*x X x
* *
STARPATH

CELESTIAL NAVIGATION
WORK FORMS

For All Sights and Tables, with Complete Instructions and Examples

Starpath work forms have been used for a long time.

By David Burch
Author of Celestial Navigation: A Complete Home Study Course



Contents

INTRODUCTION
Overview of Starpath Work FOIMS.........ccceevvereerieesieneeneeieeeeseesvensesnenns 3
ADbOout this BOOKIEL .....ccvveerieiiieieeeieeereceeeeree et e eere e 3
Where to Download Free FOTIIS ......c.coovvieeueeeveeeieeeereeeereeeeeeeee e eveeeneens 3
Note t0 EDOOK REAAETS ......ccveeeuveereeeieeereeeeecereeereeeteeste et e ereeereeereens 3
INSTRUCTIONS
FORM 104 — All bodies, using Pub 249 or Pub 229.......c.cccccevcvervenrennenne 4
Sun Sights with FOrm 104.....c.cccueeiiiiriieniinieieeeeieeieeeesesee e 4
Moon Sights wWith FOIM 104 ....cccveeiiriiicieeieneeieeienieeieeeeseseeeseeenenns 6
Star Sights With FOImM 104 ...cceecveeieiiirierieieeiecece e 6
Planet Sights with FOrm 104 ....c.ccceeveeienieninieceeiecieseeeeieve e 8
FORM 106 — All Bodies, Using NAO Tables .......cccceevvevreervereerieriveneenuenns 9
FORM 108 — All Bodies, Almanac, and NAO Tables .........cccceevvveerveennen. 12
FORM 109 — Solar IndexX COIrTeCtiON ......ccouveeeeuvereeireeeeereeecereeeenneeeeeraeens 14
FORM 107 — Latitude at LAN .....ccovviiiiiieeeeecereeeeeree et seeane e eeveeeens 16
FORM 110 — Latitude by POIaris.........ccceevvereerrerienieenienieseeseessesseseennens 16
FORM 117 — Lat, Lon at LAN plus Polaris........cccceeveevverveereerueneeneenvennens 16
FORM 111 — Pub 249, Vol. 1 Selected Stars........cceveeeeveeeeeeeeeerneeeeenneen. 20
FORMS
FORIM 104 oeeeeeeeeeeeeitnrtereertereeeeeeeeeeeeeeeeeeeeeeeseessnsssssssssssssssssssssssssseseees 22
FORIM 100 ..coeeeieeeieieiiieereerteereeeeeeeeeeeeeeseeeeeeeseesnnsssssssssssssesssssnssssseseees 42
FORIM 108 ..eeetttretrtetereeeeeeeeeeeeeeeeeeee e e e ssssssnssasssasesaseeeseeaaeees 52
FORIM 100 .ciieeeiieeeiiienrerrtereereeeeeeeeeeeeeeeseeeeeeeseesnnssssssssssssssssssssssssseseees 58
FORM 107 coeeeeeeeeeeiitnrenreerreereeeeeeeeeeeseeseeeeeeesesssnnsssssssssssssesssssnssssseseees 62
FORM 110 ..ottt 68
FORM 117 eeeeeeeeeeettttreereereeeeeeeeeeeeeeeeeeeeeeee e nnsssssssssssssasssnsresssseseaeaeees 74
2L 21 O 80

Copyright © 2018 by David F. Burch

All rights reserved.

ISBN 978-0-914025-62-7

Published by

Starpath Publications

3050 NW 63rd Street, Seattle, WA 98107
Manufactured in the United States of America
www.starpathpublications.com

This sample shows only a few randomly selected pages...



Overview of Starpath Work Forms

Not all celestial navigators use work forms to help with
the paperwork, but I think it’s fair to say that most do. Or
they at least like to have the forms at hand just in case they
are needed (even very experienced navigators). There are a
lot of steps in some of the reductions, and we may have to do
the work when we are very tired and not feeling well, as the
boat rocks around in the seas. Having a guide that takes us
step by step, with little thought required, can be a blessing.
So even if you do not use them routinely, it is good practice to
add them to your checklist and have at least one of each type
tucked away in the Almanac. Also, these days we rely mainly
on GPS; so we might be rusty when we need to do the sights.
These forms will remind you of the steps involved and guide
you though any sight reduction. Those who want to use them
routinely can duplicate the ones needed most from this book.

There are one or more forms for all routine sights us-
ing various sight reduction methods. Each has annotated
step-by-step instructions for filling out the forms, which in
themselves are a good refresher for the process. After a little
practice, the forms are all we need to work through the sight
reductions.

The main Form 104 for all sights has three levels of guid-
ance. The long instructions with details of each step, the
short instructions, which abbreviates the steps, and finally
the forms themselves, which are organized in a logical, num-
bered format that guides you though the process.

After teaching celestial navigation for 40 years using our
basic Form 104, we have heard back many times from navi-
gators who have been away from the subject for a long time,
who told us how easy it was to recall the paperwork with the
use of these forms. This was, of course, an intention of the
forms, along with the main design criteria that they allow all
sights to be done essentially the same way. Another goal was
to have a place to write in every step of the process, and to
have some reasonable element of smooth flow throughout.
Alternative designs that one sees are typically vertical strip
forms that usually do not meet any of these criteria. Form 104
and the detailed instructions included here are effectively a
short course in celestial navigation.

Our Form 106 for the Nautical Almanac Office (NAO)
Tables included in every Nautical Almanac are especially
valuable, because the instructions for the process given in the
Nautical Almanac are difficult to follow. As a result of that
problem, these valuable sight reduction tables have not been
used as much as they deserve. Some instructors go so far as
to ridicule the NAO Tables for their complexity, driving new
users away before they even get to try them. Misguided mag-
azine articles have not helped. Our Form 106 makes the pro-
cess very simple, and with just a few samples worked, you will
be doing them routinely with nothing but the form to look at.

The NAO Tables have a great virtue these days when cel
nav is often just a back up to GPS. Since there is a full set of
the NAO Tables in every Nautical Almanac, you just need
to buy one book to have a complete solution. Pub 249, and
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especially Pub 229, are large, heavy books when it comes to
stowage on a small boat at sea. Also if you choose to do sight
reduction by computation, then the NAO Tables as part of the
Almanac are a natural back up.

Likewise with the more basic reductions of Latitude at
LAN and Latitude by Polaris, we have longer forms (Form
107 and 110) with more details of the process along with a
combined short form (117) to use once the procedures are re-
called.

About This Booklet

This booklet explains the motivation of the individual
forms and provides detailed instructions on using them with
numerical examples. We also include notes on the history of
the NAO Tables and discussion of the relative merits of the
various sight reduction methods. There is also a set of blank
forms provided of each type, the most of which being our pri-
mary Forms 104 and 106.

The main goal of this booklet is to provide the instruc-
tions and examples with enough printed forms to allow them
to be evaluated by those who do not have ready access to a
printer. Blank forms in PDF format suitable for printing are
available at no charge.

Where to Download Free Forms

These forms are used in our textbook Celestial Naviga-
tion: A Complete Home Study Course, as well as in our On-
line Course in Celestial Navigation. To support these training
programs and the marine navigation community more gen-
erally, we offer a free, complete set of the forms in a PDF file
that can be printed for further use. These and other resourc-
es are available on the support page for our text at:

www.starpath.com/celnavbook.

Readers are welcome to download and reproduce these
forms for their personal use.

Note to Ebook Readers

The ebook editions of this booklet are intended only to
provide a convenient reference to the discussions, instruc-
tions, and numerical examples used in the forms. The forms
themselves are available from the link above. This way the in-
structions can be kept in a phone or tablet for quick reference
as needed, and only the chosen forms need to be reproduced.
Also, the design of the forms alone may be all that is needed
to solve the reductions using a blank piece of paper.



FORM 104
All bodies, using Pub 249 or Pub 229

Sun Sights with Form 104

BOX 1-Sight Data

Record the watch time (WT), watch date, log reading, ce-
lestial body, measured index correction, and sextant reading
(Hs) for the sight. Find the watch error (WE) and the zone
description (ZD) of the watch from WWYV radio broadcasts
or chronometer logbook, and apply these to WT to get the
universal time (UTC) of the sight. Use the extra space pro-
vided to adjust time and date if necessary. Choose and record
a LOP line of position (LOP) label for the sight. From your
dead reckoning (DR) track on a chart or plotting sheet, figure
your DR position (DR-Lat and DR-Lon) and log reading at
the time of the sight. Record your height of eye (HE) for the
sight.

BOX 2—Nautical Almanac Daily Pages

From the Nautical Almanac daily pages, record the
Greenwich hour angle (GHA-hr) and declination (Dec-hr) of
the sun at the exact hour of the UTC. Record the declination
d-value, and label it “+” if declination is increasing with time,
or “-” if decreasing. Cross out the spaces for v-value and HP;
they do not apply to the sun.

BOX 3—Increments and Corrections

From the increments and corrections pages of the Nauti-
cal Almanac, record the sun’s increment of GHA (GHA-m,s)
for the minutes and seconds part of the UTC. Also record the
d-correction to the declination based on the d-value given in
Box 2. Cross out the SHA or v-correction space; these do not
apply to the sun.

Add GHA-hr to GHA-m,s to find GHA and record it. Ap-
ply the d-corr to Dec-hr to find Dec and record it. The sign (+)
of d-corr is the same as that of d-value. Use the extra space
provided to adjust minutes to less than 60 if necessary. You
now have the GHA and Dec that apply for your precise UTC.
For later use, record the degrees part of the declination (Dec-
deg) in Box 4 with a prominent N or S label, and also record
the minutes part (Dec-min) in Box 5.

Assumed Position and Hour Angle

Figure the assumed longitude (a-Lon) from your DR-Lon
and the minutes part of GHA. In western longitudes, it should
be the one longitude that lies within 30’ of your DR-Lon that
has the same minutes as the minutes part of GHA. In eastern
longitudes, it should be the one longitude that lies within 30’
of your DR-Lon that has minutes equal to 60 minus the min-
utes part of GHA. Record a-Lon below GHA and also in Box
6. Figure the local hour angle (LHA) from:

LHA = GHA - a-Lon(W)
in western longitudes or
LHA = GHA + a-Lon(E)

in eastern longitudes. With the proper choice of a-Lon, LHA
will always be in whole degrees with no minutes left over. Re-
cord LHA in Box 4.

Choose the assumed latitude (a-Lat) as your DR-Lat
rounded off to the nearest whole degree. Record a-Lat in Box
4 with a prominent N or S label. Also record a-Lat in Box 6.

BOX 4 and BOX 5-Sight Reduction Tables

Box 4 now contains all data needed to enter the Sight Re-
duction Tables, Pubs. 249 or 229. Same or Contrary Name
labels of Dec and a-Lat are clear at a glance.

From the Sight Reduction Tables, record in Box 5 the tab-
ulated value of the calculated altitude (tab Hc), the d-value
with its tabulated sign (+), and the azimuth angle (Z).

Convert the azimuth angle (Z) to the azimuth (Zn) us-
ing the rules on the work form (also given on each page
of the Sight Reduction Tables) and record it in Box 6.
CAUTION: For “high-altitude” sights, meaning Hc above 70°
or so, you should interpolate for Z to account for the minutes
part of Dec. Use:

7 = Z(Dec-deg) + dZ,
where
dZ = [Z(Dec-deg + 1°) - Z(Dec-deg)] x (Dec-min)/60.

Hs to Ho

The upper right side of the work form is used for convert-
ing the sextant altitude (Hs) to the observed altitude (Ho).
Altitude corrections are inside the covers of the Nautical Al-
manac. Record the dip correction and apply dip and index
corr to Hs to get the apparent altitude (Ha).

Cross out the additional altitude corr space and the upper
limb moon space; these do not apply to the sun.

Record the altitude correction for the sun and apply it
to Ha to get Ho. Compare Hc and Ho in the space provided
above Box 6. Subtract the smaller from the larger to get the
altitude intercept (a). Extra space is provided to rewrite Ho
or Hc if necessary for this subtraction. Choose the label, A for
Away or T for Toward, which is beside the larger of Hc or Ho,
and record the a-value and mark its label in Box 6.
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Form 104 — Pub 249 (v2, v3) and Pub 229
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Figure 104-1. Sight reduction of the sun using Form 104 and Pub 249. The crossed out box is for Pub 229 only.

20" ®
815 Log 568
. 10

"

B

5

3,
0

S

Fix at Log 606

Log 606

/8
08

80
SE
N
(9]
=z

190

K Y S I N B

Figure 104-2. Plot of a celestial fix from a sun and moon sight. The work form for the sun is shown in Figure WF-1. The moon sight is
shown worked out on the next page in Figure 104-3.
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FORM 106
All bodies, using NAO Tables
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About the NAO Tables

Starting in 1989, there was a significant change in the
available tables for celestial navigation. Prior to then, Sight
Reduction Tables were usually chosen from Pub 249 (most
popular with yachtsmen) and Pub 229, which is required on
USCG license exams. The latter have more precision, but this
extra precision would rarely affect the final accuracy of a ce-
lestial fix from a moving vessel in routine circumstances. Pub
229 is much heavier, more expensive, and requires a couple
extra steps.

In 1989 the Nautical Almanac Office (NAO) began to in-
clude a set of Sight Reduction Tables at the back of the Nauti-
cal Almanac. Now when you buy an almanac, you get a set of
Sight Reduction Tables with it, even if you don’t intend to use
these tables. As always, the almanac data must be replaced
each new year with a new almanac, but the Sight Reduction
Tables they include each year will be the same. Like all stan-
dard Sight Reduction Tables, these are not dated and can be
used for sights from any year. We coined the nickname “NAO
Tables” at the time, and it seems to have stuck.

The tables are very short, but they will reduce any sight,
and provide the same Hc precision as the Pub 249 tables
(0.5, rounded to nearest 1’) and the same azimuth precision
(0.05°, rounded to nearest 0.1°) as the Pub 229 tables. The
price we pay, however, for a free set of concise tables is the
amount of work necessary to get the numbers out of them.

All Sight Reduction Tables start with Lat, LHA, and Dec
and end up with He and Zn. With Pub 249, the answer is ob-
tained in two steps. With Pub 229, it takes three steps, some-
times four, and with the new NAO tables it always takes four
steps with some adding and subtracting between the steps.

At first glance, the NAO Tables are awkward to use and
not an attractive alternative to Pub 249. There are several
reasons, however, to not rule them out too quickly. First, they
will always be there. As of 1989, everyone has them, like it or
not. Second, celestial itself is a backup navigation method to
most sailors these days. Most rely on GPS, only using celestial
to test it or to replace it if it fails. Sailors who rely on celes-
tial daily, on the other hand, usually do not use tables at all,
but instead do all the paperwork with a calculator. In short,
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traditional navigation using tables is becoming less and less
common. Since we are not using tables often, it is not so bad
that the tables take a bit longer to use.

In short, if we take the time to learn these new tables and
are comfortable with the knowledge that we can use them if
we need to, we can save space, money, and complexity in the
long run by not having to bother with various sources of ta-
bles. With this in mind, we have developed a work form that
makes the use of these tables considerably easier than just
following the instructions given in the almanac. With the use
of our work form, the NAO tables do not take much longer
than Pub 249 does for this step of the work. Naturally, the
first few times go slowly, but after a few examples it becomes
automatic and easy. The form guides you through the steps.

We have included here a few of the earlier examples, re-
done using the new tables. Try a few if you care to see how it
goes.

A Bit of History

The NAO tables were the invention of Admiral Thomas
Davies and Dr. Paul Janiczek, then Head of the Astronomical
Applications Department of the US Naval Observatory. They
were originally published as the Concise Tables for Sight Re-
duction by Cornell Maritime Press. This type of table is re-
ferred to as “concise,” or “compact,” as opposed to the full
form tables such as Pub 229 and 249, which are referred to as
“inspection tables,” since they require fewer steps.

Forerunners of these short tables were the Ageton Ta-
bles (Pub 211) and the Dreisenstock Tables (Pub 208). The
Ageton Tables were included in Bowditch, Vol. 2 (editions
prior to 1985) but not included in later editions, perhaps be-
cause they are now in the Nautical Almanac. Both Ageton
and Dreisenstock are long out of print. US Power Squadron
courses on celestial switched to the new NAO Tables shortly
after they were published, with the help of US Power Squad-
ron National Education Director Dr. Allan Bayless, who had
published his own version of the tables called Compact Sight
Reduction Tables.

Admiral Davies was aware of the Starpath work form
(Form 106) for the NAO Tables and suggested at the time
that it be included in the Nautical Almanac, which was
agreed upon by the US NAO. The almanac, however, is a joint
publication with the British NAO, and at the time they did
not want to include any forms in the almanac, so this was
dropped. In 2006, there was a change of heart in the UK, and
a single-column work form now appears in the almanac for
these tables. It is better than none, but it remains valuable
to keep a Starpath form for these tables at hand; it takes you
step by step through the process with no further instructions
required.
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FORM 111
Pub 249, Vol. 1 Selected Stars
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Form 111 Star Sight Reduction with Pub 249
Vol. 1, Selected Stars

Pub 249 Sight Reduction tables come in three volumes.
Vols. 2 and 3 are meant for sun, moon, and planets and thus
only cover declinations (dec) under 29°. Vol. 2 is for observ-
ing latitudes of 0° to 40°; Vol. 3 is for latitudes of 39° to 89°.
We can use it for stars, providing they have dec <29°, which
would be the ones circling the earth over the subtropical belt
of the earth. These two volumes are permanent publications,
just as Pub 229, that apply to any year.

Pub 249 Vol. 1, on the other hand, is unique in this set,
as it applies to any latitude, but only covers selected stars.
It is also unique in providing He and Zn directly for each of
the selected stars at specific times and latitudes, as well as
recommending which triad of stars offers the best fix, based
on relative bearings, altitudes, and brightness. Because it is
so specific, it must be recomputed every 5 years, labeled by
the valid Epoch year, with the data being valid for the 2 years
before and after the Epoch year.

Pub 249 Vol. 1 can be used to predict the best 3 stars to
use for a star-only fix and also then used as a way to sight
reduce these stars to get the 2 LOPs for a fix. It does not take
into account the use of planets, so it will likely miss the truly
best triad of sights when Venus or Jupiter are in view at sight
time. However, we know from Vols. 2 or 3 the bearings and
heights of the planets so we can figure the best sights on our
own in these cases.

Form 111 is designed to accommodate the unique sight re-
duction procedure that is used with Vol. 1. The instructions
that follow apply to the sight reduction itself once the sight
has been taken. But users will find that if Vol.1 has been used
to predict the best stars, then most of the data needed will
already be at hand. In short, an advantage of this method is
that usually the very process of predicting the best stars com-
pletes most of the sight reduction. On the other hand, even if
just used for sight reduction, the process is much faster than
other methods.

In the instructions that follow, we look at the Vol. 1 meth-
od using Form 111 compared to the same sight reduction us-

ing Vol. 2 and Form 104. The results look a bit different in the
two forms, but they yield the same LOP as shown in Figure
111-1.

Instructions for Sight Reduction
with Pub 249, Vol. 1

Box 1. This is the raw sight data and time corrections cov-
ered in the instructions to Form 104.

Box 2. Use the almanac to find GHA of Aries at the UTC of
the sight. Choose an assumed Lon in the normal manner (see
Form 104 instructions). And then find local hour angle of Ar-
ies in the normal manner. Copy a-Lon to Box 5 for later use
in plotting.

Box 3. Enter star name, and LHA Aries from Box 2, and en-
ter an assumed Lat equal to actual DR-Lat rounded to nearest
whole degree. Box 3 now contains all we need to enter Pub
249 Vol. 1. Copy a-Lat to Box 5 for later use in plotting.

Inside Pub 249 Vol. 1, find the right Lat on the top corners
of the pages, go to your star column and down to the cor-
responding LHA Aries. Copy the Hc to Box 4 and Zn to Box
5. (This step takes seconds; there are no corrections as when
using other methods.)

Box 4. Correct Hs to get Ho in the normal manner using the
star altitude correction from Nautical Almanac.

Box 5. Find the difference between He and Ho, which is the
altitude intercept (a). Give it the label T or A depending on
which is larger in Box 4. Now Box 5 contains all the informa-
tion we need to plot the LOP.
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Figure 111-1. Plots of the two LOPs from Figure 111-2. Since the
procedures call for different assumed longitudes, we cannot com-
pare the final a-values, but once plotted we do indeed get the same
LOPs. The Vol. 1 method is fast, but it calls for a different proce-
dure for these sights. If we use Pub 229 or the NAO Tables, then all
sights are worked the same way, which has some virtue.
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Figure 111-2. The top shows the sight reduction of a selected star from Pub 249 Vol. 1 using Form 111. The bottom part is the same
star sight reduced with Pub 249 Vol. 2 using Form 104. The Vol. 1 solution is much faster and yields equivalent results (Figure 111-1),
but only applies to the specific Selected Stars listed in Vol. 1. Vols. 2 and 3 can only be used with star declinations <29°.
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Form 104, All Sights, Pub. 249 or Pub. 229

WT h m s | date body Hs o -
WE DR log index corr.
+S-F Lat + off - on
zD DR HE DIP
+W -E Lon ft >|-
uTC h m s|UTC date / LOP label Ha ° .
GHA o v Dec o “1d HP
hr. gllgr?gts hr T moon
GHA + o . d +! 1, aﬁ_ctiitg)nal -
H < altitude corr. >
m.s. corr. ~ moon, mars, venus
SHA+ ° 7| stars Dec O :Dec ’ altitude corr.
or . s
v corr. moon, planets min all sights
GHA ) 4 upper limb
moon
tens d subtract 30’
d upper Ho [ .
units d
a-Lon o . d lower T
-W+E dsd Py dsd
LHA o corr. < He o 7
00"W / 60" E 3 A
) Pub. 229
corr. A a= TA
LHA o tab ° 7 1d z —
Hc ¥ > Zn=
Dec O:N d “ | Dec —
deg S cor,  ub-249 min a-Lat=
a-Lat OiN Hc ) ’ _
s o) a-Llon=
North Latitudes South Latitudes
LHA greater than 180° .. LHA greater than 180° ... =180° -2
LHA less than 180°......cccvevviiiiiiiiniias LHA less than 180° =180° + Z
WT h m s |date body Hs o -
WE DR log index corr.
+S-F Lat + off - on
zD DR HE DIP
+W-E Lon ft >\
uTC h m s|UTC date / LOP label Ha o .
GHA o v Dec o “Id HP
hr. mgﬁgts hr * moon
GHA + o g d 4 4 aﬁ?it&onal -
H < altitude corr. >
m.s. corr. ~ moon, mars, venus
SHAT ) v cs)trars Dec 0 iDec i altitude corr.
or . i
v corr. moon, planets min all sights
GHA o ’ upper limb
moon
tens d subtract 30’
d upper Ho ) 7
units d
a-Lon o . d lower T
-W+E dsd + dsd
LHA o corr. < He o 7
00°W / 60" E 3 A
. Pub. 229
corr. A a= TA
LHA o tab o 7 |d z _
Ho + > Zn =
Dec O:N d. 7 | Dec —
deg s corr.  Fub-249 min a-Lat=
a-Lat OiN Hc ) ” _
s o) 2-Lon=




42

Free, printable PDF forms available at www.starpath.com/celnavbook

Form 106, All Sights, Using the NAO Tables

Loca_]lfion on table psa]ges N S Declination
op ides
same | + D° D' ) .
Latitude N S LHA contrary sign B = sign Z,
+if LHA=0to 90
SR Table _ A° AL+ B Bl + Z,| - ifLHA = 91 to 269
+if LHA = 270 to 360
Fe =
bar top means rounded value
30' or 0.5° rounds up
2 A F|._SR Table H° H' P° P+ Z| +ifF= 01090
""""""""" - - ifF=90to 180
) = same sign as Z N. Lat Z=
F Pl A > butreverse sigﬁ if + C, a S. Lat
F'=30to 59 -
4 ~ Z| Auwx . *ifA'=30t059 " c, 360.0 LHA 180.0
""""" > - ifA'= 01029 - Z | oto180 [+ Z
+ | 180 to 360
Hec = A
Ho =
T take label
of larger
a= TA Zn =
Locej;ion on table psa]ges N S Declination
op ides
same | + D° D' ) )
Latitude N S LHA contrary sign B =sign Z,
+if LHA=0to 90
.SRTable _ A AL+ B B + Z,] - ifLHA= 91 to 269
- B +if LHA = 270 to 360
Fe =
bar top means rounded value
30' or 0.5° rounds up
N F|__SR Table H° H pP° P+ Z] +ifF= 0to90
2 F 2
""""""""" - - ifF=90to 180
) = same sign as Z, N. Lat Z=
F P ___A_\EJ)_(__ > but reverse sigrﬁ if + C1 a S. Lat
F'=30to 59 -
- Z| Aux +if A= 30 to 59 + c, 360.0 LHA 180.0
4 A L,| _Au
""""" > - ifA'= 0t029 Z ~| oto180 [+ Z
+ | 180 to 360
He = A
Ho =
T take label
of larger
as= TA Zn=
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Form 108, All Bodies, Almanac, and NAO Tables

WT h m date body Hs o
WE DR log index corr..
+S-F Lat +off -on
7D DR HE DIP
W -E Lon ft >|-
uTC h m UTC date / LOP label Ha °
GHA . ° ’ moon Dec ° ’ Sj" o
hr. planets hr ; : moon
GHA + N - d +! 1 additional -
m.s. i corr. -i R amlggjr?,en?grrg, venus ~
SHA + o . gtrars Dec ] éDec ’ altitude corr.
Voo, moon, planets imin all sights
GHA ) 7 upper limb
moon
subtract 30’
Ho H °
a-Lon o ’
LHA o
00"W / 60°E
Location on table pages N S Declination
Top Sides
samey + D D' sign B = sign Z
Latitude N S LHA contrary | - - 1
_ Y _ : +if LHA = 0 to 90
SR Table _ A A+ B B + Zy| - if LHA =91 to 269
B B + if LHA = 270 to 360
Fe F
bar top means rounded
value 30'or 0.5° rounds up
7 A F|._SR Table H° H P® P+ zy *ifF= 01090
---------------- - if F =90 to 180
; = same sign as Zy N.Lat |Z=
H F Pl Aux_, but reverse sign if T C S-Lat
F'=30to 59
A Z Aux +if A' = 30 to 59 + C, 360.0 LHA 180.0
""""" > -ifA'= 01029 - Z -1 oto180 [+ Z
+1 180t0 360 | -
Hc = A
Ho = ‘ ‘
T take label
of larger
a= T A Zn =
a-Lat = a-Lon =
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Form 109, for Solar Index Correction

Toward or Away Date Toward or Away Date
On Off Diff Check SD On Off Diff Check SD
sight # - - + sight # - - +
= = +2|= +4 = = +2|= +4
SD= = = SD= = =
Toward or Away Date Toward or Away Date
On Off Diff Check SD On Off Diff Check SD
sight # - - + sight # - - +
= = +2|= +4 = = +2|= +4
SD= = = SD= = =
Toward or Away Date Toward or Away Date
On Off Diff Check SD On Off Diff Check SD
sight # - - + sight # - - +
= = +2 = +4 = = 2= +4
SD= = = SD= = =
Toward or Away Date Toward or Away Date
On Off Diff Check SD On Off Diff Check SD
sight # - - + sight # - - +
= = +2 = +4 = = 2= +4
SD= = = SD= = =
Toward or Away Date Toward or Away Date
On Off Diff Check SD On Off Diff Check SD
sight # - - + sight # - - +
= = 2= +4 = = 2= +4
SD= = = SD= = =
Toward or Away Date Toward or Away Date
On Off Diff Check SD On Off Diff Check SD
sight # - - + sight # - - +
= = +2 | = +4 = = +2 = +4
SD= = = SD= = =

This form covers 12 sights.
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Form 107, for Latitude at LAN

Step 1

Correct Hs to get Ho

1-1

Record Maximum Sextant Height (Hs = peak height
of the sun at noon), and mark limb

Lower

Upper

Record Index Correction
(mark sign + if off, - if on)

off + '

Record eye height (HE) and Look up Dip Correction on

Dip

the right-hand side of Table A2, front of the Almanac
(correction depends on HE)

HE (ft)

Sum the above three numbers to get
Apparent Height

Ha

Look up altitude correction on lefthand side of
Table A2, front of the Almanac

(correction depends on Ha, Limb, and month)
(mark sign + for lower limb, - for upper limb)

Alt corr.

Sum the above two numbers to get
Observed Height

Ho

Step 2 Determine the Zenith Distance

89°

60.0

2-1 Record Ho from Step 1, above, and then

subtract it from 90° to get the zenith distance

2-2 Zenith distance

Step 3 Use the Almanac to Find Sun's Declination

GMT date =

3-1

Record the date and GMT of the sight
(the time the sun reached its peak height)

GMT (hr) =

GMT (min) =

3-2

Turn to the daily page of the Almanac for the date
of the sight, and find the sun's declination (dec) for
the hour of the sight (line 3-1) and record it here.

Dec (hr)

3-3

Record the d-value from the bottom of the dec
column in the Almanac. Mark the signs of the
d-value and d-corr + if the dec for the next hour is
larger, or - if it is smaller.

d-value = -

d-corr= -

3-4

Turn to the Increments and Corrections pages at
the back of the Almanac (T-9 to 12, in the notes)
and find the minutes table for the GMT minutes
(line 3-1). On the right-hand side of the double line
in the table, find the d-corr corresponding to the d-
value of line 3-3.

Declination =

3.5 Apply the d-corr to the dec(hr) and record it above.

Step 4 Find Latitude
from Zenith Distance and Declination

Record DR Latitude to use as a guide, and then take the
sum or difference of zenith distance and declination to
find your true Latitude at LAN.

Declination or
Zenith distance

Zenith distance or
Declination

Latitude =
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Form 110, for Polaris Sights
Step 1. Correct Hs to get Ho
1-1 | Record Sextant Height of Polaris Hs °
1-2 | Record Index Correction Off +
“If it’s off, put it on; if it’s on, take it off” On -
1-3 | Record height of eye (HE= ) and look up Dip Dip -
Correction on the right-hand side of Table A2, front of Almanac
1-4 | Sum the above to get the Apparent Height of Polaris Ha °
1-5 | Look up the Altitude Correction (always minus) alt corr. -
1-6 | Sum the above two numbers to get Observed Height Ho °
Step 2. Find LHA Aries (V) UTC Date =
2-1 | UTC Time in Hours, Minutes and Seconds UTC Time =
2-2 | Find GHA Y’ on left-hand side of daily pages GHA v °
of the Nautical Almanac (hr) =
2-3 [ Find GHA Aries minutes and seconds correction [ GHA YV °
from Increments and Corrections pages (m,s) =
2-4 | Sum the above two numbers to get GHA Aries GHA Y = °
Extra spaces to adjust angles as needed
2-5 [ DR Lon: —West; +East -W, +E °
2-6 | Combine 2-4 and 2-5 to get LHA Y LHA Y = °
Step 3. Latitude Determination
3-1 |Ho from 1-6 Ho °
3-2 | Subtract 1° -1
3-3 | Add a0 from Polaris Table (using LHA Aries) +a0 °
3-4 | Add al from Polaris Table (using DR Latitude) +al
3-5 | Add a2 from Polaris Table (using Month) +a2
3-6 [ Sum the above to find Latitude Latitude = °
Note that this procedure for finding Lat from Polaris is explained in the Nautical Almanac.
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Form 117, Short Forms for LAN and Polaris Sights

Lat at LAN Date hr min sec
Find Ho degrees minutes UTC LAN =
Hs-max = Declination in Nautical Almanac at UTC of LAN
IC (+Off, -On) = | £ -
Do - degrees minutes d-value (i)
Ip (from HE) Dec (hr)=|N S
Ha =
It corr (UL-LL+) = | £ deorr=] *
a b= Dec=|N S
Ho =
Find z (90°-Ho) 89° 60.0’
Ho=|- Lon at LAN = GHA sun at UTC of LAN
zZ= degrees minutes
GHA (hr) =
DR (Lat, Lon) = GHA (m.s)=| +
| GHA =
Lat = sum or difference Dec and z If GHA between 0 and 180, Lon W = GHA
Decorz= If GHA between 180 and 360, Lon E = 360-GHA
zorDec=|#
Lat =

LAN Lat Rules: For Contrary Name: Lat =z - Dec. For Same Name: DR-Lat > Dec, Lat = z + Dec; DR-Lat <
Dec, Lat = Dec -z. But don’t forget the easy rule: add them, and if that is nonsense (compared to your DR Lat)
then sub-tract them. LAN Lon Reminder: LAN Lon is only as accurate as the UTC you assign to the event. The
Lon will be uncertain by 15’ for each 1 minute of time uncertainty in your choice of peak Hs time.

Find LHA Y’
UTC Polaris sight hr min sec Lat by Polaris
Date degrees minutes
DR (Lat, Lon) = Hs of Polaris =
IC (+Off, -On) = | +
LHA Y’ = GHA Y - Lon W (or + Lon E) Dip (rom HE) = | -
degrees minutes Ha =
GHAY (hr) = alt corr =| -
GHAY (m.s)=| + Ho =
GHAY = subtract 1° | - -1°
+al0=|+
DR Lon (-W+E)=| % +al=|+
+a2=|+
LHA Y = Lat=
Use LHA Y in Polaris Tables to find a0, a1, a2
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Form 111, for Pub. 249, Volume 1, Selected Stars

WT s | date body Hs -
WE DR log index corr.
+S -F Lat + off - on
ZD DR HE DIP
+W -E Lon ft >
uTC s|UTC date / LOP label Ha -
GHA Y’ North Latitudes alitude cor. g
hr LHA greater than 180° Zn=12 (refraction)
GHA LHA less than 180°........... Zn = 360° - Z Ho -
m.s.
GHA South Latitudes T
v LHA greater than 180°...... Zn = 180° - Z

LHA less than 180°........... Zn =180° + Z —y-|He A ’
a-Lon
-W+E R

S a=
LHA ] ] ~---Sopy TA
o' 00°"W / 60" E \\_:\\ 7n =

el .| a-Lat=

LHA I L
e COP\/,_,/«—»/"““/"““/ -] a-Lon=
a-Lat \ T Pub. 249, Vol. 1
Star
WT s|date body Hs -
WE DR log index corr.
+S -F Lat + off - on
ZD DR HE DIP
+W -E Lon ft >
uTC s|UTC date / LOP label Ha -
GHA North Latitudes alti}udefcorr. .
hr LHA greater than 180°...... Zn=12 (refraction)
GHA LHA less than 180°........... Zn = 360° - Z Ho .
m.s.
GHA South Latitudes T
v LHA greater than 180°...... Zn = 180° - Z

LHA less than 180°........... Zn =180° + Z —y-|He A ’
a-Lon
-W+E R

. a=
LHA ] ] ~---Sopy TA
' 00°"W / 60" E \\_:\\ 7n =

el .| a-Lat=

LHA I
Y COPY. __ommmmm T -4 a-Llon=
a-Lat L —o-mmT T Pub. 249, Vol. 1
Star




Save Time and Minimize Mistakes

Starpath work forms for sight reduction procedures in celestial navigation have
been used by tens of thousands of navigators for over forty years. Designed to
make the sight reduction of all celestial bodies flow in the same logical procedure
that matches how data are presented in the Nautical Almanac and in the various
sight reduction tables. There is always a place for adjusting angles to base values
as needed, plus reminders on the signs of the values. Intermediate results are
grouped for convenient entrance to the tables and for plotting the resulting lines
of position.

Once a few examples have been worked, the forms alone guide you through the
process. Even after being away from cel nav for long periods, the forms are a
quick refresher that gets you back up to speed quickly.

Detailed instructions are included, with warnings about common errors. Forms
included are:

Form 104 — Sight reduction of all bodies using Pub 249 (Vols. 2 and 3) or Pub
229 (all volumes). The workhorse of the Starpath approach to celestial navigation

Form 111 — Sight Reduction of stars using Pub 249 Vol.1 Selected Stars.

Form 106 — Sight reduction of all bodies using the NAO Sight Reduction Tables
included in the Nautical Almanac. This form is a unique tool that makes these
tables (that every navigator has) as easy to use as any other method.

Form 108 — A combination of Form 104 and Form 106 for those who choose the
NAO Tables as standard,

Form 109 — For completing multiple solar index corrections and averaging
them. This is a high-accuracy method, praised since the formative days of celestial
navigation in the late 1700s, but not used as often as it could be these days.

Forms 107, 110, and 117 cover latitude and longitude at noon as well as latitude
by Polaris. These are basic procedures, but many new to cel nav find them helpful
to get started... and they are instant refreshers after being away from the subjects
for some time.

" X X >k " ISBN H?a-n-qluua_r;-ohc.]z&?o
STARPATIL H ‘ H
9 1780914025627

Starpath Publications, Seattle WA
www.starpathpublications.com
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