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PREFACE

The purpose of this publication is to set forth the methods currently used by this
Survey in its astronomical work in the field and to describe in some detail the office
methods used in computing and processing the field records. Much of the material
in a previous manual, Special Publication No. 14, ‘“ Determination of Time, Longltude
Latitude and Azimuth,” has become obsolete, or nearly so, by the improvement in
astronomical instruments and equipment in recent years.

This manual covers only those instruments now in use by the U. S. Coast and Geo-
detic Survey and does not include discussions of experimental work with newer instru-
ments or estimates of the usefulness of such instruments.

The material in this manual is the product of the accumulated experience in office
and field of the members of the U. S. Coast and Geodetic Survey from its earliest
days to the present.

This publication, which is the work of the Section of Gravity and Astronomy of
the Division of Geodesy, has been made possible by valuable contributions of material
and suggestions, both by officers of this Bureau who, at one time or another, have been
assigned to astronomical work, and by various mathematicians of the Division of
Geodesy who either have had assignments with this Section or else have taken a keen
interest in some phase or phases of the subjects dealt with in the manual.

This publication has been prepared under the direction of Commander H. W.
Hemple, Chief, Division of Geodesy, and under the general supervision of Walter D.
Lambert, former Chief of the Section of Gravity and Astrononiy, who is also responsible
for several portions of the Appendix. The authors especially wish to acknowledge the
substantial debt owed to F. W. Darling, Mathematician, for his share in the appendix
~ and tables and for his share in writing those sections of Parts II and I1I dealing with

office procedure, and to Lieutenant H. J. Seaborg for the use of his manuscript pre-
pared about 1943, on “Determinations of Wireless Longitude.” A large part of his
material dealing with field practice in longitude determinations has been incorporated
in this manual. Thanks are also due to C. N. Claire, Mathematician, who edited the
manuscript and served as technical adviser on instruments and radio equipment, and
to A. D. Sollins, Associate Mathematician, whose critical judgment and mathematical
background were of great value.

Finally the authors wish to thank the numerous other members of the U. S. Coast
and Geodetic Survey, both in the field and in the Office, who have so choerfully con-
tributed their services in one way or another.

The history and development of astronomical work is more or less reflected in
various papers and treatises on the determination of time, latitude, and azimuth which
have appeared in the Annual Reports or as Special Publications of the Coast and
Geodetic Survey.

The titles of some papers, appearing in earlier Annual Reports of the Coast and
Geodetic Survey, which were intended to form the basis of an astronomical manual are:

Determination of Time by the Transit Instrument, C. A. Schott. Appendix
No. 9, Annual Report of the Coast Survey of 1866.

IX



X PREFACE

Determination of the Astronomical Latitude of a Station by Means of the
Zenith Telescope, C. A. Schott. Appendix No. 10, Annual Report of the Coast
Survey of 1866.

Addenda to Appendices No. 9 and No. 10 of the Coast Survey Report of 1866,
C. A. Schott, Appendix No. 10, Annual Report of the Coast Survey of 1868.

Determination of Weights to be given for Observations for Determining Time
with Portable Instruments Recorded by the Chronographic Method, C. A. Schott.
Appendix No. 12. Annual Report of the Coast Survey of 1872.

The above group of papers is usually referred to as the first edition.

The reprint of these papers as they appear in Professional Papers: Determina-
tion of Time, Latitude and Azimuth, 1876, is considered the second edition.

What is known as the third edition by C. A. Schott appeared as Appendix
No. 14 of the 1880 Report.

The fourth edition by J. F. Hayford appeared as Appendix No. 7 of the 1898
Report.

The fifth edition by William Bowie appeared as Special Publication No. 14 in
1917,

These publications deal with certain types of instruments not discussed in this
publication. These older instruments, although excellent of their kind, and although
still in the possession of this Bureau have been found in general less serviceable than
the broken-telescope transit of the Bamberg type, which is now the main reliance of the
Bureau’s astronomical parties in the field. In case of necessity these older instruments
could again be used.

The general theory of these instruments, especially the meridian telescope and the
zenith telescope, is essentially the same as that of the Bamberg instrument when used
for time or latitude but certain details of construction require at times a somewhat
different manipulation and a somewhat different arrangement of the computation from
that of the Bamberg instrument. For particulars regarding these older instruments the
publications listed above should be consulted, especially Special Publication No. 14,
Fifth Edition.

Since then, two more publications have been issued which deal particularly with the
description of the Bamberg broken-telescope transit and its application to longitude
and latitude observations; one of them also introduces the use of radio or wireless
telegraphy for longitude determination. These publications are:

Special Publication No. 35, Determination of the Difference in Longitude
between each two of the Stations, Washington, Cambridge, and Far Rockaway,

by Fremont Morse and O. B. French, 1916.

Special Publication No. 109, Wireless Longitude, by G. D. COWle and E. A.

Eckhardt, 1924.

These last two publications are no longer available, for they have been out of print
for more than ten years.



MANUAL OF GEODETIC ASTRONOMY

DETERMINATION OF LONGITUDE, LATITUDE, AND
AZIMUTH

INTRODUCTION

The orientation of the triangulation executed by this Bureau is controlled by La-
place azimuths placed at an average interval of about 8 triangulation quadrilaterals.
This orientation control is necessary because of the probability of a large accumulation
of error in an azimuth carried through a long arc of triangulation.

Because of the existence of the deflection of the vertical or what is sometimes called
“station error”, it is not possible to use the astronomical azimuth directly in controlling
the orientation of the triangulation. If, however, both an astronomical longitude and
an astronomical azimuth have been observed at a triangulation station, the astronomical
azimuth may be corrected for the effect of the deflection of the vertical in the follow-
ing manner: 7, the component of the deflection in the prime vertical (positive when
the astronomical zenith is west of the geodetic zenith) is given by either of the follow-
ing expressions:

n=— (as—ag) cot ¢, ' 1)
and 1==(XAa—Ng) cOS @)
where As=2astronomical longitude

Me=geodetic longitude
a4 =astronomical azimuth
ag=geodetic or Laplace azimuth.

We may equate these two expressions for 5 and solve either for A\ in terms of A,

a,, and ag or for ag in terms of A4, a4, and Ag. Since Ag is well determined by the

triangulation and since it is desired to control the orientation of the triangulation, the

second of these alternatives is chosen and ag, the Laplace azimuth, is solved for as
follows:

as—ag=—(Ns—Ng) sin ¢ (3)

or ag=a,+ (As—Ng) sin ¢. “4)

TFor a more detailed development of the deflection of the vertical and the corres-
ponding Laplace correction to the astronomical azimuth, see “Astronomic Determina-
tions’’, Special Publication No. 110, pp. 87-92.

Frequently, the triangulation party observes the astronomical azimuth at the pro-
posed Laplace station using another triangulation station as the mark for the azimuth
observations. Later, the astronomical party will observe the astronomical longitude and
thus the necessary field data are available for the computation of the Laplace azimuth.
In cases where the triangulation party has not observed the astronomical azimuth, it is
the duty of the astronomical party to observe the azimuth also. In addition, the
astronomical party makes an astronomical latitude determination at each station

XI



XI11 INTRODUCTION

whenever this does not seriously delay the progress of the party; since, for studies of
the figure of the earth, both components of the deflection of the vertical are needed.

The astronomical party normally consists of 4 men, the chief of party, one recorder,
one radioman and a hand. The chief of party directs and supervises all the work;
usually he also does a great deal of the observing and computing. The recorder, in
addition to his obvious duties makes some of the astronomical observations and com-
putations. The radioman has immediate charge of keeping all the radio equipment
functioning properly and helps with the recording, observing and computing. The
hand assists wherever needed, and does much of the manual labor and the truck
driving.

The most convenient and economical method of transportation is by motor truck.
Two 1%-ton trucks and a combination house-trailer have been found very satisfactory.
The trailer should be large enough to house 4 men and still provide sufficient room for
office work. 'The usual procedure is to camp right at the station site in order to facilitate
the work program. See figure 13,

Before starting out on an astronomical expedition, the chief of party should check
all instruments and equipment carefully for completeness and for being in good
working order. The instruments and equipment should be packed in boxes which will
properly safeguard the delicate instruments and which can be most conveniently
handled in the loading and unloading of trucks.

The Bamberg broken-telescope transit has been used extensively by this Bureau for
determining latitude and longitude since 1916.! It is a good portable instrument, not
too heavy and cumbersome and yet relatively stable for precise work.

In general, the direction theodolite is used for azimuth observations, althopgh oc-
casionally the repeating theodolite is used. For azimuth observations in high latitudes
a method has been devised using the Bamberg broken-telescope transit.

INSTRUMENTS AND EQUIPMENT

The following is a list of the instruments and equipment necessary for astronomical
observations when the Bamberg transit is used. A first-order theodolite and signal
lamps are also included because the astronomical party will have to observe the azimuth
at those astronomical stations at which the triangulation party has, for any reason, failed
to do so.

Instruments
Item No, 1tem No.

Ammeter, pocket____.___ ... ____ 1| Rule, slide. oo oo i
Amplifier, astronomie, (spare if available) 1§ Receiver, short-wave radio (spare if
Barometer, aneroid____________________ 1 available) - _ - ... 1
Binoculars, ordinary___________________ 1 | Secales, glass, chronograph reading - ._____ 3
Chronograph, astronomiecal _____________ 1 | Tape, steel, 30-meter_ . ____ _.__._____ 1
Chronometers, s1dereal 2 second break- Test set, radio, (circuit and voltage

eireuit . _ .. a..- 2 tester) . e emeo—eo_o 1
Compass, magnetic. . ___.____._________ 1 | Theodolite, first-order_____ .. _____ 1
Dividers, hairspring_ - - - .. ____________ 1 | Thermometer, centigrade_._ - - __.__ 1
Filter, audio. - ... _____________ 1 | Transit, 4-inch, ordinary . _ - . - .___ 1
Headset, radio_ _______ . ___ . _______._.__ 2 | Transit, astronomic, Bamberg......_____ 1
Lamp, signal, flashlight type.___________ 1) Tribrachs . - _ .. 2
Lamps, signal, large_ __ . ... ___________ 2 | Tripod, aluminum for Bamberg_________ 1
Machine, caleulating__________________. 1 | Typewriter, portable_ ... - . _.____. 1
Pens, fountain, for chronograph_________ 2 | Watches, mean-time. - .- .- ._.__________ 2
Pens, fountain, fine point for recording.__ 2

1 Special Publication No. 35, Determination of the Difference in Longitude between each two of the Stations, Washington,
Cambridge, and Far Rockaway.
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Equipment
lem No. Item No.
Bag, recorder’s______ . __________.__.__. 1 | Plumb bobs, ordinary___ _________.___._ 3
Batteries, storage, 6-volt . ______________ 4to8 | Seribers_ _ . _ . _ ... .. 1
Batteries, ‘B’, 45-volt________________ 15 to 30 | Table, folding for recorder______________ 1
Batteries, ‘C’, 22%-volt. . _____________ 6 to 10 | Table, wood, knock-down for electrical
Batteries, 1%-volt dry cell. _______.____ 10 to 20 equipment____._________._ .. _______ 1
Batteries, flasblight . _____ . _____________ 50 | Tarpaulins, large_. - . __.________.__ 4
Chairs, folding, canvas______.___________ 2 | Tent, astronomic, with frame and fly____ 1
Heater, oil or gasoline____________.____._ 1 | Tent, silk, hexagonal observing with
Hydrometer, battery tester_____________ 1 frame._ .. o e 1
Lamps, hand electrie_. - _._____._. 3 | Tubes, radio (complete set for radio used) - 1 set
Lantern, gasoline_._. ... ________ 1 | Tubes, amplifier, (complete set for am-
Level, carpenter’s, small________________ 1 plifier) ________ PP 1 set
Packboards_ . _ .o 4
Plaster of paris (25 to 50 pounds per
station)

As stated before, the astronomical party

generally camps at the station site. This

necessitates a complete camping outfit in addition to the equipment needed for the
astronomical work. When the party is operating in remote regions throughout the
country, and especially in Alaska or on some of the smaller islands, it is well to have

spare parts and enough repair material along for minor repairs.

The following ad-

ditional list includes various tools and miscellaneous items:

Axes.

Bits, screwdriver and boring.
Brace, carpenter’s,
Buckets.

Canteens.

Cans, gasoline,

Drill, hand.

Extinguisher, fire, Pyrene.
Generator, gasoline motor.
Hacksaw.

Hammers, claw.

Hatchets.

Pliers.

Saw, hand.

Screwdrivers.

Shovels.

Soldering iron.

Tarpaulins.

Trowels.

Wire, connecting and antenna.
Wrench, adjustable end.

BOOKS, FORMS, TABLES, AND DIAGRAMS

The following is a list of books, forms, and tables needed for the work.

Books

Special Publication No. 237. Manual of
Longitude, Latitude, and Azimuth.

Geodetic Astronomy, Determination of

Special Publication No. 120. Manual of First-Order Triangulation.

American Ephemeris and Nautical Almanac.
Apparent Places of Fundamental Stars.

(For the year.)
International Astronomical Union, His.

Majesty’s Stationery Office, London. (For the year.)
Boss, General Catalogue of Stars, Epoch 1950.

The Radio Amateur’s Handbook, A. R. R. L.

Vega, Logarithmic Tables.

(For the year.)

Shortrede, Logarithms of Sines and Tangents.

Olcott, A Field Book of the Stars.

Special Publication No. 231, Natural Sines and Cosines to Eight Decimal Places.
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Forms

For LoNGITUDE:
No.

256 Longitude Record and Computation.
34A Longitude Record.
Chronograph sheets.

For LaTiTUDE!

485 Observing List for Latitude.

255 Latitude Observations.

33 Latitude Computations

772 Reduction, Mean to Apparent Declinations.
For AziMUTH: _

251A Observations of Horizontal Directions.

605 Comparison of Chronometer and Radio Signals.

381a Computation of Time, Observations on a Star with Vertical Circle.

380 Computation of Azimuth, Direction Mcthod.

380a Computation of Azimuth, Micrometer Method.

380b Computation of Azimuth, Micrometer Method.
Otuer Forms:

525a Description of Astronomical Station.

526 Recovery Note Triangulation Station.

382 Reduction to Center.

470 Abstract of Directions.

24A List of Directions.

Tables and Diagrams

Factors for Bessel’s Probable Error Formulas.

Reduction of Mean Solar Time to Sidereal Time.

Diagram of Astronomical Amplifier Hookup.

Star-place Charts for finding Star Pairs.

G-35. P.G.C., and G. C. Star Numbers of Identical Stars.

Table of A, B, C Factors (for azimuth, level, and collimation corrections).
Nomogram for A, B, C Factors

List of Instrumental Constants.



. PART 1
DETERMINATION OF LONGITUDE

Instruments. The large transit instruments made by Troughton and Simms of
London were used almost exclusively for telegraphic determination of astronomical
longitudes until 1888. These were replaced at that time by a slightly smaller transit
made in the Instrument Division of this Bureau. In 1914, two Bamberg broken-
telescope transits were purchased. Since that time these transits have been used
almost exclusively for both longitude and latitude observations except in those cases
where the Bamberg transits were in use elsewhere. In the hands of skillful observers,
all these transits give good results, and they compare favorably with the much larger
transits usually employed at astronomical observatories, where special difficulties are
encountered in consequence of strains or temporary instability of the instrument due
to reversal of axis, and the more serious effect of flexure.

In addition, the Bureau has some smaller transits which are known as meridian
telescopes. They were used for time determinations in connection with longitude
observations and for latitude observations by the Horrebow-Talcott method.

LONGITUDE DETERMINATION WITH THE BAMBERG TRANSIT

The principal instruments used for radio longitude determinations are the Bam-
berg broken-telescope transit with transit micrometer, sidereal break-circuit chron-
ometer, weight-driven chronograph, two-stage radio amplifier, short-wave radlo
receiver, and audio filter.

INSTRUMENTS
BAMBERG BROKEN-TELESCOPE TRANSIT

In this instrument the eye end is located in the prolongation of the horizontal axis
outside of the wyes. The light entering the ob]ectlve reaches the e¢ye end by being
reflected at rlght angles by a prism which is set in the intersection of the horizontal
axis and the axis of the telescope. See Figures 1 and 2. The objective has a clear
aperture of 7 centimeters and a focal length of 67 centimeters. The instrument is
fitted with an ocular longitude micrometer which records electrically the times of the
passage of a star through the field. See Figure 3. The micrometer screw has an equa-
torial value of about 10.5 seconds of time for one turn and the head of the micrometer
has an agate rim in which are set 10 equidistant metallic strips, each strip being abouy
one one-hundredth of & turn in width. In addition to these 10 strips, there are also
two others, set one on each side of the zero strip and equidistant from it, to provide a
means of identifying the marks of the record. A platinum point is pressed by a spring
against the surface of the micrometer rim, and as the head is revolved this point makes
a contact and completes a circuit each time one of the metallic strips passes under it,
and a record is made on the chronograph sheet. .

At the opposite end of the telescope axis from the micrometer there is arranged a
very small electric light for the illumination of the cross hairs, and the light from it is

1



2 U. S. COAST AND GEODETIC SURVEY

transmitted through the large prism to the eyepiece by means of a small prism not over
one-third of a centimeter in size which is cemented with Canada balsam onto the diag-
onal face of the large prism. The faces of the two prisms must be accurately parallel
to allow the passage of the light.

a
1. Setting cirele, 11 Hanging level.
2. Magnilying glass for reading setting circle 12. Housing for light which illuminates the crosshairs.
3. Slow-motion adjustment screw for setting circle. 13. Knurled knob for adjusting light on crosshairs.
4. Setting circle clamping screw. 14. Counterpoise for micrometer eyepiece and setting circle,
5. Setting circle level, 15. Counterpoise for clamping arrangement.
6. Longitude micrometer box. 16. Counterpoise for telescope tube.
7. Handwheel for operating longitude micrometer. 17. Lever for lifting the telescope axis out of the wyes for reversing.
8. Graduated micrometer drum for longitude. 18. Footplate for adjusting instrument in azimuth.
9. Agate micrometer drum with metal contact strips. 19. One of the leveling footscrews.
10. Friction wheels on springs supporting telescope axis. 20. Telescope clamping screw.

Fiaure 1.—Bamberg broken-telescope transit set up for longitude observations, north view.

A small setting circle, about 15 centimeters in diameter, is attached to the telescope
axis back of the micrometer box at the eye end. This circle carries a movable vernier
and level, and reads to one minute of arc. The graduations of the circle are numbered
from 0 to 360, and the zero is so placed that the circle reads zenith distances for stars
north

; . east ; .
—— = of the zenith when the eye end is » and explements of zenith distances for
south west
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stars sonih of the zenith when the eye end is oast,
north west
tance is the angle that must be added to the zenith distance to make 360°.

A reversing apparatus is provided, and attached to it are four friction wheels
running in two grooves cut in the horizontal axis of the telescope. These wheels, two
of which form a sort of cradle, one on each side of the telescope tube, rest in turn on
springs which are sufficiently strong to support the greater part of the weight of the
telescope. Thus, only a small part of the weight of the telescope is borne by the pivots
and wyes. This reduces flexure to a minimum and permits the telescope to be made
heavier and more solid than would be desirable if all the weight were carried on the
pivots.

Instead of the usual striding level the instrument is fitted with a hanging level,
and, to permit its hanging directly below the axis of the telescope, each standard of
the reversing gear is cast with a semicircular arc at a point about halfway of its length.

The explement of the zenith dis-

23
1. Setting cirele. 11. Hanging level.
2. Magnifying glass for reading setting circle. 12. Housing for light which illuminates the crosshairs.
3. Slow-motion adjustment screw for setting circle, 14. Counterpoise for micrometer eyepiece and setting circle.
4. Setting circle clamping screw. 15. Counterpoise for clamping arrangement.
5, Setting circle levol. 16. Counterpoise for telescope tube.
6. Longitude micrometer hox. 20, Telescope clamping screw.
7. Handwheel for operating longitude micrometer, 21, Telescope slow motion screw,
8. Graduated micrometer drum for longitude. 22, Illumination and transit circuit switches.
9. Agate micrometer drum with metal contact strips. 23. Rheostat for adjustment of brightness of illumination of crosshairs.

li}. Friction wheels on springs supporting telescope axis.
Fraure 2.—Bamberg broken-telescope transit set up for longitude observations, south view.
T48977°—48——2
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Two small cross levels are attached to the hanging level, one near each end, to indicate
when it is in proper position for reading.

The frame of the instrument is skeletonized, but strength has not been sacrificed,
nor has it been made too licht in weight. In size the base of the frame is 28 by 55
centimeters, with the top of the base of the frame 8 centimeters above the top of
the pier.

Fiaure 3.—Longitude micrometer eyepiece.

Oue peculiarity of the construction of the instrument is in the position of the foot
screws. These are three in number, two being placed at the corners of the frame on
the north side and the third being at the middle of the opposite side. The west foot
screw rests in a hole in a footplate; the south one rests on a plane surface of hardened
steel on a second footplate, while the east one rests in a V-shaped groove in a third
footplate. This groove is cut in a steel block, which is movable in the footplate by
means of two abutting screws. The object of this motion is to provide means of setting
the instrument in the meridian. When the abutting screws are turned, the whole
instrument, frame and all, revolves horizontally about the hole in the west footplate
as a center.

In addition to what has already been described, the instrument is provided with
detachable twin levels for latitude work. When in use for latitude determination a
second micrometer is employed. This micrometer has no electric connections. It is
arranged so that it can be used for time work, either by the key method or by eye
and ear.

The care taken to avoid flexure by supporting the telescope on friction wheels has
been mentioned. As another means to this end the telescope is very efficiently counter-
poised. Thus, as a balance to the telescope tube, a weight is attached to the opposite
side of the axis; as a counterpoise to the ocular micrometer and setting circle the mount-
ing of the illuminating lamp is made heavy; as a balance to the clamp a counterweight
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is provided on the opposite side; and finally, when the latitude levels are in use, a coun-
terdisk is attached opposite them.

There are two separate electric circuits in the instrument, one for the illumination
of the field and the other for transmitting the record of the transit micrometer, and they
are so arranged as to be effective in both positions of the telescope. There are only
three wires for the two circuits, one wire being common to both. Hence, in making
the connections, the central, or common wire must be connected with like poles of the
two batteries. The two circuits enter the instrument at the southwest corner, where
there are four binding posts. Two switches are placed here, by means of which either
circuit can be opened or closed. The three wires are insulated and lead along the frame
of the instrument to three metal springs, which are fastened to a strip of hard rubber at
the top of each standard. These springs press upward against three insulated metal
bands in the axis just outside the pivots. The outer and middle bands are in the microm-
eter circuit and the inner and middle ones are in the illuminating circuit.

It is desirable to describe the micrometer and recording device more in detail.
The micrometer screw, with its divided head and metallic strips already mentioned, is
provided with a suitable train of beveled wheels, which are in turn connected with an
axis located back of and above the micrometer box. This axis has a large milled head
at each end for use, one with each hand, in following a star as it transits.

The back of the micrometer box is attached to a tube which fits accurately into
the end of the telescope axis. A lug on the tube fits in a slot in the axis, and the slot is
made larger than the lug, so as to allow the tube to be rotated through a’small angle by
means of two abutting screws for adjustment of the verticality of the movable wires.
The focusing of the objective is done by moving the tube in or out as required, and a
clamp is provided to hold the tube in place after the adjustment for focus is made.

The movable wires of the diaphragm are parallel and three in number. Two of
them are placed close together, so that observations may be made by keeping the image
of the star midway between them, and the third is separated from the pair by the space
of about half a turn of the screw. Observations may be made with this wire by bisecting
the star image.

From this point on, the phrase ‘‘follow the star’” will be used for the cumbersome
but more exact phraseology, “follow the image of the star.”

There are five fixed wires in the reticule of the micrometer. Two of these are in-
tended to indicate the path through which the star transits and are placed about 50
seconds of arc apart and parallel. These are of course at right angles to the movable
wires. The other three fixed wires are parallel to the movable wires. One of them is
in the middle and serves to define the line of collimation; the other two are placed one
at each side of the field at a distance of five turns of the micrometer screw from the
line of collimation and indicate where the observations on a star should begin and end.
A small scale on the outside of the micrometer box numbered from 0 to 10 indicates the
position of the movable wires. On the west end of the frame of the instrument there is
a small plate bearing the inscription “0 R,” and on the east end a similar plate is in-
scribed “10 R.” These are intended to remind the observer that in position ocular
West the micrometer should be set at 0 revolution in preparation for the approach of
the star, while in position ocular East it should be set at 10 revolutions.

CHRONOGRAPH

Figure 4 shows the form of chronograph now in use in this Bureau. The train of
gears seen at the right is driven by a falling weight. It drives the speed governor (seen



Ficure 4.—Chronograph.
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LONGITUDE DETERMINATION 7

above the case containing the gears), the cylinder upon which the record sheet is wound,
and the screw which gives the pen carriage a slow motion parallel to the axis of the record
cylinder. When the speed governor is first released, the speed continually increases
until the governor balls have moved far enough away from the axis of revolution to
cause a small projection upon one of them to strike a small hook. This impact and the
effect of the friction at the base of the weight attached to the hook causes the speed to
decrease continually until the hook is released. The speed them increases again until
the hook is engaged, decreases until it is released, and so on. The total range of varia-
tion in the speed is, however, surprisingly small, so small that in interpreting the record
of the chronograph the speed is assumed to be uniform during the intervals between
chronometer breaks. The speed may be regulated by screwing or unscrewing the mov-
able weights which are above the governor balls and attached to the same arm. This
moves them nearer to or farther from the axis, and thus decreases or increases the
critical speed at which the hook is engaged. To get a convenient record it is desirable
to adjust the speed so that the cylinder makes one revolution per minute with the ordi-
nary arrangement of the train of gears. This is the speed used for recording transits.

The gears may be changed quickly to another combination by means of a clutch
which is worked by moving the small horizontal shaft on the outer side of the gear box
a short distance in or out. The center position of the shaft is neutral. 1n this position
the cylinder is free to revolve, thus facilitating the placing of the chronograph sheet on
the cylinder. When the clutch is set at the inner position the surface of the cylinder
runs at a speed of about 1 centimeter per second. This position is normally used for
the recording of the time of star transits. When set at the outer position, the cylinder
runs at double speed, or about two centimeters per second. This speed is used for
recording radio time signals. A small pin is inserted in the proper hole in the clutch
shaft to maintain the proper speed position. Additional weights are required to drive
the cylinder at double speed.

The cylinder is about 19 centimeters in diameter, and about 33 centimeters long,
thus requiring a sheet of paper of about 33 by 60 centimeters. Actually a sheet 33
by 63 centimeters is used, thus allowing 3 centimeters for overlap. Since the circum-
ference of the drum is 60 centimeters, one minute of time will be recorded on one line
of the sheet for each revolution of the drum when the drum runs at a speed of one centi-
meter per second of time. This is particularly convenient for reading the chronograph
sheet, in that corresponding second breaks will fall on a nearly horizontal line across the
sheet. See figure 5.

The pen carriage holds a fountain pen, which traces a helix on the sheet attached to
the chronograph cylinder. The pitch of the helix is about 2 millimeters. This pen
is clamped in position at the outer end of the armature which normally is held away
from the magnet by means of a small spring. The chronograph-pen armature is con-
nected to the terminals of the output of the amplifier. See wiring diagram, figure 6.

CHRONOMETER

The chronometer is a two-second sidereal break-circuit chronometer. The
chronometer is connected into the astronomical amplifier circuit as illustrated in figure
6. Normally, the chronometer circuit is closed. Every two seconds the break-circuit
wheel moves the distance of one notch, a spring is released which trips a contact, and
the circuit is thus broken for just an instant. For purpose of identification, at the end
of each minute, some chronometers skip the 58th second break and others break on the
59th second. Thus, the identification of the beginning of a minute is positive. It is
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10 U. S. COAST AND GEODETIC SURVEY

the first break after the long gap of 4 seconds, or it is the first break after the extra break
at the 59th second, depending on the type of chronometer used. A one-second break-
circuit chronometer is sometimes used for longitude work. However, it is less satis-
factory because there is then more interference between chronometer breaks and transit
breaks on the chronograph sheet.

The function of the chronometer is to carry the time between the star observations
and the radio time signal. In brief, the local sidereal time as determined from the
transit of a star is carried by the chronometer to the instant of the radio time signal, at
which instant the sidereal time at Greenwich is known. The difference between the
sidereal time at the station and the sidereal time at Greenwich for the same instant is
the longitude of the station.

Packing 6f the Chronometer for Shipment

There are several precautions to be observed in the preparation of a chronometer
for shipment.

1. The balance wheel should first be stopped by allowing it to strike against a small’
piece of writing paper until motion ceases. Never use the fingers or any rigid body for
this purpose. As the balance wheel is very heavy compared to its supporting pivots,
it is necessary to lock it carefully to prevent motion during shipment, thus preventing
breakage ot the delicate pivots. This is done by inserting soft cork wedges, as shown
in Figure 7. 'These must be placed as néarly opposite the spokes of the wheel as possible
and both should be carefully pressed in at the same time to avoid a sidewise pressure on
the pivots. They should never come in contact with any of the adjusting screws in

Figure 7.—Chronometer balance wheel blocked for transportation.
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the balance wheel. The wedges should be pressed in with only sufficient firmness to
insure their remaining in place. They should never be forced. Cork wedges are issued
with most chronometers, but should none of these be available, care should be exercised
in the selection of this material to insure that it is soft and resilient.

2. After the wedges are inserted, the chronometer should be replaced in its case
and the cover screwed tightly in place. If a gimbal case is used, the chronometer
should be removed from the gimbal rings and packed in the case with paper. The
chronometer should be securely wedged with paper so that it cannot move.

3. In packing in an outer shipping case, it is advisable to wrap the chronometer
case with paper to prevent infiltration of dust and to use paper as a cushioning material
in the packing box. EXCELSIOR SHOULD NEVER BE USED, as it is dusty and
the fine powder will sift through exceedingly small openings.

RADIO RECEIVER

Almost any standard commercial make of a good quality short wave receiver can
be used in the astronomical setup. The frequency range should cover from about
one to thirty megacycles per second. The receiver is connected to the amplifier by means
of a phone jack.

Radio receivers as now built usually require only the simplest of antennas, such as
the inverted L-type. Best results will probably be obtained by following the manu-
facturer’s instructions concerning the length and type of antenna to be used. An
antenna length of at least 65 feet including lead-in is desirable; a ground connection to
the receiver may or may not be necessary, depending on the installation. If the poles
carrying the antenna are guyed by wire, it is well to insulate these guys from the
ground. At the beginning of a season’s work the required antenna and guy wires can
be obtained locally; poles 20 to 30 feet long can be made up of two-by-fours. A tele-
scoping vertical pole made of aluminum has been used with success.

In cases of reception at extreme distances, consideration should be given to the use
of a resonant antenna, oriented properly to obtain maximum signal strength. For
best results, some form of feeder system is required to transfer energy from the antenna
to the receiver. This type of antenna, although more difficult to erect and less flexible
as to frequency, may allow satisfactory reception in distant locations where the con-
ventional antenna would fail. Various directivity patterns and gains may be obtained,
depending on the type selected. If the use of an antenna of this type is contemplated,
reference should be made to an up-to-date radio handbook for details of construction

and operation.
ASTRONOMICAL AMPLIFIER

Various types and designs of amplifiers have been used in the past for the recording
of radio longitude observations. Those in use up to 1939 were designed by the late
Lieutenant E. J. Brown of this Bureau and were designed to operate a sensitive relay
which in turn operated the chronograph pen. A new type of amplifier was designed in
1939 by Lieutenant Albert J Hoskinson which eliminated the relay. The plate currents
from the output tubes are fed directly into the high impedance coils of the chronograph
pen assembly. It is a two-stage class “B’’ amplifier using 6N7 radio tubes. Impulses
from the chronometer circuit, transit micrometer circuit and radio receiver all enter this
amplifier before being recorded on the chronograph sheet through the pen-carriage
assembly. As all of the electrical circuits are hooked up through the amplifier, this piece
of apparatus becomes very important to the field observer. However, this amplifier
has been simplified in construction, so that circuits are rather easy to follow and minor
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repairs, even by an inexperienced man, are possible. The wiring diagram is shown in
figure 8.

The grid circuits of the tubes are biased so that the no-signal plate current of the
tubes is less than 0.5 milliampere.

Description of Parts

T, is an audio transformer.. The primary winding should have a resistance of
about 800 ohms, and the secondary winding about 8,000 ohms.

Nearly any interstage transformer will work in this circuit but the very best results
will be obtained if the transformer is wound to match the particular radio used and the
grid circuits of the tubes used in the amplifier. 4

In our amplifier we used transformers in stock (Type T 65) supplied by the Signal
Corps, U. S. Army.

T, is the same kind of an audio transformer as T;. The Thordarson type 23 A 57
may be used, provided a fixed resistance of at least 600 ohms is placed in the circuit of
the primary, or the variable resistance R, is so designed that the limits are 600 ohms
to 5,000 ohms.

THERE MUST BE A RESISTANCE OF AT LEAST 600 OHMS IN THE
CHRONOMETER CIRCUIT TC LIMIT THE CURRENT TO 0.010 AMPERE
OR LESS IN ORDER TO PROTECT THE CONTACT POINTS OF THE CHRO-
NOMETER.

T; and T, are Thordarson transformers type 67 D 47.

R, and R, are 20,000 ohm potentiometers. ‘

R; is a fixed resistor of 20,000 ohms (1 watt). The value of this resistor should
be just large enough to block the current in the transit circuit so that no break of the
chronograph pen will be recorded when the contact points of the micrometer head in the
Bamberg transit break. But it must be small enough so that the condenser C, will be
sufficiently discharged after one break to make a positive break on the next contact.
These contacts may come rather close together for stars nearly on the equator and for
the three identification contacts on the Bamberg head.

The R, resistar unit is desirable but not absolutely necessary if the fixed resistance
in this circuit is 600 ohms or more.

Any variable resistance that will carry 0.010 ampere is satisfactory.

C, is a 10-microfarad 25-volt condenser. The capacity of this condenser must be
large enough so that & positive break is obtained from the chronograph pen. There
are many combinations of values of C, and R, that will work satisfactorily in this circuit,
but the main consideration should be to get a good reserve of power so that the chrono-
graph pen will work well in any kind of weather, particularly on those nights when
moisture condenses on the instruments and has a tendency to partially short-circuit the
electrical components. A

C, and C; are 0.006-microfarad 600-volt paper by-pass condensers.

C, and C; are 0.5-microfarad 600-volt paper by-pass condensers.

Cs is a 0.1-microfarad paper by-pass condenser.

Sy, S, S;, and S;, are single-pole single-throw snap switches.

S, is a double-pole double-throw switch such as General Radio rotary switch or
Federal anti-capacity switch.

M, is & direct-current milliammeter 0 to 25 milliamperes. Any standard make.

M. is a direct-current milliammeter 0 to 50 milliamperes. Any standard make.
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J; is a standard head phone jack, make-circuit type.

For binding posts shown for radio transit and other circuits, use EBY COM-
MANDER.

The magnetic coils of the chrcnograph pen should be wound to have a resistance
of 2,000 to 5,000 ohms, so that the output current from the amplifier will work the pen
without the use of a sensitive relay.

Any automobile storage battery will furnish the “A” current required to work the
amplifier. '

Any standard make of 45-volt “B”’ batteries hooked in series to obtain the 270
volts required will furnish the desired B’ current required to work the amplifier.

Any standard make of 22%-volt ““C’’ batteries are satisfactory for the potenti-
ometer units R, and R,.

In operation, the chronometer-break impulses will travel through the amplifier and
be recorded continuously on the chronograph sheet. By means of a two-way switch,
S, either the radio beats or the transit micrometer breaks can be introduced and recorded
‘on the chronograph sheet along with the chronometer-break marks. :

When the transit micrometer breaks and the chronometer breaks are both being
recorded on the chronograph sheet, the chronometer breaks can easily be identified
by drawing a straight line from a certain chronometer second break, before the transit
micrometer is operated, to corresponding second breaks after the transit micrometer
has been stopped. 1f the chronograph is running uniformly, any breaks that line up
exactly with this line are chronometer breaks. The slope of this line depends on the
speed of the chronograph cylinder. Occasionally a transit break will occur simulta-
neously with a chronometer break. But since the spacing of the transit breaks is
usually decidedly different from the spacing of the two-second chronometer breaks,
there is usually no difficulty in finding enough chronometer and transit breaks for read-
ing the chronograph sheets.

However, when recording radio time signal beats and chronometer breaks together,
simultancous breaks are more serious. The sidercal chronometer gains only 0.16 second
on the radio time signal per minute. Since the radio beat is 0.4 second in duration, it
is therefore entirely possible that the radio beats will cover up all chronometer breaks
for about .2}% minutes, except those between 55 and 60 seconds of each minute of the
time signal, that is, the records may overlap half of the time that the signal is being
broadcast. Unfortunately, it sometimes happens that the greater part of the other
half of the broadcasting time may be consumed in tuning in the signal. For the pur-
pose of obtaining a satisfactory chronograph record for scaling that part of the time
signal where radio beats and chronometer breaks overlap, a cut-out switch has been
provided on the amplifier so connected that the radio beats may be cut out of the
circuit at will. By using this hand-operated switch and by proper timing, every other
radio beat may be cut out and every two-second break mark of the chronometer will
be preserved: Therecord will have only one-half as many radio time beats as otherwise,
but all these beats will be scalable against chronometer breaks.

Two milliammeters, M; and M,, are provided to indicate the direct-current flow and
are controlled by potentiometers R, and Ry, respectively. The hook-up diagram and
explanation with regard to the rest of the electrical equipment is given in figure 8.

AUDIO FILTER

Two standard audio frequencies, 440 cycles per second and 4000 cycles per second,
are superimposed on a good share of the WWYV radio time signal broadcasts. An audio
filter was designed by Herbert Grove Dorsey and T. J. Hickley and built by G. D.
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Ficure 9.—Wiring diagram of audio filter.
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Nedley, all of this Bureau. This apparatus filters out the above mentioned audio fre-
quencies, while allowing the time signal impulses to be recorded without interference.
The wiring diagram of the audio filter is illustrated in figure 9.

ASTRONOMICAL TENT

Various types of covering have been used in the past to house the instruments.
Wooden observatories have been used extensively in Alaska and elsewhere. At present
a 6 x 10-foot canvas tent is used. This tent is placed over a light but sturdy wooden
frame bolted together, an arrangement that makes for ease in setting up and dismantling.
A small galvanized iron pipe, supported at the ends of the frame by gable points, serves
as a lengthwise ridgepole within the tent. A slot 3 feet wide in the tent top provides
the necessary opening for the observations. There are flaps one foot wide all around
the bottom of the tent, so that earth or stones may be piled on them to make a tight
connection against the weather. A canvas fly large enough to cover the entire top and
to overlap the sides and ends by about 8 inches is placed over the tent when the ob-
servatory is not being used. See figures 10 and 11. Various guy lines and tying lines
hold the tent and fly in a secure position. At the southeast corner is a doorway, which
is provided with an 18-inch overlap for closing. This tent has been used in all types of
weather conditions encountered in Alaska and has proved to be a good covering for the
Bamberg transit and for other instrumental equipment.

Ficure 10.—Observing tent with slot for observing uncovered.
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Frcure 11.—Observing tent.

SPECIFICATIONS FOR ASTRONOMIC OBSERVING TENT AND FLY
Tent

Dimensions. —Height seven (7) feet six (6) inches; length of ridge, nine (9) feet;
width, six (6) feet six (6) inches; height of wall, five (5) feet six (6) inches.

Material.—To be made of cotton duck, clear of all imperfections, and of a weight
equivalent to ten (10) ounces per linear yard of material twenty-eight and one-half
(28%) inches wide; or, first quality, double filled, treated material, weighing eight (8)
to ten (10) ounces per square yard. A good quality of the latter type material is sold
under the trade name of “Vivatex.”

Workmanship.—All seams to be double sewed with lock stitch, with at least one-
half (%) inch overlap. If sewed by machine, a good quality linen thread of suitable
weight is to be used All work must be in accordance with the best practices and
subject to inspection and approval.

Grommets.—Grommets are to be placed in all corners, three (3) inches below the
eave line, to permit guy lines attached to the tent frame to be passed out through the
tent. Grommets for foot-stops are to be worked in the tabling at the bottom of the
tent, in each corner and at the middle of each long side. Grommets to be made with
three-quarter (%) inch malleable-iron rings, galvanized, well sewed in the holes with
linen or well-waxed cotton twine of suitable weight.

Door. —One corner of the tent is to be opened from the eave line to bottom, as
shown in sketch, and a door flap, one (1) foot wide, attached at this corner. The
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Cormer Posts 2" X 2"
Ties, Diagonats, Roof Supports 1” X 3%,

s Indi ) ter to )

_J dressed 4 sides.

Pieces are held in place by %~ carriage bolts and nuts.
L~ is advisab the exact ions of

Ris 1o i if
the frame from measurement
DETAILS OF RIDGE POLE CONNECTION s of the tent.

Ficure 1la.—Specifications of demountable frame for astronomic observing tent.
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door fastening is to consist of two (2) snaps and rings to hold the sidewall, and three (3)
snaps and rings to secure the flap.

Roof.—An opening, eighteen (18) inches wide, is to be made across the top of tent
from eave line to eave line, as shown on the sketch. This opening is to be bound on
all sides by heavy one-half (}%) inch webbing. A similar piece of webbing is to be sewed
the entire length of the ridge line, inside. A three-quarter (%) inch iron ring is to be
attached to the tent at each end of the ridge, outside. The rings are to be fastened
by means of one-half (%) inch webbing, sewed back along ridge line eight (8) inches.

Ties. —Double ties of one-fourth (%) inch cotton rope, two (2) feet long on each
side, are to be attached to the tent at the points indicated on the sketch; three (3)
ties on each side of tent and two (2) on each end.

Reinforcing.—Reinforcing patches, of the same material as tent, shall be placed
inside each corner at the eave line and at each end of the ridge. These patches to
extend eight (8) inches from the corners. The tent shall also be reinforced at the
points where ties are attached. -

Tabling.—The tabling on the foot of the tent, when finished, to be two and one-half
(2%) inches in width.

Foot-stops.—Foot-stops, six (6) in number, to be loops four (4) inches long in the
clear, of nine-thread manila line, both ends passing through a single grommet worked
in the tabling, and to be held by what is known as the ‘‘Mathew Walker” knot. Foot-
stops to fall outside tent.

Sod Cloth.—The sod cloth to be of same material as the tent, sixteen (16) inches
wide, to be sewed to top of tabling, and to fall outside the tent. The sod cloth is to be
filled in at the corners except at the door opening.

Guy Lines.—QGuy lines, six (6) in number, to be of nine-thread manila line (%, inch),
fifteen (15) feet long in the clear, with one end well whipped, and an iron snap attached
to the other end. The snaps are to be large enough to snap onto the nine-thread line,
and they may be either rope snaps, or round eye snaps back spliced onto the line.

Fly

Dimensions.—When finished, length, cleven (11) feet; width, nine (9) feet and
eight (8) inches.

Material.—As specified for tent.

Tabling.—A one and one-half (1%) inch tabling to be worked on sides and ends,

Corners and Stay Pieces—Corners are to be opened as shown on the sketch, and
reinforced by a stay piece sixteen (16) inches square, opened in the same manner.

Grommets.—Grommets as specified for tent; two in each corner, and one in the
middle of each side and end, as shown on the sketch.

Workmanship.—The fly is to be made in a workmanlike manner in every respect,
with all seams double sewed lock stitch, and having a one (1) inch overlap.

DETERMINATION OF EQUATORIAL VALUE OF LONGITUDE MICROMETER

The approximate equatorial value of one turn of the longitude micrometer screw
for each of the Bamberg transits Nos. 20 and 21 is 10.5 seconds of time. For longitude
observations it is usually not necessary to know this value any more closely, because it
is not used in the longitude computation. However, if the Bamberg instrument is used
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for measuring micrometrically the angle between the azimuth mark and Polaris, it is
very important to determine accurately the equatorial value of the longitude micrometer
screw.

The micrometer value should be determined by recording chronographically the
passage of equatorial stars across the field of view. The instrument should be in the
meridian for these observations. The movable wire of the micrometer should be used
to follow the star as it moves across the portion of the field of view bounded by the two
outer wires of the fixed reticule. This covers a distance of about 10 turns of the
micrometer screw. Because of uncertain optical and parallactic conditions the space
beyond these outer wires is not considered a usable portion of the field of view.

Since it is rather fatiguing to follow a star continuously with the transit micrometer
for ten turns, the following procedure is suggested:

The observer should start to follow the star when it crosses the outer wire and
should continue following it for two or three turns. The recording switch should then
be thrown open; the movable wire moved across the field to the approximately corres-
ponding part on the other side of the usable field; the switch should then be closed;
when the star catches up with the movable wire, the observer should continue following
it carefully until the outer wire is reached.

Let n=number of turns in the interval concerned

t,=chronometer reading for the first break of the chosen interval
t,=chronometer reading for the last break of the chosen interval, and
R’==value.of one turn in seconds of time for §, the declination of the star being

followed.

Then R’ = by S ? seconds of time on a parallel or small circle whose angular distance

from the equator or great circle is equal to the declination of the star.

In order to reduce the micrometer value R’ into seconds of time on the equator or
great circle, it is necessary to multiply R’ by the cosine of the declination. Thus, the
equatorial micrometer value R=R’ cos 6.

Now, instead of depending on just one break near the beginning and one near the
end, a mean of ten breaks near the beginning should be used and a mean of ten near
the end. It is still better to make a least-squares adjustment of the means of several
groups of ten near the beginning with the means of several groups of ten near the end.

For the least-squares adjustment, let # be the reading in units of turns of the
micrometer and ¢ the corresponding chronometer reading in seconds of time.

Then

[xt]—-@—m
n

BT )
[wx]—= =
and as before BR=R’ cos é.
Each chronometer reading, ¢, should be reckoned from some arbitrary initial, {,=0,
preferably the last whole minute before the star comparison.
If the number of turns increases uniformly by a constant d, it can readily be shown
(n

2
. . o . (n*—1
that the denominator is then independent of z and that it is always equal to Z'A -17—) a2
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Determination of the equatorial value of the longitude micrometer screw for Bamberg No. 21,
Sheep Astro, Alaska September 17, 1943. H. J. Seaborg, Observer

v Piscium
Chron.
Turn Reading
x t

0. 55 53. 57 n=10
1. 55 64. 17
2. 55 74. 64 [x]=50.5
3. 55 85. 29
4. 55 95. 80 [{]=1010. 98
5. 55 106. 41
6. 55 116. 90 [x] [(]=51054. 49
7.55 127. 47
8. 55 138. 04 [xt]=5976.829
9. 55 148. 69

W (n2—1) _

[m]—';[*n g =825
, 5976.829——!?}0153'49
E= 82.5
R’ =10%5622

6=5°12"13"
- cos §=0. 995879
R=R’ cos 6=1055187

Each recorded chronometer reading is the mean of ten breaks.
In this example, the star has. beén followed continuously for ten turns of the
micrometer.

Summary of observations on six stars

Star R v
v Plscium._ e 1055187 +0.0177
o Piscium._ . e 10. 5437 —0. 0073
§Piscilum_____ . 10. 5373 —0. 0009
232 G Cetl - o e 10. 5387 —0. 0023
2 Cetl_ e 10. 5483 —0.0119
vy Ceti. . e 10. 5320 -+-0. 0044
Mean__ - 10. 5364

[+2]=0.00053365

Probable error_________________________ =4/0.00053365 - 0.6745 _4 0231 X0.1231
va(n—1)
Probable error__ . _____________.___.____ = 40.0028
0.6745

This second factor in the probable error formula, Vn(n—d)’ may be taken from a

table on p. 194.
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DETERMINATION OF LEVEL VALUE

The level trier, a laboratory instrument in the Instrument Shop of this Bureau,
should be used for determining the value of one division of the level vial of the hanging
level. The level trier is protected by a glass case with an opening at one end that
gives access to, the micrometer head which is graduated in seconds of arc.

The level vial, with the chambered end to the right, should first be securely fastened
to the level trier but without imposing any strain on the vial. The length of the bubble
should be made about one half of the total length of vial. Then the micrometer head
should be turned until the left end of the bubble is near the left end of the graduations
of the vial, and the micrometer set at an exact second. After the bubble has been
allowed to come to rest, hoth ends of the bubble are to be read and recorded. The
readings should be estimated to the nearest tenth of a division. The micrometer is then
moved a convenient whole number of seconds causing the bubble to move to the right.
After the bubble has come to rest, both ends of the bubble are again read and recorded.
This process of successively moving the micrometer the same number of seconds and
reading and recording the ends of the bubble is repeated until the right end of the bubble
has moved close to the right end of the scale. Similar observations are then made
starting the readings with the bubble at the right end of the vial scale, and successively
moving the bubble across the vial to the left end.

The level vial is then reversed, so that the chambered end is to the left. The same
process as before is repeated, first by moving the bubble across the vial from left to
right and then from right to left. This makes a total of four level determinations;
two with chambered end left, and two with chambered end right. The set of observa-
tions for each of these level determinations is then adjusted by the method of least
squares, as shown in the following example.

Then the level value, d, becomes:

fea] — 2L
d=——"_ seconds of arc per division of the vial. (6)
[ey]— 21
n

Where z is the micrometer setting on the level trier, y is the mean of the readings of the
ends of the bubble, and = is the number of settings.

Determination of value of one division of hanging level, Bamberg No. 21, March 17, 1943,
H. J. Seaborg, Observer

, . Level Reading Bubble Mean Level
Micrometer Setting Left Right Movement Reading
" ' v

80, e 69. 0 48.1 _______._ 58. 55
84 o 66. 4 45.4 2. 65 55. 90
88 el 63. 3 42.2 3. 15 52.75
92 oo 60. 9 39.7 2.45 50. 30
06 _ e 57.1 36.2 3. 65 46. 65
100, _ e 54. 5 33.6 2. 60 44. 05
104 e 51. 8 30.7 2. 80 41.25
108 e 48.4 27.2 3.45 37. 80
112 o imea- 45.6 24.4 2. 80 35.00
116 .- 43.1 22.0 2. 45 32.55
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Determination of value of one division of hanging level, Bamberg No. 21, March 17, 1943,
H. J. Seaborg, Observer— Continued

Micrometer Setti Level Reading Bubble Mean Level
e Left Right Movement Reading

z Y
120 .. 40. 2 19.0 2.95 29. 60
124 _ .. 37.7 16. 3 2. 60 27. 00
128 . 35.0 13.9 2. 55 24. 45
132 e 32. 6 11.2 2. 55 21. 90
136 e~ 29. 6 8.4 2. 90 19. 00
140 o .__ 26.9 5.8 2. 65 16. 35
144 . .. 24. 4 3.1 2. 60 13.75
148 ol ._ 22.1 0.8 2. 30 11. 45

n=18

[x]=2052

[y]=618.3

[zy]=65068.8
z] [y]=1268751.6

2 2
xr]— = LP=T7752
oo} — L2 1) ey
i 7752
= oos.5_ 12087516

18
d=17431 per division

Summary of 4 sets of observations

Set ‘/i,

I 1. 431
D e 1. 414
3 e 1. 383
PP 1. 352
Mean._ e 17395

DETERMINATION OF MEAN WIDTH OF CONTACT STRIPS

In following a star with the micrometer eyepiece, the micrometer screw is turned,
thus bringing the metallic strips on the micrometer head into contact with the platinum
point. As soon as the front edge of each strip comes into contact with the platinum
tip, the electric circuit is closed causing a break to be recorded on the chronograph
sheet. After the telescope is reversed, the star is followed with an opposite turning
motion of the micrometer screw, and consequently the other edge of each metallic strip
makes contact first with the platinum point. Hence it is evident that the chronographic
recordings are made too early by an amount corresponding to one-half of the time
required for the whole width of the contact strip to pass the platinum point.

The width of the contact strips can be determined at any time. It is not even
necessary that the transit instrument be set up and mounted. The chronograph,
amplifier and longitude micrometer should be hooked up electrically, similarly as for
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observing. The observations for the determination of the width of contact strips are
made as follows. The micrometer screw is turned very slowly and is stopped at the
instant that the click of the chronograph relay is heard. The calibrated micrometer
head is then read and recorded. The turning of the micrometer screw is continued for
2 or 3 divisions of the micrometer head after the contact is broken. Then the microm-
eter screw is turned in the opposite direction and is stopped at the instant the click
is heard, which is the instant when the contact is made on the other edge of the contact
strip. The micrometer head is again read and recorded. The difference between
these two readings is the effective width of the contact strip in terms of divisions of the
micrometer head. For one determination of the width of the contact strip, at least 5
and preferably 10, observations should be made on each contact strip except the 2
contact strips flanking the zero strip, thus making a minimum of 50 observations.

Continued use of the micrometer with frequent sparking between the strips and the
platinum point causes a wearing of the edges. Therefore, the width of contact strip
determination should be made at least once during each season’s work.

The correction to the observed time of transit of a star due to the average width of

1 Rs

the contact strips is equal to 5 3700
the longitude micrometer screw, § is the declination of the star, and s is the average
width of the contact strips in terms of divisions on the micrometer head.

sec 8, where R is the equatorial value of one turn of

DETERMINATION OF LOST MOTION OF THE MICROMETER SCREW

In any screw working against a spring there is probably always a certain amount of
lost motion. This is true with regard to the two compression coil springs attached to
the slide in the transit micrometer box. When the micrometer screw is turned so
that the slide moves upward, the coil springs are being compressed and when the motion
is reversed, they are partially released.

Itis desired to obtain the actual lost motion during the time the star is being followed,
that is, at the time the micrometer screw is in actual motion. To determine this
dynamic lost motion rather elaborate equipment is required. The simpler method of
determining the static lost motion is therefore used and here described. It is probably
a fair approximation to the dynamic lost motion, actually desired.

The lost motion is determined at different parts of the screw by making a set of
observations on each of the fixed wires as follows:

Pointings on a fixed wire are made by turning the screw so as to bring the movable
wire down into coincidence with the fixed wire. It is understood that the movable
wire is actually moving down. At coincidence, the reading of the micrometer head is
recorded, and then the same screw motion is continued for a short distance. The
screw motion is then reversed, and when the movable wire has been brought up into
coincidence with the fixed wire, the reading of the micrometer head is again recorded.
The difference between these two micrometer-head readings in the sense “down” minus
“up” is the lost motion in terms of divisions of the micrometer head.

To show how the correction to the time of transit for this lost motion is deduced
and how it should be applied to the observed time of transit, let us suppose for eyepicce
East, that 1, 2, 3, and 4 in figure 12 represent four successive recording positions of the
movable wire while following a star going in the direction indicated by the arrow. The
movable wire is stopped after the fourth recording. Now let 4, 3, 2, and 1 represent
the same posmons of the movable wire after reversal of the telescope on the assumptlon
that there is no lost motion in the screw.
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Figure 12.—Correction for lost motion.

However, since there is lost motion, as the observer follows the star (still going in
the same direction), the movable wire will lag behind its proper position and instead
of taking the positions 4, 3, 2, and 1, it will be at the points indicated by the dotted
lines 4’, 3/, 2’, and 1’. It is evident that all the star observations after reversal will
be recorded too soon by the time required for the star image to traverse each of the
spaces 4'~4, 3’-3, 2’—2 and 1’-1, and the correction to be applied to the observed time
of transit of a star will be one-half of the time interval represented by the mean of
these spaces. Similar reasoning shows that if the observations on a star are begun
with the telescope reversed from the above position, the same correction must be
applied, the first half of the positions having been made too soon. Hence, the correc-

tion for lost motion is % If)i() m sec 8, where m is the lost motion expressed in terms of

one division on the micrometer head.

Since the corrections for lost motion and width of contact strips each involve
1 R . . . N .
3100 and sec §, it is convenient to combine these two corrections into one correction I,

which would then become:

lzé llgo (m—+s) sec § )]

or since sec. § is by definition the collimation factor O, see page 41,
1 R
I=5 155 C(m+s)- (8)
The constant—lé 11()30 (m+s) should be determined at least once every season.

Warning: The method described above for determining lost motion measures this
effect at three widely separated points on the screw; furthermore, it measures the lost
motion at these points when the screw is practically stationary, since a careful pointing
or bisection requires a very slow motion of the screw. Experiment indicates that this
“stationary’” lost motion may vary quite unpredictably between these three points;
also, it is possible that the “stationary’’ lost motion differs from what might be called
the ‘“dynamic” lost motion, this being the lost motion at a point on the screw when
the screw is rotating rapidly enough for a star to be tracked across the field.

It is believed that if the stationary lost motion is close to zero, the effect of the
dynamic lost motion can be ignored. As this publication goes to press, instrumental
changes are being made in order to reduce the stationary lost motion, but if these
fail, it will be necessary to resort to a more elaborate procedure capable of measuring
the dynamic lost motion for the speeds encountered in actual observations.
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Determination of mean width of contact strips, Bamberg Transit No. 21, Range, Tex.,
May 12, 1945, F. R. Gossett, Observer

Up Down Diff. Up Down  Diff. Up Down: Diff.
28.9 29.6 +40.7 28.8 20.6 +40.8 28.8 29.6 -0.8
38.8 39.6 -+0.8 38.7 39.7 410 38.7 39.7 +4+1.0
48.9 49.3 +40.4 48.8 49.5 +0.7 48.9 49.5 +40.6
58.9 59.4 0.5 58.8 59.4 0.6 58.8 59.4 +40.6
68.9 69.4 0.5 68.9 69.4 -+0.5 68.9 69.5 -40.6
78.8 79.8 +1.0 78.7 79.8 1.1 78.8 79.7 +0.9
88.9 89.7 0.8 88.8 89.6 +40.8 88.8 89.5 +0.7
98.9 99.4 +0.5 98.8 99.4 +40.6 98.8 99.3 0.5
08.8 09.6 -0.8 08.8 09.6 +40.8 08.8 09.5 +0.7
18. 8 19.5 +0.7 18. 8 19.6 +0.8 18.8 19.6 0.8

Mean__..____.__ +0.67040.040._____ +0.7704+0.039_______ +0.720+£0. 633

Mean width of contact strips, s, from these three sets and seven additional sets is
+0.693 division on micrometer head.

Determination of lost motion, Bamberg Transit No. 21, Range Tex. May 19, 1945,
F. R. Gossett, Observer

Lower Wire Middle Wire Upper Wire
Up Down  Diff. Up Down  Diff. Up Down Diff.
1.2 1.9 +4+0.7 1.1 0.9 —-0.2 97.7 97.8 4+0.1
1.9 2.1 0.2 0.9 1.0 +40.1 97.7 97.8 +0.1
2.2 .9 —0.3 1.1 0.8 —0.3 97.6 97.8 +0.2
1.9 2.1 +0.2 1.2 0.9 —0.3 97.1 97.6 +0.5
2.1 1.6 —0.5 0.6 0.9 40.3 97.6 97.3 —0.3
2.1 1.5 —0.6" 0.9 0.8 —0.1 97.2 97.2 0.0
2.1 2.2 40.1 0.7 0.7 0.0 97.1 97.5 4+0.4
1.9 2.2 +0.3 0.9 0.7 —0.2 97.2 97.3 +0.1
1.8 1.9 +0.1 0.8 0.9 0.1 97.1 97.1 0.0
1.8 2.2 40.4 0.8 1.1 40.3 97.0 97.3 4+0.3

Mean__._._____. +0.064+0.072_ . _______ —0.034+0.048________. +0.14 4-0.050

Mean lost motion, m,=-0.057 division on micrometer head. Combining the
corrections for mean width of contact strips and lost motion and reducing the fraction
of a division to seconds of time, we have

110.54
l=+3 155 (m+8)C

1=+40.0527(0.057 4+0.693)C= +0.0395C in seconds of time.

LAG IN THE AUDIO FILTER

The lag in the audio filter described on page 14 was determined by H. G. Dorsey with
a cathode ray oscilloscope and a special sweep circuit. The lag in the filter circuit was
found to be 0.008 second which agrees satisfactorily with the computed lag of 0.0073
second.
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CAMP LOCATION, STATION SITE AND INSTRUMENTAL SETUP

It is most desirable for the party to be camped at the station site whenever pos-
sible. This practice facilitates the observations and is the most economical one for the
members of the party. Tent camps may be used; or in the case of a house trailer, it is
an easy matter to unhitch and block up the trailer in any desired location. At the pres-

_ent time, with the existence of good roads in most sections of the country and with care-
ful selection of sites for astronomical stations, trucks and trailers usually may be driven
directly to the station sites. In Alaska and other less developed territories, various
conditions and difficulties may be encountered in transportation, and other methods of
transportation such as launches and airplanes may be used.

Fraure 13.—Observing tent and trucks at station site.

(a) Selection of transit location. A level area free of any large boulders or other
obstructions should be chosen for the transit location. It is not necessary to place the
astronomical transit at the triangulation station. In this case, the eccentric station
must be determined with respect to the triangulation station. This may be done in
several ways. One way is to measure the distance between the triangulation station
and the eccentric station and turn the angle at the triangulation station between the
eccentric station and the azimuth mark. One may also measure the angle at the
eccentric station between the north or south point and the triangulation station. When-
ever the astronomical station is eccentric to the triangulation station, a sketch should be
entered in the record book, showing all measured distances and angles. The horizontal
distances and angles should be measured accurately enough so that the eccentric reduc-
tion can be made with an accuracy of about an inch.
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The observatory should be placed so as to have an unobstructed view of at least 50
degrees north and south of the zenith. A good way to ascertain whether the tentatively
selected location for the observatory is satisfactory is to bolt the tent frame together and
place it approximately in position, the long side in an East-West direction. After shift-
ing the frame about so that the opening in the tent top comes above the instrument it
can readily be seen whether the place chosen will be satisfactory.

(b) Methods of Orientation. The first field operation in setting up an astronomical
observatory is the establishment of a true North-South line through the instrument
position for the purpose of placing the instrument roughly in the local meridian. A
stake placed some 500 feet to the north or south of the station site will suffice for this
orientation.

There are several methods by which the stake can be set in the approximate
meridian of the transit location. It has been found through practice that if all precau-
tions are taken to insure as accurate an orientation as possible with the means at hand,
the final placing of the transit in the true meridian will be simplified.

If the station occupied is a previously determined triangulation station, the true
azimuth of the reference marks, of the station azimuth mark, or of some distant tri-
angulation station visible from the ground may be used and a North-South line estab-
lished through the instrument position by means of a small engineer’s transit. Using
the reference or azimuth marks affords the quickest and easiest method of orientation.
If the triangulation data are not available, a magnetic compass may be used for ori-
entation. Observations on the sun or Polaris will also give the desired azimuth.
When using Polaris, the hour angle is ascertained from Table VII of the American
Ephemeris and Nautical Almanac and then Table IV of the same publication is used
to find the azimuth of Polaris corresponding to this hour angle.

(c) Placing tripod, and. instrument setup. A very rigid support should be provided
for the Bamberg transit. Concrete piers are undoubtedly the best type of support
but considerable time is required for their construction and seasoning. It has been
the custom in this Bureau for several years to support the instrument on a special
metal tripod constructed so that it may be made very rigid by tightening the cross
braces with turnbuckles. The tripod consists of a triangular head plate supported
by three adjustable legs. Horizontal members and diagonal rods with turnbuckles
in each panel keep the tripod rigidly braced. Care should be exercised to make sure
that the tripod head rests snugly on the tops of the legs at all points. The head may
be drawn down into proper position by means of the turnbuckles on the diagonal rods,

The tripod head has one pointed corner and two rounded ones. When placing the
tripod over the mark, the pointed corner should be toward the south in the Northern
Hemisphere. After the Bamberg transit has been centered, leveled and lined up with
the orientation stake, the ground is marked at the base of each tripod leg and a small
circular hole is later dug at each mark. These holes should be dug from 18’/ to 24’/
deep depending upon the nature of the ground. Six to eight inches of very wet plaster
of paris or concrete should be poured into the bottom of each hole and allowed to set
firmly. If the mix is very wet it will make much better bond with the soil and provide
a more stable support. The top of the plaster or concrete in each hole should be at least
10"’ to 12’/ below the surface of the ground so that the observer walking about the in-
strument will not disturb it. Upon setting, this plaster or concrete provides a smooth
surface over which the tripod legs may slide in making the necessary shifts to place the
instrument in the meridian.

While the plaster is setting, the canvas tent may be placed over the frame in the
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position such that the slot in the tent top is in a North-South line directly over the in-
strument location. See figures 10 and 14. As soon as the plaster has hardened, the
tripod is placed in position and again lined up with the orientation stake. The transit
is set up on the tripod. It is not necessary that the transit be exactly centered over the
mark for latitude and longitude observations. In fact, there is no direct way of plumb-
ing the Bamberg transit over the mark. It will be sufficient to have the tripod plumbed
over the mark within one inch and the transit centered on the tripod head.

Ficure 14.—Catwalk and arrangement of instruments.

The three footplates should be set on the tripod-head first, with the smooth surfaced
footplate at the south end, the plate with the small hole in it at the west end, and the
plate with the V-shaped groove at the east end. These plates are placed thus so that
the instrument can be moved through a small arc about the west foot screw as a center.
After the instrument has been set up and leveled, the telescope should be lined up with
the orientation stake and the instrument shifted if necessary. The line of sight will
then lie very nearly in the true meridian. Wet plaster of paris should be poured around
the bases of the tripod legs in order to provide rigid instrument support. The three
footplates are also fastened rigidly to the tripod head with plaster of paris before the
final adjustment into the meridian is made.

It will be found that, if the foregoing procedure has been followed closely, very little
further shifting of the instrument will be required to bring it finally into the meridian.
Sometimes, especially if the ground is springy, a 12-inch wide platform should be built
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around the transit, so that the weight of the observer will not bear directly upon the
ground near the tripod. See Figure 14. In fact, some observers use such a ready-
built platform at all stations. This platform may rest on 2 by 4 inch pieces of lumber
whose support points are well away from the instrument, preferably at least 3 feet from
any tripod leg. The boxes or seats upon which the observer sits during observation,
one at the east end and one at the west end, should be placed on this platform. When
the tripod is being set up, the legs should be adjusted for length with respect to the
depth of the holes and height of platform so as to leave the observer in a comfortable
position for observing. For complete details for placing the instrument in the meridian
See page 34.

(d) Electrical Instrument Table and Hookup. A table with detachable legs should
be set up along the east wall of the tent for holding electrical equipment. A 1 by 5
foot table is quite satisfactory. A 12-inch board set under this table will be useful for
giving the table a steady support and for providing a place for the “B”’ and “C” bat-
teries, tools and other paraphernalia. From north to south, the instruments are lined
up in this order on the table: receiver, amplifier, chronometer and chronograph. This
arrangement is the most convenient for the electrical hookup. See fig. 8. Some
observers find a different arrangement more convenient.

The “B’ batteries are usually blocked into place in wooden boxes specially built
for carrying the required number of batteries. They are transported in these boxes
from station to station. Separate “B’’ battery connections are necessary for the re-
ceivér and amplifier. The “C’” batteries for the amplifier may be placed in this box
also. Some type of plug and socket may be assembled and fitted to the end of the bat-
tery box for convenience in making and breaking connections. The ‘“A” storage
batteries are placed in any convenient location, usually along the north wall.

A 3-inch square hole is cut near one end of the table through which a small pulley
line runs down from the chronograph gear box. The weights for driving the chrono-
graph mechanism are attached to the lower end of the line.

The orientation for and the method of erecting the antennas have been discussed
on page 11. The observer should check the guying of the poles carefully, so that they
will not be blown over and fall upon the observatory tent and thus cause damage.

During the summer months, in temperate or warm climates, the recorder may sit
outside of the tent for his recording. However, in winter in the temperate climates
or in summer in the arctic regions, some kind of tent should be erected for the recorder.
A silk triangulation observing tent has been found quite satisfactory for this purpose.
It should be set east or west of the observing tent, not in the meridian of the instrument.
When observations are made in cold weather, the electrical instrument table may be
set up in the recorder’s tent. However, care should be used if this tent is heated since
the heat waves may interfere with the astronomical observations. A heater should
never be placed in the observer’s tent. The multiple wire connection between the
transit and the instruments in the recorder’s tent is strung between the two tents.

ADJUSTMENTS OF THE INSTRUMENTS

(a) Adjustments of the Transit. After the transit is set up, it should be inspected.
The pivots and wyes of both instrument and level should be cleaned with watch oil,
which must afterwards be wiped off to keep it from accumulating dust. The pivots
and wyes should be carefully inspected to insure that there is no dirt gummed to them.
The lens should be examined occasionally to see that it is tight in its cell. It may be
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dusted off with a camel’s-hair brush, and when necessary may be cleaned by rubbing
gently with soft, clean tissue paper, first moistening the glass slightly by breathing on it.

Focusing the Eyepiece. The eyepiece should be focused by turning the telescope to
a light surface such as the sky and the eyepiece moved in and out until that position
is found in which the most distinct vision of the micrometer wire is obtained.

Focusing the Objective. The objective should then be focused by directing the
telescope to some well-defined object, not less than a mile away, and moving the transit-
micrometer draw tube in and out, thus changing the distance from the objective to the
plane in which the micrometer wire moves, until there is no apparent change of relative
position (or parallax) of the micrometer wire and the image of the object when the eye
is shifted sideways or up and down in front of the eyepiece. The purpose of the adjust-
ment, namely, bringing the image formed by the objective into coincidence with the
micrometer wire, has then been accomplished. The focus of the objective will need to
be checked at night, using a star as the object, and corrected if necessary. Unless the
focus is made nearly right by daylight, none but the brightest stars will be seen at all
at night, and the observer may lose time trying to learn the cause of the trouble. If
the objective is focused at night, a preliminary adjustment should be made on a bright
star and the final adjustment on a faint star, as it is almost impossible to get a very
sharp image of a bright star. A planet or the moon is an ideal object on which to make
a preliminary focusing of the objective. A scratch upon the drawtube to indicate its
approximate position for sidereal focus will be found convenient. After a satisfactory
focus has been found, the drawtube is clamped in position with screws provided for
that purpose.

The illumination of the cross hairs is controlled by a screen grid in the telescope
axis between the light and the prism. By turning the knurled knob, which is on one
of the square faces of the telescope, more or less light may be cut off from passing through
the grid, thus decreasing or increasing the illumination of the cross hairs at will. The
final adjustment of the illumination of the cross hairs is made by turning the rheostat
knob on the base of the frame.

Hanging-level Adjustment. The hanging level is first adjusted for wind (pro-
nounced to rhyme with find). The bubble is brought to the center by the leveling
- foot screws. The level is tested for wind by slowly rocking the level forward and back-
ward on its supporting arms. If the bubble does not remain centered, then the bubble
axis and the horizontal axis of the instrument lie at an angle to each other when pro-
jected upon a horizontal plane, and the level is said to have wind. The adjustment for
wind is by means of the screws which permit a lateral adjustment of one end of the tube.
The adjustment for wind is very important, because any wind introduces a serious
error into the result.

After the adjustment for ‘wind is perfected, the bubble is brought to the center
again by the leveling footscrews. Then the hanging level is reversed. If the bubble
does not return to the center, half of the diserepancy is corrected for by the foot screws
and half by the vertical adjusting screws on the level. This process of adjustment is
repeated until the lack of adjustment does not exceed one or two divisions of the level.

Adjustment of Cross Hairs. The two wires which define the path of the star should
be parallel to the telescope tube. This adjustment is made by means of the small
screws which butt against the lug on the side of the drawtube. These wires are cor-
rectly adjusted if an equatorial star appears to move centrally between them as it
crosses the field of view.
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Adjustment for Collimation. The middle wire of the fixed field of the transitis set
in the line of collimation by the customary method of direct and reverse pointings on
a distant object and correcting for half of the difference by adjusting the two small
collimation screws on the collar of the drawtube. An alternate method is to record
the readings of the micrometer head when the movable wire is set on an object near the
center of the field with the instrument in both the direct and reverse positions. Setting
the micrometer head at the mean reading puts the movable wire in the line of colli-
mation. The fixed middle wire should then be made to coincide with the movable
wire by adjusting the collimation screws.

Wherever practicable, the adjustment for collimation should be made at sidereal
focus on a terrestrial object at least one mile distant, or on the cross hairs of a theodolite
or collimator which has previously been adjusted to sidereal focus. The theodolite or
collimator is set up just in front of the telescope of the transit. If necessary the cross
hairs of the theodolite are artificially illuminated. Ocecasionally, if neither a distant
object nor a theodolite is available for making the collimation adjustment, a near object
may be used for the purpose. In this case, however, collimation error may exist when
the telescope is in sidereal focus. A rapid and careful observer may sometimes be able
to make this collimation adjustment on & slow-moving close circumpolar star. In so
doing he will have to estimate the amount the star moves while he is reversing his in-
strument and securing the second pointing. No attempt should be made to reduce the
collimation error to zero. If it is already less than 0.2 second of time it should not be
changed, for experience has shown that frequent adjustment of an instrument causes
looseness in the screws and the moving parts.

Adjustment of the Setting Circle. To test the setting circle which reads zenith
distances, point upon some object, bringing the image of the object midway between the
two horizontal lines (guide lines); bring the bubble of the setting circle level to the cen-
ter and read the circle. Next reverse the telescope and point again on the same object;
bring the bubble to the center and read the setting circle as before. The mean of the
two readings is the true zenith distance of the object, and their half difference is the
index error of the circle. The index error may be made zero by setting the circle to
read the true zenith distance, pointing on the object, and bringing the bubble to the
center with the setting circle level-adjusting screw. At night if the latitude is known,
this adjustment may be made by keeping a known star between the horizontal lines as
it transits. While the telescope remains clamped in this position the setting circle is
set, to read the known zenith distance of the star and the bubble is brought to the middle
position of the tube as before by means of the setting circle level-adjusting screw.

The preceding adjustments cannot always be made in the order named, as, for
instance, when no distant mark can be seen in the meridian. Not all of these adjust-
ments need be made at every station. The observer must examine and correct them
often enough to make certain that the errors due to them are always within allowable
limits.

(b) Setting the Chronometer. To set the’chronometer on local sidereal time or very
nearly so, local sidereal time must be determined.

If the approximate longitude is known within three minutes of are, either from a
map or otherwise, a very practical way for determining local sidereal time is based upon
receiving a scientific radio time signal some time before star observations are begun.
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The local sidereal time for the instant of the time signal to be used for setting the
chronometer, is computed beforehand in the following manner:

Example
Given: Longitude of station is 119°15/10"" W.

Time signal at 3 P. M. Pacific standard time, June 5, 1944
To Find: The local sidereal time for the instant of the time signal

Pacific standard time, June 5, 1944 _ _________________________________ 15-00-00
Difference between P. S. T.and G. C. T______________ ... __._. 8-00-00
Greenwich civil time______ ___ ____ o ____.._ 23-00-00
Greenwich sidereal time of 0* G. C. T. (RAMS+12 hr.), June 5, 1944____ 16-53-10. 4
Cor., mean solar to sidereal time (for 23 hrs.)_. _____________ . _______._ 03—46. 7
Greenwich sidereal time of the timesignal__-______________________.___ 15-56-57. 1
Longitude of station (if west, subtract; if east, add).__ .. ___________.__ 7-57-00. 7
Local sidereal time of time signal .__ ____ ____________________________. 7-59-56. 4
Abbreviations:

P. S. T., Pacific standard time.

G. C. T,, Greenwich civil time.

RAMS+12, Right ascension of mean sun+-12 hrs.

The hands of the chronometer are set beforehand at this predetermined local
sidereal time for the instant of the time signal preferably for one whole minute or two
whole minutes before the final time signal. The setting is done by turning the hands
clockwise by means of a key which fits the end of the axis on which the hands rotate.
The minute hand should be set so as to agree with the position of the second hand, that
is if the second hand is on thirty, the minute hand should be set midway between two
minute divisions. When the time for the predetermined minute of the signal ap-
proaches, the signal is tuned in, and at the instant of the minute break, the chronometer,
already wound, is started with a gentle rotary movement. As the second hand cannot
be set, allowance is usually made for this by starting the chronometer after the signal,
either by counting seconds or using a hack watch. With care the chronometer can be
started within a few seconds of local sidereal time. The chronometer is then checked
at the next minute break.

If, for the purpose of setting the chronometer, the radio time signal cannot be
obtained at that time, star observations may be used for that purpose. With the instru-
ment leveled and properly adjusted for collimation, the telescope is set for a zenith
star which is about to transit. The chronometer time of the instant when the image
of the star crosses the line of collimation is recorded. The instant of transit is approxi-
mately local sidereal time, differing from it only by the effects of the collimation and
azimuth error. Since the star is nearly in the zenith, its time of transit is affected but
very little by the azimuth error of the instrument. Hence the chronometer correction
is approximately equal to the right ascension of the star minus the chronometer time
of transit. To avoid waiting for stars very close to the zenith the chronometer correc-
tion may also be estimated closely by comparing observations of two stars not very
distant from the zenith, one north and one south; the difference of the chronometer
correction obtained from these two will give some idea of the amount and direction of
the azimuth error.

(¢) Putting Transit in Meridian. The transit must be put in the meridian with an
accuracy of one second of time or better before the longitude observations are started.
Proceed as follows: Level the instrument accurately. Select a slow moving north star
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that is about to transit and compute the time of transit. Pick up the star in the
telescope one or two minutes before the time of transit. Keep the star on the cross
hairs until the instant of transit by shifting the instrument on the tripod or, if necessary,
shifting the tripod on the plaster base. Repeat with another north star if necessary to
place the instrument in the meridian within an accuracy of ten to twenty seconds of
time. Then fasten the tripod legs securely in position by pouring a smail amount of
wet plaster of paris about the foot of each leg, being sure that it makes good bond with
the metal leg and with the plaster or concrete base upon which it rests. The three
foot plates should also, at this time, be fastened securely to the tripod by placing a
small amount of wet plaster under each plate. As soon as this plaster has set (10 to
20 minutes) the final adjustment of placing the instrument into the meridian can be
made. Proceed as follows: Level the instrument very accurately, reversing as necessary.
Select two stars, one north and one south of the zenith that will transit one to five
minutes apart. Record the time of transit for each star. Write an equation for each
star as follows:

AT+ Aa— (a—1)=0. )]

To be exact and complete this equation should be written
AT+ Aa+Bb+ Ce— (a—1t)=0.

However, if the instrument is leveled very accurately the Bb term, the inclination
correction, may be neglected and if the instrument has been accurately adjusted for
collimation the Ce term, the collimation correction, may also be neglected.

The symbols in the above equations are:

AT is the chronometer correction,

A is the azimuth factor, sin { sec §,

a is the azimuth of the line of collimation in seconds of time,

a is the right ascension of the star,

t is the chronometer time of transit,

5 is the declination of the star,

¢ 1s the zenith distance of the star at culmination, that is, latitude of station minus
declination of star, ¢ - 8 , where ¢ is the latitude. In north latitudes { is positive
for stars south of the zenith, negative for stars north of it.

AT and ¢ are the two unknowns in these equations and by subtracting one equation
from the other, AT cancels out and the azimuth @ may be computed directly. The
value of ¢ may then be substituted in either equation and A7 computed. If stars are
selected with A factors of 0.5 or larger and if ¢ is known to ¥ second, @ will be deter-
mined with an accuracy of one second or better. If a is positive, the telescope point-
ing north is too far to the west and if negative too far to the east. Let r equal the
value of one turn of the east foot screw in seconds of time, and n equal the number of
turns to be applied to the foot screw to bring the instrument to the meridian.

Then n=g-- (10)

The value of one turn of the east foot screw is approximately ten seconds of time for
Bamberg transits Nos. 20 and 21. The instrument should then be turned through an
azimuth a, by turning the east foot screw n turns in the proper direction.
This process should be repeated until the azimuth, @, of the instrument is less than
1.0 second of time. After having placed the instrument in the meridian, it is desirable
to reverse the instrument and check with one pair of stars to verify that the collimation
748077°—48——4
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error is still within the desired limits. The instrument should always be tested for
azimuth before beginning work on any evening, and if necessary it should be adjusted
to make ¢ less than 1 second of time.

LONGITUDE DETERMINATION *?

Basically, a longitude determination consists of measuring the difference between
the local sidereal time at the base station and the local sidereal time at the field station
at the same instant of absolute time. The local sidereal time at the field station is
determined by observations of transits of stars across the local meridian. At the
instant of transit of a star across the meridian, the local sidereal time at the field station
is equal to the right ascension of the star. Since the longitude of the base station is
known, the local sidereal time at the base station can be computed for any given instant.

In practice, a radio time signal is received and from the Greenwich civil time of the
broadcast of that signal, the local sidereal time at the base station is computed for the
instant of the reception of the time signal. The time interval between the transit of
the star and the reception of the time signal is carried by a good sidereal chronometer
and thus the observed local sidereal time for the field station and for the base station
are reduced to a common instant.

The determination of time in any latitude is based on the observation equation
already given on page 35, known as Mayer’s Formula,

AT+ Aa+Bb— (a—t)=v. (11)

There should be also a term, + Cc, on the left to take care of the collimation unless its
effect is eliminated by reversal of the instrument as is done with the Bamberg transit.
In this equation A, B, a—t, and & are known. It is therefore necessary to determine
the two unknown quantities, AT and @, from the observation equations.

A and B are constants for the star depending on its declination and zenith distance,

a is the right ascension of the star,

t is the observed chronometer time of transit of the star,

b is the observed inclination of the horizontal axis,

AT is the chronometer correction and

a is the azimuth of the line of collimation.

The field computation to determine these two quantities is made by giving each
star unit weight even when the station is located in high latitudes, say above 50°. A
more elaborate and accurate process is preferable for the office computations in all
latitudes, although the field method has sometimes been used in the low latitudes.

GENERAL INSTRUCTIONS FOR WIRELESS LONGITUDE DETERMINATIONS WITH
BAMBERG TRANSIT IN LOW LATITUDES

1. A determination of a difference of longitude normally will consist of at least
three separate determinations, not all of which are made on the same night. If obser-
vations are being made in an area where very unfavorable weather conditions exist,
and if one separate determination has been made on each of two nights, and it is found
that the two separate determinations differ by less than 0.05 second, the observer may
proceed to the next station if the weather reports indicate that several days of unfav-
orable weather are expected. Three nights of observations with at least one determi-
nation each night shall constitute a complete longitude determination, even if the com-

% Bince this section was written some of the procedures have been altered. For a discussion of this, see the ‘‘Appendix to Longi-
tude Determinatioa”, p. 121,
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putations have not been completed before leaving the station. A single determination
of longitude should normally consist of observations of two time sets. Each time set
should consist of observations on from five to eight stars, preferably about equally
divided between north and south stars. All of these are to be time stars; no azimuth
stars are to be observed. For the purpose of this paragraph an azimuth star is defined
as one for which the azimuth factor, A, is greater than 0.75, while a time star is one
whose azimuth factor is less than 0.75. Preferably the azimuth factor for time stars
should be held to less than 0.60.

2. The observer should select the stars for each time set with great care. He
should endeavor to secure the maximum number of stars per hour subject to the fol-
lowing requirements. The algebraic sum of the A factors for any time set should be
less than unity and the sum for the two sets that constitute a longitude determination
should also be less than unity. It-is desirable to have this sum as small as possible.
Each time set should have about an equal number of north and south stars. A three-
three or a three-four combination is the ideal one. A two-five combination is unde-
sirable even though the A factors may balance satisfactorily. Sufficient time must
be allowed between successive stars for setting the instrument, reading the level, revers-
ing the instrument etc. The ideal time is about 5 minutes but some intervals may be
4 minutes or even slightly less. The observer must remember that two equatorial
stars may be observed upon if their times of transit are 3% minutes apart but two north
stars with that same interval between their times of transit cannot be observed upon.

3. The detailed observing program for any night will depend principally upon the
weather conditions and the number of time signals available. If only one time signal
is available it should be near the center of the two time sets. If time signals are avail-
able at hourly intervals, or even more frequently, then a night’s program should consist
of time signal, time set, time signal, time set, etc., ending with a time signal. In this
manner two or more longitude determinations may be made in one night under favorable
weather conditions. There is, however, little to be gained in making more than two
complete longitude determinations in any one night, for at least one more night’s work
is required under any circumstances.

4. Observing List for Longitude. In making an observing list, it is necessary to
know the approximate latitude of the station. If the latitude is not known from the
triangulation data, it may be obtained by scaling from a good map or obtained from
astronomical observations. It should be known within one minute of arc. The
observing list should be made up beforehand according to the general instructions in
paragraphs 1, 2, and 3. The stars should be selected from ‘“Apparent Places of Funda-
mental Stars”’ produced under the auspices of the International Astronomical Union
and published annually by His Majesty’s Stationery Office in London.

5. The position of the ocular of the transit (east or west) should alternate for the
beginning of observation on each star. It may be in either position for the first star,
but most observers prefer to start with ocular east. The position of the ocular should
be given in the records for the first star at least.

6. When a longitude station is referred to a triangulation station, the measure-
ments of angle and distance should be made and checked with such an accuracy that
the position of the longitude station may at any time be reproduced within one inch.

7. The field computations should be kept as closely up-to-date as practicable and
the method shown on pages 48, 51-53 of this publication should be followed.

8. Radio Time Signals. If possible, the scientific short-wave radio time signals
transmitted by the Naval Communications Service or the continuous short-wave
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standard-frequency signals by the National Bureau of Standards should be used. In
any case, only signals monitored by the Naval Observatory may be used.

If other than the Annapolis or Bureau of Standards time signals are used, the
observer should verify from this Office, before leaving the station, whether the Naval
Observatory has received the particular signals.

About 20 second breaks of each radio time signal should be scaled from the chrono-
graph sheet to the nearest hundredth of a second, rejecting any whose residual is 0.05
second or more from the mean.

9. Chronograph Record. The observations upon each star are given unit weight
regardless of the declination of the star and regardless of whether or not the observation
of the transit is complete. Ten consecutive transit breaks (identification breaks
excluded) corresponding to one complete revolution of the micrometer contact wheel
before reversal of the instrument and the ten corresponding breaks after reversal con-
stitute a complete observation. (For identification of the zero mark there are two
extra marks one on each side of the zero mark.) In secaling the chronograph sheet for
star observations, each star-transit break should be scaled from the chronograph sheet
to the nearest tenth of a second. See figure 5.

The limit of rejection for an observation on a star is a residual of 0.20 second.
No observation corresponding to a residual smaller than this should be rejected unless
rejection is made at the time of observation for reasons stated in the record.

DIRECTIONS FOR OBSERVING

Before starting to observe, the electrical hookup and recording apparatus should
be carefully checked to insure proper recording. All outside binding-post connections
on the amplifier should be tightened and the switch placed in the transit position.
With the transit recording switch on, the two handwheels of the micrometer eyepiece
should be given a few turns in order to test the action of the recording pen. The hanging
level should be inspected for proper bubble length, wind and parallelism with horizontal
axis. See page 32. The chronograph should be started and the chronometer breaks
recorded for a few turns to check the speed of the chronograph cylinder and the marking
action of the armature pen. The speed of revolution of the cylinder should be adjusted
either by increasing or decreasing the number of weights or by adjusting the governor
balls. It is very desirable that the cylinder should make very nearly one revolution
per minute so that the corresponding chronometer second breaks will line up approxi-
- mately horizontally across the paper. If the chronograph operates appreciably too
fast, or too slow, the scaling of the sheets becomes more difficult because of the diagonal
slant of the line of chronometer breaks.

In setting for the first star it is immaterial whether the eyepiece is in position East
or position West. It is general practice to start with eyepiece East. The first position
in every time set should be noted on the record. The proper zenith distance angle is

north ast .

set on the vertical setting circle for stars —— of the zenith when the eyepiece is 22> ;
south west
south

and the explement of the zenith distance angle for stars north of the zenith when the
ea;

eyepiece is wes:;,' The bubble of the setting circle level is then brought to the center

by tilting the telescope, making the final adjustment by tapping the telescope with the
finger tips. Depending on whether the zenith distance or explement of the zenith
distance angle has been used in the first case, the opposite one for that same star is
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then set on the setting circle, so as to have the setting ready for the reversed position
of the instrument. By using this procedure the instrument will be ready for centering
the setting circle level immediately after reversal of the telescope in the wyes. '

By turning the micrometer wheels, with the transit switch off, the movable slide of
the transit micrometer is brought into proper position with respect to the entrance of
the star’s image into the field of view. With the transit micrometer eyepiece in the
position East, all stars above the pole will come into the field of view at the apparent
top. Subpolar stars will come in at the apparent bottom. With eyepiece West,
exactly the opposite is true, stars above the pole coming in at the apparent bottom and
subpolar stars coming in at the top.

The usable field of view is taken as that between the outer wires of the fixed reticule.
The time of entrance of the image of the star into the telescope field of view depends
upon its declination, circumpolar stars of course traveling much slower than equatorial
stars. When the star enters the usable field of view, tap the telescope to bring the star
between the two guide wires. It should be followed with the cross wire of the movable
slide, bisecting the star at all times and attempting to make the motion of the hand-
wheels as uniform as possible. The star image should be followed well into the field
of view, 20 to 30 breaks, but enough time should be allowed between corresponding
breaks before and after reversal to read the hanging level and to reverse the telescope.
Upon reversal, if the circle setting has been made beforehand the telescope can be
brought quickly into the proper position by tilting the telescope until the bubble of the
setting circle level is centered. After the star has been followed across the field of view
and the hanging level read, the proper setting for the next star should be made. From
time to time the chronograph sheet should be inspected to see that all of the transit
breaks are recording properly. Occasionally, a time identification should be marked
on the sheet at the beginning of some whole minute and the information given to the
recorder, who should record it on Form 34A. About two or three identifications of the
chronometer minute should be made during each time set and at least one during the
time when the chronograph is running at double speed for the reception of the radio
signal.

& REdEPTION AND RECORDING OF TIME SIGNALS

About ten minutes before the start of the time signal the radio receiver should be
turned on to allow the tube filaments to warm up properly.

After the last star before the signal has been observed the chronograph should be
changed over to double speed and the amplifier switch turned to “RADIO”. Some
time shortly before or after the time signal broadcast a chronometer time identification
should be recorded at double chronograph speed. If during the radio time signal
recording there is interference between the chronometer breaks and the radio time-signal
breaks, the cut-out switch should be used, as previously described in this publication.
After the record of the time signal has been completed, the second set of stars should be
observed and recorded in the same way as the first set.

METHOD OF AND FORMS FOR RECORDING

At the field station the star observations and time signals are recorded on the chrono-
graph sheets and other pertinent data are entered on Form 34A. As each star is ob-
served, the readings of the hanging level are recorded on Form 34A opposite the name
of the star. A glance at the difference between the west and east readings of the level
will show the amount of inclination of the horizontal axis and whether the bubble needs
adjusting. A west reading is considered positive. Under “ Remarks” on this Form the



40 U. S. COAST AND GEODETIC SURVEY

chronometer time identifications are recorded as given by the observer from time to
time. They are placed in consecutive order and numbered consecutively to correspond
with the proper identification on the chronograph sheet. Any remarks pertinent to
some particular star, such as “very dim,” “brighter of two,” “thin clouds,” should also
be entered in the ‘‘ Remarks’ column, or if space permits, under the star name itself. It
is especially important to note any irregularities in following the star, so that these may
be kept in mind when scaling the chronograph sheet. It is also helpful to indicate the
type of star such as north, south or azimuth. A sample is shown on page 42. At the
bottom of this Form, information is entered with regard to the time, frequency and call
letters of the time signal or signals received.

The chronograph sheet, 33 by 63 centimeters, covers the record for about two hours
of observing. Normally one longitude determination will be recorded on one chrono-
graph sheet. The following information should be placed on the chronograph sheet
before leaving the station: Name of station, State, local Standard Time of signal,
both hour and date, transmitting station and frequency of signal. Since the date chang-
es at midnight, it is very important that the date is carefully noted and the dates of
evening and the following morning distinguished.

As soon as possible after the longitude is observed, the chronograph record should
be “marked up.” The proper hour and minute are entered for each identification
mark. The name of each star is entered just before the transit record of that star.
All of these data have been recorded on Form 34A as the longitude observations were
made, and so they may be copied directly onto the chronograph sheet.

RADIO TIME SIGNALS

The Naval Observatory Time Signals broadcast by the Naval Communications
stations, NSS at Annapolis, NPG at Mare Island, and some others are monitored by
the Naval Observatory. These signals are sent out at one second ‘intervals during the
five minutes preceding the hour for specified hours of the day. Each signal or beat is
0.4 second in duration. The beginning of the beat is the beginning of the second.
For identification every 29th second is omitted; at the end of the first minute the 51st
and 56th to 59th are omitted, in other words, there are four successive beats before the
last five second gap of that minute, signifying that there are still 4 minutes left before
the full hour; at the end of the second minute, there are three successive beats before
the last five second gap; at the end of the third two, and at the end of the fourth one.
At the end of the last minute the 51st to 59th beats are omitted. The last beat on the
full hour is a decidedly longer beat.

The National Bureau of Standards furnishes continuous time signal service through-
out the 24 hours of a day. These signals are broadcast from the Bureau of Standards
station WWYV by high-frequency radio waves. The Naval Observatory monitors
these signals at twelve hour intervals.

The WWYV signal is transmitted by impulses of 0.005 second duration at precise
second intervals. The 59th second of each minute is omitted for identification purposes.
The standard audio frequencies which are transmitted throughout the day are inter-
rupted precisely on the hour and each five minutes thereafter; after an interval of
precisely one minute the audio frequencies are resumed. At the hour and the half hour,
a detailed announcement is given by voice.

Several weeks after the time signals, the Naval Observatory furnishes upon request
the corrections to the monitored time signals.
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LONGITUDE RECORD AND FIELD COMPUTATION )

As an example for longitude determination, station Wills, Arkansas, has been
chosen. The observations were made by Lt. J. P. Lushene on Dec. 18 and 20, 1935.

On Form 34A, the readings of the hanging level have been recorded for the different
stars. At the bottom of the sheet, the hour, frequency and station are shown for the
time signal received. Under ‘“Remarks”, the hours and minutes are given for the
corresponding identification marks on the chronograph sheet. These data under
“Remarks” and the corresponding identification marks on the chronograph are all”
recorded at the time of observation. Thus the time by the chronometer and the
chronograph record are positively linked with each other.

The entire longitude computation is in one book, Form 256. This book contains
the various forms necessary for the computation of the longitude.

On pages 4 and 5, Form 256, are shown the magnitude, right ascension, declination,
meridian zenith distance of the star, the star factors (4, B and C) and the corrections
l and «, for width of contact strips combined with lost motion, and for diurnal aberration
respectively.

The factors A, B, and C are taken directly from the table on pages 156-171.

The factors are defined by the following formulas:

Azimuth factor=A-=—sin { sec =sin ¢—tan & cos ¢ (12)
Level factor=B=cos { sec §=cos ¢-}+tan & sin ¢ (13)
Collimation factor=C=sec & (14)

where ¢=(¢—38) is the zenith distance of the star at culmination, & is the declination of
the star, and ¢ is the latitude of the station. In the northern hemisphere ¢ is positive
for stars south of the zenith, negative for stars north of it. For lower transits 180°—3&
is used instead of é. ‘

For north latitudes, the signs of the factors are as follows:

A is plus except for stars between the zenith and the pole,
B is plus except for stars observed at lower culmination.

For observations with the Bamberg transit, the factor C is used for computing the
correction ! for lost motion and average width of the contact strips. See page 26.
The correction [ is positive for all stars.

For observations with an instrument, such as the meridian telescope, where the
telescope is not reversed between transit observations on the same star, the factor C
is necessary for computing the collimation error of the instrument. In this case:
Ois _plus minus

—— for stars at upper culmination and for stars at lower culmination
minus plus

west
east

when observations are made with the instrument, band (clamp or illumination)

The correction for diurnal aberration, «, is explained on page 46.

The data relating to the station (date, observer, etc.) are copied directly from
Form 34A onto pages 6-29, Form 256. The names of the stars and the level data are
also copied from Form 34A.

The chronograph sheets are usually read in the field before leaving the station.
A set of 10 transit breaks before transit of a star and the corresponding set of 10 breaks
after transit are selected and the chronometer time of each break is read to the nearest
tenth of a second and entered in the proper columns on pages 6-29, Form 256. The
reading is done by the use of a glass scale with uniformly spaced converging lines.
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PASTE THIS SHEET ON.TO THE CHRONOGRAPH SHEET
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LONGITUDE RECORD
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