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INTRODUCTION:

The ordainary methods of determining the true
meridian by observation on either Polaris or the sun
are so tedious to calculate that most surveyors and
students dread making them. Observation on Polaris at
elther elongation or clumination require less cslcula-
tion and are much simpler, but this simplicity is off-
set by the fact that they must be taken at an exact
instant. If & cleud cresses the sky at that time, the
surveyor has to walt until the next night. Then again
the observer must know the date, exact longitude and
latitude and correct time for making the observation,
and these are not always known in the field.

The method described herein was suggesped-fﬁ;qu
by Professor Harris. Briefly, 1t censists eof taking =
complete sunset to sunrise set of observatioens of the
total angle between Urser Minor Polaris and Urser Minor
p and the corrosponding angle between Polaris and the
known time meridian.

These angles were plotted to a large scale and
connected up with a smooth curve. Then the table shown
on page{ 21 ) was constructed from this chart.

Determining the meridilan by the use of this table

pcssesses several very distinct advantages over the cenm

men methods-



First, the table may be used independant of the date,
time of night, or longitude of the ohserver.

Second, with the table, the meridian may be determined
without any calculations whatever. This fact makes
this method particulary adapted to railroad surveying

and topography, mining, geology and exploration maping.



CQULION METHODS of DETERNININC MERIDIAM WITH a

TTTDIFTINTAD

R AT
ULV s L T SI

RS NEIT.
SOLAR OBSERVATICN.
Procedure.

FIRST. Jet the transit up ever a point where
shadows will not interfere, sometire between Qand 11
AJi. or 2 and 4 P.M. end sight on a reference point
with the verner set at zero.

SECCND. Fecus the image of the sun and the cross
hairs on the back of the ncte book or on a white card

as shown below.

Before ncon AT ter noon

2nd.
17 i Shot.

Shot

Znd
Shot Shot

THIRD. Make two succesaive shots, once with the
transit normal and once inverted, not over five rminutes
apart and record the exdt time, horizontal and vertical
angles of each. After Qach shift bring the bubble on
the telescope to zero and read the vertical verner.

Record the data as shown In the following example.

FOURTE. Average the results obtained as shown

in the example.



FIFTH. With the longitude of the place and the
local time of observation known, change the local time
of the observation to Greenwhich time by adding algebra-
ically to the former the difference in time between the
place and Greenwhlch. This procedure may best be ex-
plained by the feollowing example.

SIXTH. Correct the average vertical angle by
subtracting the correction for refraction from it.
This correction is equal to 55" times the cot. of the
vertical angle.

SEVENTH. Calculafe the bearing of the time from
the instrument to the point observed by the fellewing
formulsa.

Sin D.

Cos.A == CeB.N X Ces.L Tan.N Tan.L

There P= Declination of the sun.
| " = Corrected altitude eof the sunm.
k-=Iatitude of the eobserver.

The gsign of the first term in the second half
of the equation will be minus if the declination is
south, and the second term will be plus if the latitude
is south. If the Ces.A is plus, the azimuth 1s between

0 and 90 as measured from the north; if minus, it is

between 90 and 180.



EXAVPLE.

Observations made dn the afternoon of larch 9,

1917 by He. J. Teas. Transit set on pointX on the track

sighting at transit point in north window of jym.

Field Notes,
Tel |Sun |Horizontal Verner|Vertical Verner |Date & Time.
On mark| On sun On sun |Bub. at O|Mar. 9 1917
Norm| fo [00° 60" | 85°35' |36°35'| 0 01’ 2: 34P:l,
Inv.| o |00° 00* | 87°25"' |35 24'| 0°013' | 2: 44P:M.
Av. | 4 | 00" 00" | 86°30' | 35°59% 0°01l}'| 2: 39P:M.
Av. Vert. angle corrected for bubble 36 00' 45"

ENOWN Latitude of Rolla

FROW,

Longitude of Rolla 92°W.

the CURRENT SOLAR EPHEMERIS.

37° 57' 15" N.

Apparent Declinational Greenwhich noon. 4°g'15"

Difference for one houre.

58.56"

Equation of time to be added to apparent time 10'45.75"

Difference for one hour.

CALCULATIONS.

Time at Rolla

Correction for Long.

Time corrected

Hourly change -

-7 -

2" 39!
6" 08!

8" 47!

58.56"

0.635"



Change for 8°47' 58.56" x 8.783" = 8' 34"

Cecl. at Rolla Decl. 2t Greenwhich x change for
corrected time 4°36'15"x8' 34"=4°44'49"

Correction for Refraction—= -Cot. Vert. angle x
55" = =Cot+36° 00" 45" x 55" = = 1'15.87"

Vertical angle corrected 36 00'45"= =0’ 1'15.87"
35° 59' 29.33"

CO8es fie = = Sin Decl. - Tan Lat x Tan Alt.

Cos Lat x Cos Alt.

(1) (2)

- Sift_4744'49" ~Tan 37 “57'15"xTan 35 59'29.33"
Cos 37°57'15"x Cos 35 59'29.33"

(1)
Log Cos 37°57'15" 9.896802 - 10
Log Cos 35°59'29.33" 9.908019 - 1O

X¥92.804821 - 10

Log Sin 4° 44'49" 19.917793 - 20

9.804821 - 10

Log (1) ¥0.112972 - X
(1) -0.12971
Log Tan 35° 57'15" 9.860530 - 10

Log Tan 37°59'29.33" 9.892676 - 10

Log (2) X¥9.753206 - 26
(2) ~0.56651
-0.12971
- 0.69622

-8-



Nat Cos A =0 . /3622
45° 52'29"

Av. HOP i%@ ,
86° 29' 60"

a5° 52' 29"

240° 37 31"

- 88 =
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By OBSERVATION eon POLARIS at CULK INATION.

PROCEDURE.

FIRST. Cemplete the exact time of culmination
by reference to the table given en page ( 20).

SECOND. Get the exact lecal time frem the
telegraph station.

THIRD. Set up the instrument over a station
about 20 minutes before the calculated time of
culmination for that date.

FOURTH. Start fellewing Pelaris with the
tangent screws a minute or so before this time.

FIFTH. Clamp the instrument at the EXACT
calculated time.

SIXTH. Check the ebservatien by INMEDIATELY
lowering the telescope and sighting en either
Cagslepeia Delta or Ursia Méjor Zeta. These two
stars are in the same vertical plane with Polaris and
the pole at culmination. (For the relative pesition
of these stars, see page ( 12) ).

SEVE:TH. Depress the telescope and set a tack
in & stake a hundred feet or more away.

Then the line frem the plumb beb to this point

ig the true meridian.

- 10 -



By OBSERVATION en POLARIS at ELONGATION.
PROCEDURE.

FIRST. Find the bearing ef Pelaris at elongatien.
This may be feund by interpulating the table en page
(19 ) er by substituting in the fellewing fernula:

Sin. Pelarils Dist. of Star
Sin. Stars True Bearing.

Ces. Latitude of Observer
The mean polar distance of Pelaris fer the next
feur years is shown In the fellowing table.
MEAN POLAR DIST. ef POLARIS.

Year Mean Felar Dist.
1917 1°| os8'| 16.45
1918 1°| o7 | 57.94
1919 1°| 07 | 39.45
1920 17| 07 | 20.98

EXAMPLE. Fer Rella. (Lat. 37  57' 15" ) in 1917.

Sin True Bearing of Pélaris: Sin 1° 08" 16.45"
Ces 37° 57" 15"

= /726 38"
SECOND. Find eut the #ppreximate time of eastern
or western elengation. This may be domne either by loek-
ing up frem the table on page (20 ) the time of culmin-

ation and either adding er subtracting 5 hrs. 55' fer

easiern or yeogtern elengation er merely ebserving the
stars en the night befere. At either elengatien,
Pelaris, Urser Majer Zeta and Casslepeia Delta are at

the sgsame altitude.
- 11 =
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THIRD. Set up the transit over a point where a
clear view of the sky to the north may be obtained
about thirty minutes before elengation. 8ight on Pelaris
with the vertical cress-halr and fellew aleng it with
the cross metlon until Pelaris appears te move either
dewn or up the cress-hair witheut changinrg its azimuth
foer five minutes or se.

FOURTH. Depress the telescope and set a tack in
a stake about a hundred feet frem the instrumpnt.
Yynh"mgggzﬁ;wgﬁzgg.the point by anether sight en Pelaris,
This 1s pessible because Pelerils apparently dees net
change its azimuth fer abeui ten er fifteen minutes
at elengatien.

SIXTH. Sight en the peint just set with the verner
at zero and turm off the azimuth ef Pelaris ebiained
abeve te the east eor west by the fellewing rule.

When Pelaris is at west elengatien, (the dipper
in the east), turn the angle of the azimuth te the
east te lecate true north.

When Pelaris is at east elengation,(the dipper
in the west), turn the angle of the azimuth te the west

te lacate true north.



MISCELANEQOUS MATHODS.

There are several sther methods of more or less
accuracy which are sometimes used, but nene of them
are of any importance. Among thess are observations
on Pelaris at any tlme, which are made and calculated
like solar ebservations; ebservations ef the sun,
Pelaris, er zomeé other preminent star at equal altitudes
near culmination; etc. These methods are seldome used
and will net Dbe described here.

The smelar telescope methed is not discussed as

it requires additienal apparatus.

- 14 -



PEHCTOGRAPH SHOWING MOUNTING of the TRANSIT.
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PROCEDURE FOLLOWED in OBSERVATION.

A transit base was first mounted in the north
window of room 1l of Jackling Gymnasium. A transit was
then set up on a point X near the running track and a
solar observation made to determine the bearing of the
line from X to the transit point. A stake was then set
about 200 ft. up the road from the window and a tack
gset in it to give the true north. This point was then
checked by two independent observations on Polaris at
elongation as described above.

On the night of April 12, a set of observations
were made covering a period of six hours beginning at
dusk. The pbocedure was as follows: A light was first
set up on the meridlan point and the transit sighted on
this point verniers at zero. The cross-hairs were illum-~
inated with a 1light from a reading lamp. Polaris was then
sighted and the vernier read and the reading recorded,
showlng wether it was east or west. Then Ursa Minor Beta
was sighted, its bearing recorded and the difference in
time between the two shots noted. This was repeated every
five minutes. Sighting on Polaris and Ursa ¥inor Bebta
alternately and recording the time of each observation.
On the night qf April the 21, a complete set of observations
were made from dusk to daylight. The procedure was the
same as before, except that when Ursa Minor Beta was:

near its upper culmination observations were taken on it

-’15 -



every two minutes, as 1t was changing its azinuth 80
rapidly that less frequent shots would not give enough
points to plot a smooth curve.

This data was then plotted to a large scale on
coordinate paper, with the vertical scale of 1/10
inch equal to one minute of time, and the horizontal
scale of 1/10 inch equal to one minute of angle. This
large horilzontal scale was made possible by plotting
séctions of the curve two degrees in length at a time.
A smooth curve was drawn thru the points. Next the bear-
ing of Polaris for even degrees and minutes of total
angle between Ursa Minor Beta and Polaris was taken
from the chart with a scale and the values tabulated.
See page (21).

In making the observations, a good deal of diffi-
culty was experienced in locating and recognizing the
stars quickly enuf so:a8 not to allow any appreciable
time to elapse between any pair of shots. Polaris is
compartively easy to recognize because of its brilliancy
and also because of a amall star about a half a mlnute
away which appears in the field of the transit at the
same time that Polarls 1is sighted. It was much more
difficult, however, to 1oca£e and recognize Beta because
of the proximlty of Gamma which forms the lower outer
corner of the little dipper. Thru the transit, these
stars are very difficult to distinguish one from the other,

-1 -



especially when Beta is near culmination. It is there-
fore advisable to make the observation as early in the

evening as possible.

- 17 -



RECQMMENDATIONS for FURTHER STUDY.

On account of the authors having to work alane
and because of a long series of cloudy nights,the
table 1s not complete, and has not been thoroughly
checked. The author therefore suggests that a further
study be made, and to facilitate efficient work
offers the following recommendations as the result of
hid experimnce.

FIRST. That the subject be takeh up by two or
three investigatars 1néted of one.

SECOND. That the meridian used be checked by
every known method so that the Investigators will be
sure that it is as accurate as can be located with a
transit.

THIRD. That two transits be used for the
observations. They should be mounted in two adjacent
windows, so that they will not interfere with each other.
One observer should be stationed at each instrument
and each follow with the transit..one star continuously.
In this way simeltaneous readings can be taken, whiéh
will permit the using of a much smaller verticaz scale
for ploting the results. It is of course needless to
say that the instruments should be in the best of
adjustment before use.

FPOURTH. That the observatlions be made early in
the year, so that as long as a set of readings as

possibly may be made.



TABLES .

- 19 -



FORM Ba

MISSOURI SCHOOL OF MINES

AZVUTH of POLARIS at ELONGATION.

109-10-35-5000 H

Lat. Year
N 1917 918 1919 1920
5° 85" 8.2 | I| 7.97 1| 7.6
10 9.3 9.0 | I| 87| I| 8.4
12 9.7 9.4 9.1 8.8
16 I11.0 1047 10.4 10,1
18 11.8 II.5 II.I 10.8
20 12.6 I2.9 II.9 I1.6
22 13.8 13.4 I3.1 1247
24 14.8 I4.5 14.1 13.8
26 16.0 1547 15.3 I4.9
28 17«4 17.0 16.7 16.3
30 18.9 18.5 | I |I8.2 I7.9
32 20.5 20,1 19.8 19.4
34 22.4 22.1 21,7 21.3
36 24.5 24,1 23.8 23.4
38 26.8 26.4 26.0 25.6
40 29.2 28.8 |1 |28.4 28.0
42 32.0 31.6 31.1 30.7
44 35.0 34.6 34.1 33.6
46 38 .4 37.9 37.5 37.1
48 42.2 41.8 41.3 40.8
50 46.3 45.9 |1 |45.4 |44.9
52 51.0 5045 5040 49.5
54 56.3 55.8 55.2 54 .7
56 02.2 1.7 (2 | 1.1 00.5
58 9.0 8.4 7.8 7.2
- 1646 16.0 |2 (I5.3 4.7

- 20 =~



MISSOURI SCHOOL .OF. MINES

LOCAL MEAN ASTRONOM ICAL TIME of UPPER CULM INATION ef POLARIS.

Dote. 1917 1918 1919 1920 |77 e
Hry Min. Hr. Min.| Hrp Min.| Arp Min} Min,
Jan. I | 6 (45.6| 6 |47.0| 6 |48.4 | 6 |49.9| 3.95
Jen. I5 | 5 |50.3 | 5|5BI.7| 5 |55.1| 5 |54.6| 3.95
Feb. I | 4 (43.2| 4| 44.6| 4 |46.0 | 4 |47.5| 3.95
Febe I5 | 3 |47.9| 3| 49.3| 3 |50.7 | 3 |52.2| 3.94
Mar. I | .2 |52.6| 2| 54.I| 2 |55.5| 2 |53.0| 3.94
Mar. I6 | I |57.4| I|58.9| I |00.3| I |B7.7| 3.93
Apr. I | 0 |50.6| O] 52.1I| O |83.5| 0 |50.9| 3.93
Apr. I5 | 23 |5I.6| 23| 53.I| 23 | 54.8 |23 | 52.0| 3392
May I | 22 |48.9( 22| 50.3| 22 |5I.8 |22 |49.3] 3.92
May I5 | 2I|54.0| 2I| 55.4| 21 |56.9 |21 | 54.4| 3.92
June I | 20 |47.2| 20| 48.6| 20 | 50.I |20 |47.6| 3.9I
June IS5 | I9 |52.4| I9| 63.8| I9 |55.5 | I9 | 52.8| 3.9I
July I | I8 |49.8| I8| 5I.2| 18 |58.7 | I8 | 50.2| 3.9I
July I5 | I7 | 56.1I| I7| 56.5( 17 |58.0 | I7 | 55.5| 3.92
Aug. I | I6|48.5| I6| 49.9| I6 |5I.4 | I6 |48.9| 3.92
Aug. I5 | I5| 53.7| I5| 55.I| 15 |56.6 | I5 | 54,1 3.92
Sept. I | I4| 47.0| I4| 48.5| I4 |49.9| I4 | 47.4| 3.92
Sept.I5 | I3 | 52.I| I3| 53.8| I3 |55.0| I3 | 52.5| 3.93
Oct. I| I2| 49.3| I2| 50.8| I2 | B2.2 | I2 | 49.7 3.93
Oct.I8 | II| 54.3| II| 55.8| II |57.2| II |54.7| 3.93
Nev. I I0| 47.5( IO 49.0 IO | 50.4| IO | 47.9 3.94
Nev. I8 9| 528.4| 9| 53.9| 9 |55.3| 9 |52.8 3.94
Dec. I 8| 49.2| 8| B0.7| 8 |82.I| 8 |49.6/ 3.94
Dec. I8 7| 54.0( 7| 55.5 7 |56.9( 7| 54.4 3.94

-8l =
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TABLES SHOWING ANGLES BETWEEN URSA MINOR <«
and / and CORRESPONDING BEARINGS of POLARIS.

*22 %



DIRECTION for USE of TABLE.

Set the Instrument up on a clear night where
there is an unobstructed view of the north sky. Locate
and recognize Polaris and Ursa Minor Beta by the use
of the chart on page (12), and note the approximate
position, le wether near upper culmination or
. elongation, etce. Sight on Beta with the vernier at
zero, turn to Polaris and plant the instrument, not=-
ing the difference in time between the shots. Read
the veriner and correct the angle read for the
difference in time between the shots. Take from the
proper table the bearing of Polaris corresponding to
the angle reads. Turn this angle off east or west as
shown in the table. Set a stake and tack about a hundred
feet from the Instrument. Th® line from the tack to the

instrument 1is than the true meridian.

-2_5-
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30 38 40
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Tirme Time Vernier Reading. Total
2nd Shot st Sphor ﬁyﬁf;n#i on Polors; | Stohtmg on <4 Angle .
Mine |# | M~ E. We E. W. SKETCHES .
57 7| 53 1° 12 4319 48" 121° 00" April 21,1917.
02 8| o0 1 1019 48 20 58!
08 8| 05 1 46" 20 55!
11.5/ 8| 10 1 45! 20 53"
18.7| 8| 15 1 411 20 48"
21.5| 8| 20 1 39! 20 44"
26 8| 25 11 34 ‘|20 38"
RS 31 8| 30 11 ) 31! 20 34'
Uiaeieion | 56 | 8| 35 1 25" 20 27!
41 8| 40 1 20! 20 20!
46 8| 45 0 13! 20 12°
51 8| 50 0 08! 20 08!
56 8| 55 0 58" 19 55!
00% | 9f-00 0 35¢ 19 263" Checked sight on pcii.t.
06 9| 05 o 42! 19 35!
' 103 | 9| 10 o 35" 19 26%!
16.5| 9| 15 0 20" 19 10'
3 9l 18 71 L
. 21 9| 20 0 13" 19 02' Meser Maror
9| 23 06" oo
26 9| 25 0 01! 18 48.5!'
9| 27 55"
30.5| 9] 30 o 50" 13 36"
9| 33 42!
37 9| 35 36" e
9| a7 30! v
9| 37 30"
41 9| 40 0 42'-p17 23" 18 05'
9| 43 17 15! At 8rmM
9| 45 17 9!
9| 47 17 2!
52 9| 50.5 0 39'¢16 52! 17 31!
57 9| 56 o 37 416 31! 17 08!
10 | 03 16 11'
10 | 05 16 04!
10 | 08 15 55!
11 (0] 10 0 32%}15 48" 15 20!




—rl .

z";"' /‘me Vg rucer . Fleadeng Total

Shot st Shot Slg/r/‘my on Blaris| Skrhimg or B Ao

Min 2 T P e 7 o
SKETCHES.

16 10| 15 00304 15° 25! 15° 55! Aptil 210?357.
10| 18 15 18' TS
10| 20 15 10!
10| 23 14 58! .

26 10| 25 0°26" < 14 501 51 16! Y.

31 10| 30 0 25' 4514 28" 14 51! . -
10| 33 14 17! .
10| 35 14 08"
10| 38 13 53" . -

41 10| 40 ;0 21'd-13 48" 14 07" ®

46 a0| 45 0 20%p 13 19! 13 39!
10| 48 13 10
10| 50 13 02! ar o
10| 53 12 46!

56 10| 55 0 16'¢- 12 38! 12 54!

1.5/ 11| 00 0 14'$12 06° 12 20! Checked on point
11| o3 1% 58!
11| 05 11 48
11| 08 il 31!

11 11| 10 0 11'¢ 11 23’ 11 33!

16 11| 15 0 09'1+10 51 11 00!
11| 18 10 39!
11| 20 10 28!
11| 23 10 11!

26 11| 25 0 06'¢—10 O1° 10 07! '

21 | 11| 30 0 03> 9 25° 9 28! ~ 4
11| 33 9 13! ‘ .
11| 35 9 03! e «
11| 38 8 46! . }

41 11| 40 0 00'4— 8 34! 8 34! ‘ x4

50 11| 45|0 o2 4> 7 36! 7 34° '
11| 53 7 14"

55 7 05"
58 L 6 45 7 Midnggny
t
3 ié gg ooof 2 gg. 6 25
| 12| o03|o 09 4+ 5 52¢ 5 424"
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(st Shor

in.

21%
24

32
35

50

-1 Vernier Reading. Total
2nd Shet Stobting  on Pslorrs. .5/’4f/ﬂ7 o B An gle o

ko | B | we | B | w,

12|08 541!

12|10 5 30!

1212 5 17!

12|15 4 57!

12|18 4 39!

12|20 0" 16" 4 26 4° 10!
12|23 |0 16.5 53 57! 3 41.5!
12|26 ' 3 48!

12|28 3 31!

1231 |0 20! 3 13! S 53!
12|34 o 203! —p2 45' 2 24.5'
12|36 2 35!

12138 2 25

12|40 2 10°'

12|42 1 57"

12 |44 1 44!

12|46 1 31¢

1248 o 26! «1 18' 0 52!
12|51 0 58"

12150 0 27!

12|58 0 11!

1|00 o 30! 0 0o'lo2' | o 32
1105 |0 31 . 18" | 1 39
111g 1 24!

1]14 137!

1|18 1 50"

1)18 2 2!

1(20 o 37! - 2 20'| 2 57"
1286 |0 38! “— 2 587'| 3 35"
1|38 3 11!

1(30 o 42 N 3 25!
12813 4% a |2 38| 848
1|45 o 45" - 5 02'| 5 47!
1|50 [0 46! “ 5 40'| 6 26!
1{55]0 48" A 6 07'| 6 55!
2loo o 49 “ 6 42' | 7 31!
2]o5 |0 51! 4 7 09'| 8 00!
2l10]o 52! i 7 43' | 8 35"
2|15 |o 54 — 8 09'| 9 031

SKETCHES.

April 22,1917.

 Checked on point
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ime.

12nd Sho#

[st. Shot

22.5
26.
3645
41
46
52

3

D R B D ARG GIGI I CICI O GO D 2O 20D t\)tOlOL

Vernler Readings. Total
Sighting on Polarrs 5"’””!& on ,ég Angle .
[

Min E. Wo Ko ? . ,
20| 0°55°* “+ 8° 51! 9° 46!
28| 0 57! KN 9 06! 10 03¢
30| 0 58" -+ 1o 14! 11 12!
40 | 1 O1' -ra 10 32! 11 33!
45 | 1 02! “+ 11 02' | 12 04'
51| 1 04' 1> 11 30! 12 34°'
55| 1 05! <~ 12 00! 13 05!
00| 1 o8 —+> 112 18! 13 22!
05| 1 07! “ 12 22' | 13 29!
10| 1 os8! - 12 40" 13 48!
15 | 1 09! “+ 13 32' | 14 42
2011 10! ~1* 13 48! 14 58'
25 |1 11! < 14 18! 15 27!
30 |1 13! - 14 34! 15 57!
35 {1 14' |° € 15 19! 16 33!
40 | 1 15! - 15 41! 16 B6!
50 |1 18" “t 16 01! 17 17!
55 | 1 17! -~ 16 08! 17 25!
00 | 1 18" i 16 37' | 17 45!
05 |1 19! Ay 16 41' | 18 00!
10 | 1 19.5" - 17 01! 18 20.5
15 | 1 20! —tF 17 110 18 31!
20 |1 21" A 17 29' | 18 50
25 |1 21! — 17 40! 19 ol!
30 |1 22! pi 17 53' | 19 15!
35 |1 23" 1 18 04"

45 |1 24 i
50 L 25' 1
55 |1 25" -

April 22,181%



N Timre Tirme Nerrirer Readirgs Totas
2ngd shef st 5har Sighting om Folarss SrohFimg on
i, F P | £ ] W £ Angle
7 38 |7 |37 1°21.5%18°14.5 19°39!
32 32 1 23.5018 22! 19 45
35 33.5 1 84 18 26.51 19 50.5"'
41.5|7 |40 1 24" 18 3815 20 02.5'
48,5 46 1 24.548y18 49' 20 13.5'
54.5 52 124 18 86! 20 20"
8 0.5 59 1 22.5' 19 5.5 20 28
9 |8 | 8.5 1 21" |19 15.5 20 38.5'
17.5(8 |19 1 2045" 19 26.5 20 46.5'
23 |8 |21.5 1 20" | 19 2845 20 48.5'
2 (8 |31 119 19 36' 20 55'
36.5 35 118" |19 39 20 57!
41.5 40 1 17.5% 19 43! 21 00.5!
46 45 116" |19 45' 21 o1
51.5 50 115" |17 47! 21 02!
8 56.5(8 |55 1 14' |19 48.5 21 02.5!
9 01 |9 |00 1 13.5' 19 49’ 21 02.5'
9 08 |9 |05 112" | 19 50! 21 og!
9 11 (9 |10 1 11' | 39 49! 21 00'
18 15 1 10" | 19 48" 20 58!
21 20 1 07.5' 19 47" 20 56.5'
26 25 1 08' | 19%45!
31.5(|8 |30 1 9' |19 17.5] 20 55.5'
38 |8 |36.5 1 8' | 19745 20 53!
41.3|8 |40 1 8' |19 42! 20 50
46 |8 |45 1 6' |19 41°
52.5(|8 | 40 1 4.5' 19 35'
56 |8 |55 1 2.5' 19 32!
1 |9]| 0 1 2' | 19 28"
6 |9| 5 1 0' |19 23!
11.5|9 | 10 0 59' | 19 15"
18 |9 |15 0 58' | 19 11!
21 9 | 20 0o 57! 19 21!
26.4|9 | g5 0 55' | 18 586!
31 |9 |30 0 54' | 18 486!
35.5|9 | 35 0 52' | 18 .39
41 |9 | 40 0 51' | 18 27!
46 |9 [ 45 0 49.5' 18 18°

Apbill 2,1917.
HApril 13,1717

7h1ﬁ

data
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Time Yernier Readmgs i
bl Shot | /57 §5407 5‘/76)‘/”7 on  Polar Sightmg on 7
Mo Hr M/'r;, £ W £ w
51 | 2| 50 . 10°99" 1 1805
56 | 9| 55 0 46' 4 1756
1 ho| o 0 45' 1> 17 40"
6 [10| 5 0 43" < 17 30
11 ol 10 0 41' 4>17 13"
16 [0 15 0 40" <«*+17 1!
21 (0] 20 0 38' 168 43"
26 [10] 25 0 36" <16 30!
31 [10]| 30 0 34.54-16 10!
37 0| 35 D 32.564 15 56"
42 10| 40 0 31' 4+15 30!
46.510 | 45 0 29' <+ 15 19!
52 (10| 50 0 28' 14 50!
66 [11| 55 0 25.5¢4 14 39!
1 [11] o 0 24' 14 13!
9 11| 6 0 21' < 13 52!
11.511 | 10 0 20' 13 26!
16 [11| 15 0 18"« 13 9!
21 |11 20 0 17' > 12 40'
26 |11 25 0 16' 4 12 22°
31 11| 30 0 13' 11 51"
36 |11 | 35 0 11' 411 31!
41 [11 ]| 40 0 10' 10 59"
46 11| 45 0 75' < 10 392
51 |11 | 50 0 8 1:10 7!
56 |11 | 55 0 3.5% 9 44!
o1 [12]| o 0 2' T 9 15"
o6 12| 5| 0 0! 0 0'“S 8 49
11.4912 | 10| o &' 4+ 8 10!
16.312 15| o 4! o 7 48!
21 [12 | 20| 0 B.5°' — 7 15!
28 |12 | 25| 0 7.5 ~ B8 49!
31.4912 | 30| o 9 + 6 06!
12 | 35| Lunch First [(Course.
41 |12 | 40| 0 13! 4 5 8!
41 |12 | 40| 0 13’ 5 8'

{
R
3
wit

SKETCH.
April 13,147.

April 14,1917,
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C ATrre Yernier Pda//ﬂg
2ond Shot | [e7 Shat Sghting o Falays ;ff/ﬂ‘/ny onr”
Mlh . /fl" /'/1,1‘ £ W E V
51.5 12| 50 0 17' <+ 5 8!
56 | 12| 55 O 19! T+ & 32!
1 1 g 0 20 o 2 51
6 1 0 23’ B 24"’
12 1 lg 0 24! g 1 35!
16.8( 1| 15 0 28' - 1 18!
21 1) 20 o 27! “T 0 39!
26 1| 25 0 30 7 0 10!
32 1| 30 o 31! 0 38!
36 1| 35 0 38' 0 56'

DPatawot used
Cinal corve.

April 14,197.



CURVES.

- 37 =



	Simple methods and tables for determining true meridian
	Recommended Citation

	p0000a
	p0001
	p0002
	p0003
	p0004
	p0005
	p0006
	p0007
	p0008a
	p0008b
	p0009
	p0010
	p0011
	p0012
	p0013
	p0014a
	p0014b
	p0015
	p0016
	p0017
	p0018
	p0019
	p0020
	p0021
	p0022
	p0023
	p0024
	p0025
	p0026
	p0027
	p0028
	p0029
	p0030
	p0031
	p0032
	p0033
	p0034
	p0035
	p0036
	p0037

