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TESTIMONIALS.

The following letters testify to the merits of the Saegmuller Solar
Attachment. Particular attention is called to the fact that since
these letters were written essential improvements have been made
in the construction of the ** Solar" which warrant us in guarantee-
ing still better results.

CaruMET AND Hrcra Ming, ENGINEER'S OFrIOE,
Cavomer, L. 8., Mics., May 2, 1884.

Favra & Co.:

The transit made by you for this mining company with the Saeg-
muller solar attachment and quick-levelling tripod head has been
in nse by me since its arrival, and, as yet, I have found no fault
with it whatever; in all its parts it far exceeds my expectations,
and bears every evidence of skilled and faithful work, and it is
just what was wanted to meet the requirements at this mine.

The solar attachment is very simple, and, as I have a meridian
line established by an elongation of polaris, I had an opportunity
to test its acouracy, which I can vouch for. The gquick-levelling
tripod head answers admirably its purpose, and, from the nature
of our work here, is frequently brought into play. The croas-hairs
are satisfactory, and I like their arrangement. The graduations of
the horizontal and vertical circles with their verniers are clear,
precise, and distinet; the telescope, tangent, and clamp-screws,
illuminated axis—in fact, the whole outfit is what it should be, and
convinces me that I made no mistake in the selection of the makers.

I recognize the advanoce you, as mathematical instroment makers,
have made over similar work done by others within a few years,
and I congratulate you, as a result of this kind tends to promotie a
proper feeling and understanding between those who make and
those who use instruments, which imperfections in their manufac-
ture rather tended to destroy.

Very respectfully,
PRESTON C. F. WEST,
Engineer Calumet and Hecla Mine.

WasamsgToN UnivessiTy, 5T. LoUts, Mo.,
Oct. 20, "84.
Messrs, Favrre & Co.,
Washington, D. C.:

Dear Smms: I am more than pleased with the Solar attachment
you put on my transit last spring. I regard it as at once the cheapest
and by far the best attachment in the market. It is readily ad-
justed and manipulated, is wholly out of the way in using the
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transit, and is accurate beyond any disc attachment. The latitude
is readily obtained (by sun's meridian altitude) to the nearest
minute, and in the most favorable portions of the day, say from 8
fo 10 A. M. and from 2 to 4 P. M., I think the meridian may be de-
termined to the nearest minute. I think you have solved the at-
tachment problem,
Very truly yours,
J. B. JOHNSON,
Praofessor Civil Engineering.

————

Harrersvirax, N. Y., Feb. 5, 1885.
Favra & Co., '

Washkington, D. C.: -
Dear Bms: Yours of February 2d reached me to-day with in-
quiry as to how the transit suited. Im reply, I would say I am
pleased much better than I thoughtTI could be. It arrived in good
order and has done some of the finest work in Browne county.
Have used the Solar attachment and am well pleased with its work-
ings. I don't see how I got along with my old instrument.

This transit is a great arbiter of lines in this valley where it is
known. They seem to lose sight of the surveyor in their admira-
tion of the ‘' beautiful instroment,” as they call it. I have been
out 30 or 40 days with it and it proves true every time. * * *

I have seen Mr. E. W. Lindsley, of Downsville, Del. Co., N. Y.,
who is using one of your transits, and he is well suited with it,

Wishing you success, yours, very truly,
H. 8. WILLIAMS.

e

J. Francis LeBagon, Secretary.
Roowms oF THE SBouTHERN BooieTy oF Orvit, ENGINEERS,
Rooms 4 and § Bostwick’s Block, entrance foot of Pine 8t.,
J ACESONVILLE, Fra., Nov. 6, 1886.
Messrs. Favre & Co.,
Washington, D, C. .

GeNTiEMEN: 1 have now been using one of your transits for
nearly four months constantly, and I desire to convey to you my ap-
preciation of its merits, entirely unsolicited. I have used instru.
ments constantly for 20 years, and have never seen one that
excelled yours in accuracy of work and fineness of constrnction.

The only approach to your instrument, in my opinion, was made
by J. H. Temple, of Boston, now deceased.

I have used instruments made by Temple, King, Poole, Gurley,
Young, Gardam, Buff & Berger, Heller & Brightley, Wurdemann,
Stackpole, Chapman (of London, Eng. ), and other home and foreign
makers, but never have found any exeel, and few equal, your No. 1
transit, with Solar attachment. The quick levelling arrangement is
a perfect success, combining ease and rapidity of manipulation with
stability.

I found I conld read the time on my watch at 850 feet without dif-
ficulty. This was the first and only trial I made. I turned off 90°
and set a flag 3 times on top of a stake within a ring of 1 inch
diameter at a distance of 1,600 feet.

e —
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The serews all work with a true and even motion, and the grad-
antion is clear and distinet. In fact I do not think it possible to
make a better instrument.

Truly yours,
J. FRAS. LeBARON, C. K.,

Secretary So. Sec. Uiv. KEngrs.

—————

DeparTMENT oF Civin, ENGINFERING,
PENNSYLVANIA STATE COLLEGE,
Srate OonLece, CENTER Co., PA.,
June 15, 1887.
Messrs. Favra & Co.,

Deag Smms: I have used your Solar attachment for two years in
the practical work of the Civil Engineers’ Course, and have found
it in all respects very satisfactory. It is readily attached, easily
used, not liable to get out of adjustment, and moreover, since there
is a telescopic line of sight, it is more accurate than previous forms
of solars,

Very truly yours,
LOUIS H. BARNARD,
Prof. C. K.

e ==

_ CraTTANOOGA, TENN., April 16, 1888,
Favra & Co.,
Washington, D. C.

GexTLEMEN: You ask my opinion of the transit of your make,
which I nsed in making Standard Parallel and Guides Meridian
gurveys in Dakota. I will candidly say that for steadiness in rough,
windy weather, ability to endure hard usage, and aceuracy of re-
gults obtained with it, I have never used a superior instrument. By
the use of the Saegmuller Solar Attachment, very close approxima-
tions to a troe meridian, sometimes an exact meridian, could be ob-
tained not only when the weather was clear, but often when the sun
could barely be discerned through the clouds. J udging from this
instrument, another you made for me, and also others from your
establishment which T have seen, I am sure any one wishing to buy
a transit need not hesitate to order from you, for fear of getting a
poor instrument,

Yours truly,
BENJ. THOMPSON,
© U. 8. Deputy Sureyor and C. E.

il

Tae LEmica UNIVERSITY,
DeparTMENT 0¥ (Civi, ENGINEERING,
BeraneseM, Pa., April 23, 1888.
Messrs. Favra & Co.

GexTLEMEN: Your favor asking regarding the Solar Attachment
placed last year on our Wurdeman transit was duly received. We
are highly pleased with it on account of the simplicity of its con-
struction and use. A series of 21 observations of azimuth made
with care by one observer gives 1’ 12" as the probable error of &
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single observation, or 16" as the probable error of the final
result. The latitude was known very acourately; the circles
of the transit read to 20", but the circular bubble on the lower
limb 18 not sufficiently sensitive for solar work, and there is no very
precise way of adjusting the Aorizonial azis of the telescope., This
latter point seems to reguire particular attention in work of this
kind. This spring an accurate astromomical determination of
the azimuth of the line will be made, and I ean then inform
you as to the actual error.
Yours truly, "
MANSFIELD MERRIMAN,

e e

Areany, Liny Co., OrrGox,
. June 1, 1888,
Megars. F.m%n & Co,,
ashington, D. C.

GeENtiEMEN: The Complete Engineer's Transit, with Solar At-
tachment, made by you for me came in good order, and after
about one year's use I ean fully recommend to those not acquainted
with your instruments to be of excellent workmanship, with smooth,
firm, and steady movement and fineness of graduation., And the
various improvements have made the instrument light and quick
in the manipulation of the various parts.

Yours respectfully,
J. A. WARNER.

Bixamamron, N. Y.,
July 13, 1888.
Favre & Co.

Dman Smes: The High Grade Transit, with Solar Attachment,
which you made for me, is satisfactory in every respect, and after
a careful examination of instruments of the principal manufaec-
turers, I ordered of you, and am pleased that I did so. I have
been unable to detect the slightest defect that would impair the
efficiency and accuracy of the instrument.

Yonrs truly,
HENRY L. GRIFFIS,
Prof. of Physics, New Paltz Normal
New Paltz, N. Y.
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THE SAEGMULLER SOLAR ATTACHMENT.

Patented May 3, 1881.

This attachment to the regular Engineer's Transit, by
means of which the astronomical meridian may be ob-
tained in a few minutes with an aceuracy scarcely thought
to be possible, has met with such suceess that 1t bids fair
to supersede all other methods for the determination of
the meridian by means of engineering instruments.

The transit has come to be the universal instrument for
the engineer, and will be for the surveyor sooner or later,
and the attachment of the solar apparatus to the transit
has thus become a necessity.

Since its first introduetion this attachment has been
areatly immproved, and, as now made, is well nigh perfect.
Attached to any transit which possesses a telescope level
and a vertical eirele, it will give the meridian within the
nearest minute. By using instruments which have a finer
oraduated vertical circle and better levels than are usually
found on transits, the meridian can be determined with
greater accuraey still.

Advantages of the ¢ Saegmuller Solar Attachment "
over the old form.

Iirst. 1t 1s more accurate.

Seeoned. Tt is simpler and easier of adjustment.

Third. Tt can be used when the sun is partly obscured
by clouds, when the ordinary “ solar " fails altogether.
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Fourth. It ean be used where the sun is quite close to
the meridian.

Fifth. The time can be obtained with it reliable to
within a few seconds with perfect ease.

It is as superior to all forms hitherto used as the tran-
git is to the ordinary compass, or as a telescope is to com-
mon sights.

The sights of an ordinary solar compass consist merely
of a small lens and a piece of silver with lines ruled on 1t
placed in its focus. This is simply a very primitive tele-
scope, since the exact coincidence of the sun’s image with
the lines has to be determined by the unaided eye, or at
best with a simple magnifying glass.

That far greater precision can be attained by means of
a suitable telescope is obvious; in fact, the power of the
solar telescope is in keeping with the transit telescope, as
it should be. :

A glance at the cut will show that the “Saegmuller
Solar Attachment ” is far simpler than the ordinary form.
By raising or depressing, it can be set to north or south
declination. To effect this with the ordinary solar com-
pass two sets of primitive telescopes—one answering for
north, the other for south declination—are required, which
are difficult to adjust.

The addition of the level on the solar telescope dis-
penses with the declination arc altogether, the are or cir-
cle on the transit also serving for that purpose in con-
junction with 1t.

The “ Saegmuller Solar Attachment” is in fact the only
one which should be used in connection with a transit in-
strument. 7% solves the solar problem, as has been attested
seen by leading astronomers and engineers who have and
used it. 1

Prof. J. B. Johnson, of Washington University, St.
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Louis, Mo., has given it a thorough test, and writes as
follows:

“Tn order to determine just what accuracy was possible
with a Saegmuller Solar Attachment, I spent two days in
making observations on a line whose azimuth had been
determined by observations on two nights on Polaris at
elongation, the instrument being reversed to eliminate
errors of adjustment. TForty-five observations were made
with the solar attachment on Oct. 24, 1885, from 9 to 10
A. M., and from 1.30 to 4 P. M, and on Nov. 7, forty-two
observations between the same hours.

«On the first day’s work the latitude used was that ob-
tained by an observation on the sun at its meridian pas-
sage, being 38° 39/, and the mean azimuth was 20 seconds
in error. On the second day, the instrument having been
more carefully adjusted, thelatitude used was 38° 37, which
was supposed to be about the true latitude of the point
of observation, which was the corner of Park and J effer-
son avenues in this city. It was afterwards found this
latitude was 38° 37 15, as referred to Washington Uni-
versity Observatory, so that when the mean azimuth of
the line was corrected for this 15” error in latitude it
agreed exactly with the stellar azimuth of the line, which
might have been 10” or 15” in error. On the first day all
the readings were taken without a reading glass, there
being four circle readings to each result. On the second
day a glass was used.

“ On the first day the maximum error was 4 minutes,
the average error was 0.8 minute, and the ¢ probable error
of a single observation' was also 0.8 minute. On the
second day the maximum error was 2.7 minutes, the
average error was 1 minute, and the * probable error of a
single observation’ was 0.86 minute. The time required
for a single observation is from three to five minutes.

«T believe this accuracy is attainable in actual practice,
as no greater care was taken in the adjustment or hand-
ling of the instrument than should be exercised in the
field.

«The transit has come to be the universal instrument
for the engineer, and should be for the surveyor, 80 it 18
more desirable to have the solar apparatus attached to
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the transit than to have a separate instrument. The
principal advantages of this attachment are :

“1. Its simplicity.

“2. Its accuracy of pointing, being furnished with a
telescope which is accurately set on the sun's disk.

“3. In its providing that all angles be set off on the
vertical and horizontal limbs of the transit, thus eliminat-
ing the eccentricity and other inaccuracies usually found
in attachment circles or ares.

“4, Its small cost.

“It 18 also readily removed and replaced without affect-
ing its adjustinents, and is out of the way in handling

and reversing the telescope. It may be attached to any
transit.”

e, o il
a4 T 11}

i
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saegmuller Solar Attachment.

The above cut represents the improved *“ Saegmuller
Solar Attachment” as now made. It consists essen-
tially of a small telescope and level, the telescope being
mounted 1n standards, in whiech it can be elevated
or depressed. The standard revolves around an axis,
called the polar axis, which is fastened to the tele-
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scope axis of the transit instrument. The telescope, called
the “Solar Telescope,” can thus be moved in altitude and
azimuth. Two pointers attached to the telescope to ap-
proximately set the instrument, are so adjusted that when
the shadow of the one is thrown on the other the sun will
appear in the field of view.

Adjustment of the Apparatus.

1. The Transit must be in perfect adjustment, especially
the levels on the telescope and the plates; the cross
axis of the telescope should be exactly horizontal, and
the index error of the vertical cirele carefully determined.

2. The Polar axis must be at right angles to the
line of collimation and horizontal axis of main
telescope.

To effect this, level the instrument carefully and bring
the bubble of each telescope level to the middle of 1its
scale. Revolve the Solar around its polar axis, and if the
bubble remains central the adjustment is complete. If
not, correct half the movement by the adjusting screws
at the base of the polar axis, and the other half by mov-
ing the solar telescope on its horizontal axis.

3. The line of collimation of the solar telescope
and the axis of its level must be parallel.

To effect this bring both telescopes in the same verti-
cal plane and both bubbles to the middle of their scales.
Observe a mark through the transit telescope, and note
whether the solar telescope points to a mark above this,
equsl to the distance between the horizontal axes of the
two telescopes. If it does not bisect this mark, move the
crosswires by means of the screws until it does. Gener-
erally the small level has no adjustments and the paral-
lelism is effected only by moving the crosshairs.
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The adjustments of the Transit and the Solar should
be frequenily examined, and kept as nearly perfect as
possible.

Directions for using the Attachment.

First. Take the declination of the sun as given in the
Nautical Almanac for the given day, and correct it for
refraction and hourly change. Incline the transit tele-
seope until this amount is indicated by its vertical arc.
If the declination of the sun is north, depress it; if
south, elevateit. 'Without disturbing the position of the
transit telescope, bring the solar telescope into the verti-
cal plane of the large telescope and to a horizontal posi-
tion by means of its level. The two telescopes will
then form an angle which equals the amount of the dec-
lination, and the inclination of the solar telescope to its
polar axis will be equal to the polar distance of the sun.

Becond. Without disturbing the relative positions of
the two telescopes, incline them and set the vernier to
the co-latitude of the place. )

By moving the transit and the “ Solar Attachment”
around their respective wvertical axes, the image of the
sun will be brought into the field of the solar telescope,
and after accurately bisecting it the transit telescope
must be in the meridian, and the compass-needle indi-
cates its deviation at that place.

The vertical axis of the “Solar Attachment " will then
point to the pole, the apparatus being in fact a small
equatorial.

Time and azimuth are calculated from an nhﬂenﬂd
altitude of the sun by solving the spherical triangle
formed by the sun, the pole, and the zenith of the place.
The three sides, SP, P Z, Z S, complements respectively
of the declination, latitude, and altitude, are given, and
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we hence deduce S P Z, the hour angle, from apparent
noon, and P Z S the azimuth of the sun.

The “ Solar Attachment” solves the same spheriecal
triangle by construction, for the second process brings
the vertieal axis of the solar telescope to the required
distance, Z P, from the zenith, while the first brings 1t fo
the required distance S P from the sun.

Observation for Time.

If the two telescopes, both being in position—one in
the meridian, and the other pointing to the sun—are now
turned on their Aorizontal axes, the vertical remaining
undisturbed, until each is level, the angle between their
directions (found by sighting on a distant object) 18 S P
Z, the time from apparent noon.

This gives an easy observation for correction of time-
piece, reliable to within a few seconds.

To obtain the Latitude with the * Saegmuller
Solar Attachment.”’

Level the Transit carefully and point the telescope to-
ward the south. Turn the telescope an amount equal to
the declination ; if this is north, elevate it; if south, de-
press it.

Bring the solar telescope into the vertical plane of the
main telescope, level it carefully and clamp it. With the
solar telescope observe the sun a few minutes before its
culmination ; bring its image between the two horizon-
tal wires by moving the transit telescope in altitude
and azimuth, and keep it so by the slow motion screws
until the sun ceases to rise. Then take the reading of the
vertical are, correct for refraction due to altitude by the
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table below. Subtract the result from 90° and the re- i
mainder is the latitude sought.

Mean Refraction.
Barometer 30 inches, Fahrenhelt thermometer 502,
Altitnde. Refraction. Altitude, Refraction.
10° 619" 20° 2’ 39"
11 4 61 ab 2 04
12 4+ 27 30 141
13 4 07 35 193
14 3 49 40 109
15 3 34 45 it
16 3 20 B0 49
17 3 08 60 34
18 2 57 70 a1
19 2 48 80 10

——

The following table, computed by Prof. Johnson, C. E.,
Washington University, St. Louis, will be found of con-
siderable value in solar compass work :

“This table is valuable in indicating the errors to which
the work is liable at different hours of the day and for
different latitudes, as well as serving to correct the ob-
served bearings of lines when it afterwards appears that
a wrong latitude or declination has been used.” Thus on
the first day’s observations I used a latitude in the fore-
noon of 38 37', but when I came to make the meridian
observation for latitude I found: the instrument gave 38°
39". This was the latitude that should have been used,
80 I corrected the morning’s observations for two minutes
error in latitude by this table.

“It is evident that if the instrument is out of adjust-
ment the latitude found by a meridian observation will be
i error; but if this observed latitude be wused in
setting off the co-latitude the instrumental error is elim-
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inated. Therefore always use for the co-latitude that
given by the instrument itself in a meridian observation.”

Errors in Azimuth (by Solar Compass) for 1 Min. Hrror in Decli-
nation or Latitude.

For 1 Min. EEROR IR ¥or 1 M. Exnon 1x
DECLINATION, LATrTUODE,
Houmn, . i' ST
Lat. 30°. [Lat, 409, | Lat. 50°. | | Lat, 30°, | Lat. 40°, | Lat, 50°,
1

Min, Min, Min, Min, Min, Min,
hm, W e LN
1280 P. M _} 8.85 | 10.00 |12.90 | 8.77 | 9.92 | 1L.80
11 -I-L HI- mErrErrm el g R
1P. M.o..ooon. ]‘ 4.46 | 5.06 | 6.01 4.83 | &.87 | 5.80
s {1, Wiy, SORT Rl o ‘
i e s } 231 | 2.61 | 3.1 300 | 2.26 | 2.70
g‘j—- Hq- LS BRTSE e
A S _} 1.63 | 1.85 | 220 || 135 | 1.8 | 1.56

|

AT AL 1
'! P- hL-IiIIIl-III' FEESEEE yuam l‘} 1'3-1 1'51 1‘.m DIE? u-qﬁ i?.m
1’ L Mi-l--lli--l-!Il--lIll-lilI!-H.
S S T } e B T D | et S T R
PR T RS St Iy Py
ST e o 1.30 1.56 (.00 0. 00 0. 00

Nore, —Agimuths observed with erroneous declination or co-latitude may be
gorrected by meaus of this table by observing that for the line of collimation sct
tos Righ the azimuth of any Hue frem the south poind in the direction 8. W.N.
L. is found too small in the forenoon and foo large in the qfternoon by the tabular
amounts for each minute of errorin the altitude of the liné of sight, The re-
verse is trme for the line set too low,

Correction for Refraction.

This correction is applied to the declination of the
sun, and is equal to the refraction-correction of the sun’s
observed altitude multiplied by the cosine of the angle
which the sun makes between the declination-circle and
the vertieal.

In order to reduce the refraction correction to the sim-
plest possible form, we have added a separate column to
the ephemeris containing them. They are thus brought

e
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in immediate juxtaposition with the declination angle, and
we think the arrangement will be appreciated by those
who use the Solar Attachment. '

The Preparation of the Declination Settings for a
Day’'s Work.

The Solar Ephemeris gives the declination of the sun
for the given day, for Greenwich mean noon. Sinece all
points in America are west of Greenwich, by 5, 6, 7, or 8
hours, the dechination found in the ephemeris 1s the decli-
nation at the given place at 7, 6, 5, or 4 o'clock A. M., of
the same date, according as the place lies in the “ Eastern,”
“ Clentral,” “ Mountain,” or “ Western Time ” belts respee-
tively. ‘

The column headed “ Refraction Correction” gives the
correction to be made to the declination, for refraction,
for any point whose latitude is 40°.* If the latitude is
more or less than 40° these corrections are to be multi-
plied by the corresponding coefficients given in the table
of “ Latitude Coefficients,” p. Thus the refraction
corrections in latitude 30° are 65 hundreths, and those of
50° 142 hundredths of the corresponding ones in latitude
40°. There is a slight error in the use of these latitude
coefficients, but the maximum error will not amount to
over 15", except when the sun is very near the horizon, and
then any refraction becomes very uncertain. All refraction
tables are made out for the mean, or average, refraction,
whereas the actual refraction at any particular time and
place may be not more than one-half, or as much as twice,
the mean refraction, with small altitudes. The errors
made in the use of these latitude coefficients are, therefore,

* The corrections were computed by J. B. Johnson, Professor
Qivil Engineering, Washington University, St. Louis, Mo., whose
name is a voucher for their accuracy.
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very small as compared with the errors resulting from the
use of the mean, rather than unknown actual refraction
which affects any given observation.

Example I.

Let it be required to prepare a table of declinations for
a point whose latitude is 38° 30, and which lies in the
« Central Time ” belt, for April 5, 1890.

Since the time is 6 hours earlier than that at Green-
wich, the declination given in the ephemeris is the deeli-
nation here at 6 A. M. of same date. Thisis found to be
4 6° 9 57”. To this must be added the hourly change,
which is also plus, and equal to 567.83. The latitude
coefficient is 0.94. The following table may now be made

out:

Declination Settings for Apr. 5, 1890, Lat. 38° 30/ Central Time.

|
Hour, | Declination, |Ref. Cor,| Betting. || Hour. Declination, | Ref. Cor.| Setting.

T |+ 6° 10’ 547 4+ 2° 00" | 6°12'64" 1 6° 16/ 35" |+ 3| 617 12"
8 ¢ 1151 |+1 10 |61301 2 6 17 31 |+ 41 | 6 18 12
9 6 1247 [+ 51 |6 1338 J 6 18 28 |+ 61 | 6 19 19
10 6 1344 [+ 41 (61435 4 6 19 25 |4+ 1 10 | 6 0 I
11 6 1441 |+ 37 | 61518 5 6 20 22 4+ 2 00| 62222

i

Example II.

Let it be required to prepare a declination table for a
point in Lat. 457 in the “ Eastern Time " belt, for Oct.
10, 1890.

The time now is 5 hours earlier than that of Greenwich,
hence the declination given in the ephemeris for Green-
wich mean noon is the declination at our point at T A. M.
The declination found is — 6° 43" 567, and the hourly
change is — 56”.87. The latitude coefficient is 1.20.
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The table then becomes:

Declination Settings for Oct. 10,-1890, Lat. 45° Eastern Time.

Hour, |Declination, | Ref, Cor,| Settings, ||Hour, |Declination. |Ref. Cor., Sottings,

T o T EE:I wi ﬁﬁ-” + EF ﬂﬁ” —E'T‘Eﬂ’ﬂl”

— 6249/ 377 14+ 1" 18" |—8°48'21"

1
8 |—6 4453 [+ 2 31 64222 || 9 |—6 5034 |+ 1 2 |—5 4910
9 |[—6 4550 |+1 a4 | 64406 3 |—6 181 |41 & —6 4941 |
10 |—6 4647 |+ 1 % | 64523 || 4 |—6 5228 |+ 2 31 |—6 4957
N 64744 |+1 1668 s — 6 5395 |+ 5 35 |—6 4750

If the date be between June 20 and Sept. 20 the dec-
lination is positive, and the hourly change negative,
while if it be between Dec. 20 and March 20 the declina-
tion is negative and the hourly change positive. The
refraction correction is always positive ; that is, it always
increases numerically the north declinations, and dimin-
ishes numerically the south declinations. The hourly re-
fraction corrections given in the ephemeris are exact for
the middle day of the five-day period corresponding to
that set of hourly corrections. For the extreme days of
any such period an interpolation can be made between
the adjacent hourly corrections if desired.

By using standard time instead of local time a slight
error 18 made, but the maximum value of this error is
found at those points where the standard time differs
from the local time by one-half hour, and in the spring
and fall when the declination is changing rapidly. The
greatest error, then, is less than 307, and this is smaller
than can be set off on the vertical circle or declination
arc. KEven this error can be avoided by using the true
difference of time from Greenwich in place of the standard
meridian time.




Latitude Coefficients.

15

Lat. Coeff. Lat.
15° 80 - 31°
16 s 32
17 04 33
18 .26 34
19 .88 35
20 40 36
21 42 37
22 A 38
23 46 39
24 A8 40
25 .00 41
26 .00 42
27 .06 43
28 .59 41
29 .62 45
30 65 46

Coeff.

Lat.
Rit. 47°
11 45
.15 49
.78 a0
B2 51
.B5 o2
.89 53
92 o4
96 5o
1.00 ab
1.04 a7
1.08 28
1.12 64
1.16 GO
1.20
1.24

CoefT.

1.29
1.33
1.38
1.42
1.47
1.53
1.58
1.64
1.70
1.76
1.82
1.88
1.94
2.00

PSR T SR
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! 1888. At Greenwich. Apparent Noon.

14 | 21 21 03| 26.37 12.56

1.46

THE SUN'S Sguaivn Refraction
Dif, for to be
JAN. Apparent et e JAY, | Correction
Declination, Iy e Ap ”ﬁﬁﬂ! Lat. 40°,
- o r e rr m. g, ’ J
1/8.23 1505|1214 | 8 3955 | 1 |1h. 1.58
2 22 56 45.6 13928 | 4 107 2 2.16
3 22 51 13.0 14 .42 4 35.66 3.04
4 22 45 13.2 1556 | 5 3.18 3 6.23
5 22 38 46.4 16.69 | 5 30.32 4 154
6| 2281527 17.80 | 5 57.04 g 2.11
7| 22 24 32.2 18.91 | 6 23.32 - 9 59
8 22 16 45.2 20.00 | 6 49.13 g 6.01
9 22 5 319 21.09 T 14.44 :
10 21 59 52.6 2217 | 7 89.23 9 1.51
. 10 2.07
" i 21 50 47.5 93924 | 8 3.46 || 11
12 | 21 41 169| 2429 | 8 27.10 || 12 2.51
13 21 381 21.1 25.34 8 50.15 || 13 5.40
9
9

15| 21 10 148| 27.40 34.30

2
3
4
1
2
3
4
1
2
3
4
1
2 201
16| 2059 50| 2841 | 9 5536 3 240
17 | 2047 31.1| 29.39 |10 16.72 | 12 |4 5.00
18 | 20 35 33.6| 30.36 |10 35.37 '
19 | 20 23 12.7| 31.33 |10 54.27 || 19 (1
20 | 20 10 28.9| 32.28 |11 1241 | 20 |
3
4
1
2
3
4
1
2
3
4h,

1.42
1.566
2.81
4.35

1.37
1.58
2.22
4.07
1.32
1.44

213
3.41

21 | 19 57 22.3| 83.22 |11 25.78 || 22
292 | 19 43 53.4| 38414 |11 46.36 | 23
23 | 19 30 27| 38505 |12 215 || o4
24 | 19 15 50.4| 35.94 |12 17.13 25
25| 19 1 169 36.82 |12 31.30 26

26 | 18 46 225| 37.68 |12 44.66 || 59
27 18 31 7.7| 88.63 |12 57.22
98 | 18 15 32.8| 38936 |13 8.96 | 29
29 | 17 59 38.3| 40.17 |13 19.88 30
30| 17 43 244 40.97 |13 20.98
31 |S.17 26 51.6 | +-41.75 |13 39.27 || 81

16




1888. At Greenwich. Apparent Noon.

Ewm-:rm O W T b - ~

ek ok ok
I W S0 BD e

et ek ek
oo =1 S

Lo b =
et = w0

b b
L

24

26
27
28
29

THE BUN'S

A pparent

Declination,

L ¥

16 52
16 36
16 17
15 59

15 41
16 22
15 3
14 44
14 25

14 5
13 46
13 26
13 o
12 45

12 24
12 3
11 42
11 21
11 0

10 38
10 16
9 b4
9 32
9 10

8 48
8 25
8§ 3

S. T 40

r

S.17 10 0.3

50.8
23.6
39.1
37.6

19.6
45.5
85.7
50.7
30.8

56.4
8.1
6.3

51.3

23.5

43.5
51.6
48.4
34.2

0.4

34.5
49.8
55.7

b62.T |

41.1

21.5
o4.1
19.2
37.3

]E-?IT: :I:?: Refraction
ANE: =0 Mt:;fm FEB. | Correction
one hour. Ai;ratt:i; 1.::,”- Lat. 40°.
A =g ¢
442,51 |13 47.76 || 1
43.96 |13 55.44 || 2
43.99 |14 2.32 :
4471 |14 839 | 38 |1h. 1.26
45.41 | 14 18.67 é 9 1.87
46.09 |14 1815 || 6 8 Al
4675 |14 2184 || T |4 321
4740 |14 24.75
4803 (14 2688 | 8 )1 14
48.64 |14 2823 | L& 2 . 131
3 1.56
4993 | 14 28.81 ﬁ i S
49.80 |14 28.62 -
50.86 | 14 27.66
50.90 |14 25.94 || 13 |3 198
51.41 |14 2848 || 1¢ |5 148
51.91 |14 20.27 || 18 {2 B24d
52.39 |14 16.32
5286 |14 1165 || 18 |1 1.12
53.31 |14 627 | 19 (2 1.20
53.74 |14 019 1) 9p |3 1.40
21 |4 2.31
54.16 | 13 53.44 99 |5 649
54 56 |13 46.02
54.94 |13 37.95 || 23 |1 1.07
55.31 113 29.25 || 24 |2 1.15
55666 |13 19.94 || 25 |3 1.33
26 |4 218
55.99 |13 10.04 || 27 | 5h. 5.29
56.30 |12 59.58
56.60 | 12 48.57 || 28
156.89 |12 37.03 || 29

17
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1888. ‘At Greenwich.

= |

Apparent Noon.

THE SUN'S F “.i'.‘{fﬁ.j‘ Refraction
Dif, for %o s
MAR, Apparent addad: # MAR. | Correction
: : one hour, Apparent

Declination, ,}E"“ 4 Lat. 40°,

a F i s . H. F rF

118. 717 488| 45715 |12 2498 | 1 |1h 1.03
2| 654541| 5740 |12 1245 o |2 1.10
3| 6316535 5764 |11 59.46 3 1.97
4| 6 8473| 5786 |114603| 3|4 206
5| b545361| 5807 |11 3218 4|5 439
6| 5922201 5826 (11 1794 6|1 0.59
7| 458597 5843 (11 330 6 (2 1.06
8| 4385854| 5859 |104830| 73 121
9| 412 76| 5873[103297| 84 1.56
10| 348 365| 5885 |10 17311 9 (6 404

10 0.

- 11| 325 26| 5896 (10 1.81 | 11 % 1_33
12 3- 1 282 59.05 9 45.02 12 |3 11E
13 | 237 478| 5913 | 9 2846 || 13 |4 147
14 & 14 TY 59.19 9 11.64 14 |5 334
15| 150 265| 5924 | 8 5457

15 |1 052
16 | 126 445| 5927 | 8372716 |2 058
17| 1 3 20| 5928 | 819751/ 17 (3 110
18| 089193 5927 | 8 205/ 18 |4 1.39
19 [S. 015 369! 5925 ! 74417l 19 |5 3.08
20 N.0 8 48| 59.22 | 72612 , ¢ i
21 | 031454| 5917 | 7 794 gé 3 Eg‘i:
22 | 055247 5911 | 64965 | o2 |2 T
23 | 119 23| 59.03 | 63128 29 E de
24 | 142 37.8| 5893 | 6 12.83 :
25 2 6108 5882 | 55432 95 |1 045

26 12  0.50
26 2 29 41.0 b8.70 | 5 35.79 27 3  1.01
27 253 81 58.56 | 5 17.27 || 98 |4 1.95
28 3 16 31.8 o3.41 | 4 58.78 (| 29 |5 934
29 | 339 51.6| 5825 | 4 40.34
30| 4 8 74| 5807| 42196 301 042
31 N. 4 26 18.8| 15788 | 4 3.67 | 81 |2h. 0.47
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1888.

At Greenwich. Apparent Noon.

THE BUN'S o Refraction
Dif, for ;
ATE, A pparent AL ﬁ‘:‘:ii:d AFR, | Correction
Declination, | from Appar- Lat. 40°,
ent e,
o f i rr I, 5. f '
1 (N. 449 254| 15767 | 3 4550 || 1 |3h. 0.57
2 512 27.0| 5745 | 3 2748 214 1.19
3 5385231 5722|838 9611|| 3|5 218
4 558 184 5697 | 2 5191 ;
5 6 20 576! 5671 | 23441 4|1 0.39
: 512 044
B 6 43 35.5| 5644 | 21713 6 (3 0.54
7 7T 6 67| 5H5615| 2 0.08 714 1.14
8 798 306| 5584 | 1432 | 8|5 208
9 7 50 47.0| 5552 | 1 26.71 o e
0 * ; :
1 8 12 55.6/ 5519 | 1 10.44 B
11 8 34 56.1| 5484 | 0 5446 11 |3 0.1
12| 856 481| 5447 ! 03877 12 |4 110
13 918 31.0| 5409 | 02338 13 |5 1.568
14 940 47| 5370 0 832
——tt gy R
15| 10 1288| 5329 | 0 640| 15 |2 o038
16| 1022 480| s287| 0n0ms| 18]2 048
17 | 10 43 468| 5243 | 03479 | 18 |5 149
18 | 11 4 399| 5198 | 0 4842
19 11 25 20.0 bl,6l | 1 16719 |1 032
20 | 11 45 52.7| 51.03 | 1 1452 90 |2 0.36
21 |3 045
21| 12 6 11.8| 5054 | 1269522 |4 1092
22 | 12 26 19.0| 50.03 | 1 3895|923 |5 149
23 | 12 46 13.8| 49.51 | 1 50.50
24 | 13 5560| 4898 | 2 160 24 |1 0.30
25 | 13 25 253| 4844 | 2 1222 25 |2 0.34
26 (3 0.42
26 | 13 44 41.3| 4788 | 2 2234 || 27 |4 0.58
27 | 14 3 438| 4732 | 23196| 28 |6 1.36
28 | 14 22 324| 46.74 | 24108 || o9 |1 098
20 | 14 41 69| 4614 | 2 49.66 || 30 |on 039
30 |N.14 59 27.0| 14553 | 2 57.70 s

19




At Greenwich. Apparent Noon.

1888,
THE SUN'S il %E:Eh‘f Refraction
MAY. A pparent mmmd ¥AY. | Correction

one hour, A s

Declination, ey Lat. 40°.
o (] rr Fr . B- F i
1 IN.15 17 824 | -+-4491 | 3 519 (| 1 |1h 028
2 | 15 35 22.7| 4428 | 3 1211 2 (.32
3| 15 52 57.6| 4363 | 3 1847 2|3 0.39
4| 1610 168| 4297 | 38 2426 (|* |4 0.55
51 16 27 20.1| 4230 | 83 2948 38 |5 130
_ 4|1 026
6| 1644 70| 4161 | 83412 512 030
71 17 03874| 4091 | 3 3817 818 037
8| 17 16 50.9| 40.20 | 3 41.63 714 0.53
91 17 82 47.2| 3948 | 3 4451 g tE fep
10 | 1748 259| 3874 | 34681 (| 9|1 025
1| 18 s4ss| 8799| sasse| 202 022
12 | 18 18 49.6| 37.23 | 83 4970 || 12 |4 051
13 | 18 33 34.0| 3646 | 3 5029 || 713 |5 1922
14 | 18 47 59.6| 8567 | 3 50.32 || 1) |  on
15| 19 2 61| 3487 | 34979 | 1. |5 (o7
16| 19 15 533| 3406 | 3 4872 16 |3 034
17| 19 99 208| 3393 | 8 4710 17 |¢ O
18| 19 42 28.5| 3240 | 3 4493 | 18 |5 118
19| 19 55 161] 38156 | 34223 | 19 |1 0.22
20| 20 7 432| 30.70 | 3 39.01 || 20 |2 0.26
91 |3 0.33
91 | 920 19 49.7| 2983 | 3 35.26 || 22 |4 047
99 | 920 81 35.3| 2885 | 3 3100/ 23 |5 115
293 | 20 42 59.7| 928.06 | 3 2623 || 24 |1 021
24 | 20 54 28| 2717 | 32095 25 |2 0.25
25 | 21 4 4492| 2627 | 31517 26 |3 0.32
27 |4 046
26 | 2115 39| 2536 | 3 891 28 |5 1.13
o7 | 2125 17| 2444 | 3 217 29 |1 0.20
28 | 921 34 37.2| 2351 | 2 54.95 2 0.24
99 | 91 43 50.4| 92257 | 2 4727 | 30 {3 0.31
30 | 21 52 41.1| 21.63 | 2 39.m 4 044
31 IN22 1 9.0|--20.68 | 2 30.57 || 31 |5h. 1.11




At Greenwich.

Apparent Noon.

1888.

THE SUN'S

JUNE, A pparent

Declination,
1 N22 9 14.0
2 22 16 55.9
3 22 24 14.5
4 22 a1 8.7
5 22 37 41.3
6 22 43 49.2
T 22 49 33.2
8 22 54 63.2
9 22 59 49.1
10 23 4 20.8
11 23 8 28.1
12 23 12 10.9
13 23 15 29.2
14 23 18 22.8
15 23 20 51.8
16 23 22 56.1
= 23 24 35.6
18 23 25 50.2
19 23 26 40.1
20 23 27 6.2
21 23 27 54
22 23 26 40.8
23 23 25 bl.3
24 23 24 37.1
25 23 22 b8.2
| 26 23 20 54.7
27 23 18 26.6
28 23 15 33.9
29 o8 12 16.7
30 IN.23 8 35.2

Dif. for

one hour.

¥

119.72
18.75
17.78
16.80
15.82

14.83
13.83
12.83
11.82
10.81

9.79
8.77
7.756

6.72
5.69

4.66
3.63
2.60
1.56
+ 0.52

— 0.562
1.55
2.58
3.61
4.63

5.66
6.68
7.70
8.72
— 9.73

Equation of
. i Tk mn’
piarent ;'nujz _
m. H.
2 2158 1
92 1218 1| 2
2 92.38
152201 3
141671 4
5
13080 | 6
119631
1 818 ¢
0 5646 || g
0 44.51 || 1p
11
0 3235 || 19
0 19.99
0 7.47]| 13
0 517 || 14
0 17.91 || 15
16
0 30.75 || 17
0 43.65
0 56.58 }g
1 9.52 || 55
1 2245 || oy
1 35.36 || 22
1 48.22 || 23
2 1.00 || 24
2 13.68 || 95
2 26.27 || 26
27
9 38.74
2 51.06 || 28
3 3.22| o9
3 15.20
3 26.96 || 30

Refraction
Correction

Ii“tl *uﬂ-

f rr

6h. 1.11

0.19
0.23
0.30
0.43
1.10

0.18
0.22
©0.29
0.43
1.09

1

2

3

4

5]

1

2

3

4

5

1 018
2 022
3 0.29
4 0.42
5 1.08
1
2
3
4
7]
1
2
3
4
5
1
2
3
4

0.18

0.22
0.29
0.42
1.08

0.18
0.22
0.29
0.42
1.08

0.18
0.22
0.29
h. 0.43
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1888. At Greenwich. Apparent Noon.
THE SUN’S s bt Refraction
Dif, for to ba
JULY. Apparent o akdad O JULY. | Correction
Declination. i ; "'M.-l fﬂx?"i Lat. 40°,
Lo ] F i Fr m. 'HJ r fr
1 N23 4 9294|—1074 | 33849 | 1 |5h 1.09
2| 2259 59.4| 1175 | 3 4978 | 2
3| 2255 54| 127 | 4 0.80
4| 22 49 474| 1374 | 4 11.54 i % g-ég
5| 244 56 1473 | 42196 =3 02
6| 2238 01| 1571 | 438204 6|4 043
71 2231 31.1| 1669 | 4 41.77| 7 |® 110
8 22 24 38B.7 17.66 | 4 51.13 811 0920
9| 2217230 1863 | 65 008 g lo o4
10| 22 9443| 1958 | 5 861 1p/3 o031
11| 22 1427| 2053 | 5 16.69 ﬁ § E'_ﬁ
12 | 21 53 184| 21.47 | 5 24.80
13 | 21 44 81.6| 2241 | 538144 (|13 (1 o021
14 | 2135 225| 2333 | 5380814 ({2 025
15| 21 25 51.3| 2495 | 544921/ 15 |3 0.32
16 |4 046
16 | 21 15 584| 2515 | 54981 (|17 |5 1.13
17 | 21 5 43.8| 26.05 | 5 5487
18| 2055 7.7| 2693 | 55938 18 |1 0.22
19 | 20 44 104| 2781 | 6 3.33 %g g g-gg
20 | 20 32 52.3| 2868 | 6 672 20 |9 D85
21 | 2021 13.5| 2954 | 6 953 22 (5 115
29 20 9 14.3 30.38 6 11.77 22 11 0.23
23 | 19 56 54.8| 31.22 | 6 1342 || o4 |5 g7
24 19 44 154 3204 | 6 14.50 95 13 0.34
25 | 19 31 16.3| 3286 | 6 1499 || 96 |4 049
o6 | 19 17 57.8| 3366 | 6 1490 27 |5 118
97 | 19 4 20.1| 3445 | 6 1422/ 28 |1 025
28 | 18 50 23.5| 3524 | 6 1296 || 99 |2 0.29
99 | 15 36 83| 36.02 | 6 11.12 3 036
20 | 18 21 347| 3677 | 6 86930 |4 o0/
31 IN.1I8 6 43.0|—3752 | 6 5.67 | 31 |5h. 1.22




1888. At Greenwich. Apparent Noon.
| THE SUN'S Rquation of Rofraction|
Dif. for added to
AU A pparent ————— ATUG. | Correction
oe honr,
Declination, f‘":’-'ﬂ*: &1,:;{:3::"- Lat. 40°,
o Fi i i Til. . ! e
1 [N.17 51 835/ —3826 | 6 206 1
2| 1736 65| 3898 | 5 57.87
3| 17 20223| 39.69 | 5 53.10| 2 |1h. 0.26
4| 17 421.1| 4039 | 54774 | 3|2 030
5| 1648 33| 4108 | 5 41.79| 4|3 037
514 0.53
6| 1631 202| 4175 | 5 3525| 6|6 1.26
71 16 14 390| 4242 | 5 28.12
8| 1557 83.1| 43.07 | 5 2041 ; ﬁ H—?E
9| 1540 11.9| 4371 | 51212 O |2 ﬂ-gﬂ
10 | 1522356 4433 | 6 325 O |7 GE
11| 15 4 445| 4494 | 4 5380 || 11 [ 130
12 | 14 46 389 4553 | 44378 || .5 |1 (.30
13 | 14 28 19.3| 4611 | 43319 || 15 |5 oy
14 | 14 9459| 4668 | 42204 || ;7 |5 0
15 | 18 50 59.0| 47.28 | 41033 || 1z |4 o058
16 | 13 31 59.0| 4777 | 3 5808 | 16 |° 1.86
17 13 12 46.2 48.29 3 45.30 1711 032
18 12 53 209 48.80 3 32.01 18 |2 03¢
19 | 12 33 433| 4931 | 31822 | 19 |3 045
20 12 13 53.9 49.80 8 3.94 20 |4 1.0
21 |5 142
21 | 11 53 52.9| 50.28 | 2 49.19
22 | 11 33 40.6| 50.74 | 2 33.97 )/ 22 |1 0.34
23 | 1113 17.3| 5119 21832923 |2 038
24 | 10 52 434| 5163 | 2 226 | 24 |3 0.48
25 | 10 31 59.1| 5206 | 1 4579 95 |4 1.08
| 26 |5 1.49
26 | 10 11 47| 5247 | 1 2893 |
27 950 06| 5287 | 111719271 036
28 928 47.0| 5326 | 0 5415 | 928 |2 0.41
299 | 9 7942| 5363 | 03626 293 o051
30 8 45 52.7| 5399 | 01804 30 |4 1.10
31 [N. 924 127|—5434 | 0 048 || 31 |5h. 1.58
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1888. At Greenwich. Apparent Noon.
THE SUN'S e g jeavien 18 Refraction
2EP, A pparent m!;f;:;‘md SEP. | Correction

; one hour. A i

Declnation, iy .| Lat. 40°
o r rr FF m. 8. r rr
1 N.8 2244|5468 | 0 19.28 1 {1h. 0.39
2 T 40 28.2 55.00 | 0 38.35 212 044
3 T 18 245 55.31 | 0 57.68 313 0.54
4 6 56 13.6 00.60 | 1 1725 || 4 |4 1.14
5 6 33 55.8 8088 | 1 37056| 65|56 2.08
6 6 11 31.5 86.14 | 1 H7.06 6 {1 042
T 549 1.1 56.39 | 2 17.27 712 047
8 H 26 24.8 06.63 | 2 37.66 88 057
9 5 8431 b6.85 | 2 58.22 0914 119
10 4 40 56.2 67.06 | 3 1893 |1 10 |5 2.18
11 4 18 4.5 67.24 | 3 39.77 || 11 |1 045
12 3 hb 83 742 | 4 0731 12 |2 0.50
13 3 32 81 b7.68 | 4 21.79( 18 |3 1.01
14 s 9 41 ol.T3 | 4 4294 || 14 (4 1.25
15 2 45 56.6 o787 | &5 415 || 15 |6 2.34
16 2 22 46.0 57.99 | 5 2540 || 16 |1 0.48
17 1 59 32.8 68.10 | 5 46.65 || 17 |12 0.54
18 136 17.0 28.20 | 6 T90 | 18 |3 1.05
19 1 12 59.1 568.28 | 6 29.12 || 19 |4 1.32
20 0 49 394 0835 | 6 5029 || 20 |5 92.51
21 0 26 18.3 o840 | 71187 )| 21 |1 0.52
22 N. 0 2 56.0 6844.1 T 3236 | 22 |2 0.58
23 |S. 0 20 27.2 6847 | T H3221 23 (3 1.10
24 0 43 51.0 0849 | 8 1393 || 24 |4 1.39
25 1 7 14.8 08.49 | B 3447 || 25 |5 3.08
26 1 30 38.6 0848 | 8 56481 || 26 (1 0.55
27 1648 19 6845 | 9 1493 || 27 |2 1.02
28 2 17 24.5 0841 | 9 3481 | 28 |83 1.15
29 2 40 45.9 b8.36 | 9 5442 || 29 |4 147
30 5. 3 4 b59|—58.29 |10 13.76 || 30 | 5h. 3.34




1888. At Greenwich. Apparent Noon.
TIE SUN'S i Eﬁ‘:ﬁﬁﬂhf Refraction
QCT. Apparent L5 ru?_;::ﬂfsd 00T, | Correction
one hour. A S
Doclination, Pime. Lat. 40°,
o] @ wa Ly m' H-. F s
11(S. 327 240|—5821 |10 8280 || 1 |1h. 0.59
9 350 899, 5811 |10 51.52| 2/2 1.06
3 418 53.3| 5800 |11 991 3|3 121
4 437 38| 5787112795/ 414 1.56
5 5 0109 5772 |11 4862| 515 4.04
6| b5923142| 575612 201 6|1 103
T 546 13.6| 5738 |12 1980 || 7|2 110
8| 6 9 84| 5718 (123628 8(3 127
9| 631582 5697125233 9|4 206
10 6 54 428| 56.74 |13 792 | 10 |6 43D
11 7 17 21.8| 56.50 |13 23.04 E é ﬁlg
13 8 2214| 5596 (135183 || 14 [4 918
14| 824411 5567 |14 546 || 15 |5 539
15 8 46 535| 55.36 |14 18.56
16 |1 1.12
16 9 8584| 5503 |14 3109 172 120
17 980 55.4| 5469 |14 4305/l 18 |8 140
18 9 52 44.0| 5434 |14 5441 ([ 19 |4 231
19 | 10 14 239| 5398 |15 5151 20 |5 629
20 | 10 35 54.7| 53.59 (15 1525 || o0 (1 116
21 | 10 57 16.1| 53.19 |15 24.70 gg 5’ i-ig
92 | 11 18 27.7| 5277 116 3347 || 0F |7 5'n
23 | 1139 29.1| 5234 |15 4155 || 5 | g a0
24 | 12 0199| 5189 [15 4891 -
95 | 12 20 59.9| 5143 |15 55551126 |1 1.21
297 |2 1.1
26 | 12 41 285| 5095 [16 1.44 | 28 |3 1.56
97 | 13 1 454| 5045 |16 6.57 | 29 (4 3.04
28 | 13 21 50.2| 49.93 |16 1093 || 30 |5 11.01
29 | 13 41 42.4| 49.40 |16 14.50 1h. 1.26
30 | 14 1 21.7| 4885 |16 17.28 || 31 1.37
31 [S.14 20 47.7|—48.29 [16 19.26 92.04
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L= e

1888.

At Greenwich.

Apparent Noon.

THE SUN’'B

Apparent

Declination.

Dif, for

ona honr,

Equation of

Time to be
sulbtracted

from
A pparent

me.

Eefraction

. | Correction

Lat. 40°.

Wo=-1C CiEt0boH-

L= ] F

14 58

¥

S5.14 39 59.9

58.0

15 17 414

156 36
15 54

16 12
16 30
16 47
17 4
17 21

17 37
17 b4
18 3
18 25
18 40

18 55
19 10
19 24
19 38
19 24

20 5
20 17
20 30
20 42
20 54

21 b
21 16
21 26
21 36

5.21 46

9.8
22.7

19.7

04
24.4
31.2
20.5

51.8

4.6
98.6
33.5
48.9

44.3
19.3
33.6
27.0
33.6

9.4
57.5
23.2
26.2

6.2

22.8
15.6
443
48.6
28.3

—47.71

f

47.12
46.50
45.86
45.21

44 54
43.84
43.14
42,42
41.68

40.92
40.14
39.35
38.54
37.72

36.88
36.03
35.16
34.28
33.38

32.46
31.53
30.59
29.64
28.67

27.69
26.70
25.69
24.67

—23.63

.
16
16
16
16
16

16
16
16
16
15

15
15
15
15
16

14
14
14
14
14

13
13
13
12
12

12
12
g !
11
10

B.
20.43
20.78
20.31
19.02
16.91

13.97
10.20
5.69
0.15
53.89

46.79
38.86
30.10
20.51
10.10

58.86
46.79
33.89
20.17

5.64

50.29
34.14
17.18
59.43
40.91

21.63

1.60
40.85
19.39
57.25

=1 Qb=

F ¥

2h. 3.21
13.57

O iR~ TR = Ol

O W OO0 b9 = O W OO b

=




1888.

e

At Greenwich, Apparent Noon.
THE SUN'S Sk N Refraction
DEC. Apparent m"ﬁ:ﬁtﬂ DEC. | Correction
Declination, e IDWE: @aded to Ap- Lat. 40°,
parent Time,
2 ¥ Fr H m. 8. # ir
1 |S.21 55 43.0| —22.58 (10 3444 || 1 |1h. 1.54
2| 22 4324| 2152 101099 o |2 211
3| 922 12 56.3| 20.45 | 9 46.93 3 2.59
4| 2220543| 1937 | 92228 3|4 s.01
5| 2228 26.2| 1829 | 8 5707 4|5
6| 2235318 1719 | 83185 5|1 158
7| 2242108, 1608 | 8 515 6 [2 216
g | 2248 229| 1496 | 73848 | 1|3 d04
g| 2254 81| 1383 | 711387 8|4 623
101 2259260 1268 | 6 4387 | 9|5
11| 23 4 165| 11563 | 6 16.01 ig % ggg
14| 2316 23| 807 | 45049 || 14 (s
151 2319 18| 691 | 4 2145
151 2.01
16 | 23 21 334| 574 35220016 |2 220
17| 23233869 457| 3227 | 173 311
18 | 23 25 122| 338 | 2531618 |4 6.47
10 | 23 26 193] 221 | 2 2343 19 |5
90 | 23 26 58.1 108 | 15361 0|, o0
o1 | 2397 87| 4015 | 12372l 91 |2 99|
99 | 23 26 51.1 133 | 056378 29 |13 311
23 | 23 26 5.1 250 | 02382 93 |4 849
o4 | 2324 508| 368 | 0 610/ 24 |5
25 | 2823 83| 485| 0369 || o= |1 900
o6 | 2820576/ 603| 1 573|327 (2 209
o7 | 2318187| 720 | 13538 50|y ey4s
o8 | 23 15118 837 | 2 487 | o9 |5
99 | 2311 36.9| 9.53 | 2 3416 '
s | 23 7341| 1069 | 3 3.22| 30
a1 [S:23 3 3.5|11.85 | 3 32.02 || 81
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Saermuller Solar Attachment.

AS MADE BY FAUTH & C0O., WASHINGTON, Id. C.

Price of attachment ................ TEIRINS RN ) L

Revolving prism and sun-shade for same...... 10 00

We make no charge to attach it to instruments of other
make.



DESCRIPTION AND PRICES

OoF

Improved Engineering Instruments,

AS MADE BY

FAUTH & GO.

WASHINGTON, D. C.

THIS PRICE LIST SUPERSEDES ALL FORMER EDITIONS.
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Plain Transit, No. 1.

Cut No. 1 represents one of our improved Plain Tran-
sits. The circle is 6% inches diameter, reading by op-
posite verniers to 30 seconds ; long centres of hard metal ;
telescope is balanced in axis ; has an objective of 14 in.
diameter, well corrected for spherical and chromatic ab-
erration, magnifying about 24 diameters, and showing ob-
jects erect; dust-guard over object slide ; compass-needle
4% inches long, swinging on jewelled centre; levels
ground and graduated ; action of the eclamp entirely on
the centre; tangent-screws work smoothly, and are en-
tirely free of play ; compass-ring reaches over and forms
a cover for the graduation ; verniers covered with ground
glass ; four levelling-screws with shifting tripod. By
the use of hard metal and judicious ribbing and bracing
great lightness and strength is obtained.

Weight of instrument about 13 pounds.

Weight of tripod about 7 pounds.

The instrument is securely packed in a neat case, pro-
vided with leather strap, and contains, also, a sun-shade,
screwdriver, plumb-bob, magnifier, and a couple of ad-
justing pins.

Frtras to No. 1.

Graduations on solidsilver. . .................. $10 00
Focusing rack for eye-piece (in place of screw ar-
PROBDBIIE). . o5 o s e s ea e e R ke e 5 00
Versitol gHaBl . | i lish - iaaissiisisesrieveniie s 3 00
Fixod sRdim WIPOR - .. v oifisvisiashvasiacssein 3 00
Right angle off-setting arrangement. .. .......... 5 00
Variation plate.......... PV e TN s e e AR
Qiick-loveling Sripod. c coereosivinvasinesessas 10 00

R I OO o v v i e e s b a5 e s aaiia e A v e 1 00
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No. 1.—Plain Transit.

Price £185
A8 MADE BY FAUTH & CO., WASHINGTON, D. C.
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Engineer’s Transit, No. 2,

Is exactly like No. 1, with the addition of a vertical arc,
level, clamp, and tangent to telescope.

Weight of instrument about 134 pounds.

Weight of tripod about 7 pounds.

Ezxiras to No. 2.

Graduation urf horizontal cirele on solid silver, . .. %10 00

i ?ﬁrﬁﬁﬂ:l are i i v ee D 0B
Gradientor attachment........................ 5 00
ORI BRI . - o - v s h e e e A aa e 3 00
TIXO0 SR WIPOH . 4 o o v 5 somenm s it sosods o 3 00
Right angle off-setting nmngamant ............ 5 00
Variation plate...... R e A TR L 20 00
Quick-leveling tripod................. ke ib 10 00
S T R A e e e S e e S ML
“ Saegmuller's " patent Enla.r nttachment ......... 50 00

Eye-piece prism and éxtra sun-shade for same ... 10 00
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No. 2.—Engineer’s Transit.
With vertical are, level, clamp, and tangent to telescope
Price of Instrument, $230.
AS MADE BY FAUTH & 00., WABHINGTON, D. C.




Complete Engineer’s Transi't, No. 3,

Is exactly like No. 1, with the addition of Saegmuller’s
Patent Solar Attachment, Vertical Circle, Level,
Clamp, Tangent to telescope, Quick-leveling Tripod,
and Solar Attachment,

Weight of instrument about 14 pounds.

Weight of tripod about 7 pounds.

Fritras to No. 3.

Graduation of horizontal cirele on solid silver, . ..$10 00
[ (11 vﬂrtica.l it iL (41 e o 5 {]ﬂ

e T TP e S S S e e e e a5 00
b T A U S R e 3 00
= 3 T LT et e i e 1 A AL S 3 00
Right angle off-setting arrangement.....,...... 5 00
WBHIREIONPIARE o s o atiti oy via s i e s i e b 20 00

TEtEEahe Tomal: 507, oo ol TN R T e 15 00 -
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No. 3.,—Complets Englneer's Transit with Saegmuller's Patent Solar Attachment,
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High-Grade Engineering Transit, No. 4, or
Transit-Theodolite,
This instrument has been designed for the highest
class of engineering work, and is used extensively in city
surveying and for secondary triangulation. It has no

compass permanently attached, but is usually supplied
with a box-compass having a 5-inch needle which can be

fastened to the top of the telescope and parallel to it.
The magnetic bearing of any line can thus be as accu-
rately established as by instruments having a fixed
compass.

The great advantage which this instrument possesses
over the previously deseribed forms consists in the great
strength of the telescope standard, which is east in one
piece, which, on account of its peculiar shape, is very
light and strong. The telescope axis terminates in eylin-
ders, and is held in the standards by caps. This arrange-
ment assures the most accurate movement of the teles-
cope in the vertical plane.

Horizontal circle 7 inches diameter, graduated on solid
silver, and reading by opposite verniers to 30 minutes :
powerful telescope of 1§ inches aperture and magnifying
about 25 diameters; dust-guard over object-slide ; extra
sensitive levels, improved clamps and tangents ;. gradua-

tion covered ; three leveling screws, &e.
Price of Plain Transit, - - = -

FHartras.

G-in. vert. circle, double opposite verniers, div. on silver....$25 00
Graduated level and reversible clamp and tangent move-

= 8220

ment to felescope ......... 35 00
L NRORIOF L i i i b e s ey e b 00
L R e e N S R N N D R . 300
Sensitive striding level, to rest on the cylindrical ends of

telesonpe AXIA. ..... ceeremssrsnnnsnres e Ml B e o 20 00
Box compass, with variation plate to attach to teleseope.

Needle 4 inches long, with 12-degree arc...........ccciuuen... 25 00
Field illumination through axis of telescope..................... 8 00
Diagonal eve-piece (4-lens system, and 1 prism)................ 16 00
g T e R e e e e I R R
Attached reading-glasEes.........ccereieveinniiinsiansensesss sesnsneies 15 00
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Engineer’s Yy Level.

The telescope has an aperture of 1§ inches and magni-
fies 35 diameters. FErecting eye-piece with perfectly flat
field. Improved arrangement to bring the ecross-wire
into exact focus. Protection to the object-slide. Hard
bell-metal rings and centres. Long sensitive level, grad-
uated on the glass. Clamp and tangent attached to the
leveling-bar under the eye-piece. The telescope is bal-
anced when focused for mean distance. Abutting stops
to set the wires horizontal and perpendicular.

The instrument does not detach from the leveling-
head; it packs into the case erect. The case contains
sun-shade, screwdriver, and adjusting pins.

Weight of instrument about 11 pounds.

Weight of tripod about 7 pounds.

Laxtras to ¥ Level.
Attachable mirror, to read the level from the eye-

o R s A R S e AP $10 00
Hardened steel centre........................ 10 00
Fixed stadias (1in 100)........................ 3 00

CRoSslter paay 1Tt A i e 1 00
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Engineer’s 18-inch Y Level.] Price, $145
AB MADE BY FAUTH & 0., WASHINGTON, D. C.



40

No. 5.—Light Mountain Transit.

Cut No. 5 represents a complete little Transit, which -

18 especially designed for use in a mountainous country.
It 18 a complete instrument in every respeect, and diﬁ'ﬂf:ﬂ
from the regular Transit merely on account of its small
size. Circles 4 in. diameter, with solid silver graduation,
reading by opposite verniers to minutes; powerful teles-
cope of 1% in. aperture; 5-in. vertical arc reading to min-
utes ; sensitive level attached fo telescope; clamp and
gradientor serew ; dust-guard over objective slide.
Packed in box, complete, with usual accessories.
Weight of instrument 5 pounds; tripod, 4 pounds.

Price £225

R N T T ey e T
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New Quick-Levelling Tripod Head with
shifting-I"late.

PATENTED BY . N. SAEGMULLER, WASHINGTON, D. C.

PRPER TR TR
{1 Lk ST OO AR et

These engravings represent a new form of Quick-Lev-
elling Tripod, which is the simplest and most convenient
yet devised. It consists of two circular dises, which are
wedge-shaped ; that is, thicker on one side than the other.
They are interposed between the levelling-screws and
tripod-head proper. By turning one or the other of them
around their common centre the instrument ean gradually
be brought to a vertical position. The final levelling
touches are given by means of the usual levelling-screws,
which at the same time clamp the instrument firmly. Zhe
great advantage of this Quick-Levelling Tripod over other
Forms is that the instrument will not fall over even if it
is not clamped, and no accident on this account can 0ccur.

It can be attached to any transit or levelling instrument.

Vertical Sighting Attachment.

—_—
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transits, invented and patented by G. N. Saegmuller, for
sighting vertically, upwards or downwards. It consists
of a right angle prism placed in front of the objective,
and has the effect of reflecting the rays at an angle of 90°.
Thus, if the telescope be pointed horizontally, by putting
the prism in front of it, so that the upper cathete surface
is in a horizontal plane, the line of sight will be directed
upwards; by changing the position of this prism 180°
the line of sight will be vertically downwards. Turning
the transit 180° and taking the mean of the two sight-
ings, the point vertically above or below the centre of the
instrument is obtained.

This is the simplest and most exact method of getting
a vertical sight. The use of a prism is far more econ-
venient than the clumsy plan of attaching an extra teles-
cope to the axis, which tilts the instrument, and is also
very expensive.

Although a plain mirror can be used for this purpose,
it is objectionable on account of the double images caused
by the front and back surface, and a prism is therefore
preferable. By making the mirror slightly wedge-shaped,
8o a8 to throw the faint image out of the field, the annoy-
ance of double images can be overcome. This style of
mirror costs nearly as much as a prism, and altogether we
find that prisms are the most satisfactory, as there is no
silvering, which is liable to deteriorate. The prisms,
however, have to be perfectly homogeneous, and must be
ground to exact surfaces, as a bad prism would undo the
work of a good objective.

It is readily seen that by turning the prism 90° it can
also be used to offset at right angles. It can also be used
for vertical sighting by attaching it to a level. This At-
tachment can be fitted to any instrument.
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ISCRLLANEOUS. INSTRUMENTS

Made for and iniported by us. Superior to those usually
found in the market.

SURVEYING COMPASSES.

. e e = T

. e T ™ '——-'----. .___., i

- r_.._.-.-...._ e e T —— “"‘ i

_._.....:.l- E . =,
- ! -

Surveying Compass,

With Two Bubbles, Folding Sights, Ball-and-Socket
Joint for Jacob Staff Mountings and with Vernier, in-
cluding Tripod,

3L.inch Needle, in case, each, £24 00
do. do. i ok o £ ts 26 00
do. do. g L & 4 27 00
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Pocket Compass,

With Level, Folding Sights, 4-inch Needle, with Ball-and-
Socket Joint.
Price, $20 00

POCKET COMPASS.

No. 28.—Prismatic Compass, 3 inches diameter,
with divided ring on needle and folding sights; packed
.in neut mliil*lll-lllliil-.li!ililliili!-ll-il iiiiii BRSNS AR ERE W -$3ﬂ ﬂ“
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LEVELLING RODS
AND POLES.

New York Rod, Hardwood, of

light color, with improved
Clamp and Target, machine
divided to 10ths and 100ths of a

foot, G4 feet long, sliding out to
L o M DU s YR $16 00

Philadelphia Rod, Mahogany,
with Vernier, Clamp, and
Target, 7 feet long, sliding out
PR I o SRR NP RN UPPR I B R

Boston Rod, Mahogany, ma-
chine divided on Satinwood, with

Vernier at each end, 6 feet 6
inehgs long, sliding out to 11 feet

RANGING POLES.

% inch irom tube, poles 6 feet long,
T W R VS S R AR - T
Wooden pole, 8 feet long, with steel

These poles are divided in foet, alternately
painted white and red.
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HAND LEVELS.

Locke’s Hand Level, Brass, in case..............each £9 00
do. do. German silver, in case...........each 10 0O

50 feet Excelsior steel tape, divided in 10ths. . £D 00
100 feet do. do. 16 00




i il ik il i
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Same, in leather boxes.

R L i e B8 00
100 feet........... e e N T RN 15 00

STANDARD STEEL TAPES

In any length from 100 to 1,000 feet. Made out of narrow steel
band & in. wide. Generally graduated at every 10 feet, the last
10 into single feet, and the last foot into 10ths.

Price of 100 feet Tape, graduated as above,
on solid reel with double handles.............. 516 00
Every additional 50 feet.............coeviininniiien. e 300

Nore. —All tapes sold by us are compared with our standard ; 1if
desired we can have them compared at the U. 8. Bureaun of Weigkts
and Measures, who nundertake these comparisons at a very moderate
charge, the price ranging from $2.00 to $6.00, according to length
of tape. They furnish a tabular statement showing the errors of
gradnation. In order to obtain the coefficient of expansion it is
necessary to make the comparisons at a high and low temperature.
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SURVEYOF{’S CHAINS

Surveyor’s Chains of No. 12 steel wire, brazed links and rings.
2. 1%0le Chiain, 50 Hnks....ccccoev crrrerecrmmcinesnesiensssns B0 DO
J-Pole Chiin, 100 10ER. . .cccviossmeisimyensndesssassassave 20D QKD
BO=Feet CInin.......coovriariinnsiniissases LR e G 00
100-Feet Chain......ococovinnes IR R s 11 HO

MARKING PINS.

Sct of 11, No. 0 steel Wire.......ccovorcersrcnes wrssnsannes e B2 00

READING-GLASSES.

Pocket Reading-Glasses, oval pattern, mounted in rubber :

1 lens, 1} inch diameter .........ccovieveeniinnns N AR b RAR TR &0 6O
2 lenses, * L RESET - o RS S et O[S S o 1 &0
Cuddmgtﬂn lenses, brass frame ﬂ.ud hundle nickel-plated,

8 inch.. : P S L
Coddington lﬁnses, hmﬂ-.s frﬂ.me and hnndla mc‘kel -plated,

12 30Ch. . cciiiieanansesrssssnsaans srastinsnsnuisasissassn Shad e 2 I}E
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