 1'03 115 1'31 153 220 305 \ 425 | 736

For Latitude 35°
0 h. 15" 21" 27" 33" 40" 48" 577 1'08” | 1'21”
21 20 25 32 38 46 55| 1’05 | 118 | 135
3 26 33 39 47 56 107 | 121|138 | 200
4 39 47 56 1'07 120 136 159 | 232 | 325
5 1'07 120 1’38 2 00 234 3291 514 |10 16
) For Latitude 37° 30’

{

0 18" 247 30” 367 447 527 17027 17147 1°29”
2 22 28 35 42 50 100 | 112 [ 126 | 145
3 29 36 43 52 102 114§ 129 | 149 | 216
4 43 51 101 113 127 149 | 214 | 254 | 405
5

111 1’26 144 210 2 49 355 | 615 |14 58

For Latitude 40°

(SR

21”7 27" 33" 40” 48” 57”| 1’08”| 1'21”| 1’39”

25 32 39 46 52 106 | 119 | 135 | 157
33 40 48 57 1’08 121 | 138|202 | 236"
47 55 106 1’19 136 158 230 | 321 | 439

115 1’31 151 220 305 425 | T34 |2518

For Latitude 42° 30/

R N D

24" 30”7 367 44" 52" 102”7 1’14”( 1297} 1'49”

28 35 39 50 1'00 112 | 126 | 145 | 211

36 43 52 1’02 113 129 | 149 | 217 | 259

50 1'00 L1, 126 144 210 | 249 | 355 | 616
1'19 136 158 230 322 500 | 924

For Latitude 45°

R WO

97n ag” | 40" 48" 577 | 17087 1°217| 1'39”| 2702”7
32 39 46 52 106 119 | 135 | 157 | 229
40 47 56 1'07 121 138 | 200 [ 234 | 329
54 1'04 1’16 133 154 224 | 311 | 438 | 815

1'23 141 203 241 3 40 540 112 02

For Latitude 47° 30’

SUds WD

307 36" 447 527 1702” 17147 1:207 149”7 | 218"
35 42 50 1’00 112 126 1 145 | 201 | 251
43 51 1’01 113 128 147 | 215 | 256 | 408
5 140 205 240 | 339 | 537 (1118

127 146 212 252 401 630 (16 19
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TasLe or MeaAN REerFrAcTIONS IN DEcCLINATION

o DECLINATIONS
]
2 1) For Latitude 50°
Z
F< -+20° +15° +10° +5° 0° —5° | —10°| —15°| —20°
0 h, 33" 40” 48" 57" 108”7 | 1721”7 | 1’397 | 2°02” | 2'36”
2 38 46 : 55 1’06 118 | 135 | 157 [ 228 | 319
3 47 56 1’06 119 136 {158 | 231 323 | 502
4 102 1'14 129 148 216 | 258 | 418 659 |19 47
5 130 151 219 304 422 | 728 124 10
For Latitude 52° 30’
0 h, 36" 44" 527 | 1702”7 | 1'14” | 1'29”| 1'49”| 2’18” | 3'05”
2 43 50 59 111 126 142 | 223 | 249 3 55
3 /50 100 111 126 145 | 211 | 251 | 358 6 22
4 105 118 135 210 228 319 | 453 | 842
5 134 156 227 316 447 852
For Latitude 55°
0 h. 40” 48” 57”7 1°08” | 121”7 | 139" | 202" | 2'36" | 3'33”
2 46 55 105 118 134 156 | 230 | 315 | 447
3 55 106 119 135 158 230 | 321 444 | 919
4 1’10 123 142 206 243 344 | 549 (1241
5 137 201 234 328 515 |1018
For Latitude 57° 30/
0 h, 44" 52" 1702” 1714”7 | 1'29” | 1'49”| 2'18” | 303" | 437"
2 50 59 111 125 143 209 247 | 351 | 604
3 58 110 124 | 142 207 243 | 345 | 550 (1247
4 111 125 143 210 250 355 614 2024
5 141 206 242 342 546 |12 26 | |
A For Latitude 60°
Oh.| 48" 57”7 1'08” 121" 1’397 | 27027 | 2'36” | 333" | 523"
2 54 104 117 133 154 224 | 312 | 438 815
3 1'03 115 130 151 220 304 | 424 731 (2444
4 i 118 134 156 228 318 450 | 853
5 145 2 LT 250 357 621 (1532
» " For Latitude 62° 30’
Oh W 521’ 1;02" 1;14" 129" 1'500 218" 300" 4'17” 7'18"
2 58 10 123 141 206 | 243 | 344 550 (12 44
3 107 123 138 201 235 | 330 | 516 |1024
4 123 140 2 05 2 40 3 40 537 (11 50 B
5 148 217 259 414 703
For Latitude 63°
0 h, 57”7 | 1°08” | 121”7 | 1’397 | 2702 | 236" | 3'33” | 523" (10°51”
2 1'03 116 131 152 221 307 {428 | T4
3 112 127 146 212 252 402 6 33
4 127 147 213 2 54 405 6 40
5 152 222 308 430 752
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To CompuTE THE DECLINATION OF THE SUN

Suppose the corrected declination is desired for the
different hours of May 15, 1919, at Troy, N. Y. The
latitude is 42° 44'. The longitude is practically five
hours; so that the declination given in the Ephemeris
for apparent noon of that day at Greenwich would be
that for 7 A. M. at Troy, or five hours earlier. Note
carefully the algebraic signs. The declination is North
or plus. Its hourly difference is plus. The refraction
always is plus. Hence we use the algebraic sum:

+18° 40’ 44”.3 is the tabular declination for T A. M.
+36”.0 difference for one hour

+418° 41’ 20”.3 4 ref. (4 hrs.) 53" — 18° 42’ 15" 8 A. M.
+36”.0

+18° 41’ 567.83 + ref. (3 hrs.) 39” — 1S° 42" 35" 9 A. M.
+36”.0

418° 42’ 327.3 4 ref. (2 hrs.) 30" — 18° 43’ 02~ 10 A. M.
+36".0

+418° 43" 087.3 + ref. (1 hr.) 26” — 1S° 43’ 34" 11 A. M.
+367.0

+418° 43’ 44”.3 - ref. (0 hrs.) 26”7 — 18° 44’ 10" 12 Noon
+36”.0

+18° 44’ 20”7.3 4 ref. (1 hr.) 26° — 1S° 44’ 46" 1P M
+36”.0

+18° 44’ 56”7.3 4 ref. (2 hrs.) 30” — 18° 43" 26” 2P. M
+36".0

418° 45’ 327.3 + ref. (3 hrs.) 397 — 18° 46’ 11” 3P M
+4-367.0

+18° 46° 08”.3 - ref. (4 hrs.) 55”7 — 1S8° 47’ 03" 4 P. M.
+36”.0

418° 46" 447.3 4+ ref. (5 hrs.) 1'26” — 1S° 48’ 10”7 srP. M
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Again, suppose the corrected declination is desired
for the different hours of October 20th, 1921, at Troy,
N. Y. Now the declination and hourly difference are,
both minus and the refraction is plus.

—10° 03’ 29”.2 the tabular declination for 7 A, M.
—54”.2 difference for one hour

—10° 04’ 23”7.4 4 ref. (4 hrs.) 2'49” — 10° 01’ 34" S A, M.
—54”.2

—10° 05’ 17”7.6 + ref. (3 hrs.) 149" — 10° 03’ 29” 9 A. M.
—b4”.2

—10° 06’ 117.8 4 ref. (2 hrs.) 1’26” — 10° 04’ 46" 10 A. M.
—54".2

—10° 07" 06”.0 + ref. (1 hr.) 1'14” — 10° 03" 527 11 A. M.
—54".2 .

—10° 08" 00”.2 + ref. (0 hr.) 1’14” — 10° 06’ 46” 12 Noon
—54”.2

—10° 08’ 54”.4 4 ref. (1 hr.) 114" — 10° 07’ 40” 1 P. M.
—54”7.2

—10° 09’ 48”.6 4+ ref. (2 hrs.) 1’26” -— 10° 08’ 23” 2- PN
—b4”.2 1

—10° 10" 42”7.8 + ref. (3 hrs.) 1'49” — 10° 08’ 54” 3 P. M.
—354”".2

—10° 11’ 37”7.0 +4 ref. (4 hrs.) 2'49” — 10° 08’ 48" 4 P. M.

It will be found that the use of the table, as illus-
trated above, will not only relieve the surveyor of the
perplexity which hitherto attended the subject of refrac-
tions, but will also enable him to secure more accurate
results than by some other methods commonly given.
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The calculation of the declination for the different
hours of the day should, of course, be made and noted
before the surveyor begins his work, that he may lay
off the change from hour to hour, from a table prepared
as before described.

To Finp tue LatiTUDE

Level the instrument very carefully, using the tele-
scope level, 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, and the axis of the
telescope being clamped.

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

Set off on the proper arc the declination of the
sun for apparent noon of the given day, corrected for
the meridional refraction. Note the equation of time,
and fifteen or twenty minutes before noon direct the
telescope to the north and lower the objective end until
the sun’s image can be brought nearly into position be-
tween the equatorial lines, by moving the instrument
upon its spindle and the declination arc from side to
side.

The declination arc being brought directly in line
with the telescope, clamp the axis, and with the tangent
screw of the telescope axis bring the image precisely
between the lines, following the sun’s motion as the
image runs below the lower equatorial line, or, in other
words, as long as the sun continues to rise in the heavens.
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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 appar-
ent noon, when the index of the hour arc should indicate
XII, and the latitude be determined by the reading of
the vertical arc.

The angle through which the polar axis has moved
in the operation just described is measured from the
zenith instead of the horizon, so that the angle read on
the vertical limb is the complement of the latitude, or
is the co-latitude.

The latitude itself is readily found by subtracting
this angle from 90°. Thus at Troy the reading of the
limb being found as above directed to be 47° 16', the
latitude will be 90°—47° 16" = 42° 44’. The latitude
may also be read direct by referring to the inner row of
figures on the arc, beginning with 90 in the middle and
reading to 10 on either side.

Time ror UsiNg THE SoLar

While the solar attachment can be used with advan-
tage at all seasons of the year, the most favorable time
is the summer, when the declination is north and the
days are long and more generally fair. It is best not to
take the sun at morning and evening when it is within
half an hour of the horizon, nor at noon for about the
same interval before and after it passes the meridian.

In favorable weather surveys can be made more
rapidly than with the needle instrument, there being no
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time consumed in waiting for the needle to settle, or in
avoiding the errors due to local attraction.

When the sun is obscured the lines can be run by
the needle alone, it being always kept with the sun, or
at 0 on its are, thus indicating the direction of the true
meridian. The sun, however, must be regarded as the
most reliable guide, and should, if possible, be taken at
every station.

GURLEY TELESCOPIC SOLAR ATTACHMENT

When a continued series of solar observations are to
be made, it is often desirable that the main telescope of
the transit be used without disturbing the solar appa-
ratus.

The new Gurley Telescopic Solar Attachment meets
such requirement, as the main telescope of the transit
may be used independently and solar observations taken
with no change in settings other than the hourly change
in declination. The instrument is so designed that its
adjustments can be accomplished with ease and pre-
cision in the field.

As shown in the illustration on page 138, the
sun is viewed through an auxiliary telescope, a reflector
being placed in front of the objective that brings the
sun’s reflected image to the cross wires.

The solar telescope is mounted on a horizontal axis
which is supported by a vertical triangular base fastened
to the right hand standard. The solar telescope can
be moved about its horizontal axis and if the latitude is
laid off on the latitude arc, the solar telescope will coin-
cide with the polar axis.
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The declination arm tilts the mirror at the objective
end of the solar telescope, the angle being read on the
arc attached to its side. Both the latitude arc and the
declination arm have clamp and tangent movements for
convenience in setting.

Having set the main telescope in the meridian and
adjusted the mirror to the proper declination, the course
of the sun is followed by rotating the solar telescope in
collar bearings about its own axis; an hour circle sur-
rounding the solar telescope indicates the apparent
time.

The Gurley Telescopic Solar adds but little weight
and when furnished in connection with a Gurley Precise
Mountain Transit, with One Piece Truss Standard, is
the standard instrument for public land surveys and
similar work requiring exceptionally accurate results.
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Fi1c. 38

No. 82-A Precise TRANSIT WITH TELESCOPIC
SOLAR ATTACHMENT, U. S. GENERAL LAND OFFICE
AND U. S. FOREST SERVICE MODEL
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To Apsust THE Gurrey TELEscoric SoLARr
ATTACHMENT

Transit ApsustMENT. Care should be taken to see
that the main transit is adjusted for plate levels, col-
limation and telescope level before attempting to adjust
Solar.

Focusing Sorar. The eyepiece of the solar tele-
scope is focused on the crosswires by rotating the
knurled ring nearest the eye. The objective is focused
by pulling out on the tube which holds the eyepiece.

Equaroriar WirRes PARALLEL To THE AXIS OF THE
RerLEcTOR. Set for approximate latitude declination
and hour angle, orient to approximate meridian and
view the reflected image of the sun. Turn the telescope
back and forth in hour angle, that is, in its collar bear-
ings, and the image should follow the wires from side
to side. If it does not, unscrew the cover ring just
back of the knurled head, loosen the cross wire screws
and turn the diaphragm. If sun is not visible any other
well defined distant point may be used.

CorrimaTiON oF THE SoLAR TELEscope. Unclamp
the vernier arm of the declination arc and swing the
mirror parallel to the line of sight, thus giving a direct
view through the auxiliary telescope. Sight on some
distant point and revolve the telescope in its collar bear-
ings 180 degrees, adjusting the cross wires as for the
Wye Level. The first adjustment should always be
checked after adjusting the collimation.

Porar Axis aT RieHT ANGLES To LATITUDE AxIs.
Transit on fore and back sights, the same as for collima-
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ting the main telescope. If any adjustment is necessary,
make it by means of the three screws which are in the
short arm on the upper end of the latitude arc. The
middle screw pulls the eye end closer to the transit; the
outside screws oppose the center screw and push the
eye end farther away.

Latitupe Axis PararLier 1o Transit Axis. Care-
fully level the transit and make the solar telescope cut
the same line as the main telescope when sighted at
some distant object. Make any necessary adjustment
by means of the capstan nuts holding the lower corner
of the triangular base to the standard.

Make the auxiliary telescope trace the same vertical
line as the main telescope, adjusting by means of the
capstan nuts at the upper corner of the triangular base,
if necessary. It will be necessary to alter the focus of
the solar telescope to make this test. This test is similar
to that for the adjustment of the standards of the main
telescope.

Zero oF Latitupe Arc. Level the main telescope
and make both telescopes agree on a distant object. If
the latitude vernier does not read zero, loosen the two
screws at the back of the vernier and correct it. It is
necessary that the main telescope level be adjusted
parallel to the line of collimation.

Zzro orF DecriNnatioN Arc. Turn the mirror back
into position and set the declination arm to read zero.
Through the auxiliary telescope observe the reflected
image of some prominent and distant horizontal object.
Reverse the telescope on the latitude axis and view the
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same object. If the wires do not cut the same point,
make the adjustment for one half the error, by means
of the two small abutting screws in the middle of the
declination arm, operating against the short arm
attached to the axis of the mirror. This may also be
checked by a noon reading on the sun, other adjustments
having been made.

Hour CircrLe. When the instrument is pointed in
the meridian, the hour circle should read apparent time.
A screw in the rim of the hour circle on the side opposite
the zero hour can be loosened and any necessary cor-
rection made by turning the graduated circle to the
proper position.

DIRECT OBSERVATION ON THE SUN

With a transit having both vertical and horizontal
limbs, direct observations may be taken on the sun to
find the meridian. The best time is about three hours
before or after noon. A colored or smoked glass dark-
ener will be necessary over the eyepiece to protect the
eye. The observations to be taken are those of the alti-
tude of the sun and its horizontal angle from a fixed
point, at the same instant. It is best to take a number
of these, say three or five, so as to check; and if the
telescope is reversed and another set taken, the mean
of the two sets will eliminate many inaccuracies. It is
also an advantage to use the lower limb of the sun in
the morning and the upper limb in the afternoon, it
being easier to judge the tangency of image and cross
wires. Allowance is then made for the semi-diameter
of the sun, which varies from 153} to 161/ minutes.
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Exampre. Place, Troy, N. Y. Time, 3h. 30m.
P. M., March 31, 1917.

The horizontal angle from a fixed point to sun’s

eenter . | N RS IE e e = T o 2 2401 11 6
Observed altitude of upper limb of sun . . . 30° 31 10"
Obs. alt.—refraction 1’ 40”—semi-diameter 16'=

alt. of sun’s center . . . . . . . . . 30°1330"
Declination for day and hour . . . . . . 4°02'58”
Latitude e ... 42044

90°—alt. = 59° 46’ 30”, 90°—dec. = 85° 57" 02",
90°—lat. =47° 16’, 2 S =192° 59’ 32” S = 96° 29’ 46"
log. sin [S—(90°—alt.) ] = 9.77664
log. sin [S—(90°—1lat.) ] = 9.87923

9.65587
log.sinS8= . . . . . 999720
log. sin [S—(90°—dec.) ] == 9.26251
9.25971

log. tan2 15 A = 0.39616
log. tan 15 A = 0.19808

1% A = 57° 38 06” and A = 115° 16’ 12” west of North.
If in the morning would be east of North.

Apply this to the horizontal angle from the fixed
point to the sun and we have 357° 02’ 12”, which is the
reading of the horizontal limb when the telescope is.
pointed North. Set this reading off on the limb and
the telescope will be in the plane of the meridian.
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COMPASSES

HE Surveyors Compass is used considerably for
farm surveys, for subdividing land, for retracing
old lines, which were run originally with a mag-
netic needle, for exploration and for other similar work.

It consists of a magnetic needle swinging in a gradu-
ated compass circle mounted on a plate, to the ends of
which two slotted standards or sight vanes are attached
in line with the zeros of the graduations. There are
two levels to show when the plates are horizontal, and
a socket on which the instrument can be turned to bring
the sights into line with the object sought. The spindle
on which this socket turns terminates in a ball and
socket joint to enable the plates to be leveled.

The Surveyors Compass has a romantic history as
it is associated with the early settlement of our country.
In 1748 George Washington, at the age of 16, took up
the practice of surveying, and the compass of today is a
development of the instrument used by him for land
surveys in Virginia. Gurley Compasses were first used
in 1845 and the accuracy of their service is testified by
records which are on file in county seats throughout the
country.
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VERNIER COMPASS

HE superiority of the Vernier Compass over the

Plain Compass consists in its adaptation to retrac-

ing the lines of an old survey and to the surveys
of the United States public lands, in which the lines are
based on a true meridian.

MaeneTIC NEEDLE. A bar of special magnet steel
being saturated with a magnetic charge is suspended on
a cup shaped jewel that rests on the fine point of the
center pin or pivot, about which it turns with practically
no friction so that it may assume its position in the mag-
netic meridian. The ends are pointed and swing close
to the graduated circle from which the angular bearing
is read.

MaexeTIC DECLINATION. It is well known that the
magnetic needle deviates more or less ‘o the east or west
of a true meridian, or north and south line. This devia-
tion, which is called the magnetic declination, is not
constant, but increases or decreases to a very sensible
degree. Thus, at London the needle pointed 11° east
in 1580. This diminished until 1658 when it was zero,
or the needle stood exactly north and south. The declin-
ation continued westerly until 1812, when the bearing
was 24° west.-. This has been gradually decreasing
until in 1916, it was about 15° west. Thus a compass
bearing at London changed from 11° east to 24° west,
or a total of 35°, from 1580 to 1812. The annual
change was not uniform but varied from 0 to 14 minutes
of arc.
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The time periods taken for the needle to change
from extreme eastern to extreme western declination
vary with the locality. At St. Johns, Newfoundland,
the period was about 180 years; at Trenton, N. J., 130
years and at Houston, Texas, 50 years*. At present the
annual change is about zero in the middle west, four
minutes on the Pacific Coast and six minutes in New
Hampshire.

For this reason, in running over lines from field notes
of some years standing, the surveyor is obliged to make
an allowance, both perplexing and uncertain, in the
bearing of every line. It was to obviate this difficulty
that the Vernier Compass was devised.

To seT oFr THE DecrLiNnaTION. It will be seen that
the surveyor having the Vernier Compass can, by mov-
ing the vernier to either side, and with it, of course, the
compass circle attached, set the compass to any declin-
ation.

He therefore places his instrument on some well
defined line of the old survey, and turns the pinion until
the needle of his compass indicates the same bearing as
that given in the field notes of the original survey.
Then, clamping the vernier, he can run all the other
lines from the old field notes without further alteration.

*From a speech at the Centennial Celebration of the
N.8.C. & G. 8., made by Doctor Louis 4. Bauer, Direc-
tor of the Department of Terrestrial Magnetism of the
Carnegie Institute, at Washington, D. C.
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The reading of the vernier on the limb in such a case
would show the change of declination of the two diff-
erent periods.

The magnetic declination at any place being known,
a true meridian, or north and south line, may be run by
moving the vernier to either side, as the declination is
east or west, until the arc passed over on the limb is
equal to the angle of declination, and then turning the
compass until the needle is made to cut the zeros on the
graduated circle. The line of sights will then give the
direction of the true meridian of the place.

Such a change in the position of the vernier is nec-
essary in surveying the United States public lands,
which surveys are always run from the true meridian.

Tue Line oF No DecriNaTioN, or the line upon
which the needle will indicate a true north and south
direction, is situated in the United States nearly in an
imaginary line drawn from the middle of Lake Superior
to Savannah, Ga.

A magnetic needle placed east of this line has a
declination to the west, and when placed west of the
line the declination is to the east; and in both cases it
increases as the needle is carried farther from the line
of no declination.

Thus, in Minnesota, the declination is from eight to
eleven degrees to the east, while in Maine it is from
fifteen to nineteen degrees to the west. At Troy, in
the year 1919, the declination was about 12° 33" to the
west, and is increasing now in the same direction about
5.6 minutes annually.
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DivrNaL VariarioN.  The magnetic declination does
not remain constant through an entire day, but reaches
its farthest point east about 8 o’clock A. M., and its
farthest point west about 2 o’clock P. M.

Conditions of temperature, magnetic storms and
other causes at times affect the needle. Our own exper-
iments show that different needles observed at the same
time and under the same conditions differ in their direc-
tion, but show nearly the same daily change.

NeeprLe LirTer. Underneath the main plate is a
needle lifting screw which, by moving a concealed spring,
raises the needle from the pivot, and thus prevents
injury to the jewelled center as well as the blunting of
the point during transportation or while carrying the
instrument in the field.

When the compass is not in use, it is the practice of
many surveyors to let down the needle upon the point
of the center pin, and allow it to assume its position in
the magnetic meridian, so as to retain its polarity.
After the needle has settled it should be raised against
the glass for the reasons stated above.

Prate Levers. The spirit levels are placed at right
angles with each other so as to level the plate in all
directions, and are balanced upon a pivot under the
middle of the tube, so as to be adjustable by a screw
driver.

OvurkeepEr. A small dial plate, having an index,
turned by a milled head underneath, is used with this
compass to keep tally in chaining. The dial is figured
from O to 16, the index being moved one notch for every
chain run.
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Brass Cover. A brass cover is fitted over the glass
of the compass, and serves to protect it from accident,
as well as to prevent electric disturbance.

Sicuts. The sights, or sight vanes, have fine slits
cut through nearly their whole length, terminated at
intervals by circular apertures, through which the object

Fic. 39
No. 226 VerNiErR CoMmpass

sighted upon is more readily found. Sometimes a horse
hair or wire is substituted for half the slit, and placed
alternately with it on opposite sights.
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The telescopic sight is often used with the Vernier
Compass, and its adjustments and use are described on
pages 158 to 165.

TancENT ScarLE. The edges of the north sight of
our compasses are graduated to half degrees for angles
of elevation and depression respectively, which are read
from corresponding peep sights on the south vane.

The maximum angle which can be read is 28 degrees.

Barr SpinprLe. The compass is fitted to a spindle
made slightly conical, and having on its lower end a ball
turned perfectly spherical, and confined in a socket by
a pressure so light that the ball can be moved in any
direction in leveling the compass. The ball is placed
either in the brass head of the staff, or better, in the
compass tripod.

A leveling adopter, shown on page 158, is often used
for more convenient leveling of the compass.

Tue Starr MouNTINGs consist of the brass head
already mentioned, and a pointed steel shoe. The staff,
to which the mountings should be securely fastened, may
be procured from any wheelwright, or provided by the
surveyor himself.

Cramp ScrEw. In the side of the hollow socket of
the compass is a screw by which the instrument may be
clamped to the spindle in any position.

Serineg CarcH. Besides the clamp screw there is
fitted to the socket of our Vernier Compass No. 226, a
spring catch, which, as soon as the instrument is set upon
its spindle, slips into a groove, and thus removes all
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danger of the instrument falling from the spindle while
being carried. e

Use or THE ComPass

In using the compass, the surveyor should keep the
south end toward his person, and read the bearings from
the north end of the needle. The E and W letters on
the face of the compass are transposed because the
needle represents a fixed line, about which the compass
box is revolved in directing the sight to the object
observed. In sighting a point situated NW, the needle
will point E of the line of sight, but it will correctly
read NW in accordance with the line actually sighted,
because the East quadrant is marked West.

The compass circle being graduated to half degrees,
a little practice will enable the surveyor to read the
bearings to quarter degrees or even less, estimating with
his eye the space bisected by the point of the needle;
and as this is as close as the traverse table is usually’
calculated, it is the general practice.

AxcLes oF Erevarion. Having leveled the com-
pass, bring the south end toward the person, place the
eye at the little button, or peep sight, on the right side of
the south sight, and with the hand hold a card on the
front surface of the north sight, so that its top edge
will be at right angles with the graduated edge and
coincide with the zero mark. Then, sighting over the
top of the card, note upon a flagstaff, held near the com-
pass, the height cut by the line of sight, move the staff
up the elevation and carry the card along the sight until
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the line of sight again cuts the same height on the staff.
Read off the degrees and half degrees passed over by
the card, and this will be the angle required.

AncLEs oF DEPrEssioN. Proceed in the same man-
ner, using the eyepiece and graduations on the opposite
side of the sight, and reading from the top of the sight.

NEw anp Orp Surveys. When the compass is to be
used in making new surveys, the vernier should be set
at zero and clamped by the nut on the plate.

In surveying old lines, the change of the magnetic
declination should be ascertained by setting the compass
on some well defined line of the tract, and making the
bearing agree with that of the old survey, by moving
the circle as already described. The circle can then be
clamped, and the old lines retraced from the bearings
given by the original surveyor.

Erecrricity. Caution should be exercised in hand-
ling the compass, that the glass face does not become
charged with electricity excited by the friction of cloth,
silk, or the hand, so as to attract the needle to its under
surface. Should the glass become so charged, however,
the electricity may be removed by breathing upon it, or
by touching different parts of its surface with the
moistened finger. Ignorance of this apparently trifling .
matter has caused the inexperienced surveyor much
annoyance.
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Comprass ADJUSTMENTS

To Apsust THE Prate Levers. Bring the level
bubbles into the middle by the pressure of the hand on
different parts of the plate, and turn the compass half
way around. If the bubbles run to the end of the tubes,
it indicates that those ends are the highest. ILower them
by loosening the screws under the lowest ends and
tightening those under the highest ends until, by estima-
tion, the error is half removed. Level the plate again,
and repeat the first operation until the bubbles will
remain in the middle during an entire revolution of the
compass.

To Apjust THE SicHTs. The sights may next be
tested by observing through the slits a hair or thread,
made exactly vertical by a plummet. Should the hair
appear on the side of the slit, the sight must be adjusted
by filing its under surface on the side which seems the
highest.

To Apsust THE NEEpLE. Having the eye nearly in
the same plane with the graduated rim of the compass
circle, with a splinter of wood or an iron wire bring one
end of the needle in line with any prominent graduation
of the circle, as the zero or the ninety degree mark, and
notice if the other end corresponds with the degree on
the opposite side. If it does not, use the small brass
wrench furnished with our compasses, and bend the
center pin about one eighth of an inch below the point,
until the ends of the needle are brought into line with
the opposite degrees.
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Then, holding the needle in the same position, turn
the compass half way around, and note whether it now
cuts opposite degrees. If not, correct half the error by
bending the needle, and the remainder by bending the
center pin. The operation should be repeated until
perfect reversion is secured in the first position.

This being obtained, it may be tried on another quar-
ter of the circle. If any error is there manifested, the -
correction must be made in the center pin only, the
needle having been already straightened by the previous
operation.

When again made to cut, it should be tried on the
other quarters of the circle, and corrections made in the
same manner until the error is entirely removed, and
the needle will reverse in every point of the graduated
surface.

Repairs 1o THE CoMPASs

To enable the surveyor to make such repairs as are
possible without recourse to an instrument maker, we
add a few simple directions.

NeeprLe. The magnetic needle is the most vexatious
and troublesome part of a surveyor’s instrument, and its
imperfect working is almost invariably due to a rough-
ened or scratched jewel or to a dulled center pin, or to
both, and rarely to loss of magnetism.

Injuries to the jewel and center pin are generally
caused by allowing the needle to swing on the pin when
the instrument is transported or when it is carried in
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the field from one station to another. If the needle is
sufficiently raised by means of the needle lifting screw
so that there is no contact between the jewel and the
center pin, the most frequent cause of injuries will be
avoided.

A wire is coiled on the south end of the needle, and
may be moved back and forth to counterbalance the vary-
ing magnetic dip at the north end, as a needle which is
perfectly balanced in one locality is frequently out of
balance in a different latitude.

It may sometimes happen that the needle has lost
its polarity and must be remagnetized. To do this,
proceed as follows: Unscrew the bezel ring that holds
the glass face, and remove the needle. Pass each end
of the needle from middle to extremity with a gentle
pressure over the magnetic pole of a permanent magnet,
describing before each pass a circle of about six inches
radius, to which the surface of the pole is tangent, draw-
ing the needle toward the body, and taking care that the
north and the south ends are applied to the opposite
poles of the magnet.

Should the needle be returned in a path near the
magnetic pole, the magnetism induced by the contact of
the needle with the magnet, in the pass just described,
would be reversed, and the magnetic virtue almost entire-
ly neutralized at each operation. When the needle has
been passed in this manner about twenty-five times in
succession, it will be fully magnetized.

CextErR PiN. The center pin should occasionally
be examined, and, if much dulled, should be taken out
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with the brass wrench or with a pair of pliers, and
sharpened on a hard oilstone, the operator placing it in
the end of a small stem of wood, or in a pin vise, and
delicately twirling it with the fingers as he moves it
back and forth at an angle of about thirty degrees with
the surface of the stone.

When the point is made so fine and sharp as to be
invisible to the eye, it should be smoothed by rubbing
it on the surface of a soft and clean piece of leather.

To Reprace A Lever Vian. See instructions under
transits, page 66.

ATTACHMENTS FOR VERNIER COMPASS

LeveLiNe ApoptER. TFor more convenient leveling
of the compass, as well as other instruments, we make
a Leveling Adopter, No. 241, which is screwed to the
top of the tripod like the leveling head. It can be used
with a simple ball spindle and can be supplied with
Compass No. 226.

The instrument is made approximately level upon
the ball and finally made truly horizontal by the level-
ing screws.

LeverLine Heap. We also make for use with Com-
pass No. 226 a Leveling Head, No. 242, consisting of
arms strongly ribbed with four leveling screws having
dust caps, and with clamp and tangent movement.

This Leveling Head furnishes a stable support for
the instrument, and affords the same conveniences for
leveling and accurate adjustment in azimuth as the
leveling heads on transits or levels.
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Terescoric Sieut. This telescope is attached to a
movable band which, as shown in the illustration, can
be slipped over the sight of a compass, clamped at any
point desired, and adjusted with a screw driver and a
steel adjusting pin.

Fi1c. 40
No.-241 LevELING ADOPTER

To put this attachment in place, slip the band over
the south sight of the compass, having the telescope at
the right hand and the clamp screw on the outer surface
of the sight, placing the band as low as will allow the
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telescope to revolve without striking the compass. This
place should be marked by a line across the sight, or by
a screw or pin on the inner surface of the sight, that the
band may be set at the same point in subsequent use.

N
Wl
| ST

Fiac. 41

No. 242 Leverine Heap

To fasten the band to the sight, bring up the clamp
screw with a pressure just suflicient to hold the band to
its place, tighten the screw on the left until the band is
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against the right edge of the sight, and finally tighten
the clamp screw.

To focus the telescope, turn the end of the eyepiece
by the spiral motion of the tube until the cross wires
are brought into distinct view. The objective is then

NO. 262 TELESCOPIC SIGHT, WITH ATTACHED VERTICAL
CIRCLE NO. 265, LEVEL ON TELESCOPE NoO. 266,
AND CLAMP AND TANGENT No. 267

moved in either direction by the pinion on the side of
the telescope, until the object is clearly seen.
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The optical axis of the Telescopic Sight is at one
side of the line of sight of the sight vanes, but parallel
with it. The difference between a sight taken with the
sight vanes and one taken with the telescope is so small
that it may be disregarded in any survey made with the
magnetic needle. If all the lines are run with the Tele-
scopic Sight, the angles measured will be as accurate as
if the optical axis of the telescope was in the line of
sight of the sight vanes.

The telescope is nine inches long, has a power of
about 20 diameters and is furnished with stadia wires
in addition to the cross wires.

Orrser StanNparp. When desired, the Telescopic
Sight may be mounted upon an Offset Standard with
Counterpoise, and so arranged that the line of sight is
in line with the zeros of the compass circle. When in
use, this standard with the telescope attached, is substi-
tuted for the south sight of the compass.

When furnished with a new instrument the telescope
is packed in the box with the compass, but it can be
safely sent by mail to any part of the country, packed
in a case in which it may be kept when not in use.

In the illustration on page 160, the telescope No. 262
is shown fitted with a vertical circle, a level, and clamp
and tangent. For simple sighting, the level and circle
can, of course, be dispensed with, but in the use of the
stadia they are very desirable.

When measurements are to be recorded in chains
and links, the stadia wires should be made to cover one
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foot at a distance of sixty-six feet; if recorded in feet,
the wires should cover one foot at a distance of one
hundred feet.

The rod used with the stadia should be graduated to
feet and decimals of a foot. The various styles of rods
are more fully described on pages 206 to 237.

Fic. 43

COMPASS FITTED WITH NO. 262 TELESCOPIC SIGHT HAVING
LEVEL, CLAMP AND TANGENT AND VERTICAL
CIRCLE, MOUNTED ON NO. 268 OFFSET
STANDARD WITH COUNTERPOISE
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In using the stadia, the lower wire is brought by the
tangent screw precisely upon an even foot graduation
of the rod, the upper wire is read, the smaller reading
subtracted from the larger and the distance recorded.

ApvaNtaGE oF THE TeLeEscoreE. The advantage of
the telescope over the sight vanes is readily apparent.
Much longer sights can be taken, cither fore or back,
and lines run up and down steep hillsides with the same
facility as on level ground, and with mor: accuracy, and
with great relief to the eyes of the surveyor, often se-
verely strained by the use of the sight vanes of the
compass. Indeed, it may be said that with this simple
attachment every compass can be transformed into a
transit compass, and the advantages of the telescope
brought within the reach of every surveyor, at small
cost.

To Apsust THE TELEscopic SigHT

To make the adjustments, and indeed to do any
correct work with a compass, the level bubbles should
remain in the middle when the instrument is turned
upon its spindle, and the sights should trace a vertical
line when the compass is level.

The means of effecting the adjustments will be
understood by referring to page 164.

TeLescoPE Axis. To make the telescope axis hori-
zontal, the compass being in good order, first bring the
levels into the middle and place the band in position
upon the sight, as before described. Focus the tele-
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scope, and set the vertical cross wire on the edge of a
building, or a long plumb line, 50 to 60 feet distant.
If the vertical wire is not parallel with the edge or line,
loosen the capstan head screws and turn the diaphragm
by the screw heads until the correction is made, then
tighten the screws. Next, sight at a point on the edge
or line, near the ground.

Clamp the compass to the spindle, and point the
telescope to the top of the building or line. If the wire
strikes to the right of the edge, it shows that the right
end of the telescope axis is the lowest.

To raise it, loosen the screws, B B, C C, which hold
the piece containing the axis of the telescope, and by the
screws, D D, the lower of
which should be unscrewed and " foov n v,

Lo vad

the upper one tightened, raise
the telescope until the wire will

o ; FE5 N
follow the vertical line. b B@

If the cross wire strikes to\ 4 1%
the left when the telescope is \ el BL@_
raised, proceed exactly the re- e

verse in making the correction,
until the wire will follow the

edge from one end to the other.

Lixe oF CorrimaTioN. To bring the line of collima-
tion into a position at right angles with the axis of the
telescope, so that the cross wires will indicate two points
in opposite directions in the same straight line, proceed
as directed for transits on pages 77 to 79.
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COMPASS WITH LIMB AND TELESCOPE

1920 MobEL

This new model was designed to meet the needs of
engineers and surveyors who do not have constant use
for an expensive transit and yet desire an instrument
which will enable them to do a greater variety of work
than is possible with the ordinary sight compass.

It is a highly developed form of a Telescope Compass
and has the added characteristics of a light Transit;
thus it can be successfully used for ordinary land sur-
veying, preliminary or reconnoissance surveys, mine
surveys, etc., in fact for a variety of work in which
rapidity, ease of operation and portability, rather than
extreme accuracy, are the essential factors. Engineers
and Surveyors, as well as Explorers, will find this
instrument a desirable addition to their equipment,
enabling them to reserve their valuable Transits for pre-
cise work. The needle is of unusual length for such a
compact instrumnt, making it ideal for accurate com-
pass surveys.

The weight of the compass without the tripod is
seven and one quarter pounds and the tripod weighs
about four and one half pounds.
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Fic. 44

No. 294 Compass witH LimMB AND TELEscoPE
SUPERSEDING INSTRUMENTS PREVIOUSLY LISTED AS No. 293
AND No. 293-A
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Pocxker Compass wita Lims

The limb of this compass is five inches in diameter,
graduated to half degrees and figured like limb I page
36. - The vernier which is placed at an angle of 30
minutes to the line of sight reads to single minutes.

The needle circle is graduated to half degrees and
is figured from O to 90 each way. The needle is three
and one half inches long and the magnetic declination
can be set off to single minutes.

The sights fold down closely for convenience in
packing and are made half slit and half hair so that
back sights may be taken without turning the limb.

This instrument can be used for a great variety of
work and with the light extension tripod is especially
adapted to surveys of mines where angles must be taken
independently of the needle.
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Geovrocists Compass

This compass has proven admirably adapted for
topographical work, and has been adopted by the U. S.
Forest Service for the use of field men in making forest
surveys and maps. If properly used, accurate work
can be done with this small and compact instrument.

It is made of aluminum to decrease weight and has a
needle 255 inches long enclosed with its compass circle
in a circular box set on a plate 4 inches square. With
the improved needle lifter as shown, a water and dust-
proof needle box is assured.

The edges of this base are beveled and graduated,
two for a tangent scale and two to inch scales. One of
these latter is graduated to eighths, each of which repre-
sents ten chains, and the other is decimal. The compass
circle is made movable, and by a vernier attached to it
on the inside the magnetic declination may be set off
to 5 minutes.

On the under side of the plate is a township plat.

On the compass face is an arc of 180 degrees figured
on each side of the 0 line from 0 to 90. A weighted
pendulum hung from the center pin indicates, by its
pointer on this arc, the angle of slope, when the com-
pass is placed so that it rests on its west edge. On the
outside of the box containing the compass circle is a
movable circle, beveled and graduated on its upper edge
and figured from O to 90, and having at each quadrant
a slit for sighting.
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HE Dip Compass consists essentially of a magnetic
T needle so suspended as to move readily in a vertical
direction, the angle of inclination, or “dip,” being
measured upon the graduated rim of the compass circle.

When in use, the ring or ball is held by the hand,
and the compass box by its own weight assumes a verti-
cal position. It must be held in the plane of the magnetic
meridian. In this position the needle, when unaffected
by the attraction of iron, assumes a horizontal line, as
shown by the zeros of the circle. When brought over
any mass of magnetic iron ore it dips, and thus detects
the presence of such ore with certainty.

If the Dip Compass is held horizontal, it serves as
an ordinary pocket compass, and indicates the magnetic
meridian, in the plane of which it should be held when
used to ascertain the dip.

Dip Compasses have a 3 inch needle, provided with
a stop which is released by screwing down the clamp in
the ball.  The new style needle clamp enables the
instrument to be held and controlled to the best advan-
tage. The improved form of needle release is positive
in action, durable in construction and not liable to in-
jury. The Compasses have the two sides of glass and
are furnished with removable brass covers.

The needle of our Dip Compasses is adjusted to read
0 at Troy, N. Y., when held in the plane of the mag-
netic meridian, but it may read differently in another
place.
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Diar Compass

A rough method of detecting the presence of large
bodies of magnetic ore is by a compass directed in the
meridian by means of apparent time on a Sun dial.
Allowing for the magnetic declination for that location
any variation by the needle from the.magnetic meridian
will indicate local attraction. This instrument, made
of aluminum, has a needle two and five eighths inches
long, and with its compass circle is enclosed in a circular
box set upon a base 4 inches square, three edges of
which are chamfered and graduated, the one on the W
side of the compass into inches and tenths and the two
others into degrees and half degrees, and figured from
a center on the southwest corner of the base.

The compass circle is movable, in order to set off the
magnetic declination, and has a vernier attached to it
on the inside, by which a graduated arc on the face of
the compass is read to 5 minutes.

With the improved needle lifter as shown, a water
and dust-proof compass box is assured, The staff-cap
is slotted to allow vertical angles to be read by means
of the pendulum while the compass is on the staff or
tripod.

There is also on the south side of the face an arc
of 180 degrees, figured from 0 to 90 on each side of the
south or zero line of the face.

A pendulum with index point hung from the center
pin reads this arc when the compass is set up vertical
on the raised south edge, thus making it a clinometer or
slope measurer.
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We make two sizes of the Pocket Vernier Compass,
having needles respectively three and one half and four
and one half inches long. In the smaller instrument
the sights have a slit in the south vane and a hair in the
north vane, for readily finding an object; but in the
larger size the sights are made half slit and half hair,
as shown on page 180-A. Both sizes have the compass
circle graduated to half degrees. In the smaller size
the vernier of the variation arc reads to five minutes,
and in the larger size to single minutes. The instru-
ment may be used, if desired, upon a light tripod, No.
416, No. 421 or No. 426.

When ordered, a rack movement with pinion is
added, by which the magnetic declination may be set off
more readily. 8

The compass with three and one half inch needle
weighs about one and three quarters pounds; that with
four and one half inch needle about two and three
quarters pounds.
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LEVELING INSTRUMENTS

Excineers Wye LevEL

F the different varieties of leveling instruments, the

Wye Level is universally preferred by American

engineers on account of its accuracy, durability,
ease and permanence of adjustment.

We manufacture four sizes of Wye Levels, having
telescopes, twenty-two, eighteen, fifteen, and twelve
inches in length; the smallest size is called the Architects
Level. The illustration on page 182, represents the
two largest sizes.

TerLescopE. The telescope has near its ends two
rings of bell metal turned truly and of precisely the
same diameter. On these rings it rotates in the wyes;
or it can be clamped, when the clips of the wyes are
brought down upon the rings, by pushing in the taper-
ing pins. .

The telescope of the twenty-two inch and eighteen
inch levels has a pinion movement to both the objective
and eyepiece slides, and an adjustment for centering the
eyepiece slide, shown at AA in the sectional view, Fig.
51, page 183. The arrangement for insuring the accurate
projection of the objective slide is also shown at C, in
the same illustration. Both of these adjustments are
protected from disturbance by thin cover bands which
screw over them. The objective slides of the fifteen
inch and the twelve inch levels have pinion movements
but the eyepieces have spiral or serew motions.
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The objective slides on the cighteen and twenty-two
inch Wye Levels are fitted with our improved dust
guard, Iig. 2, whieh is secured to the main tclescope
and which remains stationary while the slide is moved
in or out, thus fully protecting it against injury from
any outside cause.

Stort I'ocus. The telescopes of our Wye Levels,
like those of our transits, are arranged so that they may
be focused upon an object much nearer the instrument
than was formerly possible. '

Fia. 52

No. 378 Encineers Wye LeveL
15 INCII TELESCOPE

The improvement will often be of decided advan-
tage to the cngineer. Care, however, should be taken
when using the instrument at short distances to eorrcet
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accurate projection of the slide throughout its whole
range. This adjustment makes possible the alignment
of both cross wires with equal accuracy, which could
not be accomplished without it. The slide is always
adjusted in the process of manufacture and needs no
attention from the engineer, unless the instrument is
severely injured.

The advantages of an eyepiece pinion are that the
eyepiece can be moved without danger of disturbing the
telescope, and that the wires are brought more certainly
into distinct view, so as to avoid any error of observa-
tion arising from instrumental parallax.

Lever Vian. The level tube, with ground and grad-
uated vial scale is attached to the under side of the
telescope, and furnished at different ends with the usual
movements in both horizontal and vertical directions.

The level vial F, Fig 51, is a glass tube with an
even bore from end to end, and ground on its inner
surface, so that the run of the air bubble may be uniform
throughout its whole range. The level graduated scale
is etched on the glass.

Wyes. The Wyes, Q, of our levels are large and
strong, of hard bronze, and each have two adjustable
capstan nuts, S. The clips are held down on the rings
of the telescope tube by the Wye pins, which are taper-
ing so as to secure the rings firmly. The clip of one of
the Wyes has a pin projecting from it, which, entering
a recess in the edge of the ring, insures the horizontal
position of the cross wire.
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Lever Bar. The level bar is round, of the best bell
metal, and shaped for greatest strength in the parts
most liable to sudden strains.  Connected with the
level bar is the head of the leveling .socket.

SpinpLe. The instrument is supported on a tapered
steel spindle which is fitted in a socket extending en-
tirely through the leveling head.

Socketrs. Projecting from the socket are four arms,
E, heavily ribbed and tapped at the ends to receive the
leveling screws. The leveling screws are so threaded
that they fit the long nuts accurately, and have caps
protecting the threads from dust.

Borrom Prate. Attached to the end of the leveling
socket by a hemispherical nut is the bottom plate of the
leveling head, which is so spaced with reference to the
leveling socket that it pivots easily upon it with the
movement of the leveling screws.

The length of the steel spindle and the wide spacing
of the leveling screws secure stability and delicacy of
adjustment for the most accurate work.

LeveLine Heap. The leveling head is similar in
construction to that of the transit, (see page 42). The
tangent screw has also an opposing spring, as there
described.
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ArcHitEcTs LEVEL

The Architects Level is extensively used by archi-
tects, builders and millwrights for leveling and laying
off angles of foundations for buildings, machinery,
shafting, etc., as well as by engineers and surveyors for
the grading of streets, sewers and drains.

The instrument has a telescope twelve inches in
length, furnished with rings and wyes like that of the
larger levels and is adjusted in the same manner. As
now made, the telescope can be focused upon an object
six and one half feet from the center of the instrument.

The leveling head has a clamp to the spindle, and a
tangent movement. It has also a horizontal circle three
inches in diameter, fitted to the upper end of the socket
and turning readily upon it. The circle is graduated
to degrees, figured from 0 to 90 each way, and is read to
five minutes by a vernier which is fixed to the spindle.

The telescope is directed to any object by hand, the
spindle turning readily in its socket; but it can be
clamped in any position by the clamp screw and accur-
ately pointed by means of the -tangent screw.

The instrument is placed either upon a light tripod
or on a small triangular plate called a “trivet,” having
three sharp steel points by which it is firmly set upon
any surface. Both tripod and trivet are furnished with
the level.

A sun shade is also supplied, to put over the objec-
tive to protect it from the glare of the sun.



LeveLiNG INSTRUMENTS 189

ApsustmeNTs. The adjustments of the Architects
Tevel are made exactly as specified in the description of
the larger levels. They are not liable to derangement,
and will ordinarily require but little attention.

Fic. 54

No. 381 Arcurrecrs LEVEL
ONE SIZE

To Apjsust THE Wye LeveL

The adjustments which are common to all Wye
Levels, and with which the engineer should be fam-
iliar, are:

To adjust the line of collimation, or, in other words,
to bring the intersection of the cross wires into the longi-
tudinal axis, so that this point will remain on any given
peint during an entire rotation of the telescope;

To bring the level parallel with the bearings of the
wye rings, or with the longitudinal axis of the telescope;
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To adjust the wyes or to bring the level into a posi-
tion at right angles with the vertical axis of the instru-
ment.

Before beginning the adjustment it is well to set
the cross wires approximately horizontal. This adjust-
ment cannot be accurately made until the other adjust-
ments are completed.

To Apsustr tHE LINE oF CorrimatioN. Set the
tripod firmly, remove the wye pins from the clips so as
to allow the telescope to turn freely, clamp the instru-
ment to the leveling head, and by the leveling and tan-
gent screws bring either of the wires upon the clearly
marked edge of some object, distant from one hundred
to five hundred feet. Then with the hand carefully
rotate the telescope half way around, so that the posi-
tion of the same wire is compared with the object
selected.

Should it be found to one side of the wire, bring it
half way back by the capstan head screws at right angles
with it, always remembering the inverting property of
the eyepiece; bring the wire again upon the object and
repeat the first operation until it will reverse correctly.
Proceed in the same manner with the other wire until
the adjustment is complete. =~ Should both wires be
much out, it will be well to bring both nearly correct
before either is finally adjusted.

When this is effected, unscrew the covering of the
eyepiece centering screws, shown in the sectional view
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at A A, page 183, and move each pair in succession with
a screw driver until the wires are brought into the center
of the field of view. The inverting property of the eye-
piece does not affect this operation, and the screws are
moved directly.

To test the correctness of the centering, rotate the
telescope and observe whether it appears to shift the
position of an object. Should any movement be appar-
ent, the centering is not perfectly effected. In all
telescopes the line of collimation depends upon the rela-
tion of the cross wires and objective, and therefore the
movement of the eyepiece does not affect the adjustment
of the wires in any respect.

When the centering has once been effected it remains
permanent, the cover being screwed on again to protect
it from derangement.

To Avsust THE Lever ViarL. Clamp the instrument
over either pair of leveling screws, and bring the bubble
into the middle of the tube. Turn the telescope in the
wyes so as to bring the level tube to one side of the
middle of the bar. If the bubble runs to the end, it
indicates that the vertical plane passing through the
middle of the bubble is not parallel with that drawn
through the axijs of the telescope rings.

To correct the error, bring the bubble, by estimation,
half way back by the capstan head screws on each side
of the level holder, placed usually at the objective end
of the tube. Again, bring the level tube over the middle
of the bar and the bubble to the middle, turn the level
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to either side, and, if necessary, repeat the operation
until the bubble will keep its position when the tube is
turned half an inch or more to either side of the middle
of the bar.

The necessity for this operation arises from the fact
that, when the telescope is reversed end for end in the
wyes in the other and principal adjustment of the
bubble, we are not certain of placing the level tube in
the same vertical plane, and therefore it would be almost
impossible to effect the adjustment without a lateral
correction.

Having now largely removed the initial difficulties,
we proceed to make the level tube parallel with the
bearings of the wye rings.

To do this, bring the bubble into the middle with the
leveling screws, and then, without jarring the instru-
ment, take the telescope out of the wyes and reverse it
end for end. Should the bubble run to either end, lower
that end, or, what is equivalent, raise the other by turn-
ing the adjusting nuts on one end of the level until, by
estimation, half the correction is made. Again bring
the bubble into the middle by the leveling screws, and
repeat the whole operation until the reversion can be
made without causing any difference in position of the

bubble in the bubble.

It would be well to test the lateral adjustment from
time to time during this operation and make such cor-
rections as may be necessary in that, before the vertical
adjustment is entirely completed.
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To Apsust THE Wyes. Having made the previous
adjustments, it remains to bring the level into position
at right angles with the vertical axis, so that the bubble
will remain in the middle during an entire revolution of
the instrument.

To do this, bring the level tube directly over the
middle of the bar and clamp the telescope in the wyes,
placing it as before, over two of the leveling screws.
Unclamp the socket, center the bubble, and turn the
instrument half way around, so that the level bar may
occupy the reverse position in respect to the leveling
screws beneath.

Should the bubble run to either end, bring it half
way back by the wye nuts on either end of the bar.
Place the telescope over the other pair of leveling screws,
bring the bubble again into the middle, and proceed as
above described, changing to each pair of screws suc-
cessively until the adjustment is very nearly perfected,
when it may be completed over a single pair.

When the level has been thus completely adjusted,
if the instrument is properly made and the socket well
fitted, the bubble will reverse over each pair of screws
in any position.

This adjustment is not essential, but is convenient.
If the level has been adjusted parallel to the line of
collimation, the line of sight will always be a level one

if the bubble so indicates. =~ With a precise level this
adjustment is not made, but the bubble is carefully
viewed at the time of sighting.
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Should the engineer be unable to make the instru-
ment work correctly, the error is probably caused by
some injury to the spindle or socket.

In such case the instrument should be sent directly
to the maker, if possible, as the injury may require
skilled attention.

The adjustments having been completed, and the
instrument being precisely level, the engineer should
rotate the telescope in the wyes until the pin on the élip
of the wye will enter the recess in the ring to which it is
fitted, and by which the horizontal position of the cross
wire is insured.

When the pin is in its place, the horizontal wire may
be compared with any level line, and in case it should
not be parallel with it, two of the cross wire screws that
are at right angles with each other may be loosened and,
by the screws outside, the cross wire ring turned until
the wire is horizontal.  The line of collimation must
then be corrected again, and the adjustments of the
level will be complete.

To Apsust THE OBJECTIVE SLipE. The adjustment
of the objective slide is a distinctive feature of Gurley
instruments and is always made by us so permanently
as to need no attention at the hands of the engineer,

unless in case of derangement by accident.

In making this adjustment, it is necessary to remove
the level tube in order that the screw immediately above

it may be accessible.
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To adjust the objective slide, select an object as
distant as may be distinctly observed, and upon it adjust
the line of collimation, in the manner described on page
190, making the intersection of the wires to rotate in
the wyes without passing either above or below the point
or line selected. In this position the slide will be drawn
in nearly as far as the telescope tube will allow.

With the pinion head then move out the slide until
an object, distant about ten or fifteen feet, is brought
clearly into view. Again rotating the telescope in the
wyes, observe whether the wires will reverse upon this
second object.

Should this be the case, it is assumed that, as the line
of collimation is in adjustment for these two distances,
it will be for all intermediate ones, since the bearings of
the slide are true and their surfaces parallel with each
other.

If, however, either or both wires fail to reverse upon
the second point, by estimation, remove half the error
by the screws at C (Fig. 51, page 183), at right angles
with the wire to be corrected, remembering that, on ac-
count of the inverting power of the eyepiece, the slide
must be moved in the direction which apparently in-
crcases the error.  When both wires have been thus
treated, the linc of collimation is again adjusted on the
near object, and the telescope again brought upon the
most distant point.  The tube is again rotated, the
reversion of the wires upon the object once more tested,
and the correction, if necessary, made in the same
manner.
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ExpLoreErs LeveL

The telescope of this level is fastened rigidly and
permanently to the spindle and the level is for this
reason of dumpy design.

This small, light model was designed to meet the
requirements of engineers for a compact serviceable
instrument for running preliminary lines in exploration
work where it is not convenient to operate a large
instrument. It is used by many who desire an accurate
and at the same time an extremely portable level.

The Explorers Level is a companion instrument to
our Explorers Transit and Explorers Alidade, and can
be packed with them in an ordinary twenty-four inch
suit case, including one jointed extension tripod as
shown on page 59.

To Avjust THE ExprLorers LEverL. By means of
the leveling screws and the nuts at the ends of the level
vial, adjust the level until the bubble will remain in the
center when the instrument is rotated on the spindle.
Then adjust the cross wires by means of the two peg
method as follows. Drive two stakes, opposite sides of,
and at equal distances from, the instrument, say 200
or 300 feet. Sight on a rod placed consecutively on
each stake. Drive the highest one until the reading on
both are alike, or make allowance for the difference in
reading. The points read by the level will now be in
the same horizontal line, however much the telescope
may be out of adjustment. Remove the instrument to
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a point less than 50 feet to one side of either stake and
in approximate line with both. Again level the instru-
ment and note the heights indicated upon the rod placed
on each stake. If not the same, adjust the cross wires
by means of the capstan head screws over nearly the
whole error on distant stake and repeat until the read-
ings on both stakes are alike.

FiG. 55
No. 384 Exprorers LEvEL

Bring the wires into the center of the field of view,
by centering the eyepiece by means of the four screws
lettered A in the sectional view on page 183, which does
not affect other adjustments, and the instrument is
ready for use.
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To Use THE LEVEL

When using a level, the legs of the tripod must be set
firmly into the ground, and the bubble brought over each
pair of leveling screws in turn and leveled in each posi-
tion, the necessary corrections having been made in the
adjustments.

Care should be taken to bring the wires precisely
into focus, and the object distinctly into view, so that
all errors of parallax may be avoided. In all instances,
the wires and object should be brought into view so
perfectly that the cross wires will appear to be fastened
to the surface, and will remain in that position however
the eye is moved.

In running levels it is best, wherever possible, that
equal fore and back sights should be taken, to avoid
any error arising from the curvature of the earth, and
also to compensate for any errors of adjustment in the
instrument.

To Use THE ArcHITECTS LEVEL

The instrument having been carefully leveled, focus
the eyepiece and objective upon the object as before
described, and the horizontal cross wire will give any
number of points required, which will all be in the same
level plane.

A board held erect will answer as a rod, and a pencil
line drawn across it at the place cut by the horizontal
wire “will give the height of the starting point. Any
different points on the rod, either above. or below that
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indicated by the cross wire, will show the difference in
height of the various points observed, as compared with
the starting point.

LayviNe oFr ANGLEs. In laying off angles with the
Architects Level, the bubble should first be brought into
the middle as before described, and the vertical cross
wire made to cut the object or line from which the angle
is to be taken. Then, the spindle being clamped by the
milled head screw under the circle, the circle is turned
around by hand until the zero lines of both circle and
vernier are made to coincide. Loosen the clamp screw
and turn the telescope to the point desired, and the
angle between the two points will be read off on the
circle.

By the use of the vernier, angles can be read on the
circle to five minutes, but ordinarily only the middle line
of the vernier is used, and the angle read to the nearest
degree.

A E The point underneath the center of
the instrument is indicated by the point
of the plummet suspended from the
s leveling head.

In many cases, after the walls of a
building have been carried up to a con-
siderable height, it becomes difficult to
set up the tripod, and in this
case the level is screwed upon
the trivet, which can be set
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board secured to the building, or indeed upon any sur-
face nearly level and not less than six inches square.

To illustrate the value of this instrument in laying
out the sites of buildings, suppose it is desired to erect
a building, C D, at right angles with a building, A B,
and at a given distance from its front.

First set up the level at E, and carefully center the
bubble, the point of the plummet below the required
distance of the side of the new building from the front,
A B. Measure the same distance at the other corner
of A B, and, having erected the rod, sight upon it with
the telescope and clamp to the spindle.

Now carry the rod the required distance from B,
and move it from side to side until it is again in line
with the telescope, as at C.

Remove the instrument, and having carefully set it
over the point C, by the plummet, and brought the bub-
ble into the middle as before, sight the telescope again
upon the rod placed at E or F, and clamp to the spindle.
Bring the zeros of the circle and vernier to coincide,
unclamp, and turn the vernier to ninety degrees; this
will give a point, D, at any required distance from C,
and C D will be the side of the proposed building. The
side, C G, is determined by turning the telescope around
until the vernier is in line with the other zero of the
circle, and thus the corner, C, and the two sides, C D
and C G, are at once set off, and the remaining corner,
H, easily ascertained by making D H and G H equal
to C G and C D, respectively.






202 W. & L. E. Gurrey, Troy, NEw York

HAND LEVELS

FOR RAILWAY RECONNOISSANCE AND LOCATION, AND
WHEREVER APPROXIMATE LEVELING IS REQUIRED

Locke Hanp Lever. This instrument consists of
a brass tube about six inches long, having a level vial
on top near the object end, as shown. There is an
opening in the tube beneath, through which the bubble
can be seen, as reflected by a prism immediately under

Fi1c. 56
No. 648 Locke Haxp LeveL

the level vial. Both ends of the tube are closed by disks
of plain glass to exclude dust, and there is at the inner
end of the sliding or eye tube a semi-circular convex
lens, which serves to magnify the level bubble and the
cross wire beneath, while it allows the object to be
clearly seen through the open half of the tube.

The cross wire is fastened to a frame moving under
the level tube, and adjusted to its place by the small
screw shown on the end of the level case. The level of
any object in line with the eye of the observer is deter-
mined by sighting upon it through the tube, and bringing
the bubble of the level into a position where it is bisected
by the cross wire.
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ApnNevy Lever anp CrLinomETER. The Abney Level
is a modification of the Locke Hand ILevel, combining
with it an excellent clinometer.

The main tube being square, it can be applied to
any surface, the inclination of which is ascertained by
bringing the level bubble into the middle, and reading
off the angle to five minutes by the arc and vernier.

Fic. 57
No. 646 Asney LeveEL

When sighted at an object and the bubble brought into
the middle, the vertical angle from the height of the
eye is indicated. When at zero it indicates a level line.

The inner and shorter arc indicates the lines of
different slopes, the left edge of the vernier plate being
applied to the lines, and the bubble brought into ‘the
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middle as usual. Graduations can also be furnished to
indicate per cent of grade. A small compass, with
needle about one and one half inches long, is sometimes
attached to the upper surface of the Abney Level, with
a plain staff socket below.

Fic. 58

No. 640 Mowocurar Hanp LreveLn

Tue MonocurLar Hanp LeveL, shown in No. 640,
consists of a tube to which are fitted the lenses of a
single opera glass, and which also contains a reflecting
prism, a cross wire, and a level vial, the latter being
seen in the open part of the tube.

The eye lens, as indicated in the illustration, is com-
posed of two separate pieces, the larger one being the
usual concave eye lens of the opera glass, and the
smaller a segment of a plano-convex lens having its
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LEVELING RODS

GOOD Leveling Rod is as important a part of the

essential equipment of every engineer or surveyor

as a good Transit or Level. It should, therefore,
be selected with equal care, always bearing in mind
that a permanently accurate and durable rod cannot be
obtained at a low price.

Gurley rods have steadily grown in favor with dis-
criminating users, whose experience has convinced them
that the greatest satisfaction under varying service
conditions can be obtained with these rods. With the
intention of having Gurley rods absolutely the best that
can be made, constant study and experiments are carried
on and no expense is spared.

A good rod has accurate graduations, retains its
straightness, never binds, stands the hard knocks of
field use, is easy to read and stays that way for years.
As official evidence of the accuracy of Gurley rods, we
are prepared to submit copies of reports made from
tests by the United States Bureau of Standards. The
rods tested were furnished from our regular stock to
the people who secured the certificates; they were not
selected for the purpose.

Gurley rods are used extensively by many depart-
ments of the U. S. Government and the most critical
work, necessitating the utmost precision, has been per-
formed with rods of our manufacture.
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SepeciaL Ropns. Many engineers need rods of special
pattern, graduation or shape adapted to the particular
requirements of their practice. We make to order rods
of any design and will submit estimates of cost to those
who desire them and who furnish us with data showing
the details required.

CONSTRUCTION

HE first essential in the manufacture of rods is the

material, and experience has shown that certain

localities produce wood better suited for this pur-
pose than others. Our expert personally examines a
large quantity of the lumber and selects only that which
straightness of grain and freedom from flaws make fit
for our use. The peculiaritics of grain and texture
that develop in the different woods due to the varying
climatic conditions under which they have grown must
be kept in mind when making this selection.

The blanks, after having been cut to the desired
sizes, are stored and carefully air dried until they are
thoroughly seasoned. Any blank that warps in drying
is immediately rejected.

The blanks are especially treated to enable the rods-
to withstand the varying climatic conditions to which
they will be subjected. This method of eareful prepar-
ation and inspection is expensive, but is justified by the
excellence of the finished product.
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GrapuvaTing. The engine which graduates the rods
was invented and built in the Gurley factory, and is the
result of years of experience in this special line of
work. It is adapted to receive and graduate all kinds
of rods accurately in the decimal, fractional or metric
system, and in any other system which may be desired
for special use.

On Gurley rods the graduations are not merely
printed on the surface, but are impressed into the rod,
thus increasing their durability.

Every detail is carefully observed in the graduation
of the rod; the engine and the room in which it is used
are so arranged that they are kept at a uniform temper- -
ature, both winter and summer. The bases from which
the graduations are made are linear standards, every
division of which has been verified and certified by the
highest authority in the world on all matters pertaining
to Weights and Measures, the International Bureau of
Weights and Measures, Sevres, France.

FiNisniNg.  An unusual amount of attention is paid
to the finishing of the rods, and materials are used
which are made especially for us. A number of coats
of preservative varnish are applied and rubbed down
thoroughly. Besides being noted for their beautiful
finish, Gurley rods possess unequaled wearing qualities.

Wherever possible, the exterior corners are rounded,
making the handling or carrying of the rod more agree-
able. With the improved form of clamp, the slide is
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effectually clamped with but a slight pressure of the
screw.

Tur Tarcers are stamped from one piece of metal
and have a raised perimeter, or rounded rim, which
increases the strength and protects the face. The
targets are so reinforced that the screws are not liable
to bend, and wherever possible the use of nipples is
avoided, as they often work loose.

CarryiNg Cases. To prevent the defacing of the
graduations in transportation, a canvas case to hold the
rod can be supplied. This case is substantially made
of heavy material and is recommended for all rods used
in precise leveling. ]

Repairs aNp REGrapvaTING. Owing to their dur-
able construction, Gurley rods can be restored at
moderate cost to first class condition for further service,
after they have become worn or damaged by excessive
use or accident. As this cannot be done with a rod
cheaply made, this advantage of a Gurley rod should
be considered when purchasing.
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PumLaperpaia Roo No. 500

This Rod is made in two parts,
each about 34 inch thick by 114 inch
wide and 775 feet long. The parts
are connected by two metal sleeves,

the upper one of which has a clamp
screw for fastening the two parts
together when the rod is extended
for a higher reading than 7 feet.
This clamp can be so adjusted as to
regulate the friction on the rod.

Both faces of the back strip and
one face of the front are recessed
76 inch below the edges.  These
surfaces are painted white, grad-
uated into feet, tenths and hun-
dredths of a foot, and the feet and
tenths figured. @ The graduations
and figures are slightly impressed
on the recessed surfaces, thus in-
creasing their durability.
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The front piece reads from the
bottom upward to 7 feet, the foot
figures being red and the tenths
figures black. When the rod is ex-
tended to full length the front sur-

No. 500 PuiLaperpuia Rop witH MicroMETER TARGET

f}; face of the rear half reads from 7
s to 18 feet, and the whole front of
& the rod is figured continuously and
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becomes a self-reading rod, 13 feet
long, reading to hundredths of a foot.

The back surface of the rear half
is figured from 7 to 13 feet, reading
from the top down. It has a ver-
nier scale by which the rod is read
to thousandths of a foot as it is ex-
tended. The target has a raised
perimeter and is painted in white
and red quadrants. It has also a
vernier scale on its chamfered edge,
reading to thousandths of a foot.
The target has a micrometer attach-
ment which permits rapid and
accurate setting.

When a level of less than 7 feet
is desired, the target is moved up or
down the front surface, the rod
being closed and clamped; but when
a greater height is required the tar-
get is fixed at 7 feet and the rear
half extended, the vernier scale on
the back giving the readings like
those of the target to thousandths
of a foot.

— U W & GO~
Vil el fonsfannds

Service Rop, witH OvAL TarGET,
No. 500-R 4

The new Service rod is of the
standard Philadelphia type and sim-
ilar to our No. 500 Rod, but with
the following modifications: It is
equipped with a target, oval in
form; the clamp and fixtures are
of bronze, the screw being rein-

G2

No. 500-R PuiLaperruia SeErvicE Rop, wita Ovar TArRGET
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No. 500-B PuiLaperLpuIA Rop

Fic. 61.

forced and protected by a guard and
designed for easy celamping,
especially when wearing gloves or
mittens in cold ‘weather; the finish
is not quite so refined as that of our
No. 500 Rod, but this new rod will
give the same service which has
made all Gurley rods so popular.
In geﬁeral, the No. 500-R Rod will
answer every requirement in point
of accuracy and service.

500-B PuiraperLpuia Rop

Many engineers desire a Phila-
delphia Rod which can be directly
read at a maximum distance from
the .instrument.

Philadelphia Rod No. 500-B is
graduated in feet, tenths, and half
tenths with the tenth figures 0.06
feet high. In Fig. 61, the half
tenth graduations are not shown.

A scale on the target and on the
back of the lower section enables
the rod to be read to 1/100 of a
foot. 'This rod is found very useful
in highway and railroad cross sec-
tion work.
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No. 501 PumLaperriia Rop

IN THREE PARTS

To provide a rod of the same gen-
eral design and use as the Philadelphia
rod, but capable of being closed to
shorter lengths, we supply the Phila-
delphia rod in three parts. This rod
is five and three tenths feet long when
closed, and when extended reads to

=Y

thirteen feet.

J

U o
M anldonuli

-3

In reading above five feet, first the

6-§ 7 rear part is extended to its full length
5= and next the middle piece, the readings
4-3’; being made on the graduated edges of
o A

the rod by vernier to thousandths of

-
o

a foot.

When fully extended the front sur-
face becomes a self-reading rod to

No. 501 Puiranperpuia Roo, Turer Pry

thirteen feet, the graduations being to
hundredths of a foot.

!
¢ O gt — U (,Jl,p_:{
. TR T T T T

On account of ease in transporta-

Fic. 62.

’;ion, as well as the general character

-and excellence of this rod, we believe
it will be approved by those who use it.
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No. 501-B Serr-Reapixe Ropo, THrEE PLy

Fic. 63.

No. 501-B SerLr Reaping Rop

A rod which is very popular as
a long self reading three ply Phila-
delphia Rod is our No. 501-B.

This rod is seven and six-tenths
feet high when closed and extends
to twenty feet. It is graduated on
four faces to feet and tenths and on
the back of the front section to feet,
tenths and hundredths. It reads
by two scales to half hundredths.

The target is of aluminum and
the rod is regularly supplied with a
canvas carrying case.

Minine Robs

Yor underground operations we
are prepared to furnish two ply
standard Philadelphia Rods like
No. 500 or Service Rods like
No. 500-R in the following special
lengths:

3.3 feet closed, sliding to 5 feet
4.3 feet closed, sliding to 7 feet
5.3 feet closed, sliding to 9 feet
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No. 505 NEw York Rop

Fic. 64.

No. 505 New Yorxk Rop

This rod is made in two parts, the
pieces sliding one on the other, the
same end being always held on the
ground and the graduations starting
from that point.

The graduations are made to tenths
and hundredths of a foot, the tenth
figures being black, and the feet marked
with a large red figure.

The front surface, on which the
target moves, reads to 614 feet on the
two part rods. When a greater height
is required, the horizontal line of the
target is fixed at the highest gradua-
tion, and the upper half of the rod
carrying the target is moved out of the
lower, the reading being now obtained
by a vernier on the graduated side, up
to an elevation of 12 feet.

The target is made with a raised
rim to strengthen it and to protect it
from defacement. It is arranged with
an improved clamp, which can be so
adjusted as to regulate the friction on
the rod, allowing the target to be easily
moved up and down or to be clamped
by a slight turn of the binding screw.



W. & L. E. GurLey, Troy, NEw York

fil

Rl g

o S -

AN AOHL A3IHN0 37 % M

ylw'v‘

Nos. 510 axp 511 Arcirrecrs Rops

Fic. 65.

The face of the target is divided
into quadrants by horizontal and ver-
tical diameters, the quadrants being
painted alternately white and red, or
sometimes white and black.

The opening in the face of the
target is nearly two-tenths of a foot
long, so that in any position a figure
denoting a tenth of a foot can be seen
on the surface of the rod.

The vernier on the right hand edge
of the opening is graduated into ten
equal spaces corresponding to nine
hundredths on the rod, and reads .to
thousandths of a foot. The gradua-
tions start from the horizontal line
which separates the colors of the face.

The rod is fitted with an improved

clamp similar to that on the target.

ArcHiTECcTs Rops Nos. 510 anp 511

Architects Rod No. 510 is a very
light and simple sliding rod made in
two equal parts, each 73 inch square,

. and when closed the rod is about 5 feet

6 inches long.

As shown, the face of the front
part and the side of the rear part are
graduated to feet,inches and sixteenths,
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No. 517 Srip-JoinTED RoOD
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LreverLiNg INSTRUMENTS

and read by an index on the
target and on the side of
the rod.

The target is similar to
those of the rods already
described, and moves on the
closed rod when levels of
less than 5 feet 5 inches are
to be taken.

When a greater height is
needed, the target is fixed at
the highest graduation, the
rear part carried above the
front part and clamped by
the clamp screw at any point
desired, and the height up
to 10 feet read off by the
index on the side of the
lower part.

Architects Rod No. 511
is similar to No. 510 except
that the face of the front
part and the side of the rear
part are graduated to feet,
tenths, and hundredths, and
read by verniers on the tar-
get and side to thousandths
of a foot.

No. 517 Srip-JoINTED
LeveErLiNg Rop
1920 Model

This rod was designed for
engineers desiring an ex-
tremely portable leveling or

SN O W

bt

FronT axp REAR ViEws oF No. 517 Srir-JoinTED Rop SmowiNg JoiNTs

F1e. 67.
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No. 514-B anp 514-C Srapia Rop

F1a. 68.

stadia rod. It is twelve
feet long and is graduated
on a surface two inches wide
to feet, tenths and hun-
dredths. The two joints
are secured and released by
The rod

being in three sections is

spring catches.

carried in a canvas case
about three and three tenths
feet long.

TELEMETER orR Stapia Rops
Nos. 514-B 10 514-E

No. 514-B Stadia Rod is
made in one piece, with-
out target, ten feet long,
four inches wide, with
brass ends and is grad-
uated on recessed face of
three and one-half inches
width to feet, tenths and
hundredths.

No. 514-C Stadia Rod is
similar to No. 514-B, but
twelve feet long.

The graduations of Nos.
514-B and 514-C begin at
the base and end at the

AVAYAGAYAY 4

No. 514-D anp 514-F. Stapia Rop

;i

A
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F1c. 69.
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TELEMETER OorR StApIiA Rop
No. 513

This Rod is formed of two picces
of pine, each two and one-half inches
in width and 6 feet long. The inner
surfaces of the rod are recessed and
painted white, with graduations in
black to feet, tenths and hundredths,
the feet figured in red and the tenths
in black. The two pieces are con-

1<

1
n w . U

nected by strong brass hinges and are

folded in transportation. When in use
they are opened and are held firmly in
line by a strong metal brace and clamp
on the back of the rod.

The rod tapers toward the top, from
a thickness of 1145 inches at the bottom.

No. 513 TELEMETER oR STADIA Rop

This is a self-reading rod, and is
often used in connection with the stadia

B TS
‘NN 0w —

(I||||I||ull‘||nlull|u

to ascertain distances by simple obser-

Fia. 71.

vation, in the same manner as the
Philadelphia Reod.
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No. 516 Cross SectioNn Rop

Fiec. 72.

Cross Section Rop, No. 516

This Rod is made of well seasoned
pine, and is ten feet long, with ends
one and three-eighths inches thick and
two inches wide. It is about four
inches thick at the middle, where there
is an opening for the hand, as shown.
Both sides are graduated on a recessed
white surface, the graduations being
painted black like those of a leveling
rod, and figured from the end of the
rod. There is also an adjustable
spirit level at each end, as shown in
the illustration.

Prain LeverLine Robs
Nos. 518-A To 521-B

These self-reading Rods are made
of seasoned white pine, recessed and
graduated on one face like the Phila-
delphia Rod. A rib at the back, ex-
tending through the length of the rod,
gives great rigidity, while it does not
materially increase its weight.
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They are furnished in lengths varying from ten to
sixteen feet and the ten foot, twelve foot and fourteen
foot rods are made either in one piece or with a hinged
joint. The sixteen foot rod is made only with a hinged
joint.

Fic. 73
VIEW OF HINGED JOINT

Note the sturdy construction of the hinges and the
manner in which the strong metal brace is anchored
into the wooden rib; also the wing nut clamp screw.
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Prain LeverLine Rop
IN FOUR PARTS

No. 524-A

This is a simple form of self-read-
ing rod in four parts, very light and
compact, capable of extension to eleven
and two-tenths feet, and reading to
hundredths of a foot. This same form
of rod is also made in two parts, ex-
tending to ten, twelve, or fourteen feet.
See Nos. 522-A, B and C.

No. 524-A Praix LeverLine Rop Wirnour TarcrT

View or Cramp oF Prain

Rear View or Lower PorTiON
Two Pry LeverLine Robs

orF Four PLy Rop No. 524-A

Fia. 74.

F1c. 76.
Fia. 75.
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No. 552-R Serr-ReapiNne Tape Leverine Rop, FronT View
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W.&L.E. GURLEY
TROY, N.Y.

GurLEy Precise Rob, "I A
Movrritor PATTERN

The Precise Leveling Rod,
Molitor Pattern, as shown
on page 224, is of T-shaped :
section, 12 ft. long, and is :
graduated to feet, tenths
and hundredths. It can be
graduated to millimeters, if
desired. It is equipped
with a circular level, two
wooden handles, a plumb-
ing attachment and plum-
met, an enclosed thermome-
ter, a canvas case and a | -
turning point. It is packed {J. -
in a special pine box with [ ] ~
hinged cover, handles and
lock.

GurLEy SELF-Reapine
Tare Levernine Rop

The Tape Rod is a self-
reading rod of decidedly
different design from the
Philadelphia Rod. It is a
wooden rod, made in one
piece with a metal roller set
in it near each end. Pass-
ing over these rollers is a
continuous steel band twenty
feet long and one-tenth foot
wide, on the outside of
which, for its entire length,

No. 552-R Serr-Reapine Tare Leverine Rop, S View

Fic. 81.
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is painted a scale graduated to feet, tenths and half-
tenths, with the details of the numbers so designed that
readings to the nearest one-hundredth of a foot can
readily be read.

It is provided with a clamp so that the metal band,
or tape, can be set at any desired reading and held firmly
in that position.

Where there are a large number of elevations to
be calculated, it will save much time to use a tape
rod which is so arranged that no elaborate figuring
is required. In this rod, the numbers increase from
the top toward the bottem, the opposite way from
ordinary rods. The level is set up at a conven-
ient point and the rod held on a bench mark. The
tape, or band, on the rod is then moved up or down as
directed by the levelman until he reads the feet, tenths
and hundredths which are the same as those of the
elevation of the benchmark, e. g., if the elevation of the
B. M. is 195.62, the tape will be moved until it reads
5.62. If the rod is then held on a point 1.61 feet lower
than the bench, the rod-reading will be 4.01, since with
this rod the readings decrease as the rod is lowered.
The elevation of the point is then 194.01 feet, or
sufficiently precise for topographic work, 194.0 feet.
In this way the elevations are read directly on the rod
to feet and decimals of feet, the tenths and hundredths
of feet being supplied mentally.  Obviously the only
notes kept are the columns of stations and elevations.

The rod is 10 ft. 814 inches long and graduated on
one edge to feet and tenths. A canvas case can be
supplied for the above rod.
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FrexiBLe or Pocker LeveriNne Robs

The flexible self-reading rod is a convenient form
where extreme accuracy is not essential and where ease
in carrying is desirable. It is made of specially pre-
pared canvas, so treated as to insure permanence in
length within reasonable limits, and is graduated on its
painted surface to feet, tenths, and hundredths, or to
special design. In use it is fastened to a board with
thumb tacks, and can be rolled up easily and carried in
the pocket in tin case with which it is provided.
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F16. 83

Nos. 525-B To 528
FLEXIBLE OR POCKET LEVELING RODS
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F1a. 84.

No. 530, 531 ComBINED LEVELING PoLE AND FLAGSTAFF

MEeTric Robs

Besides the usual gradua-
tion of leveling rods into feet
and parts of a foot, we grad-
uate them, when desired, into
meters, decimeters and centi-
meters, without extra charge.

The scales on the targets
and sides of the rods read the
centimeters to millimeters on
all except the Telemeter, Tel-
escopic and Plain Rods, which
have no targets and are read
only to centimeters. The New
York, and Architects metric
rods are graduated, when de-
sired, to read by vernier to
one-tenth of a millimeter.

ComBINED LEVELING PoLE AND
Fragstarr Nos. 530 anp 531

The Leveling Pole, No. 530,
is a combination of a plain
self-reading rod and a flagstaff.

It is made with flat face, front

and rear, and rounded sides.

_ Ome face is graduated to feet

and hundredths of a {foot,
while the other face and sides
are graduated to feet only and
are painted red and white
alternately.

1

AN AQHL N3WND 3T M

No. 534 Tto 536 WoopEN FLAGSTAFF

F1e. 85.
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Nos. 540-A To 544 IroN AND STEEL RanNcing PoLes

Fia. 86.

The pole is made 7 and 9 feet long, the
graduated faces reading to 6 and 8 feet,
respectively, and when used as a rod is read
as shown in the illustration.

WoonEx Fracstarrs Nos. 534 To 538-B

Wooden Flagstaffs, or Ranging Poles,
Nos. 534 to 536 are made in three sizes and
are octagonal in form, tapering from the
bottom to the top, and have metal shoes.
They are graduated to feet, and painted al-
ternately red and white. When desired they
are graduated metrically, five spaces to each
meter.

Jointed Wooden Flagstaffs Nos. 537-A to
538-B are especially designed for convenience
in use and for ease in carrying when travel-
ing. © They are about 1 inch in diameter, and
are made in equal length sections, which are
firmly joined together by protected metal
screw joints.  If desired, a heavy canvas
case is furnished to contain the several parts,
and to protect them from injury in trans-
portation. See illustration on page 232.

Irox anD SteEEL RanNciNg PoLEs
Nos. 540-A To 544

Ranging Poles Nos. 540-A to 540-B are
made in two lengths, of a solid hexagonal
steel rod, 15 in. in diameter, are graduated to
feet and are painted alternately red and white.
Ranging Poles Nos. 541 to 544 are made
of an iron tube, 1% inch in diameter, in three
lengths, are graduated to feet and are painted

alternately red and white.
Any of the above staffs and poles can be fur-
nished with metric graduations (5 to a meter).



232 W. & L. E. GurLey, Troy, NEw York

Screw-JoINTED Wo0DEN FLAGSTAFFS
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Fic. 87. Nos. 537-A 1o 538-B ILAGSTAFFS

The above illustration shows Flagstaff No. 537-D,
6 feet in length, in 3 sections of 2 feet each, having
protected metal screw joints. The heavy canvas case,
for protecting the rod from injury in transportation,
also is shown.
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Gurrey Rop Lrvers

For use with Precise Rods where greater accuracy
and ease of observation are required, we recommend
Rod TLevel No. 547. i

The case, with vial 30 millimeters in diameter, is
supported on a bracket which may be securely attached
to the rod. Three screws fasten the case to the bracket
and provide means of ready adjustment.

F1e. 90. No. 547 Rop LeveL
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ANGLE TARGETS

Angle targets, extending over the graduated face and
one side of the rod, can be supplied with Rods Nos.
500-R, 500-B, 501, 502-A and 505, instead of the regular
target, at an extra cost.

MicroMETER TARGETS

Micrometer Targets, similar to the target shown with
Philadelphia Rod No. 500 on page 210, can be supplied
with Rods Nos. 500-R, 500-B, 501, 502-A and 503,
instead of the regular target, at an extra cost.

ANGLE MicroMETER TARGETS

Angle Micrometer Targets can be supplied with Rods
Nos. 500-R, 500-B, 501, 502-A and 505, instead of the
regular target, at an extra cost.

Repairin¢ AND REeGraDUATING RoDS

Old and worn rods need not be discarded, as they
can be repaired and regraduated. We have unequaled
facilities and our method is such that when the work is
done, the rods are as good for service as they were
when new.

The average cost of repainting and regraduating
two-ply rods, such as No. 500 and No. 505, varies from
$4.50 to $7.00. These prices include new parts such
as clamp screws, etc., which are frequently required.

Estimates for repairing other patterns will be sub-
mitted upon request.
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GurLEYy TRipops

The legs of all Gurley Tripods are made of straight
grained hardwood, and are about 4 feet 8 inches long
from head to point.  The upper part of the leg is

F1ac. 92
Nos. 415 axp 416 Nos. 400 anNDp 430
Sorm Rouxp Lee Trirpons Sornm Rouxp Lee Trirops
For Compasses For Transrrs aAND LEVELS

flattened and slotted to fit closely on each side of a tenon
projecting from the under side of the tripod head, to
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which it is firmly held by a brass bolt, with large head
and thumb nut on opyposite sides of the leg. The tripod
head is of the best bronze metal, the tenons and upper

I'1c. 938

Nos. 405 ANDp 435 Nos. 410 AND 440
Serit Lee Trirops FExtexsioN Lec Tripobs
For Transtes AND LEVvELs For TransiTs aAND LEVELS

part being cast in one piece. The point or shoe is a
tapering ferrule, having an iron end. It is cemented
and firmly riveted to the wood.
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SorLip Rounp Lee Trirobs. These are made in
three sizes, as follows: Tripod No. 400, the heavy size,
has a metal head 41/ inches in diameter, with legs 134
inches in diameter at the top, 134 inches at the swell
and 114 inches near the point. This pattern is suitable
for use with the Precise Transits Nos. 6-A to 10-A and
No. 18-A, and with the Engineers Wye Levels, but,
unless otherwise ordered, we regularly supply Split Leg
Tripods Nos. 405 and 435 with these instruments.

Tripod No. 415, the medium size, has a head about
3 inches in diameter, and legs which are about 1 inch in
diameter at the top, 134 inches at the swell and 7%
inch near the point. This tripod is designed for use
with Vernier Compass No. 226.

Tripod No. 416, the small size, is for use with
Pocket Compasses. It is of the same pattern as No.
415, but has a smaller head and legs. The legs are
nearly 34 inch in diameter at the top and bottom, and
1145 inches at the swell.

Serit Lee Trirons. The form of the improved Split
Leg Tripods, Nos. 405 and 435, is shown in section at
A-B in the illustration.

The legs are of straight grained hardwood, combin-
ing stiffness and strength with reduced weight, and
allowing greater. ease in carrying. Several sizes of this
tripod are made for use with transits, levels and com-
passes.

ExtEnsioN Lee Trirops, Nos. 410 and 440, shown
in section at A-B, are very popular, as they combine
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strength and rigidity with light weight and are especially
easy and convenient to carry. The shape of the side
pieces allows the middle piece to be clamped firmly with
the bands and screws, while slight changes in length can
be made by twisting the middle piece up or down. In
carrying, the points are usually reversed in position,
and the total length is reduced to thirty-eight inches.

Fia. 94

Nos. 412 anp 4483 JoinTED ExtENsioN Lee Trirops
For Exrrorers TransiTs aND LEVELS
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These tripods are made in several sizes. The large
size is used with the large transits and levels, and the
medium size with the Light Mountain Transits. A
smaller size is used with the smaller transits, Architects
Level and large compasses. The smallest size is used
with the Pocket Compasses.

For use in mines, which have shallow veins or seams,
we are prepared to furnish special extension tripods
which have a minimum height of about twenty-two inches
and a maximum height of about thirty-six inches. The
price is the same as for tripods of full size.

JointeEp ExtENstoN Lre Tripops. For use with
Explorers Transits Nos. 20-A to 24-A and FExplorers
Level No. 384 we furnish a special light weight tripod,
each leg of which has a protected metal screw joint in
addition to the extension feature. The minimum length
when assembled for carrying is only twenty-four inches,
so that it can be packed in an ordinary size suitcase.
A leather-trimmed canvas carrying case, with handle,

is furnished.

CarryiNGg Cases For TRrirops

To protect the tripod in transportation, a carrying
case can be furnished. One style of case is substantially
made of heavy canvas, with leather trimmings. Another
form is made of sole leather, with cap and carrying
handle.
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THE PLANE TABLE OUTFIT

Tue Prane TaBiue Outrit eonsists of a drawing
board to hold the paper, supported on a tripod so that
it may be leveled, a level vial, compass, and alidade or
combined sight and ruler.

Trne DrawiNg Boarp is built up to prevent warping.
TFor use in some localities, as the Philippine Islands,
cleats are screwed to the underside. The screws pass
through the cleats in oblong slots with metal bushings
which fit closely under the heads but allow the screws
to move freely when drawn by the contraction or expan-
sion of the board, caused by climatic conditions. The
paper is held firmly by brass screws passing through
the edges of the paper into brass sockets let into and
slightly below the surface of the board. This method
offers no obstruction to the movement of the alidade
about the surface of the board.

Compass. A square brass plate with a magnetic
compass and levels is used for leveling and orienting the
board and if placed against the edge of the alidade gives
the magnetic bearing. Another form is a trough com-
pass either inserted in the edge of the board, or mounted
on the alidade blade, with a circular level on the blade
of the alidade.

Ture PrumBiNne Arm, shown in the illustration on
page 244, is equipped with an index that may be brought
to a given place on the paper, the plummet hanging to
it indicates the corresponding point on the ground.
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Tue JouxsoN MovVEMENT

Plane Tables are generally mounted on the Johnson
Plane Table Movement, which has been adopted as
standard equipment by the U. S. Geological Survey and
by many State Geological Departments. The construe-
tion of the Johnson Movement is shown in the cut on
page 245. It consists of a ball and socket head with
an inner spindle. Loosening the upper nut A allows
the board to be leveled in any direction, to orient the
board loosen the lower nut B.

&

Fi1a. 95

No. 576-C Praxe TasrLe Outrit, witTH JOUNSON
MovemeEnT No. 570, Stanparp TrrLescoric ArLi-
papE No. 584-C, axp 24" x 31" Drawine Boarp
No. 578.
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PLANE TABLE

The Plane Table method of map making and sur-
veying is rapidly increasing in popularity as its
principles and advantages are becoming better under-
stood. On account of their combined efficiency and
portability, the several Gurley Instruments designed
especially for this class of work have become standard
equipment with the principal users of Plane Table
Outfits. This method consists of locating graphically
on a map, at the time of the survey, the points desired,

I16. 96

No. 570 Jounson Praxe TasrLe MoveMmENT,
wite Serit Lee Trirop
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no other notes or figuring being required. Points are
located either by intersecting lines sighted from different
stations, by tape measurement, or by stadia.

Since the map is made in the field where everything
can be viewed, the likelihood of omitting necessary de-
tails is reduced, most of them can be put in with but
little work. This method avoids the necessity of taking
notes, of reading horizontal angles and the calculation
of the same. It is very easy to detect errors, since
checking is accomplished by simply sighting on a given
point from various stations. It is more rapid than
ordinary methods of transit surveying, particularly
where much topographical detail is desired.

Fic. 97
No. 584-C TELEscoric ALIDADE, WITH DETACHABLE
STRIDING LEVEL, EDGE GRADUATED VERTICAL ARC
COMBINED WITH BEAMAN Stapia Arc, CIRCULAR
LeveL, axp Troucu Compass.
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Two sizes of the Johnson Movement are made. No.
570 is the regular size, used with the larger boards, and
No. 571, a special light weight model generally used
with the smaller boards and the Explorers Alidade
No. 592-C. Any of the alidades, however, can be used
with the Johnson Plane Table.

TrLEScoric ALIDADES

Armape No. 584-C has a brass ruler eighteen inches
long and three inches wide, with the edge beveled. On
this blade is mounted a circular spirit level, the glass
body of which is hermetically sealed, and which is sensi-
tive enough to permit the plane table to be leveled with
sufficient accuracy.  Attached also to the ruler is a
trough compass having a four inch needle, and whose
meridian line is parallel to the fiducial edge. If desired,
the trough compass can be omitted from the blade and
be furnished separately for insertion along one edge of
the drawing board.

The telescope, which is mounted on a.column attached
to the ruler, is eleven inches long, and is equipped with
an enlarged objective, platinum cross wires and stadia
wires, and a detachable striding level with revolving
shield. The telescope is regularly furnished with an
inverting eyepiece, and is fitted with a diagonal prism.
(If an erecting eyepiece is desired, it can be had with
Alidade No. 584-B, which is otherwise similar to Ali-
dade No. 584-C, except that the telescope does not have
an enlarged objective.) For easy adjustment of the
line of collimation, the telescope can be revolved on its



248 W. & L. E. GurLey, Troy, NEw YoRrRK

longitudinal axis through 180 degrees. The telescope
axis is equipped with clamp and tangent movement.

The vertical arc is graduated on sterling silver and
reads by vernier to one minute. For convenience in
reading the point of zero deflection is marked 30° The
reading of vertical angles is made easier by the arc and
vernier being graduated on their edges.

The Beaman Stadia Arc is combined with the edge
graduated vertical arc and vernier, thus greatly increas-
ing the usefulness and efficiency of the instrument.
This patented attachment, as described on pages 90 to
96, mechanically reduces stadia readings and eliminates
the necessity of using stadia tables, slide rules or dia-
grams. The value of the Beaman Stadia Arc is
evidenced by the fact that this attachment is regular
equipment on all Alidades used by the U. S. Geological
Survey, whose engineers are the largest users of topo-
graphic instruments in this country.  Many hundreds
of these attachments are in use on transits and telescopic
alidades and are giving universal satisfaction.

Alidade No. 584-C is standard with the U. S. Geo-
logical Survey, which is using large numbers of Gurley
Instruments of this pattern.  Johnson Plane Table
Outfit No. 576-C, as illustrated and described on page
244, is part of its regular equipment and has been de-
veloped and improved by co-operation with its engineers.
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GURLEY EXPLORERS ALIDADE

No. 592-C Exprorers ALIDADE is of special interest
to topographers, geographers, geologists and landscape
engineers needing a serviceable, dependable, light weight
alidade.

The Explorers Alidade is a modification of the well
known No. 584-C Gurley Alidade, U. S. Geological
Survey standard. It is smaller and lighter, yet built
with precisely the same care and accuracy.

Fic. 98

No. 592-C ExpPrLorERs ALIDADE, WiTH GRADIENTER AND
BramaN Stapia Arc

The majority of these alidades are ordered with the
Beaman Stadia Are, a patented device controlled by us
which gives accuracy and speed to stadia surveying that
can be obtained by no other method. See pages 90 to 96.

The Gradienter attachment will prove useful in the
measurement of distances and the establishment of
grades. The Gradienter head and index are graduated
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on sterling silver, thus the graduations are clear, distinct
and permanent. The entire attachment is of such con-
struction and workmanship that it can be depended upon
for accurate work. See pages 97 to 100.

The Explorers Alidade constitutes an appropriate
companion to our well known Explorers Transit and
Explorers Level, and the three instruments can be
packed conveniently in a 24 inch dress suit case.

In connection with our special light weight Jolinson
Plane Table Movement No. 571, and either the 15 x 15
inch or the 18 x 24 inch Drawing Board, it provides an
outfit for topographical surveying which cannot be ex-
celled for combined accuracy and extreme portability.
The Explorers Alidade can also be used successfully
with the Traverse Plane Table.

To Use TuE Praxe TasLe

To obtain the best results with the plane table a
certain number of control stations should first be located
by means of more accurate instruments, such as a transit
and spirit level. The extent of this control will depend
on the requirements of the survey and the scale of the
map. The plane table may be oriented by sighting the
previously located control stations, whose positions have
been carefully plotted on the drawing paper. With
reasonable care any direction may be represented in
true azimuth, with no error that can be measured on the
map and with far greater accuracy than that obtained
by plotting angles with a protractor. The plane table
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may be used in traverse work with orientation obtained
by compass needle or solar chart. Or a direction may
be assumed and a traverse executed by the “fore and
backsight”” method — that is, by drawing a long line for
the fore-sight and using the same line at the forward
station for the backsight. In other words, the plane
table, though it can not be used for determining angular
values in degrees, minutes, and seconds, is capable of
measuring all horizontal directions that can be measured
by a transit and of performing these functions with
errors less than those that can be measured on the map.
The accuracy of measurements of distances by tape
depends, of course, on the tape and not on the plane
table. The avoidance of errors in plotting distances by
the plane table, as in plotting distances from transit
notes, depends on the care and skill of the surveyor.
Under average conditions the errors by one method will
be no greater than by the other.

In making an accurate map of a large area by the
plane table, two or more control points, the distances
between which are known, must be given, and the eleva-
tion of at least one of these points must also be given.
These points should be plotted on the plane-table paper
in their proper relative positions. If the scale of the
map is too small to justify the location of the principal
points by stadia, they may be accurately located by inter-
secting lines drawn from two or more stations. FEleva-
tions are computed from vertical angles, the distances
being scaled from the plane-table sheet. After a
sufficient number of points have been located the con-
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tours and the other topographic features may be sketched
on the sheet. The number of stations that should be
occupied and the number of points that should be located
to produce an accurate map must be determined by the
character of the country and the requirements of the
scale of the map.

After the topographic details that are visible from
the first station are drawn on the plane-table paper other
stations are occupied, where the same operations are
performed until the entire area is covered. This com-
pletes the field work, and the only additional work that
may be required is that of inking the pencil lines if the
map is to be reproduced by photography. The inked
map is used by the Geological Survey as the final copy
for the engraver.

1f a plane-table station must be established at a point
not previously located, its exact relative position on the
paper can be found in a few minutes by the well-known
“three-point method” provided three or more previously
located points are visible.

The plane-table method.may be recommended for
nearly all topographical mapping. In high latitudes,
however, where outdoor work is limited to two or three
months in the year and much time is lost by storms, even
in midsummer, every minute spent in station work is of
great value.

Although the plane table is generally regarded as
the instrument best fitted for topographic mapping; it
is also useful for making reconnaissance or preliminary
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surveys for railways and highways, for locating canals
and ditches, for mapping civic improvements such as
parks and subdivisions of lots, and for any other field
surveys in which it is not necessary to determine and
record angles in figures.

Before beginning such a survey with the plane table
the accuracy of the setting of the stadia wires in the
telescope of the alidade should be tested by measuring
off a horizontal distance of about 1,000 feet, comparing
the distance as measured by tape and stadia for each 100
feet, and making a correction table for the stadia
measurements if it is necessary.

The following procedure may be adopted in making
a reconnaissance survey with the plane table:

Set up the plane table and level it by means of the
circular level on the alidade. The board need not be
exactly level, though it is more convenient to have its
surface very nearly so. Test the adjustments of the
alidade and correct if necessary. Turn the board till
one edge is parallel with a north and south line as indi-
cated by the compass attached to the alidade. This line
should then be plainly marked on the paper for use at
subsequent stations. The survey is then carried forward
according to the general method employed when a transit
is used. The topographer places stakes at intervals of
100 feet along the proposed route and plots them at
once in their proper positions on the map instead of
recording bearings and distances in a notebook as he
does when he uses a transit. The alidade is pointed
toward each feature that is to be located, and its dis-
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tance as found by stadia is laid off in the direction thus
indicated. The elevation is found from vertical angles
or by direct leveling. From each plane-table station
the topographer locates accurately upon the sheet the
land corners, road intersections, and other conspicuous
features and, with the area in plain view, draws the
contours. He then carries the plane table forward 500
or 1,000 feet to another station and repeats the process.
In thick timber or brush, or in places where hills inter-
vene between stations, it may be necessary to set up the
plane table at stations off the line in order to cover a
wider area with the sketching than that which is visible
from the main stations. As many elevations as are de-
sired may be determined and recorded on the map in
figures.

Cross sections on the line can be computed by the
usual methods, but careful contouring will usually give
results that are equally valuable for computing cuts and
fills. For preliminary surveys tape measurements can
be dispensed with and stadia distances depended on
entirely. The methods just described have been used
for railway surveys. Those who are familiar with the
plane table are fully convinced that a map made by its
use for a railway or for a similar work differs in no
essential feature from a map made by a transit survey,
and the plane table has the advantage of affording
greater speed and of obtaining satisfactory results at
less cost.

The objection has been made that the scale of a
plane-table sheet is impaired by exposure to the weather.
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No textbook fails to call attention to the danger of such
exposure, so that many have been led to believe that the
scale of the map may be affected in this way, but under
ordinary circumstances no serious change of scale occurs
even in a plane-table sheet that has been exposed to the
clements for a long time. One of the United States
Geological Survey’s maps that was recently brought in
from the field was carefully measured with the same
standard scale by which it was originally constructed
and the change in its dimensions was found to be of no
consequence. The measurements showed no change in
its width at top or bottom and a change of only one one-
hundredth of an inch throughout its length of 22.8
inches — a change so trifling as to be negligible. Other
similar tests have given like results.

ApsustMENTS oF TELEscoric ALIDADES

There are three field adjustments to be checked
when using the instruments.

The adjustment of the striding level,
The adjustment of the line of collimation,
The adjustment of the vernier setting.

The last adjustment will probably not be necessary
for the No. 584-C Alidades.

Tue SrriniNne Lever is adjusted as follows: level
up the telescope, reverse the striding level end for end
and correct half of the apparent error by means of the
adjusting screw at one end of the vial, repeating the
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operation until the bubble remains in the center of the
vial for both positions of the striding level.

Line oF CorrimaTioN. Loosen the knurled collar
in front of the longitudinal telescope bearing. Focusing
the telescope on a distant point, revolve the telcécope
180° in its collar and if the intersection of the cross
hairs remains on the distant point the line of collimation
is in the optical center of the telescope. If this con-
dition does not obtain correct one half of the apparent
error by means of the capstan head nuts on the exterior
of the telescope and repeat the adjustment operation.

To make the vertical wire truly vertical, level the
table by means of the sensitive striding level and make
the vertical wire traverse a distant point when the tele-
scope is moved on its horizontal axis. Correct the total
apparent error.

To Apbsust THE VErRNIER. Make sure that the
striding level and the line of collimation are in perfect
adjustment, clamp the telescope and with the tangent
screw bring the level bubble to the center.

When the bubble is in the center of the level the
vernier should read exactly 30°. On the No. 592-C
Alidades the vernier can be brought into the proper
position by means of the tangent screw. On the large
No. 584-B and C Alidades it would be necessary to move
the vernier. This can be accomplished by loosening the
two screws which hold the vernier in place and moving
it slightly to get the proper setting.
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GurrLEY Traverse Prane TaBLE

The illustration No. 586 represents a simple form
of plane table and alidade first made by us for the U. S.
Geological Survey, and in its present improved form
is used extensively for traverse work. While not capable
of as accurate work as the larger plane tables, it consti-
tutes a light and portable instrument for topography.

Fic. 99
No. 586 TraveErse Prane TasrLe OurriT

The board can be equipped with the extension leg
tripod or with the jointed extension leg tripod.

The board is 15 inches square, and has on its under
side a strong brass flange with spring, in which the
plunger clamp of the tripod head engages, allowing the
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board to be clamped or oriented as desired.  Small
clamp screws with sockets for holding the paper are
placed at the corners of the board. Inserted in one
edge of the board is a small box compass with needle,

4 inches long.

-NT OF CiVIL ENGINEERING

CERKELEY, CALIFORNIA

I'1c. 100

TRAVERSE PLANE TABLE MOVEMENT, SHOWING THE TRIPOD
HEAD AND LEGS, THE PLUNGER CLAMP SCREW, AND
THE IMPROVED SPRING BOARD PLATE
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The alidade consists of a brass ruler 10 inches long,
graduated on the beveled edge to a scale of 40 parts to
the inch, and having at each end hinged sights which
fold close to the surface of the ruler. One sight has a
slit and the other a hair. The alidade is furnished with
a leather pouch.

Fic. 101

No. 590-A Pocker SiGHT ALIDADE, 5
WITH FOLDING SIGHTS j

Pocker Sieur Arnmape No. 590-A is 6” long and
has hinged sights which fold down flat on the ruler. '

The beveled edge is graduated the entire length 1:6
read 1/10 and 1/20 of a mile for ratios of 1/90,000
and 1/45,000 respectively.  The middle part of the
edge is further divided to read 1/50 and 1/100 of a
mile respectively for the same two ratios.

This alidade is furnished with leather case having
pencil pockets.
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ARMY SKETCHING CASE

HIS instrument for topographic map making was

originally designed especially for the use of U. S.

Army Engineers, but since its introduction has been
found unusually serviceable for a similar class of work
by foresters, geologists, road engineers, timber cruisers
and civil engineers.

Several hundreds of these efficient field sketching
outfits are being used successfully by officers and men
in practically every branch of the Army and by the
various Army Service Schools; also by military acad-
emies, militia organizations, civil engineers and sur-
veyors.

In addition to the simplicity and strength of con-
struction fitting it for general use, this sketching case
possesses a unique feature in that the board does not
require to be oriented in taking observations. So far as
we know, this is the only practical sketching case on the
market having this valuable feature, which makes its
operation very simple and rapid. The use of a tripod
is unnecessary and there is no complicated protractor to
operate. In fact, anyone can readily learn to use this
instrument after studying the directions carefully.

CONSTRUCTION

.The Army Sketching Case consists of a plane table
board, six inches by twelve inches, made of seasoned
pine with mahogany end pieces. This construction in-
sures a strong, durable board which will not warp nor
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pull apart under hard service. To the lower right hand
side is attached a compass box with floating.dial, three
inches in diameter, beveled on the edge and graduated
into 360 degrees.

A protected opening in the compass box permits the
graduated dial to be read either from above or when the
board is held level with the eye of the observer.

Fia. 102

No. 594 Army SkeTcHING CASE
PatenTED SePT. 1, 1908

Designed by Lt. Col. Glenn S. Smith of the
U. S. Geological Survey



262 W. & L. E. GurLey, Troy, NEw York

Rifle sights which are placed in line with the center
of the compass and parallel with the edge of the board,
are used as an alidade in taking bearings.

On the upper side of the board is mounted a circular
plate, six inches in diameter, and pivoted at the center.
This plate is attached to an L-shaped base at the upper
end of which is a cylinder through which passes a rod
parallel with and secured to the top of the board.

A metal strip let into a slot in the middle of the
board guides the lower edge of the L-shaped base.

Upon the guides as described, the base carrying the
circular plate can be moved from side to side over the
upper surface of the board and clamped at will by a
set screw in the cylinder at the top.

A clamp with index line is so attached to the base
that the circular plate mounted upon it may be set at
any desired position.

A card of aluminum is attached to the circular plate
and upon this card a combined protractor and scale are
printed.

The protractor is graduated into 360 degrees and
the scale consists of a series of equally spaced concen-
tric circles.

Different protractor cards are furnished for the
various scales used in map making.
Rollers with friction brakes, attached to two edges

of the board, receive the paper and hold it snugly against
the surface of the protractor which travels underneath
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it. An aluminum shield protects the paper and pre-
vents soiling.

To the under side of the board a swiveling strap,
with buckle, is attached, by means of which the case can
be firmly secured to the observers arm. There is also
a socket by which a tripod or staff may be attached. A
simple clinometer attachment for taking slopes is also
provided.

As far as possible the metal parts are made of alum-
inum, so that the case weighs only about two pounds,
and they are of dark finish to avoid reflection of sun-
light.

Care in the selection of a proper material for use
on the case in recording observations is essential to
successful operation, and tracing ecloth should be avoided
as too smooth for the use of a pencil. Vellum tracing
paper has a slightly roughened surface, little affected
by moisture and on which the pencil works well, is
recommended.

On completion of the survey, the sketch may be taken
from the instrument and blue prints made directly from
the original.

Detailed directions for using the Army Sketching
Case are furnished with each instrument. A descriptive
circular containing these instructions will be sent free
to any address on request.
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Frara Scour SkErcHiNGg CAsE

The interest in map sketching as practiced by army
engineers is increasing, and the necessity for a more
general knowledge along these lines is evidenced by the
taking up of such work by various organizations of the
National Guard.

SHOWING METHOD OF USING FIALA SCOUT SKETCHING CASE

For convenience in making maps in the field various
forms of sketching cases are used, consisting of a small
drawing board provided with a magnetic compass, ali-
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dade (or scale) with sights, and rollers for carrying a
supply of paper. Sketches are made with colored
pencils.

With such equipment, topographical maps can be
accurately and rapidly made to show the character of
the land, whether level or mountainous, fertile or barren;
the location of railroads, highways, water courses, and
bridges or structures of any kind.

Map making is a very necessary part of a Boy
Scout’s course in surveying. By means of a sketching
case he can make a record of the country traversed on
his “hikes,” and thus develop his sense of proportion,
direction and distance in an instructive and interesting
manner. Canoeists and campers also can use a device
of this kind to advantage.

The Fiala Scout Sketching Case is a practical instru-
ment in every particular. It was designed and made
from suggestions by Mr. Anthony Fiala, the explorer,
whose experience in the Arctic regions and with Colonel
Roosevelt in South America places him in a position to
fully understand the needs of those engaged in outdoor
pursuits.



266 W. & L. E. GurLey, Troy, NEw York

Designed along the same general lines as the Army
professional model, No. 594, which we have made for a
number of years for military topographers and others,
the Fiala case is much less elaborate and expensive but
is efficient and convenient as well as of value for educa-
tional purposes.

F I

F1a. 104
No. 596 Fiara Scouvt Skercuing Case

The Fiala Scout Sketching Case consists of a
thoroughly seasoned white pine drawing board, 6 inches
wide x 5 inches long, having 5% inch diameter rollers
at each end which carry a strip of white, strong, smooth-
faced architects paper, 534 x 36 inches. An adjustable
device on the rollers holds the paper flat against the
board and prevents it from uncoiling. Fitted into the
right hand end of the board is a brass compass having
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a 114 inch needle with needle stop and slotted revolving
cover. Holes bored into the left hand end of the board
contain three sketching pencils, black, red and blue.
Thesc are held securely by means of a brass spring clip.

A boxwood ruler, 6 inches long, with small brass
folding sights at each end, enables the user to establish
the bearings of lines. The ruler has scale of 6 inches
to 1 mile on one edge, and 3 inches to 1 mile on the
other. Two rubber bands are used to aid in holding the
ruler on the paper. The ruler is fastened to one of the
roller knobs by a cord and when not in use is securely
held against the back of the board by a brass spring elip.

There is a simple form of clinometer for determining
angles of slope. The ruler alidade is arranged to swing
across the surface of the paper and the angles of slope
are read on a scale attached to the left hand edge of
the case.

In use, the sketching case is fastened to the forearm
of the sketcher by a leather strap on the back of the
board. It weighs about 30 ounces and measures
9 x 73 x 1 inch. Packed for parcel post shipment, it
weighs 3 pounds. Architects Drawing Paper, in rolls
534 x 36 inches, per roll, is furnished for use with
this case.
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CHAINS AND TAPES

The Surveyors and Engineers Chains are the measur-
ing instruments by which our oldest surveys were made
and many farm surveys are made.

We furnish tapes of all standard units and lengths
in Nos. 8 and 10 refined iron wire and in Nos. 8, 10
and 12 best steel wire. Steel chains are preferred on
account of their greater strength, although they are
more expensive than those of iron.

Brazep Steer CHains. A very light and strong
chain is made of No. 12 steel, securely brazed. The
wire is of a low spring temper, and the chain, though
light, is almost incapable of being broken or stretched
in careful use.

Merer aAND Vara CHaiNs. The meter is used as a
standard measure of length in many countries, and
chains of ten and twenty meters are often ordered. The
chains are of Nos. 10 and 12 iron or <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>